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Transdetermination: A New Trend
in Cellular Reprogramming
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ver since Briggs and King first report-
Eed nuclear transfer in Rana pipiens,'
somatic cell reprogramming has been
actively studied both for its therapeutic
potential and to advance the frontiers
of developmental, cell, and molecular
biology. Recent efforts in somatic cell
reprogramming have culminated in the
generation of induced pluripotent stem
(iPS) cells, wherein defined transcription
factors are used to reprogram fibroblasts
into embryonic stem (ES)-like cells.?
iPS cells, like ES cells, have the potential
to serve as a source of cells for different
tissues but evade problems related to allo-
geneic rejection. Although extraordinary,
iP§ cells, like ES cells, face the same hur-
dles concerning efficacy and applicabil-
ity for transplantation therapy and other
in vivo applications. All in all, though,
these studies underscore the crucial role
of transcription factors in the molecular
control of nuclear reprogramming. So,
why not go straight to another cell type
instead of going through an ES cell-like
pluripotent state? Yechoor et al. demon-
strated this in their recent report, but with
a twist.’ They show that administration of
the endocrine transcription factor neuro-
genin 3 (Ngn3) and betacellulin (Btc, an
islet growth factor) results in a long-term
reversal of streptozotocin (STZ)-induced
diabetes in mice, via formation of insulin-
producing cells in the liver. Furthermore,
they present convincing evidence that the
cells that are receptive to long-term islet-
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lineage reprogramming are progenitor
cells, not differentiated cells in the liver,
i.e., the hepatocytes. They liken this phe-
nomenon to a transdetermination process,
one that is similar to cell-fate switching of
imaginal disc cells in Drosophila.*
Transdetermination is defined as a
switch in lineage commitment in a stem
or progenitor cell to a closely related
cell type. This is in contrast to trans-
differentiation, which occurs when a
differentiated cell switches to another
differentiated lineage without an inter-
mediate stage of dedifferentiation.’ It is
well established that both the liver and
pancreas develop from the endoderm and
can be considered part of the same organ
system.® Hepatocytes have been shown
to develop in the pancreas of rodents
fed a copper-deficient diet.” This is con-
sidered a model for transdifferentiation.
The conversion of liver to pancreas has
also been described in recent reports.®!!
Ferber et al. were the first to report that
the adenoviral delivery of the pancreatic
transcription factor Pdx1 to the liver re-
sulted in ectopic expression of insulin and
the reversal of STZ-induced diabetes.’
This same phenomenon was docu-
mented with the delivery of NeuroD, a
transcription factor downstream of Pdxl1,
and Btc.® However, although these studies
establish an important proof of concept,
the lack of lineage-tracing data precludes
determining the origin of insulin-pro-
ducing cells. Toward this end, Zhou et
al. attempted the transdifferentiation of
exocrine tissue to endocrine islets and
traced the cells receptive to change."
The authors succeeded in forming 3 cells
from exocrine acinar tissue via direct
adenoviral injection of Pdx1, Ngn3, and
MafA directly into pancreata. Further-
more, by using an inducible system of Cre
recombinase, they demonstrated that the
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induced B cells originated from mature
acinar tissue. To our knowledge, these
data provide the first definitive evidence
of in vivo transdifferentiation within the
pancreas.

In counterpoint, Yechoor et al. show
transdetermination to be the mechanistic
process whereby insulin-producing cells
are generated in the liver.’ Using a helper-
dependent adenoviral vector, the authors
deliver Ngn3-Btc to the pancreas and
observe an immediate and long-term
reversal in STZ-induced diabetes. Con-
trary to prior studies, this reversal occurs
in two waves of insulin expression. The
first, occurring in hepatocytes, is transient
and lasts from the time of injection to 6
weeks after injection. Insulin expression
then decreases in the hepatocytes, while
concomitantly increasing in a peripor-
tal cell population. This second wave of
insulin expression in the periportal cells
persists beyond 6 months after injection,
corroborating past studies in which long-
term insulin-producing cells were identi-
fied around the portal area.®" The peri-
portal population is glycemia-responsive
and expresses a host of transcription fac-
tors that collectively specify the endocrine
lineage. The authors trace the cells and
determine that they express albumin in
their lineage history. However, they lose
albumin expression once they acquire the
ability to express insulin. Therefore, the
insulin-producing cells do not originate
from hepatocytes. Intriguingly, these cells
also express Pax4, an embryonic transcrip-
tion factor not expressed in mature islets,
and CK19, a ductal marker expressed in
islet progenitors.”” So it seems that they
resemble embryological or immature islets
rather than mature islets. The authors
consequently name these “neo-islets”
Finally, the authors note that the neo-islets
resemble oval cells in their size, morph-
ology, nuclear-to-cytoplasmic ratio, and
expression of the oval cell marker A6.

Oval cells, or hepatic progenitor cells,
are thought to expand during chronic
liver injury. Their existence has been
documented in human liver disease and
a variety of animal models, notably when
hepatocyte proliferation is blocked.-'®
Furthermore, they are considered bipo-
tent, capable of differentiation into biliary
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Induced neurogenin 3 (Ngn3) in the hepatic lineage. (a) Normal ontogeny.

Both liver and pancreas develop from the endoderm. The endodermal stem cell divides to form
the hepatic and pancreatic stem cells during development. The liver stem cell divides to form
biliary cells and hepatocytes. (b) Ngn3-induced ontogeny. Ngn3 induction results in the aborted
transdifferentiation of hepatocytes into endocrine cells but successful transdetermination of the
liver stem—progenitor cell population. The effects of Ngn3 on the biliary cell population remain to

be assessed. PP, pancreatic polypeptide.

cells and hepatocytes. Yechoor et al. note
in their study that the neo-islets appear
only in livers of mice treated with Ngn3-
Btc or Ngn3 vectors, but not the empty
vector. This implies that they develop as
a result of a deficiency in insulin secre-
tion rather than as a host response to the
vector. Furthermore, the neo-islets ap-
pear roughly 3 weeks after injection with
Ngn3-Btc but do not begin to express in-
sulin until after 6 weeks. Therefore, the
neo-islets, like oval cells, emerge because
of tissue injury. However, the novel find-
ing is that the injury is outside the liver—
in this case, the endocrine pancreas. For
that reason, one could imagine that the
neo-islets arise because of -cell ablation
and begin to express insulin when the he-
patocytes cannot, potentially maintaining
insulin homeostasis.

In a recent study, Kuwahara et al. used
label retention assays to identify four can-
didate niches for hepatic stem cells.'” All of
these niches were either in or around the
intrahepatic bile duct system. The obser-
vation by Yechoor et al. that the neo-islets
grow from the periportal area substantiates
the bile duct system as a stem cell niche.
It is appealing to imagine that the extra-
hepatic biliary system could be a niche as
well. Interestingly, Dutton et al. have dem-
onstrated that extrahepatic bile duct cells
in the hilar region of adult liver normally
express endocrine proteins,'® implying that
the extrahepatic bile duct cells and endo-
crine islets have a similar transcriptome.
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Furthermore, the extrahepatic bile ducts in
Hes1”~ mice ectopically express Ngn3 and
differentiate into endocrine cells.”” There-
fore, all the studies indicate that the biliary
tree seems to contain or be associated witha
resident stem cell population that is capable
of differentiation not only into biliary cells
and hepatocytes but also into endocrine
cells (Figure 1). It follows that these cells
would be “permissive” to transdetermina-
tion and would have tremendous clinical
significance. However, this tale requires
a cautionary note. Definitive markers for
oval cells do not yet exist, and these cells
cannot be prospectively isolated, or even
defined in the steady state, using currently
available protocols. These are hurdles that
must be overcome if these cells are to have
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Figure 2 In vivo cellular reprogram-
ming for tissue replacement. Resident
stem and/or progenitor cells within an organ
system could be targeted in vivo with a single
transcription factor. Transdetermination would
result in functional tissue replacement and re-
covery. The added feasibility of this approach
lies in its being carried out in vivo, with a single
transcription factor being activated.
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therapeutic significance.

A hallmark of the study by Yechoor et
al. is the demonstration that a single tran-
scription factor can specify the entire en-
docrine lineage. The authors observe that
the neo-islets express the complete en-
docrine transcription profile, containing
cells that produce either insulin or other
endocrine hormones. Similar results were
obtained with NeuroD-Btc.® These data
are in sharp contrast to the transdifferen-
tiation of exocrine acini to endocrine islets
demonstrated by Zhou et al.,'”> wherein
three transcription factors were necessary.
It is therefore possible that transdetermi-
nation might be more feasible than trans-
differentiation—a clinically significant
difference. However, these studies make
use of adenoviral-mediated delivery of
transcription factors, and one of the major
limitations thus far to a clinical setting is
that this type of reprogramming requires
the adenovirus particle itself.’

It is difficult to predict the course or
timeline for the implementation of clini-
cal cellular reprogramming. The work by
Yechoor et al. may represent an elegant
solution to the need for functional islet
cells. The rapidly growing field of small
molecules mimicking transcription fac-
tors and extracellular signals may help
bring this work to clinical reality. It is
noteworthy that the use of such an ap-
proach, as with iPS cells, would circum-
vent the hurdles of allogeneic transplanta-
tion. Meanwhile, the transdetermination
of a stem or progenitor cell into a related
lineage using a single transcription fac-
tor has not been demonstrated outside of
the hepato-pancreatic system. In conclu-
sion, the study by Yechoor et al. highlights
a new trend in cellular reprogramming
(Figure 2). It underscores the ability of a
primitive cell to become something other
than what its physiological lineage com-
mitment dictates, and postulates that this
reprogramming might be possible with a
single exogenous factor. If transdetermi-
nation proves to be clinically feasible, the
ramifications in the field of therapeutic
tissue replacement would be far-reaching.
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