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This review considers the potential existence and role of

stem or progenitor cell populations within the non-epi-

thelial tissues of the oral mucosa. Currently, there is little

published evidence supporting this hypothesis; however,

because of the similarities in structure and function of the

oral mucosa and skin, findings within the dermis of the

skin may potentially reflect the situation within the oral

mucosa. Over recent years, the identification of the skin

as a local reservoir of adult stem cell populations and the

idea that multipotent cell populations exist within the

dermal tissues of skin has gained increasing credibility.

Indeed, numerous multipotent progenitor cells have

been identified within the dermis and resident append-

ages, all capable of differentiating into multiple cell line-

ages. Furthermore, a number of these cell populations

have been implicated in the repair of these tissues fol-

lowing injury. There is increasing evidence suggesting

that such populations of progenitor cells may also reside

within the lamina propria. In this respect, the ability to

isolate large numbers of multipotent progenitor cells

from a tissue which when biopsied heals without a scar

would be of great interest scientifically and commercially,

particularly with respect to future therapeutic applica-

tions and the developing discipline of tissue engineering.
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Introduction

The purpose of this review was to consider the existence
and the role of stem or progenitor cell populations
within the oral mucosa. There is a growing literature on
stem cells in the epithelial tissues of the oral mucosa

which is covered in another review within this series and
therefore will not be considered here. Rather, this review
will concentrate on the evidence supporting the existence
of progenitor cells within non-epithelial tissues. Surpris-
ingly, the published evidence for the potential existence
of such populations within the non-epithelial tissues of
the oral mucosa is extremely limited. However, the
similarities in structure and function of the oral mucosa
and skin means that the focus of this review, by default,
will be on progenitor cells within the non-epithelial
tissues of the skin with an eye on how these findings may
be interpreted with respect to the oral mucosa.

Structure of the oral mucosa and skin

Both the oral mucosa and the skin play a crucial role in
maintenance of the organism through the regulation of
water and electrolyte balance, thermoregulation, initi-
ation of immunological functions and by acting as a
barrier to external noxious agents including microor-
ganisms (Urmacher, 1990; Sloan et al, 1991). Both
consist of a number of distinct layers (see Figures 1
and 2; Table 1) which includes: (i) an epithelium
comprising of stratified squamous cells, (ii) an underly-
ing layer of connective tissue (the lamina propria in the
oral mucosa and the dermis in the skin) which is
composed of dense fibro-elastic material and contains
extensive vascular and neural networks, excretory and
secretory glands and appendages such as the hair (skin
only) and (iii) a deeper fat layer (the submucosa in the
oral mucosa and the hypodermis or subcutis in the skin).

The epithelium
The epithelium of the oral cavity and the skin is
stratified squamous throughout with the cells varying
from cuboidal or low columnar at the connective tissue
interface to flat squamous at the surface. Keratinocytes
are the principal cell type within epithelial tissues and
are so named because of the filamentous keratin
proteins that are produced as the cells undergo epider-
mal differentiation. Within the oral cavity there are two
types of epithelium: non-keratinized (soft palate, under-
side of tongue, alveolar mucosa, labial mucosa, buccal
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mucosa) and keratinized (gingiva, hard palate). Whilst
the non-keratinized epithelium has a structure some-
what different to that of skin [non-keratinized epithelial
layers include the stratum (S.) basale, S. intermedium
and S. superficiale], the structure of keratinized oral
epithelium is very similar to skin (epithelial layers
include the S. basale, S. spinosum, S. granulosum and

S. corneum). The similarities in the structure of both the
keratinized oral epithelium and skin are linked to
similarities in function which include defence and
resistance to shear stress/friction (provided by the
cornified outer layers of the respective epithelial struc-
tures). The closely packed layers of the epithelium are
produced by cell division within the S. basale cell layer
which is thought to contain populations of progenitor
cells (Brouard and Barrandon, 2003). At any point in
time, 30% of these columnar cells are in the process of
preparing for cell division after which the cell can
remain within the basal layer or move to a suprabasal
position and become committed to terminal differenti-
ation and stratification. In addition to the keratinocytes,
the epithelia can also contain a small number of
melanocytes, Langerhans cells and Merkel cells. The
epidermis extends into the dermis as broad folds or rete
ridges, giving rise to a broadly undulating interface
between the two layers.

The epithelial–connective tissue junction
This is the interface, also termed the basal complex/
lamina (oral mucosa) or the basement membrane (skin),
between the epithelium and the underlying lamina
propria. It is composed of the lamina lucida, which is
less dense towards the epithelial side and the lamina
densa (basal lamina) which is composed of type IV
collagen and laminin and located next to the lamina
propria. Basal cells of the epithelium are not attached to
the connective tissue proper, but rather form mechanical
adhesions with the basal lamina/basement membrane.
These attachments are hemidesmosomes which are
composed of an attachment plaque that possesses
intracellular modifications of tonofilaments. These pen-
etrate the plasma membrane of the cell, terminating in
the basal lamina. Fine collagen fibres (anchoring fibres
composed of type VII collagen) attach to this lamina on
the connective tissue side. This complex of fibres is
found at intervals along the basal cell plasma membrane
of the epithelial–connective tissue interface.

The lamina propria and the dermis
This is the connective tissue layer immediately below the
epithelium, which can be divided into the papillary and
reticular layers. The uppermost layer just beneath the
epithelium is the papillary lamina propria/dermis which
surrounds the adnexal structures. The superficial por-
tion of the papillary layer is arranged into ridge-like
structures, the connective tissue papillae, which contain
microvascular and neural components that sustain the
epidermis. The papillary layer is composed of a highly
woven network of type I collagen mixed with type III
collagen, elastic fibres, glycosaminoglycans, proteogly-
cans and glycoproteins. Located within this meshwork
are capillaries and fibroblasts [the main producers of the
extracellular matrix (ECM)]. Beneath the papillary layer
is the thick reticular lamina propria/dermis which is
composed of thick bundles of type I collagen and elastic
fibres, glycosaminoglycans, proteoglycans, glycopro-
teins and other populations of fibroblasts. The reticular
layer extends from this superficial vascular plexus to a

Figure 1 Hematoxylin and eosin-stained sections of: (a) keratinized
oral mucosa, (b) non-keratinized oral mucosa and (c) skin demonstra-
ting similarities in the overall composition of these tissues (despite
some differences in epithelial thickness). Scale bar ¼ 200 lm
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deeper vascular plexus which serves as the boundary
between the connective tissue and submucosa/hypoder-
mis. In the lamina propria whilst the connective tissue
structure and composition are broadly similar between
keratinized oral mucosa and skin (ECM content, highly
developed connective tissue papillae), the lamina pro-
pria of non-keratinized oral mucosa shows some differ-
ences (the ECM is loose and more elastic with fewer,
more slender connective tissue papillae). The continuous
structure of the oral mucosa is often interrupted by the
presence of minor salivary and sebaceous glands whilst
within the skin, hair follicles and sebaceous glands
extend into and often through the reticular dermis to
terminate in the hypodermis. In addition to the fibro-
blasts (of which there are distinct populations with the
oral mucosa and the skin), cells of blood vessels
(endothelial, pericytes and smooth muscle cells), per-
ipheral nerves (Schwann cells) and the immune system
(neutrophils, macrophages, lymphocytes) are also pre-
sent in the lamina propria and skin.

The submucosa and the hypodermis
The submucosa and hypodermis are arranged into
lobules of mature adipocytes which are separated by
thin bands of dermal connective tissue that constitute

the interlobular space. An extensive network of arteries,
veins, capillaries, nerves and lymphatics extend through
these structures and into the connective tissue layers
where they supply nutrients and remove waste products.
This layer also acts as a mechanical cushion and
provides insulation against heat loss. Within the oral
mucosa the presence or absence of a submucosa is
dependent on the type of tissue under examination (i.e.
in relation to function, keratinized oral mucosa has little
or no submucosal layers, whereas non-keratinized oral
mucosa can have a significant submucosa associated
with it).

Stem cells

Whilst much has been documented about the toti/
pluripotency of embryonic stem cells (Fortier, 2005;
Lerou and Daley, 2005) recent attention has turned
towards adult stem cells which were originally thought
to have a restricted potential for generating new tissue.
However, a growing body of evidence now supports the
notion that a sub-population of mesenchymal stem cells
(MSCs) exists within the bone marrow stromal com-
partment that are capable of self-renewal and can
differentiate into several cellular phenotypes. These

Table 1 A summary of the major similarities and differences between oral mucosal and skin tissues

Oral mucosa Skin

Major functions Barrier function, regulation of water and electrolyte
balance, thermoregulation, initiation of immunological
functions

Barrier function, regulation of water and electrolyte
balance, thermoregulation, initiation of immunological
functions

Epithelial type Stratified squamous epithelium (keratinized and
non-keratinized mucosa)

Stratified squamous epithelium (keratinized)

Basement membrane Basal complex/lamina Basement membrane
Connective tissue layer Lamina propria (some variation in extracellular matrix

composition between keratinized and non-keratinized
mucosa)

Dermis

Fat layer Submucosa (non-keratinized mucosa only) Hypodermis or subcutis
Appendages Minor salivary and sebaceous glands Hair follicles and sebaceous glands

Figure 2 A schematic representation of the
oral mucosa and skin demonstrating the
similarities in the epithelial, dermal and
subdermal layers
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MSCs, when cultured ex vivo, have been demonstrated
to differentiate into numerous cell types, including
osteoblasts, chondroblasts, adipocytes, fibroblasts, skel-
etal myoblasts and endothelial cells (Pittenger et al,
1999, 2000; Jiang et al, 2002; Reyes et al, 2002). It has
been suggested that pluripotent stem cell populations
persist in multiple organs even after birth and that when
stimulated they proliferate and differentiate in response
to local cues provided by the organs they are recruited to
(Jiang et al, 2002).

Multipotent stem cells and the dermis

It has been suggested that skin stem cells are either
unipotent (i.e. they generate a single lineage) or multi-
potent (i.e. they generate multiple lineages) and that at
least six different stem cell populations are thought to
exist within the skin including epidermal, mesenchymal,
haematopoietic, neural and endothelial (Brouard and
Barrandon, 2003). Between them they are thought to
generate more than 25 lineages within the functional
unit known as the skin (Brouard and Barrandon, 2003).
Over the recent years, the identification of the skin as a
local reservoir of adult stem cell populations and the
idea that multipotent cell populations exist within the
dermal tissues of skin has gained increasing credibility
(Table 2) (Toma et al, 2001; Young et al, 2001; Lako
et al, 2002; Chunmeng and Tianmin, 2004; Fernandes
et al, 2004; Shi et al, 2004; Shi and Cheng, 2004;
Toma et al, 2005). Indeed, labelled MSC transplanta-
tions into lethally irradiated C57BL/6 mice have now
provided direct evidence that bone marrow-derived cells
can give rise to functional skin cells and regenerate skin
tissue (Deng et al, 2005). However, as a point of
caution, extrapolation of findings within animal model
systems may not be entirely consistent with what is
found in human systems (Koestenbauer et al, 2006).

A multipotent stem cell population termed skin-
derived progenitor (SKP) cells has been identified within
the dermis (Fernandes et al, 2004; Toma et al, 2005).
These cells demonstrate similarities with MSCs, differ-
entiate into neural cell types and mesothelial derivatives,
and are derived from a niche in the papillae of the hair
follicle and maintain multipotency into adulthood
(Sieber-Blum et al, 2004). Such SKPs have been isolated
from the dermis of both juvenile and adult rodent skin
and may represent a novel multipotent adult stem cell
that may be less �biased’ than other adult stem cells
(Toma et al, 2001). The authors further suggest that
these SKPs exhibit properties similar to embryonic
neural-crest stem cells and that they can first be isolated
from skin during embryogenesis and persist into adult-
hood (Fernandes et al, 2004). This therefore suggested
that SKPs represent an endogenous embryonic precur-
sor cell that arises in peripheral tissues such as skin
during development and maintains multipotency into
adulthood. SKPs have also been isolated from neonatal
human foreskin tissue (Toma et al, 2005). These human
SKPs could be maintained in culture for long periods of
time and could still differentiate into neurones, glia and
smooth muscle cells, including cells with the phenotype

of peripheral neurones and Schwann cells. Interestingly,
a subpopulation of these dissociated primary foreskin
cells could differentiate into neurones, a cell type never
seen in skin. Together, these data indicate that SKPs are
endogenous multipotent precursor cells present in
human skin that can be isolated and expanded and
can differentiate into both neural and mesodermal cell
types.

Seruya et al (2004) isolated putative MSCs from the
connective tissue of an adult rat. Exposure to non-
specific differentiation culture medium revealed multi-
lineage differentiation potential of adult rat MSC clones.
Immunostaining confirmed the appearance of mesoder-
mal phenotypes, including adipocytes, chondrocytes and
skeletal myoblasts. Furthermore, Young et al (2001)
isolated stem cells from the connective tissues of dermis
and skeletal muscle derived from foetal, mature and
geriatric humans. All populations contained lineage-
committed myogenic, adipogenic, chondrogenic and
osteogenic progenitor stem cells as well as lineage-
uncommitted pluripotent stem cells capable of forming
muscle, adipocytes, cartilage, bone, fibroblasts and
endothelial cells. Others suggest that these MSC-like
cells may be a source of wound-healing fibroblasts
(Chunmeng et al, 2004).

Multipotent stem cells and hair follicles

Hair follicle stem cell biology is also the focus of
increasing interest because the adult hair follicle has
well-defined dermal and epithelial populations that
display distinct developmental properties. Indeed, Lako
et al (2002) have demonstrated that rodent hair follicle
end bulbs as well as micro-dissected dermal papilla and
dermal sheath cells actively produced cells of erythroid
and myeloid lineages, but that follicle epithelial cells did
not. This suggests that the dermal, but not epidermal,
compartments of the adult hair follicle have much
broader stem cell activities than previously described.
Furthermore, it has been proposed that the repair of the
skin dermis after injury is brought about by dermal
sheath cells that become wound-healing fibroblasts
(Jahoda and Reynolds, 2001; Gharzi et al, 2003; Rich-
ardson et al, 2005). In direct comparative analyses, we
have recently demonstrated that the rate and extent of
differentiation of hair follicle dermal stem cells was
equivalent to bone marrow-derived MSCs obtained
from adult rats (Hoogduijn et al, 2006). Cells expanded
from the interfollicular dermis failed to differentiate.
Hence, it is feasible that multipotent cell populations
within the skin could be of hair follicle dermal cell
origin.

Multipotent stem cells and adipose tissue

It is now well established that adipose tissue represents a
plentiful reservoir of adult stem cells with predictions
that stem cell frequency is significantly higher in adipose
tissue compared with the bone marrow (2% vs 0.002%)
(Strem and Hedrick, 2005; Strem et al, 2005). Popula-
tions of stromal cells have been obtained from adipose
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tissue and termed either processed lipo-aspirate cells
(PLAs; Zuk et al, 2002; De Ugarte et al, 2003a,b) or
adipose tissue-derived cells (ADCs; Strem and Hedrick,
2005). PLAs, like bone-marrow MSCs, have the capa-
city to differentiate along the adipogenic, osteogenic,
chondrogenic and myogenic lineages. However, notably
the surface phenotypes of PLA and bone marrow MSC
cells were distinct for several cell adhesion molecules
implicated in haematopoietic stem cell homing, mobil-
ization and proliferation suggesting that these two cell
types represent distinct cell populations. PLAs/ADCs
could support tissue repair directly because it has been
demonstrated that they secrete cytokines that support
angiogenesis and the inhibition of apoptosis (Rehman
et al, 2004).

Progenitor cells and wound healing in the skin

The wound repair process is an extremely complex yet
highly orchestrated process which consists of successive
but overlapping phases which include inflammation,
new connective tissue formation, re-epithelialization,
angiogenesis and tissue remodelling. Whilst in the skin
the ultimate outcome of the process is the production of
scar tissue, within various parts of the oral mucosa there
is evidence of healing with little or no evidence of a scar.
The increasing evidence of the existence of progenitor
cell populations within the dermal tissues of the skin
strongly suggests a potential role for these cells in the
repair of wounded tissues as part of the normal healing
response. Mackenzie and Flake (2001) have demonstra-
ted that human MSCs persist, demonstrate site-specific
multipotential differentiation and are present in sites of
wound healing and tissue regeneration after transplan-
tation into foetal sheep. Other studies by Chunmeng and
Tianmin (2004) have demonstrated that both topical
and systemic transplantation of dermis-derived multi-
potent cells accelerated the healing process in simple
wounds made in rats; the promoting effect by topical
transplantation occurring earlier than systemic trans-
plantation. Furthermore, these dermis-derived multipo-
tent cells were demonstrated to engraft into recipient
wounded skin tissues after transplantation. Other
reports of the successful regeneration/repair of the
dermis using a variety of multipotent cells types are
now emerging (Gharzi et al, 2003; Chunmeng et al,
2004; Satoh et al, 2004).

Fibroblast progenitor cells and wound healing
Whilst evidence about the self-renewing capacity of
fibroblasts is slowly emerging, there is increasing
evidence to suggest that there are several types of
fibroblasts within the skin possibly with different func-
tions (Fries et al, 1994; Falanga et al, 1995; Cook et al,
2000; Stephens et al, 2003; Martin-Ruiz et al, 2004;
Middelkoop, 2005). Such different functionality could
serve to direct how phenotypically distinct fibroblast
populations respond to a wound-healing stimulus.
Indeed, over the past few decades, much debate has
raged over whether wounds are healed by the ingress of
adjacent mesenchymal or fibroblast-like cells or by the

entry of fibroblast precursors from the blood. Whilst the
ingress of wound-healing fibroblasts or MSC-like cells
from surrounding healthy tissue (Chunmeng et al, 2004)
or from the dermal sheath of hair follicles (Jahoda and
Reynolds, 2001; Gharzi et al, 2003; Richardson et al,
2005) is proven, the existence of blood-borne cell
populations has also now gained support within the
scientific community (Fathke et al, 2004).

One such bone marrow-derived cell type is the
fibrocyte, first identified in 1994, and defined by its
growth characteristics and unique surface properties
(Bucala et al, 1994). Fibrocytes comprise approximately
0.5% of circulating leucocytes in peripheral blood from
which they are morphologically distinct because of
unique cytoplasmic extensions intermediate in size
between microvilli and pseudopodia. Peripheral blood
fibrocytes express CD34, CD11b, CD45, HLA-DR,
CD71, CD80 and CD86 which hints at their haemato-
logic origin (Quan et al, 2004). However, other markers
have also been utilized to identify these cells, which
include the production of type I collagen, vimentin and
prolyl 4-hydroxylase, suggesting that these cells are a
unique and distinct population (Aiba and Tagami, 1997;
Quan et al, 2004).

Homing of injected fibrocytes to sites of cutaneous
tissue injury in vivo is, at least in part, due to secondary
lymphoid chemokine, a ligand of the CCR7 chemokine
receptor which acts as a potent stimulus for fibrocyte
chemotaxis (Abe et al, 2001). It has been suggested that
fibrocytes play a role in the inflammatory phases of
wound repair because of their ability to present antigen
(Quan et al, 2004). This is enabled because they express
each of the known surface components that are required
for antigen presentation, including class II major histo-
compatability complex molecules (HLA-DP, -DQ and -
DR), the costimulatory molecules CD80 and CD86 and
the adhesion molecules CD11a, CD54 and CD58
(Chesney et al, 1997). Furthermore, at least ex vivo,
cultured fibrocytes can differentiate from a CD14+-
enriched mononuclear cell population when in contact
with T cells. Fibrocytes also produce a wide variety of
growth factors and cytokines (including the pro-inflam-
matory molecule interleukin-1b) and so are likely to play
an important role in the recruitment and activation of
both inflammatory and connective tissue cells during the
tissue repair response.

It has been demonstrated that transforming growth
factor-b1 increases the differentiation and functional
activity of cultured fibrocytes, increases the a-smooth
muscle actin content of the cells and that such cells can
reorganize collagen lattices efficiently in vitro suggesting
that fibrocytes may be predisposed to develop into
wound-healing myofibroblasts (Abe et al, 2001). It is
interesting to note that the analyses of a purified
population of bone marrow stromal cells described as
STRO-1BRIGHT/VCAM-1+, identified that approxi-
mately 70% of these cells expressed a-SMA (Gronthos
et al, 2003). These cells had colony-forming activity and
were able to undergo multilineage differentiation. These
findings again suggest that there may be a relationship
between a-smooth muscle actin-positive myofibroblasts
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during would repair and the emergence of a stem cell
phenotype. Fibrocytes also produce a number of angi-
ogenic factors which may contribute to new blood vessel
growth during the healing process (Hartlapp et al, 2001;
Quan et al, 2004).

Vascular progenitor cells and wound healing
In addition to the inflammatory cells and fibroblasts
required to heal wounds, bone marrow also provides
endothelial progenitor cells (Brouard and Barrandon,
2003; Guo et al, 2003; Roufosse et al, 2004; Garmy-
Susini and Varner, 2005). The work of others supports
this hypothesis in that transplanted adult haematopoi-
etic stem cells (HSCs) differentiate into functional
endothelial cells with donor-derived endothelial cells
detected in the skin and gut of transplant recipients
with a mean frequency of 2% (Bailey et al, 2004; Jiang
et al, 2004). It would therefore seem plausible that bone
marrow is a source of endothelial progenitor cells that
are mobilized into the peripheral blood in response to
cytokines or tissue injury. Fathke et al (2004) have
demonstrated that endothelial progenitor cells were
found early during the wound repair process but they
were not observed after epithelialization was complete.
Furthermore, it has been reported that bone marrow-
derived endothelial progenitor cells are recruited to the
systemic circulation and, in response to various cytok-
ines and/or tissue ischemia, incorporate into sites of
new blood vessel growth (Tepper et al, 2003, 2005).
These findings have changed our understanding of
adult neovascularization by demonstrating that both
preexisting endothelial cells and endothelial progenitor
cells can contribute to blood vessel formation during
repair.

An accumulation of data suggests that pericytes and
other cells associated with the vessel wall also have stem
cell-like activities and can undergo multipotent differ-
entiation and may actually be the source of MSCs in
bone marrow. Initial studies reported the osteogenic
capacity of pericytes (Doherty et al, 1998), which were
subsequently supported by evidence of adipogenic and
chondrogenic potential of pericytes both in vitro and
in vivo (Farrington-Rock et al, 2004). As the dermal
tissues have an extensive microvasculature network it is
likely that resident pericytes and related vessel wall cells
could be involved in wound repair activities.

Mobilization of progenitor cells

Mobilization and homing is thought to be a coordina-
ted, multistep process, which involves signaling by
stromal-derived factor 1 (SDF-1) and stem cell factor,
activation of lymphocyte function-associated antigen 1,
very late antigen 4/5 and CD44, cytoskeleton rearrange-
ment, membrane type 1-matrix metalloproteinase acti-
vation and secretion of matrix metalloproteinase-2/9
(Lapidot et al, 2005). Furthermore, it is believed that
SDF-1 influences HSC moblilization through the speci-
fic changes to the adhesion of the progenitor cells to the
bone marrow microenvironment via alterations in the
adhesion molecules such as very late antigen-4 (Peled

et al, 2000). It is proposed that there is increased trans-
endothelial migration of the progenitor cells towards a
gradient of SDF-1 (Netelenbos et al, 2002) which in turn
downregulates apoptosis in CD34+ HSCs (Lataillade
et al, 2002). Another growth factor implicated in this
process is the hepatocyte growth factor (HGF) which is
involved in the migration and differentiation of HSC
(Kollet et al, 2003).

The potential for stem/progenitor cells within
the lamina propria

So are there parallel mechanisms underpinning normal
tissue turnover and repair within the lamina propria of
oral tissues? Similarities in structure and cell popula-
tions would hint that similar progenitor populations
could exist or could be recruited to injured or normal
tissues (Figure 3). Whilst the growing knowledge about
stem cell populations associated with hair follicles
suggest that these structures are a major source of
progenitor cells within the skin, these populations of
multipotent cells would obviously have little direct, if
any, role to play within the hairless oral mucosa (except
potentially when skin is utilised for grafts within the oral
mucosa). However, evidence is now accumulating which
is starting to add support (albeit somewhat circumstan-
tial at the current time) to the notion that progenitor
cells may exist with the lamina propria. For example, the
findings that HGF is involved in directing the migration

Figure 3 A schematic diagram showing putative non-epithelial stem
cell sources in the oral mucosa. Whilst dermal cells (1) may have a role
to play in normal homeostasis of the skin, vessel wall-derived cells
including pericytes (2), blood-derived stem cells (3), muscle-derived
stem cells (4) and adipose-derived stem cells (5) will probably be
recruited into damaged tissues during wound repair
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and differentiation of HSC (Kollet et al, 2003) is
interesting in the light that oral mucosal fibroblast
produce increased levels of bioactive HGF compared
with patient-matched skin fibroblasts (Stephens et al,
2001b). Interestingly, Gruber et al (2004) have identified
a population of STRO-1 positive cells in porcine sinus
mucosa which were able to undergo osteogenic differ-
entiation following exposure to bone morphogenetic
proteins. Furthermore, it has been suggested that stem
cell therapy could somehow reset the wound healing
process resulting in healing reminiscent of foetal, scar-
less healing (Yang et al, 2003). Similar healing is already
observed within the oral mucosa reflected by a reduced
inflammatory response (Szpaderska et al, 2003) and the
�foetal-like’ responses of oral mucosal fibroblasts which
have been well documented (Irwin et al, 1994; Schor
et al, 1996; Stephens et al, 1996, 2001a,b). Therefore,
this represents some further indirect evidence for the
existence of stem/progenitor cell populations within the
lamina propria. These oral tissues that fail to scar are
also supported by a generous fat layer from which these
progenitor populations could also arise. What is evident
is that work in this field is urgently needed as the ability
to isolate large numbers of multipotent progenitor cells
from a tissue which when biopsied will heal without a
scar would be of great interest scientifically and
commercially particularly with respect to future thera-
peutic applications and the developing discipline of
tissue engineering.
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