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ARTICLE INFO ABSTRACT

Article history: Human pancreatic tumor cells are highly resistant to both tumor necrosis factor (TNF) and to
Received 22 May 2007 chemotherapeutic agents. HER-2/neu expression has been proposed as a negative prog-
Accepted 12 October 2007 nostic marker in pancreatic intraepithelial neoplasia. Our approach was to utilize HER-2/neu

expression on the surface of tumor cells as a therapeutic target employing scFv23/TNF,
immunocytokine composed of a single chain Fv antibody (scFv23) targeting the HER-2/neu

Keywords: and the cytokine TNF as the cytotoxic moiety, to deliver TNF directly to TNF-resistant
HER-2/neu pancreatic tumor cells. Using a panel of human pancreatic cell lines, which overexpress
Pancreatic cancer HER-2/neu, we evaluated the in vitro response of cells to TNF, scFv23/TNF, Herceptin, and a
scFv23/TNF combination of scFv23/TNF with various chemotherapeutic agents. We found that all
5-Fluorouracil pancreatic cancer cell lines were highly resistant to the cytotoxic effects of TNF and that
Combination therapy scFv23/TNF was highly cytotoxic to TNF-resistant HER-2/neu-expressing pancreatic cancer

cell lines at levels rivaling that of conventional chemotherapeutic agents. Combination
studies demonstrated a synergistic cytotoxic effect of scFv23/TNF with 5-fluorouracil (5-FU)
in TNF-resistant pancreatic cancer cell lines. Mechanistic studies demonstrated that the 5-
FU plus scFv23/TNF combination specifically resulted in a down-regulation of HER-2/neu, p-
Akt and Bcl-2 and up-regulation of TNF-R1. In addition, the combination 5-FU plus scFv23/
TNF induced apoptosis and this synergistic effect was dependent on activation of caspase-8
and caspase-3. Delivery of the cytokine TNF to HER-2/neu expressing pancreatic tumor cells,
which are inherently resistant to TNF using scFv23/TNF may be an effective therapy for
pancreatic cancer especially when utilized in combination with 5-FU.
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1. Introduction

Pancreatic cancer remains one of the leading causes of cancer-
related deaths in the United States and Europe [1-3]. This is a
highly aggressive and metastatic tumor type virtually resis-
tant to all chemotherapeutic and radiotherapeutic interven-
tion [4,5]. Recent studies have demonstrated some clinical
benefit to treatment with gemcitabine and gemcitabine-
containing regimens [6-8].

There are numerous oncogenes such as HER-2/neu and
HER-1 [9-13] which are over-expressed in pancreatic tumor
biopsy specimens as well as mutations in various genes such
as p53, Ki-ras, and p-21 which have been identified in
pancreatic cancer [14-16]. Many of these genetic abnormal-
ities play a major role in the development of the aggressive,
metastatic, and therapy-resistant phenotype presented
clinically. Experimental therapeutic approaches to use
vaccines [17-20] or antibodies to target oncogene protein
products [21-23] in pancreatic cancer are underway or have
been completed to provide more focused control of tumor
growth.

Immunocytokines are a novel class of recombinant
agents composed of cytokines fused to antibodies. These
fusion constructs are capable of re-directing their biological
effects to target specific cells and to prevent non-target
toxicity. We described a novel chemical conjugate of a
tumor-targeting antibody and the cytokine tumor necrosis
factor-alpha (TNF-«) [24,25]. Against antigen-positive cells,
this chemical conjugate was more cytotoxic to target cells
than TNF-a itself. More recently, we developed novel
immunocytokine scFv23/TNF composed of a single-chain
Fv antibody (scFv23) targeting the HER-2/neu antigen on the
cell surface of tumor fused to the gene for TNF-a. This
immunocytokine was also shown to be highly cytotoxic and
specifically active against target cells resistant to TNF-a itself
[26,27].

Because many human pancreatic tumor cell lines over-
express HER-2/neu and additionally tend to be generally
resistant to TNF and chemotherapeutic agents, the purpose
of the current study was to examine the cytotoxic effects of
the immunocytokine scFv23/TNF alone and in combination
with various chemotherapeutic agents against a panel of
four pancreatic lines (AsPc-1, Capan-1, Capan-2, and L3.6pl)
which over-express HER-2/neu and the possible mechan-
isms which may account for the observed synergistic
cytotoxic effects of scFv23/TNF in combination with 5-
fluorouracil.

2. Materials and methods
2.1. Cell culture

L3.6pl and Capan-1 human pancreatic cancer cell lines were
kindly provided by Dr. Jerald Killian and Dr. Paul Chiao (M.D.
Anderson Cancer Center, Houston), respectively. AsPc-1 and
Capan-2 human pancreatic cancer cell lines were kindly
provided by Dr. Keping Xie (M.D. Anderson Cancer Center,
Houston). All four human pancreatic cancer cell lines were
grown in Dulbecco’s modified Eagle’s medium (DMEM, Life

Technologies Inc., Rockville, MD) supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 100 units/ml peni-
cillin, and 100 pg/ml streptomycin.

2.2.  Chemotherapeutic agents and scFv23/TNF

5-Fluorouracil (5-FU) was from Roche Laboratories (Nutley, NJ).
Cisplatin and etoposide (VP-16) were from Bristol Laboratories
(Princeton, NJ). Doxorubicin was from Cetus Corporation
(Emeryville, CA). Gemcitabine was from Eli Lilly Co. (Indiana-
polis, IN). Herceptin and bacteria-derived recombinant human
tumor necrosis factor (thTNF) that was purified to homo-
geneity with a specific activity of 5 x 10” units/mg were
provided by Genentech (South San Francisco, CA). The
immunocytokine scFv23/TNF was produced in a bacterial
expression host, purified to homogeneity and assessed for
biological activity as previously described [26].

2.3. Antibodies and chemicals

Monoclonal anti-HER-2/neu antibody (Ab) was purchased
from Oncogene (San Diego, CA). Rabbit polyclonal anti-TNF-
R1 Ab, rabbit polyclonal anti-TNF-R2 Ab, rabbit polyclonal
anti-phospho Akt Ab, rabbit polyclonal anti-Akt Ab, mouse
anti-Bcl-2 Ab, rabbit polyclonal anti-caspase-8 Ab, monoclonal
anti-caspase-3 Ab, and monoclonal anti-PARP Ab were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA).
General caspase inhibitor (Z-VAD-FMK), caspase-8 inhibitor
(Z-IETD-FMK), and caspase-3 inhibitor (Z-DEVD-FMK) were
purchased from R&D Systems (Minneapolis, MN). Recombi-
nant human TNF-R1:Fc fusion protein was purchased from
Alexis (San Diego, CA).

2.4.  In vitro cytotoxicity assay and combination studies of
scFu23/TNF with conventional chemotherapeutic agents on
pancreatic cancer cell lines

All human pancreatic cancer cells were seeded (1 x 10%/well)
in flat-bottom 96-well microtiter plates (Becton Dickinson
Labware, Franklin Lakes, NJ) and 24 h later, scFv23/TNF, TNF,
scFv23, Herceptin, or five chemotherapeutic agents (5-
fluorouracil, cisplatin, etoposide, doxorubicin, and gemcita-
bine) were added in triplicate wells. For combination studies,
scFV23/TNF and each of five chemotherapeutic agents were
combined at their individual IC,5s concentrations. To exam-
ine the effect of caspase inhibitor on the cytotoxicity of the
combination, L3.6pl cells were pretreated with or without
200 pM general caspase inhibitor (Z-VAD-FMK), caspase-8
inhibitor (Z-IETD-FMK), or caspase-3 inhibitor (Z-DEVD-
FMK) for 2h and then treated with their individual ICys
concentrations. After incubation for an additional 72h,
remaining adherent cells were stained by adding 50 pl
of crystal violet solution (0.5% (w/v) in 20% MeOH/H,0).
Dye-stained cells were solubilized by addition of 100 pl of
Sorenson’s buffer [100 mM sodium citrate (pH 4.2) in 50%
ethanol], and absorbance was measured at 630 nm using
an ELISA plate reader (Bio-Tek Instruments, Inc., Winooski,
VT).

To analyze the cellular interaction between the two agents,
for tested combination of the two agents combination index
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Fig. 1 - Expression pattern of HER-2/neu, TNF-R1, and TNF-R2 and sensitivity to scFv23/TNF. (A) Basal levels of HER-2/neu,
TNF-R1, and TNF-R2 in four pancreatic cancer cell lines. AsPc-1, Capan-1, Capan-2, and L3.6pl cells were seeded at

5 X 10 cells/@ 60 mm Petri-dish and incubated for 24 h after which cell lysates were collected. Whole cell lysates (50 p.g)
were analyzed by SDS-PAGE and immunoblotting with anti-HER-2/neu, anti-TNF receptor-1, anti-TNF receptor-2, and anti-
B-actin antibodies, followed by incubation with an anti-mouse, anti-goat or anti-rabbit horseradish peroxidase-labeled
antibody and chemiluminescent detection. Actin was used as a loading control for protein loading. Data are presented as
the relative density of protein bands normalized to B-actin. Relative protein quantitation was performed using Flour Chem
8900. Representative of three independent experiments. Values are means + S.D. (B) Growth inhibition of TNF, scFv23 or
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(CI) values were calculated as proposed by Chou and Talalay
[28]: CI = (D):/(Dx); + (D)./(Dx), + aD1D»/(Dx),(Dx),, where (D),
and (D), in combination kill X% of cells, and (Dx); and (Dx),
are the estimated dose of the drug alone capable of produc-
ing the same effect of the combined drugs. CI<1, CI=1,
CI>1 indicate synergism, additive effect, and antagonism,
respectively.

2.5.  Assessment of the role of TNF-R1 in scFv23/
TNF-induced cytotoxicity

L3.6pl cells were seeded (1 x 10* cells/well) in flat-bottomed
96-well microtiter plate (Becton Dickinson Labware) and 24 h
later were pretreated with 1 pg/ml recombinant human TNF-
R1:Fc fusion protein (Alexis) for 2h, and then treated with
scFv23/TNF. After incubation for 72 h, growth inhibition was
determined by crystal violet staining.

2.6.  Western blot analysis

To check the status of HER-2/neu, TNF receptor-1, and TNF
receptor-2, four human pancreatic cancer cell lines (AsPc-1,
Capan-1, Capn-2, and L3.6pl) were washed two times with
phosphate buffered saline (PBS) and lysed on ice for 20 min in
0.3 ml of lysis buffer (10 mM Tris-HC], pH 8, 60 mM KCl, 1 mM
EDTA, 1mM DTT, 0.2% NP-40). To examine the effect of
combination treatment, AsPc-1, Capan-1, Capan-2, and L3.6pl
cell lines were seeded at 5 x 10° cells/60 mm Petri-dish,
allowed to grow overnight, and then treated with ICys
concentrations of 5-FU, scFv23/TNF, or combination for 48 h
or different times. Cell lysates (50 pg) were separated by SDS-
PAGE (8-15%), electrotransferred to PVDF membranes (Milli-
pore Corporation, Bedford, MA), probed with different anti-
bodies. After washing, the membrane was developed using
ECL detection reagent (Amersham Pharmacia Biotech Inc.,
Piscataway, NJ). Data are presented as the relative density of
protein bands normalized to B-actin. Relative protein quanti-
tation was performed using Flour Chem 8900 (Alpha Innotech
Co, San Leandro, CA).

2.7.  Detection of apoptosis

The development of apoptotic cell death was detected by
TUNEL assay. To assess apoptosis, L3.6pl cells were plated on
glass cover slips, allowed to adhere overnight and then treated
with IC,s concentrations of 5-FU, scFv23/TNF, or combination
for 48 h. The cells were washed with PBS, permeabilized (0.1%
Triton X-100, 0.1% sodium citrate), and then fixed in 4%
paraformaldehyde. Fixed cells were stained with an in situ cell
death detection kit (Roche, Indianapolis, IN). Cells undergoing
apoptosis were identified by fluorescence microscopy (Nikon,
Japan).

3. Results

3.1. HER-2/neu, TNF-R1, and TNF-R2 expression and
cytotoxic activity of various agents against four pancreatic
cancer cell lines

HER-2/neu has previously been found to be over-expressed in
pancreatic tumor biopsy specimens and HER-2/neu expression
has been proposed as a negative prognostic marker in pan-
creatic intraepithelial neoplasia [9]. We examined the basal
level of the HER-2/neu, TNF-R1, and TNF-R2 expression by
western blot analysis in four pancreatic cancer cell lines. All
lines (AsPc-1, Capan-1, Capan-2, and L3.6pl) expressed HER-2/
neu. L3.6pl cells expressed highest levels of HER-2/neu, TNF-R1,
and TNF-R2 protein whereas AsPc-1 and Capan-2 cells expres-
sed comparatively less HER-2/neu and TNF-R1 protein (Fig. 1A).

HER-2/neu plays a key role in modulation of cellular
response to TNF [29,30]. We next evaluated the response of
these pancreatic cancer cell lines to the cytotoxic effects of
TNF, scFv23, or scFv23/TNF. All lines were resistant to TNF at
doses of up to 4 pM whereas the cell lines showed specific
sensitivity to scFv23 or scFv23/TNF. The ratio of ICso values of
TNF to scFv23/TNF was calculated for the cell lines. This ratio
(targeting index) represents the ability of the scFv23 compo-
nent of the scFv23/TNF to mediate the delivery of the TNF
component to the target cell cytoplasm. scFv23/TNF showed
ICso values between 50 nM and 90 nM against TNF-resistant
pancreatic cancer cell lines which express HER-2/neu (targeting
index >44). Especially, L3.6pl cells expressing the highest levels
of HER-2/neu, TNF-R1, and TNF-R2 were the most sensitive to
scFv23/TNF (Targeting index >80) (Fig. 1B). Surprisingly, scFv23
showed a 2-fold gain in toxicity after conjugation with TNF.
These data suggest that scFv23/TNF can overcome TNF cellular
resistance associated with HER-2/neu expression.

The ability of various chemotherapeutic agents to inhibit
cell proliferation in vitro was markedly different among the
fourlines tested. As noted above, all lines were highly resistant
to the cytotoxic effects of TNF (ICso > 4 uM). The chemother-
apeutic agents 5-FU, cisplatin, etoposide, and Herceptin
showed ICso values between 1uM and 300 uM whereas
doxorubicin, gemcitabine, and scFv23/TNF were compara-
tively more active with ICsg values ranging between 6 nM and
500 nM. Surprisingly, scFv23/TNF was highly cytotoxic to HER-
2/neu-expressing pancreatic cancer cell lines at levels rivaling
that of conventional chemotherapeutic agents (Table 1).

3.2.  Therole of TNF-R1 in scFu23/TNF-induced cytotoxicity

To determine whether the cytotoxic effects of scFv23/TNF were
mediated through interaction with the cell-surface TNF-R1,
we specifically blocked the binding of the TNF component of
the scFv23/TNF to TNF-R1 using TNF-R1:Fc fusion protein.

scFv23/TNF in four pancreatic cancer cell lines. The cells were treated with various concentrations of TNF, scFv23 or scFv23/
TNF for 72 h and then assessed growth inhibition by crystal violet staining. Values are means + S.D. from at least four
independent exposures. (C) Role of TNR receptor 1 in scFv23/TNF-induced cytotoxicity. To determine whether the cytotoxic
effect of scFv23/NF was mediated entirely through interaction with cell surface TNF-R1, we blocked the binding of scFv23/
TNF to TNF-R1 using 1 pg/ml TNF-R1:Fc protein. After 72 h of exposure, growth inhibition was determined by crystal violet
staining. Values are means *+ S.D. from at least four independent exposures.
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Table 1 - IG5, of various agents against four human
pancreatic cancer cell lines

Drug ICso (1M)

AsPc-1 Capan-1 Capan-2 L3.6pl
5-Fluorouracil (5-FU) 7.5 6 300 1
Cisplatin (CIS) 14 45 50 36
Etoposide (ETO) 28 2 40 2
Doxorubicin (DOX) 0.32 0.06 0.5 0.03
Gemcitabine (GEM) 0.2 0.02 0.15 0.006
scFv23/TNF 0.07 0.09 0.07 0.05
TNF >4 >4’ >4 >4
Herceptin 4.8 3.44 4.8 3.44

The ICso values were determined after 72h of exposure to
the drugs and were defined as the concentration causing 50%
growth inhibition in treated cells compared to control cells.

* Highest concentration achieved.

A) 507
4.5
4.0
3.5 7
3.0 7
2.5
2.0 1

1.5 7

Combination Index ( Cl)

1.0 7

0.0 -

As shown in Fig. 1C, addition of TNF-R1:Fc was able to abrogate
scFv23/TNF-induced cytotoxicity on L3.6pl cells. Our result
clearly suggests that scFv23/TNF-induced cytotoxicity is prin-
cipally mediated by interaction with the cell surface TNF-R1.

3.3. Combination studies of scFv23/TNF with various
chemotherapeutic agents

We next performed studies combining scFv23/TNF in vitro
with various chemotherapeutic agents. We found a synergistic
cytotoxic effect of scFv23/TNF with 5-FU and an antagonistic
effect of scFv23/TNF with doxorubicin in pancreatic cancer cell
lines tested. However, the addition of cisplatin or gemcitabine
to scFv23/TNF resulted in antagonistic cytotoxic effects in 3/4
cell lines tested whereas the addition of etoposide to scFv23/
TNF resulted in a synergistic cytotoxic effect in 3/4 pancreatic
cancer cell lines (Fig. 2A). These results suggest that targeting
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Fig. 2 - (A) Concomitant exposure to scFv23/TNF and five conventional chemotherapeutic agents against AsPc-1, Capan-1,
Capan-2, and L3.6pl cells. After 72 h incubation, growth inhibition was determined by crystal violet staining. Values are
means * S.D. from at least four independent exposures. To analyze the cellular interaction between the 2 agents, for tested
combination of the 2 agents combination index (CI) values were calculated as proposed by Chou and Talalay [28]. CI=1
indicates an additive effect; CI > 1 indicated antagonism; and CI < 1 indicates synergism (see Section 2). (B) Effect of Herceptin,
5-fluorouracil, scFv23, TNF, scFv23/TNF or the combination on the growth of L3.6pl cells. The cells were treated with 4.5 pM
Herceptin, 400 nM 5-fluorouracil, 50 nM scFv23, 625 nM TNF, 25 nM scFv23/TNF or the combination for 72 h and then assessed
growth inhibition by crystal violet staining. Values are means + S.D. from at least four independent exposures.
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TNF-resistant HER-2/neu-expressing tumor cells using the
immunocytokine scFv23/TNF may be an effective therapy for
pancreatic cancer especially when utilized in combination with
specific chemotherapeutic agents such as 5-FU, or etoposide.
For further study, we selected TNF-resistant L3.6pl cell
line overexpressing HER-2/neu, which produce significantly
higher incidence and number of lymph node and liver
metastases than parent COLO 357 fast growing cells [31].
The immunocytokine scFv23/TNF is composed of a single
chain Fv antibody (scFv23) targeting the HER-2/neu and TNF.
To investigate the role of both TNF and scFv23 components in
scFv23/TNF, we next examined the cooperative effect of
combination treatment in L3.6pl cells. As shown in Fig. 2B,
additive interaction was observed for 5-FU in combination
with TNF or scFv23 whereas the addition of 5-FU to scFv23/TNF
resulted in a synergistic cytotoxic effect. However, the
cooperative effect of 5-FU plus Herceptin (anti-HER-2/neu
antibody) is not great than that of 5-FU plus scFv23.

3.4. Effect of combination treatment on HER-2/neu and
TNF-R1 expression

We next examined whether combination treatment can
modulate the cellular expression of HER-2/neu and TNF-R1.
Treatment of L3.6pl cells or Capan-2 cells with scFv23/TNF in
combination with 5-FU induced down-regulation of HER-2/
neu and up-regulation of TNF-R1 expression in a time-
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Fig. 3 - Effect of combination treatment on modulation of
HER-2/neu and TNF-R1 expression. To determine whether
combination treatment can modulate the expression of
HER-2/neu and TNF-R1, we treated Capan-2 and L3.6pl
cells with scFv23/TNF plus 5-FU. Whole cell lysates (50 p.g)
were analyzed by SDS-PAGE and immunoblotting with
anti-HER-2/neu or anti-TNF-R1 antibodies, followed by
incubation with an anti-mouse or anti-rabbit horseradish
peroxidase-labeled antibody and chemiluminescent
detection. Actin was used as a loading control.

dependent fashion (Fig. 3). This result suggests that the
cellular expression level of HER-2/neu and TNF-R1 may be
directly correlated with the cytotoxic effect of combination
treatment in TNF-resistant, HER-2/neu-overexpressing pan-
creatic cancer cell lines.
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Fig. 4 - Inhibition of Akt expression by combination treatment. AsPc-1, Capan-1, Capan-2 or L3.6pl cells were treated with
1C,5 of 5-FU, scFv23/TNF or scFv23/TNF plus 5-FU combination for 48 h or 72 h. For combination studies, scFv23/TNF and 5-
FU were combined at their individual IC,s concentrations. After treatment, cell lysates (50 pg) were analyzed by SDS-PAGE
and immunoblotting with anti-Akt and anti-phospho-Akt antibodies, followed by incubation with an anti-rabbit
horseradish peroxidase-labeled antibody and chemiluminescent detection. Actin was used as a loading control. Data are
presented as the relative density of protein bands normalized to B-actin. Relative protein quantitation was performed using
Flour Chem 8900. Representative of three independent experiments. Values are means *+ S.D.
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3.5. Effect of 5-FU + scFu23/TNF combination treatment
on Akt expression

Overexpression of HER-2/neu has been shown to result in
activation of different downstream pathways such as the
Akt kinase pathway, which leads to cell proliferation
and cell survival. To determine whether combination
treatment affects this survival pathway, four pancreatic
cancer cell lines were treated with IC,s; doses of 5-FU,
scFv23/TNF, or 5-FU + scFv23/TNF. The activation of Akt
kinase was then assessed by Western blot analysis using
antibodies to Akt and to phospho-Akt. As shown in Fig. 4,
treatment of L3.6pl cells with 5-FU, scFv23/TNF as single
agents or with the combination had no impact on the total
levels of Akt while the combination treatment of scFv23/
TNF plus 5-FU inhibited phosphorylation of the Akt protein
by 50% after 48 h of treatment. In addition, combination
treatment induced down-regulation of phospho Akt and
Akt in AsPc-1, Capan-2, and L3.6pl but not in Capan-1 cells
after 72h of treatment. These results suggest that the
cytotoxic effects of 5-FU plus scFv23/TNF may be mediated,

at least in part, by an inhibitory effect on Akt phosphoryla-
tion events.

3.6.  Effect of 5-FU + scFu23/TNF combination treatment
on Bcl-2 expression

Increased levels of the anti-apoptotic protein Bcl-2 con-
tribute to cellular resistance of tumor cells to a variety of
chemotherapeutic agents including cyclophosphamide,
methotrexate, anthracycline, cytarabine, paclitaxel, and
corticosteroids [32]. To determine whether the cytotoxic
effects of combination treatment are mediated through
changes in cellular levels of Bcl-2, four pancreatic
cancer cell lines were treated with IC,s doses of 5-FU,
scFv23/TNF, or 5-FU + scFv23/TNF. As shown in Fig. 5,
treatment of L3.6pl cells with 5-FU had no impact on
cellular levels of Bcl-2 while scFv23/TNF and 5-FU + scFv23/
TNF inhibited Bcl-2 expression levels by 43% and 71%,
respectively. In addition, combination treatment induced
down-regulation of Bcl-2 in AsPc-1, Capan-2, and L3.6pl but
not in Capan-1 cells after 72h of treatment. This result
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Fig. 5 - Inhibition of Bcl-2 expression by combination treatment. AsPc-1, Capan-1, Capan-2 or L3.6pl cells were treated with
IC,s of 5-FU, scFv23/TNF or 5-FU plus scFv23/TNF combination for 48 h or 72 h. For combination studies, scFv23/TNF and 5-
FU were combined at their individual IC,s concentrations. After treatment, cell lysates (50 p.g) were analyzed by SDS-PAGE
and immunoblotting with anti-Bcl-2 antibody, followed by incubation with an anti-mouse horseradish peroxidase-labeled
antibody and chemiluminescent detection. Actin was used as a loading control. Data are presented as the relative density
of protein bands normalized to B-actin. Relative protein quantitation was performed using Flour Chem 8900.
Representative of three independent experiments. Values are means =+ S.D.
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(x 400)

Fig. 6 - Induction of apoptosis by combination treatment. L3.6pl cells exposed to IC,s of 5-FU, scFv23/TNF, or combination for
48 h. For combination studies, scFv23/TNF and 5-FU were combined at their individual IC,5 concentrations. After treatment,
the cells were washed with PBS, permeabilized in permeabilization solution (0.1% Triton X-100, 0.1% sodium citrate), and
then fixed in 4% paraformaldehyde. Fixed cells were stained with in situ cell death detection kit (Roche). Cells undergoing

apoptosis were determined by fluorescence microscope (400Xx).

suggests that the cytotoxic effects of 5-FU plus scFv23/TNF
may be mediated, at least in part, by inhibition of Bcl-2
expression.

3.7.  Effect of 5-FU + scFu23/TNF combination treatment
on apoptosis

To determine whether the cytotoxic effect of combination
treatment was associated with apoptosis, L3.6pl cells were
assayed for apoptosis by TUNEL staining. L3.6pl cells were
treated with IC,5 doses of 5-FU, scFv23/TNF or 5-FU + scFv23/
TNF. As shown in Fig. 6, 5-FU + scFv23/TNF-treated cells
demonstrated a marked induction of apoptotic cell death
within 48 h after treatment.

The caspase proteins are known to be a central mediator
of the apoptotic effects of TNF and other cytokines. To
determine whether caspase-8 and caspase-3 were activated
in L3.6pl cells during 5-FU + scFv23/TNF-induced cell death,
we investigated the cleavage of caspase-8, caspase-3, and its
substrate poly (ADP)-ribose polymerase (PARP). Treatment
of L3.6pl cells with IC,s dose of 5-FU had no effect on
caspase-8, caspase-3, and PARP cleavage whereas exposure
of the cells to the scFv23/TNF or scFv23/TNF plus 5-FU
combination resulted in cleavage of caspase-8, caspase-3,
and PARP (Fig. 7A). Caspase-8 was activated after 24 h of
combination treatment and then levels of cleaved caspase-8

were shown to decrease whereas levels of cleaved caspase-3
and PARP were increased 72 h after combination treatment
(Fig. 7B).

To determine whether 5-FU + scFv23/TNF-induced apop-
tosis was dependent on activation of the caspase pathways,
we examined the effect of caspase inhibitors on the
cytotoxicity of 5-FU + scFv23/TNF against L3.6pl cells. As
shown in Fig. 8, pre-treatment with the caspase inhibitors
followed by combination treatment (5-FU + scFv23/TNF)
was able to inhibit the synergistic cytotoxic effects observed.
This result suggests that the synergistic cytotoxic effects of the
combination may depend, at least in part, on a caspase-driven
pathway.

4, Discussion

Human epidermal growth factor receptor-2 (HER-2/erbB-2)
belongs to a family of four transmembrane receptors (HER-1,
HER-3, and HER-4) and it plays a key role in HER family
signaling events, cooperating with other HER receptors via a
complex signaling network to regulate cell growth, differ-
entiation, and survival [33-35]. Over-expression of HER-2/neu
has been observed in several cancers where it is associated
with multiple drug resistance, higher metastatic potential,
and decreased patient survival [9,36-40].
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Fig. 7 - Effects of combination treatment on the activation
of caspase-8, caspase-3, and PARP cleavage. L3.6pl cells
were treated with IC,s of 5-FU, scFv23/TNF or combination
for 48 h (A) or different times (B). For combination studies,
scFv23/TNF and 5-FU were combined at their individual
IC,s concentrations. After treatment, cell lysates (50 pg)
were analyzed by SDS-PAGE and immunoblotting with
anti-caspase-8, anti-caspase-3, and anti-PARP antibodies,
followed by incubation with an anti-mouse horseradish
peroxidase-labeled antibody and chemiluminescent
detection. Actin was used as a loading control.

To evaluate the influence of HER-2/neu expression in
pancreatic cancer as it relates to clinical response to
therapeutic agents, a variety of groups have used several
HER-2/neu targeting strategies including using HER-2/neu
targeted ribozymes [41-43], humanized anti-HER-2/neu anti-
body (Herceptin), and combination chemotherapeutic treat-
ment regimens with Herceptin [44,21,45,46].
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Fig. 8 — Influence of caspase inhibitors on the viability of 5-
FU + scFv23/TNF-treated L3.6pl cells. L3.6pl cells pre-
treated with or without 200 pM general caspase inhibitor
(Z-VAD-FMK), caspase-8 inhibitor (Z-IETD-FMK), or
caspase-3 inhibitor (Z-DEVD-FMK) (R&D) for 2 h and then
treated with their individual IC,s concentrations. After

72 h of exposure, growth inhibition was determined by
crystal violet staining. Values are means + S.D. from at
least four independent exposures.

Our approach was to utilize HER-2/neu expression on the
surface of tumor cells as a therapeutic target employing the
immunocytokine scFv23/TNF, a fusion cytokine composed of
TNF and a single chain Fv antibody (scFv23) targeting the HER-
2/neu antigen, to deliver TNF directly to TNF-resistant
pancreatic tumor cells. In this report, we observed that
scFv23/TNF can overcome TNF resistance in HER-2/neu-
expressing pancreatic cancer cell lines (Fig. 1B) and scFv23/
TNF-induced cytotoxicity is mediated by interaction with the
cell surface TNF-R1 (Fig. 1C). We previously observed that
treatment with scFv23 or scFv23/TNF induced up-regulation of
TNF-R1 in SKBR-3 breast cancer cell [27]. We also found that
treatment of pancreatic cancer cell lines (Capan-2 and L3.6pl)
with scFv23/TNF plus 5-FU induced down-regulation of HER-2/
neu and up-regulation of TNF-R1 (Fig. 3). These results suggest
that scFv23/TNF plus 5-FU can sensitize HER-2/neu-over-
expressing cancer cells to TNF via down-regulation of HER-2/
neu and up-regulation of TNF receptor-1 and the overexpres-
sion of TNF-R1 plays a crucial role in TNF sensitivity in HER-2/
neu-overexpressing cancer cells.

The chemotherapeutic agents utilized in this study were
selected to present a spectrum of different intracellular targets
and are representative of the major classes of agents with
therapeutic value. The potential combinations of tumor-
targeted delivery of TNF in combination with chemother-
apeutic agents have not been previously examined. Our
studies combining scFv23/TNF and various chemotherapeutic
agents clearly demonstrated a uniform synergistic effect of
scFv23/TNF and 5-FU in all pancreatic tumor cell lines. Pegram
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et al. reported that 5-FU has an antagonistic effect in vitro in
combination with anti-HER-2/neu monoclonal antibodies
whereas cisplatin, etoposide, and doxorubicin, previously
showed a synergistic or an additive effect in combination with
Herceptin [46]. However, we found a uniform synergistic effect
of scFv23/TNF in combination with 5-FU and an antagonistic
effect of scFv23/TNF in combination with doxorubicin against
all four pancreatic cancer cell lines (Fig. 2A).

Over-expression of HER-2/neu is known to activate the Akt
pathway and to confer resistance to apoptosis induced by
many therapeutic drugs [47]. Han et al. [48] reported that the
down-regulation of Aktl with Aktl siRNA could significantly
enhance the sensitivity of AGS cells to 5-FU. Four pancreatic
cancer cell lines (AsPc-1, Capan-1, Capan-2, and L3.6pl) which
express HER-2/neu had endogenous levels of phospho Akt and
Akt (Fig. 4). Treatment of three pancreatic cancer cell lines
(AsPc-1, Capan-2, and L3.6pl) with combination 5-FU + scFv23/
TNF resulted in significant reduction in phospho Akt and Akt.
This result suggests that Akt phosphorylation plays an
important role in 5-FU plus scFv23/TNF-induced cytotoxicity.

Over-expression of Bcl-2 has also been shown to contribute
to the cellular resistance of a variety of chemotherapeutic
drugs, including cyclophosphamide, methotrexate, anthracy-
cline, cytarabine, paclitaxel, and corticosteroids [32]. Sasaki
et al. reported that the level of Bcl-2 in cancer cells was an
indicator of 5-FU efficacy [49]. We found that treatment of
three pancreatic cancer cell lines with scFv23/TNF plus 5-FU
resulted in significant reduction of Bcl-2 expression. However,
treatment of L3.6pl cells with IC,s dose of 5-FU had no impact
on the levels of Bcl-2. This result suggests that down-
regulation of Bcl-2 by scFv23/TNF may be induced the
sensitization of pancreatic cancer cell lines to be more
sensitive to 5-FU.

We also found that another critical factor in the
mediation of 5-FU +scFv23/TNF synergy is the caspase
activation cascade. Binding of TNF to TNF-R1 can induce
the formation of signaling complexes, TNF-R1-TRADD-
FADD-pro-caspase-8, resulting in the activation of cas-
pase-8 [50]. The activation of caspase-8 is though to result in
proteolytic activation of the other caspases [51]. The
activation of caspase-3 contributes to paclitaxel-induced
apoptosis in HER-2/neu-overexpressing SKOV3.ip1 [52] and
immunotoxin-induced apotosis [53]. We observed that
treatment with 5-FU + scFv23/TNF resulted in activation of
caspase-8, caspase-3, and PARP cleavage and the combina-
tion-induced cytotoxicity was inhibited by general caspase
inhibitor, caspase-8 inhibitor, and caspase-3 inhibitor. Our
data clearly suggest that 5-FU plus scFv23/TNF-induced
cytotoxic mechanism was accompanied by induction of the
apoptotic cascade through activation of caspase-8, caspase-
3, and PARP cleavage via TNF-R1.

Taken together, we observed that the immunocytokine
scFv23/TNF targeting HER-2/neu can overcome TNF resistance
and induced a synergistic cytotoxic effect with 5-FU in TNF-
resistant pancreatic cancer cell lines, which express HER-2/
neu. Treatment of three pancreatic cancer cell lines (AsPc-1,
Capan-2, and L3.6pl) with scFv23/TNF in combination with 5-
FU resulted in down-regulation of HER-2/neu, p-Akt, Akt, and
Bcl-2 and up-regulation of TNF-R1 and induction of apoptosis
through cleavage of caspase-8, caspase-3, and PARP. Our

results suggest that delivery of the cytokine TNF to HER-2/neu
expressing TNF-resistant tumor cells using scFv23/TNF may
be an effective therapy for pancreatic cancer especially when
utilized in combination with specific chemotherapeutic
agents. These observations provide a rationale for further
developmental therapeutic studies of the immunocytokine
scFv23/TNF against HER-2/neu expressing pancreatic xeno-
graft models alone and in combination with selected che-
motherapeutic agents.
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