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Abstract. The ability to produce differentiated cell
types at will offers one approach to cell therapy and
therefore the treatment and cure of degenerative
diseases such as diabetes and liver failure. Until
recently it was thought that differentiated cells could
only be produced from embryonic or adult stem cells.
However, we now know that this is not the case, and
there is a growing body of evidence to show that one
differentiated cell type can convert into a completely

different phenotype (transdifferentiation). Under-
standing the cellular and molecular basis of trans-
differentiation will allow us to reprogram cells for
transplantation. This approach will complement the
use of embryonic and adult stem cells in the treatment
of degenerative disorders. In this review, we will focus
on some well-documented examples of transdifferen-
tiation. (Part of a Multi-author Review)
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master switch genes.

Introduction

In general, the conversion of one cellular or tissue
phenotype to another is termed metaplasia and can
include conversions between stem cells as well as
direct conversion of differentiated cells (Fig. 1) [1, 2].
Transdifferentiation is a subclass of metaplasia and by
definition an irreversible switch of one already differ-
entiated cell to another, resulting in the loss of one
phenotype and the gain of another [3]. There is a third
cell-type switch termed heterotopia, which refers to a
switch in phenotype of a cell during embryogenesis.
Metaplasia and transdifferentiation are nearly always
found in association with tissue damage and regener-
ation. Presumably this occurs because regeneration
facilitates changes in the expression of key tran-
scription factors, which in turn leads to an alteration in
the developmental commitment of a cell. These
changes can be brought about by somatic mutation
of environmental changes. One well-defined example
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is provided by lens regeneration [4]. This will be dealt
with in more detail elsewhere (see review by Tsonis in
this issue).

There are two important experimental criteria that
need to be established for a process to be considered
as a transdifferentiation. First, the phenotype of the
cell before and after transdifferentiation should be
clearly defined using morphological appearance and
biochemical and/or molecular evidence. Defining the
phenotype could be achieved through large-scale
genetic or proteomic screening of the cells as well as
by functional characterization. Second, the cell line-
age (ancestor-descendant) relationship between the
two cell types needs to be clearly established [3]. The
ancestor-descendant analysis nearly always requires
some form of lineage labelling, although sometimes it
can be established by direct observation of the cells in
tissue culture. Cell division often accompanies trans-
differentiation, but there are cases where it does not
do so [5].

Studying transdifferentiation is important for a num-
ber of reasons. The first is because harnessing trans-
differentiation and metaplasia will allow us to develop
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Figure 1. Relationship between transdifferentiation, development
(differentiation) and disease. Development: Differential gene
activity of a master switch ‘gene X’ in progenitor cells (with
marker shown in red) leads to the acquisition of the properties of
mature functional cells during development (differentiation) of
two cell types ‘A’ and ‘B’. These cells can be distinguished by the
differentiation markers (green and yellow). Transdifferentiation
(dashed arrows): The change of one differentiated cell type (B) to
another (A) by direct transdifferentiation (lower dashed arrow) or
indirectly featuring transitional cells expressing a mixture of
markers found in cell types A and B (green and yellow). Transi-
tional cells might express markers/transcription factors (red) found
in the progenitors of both cell types (red) and reactivation of gene
‘X’ may mediate redifferentiation. Metaplasia (the conversion of
one cell to another) includes the conversion from tissue-specific
stem cells, i.e. the conversion from cell type B to A, if B was a stem
cell. Metaplasia can lead to cells which are abnormal (dotted
arrow) and may predispose to cancer.

alternatives for therapeutic transplantation for treat-
ing and curing degenerative diseases. Targets for such
diseases include diabetes and liver failure. We will
focus on examples of transdifferentiation of pancreas
and liver later in the review. The second reason for
studying transdifferentiation and metaplasia is be-
cause changes in the cellular phenotype can predis-
pose to the development of cancer. Perhaps one of the
best-known examples of this type of switch in cellular
phenotype is Barrett’s metaplasia, whereby the lower
end of the oesophagus changes from stratified squ-
amous epithelium to intestinal-type columnar epithe-
lium [6]. Barrett’s metaplasia predisposes to oeso-
phageal adenocarcinoma [7]. Identification of the key
regulatory mechanisms underlying the switch from
oesophageal-type tissue to intestinal-type tissue is
essential for the early diagnosis and treatment of the
diseases. During the review we will also look at the
molecular basis of Barrett’s metaplasia. The third
reason for studying transdifferentiation and metapla-
sia is related to the identification of the transcription
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factor(s) that are responsible for the switch in
phenotype. The identification of transcription factors
involved in transdifferentiation and metaplasia is
important for two reasons. First, the gene(s) that
induces transdifferentiation tells us something about
the normal developmental biology of the two tissues
that interconvert. During embryogenesis, tissues that
develop from neighbouring regions in a common cell
sheet will have similar combinations of transcription
factors defining their commitment. Neighbouring
tissues may therefore differ by the expression of just
one or two transcription factors. At the molecular
level, the cause of transdifferentiation is presumably a
change in the expression of a master switch gene
(homeotic or selector gene), whose normal function is
to distinguish the cell types in normal development.
The second reason is that understanding the molec-
ular rules for cell or tissue-type conversions will
improve our ability to reprogram stem cells for the
purpose of therapeutic transplantation.

The role of Pdx1 in pancreatic acinar-to-ductal
metaplasia

Acinar-to ductal metaplasia is an example of the
conversion between two cell types within the same
tissue, the pancreas. The normal adult pancreas is
composed mainly of exocrine acinar tissue with ductal
and endocrine cells scattered throughout [8]. Meta-
plastic changes replace acinar tissue with cells of a
ductal phenotype. The switch from acinar to ductal
cell types predisposes to neoplasia (e.g. pancreatic
ductal adenocarcinoma, PDAC). PDAC is by far the
most abundant pancreatic cancer [9]. PDAC cancer
cells share many features of normal ductal cells, but
the origin of the neoplastic cells has been the subject of
debate as they could originate either by overgrowth of
pre-existing ducts, from tissue-specific stem cells or by
conversion from exocrine cells [9]. Recently, the cell
origin as well as the underlying molecular mechanisms
of acinar-to-ductal metaplasia have been addressed
experimentally. Conversion of an acinar to a ductal
phenotype can be induced in animal models by
chemical or physical damage (pancreatic duct ligation
or partial pancreatectomy) [10]. Acinar-to-ductal
metaplasia could be observed in situ in transgenic
mice following overexpression of transforming growth
factor o (TGFa, [11], interferon y (IFNy [12] and the
pancreatic duodenum homeobox gene 1 (PdxI [13] or
in vitro after treatment with TGFa [14]), and even
spontaneous acinar-to-ductal conversion has been
reported [15].

Miyatsuka and co-workers have modelled acinar-to-
ductal metaplasia by constitutive overexpression of
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Table 1. Examples of metaplasia: summary of different types of metaplasia, including the molecular basis of the switch in phenotype where

known.
Metaplasia context Cell type switch Molecular Comments Refs.
control
Oesophagus: Barrett’s Lower oesophagus squamous Cdx2 Predispose to oesophageal [6,7]
metaplasia epithelium to bile acids carcinoma [45-52]
— pathological intestinal-type epithelium RA
— experimental (in vivo and
in vitro)
Pancreas: acinar to ductal ~ Exocrine acinar cells TGFa, IFNy Predispose to neoplasia (PDAC: [9-16]
metaplasia to Pdx1, Jak/Stat  pancreatic ductal adenocarcinoma)
— spontaneous in vitro ductal cells pathway
— experimental (in vivo and EGF receptor
in vitro)
Liver to pancreas metaplasia Hepatocytes Pdx1 Cell reprogramming as a route to [21-24]
—experimental in vivo to Pdx1 + Ngn3  curing diabetes
pancreatic (3-cells Pdx1 + NeuroD
Pancreatic heterotopia Presence of insulin-expressing cellsin ~ Hesl [28-31]
— spontaneous non-pancreatic endodermal tissues Ngn3
(extra-hepatic bile ducts) pro-endocrine
pancreatic TF
Pancreas to liver Pancreatic cells (origin?) Copper [32-40]
- pathological (cancer) to deficiency
—experimental (in vivo and heptocytes (foci in pancreas) KGF
in vitro) IFNy
C/EBP
Liver to bile duct Hepatocytes insulin, EGF [41-44]
- pathological (liver to EGF pathway
damage, chronic liver intrahepatic biliary CK19 duct cells
disease)
Uterus metaplasia Uterine and cervix squamous DES Predispose to neoplasia: vaginal [53-56]
—spontaneous upon DES  epithelia to Msx2 adenocarcinoma

stratified epithelium

Pdx1 transcription factor. Pdx/ is thought to be a
master switch gene for the formation of the pancreas,
as homozygous PdxI knockout mice lack a pancreas
[16]. Pdx1 is normally expressed in the entire epithe-
lial bud, but becomes progressively restricted to
endocrine (-cells [8]. Miyatsuka et al. altered the
pattern of Pdx1 expression in acinar cells or all
pancreatic cells in transgenic mice using a Cre/Lox
approach (Fig.2). In these transgenic mice, cells
constitutively express Pdxl under control of a f3-
actin promoter after Cre recombinase-mediated re-
moval of a stop sequence between the promoter and
the Pdx1 coding region. Cre itself was either driven by
the endogenous promoter of the pancreatic tran-
scription factor Ptfla or by an amylase promoter. As
Ptfla is expressed in all pancreatic lineages during
development [17], Pdx1 was expressed in exo- and
endocrine cells. In case of the amylase-Cre transgenic
line, Pdx1 expression was restricted to more mature
acinar cells.

The overexpression of Pdx1 in any of the mouse lines
described above lead to the replacement of carbox-
ypepidase A-positive acinar tissue by cells positive for
duct-specific cytokeratins. As the acinar-to-ductal

metaplasia appeared exclusively after birth, the con-
version does not result from ectopic Pdx1 expression
in pre-differentiated pancreas. Thus, overexpression
of Pdx1 is able to induce acinar-to-ductal metaplasia in
acinar cells. This acinar-to-ductal conversion is prob-
ably mediated by the JAK/Stat pathway, as increased
levels of activated Stat3 (signal transducer and
activator of transcription 3) were observed after
Pdx1 overexpression. Strikingly, acinar-to-ductal
transdifferentiation was restored in Stat3-deficient
mice overexpressing Pdx1 in all pancreatic lineages
[13].

This discovery is important because in human patients
(and animal models) with pancreatic cancer or
pancreatitis, upregulation of Pdx1 may be activating
the JAK/Stat3 pathway, causing acinar-to-ductal met-
aplasia. Pharmacologic inhibition of the JAK/Stat3
pathway may provide a therapeutic strategy to
suppress initiation of meta- and neoplasia.

In vitro culture experiments revealed an alternative
pathway mediating acinar-to-ductal metaplasia by
signalling through the EGF (epidermal growth factor)
receptor [14]. Treatment of primary explant cultures
of acinar cells with TGFa-induced acinar-to-ductal
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Figure 2. In the double transgenic
mice used by Miyatsuka et al. [13],
Pdxl is expressed under a P-actin
promoter after a stop sequence
flanked by loxP sites (black arrows)
that has been removed by Cre recom-
binase. Cre itself is either driven by the
Ptfla (expressed in all pancreatic
lineages during development) or the
elastase gene (acinar cell-specific)
promoters. Transdifferentiation is
mediated by Pdx1 and Stat3. Alterna-
tively, Pftla::Cre P-actin Pdx1 mice
were bred into Stat3 knockout mice in
which the metaplastic phenotype was

m Pdx1 “on” profoundly suppressed.
l (stop removed)
Pdx1, Stat3
® Pdx1-mediated
transdifferentiation transdifferentiation

acinar duct

conversion and inhibition of TGFa-receptor signal-
ling with the EGF receptor/erbB2 tyrosine kinase
inhibitor EKI-785 prevents conversion. During aci-
nar-to-ductal conversion, transient cells positive for
the intermediate filament nestin were present, sug-
gesting that acinar cells dedifferentiate before redif-
ferentiating to duct cells [14]. Nestin has been
proposed to be a marker of pre-differentiated pan-
creatic cells, but this view has been challenged
recently, as only a subset of mature pancreatic cells
arise from nestin-positive progenitors [18, 19].
Spontaneous acinar-to-ductal transdifferentiation can
also be observed in vitro in cultures of acinar cells [15].
In this example, acinar cells started to express
cytokeratin7 (CK7) and fetal liver kinase (Flk-1).
Flk-1is a vascular endothelial growth factor receptor
and is normally expressed in adult pancreatic ducts
[20]. Interestingly, the Pdx1 gene was reactivated in
transdifferentiating cells, whereas Ptfla (character-
istic for mature acinar cells) continued to be ex-
pressed in transdifferentiating cells, suggesting a
partial event.

Liver-to-pancreas metaplasia: hepatocytes to
pancreatic 3-cells

Diabetes mellitus constitutes a major health care
problem. Approximately 180 million people world-
wide suffer from diabetes [20a]. In type 1 ‘insulin-
dependent’ diabetes, the insulin-producing pancreatic
B-cells are diminished or completely absent usually
due to an autoimmune reaction directed against f3-
cells. Although insulin therapy for diabetes has been
highly successful, the disease still produces a consid-

erable burden of distressing complications. One
possible route to curing diabetes is through produc-
tion of B-cells by reprogramming other cell types via
activation of genes normally involved in pancreas
development [21]. Examples of cell types include
hepatocytes, since they develop from the same germ
layer (endoderm). Horb etal. used a hepatocyte-
specific transthyretin (TTR) promoter that drives a
superactive form of the Pdx1 homologue XIHbox8,
XIHbox8VP16, in Xenopus laevis tadpoles to convert
parts of the liver to pancreas [22]. Pdx1 alone [23, 24]
or Pdx1VP16 in combination with other proendocrine
pancreatic transcription factors such as Neurogenin
(Ngn3) and NeuroD [25], have been delivered to
mouse hepatocytes using adenoviral vectors, and
transplanted cells were sufficient to alleviate hyper-
glycaemia induced by streptozotocin. A set of criteria
are used to prove that f-cells are genuine [26]. These
include expression of insulin RNA, the ability to
process insulin from the precursor state, immunor-
eactive insulin secretory vesicles in -cells, secretion
of insulin in response to glucose and amelioration
hyperglycaemia in diabetic mice [26]. The use of cells
reprogrammed to insulin-producing p-cells could
enable a cell-based diabetes therapy superseding
insulin injections.

Insulin-expressing cells in the extrahepatic bile ducts

An example of heterotopia is provided by the biliary
tract and the pancreas. The liver, biliary system and
ventral pancreas arise from a common region of the
ventral foregut endoderm. Experiments in mice and
chicks have shown that the hierarchy of transcription
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factors that encode for these tissues in development
are very similar, and minor changes can alter their
fate. For example, the liver endoderm is bipotential
(can generate both hepatocytes and cholangiocytes)
and expresses pancreatic markers in the absence of
signals from the cardiac mesoderm [27]. Therefore, it
is not surprising that pancreatic tissue can frequently
be found in stomach, intestine or liver in various
species, including humans [28]. Many of these cases
are probably caused by developmental changes and
are therefore examples of heterotopia rather than
metaplasia or transdifferentiation, as they occur
independent of a pathological condition.

We have recently described a population of naturally
occurring pancreatic endocrine cells (including f3-
cells) in the extrahepatic biliary system of the mouse
[29]. Acinar pancreatic tissue was not present. These
ectopic B-cells arise from the liver (albumin) domain
[29], and the first biliary derived -cells appear around
E17.5 in the mouse embryo in the biliary epithelial
lining in the liver hilar region. Although single 3-cells
can grow into larger clusters, the total number of foci
does not increase in postnatal life, suggesting that
these cells are only generated during a limited period
in embryonic life. An error in the transcription factor
code such that duct cells express a transcription factor
combination inducing pancreas development is the
most likely reason for generation of these ectopic cells.
In some cases of cell-type conversions, the change in
expression of a single transcription factor can lead to a
change in the cellular phenotype. For example, ectopic
pancreatic tissue replaces the extrahepatic bile ducts
in mice deficient for the bHLH transcription factor
Hesl (hairy and enhancer of splitl) [30]. Hesl is
regulated by the Notch/delta pathway and is a
repressor of the pro-endocrine pancreatic transcrip-
tion factor Neurogenin 3 (Ngn3). Hesl is highly
expressed in the developing extrahepatic bile ducts. In
Hes1l knockout mice, extrahepatic biliary ducts ec-
topically express Ngn3, which might account for the
conversion of the complete biliary primordium to
endocrine and exocrine pancreatic tissue. In normal
bile duct development, rare spontaneous instances of
altered transcription factor (e.g. lower levels of Hesl
resulting in de-inhibition of Ngn3 expression) could
lead to generation of ectopic pancreatic endocrine
cells as seen naturally in the extrahepatic biliary
system of the mouse. The presence of biliary insulin-
positive cells has highlighted the possibility of reprog-
ramming biliary tissue to f3-cells to develop a cell
therapy to cure diabetes [31].
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Conversion of pancreas to liver

Conversion of pancreatic cells to hepatocytes has
been observed in various pathological and experi-
mental situations. For example, in rats fed with a
copper-deficient diet and the copper-chelating agent
triethylenetetramine, more than 60% of the pan-
creas converts to albumin-positive hepatocytes a few
weeks after returning to a normal diet [32, 33].
Transgenic mice ectopically expressing keratinocyte
growth factor (KGF) [34] or IFNy [12] under the
control of an insulin promoter also lead to foci of
hepatocytes in the pancreas. In human pathology,
hepatic tissue has been observed in the pancreas in
association with cancer [35]. Due to lack of appro-
priate lineage-tracing tools in all of these studies, the
origin of the pancreatic hepatocytes is unknown.
Transdifferentiation of pancreatic cells to hepato-
cytes can be induced by conversion of a pancreatic
exocrine cell line, AR42J-B13, to hepatocytes by
treatment with the synthetic glucocorticoid dexame-
thasone and oncostatin M, a member of the inter-
leukin-6 family [36]. Dexamethasone can also induce
pancreas-to-liver conversion in embryonic mouse
tissue [36] and adult rat pancreatic cells [37]. While
studying the expression profiles of liver-enriched
transcription factors in transdifferentiating AR42J-
B13 cells, the transcription factor C/EBP (CCAAT-
enhancer binding protein) was found to be induced in
transdifferentiated hepatocytes. Strikingly, transfec-
tion of C/EBPf in B13 cells induced the hepatic
phenotype, whereas LIP (liver inhibitory protein),
the dominant-negative form of C/EBPf, inhibited
transdifferentiation [36]. The results suggest mem-
bers of the C/EBP family of transcription factors are
candidates for distinguishing liver and pancreas
during development [38]. The exact role of C/EBPs
in liver development is yet to be clarified. The ability
to produce transdifferentiated hepatocytes offers an
alternative method to study liver function in long-
term cultures, as these show significant functional
similarities with differentiated hepatocytes [39, 40].

Transdifferentation in the liver: hepatocyte to bile
duct

Liver damage and chronic liver disease can lead to an
overgrowth of intrahepatic biliary tissue associated
with fibrosis and inflammation [41]. The emerging
duct tissue might originate from extensive prolifer-
ation of pre-existing bile ducts, liver-specific stem cells
or, as shown recently, by transdifferentiation of
hepatocytes. Nishikawa et al. reported that cultured
rat hepatocytes can convert to CK19-positive intra-
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hepatic bile duct cells in presence of insulin and EGF
(Fig. 3) [42]. During this transition, ligands (jagged)
and target genes (hairy and enhancer of split, Hes) of
the notch/delta pathway were upregulated, as seen
during normal bile duct development [43]. The
hepatobiliary conversion was inhibited by dexame-
thasone and tyrosine phosphorylation inhibitors. The
latter act by EGF signalling downstream of targets
MEKI1 and PI3. Nishikawa and colleagues suggested
that hepatobiliary conversion is an example of direct
transdifferentation, as hepatoblast markers (notch
ligand ‘delta-like’) were not expressed throughout,
suggesting the absence of transitional cell states. It is
unlikely that contaminating oval cells account for the
emerging biliary cells, as the same results were
obtained in hepatocyte cultures from c-kit (a receptor
for stem cell factor, SCF) mutant rats in which the
number of oval cells is reduced [44]. Oval cells are
progenitor cells assumed to develop from hepatic stem
cells and have the potential to differentiate into
hepatocytes and bile duct cells.

hepatoblast
“delta-like” positive

Development

transdifferentiation

EGF and insulin

o hepatocyte

kinase inhibitor

Bile duct cell
Ck19 positive

Figure 3. Development and transdifferentiation of hepatocytes to
intrahepatic bile duct cells. Hepatocytes convert to cytokeratin 19-
positive bile duct cells in the presence of insulin and epidermal
growth factor (EGF). Transdifferentiation depends on EGF
because inhibition of mitogen-activated protein kinase kinase 1,
and phosphatidylinositol 3-kinase prevents the conversion.

Cdx2 - a mediator of gut development and Barrett’s
metaplasia

In Barrett’s oesophagus, squamous epithelium at the
lower end of the oesophagus is replaced by epithelium
resembling gastric or intestinal mucosa [6]. This
metaplasia is proposed to be triggered by reflux of
acid and bile from the stomach and duodenum into the
oesophagus. The development of Barrett’s metaplasia
predisposes to oesophageal adenocarcinoma [7].
Although the molecular basis of Barrett’s is unclear,
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recent experiments have suggested a role of the caudal
type homeobox transcription factor (Cdx2). Cdx2 is
normally expressed in the posterior gut endoderm
during development and is a key regulator of intestinal
differentiation. Cdx2 knockout in mice is lethal [45].
Heterozygous Cdx2 mice are viable, but develop
intestinal lesions of esophageal- and forestomach-like
keratinizing stratified squamous epithelium due to
haploinsufficiency of Cdx2 [46]. This suggests Cdx2
may direct endodermal differentiation towards the
caudal phenotype. Interestingly, Cdx2 is upregulated
in Barrett’s and may therefore be an important factor
in the conversion to an intestinal cell type [47].
Indeed, ectopic gastric expression of Cdx2 under the
control of a H/K* ATPase 3-subunit promoter brings
about intestinal metaplasia [48]. As this proton pump
is active after birth, metaplasic cells are likely to have
arisen by true transdifferentation from differentiated
epithelium rather than from undifferentiated cells
that express Cdx2. Using the same transgenic model,
Mutoh et al. also showed that long-term intestinal
metaplasia induced invasive gastric carcinoma [49].
Experimental modelling of Barrett’s metaplasia by
overexpression of effector candidate genes like Cdx2
may elucidate the molecular pathway and enable the
discovery of inhibitors for therapeutic purposes. We
have recently established two systems to culture
embryonic mouse oesophageal tissue that will facili-
tate drug discovery [50, 51]. Moreover, Fitzgerald and
colleagues have suggested the intriguing possibility
that bile acids may be acting via induction of retinoic
acid, a well-known differentiating agent [52]. Addi-
tion of exogenous retinoic acid in turn induces differ-
entiation towards a columnar phenotype [52]. The
authors also propose that the source of the cells
generating the columnar epithelial phenotype is from
mesenchymal cells present in the oesophageal stroma,
but this may not constitute an example of trans-
differentiation.

Squamous metaplasia in the uterine epithelium

Diethylstilbestrol (DES) is a non-steroidal synthetic
oestrogen which was originally administered to preg-
nant women to prevent miscarriage, but was banned
due to association with vaginal adenocarcinoma in
their female offspring [53]. Female embryos in utero
exposed to DES may develop vaginal clear cell
adenocarcinoma in later life and commonly display
structural malformation of the uterus and cervix and
cytological abnormalities, including growth of benign
glands in the vagina (vaginal adenosis) [54]. Addi-
tionally, squamous metaplasia is observed in the
uterus and cervix, which is thought to predispose to
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neoplasia [55]. DES has a high binding affinity to the
oestrogen receptor o (ERa) and can effectively
trigger the oestrogen signalling pathway. Perinatal
exposure to DES (in the mouse during the first 5 days
after birth) can presumably disturb the expression of
transcription factors crucial for the correct prolifer-
ation and cytodifferentiation of the female reproduc-
tive tract [53]. Recently, Huang and co-workers
suggested a molecular basis for uterine squamous
metaplasia [56]. Neonatal mice treated with DES
showed decreased proliferation of the uterine luminal
epithelium and abnormal differentiation indicated by
the presence of stratified epithelial markers (small
proline-rich proteins, Sprr2a and Sprr2f) and an
epidermal keratin (K2.16) which are not expressed
in the normal uterine epithelium. Conversion to this
unusual cell type occurs due to DES-mediated down-
regulation of the homeobox transcription factor Msx2,
which is critical for normal uterine cytodifferentiation.
Ultimately, it remains to be clarified whether the
molecular basis of DES-induced human pathology is
similar to the proposed murine model.

Conclusions

The cellular and molecular basis of metaplasia and
transdifferentiation is now quite well understood in
some cases and may lead to the development of
selective therapies to block malignant tissue cell
conversions as well as provide cellular therapies. Trans-
differentiated cells can be used in the treatment of
degenerative disorders as an alternative to differenti-
ated cells induced from embryonic and adult stem cells.
As it is the principal molecular components of normal
tissue development that mediate metaplasic cell-type
conversions, studying metaplasia is an alternative to the
direct analysis of embryonic development.
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