
ADHERENT CELLS FROM ADIPOSE OR PLACENTA TISSUES AND
USE THEREOF IN THERAPY FIELD AND BACKGROUND OF THE
INVENTION The invention relates to methods of treating
diseases using adherent cells from adipose or placenta
tissues, more specifically, to methods of treating
ischemia and/or medical conditions requiring
connective tissue regeneration and/or repair using the
adherent cells. In the developing medical world a
growing need exists for large amounts of adult stem
cells for the purpose of cell engraftment and tissue
engineering. In addition, adult stem cell therapy is
continuously developing for treating and curing
various conditions such as hematopoietic disorders,
heart disease, Parkinson's disease, Alzheimer's
disease, stroke, burns, muscular dystrophy, autoimmune
disorders, diabetes and arthritis. In recent years,
considerable activity has focused on the therapeutic
potential of mesenchymal stromal cells (MSCs) for
various medical applications including tissue repair
of damaged organs such as the brain, heart, bone and
liver and in support of bone marrow transplantations
(BMT). MSCs, a heterogeneous population of cells
obtained from e.g. bone marrow, adipose tissue,
placenta, and blood, is capable of differentiating
into different types of mesenchymal mature cells (e.g.
reticular endothelial cells, fibroblasts, adipocytes,
osteogenic precursor cells) depending upon influences
from various bioactive factors. Accordingly, MSCs have
been widely studied in regenerative medicine as the
foundation to build new tissues such as bone,
cartilage and fat for the repair of injury or
replacement of pathologic tissues and as treatment for
genetic and acquired diseases [Fibbe and Noort, Ann N
Y Acad Sci (2003) 996: 235-44; Horwitz et al.,
Cytotherapy (2005) 7(5): 393-5; Zimmet and Hare, Basic
Res Cardiol (2005) 100(6): 471-81]. Furthermore, the
multipotent ability of MSCs, their easy isolation and
culture, as well as their high ex vivo expansion
potential make them an attractive therapeutic tool
[Fibbe and Noort, supra; Minguell et al. Exp Biol Med
(Maywood) (2001) 226(6): 507- 20]. Placental derived
MSCs exhibit many markers common to MSCs isolated from
other tissues, e.g. CD105, CD73, CD90 and CD29, and
the lack of expression ofhematopoietic, endothelial
and trophoblastic-specific cell markers. Adipogenic,
osteogenic, and neurogenic differentiation have been
achieved after culturing placental derived MSCs under
appropriate conditions [Yen et al., Stem Cells (2005)
23(1): 3-9]. Furthermore, MSCs isolated from placenta
and cultured in vitro have been demonstrated to be
immune privileged in a similar fashion as MSCs. Thus,
the placenta provides an ethically non-controversial
and easily accessible source of MSCs for experimental
and clinical applications [Zhang et al., Exp Hematol
(2004) 32(7): 657- 64]. The present inventors have
previously devised three dimensional (3D) culturing
conditions suitable for expansion of placental derived
MSCs (PCT Application No. IL2007/000380) fully
incorporated herein by reference in its entirety.
Leading clinical uses of MSCs are summarized infra.
Ischemia Peripheral arterial disease (PAD) Peripheral
arterial disease (PAD) is a chronic disease that
progressively restricts blood flow in the limbs that
can lead to serious medical complications. This
disease is often associated with other clinical
conditions, including hypertension, cardiovascular
disease, hyperlipidemia, diabetes, obesity and stroke.
Critical Limb Ischemia (CLI) is used to describe
patients with chronic ischemia induced pain, ulcers,
tissue loss or gangrene in the limb. CLI represents
the end stage of PAD patients who need comprehensive
treatment by a vascular surgery or vascular
specialist. In contrast to coronary and cerebral
artery disease, peripheral arterial disease (PAD)
remains an under appreciated condition that despite
being serious and extremely prevalent is rarely
diagnosed and even less frequently treated.
Consequently, CLI often leads to amputation or death
and mortality rates in PAD patients exceed that of
patients with myocardial infarction and stroke. In
attempts to treat ischemic conditions, various adult
stem cells have been used. Thus, co-culturing of
adipose tissue derived stromal cells (ADSC) and
endothelial cells (EC) resulted in a significant
increase in EC viability, migration and tube formation
mainly through secretion of VEGF and HGF. Four weeks
after transplantation of the stromal cells into the
ischemic mouse hind limb the angiogenic scores were
improved [Nakagami et al., J Atheroscler Thromb (2006)
13(2): 77-81]. Moon et al. [Cell PhysiolBiochem.
(2006) 17: 279-90] have tested the ability of adipose
tissue-derived progenitor cells (ADSC) to treat limb
ischemia in immunodeficient mice and demonstrated a
significant increase in the laser Doppler perfusion
index in ADSC-transplanted group. In addition, when
umbilical cord blood (UCB)-derived mesenchymal stem
cells were transplanted into four men with Buerger's
disease who had already received medical treatment and
surgical therapies, ischemic rest pain, suddenly
disappeared from their affected extremities [Kim et
al., Stem Cells (2006) 24(6): 1620-6]. Moreover,
transplantation of human mesenchymal stem cells
isolated from fetal membranes of term placenta
(FMhMSC) into infarcted rat hearts was associated with
increased capillary density, normalization of left
ventricular function, and significant decrease in scar
tissue, which was enhanced when the stem cells were
preconditioned with a mixed ester of hyaluronan with
butyric and retinoic acid [Ventura et al., (2007) J.
Biol. Chem., 282: 14243-52]. Stroke Stroke is one of
the leading causes of death around the world, causing
approximately 9 % of all deaths and consuming about
2-4 % of total health-care costs. Although there has
been a constant reduction in stroke mortality in
developed countries, probably due improved control of
stroke risk factors (especially high blood pressure,
diabetes and cigarette smoking), stroke still leads to
permanent damage (e.g. tissue damage, neurological
damage). New treatment regimens for stroke include
stem cell therapy. Transplantation of stem cells or
progenitors into the injured site, either locally or
via intravenous routes, to replace nonfunctional
cells, enhance proliferation and/or differentiation of
endogenous stem or progenitor cells and supply
necessary immune modulators has been contemplated and
stand as the major cell-based strategy. Potential
sources of stem/progenitor cells for stroke include
fetal neural stem cells, embryonic stem cells,
neuroteratocarcinoma cells, umbilical cord
blood-derived non-hematopoietic stem cells, bone
marrow-derived stem cells and placental-derived
mesenchymal stem cells [Andres et al., Neurosurg Focus
(2008) 24(3-4): E16]. In a recent study, Koh et. al.
[Koh et al., Brain Res. (2008)] examined the
neuroprotective effects and mechanisms of implanted
human umbilical cord-derived mesenchymal stem cells
(hUC-MSCs) in an ischemic stroke rat model. Twenty
daysafter the induction of in-vitro neuronal
differentiation, hUC-MSCs displayed morphological
features of neurons and expressed neuronal cell
markers and neuronal factors (e.g. glial cell
line-derived neurotrophic factor, brain-derived
neurotrophic factor). Furthermore, in-vivo
implantation of the hUC-MSCs into the damaged
hemisphere of immunosuppressed ischemic stroke rats
improved neurobehavioral function and reduced infarct
volume relative to control rats. Three weeks after
implantation, hUC-MSCs were present in the damaged
hemisphere and expressed neuron-specific markers, yet
these cells did not become functionally active
neuronal cells. Orthopedic applications Various
conditions and pathologies require connective tissue
(e.g., bone, tendon and ligament) regeneration and/or
repair. These include, for example, bone fractures,
burns, burn wound, deep wound, degenerated bone,
various cancers associated with connective tissue loss
(e.g., bone cancer, osteosarcoma, bone metastases),
and articular cartilage defect. The use of autologous
BM-MSCs to enhance bone healing has been described for
veterinary and human orthopedic applications and
include percutaneous injection of bone marrow for
ligament healing (Carstanjen et al., 2006), treatment
of bone defects by autografts or allografts of bone
marrow in orthopedic clinic (Horwitz et al., 1999,
Horwitz et al., 2002), regeneration of critical-sized
bone defect in dogs using allogeneic [Arinzeh TL, et
al., J Bone Joint Surg Am. 2003, 85-A(IO): 1927-35] or
autologous [Bruder SP, et al., J Bone Joint Surg Am.
1998 Jul;80(7):985-96] bone marrow-MSCs loaded onto
ceramic cylinder consisting of
hydroxyapatite-tricalcium phosphate, or in rabbit
using allogeneic peripheral blood derived MSCs (Chao
et al., 2006.), and extensive bone formation using
MSCs implantation in baboon (Livingston et al, 2003).
Within the equine orthopedic field, mesenchymal stem
cells of BM and adipose sources have been used
experimentally for surgical treatment of subchondral-
bone cysts, bone fracture repair [Kraus and
Kirker-Head,Vet Surg (2006) 35(3): 232-42] and
cartilage repair [Brehm et al., Osteoarthritis
Cartilage (2006) 14(12): 1214-26; Wilke et al., J
Orthop Res (2007) 25(7): 913-25] and clinically in the
treatment of overstrain induced injuries of tendons in
horses. Furthermore, different therapeutic approaches
have been used to promote suspensory ligament healing
in horses (Herthel, 2001).Herthel (2001) have
demonstrated a novel biological approach to facilitate
suspensory ligament healing that involves the intra
lesional injection of autologous stem cells and
associated bone marrow components to stimulate natural
ligament regeneration. Rabbit models for injured
tendons showed that MSC-treated tissues were stronger
and stiffer than natural repaired tissues (Gordon et
al., 2005). In addition, seeding of cultured MSCs into
a tendon gap resulted in significantly improved repair
biomechanics (Young et al., 1998, Osiris Therapeutics,
www.osiris.com). Osiris Chondrogen (adult Mesenchymal
Stem Cells) is being tested in patients in order to
evaluate safety and efficacy. In MSC treated animals,
surgically removed meniscal tissue was regenerated,
the cartilage surface was protected, and lessened
joint damage was observed in comparison to control
animals. These benefits persisted in animal models at
least through one year (Osiris Therapeutics,
www.osiris.com). SUMMARY OF THE INVENTION According to
an aspect of some embodiments of the present invention
there is provided a method of treating ischemia in a
subject in need thereof, the method comprising
administering to the subject a therapeutically
effective amount of adherent cells of a tissue
selected from the group consisting of a placenta and
an adipose tissue, thereby treating the ischemia in
the subject. According to an aspect of some
embodiments of the present invention there is provided
a method of treating a medical condition requiring
connective tissue regeneration and/or repair in a
subject in need thereof, the method comprising
administering to the subject a therapeutically
effective amount of adherent cells of a tissue
selected from the group consisting of a placenta and
an adipose tissue, thereby treating the medical
condition requiring connective tissue regeneration
and/or repair in the subject. According to an aspect
of some embodiments of the present invention there is
provided a use of adherent cells from a tissue
selected from the group consisting of a placenta and
an adipose tissue for the manufacture of a medicament
identified for treating ischemia. According to an
aspect of some embodiments of the present invention
there is provided a use of adherent cells from a
tissue selected from the group consisting of aplacenta
and an adipose tissue for the manufacture of a
medicament identified for treating a medical condition
requiring connective tissue regeneration and/or
repair. According to an aspect of some embodiments of
the present invention there is provided an article of
manufacture comprising a packaging material which
comprises a label for use in treating ischemia, the
packaging material packaging a pharmaceutically
effective amount of adherent cells of a tissue
selected from the group consisting of a placenta and
an adipose tissue. According to an aspect of some
embodiments of the present invention there is provided
an article of manufacture comprising a packaging
material which comprises a label for use in treating a
medical condition requiring connective tissue
regeneration and/or repair, the packaging material
packaging a pharmaceutically effective amount of
adherent cells of a tissue selected from the group
consisting of a placenta and an adipose tissue.
According to some embodiments of the invention, the
adherent cells are capable of suppressing immune
reaction in the subject. According to some embodiments
of the invention, at least 10 % of the adherent 



cells are at a proliferative phase. According to some
embodiments of the invention, the ischemia is
peripheral arterial disease (PAD). According to some
embodiments of the invention, the peripheral arterial
disease (PAD) is critical limb ischemia (CLI).
According to some embodiments of the invention, the
ischemia comprises ischemia of the central nervous
system (CNS). According to some embodiments of the
invention, the ischemia is selected from the group
consisting of peripheral arterial disease, ischemic
vascular disease, ischemic heart disease, ischemic
brain disease, ischemic renal disease and ischemic
placenta. According to some embodiments of the
invention, the adherent cells are obtained from a
three-dimensional (3D) culture. According to some
embodiments of the invention, the three-dimensional
(3D) culture comprises a 3D bioreactor. According to
some embodiments of the invention, the culturing of
the cells in the 3D culture is effected under
perfusion.According to some embodiments of the
invention, the culturing conditions of the
three-dimensional culture comprise an adherent
material selected from the group consisting of a
polyester and a polypropylene. According to some
embodiments of the invention, the culturing of the
cells is effected for at least 3 days. According to
some embodiments of the invention, the culturing of
the cells is effected until at least 10 % of the cells
are proliferating. According to some embodiments of
the invention, the adherent cells comprise a positive
marker expression selected from the group consisting
of CD73, CD90, CD29 and CD105. According to some
embodiments of the invention, the adherent cells
comprise a negative marker expression selected from
the group consisting of CD3, CD4, CD45, CD80, HLA-DR,
CDl Ib, CD14, CD19, CD34 and CD79. According to some
embodiments of the invention, the adherent cells
comprise an expression profile essentially as
described herein. According to some embodiments of the
invention, the adherent cells comprise cells
comprising a stromal stem cell phenotype. According to
some embodiments of the invention, the stromal stem
cell phenotype comprises T cell suppression activity.
According to some embodiments of the invention, the
connective tissue comprises tendon, bone and/or
ligament. According to some embodiments of the
invention, the medical condition requiring connective
tissue regeneration and/or repair is selected from the
group consisting of bone fracture, bone cancer, burn
wound, articular cartilage defect and deep wound.
According to some embodiments of the invention, the
medical condition is selected from the group
consisting of a subchondral-bone cyst, a bone
fracture, an osteoporosis, an osteoarthritis, a
degenerated bone, a bone cancer, a cartilage damage,
an articular cartilage defect, a degenerative disc
disease, an osteogenesis imperfecta (OI), a burn, a
burn wound, a deep wound, a delayed wound-healing, an
injured tendon and an injured ligament.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
invention, suitable methods 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 embodiments of the 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-G
depict the bone-like microenvironment created in the
bioreactor system containing 3-D carriers. Figures
IA-B are electron micrographs depicting the comparison
of natural bone (Figure IA) and the structure of the
PluriX(tm) 3D carrier 7 days after seeding adherent
cells, imitating the bone micro-environment (Figure
IB). Figures IC-F are electron micrographs depicting
the PluriX(tm) 3D matrix seeded with adherent cell,
produced from bone marrow, 20 days (Figures IC-D,
magnified X 150 and 250 respectively) and 40 days
(Figures IE-F, magnified X 350 and 500 respectively)
after seeding. Figure IG is a diagram of the Plurix 3D
plug flow bioreactor with separate parts defined by
numbers: Culture medium reservoir (1), gas mixture
supply (2), filter (3), injection point (4), column in
which the 3D carriers are placed (5) flow monitor (6),
flow valve (6a), separating container (7), cell growth
analyzers (8); peristaltic pump (9), sampling point
(10), dissolved O2 measurementelectrode ( 11), pH
measurement electrode (12), control system (13), fresh
growth media (14), used growth media (15). FIG. 2 is a
graph depicting different production lots of adherent
cells (Lots 5-8) originating from placenta, grown in
3D growth conditions within the bioreactor systems.
Adherent cells (2 X 106) were seeded in the bioreactor
at a density of 10000 - 15000 cells / a carrier.
Following a 12 day culture 3D-adherent cells reached a
density of between 150,000-250,000 cells /carrier or
22.5-37.5 X 106 in a bioreactor containing 150
carriers. FIGs. 3A-B are bar graphs depicting
difference in expression levels of expressed membrane
markers in placenta derived 3D-adherent cell (dark
purple) as compared to membrane markers in placenta
cells cultured in conventional 2D culture conditions
(light purple). Adherent cells were grown for 4-6
weeks in flasks (2D) or for 2-3 weeks in the
bioreactor system, on polystyrene carriers (3D).
Following harvesting from either flasks or carriers,
cells were incubated and bound to a panel of
monoclonal antibodies (MAb), which recognize membrane
markers characteristic of adherent cells (Figure 3A),
or hematopoietic cells (Figure 3B). Note the
significantly higher expression of MSC membrane
markers in 2D cultured cells as shown for CD90, CD105,
CD73 and CD29 membrane markers, compared to MSC
membrane markers expressed in 3Dcultured adherent
cells, especially CD105 which showed 56 % expression
in 3D cultured cells vs. 87 % in the 2D cultured cells
(Figure 3A). Adherent cells of both 2D and 3D
cultures, did not express any hematopoietic membrane
markers (Figure 3B). FIGs. 4A-D are bar graphs
depicting a comparison of protein levels in adherent
cells produced from the placenta cultured under 2D and
3D Conditions or conditioned media of same. Figures
4A-C depict levels of Flt-3 ligand (Figure 4A), IL-6
(Figure 4B) and SCF (Figure 4C) in pg/ml, normalized
for 1 X 106 cells/ml, as analyzed by ELISA, in the
conditioned media of 2D and 3D cultured adherent
cells. Results represent one of three independent
experiments. Figure 4D shows the expression levels of
different cellular proteins, as analyzed by mass
spectrometry with iTRAQ reagents labeled protein
samples compared therebetween. Protein samples were
taken from adherent cells grown under 2D (white bars)
and 3D (grey bars) conditions. The figure represents
one of two replica experiments. Note the difference in
expression level of some of the proteins in cells and
conditioned media of 2D and 3D culture
conditions.FIGs. 5A-D are micrographs depicting in
vitro differentiation capability of placenta derived
3D-adherent cell to osteoblasts. Human placenta
derived adherent cell were cultured in an osteogenic
induction medium (DMEM containing 10 % FCS, 100 nM
dexamethasone, 0.05 niM ascorbic acid 2-phosphate, 10
mM B-glycerophosphate) for a period of 3 weeks.
Figures 5A-B show cells expressing calcified matrix,
as indicated by Alizzarin Red S staining. Figures 5C-D
show control cells, which were not treated with
osteogenic induction medium and maintained a
fibroblast like phenotype and demonstrating no
mineralization. FIG. 6 is a graph depicting percentage
of human CD45+ cells detected in bone marrow (BM) of
NOD-SCID mice, treated with chemotherapy (25 mg/kg
busulfan intraperitoneal injections for two
consecutive weeks) 3.5 weeks following
transplantation. CD34+ cells (100,000) purified from
mononuclear cord blood derived cells, were
transplanted alone (5 mice, a) or co-transplanted with
0.5 X 10 placenta derived adherent cells cultured in
2D conditions (2D-adherent cell; 2 mice, b), or
placenta derived adherent cells cultured in 3D
conditions (3D-adherent cell), in the pluriX(tm)
bioreactor (5 mice, c). BM was then collected from
mice femurs and tibias. Human cells in the BM were
detected by flow cytometry. The percentage of CD45
expressing human cells was determined by incubating
cells with anti-human CD45- FITC. Note the higher
percentage of human cells (hCD45+) in the bone marrow
of mice co-transplanted with 2D-adherent cell (b) as
well as with 3D-adherent cell (c) in comparison to the
percentage of human cells in the mice treated with
HSCs alone (a). The higher engraftment seen in mice
treated with 3D-adherent cell cultured cells in
comparison to mice treated with 2D-adherent cell
cultured cells indicates a higher therapeutic
advantage unique to 3D cultured adherent cells. FIGs.
7A-B are FACS analyses of human graft CD45+ cells in
mice transplanted with CD34+ cells only (Figure 7A) in
comparison to CD34+ cells together with adipose tissue
derived adherent cells (Figure 7B). Note the
significantly higher percentage of human hematopoietic
population (hCD45+) (7A - 29 %) in a mouse
co-transplanted with adipose tissue derived adherent
cell in comparison to a mouse treated with human CD34+
alone (7B -12 %). FIG. 8A is a bar graph depicting a
mixed lymphocyte reaction conducted between human cord
blood mononuclear cells (CB), and equal amounts of
irradiated(3000 Rad) cord blood cells (iCB), human
peripheral blood derived monocytes (PBMC), 2D cultured
(2D) or 3D cultured (3D) placental derived adherent
cells, or a combination of PBMC and 2D and 3D cultured
placental derived adherent cells (PBMC+2D and
PBMC+3D). Size of CB cell population is represented by
the 3H-thymidine uptake (measured in CPM) which was
measured during the last 18 hours of culturing.
Elevation in stimulated CB cell proliferation
indicates an immune response of a higher level. Note
the lower level of immune response exhibited by cells
incubated with adherent cells, and, in particular, the
reduction of CB immune response to PBMCs when
co-incubated with adherent cells. Three replicates
were made of each reaction. FIG. 8B is a flow chart
depicting production of 3D adherent cell from
placentas by Celligen(tm) (designated PLX-C cells).
FIG. 8C is a diagram of a Celligen(tm) bioreactor
vessel and ports adapted from The New Brunswick
Scientific web site. FIGs. 9A-B depict cell cycle
analysis of 3D adherent cells manufacture by Plurix
(designated PLX, Figure 9B) and by Celligen
(designated PLX-C, Figure 9A). Cells were fixed in 70
% EtOH O.N, centrifuged and re-suspended in a
Propidium Iodide (PI) solution and then analyzed by
FACS. FIGs. lOA-C depict expression of
fibroblast-typical markers but not expression of
endothelial typical markers on PLX-C. Figure 1OA
depicts negative expression of the endothelial marker
CD3 1; Figure 1OB depicts negative expression of the
endothelial marker KDR; and Figure 1OC depicts
positive expression of the human fibroblast marker
(D7-FIB). Of note, the red histograms for Isotype IgGl
(FITC) represent the negative control while the blue
histograms represents the positively stained cells.
FIGs. 1IA-D depict expression of stimulatory and
co-stimulatory molecules on PLX-C cells. Figure 1IA
depicts PLX-C expression of CD80; Figure 1IB depicts
PLXC expression of CD86; Figure 11C depicts PLX-C
expression of CD40; and Figure 1ID depicts PLX-C
expression of HLA-A/B/C. Negative controls were
prepared with relevant isotype fluorescence molecules.
Of note, red histograms indicate PLX-C
marker-expressing population of cells, blue histograms
indicate bone marrow (BM) marker-expressing population
of cells, and green histograms indicate mononuclear
cell (MNC) marker expressing population of cells.FIGs.
12A-B depict inhibition of lymphocyte proliferation by
PLX-C. Figure 12A depicts MLR tests performed with 2 x
105 peripheral blood (PB) derived MNC 



(donor A) stimulated with equal amount of irradiated
(3000 Rad) PB derived MNCs (donor B) followed by
addition of increasing amounts of PLX-C cells to the
cultures. Three replicates of each group were seeded
in 96-well plates. Proliferation rate was measured by
[3H]thymidine incorporation; Figure 12B depict
peripheral blood (PB) derived MNCs stimulated with
ConA (1.5 mg /ml). Increasing amounts of PLX-C cells
were added to the cultures. Three replicates of each
group were seeded in 96-well plates. Proliferation
rate was mesured by [3H]thymidine incorporation; FIGs.
13A-C depict PLX-C regulation of pro-inflammatory and
anti inflammatory cytokine secretion following
co-culture with peripheral blood cells. Figures 13A-B
depict secretion of IFNg (Figure 13A) and TNFa (Figure
13B) following co-culture of human derived MNCs
(isolated from peripheral blood) stimulated with ConA
with PLX-C; Figure 13C depicts secretion of IFNg, TNFa
and IL-10 following co-culture of human derived MNCs
(isolated from peripheral blood) stimulated with LPS
with PLX-C. Supernatants were collected and subjected
to cytokines analysis using ELISA. FIG. 14 depicts the
luciferase expression vector used to infect PLX-C
cells. Expression vector Lv33 from OmicsLink was used
herein. The Luciferase gene was cloned into the ORF.
FIG. 15 depicts high luciferase expression by infected
PLX-C cells. Cells were infected with the luciferase
expression vector and visualized by the IVIS system 48
hours post infection. Of note, cells exhibited high
levels of luciferase expression. FIGs. 16A-D depict
injection of 2 x 106 luciferase expressing PLX-C cells
into SCID/Beige mice. One mouse was injected IM and
one IV. The injected mice were monitored using the
IVIS system in order to asses the in vivo
biodistribution of PLX-C. IVIS results of days 1
(Figure 16A), day 4 (Figure 16B), day 6 (Figure 16C)
and day 22 (Figure 16D) are presented. FIG. 17 is a
graph depicting increased perfusion in hip and foot of
mice treated with the adherent cells of the invention
(designated PLX-C). The figure depicts the median of
the percent of perfusion in the mouse hip and foot.
Blood flows on hip and foot was measured using a non
contact laser Doppler from both sides on days 0, 6, 9,
14and 2 1 post operation (shown are measurements on
day 21). Results are expressed as the ratio of the
blood flow in the ischemic limb to that in the normal
limb during the experiment. FIG. 18 is a graph
depicting the in vivo assessment of limb function and
ischemic damage. Semiquantitative assessment of
impaired use of the ischemic limb was performed
serially using the following score system: 3 =
dragging of foot, 2 = no dragging but no plantar
flexion, 1 = plantar flexion, and 0 = flexing the toes
to resist gentle traction of the tail. FIGs. 19A-C
depict increased capillary density after PLX-C
treatment. Figure 19A depicts capillary density in
mice treated with PBS; Figure 19B depicts capillary
density in mice treated with PLX-C cells; Figure 19C
is a bar graph depicting the number of capillaries per
muscle cells. Of note, increase capillary density was
noted in PLX-C treated mice but not in control mice,
following induced limb ischemia demonstrated by
specific capillary staining. FIGs. 20A-B depict
reduced oxidative stress and endothelial inflammation
following PLX-C administration. Figure 2OA is a bar
graph depicting oxidative stress (Nitrotyrosin
staining); and Figure 2OB is a bar graph depicting
endothelial inflammation (VCAM evaluation). Of note,
reduced oxidative stress and endothelial inflammation
is noted in mice treated with PLX-C. DESCRIPTION OF
THE EMBODIMENTS OF THE INVENTION The invention is of,
in some embodiments, methods of increasing
angiogenesis in a tissue and treating ischemia or
medical conditions requiring connective tissue
regeneration and/or repair using adherent cells of
placenta or adipose tissues. The principles and
operation of the 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.While reducing the
invention to practice, the present inventors have
uncovered that adherent cells from a placenta or an
adipose tissue are highly efficient in increasing
angiogenesis in a tissue and in treating ischemia and
medical conditions requiring connective tissue
regeneration and/or repair. As is illustrated herein
below and in Example 1-8 of the Examples section which
follows, the present inventors were able to expand
adipose and placenta-derived adherent cells which
comprise stromal stem cells properties. Cells expanded
accordingly were found viable, following
cryo-preservation, as evidenced by adherence and
re-population assays (see Example 1). Flow cytometry
analysis of placenta-derived adherent cells uncovered
a distinct marker expression pattern (see Figures
3A-B). As is further shown in Example 6 of the
Examples section which follows, implantation of
placental derived adherent cells significantly induced
blood flow in the hip and foot (Figure 17) of mice
subjected to artery ligation (the ischemic hind limb
model), significantly improved limb function (Figure
18), increased capillary density (Figures 19A-C) and
reduced oxidative stress and endothelial inflammation
(Figures 20A-B). Thus, according to one aspect of the
invention, there is provided a method of increasing
angiogenesis in a tissue. The method is effected by
contacting the tissue with adherent cells of a tissue
selected from the group consisting of a placenta and
an adipose tissue, thereby increasing the angiogenesis
in the tissue. As used herein the phrase "increasing
angiogenesis in a tissue" refers to increasing
(inducing, upregulating) the process of generating new
capillary blood vessels in a tissue. As used herein
the phrase "adherent cells" refers to a homogeneous or
heterogeneous population of cells which are anchorage
dependent, i.e., require attachment to a surface in
order to grow in vitro. As used herein the phrase
"adipose tissue" refers to a connective tissue which
comprises fat cells (adipocytes). As used herein the
term "placenta tissue" refers to any portion of the
mammalian female organ which lines the uterine wall
and during pregnancy envelopes the fetus, to which it
is attached by the umbilical cord. Following birth,
the placenta is expelled (and is referred to as a post
partum placenta). In an exemplary embodiment, placenta
refers to whole placenta.Placenta or adipose tissue
derived adherent cells can be propagated using two
dimensional or three dimensional culturing conditions.
Conditions for propagating adherent cells in 2D
culture are further described hereinbelow and in the
examples section which follows. As used herein the
phrase "three dimensional culture" refers to a culture
in which the cells are disposed to conditions which
are compatible with cell growth while allowing the
cells to grow in more than one layer. It is well
appreciated that the in situ environment of a cell in
a living organism (or a tissue) is in a three
dimensional architecture. Cells are surrounded by
other cells. They are held in a complex network of
extra cellular matrix nanoscale fibers that allows the
establishment of various local microenvironments.
Their extra cellular ligands mediate not only the
attachment to the basal membrane but also access to a
variety of vascular and lymphatic vessels. Oxygen,
hormones and nutrients are ferried to cells and waste
products are carried away. The conditions in the three
dimensional culture of the invention are designed to
mimic such an environment as is further exemplified
below. It will be appreciated that the conditions of
the three-dimensional culture are such that enable
expansion of the adherent cells. As used herein the
terms "expanding" and "expansion" refer to
substantially differentiation-less maintenance of the
cells and ultimately cell growth, i.e., increase of a
cell population (e.g., at least 2 fold) without
differentiation accompanying such increase. As used
herein the terms "maintaining" and "maintenance" refer
to substantially differentiation-less cell renewal,
i.e., substantially stationary cell population without
differentiation accompanying such stationarity. As
mentioned, the adherent cells of this aspect of the
invention are retrieved from an adipose or placental
tissue. Placental cells may be obtained from a
full-term or pre-term placenta. Placenta is preferably
collected once it has been ex blooded. The placenta is
preferably perfused for a period of time sufficient to
remove residual cells. The term "perfuse" or
"perfusion" used herein refers to the act of pouring
or passaging a fluid over or through an organ or
tissue. The placental tissue may be from any mammal;
for example, the placental tissue is human. A
convenient source of placental tissue is from a post
partumplacenta (e.g., 1-6 hours), however, the source
of placental tissue or cells or the method of
isolation of placental tissue is not critical to the
invention. Placenta derived adherent cells may be
obtained from both fetal (i.e., amnion or inner parts
of the placenta, see Example 1) and maternal (i.e.,
decidua basalis, and decidua parietalis) parts of the
placenta. Tissue specimens are washed in a
physiological buffer [e.g., phosphate-buffered saline
(PBS) or Hank's buffer]. Singlecell suspensions are
made by treating the tissue with a digestive enzyme
(see below) or/and mincing and flushing the tissue
parts through a nylon filter or by gentle pipetting
(Falcon, Becton, Dickinson, San Jose, CA) with washing
medium. Adipose tissue derived adherent cells may be
isolated by a variety of methods known to those
skilled in the art. For example, such methods are
described in U.S. Pat. No. 6,153,432. The adipose
tissue may be derived from omental/visceral, mammary,
gonadal, or other adipose tissue sites. One source of
adipose tissue is omental adipose. In humans, the
adipose is typically isolated by liposuction. Isolated
adherent cells from adipose tissue may be derived by
treating the tissue with a digestive enzyme such as
collagenase, trypsin and/or dispase; and/or effective
concentrations of hyaluronidase or DNAse; and
ethylenediaminetetra-acetic acid (EDTA); at
temperatures between 25 - 50 0C, for periods of
between 10 minutes to 3 hours. The cells may then be
passed through a nylon or cheesecloth mesh filter of
between 20 microns to 1 mm. The cells are then
subjected to differential centrifugation directly in
media or over a Ficoll or Percoll or other particulate
gradient. Cells are centrifuged at speeds of between
100 to 3000 x g for periods of between 1 minutes to 1
hour at temperatures of between 4- 50 C (see U.S. Pat.
No. 7,078,230). In addition to placenta or adipose
tissue derived adherent cells, the invention also
envisages the use of adherent cells from other cell
sources which are characterized by stromal stem cell
phenotype (as will be further described herein below).
Tissue sources from which adherent cells can be
retrieved include, but are not limited to, cord blood,
scalp, hair follicles [e.g. as described in Us Pat.
App. 20060172304], testicles [e.g., as described in
Guan K., et al., Nature. 2006 Apr 27;440(7088):l
199-203], human olfactory mucosa [e.g., as described
in Marshall, CT., et al., Histol Histopathol. 2006
Jun;21(6):633-43], embryonic yolk sac [e.g., as
described in Geijsen N, Nature. 2004 Jan 8;427(6970):
148-54] and amniotic fluid [Pieternella et al. (2004)
Stem Cells22:1338-1345], all of which are known to
include mesenchymal stem cells. Adherent cells from
these tissue sources can be isolated by culturing the
cells on an adherent surface, thus isolating adherent
cells from other cells in the initial population.
Regardless of the origin (e.g., placenta or adipose
tissue), cell retrieval is preferably effected under
sterile conditions. Once isolated cells are obtained,
they are allowed to adhere to an adherent material
(e.g., configured as a surface) to thereby isolate
adherent cells. Culturing may proceed under 2D
conditions as described in Example 4 of the Examples
section and cells may be further transferred to 3D
conditions As used herein "an adherent material"
refers to a synthetic, naturally occurring or a
combination of same of a non-cytotoxic (i.e.,
biologically compatible) material having a chemical
structure (e.g., charged surface exposed groups) which
may retain the cells on a surface. Examples of
adherent materials which may be used in accordance
with this aspect of the invention include, but are not
limited to, a polyester, a polypropylene, a
polyalkylene, a polyfluorochloroethylene, a polyvinyl
chloride, a polystyrene, a polysulfone, a cellulose
acetate, a glass fiber, a ceramic particle, a
matrigel, an extra cellular matrix component (e.g.,
fibronectin, chondronectin, laminin), a collagen, a
poly 



L lactic acid and an inert metal fiber. Further steps
of purification or enrichment for stromal stem cells
may be effected using methods which are well known in
the art (such as by FACS using stromal stem cell
marker expression, as further described herein below).
Non-limiting examples of base media useful in
culturing according to the invention include Minimum
Essential Medium Eagle, ADC-I, LPM (Bovine Serum
Albumin-free), F10(HAM), F12 (HAM), DCCM1, DCCM2, RPMI
1640, BGJ Medium (with and without Fitton-Jackson
Modification), Basal Medium Eagle (BME-with the
addition of Earle's salt base), Dulbecco's Modified
Eagle Medium (DMEM-without serum), Yamane, IMEM-20,
Glasgow Modification Eagle Medium (GMEM), Leibovitz L-
15 Medium, McCoy's 5A Medium, Medium M199 (M199E-with
Earle's sale base), Medium M199 (M199H-with Hank's
salt base), Minimum Essential Medium Eagle (MEM-E-with
Earle's salt base), Minimum Essential Medium Eagle
(MEM-H-with Hank's salt base) and Minimum Essential
Medium Eagle (MEM-NAA with nonessential amino acids),
among numerous others, including medium 199, CMRL
1415, CMRL 1969, CMRL 1066, NCTC 135, MB 75261, MAB
8713, DM 145, Williams' G, Neuman & Tytell, Higuchi,
MCDB 301, MCDB 202, MCDB 501, MCDB 401, MCDB 4 11,
MDBC 153. A preferred medium for use in the invention
is DMEM. These and other useful media are available
from GIBCO, Grand Island, N.Y., USA and Biological
Industries, Bet HaEmek, Israel, among others. A number
of these media are summarized in Methods in
Enzymology, Volume LVIII, "Cell Culture", pp. 62 72,
edited by William B. Jakoby and Ira H. Pastan,
published by Academic Press, Inc. The medium may be
supplemented such as with serum such as fetal serum of
bovine or other species, and optionally or
alternatively, growth factors, vitamins (e.g. ascorbic
acid), cytokines, salts (e.g. B-glycerophosphate),
steroids (e.g. dexamethasone) and hormones e.g.,
growth hormone, erythropoeitin, thrombopoietin,
interleukin 3, interleukin 6, interleukin 7,
macrophage colony stimulating factor, c-kit
ligand/stem cell factor, osteoprotegerin ligand,
insulin, insulin like growth factors, epidermal growth
factor, fibroblast growth factor, nerve growth factor,
cilary neurotrophic factor, platelet derived growth
factor, and bone morphogenetic protein at
concentrations of between picogram/ml to milligram/ml
levels. It is further recognized that additional
components may be added to the culture medium. Such
components may be antibiotics, antimycotics, albumin,
amino acids, and other components known to the art for
the culture of cells. Additionally, components may be
added to enhance the differentiation process when
needed (see further below). It will be appreciated
that in case the adherent cells of the invention are
administered to a human subject, the cells and the
culture medium (e.g., with the above described medium
additives) should be substantially xeno-free, i.e.,
devoid of any animal contaminants e.g., mycoplasma.
For example, the culture medium can be supplemented
with a serum-replacement, human serum and/or synthetic
or recombinantly produced factors. As mentioned, once
adherent cells are at hand they may be passaged to two
dimensional or three dimensional settings (see
Examples 1 and 4 of the Examples section which
follows). It will be appreciated though, that the
cells may be transferred to a 3D-configured matrix
immediately after isolation or alternatively, may be
passagedto three dimensional settings following two
dimensional conditions (as mentioned hereinabove).
Thus, the adherent material of this aspect of the
invention is configured for 3D culturing thereby
providing a growth matrix that substantially increases
the available attachment surface for the adherence of
the cells so as to mimic the infrastructure of the
tissue (e.g., placenta). For high scale production,
culturing can be effected in a 3D bioreactor. Examples
of such bioreactors include, but are not limited to, a
plug flow bioreactor, a continuous stirred tank
bioreactor, a stationary-bed bioreactor, a CelliGen
Plus(r) bioreactor system (New Brunswick Scientific
(NBS) or a BIOFLO 3 10 bioreactor system (New
Brunswick Scientific (NBS). As shown Example 4 of the
Examples section, the Celligen bioreactor is capable
of 3D expansion of adherent cells under controlled
conditions (e.g. pH, temperature and oxygen levels)
and with constant cell growth medium perfusion.
Furthermore, the cell cultures can be directly
monitored for concentration levels of glucose,
lactate, glutamine, glutamate and ammonium. The
glucose consumption rate and the lactate formation
rate of the adherent cells enable to measure cell
growth rate and to determine the harvest time. Other
3D bioreactors that can be used with the invention
include, but are not limited to, a continuous stirred
tank bioreactor, where a culture medium is
continuously fed into the bioreactor and a product is
continuously drawn out, to maintain a timeconstant
steady state within the reactor. A stirred tank
bioreactor with a fibrous bed basket is available for
example at New Brunswick Scientific Co., Edison, NJ),
A stationary-bed bioreactor, an air-lift bioreactor,
where air is typically fed into the bottom of a
central draught tube flowing up while forming bubbles,
and disengaging exhaust gas at the top of the column],
a cell seeding perfusion bioreactor with Polyactive
foams [as described in Wendt, D. et al., Biotechnol
Bioeng 84: 205-214, (2003)] tubular poly- L-lactic
acid (PLLA) porous scaffolds in a Radial-flow
perfusion bioreactor [as described in Kitagawa et al.,
Biotechnology and Bioengineering 93(5): 947-954
(2006). Other bioreactors which can be used in
accordance with the invention are described in U.S.
Pat. Nos. 6,277,151, 6,197,575, 6,139,578, 6,132,463,
5,902,741 and 5,629,186.Cell seeding is preferably
effected 100,000-1,500,000 cells / mm at seeding. In
an exemplary embodiment a total of 150 30 x 106 cells
are seeded, 3-5 x 106 cell / gr carrier are seeded, or
0.015-0.1 x 106 cell / ml are seeded. Cells can be
harvested when at least about 10 % of cells are
proliferating while avoiding uncontrolled
differentiation and senescence. Culturing is effected
for at least about 2 days, 3 days, 4 days, 5 days, 10
days, 20 days, a month or even more. It will be
appreciated that culturing in a bioreactor may prolong
this period. Culturing of the adherent cells in the 3D
culture can be effected under a continuous flow of a
culture medium. Passaging may also be effected to
increase cell number. It will be appreciated that
culture medium may be changed in order to prolong and
improve culturing conditions. Adherent cells of some
embodiments of the present invention comprise at least
about 10 %, 28 %, 30 %, 50 %, 80 % or more
proliferative cells (as can be assayed by FACS
monitoring S and G2/M phases). Adherent cells of some
embodiments of the invention may comprise at least one
"stromal stem cell phenotype". As used herein "a
stromal stem cell phenotype" refers to a structural or
functional phenotype typical of a bone-marrow derived
stromal (i.e., mesenchymal) stem cell As used herein
the phrase "stem cell" refers to a cell which is not
terminally differentiated. Thus for example, the cells
may have a spindle shape. Alternatively or
additionally the cells may express a marker or a
collection of markers (e.g. surface marker) typical to
stromal stem cells. Examples of stromal stem cell
surface markers (positive and negative) include but
are not limited to CDl 05+, CD29+, CD44+, CD73+,
CD90+, CD3-, CD4-, CD34-, CD45-, CD80-, CD19-, CD5-,
CD20-, CDI lB-, CD14-, CD19-, CD79-, HLA-DR-, and
FMC7-. Other stromal stem cell markers include but are
not limited to tyrosine hydroxylase, nestin and H-NF.
Adherent cells of placenta tissue generated according
to the present teachings have a gene expression
profile essentially as described in Example 4 of the
Examples section which follows.Examples of functional
phenotypes typical of stromal stem cells include, but
are not limited to, T cell suppression activity (don't
stimulate T cells and conversely suppress same),
hematopoietic stem cell support activity, as well as
any of adipogenic, hepatogenic, osteogenic and
neurogenic differentiation. Any of these structural or
functional features can be used to qualify the cells
of the invention (see Examples 4 of the Examples
section which follows). Populations of cells generated
according to the present teachings are characterized
by a unique protein expression profile as is shown in
Example 1 of the Examples section. Thus for example,
adherent cells of placenta or adipose tissue generated
according to the present teachings are capable of
expressing and/or secreting high levels of selected
factors. For example, such cells express or secrete
SCF, Flt-3, H2A histone family (H2AF) or Aldehyde
dehydrogenase X (ALDH X) at least 2, 3, 4, 5, 6, 7, 8,
9, 10, 11 or even 12 fold higher than that expressed
or secreted by adherent cells of placenta or adipose
tissue grown in a 2D culture. Additionally or
alternatively, population of cells of the invention
secrete or express IL-6, eukaryotic translation
elongation factor 2 (EEEF2), reticulocalbin 3, EF-hand
calcium binding domain (RCN2) or calponin 1 basic
smooth muscle (CNNl) at a level least 2, 3 or 5 fold
higher than that expressed or secreted by adherent
cells of placenta or adipose tissue grown in a 2D
culture. Additionally or alternatively, population of
cells of the invention are characterized by lower
level of expression of various other proteins as
compared to 2D cultured cells. Thus for example,
secrete or express less than 0.6, 0.5, 0.25 or 0.125
of the expression level of heterogeneous nuclear
ribonucleoprotein Hl (Hnrphl), CD44 antigen isoform 2
precursor, 3 phosphoadenosine 5 phosphosulfate
synthase 2 isoform a (Papss2) or ribosomal protein L7a
(rpL7a) expressed or secreted by adherent cells of
placenta or adipose tissue grown in a 2D culture. As
is shown in Examples 3-4 of the Examples section which
follows, the adherent cells, and particularly
3D-adherent cells, were found to suppress the immune
reaction of human cord blood mononuclear cells in a
mixed lymphocyte reaction (MLR) assay, thus exhibit
biological activities which may be preferentially used
in the clinic (e.g., T cell suppression activity,
hematopoietic stem cell support activity). According
to one embodiment of the invention, the adherent cells
of the invention are capable of suppressing immune
reaction in a subject.As used herein the phrase
"suppressing immune reaction in a subject" refers to
decreasing or inhibiting the immune reaction occurring
in a subject in response to an antigen (e.g., a
foreign cell or a portion thereof). The immune
response which can be suppressed by the adherent cells
include the humoral immune responses, and cellular
immune responses, which involve specific recognition
of pathogen antigens via antibodies and T-lymphocytes
(proliferation of T cells), respectively. According to
one embodiment of the invention, the adherent cells of
the invention are characterized by a higher
immunosuppressive activity than that of adherent cells
of the placenta or the adipose tissue grown in a
two-dimensional (2D) culture. According to one
embodiment of the invention, the immunosuppressive
activity comprises reduction in T cell proliferation.
As mentioned hereinabove and described in Example 6 of
the Examples section which follows, the adherent cells
of the invention induced angiogenesis in vivo (e.g.,
blood flow in the hip and leg), significantly improved
limb function of animals subjected to arterial
ligation, increased capillary density and reduced
oxidative stress and endothelial inflammation.
Furthermore, as described in detail in Example 7 of
the Examples section which follows, the adherent cells
of the invention significantly improved recovery from
stroke in a rat model. Thus, according to another
aspect of the invention, there is provided a method of
treating ischemia in a subject in need thereof. The
method is effected by administering to the subject a
therapeutically effective amount of the adherent cells
of the invention, thereby treating the ischemia in the
subject. The term "ischemia" as used herein refers to
any pathology (disease, condition, syndrome or
disorder) characterized by or associated with
insufficient angiogenesis. Examples include, but are
not limited to, a peripheral arterial disease (PAD)
such as limb ischemia and critical limb ischemia
(CLI), ischemic heart disease, ischemic brain disease
(e.g. stroke), delayed wound-healing, delayed ulcer
healing, reproduction associated disorders,
arteriosclerosis, ischemic vascular disease, ischemic
heart disease, myocardial ischemia, coronary artery
disease (CAD), atherosclerotic cardiovascular disease,
left main coronary artery disease, arterial occlusive
disease, peripheral ischemia, peripheral vascular
disease, vascular disease of the kidney, peripheral
arterialdisease, limb ischemia, lower extremity
ischemia, cerebral ischemia, cerebro vascular disease,
retinopathy, retinal repair, remodeling disorder, von
Hippel-Lindau syndrome, hereditary hemorrhagic
telengiectasiaischemic vascular disease, Buerger's
disease, ischemic renal disease and ischemic placenta.



As used herein the term "treating" refers to
inhibiting or arresting the development of a pathology
(e.g., ischemia) and/or causing the reduction,
remission, or regression of a pathology. Those of
skill in the art will understand that various
methodologies and assays can be used to assess the
development of a pathology, and similarly, various
methodologies and assays may be used to assess the
reduction, remission or regression of a pathology. The
term "treating" may also refer to alleviating or
diminishing a symptom associated with the pathology.
As used herein the phrase "subject in need thereof
refers to any subject (e.g., mammal), such as a human
subject who is diagnosed with or suffers from the
pathology. As mentioned hereinabove and described in
Example 8 of the Examples section which follows, the
present inventors have found that the adherent cells
of the invention are capable of connective tissue
regeneration and/or repair. Thus, according to yet an
additional aspect of the invention, there is provided
a method of treating a medical condition requiring
connective tissue regeneration and/or repair in a
subject in need thereof. The method is effected by
administering to the subject a therapeutically
effective amount of the adherent cells of the
invention. The phrase "connective tissue" refers to a
supporting framework tissue comprising strands of
collagen, elastic fibers (e.g., between and around
muscle and blood vessels) and simple cells. Examples
of connective tissues include, but are not limited to
dense connective tissue (e.g., ligament, tendon,
periodontal ligament), areolar connective tissue
(e.g., with proteinaceous fibers such as collagen and
elastin), reticular connective tissue, adipose tissue,
blood, bone, cartilage, skin, intervertebral disc,
dental pulp, dentin, gingival, extracellular matrix
(ECM)-forming cells, loose connective tissue and
smooth muscle cells. As used herein the phrase
"medical condition requiring connective tissue
regeneration and/or repair" refers to any pathology
characterized by connective tissue damage (i.e.,
non-functioning tissue, cancerous or pre-cancerous
tissue, broken tissue, fractured tissue, fibrotic
tissue, or ischemic tissue) or loss (e.g., following a
trauma, aninfectious disease, a genetic disease, and
the like). Non-limiting examples of such pathologies
include, bone fracture, bone cancer (e.g.,
osteosarcoma, bone cancer metastasis), burn wound,
articular cartilage defect and deep wound. The phrase
"administering to the subject" refers to the
introduction of the cells of the invention to target
tissue. The cells can be derived from the recipient or
from an allogeneic or xenogeneic donor. This phrase
also encompasses "transplantation", "cell replacement"
or "grafting" of the cells of the invention into the
subject. The subject may be any mammal in need of
connective tissue regeneration and/or repair including
e.g. human or domesticated animals including, but not
limited to, horses (i.e. equine), cattle, goat, sheep,
pig, dog, cat, camel, alpaca, llama and yak. According
to an embodiment of the present teachings, the
adherent cells of the present invention may be used to
treat conditions including subchondral-bone cysts,
bone fractures, osteoporosis, osteoarthritis,
degenerated bone, various cancers associated with
connective tissue loss (e.g., bone cancer,
osteosarcoma, bone metastases), cartilage damage,
articular cartilage defect, degenerative disc disease,
osteogenesis imperfecta (OI), burns, burn wounds, deep
wounds, delayed wound-healing, injured ligaments and
injured tendons e.g. overstrain-induced injuries of
tendons in horses and other subjects in need thereof
(as stated above). Cells which may be administered in
accordance with this aspect of the invention include
the above-described adherent cells which may be
cultured in three-dimensional or two dimensional
settings as well as mesenchymal and-non mesenchymal
partially or terminally differentiated derivatives of
same. Methods of deriving lineage specific cells from
the stromal stem cells of the invention are well known
in the art. See for example, U.S. Pat. Nos. 5,486,359,
5,942,225, 5,736,396, 5,908,784 and 5,902,741. The
cells may be nave or genetically modified such as to
derive a lineage of interest (see U.S. Pat. Appl. No.
20030219423). The cells may be of autologous or
non-autologous source (i.e., allogeneic or xenogeneic)
of fresh or frozen (e.g., cryo-preserved)
preparations. Depending on the medical condition, the
subject may be administered with additional chemical
drugs (e.g., immunomodulatory, chemotherapy etc.) or
cells.Since non-autologous cells may induce an immune
reaction when administered to the body several
approaches have been developed to reduce the
likelihood of rejection of non-autologous cells. These
include either suppressing the recipient immune system
or encapsulating the non-autologous cells in
immunoisolating, semipermeable membranes before
transplantation. Encapsulation techniques are
generally classified as microencapsulation, involving
small spherical vehicles and macroencapsulation,
involving larger flat-sheet and hollow-fiber membranes
(Uludag, H. et al. Technology of mammalian cell
encapsulation. Adv Drug Deliv Rev. 2000; 42: 29-64).
Methods of preparing microcapsules are known in the
arts and include for example those disclosed by Lu MZ,
et al., Cell encapsulation with alginate and
alphaphenoxycinnamylidene- acetylated
poly(allylamine). Biotechnol Bioeng. 2000, 70: 479-
83, Chang TM and Prakash S. Procedures for
microencapsulation of enzymes, cells and genetically
engineered microorganisms. MoI Biotechnol. 2001, 17:
249-60, and Lu MZ, et al., A novel cell encapsulation
method using photosensitive poly(allylamine
alphacyanocinnamylideneacetate). J Microencapsul.
2000, 17: 245-51. For example, microcapsules are
prepared by complexing modified collagen with a
ter-polymer shell of 2-hydroxyethyl methylacrylate
(HEMA), methacrylic acid (MAA) and methyl methacrylate
(MMA), resulting in a capsule thickness of 2-5 mm.
Such microcapsules can be further encapsulated with
additional 2-5 mm ter-polymer shells in order to
impart a negatively charged smooth surface and to
minimize plasma protein absorption (Chia, S.M. et al.
Multi-layered microcapsules for cell encapsulation
Biomaterials. 2002 23: 849-56). Other microcapsules
are based on alginate, a marine polysaccharide
(Sambanis, A. Encapsulated islets in diabetes
treatment. Diabetes Technol. Ther. 2003, 5: 665-8) or
its derivatives. For example, microcapsules can be
prepared by the polyelectrolyte complexation between
the polyanions sodium alginate and sodium cellulose
sulphate with the polycation
poly(methylene-co-guanidine) hydrochloride in the
presence of calcium chloride. It will be appreciated
that cell encapsulation is improved when smaller
capsules are used. Thus, the quality control,
mechanical stability, diffusion properties, and in
vitro activities of encapsulated cells improved when
the capsule size was reduced from1mm to 400 mm
(Canaple L. et al., Improving cell encapsulation
through size control. J Biomater Sci Polym Ed. 2002;
13:783-96). Moreover, nanoporous biocapsules with
well-controlled pore size as small as 7 nm, tailored
surface chemistries and precise microarchitectures
were found to successfully immunoisolate
microenvironments for cells (Williams D. Small is
beautiful: microparticle and nanoparticle technology
in medical devices. Med Device Technol. 1999, 10: 6-9;
Desai, T.A. Microfabrication technology for pancreatic
cell encapsulation. Expert Opin Biol Ther. 2002, 2:
633-46). Examples of immunosuppressive agents include,
but are not limited to, methotrexate,
cyclophosphamide, cyclosporine, cyclosporin A,
chloroquine, hydroxychloroquine, sulfasalazine
(sulphasalazopyrine), gold salts, D-penicillamine,
leflunomide, azathioprine, anakinra, infliximab
(REMICADE), etanercept, TNF.alpha. blockers, a
biological agent that targets an inflammatory
cytokine, and Non-Steroidal Anti-Inflammatory Drug
(NSAIDs). Examples of NSAIDs include, but are not
limited to acetyl salicylic acid, choline magnesium
salicylate, diflunisal, magnesium salicylate,
salsalate, sodium salicylate, diclofenac, etodolac,
fenoprofen, flurbiprofen, indomethacin, ketoprofen,
ketorolac, meclofenamate, naproxen, nabumetone,
phenylbutazone, piroxicam, sulindac, tolmetin,
acetaminophen, ibuprofen, Cox-2 inhibitors and
tramadol. In any of the methods described herein, the
cells can be administered either per se or, preferably
as a part of a pharmaceutical composition that further
comprises a pharmaceutically acceptable carrier. As
used herein a "pharmaceutical composition" refers to a
preparation of the adherent cells of the invention
(i.e., adherent cells of a tissue selected from the
group consisting of placenta and adipose tissue, which
are obtained from a three-dimensional culture), with
other chemical components such as pharmaceutically
suitable carriers and excipients. The purpose of a
pharmaceutical composition is to facilitate
administration of the cells to a subject. Hereinafter,
the term "pharmaceutically acceptable carrier" refers
to a carrier or a diluent that does not cause
significant irritation to a subject and does not
abrogate the biological activity and properties of the
administered compound. Examples, without limitations,
of carriers are propylene glycol, saline, emulsions
and mixtures of organic solvents with water.Herein the
term "excipient" refers to an inert substance added to
a pharmaceutical composition to further facilitate
administration of a compound. Examples, without
limitation, of excipients include calcium carbonate,
calcium phosphate, various sugars and types of starch,
cellulose derivatives, gelatin, vegetable oils and
polyethylene glycols. According to a preferred
embodiment of the invention, the pharmaceutical
carrier is an aqueous solution of saline. Techniques
for formulation and administration of drugs may be
found in "Remington's Pharmaceutical Sciences," Mack
Publishing Co., Easton, PA, latest edition, which is
incorporated herein by reference. One may administer
the pharmaceutical composition in a systemic manner
(as detailed hereinabove). Alternatively, one may
administer the pharmaceutical composition locally, for
example, via injection of the pharmaceutical
composition directly into a tissue region of a
patient. Pharmaceutical compositions of the invention
may be manufactured by processes well known in the
art, e.g., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping or lyophilizing
processes. Pharmaceutical compositions for use in
accordance with the invention thus may be formulated
in conventional manner using one or more
physiologically acceptable carriers comprising
excipients and auxiliaries, which facilitate
processing of the active ingredients into preparations
which, can be used pharmaceutically. Proper
formulation is dependent upon the route of
administration chosen. For injection, the active
ingredients of the pharmaceutical composition may be
formulated in aqueous solutions, preferably in
physiologically compatible buffers such as Hank's
solution, Ringer's solution, physiological salt
buffer, or freezing medium containing cryopreservents.
For transmucosal administration, penetrants
appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known
in the art. For any preparation used in the methods of
the invention, the therapeutically effective amount or
dose can be estimated initially from in vitro and cell
culture assays. Preferably, a dose is formulated in an
animal model to achieve a desired concentrationor
titer. Such information can be used to more accurately
determine useful doses in humans. Toxicity and
therapeutic efficacy of the active ingredients
described herein can be determined by standard
pharmaceutical procedures in vitro, in cell cultures
or experimental animals. The data obtained from these
in vitro and cell culture assays and animal studies
can be used in formulating a range of dosage for use
in human. The dosage may vary depending upon the
dosage form employed and the route of administration
utilized. The exact formulation, route of
administration and dosage can be chosen by the
individual physician in view of the patient's
condition, (see e.g., Fingl, et ai, 1975, in "The
Pharmacological Basis of Therapeutics", Ch. 1 p.l).
For example, Parkinson's patient can be monitored
symptomatically for improved motor functions
indicating positive response to treatment. For
injection, the active ingredients of the
pharmaceutical composition may be formulated in
aqueous solutions, preferably in physiologically
compatible buffers such as Hank's solution, Ringer's
solution, or physiological salt buffer. Dosage amount
and interval may be adjusted individually to levels of
the active ingredient which are sufficient to
effectively regulate the neurotransmitter synthesis by
the implanted cells. Dosages necessary to achieve the
desired effect will depend on 



individual characteristics and route of
administration. Detection assays can be used to
determine plasma concentrations. Depending on the
severity and responsiveness of the condition to be
treated, dosing can be of a single or a plurality of
administrations, with course of treatment lasting from
several days to several weeks or diminution of the
disease state is achieved. The amount of a composition
to be administered will, of course, be dependent on
the individual being treated, the severity of the
affliction, the manner of administration, the judgment
of the prescribing physician, etc. The dosage and
timing of administration will be responsive to a
careful and continuous monitoring of the individual
changing condition. For example, a treated Parkinson's
patient will be administered with an amount of cells
which is sufficient to alleviate the symptoms of the
disease, based on the monitoring indications.Models
for ligament injury include, but are not limited to,
rabbit model of anterior cruciate ligament
reconstruction using mesenchymal stem cells [Jit-Kheng
et al., Arthroscopy (2004) 20(9): 899-910], goat model
for use of long-term bioresorbable scaffolds for
anterior cruciate ligament repair [Altman et al., J Am
Acad Orthop Surg. (2008) 16(4):177-187]. Models for
tendon repair include, but are not limited to, adult
New Zealand White rabbit model for autologous
mesenchymal stem cell-mediated repair of tendon [Awad
et al., Tissue Eng. (1999) 5(3):267-77]. Models for
bone repair were described in e.g. Stem Cells in
Endocrinology, Humana Press (2005) 183-206, describing
the manipulation of mesenchymal stem cells for bone
repair. Following transplantation, the cells of the
invention preferably survive in the diseased area for
a period of time (e.g. about 1 month), such that a
therapeutic effect is observed. Compositions including
the preparation of the invention formulated in a
compatible pharmaceutical carrier may also be
prepared, placed in an appropriate container, and
labeled for treatment of an indicated condition.
Compositions of the invention may, if desired, be
presented in a pack or dispenser device, such as an
FDA approved kit, which may contain one or more unit
dosage forms containing the active ingredient. The
pack may, for example, comprise metal or plastic foil,
such as a blister pack. The pack or dispenser device
may be accompanied by instructions for administration.
The pack or dispenser may also be accommodated by a
notice associated with the container in a form
prescribed by a governmental agency regulating the
manufacture, use or sale of pharmaceuticals, which
notice is reflective of approval by the agency of the
form of the compositions or human or veterinary
administration. Such notice, for example, may be of
labeling approved by the U.S. Food and Drug
Administration for prescription drugs or of an
approved product insert. The adherent cells of the
invention can be suitably formulated as pharmaceutical
compositions which can be suitably packaged as an
article of manufacture. Such an article of manufacture
comprises a packaging material which comprises a label
for use in increasing angiogenesis in a tissue,
treating ischemia and/or treating a pathology
requiring connective tissue regeneration and/or
repair, wherein the packaging material packaging the
adherent cells of the invention.It will be appreciated
that the adherent cells of the present invention are
capable of inducing immunosuppression and/or tolerance
in a subject. Thus, the adherent cells may be used to
treat any condition in need of immunosuppression
and/or tolerance. Such conditions included, but are
not limited to, autoimmune diseases and inflammatory
diseases (including acute and chronic inflammatory
diseases) including, but are not limited to,
cardiovascular diseases, rheumatoid diseases,
glandular diseases, gastrointestinal diseases,
cutaneous diseases, hepatic diseases, neurological
diseases, muscular diseases, nephric diseases,
diseases related to reproduction, connective tissue
diseases and systemic diseases. Examples of autoimmune
cardiovascular diseases include, but are not limited
to atherosclerosis (Matsuura E. et al, Lupus. 1998;7
Suppl 2:S135), myocardial infarction (Vaarala O.
Lupus. 1998;7 Suppl 2:S132), thrombosis (Tincani A. et
al, Lupus 1998;7 Suppl 2:S 107-9), Wegener's
granulomatosis, Takayasu's arteritis, Kawasaki
syndrome (Praprotnik S. et al, Wien Klin Wochenschr
2000 Aug 25;1 12 (15-16):660), anti-factor VIII
autoimmune disease (Lacroix-Desmazes S. et al, Semin
Thromb Hemost.2000;26 (2): 157), necrotizing small
vessel vasculitis, microscopic polyangiitis, Churg and
Strauss syndrome, pauci-immune focal necrotizing and
crescentic glomerulonephritis (Noel LH. Ann Med
Interne (Paris). 2000 May;151 (3): 178),
antiphospholipid syndrome (Flamholz R. et al, J Clin
Apheresis 1999;14 (4):171), antibody-induced heart
failure (Wallukat G. et al, Am J Cardiol. 1999 Jun 17;
83 (12A):75H), thrombocytopenic purpura (Moccia F. Ann
Ital Med Int. 1999 Apr-Jun;14 (2):1 14; Semple JW. et
al, Blood 1996 May 15;87 (10):4245), autoimmune
hemolytic anemia (Efremov DG. et al, Leuk Lymphoma
1998 Jan;28 (3-4):285; Sallah S. et al, Ann Hematol
1997 Mar;74 (3): 139), cardiac autoimmunity in Chagas'
disease (Cunha-Neto E. et al, J Clin Invest 1996 Oct
15;98 (8): 1709) and anti-helper T lymphocyte
autoimmunity (Caporossi AP. et al, Viral Immunol 1998;
1 1 (1):9). Examples of autoimmune rheumatoid diseases
include, but are not limited to rheumatoid arthritis
(Krenn V. et al, Histol Histopathol 2000 JuI; 15 (3):
791; Tisch R, McDevitt HO. Proc Natl Acad Sci units S
A 1994 Jan 18;91 (2):437) and ankylosing spondylitis
(Jan Voswinkel et al, Arthritis Res 2001; 3 (3): 189).
Examples of autoimmune glandular diseases include, but
are not limited to, pancreatic disease, Type I
diabetes, thyroid disease, Graves' disease,
thyroiditis,spontaneous autoimmune thyroiditis,
Hashimoto's thyroiditis, idiopathic myxedema, ovarian
autoimmunity, autoimmune anti-sperm infertility,
autoimmune prostatitis and Type I autoimmune
polyglandular syndrome diseases include, but are not
limited to autoimmune diseases of the pancreas, Type 1
diabetes (Castano L. and Eisenbarth GS. Ann. Rev.
Immunol. 8:647; Zimmet P. Diabetes Res Clin Pract 1996
Oct;34 Suppl:S125), autoimmune thyroid diseases,
Graves' disease (Orgiazzi J. Endocrinol Metab Clin
North Am 2000 Jun;29 (2):339; Sakata S. et al, MoI
Cell Endocrinol 1993 Mar;92 (1):77), spontaneous
autoimmune thyroiditis (Braley-Mullen H. and Yu S, J
Immunol 2000 Dec 15;165 (12):7262), Hashimoto's
thyroiditis (Toyoda N. et al, Nippon Rinsho 1999 Aug;
57 (8): 18 10), idiopathic myxedema (Mitsuma T. Nippon
Rinsho. 1999 Aug;57 (8): 1759), ovarian autoimmunity
(Garza KM. et al, J Reprod Immunol 1998 Feb;37
(2):87), autoimmune anti-sperm infertility (Diekman
AB. et al, Am J Reprod Immunol. 2000 Mar;43 (3): 134),
autoimmune prostatitis (Alexander RB. et al, Urology
1997 Dec;50 (6):893) and Type I autoimmune
polyglandular syndrome (Hara T. et al, Blood. 1991 Mar
1;77 (5): 1127). Examples of autoimmune
gastrointestinal diseases include, but are not limited
to, chronic inflammatory intestinal diseases (Garcia
Herola A. et al, Gastroenterol Hepatol. 2000 Jan;23
(1): 16), celiac disease (Landau YE. and Shoenfeld Y.
Harefuah 2000 Jan 16; 138 (2): 122), colitis, ileitis
and Crohn's disease. Examples of autoimmune cutaneous
diseases include, but are not limited to, autoimmune
bullous skin diseases, such as, but are not limited
to, pemphigus vulgaris, bullous pemphigoid and
pemphigus foliaceus. Examples of autoimmune hepatic
diseases include, but are not limited to, hepatitis,
autoimmune chronic active hepatitis (Franco A. et al,
Clin Immunol Immunopathol 1990 Mar;54 (3):382),
primary biliary cirrhosis (Jones DE. Clin Sci (Colch)
1996 Nov;91 (5):551; Strassburg CP. et al, Eur J
Gastroenterol Hepatol. 1999 Jun;l l (6):595) and
autoimmune hepatitis (Manns MP. J Hepatol 2000 Aug;33
(2):326). Examples of autoimmune neurological diseases
include, but are not limited to, multiple sclerosis
(Cross AH. et al J Neuroimmunol 2001 Jan 1;1 12
(1-2):1), Alzheimer's disease (Oron L. et al, J Neural
Transm Suppl. 1997;49:77), myasthenia gravis (Infante
AJ. And Kraig E, Int Rev Immunol 1999; 18 (1-2): 83;
Oshima M. et al,Eur J Immunol 1990 Dec;20 (12):2563),
neuropathies, motor neuropathies (Kornberg AJ. J Clin
Neurosci. 2000 May;7 (3): 191); Guillain-Barre
syndrome and autoimmune neuropathies (Kusunoki S. Am J
Med Sci. 2000 Apr;319 (4):234), myasthenia,
Lambert-Eaton myasthenic syndrome (Takamori M. Am J
Med Sci. 2000 Apr;319 (4):204); paraneoplastic
neurological diseases, cerebellar atrophy,
paraneoplastic cerebellar atrophy and stiff-man
syndrome (Hiemstra HS. et al, Proc Natl Acad Sci units
S A 2001 Mar 27;98 (7):3988); non-paraneoplastic stiff
man syndrome, progressive cerebellar atrophies,
encephalitis, Rasmussen's encephalitis, amyotrophic
lateral sclerosis, Sydeham chorea, Gilles de Ia
Tourette syndrome and autoimmune polyendocrinopathies
(Antoine JC. and Honnorat J. Rev Neurol (Paris) 2000
Jan; 156 (1):23); dysimmune neuropathies
(Nobile-Orazio E. et al, Electroencephalogr Clin
Neurophysiol Suppl 1999;50:419); acquired
neuromyotonia, arthrogryposis multiplex congenita
(Vincent A. et al, Ann N Y Acad Sci. 1998 May 13;
841:482), neuritis, optic neuritis (Soderstrom M. et
al, J Neurol Neurosurg Psychiatry 1994 May;57 (5):544)
and neurodegenerative diseases. Examples of autoimmune
muscular diseases include, but are not limited to,
myositis, autoimmune myositis and primary Sjogren's
syndrome (Feist E. et al, Int Arch Allergy Immunol
2000 Sep;123 (1):92) and smooth muscle autoimmune
disease (Zauli D. et al, Biomed Pharmacother 1999 Jun;
53 (5-6):234). Examples of autoimmune nephric diseases
include, but are not limited to, nephritis and
autoimmune interstitial nephritis (Kelly CJ. J Am Soc
Nephrol 1990 Aug;l (2): 140). Examples of autoimmune
diseases related to reproduction include, but are not
limited to, repeated fetal loss (Tincani A. et al,
Lupus 1998;7 Suppl 2:S107-9). Examples of autoimmune
connective tissue diseases include, but are not
limited to, ear diseases, autoimmune ear diseases (Yoo
TJ. et al, Cell Immunol 1994 Aug;157 (1):249) and
autoimmune diseases of the inner ear (Gloddek B. et
al, Ann N Y Acad Sci 1997 Dec 29;830:266). Examples of
autoimmune systemic diseases include, but are not
limited to, systemic lupus erythematosus (Erikson J.
et al, Immunol Res 1998; 17 (l-2):49) and systemic
sclerosis (Renaudineau Y. el al, Clin Diagn Lab
Immunol. 1999 Mar;6 (2):156); Chan OT. et al, Immunol
Rev 1999 Jun;169: 107).Furthermore, the adherent cells
may be used to treat diseases associated with
transplantation of a graft including, but are not
limited to, graft rejection, chronic graft rejection,
subacute graft rejection, hyperacute graft rejection,
acute graft rejection and graft versus host disease.
As used herein the term "about" refers to + 10 %.
Additional objects, advantages, and novel features of
the 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 invention as delineated hereinabove and
as claimed 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 invention
include molecular, biochemical, microbiological
andrecombinant 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 MII 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 Course Manual" 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 I
PRODUCTIONAND CULTURING OF ADHERENT CELLS FROMBONE
MARROW,PLACENTAAND ADIPOSE TISSUES Adherent cells were
cultured in a bioreactor system containing 3D carriers
to produce 3D-adherent cells, characterized by a
specific cell marker expression profile. Growth
efficiency was tested through cell count. The
differentiation capacity of these cells was tested by
culturing in a differentiation medium. Materials and
Experimental Procedures Bone marrow adherent cells -
Bone marrow (BM) adherent cells were obtained from
aspirated sterna marrow of hematologically healthy
donors undergoing open-heart surgery or BM biopsy.
Marrow aspirates were diluted 3-fold in Hank's
Balanced Salts Solution (HBSS; GIBCO BRL/Invitrogen,
Gaithersburg MD) and subjected to Ficoll- Hypaque
(Robbins Scientific Corp. Sunnyvale, CA) density
gradient centrifugation. Thereafter, marrow
mononuclear cells (<1.077 gm/cm3) were collected,
washed 3 times in HBSS and resuspended in growth media
[DMEM (Biological Industries, Beit Ha'emek, Israel)
supplemented with 10 % FCS (GIBCO BRL), 10 4 M
mercaptoethanol (Merck, White House Station, NJ),
Pen-Strep-Ny statin mixture (100 U/ml:100 mg/ml:1.25
un/ml; Beit Ha'Emek), 2 mM L-glutamine (Beit
Ha'Emek)]. Cells fromindividual donors were incubated
separately in tissue culture flasks (Corning, Acton,
MA) at 37 C (5 % CO2) with weekly change of culture
media. Cells were split every 3-4 days using 0.25 %
trypsin-EDTA (Beit Ha'Emek). Following 2-40 passages,
when reaching 60-80 % confluence, cells were collected
for analysis or for culturing in bioreactors. Placenta
derived adherent cells - Inner parts of a full-term
delivery placenta (Bnei Zion medical center, Haifa,
Israel) were cut under sterile conditions, washed 3
times with Hank's Buffer and incubated for 3 hours at
37 0C with 0.1 % Collagenase (lmg / ml tissue; Sigma-
Aldrich, St. Lewis, MO). Using gentle pipetting,
suspended cells were then washed with DMEM
supplemented with 10 % FCS, Pen-Strep-Nystatin mixture
(100 U/ml:100 mg/ml:1.25 un/ml) and 2 mM L-glutamine,
seeded in 75 cm2 flasks and incubated at 37 C in a
tissue culture incubator under humidified condition
with 5 % CO2 Thereafter, cells were allowed to adhere
to a plastic surface for 72 hours after which the
media was changed every. 3 - 4 days. When reaching
60-80 % confluence (usually 10-12 days), cells were
detached from the growth flask using 0.25 %
trypsin-EDTA and seeded into new flasks. Cultured
cells were thereafter collected for analysis or for
culturing in bioreactors. Adipose derived adherent
cells - Adherent cells were obtained from human
adipose tissue of liposuction procedures (Rambam
Haifa, Israel). Adipose tissue was washed extensively
with equal volumes of PBS and digested at 37 C for 30
minutes with collagenase (20 mg/ml). Cells were then
washed with DMEM containing 10 % FCS,
Pen-Strep-Nystatin mixture (100 U/ml:100 mg/ml:1.25
un/ml) and L- Glutamin and centrifuged at 1200 rpm for
10 minutes at room temperature (RT), resuspended with
lysing solution (1:10; Biological Industries, Beit
Ha'emek, Israel, in order to discard red-blood cells)
centrifuged and resuspended with DMEM containing 10 %
FCS, Pen-Strep-Nystatin mixture (100 U/ml:100
mg/ml:1.25 un/ml) and L- Glutamin. Washed cells were
then seeded in a sterile tissue culture medium flask
at 3-10 X 107 cells/flask. At the next day cells were
washed with PBS to remove residual RBC and dead cells.
The cells were kept at 37 C in a tissue culture
incubator under humidified condition with 5 % CO2 The
medium was changed every 3 to 4 days. At 60-80 %
confluence, the cells were detached from the growth
flask using 0.25 % trypsin-EDTAand seeded into new
flasks. Following 2-40 passages, when cells reached
60-80 % confluence, cells were collected for analysis
or for culturing in bioreactors. PluriX(tm) Plug Flow
bioreactor - The PluriX(tm) Plug Flow bioreactor
(Pluristem, Haifa, Israel; as illustrated in Figure
IG, see also U.S. Pat. No. 6,91 1,201), was loaded
with 1-100 ml packed 3D porrosive carriers (4 mm in
diameter) made of a non woven fabric matrix of
polyester. These carriers enable the propagation of
large cell numbers in a relatively small volume.
Glassware was designed and manufactured by Pluristem
(Pluristem, Haifa, Israel). The bioreactor was
maintained in an incubator of 37 C, with flow rate
regulated and monitored by a valve (6a in Figure IG),
and peristaltic pump (9 in Figure IG). The bioreactor
contains a sampling and injection point (4 in Figure
IG), allowing the sequential seeding of cells. Culture
medium was supplied at pH 6.7-7.4 from a reservoir ( 1
in Figure IG). The reservoir was supplied by a
filtered gas mixture (2, 3 in Figure IG), containing
air/CO2/O2 at differing proportions, depending on cell
density in the bioreactor. The O2 proportion was
suited to the level of dissolved O2 at the bioreactor
exit, determined by a monitor (6 in Figure IG). The
gas mixture was supplied to the reservoir via silicone
tubes or diffuser (Degania Bet, Emek Hayarden,
Israel). The culture medium was passed through a
separating container (7 in Figure IG) which enables
collection of circulating, nonadherent cells.
Circulation of the medium was obtained by a
peristaltic pump (9 in Figure IG). The bioreactor was
further equipped with an additional sampling point (10
in Figure IG) and containers for continuous medium
exchange. Production of 3D-adherent cells -
Non-confluent primary human adherent 2D cell cultures,
grown as described above, were trypsinized, washed,
resuspended in DMEM supplemented with 10 % FBS,
Pen-Strep-Nystatin mixture (100 U/ml:100 ug/ml:1.25
un/ml) and 2 mM L-glutamine, and seeded (103-105
cells/ml) via an injection point onto the 3D carriers
in a sterile Plug Flow bioreactor (see Figure IG).
Prior to inoculation, bioreactor was filled with
PBS-Ca-Mg (Biological Industries, Beit Ha'emek,
Israel), autoclaved (120 0C, 30 min) and washed with
Dulbecco's growth medium containing 10 %
heat-inactivated fetal calf serum and a
Pen-Strep-Nystatin mixture (100 U/ml:100 ug/ml:1.25
un/ml). Flow was kept at a rate of 0.1-5 ml/min.
Seeding process involved cease of circulation for 2-
48 hrs, thereby allowing the cells to settle on the
carriers. Bioreactor was kept under controlled
temperature (37 0C) and pHconditions (pH = 6.7-7.4);
using an incubator supplied with sterile air and CO2
as needed. Growth medium was replaced 2-3 times a
week. Circulation medium was replaced with fresh DMEM
media, every 4 hr to 7 days. At a density of 1 X 106-
l X 107 cells/ml (following 12-40 days of growth),
total medium volume was removed from the bioreactor
and bioreactor and carriers were washed 3-5 times with
PBS. 3Dadherent cells were then detached from the
carriers with Trypsin-EDTA; (Biological Industries,
Beit Ha'emek, Israel; 3-15 minutes with gentle
agitation, 1-5 times), and were thereafter resuspended
in DMEM and cryopreserved. 3D-adherent cell quality
biological assays - Cryopreserved 3D-adherent cells
were thawed and counted. For cell viability
evaluation, 2 X 105 cells were seeded in a 150 cm2
tissue culture flask and their adherence capability
and repopulation was evaluated within 7 days following
seeding. Thereafter, the 3D-adherent cell membrane
marker phenotype was analyzed using fluorescence
monoclonal antibodies flowcytometer (Beckman Coulter,
Fullerton, CA). Comparison between the cell membrane
markerprofile of 3D and 2D cultured adherent cells
usingflow cytometry assays 100,000 - 200,000 adherent
cells from 2D cultures and 3D flow system cultures
were suspended in 0.1 ml of culture medium in a 5 ml
tube and incubated (4 C, 30 minutes, dark conditions)
with saturating concentrations of each of the
following MAbs: FITC-conjugated anti-human CD90
(Chemicon International Inc. Temecula, CA), PE
conjugated anti human CD73 (Bactlab Diagnostic,
Ceasarea, Israel), PE conjugated anti human CD105
(eBioscience, San Diego, CA), FITC conjugated anti
human CD29 (eBioscience, San Diego, CA), Cy7- PE
conjugated anti-human CD45 (eBiosience), PE-conjugated
anti-human CD19 (IQProducts, Groningen, The
Netherlands), PE conjugated anti human CD14 MAb
(IQProducts), FITC conjugated anti human CDl Ib
(IQProducts) and PE conjugated anti human CD34
(IQProducts) or with FITC conjugated anti human HLA-DR
MAb (IQProducts). Following incubation the cells were
washed twice in ice-cold PBS containing 1 %
heat-inactivated FCS, resuspended in 500 ml
formaldehyde 0.5 % and analyzed using the FC-500
flow-cytometer (Beckman Coulter, Fullerton, CA).
Comparison between the protein profile of 3D and 2D
cultured adherent cells using mass spectrometry
analysis - 2D and 3D derived culturing procedures
adherent cells were produced from the placenta as
described above. Briefly, the 2D cultures wereproduced
by culturing 0.3-0.75 X 106 cells in 175 cm2 flasks
for 4 days under humidified 5 % CO2 atmosphere at 37
C, until reaching 60 - 80 % confluence. The 3D
cultures were produced by seeding 2-10 x 10 cells/gram
in a bioreactor containing 2000 carriers, and
culturing for 18 days. Following harvesting, cells
were washed ( X 3) to remove all the serum, pelleted
and frozen. Proteins were isolated from pellets [using
Tri Reagent kit (Sigma, Saint Louis, USA) and digested
with trypsin and labeled with iTRAQ reagent (Applied
Biosciences, Foster City, CA)], according to the
manufacturers protocol. Briefly, iTRAQ reagents are
non-polymeric, isobaric tagging reagents. Peptides
within each sample are labeled with one of four
isobaric, isotopecoded tags via their N-terminal
and/or lysine side chains. The four labeled samples
are mixed and peptides are analyzed with mass
spectrometry. Upon peptide fragmentation, each tag
releases a distinct mass reporter ion; the ratio of
the four reporters therefore gives relative abundances
of the given peptide in a sample (information at:
www.docs.appliedbiosystems.com/pebiodocs/001
13379.pdf). Proteomics analysis of 2D culture versus
3D culture of placenta derived adherent cells was
performed in the Smoler proteomic center (department
of Biology, Technion, Haifa, Israel) using LC-MS/MS on
QTOF-Premier (Waters, San Francisco, CA), with
identification and analysis done by Pep-Miner software
[Beer, I., et al., Proteomics, 4, 950-60 (2004)]
against the human part of the nr database. The
proteins analyzed were: heterogeneous nuclear
ribonucleoprotein Hl (Hnrphl GenBank Accession No. NP
00551 1), H2A histone family (H2AF, GenBank Accession
No. NP 034566.1), eukaryotic translation elongation
factor 2 (EEEF2, GenBank Accession No. NP 03 1933.1),
reticulocalbin 3, EF-hand calcium binding domain
(RCN2, GenBank Accession No. NP 065701), CD44 antigen
isoform 2 precursor (GenBank Accession No. NP
001001389, calponin 1 basic smooth muscle (CNNl,
GenBank Accession No. NP_001290), 3 phosphoadenosine 5
phosphosulfate synthase 2 isoform a (Papss2, GenBank
Accession No. NP 004661), ribosomal protein L7a
(rpL7a, GenBank Accession No. NP 000963) and Aldehyde
dehydrogenase X (ALDH X, GenBank Accession No.
P47738). Every experiment was done twice. Because of
the nature of the analysis, every protein was analyzed
according to the number of peptides of which appeared
in a sample (2-20 appearances of a protein in each
analysis)Comparison between secreted proteins in 3D
and 2D cultured adherent cells using ELISA - 2D and 3D
derived culturing procedures adherent cells produced
from the placenta, were produced as described above,
with 3D cultures for the duration of 24 days.
Conditioned media were thereafter collected and
analyzed for Flt-3 ligand, IL-6, Thrombopoietin (TPO)
and stem cell factor (SCF), using ELISA (R&D Systems,
Minneapolis, MN), in three independent experiments.
Results were normalized for 1 X 106 cells / ml.
Osteoblast differentiating medium- Osteogenic
differentiation was assessed by culturing of cells in
an osteoblast differentiating medium consisting DMEM
supplemented with 10 % FCS, 100 nM dexamethasone, 0.05
mM ascorbic acid 2- phosphate, 10 mM
B-glycerophosphate, for a period of 3 weeks. Calcified
matrix was indicated by Alizzarin Red S staining and
Alkaline phosphatase was detected by Alkaline
phosphatase assay kit (all reagents from Sigma-
Aldrich, St. Lewis, MO). Experimental Results The
PluriX(tm) Bioreactor System creates a physiological
-like microenvironment In order to render efficient
culture conditions for adherent cells, a physiological
- like environment (depicted in Figure IA) was created
artificially, using the PluriX Bioreactor (Pluristem,
Haifa, Israel; carrier is illustrated in Figure IG and
shown before seeding in Figure IB). As is shown in
Figures IC-F, bone marrow produced 3Dadherent cells
were cultured successfully and expanded on the 3D
matrix, 20 days 



(Figures IB-C, magnified X 150 and 250 respectively)
and 40 days (Figures IC-D, magnified X 350 and 500
respectively) following seeding. Cells grown in the
PluriX Bioreactor system were significantly expanded -
Different production lots of placenta derived
3D-adherent cells were grown in the PluriX bioreactor
systems. The seeding density was 13,300 cells/carrier
(to a total of 2 X 10 cells). Fourteen days following
seeding, cell density multiplied by 15 fold, reaching
approximately 200,000 cells/carrier (Figure 2), or 30
X 106 in a bioreactor of 150 carriers. In a different
experiment, cells were seeded into the bioreactor at
density of 1.5 X 104 cells/ml and 30 days following
seeding the carriers contained an over 50- fold higher
cell number, i.e. approx. 0.5 X l O6 cells/carrier, or
0.5 X 107 cells/ml. The cellular density on the
carriers at various levels of the growth column was
consistent,indicating a homogenous transfer of oxygen
and nutrients to the cells. The 3D culture system was
thus proven to provide supporting conditions for the
growth and prolonged maintenance of high-density
mesenchymal cells cultures, which can be grown
efficiently to an amount sufficient for the purpose of
supporting engraftment and successful transplantation.
3D-adherent cells show unique membrane marker
characteristics - In order to define the difference in
the secretion profile of soluble molecules and protein
production, effected by the bone environment mimicking
3D culturing procedure, FACs analysis was effected. As
is shown in Figure 3A, FACS analysis of cell markers
depict that 3D-adherent cells display a different
marker expression pattern than adherent cells grown in
2D conditions. 2D cultured cells expressed
significantly higher levels of positive membrane
markers CD90, CD105, CD73 and CD29 membrane markers as
compared to 3D cultured cells. For example, CD105
showed a 56 % expression in 3D cultured cells vs. 87 %
in 2D cultured cells. Adherent cells of both 2D and 3D
placenta cultures, did not express any hematopoietic
membrane markers (Figure 3B). 3D-adherent cells show a
unique profile of solublefactors - The hematopoietic
niche includes supporter cells that produce an
abundance of cytokines, chemokines and growth factors.
In order to further define the difference between 2D
and 3D cultured adherent cells, the profile of the
four main hematopoietic secreted proteins in the
conditioned media of 2D and 3D adherent cell cultures
was effected by ELISA. Figures 4A-C show that cells
grown in 3D conditions produced condition media with
higher levels of Flt-3 ligand (Figure 4A), IL-60
(Figure 4B), and SCF (Figure 4C), while low levels of
IL-6, and close to zero level of Flt-3 ligand and SCF,
were detected in the condition media of 2D cultures.
Production of Trombopoietin (TPO) was very low and
equal in both cultures. 3D-adherent cells show a
unique protein profile in mass spectrometry analysis -
In order to further define the difference between 2D
and 3D cultured adherent cells, the protein profile of
these cells was analyzed by mass spectrometry. Figure
4D shows that 2D and 3D cultured adherent cells show a
remarkably different protein expression profile. As is
shown in Table 1 below, 3D cultured cells show a much
higher expression level of H2AF and ALDH X (more than
9 and 12 fold higher, respectively) and a higher level
of the proteins EEEF2, RCN2 and CNNl (ca. 3, 2.5 and 2
fold, respectively). Inaddition, 3D cultured cells
show ca. half the expression levels of the proteins
Hnrphl and CD44 antigen isoform 2 precursor and ca. a
third of the expression levels of Papss2 and rpL7a.
Table 1 3D-adherent cells have the capacity to
differentiate into osteoblasts - In order to further
characterize 3D-adherent cells, cells were cultured in
an osteoblast differentiating medium for a period of 3
weeks. Thereafter, calcium precipitation was effected.
Differentiated cells were shown to produce calcium
(depicted in red in Figures 5A-B) whereas control
cells maintained a fibroblast like phenotype and
demonstrated no mineralization (Figures 5C-D). These
results show that placenta derived 3Dadherent cells
have the capacity to differentiate in vitro to
osteoblasts cells. EXAMPLE 2 ASSESSMENT OF THE ABILITY
OF PLACENTA DERIVED 3D-ADHERENT CELLS TO IMPROVE HSC
ENGRAFTMENT 3D-adherent cell's support of HSC
engraftment was evaluated by the level of human
hematopoietic cells (hCD45+) detected in sub lethally
irradiated or chemotherapy pretreated immune deficient
NOD-SCID mice. Materials and Experimental Procedures
Isolation of CD34+ Cells - Umbilical cord blood
samples were taken under sterile conditions during
delivery (Bnei Zion Medical Center, Haifa, Israel)
andmononuclear cells were fractionated using
Lymphoprep (Axis-Shield PoC As, Oslo, Norway) density
gradient centrifugation and were cryopreserved. Thawed
mononuclear cells were washed and incubated with
anti-CD34 antibodies and isolated using midi MACS
(Miltenyl Biotech, Bergish Gladbach, Germany). Cells
from more than one sample were pooled for achieving
the desired amount (50,000- 100,000 cells). Detection
of transplanted cells in irradiated mice - Seven week
old male and female NOD-SCID mice (NOD-CB
17-Prkdcscid/J; Harlan/ Weizmann Inst., Rehovot
Israel) were maintained in sterile open system cages,
given sterile diets and autoclaved acidic water. The
mice were sub lethally irradiated (350 cGy), and
thereafter (48 hr post irradiation) transplanted with
50,000-100,000 hCD34+ cells, with or without
additional adherent cells (0.5 x 106 - 1 x 106)
derived from placenta or adipose tissue (3- 7 mice in
each group), by intravenous injection to a lateral
tail vein. Four to six weeks following transplantation
the mice were sacrificed by dislocation and BM was
collected by flushing both femurs and tibias with FACS
buffer (50 ml PBS, 5 ml FBS, 0.5 ml sodium azid 5 %).
Human cells in the mice BM were detected by flow
cytometry, and the percentage of the human and murine
CD45 hematopoietic cell marker expressing cells in the
treated NOD-SCID mice was effected by incubating cells
with anti-human CD45-FITC (IQ Products, Groningen, The
Netherlands). The lowest threshold for unequivocal
human engraftment was designated at 0.5 %. Detection
of transplanted cells in mice treated with
chemotherapy - 6.5 week old male NOD-SCID mice
(NOD.CB17/JhkiHsd-scid; Harlan, Rehovot Israel),
maintained as described hereinabove for irradiated
mice, were injected intraperitoneally with Busulfan
(25 mg/kg- for 2 consecutive days). Two days following
the second Busulfan injection, mice were injected with
CD34+ cells alone, or together with 0.5 X 10 adherent
cells, produced from the placenta. 3.5 weeks following
transplantation, mice were sacrificed, and the
presence of human hematopoietic cells was determined
as described hereinabove for irradiated mice.
Experimental Results 3D-adherent cells improved
engraftment of HSC in irradiated mice - Human CD34+
hematopoietic cells and 3D-adherent cells derived from
placenta or adipose tissues were co-transplanted in
irradiated NOD-SCID mice. Engraftment efficiency was
evaluated 4 weeks following co-transplantation, and
compared to mice transplantedwith HSC alone. As is
shown in Table 2, co-transplantation of 3D-adherent
cells and UCB CD34+ cells resulted in considerably
higher engraftment rates and higher levels of human
cells in the BM of recipient mice compared to mice
treated with UCB CD34+ cells alone. Table 2
3D-adherent cells improved engraftment of HSC in mice
treated with chemotherapy - Human CD34+ hematopoietic
cells were co-transplanted with 500,000- 2D-adherent
cells or 3D-adherent cells derived from placenta, into
NOD-SCID mice pretreated with chemotherapy.
Engraftment efficiency was evaluated 3.5 weeks
following co-transplantation, and compared to mice
transplanted with HSC alone. As is shown in Table 3
and Figure 6, co-transplantation of adherent cells and
UCB CD34+ cells resulted in higher engraftment levels
in the BM of the recipient mice compared to UCB CD34+
cells alone. Moreover, as is shown in Table 3, the
average level of engraftment was higher in mice
co-transplanted with placenta derived adherent cells
grown in the PluriX bioreactor system (3D-adherent
cells) than in the mice cotransplanted with cells from
the same donor, grown in the conventional static 2D
culture conditions (flask). Table 3 FACS analysis
results shown in Figures 7A-B demonstrate the
advantage of cotransplanting adherent cells with hHSCs
(Figure 7B), and the ability of adherent cells to
improve the recovery of the hematopoietic system
following HSC transplantation.Taken together, these
results show that adherent cells may serve as
supportive cells to improve hematopoietic recovery
following HSCs transplantation (autologous or
allogenic). The ability of the 3D-adherent cells to
enhance hematopoietic stem and/or progenitor cell
engraftment following HSCs transplantation may result
from the 3Dadherent cell ability to secrete HSC
supporting cytokines that may improve the homing,
self-renewal and proliferation ability of the
transplanted cells, or from the ability of those cells
to rebuild the damaged hematopoietic microenvironment
needed for the homing and proliferation of the
transplantable HSCs EXAMPLE 3 THE SUPPRESSION OF
LYMPHOCYTE RESPONSE BY 2D AND 3D CULTURED ADHERENT
CELLS Adherent cells, and particularly 3D-adherent
cells, were found to suppress the immune reaction of
human cord blood mononuclear cells in an MLR assay
Materials and Experimental Procedures Mixed lymphocyte
reaction (MLR) assay - The immunosuppressive and
immunoprivileged properties of 2D and 3D derived
culturing procedures adherent cells produced from the
placenta, were effected by the MLR assay, which
measures histocompatibility at the HLA locus, as
effected by the proliferation rate of incompatible
lymphocytes in mixed culturing of responsive
(proliferating) and stimulating (unproliferative)
cells. Human cord blood (CB) mononuclear cells (2 x
105) were used as responsive cells and were stimulated
by being co-cultured with equal amounts (105) of
irradiated (3000 Rad) human peripheral blood derived
Monocytes (PBMC), or with 2D or 3D cultured adherent
cells, produced from the placenta, or a combination of
adherent cells and PBMCs. Each assay was replicated
three times. Cells were co-cultured for 4 days in RPMI
1640 medium (containing 20 % FBS under humidified 5 %
CO atmosphere at 37 0C), in a 96-well plate. Plates
were pulsed with 1mC 3H-thymidine during the last 18
hours of culturing. Cells were then harvested over
fiberglass filter and thymidine uptake was quantified
with a scintillation counter. Experimental Results
Figure 8A shows the immune response of CB cells as
represented by the elevated proliferation of these
cells when stimulated with PBMCs, which, without being
boundby theory, is probably associated with T cell
proliferation in response to HLA incompatibility.
However, a considerably lower level of immune response
was exhibited by these cells when incubated with the
adherent cells of the invention. Moreover, the CB
immune response to PBMCs was substantially reduced
when coincubated with these adherent cells. Thus, in a
similar manner to MSCs, adherent cells were found to
have the potential ability to reduce T cell
proliferation of donor cells, typical of GvHD.
Although both cultures, 2D and 3D, reduced the immune
response of the lymphocytes, and in line with the
other advantages of 3D-adherent cells described
hereinabove, the 3D adherent cells were more
immunosuppressive. EXAMPLE 4 3D ADHERENT CELLS
MANUFACTURED BYPLURIX COMPARED TO 3D ADHERENT CELLS
MANUFACTURED BY CELLIGEN In order to provide large
scale 3D adherent cells, a new manufacturing system
was utilized referred to herein as Celligen. Materials
and Experimental Methods PluriX(tm) Plug Flow
bioreactor - As described in Example 1, hereinabove.
Production of 3D-adherent cells by Plurix (PLX cells)
- As described in Example 1, hereinabove. Celligen(tm)
Plug Flow bioreactor - The production of adherent
cells by Celligen (PLX-C cells) is composed of several
major steps as illustrated in Figure 8B. The process
starts by collection of a placenta from a planned
cesarean delivery at term. Adherent cells are then
isolated from whole placentas, grown in tissue culture
flasks (2D cultures), harvested and stored in liquid
nitrogen as 2D-CeIl Stock (2DCS), the appropriate
amount of 2DCS are thawed, washed and seeded onto
carriers in bioreactors for further expansion as
3D-culture. After 1-3 weeks of growth in the
bioreactors, cells are harvested and cryopreserved in
gas phase of liquid nitrogen as PLX-C. Receipt of
Human Tissue 



All placentas obtained were received from the
maternity ward under approval of the Helsinki
Committee of the medical facility. Accordingly, all
placenta donors signed an informed consent and Donor
Screening and Donor Testing was performed
(IPCl).Immediately after taking the placenta from the
donor (during the caesarean procedure), it was placed
in a sterile plastic bag and then in a Styrofoam box
with ice packs. The placenta was delivered and
immediately placed in a quarantine area until released
to use by Quality Control (QC) and Quality Assurance
(QA). All the following production steps were
performed in a quarantine, clean room facility until
QC approval of mycoplasma test results arrived and the
cells were release for 2D cell growth. Recovery and
Processing of adherent cells To initiate the process,
the whole placenta was cut into pieces under aseptic
conditions under laminar flow hood, washed with Hank's
buffer solution and incubated for 3 hours at 37 C with
0.1 % Collagenase ( 1 mg Collagenase/ml tissue). 2D
cell medium (2D-Medium comprising DMEM supplemented
with 10 % FBS, fungizone 0.25 mg/ml and gentamycine 50
mg/ml) was added and the digested tissue was roughly
filtered through a sterile metal strainer, collected
in a sterile beaker and centrifuged (10 minutes, 1200
RPM, 4 0C). Using gentle pipeting, suspended cells
were then washed with 2D-Medium supplemented with
antibiotics, seeded in 80 cm2 flasks and incubated at
37 0C in a tissue culture incubator under humidified
condition supplemented with 5 % CO2. Following 2-3
days, in which the cells were allowed to adhere to the
flask surface, they were washed with PBS and 2D-Medium
was added. Two Dimensional (2D) Cell Growth Prior to
the first passage, growth medium samples of 10 % of
the total flask number in quarantine was pooled and
taken for mycoplasma testing (IPC2). If cells were
found to be negative for Mycoplasma (EZ-PCR Mycoplasma
kit, Biological Industries, Israel), cells were
released from quarantine. After 1-2 additional
passages, cells were transferred to the 2D production
clean room (2DP). Once in Room 2DP, culture was
continued for another 3-5 passages. IPC-3 sample was
taken for immune phenotype after passage 4. Throughout
the process, cultures were grown in 2DMedium without
antibiotics in a tissue culture incubator under
humidified conditions with 5 % CO2 at 37 C. After a
total of 6-8 passages (9-16 cell doublings), cells
were collected and cryopreserved as the 2D-CeIl Stock
(2DCS). The first passage was usually carried out
after 10-15 days. Beginning at passage 2 and
continuing until passage 6-8, cells were passaged when
the culture reached 70-80 % confluence, usually after
3-5 days (1.5-2 doublings). The cells were detached
fromthe flasks using 0.25 % trypsin-EDTA (4 minutes at
37 C) and seeded in a culture density of 3  0.2 x 103
cells/cm2. The size of the tissue culture flasks
raised as the passages proceed. The culturing process
started in 80 cm2 tissue culture flask, continued in
175 cm2, then in 500 cm2 (Triple flask) and finally
the cells were seeded into Cell Factory 10 tray (6320
cm2). Prior to cryopreservation, at the end of 2DCS
growth period, the growth medium was collected and the
sample was prepared to be sent to an approved GLP
laboratory for Mycoplasma test (IPC 4).
Cryopreservation Procedurefor 2D-Cell-Stock Product
For 2DCS cryopreservation, 2D-cultured cells were
collected under aseptic conditions using 0.25 %
trypsin-EDTA. The cells were centrifuged (1200 RPM,
10', 4 C), counted and re-suspended in 2D-Medium. For
freezing, cell suspensions were diluted 1:1 with
2D-Freezing Mixture (final concentrations was 10 %
DMSO, 40 % FBS and 50 % 2D-Medium). Approximately 1.5
- 2.5 x 109 cells were manufactured from one placenta.
4 ml of the cells were stored at a final concentration
of 10 x 106/ ml in 5ml cryopreservation polypropylene
vials. The vials were labeled and transferred to a
controlled rate freezer for a graduated temperature
reducing process ( 1 C/min), after which they were
transferred to storage in gas-phase of a liquid
nitrogen freezer located in the Cold Storage Room.
This material was referred to as the 2D-CeIl Stock
(2DCS) batch. Initiation of the Three Dimensional (3D)
Culture Procedures To begin 3D culture, an appropriate
amount (150  30 x 10 ) of cells from 2DCS were thawed
in the 2DP room and washed with 3D-Medium (DMEM with
10 % FBS and 20 Mm Hepes) to remove DMSO prior to
seeding in the prepared-in-advanced bioreactor
systems. The content of each 2DCS vial was pipetted
and diluted 1:9 with pre-warmed (37 C) 3D-Medium. The
cells were centrifuged (1200 RPM, 10', 4 C) and
re-suspended again in 50-100 ml pre-warmed (37 C)
3D-Medium in a 250 ml sterile bottle. A sample was
taken and cells were counted using a Trypan Blue stain
in order to determine cell number and viability. The
cell suspension was transferred under a laminar flow
hood into a 0.5 L seeding bottle. From the seeding
bottle the cell suspension was transferred via sterile
tubing to the bioreactor by gravitation.Production of
3D-adherent cells in the Celligen Bioreactor (PLX-C)
Bioreactor Description 3D growth phase was performed
using an automatic CelliGen Plus(r) or BIOFLO 310
bioreactor system [(New Brunswick Scientific (NBS)]
depicted in Figure 8C. The bioreactor system was used
for cultivation of cell culture, in which conditions
were suitable for high cell concentrations. The
cultivation process was carried out using a bioreactor
in a perfusion mode. The lab scale bioreactor was
constructed of two main systems - the control system
and the bioreactor itself (vessel and accessories).
The parameters of the process were monitored and
controlled by a control console which included
connectors for probes, motor and pumps, control loops
for Dissolved Oxygen (DO), pH, perfusion and agitation
(with a motor), a gases control system, water
circulation and heating system for temperature control
and an operator interface. The controlled process
parameters (such as temperature, pH, DO etc.) could be
displayed on the operator interface and monitored by a
designated controller. Cell culture growth procedure
in the bioreactors As noted in the section
hereinabove, 150  30 x 106 cells from the
cryopreserved 2DCS were thawed, washed and seeded in a
sterile bioreactor. The bioreactor contained 30-50 gr
carriers (FibraCel(r) disks, NBS), made of Polyester
and Polypropylene and 1.5  0.1 L 3D-Medium. The growth
medium in the bioreactor was kept at the following
conditions: 37 C, 70 % Dissolved Oxygen (DO) and pH
7.3. Filtered gases (Air, CO2, N2 and O2) were
supplied as determined by the control system in order
to keep the DO value at 70 % and the pH value at 7.3.
For the first 24 hours, the medium was agitated at 50
Rounds Per Minutes (RPM) and increased up to 200 RPM
by day 2. For the first 2-3 days, the cells were grown
in a batch mode. Perfusion was initiated when the
medium glucose concentration decreased below 550
mg/liter. The medium was pumped from the feeding
container to the bioreactor using sterile silicone
tubing. All tubing connections were performed under
laminar flow using sterile connectors. The perfusion
was adjusted on a daily basis in order to keep the
glucose concentration constant at approximately 550
50 mgUiter. A sample of the growth medium was taken
every 1-2 days for glucose, lactate, glutamine,
glutamate and ammonium concentration determination
(BioProfile 400 analyzer, Nova Biomedical). The
glucose consumption rate and the lactate formation
rate of the cell culture enabled to measurecell growth
rate. These parameters were used to determine the
harvest time based on accumulated experimental data.
Harvest of the 3D Grown PLX-X Cellsfrom the Bioreactor
The cell harvest process started at the end of the
growth phase (4-10 days). Two samples of the growth
medium were collected. One sample was prepared to be
sent to an approved GLP laboratory for Mycoplasma
testing according to USP and Eu standards, and the
other one was transferred to a controlled rate freezer
for a graduated temperature reducing process ( 1
C/min), after which they were transferred to storage
in gas-phase of a liquid nitrogen freezer located in
the Cold Storage Room, in case a repeat Mycoplasma
testing was needed. These medium samples were
considered as part of the Mycoplasma testing of the
final product and the results were considered as part
of the criteria for product release. The 3D-grown
culture was harvested in the Class- 100 laminar area
in room 3DP as follows: The bioreactor vessel was
emptied using gravitation via tubing to a waste
container. The vessel was opened, by removing the head
plate, and the carriers were aseptically transferred,
using sterile forceps, from the basket to the upper
basket net (see Figure 8C). The bioreactor vessel was
then closed and refilled with 1.5 L pre-warmed PBS (37
0C). The agitation speed was increased to 150 RPM for
2 minutes. The PBS was drained via tubing by pressure
or gravity to the waste bottle. The washing procedure
was repeated twice. In order to release the cells from
the carriers, 1.5 L pre-warmed to 37 0C Trypsin- EDTA
(Trypsin 0.25 %, EDTA 1 mM) was added to the
bioreactor vessel and carriers were agitated for 5
minutes in 150 RPM, 37 0C. Cell suspension was
collected to a 5 L sterile container containing 250 ml
FBS. Cell suspension was divided to 4 500 ml sterile
centrifuge tubes and a Mycoplasma test sample was
withdrawn. Closed centrifuge tubes were transferred
through the 3DP active pass-through into the class
10,000 filling room (FRl) in which the cells were
aseptically filled and cryopreserved as PLX-C. Cell
Cycle analysis - PLX-C cells obtained by Celligen and
PLX cells obtained by Plurix were fixed with 70 % EtOH
O.N, centrifuged and re-suspended in a Propidium
Iodide (PI) solution containing 2 mg/ml PI (Sigma),
0.2 mg/ml Rnase A (Sigma) and 0.1 % (v/v) Triton
(Sigma) for 30 minutes.. Cell cycle was analyzed by
FACS.Gene expression array (Microarray) - Adherent
cells were obtained from human full term placentas and
were expanded Plurix or by Celligen. Three different
batches of cells were obtained from each of the
expansion methods for further examination. RNA was
extracted from the cells (Qiagen- Rneasy micro kit)
and applied to an Affymetrix whole genome expression
array. The chip used GeneChip(r) Human Exon 1.0 ST
Array (Affymetrix, Santa Clara, California, USA). FACS
analysis of membrane markers - cells were stained with
monoclonal antibodies as previously described. In
short, 400,000-600,000 cells were suspended in 0.1 ml
flow cytometer buffer in a 5 ml test tube and
incubated for 15minutes at room temperature (RT), in
the dark, with each of the following monoclonal
antibodies (MAbs): FITC-conjugated anti-human CD29 MAb
(eBioscience), PE conjugated anti human CD73 MAb
(Becton Dickinson) ,PE conjugated anti human CD105 MAb
(eBioscience), PE conjugated anti human CD90 MAb
(Becton Dickinson), FITCconjugated anti-human CD45 MAb
(IQProducts), PE-conjugated anti-human CD19 MAb
(IQProducts), PE conjugated anti human CD14 MAb
(IQProducts), FITC conjugated anti human HLA-DR MAb
(IQProduct), PE conjugated anti human CD34 MAb
(IQProducts), FITC conjugated anti human CD31 MAb
(eBioscience), FITC conjugated anti human KDR MAb (R&D
systems), anti human fibroblasts marker (D7- FIB)
MAb(ACRIS), , , FITC-conjugated anti-human CD80 MAb
(BD), FITCconjugated anti-human CD86 MAb (BD),
FITC-conjugated anti-human CD40 MAb (BD),
FITC-conjugated anti-human HLA-ABC MAb (BD), Isotype
IgGl FITC conjugated (IQ Products), Isotype IgGl PE
conjugated (IQ Products). Cells were washed twice with
flow cytometer buffer, resuspended in 500 ml flow
cytometer buffer and analyzed by flow cytometry using
FC-500 Flow Cytometer (Beckman Coulter). Negative
controls were prepared with relevant isotype
fluorescence molecules. Mixed Lymphocyte Reaction
(MLR) 2 x 105 peripheral blood (PB) derived MNC (from
donor A) were stimulated with equal amount of
irradiated (3000 Rad) PB derived MNCs (from donor B).
Increasing amounts of PLX-Cs were added to the
cultures. Three replicates of each group were seeded
in 96-well plates. Cells were cultured in RPMI 1640
medium containing 20 % FBS. Plates were pulsed with 1
mC 3H-thymidine during the last 18 hrs of the
5-dayculturing. Cells were harvested over a fiberglass
filter and thymidine uptake was quantified with
scintillation counter. For CFSE staining, PB-MNC cells
were stained for CFSE (Molecular Probes) for
proliferation measurement before culturing. Cells were
collected after 5 days and the intensity of CFSE
staining was detected by Flow Cytometry. ELISA ELISA
was carried out as was previously described. In short,
MNCs (isolated from peripheral blood) were stimulated
with 5 mg/ml ConA (Sigma), 0.5 mg/ml LPS (SIGMA), or
10 mg/ml PHA (SIGMA) in the presence of PLX-C under
humidified 5 % CO2 atmosphere at 37 0C. Supernatants
were collected and subjected to cytokine analysis
using ELISA kits for IFNg (DIACLONE), TNFa (DIACLONE)
and IL-IO (DIACLONE). Experimental results 



The changes in manufacturing with Celligen as compared
to Plurix resulted in several major differences
(summarized in Table 4, below). Table 4: Comparison
between Plurix system and Celligen systemSTICK - SLIP
PIEZOELECTRIC MOTOR FIELD OF THE INVENTION The present
invention relates generally to piezoelectric motors,
such as a tube piezoelectric rotary-stage-less motor
with a coned connection rotor. BACKGROUND OF THE
INVENTION There are many devices based on the
piezoelectric effect. These devices are widely in use
in ultrasound transducers and actuators. Piezoelectric
actuators or motors are also very well known for
rotating a stage with "stick - slip" friction contact.
SUMMARY OF THE INVENTION There is thus provided in
accordance with an embodiment of the present
invention, a piezoelectric motor including a tube
rotor, a tube stator including a piezoelectric
material having axial polarization, the stator
including at least three pairs of electrodes spaced
from one another on a top end face thereof and a
common electrode on a base end face thereof, and slabs
affixed to the stator at spacings between the
electrodes, wherein the rotor is pressed towards the
slabs by a pre-load force, wherein when a positive
charge is applied to a first of the electrodes and a
negative charge is applied to a second of the
electrodes and an electric common port is applied to
the common electrode, D33 piezoelectric phenomenon is
created which causes an area under the first of the
electrodes to move in one direction with respect to
the base end face and an area under the second of the
electrodes to move in a direction opposite to that of
the first of the electrodes, thereby causing the
spacings between the electrodes to bend and the slabs
to tilt, thus applying a frictional pushing side force
against the rotor to cause the rotor to rotate, and
wherein a voltage is greater at one of the electrodes
than the other, thereby lifting and rotating the slabs
as well as increasing a contact force between the
slabs and the rotor. Throughout the specification and
claims, the term "tube" refers to a hollow round
shaped object, such as but not limited to, a hollow
disc (may be long or short in height). In accordance
with an embodiment of the present invention the rotor
includes a cone shaped surface and the slabs are
chamfered, wherein the pre-load force that presses the
rotor towards the slabs is centered along a mutual
central axial axis of the stator and the cone shaped
surface of the rotor. Further in accordance with an
embodiment of the present invention the electrodes are
formed by conductive coatings on the piezoelectric
material.Still further in accordance with an
embodiment of the present invention a 90 shift between
periodic charges applied to the electrodes causes
rotation of the rotor in one direction and a 270 shift
causes rotation in an opposite direction. In
accordance with an embodiment of the present invention
modifying a shift between charges applied to the
electrodes (or modifying a voltage applied to them)
modifies rotation of the rotor. The charges applied to
the electrodes may include periodic electrical signals
(sine, cosine, etc.). In accordance with an embodiment
of the present invention a matching contact shape
between the chamfer of the slab and the cone shape of
the rotor includes at least one of a straight line,
concave shape, and rounded curve. There is also
provided in accordance with an embodiment of the
present invention a piezoelectric motor including a
(tube) rotor, a (tube) stator including a
piezoelectric material, including a base end face and
top end face with axial polarization having electrodes
on both end faces, a plurality of equally spaced side
actuators made of piezoelectric material affixed to
the top end face having parallel polarity to a central
axial axis of the stator, the actuators having
electrodes on their faces perpendicular to the stator
polarization direction and tangent to the top end face
of the stator, and tip members affixed to the side
actuators, wherein the rotor is pressed towards the
tip members with a pre-load force, wherein when
oppositely signed electrical charges are applied to
the base end face and the top end face of the stator,
the top end face of the stator moves axially, and when
oppositely signed electrical charges are applied to
the side actuator electrodes, the piezoelectric
material distorts sideways like a parallelogram due to
piezoelectric transverse D15 effect, thereby causing
the tips to press against and move the rotor, thereby
lifting and rotating the side actuators as well as
increasing a contact force between the tip members and
the rotor. In accordance with an embodiment of the
present invention the rotor includes a cone shaped
surface and the tip members are chamfered, wherein the
pre-load force that presses the rotor towards the tip
members is centered along a mutual central axial axis
of the stator and the cone shaped surface of the
rotor. Further in accordance with an embodiment of the
present invention a matching contact shape between the
tip members and the cone shape of the rotor includes
at least one of a straight line, concave shape, and a
rounded curve (other shapes are also within the scope
of the invention).The cone connection enhances the
transferred friction moment from the tip to the cone
by a reciprocal of the sinus of the cone angle. When
the movement of the tip is towards the rotor the
contact pre-load force increases, thereby increasing
the frictional force. When opposite charges are
applied to the above pair electrodes, the stator will
distort to the opposite side. These movements are
performed very rapidly due to the fast response time
of piezocrystal and/or by operating the stator at its
natural frequency so that upon the movement of the tip
away from the rotor, the relatively slow, natural
mechanical response time of the rotor-spring pre-load
will cause the tip of the slab to come out of contact
with the rotor cone. This is known as the "stick -
slip" connection. Yet another preferred embodiment of
the present invention relates to a combined of
piezoelectric effects (e.g., D33 and D15, defined
below). In accordance with an embodiment of the
present invention the pre-load force enhances friction
between the rotor and the slabs and causes a locking
state of the rotor when no charge is applied to the
stator. BRIEF DESCRIPTION OF THE DRAWINGS The
disclosed technique will be understood and appreciated
more fully from the following detailed description
taken in conjunction with the drawings in which:
Figure 1 is a schematic general view illustration of
the piezoelectric motor (or piezomotor for short)
including the stator, electrodes, slab and rotor, in
accordance with an embodiment of the present
invention. Figure 2 is a schematic general view
illustration of the piezomotor of Figure 1 without the
rotor. Figure 3.1 is a side view of the piezomotor of
Figure 1. Figure 3.2 is a sectional view taken through
the front view of the piezomotor of Figure 1. Figure
3.3 is a top view of the piezomotor of Figure 1
without the rotor. Figure 4.1 is a schematic side view
illustration of the strain effect of the piezomotor
and the slab position before applying an electric
field. Figure 4.2 is a schematic side view
illustration of the strain effect of the piezomotor
and the slab position after applying an electric
field. Figure 4.3 is a schematic side view
illustration of the strain effect of the piezomotor
and the slab position after applying a greater
electric field.Figure 5.1 is a graphical example of an
electrical sequence applied to the electrode that
produces rectangular tip motion. Figure 5.2 is an
illustrative example of the rectangular tip motion due
to the electrical sequence applied to the electrode as
in Figure 5.1. Figure 5.3 is an operation mode of a
positive phase lag between sine electrical signal
pulses applied to the top face electrodes. Figure 5.4
is an operation mode of a negative phase lag between
sine electrical signal pulses applied to the top face
electrodes. Figure 6.1 is a schematic general view
illustration of the combined piezomotor in its
non-electrically excited position. Figure 6.2 is a
schematic side view illustration of the combined
piezomotor in its non-electrically excited position.
Figure 7.1 is a schematic general view illustration of
the combined piezomotor in its electrically excited
strained position. Figure 7.2 is a schematic side view
illustration of the combined piezomotor in its
electrically excited strained position. Figure 8.1 is
a schematic general view illustration of the contact
area of the piezomotor tip with the rotor cone in
which both the tip and the cone have straight
contours. Figure 8.2 is a schematic general view
illustration of the contact area of the piezomotor tip
with the rotor cone in which the tip is curved and the
cone has a straight contour. Figure 8.3 is a schematic
general view illustration of the contact area of the
piezomotor tip with the rotor cone in which the cone
has a straight contour and the cone is curved. Figure
8.4 is a schematic general view illustration of the
contact area of the piezomotor tip with the rotor cone
in which both the tip and the cone have curved
contours. DETAILED DESCRIPTION OF EMBODIMENTS The
following is accepted nomenclature used in
piezoelectricity. Reference axes in piezoelectric
transducers are termed 1, 2 and 3, analogous to x, y
and z axes of objects, while axes 4, 5 and 6 identify
rotations. Piezoelectric transducer directions of
polarization (3) are established during manufacture.
Modes D 3 and D31 are referred to as breathing modes
and mode Di5 is referred to as the shearing mode. In
this nomenclature, D3i wouldhave voltage applied in
the "3" direction and resultant length changes would
be measured in the "1" direction. In a D33 actuator,
voltage is again applied in the "3" direction, but the
length change is measured in the "3" direction.
Reference is now made to Figure 1, which illustrates a
piezoelectric (rotary) motor 1 (or piezomotor for
short) including a stator, electrodes, slab and rotor,
constructed and operative in accordance with an
embodiment of the present invention. The stator 2 of
the piezoelectric rotary motor 1 is made from a
piezoelectric crystal material tube, coated with pairs
of two separate conductive coating segmented
electrodes 5 and 6 on the top end face. Slabs 4 (made
of a hard material, such as ceramic) are affixed to
the stator 2 at the spacings between the pairs of
electrodes 5 and 6. The rotor 3 is formed with a cone
shaped side 7. The rotor 3 is pressed towards the
slabs 4 via a pre load force directed along the stator
2 in an axial direction 8. The piezoelectric crystal
material tube of the stator 2 is polarized along the
axial axis of the stator 2 in the direction indicated
by arrow 8. When a positive charge is applied to
electrodes 5 and a negative charge is applied to
electrodes 6, with an electric common port being
applied to the base end face common electrode 9, the
D33 piezoelectric phenomenon is created, which causes
the area under electrode 5 to move in one direction
with respect to the base end face 9 and the area under
electrode 6 to move in the other direction. Reference
is now made to Figure 2, which illustrates the tube
piezoelectric rotary motor 1 of Fig. 1 without the
rotor 3. It is seen that the slabs 4 have a chamfer 13
to match the contour of the rotor cone 7. Reference is
now made to Figure 3.1, which is a side view of the
piezomotor 1 in its non-electrically excited position
showing the matching contact 10 between slab chamfer
13 and the rotor cone 7 Reference is now made to
Figure 3.2, which is a sectional view of the
piezomotor 1 in its non-electrically excited position
showing the matching contact 10 between slab chamfer 6
and the rotor cone 7. Reference is now made to Figure
3.3, which is a top view of the piezomotor 1 showing
the arrangement of the segmented coated electrodes 5
and 6, and the slabs 4 in the spacings between the
electrodes 5 and 6 and the rotor 7. Reference is now
made to Figure 4.1, which is a schematic illustration
of the strain mesh on the piezomotor stator 2 in its
non-excited position. Arrow 8 indicates the
polarization direction.Reference is now made to Figure
4.2, which is a schematic illustration of the strain
mesh on the piezomotor stator 2 in its electrically
excited position. A positive charge is applied to
electrode 5 and a negative charge to electrode 6 and
common ground is applied to common electrode 9. The
area under electrode 5 moves to the opposite direction
of the polarization (arrow 8) and the area under
electrode 6 moves to the 



direction of polarization (arrow 8) due to the
piezoelectric effect D3 . The spacing between the
electrodes 5 and 6 is tilted, rotating with it slab 4
by an angle indicated by arrow 11. Reference is now
made to Figure 4.3, which is a schematic illustration
of the strain mesh on the piezomotor stator 2 in its
electrically excited position. A greater positive
charge than in Fig 4.2 is now applied to electrode 5
and a smaller negative charge as in Fig 4.2 is applied
to electrode 6 keeping the same voltage difference as
in Fig. 4.2 and a common ground is applied to common
electrode 9. The area under electrode 5 moves more
than in Fig 4.2 to the opposite direction of
polarization (arrow 8) and the area under electrode 6
moves less to the direction of polarization (arrow 8).
The spacing between the electrodes 5 and 6 is tilted
and lifted, and slab 4 is also tilted and lifted by
the angle indicated by arrow 12. Thus, slab 4 is
lifted and rotated, thereby increasing the contact
force between slab 4 and rotor cone 7 causing the
first quarter cycle of the "stick - slip"
configuration. Reference is now made to Figure 5.1
which is one example of a charging sequence of the
electrodes 5 and 6, wherein A indicates electrode 5
and B indicates electrode 6. Fig. 5.1 shows the
voltage applied to the electrodes at each sequence and
its sign. Starting at point 0, no voltage is applied
to the electrodes, and thus no strain is created in
the piezomotor. At step I, electrode 5 receives -0.3v
and electrode 6 receives +lv. At step II, electrode 5
receives -0.6v and electrode 6 receives -0.3v. At step
III, electrode 5 receives - 0.3v and electrode 6
receives 0 volts. The above three steps are just one
example of many full sequences that can be used to
operate the piezomotor. Reference is now made to
Figure 5.2, which is a schematic illustration of the
slab tip movements at the contact point with the rotor
cone 7, while operated in the electrical sequence of
Fig 5.1, wherein point (0) 15 is the starting point.
Step I - 17 is reached via the path indicated by arrow
16, step II - 19 is reached via the path indicated by
arrow 18, step III - 2 1 is reached via the path
indicated by arrow 20, and the cycle is completed back
to point I - 17 via a path indicated by arrow 22.
Energizing with opposite signs reverses the cycle
direction.The general shape achieved in this cycle is
triangular. The leg from step III 2 1 to step 1-17 via
path 22 is generally parallel to the working stroke of
the piezomotor and hence achieves improved efficiency.
Reference is now made to Figure 5.3, which is a
graphical illustration of an operation mode of phase
lag 64 between two electrical sine signals 62 and 63,
which are pulses applied to each of the top face
electrodes. The ordinate (y) axis 60 is the voltage
and the abscissa (x) axis 6 1 is the time. The phase
lag 64 causes the rotor to rotate in one direction.
Figure 5.4 is an operation mode of a negative phase
lag 65 compared to the positive phase lag of Fig 5.3.
This causes the rotor to rotate in an opposite
direction to the rotor rotation of Fig. 5.3. Reference
is now made to Figure 6.1, which is a schematic
general view illustration of a combined piezomotor 30,
constructed and operative in accordance with an
embodiment of the present invention. Piezomotor 30 is
made of a piezoelectric crystal material tube 3 1 with
axial polarization parallel to arrow 40, with a coated
conducting electrode 32 on its down face and a coated
conducting electrode on the top face 33. At least
three piezoelectric side actuator members 34, evenly
arranged, are affixed to the top face 33, and are
polarized parallel to the axial axis of tube 31 along
the direction indicated by arrow 40. Each of side
actuator members 34 has a coated conducting electrode
on sides 35 and 36. A part 37 (preferably made of a
hard material) is affixed on top of the side actuator
members 34, and has an interface shape 38 that matches
the rotor 39 cone. Rotor 39 is pressed against the
interface shape 38 by a pre-load force in a direction
indicated by arrow 40. Reference is now made to Figure
6.2, which is a schematic side view illustration of
the combined piezomotor 30 of Fig 6.1 showing the cone
44 of the rotor 39 and the contact point 45 between
the interface shape 38 and the rotor cone 44.
Reference is now made to Figure 7.1, which is a
schematic general view illustration of the combined
piezomotor 30 of Fig 6.1 in its distorted position
under electrical stimulation to the electrodes.
Electrodes 32 and 33 are energized with opposite sign
voltages, causing the upper face under electrode 33 of
tube 3 1 to move in a direction opposite to arrow 40,
thereby lifting the three side actuator members 34
together with it. Opposite sign electrical
stimulations are supplied to the electrodes 35 and 36
of the side actuator members 34, causing the upper
face and the members 37 affixed to them to move
sideways tangent to the tube in a direction indicated
by arrow 49 due to Dl 5 piezoelectriceffect. The rotor
39 is pressed against chamfers 38 of the side actuator
members 34 by a pre load in the direction indicated by
arrow 40. This causes rotation in the direction of
arrow 46 due to the increased normal force between the
rotor cone 44 and the chamfer 38 and the sideways
movement of the side actuator members 34 driven by
friction between them. Reversing the electrical
sequence causes the side actuator members 34 to move
downwards in the direction of arrow 40 and causes the
upper face to move to the opposite direction relative
to the previous electrical stimulation. It is noted
that in the embodiments of the present invention, the
cone contact enhances the available friction torque
transmission. Reference is now made to Figure 7.2,
which is a schematic side view illustration of the
combined piezomotor 30 of Fig 7.1 showing the cone 47
of the rotor 39 having a round shape. Reference is now
made to Figure 8.1, which is a schematic general view
illustration of the contact area of the piezomotor tip
with the rotor cone in which both the tip and the cone
have straight contours. Reference is now made to
Figure 8.2, which is a schematic general view
illustration of the contact area of the piezomotor tip
with the rotor cone in which the tip is curved and the
cone has a straight contour. Reference is now made to
Figure 8.3, which is a schematic general view
illustration of the contact area of the piezomotor tip
with the rotor cone in which the cone has a straight
contour and the cone is curved. Reference is now made
to Figure 8.4, which is a schematic general view
illustration of the contact area of the piezomotor tip
with the rotor cone in which both the tip and the cone
have curved contours. It is appreciated that various
features of the invention which are, for clarity,
described in the contexts of separate embodiments, may
also be provided in combination in a single
embodiment. Conversely, various features of the
invention which are, for brevity, described in the
context of a single embodiment, may also be provided
separately or in any suitable subcombination.CLAIMS
What is claimed is: 1. A piezoelectric motor
comprising: a rotor; a tube stator comprising a
piezoelectric material having axial polarization, said
stator comprising at least three pairs of electrodes
spaced from one another on a top end face thereof and
a common electrode on a base end face thereof; and
slabs affixed to said stator at spacings between said
electrodes, wherein said rotor is pressed towards said
slabs by a pre-load force; wherein when a positive
charge is applied to a first of said electrodes and a
negative charge is applied to a second of said
electrodes and an electric common port is applied to
said common electrode, D 3 piezoelectric phenomenon is
created which causes an area under the first of said
electrodes to move in one direction with respect to
the base end face and an area under the second of said
electrodes to move in a direction opposite to that of
the first of said electrodes, thereby causing the
spacings between the electrodes to bend and said slabs
to tilt, thus applying a frictional pushing side force
against said rotor to cause said rotor to rotate, and
wherein a voltage is greater at one of the electrodes
than the other, thereby lifting and rotating said
slabs as well as increasing a contact force between
said slabs and said rotor. 2. The piezoelectric motor
according to claim 1, wherein said rotor comprises a
cone shaped surface and said slabs are chamfered,
wherein said pre-load force that presses said rotor
towards said slabs is centered along a mutual central
axial axis of said stator and said cone shaped surface
of said rotor. 3. The piezoelectric motor according to
claim 1, wherein said electrodes are formed by
conductive coatings on said piezoelectric material. 4.
The piezoelectric motor according to claim 1, wherein
a periodic electrical cycle activates said electrodes,
wherein a 90 shift between charges applied to the
electrodes causes rotation of said rotor in one
direction and a 270 shift causes rotation in an
opposite direction. 5. The piezoelectric motor
according to claim 1, wherein modifying a shift
between charges applied to the electrodes modifies
rotation of said rotor. 6. The piezoelectric motor
according to claim 1, wherein modifying voltage
applied to the electrodes modifies rotation of said
rotor.7. The piezoelectric motor according to claim 2,
wherein a matching contact shape between the chamfer
of the slab and the cone shape of the rotor comprises
at least one of a straight line, concave shape, and
rounded curve. 8. A piezoelectric motor comprising: a
rotor; a tube stator comprising a piezoelectric
material, comprising a base end face and top end face
with axial polarization having electrodes on both end
faces; a plurality of equally spaced side actuators
made of piezoelectric material affixed to said top end
face having parallel polarity to a central axial axis
of said stator, said actuators having electrodes on
their faces perpendicular to the stator polarization
direction and tangent to the top end face of said
stator; tip members affixed to said side actuators,
wherein said rotor is pressed towards said tip members
with a pre-load force; wherein when oppositely signed
electrical charges are applied to the base end face
and the top end face of said stator, the top end face
of said stator moves axially, and when oppositely
signed electrical charges are applied to the side
actuator electrodes, said piezoelectric material
distorts sideways like a parallelogram due to
piezoelectric transverse Di5 effect., thereby causing
said tips to press against and rotate said rotor. 9.
The piezoelectric motor according to claim 8, wherein
said rotor comprises a cone shaped surface and said
tip members are chamfered, wherein said pre-load force
that presses said rotor towards said tip members is
centered along a mutual central axial axis of said
stator and said cone shaped surface of said rotor,
wherein the charges applied to the base and top end
faces of the stator are synchronized with the charges
applied to the side actuator electrodes. 10. The
piezoelectric motor according to claim 8, wherein said
electrodes are formed by conductive coatings on said
piezoelectric material. 11. The piezoelectric motor
according to claim 8, wherein a periodic electrical
cycle activates said electrodes, wherein a 90 shift
between charges applied to the electrodes causes
rotation of said rotor in one direction and a 270
shift causes rotation in an opposite direction. 12.
The piezoelectric motor according to claim 1, wherein
modifying a shift between charges applied to the
electrodes modifies rotation of said rotor. 13. The
piezoelectric motor according to claim 1, wherein
charges applied to the electrodes comprise periodic
electrical signals.14. The piezoelectric motor
according to claim 9, wherein a matching contact shape
between said tip members and the cone shape of said
rotor comprises at least one of triangular,
elliptical, and rectangular shapes. 15. The
piezoelectric motor according to claim 2, wherein
friction between said rotor and said slabs is a
function of a reciprocal of a sinus of a cone angle of
said cone shaped surface. 16. The piezoelectric motor
according to claim 1, wherein the pre-load force
enhances friction between said rotor and said slabs
and causes a locking state of the rotor when no charge
is applied to the stator. 17. The piezoelectric motor
according to claim 8, wherein the pre-load force
enhances friction between said rotor and said slabs
and causes a locking state of the rotor when no charge
is applied to the stator. 


