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Multiple numerical chromosome aberrations in carcinogenesis: The kidney cancer model

Dear Sir,

This letter summarizes the talk I gave at the 2nd
Conference on Aneuploidy and Cancer: Clinical and
Experimental Aspects, in Oakland, California, after the
kind invitation of Peter Duesberg from the Univer-
sity of California, Berkeley. The conference addressed
the issue of whether aneuploidy or gene mutations are
the driving force behind the development of cancer.
I chose to focus on the kidney cancer model because it
gives good arguments to both sides of the fence, hav-
ing therefore the potential to stimulate a fruitful dis-
cussion. So, why is the kidney cancer model so inter-
esting?

Malignant tumors of the kidney account for three
percent of all human neoplasms and about 85 per-
cent of all kidney cancers are renal cell carcinomas
(RCC) [7]. The histological classification of epithelial
kidney neoplasias was traditionally based on the type
of nephron cell from which it was originated (clear
cell, chromophilic or chromophobe carcinoma) and its
growth pattern (papillary or nonpapillary). However,
overlapping morphologic characteristics can make dif-
ficult the differential diagnosis of renal tumors, even to
highly experienced pathologists [1]. The more recent
classification of renal epithelial tumors has evolved
to embrace the new cytogenetic knowledge that most
neoplastic entities are characterized by specific kary-
otypic patterns, which are helpful for differential diag-
nosis [9]. Interestingly, different renal cell carcinoma
subtypes are characterized by disparate patterns of
chromosome rearrangements, namely, recurrent dele-
tions, translocations, and multiple numerical chromo-
some changes without concomitant structural kary-
otypic alterations.

Clear cell carcinoma (ccRCC) represents approxi-
mately 75% of the malignant tumors of epithelial ori-
gin in the kidney and most display losses of chromo-
some arm 3p [9]. The frequent 3p deletion in ccRCC
suggests the existence of at least one relevant tu-
mor suppressor gene in this region. The gene VHL

at 3p25 has indeed been shown to be specifically in-
activated in most ccRCC, usually by point mutations
but also by promoter hypermethylation [5,6,11]. An-
other subgroup of renal cell carcinomas, showing clear
cells but often a papillary or nested growth pattern,
represents a significant proportion of kidney carcino-
mas of children and young adults and is character-
ized by specific chromosome translocations that in-
volve members of the MiTF/TFE transcription factor
family. The t(X;1)(pl1;q21) originates a fusion be-
tween the basic-helix—loop-helix transcription factor
TFE3 on Xpl1 and the PRCC gene on 1q21 [14] and
the t(X;17)(p11;q25) results in the ASPL-TFE3 fusion
gene [10]. TFE3 can alternatively fuse with splicing
factor genes PSF (1p34) or NonO (Xq12) [2]. Finally,
another cytogenetic subtype of kidney carcinomas aris-
ing in children and young adults is characterized by a
t(6;11)(p21;q12), which has been shown to result in fu-
sion of the 5° portion of the Alpha gene (11q12) with
the transcription factor gene TFEB (6p21) [3].

The above mentioned genetic changes fit well with
the gene-centered theory of carcinogenesis, as they in-
volve mutations in specific tumor suppressor genes or
oncogenes that are often the result of isolated kary-
otypic changes. On the other hand, other kidney carci-
noma subtypes are cytogenetically defined by the pres-
ence of multiple numerical chromosome abnormali-
ties in the absence of known recurrent point mutations.
Papillary renal cell carcinoma (pRCC) accounts for ap-
proximately 10% of renal cell tumors in surgical se-
ries and the most consistent genetic changes in these
tumors are trisomies or tetrasomies of chromosomes
7 and 17 and loss of the Y chromosome (in men),
typically together with various combinations of addi-
tional trisomies of chromosomes 12, 16 and 20 [9].
On the other hand, chromophobe RCC (chRCC) rep-
resent about 5% of renal cell tumors and are charac-
terized by several whole chromosome losses, namely
of chromosomes 1, 2, 6, 10, 13, 17, 21, X and/or Y
[9]. These tumor types characterized by the presence of
multiple numerical chromosome abnormalities with-
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out concomitant structural karyotypic changes are less
well accounted for by current pathobiological models
of tumorigenesis, probably because we do not have
equally good gene-level models for what the patho-
genetic implications of numerical aberrations might be
as we do for structural anomalies. However, the kary-
otypic data demonstrate no less specific cytogenetic—
pathologic correlations than those existing for many
structural chromosomal aberrations in neoplastic en-
tities, in many instances becoming their defining fea-
ture and constituting highly informative markers for
differential diagnosis [15]. Some investigators have
claimed that numerical chromosome changes are sec-
ondary to some submicroscopic genomic change [8],
a view that has also been used for pRCC fuelled by
anecdotal reports of MET mutations in pRCC with tri-
somy 7 [16], but this is an oversimplification as at least
one such gene-level mutation would have to be pos-
tulated for each recurrent extra chromosome. The fact
remains that the gene targets of these recurrent kary-
otypic changes remain unknown, although genome-
wide gene expression analyses with microarrays indi-
cate that the downstream consequences of numerical
changes may be altered expression of multiple genes
located in the affected chromosomes, suggesting a sim-
ple dosage effect [4].

Let alone their molecular consequences, the data on
how aneuploidy arises are also very scarce. We have
recently evaluated the role of mitotic checkpoint de-
fects for the karyotypic patterns characteristic of re-
nal cell carcinomas. The mRNA expression levels of
the major mitotic checkpoint genes of the budding
unhibited by benzimidazole family (BUBI, BUBRI
and BUB3) and of the mitotic arrest deficiency fam-
ily (MADI1, MAD2L1 and MAD2L?2) were analyzed by
real-time quantitative polymerase chain reaction in 11
chRCC, 19 pRCC, and 36 normal kidney tissue sam-
ples [12]. MAD1, MAD2LI and MAD2L2 showed sig-
nificant expression differences in tumor tissue com-
pared to controls. ChRCC presented underexpression
of MADI and MAD2L2, whereas pRCC showed over-
expression of MAD2LI. The expression level of the
BUB gene family in chRCC and pRCC did not dif-
fer significantly from that of normal kidney. On the
other hand, the study of 39 ccRCC showed overex-
pression of BUBI, BUBRI, and MAD2LI and underex-
pression of MADI [13]. The degree of genomic com-
plexity of ccRCC measured by comparative genomic
hybridization was associated with BUBI and BUBRI
overexpression, as well as with tumor grade. One can
therefore conclude that expression changes in MADI,

MAD?2LI and MAD2L?2 play arole in renal carcinogen-
esis characterized by multiple numerical chromosome
abnormalities and that BUBI and BUBRI overexpres-
sion is associated with karyotypic complexity in con-
ventional renal cell carcinomas.

Several tumor types of different histogenic origins
have as a primary pathogenetic event in their devel-
opment the acquisition of multiple numerical chro-
mosome abnormalities. These cytogenetic changes
may enable, in a single step and through a dosage
effect or regulatory disturbances at the supra-genic
level, the simultaneous alteration of multiple cancer-
relevant genes, reducing the number of independent
genomic events necessary for carcinogenesis. Most
gene-centered models of tumorigenesis do not take into
account the common finding of numerical karyotypic
changes and ploidy shifts in cancer cells, and we lack
knowledge on their origin and their molecular con-
sequences. The kidney cancer model teaches us that
both aneuploidy and structural gene changes are patho-
genetically important and that we should integrate the
data from both levels of analysis to allow a more de-
tailed understanding of the mechanisms of carcinogen-
esis.

Manuel R. Teixeira®?*

ADepartment of Genetics, Portuguese Oncology
Institute, Porto, Portugal

b Institute of Biomedical Sciences Abel Salazar
(ICBAS), University of Porto, Porto, Portugal

*Corresponding author: Manuel R. Teixeira, MD, PhD, De-
partment of Genetics, Portuguese Oncology Institute, Rua Dr.
Anténio Bernardino de Almeida, 4200-072 Porto, Portugal. Tel.:
+351 225084000; Fax: +351 225084016; E-mail: manuel.teixeira@

ipoporto.min-saude.pt.

References

[1] D. Bodmer, H.W. van den, J.J. van Groningen, M.J. Eleveld,
G.J. Martens, M.A. Weterman and A.G. van Kessel, Under-
standing familial and non-familial renal cell cancer, Hum. Mol.
Genet. 11 (2002), 2489-2498.

J. Clark, Y.J. Lu, S.K. Sidhar, C. Parker, S. Gill, D. Smed-
ley, R. Hamoudi, W.M. Linehan, J. Shipley and C.S. Cooper,
Fusion of splicing factor genes PSF and NonO (p54nrb) to
the TFE3 gene in papillary renal cell carcinoma, Oncogene 15
(1997), 2233-2239.

[2

—



[3]

[4

=

[5]

[6]

[7

—

[8

[t}

[9]

[10]

Letter to the Editor 59

J. Davis, B.L. Hsi, J.D. Arroyo, S.0. Vargas, Y.A. Yeh,
G. Motyckova, P. Valencia, A.R. Perez-Atayde, P. Ar-
gani, M. Ladanyi, J.A. Fletcher and D.E. Fisher, Cloning
of an Alpha-TFEB fusion in renal tumors harboring the
t(6;11)(p21;q13) chromosome translocation, Proc. Natl. Acad.
Sci. USA 100 (2003), 6051-6056.

K.A. Furge, K.A. Lucas, M. Takahashi, J. Sugimura, E.J. Kort,
H.O. Kanayama, S. Kagawa, P. Hoekstra, J. Curry, X.J. Yang
and B.T. Teh, Robust classification of renal cell carcinoma
based on gene expression data and predicted cytogenetic pro-
files, Cancer Res. 64 (2004), 4117-4121.

J.R. Gnarra, K. Tory, Y. Weng, L. Schmidt, M.H. Wei, H. Li,
F. Latif, S. Liu, F. Chen, FM. Duh et al., Mutations of the
VHL tumour suppressor gene in renal carcinoma, Nat. Genet.
7 (1994), 85-90.

J.G. Herman, F. Latif, Y. Weng, M.I. Lerman, B. Zbar, S. Liu,
D. Samid, D.S. Duan, J.R. Gnarra, W.M. Linehan et al., Silenc-
ing of the VHL tumor-suppressor gene by DNA methylation in
renal carcinoma, Proc. Natl. Acad. Sci. USA 91 (1994), 9700—
9704.

A.Jemal, R. Siegel, E. Ward, Y. Hao, J. Xu, T. Murray and M.J.
Thun, Cancer statistics, 2008, CA Cancer J. Clin. 58 (2008),
71-96.

B. Johansson, F. Mertens and F. Mitelman, Primary vs. sec-
ondary neoplasia-associated chromosomal abnormalities — bal-
anced rearrangements vs. genomic imbalances?, Gen. Chromo-
som. Cancer 16 (1996), 155-163.

G. Kovacs, M. Akhtar, B.J. Beckwith, P. Bugert, C.S. Cooper,
B. Delahunt, J.N. Eble, S. Fleming, B. Ljungberg, L.J.
Medeiros, H. Moch, V.E. Reuter, E. Ritz, G. Roos, D. Schmidt,
J.R. Srigley, S. Storkel, E. van den Berg and B. Zbar, The
Heidelberg classification of renal cell tumours, J. Pathol. 183
(1997), 131-133.

M. Ladanyi, M.Y. Lui, C.R. Antonescu, A. Krause-Boehm,
A. Meindl, P. Argani, J.H. Healey, T. Ueda, H. Yoshikawa,
A. Meloni-Ehrig, PH. Sorensen, F. Mertens, N. Mandahl,
H. van den Berghe, R. Sciot, PD. Cin and J. Bridge, The

(11]

[12]

[13]

[14]

(15]

(16]

der(17)t(X;17)(p11;925) of human alveolar soft part sarcoma
fuses the TFE3 transcription factor gene to ASPL, a novel gene
at 17925, Oncogene 20 (2001), 48-57.

M.L. Nickerson, E. Jaeger, Y. Shi, J.A. Durocher, S. Mahurkar,
D. Zaridze, V. Matveev, V. Janout, H. Kollarova, V. Bencko,
M. Navratilova, N. Szeszenia-Dabrowska, D. Mates, A. Muke-
ria, I. Holcatova, L.S. Schmidt, J.R. Toro, S. Karami, R. Hung,
G.F. Gerard, W.M. Linehan, M. Merino, B. Zbar, P. Boffetta,
P. Brennan, N. Rothman, W.H. Chow, EM. Waldman and L.E.
Moore, Improved identification of von Hippel-Lindau gene
alterations in clear cell renal tumors, Clin. Cancer Res. 14
(2008), 4726-4734.

M. Pinto, M.J. Soares, N. Cerveira, R. Henrique, F.R. Ribeiro,
J. Oliveira, C. Jeronimo and M.R. Teixeira, Expression changes
of the MAD mitotic checkpoint gene family in renal cell
carcinomas characterized by numerical chromosome changes,
Virch. Arch. 450 (2007), 379-385.

M. Pinto, J. Vieira, ER. Ribeiro, M.J. Soares, R. Henrique,
J. Oliveira, C. Jer6nimo and M.R. Teixeira, Overexpression of
the mitotic checkpoint genes BUB1 and BUBRI is associated
with genomic complexity in clear cell kidney carcinomas, Cell.
Oncol. 30(5) (2008), 389-395.

S.K. Sidhar, J. Clark, S. Gill, R. Hamoudi, A.J. Crew,
R. Gwilliam, M. Ross, W.M. Linehan, S. Birdsall, J. Shipley
and C.S. Cooper, The t(X;1)(p11.2;q21.2) translocation in pap-
illary renal cell carcinoma fuses a novel gene PRCC to the
TFE3 transcription factor gene, Hum. Mol. Genet. 5 (1996),
1333-1338.

M.R. Teixeira and S. Heim, Multiple numerical chromosome
aberrations in cancer: what are their causes and what are their
consequences?, Semin. Cancer Biol. 15 (2005), 3-12.

Z. Zhuang, W.S. Park, S. Pack, L. Schmidt, A.O. Vortmeyer,
E. Pak, T. Pham, R.J. Weil, S. Candidus, I.A. Lubensky, W.M.
Linehan, B. Zbar and G. Weirich, Trisomy 7-harbouring non-
random duplication of the mutant MET allele in hereditary pap-
illary renal carcinomas, Nat. Genet. 20 (1998), 66—69.



