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Immortal epithelial cell lines were previously estab-
lished after transduction of the HPV16-E6E7 genes
into primary cultures of normal pancreatic duct epi-
thelial cells. Single clones were isolated that demon-
strated near normal genotype and phenotype. The
proliferation of HPDE6-E6E7c7 and c11 cells is an-
chorage-dependent, and they were nontumorigenic
in SCID mice. The cell lines demonstrated many phe-
notypes of normal pancreatic duct epithelium, in-
cluding mRNA expression of carbonic anhydrase II,
MUC-1, and cytokeratins 7, 8, 18, and 19. These cells
have normal Ki-ras, p53 , c-myc , and p16INK4A geno-
types. Cytogenetic studies demonstrated losses of 3p,
10p12, and 13q14, the latter included the Rb1 gene.
The wild-type p53 protein was detectable at very low
levels consistent with the presence of E6 gene prod-
uct, and the lack of functional p53 pathway was con-
firmed by the inability for g-irradiation to up-regulate
p53 and p21waf1/cip1 protein. The p110/Rb protein
level was also not detectable consistent with the ex-
pression of E7 protein and haploid loss of Rb1 gene.
Despite this, the proliferation of both c7 and c11 cells
were markedly inhibited by transforming growth fac-
tor-b1. This was associated with up-regulation of
p21cip1/waf1 but not p27kip1. Further studies
showed that p130/Rb2 and cyclin D3 were expressed,
suggesting that p130/Rb2 may have partially assumed
the maintenance of G1 cell cycle checkpoint regula-
tion. These results indicate that except for the loss of
p53 functional pathway, the two clones of HPDE6-
E6E7 cells demonstrated a near normal genotype and
phenotype of pancreatic duct epithelial cells. These
cell lines will be useful for future studies on the mo-
lecular basis of pancreatic duct cell carcinogenesis
and islet cell differentiation. (Am J Pathol 2000,
157:1623–1631)

Pancreatic cancer is the fourth commonest cause of can-
cer death in North America and has one of the worst

prognoses.1 Greater than 90% of these tumors arise from
the pancreatic duct epithelium. These tumors are highly
metastatic and only 20% of the patients are treated by
surgical resection.2 Even when the primary tumor is small
and localized, the prognosis remains poor and chemo-
therapy or radiotherapy has demonstrated limited effec-
tiveness.3,4 Therefore, it seems that a significant improve-
ment in pancreatic cancer mortality depends on the
development of better treatment and preventive strate-
gies, which require knowledge on the molecular biology
and pathogenesis of this disease. Recent definitions of
genetic changes that occur commonly in pancreatic can-
cer represent important first steps toward such a goal.5

Nevertheless, the availability of dynamic models remains
crucial to the study and understanding of the biological
significance of these genetic changes, especially in the
context of pancreatic duct epithelial cell carcinogenesis.

Our laboratory has previously reported the establish-
ment of primary and immortal epithelial cell lines from
normal human pancreatic ducts.6 We also reported that
in comparison with the pancreatic cancer cell lines, the
human pancreatic duct epithelial (HPDE) cells demon-
strated a gene expression pattern that more consistently
resembled the phenotype of normal cells rather than
cancerous duct cells in vivo.7 These similarities included
relatively low expression levels of various tyrosine kinase
receptors, a wild-type Ki-ras genotype, and the retention
and expression of p16INK4A gene. We have subse-
quently isolated several clones of these cell lines. We
report here the phenotypic and genotypic characteristics
of two of these cell lines that demonstrate anchorage-
dependent growth requirement and that are nontumori-
genic in immune-deficient mice.

Materials and Methods

Culture Media

The establishment of the HPDE6E76E7 (HPDE6) cell line
was previously reported,6 and it was routinely cultured in
keratinocyte serum-free (KSF) medium supplemented by
epidermal growth factor and bovine pituitary extract (Life
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Technologies, Inc., Grand Island, NY). Clones of HPDE6
cells were isolated using cloning rings. Primary cultures
of normal human bronchial epithelial cells were also es-
tablished in the supplemented KSF medium, as previ-
ously reported.8

Cell Growth Assays

To determine the effect of transforming growth factor-b1
(TGF-b1; R & D Systems, Minneapolis, MN), ;104 tryp-
sin-dissociated cells were plated in replicate wells of
Nunc’s 6-well tissue culture plates (Life Technologies,
Inc.). Two days after plating, the culture medium was
replaced with fresh supplemented KSF medium. Repli-
cate plates were also replaced with the same medium
containing 10 ng/ml of TGF-b1. Cells in triplicate wells
were counted during the subsequent 6 to 8 days, using
the Coulter’s ZM Cell/Particle Counter (Hialeah, FL). The
effect of 10 ng/ml of TGF-b1 was also assessed at the
colony-forming level by seeding 60-mm tissue culture
plates with 500 cells. The plates were stained with 4%
Giemsa solution (Sigma Chemical Co., St. Louis, MO),
and colonies with .10 cells were counted using a dis-
secting microscope.

The effect of TGF-b1 concentration on the proliferation
of HPDE cells was assessed by the [3H]-thymidine up-
take assay. Briefly, 4,000 cells were plated into each well
of Nunc’s 12-well tissue culture plates. Two days later,
the medium of groups of four replicate wells was
changed to fresh medium containing various concentra-
tions of TGF-b1. The cells were then cultured for addi-
tional 4 days. One mCi/ml of [3H]-thymidine (NEN Life
Science Products, Boston, MA) was then added to the
medium of each well, and the cells were cultured for an
additional 20 to 24 hours. To estimate the incorporation of
[3H]-thymidine into the DNA, the cells were washed three
times in cold phosphate-buffered saline, then were fixed
in three changes of cold 5% aqueous solution of trichlo-
roacetic acid (Sigma Chemical Co.) The cells were then
serially dehydrated in ice-cold 70%, 95%, and 100%
ethanol, and air-dried for at least 1 day. The incorporated
radioactivity in each well was solubilized by an overnight
incubation in 1 ml of 0.3 N NaOH at 37°C. After neutraliza-
tion with 0.1 ml 3 N HCl, the solute was transferred into
scintillation vials. After the addition of 5 ml Ecolite scintilla-
tion liquid (ICN, Costa Mesa, CA), they were counted using
the Beckmann’s scintillation counter model LS6000SC.

The ability of cells to grow anchorage-independently
was assayed by suspending them in KSF medium con-
taining 0.3% Bacto-agar (Difco, Detroit, MI), as described
previously.9 Cells were seeded at 104 or 5 3 104 cells per
60-mm plates, and allowed to form colonies in 4 weeks.

G-Banding, Spectral Karyotyping (SKY), and
Fluorescent in Situ Hybridization (FISH)

Cytogenetic preparations were made according to stan-
dard protocols using colcemid and KCl hypotonic treat-
ment.10 The slides were G-banded with trypsin (Difco)
and Leishman’s stain (Sigma) and scanned for meta-

phase spreads.10 For each cell line, 20 G-banded met-
aphases were karyotyped and their descriptions were
provided according to ISCN 95 nomenclature.11

The SKY kit probe cocktail from Applied Spectral Im-
aging (ASI, Carlsbad, CA) was hybridized to the cytoge-
netic preparation from the C7 clone according to stan-
dard protocols12,13 and the manufacturer’s instructions
(ASI). Briefly, the slide was treated with pepsin, fixed with
1% formaldehyde, dehydrated using an ascending ethyl
alcohol series, and denatured for 2 minutes in 70% for-
mamide/23 standard saline citrate at 70°C. The SKY
probe was denatured for 7 minutes at 75°C, re-annealed
at 37°C for 1 hour, and hybridized to denatured slide for
36 hours at 37°C. The posthybridization washes and
detection steps were performed per manufacturer’s in-
structions (ASI). The slide was counterstained by 4,6-
diamidino-2-phenylindole (Sigma).

The metaphase images were captured using a SD 200
spectral bio-imaging system (ASI Ltd., MigdalHaemek,
Israel) attached to a Zeiss microscope (Axioplan 2) and
stored on a SKY image-capture workstation. The images
were analyzed using the SKYView software version 1.5
(ASI), which resolves individual fluorochrome spectra by
Fourier spectroscopy and distinguishes the spectral sig-
natures for each chromosome to provide a unique
pseudocolor for each chromosome (classified image).
The determination of the position of rearrangement
breakpoints was performed according the G-banding as
well as spectral patterns.

Single color metaphase and interphase FISH analysis
using different centromeric probes was performed on
routine cytogenetic preparations from three different pas-
sages (P4, P14, P35) of clone C7 to determine the pro-
portion of aneusomies as an overall measure of segrega-
tion anomalies associated with chromosomal stability.
Probes for centromeres of chromosome 1 and 17 from
Roche-Boehringer Mannheim (Dorval, Québec, Canada)
were used for interphase and metaphase FISH. For each
probe and each passage, 200 metaphase/interphase nu-
clei were scanned and the number of signals per cell
counted independently by two individuals. To determine
copy number of the Rb1 gene, the retinoblastoma DNA
probe from Ventana was hybridized to a cytogenetic
preparation derived from P35 of clone C7.

Comparative Genomic Hybridization (CGH) and
Imaging

Cell line DNA was extracted using the standard phenol-
chloroform extraction method. Phytohemagglutinin-stim-
ulated normal lymphocytes were prepared as targets for
CGH experiments using standard protocol.14 Slides were
aged for 2 weeks before denaturation and proteinase K
treatment. CGH was preformed according to the stan-
dard protocols.14,15 Briefly, reference and test DNA were
labeled with digoxigenin and biotin, respectively. Biotin-
ylated DNA was detected using avidin-fluorescein iso-
thiocyanate (Oncor Inc., Gaithersburg, MD) whereas
digoxigenin-labeled DNA was detected with anti-dig-rho-
damine (Boehringer Mannheim, Mannheim, Germany). At
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least five images were captured per case using a Nikon
Microphot microscope connected to a Photometrics
(Tucson, AZ) SenSys KAF 1400 charge-coupled device
(CCD) camera for the analysis. The QuipXL Genetics
Workstation (Vysis Inc., Downers Grove, IL) was used for
the image analysis. The image analyzing software calcu-
lates an average ratio of fluorescein isothiocyanate:rho-
damine and expressed it as a green:red ratio for each
metaphase with a 95% confidence limit. Gains or losses
of chromosomal regions were detected when the fluores-
cent intensity ratio deviated from 1. The lower and upper
limit of gain and loss was established by performing the
control CGH experiments with DNA derived from normal
male and female tissues. Based on these findings, the
cut-off values were set at 1.25 and 0.80, with a 95%
confidence limit. Analysis was excluded from the follow-
ing regions: centromere, acrocentric p-arms, teleomere,
and heterochromatic-rich areas.16–18

RNA Expression Assays

Total cellular RNA was isolated using the acid guani-
dinium thiocyanate-phenol-chloroform technique, as pre-
viously reported. The RNA was digested with RNase-free
DNase I and reverse-transcribed using the murine Molo-
ney leukemia virus reverse transcriptase, and aliquots of
the product was used as template for polymerase chain
reaction. The quality of reverse transcriptase reaction
was checked first by amplification using the b-actin prim-
ers.19 The primer set for carbonic anhydrase-II consists
of forward primer (nucleotides 56 to 77): 59-GCTCTAG-
ACCATGTCCCATCAC-39 and reverse primer (nucleo-
tides 541 to 520): 59-GGAATTCTGAAGGCCCGGTTTAG-
39. The primers for MUC-1 were forward primer (nucleotides
2958 to 2979) 59-GAAGATCTGCATCAGGCTCAGC-39 and
reverse primer (nucleotides 3645 to 3624) 59-GGAATTCTT-
TCGGCGGCACTGAG-39.

Global gene expression was also studied using the
Atlas Human Cancer cDNA Expression Array filter
(Clonetech, Palo Alto, CA) as per instruction provided in
user’s manual. 32P-labeled cDNA was generated by re-
verse-transcription using 5 mg of total cellular RNA as
template. The labeled probe was purified with a Chro-
maSpin-200 (Clontech) column, and hybridized to the
Atlas membrane at 68°C overnight. After repeated wash-
ing as recommended, the filter was exposed to X-ray film
overnight.

Protein Immunoblot and Immunoprecipitation
Assays

Antibodies to HPV16-E7 (ED17), p21waf1 (C-19), and
Smad4 (B-8) were purchased from Santa Cruz Biotech-
nology (Santa Cruz Biotechology, Santa Cruz, CA). Anti-
bodies to Rb, Rb2/p130, and p27Kip1/p2, cyclin D3,
cyclin B, and cdk-4 were obtained from Transduction
Laboratory (Mississauga, Ontario, Canada). Western blot
was performed as previously described.7

Antibodies to p53 protein were purified from superna-
tants of hybridoma clones. These included pAb 240 that

was specific for mutant p53 protein, and pAb 421 and
pAb 1620 that were reactive only to wild-type p53 protein.
To perform immunoprecipitation, cellular proteins were
extracted with cell lysis buffer, and the cleared superna-
tant was incubated with the appropriate p53 antibody at
4°C for 2 hours, then 30 ml of protein A Sepharose was
added. After a further 1 hour of incubation at 4°C, the
protein-A beads were centrifuged and washed, and then
boiled in 30 ml of loading buffer containing 100 mmol/L
dithiothreitol. After electrophoretic separation in poly-
acrylamide gel, the proteins were transferred onto poly-
vinylidene difluoride filter membrane (Boehringer Mann-
heim), then immunoblotted with p53 antibody, and
revealed by the Chemiluminescence Western Biotin kit of
Boehringer Mannheim.

g-Irradiation

Five hundred thousand cells were grown to confluence in
replicate 60-mm tissue culture dishes, then cultured for a
further 2 days but with a daily change of fresh medium.
The culture plates were then exposed to 5-Gy g-irradia-
tion from a 137Cs source Gammacell-40 Exactor irradiator
(Nordion International Inc., Kanata, Ontario, Canada).
Sham control plates were brought to room temperature
for the same length of time. The plates were then returned
to the tissue culture incubator, and paired irradiated and
control plates were removed at varying times for protein
extraction.

Biochemical Analysis of TGF-b1-Treated Cells

Replicate plates of cultured cells growing to ;80% con-
fluence were used in this series of experiments. Treat-
ment was initiated by replacing the medium with fresh
medium containing 20ng/ml TGF-b1 (R & D Systems).
The control plates were concurrently replaced with fresh
medium only. Total cellular protein from both TGF-b1-
treated and control plates was serially collected at 3, 6, 9,
and 24 hours later.

Results

Establishment of Clonal HPDE Cell Lines

As previously reported, the HPDE6-E6E7 cells underwent
growth crisis at approximately passage 12, but immortal
clones emerged and have subsequently been propa-
gated for .40 passages.6 At passage 18, the cells were
plated at a colony forming density of 100 cells per
100-mm plate. The colonies that formed were isolated
using steel cloning rings, and four clones were chosen
randomly for further studies. Two clones (c7 and c11) that
showed paradiploid DNA index by flow cytometry were
also characterized for their karyotypic changes and
growth properties. These two clones have been cultured
for up to 35 passages and have shown no appreciable
changes in both the morphology and growth character-
istics. These cell lines also demonstrate telomerase ac-
tivity as detected by the telomere repeat amplification
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(TRAP) assay (data not shown). These clones are here-
with referred to as HPDE6c7 and HPDE6c11 cell lines.

Gene Expression of HPDE6-E6E7 Clones

Reverse transcriptase-polymerase chain reaction dem-
onstrated that the pre-immortalized HPDE6-E6E7 cells at
passage 6 (P6), its immortal line (P17), and clones iso-
lated from the latter expressed mRNAs of carbonic an-
hydrase-II and MUC-1 (Figure 1A). Northern blot analy-
ses confirmed the mRNA expression of p16INK4A and
c-myc (Figure 1C). The levels of p16INK4A mRNA expres-
sion in cells transduced with the E6E7 genes were much
higher than that in the primary cultured HPDE6 cells, but
the transcript was normal in size. Southern blot analyses
demonstrated that all clones retained a normal copy
number of p16, c-myc, and p53 genes (Figure 1D). Using
the Atlas cDNA array analyses, we also demonstrated
high-level expression of cytokeratin-7, -14, and -18 (Fig-
ure 1B). Lower level expression of cytokeratin-2, -8, and
-19 was also noted.

Chromosomal Constitution of c7 and c11
Clones

The chromosomal compositions of HPDE6c7 and HPDE6c11
cells were studied in more detail using both G-banding
and SKY. Both clones demonstrated an almost identical
hypodiploid karyotype (45/44, XX) with numerical and
some structural changes (Figure 2, A and C). The common
aberrations were der (3;14) (q10;q10), del(10p)(p11), der
(17)t(13;17)(q21;p13), and 120. The c7 clone additionally

demonstrated a der (8)t(8;9)(q24;?), whereas c11 clone
showed a 222. The CGH studies were compatible with
the karyotypic findings and demonstrated chromosomal
losses on 3p, 10p12, and 13q14 in both cell lines, but a
loss of chromosome 22 in c11 only (Figure 2, B and D). A
gain on 20 was also evident in both clones.

Chromosomal Stability

FISH analysis using centromeric DNA probes of two chro-
mosomes (1 and 17) on P4, P14, and P35 cells of
HPDE6c7 line showed relatively stable karyotype with
passaging (Figure 3, A–C). P35 cells of HPDE6c7 line
showed relatively stable karyotype with passaging (Fig-
ure 3, A–C). Some cells with one to four chromosome 1
signals were noted but the frequency did not change with
increasing passage number. Such variation was not seen
with chromosome 17. FISH analysis also confirmed the
loss of one Rb1 allele as a consequence of an unbalanced
translocation of 13q to chromosome 17 (Figure 3D).

Growth Properties of c7 and c11 Cells

In KSF medium, the HPDE6c7 and c11 clones prolifer-
ated with population doubling times of 24 to 32 hours.
Similar to the parental HPDE6-E6E7 cells, the growth of
these immortal HPDE clones were inhibited by TGF-b1
(Figure 4, A and B). Inhibition was evident starting at 0.1
ng/ml, and became maximal at ;1 ng/ml concentration
(Figure 4C). At 4 3 104 cells/60-mm plate seeding den-
sity, both clones failed to form colonies in soft agar. The
implantation of two million cells into the neck fat pad of

Figure 1. Gene expression in HPDE6-E6E7 cells and their clones. A: Reverse transcriptase-polymerase chain reaction analyses showed the mRNA expression of
carbonic anhydrase-II and MUC-1 genes in the pre-immortalized HPDE6-E6E7 cells and its immortal clones (c2–c11). B: cDNA microarray hybridization was used
to demonstrate the expression of various cytokeratin mRNA in HPDE6-E6E7c7 cells. C: The immortal HPDE6-E6E7 (P17) cells and the clones expressed high levels
of p16 mRNA expression, whereas the primary cultured HPDE6 cells that were not exposed to the E6E7 retrovirus showed low levels of p16 mRNA. D: Southern
blot analysis confirmed the presence of same copy number of p16, p53, and c-myc genes in the various HPDE6-E6E7 clones.
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SCID mice did not result in tumor formation for up to 6
months.

Deregulation of p53 Pathway in HPDE6c7 Cells

HPDE6c7 cells demonstrated a very low level of p53
protein that was detectable by immunoprecipitation (Fig-
ure 5A), and both p53 and 21wafl/cipl proteins (Figure
5B) and mRNA (data not shown) were not inducible by
g-ray irradiation. As a control, primary cultured normal
human bronchial epithelial cells showed normal up-reg-
ulation of p53 and p21 after radiation (Figure 5B). The
low-level p53 protein that was detectable by immunopre-
cipitation was reactive with antibodies pAb1620 and pAb
421 that detect wild-type p53, but was not recognized by
antibody pAb 240 that reacts exclusively with p53 protein
with mutations in amino acids 213 to 217 (Figure 5A).
These results indicated that HPDE6c7 cells and most
likely its sister clones expressed wild-type protein but at
a markedly low level resulting from the expression of E6
gene that was transduced during the establishment of the
HPDE6-E6E7 cell line.

Rb and TGF-b Pathways

Western blot analysis demonstrated a marked reduction
of Rb protein level in HPDE6c7 cells (Figure 6A), but high
levels of Rb2/p130 protein. The low level of Rb protein is
consistent with the presence of HPV16E7 protein (Figure
6B). Interestingly, the p16INK4A mRNA levels in all

HPDE6-E6E7 clones were markedly higher than that in
the parental primary cultured HPDE6 cells (Figure 1C).

The ability of TGF-b1 to inhibit the proliferation of the c7
and c11 clones of HPDE6-E6E7 cells indicated the pres-
ervation and expression of normal molecules involved in
TGF-b signal transduction pathway. This was studied in
greater detail with the c7 clone. Western blot analysis
confirmed the expression of Smad-2/3 and Smad-4 pro-
teins in these cells (Figure 6A). Growth inhibition by
TGF-b1 (10 ng/ml) was associated with an up-regulation
of the p21wafl/cipl protein 3 hours after exposure to TGF-
b1, and of the p27kipl 24 hours after treatment (Figure
6C). No change in the levels of cyclin D3, cyclin B, and
Cdk4 was noted.

Discussion

We have demonstrated that it is possible to obtain im-
mortal HPDE cell lines with near-normal genotype and
phenotype. These clonal lines were established from a
primary culture of normal human pancreatic duct epithe-
lium, and the E6 and E7 genes of human papilloma virus
(HPV)-16 was used to immortalize these duct cells. Intro-
duction of immortalizing genes such as the E6E7 or SV40
large T antigen have been necessary to establish immor-
tal human epithelial cell lines, hence the establishment of
a completely normal HPDE cell line is currently not yet
possible. Recent reports indicated that the expression of
the catalytic component of the telomerase (hTERT) gene

Figure 2. Cytogenetic characterization of the HPDE6-E6E7 c7 and c11 cells. Analyses were performed using cells between passage 4 to 6. A: SKY of c7 cells
showing the various chromosomal translocations. B and D: The results of CGH analyses on the c7 and c11 cells. C: Inverse-DAPI karyotyping of c11 clones
showing results that are consistent with both SKY and CGH findings.
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is capable of immortalizing human fibroblasts,20,21 but
disruption of additional pathways, such as the one regu-
lated by Rb/p16 seems essential to achieve this effect in
keratinocytes or mammary epithelial cells.22 However,
the critical pathways and genes responsible for cellular
immortalization are also commonly aberrant in human
cancer cells, especially pancreatic ductal carcinoma. In-
activation of the G1 cell cycle checkpoint regulated by
the Rb-p16 pathway seems to occur in almost all, and
p53 mutations in 50 to 70% of this cancer.5 Thus, despite
the putative inactivation of the p53 and Rb pathways,
HPDE6E6E7 clones will be very useful as in vitro models
to study the molecular basis of human ductal carcinogen-
esis, and possibly also the differentiation of duct cells into
islet cells.

We have previously reported that as compared to a
series of pancreatic duct carcinoma cell lines, HPDE cell
lines expressed significantly lower levels of several
growth factors and tyrosine kinase receptors commonly
overexpressed in pancreatic ductal carcinoma.7 The
findings indicated that the phenotypes of HPDE cells
more closely resembled the normal duct epithelium than
carcinoma cells in vivo. We demonstrate here that the
HPDE cells also expressed several characteristic struc-
tural and functional genes expressed in normal pancre-
atic duct epithelium. These included the CK-7, -8, -18,
and -19; carbonic anhydrase-II; and MUC-1 apomucin

genes.23–25 The expression of these CK genes are char-
acteristic of simple epithelial cells, and was also demon-
strated in primary cultured normal human pancreatic
duct cells.26–28 Our HPDE6c7 cells additionally also ex-
pressed high levels of CK14, which apparently was ex-
pressed only in ,5% cells of normal duct epithelium.
Several possibilities can be postulated to explain the
expression of CK14 gene in HPDE-E6E7 cells. It is pos-
sible that this was an adaptive change in gene expres-
sion as a consequence of long-term culture, or as the
result of HPV16-E6E7 gene expression. It is also possible
that clone 7 cells originated from a subpopulation of
human pancreatic ductal cells that constitutively ex-
pressed CK14. Note that epithelial cell lines established
from adult rat pancreas expressed CK14 additional to
CK7 and CK8, but adult rat pancreas is not known to
express CK14. Further studies are necessary to clarify
the importance of CK14 expression in immortal HPDE cell
lines.

We have used both conventional and modern cytoge-
netic techniques to characterize the karyotypic and
genomic changes in HPDE6-E6E7 c7 and c11 cells. Ex-
cept for one copy gain of chromosome 20 and an addi-
tional copy loss of chromosome 22 in HPDE6c11 cells,
other karyotypic changes involved small chromosomal
losses that are associated with structural changes on 3p,
10p12, and 13q14. The latter included a haploid loss of

Figure 3. FISH analysis to demonstrate chromosomal stability of HPDE6c7 cells. A and B: The distribution of nuclei with various numbers of chromosome 1 and
17 in cells at three different passages (4, 14, and 35). C: A representative image of interphase and metaphase FISH using the probe for chromosome 1 centromere
in HPDE6C7 cells at passage 14. D: FISH demonstration of haploid loss of Rb gene with interphase nuclei showing doublet staining for cells in G2 phase.

1628 Ouyang et al
AJP November 2000, Vol. 157, No. 5



the Rb gene. It is of interest to note that gain of whole
chromosome 20 and deletions on 3p and 13q have been
reported to occur commonly in primary pancreatic ductal
carcinoma.29–33 Homozygous intragenic deletions of the
FHIT gene located in 3p14.2 have been reported in ap-
proximately one third of primary tumor and cell lines of
pancreatic cancer.34–36 Our results suggest that at least
these chromosomal losses and gain in combination with
HPV16-E6E7 genes are not sufficient for malignant trans-
formation of human pancreatic duct cells.

The expression of E6E7 genes putatively should inac-
tivate the p53 and Rb pathways, and these abnormalities

clearly were not sufficient to induce malignant transfor-
mation of HPDE cells. Both clones of HPDE6E6E7 cells
were neither tumorigenic in immune-deficient mice, nor
were anchorage-independent in their growth require-
ment. This is consistent with previous results on the effect
of E6E7 genes in various other human epithelial cells, and
the need of other genetic abnormalities such as ras on-
cogene as a co-factor for the malignant transformation of
human epithelial cells.22,37 Previous reports, however,
indicated that an intact Rb pathway is essential for me-
diating the mito-inhibitory effect of TGF-b1.38 The prolif-
eration of both HPDE6 clone 7 and 11 cells were partially
but significantly inhibited by TGF-b1, and this was asso-
ciated with the up-regulation of p21cip1 and p27kip1. The
expression of Smads-2/3/4 was consistent with this pres-
ervation of the TGF-b1-signaling pathway. In most normal
epithelial cells including Mv1 Lu mink lung epithelial cells
and primary cultured human keratinocytes, growth inhi-
bition by TGF-b1 resulted from increased expression of

Figure 4. The inhibition of proliferation of HPDE6c7 and c11 cells by TGF-
b1. Shown are the effects of 10 ng/ml of TGF-b1 on the growth of these cells
(A and B), and the inhibitory response of DNA synthesis to various concen-
trations of TGF-b1 (C).

Figure 5. Inactivation of the p53 pathway in HPDE6-E6E7c7 cells. A: These
cells showed low-level expression of wild-type p53 protein as recognized by
both pAb 421 and pAb 1802 but not by pAb 240 antibodies. B: Irradiation
with g-ray failed to induce p53 and p21 proteins in HPDE6c7 cells. As
control, normal bronchial epithelial cells showed the normal response to
g-irradiation.

Figure 6. The Rb pathway in HPDE cells. A: The HPDE6-E6E7c7 cells
demonstrated no detectable pRb/p110 level, but p130 was present at high
levels. These cells also demonstrated Smad-2/3 and Smad-4 protein expres-
sion. As comparison and positive control for Rb/p110, the human bronchial
epithelial cells were similarly analyzed. B: The HPV16-E7 protein was ex-
pressed in HPDE6-E6E7c7 cells and Kaski cervical squamous cell carcinoma
cell line, but not in NIH3T3 cells. C: Treatment of the HPDE6c7 cells by
20 ng/ml of TGF-b1 induced up-regulation of p21 protein as early as 3
hours after treatment, but induction of p27 was delayed up to later than
6 hours. As expected, TGF-b1 failed to modulate the levels of cyclin D3,
cyclin B, and cdk4.
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p15INK4B, p27kip1, and p21cip1 that caused the inhibi-
tion of the cyclinD:Cdk4/6 and cyclinE:Cdk2 activi-
ties.38–40 The former requires the presence of Rb, hence
HPDE6-E6E7 cells are expected to be resistant to TGF-
b1. An Rb family member p130/Rb2 gene may also exert
similar G1/S cell cycle regulatory function, and it is also
phosphorylated by G1 cyclin-associated Cdks.41 TGF-
b1-induced p21cip1/waf1 up-regulation can also in-
crease the levels and stability of hyperphosphorylated
p130/Rb, hence induce G1 growth arrest.42 In contrast to
Rb, however, binding of E7 to p130/Rb does not lead to
increase proteolytic degradation.43 The results suggest
that the G1 cell-cycle checkpoint regulation may still be
intact in HPDE6-E6E7 cells, and the p130/Rb2 may have
assumed this important function in place of the p110/Rb.
This hypothesis remains to be tested.

We have also shown that despite the loss of wild-type
p53 protein function, the HPDE6c7 cells demonstrated
chromosomal stability. Chromosomal instability is defined
as alterations of chromosome number involving losses or
gains of whole chromosomes.44–46 In contrast to micro-
satellite instability which is a recessive trait and is caused
by defects in mismatch repair genes resulting in genomic
losses at the nucleotide sequence level, chromosomal
instability seems to be a dominant phenotype that is
consistently associated with the loss of spindle check-
point control.44,45 The p53 gene has been considered as
a “guardian” of the genome and its loss may result in
genomic and/or chromosomal instability.47 Gualberto et
al48 have reported that certain missense p53 mutants
may cause the failure of cells to arrest at 4n after treat-
ment with colcemid. The generation of polyploid cells
may result in chromosomal instability through random
losses of chromosomes and generation of aneuploidy.
On the other hand, the loss of p53 protein caused by
expression of the HPV16-E6 gene seemed to result in the
maintenance of normal spindle checkpoint control. Our
results also suggests that loss of the wild-type p53 pro-
tein and its function is not sufficient to induce chromo-
somal instability.

In conclusion, aside from the apparent loss of wild-
type p53 protein function and the presence of a limited
number of genetic changes, the chromosomally stable
clones of HPDE6-E6E7 cells show phenotypic resem-
blance to normal pancreatic duct epithelial cells. These
immortal cell lines will be useful as in vitro models for
future studies in pancreatic duct cell carcinogenesis and
differentiation.
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