DNA HYPOMETHYLATION IN UROTHELIAL CANCER
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Fic. 2. Examples of results of allelic status analyses in cases of
urothelial carcinoma. U8 and U13 DNA samples were amplified for
D9S747 (A), while U1 and U10 samples were amplified for D9S775 (B).
Genotypes derived from noncancerous U8N, U13N, UIN and U10N
tissues, and corresponding UST, U13T, U1T and U10T cancerous tis-
sues are shown. Allele size in bp is indicated on top of horizontal axis.
In all 4 noncancerous samples PClI}lfproducts showed polymorphism,
indicating that these cases were informative. UST for D9S747 and
U10T for D9S775 were classified as retention of alleles because signal
intensitg for tumor alleles was not changed significantly relative to
matched normal alleles. LOH was identified when signal intensity for
tumor allele was decreased by more than 50% relative to matched
normal allele, that is in U13T for D9S747 and U1T for D9S775 (arrows).

hypomethylation on pericentromeric satellite regions signifi-
cantly correlated with the presence of LOH on at least 1locus on
chromosome 9 in urothelial carcinomas (chi-square test p =
0.0098 and 0.0034 for satellites 2 and 3, respectively, table 4).

DISCUSSION

DNA hypomethylation on satellites 2 and 3 was observed
frequently in urothelial carcinomas but it was extremely rare
in noncancerous tissues, suggesting that DNA hypomethyla-
tion on satellites 2 and 3 is associated with urothelial carci-
nogenesis. We have previously reported that DNA hypom-
ethylation on satellites 2 and 3 is a frequent and early event
during hepatocarcinogenesis,’® whereas it is rare in colorec-
tal and stomach cancers.® These and the current findings
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Fic. 3. Allelic status of each locus in urothelial carcinomas. Ver-
tical lines indicate each carcinoma. Open circles indicate retention of
2 alleles. Filled circle indicate LOH. Bar indicates uninformative
case. Asterisk indicates replication error. —, negative. +, positive.
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suggest that DNA hypomethylation on pericentromeric sat-
ellite regions is organ specific during human carcinogenesis.
In the current study DNA hypomethylation correlated with
tumor aggressiveness (eg histological grade and invasion
depth), indicating that it may participate in the malignant
progression of urothelial carcinomas. In addition, DNA hy-
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pomethylation was associated more frequently with nodular
invasive carcinomas showing an aggressive clinical outcome
than with papillary carcinomas. Nodular invasive carcino-
mas arise from their precursor lesions, that is widely spread-
ing flat carcinoma in situ, and rapidly invading suburothelial
tissues, whereas papillary carcinomas usually remain nonin-
vasive for a long period, even after recurrence in the bladder
following cystoscopic resection.’®

LOH on chromosome 9 was detected in more than half of
the cases and in these cases rather large regions of 9p and/or
9q were lost, consistent with other reports_that loss of an
entire chromosome arm is frequent (fig. 3).)* The observed
high incidence of LOH on chromosome 9 in urothelial carci-
nomas may indicate the existence of tumor suppressor genes
important for urothelial carcinogenesis on this chromo-
some.’? DNA hypomethylation on satellites 2 and 3 signifi-
cantly correlated with LOH on chromosome 9 in urothelial
carcinomas. After the induction of DNA hypomethylation in
cultured cells by treatment with 5-azacytidine, a DNA meth-
yltransferase inhibitor, chromosomal recombination oc-
curred between satellite regions.® In patients with ICF syn-
drome DNA hypomethylation on satellites 2 and 3, and
multiradiate chromosomes composed of chromosomes 1, 9
and 16 are characteristic.2 During hepatocarcinogenesis
DNA hypomethylation on satellite 2 significantly correlates
with chromosome 1 g-arm copy gain with pericentromeric
break points.? By analogy with these findings DNA hypom-
ethylation on satellites 2 and 3 could be the underlying
molecular background for the frequently observed LOH on
chromosome 9 in urothelial carcinomas.

DNMT3b has been identified as a DNA methyltransferase
specifically targeting satellites 2 and 3 during mouse develop-
ment.2° In human hepatocarcinogenesis over expression of
DNMT3b4, a splice variant of DNMT3b that lacks methyltrans-
ferase activity and competes with the major variant in normal
liver tissues, DNMT3b3, for targeting to pericentromeric satel-
lite regions, results in DNA hypomethylation on these re-
gions.2! Although further studies are needed to understand the
molecular mechanism causing DNA hypomethylation on satel-
lites 2 and 3 during urothelial carcinogenesis, this hypomethy-
lation may have a role in the development and progression of
urothelial carcinomas by inducing chromosomal instability.
These data highlight the practical significance of correction of
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w5:  DNA methylation status for the prevention and/or therapy of

urothelial carcinomas.
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The present study was conducted to compare the diagnostic accuracy
between carbon-11 choline (" C-choline) positron emission tomography
(PET)/computed tomography (CT) and conventional imaging for
the staging of bone and soft tissue sarcomas. Sixteen patients who
underwent "'C-choline PET/CT prior to treatment were evaluated retro-
spectively for staging accuracy. Conventional imaging methods
consisted of = Tc-hydroxymethylene diphosphonate bone scintigraphy,
chest CT and magnetic resonance imaging of the primary site. The
images were reviewed and a consensus was reached by two board-
certified radiologists who were unaware of any dinical or radiological
information using hard-copy films and multimodality computer
platform. Tumor stage was confirmed by histological examination
and/or by an obvious progression in number and/or size of the lesions
on follow-up examinstions. Reviewers examining both 'C-choline
PET/CT and conventional imaging classified T stage in all patients.
Interpretation based on ""C-choline PET/CT, the Node (N) stage was
correctly diagnosed in all patients, whereas the accuracy of conventional
imaging in N stage was 63%. Tumor Node Metastasis (TNM) stage
was assessed correctly with "'C-choline PET/CT in 15 of 16 patients
(94%) and with conventional imaging in eight of 16 patients (50%).
The overall TNM staging and N staging accuracy of "C~choline PET/CT
were significantly higher than that of conventional imaging (P < 0.05).
iCcholine PET/CT is more accurate than conventional imaging regarding
clinical staging of patients with bone and soft tissue sarcomas. A
whole body "'C-choline PET/CT might be acceptable for imaging studies
of tumor staging prior to treatment. (Cancer Sd 2006; 97: 1125~1128)

The general diagnostic tools for staging bone and soft tissue
sarcomas are clinical examination, magnetic resonance
imaging (MRI) and X-ray of the primnary tumor site, chest X-ray
or computed tomography (CT), and bone scintigraphy.®

Positron emission tomography (PET) with [18F]-fluoro-2-deoxy-
D-glucose (FDG) has been used in the evalvation of patients
with bone and soft tissue sarcomas for grading and therapy
monitoring.2” Most of these studies reveal that ®FDG-PET is
superior in the assessment of grading and therapy monitoring
compared with conventional imaging.

Recently, carbon-11 choline (*'C-choline) has been introduced
as a new oncological positron-emitting radiopharmaceutical for
evaluation of a variety of malignant tumors.®!" Choline is an
essential component of the cell membrane, and choline uptake
may be via a choline-specific transporter protein.®® Choline kinase,
which catalyzes the phosphorylation of choline, is upregulated
in malignant cells. Some studies have demonstrated additional
gains in diagnostic accuracy using *'C-choline."® "'C-choline uptake
is significantly higher in malignant tumors than in benign tumors
and correlates well with the degree of ®FDG accumulation with
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the lesion, while the high background activity owing to excretion

via urinary tract interferes with evaluation on *FDG-PET, 0419
However, the role of ''C-choline PET scan in the staging of bone
and soft tissue sarcomas has not been clarified. To fully elucidate
the role of **C~choline PET, the comparison with *FDG-PET and
conventional imaging modalities are needed.

A new-modality PET/CT can improve the localization of
tumors and accuracy of staging in patients because anatomic and
molecular information can be coregistered precisely.®® The aim
of the current study was to compare the diagnostic accuracy
between "'C-choline PET/CT and conventional imaging for the
staging of bone and soft tissue sarcomas.

Materials and Methods

Patient. We retrospectively reviewed 'C-choline PET/CT results
from September 2005 to March 2006 for patients with bone and soft
tissue sarcomas, who subsequently underwent surgical resection,
chemotherapy and/or radiotherapy within 2 weeks. "'C-choline
PET/CT was performed for initial staging in 12 patients and for
restaging of recumrent disease in four patients. The study population
consisted of 13 men and three women with a mean age of 44 years
(range, 13-75 years). The clinical records of all of the patients were
available for review. This study was conducted in accordance with
the amended Helsinki declaration and the protocol was approved by
the Institutional Review Board (National Cancer Center, Research
Center for Cancer Prevention and Screening). All of the patients
provided their written informed consent to participate in the
present study and to review their records and images.

Radiopharmaceuticals. Carbon-11 choline was synthesized with
a commercial module essentially using the method described by
Hara and Yuasa.” "'CO, was converted to 'C-methy! iodide by
LiAIH/HI reaction. ''C-methyl iodide was trapped in dimethy-
laminoethanol. After a washing step with ethanol and water, C-
choline retained on a cation exchange resin was eluted with
saline. Radiochemical purity of the solution was evaluated by
liquid chromatography radiodetector. The organic solvents were
analyzed by gas chromatography. Endotoxin was assayed by the
lysosomal acid lipase method.

PET/CT. Scans were acquired with a PET/CT device (Aquiduo;
Toshiba Medical Systems, Tokyo, Japan) that consisted of a PET
scanner (ECAT HR+; CTI, Knoxville, TN, USA) and 16-section
CT scanner (Aquilion V-detector; Toshiba Medical Systems) with
a whole-body mode implemented as the standard software. Prior
to the YC-choline PET/CT study, the patients fasted for at least
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Table 1. Summary of patients and confirmed staging

Size  Staging

Patient Diagnosis SUV Location TNM Metastasis Grade Stage
no. (mm) type
1 Leiomyosarcoma 463 110 Initial Retroperitoneum T2bNOM1  Soft tissue High IV
2 Rhabdomyosarcoma 3.03 60 Inttial Perineum T2bN1MO Lymph node High v
3 Pleomorphic malignant 15.05 133 Initial Chest wall T2bNOM1  Bone, pleura, iymph node High IV
Fibrous histiocytoma

4 Leiomyosarcoma 4.10 80 Initial Retroperitoneum T2bNOM,P  Lung low
5 Osteosarcoma 6.70 110 Inktial lliac bone T2NOM1b  Bone, lung High VB
6 Clear cell sarcoma 13.03 80 Initial Chest wall T2bNOM1 Bone, lung, pleura, lymph node High IV
7 Myxoid liposarcoma 2.15 50 Initial Leg T1aN1MO  Lymph node Low VB
8 Osteosarcoma 531 110 |Initial Tibia T2NIMO  Lymph node High IV
9 Ewing sarcoma 3.46 95 |Initial Leg T2bNOMO N/A High I
10 Ewing sarcoma 9.86 102 Initial Shoulder T2NOMO  N/A High B
1 Ewing sarcoma 6.14 16 Initial Spine TINOMO  N/A High 1A
12 Chondrosarcoma 599 110 initial lliac bone T2NOM1b Bone High VB
13 Leiomyosarcoma 3.18 50 Restaging Thigh T1IbN1M1  Bone, soft tissue, lymph node High IV
14 Osteosarcoma 4.95 75 Restaging Jaw TINOM1a Lung High IVA
15 Osteosarcoma 3.60 50 Restaging Femur’ TINOM1b Lung, bone High IVB
16 Alveolar soft part sarcoma  3.60 25 Restaging Shoulder “T2NOM1 Bone High IV

N/A, not applicable; SUV, standardized uptake value; TNM, Tumor Node Metastasis.

6 h. CT was performed from the head to the mid-thigh according
to a standardized ] with the following setting: axial 3.0-mm
collimation X 16 modes; 120 kVp; 100 mAs; and a 0.5-second
tube rotation, pitch 11.0. Patients maintained normal shallow
respiration during the three-dimensional acquisition of CT scans.
No iodinated contrast material was administered. Emission scans
from the base of the skull to the leg were obtained starting 5 min
after the intravenous administration of 350-573 MBq of ''C-
choline. The acquisition time for PET was 2 min per table position.
Images were reconstructed with attenuation-corrected ordered-
subset expectation maximization with two iterations and eight
subsets using emission scans and CT data.

Positron emission tomography, CT and coregistered PET/CT
images were analyzed with dedicated software (e-soft; Siemens).
The initial review of the attenuation-corrected PET images
was performed using transaxial, coronal and sagittal planes. The
images ‘were reviewed and a consensus was reached by two
board-certified radiologists who were unaware of any clinical or
radiological information using a multimodality computer platform.
1Ccholine uptake was considered to be abnormal when it was
substantially greater than the surrounding normal tissue. For
11C-choline PET/CT, tumor sizes and T staging were determined
by the CT part of PET/CT. !'C-choline-avid lymph nodes or
distant metastases on PET/CT were interpreted as positive for
metastases regardless of size. Lymph nodes with abnormal uptake
were deemed positive for metastases even when they were smaller
than 10.0 mm in short axis nodal diameter. Lung nodules without
abnormal uptake but highly suggestive of lung metastases on
1C-choline PET/CT were considered to be positive for metastases.
A pixel region of interest (ROI) was outlined within regions of
increased 'C-choline uptake and measured on each slice. For
quantitative interpretations, standardized uptake value (SUV)

was determined according to the standard formula, with activity -

in the ROI given in Bq per mL/injected dose in Bq per weight
(kg). However, time decay correction for whole-body image
acquisition was not conducted. A SUV of more than 2.5 was
considered to characterize malignancy.

Conventional imaging. Conventional imaging methods, performed
within 2 weeks of 'C-choline PET/CT, either before or after, were
9=Te-hydroxymethylene diphosphonate (HMDP) bone scinti-
graphy, chest CT and MRI of the primary site. *“Tc-HMDP
bone scintigraphy was performed 2 h after intravenous injection
of 740MBq of ®*Tc-HMDP. Both anterior and posterior

1126

whole-body planar images were obtained simultaneously with a
dual-headed gamma camera (E.CAM; Siemens). Chest CT was
performed using a multidetector scanner (Aquilion V-detector;
Toshiba Medical Systems) with the following setting: axial 4.0-
mm X 4 modes; 120 kVp, automated electric current; 0.5-second
tube rotation; and pitch 5. Iinages were reconstructed with 10.0-mm
slice thickness by means of a standard algorithm. MRI of the
primary site was performed using a 1.5 Tesla system (Signa
Horizon; GE Medical Systems, Milwaukee, W1, USA or Visart;
MRI produced by Toshiba Medical Systems, Tokyo, Japan).
Pulse sequences comprised T1-weighted spin echo (SE) images,
T2-weighted fast spin echo (FSE) images, as well as post-contrast
T1-weighted SE images with fat suppression after injection of
contrast material. Pulse sequence parameters and slice orientation
varied with the examined anatomic site. The images were reviewed
and a consensus was reached by two board-certified radiologists
who were unaware of any clinical or radiological information using
hard-copy films and multimodality computer platform. The two
readers for "'C-choline PET/CT and those for conventional imaging
were not the same persons.

Each tumor was staged according to the Tumor Node Metastasis
(TNM) classification of the International Union Against Cancer
for sarcoma of bone and the American Joint Commitiee staging
protocol for sarcoma of the soft tissue.**% T, N and M stages were
assigned for both PET/CT and conventional imaging. T staging
was confirmed by pathological evaluation using specimens
obtained from surgical resection of the primary tumors. N staging
was confirmed by pathological examinations in two patients using
specimens obtained from sampling of regional nodes. In terms of
extraregional nodes in two patients, nodal staging was confirmed
by an obvious progression in number and/or size of the lesions
on follow-up examinations. The mean follow-up period was
172 days (range, 44—322 days).

Statistical analysis. All valuables were assessed on a patient-by-
patient basis. The McNemar test was used for paired comparisons
between !'C-choline PET/CT and conventional imaging. Statistical
analysis was performed with the SPSS version 11 software program
(SPSS, Chicago, IL, USA).

Resuits

There were eight bone sarcomas and eight soft tissue sarcomas
(Table 1). The primary sites included shoulder (n = 2), chest wall
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Table 2. Staging of bone and soft tissue sarcoma

1" H 3
Variables Cp-g;achrne Co;:;:;::‘ognal P-value
Overall stage 0.023
Correct 15 (84) 8 (50)
Understaged 1(6) 8 (50)
Overstaged 0 0
N stage 0.041
Correct 16 (100) 10 (63)
Understaged 0 6 (38)
Overstaged 0 0
M stage 0.617
Correct 15 (94) 13 (81)
Understaged 1(6) 3(19)
Overstaged 0. 0

Note: Data are presented as number (). Numbers in parentheses are
percentages. CT, computed tomography; PET, positron emission
tomography.

(n=2), retroperitoneum (n = 2), iliac bone (n=2), leg (n=2),
thigh (n=1), perineum (n=1), tibia (n=1), femur (n=1),
mandible (n = 1) and spine (n = 1). Pathological diagnoses were
osteosarcoma (n = 4), Ewing sarcoma (n = 3), leiomyosarcoma
(n=13), clear cell sarcoma (n=1), chondrosarcoma (n=1),
pleomorphic malignant fibrous histiocytoma (n=1), myxoid
liposarcoma (n = 1), rhabdomyosarcoma (n=1), and alveolar
soft part sarcoma (n=1). Histological grade of tumors was
grade 1:(n=1), grade 2 (n= 1), grade 3 (n=11) and grade 4
(n=23).

All patients of initial staging had increased ''C-choline uptake
of the primary lesion (average maximal SUV & SD: 5.92+3.68
[range, 2.15-15.05)). Pathological T stages available in patients
with initial staging are as follows: T1 (n=1), Tla (n=1), Tlb
(n=1), T2 (n=4)and T2b (n=5). T stages in patients with restag-
ing were T1 (n=2), Tlb (n=1) and T2 (n=1). Tumor size of
patients for initial staging was 78.5 3 34.0 mm (mean  SD {range,
16.0-133.0 mm]). Both "C-choline PET/CT and conventional
imaging -classified the T stage correctly in all patients. Twelve
(75%) of the 16 patients had NO disease. Using "'C-~choline PET/
CT, the N stage was correctly assigned in all patients, whereas
the accuracy of conventional imaging in N stage was 63%
(P = 0.041, Table 2). Understaging occurred in_six patients
(38%). Three of these patients (19%) had metastasis of inguinal
node whose largest diameter was less than 10.0 mm (Fig. 1). The
incidence of distant metastases was high in our study popula-
tion. Both *C-choline PET/CT and conventional imaging
bone metastases in seven patients (44%), lung metastases in five
(31%) and pleural. dissemination in two (18%, Fig. 2). Using
1C-choline PET/CT, the M stage was correctly assigned in 15
patients (94%), whereas the accuracy of conventional imaging
in M stage was 81% (P = 0.617, Table 2).

The complete stages of all patients were stage 1A (n = 1), stage
IIB (n=1), stage Il (n=1) and stage IV (n=13). TNM stage
was correctly assessed with ''C-choline PET/CT in 15 of 16
patients (94%) and with conventional imaging in eight of 16
patients (50%, P = 0.023, Table 2). "'C-choline PET/CT assigned
an incorrect TNM stage in a patient. This patient was under-
staged due to small metastatic lung tumor which was not clearly
visualized by CT part of "'C-choline PET/CT. Eight patients
were understaged by conventional imaging (50%). Of these, skip
metastases of soft tissues were identified in two (25%) and small
nodal metastases in six (75%). !'C-choline PET/CT correctly
determined TNM stage in seven patients (44%) in whom stage
derived from conventional imaging was incorrect.

Tateishi et a/.

Fig. 1. A 13-year-old boy with osteosarcoma. (a) Transverse C-choline
positron emission tomography (PET)/computed tomography (CT) image
revealed hypermetabolic focus in the proximal portion of the left tibia
(arrow). PET/CT findings were verified at histopathological analysis.
(b) Abnormal uptake of "'C-choline was also noted in the left inguinal
iymph node, which was interpreted s highly suspicious for malignancy
(arrow). Subsequent resection revealed metastasis from osteosarcoma.

Discussion

The results of the present study show that 'C-choline PET/CT
improves the accuracy of staging in patients with bone and soft
tissue sarcomas compared to conventional imaging. Specifically,
1C.choline PET/CT has potentially significant implications for
detecting nodal and distant metastases at overall staging. Reports
about the efficacy of ''C-~choline in the localization and detection
of bone and soft tissue sarcomas are still limited."? To our
knowledge, no study regarding ''C-choline PET/CT for staging
bone and soft tissue sarcomas was found. In our study, seven of
the 16 patients had skip metastases of soft tissue or nodal metastases
detected by !'C-choline PET/CT that were not identified by
routine clinical and conventional radiological evaluation.

The ability of PET to depict increased metabolism in malignan-
cies has greatly improved the accuracy in detecting neoplasms.®
However, compared with conventional imaging studies, use of PET
alone results in a lack of substantial detail.® The PET/CT device
permits sequential acquisition of anatomic CT and functional
PET images in a single scanning sesSion. Morphological charac-
terization of scintigraphic lesions by PET/CT resulted in a lower
percentage of equivocal interpretations compared with that of
conventional imaging. Tumor-detecting PET/CT technology is
growing rapidly. However, there are only limited data available
on staging of bone and soft tissue sarcomas with PET/CT.

Carbon-11 choline uptake was significantly higher in malignant
soft tissue tumors and was due to the high utilization of cell
membranes of these lesions. ''C~choline uptake is observed physio-
logically in the liver, pancreas, kidney and duodenum. "'C-choline
is also secreted into phospholipid-rich Pancneau'c juice in a non-
fasting state. A potential advantage of 'C-choline PET/CT might
be the assessment of tumors in the skull or retroperitoneum.
Blood clearance of !C-choline is rapid and radioactive distribution
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Fig. 2. A 34-year-old man with clear cell sarcoma. (a) Transverse "'C-
choline. positron emission tomography (PET)/computed tomography
(CT) image depicting abnormal uptake in the tumor arising from the
left lateral chest wall (arrow). (b) PET/CT image also depicts pleural
dissemination and mediastinal lymph node (arrows). Follow-up findings
in this patient confirmed the diagnosis.

in tissues is constant in 5 min. The accumulation of 'C-choline
in the skull or retroperitoneum is hardly affected by background
within the limits of short uptake time. In comparison to *FDG,
physiological background level in the urinary tract is low. This may
be due-to incomplete tubular reabsorption of the intact tracer, or
enhanced excretion of labeled oxidative metabolites like betaine "
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Renal clear cell carcinoma (RCCC) is a malignant tumor with
poor prognosis caused by the high incidence of metastasis to distal
organs. Although metastatic RCCC cells frequently show aberrant

etal organization, the underlying mechanism has not been
elucidated. DAL-1/4.1B is an actin-binding protein implicated in
the cytoskeleton-associated processes, while its inactivation is fre-

quently observed in lung and breast cancers and meningiomas, .

suggesting that 4,1B is a potential tumor suppressor. We stodied a
possible involvement of 4.1B in RCCCs and evaluated it as a clini-
cal indicator. 4.1B protein was detected in the proxima! convo-
luted tubules of human kidney, the presumed cell of origin of
RCCC. On the other hand, loss or marked reduction of its expres-
sion was observed in 10 of 19 (53%) renal cell carcinoma (RCC)
cells and 12 of 19 (63%) surgically resected RCCC by reverse
transcription-PCR. Bisulfite sequencing or bisulfite SSCP analyses
revealed that the 4.1B promoter was methylated in 9 of 19 (47%)
RCC celis and 25 of 55 (45%) surgically resected RCCC, and
inversely correlated with 4.1B expression (p < 0.0001). Aberrant
methylation appeared to be a relatively early event because more
than 40% of the tumors with pTla showed hypermethylation.
Furthermore, 4.1B methylation correlated”Wwith a nuclear grade
(p = 0.017) and a recurrence-free survivil (p = 0.0036) and pro-
vided an independent prognostic factor (p = 0.038, relative risk
10.5). These results fndicate that thé promoter methylation of the
4.1B is one of the most frequent epigenetic alterations in RCCC
and could predict the metastatic recurrence of the surgically
resected RCCC. '

© 2005 Wiley-Liss, Inc.

Key words: tumor suppressor gene; bi-sulfite sequencing; two-hit
inactivation; recurrence-free survival rate; independent prognostic
factor :

Renal cell carcinoma (RCC) accounts for about 2% of human
cancers worldwide, with an incidence of 189,000 and a mortality
of 91,000 reported in the year of 2000.! Renal clear cell carcinoma
(RCCC), which represents 75% of all RCC, exhibits frequent
metastasis to distant organs without any clinical symptoms. Fur-
thermore, 40-60% of RCCC tumors without metastasis at first pre-
sentation eventually develop metastasis as they progress.? Finally,
metastatic RCCC becomes refractory to any therapeutic
approaches, including chemo-, radio-, and hormonal therapies,
resulting in a poor prognosis of patients, with a 5-year survival of
less than 10%.” Thus, understanding the molecular mechanisms of
the development and progression of RCCC is a critical issue for
controlling this refractory cancer. .

Several genetic and epigenetic alterations have been reported in
RCCC. The mutation of the VHL gene, associated with loss of het-
erozygosity (LOH) at the gene locus on chromosomal fragment
3p25-p26, was observed in ~50% of sporadic RCCC.* Since the
VHL encodes a component of an E3 ubiquitin ligase that promotes
the degradation of hypoxia-inducible factors, loss of VHL func-
tion could be involved in angiogenesis, one of the most character-
istic features of RCCC.> Epigenetic inactivation of the RASSFIA'
gene is also reported frequently in RCCC.5® In addition, promoter
methylation and/or aberrant expression of the E-cadherin and
beta-catenin genes are also found at a high incidence in RCCC,
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suggesting that disruption of cell adhesion and cytoskeleton organ-
ization is also involved in RCCC.>!® On the other hand, mntation
of the H-, K-, N-ras and inactivation of the TP53 and RB I genes
are relatively rare events,!’ while inactivation of the p]6/CDKN2A
gene is involved in a small subset of advanced RCCC.12

‘We have reported that the loss of function of the tumor suppres-
sor in lung cancer 1 (TSL.C1) protein, an immunoglobulin super-
family cell adhesion molecule, is im?licated in a variety of human
cancers in their advanced stages.!>!’ In addition, we have demon-
strated that TSLCI directly binds to DAL-1/4.1B, an actin-binding
protein, through its 4.1-binding motif. DAL-1 was originally iso-
lated as an expressed fragment of the 4.1B gene, whose expression
was down regulated in adenocarcinoma of the lung.'® Restoration
of DAL-1 expression in nonsmall-cell lung cancer or breast cancer
cell lines significantly suppressed cell growth in vitro.'®!® More-
over, loss of 4.1B expression was observed in human breast can-
cers and meningiomas, suggesting that the 4.18 gene is an addi-
tional target for inactivation in human cancers."™' Interestingly,
4.1B/DAL-1 interacts with spectrin, an actin-binding protein, and
over expression results in altered cytoskeleton-associated proper-
ties, including cell adhesion and motility.?°

To analyze the role of TSLCI and 4.1B in RCCC, we analyzed
55 surgically resected RCCC and 19 cell lines in the present study.
‘While we could not detect loss of TSLC1 expression, we did find
significant alterations in 4.1B gene expression in these tumors.
Herein, we demonstrated that hypermethylation of the 4.1B
gene was a frequent event and could provide an independent prog-
ntz:sgcc factor for metastatic recurrence after completely resected
R .

Material and mefhods
Cell lines

RCC cell lines, Caki-2, SW839, ACHN, 786-0, 769-P, A-704,
A-498 and Hs891.T, were obtained from the American Type
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Culuure Collection (Rockville, MD); KMRC-1, KMRC-2, KMRC-
3, VMRC-RCW, VMRC-RCZ ‘and Caki-1 cells were from the Japa-
nese Collection of Research Bio-resources (Tokyo, Japan); OS-RC-
2, RCCI0RGB, TUHR4TKB, TUHRIOTKB and TUHR14TKB
cells were from the Riken Cell Bank (Tsukuba, Japan). Cells were
cultured according to the supplier’s recommendations.

Surgical specimens

Fifty-five pairs of cancerous and adjacent noncancerous tissues
of RCCC were surgically resected at the National Cancer Center
Hospital or the Hospital of the University of Tokyo, after obtain-
ing written informed consent from each patient. Pathological diag-
nosis was performed or confirmed at Pathology Division, National
Cancer Center Research Institute, and the clinicopathological fea-
tures were determined according to the 1997 Union Intemnationale
Contre le Cancer.?? Analyses of human materials were carried out
according to the institutional guidelines.

Reverse transcriptase-polymerase chain reaction (RT-PCR)

Total cellular RNA was extracted using the RNeasy Mini Kit
(QIAGEN, Valencia, CA). By using the SuperScript First-Strand
Synthesis System (Invitrogen, Carlsbad, CA), 1 pg of total cellular
RNA was reverse-transcribed, and an aliquot was amplified by
polymerase chain reaction (PCR), using TITANIUM Taq DNA
polymerase (BD Biosciences Clontech, Palo Alto, CA) to obtain a
572-bp fragment of DAL-1 cDNA and a 646-bp fragment of
human B-actin cDNA in the same reaction. The primers used for
PCR were 5-GGTGCGGAGGGAGGTCACTGACAAGGAACA
G-3' and 5'-CGCTCCCACATTCATCTGGGTCATAGTCTCCG
AG-3' for DAL-1 (1.0 pM, each) and 5-GGTGCGGAGGGA
GGTCACTGACAAGGAACAG-3' and 5-CGCTCCCACATTC
ATCTGGGTCATAGTCTCCGAG-3’ for B-actin (0.2 puM, each).

Restoration of DAL-1 expression by 5-aza-2'-deoxycytidine

Atday 0,1 X 10° cells were seeded, treated with 5-aza-2'-deoxy-
cytidine (10 pM; Sigma-Aldrich, St. Louis, MO) or PBS for 24 hr
on days 2 and 5 and collected on day 8, as reparted previously.?

Loss of heterozygosity (LOH) analysis

Five DNA fragments containing single nucleotide polymorphisms

(SNPs) on 18pl1.3, namely IMS-JST067229, IMS-JST031621,
IMS-JST082513, IMS-JST143134 and IMS-JST119847, were
examined for LOH as described previously.>*

Bisulfite sequencing

Bisulfite sequencing was performed as described previously.?
Briefly, genomic DNA was denatured with NaOH (0.3 M) and
incubated with sodium bisulfite (3.1 M; Sigma) and hydroquinone
(0.8 mM; Sigma), pH 5.0, at 55°C for 20 hr, followed by purifica-
tion and treatment of DNA with NaOH (0.2 M) for 10 min
at 37°C. Modified DNA (100 ng) was subjected to PCR to amplify
a 92-bp DNA fragment, using a pair of primers (DAL-1 PR2F:
5-CGGAGTTTCGGTGTTTTTTGTAATAGG-3' and DAL-1
PR2R: 5'-GCGCCGCGACGTAAAAACTAAAC-3'). The PCR
products were subcloned to confirm the sequence of at least 4
clones for each sample. '

Bisulfite single-strand conformation polymorphism
(SSCP) analysis

For SSCP analysis, the 92-bp fragments were amplified by PCR
using two primers, PR2F and PR2R, the latter of which was end-
labeled with Texas Red. The PCR products were diluted 7 times
with a loading buffer (90% deionized formamide, 0.01% New
Fuchsin and 10 mM EDTA), heat-denatured for 3 min at 95°C,
immediately cooled on ice for 3 min and then loaded onto the gel
(0.5X MDE™ Gel Solution; BMA, Rockland, ME). Electrophore-
sis was carried out for 120 min at 20°C, using SF5200 (Hitachi
Electronics Engineering, Tokyo, Japan) with cooling systems. The
analysis was repeated 3 times using independent PCR producits.
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The criterion for hypermethylation was met when the ratio of the
methylated fragments to the unmethylated fragments was more
than 04.

Immunohistochemistry

Sections (5-pm thick) of formalin-fixed, paraffin-embedded
specimens were obtained from the National Cancer Center Hospi-
tal. For antigen retrieval, the section was heated for 5 min at
120°C with 1 mM EDTA in an autoclave after de- ization
and dehydration. Nonspecific reactions were blocked with 5% nor-
mal donkey serum (NDS) in TBS. All sections were incubated
with anti-DAL-1 antibody (diluted with 1% NDS in TBS 1:2,000)
at 4°C ovemight. This rabbit polyclonal antibody against 18 amino
acids in the U2 domain of DAL-1 was generated by D. H.
Gutmann (unpublished results). The sections were then incubated
with a labeled polymer, horseradish peroxidase (DakoCytomation,
Glostrup, Denmark), at room temperature for 1 hr, rinsed gently
with TBS, covered with 3,3'-diaminobenzidine (DakoCytomation)

- and incubated for 3 min. All sections were counterstained with

hematoxylin. 4.1B expression was determined as “membrane
expression” when 4.1B signals were detected along the cell mem-
brane in more than 80% of the cells and as an “aberrant expres-
sion” or “no expression” when the majority of the 4.1B signals
were observed diffusely in the cytoplasm or were undetected.

Statistical analysis .

The Kruskal-Wallis test and Mann—Whitney U-test were used
to examine the correlation with clinicopathological characteristics.
Recumence-free survival was analyzed by the Kaplan-Meier
method and the Log-rank test. Multivariate analysis was carried
out using the Cox proportional hazard model. The software Stat
View 5.0 (SAS institute, Cary, NC) was used for the analysis.
Differences with p values of less than 0.05 were considered
significant.

Results
Loss of 4.1B expression in RCC

We initially examined the expression of the 4.1B gene in nor-
mal kidney and 19 RCC cell lines by RT-PCR. As shown in
Figurela, a significant amount of 4.1B mRNA was detected in
normal kidney. On the other hand, 10 of 19 (53%) RCC cell lines
lacked 4.1B mRNA expression. Next, we analyzed the expression
of 4.1B mRNA in 19 surgically resected RCCC as well as several
noncancerous renal tissues from the same patients. Semi-quantita-
tive analysis by RT-PCR revealed that 4.]B mRNA was absent or
markedly reduced in 12 of 19 (63%) of these primary RCCC
(Fig. 1b). These results suggest that the 4.1B gene may be a target
for inactivation in renal carcinogenesis.

Promoter hypermethylation of the 4.1B gene in RCCC

The 4.1B gene harbors a typical DNA sequence matching the
criteria of a CpG island in its upstream region, exon 1, and the
beginning of intron 1. To elucidate the molecular mechanisms
underlying the loss of 4.1B expression; we examined the methyla-
tion status of the 4.]B promoter in RCC cells. By using bisulfite
sequencing, we had previously determined that hypermethylation
of the 14 CpG sites within the 92-bp fragment around the 4.1B
promoter strongly correlates with loss of expression in nonsmall-
cell lung cancer cell lines.?* Bisulfite sequencing of the same frag-
ment revealed that these CpG sites were highly methylated in
TUHRI10TKB and A704 cells lacking 4.1B expression, whereas
they were not methylated in KMRCI1 cell expressing a significant
amount of 4.1B wanscript (Figs. 2a and 2b). A similar analysis
showed that hypermethylation was observed in 9 of 19 (47%)
RCC cell lines, where hypermethylation strongly correlated with
loss of 4.1B expression (p = 0.0004, Fig. 1a). To examine the
methylation status of the promoter quantitatively, we analyzed the
promoter fragments by SSCP after PCR amplification of the bisul-
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FIGuRE 1 - ion of the 4.IB gene in RCC. (@) and (b): RT-PCR analysis of 4.1B and B-actin in RCC cell lines (a) and surgically

resected RCCC (b). C and N in (b) indicate cDNA from a cancerous and noncancerous portion of the kidney, respectively. The results of methyl-
ation status determined in Figure 2 and allelic status are included as a reference. M and U indicate the hypermethylated and unmethylated
promoter of the 4B, respectively. R and L indicate retention and loss of heterozygosity, respectively. N in (a) indicates not informative.
(¢): RT-PCR analysis of 4.1B.and B-actin in RCC cells treated with 5-aza-2'deoxycytidine (+) or PBS (—).

fite-treated DNA. As shown in Figures 2a and 2c, clones with
known sequences in tesms of CpG methylation showed distinct
mobility in SSCP analysis, where clone I with no methylation and
clone VI with complete methylation showed the slowest and the
fastest mobility, respectively. Bisulfite SSCP of RCC cells
revealed that TUHR10TKB and A704 cells showed a pattern of
hypermethylation, while KMRC] cell showed a pattern of no
methylation, in agreement with the results obtained using bisulfite
sequencing (Figs. 2a and 2d). Next, we examined the methylation

status of the 4.JB in surgically resected RCCC. As shown in
Figure 2e, DNA from tumors 4C, 5C and 6C showed no methyla-
tion, while that from 13C, 14C and 15C showed hypermethylation.
DNA from noncancerous renal tissues 4N and 13N showed no
methylation. A similar analysis revealed that 25 of 55 (45%) surgi-
cally resected RCCC showed hypemmethylation. 4.18 promoter
methylation strongly comrelated with loss of 4.1B expression in
a subset of surgically resected RCCC examined (p = 0.0063,
Fig. 1b, Table I).

FIGURE 2 — Methylation analysis of the 4.JB promoter. (a): Schematic representation of the methylation status of the 4.1B promoter. A

hatched box and an open box indicate a CpG island and exon 1 of the 4.JB. Vertical bars indjcate CpG sites numbered 1-40. Black and white
circles represent methylated and unmethylated CpG, respectively. Rows 14 indicate the results of independent clones. (b): Bisulfate sequencing
of the 4.1B promoter in 3 RCC cells. Sequence traces in each sample correspond to the genomic sequence (—65 bp to —23 bp from the transcrip-
tion initiation site) shown in the top line. CpG sites, numbered 19-22, are underlined. Asterisks indicate the nucleotides corresponding to methy-
lated cytosine residues at the CpG sites. (c)~(e): Bisulfate SSCP analyses of the cloned DNA fragments of known sequences (c), RCC cells (d),
and surgically resected RCCC and comresponding noncancerous kidney (e). C and N in (e) indicate DNA from a cancerous and noncancerous
portion of the kidney, respectively. Presence or absence of 4.1B expression determined in Figure 1 is shown as (+) or (~), respectively (d) (e).



METHYLATION OF 4.1B IN RENAL CLEAR CELL CARCINOMA 919

A 4.1B CpG island

40

02-bp fragment \, &

CpG site 78 202122 23245,;:; Z:: 31> C Cloned DNA fragments
donel OOOOOO00O00000 clone | i
1 OOOO0O0O0OOCO00e00 I

n 0000000000000 "
v 00900000000000 A
vV 00000000000000 V
vi 00000000000000 vi

JiEntEn

M
it

€5 _ -23
5 GGGGCRGGEEGGAACAGCEGOBAGCAGCCCTGGECTECEGLTIC -3

20 21

oy sttt

GGGGTGGGOGOEATAGTGGTGAGTAGTITTGG6TTOTCOTITT

<

KMRC1

TUHR
10TKB

A704

BOON - KNGWN 2 AN

B

3

CGOGLCCLATAECEGCOACTAGTTTIGCGGTTS TGGTTTT
% * *

L L TR

CGEOCECETOCANTASTCEL GACTASTTITTCLLTIGCESTTITT 130
* * % *

666G

13N |

14C

15C -

FiGURE 2.



920 YAMADA ET AL.
TABLE 1- METHYLATION AND EXPRESSION STATUS OF 4.]1B AND CLINICOPATHOLOGICAL
CHARACTERISTICS IN RCCC
4.]B Promoter .
Number of cases Hypermethylation (%) No methylation (%) p-valne
4.1B expression

RT-PCR

Analyzed 19 9(47) 10 (53)

Positive 7 1(14) 6(86)

Reduced 2 0(0) 2(100)
hnl;egaﬁ\_re 10 8 (80) 2(20) 0.006’

Analyzed 20 10 (50) 10 (50)

Membrane 9 1(11) 8(89)

Aberrant 5 3(60) 2(40)

Negative 6 6 (100) 0(0) 0.0042

Clinicopathological istics

Analyzed 55 25 (45) 30(55)
Age (years)

60 and older- 32 15 (47) 17(53)

Under 60 23 - 10 (43) 13(57) NS'
Gender

Male 37 17 (46) 20 (54)

Female 18 8 (44) 10(56) NS!
Pathological stage

1 36 15(42) 21(58)

i 8 4(50) 4(50)

m 8 4(50) 4(50)

1Y 3 2(67) 1(33) NS'
TNM classification

pTla 17 847 9(53)

pTib 21 8 (38) 13(62)

pT2 8 4 (50) 4 (50)

pT3a 2 1(50) 1(50)

pT3b 5 3(60) 2 (40)

pT3c 2 1(50) 1(50) Ns!

T4 0 0(0) 0(0)

pNO 54 25 (46) 29 (54)

pN1,pN2 1 0(0) 1(100) NS!

pMO 53 23(43) 30(57)

M1 2 2(100) 0(0) Ns!
Nuclear grade

Gl 22 5(23) 17 (77

G2 27 17 (63) 10(37)

G3 6 3 (50) 3 (50) 0.017'

NS, not significant.
"Mann-Whitney U-test.—*Kruskal-Wallis test.

We then examined the role of promoter methylation in gene
silencing of the 4.1B gene by treating RCC cells with the de-
methylating agent 5-aza-2'-deoxycytidine. Semi-guantitative RT-
PCR analysis revealed that the expression of 4.18 mRNA follow-
ing 5-aza-2'-deoxycytidine treatment was only observed in the
Caki-2 and KMRC-3 cell lines harboring the hypermethylated
4.1B promoter, but not in the Caki-1 cell line lacking 4.18 pro-
moter methylation. These results suggest that 4.]B promoter
methylation is causally related to loss of 4.1B expression (Fig. 1¢).

LOH analysis of the 4.1B gene

We next analyzed the allelic status of the chromosomal frag-
ment, 18p11.3, around the 4.1B locus in RCC cells, using 5 highly
polymorphic SNP markers. Ten of 19 RCC cell lines showed
retention of heterozygosity in at least 1 locus per tumor. Five of
these RCC cell lines (A704, TUHR4TKB, TUHR10TKB, KMRC3
and 769-P) harbored a hypermethylated 4.1 B promoter and lacked
4.1B expression. These findings suggest that the 4.1B gene is inac-
tivated by bi-allelic methylation in some RCC cell lines. In con-
trast, 9 RCC cell lines did not show heterozygosity at any loci
examined, strongly suggesting that one allele of the 4.1B gene was
deleted. Four of these RCC cell lines (ACHN, Caki-2, OS-RC-2,
and 786-0) showed promoter hypermethylation with loss of 4.1B
expression, suggesting that the 4.1B gene was inactivated by 2 hits

involving both promoter methylation and LOH. Last, LOH was
only observed in 4 of 54 (7.4%) informative cases in surgically
resected RCCC, suggesting that bi-allelic methylation may repre-
sent the major mechanism to suppress 4.1B expression in primary
RCCC.

Aberrant expression of 4.1B protein in surgically resected RCCC

We then examined 4.1B protein expression in human normal
kidney as well as primary RCCCf using a polyclonal antibody
against U2 domain of human 4.1B."® As shown in Figure 32, 4.1B
protein was expressed in the baso-lateral membrane of the proxi-
mal convoluted tubules, from which RCCC arises. 4.1B protein
expression was also found in the basement membrane of the glo-
meruli, but not in the distal convoluted tubules, Henle’s loops or
collecting ducts in normal human kidney. An immunohistochemi-
cal study of 20 surgically resected RCCC revealed that 9 tumors
(45%) demonstrated significant expression of 4.1B protein along
the cell membrane, 8 of which (89%) carried the unmethylated
4.1B promoter (Fig. 3b). On the other hand, 6 tumors (30%), all of
which (100%) harbored the hypermethylated 4.1B promoter,
showed absence of 4.1B protein expression (Fig. 3c). In this
regard, loss of 4.1B protein expression significantly correlated
with 4.1B promoter hypermethylation (p = 0.0040, Table I). In
addition, 5 tumors (25%) showed an aberrant pattern of 4.1B
expression, in which weak signals of 4.1B protein were detected
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FIGURE 3 - Immunohisto-
chemical analysis of 4.1B protein
in human normal kidney (a) and
surgically resected RCCC (b)- U
(d). (a) Expression of 4.1B is
detected along the basolateral
membrane of the proximal con-
voluted tubules and in the base-
ment membrane of the glomeruli,
but not in the distal convoluted
wbules (arrows). (b): RCCC7C.
4.1B is detected along the cell
membrane (membrane expres-
sion). (¢) RCCC19C. 4.1B expres-
sion is absent (no expression).
The basement membrane of the
glomeruli (right) serves as a posi-
tive control. (d) RCCC5C. 4.1B is
present diffusely in the cytoplasm
(aberrant expression). M and U
indicate tumors with hypermethy-
lated and unmethylated 4.1B pro-
moter, respectively. Original mag- M
nifications, X400. .

diffusely in the cytoplasm, but not at the cell membrane (Fig. 3d).
Including these tumors with aberrant protein localization, 4.1B
expression was abrogated in a total of 11 of 20 surgically resected
RCCC (55%).

Clinicopathological features of RCCC with kypermethylation
of the 4.1B gene

To understand the clinicopathological significance of the pro-
moter methylation of the 4.1B gene in surgically resected RCCC,
we examined the pathological stage, tumor-node-metastasis
(TNM) classification and nuclear grade of the tumors as well as
the age and gender of the 55 patients. As shown in Table 1, 4.1B
hypermethylation was observed in 15 of 36 (42%) tumors repre-
senting stage I and in 8 of 17 (47%) wmors with pTla, whereas
the incidence of hypermethylation did not increase significantly in
tumors in more advanced stages. These results suggest that 4.JB
hypermethylation occurs in a subset of tumors as a relatively early
event in multi-stage renal carcinogenesis. Correlation of the 4.1B
hypermethylation with lymph node metastasis (pN) or distant
metastasis (pM) could not be determined because the great major-
ity of tumors examined were pNO and pMO at the time of resec-
tion. Interestingly, 4.1B hypermethylation . was preferentially
observed in tumors with higher nuclear grade (p = 0.017). On the
other hand, the age and gender of the patients were not correlated
with 4.1B hypermethylation.

Hypermethylation of the 4.1B gene correlates with the
recurrence-free survival of the RCCC patients

Finally, we examined the significance of 4.1B methylation as a
prognostic factor of metastatic recurrence for RCCC patients. Of
55 patients examined for 4.JB methylation, 53 patients who
received complete surgical resection of RCCC were examined for
their prognosis, whereas the other two patients were excluded

U

from the analyses because they harbored metastasis at the time of
resection. Kaplan-Meier analysis revealed that the recurrence-free
survival of patients with turnors of 4.]B methylation was signifi-
cantly shorter than that observed in patients with the unmethylated
4.1B promoter (p = 0.0036, Fig. 4). Furthermore, the multivariate
analysis by the Cox hazard mode] indicated that 4.1B methylation
was an independent prognostic factor, as shown in Table I (p =
0.038; relative risk, 10.5).

Discussion

The present study demonstrates that the epigenetic inactivation
of the 4.1B gene is involved in primary RCCC and represents an
independent prognostic factor for RCCC patients. Analysis of the
expression, methylation and allelic status of the 4.JB gene
revealed that hypermethylation and loss of expression were
strongly correlated with each other in both the cell lines and surgi-
cally resected RCCC (p < 0.0001), as observed in other tumor
suppressor genes. The 92-bp fragment including 14 CpG sites that
we examined in this study contained & putative transctiption start
site of 4.1B gene and a Spl-binding sequence, which suggests that
some methyl-CpG binding proteins might suppress the transcrip-
tion through interaction with this regulatory motif, While LOH at
the 4.1B locus on 18p11.3 was not frequently observed in surgi-
cally resected RCCC, we demonstrated a two-hit inactivation of
the 4.1B in a subset of cell lines by the promoter hypermethylation
associated with LOH as well as through bi-allelic hypermethyla-
tion. These findings suggest that 4.1B may act as a potential tumor
suppressor in human RCCC. It is worth noting that loss of 4.1B
expression was also observed in Caki-1 cells and several tumors
without 4.JB methylation (Figs. 1a and 1b). In this regard, treat-
ment of Caki-1 cells with 5-aza-2’-deoxycytidine did not restore
4.1B expression (Fig. 1¢). These results suggest that some mecha-
nisms other than promoter methylation, such as histone deacetyla-



922
R 100
Q
©
80
©
2
S 0
(7]
()]
2 40
8 -
c 20"
o i
-
3
@ o"
o

YAMADA ET AL.

No methylation (N=30)

Hypermethylation (N =23 )

P = 0.0036

FiGURE 4 — Recurrence-free sur-
vival of the patients who received
complete resection of RCCC with
hypermethylated and unmethylated
4.1B promoters. Intervals between
the primary surgical resection and
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the metastatic recurrence at the
lung, bone, liver, or pancreas are
plotted in the Kaplan-Meier analy-
sis. Log-rank P is included. N indi-
cate number of cases.

TABLE II - PROGNOSTIC VALUE OF 4.J8 METHYLATION STATUS, PATHOLOGICAL STAGE AND NUCLEAR GRADE FOR
RECURRENCE-FREE SURVIVAL IN RCCC

Varisble Kaplan-Meier analysis Multivariate proportional hazard analysis

p-value Relative risk 95% confidence interval p-value

4.1B methylation stams' (U vs. M) 0.0036 105 1.1-974 0.038

Pathological stage (1, I vs. I, IV) 0.039 4.0 0.83-19.6 0.083
Nuclear grade (1vs. 2,3) 0.059 1.8 0.18-18.1 0.62

1y, no methylation; M, hypermethylation.

tion and deficiency of uanscnpuon factoxs, might be involved in
the regulation of 4.1B expression in additional populations of
RCCC.

Immunohistochemical studies using anti-4.1B antibody pro-
vided information about 4.1B expression, but also 4.1B subcellu-
lar localization in primary RCCC. In this study, we found a group
of tumors with 4.1B mislocalization, in addition to RCCC tumors
lacking 4.1B expression due to promoter hypermethylation. In the
tumors with abnormal 4.1B subcellular localization, 4.1B protein
was expressed diffusely within the cytoplasm, but not along the
cell membrane. Some membrane pmtems anchoring DAL-1 to the
cell membrane mlght be inactivated in these cases. This mislocali-
zation might impair the ability of 4.1B to function as a potential
tumor suppressor. In this regard, Robb er al. have recently shown
that growth suppression of memngloma cells by 4.1B/DAL-1
Tequires membrane localization.?® This aberrant pattern of
subcellular distribution in RCCC tumors would be associated with
impaired 4.1B function.

By using bisulfite-SSCP, a sensitive and highly quantitative
method to detect the methylation status, we found 4.JB promoter
hypermethylation in 25 of 55 (45%) surgically resected RCCC. It
has been speculaled that the DNA methylation changes are rather
rare evems in RCCC in comparison with other major malignan-
cies.> In fact, prev:ous studies have reported that the incidences
of hypermethylation in representative tumor suppressor genes,
including the VHL, p16/CDIGV2A Ppl4/ARF and APC genes, are
Iess than 16% in RCCC.528 However, the extensive analyses have
demonstrated that the promoters of the Timp-3 and RASSF1A genes
are methylated in 60% and 23-91% of primary RCCC, respectively,

suggesting that several critical genes are inactivated ﬁequem]y by
methylation in RCCC as are in many other tumors.5® The inci-
dence of promoter methylation of the 4JB (45%) that we have
observed in this study is comparable to that of the Timp-3 and
RASSF1A genes. Therefore, loss of 4.1B function appears to be
strongly selected for the malignant growth of RCCC cells.

It is interesting that the incidence of 4.1B methylation is more
than 40% in tumors with pT1a but does not increase as the T clas-
sification advances. The T classification of RCC is determined by
the tumor size and the degree of invasion into the renal capsule or
vein. In this regard, our findings suggest that 4.1B promoter hyper-
methylation is involved in a subset of tumors in a relatively early
stage, and is not significantly associated with the tumor size or the
degree of invasion at the time of surgical resection. Another inter-
esting result is the significant correlation of 4./B promoter hyper-
methylation with the nuclear grade, which is an indicator of
nuclear abnormality of cancer cells (p = 0.017). It is worth noting
that 4.1B interacts with 14-3-3, a crucial modifier of the G2 check-
point, by sequestering Cdc2-cyclin Bl complex in the cyto-
plasm.>° While Robb er al. recently suggest that 14-3-3 might
not represent the critical 4.1B effector protein,”! there is emer, §1ng
data to support a role for 4.1B in the regulation of apoptosis.!

One of the most serious clinical problems of RCCC is a fre-
quent metastatic recurrence that occurs even after the tumors are
completely resected in their early stages. 4.1B is an actin-binding
protein involved in actin cytoskeleton organization and actin-
mediated processes, including cell motility and adhesion. 1920 1¢ s
possible, therefore, to hypothesize that loss of 4.1B function might
be involved in metastasis of RCCC cells to distant organs. Our
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findings that 4.JB promoter methylation is an independent prog-
nostic factor of metastatic recurrence for RCCC patients would
support this hypothesis. Furthermore, the observation that the
recurrence-free survival of patients with tumors of 4.JB promoter
hypermethylation was significantly shorter than that in patients
without 4./B promoter hypermethylation (p = 0.0036) suggests
that 4.1B expression might represent a surrogate marker for this
metastatic feature. It should be noted that 2 patients with metasta-
sis at the time of resection, who were excluded from this analysis,
also showed 4./B promoter hypermethylation in the primary
RCCC. In conclusion, our results provide the first demonstration
that 4.1B promoter hypermethylation was involved in the develop-
ment and/or progression of RCCC and may represent an independ-
ent and novel prognostic factor of the metastatic recurrence for
RCCC patients.
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Urothelial carcinomas are well known to feature multifocal
development in the urinary tract, both synchronously and
asynchronously. This phenomenon can be explained by elther
seeding of cancer cells in the urinary tract or field cancerization.

As there are two characteristic morphological pattemns of

urothelial carinomas, paplillary and rodular, published papers
were here reviewed to understand the development and
progression of urothelial carcinoma regarding muttifocality due
to seeding or field changes with reference to the type of
urothelial carcinoma. From animal experiments using rats, mice
and dogs treated with N-butyi-N-(4-hydoroxybutyl) nitrosamine,
and from pathological observation of human cystectomy
specimens on step-sectioning and molecular analysis, nodular
carcinomas appear to either develop via papillary carcdinomas or
de novo. Clinical aspects of multifocal tumor development are
outside of the scope of this review, although an understanding

.of the mechanisms underlying multifocality and the papillary/

nodular morphological relationship is important to determine
follow-up strategies for patients treated for primary urothelial
carcinomas and for reconstruction of the urinary tract after
cystectomy. (Cancer Sci 2006; 97: 821-828)

T he urothelium (also known as the transitional cell
epithelium) covers the luminal surface of almost the
entire urinary tract, extending from the renal pelvis, through
the ureter and bladder, to the proximal urethra. Typically it is
composed of three to seven layers of cells, that is, basal cells,
intermediate cells and superficial cells. The superficial cells
are large and binucleated, with a flat characteristic shape
leading to the term ‘umbrella cell’. Their luminal surfaces are
covered with an asymmetric unit membrane, which functions
as the pm'meabxhty barrier between the urine and blood
vessels in the urotheliom.®

Worldwide, there are approximately 336 000 new cases of
urothelial carcinoma and 132000 deaths annually.® The
majority of lesions are bladder carcinomas, and urothelial
carcinomas of the renal pelvis and ureter account for only
approximately 7% of the total.® In Japan and western coun-
tries, more than 90% of bladder carcinomas are urothelial
carcinomas, and squamous cell carcinomas and adenocarci-
nomas are rare. Risk factors include tobacco smoking,
occupational exposure to aromatic amines, consumption of
arsenic-laced water, radiation therapy of neighboring organs
and chemotherapeutic drugs such as alkylating agents. In
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contrast, in Egypt, where the dominant etiology is schistosomiasis
infection, squamous cell carcinomas are the most prevalent
bladder carcinoma. Here the focus of attention is urothelial
carcinoma in its papillary and nodular forms. Squamous cell
carcinoma and the clinical relevance of metaplasia will not

'becovered

Multifocal development of urothelial
carcinomas

The clinical aspects of multiple urothelial carcinomas need
to be emphasized:®

1 There are patients in which lesions in the renal pelvis,
ureter and bladder are observed simultaneously (Figs 1a, 2).
2 When standard nephrectomy is performed for renal pelvic
and ureteral carcinomas, approximately one-third of the
lower ureter is left intact. In this remammg ureter, urothelial
carcinomas develop subsequently ini 20-50% of the patients
(Fig. 1b). Consequently, at the present time, the state of the
art surgery for renal pelvic and/or ureteral carcinomas is total
nephroureterectomy,-including removal of a small poruon of
the bladder with the ureteral orifice (bladder cuff) in the
affected side.

3 Even if total nephroureterectomy is cartied out, however,
15-50% of patients exhibit subsequent carciiomas in the
bladder (Fig. 1c).
4 When superficial papillary urothelial carcinomas of the
bladder are resected uansmethrally (TUR), the rate for sub-
sequent development of urothelial carcinomas of a similar
biological nature in the normal-appearing bladder mucosa is
reported to be 50-80% (Fig. 1d).
5 When cystoprostatectomy (i.e. removal of the bladder and
prostate) is carried out for male bladder cancer patients, 4~
17% incidences of urothelial ¢arcinomas in the remaining
urethra have been described® (Fig. le). In female bladder
cancer patients, involvement of the urethra is reported to
occur in 1.4-36% of cases.©® -

After surgical treatment of bladder carcinomas, the incid-
ence of subsequent upper urinary tract carcinomas (of the
renal pelvis or ureter) ranges from 0.7 to 4%.™ Most of these
carcinomas are diagnosed 46 years after the initial appearance
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Fig.2. A case of renal pelvic, ureteral and vesical carcinomas who
underwent right nephroureterocystectomy.

of the bladder carcinoma.®® However, the risk is reported to
increase to the level of 6-20% (15-22-fold) if the patients
suffer from vesico-ureteral reflux.¢® .

With upper urinary tract carcinomas, simultaneous bilat-
eral lesions are rare, the estimated incidence being 1-5%.¢"
Approximately 2-3% of patients with unilateral upper
urinary tract carcinoma experience subsequent contralateral
upper urinary tract carcinoma.®® These clinical data should
be taken into serious consideration when we decide on
nephroureterectomy or cystectomy and plans for follow up

Fig. 1. Clinical findings indicating multifocal
tumor development in the urinary tract.
Black lesions are original tumors and red
lesions are recurrent tumors.

after surgery, and the upper and lower urinary tract and the
contralateral upper urinary tract should be assumed to-con-
stitute a single clinical unit from the renal pelvis to the urethra.

Field cancerization versus clonal expansion

To explain multifocal carcinoma development in the urinary
tract, two theories have been proposed.®*¥) The first is field
cancerization, proposed in 1953 by Slaughter ez al., which
was based on observations of the multicentric development of
cancers in the oral cavity, with the high impact of carcinogens
and promoting agents being associated with some lifestyle
factors.® A similar understanding is possible for the urinary
tract as the entire urothelium is exposed to carcinogens
contaminating the urine. The second hypothesis is that multiple
carcinomas in the urirary tract are the result of intraluminal
spread from a single lesion, originating from a single
transformed cell, namely seeding or implantation of cancer
cells at different sites. This phenomenon is also called clonal
expansion of multifocal carcinomas. Debates on multiple
cancer development have been similar for cancers of the
oral wvity,“" 3 tract,®? head and neck,%® breast,®®
ovary® and cervix.®? Recently, strong molecular evidence
has been presented in support of clonal expansion in the
epithelium of oral cavity and respiratory tract cases.?¢%
Many urologists and pathologists have supported the field
cancerization hypothesis in the urinary tract, but recent
molecular studies have also pointed to a clonal origin for
most multifocal urothelial carcinomas. Various molecular
analyses have been applied. Sidransky et al. investigated X-
chromosome inactivation in multiple bladder carcinomas of
four female patients and proved that the same allele of the X-
chromosome was inactivated in all lesions within the single
bladder.® Subsequently, Lunec ef al.?? and Habuchi er al.®
examined patients having heterotopic synchronous or recur-
rent urothelial carcinomas in the bladder or upper urinary
tract. These carcinomas had identical mutation sites and
patterns of p53 gene alteration, indicating the metachronous
carcinomas to be derived from the original carcinoma cells
due to clonal expansion. Habuchi also reviewed the origin of
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multifocal carcinomas of the bladder and upper urinary tract.%
Other genetic features that can be used to assess clonal origin
are loss of heterozygosity (LOH) and microsatellite alteration
patterns, both commonly used as markers of neoplasia.
Stoehr ez al. ana]yzzdprimarycaxcinomasin 14 cystec-
tomy specimens for p53 protein overexpression by immuno-
histochemistry and p53 gene mutation by genomic sequencing. én
They reported detection of p53-mutant cells in histologically
normal adjacent or remote mucosa and in preneoplastic
urothelial areas in four patients with invasive bladder carci-
noma, concluding extensive intraurothelial tumor cell spread.
Evidence of a monoclonal origin and intraepithelial spread
has also been provided by Simon et al. from comparative
genomic hybndu.anon in 32 bladder tumors originating from
six cystectomy specxmens @® Jdentical FR53 mutations and
protein overexpressmn were found in tumors from the same
individual, as well as in mucosal samples from the continuous
areas. The sequence of genomic changes apparently acquired
during progression of bladder carcinomas was highly
complex and varied within each patient and from tumor

to tumor. Early changes included alterations in —17p, +20p, -

—9p, ~9q, +2q34-qter, +12q14-21, +1922-q25, -8p22-pter,
—5q31-qter and +17q. Subsequent tumor progression was
characterized by accumulation of changes in +11q14, —21q,
—5q13-q14 +8q22 +10p, ~10g22gter and —11p. Cytogenetnc
variety in multifocal tumors has also been described in
support of intraluminal tumor seeding.®”

It is conceivable that widespread p53-mutated cells in the
normal urothelium are generated in the bladder due to carcin-
ogen exposure, and that from these, new tumors later develop
with surrounding normal-appearing mucosa having p53
mutations. However, there is no mechanistic explanation
for the intraepithelial spread of carcinoma cells to remote
normal-appearing mucosa, and it is unrealistic to consider
a mechanism due to cell motility. .

Although the clonal theory now dominates in explanations
of multifocality of urothelial carcinomas, there are also
conflicting observations. Cheng et al. collected cancer cells by
microdissection from 18 cystectomy specimens from female
patients and analyzed the X-chromosome-linked human
androgen receptor gene G0 Only 11 of the 18 specimens were
informative, with nine exhibiting non-random inactivation of
the target locus and seven showing different patterns,
indicating field change in these cases. Paiss ez al. examined
X-chromosome inactivation in 45 archival or fresh frozen
bladder tumors obtained from 27 female patients using a poly-
merase chain rea_cuon-based procedure.®V Polyclonal patterns
were observed in 16 of the 45 tumors. Stoehr e al. examined
multiple samples from four cystectomy specimens for
LOH at chromosomes 8p, 9p, 9q and 17p and they observed
oligoclonality in two patients.”” Thus, both hypotheses
continue to be discussed, although clonal expansion by
intraluminal spread of primary carcinoma appears the dominant
explanation for multifocality. , ‘

Relationship between papillary carcinoma
and nodular carcinoma

Urothelial carcinogenesis has been investigated in various
species of animal. A particular focus has been on the

" Kakizoe

histogenesis of lesions in rats treated with the carcinogen
N-buty)-N-(4-hydroxybutyl) nitrosamine (BHBN).¢? Normal
urothelivm of rats is composed of two to three layers of
urothelial cells and when BHBN is given in the drinking
water, the mucosal layer becomes hyperplastic at 4 weeks. If
BHBN administration is stopped at this point, mild
hyperplastic mucosal lesion regresses to the normal state.
However,xfBHBNumemisoonmd,mncosalhypaplasia
progresses to papillary growth and papillary carcinomas
develop via papillomas (Fig. 3). Large papillary carcinomas
may occasionally invade the bladder wall. Usually, papillary
carcinomas are multifocal but superficial, indicating bladder
carcinomainmtstobeagoodmodelforhuman papillary
bladder carcinoma. With progression, urinary bladders become
filled with: multifocal urothelial carcinomas and rats die due
to massive bleedmg Papillary carcinomas are always ‘induced
in rats, mespecuve of the strain of animal, the concentration
of BHBN, or the carcinogen, with similar findings being
reported with N-(4-[S-mn'o-2-fm'yl]-2-thlzolyl)foxman'nde and
N-methyl-N-nitrosourea.

Urinary bladder carcinogenesis in mice treated with
BHBN in the drinking water originates in the normal mucosa
(composed of two to three layers of urothelium) and progresses
through mild hyperplasm, dysplasia and carcinoma in situ, to
form large nodular invasive carcinomas® (Fig. 4). Bilateral
ureters aré ﬁequently obstructed due to invasion of carci-
nomas. into the bladder wall, and when advanced, mice
die because of renal insufficiency due to hydronephrosis.
Becanse of these features, the bladder carcinomas induced by
BHBN in mice offer good models for human nodular inva-
sive bladder carcinoma. Of interest, it has proven impossible
to induce multiple papillary carcinomas in any strain of
mouse, not with any concentration of BHBN nor any other
carcinogen. Thus, there is a clear contrast between the
biological and morphological characteristics of bladder
carcinomas in rats and mice.

Bladder carcinogenesis in female dogs has been studied
extensively by Okajima ez al. who used these animals to
periodically observe the surface of the bladder epithelium
directly by cystoscopy.®? They made capsules of BHBN
(80-500 mg/capsule), which were administered once a day.
After 4-5 years, papillary superficial bladder carcinomas
were induced (Fig.5), and when these were examined by
cystoscopy without further BHBN treatment after more than
10 years, the bladders of the dogs were full of multifocal
papillary carcinomas. When dogs were given 500 mg of
BHBN daily, nodular invasive carcinomas were induced after
approxmately 1 year. These ﬁndmgs indicate that bladder
carcinogenesis in dogs can be controlled by the concentration
and period of BHBN administration in terms of the type of
carcinoma (i.e. paplllary superﬁc:al and nodular invasive
bladder carcinoma). Thus, in the various animal species, rats,
mice and dogs, the relatxonsmp between papillary and
nodular carcinomas in the bladder appears to differ.

Morphologn:al and patbologxca] characteristics of human

urothelial carcinomas; .mainly bladder carcinomas, are a

combination of papﬂlary (P), papillonodular (PN), nodular
(N) and carcinoma in situ (C). On careful analysis of cancer-
ous lesions and normal-looking mucosa of 186 cystectomized
specimens by step-sectioning,®® we classified 17 as C and 80
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carcinoma

Fig. 3. Histogenesis and progession of papillary carcinomas in rats. (Reproduced with permission from Medical view Co., T. Kakizoe,
Development and Progression of Bladder Cancer, 1995.)

carcinoma

Fig. 4. Histogenesis and progression of nodular invasive carcinoma in mice. (Reproduced with permission from Medical view Co., T.
Kakizoe, Development and Progression of Bladder Cancer, 1995.) °
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Fig. 5. Development and progression of papillary and nodular
carcinomas depending on the concentration and period of
administration of N-butyl-N-(4-hydroxybutyl) nitrosamine (BHBN) in
female dogs.®® (Reproduced with permission from Medical view Co.,
T. Kakizoe, Development and Progression of Bladder Cancer, 1995.)

Y
.

as P and P+ C. Fifty-seven cases featured apparent early
changes from P to a mixture of P and N, whereas six showed
late development of N with repeated recurrence of P. The
findings thus indicated some N to have developed from P as
more anaplastic cell populations ‘within a pre-existing low-
grade lesion, whereas others arose directly de novo from C
(Fig. 6). Topographic relationships between P and N in the
pT3 group are illustrated in Fig. 7. Figure 8 demonstrates

G3, pTib

Fig. 6. Conceptual progression routes of papillary (P), papillonodular
(PN) and nodular (N) carcinoma, and carcinoma in situ (C), in 186
¢cystectomized specimens examined by step-sectioning.®®

findings for patients having a previous history of repeated

’ recurrence of papillary carcinomas treated by TUR. At the

time of cystectomy, all the cystectomized specimens showed
a variable degree of coexistence of P, N and C.

Molecular pathways of urothelial
carcinogenesis

With papillary superficial and nodular invasive carcinomas,
there appear to be differences in molecular pathways as well

Fig. 7. Cases of pT3 cystectomized specimens indicating coexistence of papillary (P; blue), papilionodular (PN; yellow) and nodular (N; red)
carcinoma together with oblique line area (C) and shaded area (dysplasia).®®

Kakizoe
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Fig. 8. Eleven cases of cystectomlzed specumens having histories of multiple transurethral resection for papillary recurrent carcinomas

showing vanety of stages and morphology in‘a single bladder.®%

as morphology‘“‘”’ (Fig. 9). The most common genetic
alterations in low-grade papillary urothelial carcinomas are
LOH of chromosome 9 and activating mutations of fibroblast
growth factor receptor 3 (FGFR3). 0940 Qver 70% of low-grade
papillary carcinoma exhibit FGFR3 mutations, but only 10-
20% of high-grade invasive carcinomas have FGFR3 mutations,
implying a key role for FGFR3 together with mutations of 9p
and 9q, specifically for the induction of low-grade papillary
carcinomas. Invasive carcinoma is frequently associated with
p53 mutations.“~)

In addition to the above-mentioned genomic abnormalities
associated with urothelial carcinoma, epigenetic alterations
also occur during urothelial carcmogenems Almost all cells
in the human body contain the same sequence of DNA, but
cells in different organs during different developmental
stages express different genés by eplgenetxc control of cellu-
lar function. This expression control of DNA is achieved by
DNA methylation, chromatin structure and transcription
factors. DNA can be methylated at cytosine residues adjacent
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to guanine residues (CpG) and CpG sites are distributed
non-randomly throughout the genome, being found as islands
in the promoter and exonic regions. Inactivation of tumor
suppressor genes is known to occur via promoter hypermethy-
lation, frequently due to DNA methyhmnsferase 1 (DNMT]).
Expression of DNMT]1 is increased in tumors and even
during the precancerous stages of the urothelium with the
developmem of fiat carcinomas in situ.“9 Hypelmethylauon
in urothelial carcmogenesxs has also been observed in the
promoter region of the E‘cadherin gene, indicating an
association with carcinoma insitu and detachinent of cells or
clusters of carcinoma cells in the urine.“

Development and progression of urothelial
carcinoma

As is shown in Fig. 1, multifocal transitional cell carcinomas
may develop in any region of the urinary tract, from the renal
pelvisfureter to the bladder/urethra.“49 Whereas upper urinary
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