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Acinar-to-ductal metaplasia 
in pancreatic cancer development
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Ductal adenocarcinoma is by far the
most frequent tumor of the pancreas.
Although pancreatic cancer cells share
substantial characteristics with pan-
creatic duct cells, the origin of these
cancer cells is still a matter of debate.
Progressive changes in the ductal
epithelium range from non-papillary
to papillary hyperplasia, with little or
no development of atypical or dysplas-
tic epithelial lesions. These ductal
changes have been classified as “pan-
creatic intraepithelial neoplasia”
(PanIN) (1). Studies examining the
loss of heterozygosity at loci associat-
ed with pancreatic cancer have demon-
strated the clonal evolution of the
regions of PanINs (2). Some have pro-
posed that pancreatic cancer develops
from acinar cells, and indeed, acinar
cell hyperplasia has been described in
the human pancreas (3). Moreover, in
TGF-α transgenic mice, an animal
model for pancreatic cancer, acinar
cells are the primary sites of pancreat-
ic neoplasms (4). In this model, acinar
cells lose their characteristic zymogen
granules and become transitional cells,
which subsequently acquire the fea-
tures of duct cells. In animals older
than one year, tumors develop from
acinar-to-ductal metaplasia.

In this issue of the JCI, Crawford et al.
present data linking the development
of acinar-to-ductal metaplasia to
expression of the matrix metallopro-
teinase MMP-7 and the Fas ligand FasL
(5). They found MMP-7 to be upregu-
lated in human pancreatic cancer and
PanINs, in metaplastic ducts of TGFα
transgenic mice, and in metaplastic
changes following pancreatic ductal
ligation. Following up on this observa-
tion, Crawford and colleagues ligated
the ducts of control and MMP-7–/–

mice. Remarkably, they observed acinar
cell loss, caspase-3 activation, and sub-
sequent metaplastic conversion in
wild-type mice, but almost no such
responses in the mutants.

MMP-7 in apoptosis
Previously, MMP-7 has been shown
in vitro to cleave several substrates
including FasL, a transmembrane
stimulator of the death receptor Fas.
To test the possibility that FasL
mediates the effects of MMP-7 in
apoptosis, Crawford et al. took
advantage of a naturally occurring
FasL mutation in the gld mouse
strain. They found that ductal liga-
tion caused relatively modest acinar
cell loss and metaplastic duct forma-
tion in gld mice. Likewise, these path-
ogenic changes are not evident in
Mmp-7–/– mice, where FasL is present
mainly in its unprocessed form.
These data suggest that the pro-
apoptotic effect of MMP-7 is mediat-
ed largely by FasL and is responsible
for ductal metaplasia.

One fundamental role of the apop-
totic response is to protect animals
from cancer, as seen in the increased
tumorigenesis following experimental
inhibition of apoptosis. In addition,

mutations affecting apoptotic path-
ways have been found in numerous
tumors. The authors propose that aci-
nar cell apoptosis is linked to the prop-
agation of ductal metaplasia. In their
model, MMP-7 derived from metaplas-
tic cells cleaves FasL, which induces
apoptosis in acinar cells. Metaplastic
duct cells enjoy a selective advantage in
this tissue because, for reasons that are
still unclear, they are less sensitive to

apoptotic death than are healthy cells.
This differential sensitivity may be
explained by a lower ratio of pro- and
anti-apoptotic factors in the metaplas-
tic cells. In particular, anti-apoptotic
proteins may include Bcl-2, which the
authors find expressed in metaplastic
epithelia. Alternatively, inhibitors of
death receptor signaling may be
induced during the metaplastic trans-
formation. It is also possible that
MMP-7 inhibits apoptosis of meta-
plastic cells by proteolytically activat-
ing latent trophic factors. The authors
provide some hints that Bcl-2 induc-
tion is associated with MMP-7 expres-
sion, but more work will be needed to
identify the basis of metaplastic cell
survival more precisely.

The acinar-to-ductal switch 
in acinar metaplasia
It is intriguing that MMP-7 is upregu-
lated in all models of metaplastic con-
version in the pancreas. At this point,
one can only speculate whether Mmp-7
is one of a common set of genes that
might be coordinately regulated in these
lesions. However, spontaneous acinar-
to-ductal cell transdifferentiation has
been described in vitro, and Rooman et
al. (6) have found that the pancreatic
duodenal homeobox-containing tran-
scription factor PDX-1 is induced dur-
ing culture of acinar cells. PDX-1 is cru-
cial for pancreatic organogenesis and is
detected in all embryonic protodiffer-
entiated epithelial cells during pancre-
atic development (7, 8). In TGF-α trans-
genic mice, acinar-to-ductal metaplasia
is associated with PDX-1 upregulation
(9). Hence, as has been seen in other sys-
tems, pancreatic metaplasia may reacti-
vate a gene expression program that had
been silent since an early stage in
organogenesis. One can speculate that
this program also contributes to the
apoptosis resistance of metaplastic cells
and to changes in signal transduction in
these cells (3).

Commentary
See related article, pages 1437–1444.

Metaplastic duct cells enjoy a
selective advantage in this
tissue because, for reasons

that are still unclear, they are
less sensitive to apoptotic

death than are healthy cells.



The work of Crawford et al. provides
an attractive concept explaining the
selection for metaplastic cells in the
pancreas as a result of their apoptosis
resistance early in tumorigenesis. In
the future, it will be important to
define the progressive changes in gene
expression during metaplastic conver-
sion, an effort that may also yield new
targets for preventing the progression
of pancreatic cancers.
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