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the manufacturer’s instructions. We analysed the expression of
five genes: matrix metallopeptidase 2 (MMP-2), matrix metallopepti-
dase 7 (MMP-7), matrix metallopeptidase 9 (MMP-9), TF, and GAPDH
as aninternal control gene. For all of these genes, we used com-
mercially available TagMan primers and probe mixture (Applied
Biosystems). The reporter dye at the 5’ end of the probe was
FAM™, and the quencher dye at the 3’ end was minor groove bin-
der (MGB). Real-time PCR was performed using precycling heat
activation at 95 °C for 20 s, followed by 40 cycles of denaturation
at 95 °C for 3 s, and annealing/extension at 62 °C for 30 s, in the
Applied Biosystems 7500 Fast Real-Time PCR System. Relative
quantification of the total RNA in each sample was conducted
using the comparative Ct (threshold cycle) method. In this anal-
ysis, the formulas for the relative quantification of each of the
genes were as follows: (dCT of each gene) = (Ct of each gen-

e) - (Ct of GAPDH), and (Relative quantification of each gen-
e) - 2—(th of each gene).

2.6. TF ELISA assay

TF protein was measured by IMUBIND® Tissue Factor ELISA
Kit (American Diagnostica, Greenwich, CT, USA) in accor-
dance with the manufacturer’s instructions.

2.7.  Cell invasion assay

BxPC3 mock and BxPC3 TFshRNA (2.5 x 10*cells diluted in
500 pL of serum-free DMEM) were added to the upper wells
of a Transwell® 24-well insert coated with Matrigel™ (BD Bio-
sciences) according to the manufacturer’s instructions. DMEM
with 10% FBS was added to the lower wells. Cells were incu-
bated for 22 h in an atmosphere of 5% CO, at 37 °C. Cells in
the top wells were removed using cotton swabs. Invaded cells
were stained and counted in three different viewing fields. In
addition, to avoid the effect of factor Vila in FBS, 500 uL of cell
suspension in serum-free high-glucose DMEM was added to
the upper wells after they were deprived of serum for 2 h,
and high-glucose DMEM supplied with 1% BSA and 0.5% FBS
was poured into the lower wells. Factor Vila and anti-TF anti-
bodies were also added to the lower wells. At the end of 48 h
incubation at 5% CO,, 37 °C, the cells in the top wells were re-
moved and invaded cells were counted. Every invasion assay
was conducted two times each.

2.8.  Gelatin zymography

SDS-gelatin zymography was performed with 10% zymogram
gel (Invitrogen). Cells (2 x 10°) were seeded on a 6-well plate
and incubated for 24 h at 37 °C. The medium was removed
and incubated for 24 h in serum-free DMEM, after which the
medium was collected. Tris-Glycine SDS Sample Buffer (Invit-
rogen) was added and incubated for 30 min at 37 °C. After
electrophoresis at 4 °C, the gel was shaken with zymogram
renaturing buffer for 30 min. Next, the zymogram renaturing
buffer was removed and zymogram developing buffer (Invit-
rogen) was added and shaken for 30 min. The gel was added
to new zymogram developing buffer and was incubated for
30 h at 37 °C. The gel was fixed and then stained with Quick
CBB (Wako Chemicals). MMPs were quantified using Image J
software.

2.9.  Effect of anti-TF mAb on invasion and metastasis in
nude mice

To assess metastasis and invasion, we established an ortho-
topic pancreatic cancer mouse model as described previ-
ously.*® Briefly, BxPC3 mock or BxPC3 TFshRNA expressing
GFP (5 x 10° cells) was injected into the body of the pancreas
of nude mice after laparotomy under anaesthesia. The mice
were sacrificed 5 weeks after the injection of cancer cells.
An OV110 fluorescence microscope (Olympus, Tokyo, Japan)
was used to observe several organs and a dissemination score
was calculated to evaluate local tumour invasion and distant
metastasis as previously described.*® Tumour dissemination
was quantified as follows: every manifestation of tumour
infiltration or metastasis was credited with one point. Addi-
tional points were awarded for massive local infiltration, mul-
tiple metastatic nodules and metastatic nodules >50 mm?®. In
treatment experiments, mice inoculated with BxPC3Y¢ or
BxPC3 mock expressing GFP cells on Day 0 were treated for se-
ven consecutive days with 1849 mAb (400 ung/mouse) as a TF
neutralisation antibody, or PBS as a control. The IVIS imaging
system (Caliper Life Sciences, Hopkinton, MA, USA) was used
to observe tumour invasion of mice inoculated with BxPC3"*,
After 40 days, mice inoculated with cells expressing GFP were
sacrificed. A dissemination score was calculated. To assess
the inhibition of haematogenous metastasis by anti-TF anti-
body, we established a portal-injection liver metastasis mod-
el. BxPC3 cells expressing luciferase (5x10°cells) were
directly injected into the portal vein after intravenous admin-
istration of 1849 mAb (500 pg/mouse) or PBS as a control. The
IVIS imaging system was used to detect liver micrometasta-
sis. All animal experiments were performed in compliance
with the Guidelines for the Care and Use of Experimental Ani-
mals established by the Committee for Animal Experimenta-
tion of the National Cancer Center, Japan; these guidelines
meet the ethical standards required by law for proper conduct
of animal experiments in Japan.

2.10.  Statistical analysis

Student’s t-test was used for the statistical analyses unless
otherwise mentioned. P < 0.05 was considered significant.

3. Results

3.1. TF-positive human pancreatic cancer cells, BxPC3,
enhance invasion potential in vitro and in vivo

We used the BxPC3 cell line in a series of our experiments be-
cause real-time PCR analysis and immunostaining of TF
showed that BxPC3 strongly expressed TF amongst the four
pancreatic cancer cell lines (Fig. 1A). Then, we examined the
status of TF expression for BxPC3 in vitro and in vivo. Immuno-
staining revealed TF expression specifically in cancer cells
contacting with stromal tissues, namely the invasive front
in vivo, although TF expression was uniformly observed in
all cells in vitro (Fig. 1B). To determine if TF affects pancreatic
cancer invasion, we established TF-knockdown BxPC3 cell
lines. BxPC3 cells were infected with TF shRNA lentivirus
(BxPC3 TFshRNA) and non-target shRNA lentivirus (BxPC3
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mock) as a control. BxPC3 TFshRNA appeared to reduce TF
expression by 80% at both the mRNA level and protein level
(Fig. 1C). BxPC3 TFshRNA showed significant reduction in
invasive ability compared with BxPC3 mock in DMEM med-
ium containing 10% FBS (Fig. 1D). We next examined if TF pro-
motes BxPC3 metastasis and invasion in the pancreatic
orthotopic tumour xenografts. In the BxPC3 mock orthotopic
tumour model, extensive invasion and metastasis was ob-
served in the liver, mesentery and stomach (Fig. 1E). On the
other hand, invasion and metastasis was suppressed in the
BxPC3 TFshRNA orthotopic tumour model (Fig. 1E). The pro-
gression score reflecting tumour invasion and metastasis
was significantly decreased in the BxPC3 TFshRNA tumour
compared with the BxPC3 mock tumour (Fig 1F).

3.2.  TF-VIla complex induces MMP-9 expression and
promotes cancer cell invasion

To determine a possible TF-mediated invasion factor in the
BxPC3 cell line, we examined MMP-2, MMP-7 and MMP-9
expression levels by real-time PCR. Expression of MMP-2 and
MMP-7 was very low both in BxPC3 mock and BxPC3 TFshRNA.
In contrast, MMP-9 was highly expressed in BxPC3 mock and
was significantly reduced in BxPC3 TFshRNA (Fig. 2A). We,
therefore, clarified that TF induced MMP-9 production and pro-
moted the invasion ability of pancreatic cancer cells under
DMEM containing 10% FBS (Fig. 1). To avoid the effect of factor
VIla in FBS on MMP-9 expression and to determine whether or
notthe TF-VIIa complex induces MMP-9 followed by promoting
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BxPC3 cell invasion, BxPC3 was cultured under FBS-free DMEM
(serum starvation). Gelatin zymography showed that BxPC3
mock with factor VIIa significantly increased MMP-9 produc-
tion compared with BxPC3 mock without factor VIIa (Fig. 2B).
However, MMP-9 was not detected in BxPC3 TFshRNA, with
or without factor ViIa (Fig. 2B). Invasion assay showed that fac-
tor VIla significantly enhanced the invasion ability of BxPC3
mock but not BxPC3 TFshRNA. This data strongly suggested
that the TF-VIla complex promotes MMP-9 production fol-
lowed by enhancing cancer cell invasion (Fig. 2C).

3.3.  Establishment of neutralisation antibody that inhibits
both the blood coagulation cascade and cell signalling of TF

To establish an anti-human TF neutralisation antibody, we
screened 14 hybridoma clones producing rat anti-human TF
antibody. The supernatant of hybridoma clones 444 and 1849
significantly inhibited factor X activity (Supplemental Fig. A).
Next, we purified the antibody from clones 1849, 72 and 130.
The inhibition ability of these clones is strong, modest, and
poor, respectively. We next observed whether or not these
antibodies inhibit human blood clotting. Antibody 1849
strongly inhibited fibrin clotting in a concentration-dependent
manner and prolonged the clotting time to the same level as
spontaneous clotting without TF. Antibody 72 modestly inhib-
ited fibrin clotting. In contrast, antibody 130 was unable to in-
hibit fibrin clotting (Supplemental Fig. B). The same results
were obtained using mouse plasma (Supplemental Fig. C).
These results suggested that rat anti-human TF antibody puri-
fied from hybridoma clone 1849 possessed the most potent TF

neutralising effect in terms of blood coagulation cascade. We
also determined whether or not antibody 1849 inhibits the
TF-VIla-mediated cell signalling pathway. To determine if
1849 inhibits MMP-9, we examined MMP-9 production by gel-
atin zymography in BxPC3 mock in the presence of factor VlIa.
It was observed that factor Vila promoted MMP-9 production
in BxPC3 mock again (Fig. 2B, Supplemental Fig. D). Interest-
ingly, TF neutralisation antibody 1849 suppressed TF-VIIa-
mediated MMP-9 production partly, but the non-specific anti-
body was unable to suppress production (Supplemental
Fig. D). This result showed that antibody 1849 could inhibit
not only fibrin clotting but also TF-related cell signalling.
Immunocytochemistry with 1849 showed TF in TF-positive
cells (Capanl and BxPC3), whereas there was no detectable
TF in TF-negative cells (Pancl and Mia Paca2) (Supplemental
Fig. E). In addition, we confirmed that human TF interacts with
mouse factor Vila, and 1849 inhibits the interaction of human
TF and mouse factor Vila (Supplemental Fig. C), but 1849 does
not react with mouse TF (data not shown).

3.4.  Inhibitory effect of anti-TF mAb (1849) on cancer cell
invasion in vitro

Since 1849 was able to block both TF-related cell signalling and
the blood coagulation function (Supplemental Figures), we pre-
dicted that it would inhibit both the promotion of cancer inva-
sion via TF-related cell signalling and haematogenous
metastasis via TF-related blood coagulation function. First,
we examined the invasion ability in BxPC3 mock in the
presence of factor VIla and/or TF neutralisation antibody
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1849. In vitro invasion study showed that the TF neutralisation
antibody inhibited the invasion of BxPC3 mock in the presence
of factor VIla compared with the non-specific antibody
(Fig. 3A).

3.5.  Effect of anti-TF mAb (1849) in mouse model

In the portal-injection liver metastasis model, cancer cells
stayed in the liver and luminescence continued to increase
in a time-dependent manner in the control group. On the other
hand, in the mice receiving 1849 treatment, luminescence be-
gan to decrease from 5 to 10 h after the injection of cancer cells
(Fig. 3B). 1849 completely inhibited liver metastasis on Day 4,
but the control did not (Fig. 3C). In the orthotopic pancreatic tu-
mour xenograft model, remarkably strong invasion and
metastasis were manifested in the liver, mesentery and stom-
ach in the control group (Fig. 4A). In contrast, TF neutralisation
antibody 1849 was able to suppress invasion (Fig. 4A). Further-
more, the progression score reflecting invasion and metastasis
in the pancreatic orthotopic tumour xenograft was signifi-
cantly lower in the 1849-treatment group compared with that

in the control group (Fig. 4B). In addition, cancer spreading be-
yond the pancreas was observed in the control group. On the
other hand, pancreatic cancer cells remained within the pan-
creas even after 6 weeks of injection of cancer cells in the
1849-treatment group (Fig. 4C). Kaplan-Meier analysis showed
a significant improvement in survival rate in the 1849 treat-
ment group compared to the control group (Fig. 4D). A signifi-
cant difference in body change between the 1849-treatment
mice and the control mice was not observed (Fig. 4E).

4, Discussion

Pancreatic cancer is the most refractory neoplasm and pos-
sesses several clinicopathological characteristics. First, pan-
creatic cancer exerts extensive invasion and metastasis to
other organs.™* Second, thrombosis occurs most frequently
in patients with pancreatic cancer.” Third, expression of TF
may contribute to the aggressiveness of pancreatic cancer
that stimulates tumour invasiveness, and evaluation of the
primary tumour for TF expression may identify patients with
a poor prognosis.'”'® We, therefore, hypothesised that TF
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plays an important role in the invasion-metastasis cascade of
pancreatic cancer.

In this study, the expression pattern of TF in BxPC3, TF-
abundant cancer cells, was different between in vitro and
in vivo. These results corresponded with a previous study on
the human squamous cell carcinoma cell line A431.%* Both
A431 and BxPC3 are uniformly expressed in vitro. A431 xeno-
grafts were heterogeneously stained for TF; however, our
study showed BxPC3 xenografts highly expressed in the area

of cancer cells contacting with stromal cells, namely the inva-
sion front. In fact, invasion assay showed that BxPC3
TFshRNA cell lines strongly inhibited cell invasion compared
with BxPC3 mock cell lines. Real-time PCR analysis showed
that the expression of MMP-9 in the BxPC3 TFShRNA cell line
decreased compared with BxPC3 mock. To date, many reports
have shown that MMP-9 promotes the invasion of pancreatic
cancer.>?? In BxPC3, the invasion ability was suppressed
through the inhibition of MMP-9 expression by SiRNA.?
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Taking our present data and other reports together, TF pro-
motes the invasion ability of BxPC3 by expressing MMP-9.

Previous reports showed the relationship between coagu-
lation factors and MMPs. In normal tissue, PAR-2, which is
downstream from TF-VIla complex signalling, mediates
MMP-9 release in airway epithelial cells.?* Thrombin mediates
an increase in MMP-1 and MMP-3 in human endothelial
cells.?® In cancer tissue, PARs mediate MMP-2 and MMP-9 in
prostate cancer.?® Also, in colorectal adenocarcinoma cells,
the TF-Vila complex induces the expression of MMP-7.%
However, in pancreatic cancer cells, the relationship between
coagulation factor(s) and MMP(s) remains unclear. Our study
is the first evidence that the TF-VIla complex induces MMP-
9 and promotes invasion in pancreatic cancer cells. Moreover,
we also showed that TF promoted invasion in vivo using pan-
creatic orthotopic tumour xenografts.

Next, we newly established a TF neutralisation antibody
for the treatment of pancreatic cancer. We found that the
anti-TF antibody 1849 decreased the release of MMP-9. There-
fore, we propose that 1849 inhibits TF-related cell signalling
by blocking the TF-VIIa complex. Also, blood coagulation as-
say showed that 1849 inhibited TF-induced blood coagulation
to the same level as the TF-free sample. We suggest from this
result that 1849 can almost completely inhibit TF-related
blood coagulation.

We found that 1849 inhibited pancreatic cancer invasion in
the in vitro invasion assay. We suggest that this anti-invasion
effect of 1849 is due to MMP-9 suppression via TF-related cell
signalling. Also, 1849 completely blocked haematogenous
metastasis in the portal-injection liver metastasis mouse
model. This result suggested that the anti-haematogenous
metastasis effect of 1849 is due to blocking the TF-related
blood coagulation cascade.

Since the metastatic ability of BxPC3 TFShRNA decreased
significantly as compared to that of BxPG3 mock in vivo, we
tested if our newly developed anti- TF mAb suppressed the

metastasis of BxPC3. We used the orthotopic pancreatic tu-
mour xenograft model to examine whether or not 1849 could
block invasion and metastasis in the mouse model, because
the orthotopic model is similar to human pancreatic cancer
in terms of progression, invasion, and metastasis.*® 1849
strongly inhibited invasion and metastasis. Moreover, the sur-
vival rate in the 1849 treatment group was significantly im-
proved compared with that of the control group.

The metastasis process includes many steps. Cancer cells
invade the basement membrane and the pericytes of blood
vessels. Cancer cells survive in the bloodstream and end up
in the micro blood vessels of distant organs. MMP-9 plays
an important role in invasion. Fibrin facilitates metastasis
by enhancing the sustained adherence and survival of tu-
mour cell emboli in the blood vessels of distant organs.® Also,
a recent study showed that fibrin increases the metastatic
potential of circulating tumour cells by impeding natural kill-
er cells.?® 1849 almost completely inhibited both blood coagu-
lation and TF-VIla complex mediated MMP-9 release.

In summary, we found that the TF-VIla complex upregu-
lated MMP-9 and promoted cancer invasion in pancreatic can-
cer. The cancer cells subsequently degraded the stromal
extracellular matrix and basement membrane to intravasate
into the blood vessels (Fig. 5A). Next, they formed micro-
thrombi within the vessels (Fig. 5B). The double-blocking ef-
fect of our newly developed TF neutralisation antibody 1849
could be a useful tool in the treatment of pancreatic cancer
invasion-metastasis.
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Nano-scaled drug carriers have great potential for the treatment of solid tumors. Nevertheless, hypovascularity
and fibrosis in some types of solid tumors have been demonstrated to reduce the penetration and accumulation
of nano-scaled drug carriers. Diffuse-type scirrhous gastric cancers present such characteristics as well as fre-
quent metastasis to the lymph nodes; therefore, it remains a great challenge to eradicate scirrhous gastric can-
cers based on the drug targeting using nanocarriers. Herein, we demonstrated that polymeric micelles with
30-nm diameter incorporating (1,2-diaminocyclohexane)platinum(Il) (DACHPt), the parent complex of the an-
ticancer drug oxaliplatin, efficiently penetrated and accumulated in an orthotopic scirrhous gastric cancer model,
leading to the inhibition of the tumor growth. Moreover, the elevated localization of systemically injected
DACHPt-loaded micelles in metastastic lymph nodes reduced the metastatic tumor growth. These results suggest
DACHPt-loaded micelles as a promising nanocarrier for the treatment of scirrhous gastric cancers and their lym-

phatic metastases.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Nano-scaled drug carriers are being developed for improving the
treatment of solid tumors while decreasing the toxicity [1-5]. These
nanocarriers effectively accumulate in solid tumors due to the hyper-
permeability of blood capillaries to circulating macromolecules and
the impaired lymphatic drainage of these macromolecules, which
are known as the Enhanced Permeability and Retention (EPR) effect
[6]. Indeed, several nanocarrier formulations have been approved
for clinical use against hypervascular cancers such as ovarian cancers,
HIV-associated Kaposi's sarcoma and breast cancers [7,8]. However,
in some intractable cancers such as pancreatic and gastric cancers,
the hypovascularity and fibrosis of tumors may compromise the ex-
travasation and tissue penetration of nanocarriers [9,10].
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Gastric cancers cause 1 million deaths per year worldwide being
the 2nd leading cause of cancer-related death following lung cancer
[11]. Among gastric cancers, a diffuse-type scirrhous gastric cancer
(SGC) affects younger patients and presents the highest mortality
[12]. SGC is characterized by hypovascularity, extensive stromal fibro-
sis and metastasis to the lymph nodes [13-15]. These characteristics
impair the therapeutic efficacy of chemotherapy as well as
nanocarrier-mediated targeting chemotherapy. Moreover, the targeting
chemotherapy against lymph node metastasis involve intralymphatic
or local administration of nanocarrier-encapsulated antitumor agents
[16-18]; however, these approaches may not target all draining
lymph nodes due to the inappropriate position of the injection [18]
and the obstruction of lymphatic vessels in advanced stages of cancer
[18-19]. Hence, the improved targeting against the lymph node metas-
tasis is strongly needed to eradicate the lymph node metastasis.

Polymeric micelles, self-assemblies of block copolymers are char-
acterized by the core-shell structures with drug-loaded core sur-
rounded by hydrophilic PEG shell, and have shown great potential
as tumor-targetable nanocarriers [3-5]. The substantial advantages
of polymeric micelles include relatively small size ranging from 20
to 100 nm, controllable drug loading and release, and favorable bio-
distribution including prolonged blood circulation and enhanced
tumor accumulation [3-5]. Accordingly, micelle formulations
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incorporating doxorubicin, SN-38, paclitaxel, cisplatin, and (1,2-
diaminocyclohexane)platinum(II) (DACHPt) (an active form of oxali-
platin) exerted significant efficacy against several tumor models with
appreciably lowered toxicity compared to free drugs, and are currently
under clinical evaluation [20-24]. Particularly, DACHPt-loaded poly-
meric micelles (DACHPt/m) are characterized by the small size (ca.
30 nm) [25-26], achieving high penetration into tumor mass and re-
markable antitumor activity against poorly permeable tumors such as
pancreatic tumors [27-29].

This study was aimed to evaluate the targeting ability and thera-
peutic efficiency of systemically injected DACHPt/m against a well-
established experimental model of SGC, which was prepared by
orthotopic inoculation of OCUM-2MLN scirrhous gastric cancer cells
[30-31]. In the orthotopic SGC model of OCUM-2MLN cells, the induc-
tion of lymph node metastasis occurs in all mice, while the tumor mi-
croenvironment shows hypovascularity and thick fibrosis similar to
SGC in the patients, indicating the clinical relevancy of this model
[30-31]. Here, the therapeutic potential of the DACHPt/m against
orthotopic SGC and their lymph node metastasis was examined by
using bioluminescent OCUM-2MLN-Luc tumors.

2. Materials and methods
2.1. Materials

Bis(trichloromethyl)carbonate (triphosgene) was purchased from
Tokyo Kasei Kogyo Co., Inc. (Tokyo, Japan). y-Benzyl L-glutamate was
purchased from Sigma Chemical Co. Inc. (St. Louis, MO). N,N-
Dimethylformamide (DMF) and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were obtained from Wako Pure
Chemical Co., Inc. (Osaka, Japan). Dichloro(1,2-diamminocyclohexane)
platinum(Il) (DACHPtCl,) was purchased from Heraeus (Germany).
AgNO3 was purchased from Aldrich Chemical Co., Inc. (Milwaukee,
WI). a-Methoxy-m-amino poly(ethylene glycol) (CH30-PEG-NH,;
Mw = 12,000) was purchased from NOF Co., Inc. (Tokyo, Japan). Alexa
594- and Alexa 680-N-hydroxysuccinimide ester were purchased
from Invitrogen (USA).

2.2. Animals and cells

Immunodeficient BALB/c nu/nu mice at 6 weeks of age were
obtained from Charles River Laboratories (Tokyo, Japan), and treated
in accordance with the policies of the Animal Ethics Committee of The
University of Tokyo. Human diffuse-type gastric carcinoma OCUM-
2MLN cells were used for the model of diffuse-type scirrhous gastric
cancer (SGC) with high frequency of the lymph node metastasis
[30-31]. OCUM-2MLN cells were maintained in Dulbecco's Modified
Eagle Media (DMEM) (Sigma Chemicals) supplemented with 10%
fetal bovine serum (FBS) in a humidified atmosphere containing 5%
C02 at 37 °C.

2.3. Preparation of PEG-b-P(Glu)

Poly(ethylene glycol)-poly(iL-glutamic acid) block copolymers
(PEG-b-P(Glu)) were synthesized according to the previously de-
scribed synthetic method with a slight modification [25]. Briefly, N-
carboxy anhydride of <-benzyl L-glutamate was polymerized in
DMF, initiated by the primary amino group of CH30-PEG-NH; to obtain
PEG-poly(y-benzyl-L-glutamate) block copolymer (PEG-b-PBLG). A
narrow distribution (Mw/Mn: 1.06) of PEG-b-PBLG was confirmed by
gel permeation chromatography [column: TSK-gel G3000HHR,
G4000HHR (Tosoh, Yamaguchi, Japan); eluent: DMF containing 10 mM
LiCl; flow rate: 0.8 ml/min; detector: refractive index (RI); temperature:
25 °C]. The polymerization degree of PBLG was determined to be 20 by
comparing the proton ratios of methylene units in PEG (—OCH,CH,—:
6=3.7 ppm) and phenyl groups of PBLG (—CH,C¢Hs—: 6=7.3 ppm)

in 'TH-NMR measurement [JEOL EX270 (JEOL, Tokyo, Japan); solvent:
DMSO-dg; temperature: 80 °C]. The deprotection of the benzyl group of
PEG-b-PBLG was carried out by mixing with 0.5 N NaOH at room tem-
perature to obtain PEG-b-P(Glu).

PEG-b-P(Glu) was fluorescent-labeled by the conjugation of Alexa
594- or Alexa 680-succinimidyl esters to the w-amino group of the
polymer in DMSO. Twenty-four hours later, the polymers were puri-
fied by dialysis against DMSO followed by water. Finally, the solutions
were freeze-dried, and the amount of conjugated dye was deter-
mined to be approximately 70% (% fluorescent dye / PEG-b-P(Glu))
by fluorescence spectroscopy.

2.4. Preparation of DACHPt-loaded micelles (DACHPt/m)

DACHPt/m were prepared according to a previously described
method [25]. Briefly, DACHPtCl, (5 mM) was suspended in distilled
water and mixed with silver nitrate [(AgNO;)/(DACHPt)=1] to
form DACHPtCI(NOs). The solution was kept in the dark for 24 h at
25 °C. AgCl precipitate after reaction was eliminated by centrifuga-
tion. The supernatant was purified by passage through a 0.22 pm fil-
ter. Then, PEG-b-P(Glu) [(Glu)=5 mmol/l] was added to the
DACHPt solution [(DACHPt)/(Glu) = 1.0] and reacted for 120 h to pre-
pare DACHPt/m. The prepared micelles were purified by ultrafiltra-
tion [molecular weight cutoff size (MWCO): 30,000]. The size
distribution of DACHPt/m was evaluated by dynamic light scattering
(DLS) measurement at 25 °C, using the Zetasizer Nano Z590 (Malvern
Instruments Ltd., Worcestershire, United Kingdom).

The Pt content of the micelles was determined by using an ion
coupled plasma-mass spectrometer (4500 ICP-MS; Hewlett Packard,
Palo Alto, CA). Fluorescent-labeled DACHPt/m were prepared in a
similar manner with Alexa 594- or Alexa 680-labeled PEG-P(Glu).

2.4.1. In vitro cytotoxicity assay

To determine the cytotoxicity, OCUM-2MLN cells were seeded in a
96 well plate and incubated at 37 °C. Then, the cells were exposed to
free oxaliplatin or DACHPt/m for 48 or 72 h, followed by the addition
of MTT solution. Cell viability was measured by the formed formazan
absorbance at 570 nm.

2.5. Preparation of orthotopic SGC models with lymphatic metastasis

Lentiviral vector [32] was used to express the luciferase protein
gene stably in OCUM-2MLN cells. The prepared OCUM-2MLN-Luc
cells were grown in DMEM containing 10% FBS. For preparation of
orthotopic SGC models, OCUM-2MLN-Luc cells were inoculated by
orthotopic implantation method. Briefly, after the abdomen of BALB/c
nu/nu mice was sterilized with alcohol, an incision was made to expose
the stomach, and OCUM-2MLN-Luc cell suspension was injected
sub-serosally into the gastric walls as previously described [33].
The stomach was then returned into the peritoneal cavity, and the
abdominal wall and the skin were closed with surgical suture.

2.6. Evaluation of antitumor activity by bioluminescent imaging

Bioluminescent imaging [34] was carried out with a highly sensi-
tive CCD camera using IVIS imaging system (IVIS, Caliper Life Science,
Hopkinton, MA). Imaging and quantification of signals were analyzed
by Living Image software (Caliper Life Science). For in vitro imaging,
bioluminescent cells were diluted in cell culture media in a black,
96-well plate (Costar, Corning, NY). VivoGlo luciferin (Promega, Madison,
WI) at 150 pg/ml in media was added to each well 5 min prior to imaging.
Imaging was performed for 1 min per plate. For the analysis of antitu-
mor activity, BALB/c nu/nu (n=>5) mice were inoculated by orthotopic
injection of OCUM-2MLN -Luc cells (5% 108). Tumors were allowed to
grow for 3 weeks, to initiate the metastasis to the lymph nodes. Subse-
quently, the mice received three i.v. injections of oxaliplatin (8 mg/kg)

Please cite this article as: M. Rafi, et al., Polymeric micelles incorporating (1,2-diaminocyclohexane)platinum (II) suppress the growth of
orthotopic scirrhous gastric tumors ..., J. Control. Release (2012), doi:10.1016/j.jconrel.2012.01.038






