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Pancreatic cancer is one of the major malignancies in the
world. Almost three-fourth of the patients with pancreatic
cancer are diagnosed at an advanced stage with lymph node
or distant metastases, while the percentage of patients with
localized pancreatic cancer at diagnosis is <10%." The 5-year
survival rate for all cases of pancreatic cancer is only 6%;
moreover, the 5-year survival rate for pancreatic cancer is
less than 40% even if the cancer is diagnosed at a localized
stage.” Because pancreatic cancer usually cannot be cured
by surgery alone, an effective chemotherapy regimen is
important. Gemcitabine (GEM) is a key drug in the treat-
ment of pancreatic cancer.’ Several combination therapies
based on GEM have been studied in several clinical trials, but
the data were far from satisfactory.*™®

The association between cancer and thrombosis was first
reported in the nineteenth century by the clinicians Trousseau’
and Billroth.® To date, several basic studies have indicated the
involvement of blood coagulation in tumor progress.”'® Clinical
evidence also shows that patients with cancer have twice the
incidence of venous thromboembolism, pulmonary embolism
and deep venous thrombosis as patients without cancer.'" Can-
cer cells can produce procoagulant molecules to activate blood
coagulation, and one of the well-characterized procoagulants
associated with cancer is tissue factor (TF).** TF is 47-kDa single
chain transmembrane glycoprotein consisting of 263 amino
acids,’® and it acts as both a surface receptor and cofactor for
the activated coagulation protease factor VII (VIIa). Upon bind-
ing of factor V1Ia to TF, the extrinsic blood coagulation pathway
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is initiated with the downstream generation of activated coagula-
tion serine proteases, factor Xa and factor ITa (thrombin). TF is
highly expressed in various kinds of tumors especially pancreatic
cancer, malignant glioma and gastric cancer.* TF is also highly
expressed in normal tissues such as epidermis of skin, mucosa
of gut and myocardium of heart,'” because TF presence
throughout the body is reasonable to stop the bleeding at any
place following vascular injury. Meanwhile, TF is rarely or
weakly expressed in various kinds of normal cells including
endothelial cells of normal vessels and ductal cells of pancreas
which are origin of pancreatic ductal adenocarcinoma.'®
Although TF is rarely expressed in normal tissue, monocytes
and endothelial cells, which are stimulated under the inflamma-
tory or cancerous conditions, can be induced to synthesize and
express TF on their membranes in addition to cancer cells."”

Antibody-drug conjugates (ADCs) were reported as a can-
cer therapeutic in late 1980s. However, there were several issues
that needed to be resolved, such as the immunogenicity of anti-
bodies, the low toxicity of the payloads and unstable linkers in
the blood stream.'®'® The antibodies should target a cancer-
specific antigen that is expressed on the cellular membrane and
be internalized into the cancer cells by an endosome. The drugs
should be a high potential cytotoxic agent, and the linkers
should be stable in the plasma and should release the drugs in
its active form>® Macromolecules including high molecular
protein and nanoparticles are too large to pass through the
normal vessel walls but can extravasate through a gap in the
tumor vessels and be retained in the tumor tissue based on the
enhanced permeability and retention (EPR) effect*' The parti-
cle size of the ADC is almost 10 nm, and the ADC thus both
passively and actively targets cancer tissue.

From the standpoint of a drug delivery system (DDS), an
ADC is a promising strategy because of its size, stability and
selective targeting of cancer cells. As for the ADCs that spe-
cifically use an anti-TF antibody, the ADCs may possibly tar-
get both the tumor cells and the tumor vascular endothelium.
Therefore, this present study investigates the antitumor effect
of an ADC that consists of an anti-human and -mouse TF
monoclonal antibody (mAb) conjugated to monomethyl auri-
statin E (MMAE).

Material and Methods

Human pancreatic cancer cell lines

The human pancreatic cancer cell lines BxPC-3, Capan-1,
Panc-1 and PSN-1 were obtained from the American Type

Culture Collection (ATCC, Manassas, VA). All cell lines were
authenticated by short tandem repeat (STR) DNA profiling
in 2014 by JCRB Cell Bank (Osaka, Japan). Cells were main-
tained at 37°C in a humidified atmosphere with 5% CO, and
grown in an RPMI-1640 (Wako, Osaka, Japan) medium con-
taining 10% fetal bovine serum (FBS, Gibco, Grand Island,
NY), 100 U/mL penicillin, 100 pg/mL streptomycin and 0.25
ug/mL amphotericin B (Wako).

TF copy number in human pancreatic cancer cell lines

TF copy number was calculated by quantitative real-time
reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from the cells using an RNeasy mini
kit (Qiagen, Valencia, CA) and complementary DNA (cDNA)
was synthesized using a ReverTra Ace (Toyobo, Osaka, Japan)
in accordance with the manufacturer’s instructions. Briefly,
each cell was dissolved in 1 ml of QIAzol (Qiagen). Thereafter,
200 uL of chloroform was added, the mixture was vortexed vig-
orously for 15 sec and incubated for 3 min at room tempera-
ture, and then centrifuged at 13,000g for 15 min at 4°C. The
upper aqueous phase was transferred to a 1.5-ml tube, and
same volume of 70% ethanol was added. The solution was
mixed thoroughly by pipetting and transferred to an RNeasy
spin column, and the columns were centrifuged at 7,000g for
15 sec at room temperature. After washing, total RNA was
eluted in RNase-free water (1 X 10° cells/uL). The cDNA syn-
thesis mixture consisted of 1 uL of total RNA, 2 uL of RT
buffer, 0.5 uL of RT enzyme mix, 0.5 uL of Primer mix and 6
uL of distilled water (DW) was incubated at 37°C for 15 min
and 98°C for 5 min. The reaction mixture for the real-time
PCR analysis was consisted of 1 pL of a template cDNA, 10 uL
of TagMan Fast Universal PCR Master Mix (Applied Biosys-
tems) and 1 pL of 20 X primer/probe mixture in a total reac-
tion volume of 20 uL. Real-time PCR was performed with
precycling heat activation at 95°C for 20 sec, followed by 40
cycles of denaturation at 95°C for 3 sec, and annealing/exten-
sion at 60°C for 30 sec, in an Applied Biosystems 7500 Fast
Real-Time PCR System (Applied Biosystems). Several concen-
trations of plasmid DNA cloned with human TF gene were
used for standard curve.

Anti-TF antibodies, linkers, cytotoxic drugs and ADC

Extracellular domains of human or mouse TF without a sig-
nal peptide were cloned into the pET21b(+) vector (Merck-
Millipore, Darmstadt, Germany), and purified human or
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