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ABSTRACT The ability to identify, isolate, and trans-
plant progenitor cells from solid tissues would greatly facil-
itate the treatment of diseases currently requiring whole
organ transplantation. In this study, cell fractions enriched in
candidate epithelial progenitor cells from the rat pancreas
were isolated and transplanted into the liver of an inbred
strain of Fischer rats. Using a dipeptidyl dipeptidase IV
genetic marker system to follow the fate of transplanted cells
in conjunction with albumin gene expression, we provide
conclusive evidence that, after transplantation to the liver,
epithelial progenitor cells from the pancreas differentiate into
hepatocytes, express liver-specific proteins, and become fully
integrated into the liver parenchymal structure. These studies
demonstrate the presence of multipotent progenitor cells in
the adult pancreas and establish a role for the liver micro-
environment in the terminal differentiation of epithelial cells
of foregut origin. They further suggest that such progenitor
cells might be useful in studies of organ repopulation following
acute or chronic liver injury.

The liver and pancreas have a similar structural organization
and common embryologic origin (1–4). To initiate develop-
ment of these organs, epithelial cells of the ventral foregut
migrate into the transverse and splanchnic mesoderm, respec-
tively. In the rat, the liver bud first becomes apparent at
embryonic day 10 (E10), followed within 24 hr (E11) by the
pancreatic bud. In both instances, a rudimentary lobular
structure with parenchymal cells draining into ducts is formed
by E12 and becomes well developed by E15 in the liver and E16
in the pancreas. During later stages of parenchymal cell
maturation (perinatal period), the differentiated function of
these organs becomes firmly established through tissue or
cell-type specific gene expression programs.

The presence of progenitor cells in the adult liver was
originally postulated by Wilson and Leduc (5). Although the
liver regenerates following partial hepatectomy by prolifera-
tion of mature hepatocytes, recent evidence suggests that,
under specialized circumstances, immature epithelial cells can
also proliferate and differentiate along the hepatocyte lineage
to restore lost hepatic mass (6–9). Thus, these cells can be
defined as facultative hepatocyte progenitor cells (for reviews
see refs. 10–13).

In the adult rat, under certain pathologic circumstances,
such as induction of pancreatic acinar atrophy by dietary
copper (Cu) depletion (14, 15), epithelial cells in the pancreas
proliferate and express liver-specific genes. Under these con-
ditions, Reddy and coworkers (14, 15) concluded that pancre-
atic ductal epithelial cells transdifferentiate into hepatocytes.
We have used the Cu-depletionyrepletion model to show that

putative pancreatic epithelial progenitor cells proliferate and
begin to express a liver-specific phenotype but do not complete
the liver differentiation program normally observed during
fetal development (16). Genes expressed in the early hepato-
blast, such as a-fetoprotein and albumin, are induced, as well
as genes expressed later during fetal liver development (e.g.,
glucose-6-phosphatase and a1-antitrypsin). However, genes
expressed around the time of birth or in the immediate
postnatal period, such as mdr-1b, serine dehydratase, and
tyrosine aminotransferase, are not induced (16). In addition,
certain liver-enriched transcription factors are either not in-
duced (HNF-3a) or are induced only weakly (HNF-1a and
HNF-4). This may at least in part account for the lack of a fully
mature hepatocyte phenotype in this model (16).

Based on these observations, we hypothesized that the adult
pancreas and liver retain common progenitor cells that upon
activation can proliferate and differentiate along a specific
foregut epithelial cell lineage (9, 16). To test this hypothesis
and to determine the differentiation potential of putative
pancreatic epithelial progenitor cells, we isolated and trans-
planted genetically marked cells into the liver of an inbred
strain of mutant rats in which we could follow the fate of
transplanted cells. Normal Fischer (F344) rats express a spe-
cific exopeptidase, dipeptidyl peptidase IV (DPPIV), in a
characteristic pattern in the liver, restricted to the apical
domain of the plasma membrane (17–19). This unique pattern
of expression is similar to that observed with ATPase, a
classical marker of the hepatocyte bile canaliculus (20). A
mutant strain of F344 rats has been identified in which DPPIV
enzyme activity is not expressed (21), and a monoclonal
antibody, Mab 236.3, which recognizes the normal but not the
mutant DPPIV protein, has also been raised (21). In this study,
we simultaneously detected both DPPIV and ATPase by
histochemical methods (22) to identify and characterize trans-
planted DPPIV1 pancreatic epithelial cells in the DPPIV2

recipient liver and their relationship to endogenous hepato-
cytes.

MATERIALS AND METHODS

Animals and Diets. Male Fischer rats (F344, a highly inbred
strain) were purchased from Charles River Breeding Labora-
tories. DPPIV2 mutant F344 rats, provided by D. Hixson (21),
were bred and maintained in the Special Animal Core of the
Liver Research Center, Albert Einstein College of Medicine.
A Cu-deficient diet was purchased from United States Bio-
chemicals. The copper chelator, triethylene tetramine (Trien),
purchased from either Aldrich or Sigma, was used at a
concentration of 0.6% (wtyvol). Animals were maintained on
this diet for 8–10 weeks, as described by Rao et al. (14, 15). The
initial weight of the rats was '80 g. Multiple animals were used
for tissue analysis and isolation of pancreatic cells. All studies
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were conducted under protocols approved by the Animal Care
Use Committee of the Albert Einstein College of Medicine
and were in accordance with National Institutes of Health
policy (23).

Pancreatic and Liver Epithelial Cell Isolation. The pancreas
was perfused through a retrograde aortic catheter with 300 ml
Leffert’s EGTA solution (24) followed by perfusion with 80 ml
of Dulbecco’s modified Eagle’s (DME)yF12 medium
(GIBCO) containing 15 mM Hepes (pH 7.4), 1 mgyml type IV
collagenase (Sigma), 100 unitsyml penicillin, 100 mgyml strep-
tomycin, and 2.5 mgyml amphotericin B (Sigma). The perfused
pancreas was excised and cut into small pieces. Minced pan-
creas was incubated for 40 min at 37°C in DMEyF12 medium
containing 15 mM Hepes (pH 7.5), 1 mgyml type IV collage-
nase, 0.1 mgyml soybean trypsin inhibitor, 0.04 mgyml DNase
I (Boehringer Mannheim), 100 unitsyml penicillin, 100 mgyml
streptomycin, and 2.5 mgyml amphotericin B. Digested tissue
was mechanically disrupted through a glass Pasteur pipette and
Falcon plastic pipette and subsequently passed through an
80-mM nylon mesh. Cells were collected by centrifugation for
5 min at 300 3 g, washed two times with DMEyF12 medium,
suspended in 11% Nycodenz prepared in a buffer containing
0.24 g Hepes, 0.5 g KCl, 0.018 g CaCl2 H2O, and 5.5 ml 0.1 N
NaOH in 100 ml (pH 7.6), and fractionated through a discon-
tinuous Nycodenz gradient (11%, 13%, 19%, and 30% wtyvol)
for 30 min at 8,000 rpm in a Beckman SW rotor at 4°C. Cells
at the top of the gradient and at the interfaces between the
various layers were collected and termed Fx-1 (,11% Nyco-
denz), Fx-2 (11–13% Nycodenz interface), Fx-3 (13–19%
Nycodenz interface), and Fx-4 (19–30% Nycodenz interface),
respectively. Cells in the various fractions were counted in a
hemocytometer, pelleted at 300 3 g for 5 min, and resus-
pended in 0.5 ml of DMEyF12 medium.

Liver nonparenchymal epithelial cells were isolated from
180 g male F344 rats, 2.5 days after inducing acute hepatic
necrosis by intraperitoneal injection of D-galactosamine (70
mg per 100 g body weight), using a modification of the
procedure of Berry and Friend (25). The liver was cannulated
through the portal vein, f lushed with 250 ml Leffert’s solution
containing EGTA (24), followed by 100 ml Leffert’s solution,
and finally perfused with Leffert’s solution containing 3 mM
CaCl2, and 0.1% type IV collagenase (Sigma) for 10–15 min
at 37°C. The perfusate containing the bulk of hepatocytes was
removed and the liver stromal remnant digested with Leffert’s
solution, 3 mM CaCl2, 0.35% type IV collagenase (Sigma),
0.1% pronase (Boehringer Mannheim), and 0.005% DNase 1
(Boehringer Mannheim) for 30 min at 37°C to release non-
parenchymal cells. The digested remnant was filtered through
an 80-mM nylon mesh and suspended cells were enriched for
nonparenchymal epithelial cells by three cycles of centrifuga-
tion at 50 3 g for 1 min at 4°C (to remove residual hepato-
cytes), decantation of the supernatant fraction, sedimentation
of cells in the supernatant fraction by centrifugation at 300 3
g for 5 min at room temperature (RT) and resuspension of
pelleted cells in DMEyF12 medium (GIBCO), containing 15
mM Hepes (pH 7.4), 100 unitsyml penicillin, 100 mgyml
streptomycin, and 2.5 mgyml amphotericin B. After this pro-
cedure, 30–40% of the cells in the resuspended fraction were
positive for DPPIV.

Pancreatic and Hepatic Histology and in Situ Hybridization.
Tissue samples were fixed in formalin or snap frozen in
2-methylbutane at 270°C. Formalin-fixed tissue was embed-
ded in paraffin, cut into 6-mm thick sections, and stained with
hematoxylin and eosin or processed for in situ hybridization as
described (16). Data presented in each figure are representa-
tive of data obtained from at least three separate experiments.

Detection of DPPIV and ATPase Enzyme Activity. DPPIV
enzyme expression was determined on cytospin slides stored at
220°C or on 5-mM thick cryostat sections from frozen tissue.
Fixation was for 5 min in 95% ethanoly5% glacial acetic acid

(99:1 volyvol) at 0°C to 210°C, followed by a 5-min wash in
95% ethanol at 4°C. Air-dried slides were incubated for 10–20
min at 37°C in the substrate reagent: 2.5 mg Gly-Pro-4-
methoxy-b-naphthylamide (Sigma) dissolved in 150 ml of
dimethylformamide and mixed with a 5 ml solution of Fast blue
BB salt (Sigma) in 0.1 M Tris maleate, 0.1 M NaCl, pH 6.5
(TMS). The slides were rinsed two times in TMS, incubated for
2 min in 0.1 M CuSO4, and rinsed again in TMS. The slides
were fixed for 5–10 min in cold 4% paraformaldehyde in 0.15
M NaCl, washed two times in cold 0.2 M Tris maleate (pH 7.2),
and processed when necessary for ATPase staining.

Histochemical staining for ATPase was carried out as
described by Wachstein and Meisel (20). Slides were incubated
for 1–2 hr at 37°C in the following substrate reagent: 25 mg
ATP, sodium salt in 0.1 M Tris maleate buffer (pH 7.2), 0.01
M MgSO4, and 0.12% Pb(NO3)2, and rinsed in distilled water.
Staining was developed by incubating the slides for 1–2 min at
RT in dilute ammonium sulfide (0.05–0.2%). The slides were
washed in water, counterstained with hematoxylin, and
mounted in pure glycerol.

Immunohistochemistry and Confocal Laser Scanning Mi-
croscopy. Cryostat sections (5 mM) were fixed in cold 4%
paraformaldehyde in PBS buffer containing 5% sucrose for 10
min; treated with sodium borohydrate (1 mgyml PBS) for 30
min at RT; blocked in a solution containing 2% goat serum,
1% BSA, and 0.1% Tween in PBS for 2 hr at RT; exposed to
a mixture of mouse monoclonal antibody (ascites) to DPPIV
(Mab 236.3) and rabbit polyclonal anti-rat albumin antibody
(final dilution 1:1 and 1:100, respectively) for 2 hr or overnight
in the cold; rinsed in PBS; and exposed to a mixture of goat
anti-mouse IgG-Cy 3 and goat anti-rabbit IgG-Cy 5 (final
dilution 1:100) for 2 hr or overnight in the cold. Primary
antibodies were diluted in the blocking solution. After rinsing,
sections were mounted with antifade mounting medium con-
taining N-propyl gallate, PBS, glycerin, and examined with an
inverted Nikon fluorescence microscope attached to the Bio-
Rad MRC 600 confocal laser imaging system equipped with a
kryptonyargon laser and a Nikon 60K numerical aperture 1.4
Planapo objective.

For detection of cytokeratin (CK)-19, 5-mm cryosections
were fixed for 15 min in cold acetoneyethanol (1:1) and
endogenous peroxidase was blocked with H2O2. Further block-
ing was performed as described in the Vector ABC Elite kit
(Vector Laboratories). CK-19 antibody (RPN 1165, Amer-
sham) was applied for 2 hr at RT in a dilution of 1:10.
Secondary antibody was from the ABC Elite kit and peroxi-
dase was developed by diaminobenzidine staining. A negative
control in which the primary antibody was omitted was in-
cluded in all analyses.

RESULTS

Induction of Pancreatic Proliferation. As shown in Fig. 1 A
and B, after 8 weeks of feeding DPPIV1 F344 rats a Cu-
deficient diet supplemented with 0.6% wtyvol Trien, there was
a marked reduction of pancreatic acinar mass and remaining
acinar cells showed a loss of much of their cytoplasmic contents
(degranulation). Epithelial cells comprising the pancreatic
ducts were detected by CK-19 expression (Fig. 1 C and D) and
DPPIV enzyme activity (Fig. 1 G and H). In normal pancreas,
both large ducts and small ductules between the acini stained
with antibody to CK-19 (Fig. 1C) and DPPIV (Fig. 1G). After
8 weeks of Cu deficiency, the number of CK-19 or DPPIV
positive cells in duct-like clusters and the size of these clusters
increased substantially (Fig. 1 D and H, respectively). Pancre-
atic islet cells were not affected by Cu depletion.

Albumin expression, detected by in situ hybridization for
albumin mRNA, was negative in the normal pancreas (Fig. 1E)
but was present at high levels in the Cu-deficient pancreas (Fig.
1F). Albumin mRNA positive cells were distributed in the

Developmental Biology: Dabeva et al. Proc. Natl. Acad. Sci. USA 94 (1997) 7357



ductular and periductular spaces and were seen as individual
cells or in small clusters forming duct-like structures. However,
at no time during this study did we observe cells in the normal
or Cu-deficient pancreas with the morphologic appearance of
hepatocytes and also expressing albumin mRNA or DPPIV
enzyme activity.

Isolation of Cell Fraction from Rat Pancreas Expressing
Albumin mRNA. Cells were isolated from the Cu-deficient
F344 rat pancreas and fractionated on a four layer, discontin-
uous Nycodenz gradient. Cells banding at the top of the
gradient and at the interfaces between the layers were sepa-
rated into fractions (Fx) 1–4 and cytospun onto microscopic

FIG. 1. Characterization of epithelial cells in the pancreas after feeding F344 rats a Cu-deficient diet. Formalin fixed or snap frozen pancreatic
tissues were collected from paired rats either untreated (A, C, E, and G) or treated (B, D, F, and H) with a Cu-deficient diet for 8 weeks. (A and
B) Stained with hematoxylinyeosin. (C and D) Stained with CK-19 antibody. (E and F) Analyzed for albumin mRNA by in situ hybridization. (G
and H) Analyzed for DPPIV by enzyme histochemistry. (A–D, G, and H, 3200; E and F, 3400).
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slides for histochemical analysis or in situ hybridization. Ex-
pression of DPPIV enzyme activity in the various cell fractions
was used to determine the distribution of epithelial cells. As
shown in Fig. 2 (A–D), DPPIV was expressed in small cells that
were most abundant in Fx-3 (Fig. 2C), with spillover into Fx-4
(Fig. 2D). Occasionally, weak expression of DPPIV was also
noted in some cells in Fx-1 (Fig. 2 A). The origin of these cells
is unclear, although they are slightly larger than DPPIV
positive cells in Fx-3 and are present in normal pancreas.

To identify pancreatic epithelial cells that have entered the
hepatocyte lineage program, we performed in situ hybridiza-
tion for albumin mRNA (Fig. 2 E–H). A strong hybridization
signal was observed in cells distributed primarily in Fx-3 (Fig.
2G), although once again there was spillover into Fx-4 (Fig.
2H). These cells were of very small size ('8–10 mM), with an
oval shaped nucleus and scant cytoplasm, consistent with the
DPPIV1 epithelial cells. No hepatocytes were observed in
these cell fractions. Cells expressing either DPPIV or albumin
tended to clump on centrifugation and appeared as aggregates
on cytospin slides. Histochemical analysis for CK-19 (Fig. 2
I–L) also showed a distribution predominantly in Fx-3 (Fig.
2K). For each of these markers, up to 30–40% of cells in Fx-3
were positive, and this fraction contained 80–90% of total cells
expressing DPPIV, albumin mRNA, and CK-19.

Transplantation of Pancreatic and Liver Epithelial Progen-
itor Cells. Pancreatic cells were delivered to the liver by two
established routes: one via transplantation to the spleen and
the other via infusion into the portal vein. Approximately 0.3–2
million pancreatic cells from the individual fractions were
transplanted into each recipient. Animals were killed 6 weeks
to 3 months after cell transplantation. The spleen and liver (or
the liver only when the portal vein was used for cell trans-
plantation) were excised, snap frozen in 2-methylbutane at
270°C, and serial sections prepared. Every third section was

stained for DPPIV enzyme activity. Using dual DPPIVy
ATPase staining, we also assessed the structural relationship
of DPPIV-positive cells to endogenous hepatocytes. DPPIV-
positive cells remaining in the spleen after transplantation of
cell Fx-3 were observed in clusters and retained an undiffer-
entiated epithelial morphology or formed small or large duct
structures (data not shown). DPPIV-positive cells with an
hepatocyte-like morphology were not observed in the spleen.
After transplantation of epithelial cells of Fx-3 from the
Cu-deficient rat pancreas into the liver, large DPPIV-positive
cells with a distinct hepatocyte-like morphology and the
physical dimensions of hepatocytes ('30–40 mM diameter)
were found singly or in clusters, ranging in size up to 20 or more
cells per cluster on cross section (Fig. 3A). DPPIV expression
in these cells was unique and characteristic of the hepatocyte
bile canaliculus (Fig. 3A). DPPIV staining in transplanted cells
was contiguous with ATPase staining in adjacent endogenous
hepatocytes, forming hybrid canaliculi similar to those re-
ported recently following hepatocyte transplantation (22).

Previously, we and Fausto’s group reported that D-
galactosamine-induced liver injury activates proliferation and
differentiation of hepatocyte progenitor or facultative stem
cells (8, 9). To directly compare the morphologic appearance
of transplanted pancreatic epithelial cells with epithelial pro-
genitor cells derived from rat liver, we isolated a nonparen-
chymal cell fraction from the liver of a D-galactosamine-
treated DPPIV1 F344 rat and transplanted this cell fraction
into DPPIV2 F344 rats. As shown in Fig. 3, the morphologic
appearance, DPPIV staining pattern, and distribution of trans-
planted epithelial cells within the recipient parenchyma was
indistinguishable with epithelial cells from either D-
galactosamine-treated rat liver (Fig. 3B) or Cu-deficient rat
pancreas (Fig. 3A). In both cases, transplanted cells were
physically integrated into the parenchymal structure, forming

FIG. 2. Expression of an epithelial cell marker (DPPIV), a liver-specific gene (albumin), and a pancreaticybiliary ductal cell marker (CK-19)
in cell fractions isolated from the Cu-deficient rat pancreas. Cell fractions 1–4 collected at different densities in a discontinuous Nycodenz gradient
were obtained as noted in Materials and Methods. Fractions 1–4 are displayed from left to right. A–D are stained histochemically for DPPIV (3100),
E–H are hybridized for albumin mRNA (3200) using a 35S-labeled antisense albumin RNA riboprobe as previously reported (7), and I–L are
immunohistochemically stained for CK-19 (3100) using a monoclonal anti-CK-19 as primary antibody (Amersham) and polyvalent anti-mouse
immunoglobulin peroxidase conjugate (Sigma) as secondary antibody.
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hybrid canaliculi with adjacent endogenous hepatocytes (Fig.
3, arrows). Control transplantation experiments with the other
epithelial cell fractions, as well as epithelial cell fractions from
normal pancreas, were negative.

Differentiated Function and Hepatocytic Phenotype of
Transplanted Cells. To further demonstrate the hepatocytic
phenotype of pancreatic epithelial progenitor cells trans-
planted into the liver, we used double-label immunofluores-
cent laser scanning confocal microscopy to detect albumin and
DPPIV in the same cells. In the normal liver, hepatocytes
expressed DPPIV in a canalicular distribution and albumin in
a cytosolic distribution (Fig. 4A). In the DPPIV-mutant F344
rat liver, immunofluorescence for DPPIV was not observed,
whereas albumin immunofluorescence was normal (Fig. 4B).
In DPPIV-mutant F344 rats transplanted with DPPIV-
positive pancreatic epithelial cells from Cu-deficient rats,
clusters of transplanted cells with the morphologic appearance
of hepatocytes were positive for both DPPIV in a canalicular
distribution and albumin in a cytosolic distribution (Fig. 4C).
By immunohistochemical analysis, albumin expression in
transplanted cells was comparable to that observed in sur-
rounding endogenous hepatocytes (Fig. 4C), suggesting full
hepatic function of transplanted cells.

DISCUSSION

Previously, we reported that Cu depletion in rats leads to
proliferation of epithelial cells in the pancreas that express
liver-specific genes at early and mid stages of hepatic lineage
progression (16). The findings in this study that transplantation
of these cells to the liver leads to their differentiation into
mature hepatocytes with structural integration in the hepatic
parenchyma and expression of biochemical functions unique to
the hepatocyte, provides compelling evidence that these cells
are indeed hepatocyte progenitors. To our knowledge, this
represents the first example in which epithelial progenitor
cells, activated to proliferate in one adult organ, were trans-
planted to a second adult organ and assumed the differentiated
cell phenotype of the recipient organ. This finding is not
unreasonable, since the pancreas and liver have a common
embryologic origin (1–4). Our conclusion from this study and
our previous findings (9, 16) is that residual multipotent cells
of epithelial origin are present through adulthood in both the
liver and pancreas. Under appropriate circumstances, these
cells can be induced to proliferate and differentiate in a
lineage-specific fashion, depending on their organ location and
pathophysiologic circumstances.

After transplantation into the liver, there was no evidence
of transformed behavior in pancreatic epithelial cells prolif-
erating and differentiating along the hepatocyte lineage. Re-
cently, studies by Coleman et al. (26) reported that certain
established transformed epithelial cell lines derived from rat
liver lose their malignant phenotype after transplantation into
the liver and assume a normal hepatocyte morphology. Our
study shows, additionally, that transplanted progenitor cells
can fully integrate into the hepatic lobular structure, implying
that they are functionally identical with endogenous hepato-
cytes. This is not surprising, since it has been shown previously
that transplanted hepatocytes have the capacity to traverse the
hepatic sinusoids and become incorporated into the hepatic
parenchyma (22).

FIG. 3. Identification of DPPIV-positive pancreatic and liver ep-
ithelial cells transplanted to the liver of DPPIV-negative mutant F344
rats. Dual histochemical staining of the tissue for DPPIV (orangey
rust) and ATPase (brown) was conducted as noted. (A) Section of liver
from a DPPIV-negative mutant F344 rat transplanted with an epi-
thelial cell-enriched fraction from the pancreas of an 8-week-treated
Cu-deficient DPPIV-positive F344 rat (3600). (B) Section of liver
from a DPPIV-negative mutant rat transplanted with an epithelial
cell-enriched fraction from the liver of a DPPIV-positive F344 rat, 2.5
days after treatment with D-galactosamine (3600). Arrows point to
hybrid bile canaliculi formed between transplanted cells and endog-
enous hepatocytes.

FIG. 4. Colocalization of DPPIV and albumin expression in pan-
creatic epithelial cells from a Cu-deficient DPPIV-positive F344 rat
transplanted to the liver of a DPPIV-negative mutant F344 rat. DPPIV
and albumin were detected in the recipient liver by dual-label confocal
laser scanning immunofluorescent microscopy. In normal rat liver (A),
DPPIV expression (redyorange) is evident in bile canaliculi and
albumin expression (green) in the cytoplasm of all the hepatocytes
within the hepatic lobule. In DPPIV-negative mutant rat liver (B), no
DPPIV is evident in any cell; however, all hepatocytes express
albumin. In DPPIV-negative mutant rat liver transplanted with pan-
creatic epithelial cells from an 8-week-old Cu-deficient rat (C),
DPPIV expression is evident in a cluster of hepatocytes, which are also
expressing albumin at the same level as observed in surrounding
endogenous hepatocytes, which are negative for DPPIV. In control
normal liver (D), in the absence of primary antibodies, no fluorescent
signal is detected. (Scale bar 5 10 mM.)
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Chen et al. (27) recently reported that an epithelial cell line
derived from normal adult rat pancreas has the ability to
exhibit a differentiated, hepatocyte-like morphology after
transplantation into the peritoneal cavity. These experiments
required the cells to be embedded in a mixture of collagen type
1 and Matrigel, a basement membrane matrix material derived
from Englebreth-Holm–Swarm tumor cells. When this cell line
was transplanted subcutaneously under the same experimental
conditions, a mixed biliaryyhepatocyticypancreatic epithelial
cell phenotype was observed (27). These studies, those of
Reddy and coworkers (14, 15), and our present findings imply
that the specific tissue environment, extracellular conditions,
and cell–cell contacts all contribute to the differentiation state
of gut epithelial cells.

In previous studies using normal recipient hosts, hepato-
cytes or transformed liver epithelial cell lines undergo little, if
any, proliferation after transplantation into the liver (22, 26).
In contrast, in transgenic mice containing the urokinase
plasminogen activator gene under control of the albumin
promoter, and in whom there is a continuous state of liver
injuryyregeneration, transplanted hepatocytes undergo multi-
ple rounds of division (28). A similar phenomenon occurs in
furamylacetoacetate hydrolase knockout mice after transplan-
tation of normal hepatocytes (29). However, for cell trans-
plantation to become an effective means of liver reconstitu-
tion, similar results will need to be obtained in nongenetically
manipulated animals (and humans).

Since transplanted epithelial progenitor cells differentiated
into mature hepatocytes in this study, this suggests that cell
lines derived from progenitor cells obtained from adult tissues
may be useful for restoration of hepatic mass. These findings
may have even broader implications for cell transplantation, as
evidence for progenitor cells that are capable of being acti-
vated to proliferate and differentiate has also been obtained
recently in other adult tissues, such as the brain (30), bone
mesenchyme (31), and bronchial epithelium (32).
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