






values thereafter (fig 4B). In contrast, in the other cell lines
TGFb1 did not influence Runx3 mRNA values (data not
shown).

DISCUSSION
The pathogenesis of PDAC involves genetic alterations, such
as K-ras protooncogene mutations, mutations of the p53,
p16, and Smad4 tumour suppressor genes, and other less
common mutations.2 In addition, there are numerous
epigenetic alterations, including altered expression of several
growth factors and their receptors.3 For example, PDACs
overexpress all TGFb isoforms and their receptors, and
overexpression of these ligands and receptors is often
associated with shortened postoperative survival of patients
with pancreatic cancer.14 15

The TGFb pathway is carefully regulated, with Smad
proteins as the key component in the signal transduction
pathway. In addition, other regulators, such as transcription
factors, which facilitate Smad binding to target promoters,
may provide routes for feedback and crosstalk.16 For example,
members of the CBFA (core binding factor A) family of
transcription factors act both as targets and partners of
activated Smads. This family, also termed the ‘‘Runx family’’,
includes three human members: Runx1 (CBFA2/AML1),
Runx2 (CBFA1/AML3), and Runx3 (CBFA2/AML2).17 These
genes share a high degree of sequence similarity within most
of their coding regions, yet they mediate distinct biological
signals, and play pivotal roles during normal development
and in neoplasia. Runx3 is a neurospecific transcription
factor. Thus, in its absence, neurones in dorsal root ganglia
do not survive long enough to extend their axons towards
target cells, resulting in a lack of connectivity and ataxia.8

Runx3 is also highly expressed in thymic medulla and cortex,
and functions in the lineage specification and homeostasis of
CD8 positive T cells.18 Thus, Runx3 deficient cytotoxic T cells
have defective responses to antigens9 and show impaired CD8
T cell maturation in the thymus.18 It has recently been shown
that Runx3 is a tumour suppressor gene in gastric cancer.
Gastric mucosal hyperplasia has been seen in Runx3 knock-
out mice, and the degree of loss of Runx3 expression
correlated with the extent of the disease.7 It was also
suggested that in Runx3 deficient mice, TGFb1 induced cell

death was strongly impaired, and therefore that Runx3 is a
target of the TGFb signalling pathway in vivo.7

In our present study, Runx3 expression was found only in
islets in normal pancreatic tissues. In contrast, in pancreatic
cancer tissues, Runx3 was present in both islets and cancer
cells. Of interest, Runx3 expression was seen mainly in the
cytoplasm of the cancer cells, although nuclear staining was
seen in a considerable number of tumour cells. It is currently
not known whether the observed cytoplasmic location of
Runx3 has any functional consequences. Nonetheless, these
observations differ from the findings in gastric tissues, in
which Runx3 expression was lost in 45–60% of gastric cancer
cells, but present in normal gastric epithelial cells.7 These
results suggest that Runx3 does not act as a tumour
suppressor in PDAC, because it was not expressed in normal
ductal cells, but was expressed in some pancreatic ductal
adenocarcinomas. Interestingly, all metastases were devoid
of or displayed only very faint Runx3 immunoreactivity. It is
also of interest that Runx3 mRNA values were high in CP, a
known preneoplastic condition, suggesting that Runx3
expression is increased early in the pathogenesis of pancrea-
tic cancer and lost at later steps in many pancreatic tumours.
It is currently not known whether the Runx3 expression seen
in some pancreatic tumours has a distinct pathogenetic role,
and further studies are necessary to investigate this point. It
is worthwhile to mention, however, that some groups have
advocated islet cells as the cells of origin of PDAC.19 Thus, it
could be hypothesised that there is indeed loss of Runx3
expression in some primary tumours compared with normal
islets, and almost complete loss in metastatic tumours,
pointing to a tumour suppressor role for Runx3 in pancreatic
cancer.

‘‘Runx3 mRNA values were high in chronic pancreatitis, a
known preneoplastic condition, suggesting that Runx3
expression is increased early in the pathogenesis of
pancreatic cancer and lost at later steps in many
pancreatic tumours’’

The regulation of Runx3 expression in pancreatic cancer is
currently unknown. In our experiments, TGFb1 repressed
Runx3 expression only in Colo-357 pancreatic cancer cells,

Figure 3 Runx3 localisation in
primary and metastatic pancreatic
cancer tissues: immunohistochemistry of
Runx3 in (A and B) primary pancreatic
cancers, (C) liver metastasis, and (D)
lymph node metastasis. (A) Runx3
negative lymphocytes; (B) Runx3
immunoreactivity in some of the
lymphocytes. (D) Note also some Runx3
positive lymphocytes surrounding the
lymph node metastasis.
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which have a functional TGFb pathway.20 Interestingly,
TGFb1 did not alter Runx3 expression in Panc-1 pancreatic
cancer cells with a functional TGFb pathway, or in other cell
lines that exhibit alterations, such as Smad4 mutations or
low expression of the TGFb receptor I.21 In addition, in BxPc-
3 pancreatic cancer cells, which harbour a Smad4 deletion
but that are nonetheless growth inhibited by TGFb1,22 this
growth factor did not alter Runx3 mRNA values. Because in
vivo PDACs often exhibit alterations of the TGFb signalling
pathway,14 15 23–25 it is possible that the repressive effect of
TGFb on Runx3 expression is lost in tumours with alterations
in this pathway, leading to the observed upregulation of
Runx3.

Interestingly, in some pancreatic cancer samples, strong
nuclear Runx3 expression was also seen in lymphocytes. This
is consistent with previous reports of Runx3 expression in
thymic medulla, spleen, and bone marrow,18 in addition to
cells of haemopoietic origin, such as B cell lymphoma cells,

myelomonoblastic leukaemia cells, and early myoblast cells.26

Runx3 was reported to have a crucial function in the lineage
specification, maturation, and homeostasis of CD8 positive T
cells.9 It has also been reported that Runx3 is induced by
TGFb1 in splenic B cells in the presence of activation
signals,13 and that Runx3, in addition to Smad3/4 and
cAMP response element binding protein, binds indepen-
dently to the respective DNA sequences in the immunoglo-
bulin a promoter, resulting in maximal TGFb induced
transcription and class switching to IgA.27 Because TGFbs
are frequently overexpressed in PDAC,14 it is possible that
cancer derived TGFbs induce Runx3 expression in infiltrating
lymphocytes. TGFbs are strong immunosuppressors that are
involved in the immunological escape of pancreatic cancer
cells. However, the functional consequence of TGFb induced
Runx3 expression in tumour infiltrating lymphocytes is
currently not known.

In conclusion, in the normal pancreas, Runx3 expression is
restricted to islet cells, whereas in PDAC it is also expressed in
the cancer cells themselves and in infiltrating lymphocytes.
Furthermore, its expression can be repressed by TGFb1 in
responsive pancreatic cancer cells. Together, these results
suggest that Runx3 might play a role in the pathophysiology
of PDAC, which is distinct from its role in gastric cancer, and
that there is a connection with the frequently altered TGFb
pathway in this disease.
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