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Toshima-ku.

Hereditary renal cell carcinomas Invariably develop by the age of 1
year In Eker rats. At the histological level, renal cell carcinomas develop

Materials
Animals.

is localized, was found In the renal cell carcinomas which developed from
hybrid Fl rats carrying the Eker mutation, indicating that In heterozy
gotes two events (one inherited, one somatic) are necessary to produce at

present

ThIs Is the first demonstration

results support

ing Laboratory) by brother X sister mating and maintained pathogen free in the
Animal Facility of Cancer Institute since 199i. All animals were housed and
carriers by detecting microscopic kidney tumors following unilateral nephrec
tomy at 3â€”6months of age. Three carrier rats were sacrificed to obtain kidneys
that contain early preneoplastic lesions. Of three rats, two were hybrid Fl rats

[RC/+, LE(USA)/inbredbrown Norway (BN) strain (Charles River Japan,
Inc.), 112 and 142 weeks] and the other one was a hybrid P2 rat (RC/+, 10

dissect single altered renal tubules out of

freeze-dried sections and clearly detected LOH in 4 of 19 altered tubules
(21%).

ofLOH

in single renal tubules.

the theory of a second, somatic mutation

weeks) which was produced by a hybrid male F! rat [RC/+, LE(USA)/BN]

Our

inherited

cancer and the twnor suppressor

nature of the Tsc2

Preparation of Sections and Histulogj@. Eighteen-g.tm serial sections were
prepared with a cryostat microtome. As shown in Fig. 1, they were divided into
groups every three serial sections. The second section of each succeeding
group was stained with PAS for histological examination. The first and third
sections of each set of three serial sections, which were used for microdissec

gene function
Introduction
RC@in the rat, originally reported by R. Eker in 1954, is an example
of a mendelian dominantly inherited predisposition to a specific
cancer in an experimental animal (1). Recently, the predisposing gene
of the Eker rat was mapped to the proximal part of rat chromosome 10
(2, 3). We have established a new conserved linkage group on rat lOq
and human l6pl3.3 whereby the Eker mutation was found to be
tightly linked to the tuberous sclerosis (Tsc2) gene (4) and finally
identified a germline mutation in the Tsc2 gene (5, 6).
We previously reported that: (a) according to our radiation exper
iment, renal tumors in heterozygotes appear to involve two hits, one
of which is inherited in the Eker rat and the other of which can be
induced by a somatic event (7); (b) LOH was found for rat chromo
some 10 markers in the RCs developing in hybrid Fl rats carrying the
Eker mutation, supporting a recessive, tumor suppressor nature for the
predisposing gene (2, 8). Our question is whether a second, somatic
mutation (second hit) already occurs in the earliest preneoplastic
lesions, e.g., phenotypically altered renal tubules (9), in the Eker rats.
In this study, we microdissected the altered tubules from freeze-dried
sections using a laser beam (10) and effectively amplified DNA by the
PCR method. We clearly detected LOH of the wild type allele in them
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a normal female rat (+1+)of the LE strain (Kiwa Breeding Laboratory, Japan).
Excised kidneys were cut sagittally in two, frozen with a sheet of paper on dry
ice, and stored at â€”80Â°C.

(second

hit) as rate-limiting step of renal carcinogenesis in the Eker rat model of
dominantly

Founder rats carrying the Eker mutation were kindly provided by

Dr. AlfredG. Knudson(Fox ChaseCancerCenter,Philadelphia,PA) in 1991.
Eker rats were bred on a Long Evans (LE) background (Charles River Breed

treated in accordance with institutional guidelines. Eker rats were diagnosed as

least large adenomas and carcinomas. This study was designed to examine
LOH in the earliest preneoplasfic lesions, using a laser microdissection
We could accurately

and Methods

tion of lesions, were freeze-dried at â€”40Â°C
and stored under vacuum at â€”45Â°C
until use.
Microdissection.

Phenotypically

altered renal tubules (Fig. 2), which are

the earliest lesions histologically, were microdissected out of freeze-dried
sections with a micropreparative

laser device (BTG Biotechnik GmbH, Mu

nich, Germany) equipped with a liquid dye laser, a microscope with a TV
camera, and a computer-assisted
sections as reported previously

digitizer system with regard to PAS-stained
(10). We analyzed i9 altered tubules. The

microdissected tissue samples were placed in Eppendorf tubes and stored at
â€”45Â°C
until use for PCR. After the microdissection procedure, we compared
each freeze-dried section with the PAS-stained section which corresponded to
it and confirmed that the lesion could be dissected.

PCR. The oligonucleotide primers of rat interleukin3 (5'-CFGCITA
GAGCCfTCACACA-3' and 5'-AGGAATfCGTCCAGGmACr-3')
(3)
were made with a DNA synthesizer (MilligenfBiosearch, Division of Milli
pore). The interleukin 3 gene is located on rat chromosome 10 and 26 cM apart
from the predisposing gene (3, 4). Microdissected samples were used for PCR
without prior isolation of DNA (ii). Each sample was suspended in 25 ,iJ of
a reaction mixture containing 1 pmol/pJ of the primers, 0.75 m@ MgC12, and
200 @.LM
concentrations each of dGTP, dATP, dTFP, and dCTP. The mixture

was heated at 94Â°Cfor 10 mm, and the PCR was started by adding 2 units of
Taqpolymerase(Biotech).Thirty-fivecycles of amplification,each consisting
of denaturation for 60 s at 94Â°C,annealing for 60 s at 55Â°C,and extension for
90 s at 72Â°C,were performed with a thermal programmer (Perkin Elmer;
Takara Biomedicals). The products of the PCR were electrophoresed on 1.5%

charges. This article must therefore be hereby marked advertisement in accordance with

low melting point agarose gels (Gibco BRL) and visualized with ethidium

18 U.S.C. Section 1734 solely to indicate this fact.
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ResUlts and Discussion
We could clearly detect LOH on chromosome 10 even in the
earliest preneoplastic lesions (e.g., phenotypically altered tubules) as

heterozygosity;

PAS, periodic acid-Schiff.
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through multiple stages from early preneoplastic lesions (e.g., phenotyp
ically altered tubules) to adenomas. We previously reported that ionizing
radiation induces additional tumors (large adenomas and carcinomas) in

a linear dose-response relationship and that loss of heterozygosity (LOH)
at chromosome 10, where the predisposing tuberous sclerosis (Tsc2) gene

of Cell Pathology,

at the predisposing gene locus. The present results might further
strengthen the â€œtwo-hitâ€•
hypothesis in carcinogenesis.
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TWO-HITh IN PRENEOPLAS11CRENAL CELLS
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Fig. 1. Microdissection
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Tsc2
gene.

Although human tuberous sclerosis is known to be associated with
development of RCs, nothing is known to date about the molecular
mechanism. Thus, the Eker rat continues to be a valuable experimen
tal model for studying Tsc2 gene function and its role in renal
carcinogenesis.

.

Acknowledgments
We gratefullyacknowledgeDr.Alfred0. Knudsonforcriticallyreadingthe
manuscript; Drs. Haruo Sugano and Tomoyuki Kitagawa for their encourage
ment throughout this work; and H. Mitani and E. Schneider for their assistance.

References
1. Eker, R., and Mossige, J. A dominant gene for renal adenomas in the rats. Nature

(Land.), 189: 858â€”859,1961.
2. Yeung, R. S., Buetow, K. H., Tests, J. R., and Knudson, A. G. Susceptibility to renal

Fig. 2. The earliest preneoplastic lesion (arrow) dissected in this study. X 100.

carcinoma in the Eker rat involves a tumor suppressor gene on chromosome 10. Proc.

Nati. Acad. Sci. USA, 90: 8038-8042, 1993.
3. Hino, 0., Mitani, H., Nishizawa, M., Katsuyama, H., Kobayashi, E., and Hirayama,
Y. A novel renal cell carcinoma susceptibility gene maps on chromosome 10 in the
Eker rat. Jpn. J. Cancer Res., 84: 1106â€”1199,1993.

4. Hino, 0., Kobayashi, T., Tsuchiya, H., Kikuchi, Y., Kobayashi, E., Mitani, H., and
Hirayama, Y. The predisposing gene of the Eker rat inherited cancer syndrome is
tightly linked to the tuberous sclerosis (Tsc2) gene. Biochem. Biophys. Rca. Com

BN1Oa
57L
123UBN12
BJ

mm., 203: 1302â€”1308,1994.

5. Kobayashi, T., Hirayama, Y., Kobayashi, E., Kubo, Y., and Hino, 0. A germline
insertion in the tuberous sclerosis (Tsc2) gene gives rise to the Eker rat model of
dominantly inherited cancer. Nat. Genet., 9: 70â€”74,1995.
6. Yeung, R. S., Xiao, G-H., Jin, F., Lee, W-C., Tests, J. R, and Knudson,A. G. Predisposition

renalcarcinomaintheEkerratisdeterminedbygerm-linemutationof thetuberoussclerosis
2 (73C2)gene.Pioc@
Nail.Acai Sd. USA, 91: 11413-11416@
1994.
7. Hino, 0., KJein-Szanto,A. J. P., Freed, J. J., Tests, J. R., Brown, D. 0., Vilensky, M.,
Yeung, R. S., Tartof, K. D., and Knudson, A. G. Spontaneous and radiation-induced
renal tumors in the Eker rat model of dominantly inherited cancer. Proc. Nat Aced.

Sci. USA, 90: 327â€”331,1993.
8. Kubo, Y., Mitani, H., and Hino, 0. Allelic loss at the predisposing gene locus in
spontaneous and chemically induced renal cell carcinomas in the Eker rat. Cancer

Res., 54: 2633â€”2635,
1994.
9. Bannasch, P., and Zerban, H. Animal models and renal carcinogenesis. In: J. N. Eble

(ed), Tumors and Tumor-Like Conditions ofthe Kidneys and Ureters, pp. 1-34. New
York: Churchill Livingstone, 1990.
Fig. 3. PCR with oligonucleotide primers of interleukin 3. BNJOa and 57L are the
animals. Numbers, individual preneoplastic tubules; N, normal renal tubule; U, B, J,
normal controls of LE(USA), brown Norway, and LE(Japan) strains, respectively. Right
ordinate, size markers.

10. Klimek, F., Mayer, D., and Bannasch, P. Biochemical microanalysis of glycogen
content and glucose-6-phosphate dehydrogenase activity in focal lesions of the rat
liver induced by N-nitrosomorpholine. Carcinogenesis (Land.), 5: 265â€”268,1984.

11. Bauer-Hofmann, R., Klimek, F., Buchmann, A., Muller, 0., Bannasch, P., and
Schwarz, M. Role of mutations at codon 61 of the c-Ha-ms gene during diethylni
trosamine-induced hepatocarcinogenesis in OH/He mice. Mol. Carcinog., 6: 60â€”67,
1992.

12. Everitt, J. L, Goldsworthy,T. L, Wolf, D. S., and Walker, C. L Hereditazyrenal cell

shown in Fig. 3. The wild type allele was always lost, which was
consistent

with the two-hit

carcinoma in the Eker rat: a rodent familial cancer syndrome. J. UroL, 148: 1932-1936,

hypothesis.

199@
13. Hino, 0., Mitani, H., Katsuyama, H., and Kubo, Y. A novel cancer predisposition
syndrome in the Eker rat model. Cancer Lett., 83: 117â€”121,1994.

At the histological level, phenotypically altered tubules appear 2
months after birth in carrier rats (7, 12, 13). We previously reported
that renal carcinomas had LOll at chromosome 10 (8), but it was

14. Hino, 0., Mitani, H., and Knudson, A. G. Genetic predisposition to transplacentally
induced renal cell carcinomas in the Eker rat. Cancer Res., 53: 5856â€”5858, 1993.

990

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2459944/cr0550050989.pdf by guest on 25 September 2022

unclear when LOH occurred. In this study, we examined LOH in the
earliest microscopic precursor lesions, using a laser microdissection
approach. By this approach, we could dissect tiny lesions that were
too small to be taken with ordinary procedures, and LOH could be
clearly detected in them. We think that this microdissection approach
is useful in the analysis of molecular events in tiny lesions that are 100
,.tm in diameter.
We could detect LOH in 4 of 19 altered tubules (21%), even if the
marker DNA used in the study is located about 26 cM from the
predisposing Tsc2 gene (3, 4). We can expect an increase in the rate
of LOH with predisposing Tsc2 gene itself, although in the present
study a PCR primer of the Tsc2 gene locus showing polymorphism
was not available. We previously reported that in spontaneous RCs,
60% (6 of 10) showed LOH covering over 30 cM and, in contrast, 0%
(0 of 9) in ethylnitrosourea-induced
RCs (14) using several DNA
markers located on rat chromosome 10 (8). Now we can characterize
the second hit (intragenic mutations including point mutation) in
LOH-negative lesions at the DNA-sequencing level of the predispos

