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Abstract
Loss of the chromosomal

region 10q23-25

is a frequent event in the

progression of prostate adenocarcinoma. A candidate tumor suppressor
gene from this region, MXi I at 10q25, has recently been shown to be
mutated in a small number of prostate tumors. To more strictly define
those regions of lOq loss that are likely to be involved in tumor advance
ment, we have constructed a detailed deletion map spanning 10q23-25
that incorporates \l\il. Sixty-two % (23 of 37) of tumors analyzed exhib
ited some degree of 10q23-25 loss. Our data suggest the presence of a
prostate tumor suppressor gene(s) near the 10q23-24 boundary, which
was deleted in the overwhelming majority (22 of 23) of tumors showing
loss. In contrast, specific loss of Mxil, as opposed to loss of other 10q23-25
regions or of the entire region, was observed in only 1 of 23 tumors and
was accompanied by loss of markers at the 10q23-24 boundary. Further
more, we failed to detect any mutations in Mxil in those tumors showing
l/u/-:isswi;itnl
marker loss by either single-strand
conformation
poly

amplification of microsatellite CA repeal markers (7), one of the primers was
tagged with a fluorescent label (JOE, FAM, HEX, or TAMRA; Applied
Biosystems). Microsatellitc reaction mixtures were given 30 cycles of 30 s at
94Â°C,30 s at 55Â°C,and 30 s at 72Â°C,preceded by a 3-min hot start at 95Â°C.
The annealing temperature was lowered to 50Â°Cfor amplification of Mxil
helix-loop-helix and leucine zipper exons (5) and increased to 60Â°for ampli
fication of the 3' exon; primer sequences for 3' exon amplification are
5'-GAGATTGAAGTGGATGTTGAAAG-3'
(A) and 5r-AAATACAGGTCCTCTGACCC-3' (B) and give a 319- or 324-bp product. To facilitate fluo
rescence-based

typing of the (CAAAA)n polymorphism,

primer A was tagged

with FAM.
AlÃ-eleTyping. Microsatellite alÃ-elesizes and loss of heterozygosity were
determined by size separation of PCR products in a (i% denaturing polyacrylamide gel in the presence of a 2500-ROX size standard (Applied Biosystems)
and detection with an 373A DNA sequencer running Genescan software
(Applied Biosystems), following the manufacturer's guidelines. Up to 10
markers, distinguishable by size or fluorescent tag, were typed simultaneously.
The resulting data were analyzed using Genotyper software (Applied Biosys
tems).
SSCP.3 After amplification of Mxil introns, 10 Â¿dof PCR products were
mixed with 10 fil formamide and heated to 90Â°Cfor 3 min. The denatured

morphism analysis or direct DNA sequencing.

Introduction
Cytogenetic and alleile loss studies have pointed to a number of
chromosomal regions of potential involvement in prostate cancer,
most notably 8p, 16q, and lOq (see Ref. l for a recent review). More
specifically, a number of tumors exhibit precise loss of the region
10q23-25 (2, 3), strongly suggesting the presence of a tumor suppres
sor gene in this area. One candidate gene residing at 10q25 is Mxil,
which encodes a negative regulator of the Myc oncoprotein (4);
potentially disabling mutations of Mxil in a limited number of pros
tate tumors have recently been described. However, mutations were
detected in only a small percentage of cells from each tumor (5), and
the impact of loss of function of Mxil in a small subpopulation of
cells within the tumor is unclear.
Using fluorescence-based allelotyping with highly informative mi
crosatellite CA repeat markers, we have generated a detailed deletion
map spanning 10q23-25, allowing stricter definition of the region of
lOq loss likely to be involved in tumor advancement. In addition, we
have assessed the frequency of loss and mutation of Mxil in prostate
tumors to clarify the role of this gene in prostate tumor progression.
Materials and Methods
DNA Preparation. Tumors and venous blood samples were obtained from
men undergoing transurethral resection of the prostate. Tumor tissue was
microdissected away from normal tissue, and tumor and blood DNA were
prepared as described previously (6).
PCR. PCR was performed in 50-/J.I reactions containing 30 ng (empiate
DNA, IX PCR buffer (Boehringer Mannheim), 20 pmol primer. 200 H.M
dNTPs (Boehringer Mannheim), and 1 unit of Taq polymerase (Boehringer
Mannheim) on a GeneAmp 9MK) thermal cycler (Perkin Elmer Cetus). For
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products were run in a 6% nondenaturing polyacrylamide gel at 25 W for 4-6
h with fan-assisted cooling to maintain a temperature of less than 25Â°C(8).
DNA was transferred to a nylon membrane (Hybond N + ; Amersham) and
hybridized at 68Â°Cfor 3-4 h with a mixture of both PCR primers after end
labeling with [12P]dCTP (Amersham) using terminal transferase (GIBCOBRL). After washing in 2X SSC/0.1% SDS for 5-10 min, filters were exposed
to X-ray film for 1-24 h at -70Â°C.
DNA Sequencing. After purification by passage through a Centricon-KM)
column (Amicon), PCR-amplified Mxil cxons were sequenced using a PRISM
cycle sequencing kit (Applied Biosystems) and a 373A DNA sequencer
running 373A collection and analysis software (Applied Biosystems) in ac
cordance with the manufacturer's instructions. Each exon was sequenced twice
(once from each end) from independent PCR reactions. Sequence electropherograms were aligned using Sequence Navigator software (Applied Biosystems)
and were compared by eye.

Results
A total of 37 prostate tumors of various and histopathological
grades and stages (Table 1) was typed for loss of heterozygosity at 24
CA repeat markers spanning 10q23-25 (7). Tumor tissue was microdissected away from normal tissue before DNA extraction, and tumor
microsatellite profiles were compared to those from lymphocyte DNA
to determine allelic loss. Eight samples of benign hyperplastic tissue
were also studied. We considered a tumor DNA sample to be showing
allelic loss if a reproducible signal reduction of greater than 20% as
compared to normal tissue was observed, although in practice the
degree of reduction was frequently much greater and in some in
stances approached 100%. Examples of allelic loss are shown in Fig.
1. A total of 23 tumors (62%) showed allelic loss at one or more
markers on 10q23-25 (Table 1). Of these, 8 showed loss at all
informative markers typed, and of these 8, a further 5 also showed
1The abbreviations used are: SSCP. single-strand conformation polymorphism; YAC.
yeast artificial chromosome.
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markers showing alÃ-eleloss, as

24 X DIOS571

allelic loss at markers on the p arm, suggesting absence of the entire
chromosome, possibly through nondisjunction. The allelic loss data
are summarized in Fig. 2. No loss was seen in the benign hyperplastic
tissue samples. One tumor showed microsatellite instability at the
majority of loci (21 of 24; see Fig. 1), presumably due a defective
DNA mismatch correction system (10). There is no clear correlation
of loss of lOq with tumor stage or grade, suggesting that lOq losses
may occur at any time during tumor progression.
The retinol-binding protein 4 gene (RBP4) and the cytochrome
P450IIC gene cluster (CYP2C) were positioned on the deletion map
after the identification of YAC clones bearing both these loci and
adjacent microsatellite markers DIOSÃŒ85and DIOS571 (11). The map
clearly reveals a common region of deletion proximal to RBP4 and
CYP2C, both of which have been cytogenetically mapped to
10q23-24 and 10q24.1, respectively (Refs. 12 and 13; Fig. 2). This
region is lost in all of the tumors showing lOq loss in our study, with
the exception of tumor 37, which was not informative for the markers
from this area. Tumors 1, 3, 6, 13, 14, and 15 define a minimal region
of deletion between markers AFMal24wd9 and DIOS583, a distance
of approximately 9 cM.
Eagle et al. (5) have recently identified mutations in the MxU gene
at 10q25 in a small number of prostate tumors, leading to speculation
that Mxil can act as a tumor suppressor. We were able to place MxU
on the deletion map after confirming its presence on Centre d'Etude
du Polymorphisme Humain mega-YACs 936-h-5 and 966-h-9, which
have been shown to overlap with YACs bearing the microsatellite
marker DIOS597 (14). Only two tumors, 1 and 11, showed specific

BLOOD

12 X D10S57I
BLOOD

Fig. 1. a, examples of allelic loss at microsatellite markers on 10q23-25 in prostate
tumors. The upper boxed figure beneath each peak gives the length of the allelic fragment;
the lower box contains the relative peak height. "Shoulder" peaks to the left of the main
peaks are due to polymerase slippage during PCR. b. microsatcllite instability. Instability,
thought to result from DNA mismatch repair errors (10), was seen in 1 of 37 tumors at 21
of 24 loci. Fragment lengths are given beneath each peak. The example shown here
probably reflects deletion of the 207-bp alÃ-elein conjunction with expansion of the 213-bp
alÃ-ele.
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Fig. 2. Allelic loss at 10q23-25. Tumor numbers correspond to those in Table 1. Marker numbers in italics are DIOS numbers (7). Markers denoted "AFM" have yet to be assigned
1) numbers: the full marker names are AFMa()51tb9, AFMal24wd9, AFMa064za5, AFMa301exl, and AFMa273ye 1, respectively. Primer sequences for these markers will be described
elsewhere.4 Tumors 8, 16, 24. 30, and 31 also show alleile loss at markers D10SÃ•89 and/or DIOS570 on the p arm of chromosome 10, implying whole chromosome loss. The smaller
numbers give the approximate genetic distance between markers in cM. There is a clearly defined common region of deletion between markers AFMal24wd9
of approximately 9 cM. In contrast, only tumors 1 and 11 show specific loss of markers around Mr//; in both instances, this is in conjunction
AFMal24wdu-D/0.Â«&5 region.

polymorphism1

in the 3'-untranslated

region by SSCP; subsequent

sequence analysis showed that the polymorphism was a result of
length variation in a (AAAAC)n tandem repeat, giving two alÃ-eles,
(AAAAC)j and (AAAAC)5. Eight of the tumors showing loss of the
entire K)q23-25 region or allelic loss at CA repeat markers in the
vicinity of Mxil (tumors 1, 8, 11, 16, 17, 21, 23, and 30) were
heterozygous for this polymorphism, making it possible to assess
these tumors for actual Mxil loss. Six of the tumors (1, 8, 16, 17, 23,
and 30) showing loss of adjacent markers also showed loss of Mxil,
as determined by fluorescence-based typing (Fig. 3). Of these tumors,
5 showed loss of the entire 10q24-25 region (Fig. 2). Therefore, from
a total of 23 tumors showing 10q23-25 losses, we were able to
identify only 1 tumor (tumor 1) showing specific deletion of Mxil (as
opposed to loss of other 10q23-25 regions or of the entire region), and
this was in conjunction with deletion of AFMal24wd9-D/OS5Â¿Ã¼.
We were also able to use this polymorphism to determine the effect
of contaminating normal tissue on the efficiency of mutation detection
in tumors by cycle sequencing. Exon 5, including the immediate
3'-untranslated DNA, was sequenced in those tumors showing Mxil
4 J. Weissenbach, manuscript in preparation.

and DÃ•OS5X3,a distance
with allelic loss in the

loss (tumors 1, 8, 16, 17, 23, and 30). For tumor 8, which showed the
greatest degree of loss of the deleted alÃ-ele,the retained alÃ-elewas
clearly identified. The remaining tumors gave highly ambiguous se
quence data following the (AAAAC)n repeat, resulting from com
bined termination products from the two alÃ-eles(not shown). It is
therefore likely that any disabling mutations resulting from small
deletion or insertion events in the retained copies of Mxil would have
been detected by cycle sequencing.
Discussion
The data presented here provide strong evidence for the presence of
a prostate tumor suppressor gene(s) at the 10q23-24 boundary, and
more specifically between markers AFMal24wd9 and DIOS583, a
region spanning approximately 9 cM. This region was deleted in 22 of
23 prostate tumors showing lOq losses; the 23rd tumor was uninfor-

mative for the relevant markers. lOq loss may be an early event in
some instances of prostate carcinogenesis; losses were observed in
early as well as late stage tumors. Alternatively, lOq loss may be more
important in progression of the established tumor rather than genesis,
given that losses were not observed in benign hyperplastic tissue
4802
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together with Mxil mutation analysis, should help to clarify the role
of 10q23-25 in tumor pathogenesis and progression.

11 X Mxi 1
BLOOD
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