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isozymes [14]. Paclitaxel was also metabolized by
cytochrome P450 enzymes of the CYP3A and CYP2C
subfamilies in hepatic metabolism [13]. The coadmin-
istration of these agents with a common metabolic
pathway may appear to influence drug concentration
and increase adverse effects. Some p-glycoprotein
inhibitors have been shown to modulate the pharma-
cokinetic parameters of chemotherapeutic agents in
pre-clinical and clinical studies, and these inhibitors
often enhanced toxicity as evidenced by an increase in
the AUC of anti-cancer agents. However, concerning
drug resistance, the concurrent use of chemothera-
peutic and endocrine agents may be reasonable.
Weekly paclitaxel therapy was well-tolerated, with
favorable safety and efficacy [27]. In previously
published reports on weekly paclitaxel treatment (80-
100 mg/m? per week) [28, 291, the toxicity was mild
and consisted mainly of neutropenia and neuropathy.
Severe adverse events included 14-18% grade 34
neutropenia, and 4-24% severe neuropathy. Myalgia
and arthralgia were common but rarely severe.
Toremifene has been also considered to be a promising
agent with no serious side effects for use in breast
cancer treatment [30, 31]. In phase III trials of
standard or high-dose regimen comparisons, adverse
events in patients who received 60-mg/day standard
doses occurred in less than 20% of the patients [32],
and frequent adverse events included hot flashes,
sweating, nausea and/or vomiting, vaginal discharge,
dizziness, edema, vaginal bleeding, liver function
abnormalities, ocular changes and thromboembolic or
cardiac events [32-34]. With high doses of tore-
mifene (200 or 240 mg) in phase III studies, there was
a trend toward more nausea, reversible corneal ker-
atopathy, clinically insignificant serum glutamic
oxaloacetic transaminase elevations, and hypercalce-
mia compared with tamoxifen [33, 34]. Toremifene
appeared equally tolerated at high (up to 240mg) and
low (60mg) dosage with the exception of a signifi-
cantly higher incidence of nausea at high dosage in one
study [19, 35]. In Japan, high-dose toremifene at
120mg/day is approved for the treatment of patients
refractory to tamoxifen or other agents. In a phase II
study by Asaishi et al, adverse events occurred in
51% of patients and included nausea, vertigo, and
abnormal liver function [36]. It is noted that in our
study compared with other studies, most patients were
treated heavily with prior chemotherapy. They had
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already complained of various symptoms or had abnor-
mal laboratory data reflecting side effects. Although
this study was conducted over a relatively short
period, all patients tolerated the treatment well.
Only 1 patient (6.7%) had grade 3 neutropenia and for
this patient, the administration of paclitaxel was often
postponed until neutropenia improved and the treat-
ment was continued with prophylaxis G-CSF. In the
follow-up study, 1 patient complained of grade 3 sen-
sory neuropathy and declined to continue the therapy.
No other patients experienced severe adverse events
and continued to receive the therapy until tumor pro-
gression. Actually, some studies showed an increase
in hematological toxicities by the addition of a p-glyco-
protein modulator [25]. In our study, pharamacoki-
netics interactions between toremifene and paclitaxel
were under the investigation, but the dose reduction
may be needed, depending on the analysis.

The benefits of chemoendocrine therapy compared
to hormonal therapy or chemotherapy remains unclear.
As for the adjuvant chemoendocrine therapy, a study
of the SWOG 8814 trial showed that the sequential
use of tamoxifen with cyclophosphamide, doxorubicin,
and 5-fluorouracil in postmenopausal women with
hormone receptor-positive, node-positive breast can-
cer resulted in better disease-free survival compared
to their concurrent use [37]. In advanced or meta-
static breast cancer, combining hormonal therapy with
chemotherapy was considered to have a potential
benefit through additive or synergistic cytotoxicity in
hormone receptor-positive breast cancer [38]. But
previous studies show no survival advantage for the
addition of hormonal therapy to chemotherapy com-
pared to sequential therapy [38]. In our study,
because most patients receiving previous various
therapies acquired multidrug resistance, chemosensi-
tizing activity rather than additive or synergistic
cytotoxicity would be expected.

Paclitaxel is an effective agent in the treatment of
metastatic breast cancer and administration schedules
of weekly paclitaxel by 1-hour infusion at doses rang-
ing from 80 to 100mg/m® has achieved overall
response rates of 50-68% [39]. In pretreated
patients with metastatic breast cancer, response rates
were in the range of 22-53% with a median time to
progression of 5-6 months [29]. On the other hand,
in a large phase III study of toremifene therapy for
advanced breast cancer, response rates in the high-
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dose toremifene arms were 22.6% in the North
American Trial [35] and 28.7% in the Eastern
European Trial [40], with a median time to progres-
sion from 5.5 to 6.1 months. Furthermore, high-dose
toremifene therapy (120 to 240mg/day) in a phase II
study in patients with advanced breast cancer refrac-
tory to tamoxifen therapy achieved a 0 to 14% objec-
tive response rate, and a 19 to 44 % disease stabiliza-
tion during toremifene treatment with a median
duration of disease stabilization of more than 2
months (19]. In a Japanese phase II study, Asaishi et
al. reported that 120mg of toremifene daily achieved
an objective response rate of 14% and disease stabili-
zation of 19% in patients with tamoxifen-refractory
breast cancer [19, 36]. In our study, most of the
patients had already been exposed and become refrac-
tory to various chemotherapeutic or endocrine agents.
Notably, our study included 11 (73%) patients
exposed to taxanes. In this disadvantageous state,
objective response and disease stabilization were
observed in 1 (6.7%) and 4 (26.7 %) patients, respec-
tively. Overcoming drug resistance is highly suspected
beyond our expectations.

In conclusion, the results of this study demon-
strate the tolerability and effectiveness of paclitaxel
combined with toremifene in patients with metastatic
breast cancer. Only 1 patient partially responded in
terms of the suspected release of drug resistance.
This result is promising in patients previously exposed
to multi-drug therapy. In addition in deteriorated
patients, this therapy is safe and tolerant as salvage
chemotherapy. However, this study was small and did
not require p-glycoprotein expression for inclusion.
We believe that further clinical trials targeting
patients with a functional p-glycoprotein are war-
ranted.
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The lectin Eucheuma serra agglutinin (ESA) is known from previous studies to specifically bind to high-
mannose type N-glycans and to induce apoptotic cancer cell death in vitro. In this study, Span 80 vesicles,
with an average diameter between about 200 and 400 nm, containing immobilized ESA were prepared
from the nonionic surfactant Span 80, also known as sorbitan monooleate. The vesicles were investi-
gated in vitro and in vivo to evaluate the vesicles’s potential applicability as novel drug delivery system.
The resuits obtained are promising since the following was observed: (i) vesicular ESA had the same

ﬁ?;;g::' hemagglutinating activity as free ESA, demonstrating its biological activity when bound to the vesicles;
Vesicle (ii) vesicles containing immobilized ESA decreased the viability of Colo201 cancer cells in vitro while the
Nomionic growth of normal cells was not affected; (iii) the vesicles showed binding to Colo201 cells in vitro and
Lectin caused inhibition of cancer cell growth in nude mice to which the vesicle-treated cells were added; (iv)
Drug delivery the vesicles diminished tumor growth after intravencus administration to nude mice which contained an
Agglutinin implanted Colo201 tumor; (v) the vesicles showed a tendency to accumulate at the site of the tumor 6h

Span after i.v. administration to nude mice. Thus, all measurements carried out indicate that this type of Span
80 vesicle can be considered as promising alternatives to conventional phospholipid-based vesicles.
© 2010 Elsevier B.V, All rights reserved.

1. Introduction

In recent years there have been numerous investigations of
novel drug delivery systems (DDS) for elucidating their applica-
bility as drug carriers for the treatment of various diseases (Allen
and Cullis, 2004; Ferrari, 2005; Lian and Ho, 2001; Peer et al., 2007;
Couvreur and Vauthier, 2006). Phospholipid vesicles (liposomes),
i.e. vesicles composed of natural phospholipids, are often used as
DDS (Lian and Ho, 2001; Sharma and Sharma, 1997; Barenholz,
2001; Torchilin, 2005), e.g. for active targeting of specific colon
cancer cells (Sato et al., 1988; Koning et al.,, 2002; Hatziantoniou
et al., 2006; Garg et al., 2009). On the other hand, it has been

* Corresponding author, Tel.: +81 976 4686; fax: +81 976 4686.
** Corresponding author. Tel.: +41 44 6320473, fax: +41 44 6321265.
E-mail addresses: peter,walde@mat.ethz.ch (P. Walde),
keiichi1017@mc.pikara.nejp (K. Kato).

0378-5173/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi: 10.1016/.ijpharm.2010.01.033

demonstrated that nonionic vesicles prepared from Span 80 have
promising physico-chemical properties (high membrane fluidity
with temperature dependent fusiogenicity) which make this type
of vesicle an attractive possible alternative to the commonly used
liposomes (Kato et al., 1993; Kato and Hirata, 1996; Kato and
Hirashita, 1997; Ohama et al., 2005; Sugahara et al,, 2005). In the
food and cosmetic industries, Span 80 is generally known as sorbi-
tan monooleate, although commercial Span 80 is a heterogeneous
mixture of sorbitan mono-, di- tri, and tetraesters (Kato et al.,
2006).

Span 80 vesicles can be prepared by a recently developed two-
step emulsification method which yields vesicles with a membrane
composition which is significantly different from commercial Span
80 (Kato et al,, 2006). The bilayer membrane of Span 80 vesicles
forms under thermodynamic control during the vesicle prepa-
ration, with partial elimination of those components present in
commercial Span 80 which hinder formation of stable bilayers.
Span 80 vesicles have rather fluid membranes; addition of soybean
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lecithin and cholesterol (at 9 and 4.5 wt%, respectively) lead to a
stabilization of the membrane with a lowering of the membrane
permeability (Kato et al., 2008). Furthermore, the two-step emul-
sification allows the preparation of vesicles with relatively high
encapsulation yields for water soluble molecules by entrapping the
molecules as inner phase solution, just before the first emulsifica-
tion is carried out (Figure S1 in Supplementary Material, and Kato
et al., 2006; Kato et al., 2008).

Tumor-specific “active targeting” is often achieved by immo-
bilizing tumor-specific ligands such as antibodies, peptides or
saccharides onto liposomal drug carrier systems (Peer et al,, 2007;
Torchilin, 2005; Forssen and Willis, 1998). While most tumor-
specific ligands have no intrinsic anti-tumor activity, several lectins
are known to possess anti-tumor activity against human cancer
cells (Karasaki et al., 2001; Timoshenko et al,, 2001; Wang et al,
2000). In this case targeting and anti-tumor activity are combined
in one and the same molecule. One particular lectin with such “dual
activity" is the lectin Eucheuma serra agglutinin (ESA) (Kawakubo
et al., 1997). It can be extracted in the two isoforms ESA-1 and ESA-
2 from marine red algae (Kawakubo et al., 1997). ESA-1 and ESA-2
have the same molar mass (27,950 g/mol) but differ in isoelectric
points (pl=4.75 for ESA-1 and pl =4.95 for ESA-2) (Kawakubo et al.,
1997). ESA-2 is specific for high-mannose type N-glycans (Hori et
al., 2007). We have previously shown that ESA has a specific affinity
to various cancer cells {(specifically to the human colon cancer cell
line Colo201), inducing apoptotic cell death in vitro (Sugaharaet al,,
2001) and in vivo (Fukuda et al.,, 2006).

In the work presented we have prepared Span 80 vesicles con-
taining immobilized ESA and measured the activity of these vesicles
against tumor cells in vitro and in vivo. Since ESA has a high affin-
ity to Colo201 cells (see above), these cells were mainly chosen to
investigate the tumor targeting properties of the vesicles. Different
types of vesicles were prepared as reference systems and the anti-
tumor activity of the different types of vesicles was compared by
using a number of independent methods.

Contemporary liposomal DDS often contain poly(ethylene-
glycol), PEG, immobilized onto the liposome surface, These “PEGy-
lated liposomes”, also called “stealth liposomes", generally show
a decreased uptake by the reticuloendothelial system (RES), i.e.
a prolonged blood circulation time, as compared to conventional
liposomes (Couvreur and Vauthier, 2006; Zeisig et al., 1996). For
this reason, we also prepared and used for in vivo studies PEGylated
Span 80 vesicles. The different Span 80 vesicles prepared were as
follows (Fig. 1): CV, “control vesicles®, i.e. Span 80 vesicles without
PEGylated lipids or ESA; PV, Span 80 vesicles containing PEGylated
lipids (DSPE-PEGggg); EV, Span 80 vesicles containing immobilized
ESA; EPV, Span 80 vesicles containing PEGylated lipids and immo-
bilized ESA: EEPV, Span 80 vesicles containing PEGylated lipids,
immobilized ESA and entrapped ESA.

2. Materials and methods
2.1, Chemicals

Sorbitan monooleate (Span 80) and polyoxyethylene
sorbitan monooleate (Tween 80) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Lecithin from soybean
was obtained from Wako Pure Chemical Industries (Osaka,
Japan) and purified by acetone-precipitation (Inoue, 1974).
1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy
(polyethyleneglycol)-2000] (DSPE-PEGzg00), Which is a phospho-
lipid to which a poly(ethyleneglycol) chain with a molar mass of
2000 g/mol is bound, was obtained from NOF Corporation (Tokyo,
Japan). Cholesterol was from Wako Pure Chemical Industries.

Isothiocyanic acid octadecylester (IAOE) was synthesized from
N,N-dichlorohexylcarbodiimide (DCCD) and 1-aminooctadecane

Span 80 (jecithin, cholesterot)

EEPV SuPE-ESA

EV

PV
DSPE-PEG 45

Fig. 1. Schematicrepresentation of the different types Span 80 vesiclesused. A cross
section through one unilamellar Span 80 vesicle is shown in the center. The com-
position of the membrane of the different types of vesicles is illustrated. The highly
schematic drawing is for an easier distinction of the different types of vesicles, only.
The molecular details of the arrangement of the different components are not
known. CV, Span 80 vesicles without PEGylated lipids or ESA(“control vesicles"); PV,
Span 80 vesicles containing DSPE-PEGg0q; EV, Span 80 vesicles containing immo-
bilized ESA; EPV, Span 80 vesicles containing DSPE-PEG;00s and immobilized ESA;
EEPV, Span 80 vesicles containing DSPE-PEG2q00, immuobilized ESA and entrapped
ESA.

as follows: In a first vessel, 3.4g DCCD were first dissolved in
200mL diethylether, cooled at ~10°C. 8 mL carbon disulphide
was then added to this cooled solution. In a second vessel, 4.3g
1-aminooctadecane were dissolved in 250 mL diethylether, and this
solution was added to the cooled DCCD solution. The mixture was
left standing at room temperature for 5 h. Afterwards, the solution
was filtered using filter paper 5C (Advantec) to remove the byprod-
uct thiourea. The filtrate was evaporated with a rotary evaporator
and the obtained oily IAOE product was purified by recrystallization
from diethylether.

The lectin ESA (E. serra agglutinin, mainly the isoform ESA-2
(Kawakubo et al., 1997) was extracted from the red alga E. serra and
purified as described previously (Kawakubo et al., 1997). The phos-
pholipid 1,2-dioleoyl-sn-glycero-3-phosphatidylethanolamine-N-
succinyl (SuPE) was obtained from Avanti Polar Lipids (Alabaster,
AL, USA). The radioisotope %51 was obtained from MP Biomed-
icals Inc. (Irvine, CA, USA); 251 was used to isotopically label
bovine serum albumin (BSA) with 1,3,4,6-tetrachloro-3o-6c-
diphenylglycouril (iodogen), obtained from Pierce Chemical Co.
(Rockford, IL, USA). 125I-labeled BSA was prepared as described
previously (Hashizume et al., 1990), XRITC (amine-reactive X-
rhodamine-5-(and-6)-isothiocyanate) was from Sigma Aldrich, All
other reagents used were of guaranteed or biochemical grade.

2.2. Preparation of lipidic ESA-conjugates

The phospholipid-ESA conjugate was prepared as follows:
1 mg/mL of ESA was reacted with SuPE (1.25mg/mL) in 0.15M
sodium carbonate buffer (pH 9.0) at room temperature. The reac-
tion mixture was incubated for 2 h with vortexing for a few seconds
every 30 min, followed by standing at 4"C for 12 h. Residual SuPE
in the buffer solution was removed by gel filtration with a PD-10
column packed with Sephadex G-25 (from Amersham Biosciences).

The IAOE-ESA conjugate was prepared as follows: 10mg of
IAOQE was dissolved in 10 wL N,N-dimethy! sulfonamide (Wako Pure
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Table 1
Preparation and characterization of the Span 80 vesicles used in the present study.

Vesicle type _Inner phase: A in Figuve 51 (Sup- Content of Tween 80 solution: Bin Vesicle diameter of Vesicles diameter Phase transition
(see Fig. 1) plementary Material) Figure S1(Supplementary Material) refined vesicles of extruded temperature Ty
(0.6mL) (6.0mL) (nam) vesicles (nm) Q)
v PBS - 187432 1047 -40.3
PV PBS 5.67 mg/mL DSPE-PEG2000 197+12 106+8 -39.6
EV PBS 18 nmol/mL ESA-SuPE 240424 10042 -36.8
EPV PBS 5.67 mg/mL DSPE-PEGgqpo + 108 298 430 1035 -34.7
nmol ESA-SuPE
EEPV PBS containing ESA (1 mg/mL) 5.67 mg/mL DSPE-PEG3g00 + 108 362+48 1066 ~38.7

nmol ESA-SuPE

Inner phase, A: aqueous solution added at the first emulsification (Figure S1, Supplementary Material).
Tween 80 solution, B: aqueous Tween 80 solution at the second emulsification (Figure §1, Supplementary Material).

PBS: phosphate buffered saline (see Section 2).

DSPE-PEG,un: 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[imethoxy (polyethyleneglycol}-2000].
ESA-SuPE: ESA bound to 1,2-dioleoyl-sn-glycero-3-phosphatidylethanolamine-N-succinyl,

Chemical Industries), following by adding into 1mg/mL ESA in
0.15M sodium carbonate buffer. The incubation and purification
of the solution were performed with the same manner as that in
SuPE conjugation as mentioned above.

2.3. Preparation of Span 80 vesicles

All Span 80 vesicles were prepared with the two-step emulsifi-
cation method described previously (Kato et al., 2003, 2006, 2008),
including slight modifications, as outlined in Figure S1 (Supplemen-
tary Material) and described in the following. The incorporation of
the lipidic ESA-conjugates into the vesicle membrane was carried
out during the second emulsification step (Kato et al., 2003),

Span 80 (264 mg), purified lecithin (24 mg) and cholesterol
(12 mg) were first dissolved in 3 mL n-hexane. 0.6 mL PBS (phos-
phate buffered saline composed of 137mM Nacl, 2.7mM K,
10mM NayHPO4, 2 mM KH;P04) was added as inner phase, fol-
lowed by the first emulsification for 6 min at 17,500 rpm using a
micro-homogenizer Physcotron NS-310E (Microtec Co. Ltd., Fun-
abashi, Japan). In the case of Span 80 vesicles containing entrapped
molecules, the 0.6 mL PBS, solution contained either '2%I-labeled
BSA (about 2000kcpm), or 1 mg/mL ESA (Table 1). The solvent
of the water-in-oil emulsion obtained was evaporated in a rotary
evaporator at 28°C under reduced pressure, yielding a water lipid
emulsion to which 6 mL PBS containing 96 mg Tween 80 (1.6 wt%)
was added, followed by a mixing with the homogenizer for 2 min
at 3500 rpm to obtain the heterogeneous Span 80 vesicle suspen-
sion, Depending on the type of vesicles prepared (Table 1), this
Tween 80 solution contained the phospholipid-ESA conjugate, the
IAQE-ESA conjugate, or DSPE-PEGyqgo. The heterogeneous vesicle
suspension was stirred with a magnetic stirrer for 3h at room
temperature, followed by storage overnight at 4°C. The vesicles
were then purified by ultracentrifugation (50,000 rpm at 4+C for
240 min) in a Himac centrifuge CR15B (Hitachi Koki Co. Ltd:, Tokyo,
Japan) and the lower phase was purified by gel filtration ona 7cm
(diameter) x 50 cm (length) column containing Biogel-A5m (Bio-
Rad Laboratories, Richmond, CA, USA). In comparison to our earlier
description (Katoet al., 2006), gel filtration was used instead of dial-
ysis to obtain the refined vesicle suspension. As shown previously
by a HPLC analysis (Kato et al., 2006; Kato et al., 2008), the content
of Tween 80 in the final vesicle preparation was negligibly small.

Polycarbonate membrane extrusions of all vesicle suspensions
were carried out as described previously (Kato et al., 2008).

2.4. Characterization of Span 80 vesicles

The size of the vesicles was analyzed by dynamic light scat-
tering (DLS) using a DLS-6000EW instrument (Otsuka Electronics
Co. Ltd., Osaka, Japan) equipped with a 10 mW He-Ne laser source

(632.8nm); the polydispersity index was between 0.17 and 0.20.
For the DLS measurements the vesicle suspension was diluted with
PBS.

The morphology of the vesicles was analyzed by transmission
electron microscoy (TEM) and the phase transition temperature
(Tm) were determined as described before (Kato et al., 2008).

The amount of ESA immobilized on the Span 80 vesicles was
determined with the Lowry method (Lowry et al., 1951).

2.5. Hemagglutinating test

The activity of the immobilized ESA was analyzed by assaying
its hemagglutinating activity against sheep erythrocytes because it
is known that free ESA exhibits hemagglutinating activity against
sheep and trypsinized rabbit red blood cells. (Kawakubo et al.,
1997). The hemagglutinating activity assay was performed in a 2%
(v/v) erythrocyte suspensions, as described previously (Kawakubo
et al,, 1997). The hemagglutinating activities of the Span 80 con-
trol vesicles (CV), of free ESA, and of Span 80 vesicles containing
immobilized ESA (EV) were compared by considering the lowest
concentration exhibiting positive agglutination as the titer of the
activity.

2.6. Cells

Human colon cancer cell line Colo201 (ATTC#CCL-224) and
human breast cancer cell line MCF-7 (ATCC#HTB-22) were
obtained from ATTC (American Type Cell Collection, Manassas,
VA, USA). Murine colon cancer cell line Colon26 derived from
BALB/c mouse, were provided by the Institute of Development,
Aging and Cancer, Tohoku University (Sendai, Japan). Human non-
cancerous mammary epithelial cell line MCF10-2A was purchased
from ATCC (Rockville, MD, USA). The cancer cells were cultured in E-
RDF medium® (KKyokuto Pharmaceutical Industrial Co., Ltd., Tokyo,
Japan) containing 10% fetal bovine serum (FBS) under humid condi-
tions with 5% CO; at 37 °Cin a CO; incubator. MCF10-2A cells were
cultured in 10% FBS-E-RDF medium supplemented with 500 ng/mL
of hydrocortisone and 20 ng/mL of epidermal growth factor (EGF)
under the same culture condition of Colo201.

2.7. In vitro cytotoxicity test

Colo201 cells (1 x 105 celis/mL) were cultured on 48-well plate
filled with 0.5 mL of 10% FBS-contained E-RDF medium. The cells
were washed with PBS, and incubated for 24 h with 0.5 mL of 10%
FBS-E-RDF medium containing the following one of the reagents:
phosphate buffered saline (PBS) as a non-vesicle control; Span 80
control vesicles (CV: ODgggnm = 0.260); or Span 80 vesicles contain-
ing immobilized ESA (EV: ODggg nem = 0.260). The ESA-concentration
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in the vesicle suspension was 0.054 mg/mL). After incubation, the
cells were harvested, and washed twice with PBS, then resus-
pended in 1 mL of PBS. The viability of the cells in the suspension
was evaluated with the trypan blue dying method {Gortzi et al,
2003; Konopka et al., 1996). Similarly, the cytotoxicity of CV and
EV against MCF10-2A cells was also analyzed. A phase contrast
microscopy analysis of Colo201 cells treated with EV was also per-
formed, as outlined in the following: Colo201 cells and MCF10-2A
cells were incubated for 12 h in E-RDF medium containing 10 vol%
FBS and 1 vol% EV. After incubation, these cells were observed with
a phase contrast microscope.

2.8. In vitro apoptosis test

DNA was extracted from Colo201 cells which were incubated
in the presence of EV for 8 h, then electrophoresed in a 2% agarose
gel to detect DNA laddering associated with apoptosis (Sugahara et
al.. 2001; Martin et al., 1995; Ioannou and Chen, 1996; Shirai et al.,
2009).

2.9. In vitro cell binding test

In order to visualize the affinity of ESA to cancerous cells, a spe-
cific binding test was performed. ESA was first labeled with XRITC, a
red fluorescence reagent, followed by addition of the XRITC-labeled
ESA to Span 80 vesicles, These vesicles were then incubated with
Colo201, MCF7, and MCF10-2A cells for a few minutes. Afterwards,
micrographs were captured with a fluorescent microscope IX-FLA
(Olympus corp., Tokyo, Japan).

2.10. Animal studies

Female Balb/c-nu/numice and female Balb/cByijJcl mice (4 weeks
old) were purchased from Clea Japan Inc. {Tokyo, Japan). Human
colon cancer cell line Colo201 or murine colon cancer cell line
Colon26 (1.0-5.0 x 106 cells per mice) were subcutaneously trans-
planted into 6 weeks old female Balb/c-nu/nu and Balb/cByjjcl
mice, respectively; Colo201 cells from human are difficult to
transplant into a mouse with normal immunocompetence. All
the animal experimental protocols were in accordance with the
Guide for Animal Experimentation, Ehime University, and approved
by the Committee for Animal Experimentation, Ehime Univer-
sity.

2.11. Biodistribution analysis

BSA (50 L, 5 mg/mL) was first labeled with the radioisotope 1251
(50 wL, 2 mCi/mL)with the iodogen method as described previously
(Hashizume et al., 1990). Although iodine is specifically uptaken by
the thyroid gland for the formation of the thyroid hormone, the
labeling method has been often used for preparing a radioactive
tracer in previous studies (Kuan et al., 1999; Foulon et al., 2000;
Korde et al., 2000; Larsson et al., 2001). In this experiment, 1251-
BSA was used as a model molecule to monitor the biodistribution
of the aqueous content of the vesicles.

1251.BSA was encapsulated into four types of Span 80 vesicles,
CV, PV, EV and EPV. After the preparation, the concentration of
these vesicles was regulated to about 2000kcpm based on the
radioactivity of 1251 per 200 p.L. These vesicles were intravenously
injected into BALB/cA-nu/nu mice with transplanted Colo201, of
which the tumor volume was approximately 1000 mm3. The con-
centration of the injected vesicle suspension was about 2000 kcpm
of dose (approximately (2-5) x 10'! vesicle particles/mL suspen-
sion). At 1,3, 6 and 24 h after injection, the amount of radioactivity
in the tumors, and in various organs and in the blood was mea-
sured using a well-type gamma counter ARC-3000 (Aloka, Tokyo,

Japan). The accumulation amount in each tissue is represented as
a “percentage of dose” calculated by Eq. (1).

percentage of dose (%)

_ radiation dose intissue (cpm)
" radiation dose injected vesicle sample (cpm)

100 )

2.12. In vivo anti-tumor activity test

In order to prepare tumor-bearing mice, Colo201 cells
(1-5 x 105 cells) were subcutaneously transplanted into the back
of nude mice. When the tumor volume reached to 100-300 mm?3 a
few weeks after the transplantation, EPVs or EEPVs (0.01 mL/gbody
weight) were intraperitoneally or intravenously injected every 3
days up to 15 days. Throughout the experiments, the tumor size
and body weight of the mice were measured. The longest tumor
diameter (length dy) and the diameters crossing the longest diam-
eters at right angles (widths d, ) were measured with a slide caliper,
then the tumor volumes (V) were calculated according to the fol-
lowing equation V(mm?3)=d; (mm) x d3 (mm) x dy (mm)/2 (Rad et
al,, 2007). The values of body weight and tumor volume at any time
were divided by the body weight and the volume at the start of
injection (day 0), respectively, to obtain normalized values. These
values are represented as relative body weight (Wy,) and relative
tumor volume (Vy). In order to determine the anti-tumor activ-
ity, the tumor growth inhibition was defined as the ratio of the
median tumor volume for the treated vs. control group (T/C) with
the following Eq. (2), according to Rad et al. {2007).

T/C (%)

_ median tumor volume of treated group at day X (mm3)
median tumor volume of control group at day X(mm3)

100
(2)

The T/C value was used to evaluate of the anti-tumor effect of
the samples at the terminal point of the logarithmic growth phase
of the murine tumor. These measurement methods were applied
in all other mouse experiments,

2.13. In vivo apoptosis test

Three days after the iv. injection of EPV, the tumors were
excised from the Colo201 tumor-bearing BALB/cA-nu/nu mice,
and formalin-fixed paraffin-embedded tissue sections were sub-
sequently prepared for in situ apoptosis detection by terminal
deoxynucleotidy! transferase-mediated dUTP nick end labeling
(TUNEL) using the In Situ Apoptosis Detection Kit (Takara Biomedi-
cals, Shiga, Japan) (Fukuda et al., 2006) and immunohistochemistry
with anti-single-stranded DNA antibody (DAKO Japan, Kyoto
Japan).

2.14. Internalization test

The delivery of water soluble molecules encapsulated inside
EPV to the tumor in mice was analyzed. EPV containing encapsu-
lated fluorescein isothiocyante (FITC) were intravenously injected
to mouse (BALB/cBy]JJCl, 6 week olds, female) with about 500 mm3
volume of colon tumor from mouse colon cancer cell line Colon26.
At 0,3, 6and 24 h after the injection, the murine tumor was resected
from the mouse. The tumor was quickly frozen in dry icefacetone
bath (about —80°C), and then sliced to 5 um thin sections with a
microtome (Cryostat HM520). The section was fixed in Morphosave
{Ventana Medical Systems, Tucson, AZ) for 15 min, and observed
with a fluorescence microscope IX-FLA.

Please cit
immiobilized Eil
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Table 2
immobilization of ESA onto Span 80 vesicles.

Lipid anchor Added amount of lipid anchor {pumol ) Added amount of ESA (pg)® Amount of immobilized ESA {j.g) ESA immobilization efficacy (%)
- - 250 12 4.7
IAQE 321 250 56 22
SuPE 29 250 121 48

4 The values given are the amounts of lipid anchor added per 50 nmol ESA.
B Amount of ESA added (250 pug) per 132 mg Span 80.
¢ Percentage of immobilized ESA with respect to the amount of ESA added.

2.15. Statistical analysis

The statistical analysis of significancy between the data from
two groups was performed using Student's t-test. Multiple compar-
isons were performed using the analysis of variance (ANOVA) with
Statcel® (OMS publishing Inc., Saitama, Japan). The significancy was
designated at P<0.05.

3. Results
3.1. Preparation and characterization of the Span 80 vesicles

All Span 80 vesicles used in the study were prepared by the
two-step emulsification method, as outlined in Figure S1 in Sup-
plementary Material. For the vesicles containing PEGylated lipids
(PV,EPV,EEPV) and for the vesicles containing ESA (EV, EPV, EEPV)
DSPE-PEGgqp and ESA-SuPE were added before the second emul-
sification (Table 1 and Figure St in Supplementary Material).

Immobilization of ESA on the Span 80 vesicles occurred most
efficiently if ESA was bound to SuPE (Table 2), i.e. if the ESA-SuPE
conjugate was used. Vesicle binding of ESA alone was low; the
immobilization efficacy was only 4.7% (Table 2). In the case of IAOE
as anchor lipid, the immobilization efficacy was 22%, as compared
to 48% if SUPE was used as lipid anchor (Table 2). Based on these
immobilization trials, for all further measurements, ESA wasimmo-
bilized onto Span 80 vesicles as ESA-SuPE conjugate.

The immobilized amounts of ESA and PEGylated lipid per Span
80 (based on an average Span 80 molecular mass of 737 g/mol, see
Kato et al., 2006; Kato et al., 2008), were {5.0+0.4) x 10~% mol%
and (3.1 +£0.6) x 10-2 mol%, respectively. .

The average sizes of the refined vesicles prepared were deter-
mined by DLS (Table 1). The diameters varied between about
200nm and 400nm. The polydispersity of the vesicles was rel-
atively high, as can be seen also from the transmission electron
micrographs shown in Fig. 2. The average size and the polydis-
persity of the vesicles could be reduced by passing the vesicle
suspension through polycarbonate membranes with 100 nm pore
diameters. The resulting vesicles had diameters of about 100 nm
(Table 1).

The phase transition temperature of the different vesicle prepa-
rations was in the range of —35 to —40°C (Table 1), in agreement
with what we determined previously (Kato et al., 2008). The mem-
brane of the vesicles at room temperature was therefore rather fluid
in all cases.

3.2, Hemagglutinating activity of EV

To investigate the bicactivity of the immobilized ESA, the
hemagglutinating activity of the Span 80 vesicles containing immo-
bilized ESA (EV) was measured against sheep red blood cells and
compared with the hemagglutinating activity of free ESA. Both, free
ESA and EV showed the same activity (2.86 ng/mL). Both PBS alone
and Span 80 vesicles without ESA (CV) did not show hemagglutinat-
ing activity. These results indicate that ESA could be immobilized
under retention of its biological activity.

3.3. In vitro cytotoxicity and apoptotic behavior of EV

To detect a possible anti-tumor activity of EV, the cytotoxicity
of EV against Colo201 was evaluated and compared with the
activity of CV. The time-course of the cell viability is shown in
Fig. 3. EV clearly showed a stronger cytotoxicity than CV. The
viability of the Colo201 cells decreased to 17.2+6.3% after 24h

Fig. 2. Transmission electron micrographs (TEM) of Span 80 vesicles (CV), of Span
80 vesicles containing DSPE-PEGag00 (PV), and of Span 80 vesicles containing DSPE-
PEG2ggo0 and immobilized ESA (EPV). Negative staining method; length of the bar:
500 nm.
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Fig. 3. (a)and (b) Time-course of the viability of Cola201 cells (a) and of MCF10-2A cells (b), number of independent measurements: n=2 (c) Phase contrast micrographs of
Col0201, MCF7 and MCF10-2A cells treated with EV. These cells were incubated for 12 h in E-RDF medium containing 10 vol% FBS and 1 vol% EV (ODgsg = 0.046), Magnification:
%200. (d) Fragmentation of the DNA of Colo201 cells {lane 2), MCF7 cells (lane 3) and MCF10-2A celis (Iane 4) treated with Span 80 vesicles containing immobilized ESA (EV)

(lower lane). Lane 1; DNA ladder marker.

incubation while the cell viability in the presence of CV decreased
to 55.1 + 5.6% in the same period of time under the conditions used
(Fig. 3a). On the other hand, these vesicles showed no effect on the
viability of normal cells, MCF10-2A (Fig. 3b). The phase contrast
microscopic observation of these cells after EV-treatment showed
that morphological changes of the Colo201 and MCF7 cells (tumor
cells) were induced, while there were no changes in the case of
MCF10-2A cells (normal cells) (Fig. 3¢). Our previous study indi-
cated that ESA-treatment excites the Capase3 activity of Colo201
cells (Sugahara et al., 2001). Therefore, the morphological change
of Colo201 cells treated with EV is considered to be associated
with apoptosis. Moreover, we have already reported (Sugahara
et al., 2001) that free ESA specifically combines with many tumor
cells such as Colo201, HeLa and MCF7, inducing apoptotic death of
the cancer cells, while free ESA did not combine with MCF10-2A
significantly (from flow cytometric measurements) and did not
injure the cell. These results suggest that ESA immobilized on EV
also preferentially injures the cancer cells with high-mannose-type
sugar chains (such as Colo201 and MCF7 cells).

The DNA fragmentation ("DNA laddering”) in Colo201 cells
treated with EV was determined by gel electrophoresis (Fig. 3d),
as described previously (Sugahara et al., 2001). On the other hand,
DNA fragmentation in human breast cancer cell line MCF7 was also
detected, but not in the case of MFC10-2A (Fig. 3d). In our earlier
study it was shown that ESA is toxic against human cancer cell
lines (colon, uterine cervix, and breast) (Sugahara et al,, 2001). The
mechanism responsible for the ESA cytotoxicity involves the bind-
ing of ESA to the carbohydrates on the surface of the cells, which
leads to an induction of apoptotic cell death as indicated by DNA
laddering (Sugahara et al., 2001). The observed DNA laddering in
the case of EV indicates that not only free ESA but also ESA which
is immobilized onto Span 80 vesicles induces apoptotic cell death
in colon cancer cell lines.

3.4. In vitro binding of EV to cancer cells

For investigating the affinity of EV to colon cancer cells, a flu-
orescent test for tumor cell binding was used by applying Span
80 vesicles containing immobilized XRITC-labeled ESA. ESA was
first labeled with XRITC and then immobilized onto the vesicles to
yield XRITC-EV (without preparation of a lipidic conjugate). Since
XRITC is a hydrophobic red fluorescent dye, binding of XRITC-ESA
is expected to be more efficient than ESA alone as shown in Table 2.

Colo201, MCF7, and MCF10-2A cells were incubated with
XRITC-EV for a few minutes and then observed with the fluores-
cence microscope. The microphotographs are shown in Fig. 4a-f.
Fluorescence was observed in Colo201 cells and MCF7 cells (Fig. 4d
and e). There was no fluorescence in the MCF10-2A cells (Fig. 4f).
These results indicate that Span 80 vesicles containing immobi-
lized ESA binds to cancer cells Colo201 as well as to the cancer cells
MCF7, but not to the normal cells MCF10-2A, As shown previously,
ESA cell binding occurs via interactions between ESA and specific
carbohydrates present on the surface of cancer cells (Sugahara et
al., 2001). The cancer cell binding property of free ESA (Sugahara et
al., 2001) remained if ESA was immobilized onto Span 80 vesicles
(Fig. 4d and e).

3.5, Biodistribution of the vesicles

Prior to the in vivo anti-tumor activity tests in mice, we inves-
tigated whether i.v. administrated Span 80 vesicles containing
immobilized ESA are preferentially taken up by the tumor, or
whether there is no tumor specificity of the vesicles containing
ESA. Furthermore, since liposomal DDS often contain PEGylated
lipids to decrease uptake by the RES (Allen, 1994; Zeisig et al., 1996;
Maruyamaetal., 1997; Gabizon et al., 1997; Couvreur and Vauthier,
2006), Span 80 vesicles containing immobilized ESA and PEGylated
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(a) Colo201 £

(b) MCE7

(©) MCF10-2A

(d) Colo201 + XRITC-EV

(&) MCF7 + XRITC-EV

{f) MCF10-2A + XRITC-EV

Fig. 4. Fluorescence micrographs of three types of cells before and after treatment with Span 80 vesicles containing immobilized XRITC-ESA (XRITC-EV). (a-c) Untreated
cells; (d-f) cells after treatment with XRITC-EV. The cells used were Colo201 (a and d), MCF7 (b and e), and MCF-10-2A (c and ).

lipids (EPV) were prepared, and their in vivo behavior was directly
compared with EV and PV. The vesicles were loaded with 125]-BSA,
and the delivery of 1251-BSA encapsulated inside EPV, EV or PV was
investigated by examining the biodistribution of 125]-BSA in the
nude mice bearing a Colo201 tumor. The accumulated amount of
1251_-BSA was evaluated based on the measured radioactivity and
using Eq. (1). The results of this biodistribution experiment are
shown in Figs. 5 and 6.

At 6h after i v, injection, the tumor uptake of 125]-BSA encapsu-
lated in EV and EPV was by trend higher as compared to the uptake
of 125]-BSA encapsulated in PV and CV (Fig. 5). The uptake of 125]-
BSA in EVand EPVincreased in the range of 1-6 h, while the uptake
of 1251-BSA in CV decreased (Fig. 5). On the other hand, immediately
after i.v. injection, the uptake of 125[-BSA in PV, EV and EPV by the
liver, kidney and spleen was lower than the uptake of 125[-BSA in
CV (Fig. 6a~c). Fig. 6 shows that the lower uptake by the RES cannot
be correlated with the presence of PEG in the vesicles. Therefore,
there is no evidence (Fig. 6b) for the existence of a “stealth effect”
caused by PEG in the case of Span 80 vesicles containing immo-
bilized ESA. It seems that the presence of ESA in EV, without any
PEGylated lipids, already lowers vesicle uptake by the RES,

In any case, the presence of PEGylated lipids in EPV did not
significantly alter the biodistribution of the ESA-containing Span
80 vesicles. Furthermore, ESA was still biologically active in the
presence of PEGylated lipids (Figs. 7 and 8). However, if specific
antibodies against ESA are produced by the repeated injection of EV
or EPV in vivo, the PEG on the EPV surface may inhibit the binding
of the antibodies to ESA.

Although the number of mice used in the experiments reported
inFig.5waslow(TableS1, Supplementary Material), thereis atrend
that '25]-BSA encapsulated in EV or EPV is more efficiently taken

5 —
-Oo— GV
45 ~@— Py
N —~—EV
[ —4- EPV

- Percentage of dose, %

0 8 12 18 24
Time, h

Fig. 5. Tumor accumulation in the BALB/cA-nu/nu mice bearing Colo201 tumors by
using Span 80 vesicles containing entrapped '251-BSA (2000 kcpm), The Span 80 vesi-
cles used were CV {opened circle), EV (opened rhombus), PV (closed circle) and EPV
(closed rhombus). The vesicles were injected intravenously and the uptake of 1451~
BSAin the tumor tissue was measured at 1, 3, 6, and 24 h after injection. Mean values
(£5.D.) are given for measurements carried out with 2-3 animalsjexperimental
group. It was not possible to us to perform the experiments with a higher num-
ber of mice. Details about animal number used in these experiments are shown in
Table S1 in Supplementary Material,
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Fig. 6. Biodistribution of }21-BSA in Col0201 tumor-bearing BALB/cA-nu/nu mice after intravenous injection of Span 80 vesicles containing 1251-BSA (2000 kcpm). The Span 80
vesicles used were CV (opened circle), EV (opened rhombus), PV (closed circle) and EPV (closed rhombus). The uptake of 1251-BSA by liver {a), spleen {b), kidney (¢} and in the
whote blood (d) was measured at 1, 3,6, and 24 h after injection. The time courses of the uptake of 1251-BSA in the tumor are shown in Fig. 5. Mean values (5.D.) are given for
measurements carried out with 2-3 animalsfexperimental group. Details about animal number used in these experiments are shown in Table S1 in Supplementary Material.

up by the tumor than '231-BSA encapsulated in PV or CV. This is
most likely due to specific interactions between ESA immobilized
on EV or EPV and the carbohydrate chains on the surface of the
tumor cells, as shown previously in an in vitro study using free ESA
(Sugahara et al., 2001).

Recently, we found that EPV injected into Colon26 tumor bur-
den mouse (Balb/cByjjc!) showed higher anti-tumor activity as
compared to EV (data not shown). The results of this study will
be presented in a forthcoming paper (in preparation). The differ-
ence in the anti-tumor activity between EV and EPV may be caused
by a hindrance of the ESA-anti-ESA antibody binding by the PEG
chains; anti-ESA antibodies are expected to be produced in the
mouse upon repeated administration of EV or EPV. This means that
EV are more rapidly removed via binding to anti-ESA antibodies
than EPV. Therefore, the modification of the Span 80 vesicle with
ESA and PEG is at the end expected to enhance the anti-tumor effect
of EPV. For this reason, EPV was used instead of EV in the in vivo
anti-tumor activity tests described in the following section.

3.6. Anti-tumor activity of EPV on Colo201 cancer xenografts in
vivo

EPV was administered into Colo201 tumor-bearing mice, fol-
lowed by a measurement of the weight of the mice and the volume
of the tumor, The time-course of the relative body weight (W) and
of the relative tumor volume (Vi) of the mice to which EPV was
administrated i.v. (ESA-dose 2.0 p.g/g-mouse-weight) is shown in
Fig. 7, together with the corresponding values for EEPV (ESA-dose
2.5 uglg-mouse-weight) and PBS as a control. In all three cases, Wr
increased similarly, suggesting that EPV and EEPV did not cause
general toxicity in the mice.

The particle size of conventional PEGylated liposomes used in
vivo is usually around 100 nm. From our previous studies (Kato et
al., 2006; Kato et al,, 2008), it was revealed that the membrane
fluidity of Span 80 vesicles is considerably higher as compared to
the fluidity of the membrane of conventional phospholipid vesicles.
Therefore, Span 80 vesicles may more easily migrate through the
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Fig. 7. Time courses of body weight of the mice (W) and relative tumor volume
(Vi) of the nude mice bearing Colo201 tumors to which EPV or EEPV were injected.
The amounts of ESA in EPV and in EEPV were 2.0 and 2.5 pg/mL, respectively, The
day of vesicle injection is defined as day 0. Mean values {£5.D.) of Wy and Vi, are
shown with standard deviation (n=5-10).

pore structure of the blood vessel wall near the tumor by fluctuating
changes of the vesicle shape. Thus, it was revealed that administra-
tion of Span 80 vesicle with a particle size between 200 and 400 nm,
easily prepared without extrusion, is effective enough for the treat-
ment of the tumors. The fluidity of Span 80 vesicles can be seen as
an advantage in this respect.

As shown in Fig. 7b, Vir in the case of EPV- and EEPV-treated
mice were lower than in the case of the control mice. In other in vivo
experiments, the T/C values in the EPV- and EEPV-injected groups
(on the 9th day) were 58.0+4.3% and 51.1+4.2%, respectively.
The results suggested that the tumor growth inhibition effects of
EPV and EEPV were basically due to the immobilized ESA and
encapsulated-ESA. The findings are also supported by the result
from a semi in vivo experiment as follows, Colo201 cells treated
with EV could not be transplanted onto Balbfc-nu/nu mice at all,
although Colo201 cells treated with CV or PBS could be trans-
planted (Figure S2, Supplementary Material). These results indicate
that EPV and EEPV exhibited significant anti-tumor activity in vivo
without addition of any of the known anti-cancer agents.

Furthermore, there was noindication of an allergic reaction pos-
sibly caused by the vesicle components. Please note that in the final
Span 80 vesicle preparation the content of Tween 80, used during
the second emulsification stage (Figure $1, Supplementary Mate-
rial), was negligibly small (Kato et al., 20086),

3.7. EPV administration induced apoptosis in transplanted

~ Colo201 tumors

To clarify whether the EPV administration induces apoptosis in
tumnor cells in the same manner as free ESA does, we analyzed the

Fig. 8. Apoptosis of Colo201 tumor cells in mice at 72 h after intravenous administration of EPV in nude mice bearing Colo201 tumors: (a) hematoxylin-eosin staining; (b)
immunchistochemistry for single-strand DNA; (c¢) TUNEL; {d) TUNEL (green} with propidium iodide (red); magnification: x400.
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Fig. 9. Accumulation and internalization of EPV containing FITC (FITC-EPV) into Colon26 tumor cells in tumor-bearing mice. The fluorescence micrographs of the tumors at
0, 3, 6, 24 h after the injection of FITC-EPV with of FITC (green fluorescence) were shown in (a1-a4), respectively, The DNA-stained fluorescence micrographs of the above
tumors, also tabeled with propidium iodide (red fluorescence), were shown in (b1-b4): the micrographs of b1, b2, b3 and b4 correspond to those of a1, a2, a3, and a4,

respectively. Scale bars: 20 pm.

apoptosis in Colo201 tumor grafts after EPV administration in situ
(Fig. 8).

The TUNEL methods revealed numerous apoptotlc signalsin the
tumor tissue, especially at the perivascular area as shown in Fig. 8¢
and d. Also, immunohistochemistry for ssDNA presented positive
signals on the Colo201 tumor cells in mice which were treated
with EPV (Fig. 8b). These signals were manifested mainly around
the intratumoral blood vessels, suggesting that the cell death was
induced via different mechanisms from that of central necrosis of
the tumor which might be mainly induced by anoxia. Thus, these
evidences might imply that EPV could induce apoptosis of tumor
cells around the blood vessels with migration throughout the ves-
sel walls, It seems that EPV caused the anti-tumor effect in vivo
by inducing apoptosis in tumor cells. This is in agreement with the
DNA laddering analysis of EV-treated cancer cells in vitro (Fig. 3d).

3.8. Drug internalization of EPV to tumor cells

For clarifying whether EPV could deliver the encapsulated-drug
into a tumor in vivo, EPV containing encapsulated FITC (FITC-
EPV) were injected intravenously into a Balb/cByjjcl mouse which
contained a transplanted Colon26 tumor, The fluorescence micro-
graphs of the mouse tumor were measured in situ (Fig. 9). In the
tumor, the green fluorescence of FITC-EPV gradually increased with
time at 6h and 24 h after the injection, and the presence of FITC in
the cytoplasm of tumor cells was confirmed, suggesting that FITC
encapsulated in EPV was internalized into the cytoplasm of the
tumor cells, This indicates that EPV could deliver the encapsulated-
drug mimics {FITC) into tumor cells,

4. Concluding remarks

The novel lectin E. serra agglutinin (ESA) was immobilized onto
Span 80 vesicles and the vesicles were investigated with respect
to their potential as novel type of nonionic vesicular drug delivery
system. The various measurements carried out indicate that the
vesicles are rather promising systems for further exploring their
usefulness for the delivery of encapsulated anti-tumor drugs. This
optimistic conclusion is based on the following: (i) ESA on the sur-
face of Span 80 vesicles showed hemagluttinating activity similar
to free ESA, i.e. immobilization onto the vesicles did not lead to an

inhibition of the biological activity; (ii) the vesicles showed apop-
totic tumor cell cytotoxicity with little effects on the viability of the
normal cells tested; (iii) the growth of implanted Colo201 tumors
in nude mice could be reduced upon i,v. injection of the vesicles;
(iv) the presence of fluorescent molecules originally trapped inside
the vesicles was enriched in the tumor of tumor-bearing mice at6 h
after i.v. administration of the vesicles; (v) with respect to tumor
accumulation after 6 h, EV and EPV are superior as compared to PV
and CV. In the case of the uptake by the RES, EV, PV and EPV are
superior as compared to CV.

From the study presented, there are two main results. First, the
experiments carried out indicate that there is a considerable poten-
tial of using Span 80 vesicles as DDS for the treatment of tumor
cells, as alternative system to conventional phospholipid-based
vesicles. Second, ESA immobilized onto Span 80 vesicles shows
anti-tumor activity, especially, if the vesicles contain PEGylated
lipids. Span 80 vesicles containing immobilized ESA and PEGy-
lated lipids (EPV) are lipidic microcapsules which show in vivo
anti-tumor activity by themselves, without any entrapped anti-
tumor agents. Experiments in which this type of Span 80 vesicles
(EPV) containing encapsulated anti-turnor drugs is used, are in
progress. .
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Summary

Background Aspirin-intolerant asthma (AIA) is a subtype of asthma induced by non-steroidal
anti-inflammatory drugs and characterized by an aggressive mucosal inflammation of the
lower airway (asthma) and the upper airways (rhinitis and nasal polyp). The lower airway
lesion and the nasal polyp in AIA are postulated to have common pathogenic features
involving aspirin sensitivity that would be reflected in the gene expression profile of AIA
polyps.

Objective This study was conducted to clarify the pathogenesis of AIA using gene expression
analysis in nasal polyps, and identify genetic susceptibilities underlying AIA in a case-control
association study.

Methods Global gene expression of nasal polyps from nine AJA patients was examined using
microarray technology in comparison with nasal polyps from five eosinophilic sinusitis (ES)
patients, a related disease lacking aspirin sensitivity. Based on the AIA-specific gene
expression profile of nasal polyp, candidate genes for AIA susceptibility were selected and
screened by a case-control design of 219 AIA patients, 374 non-asthmatic control {CTR), and
282 aspirin-tolerant asthmatic (ATA) subjects.

Results One hundred and forty-three elevated and three decreased genes were identified as
AlA-specific genes that were enriched in immune response according to Gene Ontology
analysis. In addition, a k-means-based algorithm was applied to cluster the genes, and a
subclass characteristic of AIA comprising 18 genes that were also enriched in immune
response was identified. By examining the allelic associations of single nucleotide
polymorphisms (SNPs) of AIA candidate genes relevant to an immune response with AIA, two
SNPs, one each of INDO and ILIR2, showed significant associations with AIA (P=0.011 and
0.026 after Bonferroni's correction, respectively, in AIA vs. CTR). In AIA-ATA association
analysis, modest associations of the two SNPs with AIA were observed.

Conclusion These results indicate that INDO and ILIR2, which were identified from gene
expression analyses of nasal polyps in AIA, represent susceptibility genes for AIA.

Keywords aspirin-intolerant asthma, candidate genes, genetic association, genome-wide gene
expression, single nucleotide polymorphism
Submitted 5 March 2008; revised 11 January 2009; accepted 26 January 2009

Introduction

[n some asthmatic patients, aspirin and several other non-
steroidal anti-inflammatory drugs (NSAIDs) that inhibit
cyclooxygenase enzymes (COXs) induce a severe asth-

matic attack, a disease known as aspirin-intolerant asth-
ma {ATA) [1, 2]. Several large surveys have concluded that
the incidence of AIA in adult asthmatic patients is 5-15%
based on patients’ histories alone, but the frequency
becomes two to three times higher when adult asthmatic
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patients are challenged with aspirin. In women, AlA is
overrepresented in a ratio of 2.3 : 1 and is more severe and
has an earlier onset. AIA patients have typical clinical
features including asthma, aspirin sensitivity, and bilat-
eral nasal polyps, known as Samter’s triad. Despite the
well-defined pharmacological trigger, the molecular
pathogenesis of AIA is still unclear. The usual hypothesis
is a disturbance in the metabolism of arachidonic acid,
because aspirin and NSAIDs target COXs, key enzymes of
the prostaglandin biosynthetic pathway. However, the
precise pathogenesis requires further investigation.

There is a moderate genetic background in AIA: the
European Network on Aspirin-Induced Asthma found that
5.89% of 500 AIA patients had a family history of aspirin
sensitivity [3]. First, a polymorphism in the promoter of
leukotriene C, synthase, A-444C, was reported to be
associated with AIA in Polish patients [4, 5]. A recent
report showed that a haplotype of the 5-lipoxygenase
gene was weakly associated with AIA in a Korean popula-
tion [6]. With an extensive candidate gene analysis related
to arachidonic acid metabolism, our group reported that
single nucleotide polymorphisms (SNPs) in the prosta-
glandin E, receptor subtype 2 gene were significantly
associated with AIA, and the functional impact of a
promoter variant was further demonstrated [7]. Most
recently, SNPs in prostaglandin E, receptor subtype 3
gene were associated in Korean population [8].

In the past few years, microarray techniques for gene
expression profiling have been applied to a wide range of
biological problems and have contributed to the discov-
eries of complex networks of biochemical processes un-
derlying complex diseases. Microarray techniques have
also helped to identify novel biomarkers, disease subtypes,
and discrepancies of gene expression in human popula-
tions. Despite the advances in microarray techniques,
application of the technology to identify susceptibility
genes underlying complex diseases appears to be unsuc-
cessful so far, with some exceptions {9, 10].

AIA is characterized by an aggressive mucosal inflam-
mation of the lower airway (asthma) and the upper air-
ways (rhinitis and nasal polyp). Rhinitis symptoms first
occur in most AIA patients before the development of
asthmatic intolerance to aspirin and other NSAIDs,
whereas nasal polyps in AIA patients are first diagnosed
at almost the same time aspirin intolerance appears [3].
We postulated that the lower airway lesion and the polyp
in AIA have a common pathophysiology of aspirin intol-
erance, suggesting the nasal polyp as a pleiotropic genetic
model of the bronchial inflammation of AIA. Global gene
expression of the nasal polyps of AIA patients was
examined using microarray technology for comparison
with nasal polyps of eosinophilic sinusitis {ES) patients:
ES is typically characterized by a nasal polyp with an
inflammatory cell infiltration similar to that in an AIA
polyp but without aspirin sensitivity, thus being an

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 39 :972-981

appropriate reference for the selection of AlA-specific
genes.

Materials and methods

Nasal polyp tissues and Aspirin-Intolerant Asthma
Subjects

Nasal polyp tissues for microarray analysis were obtained
from nine Japanese patients (aged from 35 to 76 years,
five males/four females) with AIA, five (aged from 34 to
73 years, three males/two females) with ES, and two (aged
61 and 71 years, both males) with only chronic sinusitis
(CS) (Table 1). These patients had not been exposed to
preoperative treatment with steroids for at least 1 year
before surgery. According to the defiition of rhinosinu-
sitis, CS with nasal polyps with eosinophilic inflammatory
features without fungal hyphae includes aspirin-sensitive
and aspirin-tolerant types [11]. Thus, three groups of
patients with nasal polyps were sequentially defined as
follows: first, CS with nasal polyps was diagnosed based
on clinical symptoms, such as nasal discharge, postnasal
drip, headache, hyposmia, and nasal obstruction, and
endonasal findings of muco-purulent secretion and nasal
polyps with a paranasal shadow observed by CT examina-
tion [12]. Among CS patients with nasal polyps, ES
patients were identified histologically by counting the
number of eosinophils at x 200 magnification under light
microscopy. Five fields were examined for each section,

Table 1. Clinical characteristics of patients with nasal polyps for micro-
array analysis

Parameters in

peripheral blood
Agef WBC Eosinophil  Allergic AlA
D gender {/mm®) (%) thinitis  Asthma episode
AlA#1  76/M 8000 3 - + +
ATA#2  48/M 5500 13 — + +
AlA#3  73]M 6500 3 — + +
AlA#4 59/F 9500 28 - + +
AlA#5 50fF 5720 14 - + +
AlA#6  40/M 9100 4 - + +
AlA#7  35/M 8800 6 — + +
AIA#8  50/F 6000 9 + +
AIA#9  66fF 7000 8 — + +
ES#1 73/F 7200 2 - + —
ES#2 64/F 6400 23 - + —
ES#3 69/M 7700 4 + - -
ES#4 61/M 4900 - + -
ES#5 34/M 6300 3 + + —
CS#1 61/M 7400 10 - + —

CS#2 67/M 9700 10 -

|
1

M, male; F, female; WBC, white blood cell; —, no allergic rhinitis, no
asthma, or no AIA episode; AIA, aspirin-intolerant asthma; CS, chronic
sinusitis; ES, eosinephilic sinusitis.
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and the average was considered to be the number of
eosinophils infiltrating the sample. Nasal polyps having
more than 100 eosinophils were classified as ES [12].
Among ES patients, those who had had apparent episodes
of asthma attacks in response to aspirin and other NSAIDs
were classified as AIA patients (AIA#1-9). The remaining
five ES patients without AIA episodes (ES#1-5) had no
troubles even after taking NSAIDs in postoperative
courses during hospitalization. The oral provocation test
for AIA patients was not performed in most of the patients
due to potential risk, although severe reactions against the
provocation were improbable [13], and only verbal his-
tory has yielded some false positives [14]. The ethics
committees of Kagoshima University approved the study
protocols, and each participant gave written informed
consent.

DNA samples from 219 unrelated individuals with AIA
(age: 55.7£13.5 years; 70 males/149 females) and 374
non-asthmatic controls (CTR) (age: 44.5:+23.2 years; 181
males/193 females) were obtained as described previously
[7]. For AlA-associated SNPs, 282 unrelated individuals
with aspirin-tolerant asthma (ATA) (age: 56.0+16.1 years;
132 males/150 females) [7] were also genotyped, and used
as asthmatic controls. The subjects were recruited at
Niigata University Hospital, University of Tokyo Hospital,
Nagoya University Hospital, Doai Memorial Hospital, and
Kyushu University Hospital, with Institutional Review
Board approvals. The diagnosis of AIA was based on a
self-reported history due to the potential risk of a provo-
cation test. ATA was defined as adult asthma diagnosed by
expert physicians according to the American Thoracic
Society criteria [15] and no history of aspirin or NSAID-
induced asthmatic attack, and comprised of 154 atopic
asthmatic (age: 48.0-:15.6 years; 80 male/74 female) and
128 non-atopic asthmatic (age: 65.9+10.0 years; 52 male/
76 female) subjects. CTR were outpatients with diseases
(e.g., hypertension) other than respiratory diseases includ-
ing asthma, and who self-reported no history of aspirin
sensitivity. The patients and controls were all of Japanese
ethnicity. Although the Japanese population is thought to
be genetically homogenous, nearly identical numbers of
patients and controls from the various locations were
recruited to avoid geographical differences in allelic
frequencies.

RNA extraction

The nasal polyp tissue was removed during endoscopic
sinus surgery, submerged in RNAlater regent (Ambion
Inc., Austin, TX, USA) to avoid RNA degradation, and
used for RNA extraction within 48 h after resection. Total
RNA was extracted using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. The quality and quantity of the extracted
RNA were analysed using the Agilent 2100 bioanalyzer

(Agilent Technologies Inc., Palo Alto, CA, USA) with an
RNA6000 Nano LabChip Kit (Agilent Technologies). RNAs
from two CS patients were equally pooled, and used as a
common reference in the two-colour microarray experi-
ments, where a single microarray was used to compare
each test sample from an AIA or an ES patient with the
reference sample.

cRNA synthesis, labelling, hybridization, and expression
profiling

For fluorescent cRNA synthesis, high-quality total RNA
(150 ng) was labelled with the Low RNA Input Fluorescent
Linear Amplification Kit (Agilent Technologies) according
to the manufacturer’s instructions. In this procedure,
cyanine 5-CTP (Cy5) and cyanine 3-CTP (Cy3) (PerkinEl-
mer, Boston, MA, USA) were used to generate labelled
cRNA from the individual AIA or ES RNA and the pooled
CS RNA as a reference, respectively. Labelled cRNAs (0.75
ug each) from the AIA, ES, or CS patients were fragmented
in a hybridization mixture with the In Situ Hybridization
Kit Plus {Agilent Technologies) according to the manufac-
turer’s instructions. The mixture was hybridized for 17 h
at 65°C to an Agilent Human 1A(v2) Oligo Microarray.
After hybridization, the microarray was washed with SSC
buffer, and then scanned in Cy3 and Cy5 channels with
the Agilent DNA Microarray Scanner, model G2565AA.
Signal intensity per spot was generated from the scanned
image with Feature Extraction Software ver7.5 (Agilent
Technologies) in default settings. Spots that did not pass
quality control procedures with the software were flagged
and removed for further analysis.

GeneSpring software GX 7.3 (Agilent Technologies)
was used for the Lowess (locally weighted linear regres-
sion curve fit) normalization of the ratio (Cy5/Cy3) of the
signal intensities generated in each microarray and the
subsequent data analysis. To determine the AIA-specific
expression profile of nasal polyps, ES transcripts with
ratios ranging from 0.5 to 2 were extracted, and the AIA
transcripts with expression undergoing a twofold change
or more were extracted as decreased or elevated genes. Of
the transcripts overlapping the two groups, only those
with statistically significant differences in expression
between the AIA and CS nasal polyps (Benjamini and
Hochberg false discovery rate (FDR)<0.01; [16]) were
counted as AlA-specific genes. To identify novel expres-
sion patterns in nasal polyps from AIA patients, the
k-means method [17], a well-known unsupervised
partitional clustering approach, was applied to the AIA-
specific genes. For functional subclassification of the
AlA-specific genes, we applied the Gene Ontology (GO)
classification for biological processes with DAVID 2.1
(http://david.abcc.nciferf.gov/), a web-accessible program
[18]. A permutation test with 10000 iterations was used
for multiple test correction when nasal polyps from AIA
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and ES patients were compared at the transcriptome level
[19]. P<0.05 was considered significant in every statis-
tical analysis.

Quantitative real-time reverse transcription polymerase
chain reaction analysis

Two transcripts, INDO and IL1R2, that were differentially
expressed between AIA and CS nasal polyps were sub-
jected to real-time reverse transcription polymerase chain
reaction (RT-PCR} for verification of the microarray data,
using a validation set of total RNAs from AIA (n=10) and
CS (n=4) nasal polyps including nine AIA and two CS
samples for the present microarray experiment. Total RNA
from each nasal polyp was used as a template in first-
strand cDNA synthesis with the SuperScript IIl First-
Strand Synthesis System {Invitrogen). Real-time PCR was
performed using TagMan Gene Expression Assays (Ap-
plied Biosystems, Tokyo, Japan} with TagMan Universal
PCR Master Mix (Applied Biosystems) on an ABI PRISM
7900HT Sequence Detection System (Applied Biosystems)
according to the manufacturer’s instructions. The relative
quantification method [20] was used to measure the
amounts of the respective genes in nasal polyps, normal-
ized to GAPDH as an endogenous control. The statistical
significance in gene expression between the AIA and the
CS samples was determined by the Welch #-test; P<0.05
was considered significant.

Single nucleotide polymorphism genotyping

For gene-based association analysis, SNPs of AIA candi-
date genes were obtained from the NCBI dbSNP database
(http://www.ncbinlm.nih.gov/SNP/}) using SNPbrowser
Software (Applied Biosystems), to cover the entire regions
of the genes positionally and genetically. SNPs were
genotyped using the TagMan SNP Genotyping assay
(Applied Biosystems) with the allelic discrimination soft-
ware SDS version 2.1 (Applied Biosystems) on the ABI
PRISM 7900HT Sequence Detection System (Applied Bio-
systems) according to the manufacturer’s instructions.

Statistical analysis of association study

Differences in allelic frequencies were evaluated by a
case-control design with a ¥ test. Haplotype frequencies
for multiple loci were estimated using the expectation-
maximization method with SNPAlyze v6.0 software (DY-
NACOM, Mobara, Japan). Bonferroni’s correction was
adopted for each gene and haplotype for multiple test
correction.

Pairwise LD was estimated as D= x,;,-p;q; where x;, is the
frequency of haplotype A;B,, and p;, and ¢, are the
frequencies of alleles Al and B1 at loci A and B, respectively.
A standardized LD coefficient, 7, is given by D/(p,p,q:42)"?,

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 39 :972-981

where p, and g, are the frequencies of the other alleles at loci
A and B, respectively [21]. Lewontin’s coefficient, D', is
given by D' =D[Dpay, where Dyay = min(p,q,, p2q;) when
D> 0 or Dyax = min{p, 4., pog,) when D<0 [22].

The power of the present association analysis was
calculated using ‘Genetic Power Calculator [23] (http://
pngu.mgh.harvard.edu/~purcell/gpc/)’. Using our sample
sizes in the AIA-CTR comparison, the study has had 80%
power to detect common alleles (risk allele frequency = 0.1)
with a relative risk of 1.65, and 50% power to detect the
alleles with a relative risk of 1.44 at a threshold of nominal
P-value=0.05 under an additive model in the log-odds
scale.

Results and discussion

Microarray analysis of nasal polyp tissues of Aspirin-
Intolerant Asthma patients

Bronchial biopsy specimens from AIA patients exhibit a
fourfold increase in eosinophils compared with those from
ATA patients [24]. The increased influx of eosinophils into
the airway mucosa of AIA patients is likely a result of an
inflammatory rather than an atopic mechanism. It is
noteworthy that the nasal polyps of AIA patients show
very similar pathological characteristics such as infiltra-
tion of eosinophils into the bronchial mucosa [12, 13].
These observations led us to postulate a common mole-
cular mechanism in the development of a polyp and AIA.
In such a case, genes related to nasal polyp development
in AIA patients might suggest both potential susceptibility
genes and pathways involved in aspirin hypersensitivity
and the development of AIA. Because it is not practical to
apply bronchial tissues for microarray analysis, we used
nasal polyp tissues from AIA patients that were under
resection for therapeutic purpose and monitored global
gene expressions to demonstrate AlA-specific gene ex-
pression profiles. ES is known to be a related disorder of
AIA; ES is typically characterized by a nasal polyp with
inflammatory cell infiltration similar to that in an AIA
polyp but without aspirin sensitivity, thus being an
appropriate reference for the selection of AlA-specific
genes.

The global gene expression profiles of AIA nasal polyps
and those of ES nasal polyps were then compared. Similar
expression profiles were expected in polyps of AIA and ES
patients due to the similar histological and biochemical
characteristics such as extensive infiltration of eosino-
phils. Figure la shows a hierarchical clustering (H()
dendrogram for the profiles of nasal polyps from nine
AIA and five ES patients. Unexpectedly, two discrete
clusters appeared, representing AIA and ES nasal polyps,
respectively, with the exception of one (ES#5) of the ES
tissues, from a patient who was aspirin tolerant and had
clinical characteristics similar to those of other ES patients
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Fig. 1. Experimental design to extract aspirin-intolerant asthma (AIA)-specific genes with microarray analysis. (a) Hierarchical clustering (HC)-based
classification of nasal polyps from AIA and eosinophilic sinusitis (ES) patients. Based on the gene expression in nasal polyps, HC clustering shows
distinct expression profiles in AIA and ES patients. The clinical characteristics of the patients for the expression analysis are summarized in Table 1. (b)
Strategy for discovering AIA-specific gene expression profiles, referred to as ‘AlA-specific genes'. From 16,114 genes representing no change (less than
twofold) in gene expression between ES and chronic sinusitis (CS) polyps, 146 AIA candidate genes were extracted at the threshold of twofold
differences in expression with statistical significance (FDR < 0.01) between AIA and CS polyps.

{Table 1). Thus, AIA and ES nasal polyps appear to exhibit
distinct expression profiles. The HC analysis was sup-
ported statistically in that 4012 of 18716 transcripts
surveyed by microarray displayed significant differences
in expression between the AIA and the ES polyps using a
permutation test, followed by Student’s t-test at a sig-
nificance level of 0.05. While the expression differences
between the two groups could be due to an inter-group
variation in cell composition within the nasal polyp
tissues, they could not have been due to aspirin sensitivity,
and so a two-step selection process was used to extract an
AlA-specific expression profile (Fig. 1b). We first obtained
genes {16114 genes) common to polyp formation, ie,
genes showing no difference (less than twofold) between
ES and chronic sinusitis (CS) polyps, in which a difference
in the pathological state of the polyps such as infiltration
of inflammatory cells would be minimized. We then
selected 926 genes differentially expressed between AIA
and CS polyps showing twofold differences, which could
be related to the pathophysiology of aspirin sensitivity.
From the overlapping genes (467 genes) between the two
gene lists, 146 genes were statistically extracted including
143 elevated and three decreased transcripts that were
defined as AlA-specific genes.

To examine the biological features of these AIA-specific
genes, we assigned 146 genes to the GO classification
using the web-accessible DAVID program. As shown in
Table 2, nine GO terms were highly associated with the
AlA-specific genes. It is notable that the genes involved in
cell proliferation and immune response were enriched in
the AIA candidate genes, indicating successful extraction

of the genes related to nasal polyp formation, because
both nasal cell growth and acute inflammation in the
respiratory tract are clinical characteristics during the
development of nasal polyp in AIA patients.

We then applied the k-means algorithm [17], an un-
supervised partitional clustering approach, to organize
AlA-specific genes into functionally meaningful groups.
The k-means method has been efficient in showing a
significant enrichment of genes belonging to given func-
tional categories in the k-means-based clusters [25]. In
this analysis, we selected an optimal number of clusters (k)
in which the number of unclassified genes was minimized.
As shown in Table 2, four distinct clusters, subsets 1, 2, 3,
and 4, in gene expression were generated for the AIA-
specific genes using the k-means method (figure not
shown). Thus, four types of distinct expression patterns
across samples were observed using the dataset of 146
AlA-specific genes. The three genes with decreased ex-
pression in AIA nasal polyps were categorized into subset
4, and the 143 elevated genes were classified into three
subsets, 1, 2, and 3 (Table 2). Interestingly, genes involved
in immune response (18/21 genes) and response to ex-
ternal signal (11/15 genes) were highly enriched in subset
2, while another enrichment of cell proliferation-related
genes (17/24 genes) was observed in subset 1 (Table 2).
These features of the gene enrichments indicate the
biological significance of the present k-means-based
clusters for AIA candidate genes. According to the clus-
ter-GO correlation, the most notable functional pattern-
ing occurred for genes relevant to an immune response
owing to the highest concentration (85.7% of the genes
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Table 2. Enrichements of genes involved in GO-functional categories within k-means-based clusters

k-means clusters (no. of genes assigned)

Subset 1 Subset 2 Subset 3 Subset 4
GO TERM (biological process; level 3} Count P-value (n=57) (n=57) (n=29) (n=3)
Cell proliferation 24 0.0000028 17 7
Immune response 21 0.068 18 3
Biopolymer metabolism 20 0.034 9 7 3
Response to stress 17 0.00097 4 11 2
Response to external stimulus 15 0.083 11 4
Catabolism 14 0.017 5 4
Cell organization and biogenesis 12 0.031 8 1
Cell motility 6 0.012 2 4
Cellular defense response 4 0.024 3 1

DAVID v2.1 (http:/{david.abcenciferf.gov/) was used to classify 146 AlA-specific genes functionally according to Gene ontology (GO) classification for
biological process. Genes in the respective GO categories were mapped to four k-means-based clusters for gene expression.

extracted) in one subset (subset 2} of clusters, indicating
that their expression might be highly coordinated in nasal

polyps.

Association study with candidate genes for AIA

Based on functional clustering of the AlA-specific genes
in the k-means clustering, immune response-related genes
might serve as candidate genes for susceptibility under-
lying AIA because the AlA-specific changes in gene
expression reflect elevated immune and inflammatory
reactions in the nasal polyps of AIA patients. Table 3
shows 21 immune response-related genes in descending
order based on the expression ratios in the microarray
analysis. We focused on the three top-ranked genes, INDO,
IL1R2, and CLECSF®6, and screened 17 SNPs of these three
genes (three SNPs for INDO, 11 SNPs for IL1R2, and three
SNPs for CLECSF6) for an allelic association study
between 219 AIA patients and 178 non-asthmatic controls
(CTR} in the first screening. One SNP of INDO and four
SNPs of IL1R2 were significantly associated with AIA
evaluated by a simple 3 test (data not shown) based on
nominal P-values. Differential expressions of the two
genes, INDO and ILI1R2, in AIA nasal polyps were con-
firmed by real-time RT-PCR (Fig. 2). Because the three
SNPs of CLECSF6 examined were not associated with AIA,
the gene was not pursued, and other ranked genes were
also not screened further.

After increasing the sample size of CIR to 374 subjects,
we further examined the allelic associations of a total of
14 SNPs (three SNPs for INDO and 11 SNPs for IL1R2) with
AIA in a second screening. As shown in Tables 4 and 5,
one SNP of INDO (INDO-SNP2: rs7820268) and one SNP
of IL1R2 {IL1R2-SNP10: rs11688145) showed significant
associations with AIA after a multiple test correction
using Bonferroni’s correction (corrected P=0.011 for the
INDO-SNP2 and corrected P=0.026 for the IL1R2-
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Table 3. Twenty-one genes involved in immune response

Expression ratio

(normalized) Gene Symbol Name
1 3.70 INDO Indoleamine-pyrrole 2,3
dioxygenase
2 331 ILIR2 Interleukin 1 receptor, type I
3 275 CLECSFe C-type lectin, superfamily member 6
4 2.68 CCL1L Chemokine (C-C motif) ligand 11
5 2.65 CD1i63 CD163 antigen
6 2.63 TNFSF10 Tumour necrosis factor (ligand)
superfamily, member 10
7 253 AlF1 Allograft inflammatory factor 1
8 246 NCF2 Neutrophil cytosolic factor 2
2.32 ALOX5AP Arachidonate 5-lipoxygenase-
activating protein
10 231 FPR1 Formyl peptide receptor t
11 221 TYROBP TYRO protein tyrosine kinase-
binding protein
12 221 CTSC Cathepsin C
13 211 IFI30 Interferon, gamma-inducible
protein 30
14 2.03 MICB MHC class [ polypeptide-related
sequence B
15 1.90 LCP2 Lymphocyte cytosolic protein 2
16 1.86 NCK1 NCK adaptor protein 1
17 1.84 LST1 Leukocyte-specific transcript 1
18 1.83 TLR2 Toll-like receptor 2
19 L76 PTAFR Platelet-activating factor receptor
20 17 CKLF Chemokine-like factor
21 1.65 EDG6 Endothelial differentiation,

G-protein-coupled receptor 6

SNP10). None of the SNPs in the controls showed devia-
tion from Hardy-Weinberg’s equilibrium (data not
shown). Both the significant SNPs observed were located
in non-coding regions of the respective genes, and so the
functional impacts of the SNPs were not demonstrated. In
order to examine whether INDO and ILIR2 were genetic
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