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Tissue factor (TF) triggers the extrinsic blood coagulation cascade and is highly expressed in various types of cancer. In this study,

we investigated the antitumor effect of an antibody–drug conjugate (ADC) consisting of an anti-TF monoclonal antibody and mono-

methyl auristatin E (MMAE). MMAE was conjugated to an anti-human TF or anti-mouse TF antibody using a valine-citrulline linker

that could be potentially hydrolyzed by cathepsin B in the acidic environment of the lysosome. The cytotoxic and antitumor effects

of the ADCs against four pancreatic cancer cell lines were analyzed. Both the ADC with the anti-human TF antibody and that with the

anti-mouse TF antibody were stable under physiological conditions. The anti-human ADC was internalized in TF-expressing human

tumor cell lines, followed by effective MMAE release. The half maximal inhibitory concentration (IC50) of MMAE was approximately

1 nM for all of the cell lines used. Meanwhile, the IC50 of anti-human ADC was 1.15 nM in the cell lines showing high TF expression,

while exceeding 100 nM in the cells showing low TF expression levels. Anti-human ADC with passive and active targeting ability

exerted significant suppression of tumor growth as compared to that observed in the saline group (p < 0.01). Also significant tumor

growth suppressions were seen at the anti-mouse ADC and control ADC groups compared to the saline group (p < 0.01) due to EPR

effect. Because various clinical human cancers express highly amount of TF, this new anti-TF ADC may deserve a clinical evaluation.

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%.1 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.1,2 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.3 Several combination therapies
based on GEM have been studied in several clinical trials, but
the data were far from satisfactory.4–6

The association between cancer and thrombosis was first
reported in the nineteenth century by the clinicians Trousseau7

and Billroth.8 To date, several basic studies have indicated the
involvement of blood coagulation in tumor progress.9,10 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.11 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).12 TF is 47-kDa single
chain transmembrane glycoprotein consisting of 263 amino
acids,13 and it acts as both a surface receptor and cofactor for
the activated coagulation protease factor VII (VIIa). Upon bind-
ing of factor VIIa 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 IIa (thrombin). TF is
highly expressed in various kinds of tumors especially pancreatic
cancer, malignant glioma and gastric cancer.14 TF is also highly
expressed in normal tissues such as epidermis of skin, mucosa
of gut and myocardium of heart,15 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.16

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.17

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.18,19 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.20 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.21 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% CO2 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 lg/mL streptomycin and 0.25
lg/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 lL 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 3 105 cells/lL). The cDNA syn-
thesis mixture consisted of 1 lL of total RNA, 2 lL of RT
buffer, 0.5 lL of RT enzyme mix, 0.5 lL of Primer mix and 6
lL 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 lL of a template cDNA, 10 lL
of TaqMan Fast Universal PCR Master Mix (Applied Biosys-
tems) and 1 lL of 20 3 primer/probe mixture in a total reac-
tion volume of 20 lL. 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(1) vector (Merck-
Millipore, Darmstadt, Germany), and purified human or

What’s new?

Tissue factor (TF) triggers normal blood coagulation, and is also highly expressed in various types of tumor, including pancre-

atic, malignant glioma, and gastric cancer. In this study, the authors developed a new antibody-drug conjugate (ADC) consist-

ing of an anti-TF monoclonal antibody linked to monomethyl auristatin E (MMAE). The ADC accumulated selectively within

tumors, and caused significant suppression of tumor growth in vivo. Because it penetrates tumors via their leaky vasculature,

but is too large to pass through normal vessel walls, this ADC may provide a promising therapeutic strategy.
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mouse TF proteins were obtained after transfection of the
expression vectors into DH5a cells (Toyobo). The anti-
human TF mAb-producing hybridoma (clone 1849) and the
anti-mouse TF mAb-producing hybridoma (clone 1157) were
established in our laboratory from rats that were immunized
with a purified human or mouse TF protein, respectively.22

Control mAb (clone 372) which recognized neither human
TF nor mouse TF was also established in our laboratory. The
linker and the drug was composed of a maleimide that serves
as the connection to the mAb, Mal-PEG12-OSu (Quanta Bio-
design, San Diego, CA) to increase polarity, a valine-citrulline
(Val-Cit) dipeptide to trigger cleavage by intracellular pro-
teases, a para-amino benzyl carbamate (PABC) that functions
as a self-immolative spacer to release the drug efficiently and
the drug payload MMAE (MedChem Express, Prinston, NJ).
To connect the mAb to the linker, interchain disulfides of
the mAb were reduced with 1 mM DTT (Sigma, St. Louis,
MO) at 26�C for 30 min. The number of free thiols was
quantified with 5,50-dithiobis(2-nitrobenzoic acid) (DTNB,
Sigma). To conjugate to the maleimide-linker-MMAE pro-
drug, reduced mAbs were then incubated in a phosphate-
buffered saline (PBS) solution containing 5 mM ethylenedia-
minetetraacetic acid (EDTA, pH 6.4) first at room tempera-
ture for 1 hr and then at 4�C overnight. The concentrations
of the anti-human TF mAb conjugated with MMAE (anti-
human ADC), the anti-mouse TF mAb conjugated with
MMAE (anti-mouse ADC) and control mAb conjugated with
MMAE (control ADC) were measured using a NanoDrop
ND-1000 spectrometer (ThermoFisher Scientific, Wilmington,
DE). The numbers of residual thiols were quantified with
DTNB. The drug (MMAE)/antibody ratio was determined by
comparing the numbers of free and residual thiols.

Biochemical characteristics of anti-TF mAb or ADC

The sizes of anti-TF mAbs (including anti-human and mouse
TF mAbs) and ADCs (including anti-human and -mouse
ADCs) were measured using the DelsaNano HC particle ana-
lyzer (Beckman Coulter, Brea, CA) according to the manufac-
turer’s instruction. To analyze the molecular weight, 5 lg of
anti-TF mAb and ADC denatured in a 1% sodium dodecyl
sulfate (SDS) buffer were electrophoresed in a polyacrylamide
gel (SDS-PAGE). The proteins were then transferred to a pol-
yvinylidene fluoride (PVDF) membrane, and the membrane
was stained by Coomassie brilliant blue (CBB).

To investigate the in vitro release behavior of the MMAE
from the ADC, the ADC was incubated for 0, 3, 6, 24 and 48
hr at 37�C in either a tris-buffered saline (TBS, pH 7.5) or a
TBS (pH 4.0) solution added with 0.1 mg/mL cathepsin B
(Sigma). The samples were filtered through the Ultrafree-MC
centrifugal filter devices (Millipore). Reverse-phase high-per-
formance liquid chromatography (HPLC) was conducted on a
Capcell Pac C18 AQ column (4.6 mm 3 100 mm; Shiseido,
Tokyo, Japan). The samples were then injected into a Nexera
HPLC system (Shimadzu, Kyoto, Japan). The detector was set
at 227 nm for MMAE.

The interactions between the mAbs and the TF proteins
were analyzed with a Biacore T200 surface plasmon resonance
(SPR) sensor (GE Healthcare, Uppsala, Sweden) according to
the manufacturer’s instruction. Ten resonance units (RU) of
the purified TF protein were immobilized onto the sensor sur-
face of a Biacore sensor chip CM5 (GE Healthcare). The 3–24
lg/mL (20–160 nM) concentrations of the mAbs were then
flowed through the sensor chip. The interactions between the
ADCs and the TF protein were analyzed by the same method.
The affinity (KD) was calculated using following formula:
KD5Kd/Ka, where Kd stands for the dissociation rate con-
stant and Ka for the association rate constant.

The affinity and internalization of anti-TF mAbs and ADCs

for various cells

To analyze the affinity and internalization of the anti-TF
mAbs and ADCs, the mAbs and ADCs were directly conju-
gated with Alexa647 using a monoclonal antibody labeling
kit (Invitrogen) according to manufacturer’s instruction. The
affinities of the mAbs and the ADCs against pancreatic can-
cer cells were analyzed by flow cytometry. Inside a 2 ml
tubes, 2 3 105 harvested cells were incubated with 0.2 lg of
each Alexa647-conjugated mAbs and ADCs for 30 min at
4�C. After washing with PBS containing 0.5% bovine serum
albumin (BSA) and 2 mM EDTA (B. E. PBS), the cells were
nuclear stained with a propidium iodide (PI) solution (Invi-
trogen, Eugene, OR). The stained cells were analyzed by flow
cytometry using Guava easyCyte (Millipore, Billerica, MA).

To analyze the internalization of the anti-TF ADC into
cancer cells, 3 3 103 cells of BxPC-3 were pre-cultured in
flat-bottomed 96-well tissue culture plates (Corning, Corning,
NY) overnight. Then, 0.2 lg of Alexa647-conjugated ADC
were added to the cells and incubated at 37�C for 0 and 3
hr. To identify the lysosomes, the cells were also incubated
for 1 hr with 50 nM of LysoTracher (Invitrogen). After rins-
ing with PBS, the cells were fixed with 4% paraformaldehyde
(Wako) for 10 min and then nuclear stained with a 406-
diamidino-2-phenylindole-2HCl (DAPI) solution (Roche,
Basel, Switzerland).

In vitro cytocidal effect

After pre-culturing 3 3 103 cells of several pancreatic cancer cell
lines in 96-well plates (Corning) and draining off the growth
medium, the cells were then incubated in a growth medium
containing varying concentrations of anti-human ADC, anti-
mouse ADC, and MMAE for 72 hr at 37�C. The cell viability
was analyzed using the Cell Counting Kit-8 (Dojindo, Kuma-
moto, Japan) according to manufacturer’s instruction.

Experimental mice model

Six-week-old female BALB/c nude mice (Charles River Labo-
ratories Japan, Yokohama, Japan) were used in this study.
The animals were maintained in cages under specific
pathogen-free conditions, provided with standard food, and
given free access to sterilized water. All animal procedures
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were carried out in compliance with the Guidelines for the
Care and Use of Experimental Animals established by the
Committee for Animal Experimentation from the National
Cancer Center, Japan. These guidelines meet the ethical
standards required by law and also comply with the guide-
lines for the use of experimental animals in Japan.

Anesthetized mice were subcutaneously inoculated with
1 3 107 BxPC-3 or Capan-1 cells suspended in 100 lL of
PBS on the right back. The mice were used in several experi-
ments when the tumor volume reached approximately
200 mm3. The tumor volume (TV) was calculated with the
following formula using the length (L) and width (W) of the
subcutaneous tumor: TV5 (L 3 W2)/2.

The distribution and localization of the ADCs

in the tumor tissue

To evaluate the distribution of the ADCs in the tumor tissue,
100 lg (5 mg/kg) of Alexa647-conjugated anti-human, anti-
mouse TF and control ADC were injected intravenously into
the tail vein. The biodistributions of the ADCs were analyzed
by in vivo imaging system OV-110 (Olympus, Tokyo, Japan)
up to 7 days after injection.

To evaluate the localization of the ADCs in the tumor tis-
sue, 300 lg (15 mg/kg) of Alexa647-conjugated anti-human,
anti-mouse TF and control ADC were injected intravenously
into the tail vein. Twenty-four hours after the injection, the
tumor was excised from the mice under deep anesthesia. The
tumor tissues were embedded in an OCT compound (Sakura
Finetek, Tokyo, Japan) and quickly frozen in liquid nitrogen.
For immunohistochemical analysis, 10-lm-thick frozen sec-
tions were prepared using a Tissue Tek Cryo3 (Sakura Fine-
tek) and fixed with 4% paraformaldehyde in PBS (Wako) for
30 min at 4�C. After blocking, the sections were incubated
with an anti-CD31 goat antibody for endothelial cells (2 lg/
mL; R&D Systems, Minneapolis, MN) for 1 hr at room tem-
perature. After washing with PBS, the sections were incu-
bated with an Alexa488-conjugated donkey anti-goat IgG
secondary antibody (1 lg/mL; Invitrogen) for 30 min at
room temperature and nuclear stained with a DAPI solution.

In vivo growth inhibition assay

To evaluate tumor growth inhibition, the mice were randomly
divided into several treatment groups consisting of five mice per
group (Day 0). ADCs, mAbs and saline (0.9% NaCl solution)
were administered intravenously on Days 0, 4 and 8. The anti-
human ADC was administered at 1, 5, 10 or 20 mg/kg/day in the
first experiment. Anti-human ADC, anti-mouse ADC, control
ADC, anti-human TF mAb, anti-mouse TF mAb and control
mAb were administered at 20 mg/kg/day in the second experi-
ment. The saline was administered as an untreated control.
Tumor volume and body weight were measured twice a week.

Statistical analysis

All data are expressed as the mean6 standard deviation
(SD). The tumor growth inhibition assay was analyzed by a

two-sided Dunnett t test. Statistical analyses were performed
using SPSS Statistics Ver. 19 (IBM, Armonk, NY). p< 0.05
was considered statistically significant.

Results
Structure of the ADC and biochemical characteristics

of the anti-TF mAb and ADC

The structure of the ADC had a maleimide connecting the
linker and the drug to the mAb, PEG12 for polarity, a Val-
Cit dipeptide to trigger cleavage by lysosomal proteases, a
PABC as a self-immolative spacer to efficiently release the
drug payload MMAE (Fig. 1a). Approximately three mole-
cules of MMAE were conjugated to each anti-human TF, -
mouse TF mAb or control mAb. Mean sizes of the hTF and
mTF mAbs were 9.5 nm6 2.3 nm (mean6 SD) and 7.6
nm6 2.6 nm, respectively (Fig. 1b). Meanwhile, mean sizes
of the anti-human and anti-mouse ADCs were 12.0
nm6 3.1 nm (mean6 SD) and 12.6 nm6 2.8 nm, respec-
tively. Molecular weights (MW) of the mAbs and ADCs were
approximately 150 kDa (Fig. 1c). The ADCs were partially
digested to a smaller size by DTT reduction. The percentage
of free MMAEs released from the anti-human ADC and the
anti-mouse ADC in an acidic buffer with cathepsin B at
37�C in 24 hr was 72.2% or 70.8%, respectively (Fig. 1d).
Meanwhile, no free MMAE was released from the ADCs in a
neutral buffer without cathepsin B at 37�C for up to 48 hr.
While the ADCs were stable under physiological conditions
without cathepsin B, free MMAEs were sufficiently released
from the ADCs under an acidic condition with cathepsin B.
The association rate constants (Ka) of the anti-human TF
mAb and the anti-human ADC to the hTF protein were 4.20
3 105 M21 S21 and 1.53 3 104 M21 S21, respectively, while
the dissociation rate constants (Kd) were 3.84 3 1025 S21

and 4.83 3 1025 S21, respectively (Table 1). The affinities
(KD) of the anti-human TF mAb and the anti-human ADC
to the hTF protein were therefore 9.14 3 10211 M and 3.16
3 1029 M, respectively. Meanwhile, the Ka of the anti-
mouse TF mAb and the anti-mouse ADC to mTF protein
were 1.19 3 104 M21 S21 and 1.44 3 104 M21 S21, respec-
tively, and the Kd were 4.60 3 1025 S21 and 4.57 3 1025

S21, respectively. The KD of the anti-mouse TF mAb and
the anti-mouse ADC to the mTF protein were therefore 3.85
3 1029 M and 3.18 3 1029 M, respectively. Control mAb
and control ADC did not react to both human and mouse
TF proteins.

The affinity and internalization of mAbs

and the ADCs by various cells

hTF copy number calculated by real-time RT-PCR in
BxPC-3, PSN-1, Capan-1 and Panc-1 cells was 1114.8 cop-
ies/cell, 91.9 copies/cell, 10.2 copies/cell and 4.3 copies/cell,
respectively (Table 2). TF protein expressions on the sur-
face of the pancreatic cancer cell lines were also analyzed
by a flow cyotometry (Fig. 2a). Relative TF expression in
BxPC-3, PSN-1, Capan-1 and Panc-1, normalized by a
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negative control, were 244.2, 45.2, 7.8 and 3.7, respectively.
The BxPC-3 cell line was therefore used as cells with a
high TF expression, PSN-1 was used as cells with a mod-
erate TF expression, and Capan-1 and Panc-1 were the

cells with low TF expression. The affinities of the mAbs or
ADCs to BxPC-3 cells were analyzed by a flow cyotometry
(Fig. 2b). Anti-human TF mAb and anti-human ADC
were reacted to BxPC-3 cells. However, anti-mouse TF

Figure 1. Preparation and characterization of ADCs. (a) Structure of ADC. Approximately three molecules of MMAE were conjugated to one

antibody by a valine-citrulline dipeptide linker. (b) Particle size of mAbs and ADCs. The mean particle sizes of mAbs were 9.5 nm (anti-

human mAb) and 7.6 nm (anti-mouse mAb) and the mean particle sizes of ADCs were 12.0 nm (anti-human ADC) and 12.6 nm (anti-mouse

ADC). (c) SDS-PAGE of mAbs and ADCs. M: molecular markers. D) Releasing of MMAE from ADCs. The rates of free MMAE released from the

anti-human and -mouse ADCs in an acidic buffer with cathepsin B at 37 �C for 24 hr was 72.2% and 70.8%, respectively. None of the free

MMAE was released from both the anti-human and -mouse ADCs in a neutral buffer without cathepsin B at 37 �C for up to 48 hr.

Table 1. Intramolecular interaction of anti-TF mAb and ADC

Human TF Mouse TF

Samples Ka (M21 S21) Kd (S21) KD (M) Ka (M21 S21) Kd (S21) KD (M)

Anti-human TF mAb 4.20 3 105 3.84 3 1025 9.14 3 10211 N/A N/A N/A

Anti-human ADC 1.53 3 104 4.83 3 1025 3.16 3 1029 N/A N/A N/A

Anti-mouse TF mAb N/A N/A N/A 1.19 3 104 4.60 3 1025 3.85 3 1029

Anti-mouse ADC N/A N/A N/A 1.44 3 104 4.57 3 1025 3.18 3 1029

Control mAb N/A N/A N/A N/A N/A N/A

Control ADC N/A N/A N/A N/A N/A N/A

TF: tissue factor, mAb: monoclonal antibody, ADC: antibody drug conjugate, Ka: association rate constant, Kd: dissociation rate constant, KD: affin-
ity, N/A: not applicable.
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mAb, anti-mouse ADC, control mAb and control ADC
did not recognize the human cells. Although anti-human
TF mAb was located in cell surface membrane at 0 hr
incubation, the mAb was sufficiently internalized into the
cytoplasm after 3 hr incubation at 37�C and colocalized
with the lysosome (Fig. 2c).

In vitro cytotoxicity of MMAE and ADC

The half maximal inhibitory concentration (IC50) of MMAE
for BxPC-3, PSN-1, Capan-1 and Panc-1 were 0.97 nM6

0.10 nM (mean6 SD), 0.99 nM6 0.09 nM, 1.10 nM6

0.44 nM and 1.16 nM6 0.49 nM, respectively (Table 2). The
IC50 of MMAE for each cell line was almost equal.

Figure 2. Affinity and Internalization of ADCs. (a) TF expression in the four human pancreatic cancer cell lines. Relative TF expression in

BxPC-3, PSN-1, Capan-1 and Panc-1, normalized by a negative control, were 244.2, 45.2, 7.8 and 3.7, respectively, thus showing that

BxPC-3 cells had a high TF expression, PSN-1 had a moderate TF expression and Capan-1 and Panc-1 had low TF expression. (b) Affinity of

mAbs and ADCs to pancreatic cancer cells. Anti-human mAb and anti-human ADC were reacted to BxPC-3 cells. Meanwhile anti-mouse

mAb, anti-mouse ADC, control mAb and control ADC did not recognize human cells. (c) Internalization of ADC. The anti-human ADC was suf-

ficiently internalized into the cytoplasm after a 3-hr incubation at 37�C and localized in a lysosome. Anti-human ADC and lysosomes were

indicated red and green, respectively. Colocalization of anti-human ADC and lysosomes was merged as yellow. Scale bar represents 10 lm.

Table 2. IC50 values of MMAE, anti-human ADC and anti-mouse ADC in various human pancreatic cancer cell lines

Cell lines TF expression (copies/cell) MMAE (nM) MMAE in anti-human ADC (nM) MMAE in anti-mouse ADC (nM)

BxPC-3 1114.8 0.97 6 0.10 1.15 6 0.47 N/A

PSN-1 91.9 0.99 6 0.09 15.53 6 2.39 N/A

Capan-1 10.2 1.10 6 0.44 105.65 6 37.43 165.24 6 28.00

Panc-1 4.3 1.16 6 0.49 N/A N/A

IC50: half maximal inhibitory concentration, TF: tissue factor, MMAE: monomethyl auristatin E, ADC: antibody drug conjugate, MMAE in anti-human
ADC: MMAE concentration of anti-human ADC, MMAE in anti-mouse ADC: MMAE concentration of anti-mouse ADC, N/A: not applicable.
All of the IC50 data were analyzed in quadruplicate and shown as the mean 6 standard deviation.
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Meanwhile, the IC50 of the anti-human ADC for BxPC-3,
PSN-1 and Capan-1 were 1.15 nM6 0.47 nM, 15.53
nM6 2.39 nM and 105.65 nM6 37.43 nM (at the MMAE
equivalent dose), respectively. The IC50 of the anti-human
ADC for Panc-1 was not calculated because cell inhibitory
rate of 200 nM of the anti-human ADC did not reached
50%. Cytocidal effects of the anti-human ADC for these cells
appeared to depend on the cell surface TF expression levels.
The IC50 of the anti-mouse ADC for all of these cell lines,
except of Capan-1, were not calculated because cell inhibitory
rate of 200 nM of the anti-mouse ADC did not reached 50%.

Drug localization and antitumor effect in vivo

Anti-human ADC, anti-mouse ADC and control ADC were
accumulated in the BxPC-3 tumor by EPR effect (passive tar-
geting) at 3 days after injection (Fig. 3a). At seven days after
injection, only anti-human ADC was sustained in the tumor
by specific conjugation (active targeting). In the immunohis-
tochemical section, the anti-human ADC extravasated from
the tumor vessels and was localized at periphery of the

BxPC-3 tumor lesion (Fig. 3b). The ADC did not reach the
center of the tumor. By contrast, the anti-mouse ADC and
control ADC were localized in the cancer stroma.

The BxPC-3 tumor growth in the two groups treated with
10 mg/kg or 20 mg/kg of anti-human ADC were significantly
suppressed compared with that in the saline group after Day
14 or Day 11, respectively (p< 0.01; Fig. 4a). There was no sig-
nificant difference between the groups treated with 1 mg/kg,
5 mg/kg of anti-human ADC and saline. In the second treat-
ment, the BxPC-3 tumor growth in the 20 mg/kg of anti-
human ADC (p< 0.01; after Day 14), 20 mg/kg of anti-mouse
ADC (p< 0.01; after Day 18) or 20 mg/kg of control ADC
(p< 0.01; after Day 14) treatment groups were significantly
suppressed compared with that in the saline group (Fig. 4c).
There was no significant difference between the group using
20 mg/kg of mAbs and the saline group. Also the BxPC-3
tumor growth in the anti-human ADC treatment group was
significantly suppressed compared with that in the anti-mouse
ADC group (p< 0.01; after Day 18) and control ADC group
(p< 0.05; after Day 18). On the other hand, the Capan-1 tumor

Figure 3. Distribution and localization of ADCs in the BxPC-3 xenograft tumors. (a) In vivo imaging of ADCs in BxPC-3 tumor. All ADCs were

accumulated in the BxPC-3 tumor by EPR effect (passive targeting) at 3 days after injection. Only anti-human ADC was sustained in the

tumor by specific conjugation (active targeting) at 7 days after injection. Arrow heads indicated subcutaneous tumors. (b) Localization of

the ADCs in the BxPC-3 tumor. The anti-human ADC extravasated from the tumor vessels and was localized at the periphery of the tumor

lesion and did not sufficiently reach the center of the tumor. Meanwhile the anti-mouse ADC and control ADC were localized in the cancer

stroma. The ADCs, endothelial cells and nucleus were indicated red, green and blue, respectively. Scale bar represents 100 lm.
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growth in the 20 mg/kg of anti-human ADC (p< 0.05; after
Day 7) and anti-mouse ADC (p< 0.05; after Day 7) treatment
groups were significantly suppressed compared with that in the
saline group (Fig. 4e). Body weight loss was not seen in any of
the treatment groups (Figs. 4b, 4d and 4f).

Discussion
The mAbs employed in ADCs should possess both a high affin-
ity for the TF antigen and high internalization ability for the

target cells. In this study, the affinities (KD) of the anti-human
and -mouse TF mAbs were 9.14 3 10211 M and 3.85 3 1029

M, respectively. On the other hand, KD of anti-human ADC
and -mouse ADC were 3.16 3 1029 M and 3.18 3 1029 M,
respectively. To establish ADC, mAbs were reduced by DTT;
thus, Ka of anti-human ADC might be decreased compared
with anti-human TF mAb. This decreasing affinity was seen
only for anti-human TF mAb (clone 1849) not for anti-mouse
TF mAb (clone 1157) and it might be clone specific reaction.

Figure 4. The antitumor effect and body weight change in mice bearing BxPC-3 tumor xenografts. (a) Changes in the BxPC-3 tumor volume

in anti-human ADC dose escalation experiment (N 5 7 for each group). Tumor growth in the two groups treated with either 10 mg/kg or

20 mg/kg of anti-human ADC were significantly suppressed compared with that in the saline group (p<0.01). (b) Body weight loss was

not seen in all the treatment groups in anti-human ADC dose escalation experiment. (c) Changes in the BxPC-3 tumor volume by the treat-

ment of several mAbs and ADCs (N 5 7 for each group). Tumor growth in the three groups treated with either 20 mg/kg of anti-human ADC,

20 mg/kg of anti-mouse ADC or 20 mg/kg of control ADC were significantly suppressed compared with that in the saline group (p<0.01).

(d) Body weight loss was not seen in all the treatment groups. (e) Changes in the Capan-1 tumor volume (N 5 4 for each group). Tumor

growth in the 20 mg/kg of anti-human ADC (p<0.001) and anti-mouse ADC (p 5 0.001) treatment groups were significantly suppressed

compared with that in the saline group. (f) Body weight loss was not seen in all the treatment groups.
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However, KD of anti-human ADC was still high for cancer cell
targeting treatment. Also, the internalization ability of the anti-
TF mAbs was evident. Regarding the linker construction, the
val-cit linker has been reported to be stable in human and
mouse plasma and cleaved efficiently by cathepsin B in acidic
conditions, such as inside the lysosome of cells.23 Similar to the
previous study, the linker constructed by us was stable under
physiological conditions and cleaved by cathepsin B in an
acidic condition. Also, PEG12 was used for stealth effect to
escape from the reticuloendothelial system of the liver and
spleen. Lastly, MMAE, which was chosen as the payload in this
study, could suppress cell growth via inhibition of microtubu-
lin. The effective concentration of this drug for the inhibition
of cancer cell growth was less than 1 nM, which means that an
unrealistically amount of the ADC is not necessary for the
treatment.24 The actual values of the IC50 of MMAE in the four
pancreatic cancer cell lines were ranged from 0.97 nM to
1.16 nM. Although the IC50 of MMAE in these four pancreatic
cancer cell lines were almost same, the low TF-expressing cells
(Capan-1 and Panc-1) were more resistant to the anti-human
ADC compared with the high TF-expressing cells (BxPC-3).
This result indicated that TF expression levels should be ana-
lyzed before the application of the ADC.

The size of the ADC was approximately 10 nm which was
almost equal to the size of mAb. High molecular weight
drugs that range from 10 nm to 1,000 nm in size can use
passive targeting via the EPR effect.21 Indeed, the anti-human
ADC can extravasate from tumor vessels, reaching through
the cancer stromal barrier to periphery of the tumor tissues,
and can be retained up to 1 week by active targeting. Likely
due to the high affinity of the ADC for tumor tissues, anti-
human ADC that reached the periphery of the tumor lesion
became trapped in the outer regions of the tumor and could
not penetrate into the center of tumor lesion. An effective
antitumor effect was, however, still observed. Mechanism of
the cytotoxic action of the ADC is considered to be both a
result of direct and bystander effects.25 The active form of
MMAE (free MMAE) could be released from the anti-human
ADC in peripheral cancer cells, and this small molecule could
penetrate into the center of tumor. The anti-human ADC,
therefore, had an effective antitumor effect.

Meanwhile, the anti-mouse ADC and control ADC were
located in the cancer stroma. Although the anti-mouse ADC
might be captured by the cancer stroma cells or extracellular
components of tumor stroma, control ADC was also located

in the cancer stroma due to EPR effect. In the human cancer
tissue, the hTF was highly expressed in cancer stromal cells,
such as fibroblasts, pericytes and endothelial cells of tumor
vessels, and inflammatory cells.17 Unexpectedly, the expres-
sions of mTF in the cancer stroma cells were not very high
in the experimental subcutaneous tumor model using human
cancer cells. Indeed, the biodistribution, location and antitu-
mor effect using the anti-mouse ADC and control ADC were
almost same probably based on EPR effect.

We previously reported that the clone 1849 could inhibit
both the cell signal pathway via PAR2 and the blood coagula-
tion cascade via factor VII.22 The antitumor effect of the anti-
human TF mAb used in this study was not effective compared
to that of saline group, thus, this might be a result of the cyto-
toxic drug MMAE not a result of the direct effect of the mAb
clone 1849. Similar result was observed in a phase 3 trial of the
trastuzumab emtansine (T-DM1).26 The patients enrolled in
the phase 3 trial were previously treated with a taxane and tras-
tuzumab. One of the causes of resistance to trastuzumab is the
active mutation of PIK3CA. In the EMILIA trial, PIK3CA
mutations were associated with shorter median progression-
free survival in the lapatinib plus capecitabine treatment group;
however, PIK3CA mutations did not significantly affect the T-
DM1 treatment group. These data indicate that the antibody
component of the ADC was used as a drug carrier regardless of
its own antitumor effect.

More recently, the ADC conjugated with anti-human TF
mAb in several solid tumors was reported.27 On the other
hand, in this study, we investigated the antitumor activity of
ADC conjugated with not only anti-human TF mAb but also
anti-mouse TF mAb. Recently, we reported a cancer stromal
target (CAST) therapy consisted of the anticancer drug and
mAb against cancer stroma, such as collagen IV or insoluble
fibrin.28–30 The anti-mouse ADC used in this study was also
categorized by the CAST therapy because the anti-mouse
ADC appeared to damage the host tumor vessels located in
the tumor stroma. We think that the anti-TF ADC may
become a dual targeting drug in human use because of the
present clear evidence that anti-human ADC could damage
cancer cells and anti-mouse ADC could damage tumor ves-
sels in the cancer stroma.
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