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Abstract Bone marrow derived mesenchymal stem cells
(BM-MSCs) take part in the colonic mucosal regeneration.
They are multipotent cells, which can be identified with
both negative (i.e. CD13, CD 14, CD45, c-Kit, major
histocompatibility complex /MHC class I and II) and
positive (i.e. CD54 (ICAM1), CD133, CD146 (MCAM),
CD166, Flk-1, Sca-1, Thy-1, stage-specific antigen I /SSEA-
I and Musashi-1, HLA class I) markers. These cells can
repopulate the gastrointestinal mucosa as they may differen-
tiate into stromal- (i.e. myofi-broblast) or epithelial-like
(Paneth-, epithel-, goblet or enteroendocrin) cells without
proliferation. During the mesenchymal to epithelial transi-
tion (MET) stem cells enter the epithelial layer and take up
epithelial cell-like properties. Rarely BM-MSCs may retain
their stem cell characteristics and are capable of producing
progeny. The isolated lymphoid aggregates may serve as a
platform from where BM-MSCs migrate to the nearby crypts
as mediated by several chemoattractant proteins, which are
expressed in injured tissue. The number of BM-MSCs is
influenced by the degree of inflammation. In this review we

summarize the current information about the role of BM-
MSCs in the repair progress of injured colonic epithelium
and their potential clinical applications.
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Introduction

The primary functions of intestinal tract are digestion and
absorption, but they also represent a barrier for the luminal
pathogens. The intestinal lumen is lined by a simple epithelial
layer, whose turnover is highly regulated by local stem cell
activity [1]. During the rapid regeneration process intestinal
stem cells provide daughter cells in the lower part of crypts.
Daughter cells migrate upwards in the crypts to serve
different functions and then undergo apoptosis. During the
migration, they differentiate into absorptive (epithelial-) or
secretory (globet-, Paneth-, enteroendocrine-) cells [2, 3]. In
the adult gut, both the number and differentiation capacity of
the local stem cells are low. In case of serious tissue injury
(i.e. ulcerative colitis or Crohn’s disease) the regeneration
capacity of local stem cells is not enough to complete tissue
repair. In this case bone marrow derived mesenchymal stem
cells (BM-MSC) migrate into the gastrointestinal wall, where
they may contribute to the repair progress [4–6] as
differentiated mesenchymal cells (e.g. myofibroblasts)
[7, 8]. Under other circumstances, they enter into the
epithelial monolayer, where they keep their stem cell
characteristics or differentiate to specialized epithelial-like
cells [9, 10]. In this review, we briefly summarize our current
knowledge about the role of BM-MSCs in colonic epithelial
repair and their potential clinical use.
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The Characterization of Mesenchymal Stem Cells
and Their Homing

An undifferentiated stem cell is capable of several
functions, such as proliferation, self-renewal, the produc-
tion of a large number of differentiated and functional
progenies, and possesses capacity for tissue regeneration
after injury [2]. BM-MSCs have multipotency resulting in
high degree of plasticity. They can give rise to cells of
either mesenchymal or nonmesenchymal phenotypes (i.e.
neuronal like cells) [11, 12]. The mesenchymal stem cells
represent a very small fraction (0,001–0,01%) of the total
population of nucleated cells in bone marrow [9]. By light
microscopy, cultured BM-MSCs show homogenous popu-
lation of blast-like cells [11] of 8–10 µm in diameter, which
have large nucleus and little cytoplasm [13], and they form
colonies in vitro [14].

The identification of BM-MSCs by FACS or immuno-
histochemistry needs both negative (i.e. CD13, CD 14,
CD34, CD45, c-Kit, major histocompatibility complex /
MHC class I and II) and positive (i.e. CD29, CD44,
CD49a-f, CD51, CD54 (ICAM1), CD71, CD73, CD105,
CD106, CD133, CD146 (MCAM), CD166, Flk-1, Sca-1,
Thy-1, stage-specific antigen I /SSEA-I and Musashi-1,
HLA class I) markers [13–21]. The multi-lineage differen-
tiation and self-proliferation of BM-MSC are regulated by
several different signaling pathways (i.e. Wnt, BMP/Smad,
Nocht) [3, 4, 22, 23]. With the help of these pathways,
MSCs are able to differentiate into several cell types, such
as osteocytes, adipocytes, chondrocytes, tenocytes, and
skeletal myocytes under controlled in vitro condition [24].

The homing of BM-MSCs to colonic mucosa has been
poorly revealed yet. BM-MSCs migrate via the blood
stream to the sites of colonic mucosal damage, which were
certified in several in vivo experiments [3, 6, 25].
Regulation of BM-MSCs migration may happen as an
effect of chemical signals, which get upregulated during
injury. Wei et al. (2009) demonstrated that the allogenic
stem cells could not repopulate the bowel wall without
damage in bone marrow transplanted rats. Conversely, the
increased number of donor stem cells was detected in 2, 4,
6-trinitrobenzenesulfonic acid (TNBS) induced colitis [6].
In liver fibrosis the sphingosine 1-phosphate plays a role in
homing of mesenchymal stem cells [26] but it has not been
published in case of colon inflammation. BM-MSCs
express several cell surface chemokine receptors, such as
CCR1,−2,−7,−8,−9, CXCR1,−2,−4,−5,−6 [24, 27]. These
receptors have potential role of BM-MSC migration and
make them capable of tissue repair. First phase of
extravasation process happens with the help of adhesion
molecules such as VCAMs, ICAMs and selectins [24].
Upregulation of VCAM1 and ICAM expression in MSCs is
caused by chemical mediators, such as the TNF-α and IL-8,

which are overexpressed under inflammatory circumstances
[28, 29]. After the endothelial transmigration on blood
vessel endothelium they migrate to optimal stromal com-
partment, so called niche. This specific microenvironment
is formed by mesenchymal cells, which are localized
adjacent to the epithelial basal membrane. Stem cell- and
epithelial cell functions are regulated by several paracrine
mediators i.e. growth factors, cytokines produced by the
niche cells [4, 11].

The Role of Mesenchymal Stem Cells in Regeneration
of Colonic Epithelium

BM-MSCs may give rise to myofibroblast, epithelial- and
endothelial cells in the gastrointestinal tract [30]. Trans-
planted bone marrow cells have been shown to aggregate in
experimental colon inflammation during the healing pro-
cesses [31] as localized in the stroma or epithelium
monolayer. The stromal cells partially are intestinal sub-
epithelial myofibroblasts (ISEMFs), which may differenti-
ate from BM-MSCs [8]. The differentiation of ISEMFs may
take place directly from BM-MSCs [32] and from fibroblast
[33]. Both processes are regulated by transforming growth
β-1 (TGF-β1), which plays an important role in intestinal
mucosal healing [34]. After differentiation ISEMFs form
pericryptal fibroblast sheet (PCFS) outside but adjacent to
of the basal lamina of cryptal epithelium in the lamina
propria [1, 5, 35]. The ISEMFs exhibit ultrastructural
features both of the fibroblasts and the smooth muscle
cells and show immunopostivity for α-smooth muscle actin
(α-SMA) and vimentin, but negative for desmin [36]. As
they are localized close to the epithelium layer they
may provide important microenvironment for both
mesenchymal- and intestinal stem cells [23, 37]. They
secrete several factors, like cytokines (IL-1, -6, -10, TNF-
α), growth factors (i.e. TGF-α, GM-CSF, PDGF-AA, -BB,
bFGF, KGF, HGF), chemokines (i.e IL-8, MCP1, MIP-1α,
-2) and inflammatory mediators (i.e. PGE2, prostacyclin,
PAF) [38]. These regulatory ligands play an important role
in physiological and pathological regeneration processes. In
vivo and in vitro experiments show that the ISEMFs play a
crucial role in epithelial- mesenchymal interactions, epithelial
cell differentiation [8] and migration [39]. Presumably, the
BM-MSCs origin ISEMFs may create a local microenviron-
ment to proliferating bone marrow derived stem cells.
Myofibroblasts contribute to the coordination of tissue
regeneration by producing TGF-β, EGF, bFGF, pro-
inflammatory cytokines and the formation of new basement
membrane [36]. The number of myofibroblast originating
from the bone marrow significantly increased in lamina
propria compared to the colitis with the healthy colon [4, 8],
this homing process is driven by chemokines [24].
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Fig. 1 Y-FISH+, CD45-, poten-
tial BM-MSC in glandular
epithelium. In our study, first we
used fluorescent in situ
hybridization (FISH) for
chromosome detection (a), after
the digitalization, we made
double stained immunohysto-
chemistry detection of
cytokeratin and CD45 (b) on the
same slide and digitalized again.
With the help of CD45
lymphocyte cytoplasmatic
marker, we discriminated be-
tween the
CD45+ (red cytoplasmatic
stain), Y-FISH + (green dots)
IELs (red arrows) and CD45-
Y-FISH + potential BM-MSCs
(white arrows)
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Fig. 2 In our hypothesis lymphoid aggregates serve as the transit
place of BM-MSCs. After leaving the lymphoid aggregates, they
migrate to the stroma or the epithelial layer. The BM-MSCs can

differentiate into stromal cells such as the myofibroblast, or they enter
into epithelial layer, where they produce their progeny cells or
differentiate into epithelial-like cell
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Another way of colonic epithelial regeneration involves
the bone marrow derived stem cells and their migration into
epithelium layer. The high percentages of intraepithelial
cells of bone marrow origin are immune cells, such as
CD45+ lymphocytes (IEL). In bone marrow transplanted
(BMT) patients the numbers of CD45+, Y-FISH + (male
donor origin) double positive cells (IEL) were significantly
higher number in regenerating colonic epithelium than in
the normal samples [25].

In other cases BM-MSCs within the epithelium layer can
differentiate into functional epithelial cells or retain stem
cell property. Matsumoto T et al. (2005) described, that the
BM-MSCs rarely give rise to intestinal stem cell, only a
very low percentage (0,08%) of Musashi-1 (a stem cell
specific, mRNA binding protein) positive cells showed Y-
FISH (male donor origin) coexpression. So the BM-MSCs
rarely produce progeny cells, it is more typical that the
intraepithelial bone marrow derived cells undergo terminal
epithelial differentiation in case of strong regenerative
pressure [3]. In this case the mesenchymal cells become
polarized in the epithelium. This process is called mesen-
chymal to epithelial transition (MET) [40]. Eventually, the
BM-MSCs may perform lineage specific functions, such as
nutrition, absorption, production of mucin, cytokeratin and
chromogranin.

Saxena SK et al. (1997) proved it experimentally that the
Payer-plaques participate in the proliferation and migration
processes of the epithelial cells. In their study they
compared the regeneration of the epithelial layer of the
healthy to the Payer-plaque extracted rats. In this latter case
the development of crypts neighboring the dissected
regions in the early phase of repair proved to be abnormal,
the wound repair processes were slower and the prolifera-

tion of the epithelial cells decreased [41]. We also
demonstrated that transplanted cells of bone marrow origin
(CD45 negative, Y-FISH positive) (Fig. 1) were signifi-
cantly higher number in the crypt epithelium near the
lymphoid aggregates than at other regions in the samples
[unpublished data]. It may be possible that isolated
lymphoid aggregates serve as important transit place of
BM-MSCs (Fig. 2). These cells may leave the lymphoid
aggregates under the influence of tissue microenvironment.
Stem cells migrate to the epithelium layer and may become
committed to epithelial cell, or form further stem cell
progeny.

Therapy Potential of BM-MSCs

The BM-MSCs are of primary importance as a new tool in
regenerative medicine and tissue engineering. They can
migrate through the circulation to the injured tissue and
may contribute to local regeneration by differentiating into
several cell types including vascular smooth muscle cells,
hepatocytes, biliary epithelial cells, skeletal muscle fibres,
cardiomyocytes, neural cells, renal tubular epithelial cells,
endothelial cells, pericytes, myofibroblasts or intestinal
epithelial cells [5, 8]. So these cells may be a source for
regeneration in many tissues [10, 17]. Several successful
clinical and preclinical studies have used bone marrow
derived cells to repair myocardium [42], nervous- [43] and
respiratory system [44]. But the usage of BM-MSCs in
regenerative medicine requires high care. We do not know
exactly what the influence of the exogenously administered
BM-MSCs is on the epithelial proliferation as stem- or as
niche cell. In fact the clinical experience with epithelial

Fig. 3 The number of alfa-smooth muscle actin (α-SMA) positive myofibroblasts (brown cytoplasmatic staining) cells got increased compared to
the adenoma- (b) and tumor -(c) with normal tissue sample (a)

14 G. Valcz et al.



proliferation show increased numbers of ISEMFs [45]
(Fig. 3) which indicate that they have potential role in
neoplastic processes in case of abnormal epithelial prolif-
eration. Therapeutic application of BM-MSCs for epithelial
regeneration requires the mesenchymal to epithelial transi-
tion (MET). During this process mesenchymal cells repress
the mesenchymal proteins (i.e. vimentin) and shift to
produce epithelial proteins, such as cytokeratin. The result
of MET is that BM-MSCs will take up the damaged cell
phenotype [10], but this cross-differentiation process may
also be critical in tumor development [46]. According to the
theory of Houghton and Wang (2005) bone marrow derived
mesenchymal stem cells may be a source of cancer stem
cells. They demonstrated that chronic Helicobacter pylori
induction produces a new proliferation zone, which give
rise to a metastatic cell line in gastric mucosa [47]. Even so,
BM-MSCs are a potential source in regenerative medicine,
to cure for instance intestinal bowel diseases and graft-
versus-host disease (GVHD) [48]. As a result of exoge-
nously administered stem cells the regeneration became
faster [6], the inflamed area was reduced, the local
inflammatory cell number and the crypt damage were
decreased compared to the control group in DSS-induced
colitis in rats [5]. Khalil et al. (2007) examined the repair
process in DSS-inducted colitis using mice in by adminis-
tering mesenchymal stem cells in infusion to the animals. In
the treated animals activity of inflammation, the rectal
bleeding and loss of weight decreased compared to the
untreated animals [49]. The inhibition of inflammation may
be related to the immunomodulatory effect on BM-MSCs
by interfering with cytotoxic and interferon γ (INFγ) T cell,
antigen-dependent regulatory (suppressor) T (Treg) cells,
dendritic cells (DCs) and natural killer (NK) cells [5, 48].
BM-MSCs may suppress the inflammatory stress through
interfering with chemokine receptor expression, migration
and terminal differentiaton of B cells [12, 50]. BM-MSCs
may suppress lymphocyte proliferation and formation of
NK and cytotoxic T-cells. They are not targets for NK cells
and cytotoxic lymphocytes [51]. Exogenous BM-MSC
inhibited inflammatory shrinkage and shortening of colon
in DSS-treated rats [5]. These findings indicate, that the
perfect and quick regeneration of epithelial layer requires
the activity of bone marrow derived stem cells. Easy
isolation and high ex vivo expansive potential lend BM-
MSCs a great potential in cell- and gene therapy [11].

Conclusions

Clinical application of allogenic BM-MSC may become a
new milestone in regenerative medicine, but we need
additional information concerning the mechanisms of their
proliferation, migration and differentiation. The exclusive

therapeutic importance of BM-MSCs lies in their inhib-
itory effects on multiple immune cells resulting in
protection against rejection in the recipient and limited
risk for autoimmunity. Base on their ability for mesen-
chymal to epithelial transition allogenic BM-MSCs may
serve as a universal source for replacement of tissue
deficiency as described in several animal and clinical
studies. Therefore, revealing fine details of mesenchymal
to epithelial transition as a basic process in tissue
regeneration can be an important task in regenerative
medicine. Clarifying the molecular mechanisms and safe
applications of BM-MSC therapy may have a great
potential in complementing of substituting those efforts
testing for therapeutic uses of embryonic stem cells of
restricted availability.
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