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We have investigated the mRNA/protein expression
of several tyrosine kinase receptors, growth factors,
and p16INK4A cyclin inhibitor in cell lines derived
from normal human pancreatic duct epithelium
(HPDE) and compared them with those of five pan-
creatic ductal carcinoma cell lines. Cultured HPDE
cells express low levels of epidermal growth factor
receptor (EGFR), erbB2, transforming growth factor
(TGF)-a , Met/hepatocyte growth factor receptor
(HGFR), vascular endothelial growth factor (VEGF),
and keratinocyte growth factor (KGF). They also ex-
pressed high levels of amphiregulin but did not
express EGF and cripto. The expression levels were
similar in primary normal HPDE cells and those ex-
pressing transfected E6E7 genes of human papilloma
virus-16, but their immortalization appeared to en-
hance the expression of EGFR and Met/HGFR. In com-
parison, pancreatic carcinoma cell lines commonly
demonstrated overexpression of EGFR, erbB2, TGF-a ,
Met/HGFR, VEGF, and KGF, but they consistently
showed marked down-regulation of amphiregulin
mRNA expression. In contrast to all carcinoma cell
lines that showed deletions of the p16 gene, HPDE
cells consistently demonstrated normal p16 genotype
and its mRNA expression. This is the first report that
compares the phenotypic expression of cultured pan-
creatic ductal carcinoma cells with epithelial cell lines
derived from normal human pancreatic ducts. The
findings confirm that malignant transformation of
human pancreatic duct cells commonly results in a
deregulation of expression of various growth factors
and receptors. (Am J Pathol 1998, 153:263–269)

Pancreatic cancer represents 5% of all cancer deaths in
both men and women in North America, with one of the

lowest 5-year survival rates of all cancers.1 Over 90% of
pancreatic cancers are adenocarcinomas arising from
the duct epithelium.2 The overall 5-year survival rate is
only 5%, and at the time of first diagnosis, only 10 to 20%
of cases are eligible for the potentially curative Whipple’s
procedure.3 Even in the latter group of patients, the
5-year survival is less than 30%.4 Furthermore, pancre-
atic cancer is relatively resistant to both chemotherapy
and radiotherapy, and these options are used primarily
for palliation.

To date, the molecular basis of aggressive and resis-
tant phenotypes of pancreatic cancer remains unclear.
Many investigators have demonstrated oncogene activa-
tion, tumor suppressor gene inactivation, and growth fac-
tor and receptor overexpression in these tumors.5 Some
of these molecular changes do not correlate with prog-
nosis,6–8 whereas others have been suggested to corre-
late with poor patient survival.9–15 Thus, further under-
standing on the functional roles of these genotypic and
phenotypic changes during human pancreatic carcino-
genesis and in the biology of pancreatic cancer cells may
provide new clues for developing strategies to prevent
and treat this disease.

Among the various phenotypic changes occurring in
human pancreatic ductal adenocarcinoma, overexpres-
sion of tyrosine kinase receptors (RTKs), such as family
members of epidermal growth factor receptor (EGFR)
and their ligand molecules,16 and the Met/hepatocyte
growth factor receptor (HGFR) have been report-
ed.13, 16–28 These studies compared their expression in
normal pancreas and primary pancreatic cancer tissue
using total mRNA or protein extracts or by immunohisto-
chemistry. Studies on the expression of various RTKs
and/or their ligands in pancreatic carcinoma cell lines
have also been published.29, 30 These studies, however,
did not compare the expression in cancer cells with that
in corresponding control cell lines derived from normal
human pancreatic duct epithelium, thus imposing some
limitation on the ability to interpret the data.

Our laboratory31 has recently reported a successful
establishment of primarily cultured and immortal epithe-
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lial cell lines from normal human pancreatic duct epithe-
lium (HPDE). We have further characterized the pheno-
type of these HPDE cell lines by comparing the
expression of various growth factors, tyrosine kinase re-
ceptors, and p16INK4A cyclin inhibitor in these cells with
their expression in several previously uncharacterized
human pancreatic ductal adenocarcinoma cell lines.

Materials and Methods

Primary Culture and Immortalization of Human
Pancreatic Duct Epithelial Cells

The explant method for establishing primary cultures of
normal HPDE cells has previously been published.31 The
life span of primarily cultured HPDE cells could be pro-
longed by infection with LXSN16-E6E7 retroviral expres-
sion vector for the E6 and E7 genes of human papilloma
virus (HPV)-16 virus. These cells, however, eventually
also developed crisis at passages 9 to 12 (approximately
45 to 60 population doublings). Maintenance of these
senescent cells by frequent fresh medium replacement
eventually led to the emergence of immortal cell lines.
These immortal lines have continuously proliferated for
more than 20 passages (approximately 100 population
doublings). HPDE cells were cultured routinely in keratin-
ocyte serum-free (KSF) medium supplemented by bovine
pituitary extract and epidermal growth factor (Gibco-BRL,
Grand Island, NY). These HPDE cell lines do not prolifer-
ate in serum-containing medium.

Human Pancreatic Carcinoma Cell Lines

The establishment of cell lines PK-1, -8, and -9 were
reported previously.32 PK-9 was established from a pri-
mary tumor, whereas PK-1 and PK-8 were established
from liver metastases of pancreatic ductal adenocarcino-
mas. PK-45 and PK-59 were subsequently established
using the same method. They were established and rou-
tinely maintained in RPMI-1640 containing 10% (v/v) fetal
bovine serum (Wisant, Quebec, Canada). These carci-
noma cell lines do not proliferate in supplemented or
basal KSF medium.

RNA Isolation and Northern Blot Analyses

Total cellular RNA was isolated from cultured cells using
the method previously described.33 RNA was isolated
from cells that have reached confluent growth for 2 to 3
days and also from proliferating cells in cultures that were
approximately 60 to 70% confluent. The medium of the
cultures was always renewed 24 hours before isolation.
Twenty-microgram samples of RNA were separated elec-
trophoretically, transferred onto Hybond-N membrane in
10X SSC (20X SSC contains 2 mol/L NaCl and 0.3 mol/L
sodium citrate, pH 7.0), and then cross-linked by expo-
sure to the ultraviolet light of a transilluminator. The blots
were probed with cDNA probes for EGFR, transforming
growth factor (TGF)-a, erbB2/neu/HER-2, EGF, and am-

phiregulin, as reported previously.33 The Met/HGFR
mRNA expression was probed with an 841-bp Bg1I-XhoI
insert of the plasmid POK6 containing full-length c-met
cDNA.34 Vascular endothelial growth factor (VEGF)
mRNA was probed with a 3.36-kb VEGF189 cDNA.35

Cripto mRNA was probed with an 890-bp EcoRI fragment
cDNA.36 The cDNA probe for keratinocyte growth factor
(KGF) spanning nucleotides 997 to 1672 was cloned
using the reverse transcriptase polymerase chain reac-
tion (RT-PCR) technique and subcloned into pGEM-4Z
plasmid. EGF mRNA was probed with a 960-bp PstI
fragment of plasmid pmEGF-26F12 (American Type Cul-
ture Collection, Rockville, MD). The p16INK4A gene/mRNA
was probed by a 0.8-kb XbaI-ApaI fragment of RC/CMV/
p16 plasmid. Probes for the 18 S and 28 S ribosomal RNA
were also obtained from American Type Culture Collec-
tion. The cDNA probes were labeled by [32P]dCTP using
the oligolabeling kit from Pharmacia (Piscataway, NJ).
The hybridized membranes were stringently washed at
60°C in 0.2X SSC solution containing 0.1% SDS. Mem-
branes were exposed to Kodak XAR-5 film at 280°C for
3 to 5 days.

Southern Blot Analyses

Genomic DNA was isolated according to standard pro-
cedure. Ten micrograms of each DNA sample was di-
gested with EcoRI. After separation in 1% agarose gel
and Southern blot transfer, hybridization was carried out
as previously reported.31 The cDNA probe for c-myc was
a 1.4-kb EcoRI-HindIII fragment of PKSC-myc plasmid.

Protein Immunoblot Analyses

Protein extracts were prepared from preconfluent or con-
fluent cultures of HPDE6-E6E7 (greater than 16) and PK-9
cell lines. Before protein isolation, the HPDE cells were
starved for 24 hours in basal KSF (supplement-free) me-
dium. This was done because the KSF supplement con-
tained EGF and bovine pituitary extract that would down-
regulate the levels of various growth factor receptors.
Similarly, the PK cells were starved for 24 hours in serum-
free RPMI-1640 medium. After washing in ice-cold phos-
phate-buffered saline (PBS), the cultured cells were lysed
in 1 ml of aqueous solution containing 50 mmol/L 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (pH 8.0),
1% Triton X-100, 10% glycerol, 150 mmol/L NaCl, 10
mmol/L EDTA, 100 mmol/L NaF, 10 mmol/L sodium py-
rophosphate, 1 mg/ml leupeptin, 1 mg/ml aprotinin, and
100 mg phenylmethylsulfonyl fluoride (PMSF). After a
centrifugation at 13,000 3 g for 15 minutes, the superna-
tants were collected. Protein concentrations were deter-
mined using the BioRad protein assay kit (BioRad Can-
ada, Oakville, Ontario, Canada).

The protein levels of EGFR and Met/HGFR were esti-
mated using the Western blot technique. Fifty-microgram
protein samples were electrophoretically separated in an
8% SDS-polyacrylamide gel and then transferred onto a
polyvinylidene difluoride membrane (Boehringer Mann-
heim Canada, Dorval, Quebec, Canada). After blocking

264 Liu et al
AJP July 1998, Vol. 153, No. 1



with a 5% skim milk solution in a buffer containing 10
mmol/L Tris/HCl (pH 7.0), 0.1% Tween 20, 2.5 mmol/L
EDTA, and 50 mmol/L NaCl, the membrane was incu-
bated with polyclonal rabbit antibodies against EGFR
(sc-003) or h-Met (sc-161). These were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA). Immunore-
activity was subsequently revealed using the BM chemi-
luminescence western blotting kit (Boehringer Mannheim
Canada).

To assay the protein levels of erbB2/neu, 0.6 mg of
protein lysates was immunoprecipitated with the 9G6
mouse monoclonal antibody against Neu (sc-008, Santa
Cruz Biotechnology). After incubation for 1 hour at 4°C,
50 ml of protein-A-Sepharose (Pharmacia) was added,
and the suspensions were rocked for 1 hour at 4°C. The
antigen-antibody complex was pelleted by microcentrifu-
gation and subsequently washed three times in the same
lysis buffer. The immunoprecipitated pellet was then dis-
solved in 25 ml of Laemmli sample buffer and electro-
phoretically separated as described above. After transfer
onto a polyvinylidene difluoride membrane, it was immu-
noblotted using the same Neu antibody, with the reaction
detected by chemiluminescence.

Results

Pancreatic Duct Epithelial Cell Lines

Among the various HPDE cell lines studied, HPDE6 was
the only primarily cultured cells that have not been
infected with LXSN16-E6E7 retrovirus, and hence repre-
sented a truly normal HPDE cell line. The HPDE(1,4,5,6)-
E6E7 cell lines were cells that were infected with
LXSN16-E6E7 and expressed the E6E7 genes of
HPV-16 genes.31 The lines that were at or less than
passage (P)9 represented pre-crisis cells, whereas
those at P18 were post-crisis immortal cell lines. Both
immortalized HPDE4-E6E7 (P18) and HPDE6-E6E7
(P18) were anchorage dependent in their growth and
were nontumorigenic for 4 months in the subcutaneous
tissue of SCID mice.31

mRNA Expression in Confluent Cultures

Figures 1 and 2 show the levels of mRNA expression for
EGFR, erbB2, TGF-a, AR, Met/HGFR, VEGF, and KGF
among the various HPDE cell lines established from dif-
ferent individuals. Inter-individual differences were slight,
but it appears that for some genes (EGFR and Met/
HGFR), the immortalized HPDE (4,6)-E6E7 (P18) cell
lines showed slightly increased levels of expression as
compared with their pre-immortalized (P9) cells. In turn,
the expression levels in the latter cells were similar to
those of normal HPDE6 cell line. These HPDE cell lines
uniformly demonstrated a relatively high level of AR
mRNA expression.

As compared with HPDE or HPDE-E6E7 cells, the hu-
man pancreatic ductal carcinoma cell lines showed fre-
quent and significant up-regulation of mRNA expression
for EGFR, erbB2, TGF-a, Met/HGFR, VEGF, and KGF

(Figures 1 and 2). Enhanced expression for both EGFR
and TGF-a was seen in three of five carcinoma lines, and
for erbB2 in four of five lines (Figure 1). All five PK lines
demonstrated overexpression of Met/HGFR (Figure 2).
Four carcinoma cell lines also demonstrated overexpres-
sion of VEGF and KGF mRNA. The overexpression of

Figure 1. The mRNA expression of epidermal growth factor receptor family
proteins and ligands in duct epithelial cell lines derived from normal human
pancreas (HPDE) and pancreatic carcinomas (PKs). HPDE6(P6), primary
culture of normal pancreatic duct epithelium; HPDE1-E6E7(P9), HPDE5-
E6E7(P6), pre-crisis LXSN16E6E7 (retroviral expression vector carrying the
E6E7 genes of HPV16) infected cells from two separate individuals; HPDE4-
E6E7(P18) and HPDE6-E6E7(P18), immortalized LXSN16E6E7 infected
HPDE cells from two other individuals; PK1, PK8, PK9, PK45, and PK59,
pancreatic ductal carcinoma cell lines. Hybridization with 18 S ribosomal
RNA probe showed the relative loading amount of RNA samples. All samples
were hybridized on a single membrane.

Figure 2. The expression of met (hepatocyte growth factor receptor), vas-
cular endothelial growth factor (VEGF), and keratinocyte growth factor
(KGF) in HPDE and pancreatic carcinoma cell lines. (See Figure 1 for
details). All samples were hybridized on a single membrane.
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various receptors was not associated with gene amplifi-
cation (Figure 3). All five PK lines demonstrated marked
and consistent down-regulation of AR as compared with
the HPDE cell lines (Figure 1). None of the HPDE and PK
cell lines showed significant mRNA expression for EGF
and cripto (data not shown).

Receptor Protein Expression

To confirm the differential expression of EGFR, erB2, and
Met/HGFR at protein levels, we performed immunoblot
assays on HPDE6-E6E7 (P23) and PK9 cells that were in
proliferative (preconfluent) and in relatively quiescent
(confluent) culture conditions (Figure 4). The results indi-
cated that levels of all three RTK proteins were higher in
the cancer cells as compared with HPDE cells. The re-
sults were consistent with the findings at the mRNA level.
Although the levels of EGFR and Met/HGFR proteins in
both HPDE6-E6E7 and PK-9 cell lines were not signifi-
cantly influenced by the proliferative state of the cells,

those of erbB2 were lower in preconfluent as compared
with postconfluent cells.

Cell Cycle Regulator Genes

A great majority of pancreatic ductal carcinomas are
known to have deletion of the p16INK4A gene.37, 38 Four of
the PK carcinoma cell lines also demonstrated a homozy-
gous deletion of the p16 gene and, the loss of its mRNA
expression (Figure 3, A and B). In contrast, all HPDE cells
showed a normal p16 genotype and mRNA expression,
which appeared not to be influenced by the immortaliza-
tion of these cells. In the PK-59 tumor cell line, the p16
gene copy number was approximately one-half of that in
HPDE cells, suggesting a heterozygous deletion. This
p16 mRNA, however, remained expressed in this cell line.

In contrast to p16, the c-myc genotype was not signif-
icantly different between the HPDE and adenocarcinoma
cell lines. The variation between cell lines was most likely
due to slightly unequal loading of the DNA samples, as
the same pattern of variation was also detected with the
c-met and EGFR genes.

Discussion

A large number of cultured and xenograft human pan-
creatic carcinoma cell lines were established, and they
have been widely used to study both the genotypic
and phenotypic changes that occur in pancreatic can-
cer.30, 39 In contrast, a method for the establishment of
cell lines from normal human pancreatic duct epithelium
(HPDE) was reported only recently.31 These HPDE cell
lines provide a chance to establish new and dynamic in
vitro models for mechanistic studies of human pancreatic
ductal carcinogenesis. These cells may also serve as the
appropriate control non-neoplastic duct cells for compar-

Figure 3. The p16INK4A genotype and its expression in pancreatic ductal cell
lines. A Southern blot analysis for p16 showed retention of normal p16 gene
in HPDE cell lines and its homozygous deletion in four of five PK lines. The
PK-59 cell line demonstrated 50% loss of hybridization signal, indicating
heterozygous deletion. In contrast to p16, the hybridization signals for c-myc,
c-met (hepatocyte growth factor receptor), and epidermal growth factor
receptor (EGFR) genes among HPDE and adenocarcinoma (PK) cell lines
were similar among these cell lines. Variability could be attributed to unequal
amounts of DNA samples. B Northern blot analysis showed expression of
p16 mRNA in all HPDE cell lines and in PK-59 but its absence in the other
four PK cell lines with homozygous deletion of the gene.

Figure 4. Immunoblot analyses for levels of EGFR, erbB2, and Met/HGFR
proteins in immortalized HPDE16-E6E6 (passage 23) and PK-9 cell lines.
Studies were performed on cells in preconfluent (PC) and confluent (C)
cultures. The levels of EGFR and Met/HGFR were not influenced by the
culture condition, but erbB2 levels were higher in confluent cells. Note also
the higher levels in PK-9 as compared with the HPDE6-E6E7 cells.
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ing the phenotypic changes that occur in human pancre-
atic cancer cell lines. We have demonstrated here that
the HPDE cell lines consistently showed low levels of
expression of many growth factors and RTKs that have
previously been reported to be overexpressed in human
pancreatic cancers. We also demonstrated that the
HPDE cells showed the normal genotype and expression
of the p16INK4A cyclin inhibitor, a gene that is almost
universally inactivated in pancreatic ductal carcinoma.38

We have previously reported that these HPDE cells have
wild-type Ki-ras genotype,31 another gene that is acti-
vated by point mutation in most (.90%) pancreatic duc-
tal carcinomas and in a significant proportion of hyper-
plastic pancreatic ductal lesions.40

The expression of protein and/or mRNA for EGFR,
TGF-a, erbB2, and Met/HGFR in HPDE cells is consistent
with reports that indicated low levels of immunoreactivity
for these proteins in the normal duct epithelium of human
pancreas.17–23, 27 In situ hybridization studies have also
demonstrated the expression of mRNAs for these genes
in the normal duct epithelium of human pancreas.17, 20

Some of these studies reported enhanced immunoreac-
tivity for EGFR, TGF-a, and Met/HGFR in ducts within
areas of chronic pancreatitis.18, 24–27 As chronic pancre-
atitis is most likely associated with duct cell regeneration
and proliferation, the latter findings suggest a partial
regulation of expression of these genes by the prolifera-
tive state in these duct cells. Except for erbB2, the ex-
pression of which was up-regulated, we were unable to
detect significant differences between the mRNA and/or
protein levels of EGFR, TGF-a, and Met/HGFR in rela-
tively quiescent cells in confluent cultures, as compared
with proliferative cells in preconfluent cultures. The find-
ings were also noted in the cancer cell line studied.
Unfortunately, due to the limited number of cells that we
could obtain from primary cultures of HPDE6 cells before
their entering senescence, we were unable to perform
similar studies on these truly normal cells. It has been
reported, however, that the E6E7 genes of HPV may
increase the levels of EGFR protein, and this appears to
be regulated at the posttranscription level.41

Although there is a heterogeneity of overexpression for
EGFR, erbB2, and TGF-a among cell lines, all five carci-
noma lines we studied demonstrated overexpression as
compared with HPDE cells on these genes. Furthermore,
all five carcinoma cell lines also showed marked down-
regulation of amphiregulin expression. The EGF family
agonist genes consist of several members, including
EGF, TGF-a, betacellulin, cripto, amphiregulin, and hep-
arin-binding EGF.36, 42 In contrast to other family mem-
bers of EGF, amphiregulin is a bifunctional growth factor
with predominantly a stimulatory effect on the growth of
normal cells, but an inhibitory effect on tumor cells.43, 44

Furthermore, the EGF receptor (EGFR) also has several
homologous family members including erbB2, erbB3,
and erbB4.45 These erbB family receptors can inter-
dimerize, but they demonstrate different binding affinities
to the different receptor forms.42 Therefore, our findings
suggest that a net enhancement of the expression,
hence, putatively, the activity of EGFR family autocrine
loops, is a commonly occurring biochemical event during

human pancreatic ductal carcinogenesis. Additional
studies are required to confirm their roles in the biology of
pancreatic ductal carcinomas.

These in vitro findings are consistent with the in vivo
data on expression levels of EGF and EGFR family gene
products in pancreatic ductal carcinoma. A strong immu-
nostaining of cancer cells and overexpression of EGFR,
EGF, heparin-binding EGF, and TGF-a mRNA and/or pro-
tein in primary cancerous as compared with normal pan-
creatic tissues have been reported.17, 18, 23, 25, 27 Expres-
sion of amphiregulin mRNA in both normal and
cancerous pancreatic tissue has also been reported.46

This study also reported a positive nuclear staining in
normal cells, whereas cancer cells stained cytoplasmi-
cally. The significance of this is currently unknown. We
were unable to detect EGF and cripto mRNA expression
in vitro in both the HPDE and PK carcinoma cell lines.
Similar findings were reported by Oikawa et al29 who
failed to detect any mRNA expression of EGF, heparin-
binding EGF, and cripto in all 12 carcinoma cell lines they
studied. In contrast, Tsutsumi et al22 and Friess et al23

have reported an immunoreactivity to cripto antibody in
duct epithelium of normal pancreas and chronic pancre-
atitis and also commonly in pancreatic ductal adenocar-
cinoma.

Our result indicating frequent overexpression of erbB2
among pancreatic carcinoma cell lines was similar to that
reported by Oikawa et al.29 Although normal pancreatic
duct epithelium consistently demonstrates absent or very
low levels of reactivity with various erbB2 antibodies,
strong immunoreactivity in cancer cells was detected in
45 to 70% of ductal adenocarcinoma cases.13, 19–21

Overexpression of erbB2 appears to be more frequent in
well or moderately differentiated than poorly differenti-
ated tumors, and it is overexpressed in an even greater
(.80%) percentage of hyperplastic and preneoplastic
pancreatic ductal lesions.21 The role of erbB2 overex-
pression in human pancreatic ductal carcinogenesis re-
quires additional investigations.

The overexpression of Met/HGFR appears to be com-
mon in human pancreatic cancer cell lines, which is
consistent with previous reports that pancreatic ductal
carcinoma cells in vivo overexpressed Met/HGFR as com-
pared with normal duct epithelium.26, 28 DiRenzo et al31

have also reported expression of Met/HGFR mRNA
and/or protein in all 31 pancreatic carcinoma cell lines
studied, but their findings could be evaluated only in a
relative term, as normal HPDE cells were not available for
comparison.

The current study also demonstrated that when com-
pared with the HPDE cells, pancreatic cancer cell lines
commonly overexpress KGF and VEGF. Siddiqi et al47

detected KGF mRNA expression by the RT-PCR method
in four of seven pancreatic carcinoma cell lines, and they
reported increased KGF mRNA levels in 44% of cancer-
ous as compared with normal pancreatic tissue. In our
hands, four of five cancer cell lines showed KGF mRNA
overexpression. Itakura et al48 recently reported the ex-
pression of VEGF mRNA and protein in all six human
pancreatic carcinoma cell lines they studied. In situ hy-
bridization and immunohistochemistry also demonstrated
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VEGF mRNA and protein overexpression in primary pan-
creatic ductal carcinoma cells as compared with normal
duct epithelium.

The cyclin inhibitor p16INK4A/MTS-1/CDKN2 is a critical
cell cycle regulator protein that is inactivated in almost all
pancreatic ductal adenocarcinomas.38 Inactivation oc-
curs by homozygous deletion in approximately one-half
of these tumors and by heterozygous deletion accompa-
nied by intragenic mutation or methylation silencing of the
remaining allele in the remaining cases. The inactivation
of the p16 gene putatively leads to deregulation of the
G1-phase cell cycle control. Consistent with these re-
sults, the p16 gene is also homozygously deleted in four
of five PK adenocarcinoma cell lines studied, with the fifth
cell line showing a heterozygous deletion.

In summary, we have demonstrated that, in contrast to
pancreatic ductal carcinoma cells, the phenotypic and
genotypic characteristics of HPDE cells resemble more
those of normal pancreatic ductal epithelium. We believe
the cultured HPDE cells and immortalized cell lines de-
rived from them are valuable for in vitro research in human
pancreatic carcinogenesis.
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