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levels. ADT was given before, during and after radiation ther-
apy in 88.9, 88.1 and 79.8% of patients in PCS9901. Con-
formal therapy was performed in 43% and the median dose
delivered was 68.4 Gy in PCS9901, which is increasing com-
pared with 65 Gy in PCS9698. The PSA progression-free
survival (<1.0 ng/ml) of patients receiving EBRT (66 Gy)
and ADT at National Cancer Center Hospital (NCCH) was
65 and 57% at 5 and 10 years, respectively. The delivered
dose was increased from 66 to 72 Gy about 2 years ago in
NCCH. For patients in PCS9901, 24 and 16% had received
dynamic and static 3D-CRT, respectively. Only 3% of them
had received IMRT. RT has been recognized as curative treat-
ment for PC in Japan.

THE ROLE OF HIGH-DOSE EXTERNAL BEAM RADIOTHERAPY
IN THE TREATMENT OF PROSTATE CANCER (BY MICHAEL
ZELEFSKY)

Clinical trials during the last 5-10 years have demonstrated the
need for increased radiation doses to achieve a maximal local
tumor control for patients with clinically localized PC. Con-
ventional RT with 65-70 Gy provided only 50 and 24% PSA
control rate for T1-2 and T3 tumors, respectively. The 10 year
PSA RFS rates for favorable risk patients treated to 75.6 Gy
was 85% compared with 58% for 70.2 Gy and 47% for
<70.2 Gy. For intermediate-risk patients, the 10 year PSA
RFS for patients treated to 75.6 Gy was 54% compared
with 45% for those with 70.2 Gy and 23% for dose levels
<70.2 Gy. For unfavorable risk patients the 10 year PSA
RFS for 75.6 Gy was 41% compared with 26% for 70.2 Gy
and 10% for <70.2 Gy. A Cox regression analysis demon-
strated that pretreatment PSA (P < 0.001), radiation dose,
GS, clinical stage and neoadjuvant ADT were important inde-
pendent predictors of PSA response. Post-treatment biopsy
studies have also confirmed that higher doses >75.6 Gy
have been associated with improved local control outcomes
and improved metastasis-free survival. Higher radiation doses
translate into improved tumor control which in turn reduces the
risk of distant metastases and death from PC. With the advent
of 3D-CRT and IMRT, the late side effects of therapy have
been significantly reduced. These sophisticated treatment
delivery systems have effectively reduced the volume of nor-
mal tissue carried to the higher radiation doses and have dir-
ectly resulted in reduced frequencies of rectal bleeding and late
urinary toxicities despite the application of dose levels as high
as 86.4 Gy.

WIDE RESECTION OF THE PROSTATE WITH NEQADJUVANT
HORMONE THERAPY (By HIROYUKI FUJIMOTO)

From randomized prospective studies, the efficacy of combin-
ing RP with neoadjuvant hormone therapy (NHT) for ¢T1-2 PC
has not proven to be adequate in terms of biochemical or local
control. For ¢T3-4 disease, RP alone is not favored because of
high rate of positive margins and PSA failure. Urologists at
the National Cancer Center have developed a new surgical
method of wide resection of the prostate with 6-12 months

of neoadjuvant ADT for patients with c¢T3-4 GS 7-9 tumors.
From January 2000 to December 2003, 67 patients were
enrolled for the non-nerve-sparing operation. Follow-up dura-
tion ranged from 210 to 1613 days (median 569 days). Wide
resection was conducted without preservation of the bladder
neck; the seminal vesicle, especially at their base, was covered
by Denonvilliers” fascia. Pathological stage distribution was
pl0 1 (2%), pT2 27 (42%), pT3a 17 (27%), pT3b 6 (9%) and
pT4 13 (20%), respectively. The positive surgical margin rate
was 10%. The projected 3 year PSA recurrence-free rate was
80% in all patients. Of note, pTO~pT3a patients had a 4 year
PSA recurrence-free rate of 95%. No clinicopathological fac-
tors were found to be significant predictors for PSA recurrence.
About 90% of patients were pad-free in 6 months. Preoperative
risk analysis is necessary to avoid unsuccessful operation.
Long-term follow-up is necessary.

CHAIRPERSON: ROBERT MYERS

IMPROVED QUTCOMES WITH CONFORMAL PROSTATE
BRACHYTHERAPY IN THE TREATMENT OF CLINICALLY
LOCALIZED PROSTATE CANCER (BY MICHAEL ZELEFSKY)

Permanent seed brachytherapy has become an important treat-
ment modality for PC. The advantage of seed implantation
with 1-125 or Pd-103 radioactive seeds is that the seeds can
deliver a substantially higher radiation dose to the prostate and
surrounding tissue compared with modern EBRT. The results
of TRUS-based preplan brachytherapy at 10-15 year for
favorable risk patients were excellent. However, for high-
risk patients, preplan brachytherapy is associated with a
poor outcome. Dr Grimm’s data on brachytherapy alone
showed that 126 patients with PC of GS < 7 were treated by
the ‘Seattle’ method of prostate brachytherapy. Median PSA at
presentation was 5.1 ng/ml. Median PSA-based follow-up time
was 81.4 months. PSA progression-free survival based on the
ASTRO failure definition is 85% at 10 years. Acute side effects
do exist with brachytherapy, such as: urinary symptoms (31%),
urethral stricture (11%), rectal bleeding (11%) and ED
(35-40%). The limitations also include that preplan will not
consistently reflect the anatomic conditions in the operation
room. To overcome the distortion mismatch, intraoperative
3D-conformal treatment planning for prostate brachytherapy
was developed at MSKCC. Procedure relies on real-time
imaging and planning. Minimum dose delivered is 144 Gy
and can be up to 288 Gy. Consequently, the improvement
in conformality of the radiation dose distribution did lead to
a reduction in toxicity, which then translates into a better
biochemical outcome.

THE ROLE OF SALVAGE RADIOTHERAPY AFTER
PROSTATECTOMY (BY MICHAEL ZELEFSKY)

There has been an increasing interest in better defining the role
of salvage RT for a rising PSA after RP. Only a select group of
patients with disease confined to the prostate bed will benefit
from RT. There are three ways of locating the possible source



of PSA relapse: diagnostic studies, PSA kinetics and prostatec-

tomy pathology, albeit imprecise. The diagnostic studies may
include MRI, bone scan, biopsy of the anastamosis, Prostascint
study and PET. Immediate detectability of PSA after surgery
suggests micro-metastatic disease. Delayed PSA recurrence
suggests local residual disease. PSADT > 6 months suggests
local disease. Presalvage RT PSA > 0.6 suggests distant fail-
ure. The pathology information is also helpful. Positive margin
and positive extracapsular extension suggest local recurrence,
whereas seminal vesical invasion and lymph node micro-
metastasis suggest distant failure. A multi-institutional study
of salvage RT for failed RP (1 = 537; JAMA 2004) showed that
the long-term biochemical progression-free and metastasis-
free rate at 8 years is around 30 and 55%, respectively. By
multivariate analysis, high pretreatment PSA, high GS, neg-
ative surgical margin and short PSADT are the four independ-
ent risk factors predicting biochemical relapse after salvage
RT. A nomogram is available for the prediction.

WHY IS PROSTATE CANCER INCREASING IN ASIAN COUNTRIES
INCLUDING JAPAN? (BY TALll TSURAMOTO)

Dr Tsukamoto first stated that 30 and 90 men die of PC every
day in Japan and the United States, respectively, and that 60
and 600 men are diagnosed as PC every day in Japan and the
United States, respectively. The age-adjusted mortality rates
per 100000 of PC in Japanese men have gradually increased
with 0.5 in 1950, 3.8 in 1975, 6.0 in 1990 and 8.4 in 2001. The
increase has skyrocketed since 1990. This increase pattern of
the disease is similar to that found in the United States where
the incidence suddenly started to increase in 1985, reached the
maximum in 1993 and decreased thereafter. Prolongation of
lifespan, early detection with PSA, changes in lifestyle and
genetic predisposition may be responsible for elevated incid-
ence and mortality rates. PSA examination in clinics detected
5-8% of patients with PC among those with lower urinary
tract symptoms. The PC incidence for Japanese living in
Hawaii is higher than Japanese living in Japan but still
lower than Americans. It is reported that mutation pattern
in surgical specimens is different between Caucasian and
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Japanese men. It has been shown that Japanese men have a
smaller prostate volume than American, Scotland and Dutch
men across all age groups between 40 and 80 years of age.

CLOSING
CHAIRPERSON: ROBERT MYERS

SUMMARY OF SYMPOSIUM AND CLOSING REMARKS
(BY TADAO KAKIZOE)

Dr Kakizoe gave the closing remarks by summarizing the
lectures that have been given in the past two-and-a-half
days. We learned that PC is the most common cancer of
males in several developed countries. PC is also increasing
sharply in some Asian countries including Japan, Korea and
Taiwan. PC is full of heterogeneity of phenotypes and geno-
types. PSADT is a good marker for watchful waiting; latent
cancer, screened cancer and clinical cancer show same over-
expression of p53 and Ki-67. There definitely is harm from
screening such as psychological stress, side effects and over-
treatment and the benefit of screening is to be shown. Serum
PSA is correlated with PC volume. PSA < 2.5 is advised as a
new cut-point for Americans. We need to develop new markers
and imaging procedures. In chemoprevention of PC, we
doubted that ‘prevented’ tumors may not be biologically
and clinically important. NVB preservation may be associated
not only with sexual function but also with better continence
recovery. Significant progress has been made in the molecular
mechanism of prostate tumorigenesis, development of gene
therapy and immunotherapy in Japan. We also had lectures
that covered the optimal timing of ADT and the recent progress
in chemotherapy for PC. There are multiple choices of ther-
apies for PSA recurrence after RP. We also know the expected
results of salvage RT and ADT for these patients. Various
forms of RT have become major tools for the treatment of
these patients. There are multiple nomograms available to
be used to predict treatment outcome. A successful and fruitful
symposium was concluded.
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Promoter hypermethylation of the potential tumor suppressor DAL-1/4.1B gene
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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
cytoskeletal organization, the underlymg mechanism has not been
elucidated. DAL-1/4.1B is an actin-binding protem lmpllcated in
the cytoskeleton-associated processes, while its inactivation is fre-
quently observed in Iung and breast cancers and meningiomas,
suggesting that 4.1B is a potentlal tumor suppressor. We studied a
possiblé involvement of 4.1B in RCCCs and evaluated it as a clini-
cal indicator. 4.1B protein was detected in the proximal 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 4.18 promoter was methylated in 9 of 19 (47%)

RCC cells 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#with a nuclear grade
(p = 0.017) and a recurrence-free survival (p = 0.0036) and pro-
vided an independent prognostic factor (p = 0.038, relative risk
10.5). These results indicate that the promoter methylatlon 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 i

Renal cell carcinoma (RCC) accounts for about 2% of human
cancers worldwide, with an incidence of 189,000 and a mortahty
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 i in angiogenesis, one of the most character-
istic features of RCCC. Eplgenetlc mactlvatlon of the RASSFIA
gene is also reported frequently in RCCC.5® In addition, promoter
rnethylation 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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suggestmg that dlsruptlon of cell adhesion and cytoskeleton organ-

ization is also involved in RCCC.>*° On the other hand, mutation
of the H-, K-, N-ras and 1nact1vat10n of the TP53 and RBI genes
are relatlvely rare events,!! while inactivation of the p] 6/CDKN2A
gene is involved in a small subset of advanced RCCC."?

We have reported that the loss of function of the tumor suppres-
sor in Jung cancer 1 (TSLC1) protein, an immunoglobulin super-
family cell adhesion molecule, is implicated in a variety of human
cancers in their advanced stages.’*>~!7 In addition, we have demon-
strated that TSLC1 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, suggestmg that the 4./B  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—assocxated proper-
ties, including cell adhesion and motility. >

To analyze the role of TSLC1 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.IB gene expression in these tumors.

‘Herein, we demonstrated that hypermethylation of the 4.IB

gene was a frequent event and could provide an independent prog-
nostic factor for metastatic recurrence after completely resected
RCCC.

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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Culture 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, RCC10RGB, TUHRATKB, TUHRIOTKB and TUHRI4TKB
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 noncarcerous 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 Internationale
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 pM, each).

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

Atday0, 1 X 10° cells were seeded, treated with 5-aza-2'-deoxy-
cytidine (10 uM; Sigma-Aldrich, St. Louis, MO) or PBS for 24 hr
on days 2 and 5 and collected on day 8, as reported previously.

Loss of heterozygosity (LOH) analysis

Five DNA fragments containing single nucleotide polymorphisms
(SNPs) on 18p11.3, namely IMS-JST067229, IMS-JST031621,
IMS-JST082513, IMS-IST143134 and IMS-JIST119847, were
examined for LOH as described previously.

Bisulfite sequencing

Bisulfite sequencing was performed as described previously.25
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 -CGGAGTTTCGGTGTTTTITTGTAATAGG-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
Fuichsin 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
(0.5 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 products.
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The criterion for hypermethylation was met when the ratio of the
methylated fragments to the unmethylated fragments was more
than 0.4.

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-paraffinization
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 overnight. 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.
Recurrence-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./B gene in nor-
mal kidoey 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
critetia 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 4.1B promoter in RCC cells. By using bisuliite
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
TUHRIOTKB and A704 cells lacking 4.1B expression, whereas
they were not methylated in KMRC1 cell expressing a significant
amount of 4.1B transcript (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 amptification of the bisul-
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FIGURE 1 — Expression of the 4.IB gene in RCC. (a) and (b): RT-PCR analysis of 4.1B and B-actin in RCC cell lines (4) 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 4./B, respectively. R and L indicate retention and loss of heterozygosity, respectively. N in (@) 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 2¢, clones with
known sequences in terms 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 TUHRIOTKB and A704 cells showed a pattern of
hypermethylation, while KMRCI 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.IB 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 hypermethylation. 4.1B promoter
methylation strongly correlated 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 4.1B 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 4.1B. Vertical bars indicate CpG sites numbered 1-40. Black and white
circles represent methylated and unmethylated CpG, respectively. Rows 1-4 indicate the results of independent clones. (b): Bisulfate sequencing
of the 4. 7B promoter in 3 RCC cells. Sequence traces in each sample correspond to the genomic sequence (—65 bp to —23 bp from the transcrip-
tion initi ation site) shown in the top line. CpG sites, numbered 19-22, are underlined. Asterisks indicate the nucleotides corresponding to methy-
lated cyt osine residues at the CpG sites. (c)~(e): Bisulfate SSCP analyses of the cloned DNA fragments of known sequences (c¢), RCC cells (@),
and surgically resected RCCC and corresponding noncancerous kidney (e). C and N in (¢) 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).
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TABLE I~ METHYLATION AND EXPRESSION STATUS OF 4.1B AND CLINICOPATHOLOGICAL
CHARACTERISTICS IN RCCC

4.1B Promoter

Number of cases

* Hypermethylation (%) No methylation (%) p-value
4.1B expression

RT-PCR

Analyzed 19 9 @47) 10 (53)

Positive 7 1(14) 6 (86)

Reduced 2 0(0) 2 (100)

Negative 10 8 (80) 2(20) 0.006"
Immunohistochemistry

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 Characteristics

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

I 36 15 (42) 21 (58)

Il : 8 4 (50) 4 (50)

1 8 4(50) 4 (50)

v 3 2(67) 1(33) Ns!
TNM classification

pTla 17 8 (47) 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!

pT4 0 0(0) 0.(0)

pNO 54 25 (46) 29 (54)

pN1,pN2 i ()] 1(100) Ns!

pMO 53 23 (43) - 30 (57)

pM1 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.
1Mann—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-quantitative RT-
PCR analysis revealed that the expression of 4.78 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 4.1B 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 4.7B 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, TUHRATKB, TUHR10TKB, KMRC3
and 769-P) harbored a hypermethylated 4./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 RCCC, using a polyclonal antibody
against U2 domain of human 4.1B.'% As shown in Figure 3a, 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.B promoter,
showed absence of 4.1B protein expression (Fig. 3c). In this
regard, loss of 4.1B protein expression significantly correlated
with 4.18 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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Ficure 3 — Immunohisto-
chemical analysis of 4.1B protein
in human normal kidney (a) and
surgically resected RCCC (b)-
(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
tubules (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 upmethylated 4.1B pro-
moter, respectively. Original mag-
nifications, X400. M

diffusely in the cytoplasm, but not at the cell membrane (Fig. 3d).
Includmg 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 hypermethylation
of the 4.1B gene

‘To understand the clinicopathological significance of the pro-
moter methylation of the 4./8 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 I, 4.1B
hypermethylation was observed in 15 of 36 (42%) tumors repre-
senting stage I and in 8 of 17 (47%) tumors with pTla, whereas
the incidence of hypermethylation did not increase significantly in
turnors in more advanced stages. These results suggest that 4./B
hy permethylation occurs in a subset of tumors as a relatively early
event in multi-stage renal carcinogenesis. Correlation of the 4./B
hy permethylation 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./B methylation as a
prognostic factor of metastatic recurrence for RCCC patients. Of
55 patients examined for 4./B methylation, 53 patients who
received complete surgical resection of RCCC were examined for
their prognosis, whereas the other two patients were excluded

from the analyses because they harbored metastasis at the time of
resection. Kaplan-Meier analysis revealed that the recurrence-free
survival of patients with tumors 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 model indicated that 4./B methylation
was an independent prognostic factor, as shown in Table Il (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
1ndependent prognostic factor for RCCC patients. Analysis of the
expression, methylation and allelic status of the 4.IB 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 a putative transcription start
site of 4.1B gene and a Sp1-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-alielic 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./B 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
(o]
g\/ 100 =
= |
©

80 =
© .
=
g.. 60.
m &
()
L2 40-
q) |
(&)
S 209
(O]
t e
o
D 0H
o

YAMADA ET AL.

No methylation '( N = 30 )

Hypermethylation (N =23 )

P =0.0036

Ficure 4 — Recurrence-free sur-
vival of the patients who received
complete resection of RCCC with
hypermethylated and unmethylated
4.1B" promoters. Intervals between

| LI N N N B R RN R
10 20 30 40

50

Months after resection

the primary surgical resection and
the metastatic recurrence at the
lung, bone, liver, or pancreas are
plotted in the Kaplari—Meier analy-
sis. Log-rank P is included. N indi-
cate number of cases.

LI ¥
60

TABLE II — PROGNOSTIC VALUE OF 4.18 METHYLATION STATUS, PATHOLOGICAL STAGE AND NUCLEAR GRADE FOR
RECURRENCE-FREE SURVIVAL IN RCCC

Kaplan—Meier analysis

Multivariate proportional hazard analysis

Variable
) p-value Relative risk 95% confidence interval p-value
4.1B methylation status® (U vs. M) 0.0036 10.5 1.1-974 0.038
Pathological stage (I, II vs. IIL, IV) 0.039 4.0 0.83-19.6 0.083
Nuclear grade (1 vs.2,3) 0.059 1.8 0.18-18.1 0.62

10, no methylation; M, hypermethylation.

tion and deficiency of transcription factors, 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 mernbrane. Some membrane proteins anchoring DAL-1 to the
cell mermbrane might 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 et al. have recently shown
that growth suppression of meningioma cells by 4.1B/DAL-1
requires proper membrane localization.”® This aberrant pattern of
subceltular 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./B promoter
hypermethylation in 25 of 55 (45%) surgically resected RCCC. It
has been speculated that the DNA methylation changes are rather
rare events in RCCC in comparison with other major malignan-
cies.””” In fact, previous studies have reported that the incidences
of hypermethylation in representative tumor SUppPressor genes,
including the VHL, pl 6/CDKN2A pI4/ARF and APC genes, are
less than 16% in RCCC.%?® However, the extensive analyses have
demonstrated that the promoters of the Timp-3 and RASSFIA genes
are methiylated in 60% and 23-91% of primary RCCC, respectively,

suggesting that several critical genes are inactivated frequently by
methylation in RCCC as are in many other tumors.>® The inci-
dence of promoter methylation of the 4.IB (45%) that we have
observed in this study is comparable to that of the Timp-3 and
RASSFIA 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. 2930 While Robb et al. recently suggest that 14-3-3 mlght
not represent the critical 4.1B effector protein,’ there is emer%mg
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.'??° It is
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 4.1B 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./B 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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bRWNES R ol — %, PET OB FE S
2 U CEEORERE, 73 2 BABED 5 WIdmk
CEHE, £IFNBERTERTESZOND XD ICED
Joo BUE, ERIGHIMRBEOERD 5\ IZEBEET
DHER ETH B, ZORMED SR IEED
HACSRTE 2 S QR ORIk ¥ O, (LEEIREHRIO
FEE PS40 RS DT, WRBESIRHE R EIC b RE
CEMT 2133 Ths,

3. H&EE MRI & R¥RER (magnetoencephalography:

MEG)

—7%, FHICEBRL TRMOERESS L EEORELD
BRI AR B & k5, BRI X285
HERTER, B2 OEFIZL > THTLH —HLIHDT
B, BAEZEBRREDOONLZEBbP>TET, 856
W, BB ORI & > TIROBBESENER T 2D T
EEOFIC I TR BER L Nz 1T 5 e B Ok
FBREL R 5, (ERIIEG 2L T 5wkl o THEE
BEEPEXEI S RVLEIOHMNIE, CT HBRLED
BEIERNBEE L MEOR LB L 5 L 25K ED
Teb I TH B, BED I DFTFOMESRE S SwFHELL,
#ehE MRI (fMRD) W0 B85 AT I BEES B, ’ES)
BORIEEWEEL Uiz, &z, BREEFRERELLT
NV AN—=H = & o THR S Nz, 1970 £
N OTEE 2 HIE % super—-conductive quantum inter-
ference device (SQUID). 2B S i, B CIEREZR
NEMOFLEIR, FHRWSOREEZTEEE L, RO
By UG (MEG) 03BA%6 S uize MEG % W7z
KINEE I B 5 HREE O, & 512 MRI o diffu-
sion tensor imaging (DTI) #F|F L 7= fiber tracking'®
HLBFE S N, BE TR & & O MREARHERS O i
HWHREBLLLODH B, 20O L IXMEREEDFEIA
E—RELIT P 7 ATHD T TR, BEONRER
ZEZ N B HEHEEHERTELA) vy F03H Y
BRI AL ZD O IREERSERCTHITE 57
BIzWANAFRTHE, IRHDOFEBEOVTIE, Th
FROERBWIBHINTW IO TERE iz »,

4. EZRWTOES & FiE bR

AR U7z & 5 i EER2 IE TR O f S R & HERE
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BRTED LD, MHECEAREEZ, efilz
BHHER CRITT 2 BMEeME T2 2L Lt olz, L
b, BEORED S RREERTEERAL, tHRiRtEE L DR
RICED & CRTATRC ko o5 R, T EeERE S
CLTITR B ODEM I EOERRMETRE 2Rt e L
Joo X BIATPOMEE~Y BV SRS Y VI EODE
AR ED, HABOFMIR X DE2, L OEERMZE
MTEBLIEB>TETWS,

5. EROES & MEHREA

EHROES TV Ea -5 OESLFTL TR,
NS DFETIELRD T & 7208 & BERIEE O BEHHER
wHIGHSh, FHEES REE2ZRT TV,

stereotactic radiosurgery (treatment)'?d Sl 1E
WZDORBLTH 2, FEROLFIREIC & 2 IEFEM~D
BEHROBEERBNPEL T3 0w HFRORHLRER
1k, BREETREHREE (IMRT) ot 2 ERL, B
TR % S BB b DT 2 ~L BRI ED &
NTn3, TTCRBASNIT T4 7N EDER
RSN S, REROBEHREROBEEICEHIE L
PEATLIHEEE > bDEEZIOND,

Z A, BEZ B THTRIEENC & 205, BEHRE
NITEER % AW HEBNEEI X 2EEO 2 ERTTbh T
X708, TS ORIRIZ OV TILRIEHEE 2 E S HE
BERLTLRW, L5 %O stereotactic radio-
surgery (-therapy) OEALSE, W/MERZHZ,
S OETHRER T EBEETRRIC L o T, MEkIFs
TSRS OB 72 3 B 24 1 RS R TR C
E o IR ERITHEL €, BIRERESED S|
EEDE S o TE TS,

II. BEBEOBERER LA

1. BEZOETEENEICBI T 5K

ARERIR T s Mifair 522 wbw3, E
AR D RTET RS T bt L 7o a0 £ TH % L OiS
BEIE LR RS B U CiTb vz 028 1970 4
RIZA-THOTH B, FORBEISTHEMDOIEE L
U CHIAZ T 2 Bl OFRRE T H 52, BET
T/ 7 u—FVEHE R o T iR g (MIB-1 425
i) TITbhTws, I BEHERAITE,
Heb 5wid CERF s Yy RAlvTiThbiiz, ZOR
BOZ L, BERPSKECHEL, 2V 72 V=T K
Y7 T vy R 2 IEERTRRTC CHERE LB
REFEDOHEIZ L B bDTH B,

SRR ORIEIC LY, RYBEE ShBBHF
ETHT_COMAEISE, BELTwLDTIREL,
BTEMIIL D 5 8 BRI BN S Y A — < TH 30%TR K iz
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¥, BEHRO AN X —DED CPL HiF 3P0 %
REfIZ 2 0 CIERS T 2 ZEERZEC L - T, SHIOE
S RWET 5 BERORMRE, < ORI S - THIEHEA
IR & R BRI B T IR RE L L (1),

IO LI ORER, BUNEE OREFT O/ S
A—F & U CHIlg iR 2~3 H, S 8~10 K¢,
G+ M HIfy 3B L FHl s h, #MIIEAHOZ <X G
THOHNBEZ EHHEL T,

ZDIT 5, %L OMfEBKREEES] (cell cycle
phase specific drug) &IN5 5-FU, MTX & i3,
ZO35b SEIC/ERL THEEMEIZIR 2 FE T 5 &5
¥H& M, nitrosourea 52 DOIEH % £ HI A IR ENE
HiE#H| (non-cell cycle phase specific drug) k4348 &
NlebFThd, ORR, T0%EF LI TR
I N5 EWINEEIX, <D non-cell cycle phase specific
drug BT 5 2 L CHBESEIFTE 5 ESRTE T,

1) MygmxEarY

IEFERCERD 5 2 MEAEAFT (blood brain barrier:
BBB) OFEMERMMEE, Thbb% { OEEME
BEOMRBEC B TR TWHEE8E L, BHE
BT HZOWWEIE CRMBBIMIERI L Tw 2 LK
HINTW B2, Levin & EHEH & BBB & ORI
BE3 29 2 AT, ZO@ERCEA 7Y /=N
LAk BB O, log pf (log octanol solubility/
water solubility) 7% 0.37 23T\ 1E ¥ BBB % & < @&
% L) EEESER 2 WG U BHIOED» 5 45 &, 4
F AL R WEEIKEEERTHFREIBOLUT, B
BT WHBOUTTHANIEIBBB 2@ BLES E3NT
W3, 72& 2%, BCNU 39T & 234, log p=1.53,
CCNU 234, p=2.83, ACNU 309, p=0.92, PCNU &
PIEMB0.37TOEFTHS EWMEINLT VI, 3B
drug delivery system (2%, MEEH & OEEHIC HEE
RUTHL ORTFIMEATL B 2 LIIMENT, O3EF

A BE

DOHZELHEREL T 5, ,
7, BEEBSLHEENRRIELUTORE, &
DBE, BEEI &> TOAEFSMEENEIET 2
bOT, KEEOEHTTy POEBRTIIML.5cm L
DERE L, FREM T, BT 5% BBB 2E#RL
THERZHNTLUE S 2o (ES) N g
REILE T, FERE COEERRAD RV E ST
b, SORMEEICERME X% 2 2 L3R OMERR
MSEWZ ECREFRTH 2, MiEEE,S>T 5 Lt
KRB Z S ZEHBERUIBERRPLETH D,

2. BRI (LBRE

BEHRIBR AR L T 2 BERRERTH 5, Bl
TRBEHRE R B IR R B IEE SR S T
Vw5, SHREHIGTE 2RETH 5, MEABOBTS
W& SN BICfE- T, Ml E BETRAERZEO D 2 G,
P ER S ¥ 210 b 2 bREH R O U G
Bz & o THEWSE 2H- RERSRBR S Tbhi:, B8
5z & o THEM S hve HHERILEMRIE T, ACNU
(100 mg/m 6 38 Z &) GERABEHHIGHE (2.0 Gy X 30 [EH
BSE) PHGHAREERL Y b, EBEEOY A X4
INSHERCHIE DS 47%, HB3 15% L HETH D 2 L k%
FEL 720 U UAETAHIMRMEIZETH 2 14 2 B, BEN
12hA L EEZIRDonEo T,

Z D, HE Sk 5 ACNUHREHRRIEHE (40~60
Gy) st ACNU+tegafur + HEHHRIGHE & O NIFES HEE
PR ERER CIIATHE 30.19%, 125 50.1% & BB/ %
Tl PR EEFMCIEEZIRD e
7229, Z DB OFIRT ORI, WIh b /RIED b
DOTH Y LI %2 & 2GRSV, B, KET
@ BCNU fFF O BEHRIGEE 1T 303 Bl O B IB I i
MU, fERHREE, BCNU BB, HUHRG R B,
BCNU+HgHam ot AE o 4 e, SHUTEEKRY
BRE LIz, FORE, ThEnOLTFEIIR hoR
14, 18.5, 36, 34.5 LFfOAFECH L, HESBRIGEG
FEEE R R AR 2R LTz, L L, BCNUB
e & 5 BRSBTS S i ho fe, KEIEERP
ger U CHEMS fLi: BOCNU %8R REB R B 5
T AIRRHER T, FRMCRIERE KR 5 B ENE
PRTHEENE L RS 2 LB L PR Tk B
7227,

3. {EFRUEHMTOMR

(L IRE BT ORI, KED Levin 512 &> T
PCV (procarbazine, CCNU, vincristine) HEg:AS5 145
BB - LT 1980 4E IR S NFERHER 20% % 18722,

— i BRI w3 B LR ORIRERER L, EGIO
MBI DIz o Te I KRERER S HEECH W EHTS
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Proportion surviving

r
§ 12 24 36 48 60
Time since randomization(months)
Patients at risk

RT +chemotherapy 1,698 720 295 149 96 68
RT alone 1,306 456 155 86 45 28
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BRI BTS2 5 U T R B b Bl RS IE,
Il EOEROIC BEH S Twh, INSDHL
WIBEOBSICIE, R Lomb Lz e b a—udd
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5. RERIE

gk BRI A 272D, FhWFERLT:
DOEDELTH Do #20 FE8 12 13 interferon H3HIH
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$Hb, UL, MEBCET 2B BT, g interfer-
on ORNE LB 0 L 37 14% (8/57 B) OZEFHH
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