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Abstract
Background-The molecular mechan-
isms mediating the antiproliferative
effects of interferon a on human pan-
creatic carcinoma celis are poorly under-
stood.
Aim-To characterise the effects of inter-
feron a on protein kinase C isoenzyme
expression in interferon a sensitive and
resistant human pancreatic tumour cell
lines.
Methods-The ductal human pancreatic
carcinoma celi lines Capan 1 and Capan 2
were investigated. Anchorage dependent
and independent growth was determined
by cell number and a human tumour
clonogenic assay. Interferon a receptor
expression was examined by reverse-
transcriptase polymerase chain reaction
and electrophoretic mobility shift assay.
Protein kinase C isoenzyme expression
was evaluated by western blotting using
monospecific polyclonal antibodies.
Results-Interferon a treatment results in
a time and dose dependent inhibition of
anchorage dependent and independent
growth in Capan 1 cells while Capan 2
cells were not affected by interferon a.
Both cell lines express interferon a
receptor mRNA transcripts. Growth inhi-
bition by interferon a in Capan 1 cells was
paralleled by a profound decrease of
protein kinase C a and 4 expression while
these isoenzymes were unaffected in the
interferon resistant cell line Capan 2.
Conclusion-Inhibition of protein kinase
C isoenzyme expression might determine
the sensitivity of a given pancreatic
carcinoma to respond to the antiprolifera-
tive action ofinterferon a.
(Gut 1996; 39: 255-261)

Keywords: pancreatic cancer, interferon, pancreatic
growth, protein kinase C.

Pancreatic adenocarcinoma accounts for 25%
of all gastrointestinal cancer related death.'
Most patients present with advanced disease at
the time of diagnosis and can therefore not be
considered for surgical resection.2 Conven-
tional chemotherapy has not resulted in a
significant survival benefit over the past 30
years, and the average survival time is still
measured in months.3 Given this therapeutic
dilemma, recent research efforts have focused
on identifying compounds that might improve

the antitumour activity of established chemo-
therapeutic agents. In this context numerous in
vivo and in vitro studies have shown that
biological response modifiers such as cytokines
or interferons can increase the antiproliferative
effects by a variety of mechanisms.

Interferons are a family of naturally occurring
glycoproteins that share antiviral, immuno-
modulatory, and antiproliferative effects. The
interaction of interferon ax (IFNoa) with 5-
fluorouracil (5-FU), the mainstay of conven-
tional chemotherapy for pancreatic cancer, has
been of particular interest. This is based on the
finding that IFNoa can increase the cytotoxic
effects of 5-FU by a variety of mechanisms such
as increased formation of active metabolite,
inhibition of thymidine kinase, and decreased
thymidine uptake (reviewed in reference 4). In
addition to the pharmacological modification of
cytotoxic drugs, IFNa displays direct antiprolif-
erative effects on a variety oftumour cells in vivo
and in vitro. However, the molecular mecha-
nisms by which IFNcx exerts its antiproliferative
effects are still poorly understood. After binding
to a high affinity plasma membrane receptor,
IFNa rapidly but transiently stimulates the
transcription of the IFN stimulated gene (ISG)
family via at least three IFN inducible transcrip-
tion factors (reviewed in reference 5). In addi-
tion to the transient transcriptional induction of
IFN regulated genes, recent experimental evi-
dence suggests, that regulation ofprotein kinase
C (PKC) isoenzyme expression might play a key
part in the modulation of growth by IFNao.9
We have recently observed that PKCa plays a
central part in maintaining proliferation in
human pancreatic carcinoma cells in vitro:
stable transfection of a PKCa antisense con-
struct, which results in inhibition of PKCa pro-
tein expression, shows significant inhibition of
growth in a human pancreatic carcinoma cell
line (Rosewicz et al, manuscript in preparation).
Based on these findings, the aim of this study
was to investigate the effects of IFNao on PKC
isoenzyme expression in human pancreatic car-
cinoma cells and to correlate these effects with
IFNox ability to inhibit growth.

Methods

Materials
The following cell lines were obtained from the
American Type Tissue Culture Collection:
human pancreatic carcinoma cell lines Capan
1, Capan 2, and Panc. The human pancreatic
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carcinoma cell line DAN-G was obtained from
Deutsche Krebsforschungszentrum (Heidel-
berg, Germany). Dulbecco's modified Eagle
medium (DMEM) and polyclonal antisera
against PKC isoenzymes were obtained from
Gibco (Berlin, Germany), and fetal calf serum
from Biochrom (Berlin, Germany). Moloney
murine leukaemia virus reverse transcriptase
(M-MLV) was from Bethesda Research
Laboratories (BRL, Bethesda, MD, USA);
restriction enzymes from Boehringer
Mannheim (Mannheim, Germany); Thermus
aquaticus DNA polymerase from Promega
(Heidelberg, Germany). All other chemicals
were of analytical grade and purchased from
Sigma (Deisenhofen, Germany).

Cell culture
All cell lines were grown as subconfluent
monolayer cultures supplemented with 10%
(vol/vol) fetal calf serum, penicillin (100
U/ml), and streptomycin (100 U/ml). The cells
were kept under 95% air and 5% CO2 at 37°C.
All experiments were performed in the log
phase of growth after the cells had been plated
for 24 hours unless otherwise stated. Human
recombinant IFNa was kindly provided by
Hoffmann-LaRoche (Basel, Switzerland).
Control cells received the same amount of
vehicle. Cell viability was routinely checked by
trypan blue exclusion and was consistently
found to be >95%.

Growth assays
After mild trypsinisation, cells were plated in
22 mm culture dishes at a density of 100 000
cells/well in the presence ofDMEM containing
10% fetal calf serum. After an attachment
period of 24 hours IFNot was added from a
stock solution in the appropriate concentra-
tion. Control cells received vehicle alone. At
the indicated times, cells were washed with
154 mM NaCl and then harvested by tryp-
sinisation. Cells were then resuspended in
phosphate buffered saline to ensure a single
cell suspension. Viable cells were counted in a
haemocytometer by trypan blue exclusion.
Triplicate wells were analysed for each time
point.

Human tumour clonogenic assay (HTCA)
For evaluation of clonal growth of the pan-
creatic tumour cell lines a methylcellulose
HTCA was used. Cells were detached by
trypsinisation and washed with their own
growth medium, resuspended with 1 ml RPMI
1640 (GIBCO, Berlin, Germany) plus 10%
fetal calf serum and counted by trypan blue
staining to yield a final concentration of 3X 104
cells/ml. Viability of the cells >950/o was
required before cells were taken for an experi-
ment. Methylcellulose solution was produced
by boiling 0 5 1 distilled water with 21 g of
methylcellulose. Five hundred ml cold Iscoves
modified Dulbecco's medium (double concen-
trated, GIBCO, Berlin, Germany) was added
to the methylcellulose after cooling down to

37°C. The mixture was kept in 3.6 ml aliquots
at -20°C. Agar was made by boiling 3 g Difco
agar (Agar Noble; Difco Lab, Detroit, MI,
USA) in 100 ml distilled water for 30 minutes
and consecutively 10 ml of the boiled agar
were added to 20 ml RPMI 1640 prewarmed
to 37°C. The incubation mixture was made up
of 3.6 ml methylcellulose solution, 2.7 ml
Hyclone fetal calf serum, 0.06 ml mercap-
toethanol, 0.3 ml cell suspension, 0.8 ml
Iscove's, and 1.6 ml Agar/RPMI 1640 mixture.
This incubation mixture was vortexed
thoroughly and kept in the dark at 37°C for 20
minutes. IFNa or control vehicle were added
to 35 mm dishes as a solution of 0. 1 ml RPMI
1640 containing 0. 1% bovine serum albumin.
An aliquot of 1 ml of the incubation mixture
was then added to the 35 mm dishes. This final
incubation mixture contained the final IFNoa
concentrations as indicated in the results, thus
tumour cells were exposed to IFNot for the
complete assay period. The colony formation
was evaluated with an inverted microscope
after an incubation period of 10 days at 37°C,
pH 7.2, and 5% CO2. Only colonies contain-
ing more than 20 cells were counted.

Western blotting
Cells were washed twice with phosphate
buffered saline (PBS) and detached from
culture dishes with a plastic cell scraper. Cells
were homogenised in PBS containing 1 mM
phenyl-methyl-sulphonyl-fluorid (PMSF), 1
mM MgCl2 and 20 mg/ml DNase by 25 up and
down strokes in a tightly fitting glass
homogeniser. After incubation at room tem-
perature for 30 minutes, 2 mM EDTA was
added followed by a short low-speed centri-
fugation step. Protein concentration was
determined according to Bradford10 using the
BioRad reagent (BioRad, Richmond, USA).
Fifty ,ug protein for each condition were
separated by 7.5% SDS-PAGE (sodium dode-
cylsulphate polyacrylamide gelelectrophoresis)
and electroblotted onto nitrocellulose. Filters
were blocked in PBS, 0.050/o TWEEN 20 and
1% bovine serum albumin (BSA) for one hour
at room temperature. PKC isoenzymes were
detected by monospecific polyclonal anti-
bodies (GIBCO) following the instructions
provided by the supplier. After sequentially
washing the filters with PBS, 0.05% TWEEN
20, 0-05% Triton-X 100/PBS, TWEEN 20,
0.5 M NaCl/PBS, 0.05% TWEEN 20, detec-
tion was performed using a second alkaline
phosphatase conjugated antirabbit antibody.
The detected signal was quantified by laser
densitometry.

Reverse transcriptase - polymerase chain reaction
(RT-PCR) analysis
Reverse transcription of RNA from cell lines
was performed using 1 ptg total RNA, 100 pM
random hexamer primer, 1 mM dithiotreiol, 6
mM Mg2+, 500 ,uM of each dNTP, 20 units
RNAsin (Promega, Heidelberg, Germany) and
Moloney murine leukaemia virus reverse tran-
scriptase. The reverse transcriptase mixture
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Figure 1: Effects ofIFNa on anchorage independent growth. The effects ofIFNa on

anchorage independent growth ofCapan 1 and Capan 2 cells were analysed in a hum
tumour clonogenic assay as described in 'Methods'. Cells were treated with the indicat
concentrations ofIFNa or vehicle and the number of colonies was determined after 10
days. Shown is the mean (SEM) of six independent experiments, each performed in
triplicate (*p<0.05).

was used directly as a template for PC
a 1:20 dilution. For amplification,
following receptor specific 5'-primers an

primers were designed complementary t
human IFNa receptor nucleotide sequen

5'-AGCGATGAGTCTGTCGGG-3' an

GGCGTGGAGCCACTGAAC-3'. The
pected molecular size of the PCR amplific,
product was 639 bp. The reaction was ca

out in 10 mM TRIS-HCI buffer (pH 9 0)
taining 50 mM KC1, 0.01% Triton X-1
mM MgCl2, 200 ,uM of each dNTP,50 p

each primer and 2.5 U Thermus aqua
DNA polymerase in a final volume of 5
Amplification conditions for 35 cycles
carried out as follows: denaturation
30 seconds at 92°C, annealing at 60°C fc
seconds, extension for 90 seconds at
with increasing five seconds each c
Extension was carried out for an addit
10 minutes after completion of all 35 c:

Electrophoretic mobility shift assay
Nuclear extracts from Capan 2 cells were
pared by the micropreparation techn
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Figure 2: Effects ofIFNa on anchorage dependent growth. Capan 1 cells (105 per pi
were incubated with vehicle or IFNa (1000 IU/ml). At the indicated time points cell
counted in triplicate wells. Shown is the mean (SEM) offive independent experimen
('p<00S).

exactly as previously described.'1 Three pKg of
nuclear protein extracts were incubated on ice
for 15 minutes with 2 ,ug of poly [d(I-C)]/poly
[(I-C)] in 20 mM TRIS-HCI pH 7 9, 1 mM
EDTA, 0O1% NP-40, lmM dithiotreitol,
6-25% Ficoll, 0O 1 ,g/pJ BSA in a final reaction
volume of 25 p,l. Electrophoretic mobility shift
assays were performed with a double stranded
oligonucleotide corresponding to the sequence

-1 13 to -74 of the human 2-5(A)-synthetase
gene encoding the ISRE region: 5'-

CTCCTCCCTTCTGAGGAAACGAAACC
AACAGCAGTCCAAG-3'.'2 The oligo-
nucleotide was end labelled with [,y-32P]-ATP
by a T4 polynucleotide kinase reaction and

ian unincorporated nucleotides were removed by
ted passing the reaction mixture over a DE52

anion exchange column (Whatman, Maid-
stone, England). A total of 0.5 ng radioactively
labelled double stranded oligonucleotide was

R in added to each reaction and incubated for 30
the minutes at room temperature. For quantitative

d 3'- comparisons competition experiments were

D the performed by adding a 50-fold to 100-fold
ce11: molar excess of unlabelled oligonucleotide to
d 5'- the reaction before adding the radioactive
ex- probe. The samples were then loaded on a 6%

ation polyacrylamide gel containing 0.5XTBE and
rried 10% glycerine (w/v). The gel was run at 250 V
con- in 0-5XTBE at 4°C or three to four hours and
)0, 1 subsequently fixed, dried, and exposed to x ray

,M of film. Scanning of the autoradiogram was

lticus performed by a laser scanner (Biometra,
0 ,u. Germany).
were

for
Dr 90 Statistics
72°C Results were evaluated statistically by the
-ycle. Mann-Whitney test. p Values <0 05 were

ional considered to be significant.
ycles.

Results

pre- Differential regulation ofgrowth by IFNa
iique, We initially evaluated the effects of IFNox on

two human ductal pancreatic carcinoma cell
lines, Capan 1 and Capan 2. We have pre-

viously shown by intermediate filament pheno-
typing, that both cell lines express the
cytokeratins 7, 8, 18, and 19, which is identical

to the expression pattern seen in untrans-
formed human pancreatic ductal cells.'3'14 In a

human tumour clonogenic assay, IFNot treat-
ment resulted in a dose dependent decrease of
anchorage independent growth in Capan 1
cells (Fig 1). Significant inhibition of growth
was seen starting at a minimal concentration of
100 IU/ml and was maximal at 1000 IU/ml of
IFNox mean (SEM) (58 (4)% of control, n=6,

* p<O.05). In contrast, no significant growth
inhibition by IFNoL could be seen in the Capan
2 cell line at concentrations of up to 1000

120 IU/ml of IFNao (Fig 1). We next analysed the
effects of IFNa on anchorage dependent
growth in both cell lines. Incubation of Capan
1 cells with IFNa at a concentration of 1000

late) IU/mI resulted in a time dependent inhibition
Is were of anchorage dependent growth (Fig 2).

The growth inhibitory effects of IFNox were
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Figure 3: Antiproliferative effects ofIFNa are dose dependent. Capan 1 cells were
incubated with the indicated concentrations ofIFNafor 96 hours. Cell number was then
determined in triplicate. Cell viability was routinely judged by trypan blue exclusion and
consistently found >95% atIFNa concentrations up to 1000 IU/ml Shown is the mean
(SEM) offour independent experiments, each performed in triplicate (*p<0.05).
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Figure 4: Pancreatic carcinoma cells express IFNa receptors. RT-PCR analysis was

performed using specific pnmers for the human IFNa receptor. The expected size of the
amplification product (639 bp) was confirmed by a DNA molecular weight ladder. Shown
is a representative of three independent experiments.

significant as early as 48 hours (72 (4.5)O/o of
control, n=5, p<0 05) and reached a maximum
after 120 hours (27 (6.9)% of control, n=5,
p<005). In analogy of the clonogenic assay,
we did not see a growth inhibition of Capan 2
cells under identical experimental conditions
(data not shown). The antiproliferative effects
of IFNoa on Capan 1 cells were dose dependent
(Fig 3). Increasing the IFNao concentration to
2000 IU/ml resulted in a pronounced decrease
of cell number (Fig 3). However, when judging
cell viability by routinely performed trypan
blue exclusion, a considerable number of cells
stained positive, indicating a cytotoxic rather
than a cytostatic effect of IFNa at a con-

centration of 2000 IU/ml. In contrast, trypan
blue exclusion revealed more than 95% viable
cells at IFNao concentrations up to 1000
IU/ml.

Human pancreatic carcinoma cell lines express
functional IFNae receptors
We then investigated, whether the observed
differences in IFNoa sensitivity might be
explained by differential expression of the
IFNct receptor. Using the highly sensitive RT-
PCR approach, we designed primers specific

Bound

Free
probe

Figure 5: Effects ofIFNa on DNA binding to an ISRE
consensus sequence in Capan 2 cells. Capan 2 cells were
either treated with vehicle (control) ofIFNa (1000 IU/ml)
for one hour. Nuclear extracts were then prepared and
electrophoretic mobility shift assays performed as outlined in
'Methods'. ISRE consensus sequence specific competition
was performed by 50-fold and 100-fold molar excess of
unlabelled oligonucleotide. Shown is a representative of two
experiments yielding identical results.

for the human IFNoa receptor nucleotide
sequence.15 As Figure 4 shows, all four human
pancreatic carcinoma cell lines express IFNot
receptor transcripts, as evidenced by the detec-
tion of the expected 639 bp amplification
product. To ensure that the detected signal
was not due to amplification of genomic DNA,
an internal control without prior reverse tran-
scription was included, which was repeatedly
negative (Fig 4). No difference regarding the
RT-PCR amplification products was seen
between Capan 1 and Capan 2 cells, indicating
that a loss of IFNa receptor expression is not
primarily responsible for the IFNa resistance
seen in Capan 2 cells. To further confirm that
the IFNax receptor is functionally active in
Capan 2 cells, we performed electrophoretic
mobility shift assays using an ISRE consensus
oligonucleotide. As Figure 5 shows, incubation
of Capan 2 cells with IFNoa for one hour
resulted in a threefold increase of DNA bind-
ing to the ISRE consensus sequence, indicat-
ing the presence of functionally active IFNcx
receptors in Capan 2 cells.

Differential regulation ofPKC isoenzymes by
IFNoa
Because PKC isoenzymes have recently been
implicated to play a key part in mediating the
antiproliferative effects of IFNao,6-9 we hypo-
thesised that differential PKC isoenzyme
expression or regulation by IFNox might
explain the observed differences in the anti-
proliferative action on Capan 1 and Capan 2
cells. Pilot experiments using monospecific
antibodies and competing synthetic peptides
showed that both cell lines express PKC iso-
enzymes at and 4. In contrast, no expression of
PKC isoenzymes ,B, y, 8, and e could be
observed, although all of these isoenzymes
could be clearly detected in rat brain, which
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Figure 6: Differential regulation ofPKCa by IFNa. Capan 1 and Capan 2 cells were
incubated with vehicle or IFNa (1000 IU/ml) for the indicated time points. PKCa
concentrations were then determined by western blotting using a monospecific antibody.
Shown is a representative western blot as well as the summary of three independent
experiments. PKCa concentrations were expressed as % of three untreated controls. Show
is the mean (SEM) (*p<0.05).

was used as an internal control (data n

shown). We next investigated the effects
IFNoL on PKC isoenzyme expression in bo
cell lines by western blotting. In Capan 1 cel
IFNa treatment (1000 IU/ml) resulted in

pronounced time dependent decrease
PKCoL concentration (Fig 6). This decrea
was seen as early as 48 hours and reached
maximum after 96 hours of IFNoL treatme
(31 (22)% of control, n=3, p<005). In co

trast, PKCao concentrations were not chang
by IFNa in Capan 2 cells (103 (13)% of co

trol, n=3) (Fig 6). In analogy to these expe
ments, we observed a very similar expressi(
pattern for PKCQ after IFNot treatment (F
7). In Capan 1 cells, PKCM protein concenti
tions were decreased by IFNox in a time depe
dent manner with a maximum observed afi
96 hours oftreatment (34 (21), n=3, p<0.0'
In Capan 2 cells however, no significa
change of PKGQ expression was seen duri
the complete time course of IFNa treatme
(Fig 7).

Discussion
The results of conventional chemotherapy in
the treatment of advanced human pancreatic
adenocarcinoma have been disappointing.
Recently, in vivo and in vitro experimental
evidence has accumulated, suggesting that the
combination of classic cytotoxic drugs (for
example, 5-FU) with IFNac might be superior
to conventional chemotherapy alone.'6-18
Subsequent clinical trials have shown some
limited responses in pancreatic cancer patients
using the combination of 5-FU and IFNco,19
indicating that some tumours are IFNa sensi-
tive while others are resistant to the antiprolif-
erative effects of IFNoL. To establish a rational
approach for IFNoa treatment of pancreatic
carcinoma patients it is therefore essential to
understand and characterise parameters at a
cellular level that will determine whether a
given tumour cell will or will not respond to the
antiproliferative action of IFNo. To consider
this problem, we have established an in vitro
system of two human pancreatic ductal
tumour cell lines, potentially reflecting the
clinical situation of an IFNNa sensitive (Capan
1 cells) and an IFNa resistant (Capan 2 cells)
pancreatic tumour. Treatment with IFNa
results in a time and dose dependent inhibition
of anchorage dependent and anchorage
independent growth in Capan 1 cells. In
pharmacological relevant concentrations (up
to 1000 IU/ml), the antiproliferative effects of
IFNot were due to growth inhibition rather
than cytotoxic effects, which is evidenced by
unaltered cell viability after IFNox treatment
compared with control cells. In contrast, no
antiproliferative effects of IFNa could be
observed under identical experimental condi-
tions in the Capan 2 cell line, suggesting that
these cells are resistant to the growth inhibitory
effects of IFNa. This in vitro system therefore
provides a suitable model to study the cellular
mechanisms responsible for the differential
IFNa sensitivity. The first step in IFNNa action

vn is binding to a high affinity membrane recep-
tor. Therefore, loss of receptor expression or
function (which frequently occurs during

iot malignant transformation) could be respon-
of sible for the IFNa resistance observed in
)th Capan 2 cells. However, using the highly sensi-
lls, tive RT-PCR technique and electrophoretic
a mobility shift assays, we were able to show
of functionally active IFNo receptors in both cell
ise lines, indicating that a loss of receptor expres-
1 a sion or function is not primarily responsible
nt for IFNoL resistance in Capan 2 cells. The mol-
n- ecular mechanisms by which IFNa exerts its
red antiproliferative effects after receptor binding
n- are poorly understood. After binding to its
ri- receptor, IFNa rapidly induces transcription
von of a variety of cellular genes summarised as
Fig IFN stimulated genes (IFSG); the biological
ra- function of these IFSG is not completely
n- understood and their involvement in mediating
ter the antiproliferative action ofIFNa is currently
5). unclear.5 The rapid and transient kinetics of
ant their transcriptional induction suggests that
ing the IFSG might not exclusively mediate the
mnt growth regulatory effects of interferons.

Recent experimental evidence suggests that
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Figure 7: Differential regulation ofPKC; by IFNa. Capan 1 and Capan 2 cells
incubated with vehicle or IFNa (1000 IU/ml) for the indicated time points. PKC
concentrations were then determined by western blotting using a monospecific antii
Shown is a representative western blot as well as the summary of three independen
experiments. PKC; concentrations were expressed as % of three untreated controls
is the mean (SEM) (*p<0.05).

modulation of protein kinase C (PI
IFNaL might play a key part in media
growth inhibitory effects of IFNaL.692
a phospholipid dependent, diacyl
activated serine/threonine protein ki
known to play an important part ii
transduction, tumour promotion as w

the regulation of cellular growth and c

tiation. Recent cloning studies shovw
PKC is a multigene family composed o

related isoenzymes. These isoenzymes
divided into two groups: the calcium
dent isoenzymes, PKC ox, PI, 3II, anc

the calcium independent isoenzymes,
E, ;, 'q, and 0 (for review see references
PKC isoenzymes are expressed in
specific and developmentally rn

fashion, suggesting that different iso(
serve distinct biological functions
differences in activator or substrate sp
or both.25-27 To our knowledge, then

96 rently no information available which PKC
isoenzymes are expressed in human pancreatic
ductal tumour cells. Using a panel of iso-
enzyme specific antibodies we detected PKC ao
and 4 in Capan 1 and Capan 2 cells, whereas
no PKC-P, y, 8, and E could be detected in
either pancreatic tumour cell line. Complete
competition of the detected proteins by
synthetic peptides as well as unambiguous
demonstration of PKC P, y, 8, and E in rat
brain extracts (used as an internal control)
confirmed the restricted expression of these
two isoenzymes in human pancreatic carci-
noma cells. Given the experimental evidence
that PKC might mediate the antiproliferative
action ofIFNx,9 we hypothesised that differ-
ential regulation of PKC could be responsible
for the differences in IFNot sensitivity of both
pancreatic tumour cell lines. Accordingly, we
observed a profound time and dose dependent
inhibition in the expression ofboth isoenzymes
in Capan 1 cells whereas PKC a and 4 protein
concentrations remained unaltered in the
IFNa resistant cell line Capan 2. Several find-
ings support the conclusion that the differen-
tial regulation of PKC isoenzymes by IFNa
plays a critical part in determining the IFNa
sensitivity of pancreatic tumour cells rather
than just reflecting an epiphenomenon of
growth inhibition. Firstly, the decrease ofPKC
isoenzyme protein expression in Capan 1 cells
parallels the kinetics of IFNot growth inhibition
in this cell line. Secondly, by stable transfec-
tion of a PKCot antisense construct in pancre-
atic tumour cells, we previously observed an
inhibition of growth as a consequence of
decreased intracellular PKCa concentration,
indicating a close relation between cellular
proliferation and this intracellular isoenzyme

J ~ concentration in human pancreatic tumour
cells (Rosewicz et al, manuscript in prepara-
tion). Thirdly, a direct relation between the
intracellular PKCa concentration and the rate

were of proliferation has been described in vivo and
body. in vitro for such divergent tissues as astro-
zt cytomas, fibroblasts, and myeloid progenitor
Shown cells,28-30 suggesting the central role of PKCa

as a key target by which cytokines and
hormones regulate cellular growth. Finally,

KC) by treatment of human pancreatic carcinoma cell
Lting the lines with phorbolesters, which results in down
20 PKC, regulation and therefore depletion of intracel-
lglycerol lular PKCax protein concentrations, leads to
nase, is profound inhibition of cellular prolifera-
n signal tion.31,32 Because information on the gene and
,ell as in promotor structure of PKC isoenzymes is
differen- (to date) very limited, little is currently known
;ed that on how the expression of PKC isoenzymes
f closely is regulated.33 The lag period of 24 to 48
s can be hours observed for the inhibition of PKC
depen- expression by IFNao makes a direct trans-

d y; and criptional modulation unlikely. Whether
PKC 5, transacting transcriptional effects or post-
21-24). transcriptional mechanisms are operative
a tissue remains unclear and is currently under investi-
egulated gation. The inability of IFNa to inhibit PKC
enzymes expression in Capan 2 cells might be due to the
through cell type specific expression of proteins
ecificity, required for the inhibition of PKC expression
e is cur- by IFNa.
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In summary, we have shown for the first
time that human ductal pancreatic carcinoma
cells express exclusively PKC isoenzymes a
and 4. The ability to inhibit the expression of
PKC ot and ( might predict the antiprolifera-
tive action ofIFNa and thus provides one step
ahead for a rational and selected therapeutic
approach to pancreatic carcinoma patients.
This work was supported by a grant from the Deutsche
Forschungsgemeinschaft (Ro 674/3-3) and the Deutsche
Krebshilfe.
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