
METHODS AND COMPOSITIONS FOR IDENTIFYING A CELL
PHENOTYPE FIELD AND BACKGROUND OF THE INVENTION The
present invention generally relates to compounds,
methods and compositions useful in identifying a cell
phenotype, and more specifically to compounds, methods
and compositions useful in differentiating between a
cell having a malignant phenotype, a cell having a
pre-malignant phenotype and a cell having a
non-malignant phenotype, or a metabolically impaired
cell and a metabolically normal cell or a maternal
versus a fetal cell. More particularly the invention
relates to differential staining of cells in a
biological sample, cytological or histological
preparation. The present invention further relates to
use of the compounds, methods and compositions for
drug discovery, target validation, diagnosis, drug
therapy monitoring and monitoring of disease progress.
For oncological diagnosis it is necessary to determine
the presence of tumor cells, malignant or
pre-malignant, among other normal or reactive cells in
a tested specimen, and if possible, to determine the
type of tumor and the organ from which it was derived.
The assessment of pathologically relevant traits in
living cells is commonly performed by means of
interpretation of cellular morphology or by testing of
functional aspects such as motility [Alberts et al,
Molecular Biology of the Cell. 3rd ed. New York and
London (1994)], vitality, anchorage independent growth
[Hamburger and Salmon, Science (1976) 197:461-463] and
others. By contrast, fixed cells and tissue samples
render themselves to histological assessment. For
example, malignancy or cancer give rise to
morphological changes that give rise to phenotypic
changes. Traditionally, these assessments are
performed by means of light microscopy following
staining of the specimen with a dye or a combination
of dyes in order to make the cells visible to the
human eye. Thereafter, oncodiagnosis is established
based on morphological features, such as, tissue
organization, structure of nuclei and cytoplasm,
nuclei to cytoplasm ratio, etc. as suggested by Boyd
[Boyd, "A textbook of Pathology" Philadelphia: Lea &
Febiger, 8th edition (1970)] "the chief
characteristics of the neoplastic cell, as revealed by
the light microscope, are nuclear and chromosomal
aberrations, decreased cytoplasmic-nuclear ratio, a
coarseirregular chromatin network, and larger nucleoli
than normal". In addition, metabolic disorders are
characterized by the presence of metabolically
impaired cells having an altered (impaired) phenotype
as compared with the phenotype of a metabolically
normal cell. Yet, cytological assessments do not allow
precise identification of cancer cells among the
normal cellular population in a given preparation. One
reason is that, in some cases, non-malignant cells
mimic morphologic characteristics of cancer cells. For
example, reactive mesothelium cells, present in serous
effusions, often display atypical features such as
multinucleation, nuclear hyperchromatism, eccentric
position of the nucleus and cytoplasmic basophilia,
features which are typically characteristic of cancer
cells [Brownlow et al, Equine Vet. J. (1982)
14(l):86-88.; Hansen et al., Am. J. Med. (1984)
77:887; Petrova et al, Lab. DeIo. (1989) 6:9-11; Bibbo
et al (1976A) in Wied et al, "Compendium on Diagnostic
Cytology" Chicago: Tutorial of Cytology, 7th Edition
(1976)]. In sputum cytology, for example, vacuolated
cells could indicate cancer, but also reactive
glandular cells, in particular in patients with
pneumonia [Bibbo (1976B) in Wied et al, "Compendium on
Diagnostic Cytology" Chicago: Tutorial of Cytology,
7th Edition (1976)]. In addition, some malignant cells



appear to have normal morphology therefore
oncocytology suffers from false negative and false
positive diagnoses [Morell et al, Obstet. Gynecology.
(1982) 60:41-45]. Thus, despite the long list of
classical cytological methods, the efficiency of
cytological diagnosis is largely determined by the
qualification and experience of the cytopathologist,
and by his abilities to analyze the obtained data. The
classical cytological techniques are in many cases
supplemented by a group of technologies, which are
based on compounds of high affinity and specificity,
known as immunohistochemistry, immunocytochemistry and
in situ hybridization. These technologies are used for
phenotypic characterization of tumors (e.g., by
implication of antibodies to intermediate filaments),
detection of tumor markers of prognostic value (e.g.,
detection of p53 antigen), as well as the detection of
other oncogenic expression features and nucleic acid
sequences. Despite the high specificity of these
techniques to detect malignancies, none of these
techniques provides a pan-malignant tool for
oncodiagnosis.The three most common types of clinical
specimens used in modern diagnostic cytology are
exfoliated cytology specimens, fine needle aspiration
biopsy (FNAB) specimens, and cervical vaginal smears.
Exfoliative cytology deals with the phenomenon of
exfoliation of cancer cells from the surface of tumors
early in the progression of the disease, even in the
pre invasive stages thereof [Boyd, "A textbook of
Pathology" Philadelphia: Lea & Febiger, 8th edition
(1970)]. The exfoliated cells can be found in numerous
body fluids such as pleural, peritoneal, pericardial,
cerebrospinal, ocular, joint, gastrointestinal fluids,
as well as in respiratory specimens, skin and mucosal
samples and urine. These exfoliated cells can be
collected by means of brushings, washings, direct
puncture, drainage, touch preparations, scrapings,
etc. Fine needle aspiration (FNA) biopsy is a form of
diagnostic biopsy that uses thin (fine) needles
(22-gauge or narrower) to obtain cellular samples from
within the body using a minimal invasive mode of body
penetration. Fine needle aspirated cellular samples
are then examined microscopically to detect the
presence of various disease processes [NMLLS, "Fine
Needle Aspiration Biopsy (FNAB) Techniques; Approved
Guideline", NMLLS document GP20-A (1996)]. As opposed
to exfoliate cytology, FNAB is directed towards the
analysis of lesions or masses and is therefore
regarded as a more direct diagnostic approach. FNAB
typically encompasses lesions and masses from the
breast, thyroid glands, head, neck, prostate, chest,
lungs, abdomen, etc. Cervical vaginal smears are
scrapings from the female reproductive tract aimed at
enabling the diagnosis of numerous types of atypia,
some of neoplastic nature, others of pre-malignant
nature, or other pathological processes. All types of
cellular samples must be transferred to a slide,
processed and stained in order to enable visualization
by means of light microscopy. At present, diagnostic
cytology is typically based on a rather narrow set of
staining methods and compositions, some of which
appeared many years ago, but are still being
extensively used in present clinical cytology
[Kjeldsberg and Kniger, Body fluids, Chicago (1987);
Koss, Diagnostic cytology and its histopathologic
basis. Third edition, Philadelphia (1979)]. This
refers primarily to the alcohol-fixed Papanicolaou
stain and the air-dried May-Grunwald-Giemsa (a version
of which is known asRomanowsky) stain, while staining
with hematoxylin and eosin, Shorr's staining for
endocrine cytology and the Pappenheim method are more
rarely used. The May-Grunwald-Giemsa (MGG) staining
method is widely used in clinical 



laboratories for the diagnosis of cells of
hematopoietic origin and others. However, this method
does not express tinctorial selectivity for malignant
cells. The Papanicolaou staining method was initially
developed for analysis of vaginal smears [Papanicolaou
and Traut, Am. Y. Obst. Gynecol. (1941) 42:193-206;
Papanicolaou "Atlas of Exfoliative Cytology"
Cambridge, MA: Harvard University Press (1954)] and
allows the differentiation of cell types of stratified
and simple epithelia present in alcohol-fixed smears.
The Papanicolaou method (Pap smears) allows one to
obtain detailed morphology of the nucleus and
cytoplasm in normal and tumor cells. This approach has
been also widely used in other fields of clinical
cytology. It should be emphasized that the
Papanicolaou staining procedure, as well as all other
staining procedures, do not reveal any tinctorial
selectivity for malignant cells. Thus, none of these
prior art cytological staining protocols provide
selective heterochromatic or tinctorial selectivity of
pre-malignant and malignant cells, metabolically
impaired cells and fetal cells. There is thus a widely
recognized need for, and it would be highly
advantageous to have reliable and efficient
cytological staining methods which detect, monitor and
validate phenotypical changes in cancer cells as
compared to normal cells, in metabolically impaired
cells as compared to metabolically normal cells and in
fetal cell as compared to maternal cell. While
existing practice is reliable, it is both time
consuming and in most cases not amenable to high
throughput testing of cellular phenotype. Moreover, as
a result of the increasing number of new genes with
unknown function, as well as the need to determine the
function of known genes, there is a great demand for
rapid and simple methods for detecting oncogenes and
tumor suppressor genes. There is a recognized need to
test chemicals and drugs for mutagenicity,
particularly with techniques which are readily adapted
to automation for high throughput screening.
Furthermore, there is a need for new type/generation
of anti-cancer treatments changing the
behavior/phenotype of cells from malignant to normal.
Also there is a need for the correct combination of
drugs in anti-cancer treatment. These requests are not
fulfilled due to the lack of the screening assays and
platforms.SUMMARY QF THE INVENTION According to one
aspect of the present invention there is provided a
method of staining or pre-staining at least one cell,
the method comprising contacting the at least one cell
with a staining agent selected from the group
consisting of an extract of a Ficus elastica plant, a
C23H44O4 and a proanthocyanidin, thereby staining or
prestaining the at least one cell. According to
another aspect of the present invention there is
provided a method of staining at least one cell, the
method comprising: (a) contacting the at least one
cell with a staining agent selected from the group
consisting of an extract of a Ficus elastica plant, a
C23H 4O4 and a proanthocyanidin, so as to obtain a
pre-stained cell or cells; and (b) contacting the
pre-stained cell or cells with at least one dye.
According to further features in preferred embodiments
of the invention described below, the at least one
cell comprises a heterogeneously differentiated
population of cells. According to still further
features in the described preferred embodiments, the
at least one dye is a single dye. According to still
further features in the described preferred
embodiments, the at least one dye is selected from the
group consisting of a basic dye and an acidic dye. 



According to still further features in the described
preferred embodiments, when: (i) the at least one dye
is an acidic dye a staining intensity above a
predetermined threshold is indicative of a
differentiated cell; (ii) the at least one dye is a
basic dye a staining intensity above a predetermined
threshold is indicative of an undifferentiated cell;
(iii) the at least one dye comprises the acidic dye
and the basic dye a staining intensity above a
predetermined threshold with the acidic dye is
indicative of a differentiated cell and a staining
intensity above a predetermined threshold with the
basic dye is indicative of an undifferentiated cell.
According to still further features in the described
preferred embodiments, the heterogeneously
differentiated population of cells comprises a solid
tissue section. According to still further features in
the described preferred embodiments, the
heterogeneously differentiated population of cell
comprises isolated cells.According to still further
features in the described preferred embodiments, the
heterogeneously differentiated population of cells
comprises malignant or premalignant cells. According
to still further features in the described preferred
embodiments, the heterogeneously differentiated
population of cells comprises fetal cells. According
to still further features in the described preferred
embodiments, the heterogeneously differentiated
population of cells comprises metabolically impaired
cells. According to still further features in the
described preferred embodiments, the extract of Ficus
elastica plant comprises a leaf extract. According to
still further features in the described preferred
embodiments, the extract of Ficus elastica plant
comprises an ethanol extract. According to still
further features in the described preferred
embodiments, the ethanol extract comprises a 70 %
ethanol extract. According to still further features
in the described preferred embodiments, the extract of
Ficus elastica plant comprises a crude plant extract.
According to still further features in the described
preferred embodiments, the extract of Ficus elastica
plant comprises a purified plant extract. According to
still further features in the described preferred
embodiments, the extract of Ficus elastica plant
comprises a diluted extract. According to still
further features in the described preferred
embodiments, the extract of Ficus elastica plant
comprises NMR spectra as detailed in Figures 43-44.
According to still further features in the described
preferred embodiments, the staining agent is
fluorescent. According to still further features in
the described preferred embodiments, the staining
agent emits fluorescence at 430 nm upon excitation at
375 nm. According to still further features in the
described preferred embodiments, the staining agent is
biotinylated. According to still further features in
the described preferred embodiments, at least one of
the C2 H 4O4 and the proanthocyanidin is naturally
occurring. According to still further features in the
described preferred embodiments, at least one of the
C23H4 O4 and the proanthocyanidin is
synthetic.According to still further features in the
described preferred embodiments, the ethanol extract
of Ficus elastica plant is supplemented with
positively charged ions. According to still further
features in the described preferred embodiments, the
positively charged ions are selected from the group
consisting of magnesium and calcium. 



According to still further features in the described
preferred embodiments, the at least one dye comprises
two dyes. According to still further features in the
described preferred embodiments, the at least one dye
is selected from the group consisting of a basic dye,
an acidic dye, a triamnotriphenylmethane derivative, a
diazo derivative and a combination of same. According
to still further features in the described preferred
embodiments, the two dyes comprise dyes selected from
the group consisting of a basic dye, an acidic dye, a
triamnotriphenylmethane derivative, a diazo derivative
and a combination of same. According to still further
features in the described preferred embodiments,
staining with the two dyes is effected sequentially.
According to still further features in the described
preferred embodiments, the basic dye is selected from
the group consisting of Dahlia and new Fuchsin.
According to still further features in the described
preferred embodiments, the acidic dye is Light Green.
According to still further features in the described
preferred embodiments, the differentiated cell is a
normal healthy cell and the undifferentiated cell is a
malignant or pre-malignant cell. According to yet
another aspect of the present invention there is
provided a method of identifying a cell of a
differentiation state of interest, the method
comprising: (a) staining the cell; and (b)analyzing
the staining, wherein when: (i) the at least one dye
is an acidic dye, a staining intensity above a
predetermined threshold is indicative of a
differentiated cell; (ii) the at least one dye is a
basic dye, a staining intensity above a predetermined
threshold is indicative of an undifferentiated cell;
(iii) the at least one dye comprises the acidic dye
and the basic dye, a staining intensity above a
predetermined threshold with the acidic dye is
indicative of a differentiated cell and a staining
intensity above a predetermined threshold with the
basic dye is indicative of an undifferentiated
cell.According to still further features in the
described preferred embodiments, the undifferentiated
cell is a malignant or pre-malignant cell. According
to an additional aspect of the present invention there
is provided a method of diagnosing a cancer in a
subject, the method comprising: (a) staining cells of
the subject, so as to obtain stained population of
cells; and (b) analyzing a staining of the stained
population of cells, wherein when: (i) the at least
one dye is an acidic dye, a staining intensity above a
predetermined threshold is indicative of
differentiated cells; (ii) the at least one dye is a
basic dye, a staining intensity above a predetermined
threshold is indicative of undifferentiated cells;
(iii) the at least one dye comprises the acidic dye
and the basic dye, a staining intensity above a
predetermined threshold with the acidic dye is
indicative of differentiated cells and a staining
intensity above a predetermined threshold with the
basic dye is indicative of undifferentiated cells,
whereby a presence or level of the undifferentiated
cells in indicative of malignant or pre-malignant
cells thereby diagnosing the cancer in the subject.
According to yet an additional aspect of the present
invention there is provided a method of determining
an-anti cancer treatment course in a subject in need
thereof, the method comprising: (a) administering to
the subject an anti-cancer therapy; (b) analyzing a
presence or level of malignant or pre-malignant cells
in a biopsy sample of the subject following step (a)
according to the above method, whereby the presence 



or level of the malignant or pre-malignant cells is
indicative of the treatment course. According to still
further features in the described preferred
embodiments, the method further comprising obtaining
an additional biopsy sample of the subject prior to
step (a) and/or concomitant with step (b). According
to still further features in the described preferred
embodiments, the method further comprising comparing
the level of the malignant or pre-malignant cells in
the biopsy sample with the additional biopsy sample.
According to a further aspect of the present invention
there is provided a method of determining an
anti-cancer treatment regimen in a subject in need
thereof, the method comprising: (a) analyzing a
presence or level of malignant or premalignant cells
in a biopsy sample of the subject; (b) administering
to the subject a therapeutic effective amount of an
anti cancer therapy according to the presence or level
of malignant cells in the biopsy sample of the
subject.According to still further features in the
described preferred embodiments, the method further
comprising repeating step (a) following (b). According
to yet a further aspect of the present invention there
is provided a method of identifying an agent capable
of reversing a pre-malignant or malignant phenotype of
a cell, the method comprising: (a) subjecting the cell
to an agent; (b) analyzing a malignant phenotype of
the cell following (a) and optionally prior to (a)
according to the above method, wherein a reversion of
phenotype is indicative of an agent capable of
reversing a pre-malignant or malignant phenotype of a
cell According to still further features in the
described preferred embodiments, the agent comprises a
test composition. According to still further features
in the described preferred embodiments, the test
composition is selected from the group consisting of a
polynucleotide a polypeptide, a small molecule
chemical, a carbohydrate, a lipid and a combination of
same. According to still further features in the
described preferred embodiments, the agent comprises a
test condition. According to still further features in
the described preferred embodiments, the test
condition is selected from the group consisting of a
growth condition and a radiation condition. According
to still further features in the described preferred
embodiments, the cell comprises a plurality of cells.
According to still further features in the described
preferred embodiments, the method is performed using
means for high output. According to still further
features in the described preferred embodiments, the
means comprises an automated sampling device, a liquid
handling equipment, an automated stainer, a dispenser,
a robot, or any combination thereof. The present
invention successfully addresses the shortcomings of
the presently known configurations by providing
methods for cell staining which can be used to
distinguish between cells of different differentiation
levels. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the
art to which this invention belongs. Although methods
and materials similar or equivalent to those described
herein can be used in the practice or testing of the
present invention, suitablemethods and materials are
described below. In case of conflict, the patent
specification, including definitions, will control. In
addition, the materials, methods, and examples are
illustrative only and not intended to be limiting. 



BRIEF DESCRIPTION OF THE DRAWINGS The invention is
herein described, by way of example only, with
reference to the accompanying drawings. With specific
reference now to the drawings in detail, it is
stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of
the preferred embodiments of the present invention
only, and are presented in the cause of providing what
is believed to be the most useful and readily
understood description of the principles and
conceptual aspects of the invention. In this regard,
no attempt is made to show structural details of the
invention in more detail than is necessary for a
fundamental understanding of the invention, the
description taken with the drawings making apparent to
those skilled in the art how the several forms of the
invention may be embodied in practice. In the
drawings: FIGs. IA-B show smears prepared from a
pleural fluid derived from a male patient diagnosed,
by means of histopathology, with carcinoma of unknown
origin, stained using the staining procedure according
to the present invention. FIGs. 2A-B show smears
prepared from pleural effusions. FIG. 2A depicts
pleural effusions stained with May-Grunwald-Giemsa
protocol. Specimens were stained by means of such as
in order to allow for visualization of cells. These
conventional techniques were not differential; and
FIG. 2B depicts pleural effusions stained with the
novel staining procedure according to the present
invention. While the cytoplasm of cells with malignant
properties was stained red, the cytoplasm of normal
epithelial cells, macrophages and leukocytes of all
types were stained green. FIG. 3 shows a smear
prepared from a pleural fluid derived from a female
patient diagnosed, by means of histopathology, with
carcinoma of the breast, stained using the staining
procedure according to the present invention. FIG. 4
shows a smear prepared from a pleural fluid derived
from a male patient diagnosed, by means of
histopathology, with carcinoma of unknown origin,
stained using the staining procedure according to the
present invention. The insetshows a magnification of
the single stained cell. A total of three malignant
cells were found on this specific slide. FIGs. 5A-G
show seven panels (A-G) of six (1-6) staining
situations as presented in Table 5. FIG. 5A depicts
3LL lung carcinoma; FIG. 5B depicts C6 Astrocytoma;
FIG. 5C depicts A375 Human Melanoma; FIG. 5D depicts
Friend Erythroleukemia; FIG. 5E depicts NIH3T3; FIG.
5F depicts Rat peritoneal inflammatory exudate; and
FIG. 5G depicts a normal clinical case. FIGs. 6A-D
show a histological section from a patient diagnosed
with colon carcinoma stained using the staining
procedure according to the present invention. FIG. 6D
depicts the entire histological section; and FIGs.
6A-C depict magnification of certain fields of FIG. 6D
according to the indicated arrows. Note that the
pictures show a clear association between morphology
and color. FIGs. 7A-C show histological sections
prepared from dimethylhydrazaneinduced colon cancer
animal model and stained with the novel staining
protocol. FIG. 7A depicts regions corresponding to the
morphologically normal phenotype; FIG. 7B depicts
regions corresponding to the morphologically
hyperplastic tissue; and FIG. 7C depicts regions
corresponding to the morphologically dysplastic
tissue. FIG. 8 shows a smear prepared from a female
patient diagnosed, by means of histopathology, with
ovary sarcoma, stained using the staining procedure
according to 



the present invention. FIGs. 9A-D show four pairs of
histology sections. The right panel of each pair
contains a slide stained with the staining procedure
according to the present invention and the left panel
shows a slide stained with the conventional
Hematoxylin-Eosin technique. FIG. 9A depicts Cervix
Carcinoma; FIGs. 9B and 9D depict Breast Carcinoma;
and FIG. 9C depicts skin melanoma. FIG. 10 shows a
tumor imprint prepared from a sample of breast tissue
containing carcinoma foci, stained using the staining
procedure according to the present invention. FIGs.
1IA-H show Pap-smears from a woman diagnosed with High
Grade Squamous Intraepithelial Lesion (HGSIL). FIGs.
1IA-D show a slide stained with the conventional
Papanicolaou stain, while FIGs. HE-H show a slide from
the same patient stained using the staining procedure
according to the present invention.FIGs.l2A-G show
various pre-malignant and other conditions of clinical
significance in cervical smears, stained using the
staining procedures according to the present
invention. FIG. 12A depicts normal smear; FIGs. 12B-C
depict Atypical Squamous Cells of Undetermined
Significance; FIGs. 12D-E depict Low Grade Squamous
Intraepithelial Cells (LGSIL); and FIGs. 12F-G depict
High Grade Squamous Intraepithelial Lesion (HGSIL).
FIGs. 13A-G show Pap smears stained using the staining
procedure according to the present invention. Shown
are cases in which the staining procedure according to
the present invention yielded positive results as
opposed to conventional diagnosis that yielded
negative results. FIGs.l3A-B depicts a 4 1 years old,
conventional Normal diagnosis; FIGs. 13C-D depicts a
52 years old, conventional Inflammation diagnosis;
FIG.13E depicts a 36 years old, conventional
Inflammation diagnosis; FIG.13F depicts a 52 years
old, conventional Normal diagnosis; and FIG.13G
depicts a 54 years old, conventional Inflammation
diagnosis. FIGs. 14A-C show air-dried cytospin smears
prepared from pleural fluid of a 65 year old male
patient diagnosed with breast cancer. FIG. 14A depicts
May- Grunwald-Giemsa staining; and FIGs. 14B-C depict
variations of the staining procedure according to the
present invention. FIGs. 15A-C show histology section
staining of dimethylhydrazane-induced colon cancer in
rat animal model. FIG. 15A depicts the full histology
section and shows a mixed tissue that includes
malignant and normal colon tissue together; FIG. 15B
depicts magnification of FIG. 15A according to the
indicated arrows; and FIG. 15C depicts normal colon
tissue. Note that regions corresponding to the
morphologically normal and malignant tissue are
distinguishable by the green/red staining pattern,
indicated by arrows. FIGs. 16A-D show histology
section staining of dimethylhydrazane-induced colon
cancer in rat animal model. Note that the
morphological differences between normal and malignant
tissue are associated with changes in the color. FIGs.
17A-B show histological section staining of a melanoma
tumor FIG. 17A depicts staining according to the
teachings of this invention; and FIG. 17B depicts
staining by Hematoxylin-Eosin. FIGs. 18A-C show Rat
brain model with glioblastoma. FIG. 18A depicts tumor
in full section of the brain staining by Giemsa; FIG.
18B depicts tumor in fullsection of the brain staining
by Hematoxylin-Eosin; and FIG. 18C depicts tumor in
full section of the brain staining by the novel
staining protocol of the present invention. Note that
only the staining protocol of this invention
differentiated 



between tumor and normal tissue. FIGs. 19A-D show
changes in the staining during the normal
physiological embryogenesis. Vertical sections of
chick embryonic retina from different differentiation
stages were dissected out of chick embryos. Paraffin
blocks were prepared, cut and mounted on glass slides.
The retina sections were stained according to the
respective protocol. FIG. 19A depicts retina of 7 day
embryo [stages 30-31 according to Hamburger & Hamilton
(Hamburger and Hamilton, J. Morphol. (1951)
88:49-92)]; FIG. 19B depicts retina of 9 day embryo
(differentiation stage 35); FIG. 19C depicts retina of
14 day embryo (differentiation stage 40); and FIG. 19D
depicts retina of 18 day embryo (differentiation stage
44). Abbreviations: GCL Ganglion Cell Layer, IPL =
Inner Plexiform Layer, ONL = Outer nuclear Layer, OPL
= Outer Plexiform Layer, PR = Photoreceptors, PE =
Pigmented Epithelium. FIGs. 20A-C show differential
staining of normal and adenocarcinoma cells. FIG. 2OA
depicts normal primary colonocytes (CCD-33C0) which
were plated in chamber slides; FIG. 2OB depicts
macroscopic images of 4 wells (in 384 well plate)
plated with normal colonocytes (CCD-33C0) on the left
panels or colon cancer cells (HT-29) on the right
panels; and FIG. 2OC depicts human colorectal
adenocarcinoma cell line HT-29 which were plated in
chamber slides. At the end of the plating period the
air-dried specimens were stained. FIG. 2 1 shows
anchorage-independent growth of HT-29 cells after
pretreatment with reference chemical compounds. HT-29
cells were incubated for three days with medium alone
(Contr), 30 micro M Phytic acid (PA), 10 micro M 5 FU,
100 micro M Genistein, 5 mM Butyrate (But), or 30
micro M N-methylformamide (NNE) according to the soft
agar protocol. FIGs. 22A-D show the phenotype drug
screening result in HT-29 (human colon carcinoma
cells). FIG. 22A depicts HT-29 cells plated in 384
well plate; FIG. 22B depicts untreated HT-29 cells;
FIG. 22C depicts HT-29 cells treated with 2.5 mM
Sodium Butyrate; and FIG. 22D depicts HT-29 cells
treated with 5 mM Sodium Butyrate. The phenotypic
changes were detected by means of dose depend, gradual
color changes from red (malignant) to blue/green
(normal).FIGs. 23A-C show the phenotype drug screening
result in HT-29 (human colon carcinoma cells). FIG.
23A depicts HT-29 cells untreated, treated with 2.5 mM
or 5 mM Sodium Butyrate visualized under a microscope;
and FIGs. 23B-C depict optical density of cells as was
measured in a spectrophotometer The ratio between
absorbance at 560 nm (red) to 630 nm (green) was
calculated. FIGs. 24A-C show the effect of Genistein
on HT-29 cell staining. HT-29 cells were plated in 96
well plates for one day, treated with 0-120 micro M
Genistein , air fixed and stained. FIG. 24A depicts
dose-dependent change of the staining; FIG. 24B
depicts quantification of the staining type and was
performed using the ratio (R) of NF/LG (OD 560 to OD
630). This ratio corresponds to the Red and Green
balance in the well. Normal cells were stained green
with R less than 1, malignant cells were stained red
exhibited R higher than 1; and FIG. 24C depicts the
effect of Genistein on the number of cells. FIG. 25
shows the effect of the cell treatment on the
tumorgenicity of HT-29 cells in Nude mice. The
experiment was completed according to the Nude mice
experimental protocol explained in detail in the
materials and experimental procedures
sectionjiereinbelow. FIGs. 26A-E show Butyrate-induced
transient phenotype change of HT-29 



cells. HT-29 cells were treated by 5 mM Butyrate for 4
days. At the end of the treatment period, growth
medium with butyrate was replaced with butyrate-free
medium for 2, 3 or 4 days. Air-dried cells were
stained according to protocol I. FIG. 26A depicts
untreated control HT-29 cells; FIG. 26B depicts HT-29
cells treated by 5 mM Butyrate for 4 days; FIG. 26C
depicts HT-29 cells which at the end of the treatment
period were grown in butyrate-free medium for 2 days;
FIG. 26D depicts HT-29 cells which at the end of the
treatment period were grown in butyrate-free medium
for 3 days; and FIG. 26E depicts HT-29 cells which at
the end of the treatment period were grown in
butyrate-free medium for 4 days. Note the transient
nature of the staining type change that is in the
correlation with the soft agar results (FIG. 21).
FIGs. 27A-B show high throughput screening (HTS)
results. FIG. 27A depicts HT-29 cells which were
plated in 384 well plates and treated with different
compounds. Sodium butyrate was used as the positive
control and media alone (no treatment) served as the
negative control. Staining of the cells indicated the
visualdifference between positive and negative
controls and the visualization of a positively active
compound (Hit); and FIG. 27B depicts dose dependency
of active compounds detected earlier in a screen.
Compound activity was measure from a concentration of
30 mM and descending. FIG. 28 shows high throughput
screening (HTS) results. HT-29 cells were plated in
384 well plates and treated with drug-like chemical
library (ChemBridge Corporation) at 30 micro M
concentrations. At the end of this process air dried
plates were stained using protocol III. The screen
gave rise to three distinct archetypes of responses:
Toxic/static effect (marked black), change of
phenotype (based on the Red-to-Green color change,
normal phenotype, marked turquoise) and no obvious
change of phenotype (Red staining, marked red).
Staining results were registered using optical density
measurement (OD 560 and OD 630) in each well by
multiwell scanner. Quantification of the staining type
was performed using the ratio (R) of NF/LG (OD 560 to
OD 630). This ratio corresponded to the Red and Green
balance in the well. The group of interest stained
green and exhibited R less than 1 and cell number
index higher than 0.2. Malignant cells stained red
regardless cell number index. FIG. 29 shows constructs
design. PCMV-Ras Vector (wild type Ha-Ras protein) and
PCMV-Ras V12 Vector (active form of Ras) were
purchased from Clontech. FIGs. 3OA-B show
anchorage-independent growth in soft agar. Stable
Rasexpressing Rat2 clones were established
characterized and plated into soft agar according to
the protocols (see materials and experimental
procedures section hereinbelow and Table 13). At the
end of three week incubation period, the colonies were
counted. FIG. 3OA depicts empty vector (Vec) or Wild
type of Ras (Ras Vec) which induced small colonies
formation (S); and FIG. 3OB depicts expression of
transforming/oncogenic form of Ras (Ras V12) which
induced large colonies formation (L). FIGs. 3IA-D show
the effect of Ras V12-induced transformation on the
staining type. FIGs. 3IA-B depict Rat2 cells plated
and stained on microscopic cover slips (magnified by
x20 and x60, respectively); and FIGs. 3 IC-D depict
Rat2 Ras V12 cells plated and stained on microscopic
cover slips (magnified by x20 and x60,respectively) .
At the end of the plating period the air-dried
specimens were stained according to Protocol IV. 



FIGs. 32A-D show the effect of Ras V12 oncogene
signaling inhibition on the staining type. FIGs. 32A-B
depict Rat2 Ras V12 cells incubated without treatment
(magnified by x20 and x60, respectively); and FIGs.
32C-D depict Rat2 Ras Vl 2 cells incubated with 50
micro M PD98059 (MAPKK inhibitor) for 3 days
(magnified by x20 and x60, respectively). Note that
the phenotype change was observed (cell spreading and
contact inhibition restoration) as well as cellular
staining (Red-to-Green staining). FIGs. 33A-E show the
Ras/MAPK pathway phenotype drug screening in Ratl Ras
and Ratl cells treated by different concentrations of
signaling pathway inhibitors. FIG. 33A depicts the
phenotype of Ratl Ras and Ratl cells untreated and
treated by PD98059; FIG. 33B depicts Ratl Ras and Ratl
cells treated by farnesylation inhibitor (HR12); FIG.
33C depicts Ratl Ras and Ratl cells treated by MAPK
inhibitor (PD98059); FIG. 33D depicts Ratl Ras and
Ratl cells treated by Genistein (tyrosine
phosphorylation inhibitor); and FIG. 33E depicts Ratl
Ras and Ratl cells treated by LY294002 (PI3 kinase
inhibitor). FIGs. 34A-C show K562 erythroleukemic
cells differentiation induced by Gleevec and its
effect on staining and hemoglobin production. FIG. 34A
depicts K562 untreated cells; FIG. 34B depicts K562
cells treated with 0.25 mM Gleevec (according to the
protocol); and FIG. 34C depicts detection of
hemoglobin production. K562 cells were treated with
0.25 mM or 1.25 mM Gleevec (according to the
protocol), hemoglobin production was determined by
Benzidine assay. Note that as a result of the
differentiation, Red-to-Green staining type change has
been detected. Gleevec-induced differentiation was
supported by the dose-dependent increase in hemoglobin
production. FIGs. 35A-B show the differentiation
induced by different doses of Gleevec and its effect
on staining, cell number and hemoglobin production.
FIG. 35A depicts K562 cell number and hemoglobin
production following treatment with 0-1 mM Gleevec
(according to the protocol); and FIG. 35B depicts K562
cell phenotype following treatment with 0-0. 1 mM
Gleevec. Note that the staining assay exhibits the
sensitivity at the low nano molar range, where there
is no effect on the hemoglobin production or cell
number.FIGs. 36A-B show all-trans-retinoic acid
(ATRA)-induced differentiation of HL-60 cells (human
acute myeloid leukemia cell line). FIG. 36A depicts
untreated HL-60 cells; and FIG. 36B depicts HL-60
cells which were triggered to differentiate by 1mM
ATRA for 3 days. FIGs. 37A-C show IFN-gamma-induced
differentiation of U937 cells (monocytic
leukemia/histiocytic lymphoma cell line). FIG. 37A
depicts untreated, malignant U937 cells; FIG. 37B
depicts U937 cells treated for 4 days with 2000 U / ml
recombinant human IFN-gamma; and FIG. 37C depicts U937
cells treated for 4 days with 10000 U / ml recombinant
human IFN-gamma. Nitrobluetetrazolium test (NBT) was
performed as a biochemical marker detecting the
differentiation of U937 cells. Note the dose-dependent
increase in the biochemical marker of differentiation.
FIGs. 38A-H show IFN-gamma or sodium butyrate (NaBu)
induced differentiation of U937 cells. FIGs. 38A-B
depict untreated, malignant U937 cells (magnified by
xlO and x40, respectively); FIGs. 38C-D depict U937
cells treated for 4 days with 1mM NaBu (magnified by
xlO and x40, respectively); FIGs. 38E-F depict U937
cells treated for 4 days with 2000 U / ml recombinant
human 



IFN-gamma (magnified by xlO and x40, respectively);
and FIGs. 38G-H depict U937 cells treated for 4 days
with 10000 U / ml recombinant human IFN-gamma
(magnified by xlO and x40, respectively). CamaRx
staining was performed. FIG. 39 shows the potential of
the phenotype drug screening method. The experiment
was performed in HPV 16 immortalized human
keratinocytes, treated with different inhibitors as
indicated in the Table. Note that AG494 is a chemical
modification of AG555. FIG. 40 shows the
concentration-dependent inhibition of staining by
extract. Ratl Ras V12 cells were stained according to
LG rapid assay (protocol VIII). The extract dilution
was performed in 70 % EtOH. The staining intensity was
quantified by an ELISA reader with 630 nm filter. Note
the concentration-dependent gradual decrease in
inhibition potency of the extract. FIG. 4 1 shows the
biological effect of Sephadex LH-20-purif ed crude
extract fractions on LG inhibition in Rat2-RasV12
cells. Note the correlation between staining
modulation and the amount of proanthocyanidins.FIG. 42
shows the fluorescence fingerprint of extract activity
(CST 2001) in acetic acid. FIG. 43 shows NMR
fingerprints of CST 2001 polymer and oligomer
fractions. FIG. 44 shows NMR fingerprint of CST 200 1.
FIG. 45 shows chemical structure of oligomeric form of
CST 2001. FIG. 46 shows chemical structure of
alternative oligomeric form of CST 2001. FIGs. 47A-C
show the differential interaction of crude plant
extract with malignant and normal cells. FIG. 47A
depicts HT-29 cells which represent malignant cellular
phenotype; FIG. 47B depicts HT-29 cells treated with 4
mM sodium butyrate which exhibit normal phenotype; and
FIG. 47C depicts primary colonocytes (CCD- 33CO) which
exhibit normal phenotype. Cells were stained according
to protocol IX and fluorescence detection was
performed using an Olympus microscope equipped with
the digital image processing work station. Note the
difference in the intensity of nuclear staining.
Malignant nuclei tend to be less stained compared to
normal cell's nuclei. FIGs. 48A-F show differential
interaction of CST 2001 with human breast carcinoma
(MCF-7) cells. FIG. 48A depicts MCF-7 untreated cells
incubated in 70 % ethanol as solvent control; FIGs.
48B and 48C depict untreated MCF-7 cells (magnified by
x20 and x60, respectively); FIG. 48D depicts MCF-7
treated cells (with Butyrate) incubated in 70 %
ethanol as solvent control; and FIGs. 48E and 48F
depict MCF-7 treated with 2.5 mM of sodium butyrate
(magnified by x20 and x60, respectively). Note that
MCF-7 untreated cells represented phenotypically
malignant cells while Butyrate-treated MCF-7 cells
represented phenotypically normal cells. Nucleus from
the phenotypically normal cells stained stronger with
CST 2001 than the respective malignant counterpart.
FIGs. 49A-C show the differential interaction of CST
2001 with human colon cells. FIG. 49A depicts
malignant, human colon carcinoma (HT-29) cells
(Control, phenotypically malignant); FIG. 49B depicts
HT-29 cells treated with 4 mM sodium butyrate
(Butyrate, phenotypically normal); and FIG. 49C
depicts normal primary colonocytes (Normal primary
cells, phenotypically normal). The panels presented
below show magnifications as indicated by the arrows.
Note that nucleus from thephenotypically normal cells
stained stronger with CST 2001 than the respective
malignant counterpart. 



FIGs. 50A-B show differential interaction of CST 2001
with human leukemia K562 cell line. FIG. 5OA depicts
untreated K562 cells (phenotypically malignant); and
FIG.50B depicts K562 cells treated with ImM sodium
butyrate (phenotypically normal). The panels presented
below show magnifications as indicated by the arrows.
FIGs. 5IA-B show differential interaction of CST 2001
with human leukemic HL-60 cell line. FIG. 5 1A depicts
untreated HL-60 cells (phenotypically malignant); and
FIG.51B depicts HL-60 cells treated with ImM sodium
butyrate (phenotypically normal). The panels presented
below show magnifications as indicated by the arrows.
FIGs. 52A-C show differential interaction of CST 2001
in a Ratl system. FIG. 52A depicts Ratl fibroblasts
(phenotypically normal); FIG. 52B depicts Ras V12-
transformed Ratl (Ratl-Ras V12) cells (phenotypically
malignant); and FIG. 52C depicts Ratl-Ras cells
treated with PD98059 (MAPKK specific inhibitor)
blocking the malignant transformation initiated by Ras
V12 (phenotypically normal). The panels presented
below show magnifications as indicated by the arrows.
FIGs. 53A-B show differential interaction of CST 2001
(native) with living U937 leukemia cells. FIG. 53A
depicts untreated U937 cells (control); and FIG. 53B
depicts U937 cells treated with 1.5 mM ATRA for 72
hours to induce phenotype normalization. The CST 2001
-originated fluorescence was detected by Olympus
microscope equipped with the digital image processing
work station. FIG. 54 shows a flow chart illustration
of different possibilities for the CST- 2001 labeling.
Cells could be living or fixed and CST 2001 could be
intact or modified. Limited numbers of CST 2001
modification options are described in the figure.
FIGs. 55A-B show biotinylated CST 2001 visualization
in U937 leukemia cells. FIG. 55A depicts an example of
native CST 2001 stained U937 cells; and FIG. 55B
depicts an example of biotinylated CST 2001 stained
U937 visualized with Streptavidin Cy3. FIGs. 56A-C
show a fluorescent signal of CST 2001 in complex with
metals using Naturstoff reagent (NR) in U937 cells.
FIG. 56A depicts fluorescent signal of U937 cells
originated from PBS; FIG. 56B depicts fluorescent
signal of U937 cells originated from CST 2001; and
FIG. 56C depicts fluorescent signal of U937
cellsoriginated from CST 2001 in complex with NR. The
results were detected by FACS (Fluorescence-activated
cell sorter). Mean fluorescent intensity of the major
peaks is indicated in the graphs below each figure.
FIG. 57 shows a radial diffusion assay of the complex
formed between CST 2001 and BSA which is visualized by
precipitation. FIGs. 58A-C show staining of cells with
biotinylated CST using Cy3-bound avidin. BSA-
designates native BSA (control). BSA-Bio designates
biotinylated BSA. The lower panels show the cells in
the sample. FIGs. 59A-B show differential fluorescent
staining by CST 2001 + Naturstoff reagent (NR) of
living MCF-7 adenocarcinoma cells. FIG. 59A depicts
untreated MCF-7 cells (malignant, control); and FIG.
59B depicts MCF-7 cells treated with Butyrate
(normalized). FIGs. 60A-B show differential
fluorescent staining by CST 2001 + Naturstoff reagent
(NR) of living Rat2 cells. FIG. 6OA depicts untreated
(normal) Rat2 cells; and FIG. 6OB depicts Rat2 Ras V12
transformed cells (malignant). FIGs. 6 1A-C show
differential staining by CST 2001. FIG. 6 1A depicts
CST 2001 staining of U937 cells (leukemic cells); FIG.
61B depicts CST 2001 staining of 



Jar (human choriocarcinoma cells); and FIG. 6 1C
depicts a mixture of U937 and Jar cells stained by a
complex of CST 2001-Naturstoff reagent. Arrows
indicate U937 cells stained by CST 2001 + NR complex.
FIGs. 62A-D show histology sections staining prepared
from diabetes type IIinduced animal model. FIGs. 62A
and 62C depict sections of kidneys from normal
gerbils; and FIGs. 62B and 62D depict sections of
kidneys from diabetic gerbils. All sections were CAMA
stained according to protocol X. High magnification
images (lower panels) focus on glomerulus structures
and accentuate the green staining associated with
diabetic tissue, visualized by this protocol.
DESCRIPTION OF THE PREFERRED EMBODIMENTS The present
invention is of compositions and methods of analyzing
cellular phenotype which can be for the detection of
cell differentiation. Specifically, the present
invention can be used to diagnose cancer, monitor
treatment, determining treatment regimen and develop
novel treatment modalities for the disease.The
principles and operation of the present invention may
be better understood with reference to the drawings
and accompanying descriptions. Before explaining at
least one embodiment of the invention in detail, it is
to be understood that the invention is not limited in
its application to the details set forth in the
following description or exemplified by the Examples.
The invention is capable of other embodiments or of
being practiced or carried out in various ways. Also,
it is to be understood that the phraseology and
terminology employed herein is for the purpose of
description and should not be regarded as limiting.
For decades, oncology research has focused on the
search for detectable cancer specific markers, which
can be used to verify the presence or absence of
cancerous cells of various germlines in a tested
biological specimen. Numerous cancer specific markers,
including proteins, carbohydrates and nucleic acids,
were found and characterized. However, none were shown
to be pan-malignant, expressed by or secreted from all
or even most cancer cell types. Hence, the quest is
ongoing for a universal marker enabling effective
oncodetection. Normal and malignant cells have
remarkably different phenotypes. The differences
include the ability to form tumors in animal models,
colony formation in soft agar, lost of contact
inhibition and spreading alterations, a faster
metabolic rate and expression of tumor-specific
markers. It would be of utmost importance to
discriminate between the normal and malignant
phenotype by a simple method, not limited to any
particular cell type. One possible approach to
distinguish malignant and normal cells is based on
differences in their metabolic state [also known as
the "Warburg effect", Warburg O. Metabolism of Tumors.
London: Arnold Constable, 1930; Semenza G.L., Artemov
D., Bedi A., Bhujwalla Z., Chiles K., Feldser D.,
Laughner E., Ravi R., Simons J., Taghavi P., Zhong H.
2001. 'The metabolism of tumours': 70 years later.
Novartis Found Symp.;240:251-60; discussion 260-4;
Kannagi R. 2004. Molecular mechanism for
cancer-associated induction of sialyl Lewis X and
sialyl Lewis A expression-The Warburg effect
revisited. Glycoconj J . 20(5):353-64]. The Warburg
effect describes the high rate of anaerobic glycolysis
that characterizes rapidly-growing cancer cells. The
shift in energy production from oxidative
phosphorylation to glycolysis is a fundamental
property of cancer cells. Although Warburg thought
that cancer is caused by defects in
oxidativephosphorylation in the mitochondria, it is
now known that this shift occurs even in the presence
of oxygen ]Lu H., Forbes R. A., and Verma A., 2002.
Hypoxia-inducible 



Factor 1 Activation by Aerobic Glycolysis Implicates
the Warburg Effect in Carcinogenesis. J of Biol Chem
277(26), 231 11-23115]. Yet the validity of the
hyper-glycolytic phenomenon in rapidly growing cancers
remains [Weinhouse S. Glycolysis, 1972. Respiration
and anomalous gene expression in experimental
hepatomas. Cancer Research ;32:2007-2016]. While
reducing the present invention to practice, the
present inventors have uncovered a novel detection
assay, capable of distinguishing between different
metabolic or differentiation cell phenotypes, by
differential staining, without compromising
morphological evaluation. Without being bound by
theory, it is suggested that the ability to
distinguish between different differentiation states
or metabolic states (proliferation capacities) is
based on the above-described Warburg effect. The
method is capable of producing a clear tinctorial
distinction between cells having a differential
metabolic state or at a different stage of
differentiation, and thus can be a useful tool in
early cancer cell detection. As is illustrated
hereinbelow and in the Examples section which follows,
the present methodology is based on the use of a plant
extract (Zetiq(tm) solution) for accentuating the
differential cell staining by acidic (e.g., green)
and/or basic dyes (e.g., red). It is believed that
normally differentiated cells have higher affinity to
acidic dyes than less differentiated cells (e.g.,
metabolically impaired or malignant). Likewise those
less differentiated cells exhibit higher affinity to
basic dyes than normally differentiated cells. The
present staining technique accentuates these
differences in staining (i.e., differential staining).
The result is a binary chromogenic response, with
rapid metabolizing cells such as malignant or
non-differentiated cells, staining red/purple, and
normal or highly differentiated cells with a slower
metabolism, staining green or bluish green. Most
importantly, this differential staining is achieved
without compromising the acuity of visualization of
the morphological differences of cell substructures
detectable under the microscope using conventional
staining methods, thus allowing also traditional
morphological based analysis of the stained cells. The
method was successfully validated for oncodetection of
a wide variety of malignancies including carcinomas,
sarcomas, and others in both rodents and
humanbiological samples. The neoplastic sensitivity of
the method was confirmed on cytological samples,
histological samples and samples of carcinogen-induced
cancer models in animals. Moreover, the method clearly
distinguishes normal from malignant, as well as
differentiated from non-differentiated cells, in
various in vitro systems. Specifically, using the
present methodology, the present inventors have
successfully detected cancer cells from peritoneal,
pleural and pericardial aspirates, and distinctly
differentiated between malignant and non-malignant
cells. Using a two-step dying procedure, the cytoplasm
of normal cells stained green or remained unstained
while the cytoplasm of cancer cells stained red in
color (Figures IA, B thru Figure 4 and Figure 8). This
was evident especially in difficult cases in which the
May-Grunwald-Giemsa (MGG) staining procedure could not
differentiate between malignant and normal cells. The
present inventors have also shown differential
staining of cervical smears. These results demonstrate
differential staining of normal cells in green tones
in sharp contrast to cancer cells staining in red
tones (Figures 1IA-H thru Figures 13AG). The present
inventors have also shown that the staining procedure
of the 



present invention is not limited to cytological smears
prepared from fluids, but may also be applied to touch
preparations (Figure 10) and to other types of cell or
tissue preparations (histological) such as paraffin
embedded tissue (Figures 6A-D and Figures 9A-D). The
present invention clearly distinguishes between normal
cells and malignant cells in the same tissue, such as
in colon cancer (Figures 6A-D, Figures 7AC, Figures
15A-C and Figures 16A-D) and in melanoma (Figures
17A-B). The methods and compositions of the present
invention allow the challenging task of boundary
detection of a malignant tissue after surgical
excision (Figures 18AC) as well as discriminating
between stages of differentiation, such as in
embryogenesis (Figures 19A-D). Thus, according to one
aspect of the present invention there is provided a
method of staining or pre-staining at least one cell,
the method comprising contacting the at least one cell
with a staining agent selected from the group
consisting of an extract of a Ficus elastica plant, a
C23H44O and a proanthocyanidin, thereby staining or
pre-staining the at least one cell.As used herein the
term "staining" refers to visually highlighting cells
or subcellular structures thereof. The staining agent
of the present invention is characterized by
auto-fluorescence which may be detected by appropriate
means. Thus, the staining agent of the present
invention emits fluorescence at 430 nm upon excitation
at 375 nm. Basically, the staining agent of the
present invention stains cells of normal metabolism or
differentiation state, but less so (or not al all)
cells of impaired metabolism or differentiation state
(as will be further described hereinbelow). Such a
differential staining can be detected by means
designed for fluorescence detection (e.g., fluorescent
microscope). As used herein the term "pre-staining"
refers to preparing or conditioning cells for staining
for the purpose of accentuating the staining.
Typically, a pre-stain procedure facilitates achieving
better visualization of the stained structures once
exposed to a dye. In accordance with the present
invention the pre-staining procedure facilitates
classification of stained cells of different metabolic
or differentiation states by accentuating their
differential affinities to acidic and basic dyes. As
used herein the term "cell" refers to a eukaryotic
cell of multicellular organisms, preferably a human
being. Single cells may be used in accordance with the
teachings of the present invention as well as
plurality of cells. Thus, homogeneous or heterogeneous
populations (e.g., of different differentiation
states) of cells may be stained. Typically, biological
samples (e.g., biopsies) comprise heterogeneous
populations of cells. Such heterogeneous populations
may comprise heterogeneously differentiated cells
(such as of a solid tissue (e.g., tumor) sample or
section or isolated cells e.g., in suspension e.g.,
blood). For example the population of cells may
comprise malignant or pre-malignant cells as well as
normal healthy cells. Alternatively, such a population
of cells may comprise metabolically normal and
metabolically impaired cells. Additionally or
alternatively, the population may comprise fetal
and/or embryonic cells as well as maternal cells.
Cells of the present invention may be cell-lines,
primary cultures and cellular samples such as from
biopsies (surgical biopsies, fine needle aspirates and
the like). Methods of biopsy retrieval are well known
in the arts and much depend on the kind of cancer or
any other medical condition to be detected.As
mentioned hereinabove, the staining agent of the
present invention is isolated from plants and active
fractions thereof can be naturally occurring or 



synthetic. Preferred plants for extract isolation
include, but are not limited to Ficus, Aloe and
Lantana plants, preferably from Ficus elastica,
Lantana Camara and Aloe arborescens plants. According
to a currently known most preferred embodiment the
extract is from Ficus elastica. The extract may be
prepared from various portions of the plant e.g.,
leaves. Guidelines for extract preparation from leaves
are provided in the experimental details section of
Example 1 of the Examples section which follows.
Various preparation protocols of an ethanol extract of
the present invention are described in the
experimental details section of the examples section
which follows. The extract may be a purified plant
extract which essentially comprises the active
ingredients but devoid of contaminants, or a crude
plant extract, as long as it's characteristic staining
abilities are maintained. Indeed as shown in Example
15 hereinbelow, an active extract fraction, CST2001,
showed enhanced contrast and intensity of the signal
when staining malignant cells. Figures 43 and 44
describe the characterization of an active fraction
which comprises C23H O4 or proanthocyanidins. The
latter, also known as a specific class of flavinoids
is typically in an oligomeric form (which may comprise
2-10 mers, e.g., C26H32O15 see Figure 45, and Figure
46) or polymeric form. The ethanol extract of the
present invention comprises a 50 % ethanol extract, 60
% ethanol extract, 70 % ethanol extract, 80 % ethanol
extract 90 % ethanol extract or a hundred % ethanol
extract. Preferably used is a diluted or non-diluted
extract. Measures should be taken however not to over
dilute the extract, as this may affect the subsequent
staining (see Table 14 below). The staining agent of
the present invention (e.g., extract) may be
supplemented with positively charged ions including
but not limited to magnesium and calcium (see Example
15 hereinbelow). The staining agent of the present
invention is contacted with the cells under conditions
which allow fluorescent staining or same or
satisfactory pre-staining. Examples of such conditions
include, but are not limited to, fixation conditions;
rinses, air drying, paraffin embedding and the like
(see Examples section hereinbelow). Stained cells of
the present invention may be detected using
fluorescent detection methods which are well known in
the art and further described hereinbelow. To
accentuate the difference between cells of different
metabolic or differentiation states, the cells are
contacted with at least one dye. Examples of such dyes
are provided in Table Ia and further hereinbelow.
According to a preferred embodiment the acidic dye is
Light Green and the basic dye is New Fuchsin or
Dahlia. Table Ia Name C.I. # Class Common name Acetyl
yellow 13015 Nitro Fast yellow Acid black 1 20470 Azo
Amido black 1OB Acid blue 22 42755 Triarylmethane
Water blue I Acid blue 93 42780 Triarylmethane Methyl
blue Acid fuchsin 42685 Triarylmethane Acid fuchsin
Acid green 42095 Triarylmethane Light green SF
yellowish Acid green 1 10020 Nitroso Naphthol green B 



Acid green 5 42095 Triarylmethane Light green SF
yellowish Acid magenta 42685 Triarylmethane Acid
fuchsin Acid orange 10 16230 Azo Orange G Acid red 4
14710 Azo Azo-eosin Acid red 26 16150 Azo Xylidine
ponceau Acid red 29 16570 Azo Chromotrope 2R Acid red
44 16250 Azo Ponceau 6R Acid red 51 45430 Fluorone
Erythrosin B Acid red 66 26905 Azo Biebrich scarlet
Acid red 73 27290 Azo Woodstain scarlet Acid red 87
45380 Fluorone Eosin Y ws Acid red 91 45400 Fluorone
Eosin B Acid red 92 45410 Fluorone Phloxine B Acid red
94 45440 Fluorone Rose bengalAcid red 101 50085
Quinone-Imine Azocarmine G Acid red 103 50090
Quinone-Imine Azocarmine B Acid roseiae 42685
Triarylmethane Acid fuchsin Acid rubin 42685
Triarylmethane Acid fuchsin Acid violet 19 42685
Triarylmethane Acid fuchsin Acid yellow 1 10316 Nitro
Naphthol yellow S Acid yellow 9 13015 Nitro Fast
yellow Acid yellow 23 19140 Azo Tartrazine Acid yellow
24 10315 Nitro Martius yellow Acid yellow 36 13065 Azo
Metanil yellow Acid yellow 73 45350 Fluorone
Fluorescein Acid yellow S 10316 Nitro Naphthol yellow
S Acid yellow T 19140 Azo Tartrazine Acridine orange
46005 Acridine Acridine orange Acriflavine 46000
Acridine Acriflavine Alcian blue 74240 Phthalocyanine
Alcian blue 8GX Alcian yellow 12840 Azo Alcian yellow
Alcohol soluble eosin 45386 Fluorone Ethyl eosin
Alizarin 58000 Anthraquinone Alizarin Alizarin blue
67410 Anthraquinone Alizarin blue Alizarin blue 2RC
58605 Anthraquinone Anthracene blue SWR Alizarin
carmine 58005 Anthraquinone Alizarin red S Alizarin
cyanin BBS 58610 Anthraquinone Alizarin cyanin BBS
Alizarol cyanin R 43820 Triarylmethane Chromoxane
cyanin R Alizarin red S 58005 Anthraquinone Alizarin
red S Alizarin purpurin 58205 Anthraquinone Purpurin
AIuminon 43810 Triarylmethane Chrome violet CG Amido
black 1OB 20470 Azo Amido black 1OB Amidonaphthol red
18050 Azo Azophloxine Amidoschwarz 20470 Azo Amido
black 1OB Aniline blueWS - Triarylmethane Aniline blue
WS Aniline purple - Azin Mauveine Anthracene blue SWR
58605 Anthraquinone Anthracene blue SWRAnthracene blue
SWX 58610 Anthraquinone Alizarin cyanin BBS Auramine O
41000 Diarylmethane Auramine O 



Azo-eosin 14710 Azo Azo-eosin Azocarmine B 50090
Quinone-Imine Azocarmine B Azocarniine G 50085
Quinone-Imine Azocarmine B Azoeosin G 14710 Azo
Azo-eosin Azoic diazo 5 37125 Diazonium salt Fast red
B Azoic diazo 48 37235 Diazonium salt Fast blue B
Azophloxine . 18050 Azo Azophloxine Azovan blue 23860
Azo Evans blue Azure A 52005 Thiazin Azure A Azure B
52010 Thiazin Azure B Azure C 52002 Thiazin Azure C
Basic blue 8 42563 Triarylmethane Victoria blue 4R
Basic blue 9 52015 Thiazin Methylene blue Basic blue
12 51180 Oxazin Nile blue A Basic blue 15 44085
Triarylmethane Night blue Basic blue 17 52040 Thiazin
Toluidine blue O Basic blue 20 42585 Triarylmethane
Methyl green Basic blue 26 44045 Triarylmethane
Victoria blue B Basic brown 1 21000 Azo Bismarck brown
Y Basic fuchsin - Triarylmethane Basic fuchsin Basic
green 4 42000 Triarylmethane Malachite green Basic
green 5 52020 Thiazine Methylene green Basic orange 14
46005 Acridine Acridine orange Basic red 2 50240
Safranin Safranin O Basic red 5 50040 Eurhodin Neutral
red Basic red 9 42500 Triarylmethane Pararosanilin
Basic violet 2 42520 Triarylmethane New fuchsin Basic
violet 3 42555 Triarylmethane Crystal violet Basic
violet 4 42600 Triarylmethane Ethyl violet Basic
violet 10 45170 Rhodamine Rhodamine BBasic violet 14
42510 Triarylmethane Rosanilin Basic yellow 1 49005
Thiazole Thioflavine T Basic yellow 2 41000
Diarylmethane Auramine O Biebrich scarlet 26905 Azo
Biebrich scarlet Biebrich scarlet R 26105 Azo Sudan IV
Bismarck brown Y 21000 Azo Bismarck brown Y Brazilein
75280 Natural Brazilein Brazilin 75280 Natural
Brazilin Brilliant crocein 27290 Azo Woodstain scarlet
Brilliant crystal scarlet 6R 16250 Azo Ponceau 6R
Calcium red 60760 Anthraquinone Nuclear fast red
Carmine 75470 Natural Carmine Carminic acid 75470
Natural Carmine Carmoisine 6R 16570 Azo Chromotrope 2R
Celestine blue B 51050 Oxazin Celestine blue B China
blue - - Aniline blue Chlorantine fast red 5B 28160
Azo Sirius red 4B Cochineal 75470 Natural Carmine 



Coelestine blue 51050 Oxazin Celestine blue B Chicago
blue 4B - azo Pontamine sky blue 5B Chrome violet CG
43810 Triarylmethane Chrome violet CG Chromotrope 2R
16570 Azo Chromotrope 2R Chromoxane cyanin R 43820
Triarylmethane Chromoxane cyanin R Congo corinth 22145
Azo Congo corinth Congo red 22120 Azo Congo red Cotton
blue 42780 Triarylmethane Methyl blue Cotton red 22120
Azo Congo red Croceine scarlet 26905 Azo Biebrich
scarlet Crocein scarlet 3B 27290 Azo Woodstain scarlet
Crocein scarlet MOO 27290 Azo Woodstain scarlet Crocin
75100 Natural Saffron Crystal ponceau 6R 16250 Azo
Ponceau 6RCrystal scarlet 16250 Azo Ponceau 6R Crystal
violet 42555 Triarylmethane Crystal violet Dahlia
42530 Triarylmethane Hoffman's violet Diamond green B
42000 Triarylmethane Malachite green Direct blue 14
23850 Azo Trypan blue Direct blue 58 23860 Azo Evans
blue Direct red 22120 Azo Congo red Direct red 10
22145 Azo Congo corinth Direct red 28 22120 Azo Congo
red Direct red 80 35780 Azo Sirius red F3B Direct red
81 28160 Azo Sirius red 4B Direct yellow 7 49010
Thiazole Thioflavine S Durazol blue 4R - Azo Durazol
blue 4R Durazol blue 8G - Phthalocyanine Durazol blue
8G Eosin B 45400 Fluorone Eosin B Eosin Bluish 45400
Fluorone Eosin B Eosin 45380 Fluorone Eosin Y ws Eosin
Y 45380 Fluorone Eosin Y ws Eosin yellowish 45380
Fluorone Eosin Y ws Eosinol - Fluorone Eosinol Erie
garnet B 22145 Azo Congo corinth Eriochrome cyanin R
43820 Triarylmethane Chromoxane cyanin R Erythrosin B
45430 Fluorone Erythrosin B Ethyl eosin 45386 Fluorone
Ethyl eosin Ethyl green 42590 Triarylmethane Ethyl
green Ethyl violet 42600 Triarylmethane Ethyl violet
Evans blue 23860 Azo Evans blue Fast blue B 37235
Diazonium salt Fast blue B Fast green FCF 42053
Triarylmethane Fast green FCF Fast red B 37125
Diazonium salt Fast red BFast yellow 13015 Nitro Fast
yellow Fast yellow extra 13015 Nitro Fast yellow Fast
yellow G 13015 Nitro Fast yellow Fat black HB 26150
Azo Sudan black B Fluorescein 45350 Fluorone
Fluorescein 



Food green 3 42053 Triarylmethane Fast green FCF
Gallein 45445 Fluorone Gallein Gallamine blue 51045
Oxazin Gallamine blue Gallocyanin 51030 Oxazin
Gallocyanin Gentian violet - Triarylmethane Methyl
violet 2B Haematein 75290 Natural Hematein Haematine
75290 Natural Hematein Haematoxylin 75290 Natural
Hematoxylin Helio fast rubin BBL 60760 Anthraquinone
Nuclear fast red Helvetia blue 42780 Triarylmethane
Methyl blue Hematein 75290 Natural Hematein Hematine
75290 Natural Hematein Hematoxylin 75290 Natural
Hematoxylin Hoffman's violet 42530 Triarylmethane
Hoffman's violet Hydrazine yellow 19140 Azo Tartrazine
Imperial red 45400 Fluorone EosinB Ingrain blue 1
74240 Phthalocyanine Alcian blue 8GX Ingrain yellow 1
12840 Azo Alcian yellow INT - Tetrazolium salt
Iodonitrotetrazolium Kermes 75460 Natural Kermes
Kerniesic acid 75460 Natural Kermes Kernechtrot 60760
Anthraquinone Nuclear fast red Lac 75450 Natural
Laccaic acidLaccaic acid 75450 Natural Laccaic acid
Lauth's violet 52000 Thiazin Thionin Light green 42095
Triarylmethane Light green SF yellowish Lissamine fast
yellow 18965 Azo Lissamine fast yellow Lissainine
green SF 42095 Triarylmethane Light green SF yellowish
Luxol fast blue - Phthalocyanine Luxol fast blue MBS
Magenta 0 42500 Triarylmethane Pararosanilin Magenta I
42510 Triarylmethane Rosanilin Magenta II -
Triarylmethane Magenta II Magenta III 42520
Triarylmethane New fuchsin Malachite green 42000
Triarylmethane Malachite green Manchester brown 21000
Azo Bismarck brown Y Martius yellow 10315 Nitro
Martius yellow Mauve - Azin Mauveine Mauveine - Azin
Mauveine Merbromin - Fluorone Mercurochrome 220
Mercurochrome - Fluorone Mercurochrome 220 Metanil
yellow 13065 Azo Metanil yellow Methylene azure A
52005 Thiazin Azure A Methylene azure B 52010 Thiazin
Azure B Methylene azure C 52002 Thiazin Azure C
Methylene blue 52015 Thiazin Methylene blue Methylene
green 52020 Thiazine Methylene green Methyl blue 42780
Triarylmethane Methyl blue Methyl green 42585
Triarylmethane Methyl green 



Methyl violet 42535 Triarylmethane Methyl violet 2B
Methyl violet 2B 42535 Triarylmethane Methyl violet 2B
Methyl violet 1OB 42555 Triarylmethane Crystal violet
Milling yellow 3G - Azo Milling yellow 3G Mordant blue
3 43820 Triarylmethane Chromoxane cyanin R Mordant
blue 10 51030 Oxazin Gallocyanin Mordant blue 14 51050
Oxazin Celestine blue BMordant blue 23 58610
Anthraquinone Alizarin cyanin BBS Mordant blue 32
58605 Anthraquinone Anthracene blue SWR Mordant blue
45 51045 Oxazin Gallamne blue Mordant red 3 58005
Anthraquinone Alizarin red S Mordant red 11 58000
Anthraquinone Alizarin Mordant violet 25 45445
Fluorone Gallein Mordant violet 39 43810
Triarylmethane Chrome violet CG Naphthalene blue black
- Azo Naphalene blue black Naphthol blue black 20470
Azo Amido black 1OB Naphthol green B 10020 Nitroso
Naphthol green B Naphthol yellow S 10316 Nitro
Naphthol yellow S Natural black 1 75290 Natural
Hematein Natural red 58205 Anthraquinone Purpurin
Natural red 3 75460 Natural Kermes Natural red 4 75470
Natural Carmine Natural red 8 58205 Anthraquinone
Purpurin Natural red 16 58205 Anthraquinone Purpurin
Natural red 24 75280 Natural Brazilin Natural red 25
75450 Natural Laccaic acid Natural red 28 - Natural
Orcein Natural yellow 6 75100 Natural Saffron NBT -
Tetrazolium salt Nitro blue tetrazolium Neutral red
50040 Eurhodin Neutral red New fuchsin 42520
Triarylmethane New fuchsin Niagara blue 3B 23850 Azo
Trypan blue Night blue 44085 Triarylmethane Night blue
Nile blue 51180 Oxazin Nile blue A Nile blue A 51180
Oxazin Nile blue A Nile blue sulphate 51180 Oxazin
Nile blue A Nile red - Oxazone Nile red Nitro BT -
Tetrazolium salt Nitro blue tetrazolium Nitro blue
tetrazolium - Tetrazolium salt Nitro blue
tetrazoliumNuclear fast red 60760 Anthraquinone
Nuclear fast red Oil red O 26125 Azo Oil red O Orange
G 16230 Azo Orange G Orcein - Natural Orcein
Pararosanilin 42500 Triarylmethane Pararosanilin
Perkin's violet - Azin Mauveine Phloxine B 45410
Fluorone Phloxine B Picric acid 10305 Nitro Picric
acid Ponceau 2R 16150 Azo Xylidine ponceau Ponceau 6R
16250 Azo Ponceau 6R 



Ponceau B 26905 Azo Biebrich scarlet Ponceau de
Xylidine 16150 Azo Xylidine ponceau Ponceau S 27195
Azo Ponceau S Pontamine sky blue 5B - azo Pontamine
sky blue 5B Primula 42530 Triarylmethane Hoffman's
violet Primuline 49000 Thiazole Primuline Purpurin
58205 Anthraquinone Purpurin Pyronin B 45010 Pyronin
Pyronin B Pyronin G 45005 Pyronin Pyronin Y Pyronin Y
45005 Pyronin Pyronin Y Rhodamine B 45170 Rhodamine
Rhodamine B Rosanilin 42510 Triarylmethane Rosanilin
Rose bengal 45440 Fluorone Rose bengal Saffron 75100
Natural Saffron Safranin O 50240 Safranin Safranin O
Scarlet R 26105 Azo Sudan IV Scarlet red 26105 Azo
Sudan IV Scharlach R 26105 Azo Sudan IV Shellac 75450
Natural Laccaic acidSirius red F3B 35780 Azo Sirius
red F3B Sirius red 4B 28160 Azo Sirius red 4B Sirius
supra blue F3R - Azo Durazol blue 4R Solochrome cyanin
R 43820 Triarylraethane Chromoxane cyanin R Soluble
blue - - Aniline blue Solvent black 3 26150 Azo Sudan
black B Solvent blue 38 - Phthalocyanine Luxol fast
blue MBS Solvent red 23 26100 Azo Sudan III Solvent
red 24 26105 Azo Sudan IV Solvent red 27 26125 Azo Oil
red O Solvent red 45 45386 Fluorone Ethyl eosin
Solvent yellow 94 45350 Fluorone Fluorescein Spirit
soluble eosin 45386 Fluorone Ethyl eosin Sudan III
26100 Azo Sudan III Sudan IV 26105 Azo Sudan IV Sudan
black B 26150 Azo Sudan black B Sudan red BK 26100 Azo
Sudan III Sulfur yellow S 10316 Nitro Naphthol yellow
S Swiss blue 52015 Thiazin Methylene blue Tartrazine
19140 Azo Tartrazine Thioflavine S 49010 Thiazole
Thioflavine S Thioflavine T 49005 Thiazole Thioflavine
T Thionin 52000 Thiazin Thionin Toluidine blue 52040
Thiazin Toluidine blue O Toluyline red 50040 Eurhodin
Neutral red Tropaeolin G 13065 Azo Metanil yellow
Trypaflavine 46000 Acridine Acriflavine Trypan blue
23850 Azo Trypan blue Uranin 45350 Fluorone
Fluorescein 



Victoria blue 4R 42563 Triarylmethane Victoria blue
4RVictoria blue B 44045 Triarylmethane Victoria blue B
Victoria blue R 44040 Triarylmethane Victoria blue R
Victoria green B 42000 Triarylmethane Malachite green
Water blue I 42755 Triarylmethane Water blue I Water
soluble eosin 45380 Fluorone Eosin Y ws Woodstain
scarlet 27290 Azo Woodstain scarlet Xylidine ponceau
16150 Azo Xylidine ponceau Yellowish eosin 45380
Fluorone Eosin Y ws Catalog numbers indicated are from
StainsFile
(http://stainsfile.info/StainsFile/jindex.html).
According to a preferred embodiment the dye is a basic
or an acidic dye, such that when: (i) the at least one
dye is an acidic dye a staining intensity above a
predetermined threshold is indicative of a
differentiated cell; (ii) the at least one dye is a
basic dye a staining intensity above a predetermined
threshold is indicative of an undifferentiated cell;
(iii) the at least one dye comprises the acidic dye
and the basic dye a staining intensity above a
predetermined threshold with the acidic dye is
indicative of a differentiated cell and a staining
intensity above a predetermined threshold with the
basic dye is indicative of an undifferentiated cell.
As used herein the phrase "staining above a
predetermined intensity" refers to at least 10%, 20 %,
30 %, 40 %, 50 %, 80 %, 100 % (i.e., two-fold), 3
fold, 5 fold or 10 fold or higher staining intensity
as compared to a reference cell. The reference cell
can be a normally differentiated cell, preferably of
the same tissue and specimen as the tested cell
suspicious of an undifferentiated phenotype.
Alternatively, the reference cell is an
undifferentiated cell (of impaired metabolic state or
malignant/premalignant phenotype), when the tested
cell is a cell of a normal terminally differentiated
phenotype (preferably of the same tissue and
specimen).To better improve the visual difference
between cells of different differentiation or
metabolic states, two different dyes are used in
sequence (e.g., an acidic dye and a basic dye). Thus,
for example, the cells may be first stained with an
acidic dye (e.g., green) and subsequently with a basic
dye (e.g., red). In line with the above
exemplification, normally differentiated cells will be
stained green (or not at all) while less
differentiated cells will be stained red. Other dyes
are further described hereinbelow. Staining detection
modalities are further described hereinbelow.
Additional staining modalities or morphological
analyses can be effected in parallel, since as
mentioned hereinabove, the present teachings do not
compromise cell morphology. Thus, it is apparent that
the present teachings can be used to identify cells of
different differentiation states (or a differentiation
state of interest) in a cellular sample. Thus,
according to an additionally aspect of the present
invention there is provided a method of identifying a
cell of a differentiation state of interest, the
method comprising: staining the cell as described
above; and analyzing the staining, wherein when the at
least one dye is an acidic dye, a staining intensity
above a predetermined threshold is indicative of a
differentiated cell; the at least one dye is a basic
dye, a staining intensity above a predetermined
threshold is indicative of an undifferentiated cell;
the at least one dye comprises the acidic dye and the
basic dye, a 



staining intensity above a predetermined threshold
with the acidic dye is indicative of a differentiated
cell and a staining intensity above a predetermined
threshold with the basic dye is indicative of an
undifferentiated cell. The above-described methodology
can be used in the clinic for diagnosing (in the very
broad sense of the term as will be further described
hereinbelow) a variety of medical conditions which are
associated with cells of impaired differentiation
states (i.e., such cells contribute to the onset or
are the outcome of the medical condition). While the
following mostly addresses malignant diseases, the
present invention can be used to diagnose or monitor
treatment of numerous medical conditions as will be
further detailed hereinbelow. Thus, according to
another aspect of the present invention there is
provided a method of diagnosing a cancer in a subject
in need thereof.As used herein the term "diagnosing"
refers to classifying a pathology (e.g., a cancer or a
pre-malignant lesion) or a symptom, determining a
severity of the pathology (grade or stage), monitoring
pathology progression, forecasting an outcome of a
pathology and/or prospects of recovery. As used herein
the phrase "subject in need thereof refers to an
animal or human subject who is at risk of having
cancer [e.g., a genetically predisposed subject, a
subject with medical and/or family history of cancer,
a subject who has been exposed to carcinogens,
occupational hazard, environmental hazard] and/or a
subject who exhibits suspicious clinical signs of
cancer [e.g., blood in the stool or melena,
unexplained pain, sweating, unexplained fever,
unexplained loss of weight up to anorexia, changes in
bowel habits (constipation and/or diarrhea), tenesmus
(sense of incomplete defecation, for rectal cancer
specifically), anemia and/or general weakness].
Additionally or alternatively, the subject in need
thereof can be a healthy human subject undergoing a
routine well-being check up. Analyzing presence of
malignant or pre-malignant cells can be effected
in-vivo or ex-vivo, whereby a biological sample (e.g.,
biopsy) is retrieved. Such biopsy samples comprise
cells and may be an incisional or excisional biopsy.
Alternatively the cells may be retrieved from a
complete resection. Biopsy specimens are often taken
from part of a lesion when the cause of a disease is
uncertain or its extent or exact character is in
doubt. The margins or boundaries of a biopsy specimen
are also carefully examined to see if the disease may
have spread beyond the area biopsy. "Clear
boundaries," or "negative boundaries," means that no
disease was found at the edges of the biopsy specimen.
"Positive boundaries" means that disease was found,
and additional treatment may be needed. The present
inventors were able to demonstrate the ability of the
present teachings to detect the boundaries of a rat
brain's tumor (see Example 4). While employing the
present teachings, additional information may be
gleaned pertaining to the determination of treatment
regimen, treatment course and/or to the measurement of
the severity of the disease. Thus according to yet
another aspect of the present invention there is
provided a method of determining an anti-cancer
treatment regimen in a subject in need thereof Thus
the method is well suited for subjects who are
diagnosed with cancer, or can beapplied concomitantly
with diagnosis. The method is effected by analyzing a
presence or level of malignant or pre-malignant cells
in a biopsy sample of the subject according to the
teachings of the present invention; and administering
to the subject a therapeutic effective amount of an
anti cancer therapy according to the presence or level
of malignant cells in the biopsy sample of the
subject. 



As used herein the phrase "treatment regimen" refers
to a treatment plan that specifies the type of
treatment, dosage, schedule and/or duration of a
treatment provided to a subject in need thereof (e.g.,
a subject diagnosed with a pathology). The selected
treatment regimen can be an aggressive one which is
expected to result in the best clinical outcome (e.g.,
complete cure of the pathology) or a more moderate one
which may relieve symptoms of the pathology yet
results in incomplete cure of the pathology. It will
be appreciated that in certain cases the treatment
regimen may be associated with some discomfort to the
subject or adverse side effects (e.g., a damage to
healthy cells or tissue). The type of treatment can
include a surgical intervention (e.g., removal of
lesion, diseased cells, tissue, or organ), a cell
replacement therapy, an administration of a
therapeutic drug (e.g., receptor agonists,
antagonists, hormones, chemotherapy agents) in a local
or a systemic mode, an exposure to radiation therapy
using an external source (e.g., external beam) and/or
an internal source (e.g., brachytherapy) and/or any
combination thereof. The dosage, schedule and duration
of treatment can vary, depending on the severity of
pathology and the selected type of treatment, and
those of skills in the art are capable of adjusting
the type of treatment with the dosage, schedule and
duration of treatment. Examples of routinely used
cancer therapy include, but are not limited to,
radiation therapy, chemotherapy (e.g., CHOP,
Cisplatin, carboplatin, oxaliplatin, azathioprine,
mercaptopurine, vinca alkaloids, etoposide,
teniposide, paclitaxel, docetaxel, irinotecan,
topotecanamsacrine, etoposide, etoposide phosphate,
teniposide and dactinomycin), antibody therapy [e.g.,
trastuzumab (Herceptin) and rituximab (Rituxan)] or a
combination of any of the above. As mentioned the same
teachings described herein can be effectively used to
determine an-anti cancer treatment course in a subject
in need thereof, the method comprising: administering
to the subject an anti-cancer therapy (such as
described above); and analyzing a presence or level of
malignant or pre-malignant cells in a biopsy sample of
the subject following administration according to the
abovedescribed method, whereby the presence or level
of said malignant or pre-malignant cells is indicative
of the treatment course. Preferably, a number of
biopsy samples are obtained such as prior to treatment
and following treatment (can be repeated routinely,
such as at any treatment cycle). In this case, the
level of malignant or pre-malignant cells is compared
in the different biopsies and a reduction in the level
following treatment is indicative of treatment
(alleviation and ultimately curing). The present
teachings allow identifying cellular phenotypes
easily. This may be harnessed for identification of
anti-cancerous agents which may be used as therapeutic
leads. Indeed, the present inventors have employed the
teachings of the present invention for drug screening
(Figures 22A-D, Figures 23A-C, Figures 24A-C, Figures
27A-B and Figure 28), establishment of in-vitro cell
systems (Figures 20A-C) and target validation (Figures
30A-B, Figures 3IA-D and Figures 32A-D). As is
illustrated hereinbelow in the example section, drugs
affectability can be tested in model systems, such as
for Chronic Myelogenous Leukemia (CML) using the
staining methods of the present invention (Figures
34A-C and Figures 35A-B). Thus, according to still
another aspect of the present invention there is
provided a method of identifying an agent capable of
reversing a pre-malignant or malignant phenotype of a
cell, the method comprising, subjecting the cell to an
agent; and analyzing a malignant phenotype of the cell
thereafter according to the present 



teachings, wherein at least a partial reversion of
phenotype is indicative of an agent capable of
reversing a pre-malignant or malignant phenotype of
the cell. As used herein the phrase "malignant" also
known as "cancerous" refers to uncontrolled cell
proliferation which causes the formation of tumors
with the capability of invasion, also referred to as
metastasis. As used herein the phrase "pre-malignant"
refers to cellular transformation that may, but do not
always, become malignant, cancerous. Also called
precancerous (e.g., pre-malignant lesion). As used
herein the phrase "reversing a pre-malignant or
malignant phenotype" refers to at least partially
reversing the proliferative and/or invasive
characteristics of the pre-malignant or malignant
cell.As used herein, the term "agent" refers to a
molecule(s) or a condition capable of reversing or
partially reversing the malignant or pre-malignant
cellular phenotype. Examples of molecules which can be
utilized as agents according to the present invention
include, but are not limited to, nucleic acids, e.g.,
polynucleotides, ribozymes, siRNA and antisense
molecules (including without limitation RNA, DNA,
RNA/DNA hybrids, peptide nucleic acids, and
polynucleotide analogs having altered backbone and/or
bass structures or other chemical modifications);
proteins, polypeptides (e.g. peptides, e.g. IFN-gamma
see Figures 37A-C and Figures 38A-H), carbohydrates,
lipids and "small molecule" drug candidates. "Small
molecules" can be, for example, naturally occurring
compounds (e.g., compounds derived from plant
extracts, microbial broths, and the like) or synthetic
organic or organometallic compounds having molecular
weights of less than about 10,000 daltons, preferably
less than about 5,000 daltons, and most preferably
less than about 1,500 daltons. Examples of conditions
suitable for use as agents according to the present
invention include, but are not limited to culturing
conditions, such as, for example, temperature,
humidity, atmospheric pressure, gas concentrations,
growth media, contact surfaces, radiation exposure
(such as, gamma radiation, uv radiation, Xradiation)
and the presence or absence of other cells in a
culture. Another condition suitable for use as an
agent according to the present invention includes an
infection by intracellular invading microorganisms
such as , but not limited to: (i) intracellular
bacteria: Mycobacterium, tuberculosis, Mycobacterium
leprae, Listeria monocytogenes, Brucella abortus, (ii)
intracellular fungi: Pneumocystis carinii, Candida
albicans, Histoplasma capsulatum, Cryptococcus
neoformans, (iii) intracellular parasites: Leishmania
sp., (iv) intracellular viruses: Herpes simplex virus,
Variola, Measles virus, Retrovirus. Cells that can be
utilized by this aspect of the present invention
include, celllines, primary cultures, permanent cell
culture, organotypic cultures or tissues. Examples of
cancer cells are provided in the Examples section
which follows. As mentioned hereinabove, reversion of
phenotype is detected according to the present
teachings. For example, the cell will no longer stain
red following exposure to the reversing agent.For
further confirmation of abnormal phenotype reversion,
the cells are microscopically examined for specific
changes, such as, for example, physiological changes
including apoptosis, loss of junctions, elongation or
rounding, etc. Although the present invention can, in
theory, be practiced with a single cell, such a method
is not efficient nor is it desirable. Preferably, the
method of the present invention is used for high
throughput screening of agents using a plurality of 



cells to simultaneously screen a variety of agents. In
such a large scale throughput screening approach the
agent may be part of a library, such as an expression
library including a plurality of expression constructs
each having (i) a polynucleotide encoding one of a
plurality of polypeptides which is tested for an
ability to reverse an abnormal phenotype (an agent),
and (ii) at least one cis acting regulatory element
for directing expression of the polypeptides from the
expression construct. Alternatively, chemical
libraries available, for example, from chemical
companies including Merck, Glaxo, Novartis, and
Bristol Meyers Squib can also be utilized for
screening. Optionally, libraries of natural compounds
in the form of bacterial, fungal, plant and animal
extracts, which are available from, for example, Pan
Laboratories or Mycosearch or are readily producible
by methods known in the art can also be utilized by
the present invention. When performing large-scale
screening, the cell population that is subjected to
individual agents can be compartmentalized so as to
facilitate identification of abnormal phenotype
reversal. This may be effected by alliquoting the cell
population into flat glass-bottom multiwell plates at
a pre-calibrated density which allows the growth of
just one or two clones per well. hi the step of
screening a manual procedure can be followed, although
automated screening using robots, such as multiwell
attachment for the DeltaVision microscope, Cellomics
automated microscope, are preferred. Once identified,
agents capable of at least partially reversing an
abnormal cellular phenotype are recovered. If the
agent is a polynucleotide or a polynucleotide
expression product, cells are isolated and propagated
and are used for isolating the polynucleotides agents,
by, for example, PCR amplification, as discussed
above.The retrieved agents are farther analyzed for
their exact mechanism of action and adjusted for
optimal effect, using various biochemical and
cell-biology methods. Eventually, distinguishing which
of the agent isolated is a potential a lead compound
can be accomplished by testing the effect of the agent
in pharmacological models of various diseases. Agents
that affect disease progression or onset, constitute
leads for drug development. Such agents can be applied
for treatment of many pathological states such as
cancer and metabolic disorders such as, diabetes and
obesity. The following provides additional description
of the present teachings. Thus, the present invention
provides a compound capable of distinguishing between
a malignant and non-malignant cell by producing
differential staining of the malignant and
non-malignant cell, or by having differential
fluorescence in the malignant and non-malignant cell.
The compound of the present invention is further
capable of distinguishing between a metabolically
impaired cell and a metabolically normal cell by
producing differential staining of the metabolically
impaired cell and the metabolically normal cell, or by
having differential fluorescence in the metabolically
impaired cell and the metabolically normal cell. The
present invention further provides compositions and
kits comprising the compound, and methods of using the
compound for a) identifying an agent which affects the
phenotype of a malignant cell, a non-malignant cell, a
metabolically impaired cell or a metabolically normal
cell; b) determining whether the expression of an
oncogene in a non-malignant cell affects the
non-malignant phenotype of the cell; c) determining
whether altering the expression or function of 



a tumor suppressor gene in a cell affects the
phenotype of the cell; d) detecting the presence of a
malignant cell and/or a cell having a metabolic
disorder in a sample; e) diagnosing a condition or
disease in a subject, wherein the condition or disease
is a metabolic disorder or a condition characterized
by the presence of at least one malignant cell; f)
monitoring the progression of a condition or disease
in a subject, wherein the condition or disease is a
metabolic disorder or a condition characterized by the
presence of at least one malignant cell; g) monitoring
and/or regulating a therapy regimen for a subject
undergoing therapy for a metabolic disorder or a
condition or disease characterized by the presence of
at least onemalignant cell; h) in-vivo imaging for
detecting the presence of at least one malignant cell
in a subject; i) identifying an agent which induces
neuronal or stem cell differentiation (embryonic and
adult stem cells); and j ) identifying an agent which
histoprotects against organ/tissue damage. The methods
of the present invention may be adapted to and
performed using means for high output, thus providing
efficient and reliable tools for drug discovery,
target validation, diagnosis, drug therapy monitoring,
and monitoring of disease progress. As used herein,
the term "differential staining" refers to a stain
which can differentiate between the phenotype of two
cell populations, for example between the phenotype of
a malignant cell to the phenotype of a non-malignant
cell, or the phenotype of a diseased versus healthy
cell, for example the phenotype of a metabolically
impaired cell and a metabolically normal cell. As used
herein, the term "differential fluorescence" refers to
a fluorescence which can differentiate between the
phenotype of two cell populations, for example between
the phenotype of a malignant cell to the phenotype of
a non-malignant cell or the phenotype of a diseased
versus a healthy cell, for example the phenotype of a
metabolically impaired cell and a metabolically normal
cell. In one embodiment, the composition comprising
the compound of the present invention is a plant
extract. In another embodiment, the composition is a
crude plant extract. In another embodiment, the
composition is a purified plant extract. In another
embodiment, the compound of the present invention is
extracted from a plant. In another embodiment, the
plant is Ficus Elastica. In yet another embodiment,
the compound is a synthetic compound, which may be
synthesized by total or partial synthesis. In another
embodiment, the compound is characterized by an NMR
spectra as detailed in Figures 43-44. In another
embodiment, the compound is fluorescent. In another
embodiment, the compound emits fluorescence at 430 nm
upon excitation at 375 nm. In another embodiment, the
compound inhibits the staining of a malignant cell or
a non-malignant cell. In one embodiment, the agent is
a physical agent. In another embodiment, the agent is
a chemical agent. In another embodiment, the agent is
a biological agent. In another embodiment, the agent
is a gene. In another embodiment, the agent is a tumor
suppressor gene. In another embodiment, the agent is
an oncogene. In another embodiment, the agent is any
combination of a physical agent, achemical agent, a
biological agent, a gene, a tumor suppressor gene or
an oncogene. In addition, in one embodiment, the
present invention provides a method for identifying a
composition comprising a compound capable of
inhibiting the staining of a cell, the method
comprising the steps of obtaining a sample comprising
at least one cell, contacting the sample with the
composition in the presence of a dye, and detecting
the inhibition of staining of the cell by the dye as a
function of the 



concentration of the composition; thereby identifying
the composition. In one embodiment, the method further
comprises the step of purifying the composition to
obtain the compound. As defined herein, "contacting"
means that the compound, composition, dye or agent
affecting a cell phenotype, is introduced into a
sample comprising at least one cell in a test tube,
flask, tissue culture, chip, array, plate, microplate,
capillary, or the like, and incubated at a temperature
and time sufficient to permit the desired effect, such
as staining the cell, inhibiting the staining of a
cell with a dye, conversion of a malignant phenotype
to a non-malignant phenotype, conversion of a
nonmalignant phenotype to a malignant phenotype, and
the like. Methods for contacting the samples with the
compounds, compositions, dyes or agents are known to
those skilled in the art and may be selected depending
on the type of assay protocol to be run. Incubation
methods are also standard and are known to those
skilled in the art. The term "obtaining", as used
herein, refers interchangeably to providing,
obtaining, procuring, or supplying a sample or
specimen for the purpose of subjecting a biological
sample contained therein to one or more of embodiments
of the staining method of the present invention. The
term "detecting", as used herein, refers to the act of
detecting, perceiving, uncovering, exposing,
visualizing or identifying a cell. The term "sample"
as referred to herein encompasses, but is not limited
to, a biological sample, for example any tissue,
cell-comprising tissue, cell line, cell culture, a
primary cell culture, arising from or derived from an
organism and processes to form a specimen suitable for
cell staining. As used herein, the term "dye" refers
to any substance that imparts color to a biological
tissue, animal, plant, or otherwise, and which is
useful for cytological or histological visualization
of tissue, cells, or the parts that comprise them. The
dyeswhich have been found to be of immediate utility
for the purpose of implementing the present invention
are disclosed herein, although other dyes not herein
described may be useful as well for this purpose.
Thus, although the description of the present
invention provides dyes which manifest color in the
visible range of the spectrum, it may easily be
envisioned that, through the use of appropriate
filters, illuminations, configurations, or means for
detection, dyes which are invisible to direct
observation may prove equivalent to the visible dyes
described herein for implementing the present
invention. In one embodiment, the dye is an acidic
dye. In another embodiment, the dye is a basic dye. In
another embodiment, the dye is a
triamnotriphenylmethane derivative. In another
embodiment, the dye is a diazo derivative. In another
embodiment, the dye is any combination of an acidic
dye, a basic dye, a triaminotriphenylmethane
derivative a diazo derivative. In another embodiment,
the dye is Hematoxylin Gill, Azure, A, Eosin Yellow,
Phloxine, Light Green, New Fuchsin, Dahlia, Basic
Fuchsin, Methyl Violet, Gentian Violet, Methyl Violet
6b, Crystal Violet, Pararosanilin, Rosanilin, Magenta
I, Isorubin, Fuchsin NB, FIAT-764, Spiller's Purple,
Bismark Brown R, Bismark Brown Y, Bismark Brown Eosine
Conjugate, Bismark Brown Phloxine Conugate, Phoenix
Brown A, or any combination thereof. In one
embodiment, the dye is a red dye. As used herein, the
term "red" refers not only to the color red but as
well to related shades and hues such as violet, pink
or pinkish, purple or purplish, or magenta. In one
embodiment, the red dye is New 



Fuchsin. In one embodiment, the dye is a green dye. As
used herein, the term "green" refers not only to the
color green but as well to related shades and hues
such as light green, dark green, emerald, olive and
lime. In one embodiment, the green dye is Light Green
dye. The concentration of the dye will be determined
empirically based on the need of the assay. A suitable
concentration of a dye is one that enables the
detection of the staining of the cell with the dye,
using any of the detection methods as described
herein. In one embodiment, the composition comprising
the compound capable of inhibiting the staining of a
cell is a plant extract. In another embodiment,
thecomposition is a crude plant extract. In another
embodiment, the composition is a purified plant
extract. In another embodiment, the compound which is
capable of inhibiting the staining of a cell is
extracted from a plant. In another embodiment, the
plant is Ficus Elastica. In yet another embodiment,
the compound is a synthetic compound. In another
embodiment, the compound is characterized by an N MR
spectra as detailed in Figures 43-44. In another
embodiment, the compound is fluorescent. In another
embodiment, the compound emits fluorescence at 430 nm
upon excitation at 375 nm. In another embodiment, the
compound has a molecular formula OfC H4 O4. In
addition, in one embodiment, the present invention
provides a cytohistological staining method for
identifying an agent which affects the phenotype of a
malignant or a non-malignant cell, the method
comprising the steps of obtaining a sample comprising
more than one cell, aliquoting at least a first
fraction and a second fraction from the sample,
contacting the second fraction with a test agent,
contacting the first faction and the second fraction
with a compound capable of distinguishing between a
malignant cell and a non-malignant cell by producing
differential staining of the malignant cell and the
non-malignant cell as described hereinabove,
contacting the first fraction and the second fraction
with at least a first dye and a second dye, detecting
the staining of the first fraction with the first dye
and the second dye, detecting the staining of the
second fraction with the first dye and the second dye,
and comparing the staining of the first fraction and
the second fraction, thereby identifying the agent
which affects a malignant or nonmalignant phenotype.
In another embodiment, the method is adapted for
identifying a combination of agents which affect a
malignant or a non-malignant cell phenotype. In one
embodiment, a cell having a malignant phenotype stains
substantially with one dye, and a cell having a
non-malignant phenotype stains substantially with a
second dye, which is different from the first dye. As
used herein, the term "stains substantially" means
that the cell stains with one particular dye to a
larger extent than staining with the other dye. In one
embodiment, a cell having a malignant phenotype stains
substantially with a red dye. In another embodiment, a
cell having a non-malignant phenotype stains
substantially with a green dye.In another embodiment,
a cell having a malignant phenotype stains
substantially with one dye, and a cell having a
non-malignant phenotype stains differentially with the
same dye. For example, the cell having a malignant
phenotype stains substantially with one dye, and a
cell having a non-malignant phenotype stains less
intensively with the same dye. In addition, in another
embodiment, the present invention provides a method 



for identifying an agent which affects the phenotype
of a malignant and nonmalignant cells, the method
comprising the steps of obtaining a sample comprising
more than one cell, aliquoting at least a first
fraction and a second fraction from the sample,
contacting the second fraction with the agent,
contacting the first fraction and the second fraction
with a compound capable of distinguishing between a
malignant cell and a non-malignant cell by having
differential fluorescence in the malignant and
non-malignant cell, detecting the fluorescence of the
first fraction and the second fraction, and comparing
the fluorescence of the first fraction and the second
fraction, thereby identifying the agent affecting a
malignant or non-malignant phenotype. In one
embodiment, the method is repeated using different
concentrations of the agent. In one embodiment, the
fluorescent compound is the synthetic compound or the
compound extracted from a plant, characterized by an
NMR spectra as detailed in Figures 43-44, or having
molecular formula of C2 H 4O4, as described
hereinabove. In another embodiment, the compound emits
fluorescence at 430 nm upon excitation at 375 nm. In
another embodiment, the method is used for identifying
a combination of agents which affect a malignant or a
non-malignant cell phenotype. In another embodiment,
the present invention provides a cytohistological
staining method for identifying an agent which affects
the phenotype of a metabolically impaired cell or a
metabolically normal cell, the method comprising the
steps of obtaining a sample comprising more than one,
aliquoting at least a first fraction and a second
fraction from the sample, contacting the second
fraction with the agent, contacting the first fraction
and the second fraction with a compound capable of
distinguishing between the metabolically impaired cell
and the metabolically normal cell by producing
differential staining of the metabolically impaired
and the metabolically normal cell, contacting the
first fraction and the second fraction with at least
one dye, detecting the staining of the first fraction
withthe dye; detecting the staining of the second
fraction with the dye, and comparing the staining of
the first fraction and said second fraction, thereby
identifying the agent affecting the phenotype of the
metabolically impaired cell or the metabolically
normal cell In another embodiment, the present
invention provides a method for identifying an agent
which affects the phenotype of a metabolically
impaired cell or a metabolically normal cell, the
method comprising the steps of obtaining a sample
comprising more than one cell, aliquoting at least a
first fraction and a second fraction from the sample,
contacting the second fraction with the agent,
contacting the first fraction and the second fraction
with a compound capable of distinguishing between the
metabolically impaired cell and the metabolically
normal cell by having differential fluorescence in the
metabolically impaired cell and the metabolically
normal cell, detecting the fluorescence of the first
fraction and the second fraction, and comparing the
fluorescence of the first fraction and the second
fraction, thereby identifying the agent affecting the
phenotype of the metabolically impaired cell or the
metabolically normal cell. In addition, in another
embodiment, the present invention provides a
cytohistological staining method for determining
whether the expression of an oncogene in a
non-malignant cell affects the non-malignant phenotype
of the cell, the method comprising the steps of
obtaining a sample comprising more than one
non-malignant cell, aliquoting at least a first
fraction and a second fraction from 



the sample, expressing an oncogene in the second
fraction, contacting the first fraction and the second
fraction with a compound capable of distinguishing
between a malignant cell and a non-malignant cell by
producing differential staining of the malignant cell
and the non-malignant cell as described hereinabove,
contacting the first fraction and the second fraction
with at least a first dye and a second dye, detecting
the staining of the first fraction with the first dye
and the second dye, is detecting the staining of the
second fraction with the first dye and the second dye,
and comparing the staining of the first fraction and
the second fraction, thereby determining whether the
expression of the oncogene in the non-malignant cell
affects the non-malignant phenotype of the cell. In
addition, in another embodiment, the present invention
provides a method for determining whether the
expression of an oncogene in a non-malignantcell
affects the non-malignant phenotype of the cell the
method comprising the steps of obtaining a sample
comprising more than one non-malignant cell,
aliquoting at least a first fraction and a second
fraction from the sample, expressing an oncogene in
the second fraction, contacting the first fraction and
the second fraction with a compound capable of
distinguishing between a malignant cell and a
non-malignant cell by having differential fluorescence
in the malignant and non-malignant cell, detecting the
fluorescence of the first fraction and the second
fraction, and comparing the fluorescence of the first
fraction and the second fraction, thereby determining
whether the expression of the oncogene in the
non-malignant cell affects the nonmalignant phenotype
of the cell. As used herein, the term "oncogene".,
used herein interchangeably with a "tumor-promoting"
gene, has its commonly understood meaning in the art,
i.e. is a gene whose expression correlates with tumor
development. In one embodiment, the oncogene promotes
the conversion of the nonmalignant cell to a cell
having a malignant phenotype. In another embodiment,
the oncogene is expressed by in the cell by
chemically, biologically, virally or bacterially
transfecting the oncogene into the cell. In addition,
in another embodiment, the present invention provides
a cytohistological staining method for determining
whether altering the expression or function of tumor
suppressor gene in a cell affects the phenotype of the
cell, the method comprising the steps of obtaining a
sample comprising more than one cell, aliquoting at
least a first fraction and a second fraction from the
sample; altering the expression or function of a tumor
suppressor gene in the second fraction; contacting the
first fraction and the second fraction with a compound
capable of distinguishing between a malignant cell and
a non-malignant cell by producing differential
staining of the malignant cell and the non-malignant
cell as described hereinabove, contacting the first
fraction and the second fraction with at least a first
dye and a second dye, detecting the staining of the
first fraction with the first dye and the second dye,
detecting the staining of the second fraction with the
first dye and the second dye; and comparing the
staining of the first fraction and the second
fraction, thereby determining whether altering the
expression or function of the tumor suppressor gene in
the cell affects the phenotype of the cell.In
addition, in another embodiment, the present invention
provides a method for determining whether altering the
expression or function of a tumor suppressor gene in a
cell affects the phenotype of the cell, the method
comprising the steps of obtaining a sample comprising
more than one cell, aliquoting at least a first
fraction and a second fraction from the sample,
altering the expression or 



function of a tumor suppressor gene in the second
fraction, contacting the first fraction and the second
fraction with a compound capable of distinguishing
between a malignant cell and a non-malignant cell by
having differential fluorescence in the malignant and
non-malignant cell, detecting the fluorescence of the
first fraction and the second fraction, and comparing
the fluorescence of the first fraction and the second
fraction, thereby determining whether altering the
expression or function of the tumor suppressor gene in
the cell affects the phenotype of the cell. As used
herein, the term "tumor suppressor gene" has its
commonly understood meaning in the art, i.e. a gene
whose expression and normal function correlates with
tumor suppressor activity. In one embodiment, the cell
is a malignant cell. In another embodiment, altering
the expression or modifying the aberrant or abnormal
function of the tumor suppressor gene comprises
enhancing the expression/function of the tumor
suppressor gene in the malignant cell. In another
embodiment, enhancing the expression of the tumor
suppressor gene comprises chemically, biologically,
virally or bacterially transfecting the tumor
suppressor gene in the cell. In another embodiment,
normalizing the function of the tumor suppressor gene
comprises chemically, biologically, virally or
bacterially expressing the normal function of tumor
suppressor gene in the cell. In another embodiment,
enhancing the expression or normalizing the function
of the tumor suppressor gene promotes the conversion
of the malignant cell to a cell having a non-malignant
phenotype. The term "aberrant" as used herein refers
to a function that is abnormal, unusual, deviant,
irregular or atypical. In one embodiment, the cell is
a non-malignant cell. In another embodiment, altering
the expression/function of the tumor suppressor gene
comprises functional silencing of the tumor suppressor
gene in the non-malignant cell. In another embodiment,
functional silencing of the tumor suppressor gene
promotes the conversion of the non-malignant cell to a
cell having a malignant phenotype.In addition, in
another embodiment, the present invention provides a
cytohistological staining method for detecting the
presence of a malignant cell in a sample, the method
comprising the steps of obtaining a sample comprising
at least one cell, contacting the sample with a
compound capable of distinguishing between a malignant
cell and a non-malignant cell by producing
differential staining of the malignant cell and the
non-malignant cell as described hereinabove,
contacting the sample with at least a first dye and a
second dye, and detecting the staining of the sample
with the first and second dye, thereby detecting the
presence of a malignant cell in the sample. In
addition, in another embodiment, the present invention
provides a method for detecting the presence of a
malignant cell in a sample, the method comprising the
steps of obtaining a sample comprising at least one
cell, contacting the sample with a compound capable of
distinguishing between a malignant cell and a
non-malignant cell by having differential fluorescence
in the malignant and nonmalignant cell, and detecting
the fluorescence of the sample, thereby detecting the
presence of a malignant cell in the sample.
Furthermore, in another embodiment, the present
invention provides a method for detecting the presence
of a metabolically impaired cell in a sample, the
method comprising the steps of obtaining a sample
comprising at least one cell, contacting the sample
with a compound a compound capable of distinguishing
between the metabolically impaired cell and the
metabolically normal cell by 



producing differential staining of the metabolically
impaired and the metabolically normal cell, contacting
the sample with at least one dye, and detecting the
staining of the sample with the dye, thereby detecting
the presence of the metabolically impaired cell in the
sample. Furthermore, in another embodiment, the
present invention provides a method for detecting the
presence of a metabolically impaired cell in a sample,
the method comprising the steps of obtaining a sample
comprising at least one cell, contacting the sample
with a compound capable of distinguishing between the
metabolically impaired cell and a metabolically normal
cell having differential fluorescence in the
metabolically impaired cell and the metabolically
normal cell, and detecting the fluorescence of the
sample, thereby detecting the presence of the
metabolically impaired cell in the sample.In addition,
in another embodiment, the present invention provides
a method for diagnosing a condition or disease in a
subject, wherein the condition or disease is
characterized by the presence of at least one
malignant cell, the method comprising the step of
detecting at least one malignant cell in a sample
obtained from the subject using any of the methods
described hereinabove for detecting the presence of a
malignant cell in a sample, wherein the presence of at
least one malignant cell in the sample is indicative
of the subject having the condition or disease. In one
embodiment, the condition or disease is a cancer or a
pre cancerous condition or disease. Furthermore, in
one embodiment, the present invention provides a
method for diagnosing a metabolic disorder in a
subject, the method comprising the step of detecting
at least one cell having a metabolic disorder in a
sample obtained from the subject using any of the
methods described hereinabove for detecting the
presence of a cell having a metabolic disorder in a
sample, wherein the presence of at least one 20 cell
having a metabolic disorder in the sample is
indicative of the subject having the metabolic
disorder. In addition, in another embodiment, the
present invention provides a method for monitoring the
progression of a condition or disease in a subject,
wherein the condition or disease is characterized by
the presence of at least one malignant cell, the
method comprising the steps of obtaining a first
sample from the subject, determining the presence
and/or number of malignant cells in the first sample
using any of the methods described hereinabove for
detecting the presence of a malignant cell in a
sample, obtaining a second sample from the subject
after a period of time, detecting the presence and/or
number of malignant cells in the second sample using
the method described hereinabove for detecting the
presence of a malignant cell in a sample, and
comparing the presence and/or number of malignant
cells in the first sample and the second sample,
thereby monitoring the progression of the condition or
disease in the subject. In one embodiment, the
condition or disease is a cancer or a pre-cancerous
condition or disease. Furthermore, in another
embodiment, the present invention provides a method
for monitoring the progression of a metabolic disorder
in a subject, the method comprising the steps of
obtaining a first sample from the subject, determining
the presence and/or number of cells having the
metabolic disorder in said firstsample using any of
the methods described hereinabove for detecting the
presence of a cell having a metabolic disorder in a
sample, obtaining a second sample from the subject
after a period of time, detecting the presence and/or
number of cells having the metabolic disorder in the
second sample using any of the methods 



described hereinabove for detecting the presence of a
cell having a metabolic disorder in a sample, and
comparing the presence and/or number of cells having
the metabolic disorder in the first sample and the
second sample, thereby monitoring the progression of
the metabolic condition or disease in the subject. In
addition, in another embodiment, the present invention
provides a method for monitoring a therapy regimen for
a subject undergoing therapy for condition or disease
characterized by the presence of at least one
malignant cell, the method comprising the steps of
obtaining a first sample from the subject prior to
initiation of the treatment regimen, determining the
presence and/or number of malignant cells in the first
sample using any of the methods described hereinabove
for detecting the presence of a malignant cell in a
sample, initiating the therapy regimen, obtaining a
second sample from the subject after a period of time,
determining the presence and/or number of malignant
cells in the second sample using any of the methods
described hereinabove for detecting the presence of a
malignant cell in a sample, and comparing the presence
and/or number of malignant cells in the first sample
and the second sample, thereby monitoring the therapy
regimen for the subject. In one embodiment, the
condition or disease is a cancer or a pre cancerous
condition or disease. Furthermore, in one embodiment,
the present invention provides a method for monitoring
a therapy regimen for a subject undergoing therapy for
a metabolic disorder, said method comprises the steps
of obtaining a first sample from the subject prior to
initiation of the treatment regimen, determining the
presence and/or number of cells having the metabolic
disorder in the first sample using any of the methods
described hereinabove for detecting the presence of a
cell having a metabolic disorder in a sample,
initiating the therapy regimen, obtaining a second
sample from the subject after a period of time,
determining the presence and/or number of cells having
the metabolic disorder in the second sample using any
of the methods described hereinabove for detecting the
presence of a cell having a metabolic disorder in a
sample, thereby monitoring the therapy regimen for the
subject.In one embodiment, the methods of monitoring
the therapy regimen further comprise the step of
regulating the therapy regimen by regulating a dosage
amount, a dosage schedule, or a combination thereof of
the therapy regimen. In one embodiment, the therapy
regimen comprises radiotherapy. In another embodiment,
the therapy regimen comprises chemotherapy. In another
embodiment, the therapy regimen comprises
immunotherapy. In another embodiment, the therapy
regimen comprises viral therapy. In another
embodiment, the therapy regimen comprises any
combination of radiotherapy, chemotherapy,
immunotherapy and viral therapy. In another
embodiment, the therapy regimen comprises treatment
with a chemical compound, a natural compound, a
synthetic compound, a monomer, polymer, a protein, a
glycoprotein, a lipid, a carbohydrate, a fatty acid, a
nucleic acid, an antibody, a virus, a prion, a
combinatorial library of synthetic compounds, a
genomic library, a nucleic acid, a nucleic acid
library, a protein, a protein library, a natural
extract, a plant extract, an animal extract, or a
mixture thereof. In one embodiment, the step of
detection of staining used in the methods described
hereinabove comprises determining the ratio of
staining with the first dye to the second dye in the
first fraction and in the second fraction. In another
embodiment, the step of detection of staining used in
the methods described hereinabove further comprises
determining the total number of cells in the 



sample by detecting the staining of the sample with
the first dye, detecting the staining of the sample
with the second dye, and summing the staining of the
sample with the first dye and the second dye. In
another embodiment, the step of detection of staining
used in any of the methods described hereinabove
comprises detecting the absorption of the first dye or
the second dye. In another embodiment, the step of
detection staining comprises detecting the intensity
of color of the first dye and the second dye. In
another embodiment, the step of detection of staining
comprises detecting the pattern of color of the first
dye and the second dye. In another embodiment, the
step of detection of staining comprises detecting the
distribution of color of the first dye and the second
dye. In another embodiment, the step of detection of
staining comprises detecting the concentration of
color of the first dye and the second dye. In another
embodiment, the step of detection of staining
comprises any combination of the detection methods
described hereinabove.In one embodiment, the methods
of the present invention further comprise the step of
fixing the cells. In another embodiment, the methods
further comprise the step of air-fixing the cells. In
one embodiment, the methods are repeated using
different concentrations of the agent, the oncogene,
the tumor suppressor gene and the like. In one
embodiment, the methods of the present invention are
adapted to and are performed using means for high
output. In another embodiment, the means comprises an
automated sampling device, a liquid handling
equipment, an automated stainer, a dispenser, a robot,
or any combination thereof. In addition, in another
embodiment, the present invention provides a kit for
detecting the presence of a malignant cell in a
sample, the kit comprising a compound capable of
distinguishing between a malignant cell and a
non-malignant cell by producing differential staining
of the malignant cell and the nonmalignant cell, or by
having differential fluorescence in the malignant cell
and the non-malignant cell as described hereinabove,
and a member for holding a sample. In addition, in
another embodiment, the present invention provides a
kit for detecting the presence of a metabolically
impaired cell in a sample, the kit comprising a
compound capable of distinguishing between a
metabolically impaired cell and a metabolically normal
cell by producing differential staining of the
metabolically impaired cell and the metabolically
normal cell, or by having differential fluorescence in
the metabolically impaired cell and the metabolically
normal cell as described hereinabove, and a member for
holding a sample. In one embodiment, the member is
selected from the group consisting of slides,
microscope slides, arrays of wells, microtiter plate
assay trays, transparent vessels, coverslips, filters,
membranes, tubes, or a combination thereof. In another
embodiment, the kit further comprises at least a first
dye and a second dye. The dye may be any of the dyes
described hereinabove, for example anacidic dye, a
basic dye, atriaminotriphenyhnethane derivative, a
diazo derivative, or ay combination thereof. In
another embodiment, the kit further comprises at least
oone fixative. In another embodiment, the kit further
comprises a buffer, a chelating agent, a preservative,
or any combination thereof.In addition, in another
embodiment, the present invention provides a method of
identifying the optimal working concentration of a
composition comprising a compound capable of
distinguishing between a malignant cell and a
nonmalignant 



cell by producing differential staining of the
malignant cell and the nonmalignant cell as described
hereinabove, the method comprising the steps of
obtaining a sample comprising more than one cell
having a malignant phenotype, aliquoting at least a
first fraction and a second fraction from the sample,
contacting the second fraction with an agent which
promotes the conversion of the malignant phenotype to
a non-malignant phenotype, contacting the first
fraction and the second fraction with one or more
concentrations of the composition, contacting the
first fraction and the second fraction with at least a
first dye and a second dye, detecting the staining of
the first fraction and the second fraction with the
first dye and the second dye, measuring the ratio R1
denoting staining with the first dye to the second dye
the first fraction at each concentration of the
composition; measuring the ratio R denoting staining
with the first dye to the second dye in the second
fraction at each concentration of the composition, and
calculating the ratio R1 R 2 for each concentration of
the composition, wherein the optimal working
concentration of the composition is the concentration
at which R1 R2 is at a maximum. In one embodiment, the
malignant cell stains substantially with the first dye
and the non-malignant cell stains substantially with
the second dye. In another embodiment, the present
invention provides a method of identifying the optimal
working concentration of a composition comprising a
compound capable of distinguishing between a malignant
cell and a nonmalignant cell by producing differential
staining of the malignant cell and the nonmalignant
cell as described hereinabove, the method comprising
the steps of obtaining a sample comprising more than
one cell having a non-malignant phenotype, aliquoting
at least a first fraction and a second fraction from
the sample, contacting the second fraction with an
agent which promotes the conversion of the
nonmalignant phenotype to a malignant phenotype,
contacting the first fraction and the second fraction
with one or more concentrations of the composition,
contacting the first fraction and the second fraction
with at least a first dye and a second dye, detecting
the staining of the first fraction and the second
fraction with the first dye and the second dye,
measuring the ratio R1 denoting staining with the
first dye tothe second dye in the second fraction at
each concentration of the composition, measuring the
ratio R2 denoting staining with the first dye to the
second dye in the first fraction at each concentration
of the composition; and calculating the ratio R1/R2
for each concentration of the composition; wherein the
optimal working concentration of the composition is
the concentration at which R1 R 2 is at a maximum. In
one embodiment, the malignant cell stains
substantially with the first dye and the nonmalignant
cell stains substantially with the second dye. In
addition, in another embodiment, the present invention
provides an invivo imaging method for detecting the
presence of at least one malignant cell in a subject,
the method comprising the steps of administering to
the subject a composition comprising a compound is
capable of distinguishing between a cell and a
non-malignant cell by producing differential staining
of the malignant cell and the non-malignant cell,
administering to the subject at least a first dye and
a second dye, and detecting the presence of the first
and second dye in the subject, thereby detecting the
presence of at least one malignant cell in the
subject. In one embodiment, the malignant cell stains
substantially with the first dye, wherein detecting
the presence of the first dye in the subject is
indicative of the subject having a malignant cell. 



Malignant Disorders: As used herein, the term "cancer"
is used interchangeably with the terms malignancy,
malignant or neoplasm, and refers to a disease of
cells characterized by an abnormal growth of cells
which tend to proliferate in an uncontrolled way and,
in some cases, to metastasize. A "cancer cell" or a
"malignant cell" as used herein, is a cell which has
been released from normal cell division control, is
thus characterized by an abnormal growth and a
tendency to proliferate in an uncontrolled way and, in
some cases, to metastasize. In one embodiment, the
term "malignant cell" refers to a cell having a
malignant phenotype. The definition of a malignant
cell includes a neoplastic cell, a pre-malignant cell,
a metastatic cell, a malignant cell, a tumor cell, an
oncogenic cell, a cell with a cancer genotype, a cell
of malignant phenotype, a cell with a malignant
genotype, an oncogene transfected cell, a virus
transformed cell, a cell which expresses a marker for
an oncogene, a cell which expresses a marker for
cancer, or a combination thereof. Included in this
definition are cell lines derived from any ofthese
cells. Non-limiting examples of malignant cells/cell
lines suitable for use in the present invention are: a
human colorectal adenocarcinoma (HT29) cell line; a
human breast carcinoma (MCF-7) cell line, a human
leukemia K562 cell line, a human leukemic HL-60 cell
line, a Ras V 12-transformed Ratl (Ratl Ras) cell
line, a histiocytic lymphoma (U937) cell line, or a
combination thereof. A "non-malignant cell", as used
herein, refers to a normal cell, a normal cell line, a
malignant cell that has been induced to express a
phenotype of anon-malignant cell, an immortalized cell
line, a primary cell culture, or any combination
thereof. Included in this definition are cell lines
derived from any of these cells. In one embodiment,
the term "non-malignant cell" refers to a cell having
a malignant phenotype. Non-limiting examples of
non-malignant cells/cell lines suitable for use in the
present invention are: a human primary colonocytes
(CCD-33C0), a ratl fibroblasts an MCF-7 cell line
treated with sodium butyrate, a HT29 cell line treated
with sodium butyrate, a Ratl Ras cell line treated
with PD98058, a K562 cell line treated with sodium
butyrate and/or gleevec, a U937 cell line treated with
all-transretinoic acid (ATRA), or a combination
thereof. A "normal cell", as used herein, refers to a
cell which does not have a malignant phenotype, and/or
or cell which does not have a metabolic disorder. In
accordance with embodiments of the present invention,
a malignant cell or a cancer cell is an adenocarcinoma
cell, an adrenal gland tumor cell, an ameloblastoma
cell, an anaplastic cell, anaplastic carcinoma of the
thyroid cell, an angiofibroma cell, an angioma cell,
an angiosarcoma cell, an apudoma cell, an
argentaffmoma cell, an arrhenoblastoma cell, an
ascites tumor cell, an ascitic tumor cell, an
astroblastoma cell, an astrocytoma cell, an
ataxia-telangiectasia cell, an atrial myxoma cell, a
basal cell carcinoma cell, a benign tumor cell, a bone
cancer cell, a bone tumor cell, a brainstem glioma
cell, a brain tumor cell, a breast cancer cell, a
Burkitt's lymphoma cell, a cancerous cell, a carcinoid
cell, a carcinoma cell, a cerebellar astrocytoma cell,
a cervical cancer cell, a cherry angioma cell, a
cholangiocarcinoma cell, a cholangioma cell, a
chondroblastoma cell, a chondroma cell, a
chondrosarcoma cell, a chorioblastoma cell, a
choriocarcinoma cell, a colon cancer cell, a common
acute lymphoblastic leukemia cell, a craniopharyngioma
cell, a cystocarcinoma cell, a cystofbroma cell, a
cystoma cell, a cytoma cell, a ductal carcinoma in
situ cell, a ductal papilloma cell, adysgerminoma
cell, an encephaloma cell, an endometrial carcinoma
cell, an 



endothelioma cell, an ependymoma cell, an epithelioma
cell, an erythroleukemia cell, an Ewing' s sarcoma
cell, an extra nodal lymphoma cell, a feline sarcoma
cell, a fibro adenoma cell, a fibro sarcoma cell, a
follicular cancer of the thyroid cell, a ganglioglioma
cell, a gastrinoma cell, aglioblastoma multiform cell,
a glioma cell, a gonadoblastoma cell, an
haemangioblastoniacell, an haemangioendothelioblastoma
cell, an haemangioendothelioma cell, an
haemangiopericytoma cell, an haematolymphangioma cell,
an haemocytoblastoma cell, an haemocytoma cell, a
hairy cell leukemia cell, a hamartoma cell, an
hepatocarcinoma cell, an hepatocellular carcinoma
cell, an hepatoma cell, an histoma cell , a Hodgkin's
disease cell, an hypernephroma cell, an infiltrating
cancer cell, an infiltrating ductal cell carcinoma
cell, an insulinoma cell, a juvenile angioforoma cell,
a Kaposi sarcoma cell, a kidney tumor cell, a large
cell lymphoma cell, a leukemia cell, a chronic
leukemia cell, an acute leukemia cell, a lipoma cell,
a liver cancer cell, a liver metastases cell, a Lucke
carcinoma cell, a lymphadenoma cell, a lymphangioma
cell, a lymphocytic leukemia cell, a lymphocytic
lymphoma cell, a lymphoeytoma cell, a lymphoedema
cell, a lymphoma cell, a lung cancer cell, a malignant
mesothelioma cell, a malignant teratoma cell, a
mastocytoma cell, a medulloblastome. cell, a melanoma
cell, a meningioma cell, a mesothelioma cell, a
metastatic cell, a metastasis cell, a metastatic
spread cell, a Morton's neuroma cell, a multiple
myeloma cell, a myeloblastoma cell, a myeloid leukemia
cell, a myelolipoma cell, a myeloma cell, a
myoblastoma cell, a myxoma cell, a nasopharyngeal
carcinoma cell, a neoplastic cell, a nephroblastoma
cell, a neuroblastoma cell, a neurofibroma cell, a
neurofibromatosis cell, a neuroglioma cell, a neuroma
cell, a non-Hodgkin's lymphoma cell, an
oligodendroglioma cell, an optic glioma cell, an
osteochondroma cell, an osteogenic sarcoma cell, an
osteosarcoma cell, an ovarian cancer cell, a Paget' s
disease of the nipple cell, a pancoast tumor cell, a
pancreatic cancer cell, a phaeochromocytoma cell, a
pheoehromocytoma cell, a plasmacytoma cell, a primary
brain tumor cell, a progonoma cell, a prolactinoma
cell, a renal cell carcinoma cell, a retinoblastoma
cell, a rhabdomyosarcoma cell, a rhabdosarcoma cell, a
solid tumor cell, sarcoma cell, a secondary tumor
cell, a seminoma cell, a skin cancer cell, a small
cell carcinoma cell, a squamous cell carcinoma cell, a
strawberry haemangioma cell, a T-cell lymphoma cell, a
teratomacell, a testicular cancer cell, a thymoma
cell, a trophoblastic tumor cell, a tumorigenic cell,
a tumor initiation cell, a tumor progression cell, a
vestibular schwannoma cell, a WiIm' s tumor cell, or a
combination thereof. Neuronal or Stem cell
Differentiation Furthermore, in accordance with
another embodiment of the present invention, there is
provided a cytohistological staining method for
identifying an agent which induces neuronal or stem
cell differentiation, the method comprising the steps
of obtaining a sample comprising more than one
undifferentiated neuronal or stem cell cell,
aliquoting at least a first fraction and a second
fraction from the sample, contacting the second
fraction with the agent, contacting the first fraction
and the second fraction with a compound capable of
distinguishing between an undifferentiated and
differentiated neuronal or stem cell by producing
differential staining of the undifferentiated and
differentiated neuronal or stem cell, contacting the
first fraction and the second fraction with at least a
first dye and a second dye, detecting the staining of
the first fraction with the first dye and the second
dye, detecting the staining of the second fraction
with the first dye and the second dye; and 



comparing the staining of the first fraction and the
second fraction, thereby identifying the agent which
induces neuronal or stem cell differentiation. In
another embodiment, the method is adapted for
identifying a combination of agents which induce
neuronal or stem cell differentiation. Furthermore, in
another embodiment, the present invention provides a
method for identifying an agent which induces neuronal
or stem cell differentiation, the method comprising
the steps of obtaining a sample comprising more than
one undifferentiated neuronal or stem cell, aliquoting
at least a first fraction and a second fraction from
the sample, contacting the second fraction with the
agent, contacting the first fraction and the second
fraction with a compound capable of distinguishing
between an undifferentiated and differentiated
neuronal or stem cell by having differential
fluorescence in the undifferentiated and
differentiated neuronal or stem cell, detecting the
fluorescence of the first fraction and the second
fraction; and comparing the fluorescence of the first
fraction and the second fraction, thereby identifying
the agent which induces neuronal or stem cell
differentiation. In another embodiment, the method is
adapted for identifying a combination of agents which
induce neuronal or stem cell differentiation.As used
herein, the terms "undifferentiated" and
"differentiated" neuronal or stem cell refer not only
to a completely undifferentiated neuronal or stem cell
versus a neuronal or stem cell that is completely
differentiated, i.e. has completed the process of
differentiation. Rather, these terms also include
neuronal or stem cells at different stages in
development and differentiation. For example, the
compound of the present invention may produce
differential staining in two neuronal or stem cells at
different stages of differentiation. In another
embodiment, the compound of the present invention may
have differential fluorescence in two neuronal or stem
cells at different stages of differentiation. The
potential connection between differentiation induction
and the normalization of the diseased phenotype is
established in the literature (Lindsell P, 2001).
Moreover, the scientific foundation on the possibility
to use the differentiation triggering agents as
histoprotectors could be demonstrated by
neuroprotectors in the case of the neuronal or stem
cell damage and is well established (Cheung et al,
2000). Ganoderma extract (traditional Chinese
medicine) induced the neuronal or stem cell
differentiation of PC12 cells. The presence of
neuroactive compounds that mediate the neuronal or
stem cell differentiation and neuroprotection of the
PC12 cells was documented (Cheung et al, 2000). Nerve
growth factor (NGF), which has been shown to act as a
morphological and neurochemical differentiating factor
in PC12 cells, also protects PC12 cells from the
toxicity of serum withdrawal and ischemia (Boniece et
al, 1995). The neuroprotective effect of NGF requires
some of the same signal transduction steps used by NGF
to promote differentiation and neurite formation
(Boniece et al, 1995). Furthermore, it was found that
exposure of PC12 cells to retinoic acid, which
promotes the differentiation and inhibits the growth
of PC12 cells, also improves cell survival during
ischemia. In addition, a combination of NGF and
retinoic acid was more effective than either agent
alone. It is likely that these two agents confer
protection by independent pathways (Boniece et al,
1995), but these signals are
differentiation-connected. As contemplated herein,
this invention provides a useful screening system to
detect differentiation inducing agents. Base on the
results described 



hereinbelow, showing the detection of NGF (not shown),
Retinoic acid (Figures 36A-B) and sodium butyrate
(Figures 22A-D and Figures 23A-C), the
presentinvention further provides a method of
neuroprotection against neuronal or stem cell damage,
the method comprising the step of contacting a
neuronal or stem cell with an agent which induces
neuronal or stem cell differentiation, wherein the
agent is identified according to any of the methods
described hereinabove. Metabolic Disorders As defined
herein, the term "metabolically impaired cell" refers
to a cell having an aberrant, deficient or abnormal
metabolic impairment as a result of the an abnormal
metabolic activity. As defined herein, the term
"metabolically normal cell" refers to a cell having a
normal metabolic function and/or activity. As
contemplated herein, a non-limiting list of metabolic
disorder which are within the scope of the present
invention include carbohydrate metabolism disorders,
disorders of steroid metabolism, connective tissue,
muscle, bone, disorders of amino acid metabolism,
disorders of purine/pyrimid. metabolism, blood
disorders, disorders of lipid metabolism, disorders of
metal metabolism, transport disorders, disorders of
lysosomal enzymes and heme/porphyria metabolism
disorders. In one embodiment, the metabolic disorder
is selected from the group consisting of a
Carbohydrate Metabolism Disorder, a Disorder of
Steroid Metabolism, a Connective Tissue Disorder, A
Muscle Disorder of Amino Acid Metabolism, a Disorder
of Purine/Pyrimidine. Metabolism, a Blood Disorder, a
Disorder of Lipid Metabolism, a Disorder of Metal
Metabolism, a Transport Disorder, a Disorder of
Lysosomal Enzymes, and a Heme/Porphyrin Metabolism
Disorder. In another embodiment, the metabolic
disorder is selected from the group consisting of
Diabetes, Fructose Intolerance, Glycogen Storage
Disease, Adrenal Hyperplasia, Muscular Dystrophy,
Ehlers-Danlos syndromes Hypophosphatasia
Phenylketonuria, Albinism, Goiter Gout, Lesch-Nyhan
Syndrome, Xeroderma Pigmentosum, Hemophilia,
b-Thalassemia, Sickle cell Anemia,
Hypercholesterolemia, Wilson's Disease (copper
excretion), Cystic Fibrosis, Rickets, Gaucher' s
Disease, Tay-Sachs Disease, Porphyria, and
Niemann-Pick disease. Additional objects, advantages,
and novel features of the present invention will
become apparent to one ordinarily skilled in the art
upon examination of the following examples, which are
not intended to be limiting. Additionally, each of the
various embodiments and aspects of the present
invention as delineated hereinabove and asclaimed in
the claims section below finds experimental support in
the following examples. EXAMPLES Reference is now made
to the following examples, which together with the
above descriptions, illustrate the invention in a non
limiting fashion. Generally, the nomenclature used
herein and the laboratory procedures utilized in the
present invention include molecular, biochemical,
microbiological and recombinant DNA techniques. Such
techniques are thoroughly explained in the literature.
See, for example, "Molecular Cloning: A laboratory
Manual" Sambrook et al., (1989); "Current Protocols in
Molecular Biology" Volumes I-III Ausubel, R. M., ed.
(1994); Ausubel et al., "Current Protocols in
Molecular Biology", John Wiley and Sons, Baltimore,
Maryland (1989); Perbal, "A Practical Guide to
Molecular Cloning", John Wiley & Sons, New York
(1988); Watson et al., "Recombinant DNA", Scientific
American Books, New York; Birren et al. (eds) "Genome
Analysis: A Laboratory 



Manual Series", VoIs. 1-4, Cold Spring Harbor
Laboratory Press, New York (1998); methodologies as
set forth in U.S. Pat. Nos. 4,666,828; 4,683,202;
4,801,531; 5,192,659 and 5,272,057; "Cell Biology: A
Laboratory Handbook", Volumes I-III Cellis, J. E., ed.
(1994); "Current Protocols in Immunology" Volumes
I-III Coligan J. E., ed. (1994); Stites et al. (eds),
"Basic and Clinical Immunology" (8th Edition),
Appleton & Lange, Norwalk, CT (1994); Mishell and
Shiigi (eds), "Selected Methods in Cellular
Immunology", W. H. Freeman and Co., New York (1980);
available immunoassays are extensively described in
the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153;
3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262;
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074;
4,098,876; 4,879,219; 5,01 1,771 and 5,281,521;
"Oligonucleotide Synthesis" Gait, M. J., ed. (1984);
"Nucleic Acid Hybridization" Hames, B. D., and Higgins
S. J., eds. (1985); "Transcription and Translation"
Hames, B. D., and Higgins S. J., Eds. (1984); "Animal
Cell Culture" Freshney, R. L, ed. (1986); "Immobilized
Cells and Enzymes" IRL Press, (1986); "A Practical
Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzymology" Vol. 1-317, Academic Press;
"PCR Protocols: A Guide To Methods And Applications",
Academic Press, San Diego, CA (1990); Marshak et al.,
"Strategies for Protein Purification and
Characterization - A Laboratory CourseManual" CSHL
Press (1996); all of which are incorporated by
reference as if fully set forth herein. Other general
references are provided throughout this document. The
procedures therein are believed to be well known in
the art and are provided for the convenience of the
reader. All the information contained therein is
incorporated herein by reference. EXAMPLE 1
Differential staining of malignant and non-malignant
cells of non-cervical biopsies MATERIALSAND
EXPERIMENTAL PROCEDURES The following materials and
experimental procedures section relates to Examples 1
through Example 5 detailed hereinbelow. Staining
procedures Table Ib below provides step-by-step
procedures for general staining according to the
present invention. Please note that the air drying is
preferably effected in accordance with the teachings
of the present invention, improving the differential
effect of the protocols. Multiwell plates could be
stained following the drying: minimum 3 hours (hrs)
with an optimum of 24 hours following staining. TABLE
Ib A - Protocol for non-cervical air-dried smears B -
Revised protocol for air-dried non-cervical smears 1.
Air-dry slide or print 2. Fixation: 2 minutes in Fix-1
1. Air-dry slide or print 3. Clean in running
distilled water 2. Fixation: 12 min. in Fix-3 4. 1
minute in Fix-2 3. Clean in running de-ionized water
5. Clean in running distilled water 4. 2 min. in Fix-4
6. 1 minute in Dye-1 5. Clean in running distilled
water 7. Clean in running distilled water 6. 2 min. in
Dye-3 8. Ext-2 for 1 minute (min) 7. Clean in running
tap water 9. Clean vigorously 5-7 seconds in distilled
water 8. Ext-2 for 2 min. 10. 15 seconds in Ext-1 9.
Wash in de-ionized water for 1 min. 



11. Clean vigorously 5-7 seconds in distilled water
10. 10 sec. inDye-5 12. 20 seconds in Ext-3 11. Wash
in distilled water 13. Clean vigorously 30 seconds in
distilled water 12. Incubate in Dye-23 for 5 min. 14.
PBS for 15 seconds 13. Clean in distilled water for 10
sec. 15. Clean in distilled water for 10 seconds 14.
Dehydration in 70 % - 96 % - 100 % 16. Dye-2 for 6
seconds ethanol 17. Clean in distilled water for 10
seconds 15. Clear in XyleneReagents: Hoechst N 33342,
Sigma; 10 mg/ml in PBS; Dahlia Michrome 105, Color
Index (CI) 42535, Edward Gurr LTD; New Fuchsin, SIGMA,
Lot 37H3463, CI 42520; Pararosanilin acetate, Allied
chemical, Cl 42500; Rosaniline hydrochloride, BDH,
Prod. 30024, Cl 42510; Methyl Violet, Fluka, 69710, Cl
42535L; Light Green, SF Yellowish, Lot 055H4405, Cl
42095; Fast Green FCF, BDH, Cl 42053; Eosin Yellow
Shade, BDH Product No 34027, Cl 45380; Bismark Brown
R, SIGMA, Lot 111H3470, CI 21010; Toluidine Blue,
Fluka, Cl 52040; Methyl Green, MERCK, CI 42590; Picric
Acid, Pyronin Y, Fluka, Cl 45005; May-Grunwald Stain,
SIGMA, Cat. No. M6901; Harris's Hematoxylin, Pioneer
Research Chemicals; Hematoxylin Solution Gill No. 3,
Sigma GHS-3-32; New Fuchsin, C.I. 42520, Sigma N-0638;
Phloxine, C.I. 778, Hartman Leddon Co.; Azure A,
Allied Chemical Cat. No. 442; Methyl Violet; Basic
Fuchsin; PBS Tablets, SIGMA, P4417; trichloroacetic
acid(TCA), methanol, glacial acetic acid (GAA);
formaldehyde; ether; Carboxymethylcellulose resin,
CM52, Whatman. ScreeningAssay for Histomodulator
Compound-Containing Fractions: The screening assay was
developed with the aim of screening purified fractions
for activity. The assay is designed to assess whether
a fraction is capable of simulating the activity of a
crude extract or verified extract (labeled GS). A
fraction is deemed active if it is capable of
significantly inhibiting the first (green or red)
staining of malignant cells, alternatively the
histomodulatory activity was verified in histological
staining. Plant Extract: Optimal leaves for the
process are between 15 and 25 grams and their length
is preferably 18-30 centimeter as measured from the
base of the leaf until the edge. Leaves that were
below these specifications tend to have a red pigment
and tend to be over-active from the inhibition point
of view, while leaves that are above these criteria
are characterized by very strong green pigment and
tend to show very little activity. 600 grams of leaves
were cut into 1-2 cm pieces. The cut leaves were mixed
with 1.5 liter of 70 % ethanol (EtOH) and kept for 10
days (room temperature) in a sealed container.
Thereafter, the liquid was separated from the solids
and kept for further use in room temperature. For
optimal purification yields, the liquid was allowed to
age in the container for at least 10 days and up to
one month at room temperature. Alternative Preparation
of Plant (Ficus Elastica) Extract for Use in the
Staining Procedure of the Invention: Input Material:
Leaf material was selected as described above in terms
of leaf length and weight. Alternative Preparation of
Optimal Extract:Leaves were cut into 1-2 cm pieces.
The cut pieces were dried in an oven at 65 C for 24
hours (hrs). At the beginning, wet content was 80 %,
while at the end it 



should have been 4 %. The material was blended into a
powder (700-1000 micron). The powder was used in
extraction in a reflux system: 1 hour (hr) per
extraction, solvent: 70 % ethanol, 40 0C. Three
sequential extractions were performed, each time the
powder was reextracted. Quantity of 70 % ethanol in
each extraction: first - 1:5; second - 1:4; third -
1:3. The three resulting extracts were mixed, filtered
in vacuum filter, paper No. 40. The mixed, filtered
extract was evaporated in a rotor evaporator under
vacuum at 60 C until a steady weight was obtained. The
resulting powder (final humidity was 3 %) was blended
further in a grinder. The powder extract was
reconstituted for use as a staining regent. The powder
was taken up in 70 % ethanol at TDS 1.3 % w/v, pH 7.4.
Shelf life of powdered extract: humidity 1 %, after
six months at room temperature in transparent glass -
activity was equivalent to the initial level. Staining
Solutions and Fixatives: Fixative No. 1 (Fix-1):
Fixative No. 1 contained 0.3 % trichloracetic acid
(TCA), 20 % ethanol, 2.5 % methanol, 2.5 % glacial
acetic acid (GAA), 2.5 % formaldehyde, 43 % ether and
29.2 % double distilled water. Ether was added ex
tempera. Fixative No. 2 (Fix- 2): Fixative No. 2
contained 1.2 % trichloracetic acid (TCA), 20 %
ethanol, 1.2 % methanol, 2.5 % glacial acetic acid
(GAA), 0.5 % formaldehyde, 40 % ether and 34.6 %
double distilled water. Ether was added ex tempera.
Fixative No. 2B (Fix- 2B): Fixative No. 2B contained
6.6 % trichloracetic acid (TCA), 6.6 % glacial acetic
acid (GAA), 3.3 % methanol, 3.3 % formalin, 80.2 %
ether. Fixative No. 3 (Fix-3): Fixative No. 3
contained 0.4 % trichloroacetic acid (TCA), 1.2 %
methanol, 2.5 % GAA, 2.5 % formaldehyde, 93.4 % double
distilled water.Fixative No. 4 (Fix-4): Fixative No. 4
contained 1.2 % trichloroacetic acid (TCA), 7 %
methanol, 9 %GAA, 7 % formaldehyde, 76.4 % double
distilled water. Fixative No. 102-B (Fix-102-B):
Fixative No. 102-B contained 6.6 % trichloracetic acid
(TCA), 7.5 % glacial acetic acid (GAA), 5.8 %
methanol, 5.8 % formalin, distilled water. Additional
Plant Extracts: Aloe arborescens miller extract
(Ext-1): 600 grams cut leaves were mixed with 1 liter
of 96 % ethanol and kept for 10 days (room
temperature) in a sealed container. Thereafter, the
liquid was separated from the solids and was kept for
further use in room temperature. Ficus elastics
extract (Ext-2): Described above, but briefly: 600
grams cut leaves were mixed with 1.5 liter of 70 %
ethanol and kept for 10 days (room temperature) in a
sealed container. Thereafter, the liquid was separated
from the solids and was kept for further use in room
temperature. Lantana Camara extract (Ext-3): 300 grams
cut leaves were mixed with 1 liter of 70 % ethanol and
kept for 10 days (room temperature) in a sealed
container. Thereafter, the liquid was separated from
the solids and was kept for further use in room
temperature. Dyes: Phloxine (Dye- A): The aniline dye
Phloxine was used for staining paraffinembedded 



tissue. The dye was prepared by mixing 1.5 grams of
Phloxine with 200 ml of double distilled water and 50
ml of ethanol. BBr (Dye-B): The BBr dye was prepared
by dissolving 2 grams of Bismark Brown R in 50 ml of
ethanol and 200 ml of double distilled water. Eosine
(Dye-C): Yellow was prepared by dissolving 0.26 grams
of Eosine Yellow shade in 15 ml of 100 % ethanol and
35 ml of double distilled water. Harris Hematoxylin
dye (Dye-1): Commercially available Harris Hematoxylin
dye, ready for use. Light Green (Dye-2): The aniline
dye Light Green served as a general stain in the
staining procedures. The aniline dye was prepared by
mixing 4 grams of Light Green with 50 ml 70 % ethanol
and 50 ml double distilled water.Hematoxylin Gill
(Dye-3): A ready for use solution of Hematoxylin Gill
No. 3. Bismark Brown Phloxine Conjugate (Dye-4): Dye-A
and Dye-B were mixed, boiled for 20 min and cooled to
room temperature. The dye was filtered through a
filter paper, and 250 ml of absolute ethanol were
added. Light Green 50 % (Dye-5): The aniline dye Light
Green 50 % was used as a general stain in some of the
protocols. The aniline dye was prepared by mixing 4
grams of Light Green with 50 ml of ethanol and 50 ml
of double distilled water. New Fuchsin (Dye-6): 0.4 %
solution was prepared in 33 % ethanol. Azure (Dye-7):
The aniline dye Azure A was used for staining
paraffinembedded tissue. The aniline dye was prepared
by mixing 0.25 grams of Azure A with 50 ml of 100 %
ethanol and 50 ml of double distilled water. Phosphate
Buffer Saline (PBS): PBS, pH 7.4, was prepared using
commercially available PBS tablets. One tablet per 200
ml double distilled water was used to achieve a
working solution. Dahlia dye (Dye-8): Dahlia dye
served as a stain for non-cervical smears. The Dahlia
dye was prepared by mixing 0.5 grams Dahlia in 20 ml
of 70 % ethanol and 80 ml of double distilled water.
Dahlia 99a (Dye-23): Dahlia 99A was an aniline dye
used in the revised procedure for non-cervical smears.
Dahlia 99A was prepared by mixing 1.5 grams of Basic
Fuchsin, 1 gram of Methyl Violet, 0.5 gram of New
Fuchsin with 100 ml of ethanol and 20 400 ml of double
distilled water. Light Green 20 % (Dye-24): The
aniline dye Light Green 20 % was used as a general
stain in the protocol for frozen sections. The aniline
dye was prepared by mixing 4 grams of Light Green with
20 ml of ethanol and 80 ml of double distilled water.
Bismark Brown Eosine: Bismark Brown Eosine was
prepared by dissolving 5 g Bismark Brown-R in 200 ml
distilled water and 25 75 ml of 100 % Ethanol, and set
aside for 5 minutes (min). Next, 2.5 g of Eosine
Yellow shade was dissolved in 150 ml distilled water
and 50 ml of 100 % ethanol, and set aside for 10 min.
Both were mixed and boiled for 5 min, cooled to
room-temperature and filtered through paper filter.
Filter was allowed to dry and was washed in 300 ml of
absolute ethanol.May-Grunwald Stain: 0.25
%May-Grunwald dye in methanol, diluted into Sorenson's
Buffer, pH 6.8. Giemsa Stain: 10 % of Giemsa stain
diluted in Sorenson's Buffer, pH 6.8.
Hematoxylin/Eosin Staining Protocol: Paraffin-embedded
4 micron thick tissues on slides were deparaffinized
in two Xylene baths, 3 min each, and washed in two
consecutive ethanol baths, 3 min each, 



followed by two consecutive 95 % ethanol baths, 3 min
each, and a distilled water bath, for 3 min. Following
deparaffinization, the slides were dipped in
hematoxylin stain (Dye-1) for 1 min and washed in tap
water (running in the container) until the water was
clear. Then, slides were immersed in Eosin stain
(Dye-C) for 1-2 min, and washed in tap water as
described above. The slides were then dehydrated in
ascending alcohol solutions (50 %, 70 %, 80 %, 95 % x
2, 100 % x 2) and cleared with xylene (3-4 times). The
dehydrated slides were mounted with Permount or
another suitable organic mounting medium. May Grunwald
Giemsa staining protocol: Slides were fixed in
methanol for 15 min, and then stained in May-Grunwald
Stain for 5 min. The slides were rinsed with water and
stained in Giemsa Stain for 10 min. After staining,
the slides were rinsed in Sorenson's buffer at pH 6.8
and rinsed again in 50/50 v/v buffer/acetone.
Following rinse, the slides were dehydrated in two
acetone washes and cleared in xylene. Finally, the
slides were mounted with Permount or another suitable
organic mounting medium. Papanicolaou staining
protocol: Smears were dried and the following staining
and washing steps were taken: Slides were washed with
70 % ethanol for 2 minutes and then twice with tap
water for 1 minute each. Slides were stained with
Gill's hematoxylin for 4 minutes and rinsed with
Scott's water for 2 minutes, washed with 70 % ethanol
for 1 minute, and then with 95 % ethanol for 1 minute.
Slides were then stained using Orange G for 2 minutes,
and washed twice with 95 % ethanol for 1 minute each.
Slides were then stained for 10 minutes with Eosin A
(Eosin Azure), which is a counterstain,comprising of
three dyes Eosin Y, Light Green SF yellowish, and
Bismarck brown Y. Slides were then washed twice with
95 % ethanol for one minute each and treated twice
with xylene for 5 minutes each. Slides were mounted
and once dry, the slides were screened under the
microscope. Cells Lines: Cell line cultures: The cell
lines used herein are listed in Table 4 below. Cell
lines were cultured in Dulbecco's modified Eagle's
medium (4.5 g glucose/liter, DMEM) supplemented with 1
% glutamine, penicillin (100 U/ml), streptomycin (100
mg/g) and 10 % heat-inactivated (57 C, 30 min) fetal
calf serum, FCS (Bio-Lab, Jerusalem, Israel). Cells
were serially passaged (weekly) and cultured in 10 cm
diameter Miniplast tissue culture plates (Miniplast,
Israel). The cultures were maintained at 37 C in a
humid incubator with an air mixture containing 5 %
CO2. Cell line smears: Cell suspensions of all types
were centrifuged, the pellet was re-suspended in a
small volume of fresh DMEM-FCS medium. Small drops of
the suspension were placed on glass slides, smeared,
air-dried and used in staining experiments as further
detailed hereinbelow. Primary cell suspensions: Bone
marrow cells were obtained by lavage of femurs and
tibia of mice, placed on glass slides, smeared, air
dried and used in staining experiments as further
detailed hereinbelow. EXPERIMENTAL RESULTS The
staining procedures presented herein were developed
using clinical cancer-positive and cancer-negative
cytological smears, which were routinely received from
and classified by a cytological laboratory. The
presence of malignant cells was validated by standard
cytological examination and in most cases by
histopathological diagnosis. 



About 3,000 peritoneal, pleural, pericardial aspirates
were used for the development efforts of the staining
procedure. The staining procedure was applicable to
air-dried cytological smears of the type applicable
for routine May-Grunwald- Giemsa staining.The first
step was specially designed fixation procedure
involving the use of complex fixative reagents (Fix-1
and Fix-2) optimized for best subsequent staining
results. These complex fixation reagents were, in most
cases, essential for the effectiveness of the staining
procedure. In addition to enabling effective staining,
the fixation procedure described herein also provided
superior morphological preservation, in particular of
the nuclear features and details as compared to
conventional fixation procedures. The second step
included counterstaining with Harris-Hematoxylin which
was introduced for better contrasting of nuclear
details. The third step included treatment with plant
extracts (Aloe arborescens miller, Ficus elastica and
Lantana camara plant extracts), which was believed to
change the binding capacities of the cells for dyes
applied in subsequent steps. The fourth step comprises
a sequential staining using biological dyes, first a
short exposure to an acidic dye, e.g., Light Green and
then a longer exposure to a basic dye, e.g., New
Fuchsin or Dahlia. . In smears subjected to the above
described staining procedure the cytoplasm of normal
cells, namely mesothelial and epithelial cells,
macrophages, granulocytes and various lymphocytes,
turned green toned or remained unstained. In sharp
contrast, the cytoplasm of cancer cells became red in
color (Figures IA-B and Figures 2A-B). The cell nuclei
became blue-violet as a result of the Harris-
Hematoxylin enforced by the Dahlia stain (Figure 3).
In part of the tumor cells, the red toning of the
cytoplasm occurred together with distinct red toning
of the nuclei (Figures IA-B and Figure 2B).
Granulocytes may occasionally occur with red stained
nuclei, which however, are clearly distinguishable
from the red cytoplasm of cancer cells (Figures IA-B).
The staining protocol described in this invention is
applicable to air-dried cytological smears of the type
applicable for routine May-Grunwald-Giemsa staining.
In a double blind test for the staining procedure, 128
samples were tested by three well-trained pathologists
employed in a cytology laboratory of a hospital in
Israel. Two slides were prepared from each specimen.
One was conventionally stained with
May-Grunwald-Giemsa (MGG), whereas the other was
stained using the staining procedure according to the
present invention and as described hereinabove. Each
of the MGG stained slides was assessed by one of
twopathologists and the slide stained according to the
method of the present invention by the third. The
results, which are summarized in Table 2 hereinbelow,
were striking. Of 40 pleural fluid samples tested,
three were found positive and one suspected of
including malignant cells by both staining methods
employed. Of 10 peritoneal fluid samples, three were
found positive and two suspected of including
malignant cells by the MGG staining method, whereas
all five were found to include such cells using the
staining procedure according to the present invention.
Of 75 bronchoalveolar lavage and brushing samples,
four were found positive and three suspected of
including malignant cells by the MGG staining method,
whereas all seven were found to include such cells
using the staining procedure according to the present
invention. Of three pericardial fluid samples, one was
found suspected of including malignant cells by the
MGG staining method, whereas the same sample was found
to include such cells 



using the staining procedure according to the present
invention. TABLE 2 These results clearly showed that
the staining procedure according to the present
invention performed better than the MGG staining
procedure, especially in diagnosis of malignancies in
difficult cases. However, further efforts were aimed
at improving the performances in terms of enhancing
the color differentiation, contrast, and specificity
of the staining procedure according to the present
invention. Thus, in another attempt, the staining
procedure of the present invention was revalidated in
a clinical pilot study. The results are summarized in
Table 3 hereinbelow. This study was designed as a
split-sample double-blind study in which the only data
made available for the operator of the procedure was a
coded reference and the type of clinical sample (e.g.,
pleural effusion, peritonealeffusion, etc.). Using the
staining procedure of the present invention resulted
in identification of 3 positive cases of cancer, 45
negative cases of cancer and 1 suspicious case. These
results were identical to the results obtained by
conventional cytological assessment. It should be
emphasized that the staining procedure according to
the present invention gave strong staining even when
only a few scattered cancer cells were present on the
slide (Figure 4). TABLE 3 Various malignant cell lines
of different origin, benign lines, primary cultures of
normal tissues and suspensions prepared from adult and
embryonic tissues were thereafter used to further
validate the efficacy of differentiation of the
staining procedure of the present invention (Table 4).
This approach allowed the inquiry of separate cell
components usually present in clinical smears. The
results are summarized in Table 4 hereinbelow and
presented in Figures 5A-G. TABLE 4* This N1H3T3 clone
was spontaneously transformed All of the malignant
cell lines tested were stained red, while all the
nonmalignant cell lines and primary cultures tested
were stained green. In order to improve the
understanding of the procedure of the present
invention, a set of experiments were performed in
which certain components of the process were omitted
(see Table 5). This procedure was tested employing
both cell lines and clinical specimens for which
cytopathological validation of the results was
obtained prior to staining (Table 6 and Figures 5A-G).
TABLE 5 TABLE 6REGULATING STEM CELLS CROSS-REFERENCES
TO RELATED APPLICATIONS The present application claims
priority from US Provisional Patent Application
60/780,781 to Porat et al., filed March 8, 2006,
entitled, "Regulating stem cells," which is assigned
to the assignee of the present invention and is
incorporated herein by reference. FIELD OF THE
INVENTION The present invention generally relates to
regulating stem cells. Specifically, the present
invention relates to the induction of migration and
differentiation of stem cells. BACKGROUND OF THE
INVENTION Since the discovery of stem cells, it has
been understood that they have significant potential
to effectively treat many diseases [I]. Pluripotent
stem cells derived from embryos and fetal tissue have
the potential to produce more than 200 



different known cell types, and thus can potentially
replace dying or damaged cells of any specific tissue
[2, 3]. Stem cells differ from other types of cells in
the body, and, regardless of their source, have three
general properties: (a) they are capable of dividing
and renewing themselves for long periods, (b) they are
undifferentiated, and (c) they can give rise to
specialized cell types. Stem cells have been
identified in most organs and tissues, and can be
found in adult animals and humans. Committed adult
stem cells (also referred as somatic stem cells) were
identified long ago in bone marrow. In the past
decade, committed adult stem cells have also been
identified in tissues that were previously not thought
to contain them, such as brain tissue, skin tissue,
and skeletal muscle tissue [8, 9, 10, 11, 12, 13]. It
was initially believed that adult stem cells are
tissue-committed cells that can only differentiate
into cells of the same tissue and thus regenerate the
damaged tissue [1, 4, 5, 6, 7]. However, recent work
suggests that adult organ-specific stem cells are
capable of differentiating into cells of different
tissues [8, 9, 10, 11, 14, 16]. Transplantation of
cells derived from brain, muscle, skin and fat tissue
has been shown to result in a detectable contribution
in several lineagesdistinct from their tissue of
origin [8, 9, 10, 11]. For example, recent reports
support the view that cells derived from hematopoietic
stem cells (HSCs) can differentiate into cells native
to the adult brain [14], providing additional evidence
for the plasticity of such stem cells. The HSC is the
best characterized stem cell. This cell, which
originates in bone marrow, peripheral blood, cord
blood, the fetal liver, and the yolk sac, generates
blood cells and gives rise to multiple hematopoietic
lineages. As early as 1998, researchers reported that
pluripotent stem cells from bone marrow can, under
certain conditions, develop into several cell types
different from known hematopoietic cells [13, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27]. Such an ability
to change lineage is referred to as cellular
transdifferentiation or cell plasticity. Bone
marrow-derived stem cells (BMSCs) have already been
shown to have the ability to differentiate into
adipocytes, chondrocytes, osteocytes, hepatocytes,
endothelial cells, skeletal muscle cells, and neurons
[28, 29, 30, 31, 32]. ? The process of stem cell
differentiation is controlled by internal signals,
which are activated by genes within the cell, and by
external signals for cell differentiation that include
chemicals secreted by other cells, physical contact
with neighboring cells, and certain molecules in the
microenvironment [33, 34]. For example, if embryonic
stem cells are allowed to aggregate to form embryoid
bodies, they begin to differentiate spontaneously.
Embryonic cells of embryoid bodies can form muscle
cells, nerve cells, and many other cell types [35,
36]. Although spontaneous differentiation is a good
indication that a culture of embryonic stem cells is
healthy, it is not an efficient way to produce
cultures of specific cell types. In order to generate
cultures of specific types of differentiated cells,
e.g., myocytes, blood cells, or nerve cells,
scientists must control the multiplication and the
differentiation of stem cells by regulating the
chemical composition of the culture medium, altering
the surface of the culture dish, and/or by inserting
specific genes. Successful attempts have been made in
vitro to induce differentiation of adult stem cells
into other cells by co-culturing with other adult
cells. For example, recent work has shown that
co-culturing adult mouse BMSCs and embryonic heart
tissue causes the BMSCs to both integrate into cardiac
tissue and differentiate into cardiomyocytes (CMCs).
Other work has shown that mesenchymal stem
cellsacquire characteristics of cells in the
periodontal ligament when co-cultured with 



periodontal ligament tissue [37, 38]. Tissue injury
may be one of the stimulants for the recruitment of
stem cells to an injured site, by causing changes in
the tissue environment, thereby drawing stem cells
from peripheral blood, as well as triggering tissue
replacement by locally resident stem cells. Some
reports of elevated levels of chemokines and chemokine
receptors such as CXCR4-SDF explain some of this in
vivo stem cell recruitment [39]. Other reports suggest
an important role of the chemokine CXCR8 (IL-8) as an
anti-apoptotic agent which promotes tissue survival
and induces recruitment of endogenous stem/progenitor
cells [M, N, O]. An example of this mechanism can be
seen in recent work showing that stem cells
differentiate into liver cells when co-cultured with
injured liver cells separated from the stem cells by a
barrier [30]. CD31, the platelet endothelial cell
adhesion molecule- 1 (PECAM-I), is widely used as a
marker during the development of endothelial cell
progenitors, vasculogenesis and angiogenesis (A, B, C
D, E, F, Hl). CD31 is constitutively expressed on the
surface of adult and embryonic endothelial cells, is a
major constituent of the endothelial cell
intercellular junction (where up to 10L6 PECAM-I
molecules are concentrated) and is weakly expressed on
many peripheral leukocytes and platelets (E, G, H).
With a few minor exceptions, CD31 is not present on
fibroblasts, epithelium, muscle, or other nonvascular
cells. Independently of CD3 1 expression, endothelial
cells and their progenitors are typically
characterized by binding of Ulex-lectin in combination
with the ability to uptake Acetylated-Low Density
Lipoprotein (Ac-LDL) (T). Regenerative medicine is an
emerging scientific field with implications for both
basic and practical research. Stem and progenitor
cells are applied in a form of cellular therapy for
local tissue repair and regeneration [41, 42]. These
treatments aim to treat disorders in practically all
tissues and organs, such as the bladder, intestine,
kidney, trachea, eye, heart valves, and bones [43,
44]. Intensive studies are being conducted worldwide
in order to generate stem cell-based tissue
engineering therapies. These studies include
experiments for the regeneration of blood vessels
[13], bone [35, 45], cartilage, cornea, dentin, heart
muscle [46], liver, pancreas [47], nervous tissue,
skeletal muscle, and skin [18, 34, 48, 49]. Stem
cell-based therapies can use cells from various organs
in order to generate different tissues. For
example,epithelial surfaces (taken from various
tissues such as the skin, cornea and mucosal membrane)
may be used as a source for corneal and skeletal
tissues [50, 51]. Additionally, in a more widespread
application, blood marrow-derived stem cells are used
for regeneration of several different tissues such as
bone, cartilage, adipocytes, neurons, and cells of the
hematopoietic system [33, 42]. Stem cells can be
administrated systemically or locally using injections
to the injured site. However, other potential
administration routes and usage of different medical
devices are being developed and tested. Different
medical devices such as chemical, metal or
biodegradable based devices have been described for
the administration of stem cells into the heart and
blood vessels (J, K). US Patent Application
Publication 2004/0228847 to Goldschmidt-Clermont et
al., which is incorporated herein by reference,
describes stem/progenitor cells and, in particular,
therapeutic strategies based on the use of such cells
to effect vascular rejuvenation and/or to serve as
delivery vehicles. PCT Patent Publication WO
2005/120090 to Fulga et al., which is assigned to the
assignee of the present patent application and is
incorporated herein by reference, 



describes a method for use with extracted blood,
including (a) applying blood to a first gradient
suitable for selecting first-pass cells having a
density less than 1.077 g/ml; (b) applying the
first-pass cells to a second gradient suitable for
selecting second-pass cells having a density between
1.055 and 1.074 g/ml; (c) increasing the number of
cells having a density between 1.055 and 1.074 g/ml,
by culturing the second-pass cells for a period
lasting between 3 and 30 days; and (d) identifying
endothelial progenitor cells in the cultured cells.
Other embodiments are also described. United States
Patent Application Publication 2004-0228897 to Zhang
et al., which is incorporated herein by reference,
describes a medical device for use to assist stem cell
and/or stem cell derivatives in repopulating,
repairing and/or replacing the heart tissue in a
failing heart muscle, in order to restore the heart's
ability to pump blood. The medical device is made of
biocompatible materials. The specific design of the
device is described as facilitating the stem cells
coated in the device to repopulate heart muscles
inside the heart. Stem cells are attached to the
coated device, proliferated and/or differentiated on
the device in a bioreactor before implantation. The
device also contains bioactive components that
diminish rejectionby the host's immune system. The
device may be directly implanted into the failing
heart muscle area to assist stem cells to repair
failing heart muscles via surgical and/or percutaneous
catheter based procedures. In another embodiment, the
device may be implanted to the surgical site where
abnormal heart muscles are removed, to assist stem
cells to repopulate heart muscles, to replace the
failing heart muscles. US Patent Application
Publication 2005/0209556 to Tresco et al., which is
incorporated herein by reference, describes a device
and method for the delivery of cells, tissues, enzymes
and/or pharmacological agents for the treatment or
prevention of diseases, disorders or deficiencies. The
device is placed intravascularly and includes a
chamber that houses living cells delimited by a
membrane on either side that physically separates the
cells from the blood stream and the central lumen of
the catheter. The device can be inserted over a
guidewire and permits flushing and reloading of the
central lumen with viability supporting factors that
sustain the cells in the outer chamber for long
indwelling times without removing it from the body. In
addition, the central lumen can be used to deliver
therapeutic substances or withdraw blood. The new
intravascular catheter is described as being able to
be used for the treatment or prevention of a variety
of diseases and disorders, and may use the
implantation of living cells, tissues, enzymes or
pharmacological agents. The device is described as
being used, for example, for non-therapeutic purposes
that may involve sustained intravascular release of
biological factors as, for example, in stimulating
growth of farm animals to augment the production of
meat. Placement of cells within the device for release
of angiogenesis, cytokines, enzymes, and other factors
is described. The use of stem cells within the device
is also described. US Patent 6,810,286 to Donovan et
al., which is incorporated herein by reference,
describes a stimulatory device for the controlled
production of angiogenic growth factors. More
specifically, a subthreshold pulse generator is used
for the local production of vascular endothelial
growth factor. The following references, which are
incorporated herein by reference, may be of interest:
1. Leblond CP. (1964), "Classification of cell
populations on the basis of their proliferative
behaviour," Natl. Cancer Inst. Monogr. 14:1 19-1502.
Evans MJ. and Kaufman M.H. (1981), "Establishment in
culture of 



pluripotential cells from mouse embryos," Nature
292:154-156 3. Donovan PJ. and Gearhart J. (2001),
"The end of the beginning for pluripotent stem cells,"
Nature 414:92-97 4. Spradling A. et al. (2001), "Stem
cells find their niche," Nature 414:98-104 5. Weissman
I.L. et al. (2001), "Stem and progenitor cells:
origins, phenotypes, lineage commitments, and
transdifferentiations," Annu. Rev. Cell. Dev. Biol.
17:387-403 6. Weissman LL. (2000), "Stem cells: units
of development, units of regeneration, and units in
evolution," Cell 100:157-68 7. Cheng A, Wang S, Cai J,
Rao MS, Mattson MP (2003), "Nitric oxide acts in a
positive feedback loop with BDNF to regulate neural
progenitor cell proliferation and differentiation in
the mammalian brain," Dev Biol. 258(2):3 19-33 8.
Cousin B, Andre M, Arnaud E, Penicaud L, Casteilla L
(2003), "Reconstitution of lethally irradiated mice by
cells isolated from adipose tissue," Biochem Biophys
Res Cornmun. 301(4): 1016-22 9. Anderson DJ., Gage,
F.H., and Weissman, LL. (2001), "Can stem cells cross
lineage boundaries?" Nat. Med. 7:393-395 10. Robey
P.G. (2000), "Stem cells near the century mark," J.
Clin. Invest. 105:1489-1491 11. Eisenberg LM, Burns L,
Eisenberg CA (2003), "Hematopoietic cells from bone
marrow have the potential to differentiate into
cardiomyocytes in vitro," Anat Rec. 274A(l):870-82 12.
Karl J.L., Fernandes Ian A. McKenzie, Pleasantine Mill
et al. (2004), "A dermal niche for multipotent adult
skin-derived precursor cells," Nature Cell Biology
Published online: 1November 2004, DOI: 10.1038/ncbll81
13. Jackson KA, Mi T, Goodell MA (1999),
"Hematopoietic potential of stem cells isolated from
murine skeletal muscle," Proc Natl Acad Sci U S A
96(25): 14482-614. Brazelton TR, Rossi FM, Keshet GI,
Blau HM (2000), "From marrow to brain: expression of
neuronal phenotypes in adult mice," Science 290(5497):
1775-9 15. Bjornson CR, Rietze RL, Reynolds BA, Magli
MC, Vescovi AL (1999), "Turning brain into blood: a
hematopoietic fate adopted by adult neural stem cells
in vivo," Science 283(5401):534-7 16. Slack, J.M.
(2000), "Stem cells in epithelial tissues," Science
287:1431-1433 17. Ferrari G., Cusella-De Angelis G.,
Coletta M., Paolucci E., Stornaiuolo A., Cossu G., and
Mavilio F. (1998), "Muscle regeneration by bone
marrow-derived myogenic progenitors," Science
279:528-30 18. Lagasse E, Connors H, Al-Dhalimy M,
Reitsma M, Dohse M, Osborne L, Wang X, Finegold M,
Weissman IL, Grompe M (2000), "Purified hematopoietic
stem cells can differentiate into hepatocytes in
vivo," Nat Med. 6:1229-34 19. Hirschi, K. K., and
Goodell, M. A. (2002), "Hematopoietic, vascular and
cardiac fates of bone marrow-derived stem cells," Gene
Ther. 9:648-652 20. Theise N.D. et al. (2000), "Liver
from bone marrow in humans," Hepatology 32:1 1-16 21.
Kleeberger W. et al. (2002), "High frequency of
epithelial chimerism in liver transplants demonstrated
by microdissection and STR-analysis," Hepatology
35:110-116 



22. Weimann J.M. et al. (2003), "Contribution of
transplanted bone marrow cells to Purkinje neurons in
human adult brains," Proc. Natl. Acad. Sci. USA
100:2088-2093 23. Quaini F. et al. (2002), "Chimerism
of the transplanted heart," N. Engl. Med 346:5-15 24.
Blau H.M. et al. (2001), "The evolving concept of a
stem cell: entity or function?" Cell 105:829-841 25.
Goodell M.A. et al. (2001), "Stem cell plasticity in
muscle and bone marrow," Ann. NY Acad. Sci.
938:208-21826. Krause D.S. (2002), "Plasticity of
marrow-derived stem cells," Gene Ther. 9:754-758 27.
WuIf G.G. et al. (2001), "Somatic stem cell
plasticity," Exp Hematol. 29:1361-1370 28. Pittenger
M.F. et al. (1999), "Multilineage potential of adult
human mesenchymal stem cells," Science 284:143-147 29.
Liechty K.W. et al. (2000), "Human mesenchymal stem
cells engraft and demonstrate site-specific
differentiation after in utero transplantation in
sheep," Nature Med. 6:1282-1286 XIII. Li A. et al.
(2003), "IL-8 directly enhanced endothelial cell
survival, proliferation, and matrix metalloproteinases
production and regulated angiogenesis", Journal of
immunol. 170:3369-3376. XTV. Laterveer L. et al.
(1995), "Interleukin-8 induces rapid mobilization of
hematopoietic stem cells with radioprotective capacity
and long-term myelolymphoid repopulating ability",
Blood 85:2269-75. XV. Scho"mig K. et al. (2006),
"Interleukin-8 is associated with circulating CD133+
progenitor cells in acute myocardial infarction",
European Heart Journal 27: 1032-1037 30. Jang YY,
Collector MI, Baylin SB, Diehl AM, Sharkis SJ (2004),
"Hematopoietic stem cells convert into liver cells
within days without fusion," Nat Cell Biol.
6(6):532-9. Epub 2004 May 09 31. Bittner R.E., Schofer
C , Weipoltshammer K., Ivanova S., Streubel B., Hauser
E., Freilinger M., Hoger H., Elbe-Burger A., and
Wachtler F. (1999), "Recruitment of
bone-marrow-derived cells by skeletal and cardiac
muscle in adult dystrophic mdx mice," Anat. Embryol.
(Berl) 199:391-396 32. Mezey E, Chandross KJ, Harta G,
Maki RA, McKercher SR (2000), "Turning blood into
brain: cells bearing neuronal antigens generated in
vivo from bone marrow," Science. 290(5497):1779-8233.
Douglas W.L., Dimmeler S. (2004), "Therapeutic
angiogenesis and vasculogenesis for ischemic diseases.
Part I: Angiogenic cytokines," Circulation
109:2487-2491 34. Douglas W.L., Dimmeler S. (2004),
"Therapeutic angiogenesis and vasculogenesis for
ischemic diseases. Part II: Cell-based therapy,"
Circulation 109:2692-2697 35. Rodda SJ, Kavanagh SJ,
Rathjen J, Rathjen PD (2002), "Embryonic stem cell
differentiation and the analysis of mammalian
development," Int J Dev Biol. 46(4):449-58 36. Amit
M., Carpenter M.K., Inokuma M.S., Chiu C.P., Harris
C.P., Waknitz M.A., Itskovitz-Eldor J., and Thomson
J.A. (2000), "Clonally derived human embryonic stem
cell lines maintain pluripotency and proliferative
potential for 



prolonged periods of culture," Dev Biol. 227(2):271-8
37. Aoki S, Toda S, Sakemi T, Sugihara H (2003),
"Coculture of endothelial cells and mature adipocytes
actively promotes immature preadipocyte development in
vitro," Cell Struct Funct. 28(l):55-60 38. Wan H, An
Y, Zhang Z, Zhang Y, Wang Z (2003), "Differentiation
of rat embryonic neural stem cells promoted by
co-cultured Schwann cells," Chin Med J (Engl).
116(3):428-31 39. Kollet O, Shivtiel S, Chen YQ. et
al. (2003), "HGF, SDF-I, and MMP-9 are involved in
stress-induced human CD34+ stem cell recruitment to
the liver," J Clin Invest. 112(2): 160-9 40. Badorff
C, Brandes RP, Popp R, Rupp S, Urbich C, Aicher A,
Fleming I, Busse R, Zeiher AM, Dimmeler S (2003),
"Transdifferentiation of blood-derived human adult
endothelial progenitor cells into functionally active
cardiomyocytes," Circulation 107(7): 1024-32 41.
Bianco, P. and Robey P.G. (2001), "Stem cells in
tissue engineering," Nature 414:118-121 42. Lagasse E.
et al. (2001), "Toward regenerative medicine,"
Immunity 14:425-43643. Stock U.A., Vacanti J.P.
(2001), "Tissue engineering: current state and
prospects," Ann. Rev. Med 52:443-451 44. Kim W.S. et
al. (1994), "Bone defect repair with tissue-engineered
cartilage," Plast. Recontr. Surg. 94:580-584 45.
Petite H. et al. (2000), "Tissue-engineered bone
regeneration," Nature Biotechnol. 18:959-963 46.
Jackson KA, Majka SM, Wang H, Pocius J3 Hartley CJ,
Majesky MW, Entman ML, Michael LH, Hirschi KK, Goodell
MA (2001), "Regeneration of ischemic cardiac muscle
and vascular endothelium by adult stem cells," J Clin
Invest. 107(11): 1395-402 47. Ramiya V.K. et al.
(2000), "Reversal of insulin-dependent diabetes using
islets generated in vitro from pancreatic stem cells,"
Nature Medicine 6:278-282 48. Rafii S., Lyden D.
(2003), "Therapeutic stem and progenitor cell
transplantation for organ vascularization and
regeneration," Nature Medicine 9:702-712 49. Gussoni
E., Soneoka Y., Strickland C , Buzney E., Khan M.,
Flint A., Kunkel L., and Mulligan R. (1999),
"Dystrophin expression in the mdx mouse restored by
stem cell transplantation," Nature 401:390-4 50. Zhao
Y et al. (2003), "A human peripheral blood
monocyte-derived subset acts as pluripotent stem
cells," Proc. Natl. Acad. Sci. USA 100:2426-243 1 51.
Kohji N, Masayuki Y, Yasutaka H. et al. (2004),
"Corneal reconstruction with tissue-engineered cell
sheets composed of autologous oral mucosal
epithelium," N Engl J Med 351:1187-96 52. Kayisli
U.A., Luk J, Guzeloglu-Kayisli O. et al. (2005),
"Regulation of angiogenic activity of human
endometrial endothelial cells in culture by ovarian
steroids," J Clin Endocrinol Metab 89:5794-5802 53.
Dimmeler S. (2005), "Circulating endothelial
precursors: Identification of functional
subpopulations," Blood 106(7):223 1-2232 54. Urbich C.
et al. (2004), "Endothelial progenitor cells:
Characterization and role in vascular biology,"
Circulation Research 95:343-353A. Asahara T, Murohara
T5 Sullivan A, et al. (1997), "Isolation of putative 



progenitor endothelial cells for angiogenesis,"
Science 275:964 -967. B. Kalka C, Masuda H5 Takahashi
T5 et al. (2000), "Transplantation of ex vivo expanded
endothelial progenitor cells for therapeutic
neovascularization," Proc Natl Acad Sci US A.
97:3422-3427. C. Assmus B, Schachinger V5 Teupe C, et
al. (2002), "Transplantation of Progenitor Cells and
Regeneration Enhancement in Acute Myocardial
Infarction (TOPCARE-AMI)," Circulation. 106:3009
-3017. D. Yoon CH, Hur J., Park KW, et al. (2005),
"Synergistic Neovascularization by Mixed
Transplantation of Early Endothelial Progenitor Cells
and Late Outgrowth Endothelial Cells," Circulation.
112:1618-1627. E. DeLisser, H.M.,
Christofidou-Solomidou, R.M. Strieter, M.D. et al.
(1997), "Involvement of endothelial PECAM- 1/CD31 in
angiogenesis," Am J Pathol. 151: 671 - 677. F.
Kawamoto A., Tkebuchava T., Yamaguchi J.I., et al.
(2003), "Intramyocardial Transplantation of Autologous
Endothelial Progenitor Cells for Therapeutic
Neovascularization of Myocardial Ischemia,"
Circulation. 107:461-468 G. Newman PJ. (1997), "The
Biology of PECAM-I," J Clin Invest. 99:3-8. H. Vecchi,
A., C. Garlanda, M.G. Lampugnani, M. Resnati, et al.
(1994), "Monoclonal antibodies specific for
endothelial cells of mouse blood vessels. Their
application in the identification of adult and
embryonic endothelium," Eur J Cell Biol. 63: 247 -
254. Hl. Kanayasu-Toyoda T., Yamaguchi T., Oshizawa
T., et al. (2003), "CD31 (PECAM- 1)-Bright Cells
Derived From AC133-Positive Cells in Human Peripheral
Blood as Endothelial-Precursor Cells," Journal of
Cell. Physiol. 195:119- 129. I . Yamamoto K.5
Takahashi T., Asahara T., et al. (2003),
"Proliferation, differentiation, and tube formation by
endothelial progenitor cells in response to shear
stress," J Appl Physiol. 95: 2081-2088. J. Cohen S.,
and Leor J . (2004), "Rebuilding Broken Hearts,"
Scientific American, November: 45-5 1. K. US Patent
Application Publication 2004/0228897 to Zhang et al.L.
US Patent Application Publication 2005/0272 152 to Xu
et al. SUMMARY OF THE INVENTION In the context of the
present patent application and in the claims, a "core
cell population" (CCP) is a population of at least 5
million cells which have a density of less than 1.072
g/ml5 and at least 1% of which are CD34+CD45-/Dim
(i.e., at least 50,000 of the cells are both (a) CD34
positive and (b) CD45 negative or CD45 Dim). A CCP is
typically, but not necessarily, generated from a
hematopoietic source. For most applications, at least
40% of the CCP is CD31Bright (i.e., at least 2 million
cells out of the 5 million cells are CD31Bright).
While not being limited to any method of detection,
cells expressing increased amounts of CD31 relative to
isotype control are termed "CD31Bright" cells, because
these cells bear more CD3 1 molecules relative to
other cells, and thus tend to fluoresce brightly when
stained with fmorescently-labeled antibodies. In this
context, in the specification and in the claims,
"bright" means that the fluorescence intensity of the
labeled cellular marker of interest is at least 50
times higher (if measured using flow cytometry) than
the isotype control intensity. 



In accordance with an embodiment of the present
invention, a method for producing a
progenitor/precursor cell population (PCP) is
provided, comprising (a) processing cells extracted
from a cell donor to yield a CCP, and (b) stimulating
the CCP to differentiate into the progenitor/precursor
cell population. In the context of the specification
and in the claims, "progenitor/precursor" cells are
partially differentiated cells that are able to divide
and give rise to differentiated cells. While for some
applications described herein, the density of the
cells in the CCP is typically less than 1.072 g/ml (as
described), for some applications, the CCP has at
least 5 million cells having a density of less than
1.062 g/ml. In the context of the specification and in
the claims, an "elemental cell population" (ECP) is a
population of at least 5 million cells which have a
density of less than 1.072 g/ml, at least 1.0% of
which are CD34+CD45-/Dim, and at least 30% of which
are CD31Bright. Typically, but not necessarily, at
least 40% of the cells inthe ECP are CD31Bright.
Typically, but not necessarily, at least 30% of the
cells in the ECP are CD14+. Typically, but not
necessarily, at least 1.5% or at least 2% of the cells
in the ECP are CD34+CD45-/Dim. For some applications,
the ECP has at least 5 million cells having a density
of less than 1.062 g/ml. It is typically but not
necessarily the case that a CCP is also an ECP. It is
noted that, although for simplicity, embodiments of
the present invention are described herein with
respect to procedures relating to a CCP, the scope of
the present invention includes, in each instance,
performing the same procedure in relation to an ECP.
An "initiating cell population" (ICP), in the context
of the specification and in the claims, is a cell
population that can differentiate into a PCP. CCPs and
ECPs are both examples of an ICP. An ICP is typically
but not necessarily created by a process that
comprises separating lower density cells (that are
included in the ICP) from higher density cells. Such a
separation may be accomplished, for example, by use of
one or more gradients. For some applications, the
CCP-derived progenitor cells are used as a therapeutic
cell product (e.g., for cancer therapy, for tissue
regeneration, for tissue engineering, and/or for
tissue replacement), as a research tool (e.g., for
research of signal transduction, or for screening of
growth factors), and/or as a diagnostic tool. When the
CCP-derived progenitor cells are used as a therapeutic
cell product, they are typically administered to a
patient, in whom the progenitor cells mature into the
desired cells (e.g., endothelial cells, retinal cells,
etc.). In an embodiment, at least one result of at
least one stage in a process described herein is used
as a diagnostic indicator. For example, pathology of a
patient may be indicated if an in vitro procedure
performed on extracted blood of the patient does not
produce a CCP5 when the same procedure performed on
cells extracted from a healthy volunteer would result
in production of the CCP. Alternatively or
additionally, a pathology of a patient may be
indicated if an in vitro stimulation procedure
performed on an autologous CCP does not produce a
desired number of progenitor cells of a particular
class, when the same procedure would produce the
desired number of progenitor cells of a particular
class from a CCP derived from cells of a healthy
volunteer. Further alternatively or additionally, a
pathology of a patient may be indicated if one or more
in vitro protocols used to assess a PCP do not yield
the same results as a PCP originated from a
healthyvolunteer. Still further alternatively or
additionally, a pathology of a patient may be
indicated if one or more protocols used to assess a
PCP following implantation within a patient do not
perform as expected (e.g., like a PCP implanted in a
healthy 



animal or human volunteer, or in an animal model of a
similar disease). When hematopoietic stem cells are
used as a source to create the CCP, the resultant CCP
is typically but not necessarily characterized by at
least 40% of the cells in the CCP being CD31Bright,
and at least 2.2% or at least 2.5% of the cells being
CD34+CD45-/Dim. Typically, the process of stimulating
the CCP takes between about 2 and about 15 days (e.g.,
between about 3 and about 15 days), or between about
15 and about 120 days (e.g., between about 15 and
about 30 days). Alternatively, stimulating the CCP
takes less than 2 days, or more than 120 days. The
mammalian cell donor may be human or non-human, as
appropriate. For some applications, the mammalian cell
donor ultimately receives an administration of a
product derived from the CCP, while for other
applications, the mammalian cell donor does not
receive such a product. Stem cells that can be used to
produce the CCP are typically but not necessarily
derived from one or more of the following source
tissues: embryonic tissue, umbilical cord blood or
tissue, neonatal tissue, adult tissue, bone marrow,
mobilized blood, peripheral blood, peripheral blood
mononuclear cells, skin cells, and other
stem-cell-containing tissue. It is noted that the stem
cells may be obtained from fresh samples of these
sources or from frozen and then thawed cells from
these source tissues. The CCP is typically prepared by
generating or obtaining a single cell suspension from
one of the abovementioned source tissues. For example,
mobilized blood mononuclear cells may be extracted
using a 1.077 g/ml density gradient, e.g., a Ficoll
(TM) gradient, including copolymers of sucrose and
epichlorohydrin. It is to be noted that such a
gradient is not used for all applications, e.g., for
applications in which a single cell suspension is
generated from a non-hematopoietic source (e.g.,
mucosal or skin cells). The output of this gradient is
then typically passed through a second gradient (e.g.,
a Percoll (TM) gradient, including
polyvinylpyrrolidone-coated silica colloids), suitable
for selecting cells having a density less than 1.072
g/ml or less than 1.062 g/ml. These selected cells
thentypically propagate, in vitro, until they become a
CCP. As appropriate, other density gradients may be
used, independently of or in combination with those
cited above in order to enrich the designated cells of
the CCP. For example, an OptiPrep (TM) gradient,
including an aqueous solution of Iodixanol, and/or a
Nycodenz (TM) gradient may also be used. The CCP is
typically stimulated to generate progenitor cells of
one or more of the following cell classes: Blood cells
(e.g., red blood cells and/or white blood cells (such
as T cells or B cells)); Neural lineage cells (e.g.,
CNS neurons, oligodendrocytes, astrocytes, peripheral
nervous system (PNS) neurons, and retinal cells
(including, but not limited to, photoreceptors,
pigment epithelium cells or retinal ganglion cells).
Endothelial cells; Pericytes; Smooth muscle cells;
Cardiomyocytes; Osteoblasts; Pancreatic endocrine or
exocrine cells (e.g., beta cells or alpha cells);
Hepatic tissue (e.g., hepatocytes); and 



Kidney cells. For some applications, the CCP is
transfected with a gene prior to the stimulation of
the CCP, whereupon the CCP differentiates into a
population of desired progenitor cells containing the
transfected gene. Typically, these progenitor cells
are then administered to a patient. For some
applications, the PCP is transfected with a gene.
Typically, these PCP cells are then administered to a
patient. In order to stimulate the CCP to
differentiate into a desired class of progenitor
cells, or in association with stimulation of the CCP
to differentiate into a desired class of progenitor
cells, the CCP is typically directly or indirectly
co-cultured with "target tissue." The "target tissue"
typically but not necessarily includes tissue from an
organ whose cells represent a desired final state of
the progenitor cells. For example, the target tissue
may include brain or similar tissue, or heart or
similartissue, if it is desired for the progenitor
cells to differentiate into brain tissue or into heart
tissue, respectively. Other examples include: (a)
co-culturing the CCP with peripheral nerves (and/or
culturing the CCP in conditioned medium derived
therefrom), to induce differentiation of the CCP into
peripheral neurons; (b) co-culturing the CCP with
central nervous system (CNS) nerves (and/or culturing
the CCP in conditioned medium derived therefrom), to
induce differentiation of the CCP into CNS neurons;
(c) co-culturing the CCP with retinal tissue (and/or
culturing the CCP in conditioned medium derived
therefrom), to induce differentiation of the CCP into
retinal tissue. The retinal tissue may include, for
example, one or more of: pigment epithelium, or
photoreceptors. As appropriate, the retinal tissue may
comprise fetal retinal tissue, embryonic retinal
tissue, or mature retinal tissue; (d) co-culturing the
CCP with blood vessel tissue (and/or culturing the CCP
in conditioned medium derived therefrom), to induce
differentiation of the CCP into angiogenic lineage
tissue and/or cardiomyocytes (CMCs); (e) co-culturing
the CCP with cardiac tissue (and/or culturing the CCP
in conditioned medium derived therefrom), to induce
differentiation of the CCP into CMCs; (f) co-culturing
the CCP with pancreatic endocrine or exocrine tissue
(and/or culturing the CCP in conditioned medium
derived therefrom), to induce differentiation of the
CCP into pancreatic endocrine or exocrine cells; and
(g) co-culturing the CCP with smooth muscle tissue
(and/or culturing the CCP in conditioned medium
derived therefrom), to induce differentiation of the
CCP into smooth muscle cells. Techniques described
herein with respect to use of a target tissue may be
used with any "sample" tissue, regardless of whether
it is desired for the CCP to differentiate into a PCP
having cells like those in the sample tissue. For some
applications, slices or a homogenate of the target
tissue are used for co-culturing, although other
techniques for preparing the target tissue will
beapparent to a person of ordinary skill in the art
who has read the disclosure of the present patent
application. The target tissue may be in essentially
direct contact with the CCP, or separated therefrom by
a semi-permeable membrane. As appropriate, the target
tissue may be autologous, syngeneic, allogeneic, or
xenogeneic with respect to the source tissue from
which the CCP was produced. Alternatively or
additionally, the 



CCP is cultured in a conditioned medium made using
target, tissue (e.g., a target tissue described
hereinabove), that is autologous, syngeneic,
allogeneic, or xenogeneic with respect to the source
tissue from which the CCP was produced. For some
applications, the target tissue and the CCP are
co-cultured in the conditioned medium. It is to be
noted that the source of the target tissue may also be
tissue from a cadaver, and/or may be lyophilized,
fresh, or frozen. Alternatively or additionally, for
some applications, to produce a desired class of
progenitor cells, cells from the CCP are cultured in
the presence of stimulation caused by "stimulation
factors," e.g., one or more antibodies, cytokines,
growth factors, tissue-derived extra cellular matrix,
and/or other molecules, such as: IL-8, anti-IL-8,
anti-CD34, anti-Tie-2, anti-CD133, anti-CD117, LIF,
EPO, IGF, b-FGF, M-CSF 5 GM-CSF, TGF alpha, TGF beta,
VEGF, BHA, BDNF, NGF, NT3, NT4/5, GDNF, S-IOO, CNTF,
EGF, NGF3, CFN, ADMIF, estrogen, cortisone,
dexamethasone, or any other molecule from the steroid
family, prolactin, an adrenocorticoid hormone, ACTH,
glutamate, serotonin, acetylcholine, NO, retinoic acid
(RA), heparin, insulin, forskolin, a statin, an
anti-diabetic drug (e.g., a thiazolidinedione such as
rosiglitazone), NO, MCDB-201, MCT- 165, glatiramer
acetate (L-glutamic acid, L-alanine, L-tyrosine,
L-lysine), a glatiramer acetate-like molecule, IFN
alpha, IFN beta, or any other immunoregulatory agent,
sodium selenite, linoleic acid, ascorbic acid,
transferrin, 5-azacytidine, PDGF, VEGF, cardiotrophin,
and thrombin. In the context of the specification and
in the claims, a "glatiramer acetate-like molecule"
means a copolymer comprising: (a) the same four amino
acids as in glatiramer acetate, but in different
ratios, (e.g., within 5%, 10%, or 25% of their current
values of L-glutamic acid : L-alanine : L-tyrosine :
L-lysine = 0.141 : 0.427 : 0.095 : 0.338);(b) three of
the four amino acids in glatiramer acetate, but the
fourth amino acid is replaced by a different
naturally-occurring or synthetic amino acid; (c) four
amino acids, in which at least one of the amino acids
is an enantiomer of the corresponding amino acid in
glatiramer acetate, and the remainder of the amino
acids (if any) are the corresponding L- amino acids
that are in glatiramer acetate; or (d) a combination
one or more of (a), (b), and (c). It is to be
appreciated that the particular stimulation factors
described herein are by way of illustration and not
limitation, and the scope of the present invention
includes the use of other stimulation factors. As
appropriate, these may be utilized in a concentration
of between about 100 pg/ml and about 100 mg/ml (or
molar equivalents). Typically, particular stimulation
factors are selected in accordance with the particular
class of progenitor cells desired. For example, to
induce neural progenitor cells, one or more of the
following stimulation factors are used: BHA, BDNF,
NGF, NT3, NT4/5, GDNF, MCT-165, glatiramer acetate, a
glatiramer acetate-like molecule, IFN alpha, IFN beta
or any other immunoregulatory agent, S-100, CNTF, EGF,
NGF3, CFN, ADMIF, and acetylcholine. In another
example, to induce CMC progenitors, one or more of the
following stimulation factors are used: bFGF,
cortisone, estrogen, progesterone, or any other
molecule form the steroid family, NO, sodium selenite,
linoleic acid, ascorbic acid, retinoic acid (RA) or
any other derivative of vitamin D, transferrin,
5-azacytidine, MCT-165, glatiramer acetate, a
glatiramer acetate-like molecule, IFN alpha, IFN beta,
or any other 



immunoregulatory agent, TGF-beta, insulin, EGF, IGF,
PDGF, VEGF, cardiotrophin, MCDB201, and thrombin. For
some applications, the stimulation factors are
introduced to the CCP in a soluble form, and/or in an
aggregated form, and/or attached to a surface of a
culture dish. In an embodiment, the CCP is incubated
on a surface comprising a growth-enhancing molecule
other than collagen or fibronectin. The
growth-enhancing molecule may comprise, for example,
VEGF or another suitable antibody or factor described
herein. As appropriate, the growth-enhancing molecule
may be mixed with collagen or fibronectin or plasma,
or may be coated on the surface in a layer separate
from a layer on the surface that comprises collagen
orfibronectin or plasma. Alternatively, the only
growth-enhancing molecule(s) on the surface of the
culture dish is collagen and/or fibronectin and/or
plasma. In the context of the present patent
application and in the claims, a surface "comprising"
or "including" a molecule means that the molecule is
coated on the surface, attached to the surface, or
otherwise integrated into the surface. Following
stimulation of the CCP, the resultant product is
typically tested to verify that it has differentiated
into a desired form. Characterization of the
differentiated cells is performed according to the
cells' phenotypical, genotypical and physiological
features. In accordance with an embodiment of the
present invention, the cells are characterized by
assessing functional/physiological activity thereof,
in combination with or in place of evaluating the
presence or absence of certain cellular markers.
Evaluating functional/physiological activity of the
cells following the stimulation of the CCP helps
increase the likelihood that the product obtained and
designated for in vivo use will perform as expected.
For example, when angiogenic cell precursors (ACPs)
(which also include endothelial progenitor cells
(EPCs)) are the desired product, the product is
typically positive for the generation and/or
expression of one or more of: CD34, CD117, CD133,
Tie-2, CD31, CD34+CD133+, KDR, CD34+KDR+, CD144, von
Willebrand Factor, SH2 (CD105), SH3, fibronectin,
collagen (types I, III and/or IV), ICAM (type 1 or 2),
VCAMl, Vimentin, BMP-R IA, BMP-RII, CD44, integrin bl,
aSM-actin, and MUC18, CXCR4. Additionally, the ACP
product typically functionally demonstrates uptake of
Acetylated-Low Density Lipoprotein (Ac-LDL) (i.e., the
product is Ac-LDL+) and/or secretes one or more of the
following molecules: Interleukin-8 (IL-8), VEGF,
Angiogenin, Matrix metalloproteinase 2 (MMP-2), or
Matrix metalloproteinase 9 (MMP-9). Alternatively or
additionally, the ACP product generates tube-like
structures on a semi-solid matrix, and/or migrates
towards chemoattractants (such as SDF-I or VEGF),
and/or proliferates in response to cell activation,
and/or generates typical cell colonies/clusters. For
some applications, in order to further characterize
the cells, CD31Bright cells that demonstrate uptake of
Ac-LDL are examined. Typically, greater than 1.5% of
the core cell population that was stimulated
demonstrates one or more of the abovementioned
characteristics. Alternatively, ifneural progenitor
cells are the desired product, then the product is
typically positive for the generation and/or the
expression of one or more of: Nestin, NSE, Notch,
numb, Musashi-1, presenilin, FGFR4, Fz9, SOX 2, CD133,
CD15, GD2, rhodopsin, recoverin, calretinin, PAX6, RX,
ChxlO, 04, and GFAP. Further alternatively, if
cardiomyocyte (CMC) progenitors are the desired
product, then the product is typically positive for
the generation and/or the expression of one or more
of: CD31, CD117, sarcomeric alpha-actin, beta-actin,
alpha-actinin, desmin, cardiac troponin 



T, connexin43, alpha/beta-MHC, sarcomeric
alpha-tropomyosin, Troponin I, GATA-4, Nkx2.5/Csx,and
MEF-2. For some applications, the time duration
between collecting cells from the cell donor and using
the CCP-derived progenitor cells (e.g., for
administration into a patient), is reduced in order to
effect almost immediate use thereof. Alternatively,
the cells are preserved at one or more points in the
process. For example, the CCP may be frozen prior to
the stimulation thereof that generates progenitor
cells. Alternatively, the CCP is stimulated in order
to generate desired progenitor cells, and these
progenitor cells are frozen. In either of these cases,
the frozen cells may be stored and/or transported, for
subsequent thawing and use. "Transport," in the
context of the specification and the claims, means
transport to a remote site, e.g., a site greater than
10 km or 100 km away from a site where the CCP is
first created. It is noted that certain applications
are suitable for large-scale commercialization,
including freezing and transport, such as (a)
generation of stores of CCPs, (b) generation of stores
of PCPs, (such as hematopoietic stem cells able to
mature into CMCs), and (c) stem cell banks where
individuals may store a CCP or differentiated
progenitor cells, for possible later use. Other
applications (such as acute post-stroke autologous
administration of neuronal stem cells) may not
benefit, or may not benefit as greatly, from the time
delays provided by freezing of cells, although the
technique may be useful for some purposes. For some
applications, the CCP is cultured for a period lasting
between about 1 and about 20 days (e.g., between about
1 and 5 days) in a culture medium comprising less than
about 5% serum. Alternatively, the CCP is cultured for
a period lasting between about 1 and about 20 days
(e.g., between about 1 and about 5 days) in a culture
medium comprising greater than about 10% serum. In an
embodiment, one of these periods follows the other of
these periods.For some applications, the CCP is
cultured, during a low-serum time period, in a culture
medium comprising less than about 10% serum, and,
during a high-serum time period, in a culture medium
comprising greater than or equal to about 10% serum.
In an embodiment, culturing the CCP during the
low-serum time period comprises culturing the CCP for
a duration of between about 1 and about 20 days (e.g.,
between about 1 and about 5 days). Alternatively or
additionally, culturing the CCP during the high-serum
time period comprises culturing the CCP for a duration
of between about 1 and about 120 days (e.g., between
about 1 and about 30 days). Typically, culturing the
CCP during the low-serum time period is performed
prior to culturing the CCP during the high-serum time
period. Alternatively, culturing the CCP during the
low-serum time period is performed following culturing
the CCP during the high-serum time period. For some
applications, during a hypoxic time period lasting at
least about 2 hours, the CCP is cultured under hypoxic
conditions, and, during a non-hypoxic time period
lasting at least about 1 day, the CCP is cultured
under non-hypoxic conditions. Culturing the CCP under
hypoxic conditions may be performed prior to or
following culturing the CCP under non-hypoxic
conditions. Typically, but not necessarily, the
hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than about 120 days
(e.g., less than about 30 days), and culturing the CCP
under hypoxic conditions comprises culturing the CCP
under hypoxic conditions during the first about two
days of the culturing time period. Alternatively or
additionally, culturing the CCP under hypoxic
conditions comprises culturing the CCP under 



hypoxic conditions during the last about two days of
the culturing time period. Further alternatively or
additionally, culturing the CCP under hypoxic
conditions comprises culturing the CCP under hypoxic
conditions for at least about 2 hours between a first
two days and a last two days of the culturing time
period. For some applications, the CCP is cultured in
a culture medium comprising at least one of the
following: erythropoietin, a statin, and an
antidiabetic agent (e.g., a thiazolidinedione such as
rosiglitazone). Alternatively or additionally, the CCP
is cultured hi the presence of one or more
proliferation-differentiation-enhancing agents, such
as, anti-CD34, anti-Tie-2, anti-CD133, anti-CD117,
LIF, EPO, IGF, b-FGF, M-CSF, GM-CSF, TGF alpha, TGF
beta, VEGF, BHA, BDNF, NGF, NT3, NT4/5, GDNF, S-100,
CNTF, EGF, NGF3, CFN, ADMIF, estrogen, prolactin,
anadrenocorticoid hormone, ACTH, glutamate, serotonin,
acetylcholine, NO, retinoic acid (RA) or any other
vitamin D derivative, heparin, insulin, forskolin,
cortisone, Cortisol, dexamethasone, progesterone, or
any other molecule from the steroid family, a statin,
or an anti-diabetic drug (e.g., a thiazolidinedione
such as rosiglitazone), MCDB-201, MCT-165, glatiramer
acetate, a glatiramer acetate-like molecule, IFN
alpha, IFN beta or any other immunoregulatory agent,
sodium selenite, linoleic acid, ascorbic acid,
transferrin, 5-azacytidine, PDGF, VEGF, cardiotrophin,
and thrombin. In an embodiment, techniques described
herein are practiced in combination with (a)
techniques described in one or more of the references
cited herein, (b) techniques described in US
Provisional Patent Application 60/576,266, filed June
1, 2004, (c) techniques described in US Provisional
Patent Application 60/588,520, filed July 15, 2004,
(d) techniques described in US Provisional Patent
Application 60/668,739, filed April 5, 2005, (e)
techniques described in US Provisional Patent
Application 60/636,391, filed December 14, 2004, (f)
techniques described in PCT Patent Application
PCT/IL2005/001345, filed December 14, 2005, and/or PCT
Patent Application PCT/IL2005/001348, filed December
14, 2005. Each of these patent applications is
assigned to the assignee of the present patent
application and is incorporated herein by reference,
and the scope of the present invention includes
embodiments described therein. In an embodiment, a
method is provided comprising culturing the CCP in a
first container during a first portion of a culturing
period; removing all or at least some cells of the CCP
from the first container at the end of the first
portion of the period; and culturing, in a second
container during a second portion of the period, the
cells removed from the first container. For example,
removing at least some of the CCP cells may comprise
selecting for removal cells that adhere to a surface
of the first container. When the cells from a
progenitor/precursor cell population (PCP) derived
from a CCP are designated for implantation into a
human, they should be generally free from any
bacterial or viral contamination. Additionally, in the
case of a PCP of angiogenic cell precursors (ACPs),
one or more of the following phenotypical, genotypical
and physiological conditions should typically be
met:(I) Cells should be morphologically characterized
as (a) larger in size than 20 uM and/or (b) elongated,
spindle-shaped or irregular-shaped and/or (c)
granulated or dark nucleated and/or (d) with
flagella-like structures or pseudopodia and/or (e)
fibroblast-like or polygonal in shape. (II) Final cell
suspension should typically contain at least 1 million
cells expressing one or more of the following markers:
CD31Bright, CD34, CDl 17, 



CD133, Tie-2, CD34+CD133+, KDR, CD34+KDR+, CD144, von
Willebrand Factor, SH2 (CD105), SH3, fibronectin,
collagen (types I, III and/or IV), ICAM (type r or 2),
VCAMl, Vimentin, BMP-R IA, BMP-RII, CD44, integrin bl,
aSM-actin, and MUC18, CXCR4 (III) Cells should be able
to uptake Ac-LDL. (IV) Cells expressing CD31Bright
should also demonstrate the ability to uptake Ac-LDL
(e.g., at least about 10% or about 25% of cells that
are CD31Bright also are able to uptake Ac-LDL). (V)
Cells should generally secrete one or more of the
following molecules: IL-8, Angiogenin, VEGF, MMP2, and
MMP9. (VI) Cells should generally form tube-like
structures when cultured on a semi-solid matrix
containing growth factors. (VII) Cells should
generally migrate chemotactically towards different
chemoattractants, such as SDF-I and VEGF. (VIII) Cells
should generally form typical colonies and/or clusters
when cultured in medium supplemented with growth
factors such as VEGF and GM-SCF. It is noted that the
cells in CCPs generated from various tissues typically
can be characterized as having greater than 75%
viability. It is noted that CCPs generated from blood,
bone marrow, and umbilical cord blood, typically have
greater than 70% of their cells being CD45+. In some
embodiments of the present invention, a novel
composition of matter is provided, comprising (a) a
cell population, or (b) a mixture comprising a cell
population and molecules produced by the cell
population, wherein (a) or (b) are produced by a
method described herein (for example, in one of the
methods set forthin the following paragraphs preceding
the Brief Description section of the present patent
application, or in one of the methods described in the
Detailed Description section of the present patent
application). There is therefore provided, in
accordance with an embodiment of the invention, a
composition of matter, including a population of
cultured cells that includes a sub-population of cells
that both stain as CD31Bright and demonstrate uptake
of Ac-LDL+. In an embodiment, the sub-population
includes at least 10%, 25%, or 50% of the cells in the
population. In an embodiment, at least 1.5% of the
cells of the population include at least one
morphological feature selected from the group
consisting of: a cell size larger than 20 um, an
elongated cell, a spindle-shaped cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged dark nucleus, a multinuclear
cell, a cell including flagella-like structures, a
cell including pseudopodia, and a cell having a
polygonal shape. In an embodiment, at least 1.5% of
the cells of the population include at least one
feature selected from the group consisting of: CD34,
CDl 17, CDl 33, Tie-2, CD34+CD133+, KDR, CD34+KDR+,
CD144, von Willebrand Factor, SH2 (CD105), SH3,
fibronectin, collagen type I, collagen type III,
collagen type IV, ICAM type 1, ICAM type 2, VCAMl,
vimentin, BMP-R IA, BMP-RII, CD44, integrin bl,
aSM-actin, MUC18, and CXCR4. In an embodiment, at
least 1.5% of the cells of the population secrete at
least one molecule selected from the group consisting
of: IL-8, angiogenin, VEGF, MMP2, and MMP9. 



In an embodiment, at least 1.5% of the cells of the
population include at least one feature selected from
the group consisting of: a tube-like structure, a
tendency to form a colony, a tendency to form a
cluster, and a tendency to migrate towards a
chemoattractant.There is further provided, in
accordance with an embodiment of the invention, a
method including in vitro stimulating an initiating
cell population (ICP) of at least 5 million cells that
have a density of less than 1.072 g/ml, at least 1% of
which are CD34+CD45-/Dim, and at least 25% of which
are CD31Bright, to differentiate into a
progenitor/precursor cell population (PCP). There is
still further provided, in accordance with an
embodiment of the invention, a method including in
vitro stimulating an initiating cell population (ICP)
of at least ten thousand cells that have a density of
less than 1.072 g/ml and at least 25% of which are
CD31Bright to differentiate into a
progenitor/precursor cell population (PCP). There is
yet further provided, in accordance with an embodiment
of the invention, a method including separating lower
density cells from higher density cells, the lower
density cells defining an initiating cell population
(ICP) at least 40% of which are CD31Bright, and in
vitro stimulating the ICP to differentiate into a
progenitor/precursor cell population (PCP). In an
embodiment, stimulating the ICP includes culturing the
ICP for a period lasting between 1 and 5 days in a
culture medium including less than or equal to 10%
serum. In an embodiment, stimulating the ICP includes
culturing the ICP for a period lasting between 1 and 5
days in a culture medium including less than or equal
to 5% serum. In an embodiment, stimulating the ICP
includes culturing the ICP for a period lasting
between 1 and 5 days in a culture medium including
5-10% serum. In an embodiment, stimulating the ICP
includes culturing the ICP for a period lasting
between 1 and 5 days in a culture medium including
less than or equal to 5% serum. In an embodiment,
stimulating the ICP includes culturing the ICP for a
period lasting between 1 and 5 days in a culture
medium including at least 10% serum.In an embodiment,
stimulating the ICP includes culturing the ICP in a
culture medium including a factor selected from the
group consisting of: anti-Tie-2, anti-CD133, and
anti-CDl 17. In an embodiment, stimulating the ICP
includes culturing the ICP in a culture medium
including a factor selected from the group consisting
of: anti-Tie-2, anti-CD133, and anti-CDl 17,
anti-IL-8, anti IL-8 receptor, IL-8-antagonist, VEGF,
anti-VEGF, and anti-VEGF receptor. In an embodiment,
stimulating the ICP includes culturing the ICP in a
culture medium including IL-8. In an embodiment,
stimulating the ICP includes culturing the ICP in the
presence of a factor selected from the group
consisting of: anti IL-8 receptor, IL-8-antagonist,
VEGF5anti-VEGF, and anti-VEGF receptor. In an
embodiment, stimulating the ICP includes culturing the
ICP in the presence of IL-8. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an identification in the PCP of CXCR8.
In an embodiment, characterizing the PCP includes
identifying that at least 



1.5% of cells of the PCP include CXCR8. In an
embodiment, characterizing the PCP includes culturing
a portion of the PCP on a semi-solid extracellular
matrix (ECM), and identifying in the cultured portion
a feature selected from the group consisting of: a
tube-like structure, a colony, a cluster, and a
tendency to migrate towards a chemoattractant In an
embodiment, characterizing the PCP includes culturing
at least a portion of the PCP on a membrane, and
identifying a tendency of the at least a portion of
the PCP to migrate toward IL-8. In an embodiment, the
ICP includes at least 5 million cells, and stimulating
the ICP includes stimulating the ICP that includes the
at least 5 million cells. In an embodiment, at least
1.5% of the cells of the ICP are CD34+CD45-/Dim, and
stimulating the ICP includes stimulating the ICP of
which at least 1.5% of the cells are CD34+CD45-/Dim.In
an embodiment, at least 2% of the cells of the ICP are
CD34+CD45-/Dim, and stimulating the ICP includes
stimulating the ICP of which at least 2% of the cells
are CD34+CD45-/Dim. In an embodiment, at least 30% of
the cells of the ICP are CD31Bright, and stimulating
the ICP includes stimulating the ICP of which at least
30% of the cells are CD31Bright. In an embodiment, the
ICP includes at least 5 million cells that have a
density of less than 1.062 g/ml, at least 1% of which
are CD34+CD45-/Dim, and stimulating the ICP includes
stimulating the ICP that has the at least 5 million
cells that have a density of less than 1.062 g/ml. In
an embodiment, at least 50% of cells in the ICP are
CD31Bright, and stimulating the ICP includes
stimulating the ICP of which at least 50% of cells
therein are CD31Bright. In an embodiment, the method
includes preparing the PCP as a product for
administration to a patient. Alternatively or
additionally, the method includes preparing the PCP as
a research tool. In an embodiment, stimulating the ICP
includes only stimulating the ICP if the ICP is
derived from a mammalian donor. In an embodiment, the
method includes applying cells extracted from a
mammalian donor to one or more gradients suitable for
selecting cells having a density less than 1.072 g/ml,
and deriving the ICP from the cells applied to the
gradient. In an embodiment, the ICP is characterized
by at least 2.5% of the ICP being CD34+CD45-/Dim, and
stimulating the ICP includes stimulating the ICP
having the at least 2.5% of the ICP that are
CD34+CD45-/Dim. In an embodiment, the ICP is
characterized by at least 40% of the ICP being
CD31Bright, and stimulating the ICP includes
stimulating the ICP having the at least 40% of the ICP
that are CD3 lBright. In an embodiment, stimulating
the ICP includes stimulating the ICP to differentiate
into a pre-designated, desired class of progenitor
cells.In an embodiment, the method includes deriving
the ICP from at least one source selected from the
group consisting of: embryonic tissue, fetal tissue,
umbilical cord blood, umbilical cord tissue, neonatal
tissue, adult tissue, bone marrow, mobilized blood,
peripheral blood, peripheral blood mononuclear cells,
skin cells, and plant tissue. In an embodiment, the
method includes deriving the ICP from at least one 



source selected from the group consisting of: fresh
tissue and frozen tissue. In an embodiment, the method
includes identifying an intended recipient of the PCP,
and deriving the ICP from at least one source selected
from the group consisting of: tissue autologous to
tissue of the intended recipient, tissue syngeneic to
tissue of the intended recipient, tissue allogeneic to
tissue of the intended recipient, and tissue
xenogeneic to tissue of the intended recipient. In an
embodiment, stimulating the ICP includes culturing the
ICP for a period lasting between 1 and 5 days in a
culture medium including less than 5% serum. In an
embodiment, stimulating the ICP includes culturing the
ICP for a period lasting between 1 and 5 days in a
culture medium including at least 10% serum. In an
embodiment, stimulating the ICP includes culturing the
ICP in a culture medium including a factor selected
from the group consisting of: erythropoietin, a
statin, and an antidiabetic agent. In an embodiment,
stimulating the ICP includes culturing the ICP in a
culture medium including a factor selected from the
group consisting of: estrogen, prolactin, progestin,
an adrenocorticoid hormone, ACTH, and cortisone. In an
embodiment, stimulating the ICP includes culturing the
ICP in a culture medium including a factor selected
from the group consisting of: anti-Tie-2, anti-CD133,
and anti-CDl 17. In an embodiment, stimulating the ICP
includes culturing the ICP in the presence of a factor
selected from the group consisting of: erythropoietin,
a statin, an antidiabetic agent, a thiazolidinedione,
rosiglitazone, a
proliferation-differentiation-enhancing agent,
anti-CD34, anti-Tie-2, anti-CD133, anti-CDl 17, LIF,
EPO, IGF, b-FGF, M-CSF, GM-CSF, TGF alpha, TGF beta,
VEGF, BHA, BDNF, GDNF, NGF, NT3, NT4/5, S-100, CNTF,
EGF, NGF3, CFN,ADMIF, estrogen, prolactin, an
adrenocorticoid hormone, ACTH, MCT-165, glatiramer
acetate, a glatiramer acetate-like molecule, IFN
alpha, IFN beta, glutamate, serotonin, acetylcholine,
NO, retinoic acid (RA), heparin, insulin, cortisone,
and forskolin. In an embodiment, the method includes
preparing the ICP, and facilitating a diagnosis
responsive to a characteristic of the preparation of
the ICP. In an embodiment, the method includes
freezing the ICP prior to stimulating the ICP. In an
embodiment, the method includes freezing the PCP. In
an embodiment, the method includes transporting the
ICP to a site at least 10 km from a site where the ICP
is first created, and stimulating the ICP at the
remote site. In an embodiment, the method includes
transporting the PCP to a site at least 10 km from a
site where the PCP is first created. In an embodiment,
the method includes identifying the PCP as being
suitable for therapeutic implantation in response to
an assessment that the PCP includes at least 1 million
PCP cells. In an embodiment, the method includes
identifying the PCP as being suitable for therapeutic
implantation in response to an assessment that at
least 1.5% of cells of the PCP demonstrate a feature
selected from the group consisting of: a desired
morphology, a desired cellular marker, a desired
cellular component, a desired enzyme, a desired
receptor, a desired genotypic feature, and a desired
physiological feature. 



In an embodiment, the method includes identifying the
PCP as being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million angiogenic cell precursors (ACPs). In
an embodiment, the method includes identifying the PCP
as being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million cardiomyocyte progenitors.In an
embodiment, the method includes identifying the PCP as
being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million neural cell progenitors. In an
embodiment, the method includes transfecting into the
PCP a gene identified as suitable for gene therapy. In
an embodiment, the method includes transfecting a gene
into the PCP, and subsequently assessing a level of
expression of the gene. In an embodiment, the method
includes transfecting a gene into the ICP, and
subsequently assessing a level of expression of the
gene. In an embodiment, stimulating the ICP includes
culturing the ICP during a period of between 2 and 120
days. In an embodiment, stimulating the ICP includes
culturing the ICP during a period of between 3 and 60
days. In an embodiment, stimulating the ICP includes
culturing the ICP in a culture medium including less
than 10% serum, for a duration of between 1 and 120
days. In an embodiment, stimulating the ICP includes
culturing the ICP in a culture medium including at
least 10% serum, for a duration of between 1 and 120
days. In an embodiment, the method includes
characterizing the PCP as including angiogenic cell
precursors (ACPs), in response to an evaluation of at
least a feature selected from the group consisting of:
a phenotypical feature of cells in the PCP, a
genotypical feature of cells in the PCP, and a
physiological feature of cells in the PCP. In an
embodiment, characterizing the PCP includes
characterizing the PCP in response to an evaluation of
at least two of the features. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an evaluation of each of the features.
In an embodiment: the phenotypical feature includes a
morphological feature selected from the group
consisting of: a cell size larger than 20 mm, an
elongated cell, a spindle-shaped cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged darknucleus, a multinuclear
cell, a cell including flagella-like structures, a
cell including pseudopodia, and a cell having a
polygonal shape; and characterizing the PCP includes
characterizing the PCP in response to an evaluation of
the selected morphological feature. In an embodiment,
characterizing the PCP includes identifying that at
least 1.5% of cells of the PCP have the selected
feature. In an embodiment, characterizing the PCP
includes characterizing the PCP in response to an
identification in the PCP of a feature selected from
the group . consisting of: CD31, CD31Bright, CD34, CDl
17, CD133, Tie-2, CD34+CD133+, KDR, CD34+KDR+, CD144,
von Willebrand Factor, SH2 (CD105), SH3, fibronectin,
collagen type I, collagen type III, collagen type IV,
ICAM type 1, ICAM type 2, VCAMl, vimentin, BMP-R IA,
BMP-RII, CD44, integrin bl, aSM-actin, MUC18, and
CXCR4. 



In an embodiment, characterizing the PCP includes
identifying that at least 1.5% of cells of the PCP
have the selected feature. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an assessment of uptake by the PCP of
Ac-LDL. In an embodiment, characterizing the PCP
includes identifying that at least 1.5% of cells of
the PCP demonstrate uptake of Ac-LDL. In an
embodiment, the PCP includes CD31Bright PCP cells, and
characterizing the PCP includes identifying that at
least 10% of the CD31Bright PCP cells demonstrate
uptake of Ac-LDL. In an embodiment, characterizing the
PCP includes assessing secretion by the PCP of a
molecule selected from the group consisting of: IL-8,
angiogenin, VEGF, MMP2, and MMP9. In an embodiment,
characterizing the PCP includes identifying that at
least 1.5% of cells of the PCP secrete the selected
molecule. In an embodiment, characterizing the PCP
includes culturing a portion of the PCP on a
semi-solid extracellular matrix (ECM), and identifying
in the cultured portion a feature selected from the
group consisting of: a tube-like structure, a colony,
a cluster, and a tendency to migrate towards a
chemoattractant.In an embodiment, characterizing the
PCP includes identifying that at least 1.5% of cells
in the cultured portion have a property selected from
the group consisting of: formation of a tube-like
structure, an ability to form a colony, a cluster, and
a tendency to migrate towards a chemoattractant. In an
embodiment, the method includes identifying the PCP as
being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million ACPs. In an embodiment, the method
includes characterizing the PCP as including a
cardiomyocyte (CMC) PCP in response to an evaluation
of a feature selected from the group consisting of: a
phenotypic feature of cells in the PCP, a genotypic
feature on the cells in the PCP, and a physiological
feature of cells in the PCP. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an evaluation of at least two of the
features. In an embodiment, characterizing the PCP
includes characterizing the PCP in response to an
evaluation of each of the features. In an embodiment,
the phenotypic feature includes a morphological
feature selected from the group consisting of: a cell
size larger than 20 urn, an elongated cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged dark nucleus, a multinuclear
cell, a cell with dark cytoplasm, and cells arranged
in parallel to each other; and characterizing the PCP
includes characterizing the PCP in response to an
evaluation of the selected morphological feature. In
an embodiment, characterizing the PCP includes
characterizing the PCP in response to an
identification in the PCP of a feature selected from
the group consisting of: CD31, CDl 17, sarcomeric
alpha-actin, beta-actin, alpha-actinin, desmin,
cardiac troponin T, Connexin-43, alpha/beta-MHC,
sarcomeric alpha-tropomyosin, Troponin I, GATA-4,
Nkx2.5/Csx, MLC-2, and MEF-2. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an identification of the PCP. as
expressing a gene for a factor selected from the group
consisting of: sarcomeric alpha-actin, beta-actin,
alpha-actinin,desmin, cardiac troponin T, Connexin-43,
alpha/beta-MHC, sarcomeric 



alpha-tropomyosin, Troponin I GATA-4, Nkx2.5/Csx,
MLC-2 and MEF-2. In an embodiment, the method includes
identifying the PCP as being suitable for therapeutic
implantation in response to an assessment that the PCP
includes at least 1 million CMC progenitors. In an
embodiment, characterizing the PCP includes
identifying that at least 1.5% of cells of the PCP
have a characteristic selected from the group
consisting of: a CMC-progenitor morphological
characteristic, expression of a CMC-associated
cellular marker, expression of a CMC-progenitor gene
product, and expression of a CMC-progenitor
physiological feature. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an identification in the PCP of an
action in response to activation of the PCP, the
action selected from the group consisting of:
increasing intracellular Ca2+ level, generating
membranal electrophysiological action potentials, and
mechanical cellular contraction in vitro. In an
embodiment, activating the PCP to produce the selected
action, using a technique selected from the group
consisting of: electrical activation of the PCP, and
chemical activation of the PCP. In an embodiment, the
method includes: assessing a phenotypic aspect of the
PCP and a genotypic aspect of the PCP and a
physiological aspect of the PCP; and designating the
PCP as being suitable for implantation in a patient in
response to each of the assessments. In an embodiment,
assessing the phenotypic aspect of the PCP includes
assessing an aspect of the PCP selected from the group
consisting of: morphology of the PCP, a cellular
marker of cells of the PCP, an enzyme of the PCP, a
coenzyme of the PCP, and presence of a designated
cellular receptor on cells of the PCP. In an
embodiment, assessing the genotypic aspect of the PCP
includes assessing an aspect of the PCP selected from
the group consisting of: production of a gene by cells
of the PCP, expression of a gene by cells of the PCP,
and generation of a gene product by cells of the
PCP.In an embodiment, assessing the physiological
aspect of the PCP includes assessing an aspect of the
PCP selected from the group consisting of: secretion
of soluble molecules by cells of the PCP, generation
of signals by cells of the PCP, response by cells of
the PCP to signals, and an enzymatic reaction
performed by cells of the PCP. In an embodiment, the
method includes facilitating a diagnosis responsive to
stimulating the ICP to differentiate into the PCP. In
an embodiment, facilitating the diagnosis includes
assessing an extent to which the stimulation of the
ICP produces a particular characteristic of the PCP.
In an embodiment, the method includes transfecting a
gene into the ICP prior to stimulating the ICP. In an
embodiment, transfecting the gene includes
transfecting into the ICP a gene identified as
suitable for gene therapy. In an embodiment, the
method includes preparing, as a product for
administration to a patient, the PCP generated by
differentiation of the ICP into which the gene has
been transfected. In an embodiment, stimulating the
ICP includes incubating the ICP in a container having
a surface including a growth-enhancing factor. 



In an embodiment, the growth-enhancing factor is
selected from the group consisting of: collagen,
plasma, fibronectin, a growth factor, tissue-derived
extra cellular matrix, and an antibody to a stem cell
surface receptor. In an embodiment, stimulating the
ICP includes incubating the ICP in a container with a
surface including a growth-enhancing molecule other
than collagen or fibronectin. In an embodiment,
incubating the ICP includes incubating the ICP in a
container having a surface that includes, in addition
to the growth-enhancing molecule, at least one of:
collagen and fibronectin. In an embodiment, the method
includes mixing the growth-enhancing molecule with the
at least one of: collagen and fibronectin.In an
embodiment, the method includes applying to the
surface a layer that includes the growth-enhancing
molecule and a separate layer that includes the at
least one of: collagen and fibronectin. In an
embodiment, stimulating the ICP includes: during a
low-serum time period, culturing the ICP in a culture
medium including less than 10% serum; and during a
high-serum time period, culturing the ICP in a culture
medium including greater than or equal to 10% serum.
In an embodiment, culturing the ICP during the
low-serum time period includes culturing the ICP for a
duration of between 1 and 60 days. In an embodiment,
culturing the ICP during the low-serum time period
includes culturing the ICP for a duration of between 1
and 5 days. In an embodiment, culturing the ICP during
the high-serum time period includes culturing the ICP
for a duration of between 1 and 120 days. In an
embodiment, culturing the ICP during the high-serum
time period includes culturing the ICP for a duration
of between 1 and 60 days. In an embodiment, culturing
the ICP during the low-serum time period is performed
prior to culturing the ICP during the high-serum time
period. In an embodiment, culturing the ICP during the
low-serum time period is performed following culturing
the ICP during the high-serum time period. In an
embodiment, the method includes : during a hypoxic
time period lasting at least 2 hours, culturing the
ICP under hypoxic conditions; and during a non-hypoxic
time period lasting at least 1 day, culturing the ICP
under non-hypoxic conditions. In an embodiment, the
hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 30 days, and
culturing the ICP under hypoxic conditions includes
culturing the cells under hypoxic conditions during a
first two days of the culturing time period.In an
embodiment, the hypoxic and non-hypoxic time-periods
are within a culturing time period lasting less than
30 days, and culturing the ICP under hypoxic
conditions includes culturing the ICP under hypoxic
conditions during a last two days of the culturing
time period. In an embodiment, the hypoxic and
non-hypoxic time-periods are within a culturing time
period lasting less than 30 days, and culturing the
ICP under hypoxic conditions includes culturing the
ICP under hypoxic conditions for at least 2 hours
between a first two days and a last two days of the
culturing time period. In an embodiment, culturing the
ICP under hypoxic conditions is performed 



prior to culturing the ICP under non-hypoxic
conditions. In an embodiment, culturing the ICP under
hypoxic conditions is performed following culturing
the ICP under non-hypoxic conditions. In an
embodiment, stimulating the ICP includes: culturing
the ICP in a first container during a first portion of
a culturing period; removing at least some cells of
the ICP from the first container at the end of the
first portion of the period; and culturing, in a
second container during a second portion of the
period, the cells removed from the first container. In
an embodiment, the method includes subsequently to the
step of culturing in the second container: culturing
the ICP in a primary container during a first portion
of an additional culturing period; removing at least
some cells of the ICP from the primary container at
the end of the first portion of the additional period;
and culturing, in a secondary container during a
second portion of the additional period, the cells
removed from the primary container. In an embodiment,
stimulating the ICP includes: culturing the ICP in a
first container during a first portion of a culturing
period; removing cells of the ICP from the first
container at the end of the first portion of the
period; andculturing, in a second container during a
second portion of the period, the cells removed from
the first container. In an embodiment, removing at
least some cells of the ICP includes selecting for
removal cells that adhere to a surface of the first
container. In an embodiment, removing at least some
cells of the ICP includes selecting for removal cells
that do not adhere to a surface of the first
container. In an embodiment, the first container
includes on a surface thereof a growth-enhancing
molecule, and culturing the ICP in the first container
includes culturing the ICP in the first container that
includes the growth-enhancing molecule. In an
embodiment, the growth-enhancing molecule is selected
from the group consisting of: collagen, plasma,
fibronectin, a growth factor, tissue-derived extra
cellular matrix and an antibody to a stem cell surface
receptor. In an embodiment, the second container
includes on a surface thereof a growth-enhancing
molecule, and culturing the ICP in the second
container includes culturing the ICP in the second
container that includes the growth-enhancing molecule.
In an embodiment, the growth-enhancing molecule is
selected from the group consisting of: collagen,
fibronectin, a growth factor, and an antibody to a
stem cell surface receptor. In an embodiment,
stimulating includes culturing the ICP with at least
one factor derived from a sample tissue. In an
embodiment, the method includes preparing a
conditioned medium for culturing the ICP therein, the
conditioned medium including the factor, the factor
being derived from the tissue, the tissue being
selected from the group consisting of: peripheral
nerve tissue, central nervous system (CNS) tissue,
retinal tissue, pigment 



epithelial tissue, photoreceptor tissue, fetal retinal
tissue, embryonic retinal tissue, mature retinal
tissue, blood vessel tissue, cardiac tissue,
pancreatic endocrine tissue, pancreatic exocrine
tissue, smooth muscle tissue, lymphatic tissue,
hepatic tissue, lung tissue, skin tissue, exocrine
glandular tissue, mammary gland tissue, endocrine
glandular tissue, thyroid gland tissue, pituitary
gland tissue, and plant tissue.In an embodiment,
stimulating includes co-culturing the ICP with a
sample tissue. In an embodiment, co-culturing includes
preparing the sample tissue by a method selected from
the group consisting of: slicing the sample tissue,
and homogenizing the sample issue. In an embodiment,
co-culturing includes: utilizing the sample tissue to
produce a conditioned medium; and co-culturing the ICP
with the sample tissue in the conditioned medium. In
an embodiment, co-culturing includes separating the
sample tissue from the ICP by a semi-permeable
membrane. In an embodiment, designating the sample
tissue to include a tissue selected from the group
consisting of: peripheral nerve tissue, central
nervous system (CNS) tissue, retinal tissue, pigment
epithelial tissue, photoreceptor tissue, fetal retinal
tissue, embryonic retinal tissue, mature retinal
tissue, blood vessel tissue, cardiac tissue,
pancreatic endocrine tissue, pancreatic exocrine
tissue, smooth muscle tissue, lymphatic tissue,
hepatic tissue, lung tissue, skin tissue, exocrine
glandular tissue, mammary gland tissue, endocrine
glandular tissue, thyroid gland tissue, pituitary
gland tissue, and plant tissue. In an embodiment, the
method includes systemically administering the PCP to
a patient. In an embodiment, the method includes
locally administering the PCP to a site of the patient
including injured tissue. In an embodiment, locally
administering the PCP includes implanting at the site
a device including the PCP. In an embodiment, the
device includes at least one item selected from the
group consisting of: a metal, a plastic, a glass, and
a biodegradable element, and implanting the device
includes implanting the device including the selected
item. In an embodiment, the method includes using the
device to enable increased survival of PCP in injured
tissueIn an embodiment, the method includes
configuring the device for slow release of cells of
the PCP into the injured tissue. In an embodiment, the
method includes secreting, from the PCP, therapeutic
molecules to the tissue. In an embodiment, the method
includes secreting, from the device, soluble molecules
that support the PCP. There is also provided, in
accordance with an embodiment of the invention,
apparatus for implantation in a patient, including a
medical device including a PCP produced according to
any of the procedures described herein for producing a
PCP. In an embodiment, the medical device includes a
chamber having the PCP disposed therein, and a
membrane, through which molecules generated by the PCP
are able to pass. There is further provided, in
accordance with an embodiment of the invention, a
method including in vitro stimulating an initiating
cell population (ICP) of at least 5 million cells that
have a density of less than 1.072 g/ml, and at least
1% 



of which are CD34+CD45-/Dim, to differentiate into a
progenitor/precursor cell population (PCP). There is
also provided, in accordance with an embodiment of the
invention, a method including in vitro stimulating an
initiating cell population (ICP) of at least ten
thousand cells that have a density of less than 1.072
g/ml to differentiate into a progenitor/precursor cell
population (PCP). There is further provided, in
accordance with an embodiment of the invention, a
method including separating lower density cells from
higher density cells, the lower density cells defining
an initiating cell population (ICP), and in vitro
stimulating the ICP to differentiate into a
progenitor/precursor cell population (PCP). In an
embodiment, the ICP includes at least 5 million cells,
and wherein stimulating the ICP includes stimulating
the ICP that includes the at least 5 million cells.In
an embodiment, at least 1.5% of the cells of the ICP
are CD34+CD45-/Dim, and wherein stimulating the ICP
includes stimulating the ICP of which at least 1.5% of
the cells are CD34+CD45-/Dim. In an embodiment, at
least 2% of the cells of the ICP are CD34+CD45-/Dim,.
and wherein stimulating the ICP includes stimulating
the ICP of which at least 2% of the cells are
CD34+CD45-/Dim. In an embodiment, at least 30% of the
cells of the ICP are CD31Bright, and wherein
stimulating the ICP includes stimulating the ICP of
which at least 30% of the cells are CD34+CD45-/Dim. In
an embodiment, the ICP includes at least 5 million
cells that have a density of less than 1.062 g/ml, at
least 1% of which are CD34+CD45-/Dim, and wherein
stimulating the ICP includes stimulating the ICP that
has the at least 5 million cells that have a density
of less than 1.062 g/ml. In an embodiment, at least
50% of cells in the ICP are CD31Bright, and wherein
stimulating the ICP includes stimulating the ICP of
which at least 50% of cells therein are CD31Bright. In
an embodiment, the method includes preparing the PCP
as a product for administration to a patient. In an
embodiment, the method includes preparing the PCP as a
research tool. In an embodiment, stimulating the ICP
includes only stimulating the ICP if the ICP is
derived from a mammalian donor. In an embodiment, the
method includes applying cells extracted from a
mammalian donor to one or more gradients suitable for
selecting cells having a density less than 1.072 g/ml,
and deriving the ICP from the cells applied to the
gradient. In an embodiment, the ICP is characterized
by at least 2.5% of the ICP being CD34+CD45-/Dim, and
wherein stimulating the ICP includes stimulating the
ICP having the at least 2.5% of the ICP that are
CD34+CD45-/Dim.In an embodiment, the ICP is
characterized by at least 50% of the ICP being
CD31Bright, and wherein stimulating the ICP includes
stimulating the ICP having the at least 50% of the ICP
that are CD3 IBright. In an embodiment, the ICP is
characterized by at least 40% of the ICP being CD3
IBright, and wherein stimulating the ICP includes
stimulating the ICP having the at least 40% of the ICP
that are CD3 IBright. In an embodiment, stimulating
the ICP includes stimulating the ICP to differentiate
into a pre-designated, desired class of progenitor
cells. 



In an embodiment, the method includes deriving the ICP
from at least one source selected from the group
consisting of: embryonic tissue, fetal tissue,
umbilical cord blood, umbilical cord tissue, neonatal
tissue, adult tissue, bone marrow, mobilized blood,
peripheral blood, peripheral blood mononuclear cells,
skin cells, and plant tissue. In an embodiment, the
method includes deriving the ICP from at least one
source selected from the group consisting of: fresh
tissue and frozen tissue. In an embodiment, the method
includes identifying an intended recipient of the PCP,
and deriving the ICP from at least one source selected
from the group consisting of: tissue autologous to
tissue of the intended recipient, tissue syngeneic to
tissue of the intended recipient, tissue allogeneic to
tissue of the intended recipient, and tissue
xenogeneic to tissue of the intended recipient. In an
embodiment, stimulating the ICP includes culturing the
ICP for a period lasting between 1 and 5 days in a
culture medium including less than 5% serum. In an
embodiment, stimulating the ICP includes culturing the
ICP for a period lasting between 1 and 5 days in a
culture medium including at least 10% serum. In an
embodiment, stimulating the ICP includes culturing the
ICP in a culture medium including a factor selected
from the group consisting of: erythropoietin, a
statin, and an antidiabetic agent. In an embodiment,
stimulating the ICP includes culturing the ICP in a
culture medium including a factor selected from the
group consisting of: estrogen, prolactin, progestin,
an adrenocorticoid hormone, ACTH, and cortisone.In an
embodiment, stimulating the ICP includes culturing the
ICP in a culture medium including a factor selected
from the group consisting of: anti-Tie-2, anti-CD 133,
and anti-CD 117. In an embodiment, stimulating the ICP
includes culturing the ICP in the presence of a factor
selected from the group consisting of: erythropoietin,
a statin, an antidiabetic agent, a thiazolidinedione,
rosiglitazone, a
proliferation-differentiation-enhancing agent,
anti-CD34, anti-Tie-2, anti-CD133, anti-CD117, LIF,
EPO, IGF, b-FGF, M-CSF, GM-CSF, TGF alpha, TGF beta,
VEGF, BHA, BDNF, GDNF, NGF, NT3, NT4/5, S-IOO, CNTF,
EGF, NGF3, CFN, ADMIF, estrogen, prolactin, an
adrenocorticoid hormone, ACTH, MCT- 165, glatiramer
acetate, a glatiramer acetate-like molecule, IFN
alpha, IFN beta or any other immunoregulatory agent,
glutamate, serotonin, acetylcholine, NO, retinoic acid
(RA) or any other vitamin D derivative, heparin,
insulin, and forskolin, cortisone. In an embodiment,
the method includes preparing the ICP, and
facilitating a diagnosis responsive to a
characteristic of the preparation of the ICP. In an
embodiment, the method includes freezing the ICP prior
to stimulating the ICP. In an embodiment, the method
includes freezing the PCP. In an embodiment, the
method includes transporting the ICP to a site at
least 10 km from a site where the ICP is first
created, and stimulating the ICP at the remote site.
In an embodiment, the method includes transporting the
PCP to a site at least 10 km from a site where the PCP
is first created. In an embodiment, the method
includes identifying the PCP as being suitable for
therapeutic implantation in response to an assessment
that the PCP includes at least 1 million PCP cells. 



In an embodiment, the method includes identifying the
PCP as being suitable for therapeutic implantation in
response to an assessment that at least 1.5% of cells
of the PCP demonstrate a feature selected from the
group consisting of: a desired morphology, a desired
cellular marker, a desired cellular component, a
desiredenzyme, a desired receptor, a desired genotypic
feature, and a desired physiological feature. In an
embodiment, the method includes identifying the PCP as
being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million angiogenic cell precursors (ACPs). In
an embodiment, the method includes identifying the PCP
as being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million cardiomyocyte progenitors. In an
embodiment, the method includes identifying the PCP as
being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million neural cell progenitors. In an
embodiment, the method includes transfecting into the
PCP a gene identified as suitable for gene therapy. In
an embodiment, the method includes transfecting a gene
into the PCP, and subsequently assessing a level of
expression of the gene. In an embodiment, the method
includes transfecting a gene into the ICP, and
subsequently assessing a level of expression of the
gene. In an embodiment, stimulating the ICP includes
culturing the ICP during a period of between 2 and 120
days. In an embodiment, stimulating the ICP includes
culturing the ICP during a period of between 3 and 60
days. In an embodiment, stimulating the ICP includes
culturing the ICP in a culture medium including less
than 10% serum, for a duration of between 1 and 120
days. In an embodiment, stimulating the ICP includes
culturing the ICP in a culture medium including at
least 10% serum, for a duration of between 1 and 120
days. In an embodiment, the method includes
characterizing the PCP as including angiogenic cell
precursors (ACPs), in response to an evaluation of at
least a feature selected from the group consisting of:
a phenotypical feature of cells in the PCP, a
genotypical feature of cells in the PCP, and a
physiological feature of cells in the PCP.In an
embodiment, characterizing the PCP includes
characterizing the PCP in response to an evaluation of
at least two of the features. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an evaluation of each of the features.
In an embodiment: the phenotypical feature includes a
morphological feature selected from the group
consisting of: a cell size larger than 20 mm, an
elongated cell, a spindle-shaped cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged dark nucleus, a multinuclear
cell, a cell including flagella-like structures, a
cell including pseudopodia, and a cell having a
polygonal shape; and characterizing the PCP includes
characterizing the PCP in response to an evaluation of
the selected morphological feature. In an embodiment,
characterizing the PCP includes identifying that at
least 1.5% of cells of the PCP have the selected
feature. In an embodiment, characterizing the PCP
includes characterizing the PCP in 



response to an identification in the PCP of a feature
selected from the group consisting of: CD31Bright,
CD34, CDIn XDDS, Tie-2, CD34+CD133+, KDR, CD34+KDR+,
CD144, von Willebrand Factor, SH2 (CD105), SH3,
fibronectin, collagen type I, collagen type III,
collagen type IV, ICAM type 1, ICAM type 2, VCAMl,
vimentin, BMP-R IA, BMP-RII, CD44, integrin bl,
aSM-actin, MUC18, and CXCR4. In an embodiment,
characterizing the PCP includes identifying that at
least 1.5% of cells of the PCP have the selected
feature. In an embodiment, characterizing the PCP
includes characterizing the PCP in response to an
assessment of uptake by the PCP of Ac-LDL. In an
embodiment, characterizing the PCP includes
identifying that at least 1.5% of cells of the PCP
demonstrate uptake of Ac-LDL. In an embodiment,
characterizing the PCP includes identifying that at
least 1.5% of cells that are CD31Bright demonstrate
uptake of Ac-LDL.In an embodiment, characterizing the
PCP includes assessing secretion by the PCP of a
molecule selected from the group consisting of: IL-8,
angiogenin, VEGF, MMP2, and MMP9. In an embodiment,
characterizing the PCP includes identifying that at
least 1.5% of cells of the PCP secrete the selected
molecule. In an embodiment, characterizing the PCP
includes culturing a portion of the PCP on a
semi-solid extracellular matrix (ECM), and identifying
in the cultured portion a feature selected from the
group consisting of: a tube-like structure, a colony,
a cluster, and a tendency to migrate towards a
chemoattractant. In an embodiment, characterizing the
PCP includes identifying that at least 1.5% of cells
in the cultured portion have a property selected from
the group consisting of: formation of a tube-like
structure, an ability to form a colony, a cluster, and
a tendency to migrate towards a chemoattractant. In an
embodiment, the method includes including identifying
the PCP as being suitable for therapeutic implantation
in response to an assessment that the PCP includes at
least 1 million ACPs. In an embodiment, the method
includes characterizing the PCP as including a
cardiomyocyte (CMC) PCP in response to an evaluation
of a feature selected from the group consisting of: a
phenotypic feature of cells in the PCP, a genotypic
feature on the cells in the PCP, and a physiological
feature of cells in the PCP. In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an evaluation of at least two of the
features. In an embodiment, the method includes
characterizing the PCP includes characterizing the PCP
in response to an evaluation of each of the features.
In an embodiment, the phenotypic feature includes a
morphological feature selected from the group
consisting of: a cell size larger than 20 mm, an
elongated cell, an irregularly-shaped cell, a
granulated cell, a cell including an enlarged dark
nucleus, a multinuclear cell, a cell with dark
cytoplasm, and cells arranged in parallel to each
other; and wherein characterizing the PCP includes
characterizing the PCP in response to an evaluation of
the selected morphological feature.In an embodiment,
characterizing the PCP includes characterizing the PCP
in response to an identification in the PCP of a
feature selected from the group consisting of: CD31,
CDl 17, sarcomeric alpha-actin, beta-actin,
alpha-actinin, desmin, cardiac troponin T,
Connexin-43, alpha/beta-MHC, sarcomeric 



alpha-tropomyosin, Troponin I, GATA-4, Nkx2.5/Csx,
MLC-2, and MEF-2. In an embodiment, characterizing the
PCP includes characterizing the PCP in response to an
identification of the PCP as expressing a gene for a
factor selected from the group consisting of:
sarcomeric alpha-actin, beta-actin, alpha-actinin,
desmin, cardiac troponin T, Connexin-43,
alpha/beta-MHC, sarcomeric, alpha-tropomyosin,
Troponin I, GATA-4, Nkx2.5/Csx, MLC-2 and MEF-2. In an
embodiment, the method includes identifying the PCP as
being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million CMC progenitors. In an embodiment,
characterizing the PCP includes identifying that at
least 1.5% of cells of the PCP have a characteristic
selected from the group consisting of: a
CMC-progenitor morphological characteristic,
expression of a CMC-associated cellular marker,
expression of a CMC-progenitor gene product, and
expression of a CMC-progenitor physiological feature.
In an embodiment, characterizing the PCP includes
characterizing the PCP in response to an
identification in the PCP of an action in response to
activation of the PCP, the action selected from the
group consisting of: increasing intracellular Ca2+
level, generating membranal electrophysiological
action potentials, and mechanical cellular contraction
in vitro. In an embodiment, the method includes
activating the PCP to produce the selected action,
using a technique selected from the group consisting
of: electrical activation of the PCP, and chemical
activation of the PCP. In an embodiment, the method
includes: assessing a phenotypic aspect of the PCP and
a genotypic aspect of the PCP and a physiological
aspect of the PCP; and designating the PCP as being
suitable for implantation in a patient in response to
each of the assessments.In an embodiment, assessing
the phenotypic aspect of the PCP includes assessing an
aspect of the PCP selected from the group consisting
of: morphology of the PCP, a cellular marker of cells
of the PCP, an enzyme of the PCP, a coenzyme of the
PCP5and presence of a designated cellular receptor on
cells of the PCP. In an embodiment, assessing the
genotypic aspect of the PCP includes assessing an
aspect of the PCP selected from the group consisting
of: production of a gene by cells of the PCP,
expression of a gene by cells of the PCP, and
generation of a gene product by cells of the PCP. In
an embodiment, assessing the physiological aspect of
the PCP includes assessing an aspect of the PCP
selected from the group consisting of: secretion of
soluble molecules by cells of the PCP, generation of
signals by cells of the PCP, response by cells of the
PCP to signals, and an enzymatic reaction performed by
cells of the PCP. In an embodiment, the method
includes facilitating a diagnosis responsive to
stimulating the ICP to differentiate into the PCP. In
an embodiment, facilitating the diagnosis includes
assessing an extent to which the stimulation of the
ICP produces a particular characteristic of the PCP.
In an embodiment, the method includes transfecting a
gene into the ICP prior to stimulating the ICP. In an
embodiment, transfecting the gene includes
transfecting into the ICP a gene identified as
suitable for gene therapy. 



In an embodiment, the method includes preparing, as a
product for administration to a patient, the PCP
generated by differentiation of the ICP into which the
gene has been transfected. Li an embodiment, the
method includes stimulating the ICP includes
incubating the ICP in a container having a surface
including a growth-enhancing factor. In an embodiment,
the method includes the growth-enhancing factor is
selected from the group consisting of: collagen,
plasma, fibronectin, a growth factor, tissue-derived
extra cellular matrix, and an antibody to a stem cell
surface receptor.In an embodiment, stimulating the ICP
includes incubating the ICP in a container with a
surface including a growth-enhancing molecule other
than collagen or fibronectin. In an embodiment,
incubating the ICP includes incubating the ICP in a
container having a surface that includes, in addition
to the growth-enhancing molecule, at least one of:
collagen and fibronectin. In an embodiment, the method
includes mixing the growth-enhancing molecule with the
at least one of: collagen and fibronectin. In an
embodiment, the method includes applying to the
surface a layer that includes the growth-enhancing
molecule and a separate layer that includes the at
least one of: collagen and fibronectin. In an
embodiment, stimulating the ICP includes: during a
low-serum time period, culturing the ICP in a culture
medium including less than 10% serum; and during a
high-serum time period, culturing the ICP in a culture
medium including greater than or equal to 10% serum.
In an embodiment, culturing the ICP during the
low-serum time period includes culturing the ICP for a
duration of between 1 and 60 days. In an embodiment,
culturing the ICP during the low-serum time period
includes culturing the ICP for a duration of between 1
and 5 days. In an embodiment, culturing the ICP during
the high-serum time period includes culturing the ICP
for a duration of between 1 and 120 days. In an
embodiment, culturing the ICP during the high-serum
time period includes culturing the ICP for a duration
of between 1 and 60 days. In an embodiment, culturing
the ICP during the low-serum time period is performed
prior to culturing the ICP during the high-serum time
period. In an embodiment, culturing the ICP during the
low-serum time period is performed following culturing
the ICP during the high-serum time period. In an
embodiment, the method includes:during a hypoxic time
period lasting at least 2 hours, culturing the ICP
under hypoxic conditions; and during a non-hypoxic
time period lasting at least 1 day, culturing the ICP
under non-hypoxic conditions. In an embodiment, the
hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 30 days, and
wherein culturing the ICP under hypoxic conditions
includes culturing the cells under hypoxic conditions
during a first two days of the culturing time period.
In an embodiment, the hypoxic and non-hypoxic
time-periods are within a culturing time period
lasting less than 30 days, and wherein culturing the
ICP under hypoxic conditions includes culturing the
ICP under hypoxic conditions during a last 



two days of the culturing time period. In an
embodiment, the hypoxic and non-hypoxic time-periods
are within a culturing time period lasting less than
30 days, and wherein culturing the ICP under hypoxic
conditions includes culturing the ICP under hypoxic
conditions for at least 2 hours between a first two
days and a last two days of the culturing time period.
In an embodiment, culturing the ICP under hypoxic
conditions is performed prior to culturing the ICP
under non-hypoxic conditions. In an embodiment,
culturing the ICP under hypoxic conditions is
performed following culturing the ICP under
non-hypoxic conditions. In an embodiment, stimulating
the ICP includes: culturing the ICP in a first
container during a first portion of a culturing
period; removing at least some cells of the ICP from
the first container at the end of the first portion of
the period; and culturing, in a second container
during a second portion of the period, the cells
removed from the first container. In an embodiment,
the method includes, subsequently to the step of
culturing in the second container: culturing the ICP
in a primary container during a first portion of an
additional culturing period;removing at least some
cells of the ICP from the primary container at the end
of the first portion of the additional period; and
culturing, in a secondary container during a second
portion of the additional period, the cells removed
from the primary container. In an embodiment,
stimulating the ICP includes: culturing the ICP in a
first container during a first portion of a culturing
period; removing cells of the ICP from the first
container at the end of the first portion of the
period; and culturing, in a second container during a
second portion of the period, the cells removed from
the first container. In an embodiment, removing at
least some cells of the ICP includes selecting for
removal cells that adhere to a surface of the first
container. In an embodiment, removing at least some
cells of the ICP includes selecting for removal cells
that do not adhere to a surface of the first
container. In an embodiment, the first container
includes on a surface thereof a growth-enhancing
molecule, and wherein culturing the ICP in the first
container includes culturing the ICP in the first
container that includes the growth-enhancing molecule.
In an embodiment, the growth-enhancing molecule is
selected from the group consisting of: collagen,
plasma, fibronectin, a growth factor, tissue-derived
extra cellular matrix and an antibody to a stem cell
surface receptor. In an embodiment, the second
container includes on a surface thereof a
growth-enhancing molecule, and wherein culturing the
ICP in the second container includes culturing the ICP
in the second container that includes the
growth-enhancing molecule. In an embodiment, the
growth-enhancing molecule is selected from the group
consisting of: collagen, fibronectin, a growth factor,
and an antibody to a stem cell 



surface receptor. In an embodiment, stimulating
includes culturing the ICP with at least one factor
derived from a sample tissue.In an embodiment, the
method includes preparing a conditioned medium for
culturing the ICP therein, the conditioned medium
including the factor, the factor being derived from
the tissue, the tissue being selected from the group
consisting of: peripheral nerve tissue, central
nervous system (CNS) tissue, retinal tissue, pigment
epithelial tissue, photoreceptor tissue, fetal retinal
tissue, embryonic retinal tissue, mature retinal
tissue, blood vessel tissue, cardiac tissue,
pancreatic endocrine tissue, pancreatic exocrine
tissue, smooth muscle tissue, lymphatic tissue,
hepatic tissue, lung tissue, skin tissue, exocrine
glandular tissue, mammary gland tissue, endocrine
glandular tissue, thyroid gland tissue, pituitary
gland tissue, and plant tissue. In an embodiment,
stimulating includes co-culturing the ICP with a
sample tissue. In an embodiment, co-culturing includes
preparing the sample tissue by a method selected from
the group consisting of: slicing the sample tissue,
and homogenizing the sample issue. In an embodiment,
co-culturing includes: utilizing the sample tissue to
produce a conditioned medium; and co-culturing the ICP
with the sample tissue in the conditioned medium. In
an embodiment, co-culturing includes separating the
sample tissue from the ICP by a semi-permeable
membrane. In an embodiment, the method includes
designating the sample tissue to include a tissue
selected from the group consisting of: peripheral
nerve tissue, central nervous system (CNS) tissue,
retinal tissue, pigment epithelial tissue,
photoreceptor tissue, fetal retinal tissue, embryonic
retinal tissue, mature retinal tissue, blood vessel
tissue, cardiac tissue, pancreatic endocrine tissue,
pancreatic exocrine tissue, smooth muscle tissue,
lymphatic tissue, hepatic tissue, lung tissue, skin
tissue, exocrine glandular tissue, mammary gland
tissue, endocrine glandular tissue, thyroid gland
tissue, pituitary gland tissue, and plant tissue.
There is further provided, in accordance with an
embodiment of the invention, a method for treating a
patient, including: . identifying a patient having a
sexual dysfunction; andadministering angiogenic cell
precursors to the patient, in order to treat the
dysfunction. There is also provided, in accordance
with an embodiment of the present invention, a method
including in vitro stimulating a core cell population
(CCP) of at least 5 million cells that have a density
of less than 1.072 g/ml, and at least 1% or at least
2% of which are CD34+CD45-/Dim, to differentiate into
a progenitor/precursor cell population (PCP). For some
applications, the CCP includes at least 5 million
cells that have a density of less than 1.062 g/ml, at
least 2% of which are CD34+CD45-/Dim, and stimulating
the CCP includes stimulating the CCP that has the at
least 5 million cells that have a density of less than
1.062 g/ml. For some applications, the method includes
preparing the PCP as a product for administration to a
patient. Alternatively, the method includes preparing
the PCP as a research tool or a diagnostic tool. For
some applications, stimulating the CCP includes only
stimulating the CCP if the CCP is derived from a
mammalian donor. For some applications, the 



method includes applying cells extracted from a
mammalian donor to one or more gradients suitable for
selecting cells having a density less than 1.072 g/ml,
and deriving the CCP from the cells applied to the
gradient. For some applications, the CCP is
characterized by at least 2.5% of the CCP being
CD34+CD45-/Dim, and stimulating the CCP includes
stimulating the CCP having the at least 2.5% of the
CCP that are CD34+CD45-/Dim. For some applications,
the CCP is characterized by at least 50% of the CCP
being CD31Bright, and stimulating the CCP includes
stimulating the CCP having the at least 50% of the CCP
that are CDC31Bright+. For some applications, the CCP
is characterized by at least 40% of the CCP being
CD31Bright, and stimulating the CCP includes
stimulating the CCP having the at least 40% of the CCP
that are CD31Bright. J For some applications,
stimulating the CCP includes stimulating the CCP to
differentiate into a pre-designated, desired class of
progenitor cells. For some applications, stimulating
the CCP includes culturing the CCP during a period of
between 3 and 30, 60, or 120 days.For some
applications, the method includes deriving the CCP
from at least one source selected from the group
consisting of: embryonic tissue, fetal tissue,
umbilical cord blood, umbilical cord tissue, neonatal
tissue, adult tissue, bone marrow, mobilized blood,
peripheral blood, peripheral blood mononuclear cells,
skin cells, and plant tissue. Alternatively, the
method includes deriving the CCP from at least one
source selected from the group consisting of: fresh
tissue and frozen tissue. For some applications, the
method includes identifying an intended recipient of
the PCP, and deriving the CCP from at least one source
selected from the group consisting of: tissue
autologous to tissue of the intended recipient, tissue
syngeneic to tissue of the intended recipient, tissue
allogeneic to tissue of the intended recipient, and
tissue xenogeneic to tissue of the intended recipient.
For some applications, stimulating the CCP includes
incubating the CCP in a container having a surface
including an antibody. For some applications,
stimulating the CCP includes incubating the CCP in a
container having a surface including a plasma. For
some applications, stimulating the CCP includes
culturing the CCP for a period lasting between 1 and
5, 10, or 20 days in a culture medium including less
than 5% serum. For some applications, stimulating the
CCP includes culturing the CCP for a period lasting
between 1 and 5, 10, or 20 days in a culture medium
including at least 10% serum. For some applications,
stimulating the CCP includes culturing the CCP in the
presence of at least one of the following:
erythropoietin, a statin, an antidiabetic agent, a
thiazolidinedione, rosiglitazone, a
proliferation-differentiation-enhancing agent,
anti-CD34, anti-Tie-2, anti-CD133, anti-CD117, LIF,
EPO, IGF, b-FGF, M-CSF, GM-CSF, TGF alpha, TGF beta,
VEGF, BHA, BDNF, NGF, NT3, NT4/5, GDNF, S-100, CNTF,
EGF, NGF3, CFN, ADMIF, prolactin, an adrenocorticoid
hormone, ACTH, glutamate, serotonin, acetylcholine,
NO, retinoic acid (RA) or any other vitamin D
derivative, heparin, insulin, forskolin, cortisone,
Cortisol, dexamethasone, estrogen, a steroid,
MCDB-201, MCT-165, glatiramer acetate, a glatiramer
acetate-like molecule, IFN alpha, IFN beta or any
other immunoregulatory agent, sodium selenite,
linoleic acid, ascorbic acid, transferrin,
5-azacytidine, PDGF, VEGF, cardiotrophin, and
thrombin.For some applications, the method includes
preparing the CCP, and 



facilitating a diagnosis responsive to a
characteristic of the preparation of the CCP. For some
applications, the method includes freezing the CCP
prior to - stimulating the CCP. For some applications,
the method includes freezing the PCP. For some
applications, the method includes transporting the CCP
to a site at least 10 km from a site where the CCP is
first created, and stimulating the CCP at the remote
site. For some applications, the method includes
transporting the PCP to a site at least 10 km from a
site where the PCP is first created. In an embodiment,
the method includes facilitating a diagnosis
responsive to stimulating the CCP to differentiate
into the PCP. For some applications, facilitating the
diagnosis includes assessing an extent to which the
stimulation of the CCP produces a particular
characteristic of the PCP. In an embodiment, the
method includes transfecting a gene into the CCP prior
to stimulating the CCP. For some applications, the
method includes preparing, as a product for
administration to a patient, the PCP generated by
differentiation of the CCP into which the gene has
been transfected. In an embodiment, the method
includes transfecting a gene into the PCP prior to
administration of the PCP to a patient. In an
embodiment, stimulating the CCP includes incubating
the CCP in a container with a surface including a
growth-enhancing molecule other than collagen or
fibronectin. For some applications, incubating the CCP
cells includes incubating the CCP in a container
having a surface that includes, in addition to the
growth-enhancing molecule, at least one of: collagen,
plasma and fibronectin. For some applications, the
method includes mixing the growth-enhancing molecule
with the at least one of: collagen, plasma and
fibronectin. For some applications, the method
includes applying to the surface a layer that includes
the growth-enhancing molecule and a separate layer
that includes the at least one of: collagen, plasma
and fibronectin. In an embodiment, stimulating the CCP
includes: during a low-serum time period, culturing
the CCP in a culture medium including less than 10%
serum; andduring a high-serum time period, culturing
the CCP in a culture medium including greater than or
equal to 10% serum. For some applications, culturing
the CCP during the low-serum time period includes
culturing the CCP for a duration of between 1 and 5 or
20 days. For some applications, culturing the CCP
during the high-serum time period includes culturing
the CCP for a duration of between 1 and 30, 60, or 120
days. For some applications, culturing the CCP during
the low-serum time period is performed prior to
culturing the CCP during the high-serum time period.
For some applications, culturing the CCP during the
low-serum time period is performed following culturing
the CCP during the high-serum time period. In an
embodiment, the method includes: during a hypoxic time
period lasting at least 2 hours, culturing the CCP
under hypoxic conditions; and during a non-hypoxic
time period lasting at least 1 day, culturing the CCP
under non-hypoxic conditions. For some applications,
the hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 120 days
(e.g., less than 30 days), and culturing the CCP under
hypoxic conditions includes culturing the cells under 



hypoxic conditions during a first two days of the
culturing time period. For some applications, the
hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 120 days
(e.g., less than 30 days), and culturing the CCP under
hypoxic conditions includes culturing the CCP under
hypoxic conditions during a last two days of the
culturing time period. For some applications, the
hypoxic and non-hypoxic time-periods are within a
culturing time period lasting less than 120 days
(e.g., less than 30 days), and culturing the CCP under
hypoxic conditions includes culturing the CCP under
hypoxic conditions for at least 2 hours between a
first two days and a last two days of the culturing
time period. For some applications, culturing the CCP
under hypoxic conditions is performed prior to
culturing the CCP under non-hypoxic conditions.
Alternatively, culturing the CCP under hypoxic
conditions is performed following culturing the CCP
under non-hypoxic conditions. In an embodiment,
stimulating the CCP includes:culturing the CCP in a
first container during a first portion of a culturing
period; removing all or at least some cells of the CCP
from the first container at. the end of the first
portion of the period; and culturing, in a second
container during a second portion of the period, the
cells removed from the first container. For some
applications, removing at least some cells of the CCP
includes selecting for removal cells that adhere to a
surface of the first container. For some applications,
removing at least some cells of the CCP includes
selecting for removal cells that do not adhere to a
surface of the first container. For some applications,
the first container includes on a surface thereof a
growth-enhancing molecule, and culturing the CCP in
the first container includes culturing the CCP in the
first container that includes the growth-enhancing
molecule. For some applications, the growth-enhancing
molecule is selected from the group consisting of:
collagen, plasma, fibronectin, a growth factor,
tissue-derived extra cellular matrix and an antibody
to a stem cell surface receptor. For some
applications, the second container includes on a
surface thereof a growth-enhancing molecule, and
culturing the CCP in the second container includes
culturing the CCP in the second container that
includes the growth-enhancing molecule. For some
applications, the growth-enhancing molecule is
selected from the group consisting of: collagen,
plasma, fibronectin, a growth factor, tissue-derived
extra cellular matrix and an antibody to a stem cell
surface receptor. In an embodiment, stimulating
includes culturing the CCP with at least one factor
derived from a target tissue. For some applications,
the method includes preparing a conditioned medium for
culturing the CCP therein, the conditioned medium
including the factor, the factor being derived from a
tissue selected from the group consisting of:
peripheral nerve tissue, central nervous system (CNS)
tissue, retinal tissue, pigment epithelial tissue,
photoreceptor tissue, fetal retinal tissue, embryonic
retinal tissue, mature retinal tissue, blood vessel
tissue, cardiac tissue, pancreatic endocrine tissue,
pancreatic exocrine tissue, smooth muscle tissue,
lymphatic tissue, hepatic tissue, lung tissue, skin
tissue, exocrine glandular tissue,mammary gland
tissue, endocrine glandular tissue, thyroid gland
tissue, pituitary gland tissue, and plant tissue. In
an embodiment, stimulating includes co-culturing the
CCP with a tissue. 



For some applications, co-culturing includes preparing
a target tissue by a method selected from the group
consisting of: slicing the target tissue, and
homogenizing the target issue. For some applications,
co-culturing includes utilizing the target tissue to
produce a conditioned medium, and co-culturing the CCP
with the target tissue in the conditioned medium. For
some applications, co-culturing includes separating
the target tissue from the CCP by a semi-permeable
membrane. For some applications, the method includes
designating a tissue for co-culture purposes to
include a tissue selected from the group consisting
of: peripheral nerve tissue, central nervous system
(CNS) tissue, retinal tissue, pigment epithelial
tissue, photoreceptor tissue, fetal retinal tissue,
embryonic retinal tissue, mature retinal tissue, blood
vessel tissue, cardiac tissue, pancreatic endocrine
tissue, pancreatic exocrine tissue, smooth muscle
tissue, lymphatic tissue, hepatic tissue, lung tissue,
skin tissue, exocrine glandular tissue, mammary gland
tissue, endocrine glandular tissue, thyroid gland
tissue, pituitary gland tissue, and plant tissue.
There is also provided, in accordance with an
embodiment of the present invention, a method
including in vitro stimulating an elemental cell
population (ECP) of at least 5 million cells that have
a density of less than 1.072 g/ml, at least 1.5% of
which are CD34+CD45-/Dim, and at least 30% of which
are CD31Bright, to differentiate into a
progenitor/precursor cell population (PCP). For some
applications, the present invention includes treating
a patient with a PCP administrated systemically. For
some applications, the present invention includes
treating a patient with a PCP administrated locally to
injured tissue. There is also provided, in accordance
with an embodiment of the present invention, a method
for treating a patient including administering a PCP
using an implantable medical device, which, in an
embodiment, includes metal, plastic, glass, or another
material, and which for some applications is
biodegradable. Asappropriate for a given application,
the medical device may include a stent,
microparticles, or microcapsules. There is also
provided, in accordance with an embodiment of the
present invention, a method comprising implanting, at
a site including injured tissue, a medical device
including a PCP, to enable increased survival at the
site of the PCP. There is also provided, in accordance
with an embodiment of the present invention, a method
including a medical device that provides slow release
of a PCP into injured tissue. There is also provided,
in accordance with an embodiment of the present
invention, a method including coupling a PCP to a
medical device, wherein the PCP is adapted to be a
source of therapeutic soluble molecules to a subject
in whom the medical device is implanted. For some
applications, apparatus comprises a chamber having
disposed therein a population of stem cells (e.g., a
PCP produced using techniques described herein), the
chamber being surrounded by a semi-permeable membrane.
Therapeutic molecules leave the chamber through the
membrane, and treat the patient. As appropriate,
techniques and apparatus described in the
above-referenced US Patent Application Publication
2005/0209556 to Tresco and article by Rehman may be
practiced in combination with this embodiment, mutatis
mutandis. There is also provided, in accordance with
an embodiment of the present invention, a method
including attaching a PCP to a medical device, wherein
the 



medical device is a source of soluble molecules that
support the PCP. There is additionally provided, in
accordance with an embodiment of the present
invention, a composition of matter, including a
population of cultured cells that includes a
sub-population of cells that both stain as CD31Bright
and demonstrate uptake of Ac-LDL+. In an embodiment,
the sub-population secretes IL-8. In an embodiment,
the sub-population secretes at least 50 pg IL-8 per
106 cells/ml over a period of at least 24 hours.In an
embodiment, the sub-population secretes at least 150
pg IL-8 per 106 cells/ml over a period of at least 24
hours. In an embodiment, the sub-population secretes
at least 1000 pg per 106 cells/ml over a period of at
least 24 hours. In an embodiment, at least 1.5% of the
cells of the population secrete a molecule selected
from the group consisting of: IL-8, angiogenin, VEGF,
MMP2, and MMP9. In an embodiment, at least 1.5% of the
cells of the population have a tendency to migrate
toward a chemoattractant selected from the group
consisting of: bFGF, VEGF, SCF, G-CSF, GM-CSF, SDF-I 5
and IL-8. There is further provided, in accordance
with an embodiment of the present invention, a
composition of matter, including a population of
cultured cells that includes a sub-population of cells
that stain as CD31Bright, demonstrate uptake of
Ac-LDL+ and secrete interleukin-8. In an embodiment,
the sub-population includes at least 10% of the cells
in the population. In an embodiment, the
sub-population includes at least 25% of the cells in
the population. In an embodiment, the sub-population
includes at least 50% of the cells in the population.
In an embodiment, the sub-population secretes at least
50 pg IL-8 per 106 cells/ml over a period of at least
24 hours. In an embodiment, the sub-population
secretes at least 150 pg IL-8 per 106 cells/ml over a
period of at least 24 hours. In an embodiment, the
sub-population secretes at least 1000 pg IL-8 per 106
cells/ml over a period of at least 24 hours.In an
embodiment, at least 1.5% of the cells of the
population include a morphological feature selected
from the group consisting of: a cell size larger than
20 um, an elongated cell, a spindle-shaped cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged dark nucleus, a multinuclear
cell, a cell including flagella-like structures, a
cell including pseudopodia, and a cell having a
polygonal shape. In an embodiment, at least 1.5% of
the cells of the population include a feature selected
from the group consisting of: CD34, CDl 17, CD133,
Tie-2, CD34+CD133+, KDR, CD34+KDR+, CD144, von
Willebrand Factor, SH2 (CD105), SH3, fibronectin,
collagen type I, collagen type III, collagen type IV,
ICAM type I 5 ICAM type 2, VCAMl, vimentin, BMP-R IA,
BMP-RII, CD44, integrin bl, aSM-actin, MUC18, CXCR4
and CXCR8. In an embodiment, at least 1.5% of the
cells of the population secrete a molecule selected
from the group consisting of: angiogenin, VEGF, MMP2,
and MMP9. 



In an embodiment, at least 1.5% of the cells of the
population include a feature selected from the group
consisting of: a tube-like structure, a tendency to
form a colony, a tendency to form a cluster, and a
tendency to migrate towards chemoattractants selected
from the group consisting of: bFGF, VEGF, SCF, G-CSF,
GM-CSF, SDF-I , and IL-8. In an embodiment,
characterizing the PCP includes culruring at least a
portion of the PCP on a surface, and identifying a
tendency of the at least a portion of the PCP to
migrate toward IL-8. The present invention will be
more fully understood from the following detailed
description of embodiments thereof, taken together
with the drawings, in which:BRIEF DESCRIPTION OF THE
DRAWINGS Fig 1 is a graph showing results obtained
from CCP cells in one representative experiment, in
accordance with an embodiment of the present
invention; Fig. 2 is a photograph showing morphology
of angiogenic cell precursor cells, produced in
accordance with an embodiment of the present
invention; Fig. 3 is a photograph characterizing
uptake of Ulex-Lectin and staining with CD31 stain of
an ACP-rich PCP, produced in accordance with an
embodiment of the present invention; Fig. 4 is a
photograph characterizing uptake of Ac-LDL and
staining with CD31 stain of an ACP-rich PCP, produced
in accordance with an embodiment of the present
invention; Fig. 5 is a photograph showing tube
formation in an ACP-rich PCP, produced in accordance
with an embodiment of the present invention; Figs. 6A
and 6B are graphs showing migration of Ac-LDL-DiO
pre-labeled ACPs in response to hIL-8, in accordance
with an embodiment of the present invention; Fig. 7 is
a graph showing migration of Ac-LDL-DiO pre-labeled
ACPs in response to a cultured medium, in accordance
with an embodiment of the present invention; Fig. 8 is
a graph of migration of PBMC cells in response to
hIL-8, in accordance with an embodiment of the present
invention; Figs. 9A and 9B are graphs showing
experimental results of improved ejection fraction and
reduced necrosis in response to injection of ACP cells
in accordance with an embodiment of the present
invention; Figs. 9C, 9D, and 9E are photographs
showing sections taken from a rat's heart after
injection of ACPs derived from a human-PBMC-derived
CCP, produced in accordance with an embodiment of the
present invention;Fig. 10 is a photograph showing the
morphology of cardiomyocytes derived from the CCP and
produced in accordance with an embodiment of the
present invention; . Figs. HA, HB, and H C are
photographs showing immunostaining of CCP-derived
cardiomyocytes, in accordance with an embodiment of
the present invention; Figs. 12A and 12B are graphs
showing flow cytometry analysis results, obtained from
immunostaining of a cardiomyocyte-rich PCP, in
accordance with an embodiment of the present
invention; and Fig. 13 is a graph showing experimental
results of improved ejection fraction 



in a rat model of acute myocardial infarction
following injection of the CCP-derived cardiomyocytes,
in accordance with an embodiment of the present
invention. DETAILED DESCRIPTION OF EMBODIMENTS EXAMPLE
l : A test was carried out in accordance with an
embodiment of the present invention, and results are
shown in Table 1 below. Peripheral blood was extracted
from ten human volunteers for use in ten respective
experiments. In each experiment, cells were fractioned
from the blood using a Ficoll (TM) gradient in order
to generate a population of peripheral blood
mononuclear (PBMC) cells as source cells ("S. cells").
Subsequently, a CCP was generated in accordance with
protocols described herein for Percoll (TM) based
enrichment. Results in Table 1 show enrichment of the
percentages of CD34+CD45-/Dim cells in the CCP
compared to the source cells. Enrichment is defined as
the percentage of cells having a given characteristic
in the CCP, divided by the percentage of cells having
that characteristic in the source cells. Table
1EXAMPLE 2: In a separate set of experiments, in
accordance with an embodiment of the present
invention, results were obtained as shown in Fig. 1
and Table 2 below. Peripheral blood was extracted from
ten human volunteers for use in ten experiments. A CCP
was generated in accordance with protocols described
herein (see Example 1). Results in Fig. 1 and in Table
2 show the fluorescent intensity of CD31Bright cells
in the CCP. CD31 brightness (Dim or Bright) is defined
as the ratio between intensity resulting from staining
using anti-CD31 FITC-conjugated monoclonal antibodies
and intensity resulting from staining using isotype
control FITC-conjugated antibodies. Fig. 1 is a graph
showing results obtained from CCP cells in one
representative experiment, in accordance with an
embodiment of the present invention. CCP cells stained
using isotype control FITC-conjugated antibodies are
represented by the dashed line and CCP cells stained
using FITC-conjugated anti-CD31 antibodies are
represented by the black line. Three different
intensity areas were marked:(a) Ml - low intensity
corresponding to non-specific staining of isotype
control or cells that do not express CD31, located at
geometric mean intensity of 5.38; (b) M2 - dim
intensity corresponding to cells expressing CD31 at a
geometric mean intensity of 46.69; and (c) M3 - bright
intensity corresponding to cells expressing CD31 at a
geometric mean intensity of 478.45.Table 2 is a
numerical summary of intensities Ml, M2 and M3 and
their respective ratios resulting from ten independent
experiments. Table 2 CD31Bright cells' (M3) mean
intensity is 86.5 (SE=10.42) times greater than the
negative control intensity (Ml) and 10.69 (SE=0.66)
times more than CD31Dim cells (M2) (which themselves
have an intensity 8.00 (SE= 0.63) times more than Ml).
Thus, results indicate that the CCP was enriched to
provide CD31+ cells. EXAMPLE 3: In a separate set of
experiments, in accordance with an embodiment of the
present invention, results were obtained as shown in
Table 3 below. Peripheral blood was extracted from
nine human volunteers for use in nine experiments. A
CCP was 



generated in accordance with protocols described
hereinabove with reference to Example 1.Table 3
Results in Table 3 indicate percentage enrichment of
CD31Bright cells in the CCP as compared to the source
cells. EXAMPLE 4: Li a separate set of experiments, a
human-PBMC-derived CCP was cultured in order to
generate an ACP-rich PCP; the CCP was grown on
fibronectin or plasma-coated T75 flasks in the
presence of medium containing autologous serum (>=
10%), 2 ng/ml VEGF, and 5 IU/ml Heparin. Fig. 2 is a
photograph showing the morphology of a typical
angiogenic cell precursor (ACP) population, produced
in the experiments of Example 3, in accordance with an
embodiment of the present invention. Typically,
elongated and spindle-shaped cells are observed in
cultures of ACPs. This image was obtained from x200
magnification of cultured ACPs. EXAMPLE 5: In a
separate set of experiments, a human-PBMC-derived CCP
was cultured in order to generate an ACP-rich PCP, as
described hereinabove with respect to Example 4. The
CCP was grown on fibronectin or plasma-coated T75
flasks in thepresence of medium containing autologous
serum (>= 10%), 2 ng/ml VEGF, and 5 IU/ml Heparin.
Fig. 3 contains photographs of a typical angiogenic
cell precursor (ACP) population, produced in the
experiments of Example 2, in accordance with an
embodiment of the present invention. Harvested cells
were loaded on a glass slide and fixed prior to their
specific staining. Stained cells were mounted using a
fluorescent mounting solution containing the nuclear
stain DAPI. Figures Al -A3 are a series of photographs
from cells stained with FITC-cojugated Ulex-Lectin,
cells stained with PE-conjugated anti-CD31, or cells
that stained with both Ulex-Lectin and anti-CD31, in
accordance with respective embodiments of the present
invention. Al is a photograph of cells stained with
the nuclear marker DAPI. A2 is a photograph showing
green emission resulting from staining of the same
cells with FITC-conjugated Ulex-lectin. A3 is a
photograph showing red emission resulting from
staining of the same cells with PE-conjugated anti-CD3
1 antibodies. Figures B1-B3 are a series of
photographs from cells stained with isotype control
antibodies, in accordance with respective embodiments
of the present invention. Bl is a photograph of cells
stained with the nuclear marker DAPI, B2 is a
photograph showing green emission resulting from
staining of the same cells with FITC-conjugated mouse
IgG antibodies, and B3 is a photograph showing red
emission resulting from staining of the same cells
with PE-conjugated mouse IgG Antibodies. Typically,
ACP cells fluoresce both red and green indicating
adhesion of both Ulex-Lectin and anti-CD3 1 thereto.
Images were obtained from x200 magnification. EXAMPLE
6: In a separate set of experiments, a
human-PBMC-derived CCP was cultured in order to
generate an ACP-rich PCP, as described hereinabove
with reference to Example 4. The CCP was grown on
fibronectin or plasma-coated T75 flasks in the
presence of medium containing autologous serum (>=
10%), 2 ng/ml VEGF, and 5 IU/ml Heparin. Fig. 4
contains photographs of a typical angiogenic cell
precursor (ACP) 



population, produced in the experiments of Example 4,
in accordance with anembodiment of the present
invention. Harvested cells were loaded on a glass
slide and fixed prior to their specific staining.
Stained cells were mounted with a fluorescent mounting
solution containing the nuclear stain DAPI. Figures
A2-A3 are a series of photographs demonstrating uptake
of Ac-LDL, cells stained with anti-CD31, or cells that
show both uptake of Ac-LDL and staining with
anti-CD31, in accordance with respective embodiments
of the present invention. Al is a photograph of cells
stained with the nuclear marker DAPI, A2 is a
photograph showing green emission resulting from
uptake of FITC labeled-Ac-LDL by the same cells, and
A3 is a photograph showing red emission resulting from
staining of the same cells with PE-conjugated
anti-CD31 antibodies. Figures B1-B3 are a series of
photographs from cells stained with isotype control
antibodies, in accordance with an embodiment of the
present invention. Bl is a photograph of cells stained
with the nuclear marker DAPI, B2 is a photograph
showing green emission resulting from staining of the
same cells with FITC-conjugated mouse IgG antibodies,
and A3 is a photograph showing red emission resulting
from staining of the same cells with PE-conjugated
mouse IgG Antibodies. Typically, ACP cells fluoresce
both green and red indicating that ACPs uptake Ac-LDL
as well as comprise CD31. Images were obtained from
x200 magnification. EXAMPLE 7: In the same set of
experiments, the human-PBMC-derived CCP was cultured
in order to generate an ACP-rich PCP as described
hereinabove with respect to Example 4. Flow-cytometry
percentage staining results from nine independent
experiments are summarized in Table 4, and show the
average staining results obtained on day 5 of
culturing. Table 4Results using such a protocol
typically yield a PCP having an average of 60.7% of
cells that both demonstrate uptake of Ac-LDL and stain
for CD31Bright. EXAMPLE 8: In a separate set of
experiments, a human-PBMC-derived CCP was cultured in
order to generate an ACP-rich PCP, as described
hereinabove with respect to Example 4. Harvested
ACP-rich PCP cells were washed from culture medium and
incubated for 24 hours in a serum-free medium. Average
secretion levels (pg/ml) of IL-8, VEGF, and angiogenin
as obtained from four independent experiments are
summarized in Table 5. Table 5 EXAMPLE 9: In the same
set of experiments, a human-PBMC-derived CCP was
cultured in order to generate an ACP-rich PCP, as
described hereinabove with reference to Example 4.
Angiogenic pattern and vascular tube formation of
ACP-rich PCP cells were examined microscopically
following plating of the cells on an extracellular
matrix gel (ECM). Typically, semi-closed and closed
polygons of capillaries and complex mesh-like
capillary structures were observed and scored
according to a scale published by Kayisli et al. (52)
as grade 4-5, indicating the angiogenic-inducing
properties of the ACP-rich PCP. Fig. 5 is a photograph
showing tube formation in an ACPs, produced in the
experiments of Example 6, in accordance with an
embodiment of the present invention. Typical mesh-like
capillary structures generated from a harvested ACPs 



are present in the culture and are suitable for
administration to a human.EXAMPLE 10: In a separate
set of experiments, a hurnan-PBMC-derived CCP was
cultured in order to generate an ACP-rich PCP; the CCP
was grown on fibronectin or plasma-coated T75 flasks
in the presence of medium containing autologous serum
(>= 10%), 2-10 ng/ml VEGF, and 5 IU/ml Heparin. At the
end of the culturing period, ACP cells were harvested
and labeled with 0.8 ug/ml Ac-LDL-DiO for 15 min at 37
C and placed in inserts which were placed in wells.
One million labeled ACPs were placed on microporous
membrane inserts with a pore size of 8 micrometer. 200
ul medium was placed at the bottom of each of the
wells. Negative control (Ml 99), positive control
(e.g., 20 ng/ml VEGF, 20 ng/ml bFGF, and 20 ng/ml SCF)
and 0.08-60 ng/ml human recombinant Interleukin-8
(hIL-8) diluted in Ml 99 medium were plated in
respective wells and the ACP cells were allowed to
migrate toward each respective medium. Following 1
hour incubation in the presence of the negative
control medium, the positive control medium, and the
IL-8 containing media, labeled migrating cells from
10-15 random microscopic fields were evaluated using
fluorescent microscope and automated counting software
(NIH ImageJ). Calculation of cell number per 1mmL2 was
based on area of counting field (x20) which equals
0.178 mmA2, and each mmL2 contains 5.62 fields.
Assessment of ACP migratory potential indicated that
ACPs migrate toward chemokines such as VEGF, bFGF,
SCF, and hIL-8 in a manner dependent on respective
concentrations thereof, e.g., hIL-8 concentration of
typically higher than 6.7 ng/ml induces substantial
migration of ACPs, and hIL-8 concentrations of about
7-20 ng/ml typically induce substantial migration of
ACPs. Figs. 6A and 6B are graphs showing results
obtained in five experiments of Example 10, in
accordance with an embodiment of the present
invention. Fig. 6A shows migration toward negative and
positive control media of Ac-LDL-DiO pre-labeled ACPs.
Fig. 6B shows a dosage-dependence curve reflecting
migration of Ac-LDL-DiO pre-labeled ACPs in response
to increasing concentrations of hIL-8. ACPs derived
from the human-PBMC-derived CCP show statistically
significant migration toward the positive control
samples. Moreover, ACP migration corresponding to
increasing hIL-8 doses was observed. Dose-dependent
ACP migration peaked at 6.7-20 ng/ml of hIL-8.EXAMPLE
Il: In a separate set of experiments, the
human-PBMC-derived CCP was cultured in order to
generate an ACP-rich PCP, as described hereinabove
with reference to Examples 4 or 10. In some
embodiments, generation of the ACP-rich PCP is
attributed to migration of ACP cells to a specific
chemokine, in combination with the differentiation of
CCP cells. Migratory potential of ACP-rich PCP was
measured as described hereinabove with respect to
Example 10. In this example, a conditioned medium (CM)
was generated using the patients' cells which secrete
chemokines into the medium. The patients' cells were
then extracted from the medium, leaving a
chemokine-rich medium for subsequent plating of ACP
therein. The potential for ACP migration in response
to chemokines was then assessed when the ACPs were
incubated for 1 hour with conditioned medium.
Following 1 hour incubation in the presence of
negative control (Ml 99); 20 ng/ml hIL-8; or CM (at
concentrations of 2-20 ng/ml), migration of labeled
cells from 10-15 random microscopic fields was
evaluated using a fluorescent microscope and automated
counting software (NIH ImageJ). Calculation of cell
number per 1 



mmL2 is based on area of counting field (x20) = 0.148
mmL2 and thus each square millimeter contains 6.7
fields. It was determined that ACPs migrate toward
chemokines secreted during the production of the
ACP-rich PCP. For some applications, the generated
ACP-rich PCP batches were used to treat cardiovascular
patients. All patients treated with these batches
showed more than 10% improvement in
left-ventricular-ejection fraction both 3 and 6 months
following treatment. It is hypothesized that this
improvement was enabled at least in part by the
migration of ACPs to the vicinity. Fig. 7 is a graph
showing results obtained in four experiments of
Example 11, in accordance with an embodiment of the
present invention. The ACPs derived from the
human-PBMC-derived CCP show statistically significant
migration toward the conditioned medium containing
secreted chemokines; this medium was generated in the
process of the production of ACP-rich PCP.EXAMPLE 12:
In a separate set of experiments, migratory potential
of human-PBMC toward hIL-8 was measured. In vitro
assessment of PBMC migratory capability in response to
hIL-8 was used to determine the potential of IL-8 to
mobilize blood derived stem/progenitor cells from
peripheral blood to locations in which high
concentrations of IL-8 are expressed in vivo.
Peripheral blood was extracted from six human
volunteers for use in six respective experiments. In
each experiment, a Ficoll (TM) gradient was used to
generate a population of PBMCs. One million PBMCs were
placed on 3 urn pore size microporous membrane inserts
which were placed in wells. 200 ul medium was placed
at the bottom of each of the wells. Negative control
(Ml 99) and positive control (20 ng/ml hIL-8) diluted
in Ml 99 medium were plated in respective wells and
the PBMCs cells were allowed to migrate toward each
respective medium. Following 1 hour incubation in the
presence of the negative control medium and the
positive control medium, migration of cells from 10-15
random microscopic fields was evaluated using a
fluorescent microscope and automated counting software
(NIH ImageJ). Calculation of cell number per 1mmL2 is
based on area of counting field (x20) which equals
0.148 mmL2, and each square millimeter contains 6.7
fields. It was determined that hIL-8 induced
mobilization of only a small fraction of the PBMCs,
probably the stem/progenitor cells. Fig. 8 is a graph
of migration of PBMCs in response to hIL-8, in
accordance with an embodiment of the present
invention. The results were obtained from six
experiments (Example 12), and show that
stem/progenitor cells derived from human-PBMCs migrate
toward hIL-8.EXAMPLE 13: Reference is now made to
Figs. 9A and 9B which are graphs showing results
obtained in the experiments following injection into
rats of ACP-rich PCPs derived from a
human-PBMC-derived CCP (as described hereinabove with
respect to Example 4) following acute myocardial
infarction, in accordance with an embodiment of the
present invention. The human-PBMC-derived CCP was
cultured in order to generate an ACP-rich PCP as
described in Example 4. ACP-rich PCP therapeutic
potential was then assessed in a rat model of acute
myocardial infarction which was induced in 15 male
nude rats (200-225 g) by ligation of the left anterior
descending (LAD) artery. Six days after myocardial
infarction, 10 rats were injected with 1.5xlOA6
ACP-enriched cells (ACP, n=10), while 5 rats were
injected with the culture medium (Control, n=5), via
the aortic arch. Cardiac function (ejection fraction)
and the ratio 



of necrotic scar area to left ventricular free wall
area were measured 28 days following the ACP-rich PCP
and the culture medium administrations. It is to be
noted that the percentage of ejection fraction of the
ACP-admmistered rats, as represented by Fig. 9A,
increased substantially in comparison to the decreased
percentage ejection fraction of the control rats.
Additionally, a percentage reduction of necrotic
tissue was observed in the ACP-administered rats in
comparison to the percentage of necrotic tissue
observed in the control rats. Paraffin fixed tissue
sections obtained from the 10 ACP-administered rats
were stained in order to trace engrafted human cells
and cardiomyocyte (CMC) markers in the border area of
the scar tissue. Figures 9C, 9D and 9E are photographs
showing typical sections taken from a heart of one of
the 10 rats 28 days after the injection of the ACPs
derived from a human-PBMC-derived CCP in the
experiments of the present example (Example 13) in
accordance with an embodiment of the present
invention. Fig. 9C shows staining of the rat's heart
cells with anti-human mitochondria. Fig 9D shows the
cells stained for CMC markers (myosin heavy chain
(MHC)), Fig. 9E shows the rat heart cells stained for
cardiac Troponin I. (Reference is again made to Fig.
9C-E. The stained cells are marked by arrows). These
results depicted in Figs. 9C-D demonstrate that the
human ACPs, derived in accordance with an embodiment
of the present inventionfrom the hPBMC-derived CCP,
homed to damaged cardiac tissues, engrafted, and is
hypothesized to have transdifferentiated into cells
expressing cardiomyocyte markers. It is to be noted
that ACPs typically improve systemic endothelial
functioning, as expressed by improved ejection
fraction and reduced necrosis. Particular examples of
improvement due to administration of ACPs, derived in
accordance with an embodiment of the present
invention, include improved cardiovascular functioning
and improved sexual functioning. The scope of the
present invention includes identifying a patient
having cardiovascular dysfunction or sexual
dysfunction, and administering ACPs to the patient in
order to treat the dysfunction. EXAMPLE 14: In a
production procedure, individual autologous
human-PBMC-derived CCPs were cultured in order to
generate an ACP-rich PCP, as described hereinabove.
The CCPs were grown on autologous plasma-coated T75
flasks in the presence of medium containing autologous
serum (>= 10%), 2-10 ng/ml VEGF, and 5 IU/ml Heparin.
Harvested cells, approved by Quality Control for
clinical use, were administrated to patients. The
therapeutic potential of ACP-rich PCP is summarized in
results of administration thereof to 14 patients
suffering from end-stage heart failure. Left
ventricular ejection fraction (EF) and disease
severity score (Score) were assessed prior to and 1-8
months after the ACP cell administration. Improvement
of these parameters was calculated relative to each
patient's baseline evaluation according to the
following equation: %Improvement = (Test result after
treatment - Baseline test result) / Baseline test
result. Results show statistically significant
improvement (pO.OOOl; tested using two-tailed, paired
t test analysis) in both parameters following
treatment by administering ACP-rich PCP. Table 6 shows
the number of treated patients, averages and
individual results 



relating to EF and disease severity score, as well as
the calculated percent improvement thereof.Table 6
Significant improvementp < 0.0001 15EXAMPLE 15: In a
separate set of experiments, a human-PBMC-derived CCP
was cultured in order to generate a cardiomyocyte
(CMC)-rich PCP; the CCP was grown on fibronectin or
plasma-coated T75 flasks in accordance with protocols
described herein (see medium preparation). Fig. 10 is
a photograph of a typical CMC-rich PCP from the
experiments of the current example (Example 15),
derived in accordance with an embodiment of the
present invention. Typically, these cells appear
elongated with dark cytoplasm, which may indicate high
protein content. This image was obtained from x200
magnification of cultured CMC-rich PCP cells. Figs.
HA, HB, and H C are photographs showing immunostaining
of CCP-derived cardiomyocytes in the experiments of
the current example (Example 15), in accordance with
an embodiment of the present invention. Slide-fixed
CMC PCP cells were stained with: Fig. 1 1A -
anti-cardiac Troponin detected by anti-mouse Cy-3;
Fig. 1IB - anti-alpha-actin detected by anti-mouse
IgG-FITC; and Fig. 11C - anti-connexin 43 detected by
anti-mouse IgG-FITC. Cells stained with non-specific
mouse IgG were detected by anti-mouse IgG-FITC or by
anti-mouse IgG-Cy3 and were used as negative controls.
Figs. HA-C show that CMC-rich PCP cells expressed the
typical cardiomyocyte cellular markers: cardiac
Troponin T (Figure HA), alpha-actin (Figure HB), as
well as the functionally important GAP junction marker
connexin-43 (Figure HC). The images were obtained from
xlOO magnification of slide-fixed cells. EXAMPLE 16:
In the same set of experiments that produced the
results shown in Figs. 10-1 1C, a human-PBMC-derived
CCP was cultured in order to generate a CMC-rich PCP;
the CCP was grown on fibronectin or plasma-coated T75
flasks in accordance with protocols described herein
(see medium preparation).Figs. 12A and 12B are graphs
showing flow cytometry analysis results obtained from
irnmunostaining of a CMC-rich PCP in the experiments
of the current example (Example 16), in accordance
with respective embodiments of the present invention.
In Figs. 12A-B, lines describing control, e.g.,
non-specific staining, are marked as "Control";
specific immunostaining with the cardiac cellular
markers desmin and troponin T are marked as Desmin
(Figure 12A) and Troponin T (Figure 12B),
respectively. The Ml line represents the statistical
marker area in which the cells are positively stained
for the respective marker. EXAMPLE 17: In a separate
set of experiments, a human-PBMC-derived CCP was
cultured in order to generate a CMC-rich PCP, as
described hereinabove. The CMC-rich PCP cells'
therapeutic potential was assessed in a rat model of
acute myocardial infarction. CMC-rich PCP cells were
used for implantation into a rat model of induced
acute myocardial infarction as described hereinabove
with respect to Example 13 (with the exception that
CMC-rich PCP cells were used for implantation into the
rat model in the current example, whereas in Example
13, ACP-rich PCP cells were used for 



implantation). Six days after myocardial infarction,
heart muscle of 9 rats were injected with 1.5xlOL6 CMC
PCP cells (CMC, n=9), while heart muscle of 5 rats
were injected with culture medium (Control, n=5).
Cardiac function (ejection fraction) was evaluated 14
days following the administration of the CMC-rich PCP
cells or culture medium. Figure 13 is a graph showing
experimental results obtained in the experiments of
Example 13, in accordance with another embodiment of
the present invention. It is to be noted that the
percentage of ejection fraction of the
CMC-administered rats increased substantially in
comparison to the decreased percentage ejection
fraction of the control rats. A series of protocols
are described hereinbelow which may be used, as
appropriate, separately or in combination with
Examples 1-17, in accordance with embodiments of the
present invention. It is to be appreciated that
numerical values are provided by way of illustration
and not limitation. Typically, but not necessarily,
protocols may be derived using values selected from a
range of values that is within 20% of the value shown.
Similarly, although certain steps are described herein
witha high level of specificity, a person of ordinary
skill in the art will appreciate that additional or
other steps may be performed, mutatis mutandis. In
accordance with an embodiment of the present
invention, generation of a single-cell suspension is
carried out using the following protocols: PROTOCOL 1:
Extraction of peripheral blood mononuclear cells
("PBMO. Receive blood bag and sterilize it with 70%
alcohol. Load blood cells onto a Ficoll (TM) gradient.
Spin the tubes for 20 minutes at 1050 g at room
temperature (RT), with no brake. Collect most of the
plasma from the supernatant. Collect the white blood
cell fraction from every tube. Transfer the collected
cells to a new 50 ml tube, adjust volume to 30 ml per
tube using PBS. Spin tubes for 15 minutes at 580 g,
RT, and discard supernatant. Count cells in Trypan
Blue. Re-suspend in culture medium comprising, for
example, X-vivo 15 (TM). PROTOCOL 2: Extraction of
cells from umbilical cord. Isolate 10 cm umbilical
cord. Wash thoroughly with sterile PBS. Identify the
major vein of the cord, and clamp one end of the vein.
Wash twice with 30 ml sterile PBS. Fill vein with
0.15% collagenase (about 5 ml of 0.15% collagenase
solution). Clamp the second end of the vein. Incubate
at 37 C for 15 min. Wash outer side of the cord with
70% ethanol.Release the clamp from one end of the vein
and collect the cell suspension. Centrifuge for 10 min
at 580 g, 2 1 C. Re-suspend the cells in culture
medium comprising, for example, X-vivo 15 (TM), 10%
autologous serum, 5 IU/ml heparin, and one or more
growth factors. PROTOCOL 3: Extraction of cells from
bone marrow. Get bone marrow aspiration from surgical
room. Re-suspend in culture medium comprising, for
example, X-vivo 15 (TM), 



10% autologous serum, 5 IU/ml heparin, and one or more
growth factors. Pass suspension through a 200 um mesh.
In accordance with an embodiment of the present
invention, generation of a CCP is carried out using
the following protocols: PROTOCOL 1: Generation of a
human CCP from PBMCs using a Percoll (TM) gradient.
Prepare gradient by mixing a ratio of 5.55 Percoll
(TM) (1.13 g/ml) : 3.6 ddH2O : 1 PBSxIO. For every 50
ml tube of Percoll: mix 20 ml of Percoll (TM) stock,
13 ml of ddH2O and 3.6 ml of PBSxIO. Mix vigorously,
by vortexing, for at least 1 min. Load 34 ml mix into
each 50 ml tube. Centrifuge tubes, in a fixed angle
rotor, for 30 min at 17,000 g, 2 1 C, with no brake.
Gently layer 3.0 ml of cell suspension of 150 million
- 400 million PBMCs on top of the gradient.Prepare a
second tube with density marker beads: gently layer
3.0 ml of medium on top of the gradient. Gently load
density marker beads - 10 ul from each bead type.
Centrifuge tubes, in a swinging bucket rotor, for 30
min at 1260 g at 13 C, with no brake. Gently collect
all bands located above the red beads, and transfer to
tube with 10 ml medium. Centrifuge cells for 15 min at
580 g at 2 1 C. Discard supernatant and re-suspend
pellet in medium. Count cells in Trypan blue.
Centrifuge cells for 10 min at 390 g, 2 1 C. Discard
supernatant and re-suspend pellet in medium. Take CCP
cells for FACS staining. PROTOCOL 2: Generation of
human CCP from PBMCs using an OptiPrep (TM) gradient.
Take up to 130 million cells for each enrichment tube.
Spin cells for 10 min at 394 g, 2 1 C. Suspend cell
pellet in 10 ml of donor serum. Prepare a 1.068 g/ml
OptiPrep (TM) gradient by mixing a ratio of 1 OptiPrep
(TM): 4.1 PBS. For every 50 ml enrichment tube: Mix 10
ml of cell suspension with 4 ml OptiPrep (TM). For
preparation of a 1.068 g/ml OptiPrep (TM) gradient,
mix 5 ml of OptiPrep (TM) and 20.5 ml of PBS. Gently
layer 20 ml of the 1.068 g/ml gradient on top of the
cell suspension. Gently layer 1.5 ml Hank's buffered
saline (HBS) on top of the gradient layer. Centrifuge
for 30 min at 700 g at 4 C, with no brake.Gently
collect the layer of cells that floats to the top of
the 1.068 g/ml OptiPrep (TM) gradient into a 50 ml
tube pre-filled with PBS. Centrifuge for 10 min at 394
g, 2 1 C. Discard supernatant and re-suspend pellet in
medium. Count cells in Trypan Blue. 



It is to be noted that culture containers are
typically either un-coated or coated with one or a
combination of ACP-enhancing materials such as
collagen, fibronectin, CD34, CD133, Tie-2, or
anti-CD117. In accordance with an embodiment of the
present invention, the coating of a tissue culture
container is carried out using the following
protocols: PROTOCOL 1: Coating T75 flasks with 25
ug/ml fibronectin. For 20 T75 flasks - Prepare up to
seven days before, or on day of PBMC preparation.
Prepare 50 ml of 25 ug/ml fibronectin solution in PBS.
Fill every flask with 2-5 ml fibronectin 25 ug/ml.
Incubate at 37 C for at least 30 min. Collect
fibronectin solution. Wash flask twice in PBS. Dry
flasks Keep dry flasks at room temperature. Dried
flasks can be saved for one week at room temperature
(RT). PROTOCOL 2: Coating T75 flasks with 25 ug/ml
fibronectin and 5 ng/ml BDNF Coat flasks with
Fibronectin 25 mg/ml, as described in Protocol 1.
Prepare 50 ml of 5 ng/ml BDNF solution in PBS.After
washing off Fibronectin, fill every flask with 2-5 ml
BDNF 10 ng/ml. Incubate at 37 C for 1 hour. Collect
the solution. - Wash flask twice in 10 ml PBS. Keep
dry flasks at room temperature until use. In
accordance with an embodiment of the present
invention, serum preparation is carried out using the
following protocol: (Serum can be obtained directly or
prepared from plasma). PROTOCOL: Preparation of serum
from human plasma. Take 100 ml of undiluted blood.
Spin at 1100 g (2500 rpm) for 10 min. Transfer the
upper layer (plasma) to a new 50 ml tube. Add 1.0 ml
0.8M CaCl2-2H2q for every 40 ml plasma. Incubate for
0.5 - 3 hours at 37 C. Spin coagulated plasma 5 min at
2500 g. Collect the serum in a new tube, avoiding
clotting. Aliquot collected serum and save at -20 C
until use. In accordance with an embodiment of the
present invention, medium preparation is carried out
using the following protocols: Medium should contain
1-20% autologous serum and/or 1-20% conditioned
medium. Medium can contain one or more additives, such
as LIF, EPO, IGF, b-FGF, M-CSF, GM-CSF, TGF alpha, TGF
beta, VEGF, BHA, BDNF, NGF, EGF, NT3, NT4/5, GDNF,
S-100, CNTF5 NGF3, CFN, ADMIF, estrogen, progesterone,
cortisone, Cortisol, dexamethasone, or any other
molecule from the steroid family, prolactin, an
adrenocorticoid hormone, ACTH, glutamate, serotonin,
acetylcholine,NO, retinoic acid (RA) or any other
vitamin D derivative, Heparin, insulin, forskolin,
Simvastatin, MCDB-201, MCT- 165, glatiramer acetate, a
glatiramer acetate-like molecule, IFN alpha, IFN beta
or any other immunoregulatory agent sodium selenite, .
linoleic acid, ascorbic acid, transferrin,
5-azacytidine, PDGF, VEGF, cardiotrophin, 



and thrombin or Rosiglitazone in various
concentrations, typically ranging from about 100 pg/ml
to about 100 mg/ml (or molar equivalents). Typically,
medium should not be used more than 10 days from its
preparation date. PROTOCOL 1: Medium for enhancement
of CCP-derived angiogenic cell precursors (ACPs).
Serum-free medium (e.g., X-vivo 15 (TM)) 10%
autologous serum 5 IU/ml Heparin 5 ng/ml VEGF 1 ng/ml
EPO PROTOCOL 2: Medium for enhancement of CCP-derived
neuronal progenitor cells. Serum-free medium (e.g.,
X-vivo 15 (TM)) 20 ng/ml bFGF 50 ng/ml NGF 200 uM BHA
(this is added during the last 24 hours of culturing)
10 ng/ml IFN beta 10 ug/ml glatiramer acetate 10 uM
forskolin 1 uM cortisone 1 ug/ml insulinPROTOCOL 2.1:
Medium for enhancement of CCP-derived neuronal
progenitor cells. Serum-free medium (e.g., X-vivo 15
(TM)) 20 ng/ml bFGF 50 ng/ml NGF 25 ng/ml BDNF 200 uM
BHA (this is added during the last 24 hours of
culturing) PROTOCOL 3: Medium for enhancement of CCP-
derived retinal cells. Serum-free medium (e.g., X-vivo
15 (TM)) 10% autologous serum 5 IU/ml Heparin 10 ng/ml
EGF 20 ng/ml bFGF 10 ug/ml glatiramer acetate 50 ng/ml
NGF3 PROTOCOL 4a. Medium for enhancement of
CCP-derived cardiomyocyte (CMC) progenitor cells. Step
I Serum-free medium (e.g., X-vivo 15 (tm)) 10%
autologous serum 20 ng/ml bFGF 20 ug/ml IFN beta 5 IU
heparin.Step II Five to ten days after culture onset,
add 3 uM 5-azacytidine for 24 hours. PROTOCOL 4b:
Medium for enhancement of CCP-derived CMC progenitor
cells. Serum free medium DMEM-Low glucose 20%
autologous serum 



10% MCDB-201 2 ug/ml Insulin 2 ug/ml Transferin 10
ng/ml Sodium Selenite 50 mg/ml BSA 1 nM Dexamethasone
20 ug/ml Glatiramer acetate 0.47 ug/ml Linoleic acid
0.1 mM Ascorbic Acid 100 U/ml penicillin In accordance
with an embodiment of the present invention,
conditioned medium preparation is carried out using
the following protocol: PROTOCOL 1: Preparation of 100
ml enriched medium containing 10% autologous
conditioned medium. Thaw 10 ml conditioned medium in
an incubator. When thawed, add it to culture medium
using pipette. Extraction of tissue pieces for
co-culture: Dissection of rat blood vessels (other
non-human or human tissues may also be
used):Anesthetize animal using anesthetic reagents
(e.g., 60-70% CO2, isoflurane, benzocaine, etc.). Lay
animal on its back and fix it to an operating table.
Using sterile scissors, cut animal's skin and expose
the inner dermis. Using a second set of sterile
scissors, cut the dermis, cut chest bones, and expose
the heart and aorta. Cut small pieces, 0.2 - 1 cm
long, from the aorta and other blood vessels, and
place them in a container pre-filled with 50 ml cold
culture medium (e.g. RPMI, X-vivo 15 (TM), or any
other growth medium). Using forceps and scissors,
clean tissue sections, to remove outer layers such as
muscle, fat, and connective tissue. Using forceps and
scalpel, cut each blood vessel along its length, and
expose the inner layer of endothelial cells. Using
forceps and scalpel, cut small pieces of up to 0.1 cm2
from the tissue. It is to be understood that whereas
this technique is in accordance with one embodiment of
the present invention, the scope of the present
invention includes extracting a blood vessel from a
human, as well. For example, an incision may be made
over the saphenous vein, in order to facilitate
dissection of a distal 1 cm portion of the vein.
Tributary veins thereto are tied and transected.
Distal and proximal ends of the 1 cm portion of the
saphenous vein are tied, and the vein is harvested.
Use the dissected tissue for direct and/or indirect
co-culturing with the CCP and/or to generate
conditioned medium. Generation of conditioned medium:
Lay dissected pieces in culture containers, for
example in T75 flasks, or 50 ml tubes. Optionally,
fill with cell culture medium containing 0.1 - 3 ug/ml
or 3 - 100 ug/ml apoptotic reagent (such as
valinomycin, etoposide or Staurosporine), until all
pieces are covered.Refresh culture medium every 2
days. 



Collect this medium (now conditioned medium) into 50
ml tubes. Spin collected conditioned medium at 450 g
for 10 min, at room temperature. Collect supernatant
in a new sterile container. Details regarding
preservation of the conditioned medium, in accordance
with an embodiment of the present invention, are
described hereinbelow. In accordance with an
embodiment of the present invention, culturing of a
CCP to produce a PCP is carried out using the
following protocols: PROTOCOL 1: Culturing of CCP cell
suspension in T75 Flasks. Spin suspension for 15
minutes at 450 g, 2 1 C. Discard the supernatant.
Gently, mix cell pellet and re-suspend the CCP cells.
Re-suspend pellet to 10 million CCP cells / ml. Fill
T75 flask with 15 ml enriched medium, and add 5 ml of
10 million CCP cells / ml to attain a final
concentration of 50 million CCP cells/flask. Incubate
T75 flasks, plates and slides at 37 C, 5% CO2.
PROTOCOL 2: Applied hypoxia. For some applications,
increased expansion and/or differentiation of the CCP
may be obtained by exposure of the cell culture to
oxygen starvation, e.g., 0.1-5% or 5-15% oxygen
(hypoxia), for 2-12 or 12-48 hours. This is typically
done one or more times, at different points during
cell culturing. Incubate T75 flasks in an
oxygen-controlled incubator. Set the oxygen pressure
at 0.1%, and maintain it at this level for 24 hours.
Remove the flasks from the incubator and examine the
culture. Take a sample of CCP cells and test viability
by Trypan blue exclusion method.Set the oxygen
pressure of the incubator at 20%. Re-insert the flasks
into the incubator and continue incubation for the
rest of the period. This procedure can be repeated,
for example, once a week during the culture period
and/or within 24, 48, or 72 hours before termination
of the culture. PROTOCOL 3: Reseeding of adherent
and/or detached and/or floating cells. For some
applications, increased expansion and differentiation
of the CCP may be achieved by re-seeding collected
cells on new pre-coated dishes in culture medium.
Collect all cultured CCP in tubes. Spin tubes for 10
minutes at 450 g, 2 1 C. Discard the supernatant.
Gently mix pellet and re-suspend cells in 10 ml fresh
medium per T75 flask. Seed suspended cells in new
pre-coated T75 flasks. Continue culturing the cells,
and perform all other activities (e.g., medium
refreshment, visual inspection, and/or flow
cytometry), as appropriate, as described herein. This
procedure can be performed weekly during the culture
period and/or within 24, 48, or 72 hours before
termination of the culture. In accordance with an
embodiment of the present invention, co-culturing of
CCP with tissue-derived conditioned medium is carried
out using the following protocol: PROTOCOL 1:
Culturing of CCP in the presence of conditioned medium
derived 



from a blood vessel culture. Spin CCP cells for 15
minutes at 500 g, 21 C. Discard the supernatant.Gently
mix cell pellet and re-suspend cells to 5-50
million/ml in autologous medium containing 1-20%
autologous serum and/or 1-20% conditioned medium. Seed
flasks with 2-5 million CCP cells/ml. Incubate flasks
at 37 C, 5% CO2. After first three days of culture,
non-adherent cells can be removed from the culture. In
accordance with an embodiment of the present
invention, refreshing of the media in ongoing growing
CCP cultures is carried out using the following
protocol: Refreshing of the media in ongoing growing
flasks should occur every 3-4 days. PROTOCOL 1:
Refreshing of medium in T-75 Flasks. Collect
non-adherent cells in 50 ml tubes. Fill every flask
with 10 ml fresh culture medium enriched with
conditioned medium. Spin tubes for 10 minutes at 450
g, RT; discard the supernatant. Gently mix cell pellet
and re-suspend cells in 10 ml/flask fresh culture
medium enriched with condition medium. Return 5 ml of
cell suspension to every flask. In accordance with an
embodiment of the present invention, indirect
co-culture of CCP cells with tissue dissection is
carried out using the following protocol: PROTOCOL 1:
Indirect co-culture of dissected blood vessel and CCP
cells in a semi-permeable membrane apparatus. Lay
dissected tissue pieces in the upper chamber of the
apparatus on top of the semi-permeable
membrane.Implant CCP cells in lower chamber. Lower
chamber can be pre-coated with growth-enhancing
molecules such as collagen, plasma, fibronectin, a
growth factor, tissue-derived extra cellular matrix
and an antibody. Refresh culture medium in the upper
chamber - aspirate conditioned medium into 50 ml tubes
and add autologous culture medium. Preserve collected
conditioned medium at -20 C. Remove upper chamber
after four days of co-culture. Refresh culture medium
of the CCP cells with culture medium containing 1-20%
autologous serum and/or 1-20% conditioned medium.
Continue growing and harvesting as described herein.
Co-culture in separate chambers within a culture
container In accordance with an embodiment of the
present invention, co-culturing within a culture
container is carried out using the following protocol:
PROTOCOL 1: Direct co-culturing of autologous
dissected blood vessel and CCP cells. Lay dissected
tissue pieces in pre-coated flasks. Implant CCP cells
in pre coated second chamber. Using forceps, take out
tissue pieces after four days of co-culture. Refresh
culture medium of the CCP cells with culture medium
containing 



1-20% autologous serum and/or 1-20% condition medium.
Continue growing and harvesting as described herein.
hi accordance with an embodiment of the present
invention, harvesting of the cellular product is
carried out using the following protocol:PROTOCOL 1:
Collection of resulting ACP cultures. Collect cells in
50 ml tubes. Carefully wash flask surface by pipetting
with cold PBS to detach adherent cells. Collect washed
adherent cells to 50 ml tubes. Add 5 ml of cold PBS.
Detach remaining adherent cells using gentle movements
with cell scraper. Collect the detached cells and add
them to the tubes Optionally, add 5ml EDTA to each
flask and incubate at 37 C for 5 min. Collect the
detached cells and add them to the tubes Spin tubes
for 5 min, at 450 g, room temperature. Re-suspend the
pellets in 2-5 ml PBS. Count the cells in Trypan blue.
In accordance with an embodiment of the present
invention, cellular product preservation is carried
out using the following protocols: Cellular product
can be kept in preservation media or frozen in
freezing buffer until use for transplantation into a
patient. PROTOCOL 1: Cryopreservation of cellular
product. Prepare freezing buffer containing 90% human
autologous serum and 10% DMSO. Suspend cellular
product in freezing buffer and freeze in liquid
nitrogen. PROTOCOL 2: Short-period preservation of
cellular product. Prepare preservation medium
including growth medium containing 1-20% autologous
serum, with few or no other additives. Maintain
preservation medium with cellular product at 2-12 CIn
accordance with an embodiment of the present
invention, conditioned medium collection and
preservation is carried out using the following
protocol: Conditioned medium can be kept until use for
growth medium preparation. Conditioned medium should
be collected under sterile conditions. Spin collected
conditioned medium for 10 min at 450 g, 2 1 C. Collect
supernatant in a new sterile container. Filter
supernatant through a 22 um membrane. Aliquot
conditioned medium to 10 and/or 50 ml sterile tubes,
pre-marked with donor details. Keep at -20 C until
use. In accordance with an embodiment of the present
invention, FACS staining is carried out using the
following protocol:PROTOCOL 1: Staining of ACP
enriched population. FACS staining protocol:PROTOCOL
2: Staining of CMC progenitors. FACS staining protocol
for fixed permeabilized cells:In accordance with an
embodiment of the present invention,
immunohistochemistry staining (IHC) is carried out
using the following protocols: PROTOCOL 1; IHC
staining protocol for ACPs . PROTOCOL 2: IHC staining
protocol for CMC progenitors.In accordance with an
embodiment of the present invention, a tube formation
assay is carried out using the following protocol:
Tube formation was tested using the ECM625(Chemicon)
in vitro angiogenesis assay kit. 



Angiogenic pattern and vascular tube formation was
numerically scored as described by Kayisli U.A. et al.
2005 (52). In accordance with an embodiment of the
present invention, secretion of cytokines from
harvested cells is assessed using the following
protocols: Culture 0.5-lxl0 L6 cells/ml over night in
24 well plates in serum-free medium (e.g., X-vivo 15)
Collect culture supernatant and spin at 1400 rpm for 5
minutes Transfer supernatant to an eppendorf tube and
freeze at -80 C until ready to test cytokine
secretion. PROTOCOL 1: ELISA for IL-8. A commercial
DuoSet CXCr8/IL-8 (R&D Systems) was used for the
detection of IL-8 secretion. PROTOCOL 2: Cytometric
Bead Array. A commercial cytometric bead array (CBA)
kit for human angiogenesis (BD 558014) was used for
the detection of IL-8, VEGF, TNF and Angiogenin
secretion. It is to be noted that the scope of the
present invention includes injecting IL-8 into a human
patient in order to recruit ACP cells to a given
destination within a given patient, in accordance with
the needs of the patient. For some applications,
techniques described herein are practiced in
combination with techniques described in one or more
of the references cited in the Background section and
Cross-References section of the present patent
application.AU references cited herein, including
patents, patent applications, and articles, are
incorporated herein by reference. It is to be
appreciated that by way of illustration and not
limitation, techniques are described herein with
respect to cells derived from an animal source. The
scope of the present invention includes performing the
techniques described herein using a CCP derived from
non-animal cells (e.g., plant cells), mutatis
mutandis. It will be appreciated by persons skilled in
the art that the present invention is not limited to
what has been particularly shown and described
hereinabove. Rather, the scope of the present
invention includes both combinations and
subcombinations of the various features described
hereinabove, as well as variations and modifications
thereof that are not in the prior art, which would
occur to persons skilled in the art upon reading the
foregoing description.CLAIMS 1. A composition of
matter, comprising a population of cultured cells that
comprises a sub-population of cells that both stain as
CD31Bright and demonstrate uptake of Ac-LDL+. 2. The
composition of matter according to claim 1, wherein
the sub-population comprises at least 10% of the cells
in the population. 3. The composition of matter
according to claim 1, wherein the sub-population
comprises at least 25% of the cells in the population.
4. The composition of matter according to claim 1,
wherein the sub-population comprises at least 50% of
the cells in the population. 5. The apparatus
according to any one of claims 1-4, wherein the
sub-population secretes IL-8. 6. The composition of
matter according to claim 5, wherein the
sub-population secretes at least 50 pg IL-8 per 106
cells/ml over a period of at least 24 hours. 



7. The composition of matter according to claim 5,
wherein the sub-population secretes at least 150 pg
IL-8 per 106 cells/ml over a period of at least 24
hours. 8. The composition of matter according to claim
5, wherein the sub-population secretes at least 1000
pg per 10 cells/ml over a period of at least 24 hours.
9. The composition of matter according to any one of
claims 1-4, wherein at least 1.5% of the cells of the
population include a morphological feature selected
from the group consisting of: a cell size larger than
20 um, an elongated cell, a spindle-shaped cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged dark nucleus, a multinuclear
cell, a cell including flagella-like structures, a
cell including pseudopodia, and a cell having a
polygonal shape. 10. The composition of matter
according to any one of claims 1-4, wherein at least
1.5% of the cells of the population comprise a feature
selected from the group consisting of: CD34, CDl 17,
CD133, Tie-2, CD34+CD133+, KDR, CD34+KDR+, CD144, von
Willebrand Factor, SH2 (CD105), SH3, fibronectin,
collagen type I, collagen type III, collagen type IV,
ICAM type 1, ICAM type 2, VCAMl, vimentin, BMP-R IA,
BMP-RII, CD44, integrin bl, aSM-actin, MUCl 8, and
CXCR4.11. The composition of matter according to any
one of claims 1-4,, wherein at least 1.5% of the cells
of the population secrete a molecule selected from the
group consisting of: IL-8, angiogenic VEGF, MMP2, and
MMP9. 12. The composition of matter according to any
one of claims 1-4, wherein at least 1.5% of the cells
of the population include a feature selected from the
group consisting of: a tube-like structure, a tendency
to form a colony, a tendency to form a cluster, and a
tendency to migrate toward a chemoattractant. 13. The
composition of matter according to any one of claims
1-4, wherein at least 1.5% of the cells of the
population have a tendency to migrate toward a
chemoattractant selected from the group consisting of:
bFGF, VEGF, SCF, G-CSF, GM-CSF, and SDF-I. 14. The
composition of matter according to any one of claims
1-4, wherein at least 1.5% of the cells of the
population have a tendency to migrate toward IL-8. 15.
A composition of matter, comprising a population of
cultured cells that comprises a sub-population of
cells that stain as CD31Bright, demonstrate uptake of
Ac-LDL+ and secrete interleukin-8. 16. The composition
of matter according to claim 15, wherein the
sub-population comprises at least 10% of the cells in
the population. 17. The composition of matter
according to claim 15, wherein the sub-population
comprises at least 25% of the cells in the population.
18. The composition of matter according to claim 15,
wherein the sub-population comprises at least 50% of
the cells in the population. 19. The composition of
matter according to claim 15, wherein the
sub-population secretes at least 50 pg IL-8 per 106
cells/ml over a period of at least 24 hours. 20. The
composition of matter according to claim 15, wherein
the sub-population secretes at least 150 pg IL-8 per
106 cells/ml over a period of at least 24 hours. 21.
The composition of matter according to claim 15,
wherein the sub-population secretes at least 1000 pg
IL-8 per 106 cells/ml over a period of at least 24
hours.22. The composition of matter according to claim
15, wherein at least 1.5% of the cells of the
population include a morphological feature selected
from the group consisting of: a cell size larger than
20.urn, an elongated cell, a spindle-shaped cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged dark nucleus, a multinuclear
cell, a cell including flagella-like structures, a
cell including 



pseudopodia, and a cell having a polygonal shape. 23.
The composition of matter according to claim 15,
wherein at least 1.5% of the cells of the population
comprise a feature selected from the group consisting
of: CD34, CDl 17, CD133, Tie-2, CD34+CD133+, KDR,
CD34+KDR+, CD144, von Willebrand Factor, SH2 (CD105),
SH3, fibronectin, collagen type I, collagen type III,
collagen type IV, ICAM type 1, ICAM type 2, VCAMl,
vimentin, BMP-R IA, BMP-RII, CD44, integrin bl,
aSM-actin, MUC18, CXCR4 and CXCR8. 24. The composition
of matter according to claim 15, wherein at least 1.5%
of the cells of the population secrete a molecule
selected from the group consisting of: angiogenin,
VEGF, MMP2, and MMP9. 25. The composition of matter
according to claim 15, wherein at least 1.5% of the
cells of the population include a feature selected
from the group consisting of: a tube-like structure, a
tendency to form a colony, a tendency to form a
cluster, and a tendency to migrate toward a
chemoattractant selected from the group consisting of:
bFGF, VEGF, SCF, G-CSF, GM-CSF, SDF-I , and IL-8. 26.
A method comprising stimulating in vitro an initiating
cell population (ICP) of at least 5 million cells that
have a density of less than 1.072 g/ml, at least 1% of
which are CD34+CD45-/Dim, and at least 25% of which
are CD31Bright, to differentiate into a
progenitor/precursor cell population (PCP). 27. A
method comprising stimulating in vitro an initiating
cell population (ICP) of at least ten thousand cells
that have a density of less than 1.072 g/ml and at
least 25% of which are CD31Bright to differentiate
into a progenitor/precursor cell population (PCP).28.
A method comprising separating lower density cells
from higher density cells, the lower density cells
defining an initiating cell population (ICP), wherein
at least 40% of the initiating cell population are CD3
IBright, and wherein the method - comprises
stimulating in vitro the ICP to differentiate into a
progenitor/precursor cell population (PCP). 29. The
method according to claim 26 or claim 27, wherein the
ICP includes at least 5 million cells, and wherein
stimulating the ICP comprises stimulating the ICP that
includes the at least 5 million cells. 30. The method
according to any one of claims 26-28, wherein at least
1.5% of the cells of the ICP are CD34+CD45-/Dim, and
wherein stimulating the ICP comprises stimulating the
ICP of which at least 1.5% of the cells are
CD34+CD45-/Dim. 31. The method according to any one of
claims 26-28, wherein at least 2% of the cells of the
ICP are CD34+CD45-/Dim, and wherein stimulating the
ICP comprises stimulating the ICP of which at least 2%
of the cells are CD34+CD45-/Dim. 32. The method
according to any one of claims 26-28, wherein at least
30% of the cells of the ICP are CD3 IBright, and
wherein stimulating the ICP comprises stimulating the
ICP of which at least 30% of the cells are CD3
IBright. 33. The method according to any one of claims
26-28, wherein the ICP includes at least 5 million
cells that have a density of less than 1.062 g/ml, at
least 1% of which are CD34+CD45-/Dim, and wherein
stimulating the ICP comprises stimulating the ICP that
has the at least 5 million cells that have a density
of less than 1.062 g/ml. 34. The method according to
any one of claims 26-28, wherein at least 50% of cells
in the ICP are CD3 IBright, and wherein stimulating
the ICP comprises 



stimulating the ICP of which at least 50% of cells
therein are CD3 IBright. 35. The method according to
any one of claims 26-28, comprising preparing the PCP
as a product for administration to a patient. 36. The
method according to any one of claims 26-28,
comprising preparing the PCP as a research tool.37.
The method according to any one of claims 26-28,
wherein stimulating the ICP comprises only stimulating
the ICP if the ICP is derived from a mammalian donor.
. 38. The method according to any one of claims 26-28,
comprising applying cells extracted from a mammalian
donor to one or more gradients suitable for selecting
cells having a density of less than 1.072 g/ml, and
deriving the ICP from the cells applied to the
gradient. 39. The method according to any one of
claims 26-28, wherein the ICP is characterized by at
least 2.5% of the ICP being CD34+CD45-/Dim, and
wherein stimulating the ICP comprises stimulating the
ICP having the at least 2.5% of the ICP that are
CD34+CD45-/Dim. 40. The method according to any one of
claims 26-28, wherein the ICP is characterized by at
least 40% of the ICP being CD31Bright, and wherein
stimulating the ICP comprises stimulating the ICP
having the at least 40% of the ICP that are
CD31Bright. 41. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises
stimulating the ICP to differentiate into a
pre-designated, desired class of progenitor cells. 42.
The method according to any one of claims 26-28,
comprising deriving the ICP from at least one source
selected from the group consisting of: embryonic
tissue, fetal tissue, umbilical cord blood, umbilical
cord tissue, neonatal tissue, adult tissue, bone
marrow, mobilized blood, peripheral blood, peripheral
blood mononuclear cells, skin cells, and plant tissue.
43. The method according to any one of claims 26-28,
comprising deriving the ICP from at least one source
selected from the group consisting of: fresh tissue
and frozen tissue. 44. The method according to any one
of claims 26-28, comprising identifying an intended
recipient of the PCP, and deriving the ICP from at
least one source selected from the group consisting
of: tissue autologous to tissue of the intended
recipient, tissue syngeneic to tissue of the intended
recipient, tissue allogeneic to tissue of the intended
recipient, and tissue xenogeneic to tissue of the
intended recipient.45. The method according to any one
of claims 26-28, wherein stimulating the ICP comprises
culturing the ICP for a period lasting between 1 and 5
days in a culture medium comprising less than or equal
to 10% serum. 46. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises
culturing the ICP for a period lasting between 1 and 5
days in a culture medium comprising less than or equal
to 5% serum. 47. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises
culturing the ICP for a period lasting between 1 and 5
days in a culture medium comprising 5-10% serum. 48.
The method according to any one of claims 26-28,
wherein stimulating the ICP comprises culturing the
ICP for a period lasting between 1 and 5 days in a
culture medium comprising less than or equal to 5%
serum. 49. The method according to any one of claims
26-28, wherein stimulating the 



ICP comprises culturing the ICP for a period lasting
between 1 and 5 days in a culture medium comprising at
least 10% serum. 50. The method according to any one
of claims 26-28, wherein stimulating the ICP comprises
culturing the ICP in a culture medium comprising a
factor selected from the group consisting of:
erythropoietin, a statin, and an antidiabetic agent.
51. The method according to any one of claims 26-28,
wherein stimulating the ICP comprises culturing the
ICP in a culture medium comprising a factor selected
from the group consisting of: estrogen, prolactin,
progestin, an adrenocorticoid hormone, ACTH, and
cortisone. 52. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises
culturing the ICP in a culture medium comprising a
factor selected from the group consisting of:
anti-Tie-2, anti-CD 133, and anti-CD 117. 53. The
method according to any one of claims 26-28 wherein
stimulating the ICP comprises culturing the ICP in a
culture medium comprising IL-8. 54. The method
according to any one of claims 26-28, wherein
stimulating the ICP comprises culturing the ICP in the
presence of a factor selected from the group
consisting of: erythropoietin, a statin, an
antidiabetic agent, a thiazolidinedione,
rosiglitazone, a
proliferation-differentiation-enhancing agent,
anti-CD34, anti-Tie-2,anti-CD133, anti-CD117 5 LIF,
EPO, IGF, b-FGF, M-CSF 5 GM-CSF, TGF alpha, TGF beta,
VEGF, BHA, BDNF, GDNF, NGF, NT3, NT4/5, S-IOO, CNTF,
EGF, NGF3, CFN, ADMIF, estrogen, prolactin, an
adrenocorticoid hormone, ACTH, MCT- 165, glatiramer
acetate, a glatiramer acetate-like molecule, IFN
alpha, IFN beta, glutamate, serotonin, acetylcholine,
NO, retinoic acid (RA), heparin, insulin, forskolin,
and cortisone. 55. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises
culturing the ICP in the presence of IL-8. 56. The
method according to any one of claims 26-28,
comprising preparing the ICP, and facilitating a
diagnosis responsive to a characteristic of the
preparation of the ICP. 57. The method according to
any one of claims 26-28, comprising freezing the ICP
prior to stimulating the ICP. 58. The method according
to any one of claims 26-28, comprising freezing the
PCP. 59. The method according to any one of claims
26-28, comprising transporting the ICP to a site at
least 10 km from a site where the ICP is first
created, and stimulating the ICP at the remote site.
60. The method according to any one of claims 26-28,
comprising transporting the PCP to a site at least 10
km from a site where the PCP is first created. 61. The
method according to any one of claims 26-28,
comprising identifying the PCP as being suitable for
therapeutic implantation in response to an assessment
that the PCP includes at least 1 million PCP cells.
62. The method according to any one of claims 26-28,
comprising identifying the PCP as being suitable for
therapeutic implantation in response to an assessment
that at least 1.5% of cells of the PCP demonstrate a
feature selected from the group consisting of: a
desired morphology, a desired cellular marker, a
desired cellular component, a desired enzyme, a
desired receptor, a desired genotypic feature, and a
desired physiological feature.63. The method according
to any one of claims 26-28, comprising identifying the
PCP as being suitable for therapeutic implantation in
response to an assessment that 



the PCP includes at least 1 million angiogenic.cell
precursors (ACPs). 64. The method according to any one
of claims 26-28, comprising identifying the PCP as
being suitable for therapeutic implantation in
response to an assessment that the PCP includes at
least 1 million cardiomyocyte progenitors. 65. The
method according to any one of claims 26-28,
comprising identifying the PCP as being suitable for
therapeutic implantation in response to an assessment
that the PCP includes at least 1 million neural cell
progenitors. 66. The method according to any one of
claims 26-28, comprising transfecting into the PCP a
gene identified as suitable for gene therapy. 67. The
method according to any one of claims 26-28,
comprising transfecting a gene into the PCP, and
subsequently assessing a level of expression of the
gene. 68. The method according to any one of claims
26-28, comprising transfecting a gene into the ICP,
and subsequently assessing a level of expression of
the gene. 69. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises
culturing the ICP during a period of between 2 and 120
days. 70. The method according to any one of claims
26-28, wherein stimulating the ICP comprises culturing
the ICP during a period of between 3 and 60 days. 71.
The method according to any one of claims 26-28,
wherein stimulating the ICP comprises culturing the
ICP in a culture medium comprising less than 10%
serum, for a duration of between 1 and 120 days. 72.
The method according to any one of claims 26-28,
wherein stimulating the ICP comprises culturing the
ICP in a culture medium comprising at least 10% serum,
for a duration of between 1 and 120 days. 73. The
method according to any one of claims 26-28,
comprising characterizing the PCP as including
angiogenic cell precursors (ACPs), in response to an
evaluation of at least one feature selected from the
group consisting of: a.phenotypical feature of cells
in the PCP, a genotypical feature of cells in the PCP,
and a physiological feature ofcells inthe PCP.74. The
method according to claim 73, wherein characterizing
the PCP comprises characterizing the PCP in response
to an evaluation of at least two of the features. 75.
The method according to claim 73, wherein
characterizing the PCP comprises characterizing the
PCP in response to an evaluation of each of the
features. 76. The method according to claim 73,
wherein the phenotypical feature includes a
morphological feature selected from the group
consisting of: a cell size larger than 20 um, an
elongated cell, a spindle-shaped cell, an
irregularly-shaped cell, a granulated cell, a cell
including an enlarged dark nucleus, a multinuclear
cell, a cell including flagella-like structures, a
cell including pseudopodia, and a cell having a
polygonal shape; and wherein characterizing the PCP
comprises characterizing the PCP in response to an
evaluation of the selected morphological feature. 77.
The method according to claim 76, wherein
characterizing the PCP comprises identifying that at
least 1.5% of cells of the PCP have the selected
feature. 78. The method according to claim 73, wherein
characterizing the PCP comprises characterizing the
PCP in response to an identification in the PCP of a
feature selected from the group consisting of: CD31,
CD31Bright, CD34, CD117, CD133, Tie-2, CD34+CD133+,
KDR, CD34+KDR+, CD144, von Willebrand Factor, SH2
(CD105), SH3, fibronectin, collagen type I5 collagen
type III, collagen type IV, ICAM type 1, ICAM type 2,
VCAMl, vimentin, BMP-R IA, BMP-RII, CD44, 



integrin bl, aSM-actin, MUC 18, and CXCR4. 79. The
method according to claim 78, wherein characterizing
the PCP comprises identifying that at least 1.5% of
cells of the PCP have the selected feature. 80. The
method according to claim 73, wherein characterizing
the PCP comprises characterizing the PCP in response
to an identification in the PCP of CXCR8. 81. The
method according to claim 80, wherein characterizing
the PCP comprises identifying that at least 1.5% of
cells of the PCP comprise CXCR8. 82. The method
according to claim 73, wherein characterizing the PCP
comprises characterizing the PCP in response to an
assessment of uptake by the PCP of Ac-LDL.83. The
method according to claim 82, wherein characterizing
the PCP comprises identifying that at least 1.5% of
cells of the PCP demonstrate uptake of Ac-LDL. 84. The
method according to claim 82, wherein the PCP includes
CD31Bright PCP cells, and wherein characterizing the
PCP comprises identifying that at least 10% of the
CD31Bright PCP cells demonstrate uptake of Ac-LDL. 85.
The method according to claim 73, wherein
characterizing the PCP comprises assessing secretion
by the PCP of a molecule selected from the group
consisting of: IL-8, angiogenin, VEGF, MMP2, and MMP9.
86. The method according to claim 85, wherein
characterizing the PCP comprises identifying that at
least 1.5% of cells of the PCP secrete the selected
molecule. 87. The method according to claim 73,
wherein characterizing the PCP comprises culturing a
portion of the PCP on a semi-solid extracellular
matrix (ECM), and identifying in the cultured portion
a feature selected from the group consisting of: a
tube-like structure, a colony, a cluster, and a
tendency to migrate toward a chemoattractant. 88. The
method according to claim 73, wherein characterizing
the PCP comprises culturing at least a portion of the
PCP on a membrane, and identifying a tendency of the
at least a portion of the PCP to migrate toward a
chemoattractant selected from the group consisting of:
bFGF, VEGF, SCF, G-CSF, GM-CSF, and SDF-I. 89. The
method according to claim 73, wherein characterizing
the PCP comprises culturing at least a portion of the
PCP on a membrane, and identifying a tendency of the
at least a portion of the PCP to migrate toward IL-8.
90. The method according to claim 73, wherein
characterizing the PCP comprises culturing at least a
portion of the PCP on a surface, and identifying a
tendency of the at least a portion of the PCP to
migrate toward a chemoattractant selected from the
group consisting of: bFGF, VEGF, SCF, G-CSF, GM-CSF,
and SDF-I. 9 1. The method according to claim 73,
wherein characterizing the PCP comprises culturing at
least a portion of the PCP on a surface, and
identifying a tendency of the at least a portion of
the PCP to migrate toward IL-8.92. The method
according to claim 87, wherein characterizing the PCP
comprises identifying that at least 1.5% of cells in
the cultured portion have a property selected from the
group consisting of: formation of a tube-like
structure, an ability to form a . colony, a cluster,
and a tendency to migrate toward a chemoattractant.
93. The method according to claim 73, comprising
identifying the PCP as being suitable for therapeutic
implantation in response to an assessment that the PCP
includes at least 1 million ACPs. 94. The method
according to any one of claims 26-28, comprising
characterizing the PCP as including a cardiomyocyte
(CMC) PCP in response to an evaluation of a feature
selected from the group consisting of: a phenotypic
feature of cells in the 



PCP, a genotypic feature on the cells in the PCP, and
a physiological feature of cells in the PCP. 95. The
method according to claim 94, wherein characterizing
the PCP comprises characterizing the PCP in response
to an evaluation of at least two of the features. 96.
The method according to claim94, wherein
characterizing the PCP comprises characterizing the
PCP in response to an evaluation of each of the
features. 97. The method according to claim 94,
wherein the phenotypic feature includes a
morphological feature selected from the group
consisting of: a cell size larger than 20 um, an
elongated cell, an irregularly-shaped cell, a
granulated cell, a cell including an enlarged dark
nucleus, a multinuclear cell, a cell with dark
cytoplasm, and cells arranged in parallel to each
other; and wherein characterizing the PCP comprises
characterizing the PCP in response to an evaluation of
the selected morphological feature. 98. The method
according to claim 94, wherein characterizing the PCP
comprises characterizing the PCP in response to an
identification in the PCP of a feature selected from
the group consisting of: CD31, CD1 17, sarcomeric
alpha-actin, beta-actin, alpha-actinin, desmin,
cardiac troponin T, Connexin-43, alpha/beta-MHC,
sarcomeric alpha-tropomyosin, Troponin I, GATA-4,
Nkx2.5/Csx, MLC-2, and MEF-2. 99. The method according
to claim 94, wherein characterizing the PCP comprises
characterizing the PCP in response to an
identification of the PCP as expressing agene for a
factor selected from the group consisting of:
sarcomeric alpha-actin, beta-actin, alpha-actinin,
desmin, cardiac troponin T, Connexin-43,
alpha/beta-MHC, sarcomeric alpha-tropomyosin, Troponin
I, GATA-4, Nkx2.5/Csx, MLC-2 and MEF-2. 100. The
method according to claim 94, comprising identifying
the PCP as being suitable for therapeutic implantation
in response to an assessment that the PCP includes at
least 1 million CMC progenitors. 101 . The method
according to claim 94, wherein characterizing the PCP
comprises identifying that at least 1.5% of cells of
the PCP have a characteristic selected from the group
consisting of: a CMC-progenitor morphological
characteristic, expression of a CMC-associated
cellular marker, expression of a CMC-progenitor gene
product, and expression of a CMC-progenitor
physiological feature. 102. The method according to
claim 94, wherein characterizing the PCP comprises
characterizing the PCP in response to an
identification in the PCP of an action in response to
activation of the PCP, the action selected from the
group consisting of: increasing intracellular Ca2+
level, generating membranal electrophysiological
action potentials, and mechanical cellular contraction
in vitro. 103. The method according to claim 102,
comprising activating the PCP to produce the selected
action, using a technique selected from the group
consisting of: electrical activation of the PCP, and
chemical activation of the PCP. 104. The method
according to any one of claims 26-28, comprising:
assessing a phenotypic aspect of the PCP and a
genotypic aspect of the PCP and a physiological aspect
of the PCP; and designating the PCP as being suitable
for implantation in a patient in response to each of
the assessments. 105. The method according to claim
104, wherein assessing the phenotypic aspect of the
PCP comprises assessing an aspect of the PCP selected
from the group 



consisting of: morphology of the PCP, a cellular
marker of cells of the PCP, an enzyme of the PCP, a
coenzyme of the PCP, and presence of a designated
cellular receptor on cells of the PCP.106. The method
according to claim 104, wherein assessing the
genotypic aspect of the PCP comprises assessing an
aspect of the PCP selected from the group consisting
of: production of a gene by cells of the PCP,
expression of a gene by cells of the PCP, and
generation of a gene product by cells of the PCP. 107.
The method according to claim 104, wherein assessing
the physiological aspect of the PCP comprises
assessing an aspect of the PCP selected from the group
consisting of: secretion of soluble molecules by cells
of the PCP, generation of signals by cells of the PCP,
response by cells of the PCP to signals, and an
enzymatic reaction performed by cells of the PCP. 108.
The method according to any one of claims 26-28,
comprising facilitating a diagnosis responsive to
stimulating the ICP to differentiate into the PCP.
109. The method according to claim 108, wherein
facilitating the diagnosis comprises assessing an
extent to which the stimulation of the ICP produces a
particular characteristic of the PCP. 110. The method
according to any one of claims 26-28, comprising
transfecting a gene into the ICP prior to stimulating
the ICP. 111. The method according to claim 110,
wherein transfecting the gene comprises transfecting
into the ICP a gene identified as suitable for gene
therapy. 112. The method according to claim 110,
comprising preparing, as a product for administration
to a patient, the PCP generated by differentiation of
the ICP into which the gene has been transfected. 113.
The method according to any one of claims 26-28,
wherein stimulating the ICP comprises incubating the
ICP in a container having a surface comprising a
growth-enhancing factor. 114. The method according to
claim 113, wherein the growth-enhancing factor
comprises a factor selected from the group consisting
of: collagen, plasma, fibronectin, a growth factor,
tissue-derived extra cellular matrix, and an antibody
to a stem cell surface receptor. 115. The method
according to any one of claims 26-28, wherein
stimulating the ICP comprises incubating the ICP in a
container with a surface comprising a growth-enhancing
molecule other than collagen or fibronectin.116. The
method according to claim 115, wherein incubating the
ICP comprises incubating the ICP in a container having
a surface that comprises, in addition to the
growth-enhancing molecule, at least one of: collagen
and fibronectin. . . . . . 117. The method according
to claim 116, comprising mixing the growth-enhancing
molecule with the at least one of: collagen and
fibronectin. 118. The method according to claim 116,
comprising applying to the surface a layer that
includes the growth-enhancing molecule and a separate
layer that includes the at least one of: collagen and
fibronectin. 119. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises:
during a low-serum time period, culturing the ICP in a
culture medium comprising less than or equal to 10%
serum; and during a high-serum time period, culturing
the ICP in a culture medium comprising greater than
10% serum. 120. The method according to claim 119,
wherein culturing the ICP during the 



low-serum time period comprises culturing the ICP for
a duration of between 1 and 60 days. 121. The method
according to claim 119, wherein culturing the ICP
during the low-serum time period comprises culturing
the ICP for a duration of between 1 and 5 days. 122.
The method according to claim 119, wherein culturing
the ICP during the high-serum time period comprises
culturing the ICP for a duration of between 1 and 120
days. 123. The method according to claim 119, wherein
culturing the ICP during the high-serum time period
comprises culturing the ICP for a duration of between
1 and 60 days. 124. The method according to claim 119,
wherein culturing the ICP during the low-serum time
period is performed prior to culturing the ICP during
the high-serum time period. Ill125. The method
according to claim 119, wherein culturing the ICP
during the low-serum time period is performed
following culturing the ICP during the high-serum time
period. 126. The method according to any one of claims
26-28, comprising: during a hypoxic time period
lasting at least 2 hours, culturing the ICP under
hypoxic conditions; and during a non-hypoxic time
period lasting at least 1 day, culturing the ICP under
non-hypoxic conditions. 127. The method according to
claim 126, wherein the hypoxic and non-hypoxic
time-periods are within a culturing time period
lasting less than 30 days, and wherein culturing the
ICP under hypoxic conditions comprises culturing the
cells under hypoxic conditions during a first two days
of the culturing time period. 128. The method
according to claim 126, wherein the hypoxic and
non-hypoxic time-periods are within a culturing time
period lasting less than 30 days, and wherein
culturing the ICP under hypoxic conditions comprises
culturing the ICP under hypoxic conditions during a
last two days of the culturing time period. 129. The
method according to claim 126, wherein the hypoxic and
non-hypoxic time-periods are within a culturing time
period lasting less than 30 days, and wherein
culturing the ICP under hypoxic conditions comprises
culturing the ICP under hypoxic conditions for at
least 2 hours between a first two days and a last two
days of the culturing time period. 130. The method
according to claim 126, wherein culturing the ICP
under hypoxic conditions is performed prior to
culturing the ICP under non-hypoxic conditions. 131.
The method according to claim 126, wherein culturing
the ICP under hypoxic conditions is performed
following culturing the ICP under non-hypoxic
conditions. 132. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises:
culturing the ICP in a first container during a first
portion of a culturing period; removing at least some
cells of the ICP from the first container at the end
of the first portion of the period; andculturing, in a
second container during a second portion of the
period, the cells removed from the first container.
133. The method according to claim 132, comprising,
subsequently to the step of 



culturing in the second container: culturing the ICP
in a primary container during a first portion of an
additional culturing period; removing at least some
cells of the ICP from the primary container at the end
of the first portion of the additional period; and
culturing, in a secondary container during a second
portion of the additional period, the cells removed
from the primary container. 134. The method according
to any one of claims 26-28, wherein stimulating the
ICP comprises: culturing the ICP in a first container
during a first portion of a culturing period; removing
cells of the ICP from the first container at the end
of the first portion of the period; and culturing, in
a second container during a second portion of the
period, the cells removed from the first container.
135. The method according to claim 134, wherein
removing at least some cells of the ICP comprises
selecting for removal cells that adhere to a surface
of the first container. 136. The method according to
claim 134, wherein removing at least some cells of the
ICP comprises selecting for removal cells that do not
adhere to a surface of the first container. 137. The
method according to claim 134, wherein the first
container includes on a surface thereof a
growth-enhancing molecule, and wherein culturing the
ICP in the first container comprises culturing the ICP
in the first container that includes the
growth-enhancing molecule. 138. The method according
to claim 134, wherein the growth-enhancing molecule
comprises a molecule selected from the group
consisting of: collagen, plasma, fibronectin, a growth
factor, tissue-derived extra cellular matrix and an
antibody to a stem cell surface receptor.139. The
method according to claim 134, wherein the second
container includes on a surface thereof a
growth-enhancing molecule, and wherein culturing the
ICP in the second container comprises culturing the
ICP in the second container that . . includes the
growth-enhancing molecule. 140. The method according
to claim 134, wherein the growth-enhancing molecule
comprises a molecule selected from the group
consisting of: collagen, fibronectin, a growth factor,
and an antibody to a stem cell surface receptor. 141.
The method according to any one of claims 26-28,
wherein stimulating comprises culturing the ICP with
at least one factor derived from a sample tissue. 142.
The method according to claim 141, comprising
preparing a conditioned medium for culturing the ICP
therein, the conditioned medium including the factor,
the factor being derived from the tissue, the tissue
comprising a tissue selected from the group consisting
of: peripheral nerve tissue, central nervous system
(CNS) tissue, retinal tissue, pigment epithelial
tissue, photoreceptor tissue, fetal retinal tissue,
embryonic retinal tissue, mature retinal tissue, blood
vessel tissue, cardiac tissue, pancreatic endocrine
tissue, pancreatic exocrine tissue, smooth muscle
tissue, lymphatic tissue, hepatic tissue, lung tissue,
skin tissue, exocrine glandular tissue, mammary gland
tissue, endocrine glandular tissue, thyroid gland
tissue, pituitary gland tissue, and plant tissue. 



143. The method according to any one of claims 26-28,
wherein stimulating comprises co-culturing the ICP
with a sample tissue. 144. The method according to
claim 143, wherein co-culturing comprises preparing
the sample tissue by a method selected from the group
consisting of: slicing the sample tissue, and
homogenizing the sample issue. 145. The method
according to claim 143, wherein co-culturing
comprises: utilizing the sample tissue to produce a
conditioned medium; and co-culturing the ICP with the
sample tissue in the conditioned medium. 146. The
method according to claim 143, wherein co-culturing
comprises separating the sample tissue from the ICP by
a semi-permeable membrane. 147. The method according
to claim 143, comprising designating the sample tissue
to include a tissue selected from the group consisting
of: peripheral nerve tissue,central nervous system
(CNS) tissue, retinal tissue, pigment epithelial
tissue, photoreceptor tissue, fetal retinal tissue,
embryonic retinal tissue, mature retinal tissue, blood
vessel tissue, cardiac tissue, pancreatic endocrine
.tissue, pancreatic exocrine tissue, smooth muscle
tissue, lymphatic tissue, hepatic tissue, lung tissue,
skin tissue, exocrine glandular tissue, mammary gland
tissue, endocrine glandular tissue, thyroid gland
tissue, pituitary gland tissue, and plant tissue. 148.
The method according to any one of claims 26-28,
comprising systemically administering the PCP to a
patient. 149. The method according to any one of
claims 26-28, comprising locally administering the PCP
to a site of the patient including injured tissue.
150. The method according to claim 149, wherein
locally administering the PCP comprises implanting at
the site a device including the PCP. 151. The method
according to claim 150, wherein the device includes at
least one item selected from the group consisting of:
a metal, a plastic, a glass, and a biodegradable
element, and implanting the device comprises
implanting the device including the selected item.
152. The method according to claim 150, comprising
using the device to enable increased survival of PCP
in injured tissue 153. The method according to claim
150, comprising configuring the device for slow
release of cells of the PCP into the injured tissue.
154. The method according to claim 150, comprising
secreting, from the PCP, therapeutic molecules to the
tissue. 155. The method according to claim 150,
comprising secreting, from the device, soluble
molecules that support the PCP. 156. The method
according to any one of claims 26-28 wherein
stimulating the ICP comprises culturing the ICP in a
culture medium comprising a factor selected from the
group consisting of: anti-Tie-2, anti-CD 133, and
anti-CD 117, anti-IL-8, anti IL-8 receptor,
IL-8-antagonist, VEGF, anti-VEGF, and anti-VEGF
receptor. 157. The method according to any one of
claims 26-28, wherein stimulating the ICP comprises
culturing the ICP in the presence of a factor selected
from the groupconsisting of: anti IL-8 receptor,
IL-8-antagonist, VEGF, anti-VEGF, and anti-VEGF
receptor. 158. Apparatus for implantation in a
patient, comprising a medical device comprising a PCP
produced according to any one of claims 26-28. 159.
The apparatus according to claim 158, wherein the
medical device comprises a chamber having the PCP
disposed therein, and a membrane, through which
molecules generated by the PCP are able to pass. 






