
Methods for differentiating stem cells and use thereof
in the treatment of dental conditions Field of the
Invention The present invention relates to a novel
concept and methods for producing differentiated
mammalian cells, which can be implanted for the repair
of periodontitis, and other dental conditions, where
these cells have characteristics and behaviour as
differentiated periodontal ligament stem cells (e.g.,
PDLCs) or Periodontal ligament cells (PDLs). PDLs
connect root cementum with alveolar bone, and are
important for periodontal wound healing. Background of
the invention Bone marrow is suggested to be a
predominant pool of a "stem cell reserve", containing
not only haemopoietic stem cells (HSC), but also
endothelial and mesenchymal stem cells (ESC, MSC). It
is one of the target areas encompassed in this
invention to obtain suitable cell material to be
differentiated into both an appropriate autologous
cell and/or an appropriate allogeneic cell that has
been transformed to a cell type capable of being
transplanted into a recipient without being rejected
or causing a graft versus host reaction. It is for
instance conceivable that among other cell types that
may be transformed by for instance by
transdifferentiation, e.g., by co-culturing, as for
instance the cells being co-cultured with periodontal
ligament tissue or factors derived from the
periodontal ligament tissue, any mesenchymal
osteoblastic, or even precursors and progenitors of
osteoblastic or fibroblastic lineages might be used to
producer PDL cells. Processes, compositions and uses
of haematopoietic cells have previously been
disclosed. Haematopoietic cells are cells, which can
differentiate into mature blood cells when co-cultured
with osteoblasts. Specifically, a process for
propagating and maintaining the immature morphology of
a haematopoietic cell by co-culturing the cells with
osteoblasts as disclosed in US patent # 5733541 . The
osteoblasts provide cytokines and/or a
microenvironment which propagates and 



maintains the immature morphology of a haematopoietic
cell. Haematopoietic cells are useful in the treatment
of certain blood related disorders and are useful for
treatment of patients in need of hematopoietic
cells.One of the aims of this present invention is
actually not to maintain the immature morphology of
hematopoietic cells, but rather to transdifferentiate
mesenchymal stem cells (such as for instance
mesenchymal stem cells from the umbilical cord or
umbilical cord blood), osteoblasts and cells of
lineages alike for instance by exposure to, or
cocultured in periodontal ligament tissue or factors
from periodontal ligament tissue, in order to obtain a
mesenchymal stem cell with characteristics such as
showing increased expression of osteopontin and of
osteocalcin, and at the same time, showing decreased
expression of bone sialoprotein (BSP) resulting in a
cell population resembling or alike PDL cells. It
would be very uncommon in any other mesenchymal cell
than periodontal ligament cells or periodontal
ligament stem cells. Injection of multipotent adult
progenitor cells After injection of single multipotent
adult progenitor cells into early blastocysts, the
cells were found to contribute to most somatic cell
types from all 3 germ layers. Moreover, bone marrow
derived hematopoietic precursor cells appear to reside
in nonhematogenic tissues, such as for instance muscle
tissue as described by McKinney- Freeman et al.
(McKinney-Freeman SL, Jackson, KA, et al., PNAS USA
(2002) 99:1341). Osteoblast-like cells have been
observed within stromal layers and share several
phenotypic characteristics with stromal cell lines
(Benayahu D et al., Calcif Tissue Int. (1992),
51:195-201; Benayahu D et al., Calcif Tissue Int.
(1991), 49:202-207; Mathieu E et al., Calcif Tissue
Int. (1992), 50:362-371). For example, the murine bone
marrow stromal cell lines BMS2 share a number of
osteoblast markers including high alkaline
phosphatase, collagen (I) and osteopontin as well as
an increase in bone sialoprotein (BSP), which is not
characteristic of a periodontal ligament stem cell or
periodontal ligament cells. In addition, mRNA for
osteocalcin, a osteoblast specific protein also was
detected in BMS2 cells, a murine stromal cell line,
also showing increased expression 



of bone sialoprotein, also called bone sialoprotein Ii
pr (BSP) (Dorheim MA et al., J Cell Physiol.
(1993)154:317-328); according to Dorheim et al., even
pre-adipocytes and adipocytes may exhibit these
osteoblastic characteristics. In a series of
experiments using several stromal cell lines, Benayhu
et al found that all cell types examined (MBA-1:
fibroblasts, MBA-2 endothelial-like, MBA-13
fibroendothelial, 13F1.1 cloned preadipocyte, MBA-1 5
osteoblastic) possess someosteoblastic features, but
differed in the degree of expression (Benayahu D et
al., Calcif Tissue Int. (1992), 51:195-201; Benayahu D
et al., Calcif Tissue Int. (1991), 49:202-207). It has
been found that recombinant human bone morphogenic
protein-2 induces osteoblastic differentiation in the
W-20-17 murine stromal cell line; and ectopic marrow
transplantation experiments clearly demonstrate that
newly formed bone marrow stroma and bone are derived
from the donor, while blood cells are of host origin
(Reddi AH, Coll Relat Res. (1981)1:209-226; Kataoka H,
Urist MR, Clin Orthop Relat Res. (1993), 286:262-270).
Further evidence of a functional link between
hematopoietic progenitor cells and osteoblasts is
provided by observations that osteoprogenitor cells
originate from the bone marrow. Several investigators
have shown that both primary and transformed bone
marrow stromal cells can acquire the osteoblast
phenotype as bone formation is observed in vivo after
implantation of these cells into diffusion chambers
(Grigoriadis et al. J Cell Biol. (1988) 106:2139-51).
In vitro incubation of non-adherent low-density bone
marrow cells in serum free conditions can also develop
into osteoblast-like cells, which can mineralize their
extracellular matrix (Long et al., 1990 and Campbell
et at, 1987). The above literature describes
essentially the osteoblast as a source of stimulating
cells by producing cytokines and other factors that
may aid in the particular stimulation of hematopoietic
lineages. The scope of this invention, however, is to
create a cell type useable primarily for the repair of
dental diseases (such as periodontitis) such as PDL
cells or cells with PDL characteristics that either
may be of allogeneic origin, mature or immature, but 



preferably not further down in the lineage than the
level of umbilical cord or umbilical cord blood.
Actually any mesenchymal cell that may be
transdifferentiated, for instance by co-culturing a
combination of a human periodontal ligament stem cell
and either a stem cell originated from the umbilical
cord or from bone marrow. Alternatively, any
mesenchymal cell or stem cell for the purpose of being
used as a PDL or PDLC may be isolated and cultured
from the periodontal ligaments from the molar teeth or
from wisdom teeth. Summary of the invention In one
aspect, the present invention provides a process for
propagating either PDLcells directly harvested from
the teeth, as for instance for autologous use, or,
ideally, a mesenchymal cell that will not be rejected
when implanted into the oral cavity, more specifically
into the periodontal region, and even more
specifically into the dental area for the fixation and
or repair of teeth, and the periodontal area of the
teeth, especially using cells of mesenchymal types and
more specifically of the PDL or PDLC like or a cell
transformed to a PDL or PDLC. This process may be
initiated by co-culturing stem cells or precursors
derived from the periodontal ligament with mesenchymal
stem cells from the umbilical cord and/or from the
umbilical cord blood, and viewed from the point of the
expression of certain proteins, resulting in a
mesenchymal cells having the capabilities regarding
expression of proteins such as at least HLA-DR
positive (HLADR+), CD-34 negative (CD-34 -), Lin
positive (Lin +), Thy-1 positive (Thy-1+), Stro-1
positive (Stro-1 +), CD13 positive, CD44 positive,
CD90 positive, CD73 positive and probably also
CD146/MUC 18 positive (CD146/MUC 18 +). These stem
cells or progenitors may be lesser immunogenic to a
recipient due to the fact that they also are
multipotential cells or mesenchymal stem cells or
progenitors derived from umbilical cord or from
umbilical cord blood. Disclosure of the invention The
present invention relates to a novel concept and
methods for obtaining mammalian mesenchymal cell lines
that have characteristics of PDL cells. The cells
obtained are and will continue to be HLA-DR positive
(HLA-DR+), CD-34 negative (CD-34 -), Lin-1 



positive (Lin-1 +), Thy-1 positive (Thy-1 +), STRO-1
positive (STRO-1 +), CD13 positive, CD44 positive,
CD90 positive, CD73 positive and probably also
CD146/MUC 18 positive (CD146/MUC 18 +). These cells
are preferably periodontal ligament cells, or immature
of type periodontal ligament stem cells or preferably
of type human periodontal ligament stem cells (hPDLCs)
or immature stromal or mesenchymal cells from cord
blood or preferably from human cord blood, for
instance obtained by coculturing for instance
co-cultured together with periodontal ligament tissue
or factors from periodontal ligament tissue. The cells
may also be of osteogenic origin that when exposed to
or cultured in periodontal ligament tissue or factors
from this tissue, would show characteristics of PDL
cells. Periodontal ligament cells and/or periodontal
ligament stem cells could in theory be characterized
by the expression of osteocalcin and osteopontin and
most probably by a decreased expression or even lack
of expression of bone sialoprotein, otherwise normally
observed in osteogenic and in chondrogenic cell
cultures.The cells having PDL characteristics are
suitable for use for the repair or treatment of dental
disorders especially periodontits. In order to obtain
a predictable periodontal regeneration, selective
adhesion and proliferation of PDL cells are essential.
These types of cells may repair both impaired
periodontal ligaments (e.g., periodontitis and
disorders alike) and at the same time for instance
produce cementum linking the fibrous tissue with the
bone and may be capable of treating periodontal
defects, thus re-establishing adhesion of teeth in
danger of being lost due to periodontis. According to
this invention, these PDL cells, which first of are
the specialized cells, which will be the starting
material for the cell culture that can be used for the
repair described above, such as for instance
periodontitis, etc. It would of course be preferable,
if these cells were autologous, meaning harvested from
the teeth, such as the wisdom tooth at the same time
as, it is extracted (so that the cells can be
harvested immediately in conjunction with the
extraction or the extracted tooth can be sent to the
laboratory in Transport medium within for instance 24
hours and the PDL cells can be 



harvested and either cultured immediately or
deepfrozen in liquid nitrogen tank for later use. It
may be possible that other cells could be used for the
same purpose such as autologous or allogeneic
osteoblasts, harvested from either the jaw bone or
from other bone structure on the patient. These
mesenchymal precursor cells or progenitor cells, might
also be used for the purpose of repairing
periodontitis, etc. Yet another group of cells, which
may be derived from a multipotent mesenchymal stem
cell originated from the umbilical cord or the
umbilical cord blood, which either could be derived as
an autologous cell (taken from stored umbilical cord
blood and used to - later in life - repair
periodontitis in a patient that donated his/her
umbilical cord blood at the time of birth. Or these
multipotent mesenchymal stem cells from umbilical cord
from other individuals may show lesser tendency to be
immunogenic, and therefore useable as "donor" cells to
repair periodontitis etc. When such cells are used
they have been subjected to a co-culturing process,
wherein the cells have been exposed to or cultured
together with one or more of periodontal ligament
tissue, periodontal ligament proteins or factors
derived from periodontal ligament tissue in order to
obtain PDL characteristics.It would be within the
scope of this invention that one could co-culture
cells suitable to act as PDL cells or PDLCs with other
mammalian mesenchymal precursor cells (e.g., any
mamalian mesenchymal stem cells such as adult
mesenchymal precursor cells, The PDL cells might also,
according to this invention, for instance be
co-cultured with multipotent mesenchymal stem cells
for instance such stem cells originated from umbilical
cord or from umbilical cord blood, and in this manner,
one can obtain a cocultured cell suitable for use in
the repair of periodontitis, etc. In order to obtain a
periodontal ligament stem cell population, one may
co-culture the mesenchymal stem cells with periodontal
ligament tissue, periodontal ligament proteins, or
factors from periodontal ligament tissue with or
without the content of periodontal cells present, or
may be rather by first eliminating the presence of
viable cells in the periodontal ligament tissue
harvested to be added to the culture medium in 



which the mesenchymal cells are to be cultured to
differentiate or transdifferentiate into PDL cells. It
is anticipated that the culturing may range from a
short duration exposure of the cells to the
periodontal ligament tissue or proteins, to a complete
expansion of a cell culture in culture medium that at
least contains periodontal ligament tissue,
periodontal ligament proteins or factors thereof
lasting several weeks until a sufficient amount of
cells have been obtained. This cell culturing
methodology could be used on mesenchymal stem cells
derived from the umbilical cord and/or from the
umbilical cord blood. Thus mesenchymal stem cells from
the umbilical cord or from the umbilical cord blood,
together with periodontal ligament tissue, periodontal
ligament proteins and/or factors derived thereof, may
induce mesenchymal stem cells to obtain
periodontalligament- like characteristics and thus be
useable as cell implants with or without a scaffold in
the clinical application for repairing and
regenerating periodontal tissue. Starting material -
mammalian mesenchymal cells The PDL cells as well as
the mesenchymal stem - or precursor cells of any of
the above combinations may be differentiated to PDLs
or PDLCs by being exposing these cells and/or
co-culture them with periodontal ligament tissue or
factors derived from periodontal ligament, which may
induce the precursor cells, or keep cell such as PDLs
from de-differentiating. It should therefore be
understood and be within the scope of this invention
that the cell types described above, may, when exposed
to, co-cultured with and/or induced by periodontal
ligament tissue or factors derived from periodontal
ligament bedifferentiated or transdifferentiated to
PDLs or PDLCs, - or if they from the start in fact ar
PDLs, these cells would not de-differentiate. The same
harvested periodontal ligament tissue or factors
derived from this tissue may, when used in the medium,
when using the medium for co-culturing mesenchymal
stem cells from the umbilical cord, result in PDLs or
cells having the same abilities as PDLs, to enable the
use of them for the treatment of periodontitis, etc.
Using the methods described above, may enable the
inventors to culture osteoblasts or progenitors of
osteogenic cells, as for instance obtained by
explantation of biopsies 



from a mammalian, for instance from the bone,
especially bone structures obtained from the patient
to be developed to PDLs or cells with PDL behaviour
for the treatment of periodontitis later on in the
patient's life, meaning in this manner utilizing an
autologous cell implantation methodology, when one has
no access to primary cultures of PDLs. Periodontal
ligament tissues used in the cell culture medium as
inducer of PDL. Source of periodontal ligament tissue
The source of periodontal ligament tissue, periodontal
ligament proteins and/or factors derived from
periodontal ligaments may be of autologous, allogeneic
or xenogeneic origin (e.g., extracted or avulsed
porcine teeth). However, it is anticipated that the
processing of either cells from periodontal ligament,
the periodontal ligament or factors have to be
harvested and processed, while the tissue is still
viable and had not undergone disintegration of any of
the necessary ingredients needed for obtaining and
possibly for maintaining the cultured cells as PDLs or
PDLCs or cells expressing themselves as PDLs or PDLCs.
Suggestions for handling the periodontal tissue is
described under "Harvest and preservation of
periodontal tissue". The periodontal ligament to be
used in the culture medium to induce "PDL effect" in
the cultured cells in question, can be harvested for
instance from molar teeth or from wisdom teeth. So,
the periodontal ligament may be either be harvested
together with the PDL cells already incorporated in
the periodontal ligament, or the periodontal ligament
tissue may be depleted from these cells, and consist
of periodontal ligament tissue, or even be factors
derived from periodontal ligament tissue for future
use in PDL cell culturing or in the attempts to
transdifferentiate the other mesenchymal cells
described above to be PDLs.This "periodontal ligament
tissue", which according to this invention may be
defined as an inducing mixture to add to a PDL cell
culture or to a mesenchymal cell culture (intended to
be used as PDL cells). This may be stored deep frozen
(e.g., for instance in a nitrogen tank), or used it
may be used directly mixed together with a suitable
growth medium (culture medium) in which the cells are
to be cultured for the purpose of 



keeping the PDL cells from de-differentiating to other
non PDL cells, as well as differentiating or
transdifferenting other selected cells to become or to
resembleo PDLs or PDLCs. Said medium composition
containing the periodontal ligament tissue or factors
from periodontal ligaments can accordingly be used as
growth medium, which will maintain PDL cells and thus
avoid de-differentiation or cell "drifting". As
described previously this periodontal ligament tissue,
(for instance depleted from cells), may also be
collected, characterized and pooled, either to be used
together with culture medium to culture mesenchymal
cells in order to induce PDL cell characteristics
resulting in said cell population that may be
characterized as a periodontal ligament cell or a
precursor cell of said type. The PDL cell
characteristics obtained for instance by
differentiation from mesenchymal cells by the
inductive use of the periodontal ligament tissue can
be demonstrated by showing that said PDL or PDL like
cells will show increased expression of osteopontin
and osteocalcin and decreased expression of bone
sialoprotein (decreased BSP expression), also called
bone sialoprotein II. Harvest and preservation of
periodontal tissue In order to utilize periodontal
tissue in the amounts that may be needed for the
induction, transdifferentiation or transformation of
mesenchymal cells to produce periodontal ligament
cells or cells that may behave like periodontal
ligament cells, it may be necessary to prepare a
logistic system to keep cells of the teeth extracted
alive (e.g., extracted wisdom teeth collected from
various dental clinics) as well as keeping the
periodontal tissue from the extracted teeth from
disintegrating, most probably meaning that the
extracted teeth be kept alive and in aseptic
conditions to prevent microbial contamination
(microbial contamination could be kept at a minimum by
using as aseptic methods as possible and add
sufficient amounts of antibiotics and antifungals
present in the transport or culture medium used for
storage). Sigalas et al. have recently tested methods
to keep the cells of avulsed teeth alive. Many
solutions have been examined as possible storage media
for avulsed teeth. Sigalas et al has recently reported
that when human periodontal ligament (PDL) cells were
exposed for 



1 h to culture medium, milk, Hanks Balanced Salt
Solution (HBSS), Soft Wear, OptiFree, and Solo Care
contact lens solutions, Gatorade, and tap water, at
room temperature and on ice. The number of viable
cells was counted using the trypan blue exclusion
technique, immediately after exposure (0 h) and at 24
and 48 h, the proliferative capacity of the cells was
tested after treatment (Sigalas E, Regan JD et al.
Dent. Traumatol. (2004) 20:21-28). This study showed
that Hanks Balanced Salt Solution HBSS was found to be
the optimal storage medium for avulsed teeth. It is
conceivable that many other types of culture medium
with or without the addition of periodontal ligament
tissue present from the start, and most probably
containing serum proteins. The teeth, the periodontal
ligament related cells or the periodontal ligament
tissue may be deep-freezed in a nitrogen tank. The
manner in establishing that cells have not
differentiated into PDL or that PDL cells have
de-difffentiated or drifted the the bone sialoprotein
(also named bone sialoprotein Il or BSP) will be
increased and actually demonstrate that the cells
cultured in fact are osteoblasts and certainly not PDL
cells. Actually, when the sialoprotein Il or BSP can
be identified (or shown to increase) one is aware that
the PDL cell culture has changed into osteogenic cells
(e.g., osteoblasts and non PDL- or non
PDLCdifferentiated mesenchymal cells (Fisher LW,
McBride OW, et al. J. Biol. Chemistry (1990),
265:2347-2351). The BSP protein encoded by this gene
is a major structural protein of the bone matrix. It
constitutes approximately 12% of the noncollagenous
proteins in human bone and is synthesized by
skeletal-associated cell types, including hypertrophic
chondrocytes, osteoblasts, osteocytes, and
osteoclasts. This protein binds to calcium and hydroxy
apatite via its acidic amino acid clusters, and
mediates cell attachment through an RGD sequence that
recognizes the vitronectin receptor. The BSP gene is
also identified as genelD: 3381 and expresses
integrin-binding sialoprotein (bone sialoprotein, also
called bone sialoprotein II, abbreviated to IBSP). We
have previously found by Affymetrix Gene Chip analysis
that the expression of vitronectin receptor also is
presented in chondrocytes from both Osteoarthritis
patients and non-O.A. patients (own observations).
However, this expression has as of yet not 



been tested in PDLs or PDLCs. It is also within the
scope of this invention that the cells implanted for
the periodontal repair and/or dental repair may be
autologous mesenchymal stem cells, precursor cells or
progenitors as for instance harvested as stem cells or
precursors from periodontal areas or periodontal
ligament(s), or even mesenchymal cells originated from
jaw bonebiopsies can be differentiated towards PDLs
when exposed to periodontal ligament tissue. Therefore
we may in theory and actually in practice use the
explant culture technology to espand mesenchymal cells
or rather osteoblasts or precursors thereof to produce
PDL cells. These PDL cells can then be used for
implantation in the patient to repair periodontitis,
etc. These cells may be expected to further
differentiate into mammalian mesenchymal cells, which
may be encompassed in the rather complex process,
producing a cell identity that resembles mammalian
mesenchymal cell lines, which can be identified by
continuing to be at least HLA-DR positive (HLA-DR+),
CD-34 negative (CD-34 -), Lin-1 positive (Lin-1 +),
Thy-1 positive (Thy-1+) and Stro-1 positive (Stro-1
+), CD13 positive, CD44 positive, CD90 positive, CD73
positive and possibly, positive for another protein,
CD146/MUC18, but negative for CD31 (a haematopoietic
marker). It is within the scope of this invention to
arrive at one or several mammalian cell types that can
be transplanted into mammalians including humans
without causing rejection of the transplanted or
implanted cells or produce a "graft vs. host" (GVH)
rejection, neither becoming apoptotic or inducing
apoptosis or, when transplanted, without turning into
immortalized cell lines. When using embryonal
mesenchymal stem cells for implantation for instance
in joints, in attempts to develop methods for
cartilage or O.A. repair, such implantation with
embryonal mesenchymal stem cells have shown that these
cells may retain the function of transforming during
differentiation into mixed endoderm- mesodermectoderm
cells with immortalized behaviour appearing as
teratomas in a significant amount of SCID mice under
experiments, where said embryonal stem cells actually
induced these immortalized teratomas ( Wakitani S,
Takaoka K, Hattori T, Miyazawa N, 



Iwanaga T, Takeda S, Watanabe TK and Tanigami A,
Rheumatology (2003), 42:162- 165) indicating that when
using more immature cells, for instance for the
purpose of producing periodontal ligament cells, it
may be more advisable to use mesenchymal stem cells
from the umbilical cord or from the umbilical cord or
from umbilical cord blood instead of using embryonal
stem cells for this purpose, because such
transdifferentiation may actually produce tumors, for
instance such as teratomas. One of the main limiting
factors for increased use of human umbilical cord
blood (UCB) in adult allogeneic transplantation is the
small number of progenitor cells that can becollected
and infused. Ex vivo expansion of UCB might help to
overcome this limitation. Whether culturing of UCB
cells may also lead to co-expansion of contaminating
maternal cells, and thus altering the graft
characteristics leading to an increased incidence of
cell rejection, has not been looked at so far, but
should be taken into consideration when using
mesenchymal stem cells from the umbilical cord blood.
This could for instance be investigated by probing the
method of isolating mesenchymal stem cells such as UCB
cells, by initiating cultures of UCB mononuclear cells
(MNC) in a standard medium containing stem cell factor
(SCF), flt-3L, II-3, IL-6, EPO and G-CSF. To address
the question of contaminating maternal cells one may
perform a so-called interphase FISH analysis of the X
and Y chromosome simultaneously. Male (XY) cord blood
samples can be investigated for maternal (XX) cells at
day 0 and at several time points during culture.
Method for obtaining PDL cells Mammalian cells such as
mammalian mesenchymal cells, allogenic mammalian
mesenchymal cells including UC or UCB cells,
autologous mammalian mesenchymal cells, autologous
mammalian osteoblasts or precursor/progenitor of
osteoblasts are cultured together with one or more of
periodontal ligament tissue, periodontal ligament
proteins or factors derived from periodontal ligament
tissue. These cells are checked and analyzed on flow
cytometry using conjugated monoclonal antibodies
against; CD13, CD44, CD90, CD73 and CD31. Markers such
as CD13, CD44, CD90, CD73 are all considered to be
mesenchymal stem cell markers while CD31 is a
haematopoietic 



marker. hPDLCs were demonstrated to be positive for
all four stem cell markers, while negative for CD31.
If periodontal ligament tissue is employed, this
tissue is first subjected to culturing using a
suitable medium e.g. as described in Examples 1 or 6
herein. The growth medium is changed regularly, e.g.
every 1-5 days such as every 3-4 days during the whole
culture period. After a period of time (normally 8-1 1
days) cells (hPDLCs) migrate from the ligament and
when sufficient confluent, the cells are harvested,
e.g. using enzymatic treatment like trypsin/EDTA
treatment. Mammalian cells and hPDLCs cells were
cultured in suitable culture dishes and fed with
growth medium (e.g. DMEM/F12, containing 16% FCS,
ascorbic acid, gentamicinand fungizone) at 37C and 5%
CO2. Growth medium was changed every 3-4 days during
the whole culture period. After 8-1 1 days cells
(called hPDLCs) start in general to migrate out from
the small pieces of periodontal ligaments. When the
culture was 70-80% confluent (approx. 3 weeks) cells
were detached using trypsin/EDTA treatment and used
for the experiments described below. Alternatively,
mammalian cells can be cultured in suitable culture
dishes in the above described DMEM/F12, containing
FCS, and other ingredients described above, with
medium change every 3 to 4 days during the entire cell
culture period, after a period of 11 days or more,
such factors as for instance periodontal ligament
proteins can be added as inducers in cells, where one
attempt to transdifferentiate these to PDLs. Scaffolds
Bone cells or osteogenic cells cultured on various
biodegradable scaffolds may create interaction between
scaffold and the cells, when allowing them to adhere
during transplantation or implantation. This may be
accomplished among others, by using various
bioresorbable polymers such as PLGA scaffolds. It will
be anticipated that several types of scaffolds may be
tested and may capable of being used successfully for
periodontal ligament cells and/or periodontal ligament
stem cells or mesenchymal stem cells, which has been
induced to be used as periodontal 



ligament tissue. The cells to be implanted may be
implanted together with a scaffold such as for
instance a hydroxy! apatite carrier, which may enhance
both a periodontal ligament and even cementum as well
as producing a fibrous structure such as resembling
Sharpey's fibers, which insert into both the cementum
and bone while holding the teeth in place. Use of
transplanted or implanted cells for the treatment of
periodontitis One of the purposes of using
differentiated or transdifferentiated cells are to
develop a cell or tissue material that can be used to
for instance to treat destroyed periodontal tissue,
which among others are caused "periodontitis". The
oral disorder, called periodontitis, normally starts
up as an infection induced by a microbial (e.g.,
bacterial or fungal) infection for instance in the
gumline, diagnosed as a gingivitis or an acute
gingivitis. This type of infection may initially seem
harmless, but during time thisinfection may lead to
necrosis of tissue essential for the oral cavity, and
especially of the periodontal ligament, binding the
teeth to the alveolar bone (together with cementum).
This necrosis is caused among others by increased
synthesis of tissuedestructive enzymes such as for
instance collagenase, as well as activation of bone
tissue decay caused by osteoclasts. These processes
are capable of destroying those tissue structures,
which normally keep the teeth anchored in the bone in
the upper - and lower jaw (see Figure 1). These
methods could change the treatment of periodontitis
considerably to a cell implantation repair, possibly
together with a scaffold. The root of the tooth fits
precisely into the "pocket" in the bone structure (the
alveolar bone) in healthy periodontal tissue (see
Figure 1). The tooth is held in situ by the
periodontal ligaments. During periodontitis it is
actually the periodontal ligaments, which are affected
and eventually will result in tooth loosening as shown
in Figure 2. The cell treatment is accordingly based
upon ex vivo cell culturing of for instance cells such
as PDL and/or PDLC that may be obtained in various
manners for instance as described above by exposure or
the co-culturing with periodontal ligaments or 



derivates thereof or created by combining mesenchymal
stem cell populations as for instance progenitors or
precursors to bone cells and may be other types of
mesenchymal cells such as for instance PDL and/or PDLC
that for instance also may be combined with
mesenchymal stem cells, e.g., from mesenchymal
multipotent stem cells for instance originated from
cells from umbilical cord or from umbilical cord blood
as allogeneic cells with lesser tendency to give rise
to reactions such as for instance rejection of the
cells, or be of autologous origin and therefore show
no evidence of rejection. The autologous mesenchymal
cells could be of osteogenic origin or even of
fibroblastic origin, or even of any of the cell types
that can be obtained from differentiating mesenchymal
cells. It is also within the scope of this invention
to combine the cells to be implanted with appropriate
scaffolds, so that one can shape and fit the product
intended for the particular area of application, and
even to cover the transplanted cells, to maintain
theirfunction, protect them against infection and even
to limit the cells from growing into unwanted areas in
the oral cavity. Legends to figures Figure 1. Drawing
of tooth in place in its socket Figure 2.
Periodontitis, chronic infection of the gums which is
characterized by a loss of attachment between the
tooth and the jawbone starts with a milder form called
gingivitis (see 'T) Figure 3. A subconfluent culture
of hPDLCs are shown. When the cells are 70% confluent,
they are trypsinized Figure 4. The samples were
analyzed on a Beckman Coulter Epics XL flowcytometer.
Dead cells and debris were excluded from the analysis
by forward -and sidescatter gating Figure 5. The cells
were stained for alkaline phosphatase activity,
studied using a specific staining protocol and the
osteogenic differentiation is shown in this figure The
invention is illustrated in the following non-limiting
examples Example 1 



hPDLC Culture Human third molars were placed in Petri
dishes, and 2 ml growth medium (DMEM/F12 containing
16% FCS, Gentamicin, Ascorbic Acid and Fungizone) were
applied to the molars. The periodontal ligament was
gently separated from the surface of the root with a
sterile scalpel and the tissue was transferred to a
new petri dish. 2 ml growth medium were applied to the
periodontal ligament tissue and small explants were
generated with a sterile scalpel. The explants from
the periodontal ligament tissue were transferred to a
75 cm2 culture flask containing growth medium and
cultured at 370C in a CO2 incubator. The
explantsproduced cell cultures in colony forming units
from the primary cell culture were isolated. Example 2
Surface Marker Expression hPDLCs from the primary
culture (E1P0) (defined as the initial CFU of cells
primarily being grown out from the explant, which have
not been passaged yet) were analyzed on flow cytometry
using conjugated monoclonal antibodies against; CD13,
CD44, CD90, CD73 and CD31. CD13, CD44, CD90, CD73 are
all considered to be mesenchymal stem cell markers
while CD31 is a haematopoietic marker. hPDLCs were
demonstrated to be positive for all four stem cell
markers, while negative for CD31. This suggests that
the hPDLC population is composed of mesenchymal
progenitor cells. Example 3 Osteogenic Differentiation
(Gene expression) hPDLCs were seeded in 6-well plates
and induced to differentiate along the osteogenic
pathway by changing the medium from normal growth
medium to osteogenic medium (DMEM/F12 containing 10%
FCS, Ascorbic Acid, 10 7 M dexamethasone, 8 mM
DGlycerophosphate). 



As control, hPDLCs were cultured in normal growth
medium containing 10% FCS. After 14 days in culture,
hPDLCs were washed in PBS and RNA was isolated from
the induced cultures and from the control cultures. By
using RT-PCR the expression of alkaline phosphatase
(ALP), collagen type 1 (Coll) and osteocalcin (OC)
were evaluated. Example 4 Osteogenic Differentiation
(Histochemical analysis)hPDLCs were seeded in 6-well
plates and induced to differentiate along the
osteogenic pathway by changing the medium from normal
growth medium to osteogenic medium (DMEM/F12
containing 10% FCS, Ascorbic Acid, 10 7 M
dexamethasone, 8 mM DGlycerophosphate). As control,
hPDLCs were cultured in normal growth medium
containing 10% FCS. After 14 days in culture, hPDLCs
were washed once in PBS. Subsequently, induced and
control cultures were stained for either ALP activity
or the presence of calcium deposits (Von Kossa
staining). Both an increased ALP activity and an
increased calcium deposition were demonstrated for the
induced cultures supporting the gene expression
results. All three markers were up-regulated in the
induced cultures; demonstrating that hPDLCs were able
to differentiate along the osteogenic pathway,
suggesting that this cell population consists of
immature mesenchymal stem cells. Example 5 Freezing of
hPDLCs hPDLCs were trypsinized and filtrated through a
70 mm sterile filter and then centrifuged.The pellet
was resuspended in freezing medium (FCS + 10% DMSO)
and the cells were transferred to a cryo-vial. A
graduated freezing process were initiated, starting at
4 0C for 1 hour, -20 0C for 4 hours, -80 0C overnight
and finally to liquid N2. Example 6 Normal human third
molars were collected immediately following extraction
from 3 



individuals. Periodontal ligaments were gently
separated from the surface of the root, and they were
then minced into small pieces. They were then
transferred to T-75 culture flasks and fed with growth
medium (DMEM/F12, containing 16% FCS, ascorbic acid,
gentamicin and fungizone) at 37C and 5% CO2. Growth
medium was changed every 3-4 days during the whole
culture period. After 8-1 1 days cells (called hPDLCs)
started to migrate out from the small pieces of
periodontal ligaments. When the culture was 70-80%
confluent (approx. 3 weeks) cellswere detached using
trypsin/EDTA treatment and used for the experiments
described below. A subconfluent culture of hPDLCs are
shown on Figure 3. Flow cytometry analysis Flow
cytometry analysis was performed in order to study the
stem cell properties of hPDLCs. Single cell
suspensions of hPDLCs were incubated at room
temperature with FITCconjugated monoclonal antibodies
against CD73, CD90, known as mesenchymal stem cell
markers. After incubation, samples were analysed on a
Beckman Coulter Epics XL flowcytometer. Dead cells and
debris were excluded from the analysis by forward -and
sidescatter gating. The results are shown on Figure 4.
Osteogenic differentiation Cells were seeded at 0.5x1
04 cells/cm 2 and cultured overnight in growth medium.
Osteogenic differentiation was induced for 3 weeks by
shifting the cells from growth medium to an
osteoinductive medium (OIM), composed of DMEMF12 with
10% FBS, 85 Dg/mL L-ascorbic acid 2-phosphate, 10 7 M
dexamethasone, and 8 mM b- glycerophosphate. Control
cultures without the differentiation stimuli were
cultured in SCM containing 10% FBS. Media changes were
done twice weekly. Calcification of the extracellular
matrix (ECM) can be detected by the Von Kossa method
in which calcium phosphate deposits are stained brown
to black. Cells were seeded in 6-well plates at a
density of 0.5x1 04 cells/cm 2 and cultured for 2 1
days in 



OIM. In addition the alkaline phosphatase activity was
studied using a specific staining protocol. Results
from the osteogenic differentiation are shown on
Figure 5.Based on the findings above we conclude that
hPDLCs cultured in the above described growth medium
are able to differentiate along the osteogenic
pathway. Furthermore this cell population does display
two surface markers, characteristic for mesenchymal
stem cell.Specific embodiments of the invention 1. A
process for propagating mammalian mesenchymal cells,
that have been exposed to and/or co-cultured with
periodontal ligament tissue, periodontal ligament
proteins or factors derived from periodontal ligament
tissue and induced by these factors to a. Obtain
periodontal characteristics b. Show increased
osteopontin and osteocalcin and a decrease in bone
sialoprotein, also called bone sialoprotein Il or BSP
c . Be capable of being implanted to repair and/or
regenerate periodontal tissue d. Capable of repairing
disorders such as paradentitis also called
paradentosis e. Be accepted by the host without
significant immune reaction or cell rejection 2. A
process for progating allogenic mammalian mesenchymal
cells derived from umbilical cord and/or umbilical
cord blood, and which has been exposed to or
cocultured with periodontal ligament tissue,
periodontal ligament proteins or factors derived from
periodontal ligament tissue and induced by these
factors to a. Obtain periodontal characteristics b.
Show increased osteopontin and osteocalcin and a
decrease in bone sialoprotein c . Be capable of being
implanted to repair and/or regenerate periodontal
tissue d. Capable of repairing disorders such as
paradentitis also called paradentosis e. Be accepted
by the host without significant immune reaction or
cell rejection 3. A process for propagating autologous
mesenchymal cells that have been exposed to or
co-cultured with periodontal ligament tissue,
periodontal ligament proteins or 



factors derived from periodontal ligament tissue and
induced by these factors to a. Obtain periodontal
characteristics b. Show increased osteopontin and
osteocalcin and a decrease in bone sialoprotein c . Be
capable of being implanted to repair and/or regenerate
periodontal tissue d. Capable of repairing disorders
such as paradentitis also called paradentosis e. Be
accepted by the host without significant immune
reaction or cell rejection4. A process for propagating
autologous osteoblasts or precursor/progenitor cells
that have been exposed or co-cultured with periodontal
ligament tissue, periodontal ligament proteins or
factors derived from periodontal ligament tissue and
induced by these factors to a. Obtain periodontal
characteristics b. Show increased osteopontin and
osteocalcin and a decrease in bone sialoprotein c. Be
capable of being implanted to repair and/or regenerate
periodontal tissue d. Capable of repairing disorders
such as paradentitis also called paradentosis e. Be
accepted by the host without significant immune
reaction or cell rejection 5. A process for
propagating cells as described in items 1 - 4 and
being injected directly down to the remaining
periodontal ligaments 6. A process of propagating
autologous mesenchymal cells to be directly injected
into the periodontal ligament in situ, thereby be
capable of transdifferentiate in situ 7. A process for
propagating and maintaining the immature morphology of
mammalian cells, said immature morphology being
defined as HLA-DR positive (HLA-DR+), Lin positive
(Lin +), Thy-1 positive (Thy-1+), Stro-1 positive
(Stro-1 +), CD-13 positive, CD-44 positive, CD-90
positive, CD-73 positive and, possibly CD146/MUC 18
positive shall be a. capable of being co-cultured with
mammalian mesenchymal stem cells from umbilical cord
b. capable of being co-cultured with mammalian
mesenchymal stem cells from 



umbilical cord blood c . Be capable of being implanted
to repair and/or regenerate periodontal tissue d.
Capable of repairing disorders such as paradentitis
also called paradentosis e. Be accepted by the host
without significant immune reaction or cell rejection
8. A process for propagating and maintaining the
immature morphology of mammalian cells, said immature
morphology being defined as HLA-DR positive
(HLA-DR+),CD-34 negative (CD-34 -), Lin positive (Lin
+), Thy-1 positive (Thy-1+), Stro-1 positive (Stro-1
+), CD-13 positive, CD-44 positive, CD-90 positive,
CD-73 positive and, possibly CD146/MUC 18 positive
shall be a. capable of being co-cultured with
mammalian mesenchymal stem cells from umbilical cord
b. capable of being co-cultured with mammalian
mesenchymal stem cells from umbilical cord blood c. Be
capable of being implanted to repair and/or regenerate
periodontal tissue d. Capable of repairing disorders
such as paradentitis also called paradentosis e. Be
accepted by the host without significant immune
reaction or cell rejection 9. capable of being
co-cultured with mammalian cells derived from bone
marrow cells or colonies thereof from either
autologous or from allogeneic donors, exposed or
co-cultured with periodontal ligament tissue,
periodontal ligament proteins or factors derived from
periodontal ligament tissue and induced by these
factors to a. Obtain periodontal characteristics b.
Show increased osteopontin and osteocalcin and a
decrease in bone sialoprotein c . Be capable of being
implanted to repair and/or regenerate periodontal
tissue d. Be capable of being implanted to repair
and/or regenerate periodontal tissue e. Capable of
repairing disorders such as paradentitis also called
paradentosis f . Be accepted by the host without
significant immune reaction or cell rejection 10. A
process for propagating and maintaining the immature
morphology of mammalian cells, said immature
morphology being defined as HLA-DR positive (HLA-DR+),



Lin positive (Lin +), Thy-1 positive (Thy-1 +), Stro-1
positive (Stro-1 +), CD-13 positive, CD-44 positive,
CD-90 positive, CD-73 positive and, possibly CD146/MUC
18 positive the process comprising part of the
identity of mammalian periodontal ligament cells can
be a. capable of being co-cultured with mammalian
mesenchymal stem cells from umbilical cordb. capable
of being co-cultured with mammalian mesenchymal stem
cells from umbilical cord blood c . Be capable of
being implanted to repair and/or regenerate
periodontal tissue d. Capable of repairing disorders
such as paradentitis also called paradentosis e. Be
accepted by the host without significant immune
reaction or cell rejection 11. The resulting
population processed as described in 1, and 2, defined
as HLA-DR positive (HLA-DR+), Lin positive (Lin +),
Thy-1 positive (Thy-1+) and Stro-1 positive (Stro-1
+), CD-13 positive, CD-44 positive, CD-90 positive,
CD-73 positive and, possibly CD146/MUC 18 positive
shall be transplantable into mammals a. into their
oral cavity without being rejected b. into the
periodontal area without being rejected c. into dental
defects without being rejected 12. The resulting
population processed as described in 1, and 2, defined
as HLA-DR positive (HLA-DR+), Lin positive (Lin +),
Thy-1 positive (Thy-1 +) and Stro-1 positive (Stro-1
+), CD-13 positive, CD-44 positive, CD-90 positive,
CD-73 positive and, possibly CD146/MUC 18 positive
shall be transplantable into mammals d. into their
oral cavity without being rejected e. into the
periodontal area without being rejected f. into dental
defects without being rejected 13. The method of
implanting cells as described in items 1 - 11 using a
combination of cells and scaffold(s) 14. A process for
propagating mammal Autologous Periodontal Ligament
Positive Cells (stem cells) to be transplantable 



a. Into an oral cavity without being rejected b. Into
the periodontal area without being rejected c . Into
dental defects without being rejected. 15. The method
of implanting cells as described in the claims above
using a combination of cells and scaffold(s). 16. The
use of periodontal ligament or extracts thereof from
either autologous, allogeneic and/or xenogeneic source
to enable cells to differentiate.17. The use of
periodontal ligament or extracts thereof from either
autologous, allogeneic and/or xenogeneic source to
enable cells to differentiate into periodontal cells,
periodontal stem cells and/or cells expressing
periodontal behavior.Claims 1. A method for
propagating and/or differentiating mammalian cells,
the method comprising exposing or co-culturing
mammalian cells with one or more of periodontal
ligament tissue, periodontal ligament proteins or
factors derived from periodontal ligament tissue, to
obtain cells having PDL characteristics and fulfilling
at least one of the following: i) show periodontal
characteristics as evidenced with Von Kossa method in
which calcium phosphate deposits are stained brown to
black, ii) show increased osteopontin and osteocalcin
and at the same time decreased bone sialoprotein (bone
sialoprotein Il or BSP), iii) are capable of being
implanted to repair and/or regenerate periodontal
tissue, iv) are capable of repairing disorders such as
paradentitis also called paradentosis, or
periodontitis by healing of the gum line towards the
teeth, and v) are accepted by the host without
significant immune reaction or cell rejection. 2. A
method according to claim 1, wherein the mammalian
cells are propagated in a growth medium, then induced
to differentiation by shifting the growth medium to a
differentiation medium such as an osteoinductive
medium, whereupon the cells with PDL characteristics
obtained are harvested. 3. A method according to claim
1 or 2, wherein the mammalian cells are mammalian
mesenchymal cells, allogenic mammalian mesenchymal
cells derived from umbilical 



cord and/or umbilical cord blood, autologous mammalian
mesenchymal cells, autologous mammalian osteoblasts or
precursor/progenitor of osteoblasts, wherein these
cells by exposure to periodontal ligament protein will
differentiate into PDL cells 4. A method according to
claim 3, wherein the mammalian mesenchylmal cells that
are propagated are autologous mesenchymal cells and
the cells obtained are capable of transdifferentiate
in situ to PDL cells or to cells showing PDL
characteristics. 5. A method according to any of the
preceding claims, wherein the cells obtained with PDL
characteristics are HLA-DR positive (HLA-DR+), Lin
positive (Lin +), Thy-1 positive (Thy-1 +), Stro-1
positive (Stro-1 +), CD-13 positive, CD-44 positive,
CD-90 positive, CD-73 positive and, possibly CD146/MUC
18 positive, but negative for CD31.6. A method
according to any of the preceding claims, wherein the
cells obtained with PDL characteristics are CD-34
negative. 7. A cell population having PDL
characteristics and obtainable by the method described
in any of claims 1-6. 8. A method for the treatment of
disorders in the periodontal tissue, the method
comprising injecting cells obtained by the method
defined in any of claims 1-3 directly down to the
periodontal ligaments and resulting in adherence of
the cells to the surrounding root canal. 9. A method
according to claim 8, wherein implantation of cells
employs a combination of cells and scaffold(s). 10. A
composition of tissue mainly consisting of periodontal
ligament proteins capable of inducing PDL cell
characteristics, the composition being obtainable by
culturing an periodontal ligament explant in a culture
medium to obtain migration of cells and harvesting
these cells. 11. Cells described in claim 10 capable
of being co-cultured with mammalian cells derived from
bone marrow cells or colonies thereof from either
autologous or from allogeneic donors, exposed or
co-cultured with periodontal ligament tissue,
periodontal ligament proteins or factors derived from
periodontal ligament tissue and induced by these
factors to 



a. obtain periodontal characteristics showing
increased osteopontin and osteocalcin and a decrease
in bone sialoprotein b. be capable of being implanted
to repair and/or regenerate periodontal tissue c . be
capable of being implanted to repair and/or regenerate
periodontal tissue d. be capable of repairing
disorders such as paradenitis also called paradentosis
e. be accepted by the host without significant immune
reaction or cell rejection. 


