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To clarify genome-wrde DNA methylatron proﬁles durmg multi-

stage renal carcmogenesrs, baeterral artlﬁcral chromosome array-

based methylate
performed. Nc

Cluster By,
was significa
variate analy
dependent

included in
s1gmﬁcantly
criminated Cluster By from Cluster A. In mdrvrdual patients,
DNA methylation status in N was basically inherited by the cor-
responding clear cell RCC. DNA methylation alterations in the
precancerous stage may generate more malignant clear cell RCCs
and determine patient outcone.

. Introduction

It is known that DNA hypomethylation results in chromosomal in-
. stability as a result of changes in chromatin structure and that DNA
hypermethylation of CpG islands silences tumor-related genes in co-
operation with histone modification in human cancers (1-5). Accu-
mulating evidence suggests that alterations of DNA methylatron are

involved even in the early and the precancerous stages (6,7). On the

Abbreviations: BAC, bacterial artificial chromosome; BAMCA, bacterial ar-
tificial chromosome array-based methylated CpG island amphﬁcatxon, RCC,

renal cell carcinoma; TNM, tumor—node—metastasrs

- Materials and methods

other hand, in patrents with cancers, aberrant DNA methylanon is
srgmﬁcantly associated with poorer tumor differentiation, tumor ag-
gressiveness and poor prognosis (6,7). Therefore, alterations of DNA
methylation may play a significant role in multistage carcinogenesis
and can become an indicator for carcmogenetrc risk estimation and
a blologlcal predictor of poor prognosis in patlents ‘with cancers. Re-
cently developed array-based technology for accessing genome-
wide DNA methylation status (8-10) is now mamly used to 1dent1fy
tumor-related genes silenced by DNA methylatlon in human cancers.
Subclassxﬁcatron of « cers based on DNA methylatron status, which
may reflect the distinct epigenetic pathways of carcinogenesis,

. and DNA methylation profiles, which could become the optimum

indicator for carcinogenetic risk estimation and predrctron of patient

outcome, should be further explored in each organ usmg array—based

approaches.

. With respect to renal carcmogenesw, we have reported that accu-

mulation of DNA methylation on C-type CpG islands occurs in
'nt manner (11, eVen in non-

iewpoint
,fe“nal tissues obtained
idered to already be at
remarkable histological
nflammation and per-

1 grades of the
individual patients
we examined DNA

antly correlated with
(12). However, we
ype CpG islands are
the optimum prognostic indicator for patients with clear cell RCCs.

In this study, in order to clarify genome-wrde DNA methylation
profiles during multistage renal carcinogenesis, we performed bacte-
rial artificial chromosome array—based methylated CpG island ampli-
fication (BAMCA) (13-15) using a rmcroarray of 4361 bacterial
artificial chromosome (BAC) clones (16) in normal renal cortex tissue
S s obtained from

clear cell RCCs,

Patients and fissue samples

Paired specimens of cancerous tissue (T1-T51) and correspondmg non-
cancerous renal cortex tissue showing no remarkable histological changes

. (NI-NS1) were obtained from materials surgically resected from 51 patrents

(RCCI-RCC shH with primary clear cell RCC. These patrents did not receive

_preoperative treatment and underwent nephrectomny in 1999-2006 at the
_ National Cancer Center Hospital, Tokyo, Japan. There were 34 men and 17
. women
tological diagn
zation classification (1), All the tumors were graded on the basis of

th 2 mean (+SD) age of 59 + 10 years (range 3l 81 years). His-
nosis was made in accordance with the World Health Orgam-
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previously described criteria (18) and classified according to the pathological
tumor—node—metastasis (TNM) classification (19). The criteria for macro-
scopic configuration of RCC (12) followed those established for hepatocel-
lular carcinoma: type 3 (contiguous multinodular type) hepatocellular
carcinomas show poorer histological differentiation and a higher incidence
of intrahepatic metastasis than type 1 (single nodular type) and type 2 (single
nodular type with extranodular growth) hepatocellular carcinomas (20). The
presence or absence of vascular involvement was examined microscopically
on slides stained with hematoxylin—eosin and elastica van Gieson. The pres-
ence or absence of tumor thrombi in the main trunk of the renal vein was
examined macroscopically. RCC is usually encapsulated by a fibrous capsule
and well demarcated and hardly ever contains fibrous stroma between cancer
cells (panel T in Figure 1A). Therefore, we were able to obtain cancer cells of
high purity from surgical specimens, avoiding contamination with both non-
cancerous epithelial cells and stromal cells.

For comparison, eight normal renal cortex tissue samples (C1-C8) were
obtained from materials surgically resected from eight patients without any
primary renal tumor. These patients included five men and three women with
a mean (+SD) age of 61 + 12 years (range 47-81 years). Six of these patients
underwent nephroureterectomy for urothelial carcinomas of the ureter, and the
other two patients underwent nephrectomy with resection of retroperitoneal
sarcoma around the kidney.

Ratio (test/reference)

DNA methylation profiles during renal carcinogenesis

High-molecular weight DNA from these fresh frozen tissue samples was
extracted using phenol-chloroform, followed by dialysis. Because DNA meth-
ylation status is known to be organ specific (21), the reference DNA for
analysis of the developmental stages of clear cell RCC should be obtained
from the renal cortex and not from other organs or peripheral blood. Therefore,
a mixture of normal renal cortex tissue DNA obtained from six male patients
(C9-C14) without any primary renal tumor was used as a reference for anal-
yses of male test DNA samples, and a mixture of normal renal cortex tissue
DNA obtained from three female patients (C15-C17) without any primary
renal tumor was used as a reference for analyses of female test DNA samples.

This study was approved by the Ethics Committee of the National Cancer
Center, Tokyo, Japan.

BAMCA

DNA methylation status was analyzed by BAMCA using a custom-made
array (MCG Whole Genome Array-4500) harboring 4361 BAC clones
throughout chromosomes 1-22 and X and Y (16), as described previously
(13-15). Briefly, 5 pg aliquots of test or reference DNA were first digested
with 100 U of methylation-sensitive restriction enzyme Smal and subse-
quently with 20 U of methylation-insensitive Xmal. Adapters were ligated
to Xmal-digested sticky ends, and polymerase chain reaction was performed
with an adapter primer set. Test and reference polymerase chain reaction

°
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Fig. 1. DNA methylation alterations during multistage renal carcinogenesis. (A) Microscopic view of normal renal cortex tissue obtained from a patient without
any primary renal tumor (C), non-cancerous renal cortex tissue obtained from a patient with clear cell RCC (N) and clear cell RCC (T). N shows no remarkable
histological changes compared with C, i.e. no cytological or structural atypia is evident in N. Since T hardly ever contains fibrous stroma between cancer cells, we
were able to obtain cancer cells of high purity, avoiding contamination with stromal cells. Hematoxylin—eosin staining. Original magnification x20. (B) Scanned
array images yielded by BAMCA in C, N and T. Test and reference DNA labeled with Cy3 and CyS5 was cohybridized, respectively. (C) Scattergrams of the signal
ratios (test signal:reference signal) yielded by BAMCA in C, N and T. In all eight C samples (C1-C8), the signal ratios of 97% of BAC clones were between 0.67
and 1.5 (red bars). Therefore, in N and T, DNA methylation status corresponding to a signal ratio of <0.67 and >1.5 was defined as DNA hypomethylation and
DNA hypermethylation on each BAC clone compared with C, respectively. Even though N did not show any remarkable histological changes compared with C [panels
C and N in (A)], many BAC clones showed DNA hypomethylation or hypermethylation. In T, more BAC clones showed DNA hypomethylation or hypermethylation,
and the degree of DNA hypomethylation and hypermethylation, i.e. deviation of the signal ratio from 0.67 or 1.5, was increased in comparison with N.
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