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Abstract

AIM: To determine whether IFN- is the agent that turns
a slightly effective treatment (radiochemotherapy) into a
potent therapy, we tested IFN- for its synergistic properties.

METHODS: Eight pancreatic carcinoma cell lines were
treated with the single agents and combinations of these.
The role of IFN- regarding a) direct inhibitory effects; b)
radio and chemosensitizing effects; c) anti-angiogenic
properties and d) enhancement of immunogenicity was
investigated.

RESULTS: Our results show that IFN- has direct
inhibitory properties and some synergistic influence as
determined by AnnexinV/PI stain and cell count. IFN- is
also able to prevent the increase in proliferation rate and
VEGF secretion of CDDP resistant cells. Having taken the
results from immunogenicity experiments together, we
found cells that can be influenced by IFN- but were less
susceptible against T cells. Furthermore, high expression
of MHC molecules, CD118, EGF-R and Fas was predictive
for a good response.

CONCLUSION: In conclusion, IFN- has direct cytotoxic
effects, acts as a radiosensitizer and circumvents tumor
cell-regrowth after CDDP treatment. These mechanisms
may be responsible for the good clinical outcome of CapRI.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Carcinoma of the exocrine pancreas has an especially bad
prognosis. The five-year survival rate is <1% with a median
survival of  4-6 mo. Even after surgical intervention with a
curative intention, the two-year survival rate is in specialized
centers is at best 25%[1].

Investigators from the Virginia Mason Clinic have
recently published data from a phase II trial of postoperative
cisplatin (CDDP), 5-fluorouracil (5-FU), interferon alpha-2b
(IFN-), and external-beam radiation (RT) (that was)
administered following pancreaticoduodenectomy. We
termed this regimen CapRI for adjuvant treatment of
pancreatic adenocarcinoma with ChemoRadioImmunotherapy.
They treated 43 patients with mainly stage III tumors.
Eighty-four percent had positive lymph nodes and 19%
had positive cut margins. After a mean follow-up of 31.9 mo,
67% of  the patients were still alive. Actuarial overall survival
for the 1, 2, and 5-year survival rates were 95%, 64%, and
55% respectively. The treatment was quite toxic and 42%
of the patients were hospitalized during the treatment, but
there were no treatment-related deaths[2].

Various chemo and/or radiation regimens have been
tested in small studies for treatment of adjuvant resected
pancreatic carcinoma. Most of them use 5-FU or
gemcitabine as the chemotherapeutic agent, sometimes in
combination with other agents such as CDDP. These
protocols are often combined with radiation[3]. The ESPAC-
1 trial is the only trial to date that enrolled large numbers
of patients (550 patients). The trial tested the hypothesis
that chemoradiotherapy (40 Gy and weekly 5-FU) with or
without 6 mo additional chemotherapy (5 FU, 425 mg/m²,
day 1-5 and folinic acid, 20 mg/m², d1-5, repeated monthly)
provided an improvement in survival benefits compared
to no adjuvant treatment. In a 2×2 factorial design, the
5-year survival rate for patients receiving chemoradiation
was 10% and 19.6% without, and 21.1% for patients
receiving chemotherapy and 8.4% without. The authors
concluded from this that radiochemotherapy shows only
limited success[4].

Comparing the data from CapRI and ESPAC-1, we
hypothesize that IFN- is the agent that turns a slightly
effective treatment (chemoradiotherapy) into a potent
therapy. Several mechanisms are described which might
explain why IFN- plays a potential role in combination
therapies.

IFN- belongs to the group of type I interferons, which
are already being used in cancer therapy (e.g. malignant
melanoma, renal cell carcinoma, hairy cell leukemia and
chronic myeloid leukemia)[5,6]. IFN- is produced by
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monocytes/macrophages, lymphoblastoid cells, fibroblasts
and plasmacytoid dendritic cells[7]. Several other cell types
are known to produce type I interferons after viral infections.
IFN- binds to the IFN- receptor CD118; binding to the
EBV-receptor CD21 is also described[8]. The IFN receptor
is coupled to a Janus-family tyrosine kinase, which
phosphorylates signal-transducing activators of transcription
(STATs), which translocate to the nucleus where they activate
the transcription of several different genes inducing the
synthesis of host cell proteins that contribute to the
inhibition of viral replication[9,10].

In addition to its anti-viral properties, IFN- exhibits
several other features that might be of interest especially
for the use in combination treatments of cancer. Some of
these features are: (1) direct inhibitory effects on tumor cell
growth through prolongation of the cell cycle time of
malignant cells, induction/inhibition of the expression of
specific genes which lead to increased RNA degradation,
inhibition of protein synthesis, down-regulation of oncogene
expression, induction of tumor suppressor genes, and
antagonism of  the growth stimulatory effects of  epidermal
growth factor (EGF) and platelet-derived growth factor by
down-regulation of cell surface receptors for the growth
factors was reported[11,12]; (2) radio and chemosensitizing
effects (described for 5-FU, cisplatin and dacarbazine)[13,14];
(3) anti-angiogenic properties. The latter is mainly due to the
down-regulation of VEGF and by inhibiting the expression
of pro-angiogenic molecules, basic fibroblast growth factor,
and matrix metalloproteinase-9[15-17]; (4) enhancement of
immunogenicity of tumors. This phenomenon is provoked
by an increase of MHC class I expression which enhances
immune recognition[12] and (5) modulation of the immune
system. IFN- plays an essential role in the differentiation,
maturation and function of dendritic cells (DC), enhances
the survival of  T cells by expression of  anti-apoptotic genes,
induces the generation of CD8+ memory cells, enhances
macrophage activities, and activates natural killer (NK) cells
thus releasing cytokines[12,18-20].

Therefore, we investigated the influence of IFN- in the
CapRI-regimen in eight human ductal pancreatic carcinoma
cell lines regarding direct cytotoxic effects of IFN-, radio
and/or chemosensitizing effects, anti-angiogenic properties
and expression of MHC molecules and IFN-receptors.

MATERIALS AND METHODS

Cell lines
Human pancreatic cancer cell lines ASPC-1, CAPAN-2,
DAN-G, KciMoh-1, MiaPaCa-1, PANC-1, PatScl and PK
9 were obtained from ATCC, USA and cultured in RPMI
1 640 medium supplemented with 10% fetal bovine serum,
100 units/mL penicillin, and 100 µg/mL streptomycin (PAA
laboratories GmbH, Austria). They were maintained at 37 ℃
under 50 mL/L CO2 in a humidified atmosphere.

Treatment to cell lines
Cells were subdivided into nine groups, each of which was
treated with one of the following regimens almost in
accordance with the protocol used in the CapRI scheme:
(1) Untreated; (2) 5-FU 65 µg/mL continuously, d 1-5; f)

5-FU +IFN-; (3) CDDP 3 µg/mL on d 1, for 60 min; (4)
CDDP +IFN-; (5) RT 1.8 Gy/d, d 1-5; (6) RT+IFN-;
(7) IFN- 1 000 U/mL, d 1, 3, and 5; (8) 5-FU+CDDP+
IFN-+RT (CapRI).

Determination of apoptosis, cell death and cell numbers
Cells were investigated on day five of treatment. Apoptotic
cells were detected on an Epics®XL.MCL flow cytometer
(Beckman-Coulter, Krefeld, Germany) by AnnexinV staining
using the AnnexinV/PI staining kit (BD PharmingenTM,
Heidelberg, Germany) according to the manufacturer’s
instructions. Cells were analyzed immediately after staining.
Unstained cells were used to set up controls. Cell numbers
of  viable cells were determined by trypan blue exclusion.

Flow cytometric analysis
Human pancreatic cancer cell lines were stained after
treatment using various monoclonal antibodies directed
against human cell surface antigens, including those against
human HLA-ABC, HLA-DR, CD21, EGF-R, CD118,
CD95 (Fas) and FasL (BD Biosciences, Heidelberg,
Germany). For each flow cytometry measurement, gates
for negative control were set to less than 2%. Data from at
least 10 000 cells were collected and analyzed. Negative
controls consisted of the cells labeled with a corresponding
isotype control. Mean fluorescence was normalized to mean
fluorescence of  the control antibodies. To distinguish
whether an up-regulation of surface molecules has occurred
or negative cells for that marker were preferentially killed;
cells were stained before treatment, 24 h later analyzed, re-
stained and re-analyzed. An increase in positive cells that
was not seen in the control group was termed up-regulation.
To distinguish between down-regulation of  a specific surface
marker and preferential killing of positive cells, we compared
the percentage of marker and PI double-positive cells of
cells with an adequate control.

MTT assay for cell proliferation
The non-radioactive proliferation assay “EZ4U” kit
(Biomedica, Vienna, Austria) was used according to the
manufacturer’s instructions. Tumor cells were seeded out
at a density of 2 000 cells per well in triplicate in a 96-well
plate. The proliferation rate was determined after 5 h of
incubation as the amount of turnover of yellow tetrazolium
salt to red formazan. Absorbance at 450 nm with 620 nm
as a reference was measured with an ELISA reader; the
absorbance of a medium blank was subtracted. The
proliferation index was calculated by setting the proliferation
of untreated cells to 1.

Determination of VEGF secretion by ELISA
After a four-day treatment, the cells were seeded out at a
density of 1×105 living cells in 2 mL. After 24 h, the cell
culture supernatant was collected for each group and stored
at -80 ℃ for further analysis. Amounts of VEGF were
determined by usage of  the DuoSet ELISA Development
kit (R&D Systems, Inc., USA). The assay was performed in
duplicate according to the manufacturer’s instructions.

Statistical analysis
Non-parametrical analysis (Mann-Whitney-U test) and
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parametrical correlation (Pearson) on SPSS 11.5 was used
to analyze statistical significance. A P-value <0.05 was
considered as significant.

RESULTS

Cell survival
First, we determined the cell survival index (i.e., numbers
of  viable cells normalized to untreated cells [=1]) of  eight
cell lines by counting of viable cells after five-day treatment
(Figure 1A). We found a statistically significant reduction
of living cells after all treatments, which were more
pronounced in 5-FU containing regimens. IFN- alone
decreased the cell survival index from 1 to 0.43±0.24
(P<0.002). With regard to radio or chemosensitizing effects,
we found significant decrease of the index after adding
IFN- to radiotherapy (0.29±0.14 compared to 0.21±0.16;
P<0.01; Figure 1B). A significant chemosensitizing effect
was found in three out of eight cell lines (two times for
5-FU, one time for CDDP); however, it failed to be
significant after taking the mean from all cell lines.

Induction of apoptosis
We determined apoptosis and necrosis of  eight cell lines
after five-day treatment by measuring AnnexinV and PI

(Figure 2A). Results were normalized to values of  untreated
cells. We found a statistically significant increase of  necrosis
after all treatments. Late apoptosis (AnnexinV+/PI+)
increased as well (significant for all but not for IFN- treated
cells). The sum of the dying cells was significantly increased
after 5-FU and combination treatments as well as after
CDDP+IFN- treatment. Early apoptosis was not
enhanced after treatments since it was determined after
five days of treatment.

Regarding radio or chemosensitizing effects, we found
a tendency towards sensitizing effects for adding of IFN-
to CDDP or radiotherapy. However, this was not significant
(Figure 2B).

Inhibition of proliferation
We determined the proliferation index (proliferation
normalized to untreated cells [=1]) of  eight cell lines by
MTT assay after five-day treatment (Figure 3A). We found
a statistically significant reduction in proliferation after
treatments including 5-FU. IFN- alone inhibited proliferation
but not in a significant way. Interestingly, we observed
an increase in proliferation after treatment with CDDP
(P<0.005). This could be prevented by the addition of
IFN- (0.71±0.77 compared to -0.11±0.5; P<0.02; Figure 3B).
Other radio or chemosensitizing effects could not be found.

Figure 2  Induction of apoptosis Apoptosis was determined after five-day treatment by staining for AnnexinV+ using flow cytometry (A). Late
apoptosis is defined as AnnexinV+/PI+, necrosis as PI+. B) shows the influence of IFN- in combination treatments. Values of treatments
without IFN- were subtracted from values after combination treatment. Data is shown as mean±SD error from eight cell lines with at least
three separate experiments. aP<0.05 was labeled with an asterisk; bP<0.01 with two asterisks and dP<0.001 with three asterisks.

Figure 1  Influence on cell survival Equal amount of cells were seeded out on day +1. A: Numbers of viable cells were determined after five-day
treatment. Cell numbers of untreated cells were set to ‘1’ and cell survival index was calculated. B: Shows the influence of IFN- in
combination treatments. Values of treatments without IFN- were subtracted from values after combination treatment. Data is shown as
mean±SD error from eight cell lines with at least three separate experiments. aP<0.05 was labeled with an asterisk; bP<0.01 with two
asterisks and dP<0.001 with three asterisks.
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Secretion of VEGF
Just in three out of eight cell lines, detectable VEGF
concentrations could be found in the supernatant. After
treatment with 5-FU and combinations VEGF levels were
mostly below the detection level (<62.5 pg/mL, Figure 4A).
CDDP increases VEGF secretion (102.7±25.9 pg/mL/105

cells/24 h vs 204.7±6.4 after CDDP treatment, P<0.05). The
addition of  IFN- to CDDP normalizes the amount of VEGF
(104.2±47.8 pg/mL/105 cells/24 h, P<0.01; Figure 4B).

Immunophenotyping of treated tumor cells
Next, we analyzed the influence of IFN- on immunogenicity
of  tumor cells. Therefore, we determined constitutive and
inducible MHC expression. Mean expression of MHC class
I was significantly increased after IFN- treatment (data
not shown). However, we were not able to detect any
influence of IFN- at this concentration on the percentage
of MHC positive cells (Figure 5A). After five-day treatment
with 5-FU and combinations, we found a significant
reduction in MHC-positive cells. This was due to down-
regulation of MHC molecules. In five out of eight cell
lines, this effect could be significantly softened when IFN-
is added to 5-FU. However, it failed to be significant after
taking the mean from all cell lines (Figure 5B). There was a

tendency towards higher MHC expression and mean
fluorescence after adding IFN- to chemo or radiotherapy;
however, this was just significant for the mean fluorescence
of HLA-ABC after adding IFN- to CDDP.

Furthermore, we analyzed expression of  EGF-R and
IFN--receptors (Figure 6). EGF-R expression remained
mainly unchanged by treatment. CD118 (IFN-R) was down-
regulated after treatment, this was significant for treatment
with 5-FU+IFN- and CapRI scheme (13.9±12.8% on
untreated cells vs 3.2±1.8% or 3.5±2.7%, respectively).
CD21, which is described to act as an IFN- receptor was
only slightly expressed on untreated cells and was significantly
up-regulated after treatment with 5-FU and combinations
(7.8±3.5% on untreated cells vs. approximately 35% after
treatment). IFN- had no synergistic effect for any
treatment. Furthermore, we observed a decrease of  Fas-
positive cells after treatment (data not shown).

Statistical analysis for predictive markers
Since we were interested in potentially predictive markers
for treatment responsiveness, we analyzed expression of
several markers on untreated cells for correlation with
apoptosis/necrosis induction, decrease of  cell survival and
anti-proliferative effects. All parameters behaved in a similar
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Figure 4  Secretion of VEGF Cells were seeded out after four-day treatment in a density of 1×105 living cells in 2 mL. Supernatants from
treated and untreated tumor cells were collected after 24 h and stored at -80 ℃. VEGF concentration was determined by ELISA (A). B) shows
the influence of IFN- in combination treatments. Values of treatments without IFN- were subtracted from values after combination
treatment. Data from three cell lines are shown as mean±standard error from at least three separate experiments. aP<0.05 was labeled with
an asterisk and bP<0.01 with two asterisks.
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Figure 3  Inhibition of proliferation Proliferation rate was determined after five-day treatment by using a non-radioactive MTT assay. Prolifera-
tion rate of untreated cells was set to ‘1’ and percentage of proliferation was calculated (A). B) shows the influence of IFN- in combination
treatments. Values of treatments without IFN- were subtracted from values after combination treatment. Data is shown as mean±standard
error from eight cell lines with at least three separate experiments. aP<0.05 was labeled with an asterisk; bP<0.01 with two asterisks and
dP<0.001 with three asterisks.
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way, mostly in a significant way (data from analysis of
proliferation index correlated with induction of apoptosis/
necrosis that correlated with late apoptosis, which in turn
correlated with cell survival index).

We found a significant correlation between expression
of MHC molecules, CD118, Fas and EGF-R on untreated
cells with apoptosis/necrosis induction after treatment with
the CapRI scheme (Figure 7A-E). Low expression of CD21
correlated with a low cell survival index (i.e., with low
numbers of viable cells, Figure 7F).

Statistical analysis for correlation of marker
Next, we analyzed the treatment-response-pattern of
parameters to define surrogate markers (Table 1). With
regard to MHC molecules, IFN-receptors, EGF-receptor
and Fas, almost all cell lines reacted in a similar way to the
different treatments. The correlation was positive except
for EGF-R and CD21 where we observed a negative
correlation. Interestingly, treatments inducing apoptosis/
necrosis also induce a decrease in MHC, CD118 and Fas-
positive cells and an increase in CD21-positive cells.
Treatments that inhibit proliferation also induce an increase
of CD21-positive cells as well as a decrease of CD118 and
Fas-positive cells and of VEGF secretion. Apoptosis/
necrosis induction correlated with the anti-proliferative effect
as well as with the number of  surviving cells.

DISCUSSION

Carcinoma of the exocrine pancreas has an especially bad
prognosis. Treatment after adjuvant resection prolongs the
survival, but so far has failed to produce long-lasting benefits.
Results from a phase II trial, where chemoradiotherapy was
combined with IFN- are very encouraging (55% 5-year
survival compared to 10% in the ESPAC-1 trial).

Comparing the data from the CapRI and the ESPAC-1
trials, we hypothesize that IFN- is the agent that turns a
slightly effective treatment (radiochemotherapy) into a potent
therapy. Several mechanisms are described that might
explain why IFN- could play a potential role in combination
therapies. Here, we focused on the described mechanism
of a) direct inhibitory effects on tumor cell growth[12]; b)
radio- and chemosensitizing effects[13,14]; c) anti-angiogenic
properties (as far as possible)[15-17] and d) enhancement of
immunogenicity of tumors[12].

With regard to direct inhibitory effects we observed
cytotoxic effects of IFN-. A synergistic effect of IFN-
was observed after the addition to radiotherapy but not to
chemotherapy. It is reported that IFN- down-regulates
EGF-R on renal cell carcinoma and breast cancer cells after
7 d of incubation and that this consequently results in cell
growth inhibition[11,12]. With a shorter incubation period, we
were not able to confirm these data for pancreatic
carcinoma. IFN- treatment resulted only in a partial down-
regulation of  EGF-R. Similar observation was seen regarding
the apoptosis rate after five days of treatment. In all cell
lines, we found that only a few cells were in early apoptosis,
some necrotic cells and the majority of the cells were in
late apoptosis. Since there were many manipulations during
the treatment period as well as for the untreated control
group (e.g., daily harvesting for radiation), we had a high
early apoptosis rate in untreated cells. But only treated cells
showed remarkably high rates of late apoptosis and necrosis.
This effect was not so pronounced in IFN- treated cells.
There was a tendency towards a synergistic effect of IFN-
; however, it was not significant. Taken together, we must
conclude that IFN- has direct inhibitory properties and
shows limited synergistic influence.

Next, we analyzed the proliferative capacity of  surviving
cells after five days of treatment. Interestingly, we found a
significant increase in proliferation of CDDP resistant cells. This
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Figure 5  Immunophenotyping of tumor cells Tumor cells were treated as described. Expression of MHC molecules was analyzed after five-
day treatment by flow cytometry (A). B) shows the influence of IFN- in combination treatments. Values of treatments without IFN- were
subtracted from values after combination treatment. Data is shown as mean±SD error from eight cell lines each with at least four separate
experiments. aP<0.05 was labeled with an asterisk and bP<0.01 with two asterisks.
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is in accordance with data from various groups who observed
an accelerated tumor growth after chemotherapy[21,22] in vitro
as well as in vivo. IFN- on its own has a slight inhibitory
effect on proliferation rate, but was able to circumvent the
accelerated tumor cell growth after CDDP treatment. Best
results were seen again for treatments including 5-FU with
no synergistic effect of IFN-. Similar results could be
observed for the secretion of  VEGF. We tested this
parameter although we are aware of the problems of this
surrogate marker for in vitro analysis of anti-angiogenic
effects. Only 3/8 cell lines secreted measurable amounts
of VEGF. However, this significantly increased after
treatment with CDDP; an effect which could again be
circumvented by the addition of  IFN-. As Tannock
concluded his article about ‘Repopulation of tumor cells
between cycles of chemotherapy: a neglected factor’ with
the sentence ‘Biological agents with rapid onset and short
duration of action, which can selectively inhibit tumor-cell
repopulation, administered between cycles of chemotherapy,
might improve the therapeutic index[22]. Perhaps, IFN- is
one of these biological agents.

We also looked at effects of  IFN- on immunogenicity
of  the tumor cells. As expected, we observed an increase in

MHC molecules on the surface of the tumor cells after
treatment with IFN-. However, cell lines completely
deficient for MHC did not change. Interestingly, we observed
a significant decrease of MHC class I-positive cells after
treatment with 5-FU and combinations. Our findings were
different from what has been reported[23-25] where an increase
in MHC class I on various epithelial tumor cells after
treatment with 5-FU was described. We can only speculate
why we observed an opposite effect. Perhaps the continuous
culture in the presence of high-dosed 5-FU over five days
without any synergistic acting agent, such as levamisole, is
responsible for our observations. This is supported by the
observation that adding IFN- to 5-FU at least diminishes
the down-regulation and that treatment with 5-FU over
24 h had no effect. AbdAlla et al[24] described that 5-FU
increase the steady state level of HLA class I mRNAs by
about 80% but stated also a reduction of 20-57% in RNA
synthesis. This could explain why after a ‘long-time’ treatment,
MHC molecules were down-regulated.

As another feature of immunogenicity, we investigated
the expression of IFN-R. Pancreatic tumor cells were always
able to bind IFN-. Although 5-FU down-regulates CD118,
it provokes an increase of CD21, which acts as well as an

Figure 7  Statistical analysis Expression level on untreated cells were correlated with results from AnnexinV/PI stain, proliferation and cell
survival index after treatment with the CapRI scheme and analyzed for use as predictive marker (A-F).
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IFN-R. This up-regulation may be due to histone
acetyltransferase activity of 5-FU that allows specific
transcription factors access to the cognate DNA binding
site[26]. From the available results for immunogenicity, we
observed cells that can be addressed by IFN- but have a
moderate reduction in T cell susceptibility.

We were also interested in predictive markers for
response to the CapRI scheme. Therefore, we used
apoptosis/necrosis induction, low cell survival index and
negative proliferation index as parameters for good response;
all parameters behaved very similar. For our in vitro
experiments, we found a correlation between high expression
in MHC molecules, CD118, EGF-R and Fas and apoptosis/
necrosis induction. We do not know why MHC-positive
cells are more susceptible to the treatment but the better
response of Fas, CD118 and EGF-R-positive cells make
sense. Fas-induced cell death may play a role in this treatment
and CD118 expression is necessary for effects by IFN-
that is described to inhibit EGF-stimulated cell growth and

Table 1  Correlation of treatment response of various parameters. Various parameters of eight cell lines were determined after treatment
with single agents and/or combinations. The response-pattern of parameters was investigated for correlation

                HLA-ABC HLA-DR HLA-ABC HLA-DR      CD 21       CD 118       EGF-R          Fas             FasL      VEGF  Proliferation Apoptosis         Cell
    mean         mean                  index         /necrosis survival index

HLA-ABC

Pearson’s correlation  0.928     0.783         0.777          -0.907        0.790         -0.769          0.887          0.867     -0.825

P  0.001     0.012         0.014           0.001        0.011          0.015          0.001          0.002          NS NS      0.006             NS

HLA-DR

Pearson’s 0.928     0.710         0.743          -0.753                0.762          0.782     -0.705

P 0.001     0.032         0.022           0.019         NS              NS              0.017          0.013          NS NS      0.034             NS

HLA-ABC mean

Pearson’s 0783  0.710         0.939          -0.718             -0.892

P 0.012  0.032         0.001           0.029         NS              0.001          NS               NS              NS NS       NS             NS

HLA-DR mean

Pearson’s 0.777  0.743     0.939             -0.738

P 0.014  0.022     0.001             NS             NS               0.023          NS               NS              NS NS       NS             NS

CD 21

Pearson’s                   -0.907 -0.753   -0.718                             -0.926          0.850        -0.976        -0.957                  -0.810      0.915

P 0.001  0.019     0.029         NS                              0.001          0.004          0.001          0.001          NS 0.008      0.001             NS

CD 118

Pearson’s 0.790           -0.926                0.966          0.946         0.596 0.898     -0.936            0.718

P 0.011  NS     NS         NS            0.001              NS               0.0001       0.0001       0.158 0.001      0.001            0.029

EGF-R

Pearson’s                  -0.769   -0.892        -0.738           0.850              -0.764         -0.758

P 0.015  NS     0.001         0.023           0.004         NS                 0.017          0.018          NS NS       NS            NS

Fas

Pearson’s 0.887  0.762           -0.976        0.966         -0.764                  0.985 0.888     -0.922

P 0.001  0.017     NS         NS            0.0001      0.0001        0.017                  0.001          NS 0.001      0.001            NS

FasL

Pearson’s 0.867  0.782           -0.957        0.946         -0.758         0.985 0.875     -0.886            0.675

P 0.002  0.013     NS         NS            0.001        0.001          0.018          0.001                 NS 0.002      0.001            0.046

VEGF

Pearson’s 0.800

P NS  NS     NS         NS             NS             NS                NS              NS               NS 0.031       NS            NS

Proliferation index

Pearson’s           -0.810        0.898                0.888          0.875          0.800

P NS  NS     NS         NS            0.008        0.001           NS             0.001          0.002          0.031       NS            NS

Apoptosis/necrosis

Pearson’s                   -0.825 -0.705            0.915       -0.936               -0.922        -0.886                  -0.721          -0.748

P 0.006  0.034     NS         NS            0.001        0.001           NS              0.001          0.001          NS 0.028            0.020

Cell survival index

Pearson’s            0.718                  0.675                       -0.748

P NS NS     NS         NS             NS             0.029           NS              NS              0.046          NS NS      0.020

NS = not significant.

reduce EGF binding[11]. Furthermore, we found a very
similar reaction pattern to the different treatments with
regard to most markers. Even if they are not dependent on
each other, they could be used as surrogate markers.

In conclusion, we demonstrated that IFN- has direct
inhibitory properties with limited synergistic influence and
that it reverts to the enhanced proliferation rate and VEGF
secretion after CDDP treatment and the decreased MHC
class I expression after 5-FU treatment. These results may
be responsible for the positive outcome of the CapRI
scheme. However, we hypothesize that the activation of
the immune system by IFN- plays a very important role
in this treatment scheme, too. Further studies are started to
investigate this mechanism.
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