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Pancreatic Hepatocytes

An In Vivo Model for Cell Lineage in Pancreas of
Adult Rat

JANARDAN K. REDDY, MD, M. SAMBASIVA RAO, MD, ANJANA V. YELDANDI, MD,

XIAODI TAN, MD, and RAMA S. DWIVEDI, PhD

Multiple foci of hepatocytes differentiate in the pancreas of adult rats subjected to a
copper depletion—repletion regimen. Copper deficiency for seven to nine weeks causes an
irreversible depletion of over 80% of the acinar cells in the pancreas. When transferred to
a normal diet, these rats exhibit only a minimal and spotty acinar cell recovery. This
disruption of tissue organization appears to trigger a profound change in cellular
commitment, which leads to hepatocyte differentiation in the ‘“‘oval cells’’ in the
periductal interstitium and the epithelial cells lining the small pancreatic ductules.
Pancreatic hepatocytes express several liver-specific genes including albumin, a,,-
globulin, carbamoylphosphate synthetase-I, and urate oxidase. Both carbamoylphos-
phate synthetase-I and glutamine synthetase, the ammonia-metabolizing enzymes, are
expressed by all pancreatic hepatocytes; in liver, these are expressed by different
populations of hepatocytes. The magnitude of hepatocyte differentiation in this model
should facilitate studies on the molecular events regulating changes in cell lineage or
differentiation commitment within the pancreas.
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The differentiation of hepatocyte-like cells in the
adult hamster and rat pancreas was first noted
nearly 10 years ago (1, 2). In the hamster pancreas,
hepatocyte-like cells appeared after the administra-
tion of a pancreatic carcinogen, N-nitroso-bis(2-
oxopropyl)amine (BOP) during peak pancreatic ac-
inar cell regeneration (1). In the rat pancreas, an
occasional cluster of hepatocyte-like cells has been
observed in a few animals that were fed for several
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months a diet containing Wy-14,643, a peroxisome
proliferator (2). The hepatocyte-like cells in ham-
ster and rat pancreas are morphologically indistin-
guishable from hepatic parenchymal cells, ie, hepa-
tocytes in liver (1-4). They expressed albumin and
responded to the peroxisome-proliferating effects of
xenobiotics in a fashion analogous to that of hepa-
tocytes in liver (3, 4). These extrahepatic liver cells
are designated as pancreatic hepatocytes (4). Fol-
lowing early descriptions and characterization of
these cells in hamster and rat pancreas (1—4), sev-
eral reports describing the appearance of a few foci
of pancreatic hepatocytes in an occasional aged rat
and in a small percentage of rats exposed to certain
xenobiotics in chronic carcinogenesis bioassays
have appeared (5-7). Pancreatic hepatocytes have
been observed in animals fed a methionine-
deficient, ethionine-supplemented diet (8). In most
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Fig 1. Gross appearance of pancreas: (A) normal rat; (B) pan-
creas of a rat fed copper-deficient diet containing trien for eight
weeks; and (C) pancreas of a rat eight weeks after transfer to
normal chow following copper deficiency-induced atrophy.

of these studies, the development of hepatocytes
was unpredictable, as only a limited number of rats
exhibit such hepatocytes. Furthermore, the number
“of pancreatic hepatocytes in the animals was con-
fined to a few isolated clusters, in apparently oth-
erwise normal pancreas with its abundant acinar
tissue. Recently, a model system that yields large
numbers of hepatocytes in rat pancreas severely
depleted of its acinar cell population has been
developed (9-11). This copper depletion—repletion
model of pancreatic hepatocyte differentiation in
the rat is described here. This model presents a
unique opportunity to analyze the cellular and mo-
lecular aspects of cell lineage in an adult organ.

RAT MODEL OF PANCREATIC
HEPATOCYTES

Rats maintained on a copper-deficient diet con-
taining a copper chelating agent, trien, for seven to
nine weeks develop marked pancreatic atrophy
(Figure 1) with loss of pancreatic acinar cells but
without apparent loss of their ductal/ductular cells
or the islets of Langerhans (9-14). Following cop-
per depletion and subsequent transfer to a normal
diet, these animals display a potential for transdif-
ferentiation leading to the appearance of numerous
islands and sheets of hepatocytes within the pan-
creas (Figure 2). This nutritional model of conver-
sion of pancreatic cells into hepatocytes in the adult
rat pancreas offers several advantages and is supe-
rior to other such models. This model yields multi-
ple foci of hepatocytes in a pancreas nearly devoid
of acinar celis (Figure 2). This enrichment of hepa-
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to normal chow following an eight-week feeding of a copper
deficient diet containing 0.65% trien. Note the presence of
numerous clusters of hepatocytes (HC), some surrounding the
islets of Langerhans. The small ductules and oval-type periductal
cells are present.

tocytes in the pancreas enables one to study the
liver-specific mRNAs in these cells (11). It also
should facilitate a study of the events leading to the
activation of dormant liver-specific genes in pancre-
atic tissue. The high incidence of animals showing
this differentiation makes this an attractive system
for a variety of experimental manipulations. Fi-
nally, this model should permit studies on the
elucidation of the molecular controls that lead to a
change in cell lineage, since the change in commit-
ment from a pancreatic cell lineage to a hepatocyte
lineage apparently occurs in the adult pancreas
during the late stages of pancreatic acinar cell
depletion (ie, between six and eight weeks on
copper-deficient regimen) and persists for several
weeks after transfer of these animals to a normal
diet. This is a relatively long window of transition,
compared to the situation in the embryonic devel-
opment where the commitment of foregut divertic-
ulum celis to differentiate into either hepatocytes or
pancreatic cells occurs rapidly (15). This model
should enable the isolation of cDNA clone(s) that
control hepatocyte phenotypic differentiation.

EXPRESSION OF CERTAIN LIVER-SPECIFIC
GENES IN PANCREATIC HEPATOCYTES

The light and electron microscopic features of
pancreatic hepatocytes are well documented (1, 3,
4, 11). These hepatocytes are not arranged as one-
cell-thick plates separated by sinusoids and do not
present the classical architecture of a ‘‘liver aci-
nus’’ (Figure 2). Typically several pancreatic hepa-

503



- 2 T B S e
Fig 3. Electron micrograph of pancreatic hepatocytes. The tissue
was processed for the cytochemical localization of peroxisomal
catalase using the diaminobenzidine method prior to embedding
in Epon. Morphological features of pancreatic hepatocytes are
similar to those of liver parenchymal cells. Several bile canaliculi
(arrows) are present. An occasional undifferentiated cell (arrow
head) with ovoid nucleus and undeveloped cytoplasmic struc-
tures is present in between hepatocytes. Peroxisomes (P).

tocyte clusters are located close to the islets of
Langerhans, often forming a multicell layer collar
around the islets (Figure 2). The ultrastructural
features of pancreatic hepatocytes are essentially
similar to those of liver parenchymal cells. How-
ever, the clear-cut plasmalemmal domains are
sometimes difficult to appreciate in pancreatic he-
patocytes because of the disorganized pattern of the
cells (Figure 3). Bile canaliculi are found frequently
between sheets of adjacent pancreatic hepatocytes
(Figure 3). Immunofluorescence studies with do-
main-specific antibodies clearly demonstrated the
presence of sinusoidal, apical, and lateral plasma-
lemmal domains in pancreatic hepatocytes.

Fig 4. In situ hybridization of rat pancreas with hepatocytes for
the localization of albumin mRNA. 35S-labeled RNA (antisense)
probe was used. The silver grains, representing albumin mRNA
molecules, are found over the hepatocyte clusters (arrows).
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Fig 5. Immunoperoxidase localization of w,,-globulin protein in
pancreatic hepatocytes of a male rat. Note the intense reaction
product in all hepatocytes.

Several liver-specific proteins and their mRNAs
have been demonstrated in rat pancreatic hepato-
cytes (11). Albumin was found in these cells by
immunohistochemical methods, and albumin
mRNA has been demonstrated by in situ hybridiza-
tion (Figure 4) and blot analysis of total RNA
extracted from pancreas containing hepatocytes
(11, 16). Recently, the presence of an a,,-globulin
protein by immunoperoxidase method in pancreatic
hepatocytes (Figure 5) and o,,-globulin mRNA
transcript has been demonstrated in the pancreas of
male rats containing hepatocytes (17). Moreover
a,,-globulin synthesis in pancreatic hepatocytes is
under androgen regulation (17), similar to that seen
in normal liver (18, 19).

In pancreatic hepatocytes, the ammonia-metabo-
lizing enzymes carbamoylphosphate synthetase-I
and glutamine synthetase can be demonstrated (16).
In the mammalian liver, these two genes are ex-
pressed in two distinct populations of hepatocytes
that are zonally demarcated in the normal liver
acinus (20-23). In the liver, carbamoyiphosphate
synthetase-I is homogeneously distributed in all
liver cells except for a single layer of hepatocytes
surrounding the central veins, whereas the gluta-
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mine synthetase is localized exclusively to the peri-
central hepatocytes (Figure 6) that do not express
the enzyme carbamoylphosphate synthetase-I (22,
23). Unlike normal liver, all pancreatic hepatocytes
express both genes (Figures 7-9). Whether this is
due to the absence of a portal blood supply to the
pancreas or to other local environmental factors
remains to be determined. The expression of both
of these ammonia metabolizing enzymes in the
same pancreatic hepatocytes makes them an inter-
esting system for the study of factors that influence
reciprocal regulation of these two genes.

HEPATOCYTE LINEAGE IN PANCREAS

Using in situ hybridization, albumin mRNA has
been found in interstitial (periductal) cells and in
epithelial cells lining small ductules in the pancreas
of rats at the end of seven weeks of a copper-
deficient diet (11). At this stage, the pancreas con-
tains very few acinar cells. The presence of albumin
mRNA in periductal and ductular cells during cop-
per depletion implies that a change in commitment
has occurred and that these cells are destined to
differentiate into hepatocytes. Whether all or only a
fraction of the cells containing albumin mRNA

Fig 6. Immunofluorescence localization of glutamine synthetase
in a male rat liver. Only a single layer of hepatocytes surrounding
the central vein express this protein in the liver.

Figs 7 and 8. Immunofluorescence localization of glutamine synthetase in the hepatocytes that differentiated in the adult rat

pancreas. All pancreatic hepatocytes express this gene.
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Fig 9. Immunofluorescence localization of carbamoylphosphate
synthetase-I in pancreatic hepatocytes. Note that all pancreatic
hepatocytes also express this protein.

REDDY ET AL

differentiate into hepatocytes remains to be estab-
lished. On Northern blot analysis of RNA, trans-
forming growth factor-a, and the transforming
growth factor-B; mRNAs can be found in the pan-
creas after eight weeks of copper deficiency (J.K.
Reddy, unpublished). In situ hybridization studies
are necessary to determine which cells in the de-
generating pancreas actually express these genes in
view of the recent evidence implicating a regulatory
role for these growth factors in controlling liver cell
regeneration (24, 25).

When the animals are transferred to a normal rat
chow after eight or nine weeks on the copper-
deficient diet, rapid phenotypic alterations occur in
several cells within the interstitial and periductal
areas and in some epithelial cells lining small
ductules (Figures 10 and 11). These cells clearly
differentiate into hepatocytes. Once the conversion
occurs, the differentiated hepatocytes appear to
expand clonally.

The periductal and epithelial cells lining the small
ductules in the pancreas become very prominent
and proliferate as a result of copper deficiency
(Figures 12 and 13). During embryonic develop-
ment, the presumptive hepatic and pancreatic en-

Figs 10 and 11. Several transitional forms (arrows) leading to the mature hepatocyte phenotype are discerned in the pancreas
of rats during recovery from copper deficiency. These cells are present in the small ductules as well as in the interstitium.
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UNCOMMITTED

Fig 12. Uncommitted cells (M) in endodermal evaginations of the
floor of the foregut (A) commit their descendants to differentiate
into liver (A) or pancreatic (O) cells during embryogenesis (B). It
is generally held that the adult organs do not contain uncommit-
ted bipotential cells. We postulate the existence of uncommitted
bipotential cells (l) capable of commitment to liver or pancreatic
cell lineage in both adult liver and pancreas (C). These cells
undergo proliferation and exhibit their commitment potential to
differentiate when there is severe loss of cells and disruption of
tissue organization.

doderms are derived from a common endodermal
evagination of the floor of the foregut (Figure 12).
At this stage, the cells of these evaginations are
considered bipotential stem (uncommitted) cells.
Very rapidly during fetal development, these cells
become committed to give rise either to a hepatic

STEM CELL ----- COMMITTED ----- DIFFERENTIATED
(BIPOTENTIAL)  PROGENITOR CELLS CELLS

@ HEPATOCYTE
A

a &,

c \@ ~+()) ENDOCRINE CELL
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Fig 13. A model of pancreatic hepatocyte lineage in rats on
copper depletion-repletion regimen. The marked reduction in
acinar cell number and the disruption of normal architecture and
cellular relationships resulting from copper deficiency causes
proliferation of hitherto dormant stem (uncommitted) cells that
are bipotential, ie, they are capable of generating progenitor cells
that can be committed to differentiate into hepatocytes (A) or
pancreatic celis (B). These bipotential stem cells presumably are
located within the small ductules and in the periductal region.
Alternatively, the epithelial cells lining the small ductules may
have the progenitor potential to transdifferentiate into hepato-
cytes (C), when they are stimulated to proliferate when global
loss of pancreatic acinar cells occurs. Why these progenitor duct
cells do not follow the embryonic developmental program of
differentiating into acinar, duct, and endocrine cells in the adult
pancreas after copper deficiency is intriguing.

DUCT CELL

ACINAR CELL
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or pancreatic cell lineage. According to accepted
developmental schemes, the cells in the pancreatic
rudiment do not differentiate into hepatocytes,
and the cells in the hepatic rudiment do not
differentiate into pancreocytes (15). Thus in the
adult pancreas and liver, uncommitted bipotential
stem cells are not known to exist. Because of the
recent examples of hepatocyte differentiation in
the aduit rat and hamster pancreas (1, 11), and
differentiation of pancreatic acinar cells in rat liver
(26, 27), we would propose that uncommitted
bipotential endodermal cells do persist in the aduit
liver and pancreas (Figure 12C). During normal
embryologic development and in the adult organ,
these uncommitted cells remain dormant. How-
ever, they retain the capability to differentiate into
either pancreatic or hepatic cells under conditions
of experimentally induced stress. Thus the stabil-
ity of these dormant stem cells depends on the
organized state of the tissue and the local environ-
ment (28-31). A massive loss of acinar cells prob-
ably leads to the removal of growth-suppressive
factors, thus leading to the activation of these
dormant cells. The pressure to repopulate the
atrophic pancreas leads to perturbations in cell
lineage. However, in transgenic mice expressing
diphtheria toxin in a cell-specific manner in devel-
oping pancreas, ablation of pancreatic acinar cells
results in a rudimentary organ containing an un-
derrepresentation of islet and ductlike cells (32).
These results suggest that proliferation of the duct
and islet cells may depend upon differentiation of
acinar cells (32). In the copper-deficient adult
pancreas, however, the irreversible loss of acinar
cells appears to provide a stimulus for cell division
by small ductular and periductal cells, suggesting
that these cells may be the primitive stem cells
(33-35).

PERSPECTIVE AND IMPLICATIONS

This model of pancreatic hepatocytes should en-
able investigators to study the role of copper defi-
ciency in the ablation of pancreatic acinar cells in
the adult pancreas, the molecular mechanisms in-
volved in the alteration of cell lineage in an adult
organ, and in evaluating the functional aspects of
pancreatic hepatocytes. It is important to determine
whether these hepatocytes can maintain essential
hepatic functions in conditions where the homo-
topic liver is damaged. Whether copper depletion—
repletion regimens or other conditions can induce
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hepatocyte differentiation in man and nonhuman
primates remains to be ascertained.
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