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Area (mm?/ cm?)
04

Number (No./ cm?)
9 6 3

DMBDD 0.6 0.8 1.0

E 128 mg, 97 % DHA -E
£ 404 mg, 30 % DHA-TG

128 mg, 30 % DHA-TG

4 mg Tocophero)

No Treatment

128 mg, 97% DHA-E

404 mg, 30% DHA-TG

No Treatment “-I

Fig. 2. Areas and numbers of GST-P positive foci in rat livers. * P<0.05 versus DMBDD initiated no treatment group.

Table 3. Number of ACF in Rats Treated with and without DHA during the Post-Initiation Stage

Effective ACF/ Colon

Groups DMBDD.- Treatment no. of rats < 4 crypts 4 crypts< Total AC/ Focus
1 + 128 mg 97% DHA-E 9 271169 62+3.9 33.349.7 25403
2 + 404 mg 30% DHA-TG 9 27.0+143 6.2+6.1 3324183 23104
3 + 128 mg 30% DHA-TG 9 26.6+7.5 79+£4.6 344116 25104

4 + 4 mg Tocopherol 9 259+16.9 52+38 31.1£19.3 24403
5 + no treatment 10 26.8+10.1 8.2+57 3504135 27404
6 - 128 mg 97% DHA-E 5 03105 0 02105 04409
7 - 404 mg 30% DHA-TG 5 03+0.5 02£0.5 04%0.6 14102
8 - no treatment 5 03105 0 0205 02405

AC: aberrant crypts.

significantly changed. Discussion

A significant increase in relative liver weight and a
tendency to increase in relative kidney weights were noted in
group 2 (Table 2).

Quantitative analysis of GST-P positive foci (Fig. 2)
showed the numbers and areas were significantly decreased
by the 404 mg/ml 30% DHA-TG treatment. The numbers
were also suppressed by 128 mg/ml 30% DHA-TG and
tocopherol alone.

No significant difference was observed in ACF between
DHA and/or tocopherol treatment groups and the DMBDD
alone group (Table 3).

Histopathological examination revealed hyperplastic
and neoplastic lesions in various organs/tissues in the rats
initiated with the five carcinogens (Tables 4, 5). However,
no DHA treatment-telated alteration in their incidences was
evident. No proliferative lesions were noted in any of the
rats given DHA and tocopherol without DMBDD treatment.

The present investigation of the modifying potential of
DHA in a rat medium-term multi-organ carcinogenesis
model found no modifying effects on lesion development in
any organ. Decreases of number and/or area of GST-P
positive foci in the liver given 404 mg and 128 mg 30%
DHA-TG were demonstrated, but similar results were
obtained with tocopherol alone, so the latter was considered
responsible, in line with its reported inhibitory potential®s?’.

The effect of dietary sardine oil including 28.5% DHA
on rat hepatocarcinogenesis was examined with
administration in the initiation and post-initiation period.
The sardine oil inhibited the number of DEN-induced GST-
P positive foci when administered in the initiation period, but
enhanced the area of GST-P positive foci when administered
in the post-initiation period. However, in another study, fish
oil inhibited AOM-induced GST-P positive foci in the post-
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Tabled. Incidences of Neoplastic Lesions in the Large and Small Intestines

Effective Small intestine Large intestine
Groups DMBDD Treatment po.ofrats  Adenoma Adenocarcinoma Adenoma Adenocarcinoma
1 + 128 mg 97% DHA-E 20 0 1(5) 1(5) 1(5)
2 + 404 mg 30% DHA-TG 20 2(10) 420) 0 1(5
3 + 128 mg 30% DHA-TG 20 1(5) 1(5) 2(10) 1(9
4 + 4 mg Tocopherol 20 1(5) 1(5) 1(5) 1(5)
5 + no treatment 20 2(10) 2(10) 1(5) 15
6 - 128 mg 97% DHA-E 10 0 0 0 0
7 - 404 mg30% DHA-TG 10 0 0 0 0
8 - Do treatment 10 0 0 0 0

Table 5. Incidences of Preneoplastic and Neoplastic Lesions in Other Organs in DMBDD Treated Groups

DMBDD treatment

Organ / Findings 128mg 97% 404mg30% 128 mg 30% " 4mg No
DHA-E DHA-TG DHA-TG Tocopherol treatment
No. of rats examined 20 20 20 20 20
Spleen: Hemangioma 0 0 0 0 1(5)
Thyroids: Follicular cell hyperplasia 13 (65) 17 (85) 10 (50) 12 (60) 10 (50)
Follicular cell adenoma 4 (20) 10 (50) 9 (45) 5(25) 6 (30)
Follicular cell carcinomia 5(@25) 7 (35) 6B0), . 5@ 5(25)
Nasal cavity: Hyperplasia P 17 (85) 19 (95) 17 (85) 20 (100) 20(100)
. Adenoma 2(10) 0 0 1(5) 0
Lung: Alveolar hyperplasia 20 (100) 20 (100) 20 (100) 20(100) 20(100)
Adenoma 8 (40) 6 (30) 8 (40) 10 (50) 8 (40)
.Adenocarcinoma 1(5) 420) 2(10) 3(15) 4 (20)
Tongue: Squampus cell hyperplasia 0 0 2Q10) 1¢5) 0
Papilloma 0 0 0 1(5) 0
Esophagus: Squamous ceH hyperplasia 18 (90) 17 (85) 19 (95) 20 (100) 17 (85)
) Papilloma 0 2(10) o 0 1(5)
Stomach: Squamous cell hyperplasia 10 (50) 8 (40) 12 (60) 12 (60) 13 (65)
Squamous cell papilloma 3(15) 1(5) 2(10) 0 3(15)
Squamous cell carcinoma ’ 0 1(5) 0 1(5) 0
Liver: Hepatocellular adenoma 3Q15) 1(5) 2(10) 1¢5) 5(25)
Hepatocellular carcinoma 0 0 0 1(5) 0
Kidneys: Atypical tubules 11 (55) 13 (65) 7(35) 10 (50) 9 (45)
Renal cell hyperplasia 0 0 1(5) 0 , 0
Transitional cell hyperplasia 6(30) 8 (40) 4 (20) 4(20) 8 (40)
Renal cell adenoma 1(5) 1(5) 3(15) 1(5) 1(5)
Nephroblastoma 5(25) 7(35) 6 (30) 4(20) 10 (50)
Transitional cell carcinoma ' 0 3(15) 0 0 1(5)
Urinary bladder:  Simple hyperplasia 12 (60) 12 (60) 14 (70) 13 (65) 11 (55)
PN hyperplasia 4(20) 2(10) 4(20) 3Q15) 3(15)
Papilloma 0 0 -0 0 T1(5)
Transitional cell carcinoma 1(5) 1(5) 0 1(5) 0
Other site: Histiocytic sarcoma 0 0 0 1S ) 0
Leiomyosarcoma 0 0 0 1(¢5) 1(5)
Malignant lymphoma/ léukemia 1(5) 1(5) 1(5) 1(5) 0

initiation stage?. These results suggest that the effects of
fish oil appear to be dependent on the types of carcinogens.
In the present study, DHA did not enhance
hepatocarcinogenesis initiated with five carcinogens.

Some previous studies indicated the chemopreventive
effect of DHA on colon™, mammary glands® and pancreas
carcinogenesis® in rats. DHA exerted significant inbibitory
effects on implanted tumor growth and metastasis to the

lungs in a subcutaneously implanted and highly metastatic
colon carcinoma model*’. However, no chemoprévention
was observed for rat colon and other organ carcinogenesis
with DHA treatment in the present study. The reason for the
discrepancy with the many previous studies which showed
chemopreventive effects on colon carcinogenesis and ACF
development’~#72'2, may be due to the different number of
treatment times per week. DHA was injected five times a
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week or administered in diet continuously in the other
chemopreventive studies, but injected three times a week in
this study, according to the clinical trial study’.

In the multi-organ model (DMBDD mode])20-21.23.33
incidences of colon tumor development have been reported
to range from 10 to 80%, therefore the figure of 10%
achieved in the present study was relatively low. Thus, one
reason for the lack of obvious influence of DHA could have
been due to weak initiation.

Recently, different results regarding the
chemopreventive effect of DHA-E in diet using the same
mode] were published by an other group®. They showed an
inhibitory effect on carcinogenesis in the small intestine,
large intestine and lung by DHA. They used synthetic diet
(modified AIN-93) as basal diet for the experiment, but we
used a conventional diet (Oriental MF), this may have been
the cause of the different results.

DHA has been reported as an useful chemopreventive
agent in many rodent studies™®. However, in a long-term
trial using concentrated DHA in fish oil capsules containing
about 30% DHA in triglyceride form, for patients in a high-
risk group for colorectal cancer, three patients with FAP
developed cancers, one endometrial, one colon and one
lung’. During the trial, no marked increase or decrease in the
number of polyps was observed.

In the present experiment, no promotion activity of
either DHA-E or DHA-TG was found in any organ including
the large intestine. The reason for the tumor development
seen in the clinical trial study with DHA-TG treatment could
not therefore be clarified in the present study.
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| NKI105, a paclitaxel-incorporating micellar nanoparticle
° formulation, can extend in vivo antitumour activity and reduce the

neurotoxicity of paclitaxel
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Paclitaxel (PTX) is one of the most effective anticancer agents. In clinical practice, however, high incidences of adverse reactions of
the drug, for example, neurotoxicity, myelosuppression, and allergic reactions, have been reported. NK105, a micellar nanoparticle
formulation, was developed to overcome these problems and to enhance the antitumour activity of PTX. Via the self-association
process, PTX was incorporated into the inner core of the micelle system by physical entrapment through hydrophobic interactions
between the drug and the well-designed block copolymers for PTX. NK105 was compared with free PTX with respect to their in
vitro cytotoxicity, in vivo antitumour activity, pharmacokinetics, pharmacodynamics, and neurotoxicity. Consequently, the plasma area
under the curve (AUC) values were approximately 90-fold higher for NK105 than for free PTX because the leakage of PTX from
normal blood vessels was minimal and its capture by the reticuloendothelial system minimised. Thus, the tumour AUC value was 25-
fold higher for NK105 than for free PTX. NK105 showed significantly potent antitumour activity on a human colorectal cancer cell
line HT-29 xenograft as compared with PTX (P<0.001) because the enhanced accumulation of the drug in the tumour has occurred,
probably followed by its eflective and sustained release from micellar nanoparticles. Neurotoxicity was significantly weaker with
NK105 than with free PTX. The neurotoxicity of PTX was attenuated by NKI05, which was demonstrated by both histopathological
(P<0.001) and physiological (P<0.05) methods for the first time. The present study suggests that NK 105 warrants a clinical trial for
® patients with metastatic solid tumours.
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Paclitaxel (PTX) is one of the most useful anticancer agents known administering a granulocyte colony-stimulating factor. On the

for various cancers including ovarian, breast, and lung cancers
(Carney, 1996; Khayat et al, 2000). However, PTX has serious
adverse effects, for example, neutropenia and peripheral sensory
neuropathy. In addition, anaphylaxis and other severe hypersensi-
tive reactions have been reported to develop in 2-4% of patients
receiving the drug even after premedication with antiallergic
agents; these adverse reactions have been attributed to the mixture
of Cremophor EL and ethanol, which was used to solubilise PTX
(Weiss et al, 1990; Rowinsky and Donehower, 1995). Of the adverse
reactions, neutropenia can be prévented or managed effectively by
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other hand, there are no effective therapies to prevent or reduce
nerve damage, which is associated with peripheral neuropathy
caused by PTX; theréfore, neurotoxicity constitutes a significant
dose-limiting toxicity of the drug (Rowinsky et al, 1993;
Wasserheit et al, 1996). : ’

The above problems of PTX have been attributed to its low
therapeutic indices and limited efficacy due to the nonselective
nature of its therapeutic targets and its inability to accumulate
selectively in cancer tissue. Therefore, there is an urgent need to
develop modalities by which cytotoxic drugs can selectively target
tumour tissue and effectively act on cancer cells in the scene. The
roles of drug delivery systems (DDSs) have drawn attention in this
context. Drug delivery systems are based on two main principles:
active and passive targetings. The former refers to the development
of monoclonal antibodies directed against tumour-related mole-
cules that allow targeting of the tumour because of specific binding
between the antibody and its antigen. However, the application of



DDSs using monoclonal antibodies is restricted to tumours
expressing high levels of related antigens.

Passive targeting is based on the so-called enhanced perme-
ability and retention (EPR) effect (Matsumura and Maeda, 1986;
Maeda et al, 2000). The EPR effect consists in the pathophysio-
logical characteristics of solid tumour tissue: hypervascularity,
incomplete vascular architecture, secretion of vascular perme-
ability factors stimulating extravasation within cancer tissue, and
absence of effective lymphatic drainage from tumours that
impedes the efficient clearance of macromolecules accumulated
in solid tumour tissues.

Several techniques to maximally use the EPR effect have been
developed, that is, modification of drug structures and develop-
ment of drug carriers. The first micelle-forming polymeric drug
developed was polyethylene glycol (PEG)-polyaspartate block
copolymer conjugated with doxorubicin (DXR) (Yokoyama et al,
1990; Yokoyama et al, 1991; Kataoka et al, 1993). PEG constituted
the outer shell of the micelle, which conferred a stealth property on
the drug that allowed the micellar drug preparations to be less
avidly taken up by the reticuloendothelial system (RES) and to be
retained in the circulation for a longer time. Prolonged circulation
time and the ability of polymeric micelles to extravasate through
the leaky tumour vasculature were expected to result in the
accumulation of DXR in tumour tissue due to the EPR effect
(Kwon et al, 1994; Yokoyama et al, 1999). A clinical trail of
micellar DXR, NK911, is now underway (Nakanishi et al, 2001;
Hamaguchi et al, 2003). Recently, we succeeded in constructing
NK105, a polymeric micelle carrier system for PTX, which
conferred on PTX a passive targeting ability based on the EPR
effect. In the present paper, we describe the details and
characteristics of NK105. We also discuss differences between
NK105 and other DDS formulations containing PTX.

MATERIALS AND METHODS

Materials

PTX was purchased from Mercian Corp. (Tokyo, Japan). All other
chemicals were of reagent grade. Following cell lines, MKN-45,
MKN-28, HT-29, DLD-1, HCT116, TE-1, TE-8, PC-14, PC-14/TXT,
H460, MCAS, OVCAR-3, AsPC-1, PAN-9, PAN-3, and MCF-7 cells
were purchased from American Type Culture Collection. Colon 26
cells were dispensed from the Japan Foundation for Cancer
Research (Tokyo, Japan). Female BALB/c nu/nu mice were
purchased from SLC (Shizuoka, Japan). Female CDF]l mice and
1GS rats were purchased from Charles River Japan Inc. (Kanagawa,
Japan).

All animal procedures were performed in compliance with the
guidelines for the care and use of experimental animals, which had
been drawn up by the Committee for Animal Experimentation of
the National Cancer Center; these guidelines meet the ethical
standards required by law and also comply with the guidelines for
the use of experimental animals in Japan.

NK105, a PTX-incorporating micellar nanoparticle
formulation

NK105 is a PTX-incorporating ‘core-shell-type’ polymeric micellar
nanoparticle formulation. Polymeric micellar particles were
formed by facilitating the self-association of amphiphilic block
copolymers in an aqueous medium. Novel amphiphilic block
copolymers, namely NK105 polymers, were designed for PTX
. entrapment. NK105 polymers were constructed using PEG as the

hydrophilic segment and modified polyaspartate as the hydro-
phobic segment. Carboxylic groups of polyaspartate block were
. modified with 4-phenyl-1-butanol by esterification reaction,

consequently the half of the groups were converted to 4-phenyl-

* © 2005 Cancer Research UK
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1-butanolate. Via the self-association process, PTX was incorpo-
rated into the inner core of the micelle system by physical
entrapment through hydrophobic interactions between the drug
and specifically well-designed block copolymers for PTX.

Pharmacokinetics and pharmacodynamics of PTX and
NK105

Colon 26 tumour-bearing CDF]1 mice aged 8 weeks were given
intravenously (i.v.) via the tail vein PTX 50 and 100 tngkg'l or
NK105 at corresponding PTX-equivalent doses. Mice were killed at
5 and 30 min, as well as 2, 6, 24, and 72 h after injection. Blood was
collected, and tumours were removed; plasma and tumours
obtained were then stored at —20°C until the analysis. Each time
point for collection represented three samples from three different
mice. PTX was extracted from plasma obtained by deproteinisation
using acetonitrile, followed by liquid-liquid extraction with
t-butylmethylether. Tumours obtained were homogenised in
0.5% acetic acid, and the resultant homogenate was deproteinised
and extracted according to the same method as that used for
plasma. The blood arid tumour extracts were analysed for PTX by
liquid chromatography/tandem mass spectrometry. Reversed-
phase column-switching chromatography was conducted using
an ODS column and detection was enabled by electrospray
ionisation of positive mode. The mean plasma and tumour
concentrations of PTX at each sampling point were calculated
for both PTX and NK105. Pharmacokinetic modelling was
completed using a WinNonlin Standard software version 3.1
(Pharsight Corp., California, USA).

In vitro cytotoxicity

Various human cancer cell lines were evaluated in the present
study. The cell lines were maintained in monolayer cultures in
Dulbecco’s modified Eagle’s medium containing 10% (vv™?) foetal
calf serum and 600mgl™" glutamine. WST-8 Cell Counting Kit-8
(Dojindo, Kumamoto, Japan) was used for the cell proliferation
assay. In all, 2000 cells of each cell line in 90 ul of culture medium
were plated in 96-well plates and were then incubated for 241 at
37°C. Serial dilutions of PTX or NK105 in a volume of 10 ul were
added, and the cells were incubated for 48 or 72h. All data were
expressed as mean+s.e. of triplicate cultures. The data were then
plotted as a percentage of the data from the control cultures, which
were treated identically to the experimental cultures, except that
no drug was added.

Evaluation of the antitumour activity of PTX and NK105

The antitumour activity of PTX and NK105 was evaluated using
nude mice implanted with a human colonic cancer cell line, HT-29.
One million tumour cells of HT-29 were inoculated at a
subcutaneous (s.c.) site on the back skin of BALB/c female nude
mice aged 6 weeks. When tumour size reached approximately
5-8mm in diameter, mice were randomly allocated to the PTX
administration group, NK105 administration group, and control
administration group, each of which was made up of five animals.
Each treatment was carried out as follows: free PTX group
was administered at a dose of 25, 50, or 100mgkg™'; NK105
group was with same PTX-equivalent doses; and in control group,
animals were given saline. Mice were administered a single iv.
injection of PTX or NK105 weekly for 3 weeks. The antitumour
activity of PTX and NK105 was evaluated by measuring tumour
size (a x b, where a is the major diameter and b is the minor
diameter) at various time points after injection. Changes in body
weight were also monitored for mice, which were used in the
present study.
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Evaluation of neurotoxicity

The severity of neurotoxicity was assessed both electrophysiolo-
gically and histologically. Under intraperitoneal ketamine anaes-
thesia (40mgkg™"), rats were given a single i.v. injection of PTX
(7.5mgkg™"), NK105 (a PTX-equivalent dose of 7.5mgkg™"), or
5% glucose weekly for 6 weeks. All the solutions were administered
through the jugular vein exposed via a small incision in the neck.
Electrophysiological measurements were conducted 1 day before
the first dosing and on day 6 after the final dosing. For
electrophysiological recording, rats were anaesthetised by the
intraperitoneal injection of pentobarbital 40mgkg~’. Electrical
stimuli were given peripherally, and caudal sensory nerve action
potentials {caudal SNAPs) were recorded centrally from the tail.
The amplitude of each waveform was calculated by measuring the
caudal SNAP from the top peak to the bottom peak. Variations in
the amplitude after the 6th weekly administration of the solutions
were determined.
~ For light microscopy, rats were killed after electrophysiological
recordings. Subsequently, a segment of the sciatic nerve was
carefully removed, and embedded in paraffin. Sections (2um
thick) were stained with haematoxylin and eosin (H & E) before
examination under light microscopy to evaluate the degenerative
changes of myelinated nerve fibres.

Statistical analysis

The data of therapeutic efficacy was expressed as mean+s.e.m.
The statistical significance of differences in therapeutic efficacy
between two administration groups was calculated by means of
repeated measures (analysis of variance). The statistical signifi-
cance of the differences in neurotoxic activity between two
administration groups was calculated using the Student’s t-test
on the closed testing procedure. The histopathological impairment
was scored in five grades. The statistical significance of the
differences in histopathological impairment between two admin-
istration groups was calculated using the Wilcoxon’s rank-sum test
on the closed testing procedure. All data were calculated with
software StatView, version 5 (ABACUS Concepts, Berkeley, CA,
USA). A value of P<0.05 was considered statistically significant.

RESULTS
Preparation and characterisation of NK105

To construct NK105 micellar nanoparticles (Figure 1A), block
copolymers consisting of PEG and polyaspartate, the so-called PEG
polyaspartate described previously (9, 11, 13, 14), were used. PTX
was incorporated into polymeric micelles formed by physical
entrapment utilising hydrophobic interactions between PTX and
the block copolymer polyaspartate chain. After screening of many
candidate substances, 4-phenyl-1-butanol was employed for the
chemical modification of the polyaspartate block to increase its
hydrophobicity. Treating with a condensing agent, 1,3-diisopro-
pylcarbodiimide, the half of carboxyl groups on the polyaspartate,
was esterified with 4-phenyl-1-butanol. Molecular weight of the
polymers was determinéd to be approximately 20 000 (PEG block:
12 000; modified polyaspartate block: 8000). NK105 was prepared
by facilitating the self-association of NK105 polymers and PTX.
NK105 was obtained as a freeze-dried formulation and contained
ca. 23% (ww™?) of PTX, as determined by reversed-phase liquid
chromatography using an ODS column with mobile phase
consisting of acetonitrile and water (9:11, vv~') and detection
of ultraviolet absorbance at 227nm. Finally, NK105, a PTX-
incorporating polymeric micellar nanoparticle formulation with a
single and narrow size distribution, was obtained. The weight-
average diameter of the nanoparticles was approximately 85nm
ranging from 20 to 430 nm (Figure 1B).
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B
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Figure 1 Preparation and characterisation of NK105. (A) The micellar

structure of NK105 PTX was incorporated into the inner core of the
micelle. (B) The size distribution of NK105 measured by the dynamic light
scattering method. The mean diameter of an NK105 micelle was 85 nm.

Pharmacokinetics and pharmacodynamics of NK105

Colon 26-bearing CDF1 mice were given a single i.v. injection of
PTX 50 or 100mgkg ™", or.of NK105 at an equivalent dose of PTX.
Subsequently, the time-course changes in the plasma and tumour
levels of PTX were determined in the PTX and NK105 adminis-
tration groups (Figure 2); furthermore, the pharmacokinetic
parameters of each group were also determined (Table 1).
NK105 exhibited slower clearance from the plasma than PTX,
while NK105 was present in the plasma for up to 72h after
injection; PTX was not detected after 24 h or later of injection. The
plasma concentration at 5min (Csnn) and the area under the
curve (AUC) of NK105 were 11-20-fold and 50~-86-fold higher for
NK105 than for PTX, respectively. Furthermore, the half-life at the
terminal phase (t;,,z) was 4-6 times longer for NK105 than for
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PTX. The maximum concentration (Cmax) and AUC of NK105 in
Colon 26 tumours were approximately 3 and 25 times higher for

. NK105 than for PTX, respectively. NK105 continued to accumulate

in the tumours until 72h after injection. The tumour PTX

' concentration was higher than 10 ug g~ ! even at 72h after the i.v.

injection of NK105 50 and 100mgkg™. On the contrary, the

£ tumour PTX concentrations at 72 h after the i.v. administration of

free PTX 50 and 100 mgkg™’ were below detection limits and less

. than 0.1 ugg™’, respectively.

2 In vitro cytotoxicity

NK105 was tested on 12 human tumour cell lines derived from
lung, gastric, oesophagus, colon, breast, and ovarian tumours.
Similar dose-response curves were noted for PTX and NK105
(data not shown). Furthermore, the I1Cso values of NK105 were
similar to those of PTX at 48 and 72 h, indicating that both NK105
and PTX showed equivalent cytotoxic activity in vitro (Table 2).
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In vivo antitumour activity

BALB/c mice bearing s.c. HT-29 colon cancer tumours showed
decreased tumour growth rates after the administration of PTX
and NK105. However, NK105 exhibited superior antitumour
activity as compared with PTX (P <0.001). The antitumour activity
of NK105 administered at a PTX-equivalent dose of 25 mgkg ™" was
comparable to that obtained after the administration of free PTX
100mgkg™*. Tumour suppression by NK105 increased in a dose-
dependent manner. Tumours disappeared after the first dosing to
mice treated with NK105 at a PTX-equivalent dose of 100 mgkg ™",
and all mice remained tumour-free thereafter (Figure 3A). In
addition, less weight loss was induced in mice, which were given
NK105 100mg kg~ than in those that were given the same dose of
free PTX (Figure 3B).

Table 2 1Cs values (umM) of PTX and NKI05 in various cell lines
48h 72h
Cancer Cell line NKI105 PTX NKI05S PTX
A B Oesophageal cancer  TE-1 >0 >10 001 002
10 000 10 000 TE-8 002 002 00l 00l
S 1000 1000 Lung cancer PC-14 001 001 00l 00!
L° PC-14/TXT 0.15 0.09 0.08 0.06
IE 100 100 H460 ND ND 0.03 00!
g 10 10 Breast cancer MCF-7 >0 >10 00l 00!
S 1 9 Stomach cancer MKN-28 0.03 0.03 0.01 021
= MKN-45 0.02 007 0.01 0.02
£ o 0.1
§ 0.1 Colon cancer DLD-! 095 026 0.29 020
£ 001 0.01 HT-29 001 001 00l 001
(&} HCT116 ND ND 003 00!
0.001 0.001
0 12 24 36 48 60 72 0 12 24 36 48 60 72 Ouyarian cancer MCAS 001 001 00 001
Time after administration (h) OVCAR3 >10 >10 >10  >I10
Figure 2 Plasma and tumour concentrations of PTX after single iv. . .
administration of NKI05 or PTX to Colon 26-bearing CDF| mice. Plasma Pancreatic cancer :‘:\LC_;I :8 Zg 88% ggg
(A) and tumour (B) concentrations of PTX after NK105 administration at PAN.3 ND ND 0010 0004

a PTX-equivalent dose of 50mgkg™' (@), NKIOS at a PTX-equivalent
dose of 100mgkg™' (A), PTX 50mgkg™"' (O) and PTX 100mgkg™" ().

PTX = paclitaxel; ND = not done.

Téble ! Pharmacokine‘tic parameters for the plasma and tumour concentrations of paclitaxe! after single iv. administration of NK105 and PTX to Colon

26-bearing CDF1 mice

Treatment Dose (mgkg™")" Csmm (gMI™") tipz (k) AUCo. (ghmi™') AUCo im (pghml”)  ClLy(mihkg™)  V, (mikg™")
Plosma
PTX 50 | 59.32 098 902° 913 " 5476 684.6
PTX 100 157.67 .84 3090° 3090 3236 8122
NK105 50 115703 599 7860.5¢ 78623 64 464
NK105 100 1812.37 6.82 15565.7¢ 15573.6 6.4 54.8
Corax (BEMI™')  Trnaa (h) tinz (h) AUC,_, (ighmi™")  AUCo_in. (ghmi™")
Tumour
PTX 50 1250 20 7.02 120.8° 1330
PTX 100 2857 05 806 3304¢ 3310
NKI05 50 4245 240 3507 2360.1 31920
INK105 100 71.09 60 7366 3884.9° 7964.5

iv. =irtravenous; Csmn= plasma concertration at Smin; t,,2 = half-life at the tenminal phase; AUC =area under the curve: Cluy=total body clearance; V,s=volume of
distribution at steady state; Trax=time of maximum concentration; PTX= paclitaxel. Parameters were calculated from the mean value of three or two mice by

noncompartmental analysis. *AUCo.g, "AUCo- 24n “AUCo-72h
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Figure 3 Relative changes in HT-29 tumour growth rates in nude mice.
(A) Effects of PTX (open symbols) and NK 105 (closed symbols). PTX and
NK105 were injected iv. once weekly for 3 weeks at PTX-equivalent doses
of 25mgkg™' (O, W), S0mgkg™" (A, A), and 100mgkg™" (O, @),

. respectively. Saline was injected to control animals (®). (B) Changes in

relative body weight. Data were derived from the same mice as those used
for the present study.

Neurotoxicity of PTX and NK105

Treatment with PTX has resulted in cumulative sensory-dominant
peripheral neurotoxicity in humans, characterised clinically by
numbness and/or paraesthesia of the extremities. Pathologically,
axonal swelling, vesicular degeneration, and demyelination were
observed. We, therefore, examined the effects of free PTX and
NK105 using both electrophysiological and morphological
methods.

Prior to drug administration, there were no significant
differences in the amplitude of caudal sensory nerve action
potential (caudal SNAP) between two drug administration groups.
On day 6 after the last dosing (at week 6), the amplitude of the
caudal SNAP in the control group increased in association with rat
maturation. The amplitude was significantly smaller in the PTX
group than in the control group (P <0.01), while the amplitude was
significantly larger in the NK105 group than in the PTX group
(P<0.05) and was comparable between the NK105 group and the
control group (Figure 4A). Histopathological examination of
longitudinal paraffin-embedded sections of the sciatic nerve 5
days after the sixth weekly injection revealed degenerative changes.
The NK105 administration group showed only a few degenerative
myelinated fibres in contrast to the PTX administration group,
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which indicated markedly more numerous degenerative myeli-
nated fibres (P <0.001) (Figure 4B and C) and Table 3.

DISCUSSION

A pharmacokinetic study revealed that the plasma AUC of NK105
was approximately 90-fold higher than that of free PTX in the
present rodent models. Prolonged circulation of NK105 in the
blood due to the EPR effect was associated with a significant
increase in the tumour AUC. In fact, the tumour AUC of NK105
was approximately 25-fold higher than that of free PTX
(Figure 2B). In mice, accordingly, NK105 exhibited stronger
antitumour activity than free PTX (Figure 3A). However, it is still
debatable whether or not the enhanced accumulation of an
anticancer drug into a tumour is sufficient in leading the drug to
exert its antitumour activity in vivo.

Jain et al have reported that the convective passage of large drug
molecules into the core of solid tumours could be impeded by
abnormally high interstitial pressures in solid tumours. However,
they also admitted that low-molecular-weight anticancer agents
might be harmful to normal organs because they can leak out of
normal blood vessels freely; they finally concluded that one useful
strategy for evading the barriers to drug dispersion would be to
inject patients with drug carriers, such as liposomes, filled with
low-molecular-weight drugs (Jain, 1994). In this case, liposomes
should have sufficient time to exit from the site of tumour blood
vessel leakage and to accumulate at reasonably high dose levels in
the surrounding interstitium. Subsequently, low-molecular-weight
drugs packed within liposomes should be released gradually so
that they can be dispersed throughout the tumour. However,
Unezaki et al have used fluorescence-labelled PEG-liposomes and
described that the area of highest fluorescence was located outside
tumour vessels, almost all around the vessel wall, even 2 days after
drug injection (Unezaki et al, 1996). Therefore, the study suggested
that although PEG-liposomes can be delivered effectively to a solid
tumour via the EPR effect, the formulation would not be
distributed sufficiently to cancer cells distant from tumour vessels
because liposomes are too large to scamper about in the tumour
interstitium. Liposomes have been suggested to be too stable to
allow the drug therein to be released easily. Therefore, PEG-
liposomes have been speculated to be not so effective against
cancers in which the tumour vessel network is irregular and loose
because of an abundant collagen-rich matrix. Such cancers include
scirrhous cancer of the stomach and pancreatic cancer. In fact,
Doxil®, a PEG-liposomal DXR, is known to be effective clinically
against ovarian cancer and breast cancer, both of which are
characterised by a high density of tumour microvessels; however,
the drug is not effective against stomach cancer and pancreatic
cancer (Muggia, 2001).

There are several possible reasons why NK105 exhibited higher
antitumour activity in the present study as compared with free
PTX: (1) since NK105 is very stable in the circulation and exhibits
a markedly higher plasma AUC than free PTX, it accumulates
better in tumour tissue than does free PTX due to the EPR effect;
(2) NK105 is relatively small in size (85nm) as compared with
Doxil (100nm), thus explaining its more uniform distribution in
tumour tissue and its greater accumulation in cancer cells
throughout cancer tissue. Savic et al (2003) have recently reported
that polymeric micelles could internalise into cells to localise in
several cytoplasmic organelles; and (3) a polymeric micelle carrier
system for a drug has the potential to allow the effective sustained
release of the drug inside a tumour following the accumulation of
micelles into tumour tissue. Regarding NK105 in particular, this
sustained release begins at a PTX-equivalent dose of <1 ugml™
(data not shown). Consequently, released PTX becomes distributed
throughout tumour tissue and internalises into cancer cells to kill
them.
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_ To date, PTX preparations that are categorised to DDSs have
been developed. Among them, clinical trials are currently ongoing
for the following drugs: CT-2103, polyglutamate-conjugated PTX
(Singer et al, 2003); ABI-007, PTX coated with albumin (Ibrahim
et al, 2002); and Genexol-PM, PTX micelle in which PTX is simply
solubilised (Kim et al, 2004). The advantage commonly shared
with these dosage forms is that they are injectable i.v. without the
mixture of Cremophor EL and ethanol, which potentially provoke
serious allergic reactions. The block copolymer used for forming
NK105 micellar nanoparticles is nonimmunogenic and is injectable
i-v. without Cremorphor EL and ethanol. Therefore, this dosage
form is expected to possess a clinical advantage, which is similar to
that of the above PTX dosage forms. Now, what is the difference
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Contro}
(n=13)

of PTX or NKI105 on the amplitude of rat caudal sensory
were injected with NK105 () or PTX (D) at a PTX-
r to animals in the control group (E). *P<0.05, **P<00I. (B)
res (arrow) were examined in the longitudinal section of the sciatic

(b). and NKI05 (c) at a PTX-equivelent dose of 7.5 mgkg™".

rating myelinated fibre score was defined as follows:

3p < 0.00! vs vehicle-treated animals. °P<0.00f vs PTX-

~ between NK105 and other PTX dosage forms? ABI-007 and
Genexol-PM were found to have the AUC and tumour AUC,
which are nearly comparable or rather slightly lower than those of
free PTX. Furthermore, the plasma AUC and tumour AUC are
11.5- and 11.8-fold higher, respectively, for CT-2103 than for free
PTX, but they are markedly low as compared with those of NK105.
Respective studies have employed proper tumours and proper
rodent models. However, NK105 was forecasted to have markedly
high plasma and tumour AUC as compared with those of other
PTX dosage forms.
Regarding the toxicity profiles, the repeated administration of
NK105 to rats at 7-day intervals produced less toxic effects on
peripheral nerves than free PTX. This reduced the neurotoxicity of
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Table 3 Incidence of degenerating myelinated fibres in rats treated with
PTX or NKI05

Degenerating myelinated nerve fibre score®
Treatment n" -~ +/— + ++ e
Controf (vehicle) |13 12 |
PTX® 10 | 4 5
NK105¢ 14 8 2 4

PTX = paclitaxel. Vehicle, NK105 or PTX was administered iv. at a weekly dose of
75mgkg™' for 6 consecutive weeks to female rats. *Total number of animals
accounted for that experimental condition. ®Degenerating myelinated fibre score was
defined as foliows: —, no degenerative changes; +/—, very slight degree of the
degenerative changes (scattered, single fibres affected); +, slight degree of
degenerative changes (scattered small groups of degenerative myelinated fibers):
++, moderate degree of degenerative changes (disseminated degenerative
myelinated fibers); +++, marked degree of degenerative changes (confluent groups
of affected fibres). P<0.00! vs vehicle-treated animals. P<0.00! vs PTX-treated
animals.

REFERENCES

Carney DN (1996) Chemotherapy in the management of patients with
inoperable non-small cell lung cancer. Semin Oncol 23: 71 -75

Hamaguchi T, Matsumura Y, Shirao Y, Shimada Y, Yamada Y, Muro Y,
Okusaka T, Ueno H, Ikeda M, Watanabe N (2003) Phase I study of novel
drug delivery system, NK911, a polymer micelle encapsulated doxor-
ubicin. Proc Am Soc Clin Oncel 22: 571

Ibrahim NK, Desai N, Legha S, Soon-Shiong P, Theriault RL, Rivera E,
Esmaeli B, Ring SE, Bedikian A, Hortobagyi GN, Ellerhorst JA (2002)
Phase 1 and pharmacokinetic study of ABI-007, a Cremophor-free,
protein-stabilized, nanoparticle formulation of paclitaxel. Clin Cancer
Res 8: 1038 -1044

Jain RK (1994) Barriers to drug delivery in solid tumours. Sci Am 271:
58 -65

Kataoka K, Kwon GS, Yokoyama M, Okano T, Sakurai Y (1993) Block
copolymer micelles as vehicles for drug delivery. ] Control Rel 24:
119-132

Khayat D, Antoine EC, Coeffic D (2000) Taxol in the management of
cancers of the breast and the ovary. Cancer Invest 18: 242-260

Kim TY, Kim DW, Chung JY, Shin SG, Kim SC, Heo DS, Kim NK, Bang Y]
(2004) Phase I and pharmacokinetic study of Genexol-PM, a cremophor-
free, polymeric micelle-formulated paclitaxel, in patients with advanced
malignancies. Clin Cancer Res 10: 3708~-3716

Kwon GS, Suwa S, Yokoyama M, Okano T, Sakurai Y (1994) Enhanced
tumour accumulation and prolonged circulation times of micelle-
forming poly(ethylene oxide-aspartic) block copolymer-adriamycin
conjugate. J Control Rel 29: 17~23

Maeda H, Wu J, Sawa T, Matsumura Y, Hori K (2000) Tumour vascular
permeability and the EPR effect in macromolecular therapeutics: a
review. ] Control Rel 65: 271-284

Matsumura Y, Maeda H (1986) A new concept for macromolecular
therapeutics in cancer chemotherapy: mechanism of tumouritropic
accurnulation of proteins and the antitumour agent smancs. Cancer Res
46: 6387 - 6392

Muggia FM (2001) Liposomal encapsulated anthracyclines: new therapeutic
horizons. Curr Oncol Rep 3: 156-162

Nakanishi T, Fukushima S, Okamoto K, Suzuki M, Matsumura Y,
Yokoyama M, Okano T, Sakurai Y, Kataoka K (2001) Development of
the polymer micelle carrier system for doxorubicin. J Control Rel 74:
295-302 :

British Journal of Cancer (2005) 92(7), 1240~ 1246

NK105, which was demonstrated for the first time by both
histopathological and physiological methods and was probably
attributable to the less distribution of PTX into normal neural
tissue following NK105 administration, since the volume of
distribution at steady state (V,,) of NK105 was 100-fold lower
than that of free PTX. Regarding bone marrow toxicity, there was
no difference between PTX and NK105 when 37.5mgkg™" of PTX-
equivalent dose was administered to rats weekly for 4 consecutive
weeks (data not shown). These data indicate that NK105 warrants a
clinical evaluation.
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DNA HYPERMETHYLATION ON MULTIPLE CpG ISLANDS ASSOCIATED
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ABSTRACT

Purpose: We elucidated the significance of aberrant DNA methylation on multiple CpG islands
and its correlation with DNA methyltransferase DNMT1 protein expression during urothelial
carcinogenesis.

Materials and Methods: We examined the DNA methylation status on multiple CpG islands by
methylation specific polymerase chain reaction.and combined bisulfite restriction enzyme anal-
ysis in 12 specimens of normal urothelium, 23 of noncancerous urothelium showing no remark-
able histological changes obtained from patients with bladder cancer (NBC) and 70 of transi-
tional cell carcinoma (TCC).

Results: DNA methylation on CpG islands of the p16 (0%, 17% and 21%) and death-associated
protein kinase (13%, 33% and 29%) genes, and methylated in tumor-2 (56%, 60% and 76%), 12
(0%, 6% and 30%), 25 (25%, 27% and 35%) and 31 (45%, 56% and 79%) clones was detected in
normal urothelium, NBCs and TCCs, respectively. The incidence of concurrent DNA hypermeth-
ylation on 3 or more CpG islands in NBCs (38%) was significantly higher than that in normal
urothelium (0%, p = 0.0455) and even higher in TCCs (59%, p = 0.0043). The incidence of the
CpG island methylator phenotype in nonpapillary carcinomas (nodular invasive carcinomas and
their precursors, ie flat carcinoma in situ, 71%) was significantly higher than in papillary
carcinomas (40%, p = 0.0143). In all specimens examined concurrent DNA hypermethylation on
3 or more CpG islands significantly correlated with immunohistochemically evaluated DNMT1
protein over expression (p = 0.0167).

Conclusions: DNA hypermethylation on multiple CpG islands in association with DNMT1
protein over expression may participate in multistage urothelial carcinogenesis even at the
precancerous stage and particularly in the development of nodular invasive carcinomas of the
bladder.

KEY WORDS: carcinoma, transitional cell; bladder; CpG islands; phenotype; DNA

DNA methylation has important roles in transcriptional
regulation, chromatin remodeling and genomic stability.
Overall DNA hypomethylation accompanied by region spe-
cific hypermethylation is generally observed in human can-
cers.’ Aberrant DNA methylation may have roles in carcino-
genesis as a result of 1) increased gene mutagenicity due to
the deamination of 5-methylcytosine to thymine, 2) the pos-
sible association of aberrant DNA methylation with allelic
loss and 3) the repression of gene transcription through the
methylation of CpG islands in regulatory regions of specific
genes, including tumor suppressor genes.? In transitional cell
carcinomas (TCCs) of the bladder hypermethylation on CpG
islands around the promoter region and decreased expression
of tumor suppressor genes, such as the p16 and E-cadherin
genes, have been reported.?® Regional DNA hypermethyl-
ation correlates significantly with poor prognosis in patients
with TCC.?2 However, only a limited number of groups have
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examined aberrant DNA methylation with regard to precan-
cerous conditions and the histological heterogeneity of TCCs.

Increased mRNA and protein expression of DNA methyl-
transferase DNMT1 is reported to correlate significantly
with the CpG island methylator phenotype (CIMP), defined
as frequent DNA hypermethylation on CpG islands that are
not normally methylated,® in colorectal and stomach can-
cers.®¢ We have previously reported that DNMT1 protein
expression is already increased in noncancerous urothelium
showing no remarkable histological changes obtained from
patients with bladder cancer (NBC), preceding the increase
in cell proliferative activity reflected by the proliferating cell
nuclear antigen (PCNA) labeling index.” Such urothelium
can be considered precancerous because it may be exposed to
carcinogens in the urine. Progressively increasing expression
of DNMT1 protein is particularly associated with the devel-
opment of flat carcinoma in situ (CIS), which is considered to
be a precursor of nodular invasive carcinoma of the bladder.”
However, to our knowledge no studies have determined
whether in fact DNMT1 over expression results in DNA
hypermethylation on CpG islands during urothelial carcino-
genesis.

To determine the significance of aberrant DNA methyl-
ation and examine whether increased DNMT1 protein ex-
pression is the underlying mechanism for this aberrant
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methylation during human urothelial carcinogenesis we ex-
amined DNA methylation status on multiple CpG islands in
pormal urothelium, NBCs and TCCs. We also examined the
correlation between DNA methylation status and immuno-
histochemically evaluated DNMT1 protein expression.

MATERIALS AND METHODS

Patients and tissue samples.A total of 23 specimens of NBC
and 70 of TCC were obtained from surgically resected speci-
mens of patients who underwent radical cystectomy (40) or
transurethral resection of bladder tumor (15) at National
Cancer Center Hospital, Tokyo, Japan. The study group com-
prised 44 men and 11 women with a mean age * SDof62.4 =
11.9 years (range 39 to 89). The 70 TCC specimens were
classified histologically as pTa in 29, pTis in 14, pT1in 7 and
pT2 to pT3 in 20 according to criteria proposed by the Inter-
national Union Against Cancer.® That is, there were 29 pap-
illary (noninvasive, pTa) tumors and 41 nonpapillary tumors
(flat CIS or pTis and invasive carcinoma, pT1 to pT3). For
comparison, 12 specimens of normal urothelium were also
obtained from specimens surgically resected from 12 patients

who underwent total pelvic exenteration for primary or lo- -

cally recurrent rectal cancers. This patient group comprised
9 men and 3 women with a mean age of 56.1 + 9.0 years
(range 37 to 70). For 89 of these 105 specimens we have
previously reported the results of jmmunohistochemical ex-
amination for DNMT1.”

Methylation specific polymerase chain reaction (PCR)
(MSP) and combined bisulfite restriction enzyme analysis
(COBRA). Sections (10 pm) from formalin fixed, paraffin
embedded specimens were mounted on microscope slides,
deparaffinized and stained with hematoxylin and eosin. Can-
cerous and noncancerous urothelium was collected under a
stereoscopic microscope using a fine needle, avoiding poten-
tial contamination between each cell type or with stromal
and inflammatory cells (fig. 1). DNA was isolated from mi-
crodissected specimens by a standard procedure involving
proteinase-K treatment, phenol-chloroform extraction and
ethanol precipitation.

Bisulfite conversion of DNA was done with a CpGenome
DNA Modification Kit (Intergen, Purchase, New York) in
accordance with manufacturer instructions. DNA methyl-
ation status on CpG islands of the p16 gene was determined
by MSP? using primer sets provided in a CpG WIZ amplifi-
cation kit (Intergen). DNA methylation status on the death-
associated protein kinase (DAPK) gene, and on methylated in
tumor (MINT)-2, 12, 25 and 31 clones was determined by
COBRA.° Bisulfite modified DNA was amplified by PCR
using previously described primers**! and digested with
restriction enzymes, including BstUI for the DAFPK gene, and
MINT-2 and 31 clones, Maell for the MINT-12 clone and
Rsal for the MINT-25 clone. Reaction products were sepa-
rated electrophoretically on 3% agarose gel and stained with
ethidium bromide. Signal intensity was measured with an
image analyzer (Model FMBIO-2, Takara, Ohtsu, Japan).

Statistics. Correlations between the incidence of concur-
rent DNA hypermethylation on 3 or more CpG islands or
CIMP on 1 band, and clinicopathological parameters or
DNMT1 immunoreactivity on the other hand were analyzed
by the chi-square test with p <0.05 considered significant.

RESULTS

DNA methylation status on multiple CpG islands in non-
cancerous urothelium and TCCs. Figure 2 shows examples
of PCR products from MSP and COBRA. DNA methylation
on CpG islands of the p16 gene was detected in O of the 9
examined normal urothelium samples (0%), in 8 of the 18
examined NBCs (17%) and in 13 of the 62 examined TCCs
(21%). DNA methylation of the DAPK gene was detected in
1 of the 8 normal urothelium samples (13%), in 6 of the 18

DNA HYPERMETHYLATION AND DNMT1 IN BLADDER CANCER

Fic. 1. Representative specimens of TCC, including specimen Ti8
of nodular invasive carcinoma (A and B) and specimen T31 of CIS (C
and D) before (4 and C), during (D) and after (B) microdissection.
Single asterisks indicate invasive carcinoma specimen (A) collected
without contamination with stromal and inflammatory cells (B).
Double asterisks indicate subepithelial tissue (C) removed to avoid
contamination (D) before collecting flat CIS specimens. Reduced
from %50 (A and B) and X90 (C and D)

NBCs (33%) and in 18 of the 63 TCCs (29%). DNA meth-
ylation of the MINT-2 clone was detected in 5 of the 9
normal urothelium samples (56%), in 13 of the 22 NBCs
(60%) and in 52 of the 68 TCCs (76%). DNA methylation of
the MINT-12 clone was detected in O of the 8 normal
urothelium samples (0%), in 1 of the 18 NBCs (6%) and in
20 of the 67 TCCs (30%). DNA methylation of the MINT-25
clone was detected in 2 of the 8 normal urothelium samples
(25%), in 4 of the 15 NBCs (27%) and in 22 of the 62 TCCs
(35%). DNA methylation of the MINT-31 clone was de-
tected in 5 of the 11 normal urothelium samples (45%), in
10 of the 18 NBCs (56%) and in 52 of the 66 TCCs (79%).
Although DNA methylation on some CpG islands was de-
tected even in normal urothelium, the incidence in normal
urothelium did not correlate with patient age (data not
shown). Generally the incidence of DNA methylation on
each CpG island increased progressively from normal
urothelium to NBCs and then to TCCs.

Previously described criteria have defined cancers showing
DNA hypermethylation on 3 or more CpG islands that are
not methylated in an age dependent manner as CIMP posi-
tive when 5 or more of such CpG islands are examined.*
Figure 3 shows DNA methylation status on each CpG island
in 87 specimens of normal urothelium, NBC and TCC, in
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Fic. 2. Examples of PCR products from DNA methylation analy-
ses of multiple CpG islands in patients with or without bladder
cancer. DNA methylation status on CpG islands of p16 gene (A) was
evaluated by MSP. In this ana]fysis PCR products generated by
primer sets reflected presence of methylated (M, arrowhead) and
unmethylated (U) genes. DNA methylation on CpG islands of DAPK
(B) gene, and M -2, 12, 25 and 31 clones (C to F, respectively) was
evaluated by COBRA. In this analysis only methylated genes (ar-
rows) were digested by restriction enzymes. R, normal urothelium
obtained from patients who underwent total pelvic exenteration for
rectal cancer. N, noncancerous urothelium showing no remarkable
histological changes obtained from patients with bladder cancer. T,
TCC. N, non-digestion with restriction enzyme. D, digestion with
restriction enzyme.

which 5 or all 6 CpG islands could be evaluated. However, we
examined DNA methylation status on only 4 or fewer CpG
islands in the remaining 18 specimens because of a shortage
of DNA extracted from the microdissected samples. Concur-
rent DNA methylation on 3 or more CpG islands was de-
tected in O of the 8 normal urothelium samples (0%), 6 of the
16 NBCs (38%) and 37 of the 63 TCCs (59%). Such TCCs were
considered CIMP positive based on described criteria.* The
incidence of concurrent DNA hypermethylation on 3 or more
CpG islands increased progressively from normal urothelium
to NBCs and then to TCCs (chi-square test p = 0.0043). Even
in NBCs it was significantly higher than in normal urothe-
lium (chi-square test p = 0.0455).

Correlation between DNA methylation status on multiple
CpG islands and clinicopathological parameters in TCC 23
(52%). Of the 44 specimens of superficial carcinoma (pTa,
pTis and pT1) and 14 (74%) of 19 of invasive carcinoma (pT2
to pT4) were CIMP positive. Invasion depth (pTa, pTis and
pT1 ve pT2 to pT4) did not significantly correlate with CIMP
(chi-square test p = 0.1131). Ten of 25 specimens (40%) of
papillary carcinoma (pTa) and 27 of 38 (71%) of nonpapillary
carcinoma (flat CIS or pTis and invasive carcinoma pT1 or
greater) were CIMP positive. The incidence of CIMP was
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Fi6. 3. DNA methylation profiles for CpG islands and protein
expression levels of DNMT] in specimens in which 5 or all 6 CpG
islands could be evaluated. DNA methylation statns was examined
by MSP or COBRA (fig. 2). DNMT1 protein expression levels were
defined as described. Vertical columns indicate specimen number,
invasion depth in TCC specimens and protein expression of DNMT1.
Top row indicates CpG islands. Filled box indicates methylated.
Open box indicates unmethylated. NE, not evaluable. -

significantly higher in nonpapillary than in papillary carci-
nomas (chi-square test p = 0.0143). Among nonpapillary
carcinomas there was no significant difference in the inci-
dence of CIMP between flat CIS (pTis in 7 or 12 specimens or
58%) and invasive carcinomas (pT1 or greater in 20 of 26 or
77%) (chi-square test p = 0.2402).

Correlation between DNA methylation status on multiple
CpG islands and DNMT1 protein expression during multi-
stage urothelial carcinogenesis. We have previously reported
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the results of immunohistochemical examination for DNMT1
in 89 of the current 105 specimens.” We subjected the re-
maining 16 specimens to the same immunohistochemical
examination for DNMT1. DNMT1 immunoreactivity of a tis-
sue sample was considered positive (+) if more than 30% of
cells showed the same nuclear staining intensity as positive
internal control lymphocytes, and strongly positive (++) if
more than 30% of cells showed stronger intensity, as de-
scribed previously.” Figure 3 shows the intensity of DNMT1
immunoreactivity in the 86 specimens for which DNA meth-
ylation status on 5 or all 6 CpG islands could be evaluated. In
86 specimens of normal urothelium, NBC and TCC concur-
rent DNA hypermethylation on 3 or more CpG islands sig-
nificantly correlated with increased (+ or ++) DNMT1 pro-
tein expression (chi-square test p = 0.0167).

DISCUSSION

The incidence of aberrant DNA hypermethylation, such as
concurrent DNA methylation on 3 or more CpG islands, was
significantly higher in NBCs than in normal urothelium.
TCCs are notorious for their clinical features of multicentric-
ity and tendency toward recurrence. Synchronously or meta-
chronously multifocal TCCs often develop in certain patients.
Although multifocal development of TCCs may be partly
attributable to intraluminal seeding, a possible mechanism
for multiplicity is the field effect, whereby carcinogenic
agents in urine cause malignant transformation of multiple
urothelial cells.’? Even noncancerous urothelium showing no
remarkable histological changes can be considered precan-
cerous, because they may be exposed to carcinogens in the
urine. Our data suggest that aberrant DNA hypermethyl-
ation on multiple CpG islands may participate even in pre-
cancerous conditions during multistage urothelial carcino-
genesis.

CIMP did not correlate with TCC aggressiveness (eg depth
of invasion) but it significantly correlated with morphological
structure (papillary vs nonpapillary). Bladder carcinomas
are classified as papillary or nodular according to their mac-
roscopic conﬁgurations. Papillary carcinomas usually remain
nomnvas:ve, although patients must undergo repeat cysto-
scopic resection because of recurrences.’® In contrast, the
clinical outcome of nodular invasive carcinomas is poor.?®
Flat CIS, which frequently spreads widely and is sometimes
scattered over the bladder, is associated with nodular inva-
sive carcinomas. Frequent p53 gene mutations’® and loss of
heterozygosity on chromosome 14q*° indicated a common
background for flat CIS and invasive carcinomas and, there-
fore, flat CIS is considered a precursor of nodular invasive
carcinomas of the bladder. In this study we successfully
examined DNA methylation status even in flat CIS, which
was macroscopically indistinguishable from noncancerous
urothelium, using microdissection techniques. Our results
suggest that CIMP is particularly associated with the devel-
opment of flat CIS and nodular invasive carcinomas with a
poorer prognosis.

DNMT1 targets replication foci, where DNA methylation
patterns are copied from the mother strand, by binding to
PCNA.*¢ However, excessive amounts of DNMT1, which can-
not target replication foci, may participate in de novo meth-
ylation of CpG islands that are not methylated in normal
cells. In addition, targeting of substrate DNA by DNMT1
may be disrupted by mechanisms, such as dysfunction of
P21WAF1,'” which competes with DNMT1 for binding to
PCNA, in cancer cells.’® Moreover, it was recently suggested
that DNMT1 is capable of de novo methylating activity as
well as having 2 maintenance function.}®2® Therefore, it is
feasible that in cancers DNMT1 participates in regional DNA
hypermethylation on CpG islands. The incidence of concur-
rent DNA hypermethylation on 3 or more CpG islands sig-
nificantly correlated with increased DNMT1 protein expres-
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sion in all examined specimens of normal urothelium, NBC
and TCC, suggesting the possibility that the previously
proven DNMT1 over expression actually resulted in frequent
regional DNA hypermethylation during urcthelial carcino-
genesis.

DNMT1 mRNA is expressed mainly during the S-phase.’
Because tumor tissue presumably contains a greater propor-
tion of dividing cells than normal tissue does, it has been
debatable whether increased DNMT1 expression is due to
an increase in the proportion of dividing cells or to an acute
increase in DNMT1 expression per individual cell.2® How-
ever, we have previously reported that DNMT1 expression
levels are already increased in NBCs in which the PCNA
labeling index has not yet increased.” Increased DNMT1
expression did not result entirely from increased numbers of
dividing cells in the tissues exammed but rather it clearly
preceded increased cell division.” In our current study the
incidence of concurrent DNA methylation on 3 or more CpG
islands was significantly higher in NBCs than in normal
urothelium, in parallel with the previously proven DNMT1
over expression. Moreover, the frequent regional DNA hyper-
methylation observed in our current study and the previously
proven DNMT1 over expression were associated with the
pathway of development of CIS and nodular invasive carci-
nomas. These data further support the concept that the pre-
viously proven DNMT1 over expression resulted in frequent
regional DNA hypermethylation during urothelial carcino-
genesis.

In our previous study in nonpapillary carcinomas DNMT1
protein expression was significantly higher in flat CIS than
in invasive carcinomas.” On the other hand, in our current
study there was no difference in the incidence of CIMP be-
tween flat CIS and invasive carcinomas. After markedly over
expressed DNMT1 induces de novo DNA hypermethylation
on multiple CpG islands at the stage of flat CIS, aberrant
DNA methylation status may be maintained successfully
even if DNMT1 expression is decreased to some extent in
invasive carcinomas.

Although DNMT1 is a major DNA methyltransferase in
humans, to date 2 other enzymes, namely DNMT3a and
DNMT3b have also been shown to possess DNA methyl-
t:ransferase activity.? Genomic methylation patterns may be
established through cooperation among these 3 enzymes
even in cancer cells.’® Further studies of how cooperation
between DNMT1 and other components of the DNA methyl-
ation machinery affects DNA methylation status in tissue
specimens may increase our understanding of the basis of
regional DNA hypermethylation during urothelial carcino-
genesis.
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Loss of blood group A antigen expression in
e bladder cancer caused by allelic loss and/or
methylation of the ABO gene
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Loss of ABO blood group antigen expression has been reported in transitional cell carcinoma (TCC) of the
bladder. Synthesis of the ABO blood group antigen was genetically determined by allelic variants of the ABO
gene assigned on 9q34.1. We analyzed loss of heterozygosity (LOH) and promoter hypermethylation of the ABO
gene In TCC and compared them with alterations of A antigen expression in TCC, dysplasia and normal
urothelium. A total of 81 samples of TCC of the bladder obtained from transurethral resection (TUR) (n=44) and
radical cystectomy (n=37) were examined. Expression of the A antigen was evaluated by immunohistochem-
ical staining (IHC) using anti-A antigen monoclonal antibody. LOH of the ABO gene locus was examined by
® blunt-end single-strand DNA conformational polymorphism (SSCP) analysis using flouresence-based auto
sequencer. Promoter hypermethylation of the ABO gene were examined by bisulfite PCR-SSCP (BIPS) analysis
and/or methylation-specific PCR (MSP). Loss of A allele and/or hypermethylation were significantly associated
with abnormal expression of the A antigen in cases undergoing TUR (P=0.02) and radical cystectomy
{P=0.0005). For the analysis of the concomitant dysplasia in 23 cases with TCC of the bladder, the expression
of the A antigen was maintained, regardless of the A allelic loss or methylation status in the tumor. In
conclusion, A allelic loss and hypermethylation in the promoter region of the ABO gene showed significant
® correlation with reduction of A antigen expression in TCC, while the expression of the A antigen is maintained
in concomitant dysplasia or normal urothelium, suggesting that loss of the ABO gene and/or its promoter
hypermethylation is a specific marker for TCC.
Laboratory Investigation (2005) 85, 895~907. doi:10.1038/labinvest.3700268; Published online 9 May 2005
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Superficial bladder cancers often show multifocal  urothelial lesions such as dysplasia is crucial to the

occurrences or metachronous recurrence after trans-
urethral resection (TUR), and eventually develop
into invasive bladder cancer. Allelic loss on chro-
mosome 9 is the most frequent genetic event in
transitional cell carcinomas of the bladder,’* that is
observed in 70% of invasive bladder cancers and
even in 50% of superficial bladder cancers at Stage
G1.* Whether or not loss on chromosome 9 arises in
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understanding of early genetic events in bladder
carcinogenesis. Some authors have reported on the
allelic loss of chromosome 9 that occurs in the small
urothelial lesions and normal bladder urothelium in
their attempts to trace genetic alterations using
microsatellite markers.>® However, it is still difficult
to analyze allelic status in small epithelial regions
obtained from formalin-fixed, paraffin-embedded
tissues, and a few data have been reported regarding
early genetic alterations in bladder dysplasia.®’
ABO (H) blood group antigens are constitutively
expressed on epithelial cells such as those found in
the gastrointestinal tract and urothelium. A reduc-
tion in blood-group A antigen (GalNAcai-3[Fucal-
2]Galp1-3GlcNAc-R) expression was reported in
transitional cell carcinoma (TCC) of the bladder
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and showed significant correlation with an invasive
phenotype.®*' Ormtoft and Wolf'? examined the
correlation between blood-group antigen expression
and the activity of glycosyltransferases in TCC of the
bladder and reported that the activity of A glycosyl
transferase was severely reduced in tumors showing
loss of A antigen expression. This phenomenon
drew our attention, due to the fact that the
determinant of the ABO blood-group antigen is
synthesized by the action of the ABO gene encoding
ABO glycosyltransferase assigned to chromosome
9g34.1, where loss of heterozygosity (LOH) was
frequently reported in bladder cancer.*™ The ABO
gene is composed of seven exons and six introns
and encodes ABO glycosyltransferase, of which
substrate specificity is determined by genetic
polymorphisms in exons 6 and 7 (Figure 1).**
Blood-group A antigen is synthesized by a-N-acetyl-
galactosaminyltransferase (A-GalNAc transferase),
which catalyzes the transfer of N-acetylgalactos-
amine to the subterminal p-galactosyl residue of the
blood-group H carbohydrate chain. Blood-group B-
antigen is synthesized by B-galactosyl transferase,
which catalyzes the transfer of galactose to the
subterminal f-galactosyl residue of the blood-group
H carbohydrate chain. The ABO gene in blood-group
O donors lacks glycosyltransferase activity, for it has
a deletion on a guanine residue at the nucleotide
position 261 in exon 6, causing protein truncation at
codon 117.2**¢ Immunochistochemistry using anti-A
monoclonal antibody in bladder cancer may be
useful to evaluate the allelic status of the ABO gene
locus at 9q34.1 in those who are heterozygous for
ABO genotypes. Expression of blood-group A anti-
gen is stable enough even in formalin-fixed paraffin-
embedded specimens, and this could be applicable
in the analysis of small lesions that are too small to
be examined by genetic analysis. Two papers were
so far reported as to the correlation between reduced
expression of A antigen and A allelic loss in TCCs of
the bladder.?’*® Meldgaard et al'’ analyzed 22
bladder tumors for LOH of the 9q allele by PCR-
restriction fragment length polymorphism (RFLP)
analysis of the ABO locus at 9q34. Seven tumors
from heterozygous informative individuals were
sorted by flowcytometry. LOHs were detected in
the most aneuploid subpopulation of cells in two
cases, but both cases were losing O-alleles. No LOHs
were detected in analysis of the low aneuploid
subpopulation. As all tumors showed loss of blood
group ABH antigen expression, they concluded that
LOH of the ABO locus on chromdsome 9q34 is not
the cause of loss of blood group ABH expression in
human bladder cancer.?” Orlow et al*® analyzed 19
patients with bladder cancer serologically typed as
blood group A. Expression of A antigen was
maintained in 14 samples in normal urothelium,
while it was reduced in nine tumors. PCR-RFLP
analysis showed loss of the A allele in one tumor
sample showing reduced expression of the A
antigen. They indicated that the lack of the A
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antigen expression in certain bladder tumors is
due to the allelic loss of the ABO gene and that in
some of these tumors, the loss involved the
swrrounding chromosomal region at 9q34.1—4.%°
These two reports did not support the correlation
between A-allelic loss and the reduced expression of
the A antigen in the majority of bladder cancers.
Recent advance in cancer epigenetics shed light on
the reduced expression of A antigen in malignant
cells. Kominato et al*®?° reported that hypermethy-
lation of the promoter region of the ABO gene
induced ABO gene silencing in their study using a
bhuman stomach carcinoma cell line. Iwamoto et a/**
established subclones with positive or negative
expression of the A antigen from parental colonic
cancer cell lines and reported a distinct difference in
the methylation pattern of the CpG island of the
promoter region of the ABO glycosyltransferase, that
is densely methylated in a subclone lacking the
expression of the A antigen. Gao et al** examined 30
oral squamous carcinomas for expression of the A
and B antigens and A/B glycosyltransferase, together
with LOH at the ABO locus and hypermethylation of
the ABO gene promoters. Loss of A or B antigen
expression was found in 21 of 25 tumors (84%),
while the expression of the glycosyltransferase was
absent in all of tumors showing negative expression
of A or B antigens. Loss of the A or B allele was
found in 3/20 tumors (15%) heterozygous for the
ABO locus and hypermethylation of the promoter
region in 10 of 30 tumors (33.3%).?? Furthermore,
Habuchi et af*® reported that the region 9932-9q33,
which is in the vicinity of the ABO gene locus at
9q34.1, is a frequent target of LOH and methylation
in bladder cancer. These findings prompted us to
hypothesize that deletion of blood-group A antigen
expression in TCC of the bladder might be regulated
by a combination of genetic and epigenetic mechan-
isms, that is, an LOH of the ABO gene locus and
hypermethylation of the ABO gene promoter region.
The purpose of this study was to elucidate the
relevant mechanisms underlying the loss of blood
group A antigen expression in TCC of the bladder
and whether it could be used as a phenotypic
marker to estimate any underlying genetic and
epigenetic abnormalities in normal urothelium and
concomitant bladder dysplasia in patients with
bladder cancer. - ‘

Materials and methods
Samples and DNA Extraction

A total of 81 cases of TCC of the bladder were
studied, of which 44 underwent TUR and 37
underwent radical cystectomy (Table 1). The histo-
blood group for all cases was A (72 cases) or AB
(nine cases) examined by routine hemagglutination
tests at hospital. Tumors were graded and staged
according to the WHO classification or the 1997
UICC TNM classification system. Based on patients’




Table 1 Patient background
TUR-BT Radical cystectomy P-value

No. of cases exemined 44 37
Gender NS
Male 37 (84.1%) 33 (89.2%)
Female 7 (15.9%) 4 (10.8%)
Age (median) 66 (45-79) 66 (39-89) NS
Pathological stage P<0.01
pTa 14 (31.8%) 0 (0%)
pT1 25 (56.8%) 11 (29.8%)
pT2 4 (9.1%) 8 (21.6%)
pT3 0 (0%) 10 (27.0%])
pT4 1(2.3%) 8 (21.6%)
Hitological grade . P<0.01
G1 7 (14.9%) 0 (0%)
G2 ' 21 (51.1%) 2 (5.4%)
G3 16 (34.0%) 35 (94.6%])
Blood group
A 38 34
AB 6 3

history, the proportion of cases with advanced stage
or high-grade tumors was significantly higher in
those who underwent radical cystectomy than those
who underwent TUR (P<0.01). In 44 patients who
underwent TUR, DNA was extracted from fresh
specimens and normal DNA was extracted from
peripheral blood lymphocytes (PBL) by a standard
procedure using proteinase K digestion followed
by phenol-chloroform extraction. In 37 cases that
underwent radical cystectomy, a total of 1130
paraffin-embedded specimens obtained from map-
ping study of the bladder were histologically
confirmed by hematoxylin and eosin staining as
being composed of tumor, dysplasia and normal
tissues. DNA was extracted from manually dissected
tumors and corresponding normal tissues using
DEXPAT (TAKARASHUZO Co., Ltd, Shiga, Japan)
according to the manufacturer’s recommendation.

Expression of Blood-Group A Antigen by
Immunohistochemical Staining

In all, 4-um-thick sections from formalin-fixed,
paraffin-embedded specimens of resected tissues
that underwent TUR or radical cystectomy were
used for immunohistochemical staining (IHC). A
mapping study of the bladder specimens revealed
concomitant dysplastic lesions in 23 cases that
underwent radical cystectomy, and they were then
subjected to IHC performed as described pre-
viously.?* Mouse monoclonal antibody (mAb) direc-
ted against A antigen (clone 81FR2.2; DAKO,
Carpinteria, CA, USA) was used as the primary
antibody and the avidin-biotin-conjugated immu-
noperoxidase technique was performed with a
DAKO LSAB2 Kit (DAKO, Carpinteria, CA, USA).
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Reportedly, the specificity of the mAb 81FR2.2 was
characterized by transfection experiment of the A-
glycosyl transferase gene to the HeLa cell (genotype
00).?® Erythrocytes, normal epithelium and vascu-
lar endothelium were used as internal positive
controls, while muscle and connective tissues
served as negative controls. To determine the
specificity of A antigen, IHC was performed for
normal urothelium of blood group B and O donors.
Immunohistochemistry for A antigen was classified
as follows: ‘negative’ if the section had no positively
(0%) stained tumor cells, ‘positive’ if staining was
seen across the section (>70% positively stained
tumor cells), and ‘heterogenous’ if <70% of tumor
cells stained positively. As to the correlation with A
allelic loss or methylation status, cases showing
positive or heterogenous expression were compared

with those showing negative expression.

Allelic Status on 9q Loci Defined by Blunt-End
Single-Strand DNA Conformation Polymorphism
Analysis

LOH of the ABO gene locus was examined by blunt-
end Single-strand DNA conformation polymorph-
ism (SSCP) analysis,?® using genetic polymorphisms
at nucleotide positions 261 and 297 in exon 6 of the
ABO gene. Genotypes and their allelic frequencies
in Japanese population were previously reported®s
and shown in Figure 1. Four groups of alleles, A
(A101, A102, A103), B (B101, B102, B103, A104), O1
(0101, 0102, 0202, 0203) and O2 (0103, 0201)
were identified by the analysis of two genetic
polymorphisms (nucleotides 261, 297) in exon 6 of
the ABO gene. The 5'-terminus of the reverse primer

240 374375 1065
[ HExs Ex7 |
Forward primer, «-Cy5
Reverse prime!
primer o1 A o2 B
control
Allelic frequencies in

ailele [261 297 |Japanese population (%)

A101[G A 154 A AA

at02| - - 826

A103) - . 0.7

ATD4] - G 13 O1) (A AO1

B101| - G 872

B102| - G 2.1

B103] . @ 0.7 ] A 02

60T del - PR AO2

0102 |det - 13

0202 |detl - 2.1

0203 |del - 0.4 A Bf AB

0103[del G 0.4

0201 lde! G 52.0

Figure 1 Schema of single nucleotide polymorphisms (SNPs} in
exons 6 of the ABO gene and electropherogram of the blunt-end
SSCP analysis showing examples of normal DNA from blood
group A or A/B donors. SNPs in nucleotide positions 261 and 297
were used for anelysis in this study. DNA variants and their allelic
frequencies reported in the Japanese are indicated.”® The blood
group O gene has a single base deletion at position 261 resulting
in a frame-shift mutation and causing protein termination at
codon 117.
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was labeled with Cy5 flourescent dye. The nucleo-
tide sequences of the forward and reverse primers
were 5-TCTCCATGTGCAGTAGGAAGGATG-3' and
5’Cy5-ATGGCAAACACAGTTAACCCAATG-3’, re-
spectively. PCR conditions were as follows: 0.5—
1.0 ug of genomic DNA as a template, 0.2 pymol/l of
each primer, 0.125 mmol/l deoxynucleoside tripho-
sohate (dNTP), 0.25 units of AmpliTaq Gold DNA
polymerase (Perkin Elmer-Cetus, Norwalk, CT, USA)
in a total reaction volume of 25pl. After the first
denaturation step at 95°C for 12 min, 40 cycles were
performed for amplification consisting of 30s at
95°C, annealing for 30s at 57°C, and extension for
30 at 72°C followed by a final extension at 72°C for
7 min. PCR products were then treated with Klenow
fragment (TAKARA SHUZO Co,, Ltd, Shiga, Japan)
to generate DNA fragments with blunt ends. To 1 ul
of each PCR product, 0.5 units of Klenow fragment
was added, and the mixture was incubated at 37°C
for 30min. One microliter of this reaction mixture
was diluted with 10l of loading solution (90%
deionized formamide, 20mM EDTA, 0.05% bromo-
phenol blue) and heat denatured at 95°C for 5 min.
An ALF red automated DNA sequencer™ (Pharma-
cia, Tokyo, Japan) was used for blunt-end SSCP
analysis. One microliter of the diluted mixture was
applied onto a 15% polyacrylamide gel (30:1,
acrylamide:bisacrylamide ratio) containing Tris/gly-
cine buffer (25mM Tris, 192mM glycine). Electro-
phoresis was performed at 30W for 16h using a
continuous buffer system consisting of 25 mM Tris
and 192 mM glycine. During electrophoresis, the gel
was maintained at a constant temperature of 18°C by
a circulating water bath. The data were analyzed
using the ALF Win Fragment analyzer 1.02™ soft-
ware package (Pharmacia, Tokyo, Japan). LOH was
determined by measuring the signal ratio between
the opposing alleles and defined as tumor cellularity
according to the equation that we previously
reported.*?®*’ Supposing that the A1 allele is lost
in a heterozygote carrying A1 and A2 alleles, T'is the
peak height of the signal from the tumor samples
and N is the peak height of the signal from normal
control. The tumor cellularity in the sample is thus
given as follows:

Tumor cellularity (%)
= [(Na1/Naz) = (Ta1/Ta2)]x100/(Nas /Naz)

Genomic DNA from normal PBL was analyzed to set
the cutoff values for tumor cellularity. As previously
reported, the mean+3s.d. values of the normal
heterozygous DNA were used as a cutoff value for
tumor cellularity, and tumor samples showing
tumor cellularities above the cutoff level were
considered to have LOHs.* A104 allele was indis-
tinguishable from B allele in this analysis, while the
observed frequency of the A104 allele in the
Japanese is reported to be as low as 1.3%. In fact,
in all samples tested, the genotypes coincided with
the patient’s ABO isotypes. In addition, two single
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base nucleotide polymorphism markers (ALDOB,
9g21.3 and VAV2, 9q34.1) were used to assess the
allelic status on 9q according to the method that we
previously reported;* the former is centromeric and
the latter is telomeric to the ABO gene locus,
respectively (Figure 4). Nucleotide sequences of
the forward and reverse primers for ALDOB and
VAV2 were as follows: 5'Cy5-GGGCTTGACTTIC
CAACACG-3' and 5-TCTAGCCTCAATCCTCATAC-
3' (ALDOB), 5'-GTGTCTGCACTGGCCACACT-3' and
5'Cy5-TCCAAAGGACCTTCTCCAAA-3’ (VAV2).

Bisulfite PCR-SSCP Analysis and Methylation-Specific
PCR

In cases that underwent TUR, methylation status in
the promoter region of the ABO gene was analyzed
by bisulfite PCR-SSCP (BiPS) and methylation
specific PCR (MSP).>¢**2%Seven primer sets were
designed to amplify seven overlapping regions
spanning the CpG island located from -765 to
+ 21 relative to the translation start site (Figure 2).
Primer sets re 1 through re 6 were designed for BiPS
analysis and RE7M and RE7.UM were for MSP.
Bisulfite treatment was performed using the CpGe-
nome DNA Modification Kit (Intergen Co., New
York, NY, USA). In all, 1 ug of tumor-derived DNA
was treated with Na-bisulfite according to the
manufacturer’s recommendations. PCRs were per-
formed in 25 ul reaction volumes containing 10 X
buffer, 1.0 p] bisulfite-modified DNA corresponding
to 50 ng of genomic DNA as a template, 0.2 pmol/l1 of
each primer, 0.125 mmol/l dNTP and 0.25 units of
AmpliTag Gold DNA polymerase. PCR conditions
were 95°C for 9min for heat denaturation, 40 cycles
of 94°C for 1min, 1min at the different annealing
temperatures for each primer set (Table 2), 72°C for
2min for amplification, followed by a final exten-
sion at 72°C for 10min. The BiPS procedure was
performed as previously described.**#? Nondenatur-
ing polyacrylamide gels of 8% for re 2 and re 6, 10%
for re 1, re 4 and re 5, and 15% for re 3 were used for
the analysis. CpGenome™ Universal Methylated
DNA (CHEMICON International, Temecula, CA,
USA) was used as a positive control, and PBL
obtained from healthy control donors were used as a
negative control. When exira bands were observed,
they were cut from -the gels, reamplified and
subjected to direct sequencing using ABI 3100
PRISM sequencer with a Big-Dye terminator sequen-
cing kit (Perkin-Elmer). In analysis of cases that
underwent radical cystectomy, BiPS analysis was
not employed due to the technical difficulty for
reliable amplification of relatively long sized DNA
fragments from formalin-fixed paraffin-embedded
sections. In cases that underwent radical cystect-
omy, methylation status was assessed by MSP of
region 7, the most proximal to the translation start
site. The size of the PCR product was as short as
96bp and amplifiable from archival samples with




