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A number of genetic events have been reported in prostate car-
cinogenesis, including frequent loss of heterozygosity (LOH) on
chromosomes 8q, 10q, 16q and 18q. In samples of heterogeneous,
multifocal prostate carcinomas, we focused on chromosome 6q
using PCR-based techniques with 15 microsatellite markers to
identify the specific 6q deletion within tumors. LOH of one or
more polymorphic markers was detected in 10 of 21 tumors
(48%). Two of these 10 tumors demonstrated LOH in all cancer-
ous foci at specific loci and 4 tumors showed deletion in one fo-
cus. Different deletion patterns were found in 3 tumors when
different polymorphic markers were used. In 90% of tumors
showing LOH in one or more foci, however, two common regions
of LOH were identified; one at 1.81 cM on 6q15-16.3 between
markers D6S1631 and D6S1056, and the other at 5.11 cM on 6q16-
21 between markers D6S424 and D6S283. By RT-PCR analysis, the
TAK1 gene located at these loci did not correlate with LOH status,
indicating that TAK1 is not a target gene in prostate carcinoma.
The 6q deletion occurs heterogeneously and LOH was more fre-
quent in tumors of higher pathological stages, implying that this
alteration is a late event in prostate carcinogenesis. Because pros-
tate carcinomas are genetically multicentric and of multifocal ori-
gin, it remains unclear whether the foci containing 6q deletions
specifically expand within tumors or to what extent they contrib-
ute to the histological heterogeneity characteristic of the disease.
(Cancer Sci 2003; 94: 764–768) 

ytogenetic studies of prostate carcinomas indicate that var-
ious chromosomal deletions containing tumor suppressor

genes contribute to the development and progression of tumors.
Recent intensive investigations using PCR of polymorphic mi-
crosatellite markers, fluorescent in situ hybridization (FISH),
and comparative genomic hybridization (CGH) have shown
consistent genetic alterations on chromosomes 2q, 3q, 5q, 6q,
7q, 8q, 9q, 10q, 13q, 16q and 18q.1, 2) Although malignant tu-
mors are now believed to develop through a multi-step process
involving both oncogene activation and tumor suppressor gene
(TSG) inactivation,3) putative TSG are postulated to be the pri-
mary targets of these carcinogenesis-associated events.

Allelic losses on 6q have been described in a number of can-
cers including melanoma and breast, ovarian, and renal
cancers.4–9) Genes associated with prostate carcinoma in the 6q
region have also been reported and, while the incidences varied,
6q alterations have been found to occur in up to 48% of pros-
tate cancers.1, 2, 10, 11) However, the role of these chromosomal
aberrations remains unclear. At least two common regions of 6q
deletion have been identified in prostate carcinoma. Using 13
polymorphic markers, Srikantan et al.2) reported that 6q16, 6q3-
21, and the distal region 6q23-24 were deleted. Hyytinen et
al.11) examined two regions, 6q16-21 and 6q22, and claimed
that deletion of 6q16-22 is a frequent event in prostate cancer.
They further showed that loss of 6q24 was associated with an-
drogen-independence and tumorigenicity.12) Several candidate
genes, such as the insulin-like growth factor II receptor
(IGF2R) at 6q26 or cyclin C (CCNC) at 6q21, may participate

in prostate carcinogenesis.1) A novel gene located on chromo-
some 6q23-24 and designated UROC28 was recently identified
as overexpressed in prostate, breast, and bladder cancers,13)

while in breast and cervical cancers, the 6q23-24 region was
shown to be deleted.14, 15)

Carcinoma of the prostate is a histologically heterogeneous
lesion containing a number of both abnormal and frankly can-
cerous foci. We have previously suggested that multicentric ge-
netic events, comprised of both known and unknown genetic
and epigenetic changes, lead to tumor progression within pros-
tate lesions.16–18) Those foci histologically identified as aggres-
sive or invasive do not always show accumulation of genetic
alterations in known oncogenes or TSGs. In addition, the pre-
dominant genetic changes observed in prostate carcinoma ap-
pear to be losses of chromosomal regions; however, previous
loss of heterozygosity (LOH) studies in multifocal prostate can-
cer used only a limited number of polymorphic markers within
only a few cancerous foci.19–21) For an improved understanding
of the mechanisms of tumor development, more data on cytoge-
netic changes in heterogeneous prostate cancer are needed.
More extensive studies using more polymorphic markers may
more fully delineate how pre-neoplastic and pre-malignant foci
within tumors are affected by genetic events. To investigate the
relationship between allelic losses and both the pathological
grade and growth patterns of prostate tumors, we analyzed
LOH on 6q within multiple histologically different cancerous
foci using gene mapping with a wide array of microsatellite
markers.

Materials and Methods

Tumor samples and histology. The 21 prostate carcinomas ex-
amined in this study were obtained from radical prostatecto-
mies. No initial chemotherapy or hormonal treatments were
instituted before tumor excision. The patients’ ages ranged
from 54 to 82 years (median, 67 years). All cases were staged
without consideration of margin status using the standard TNM
criteria on whole embedded prostatic specimens according to
the American Joint Committee on Cancer.22) A slice of whole
prostate was fixed in 10% neutral buffered formalin and em-
bedded in paraffin, while the remaining portions of the tumors
were frozen at −80°C for later DNA extraction. Consecutive
sections were cut at 4 µm and mounted for immunohistochemi-
cal analyses and histopathological evaluation using conven-
tional hematoxylin and eosin (H&E) staining; the H&E-stained
sections also served as a guide for the DNA analyses. Four to
eight different foci from each tumor were selected based on
representative morphology, size, and lack of contamination
with normal prostatic tissues, and histologically graded accord-
ing to the Gleason system for prostate carcinoma.23) Control ge-
nomic DNA was derived from separate normal tissues not

C

E-mail: nkonishi@naramed-u.ac.jp
764–768 | Cancer Sci | September 2003 | vol. 94 | no. 9 Konishi et al.

mailto:nkonishi@naramed-u.ac.jp


affected by the tumor. Informed consent was obtained from all
patients before the collection of specimens as appropriate.

LOH assay. Fifteen polymorphic microsatellite markers were
selected from the National Center for Biotechnology Informa-
tion (http://www.ncbi.nlm.nih.gov/genemap/) and the Genome
Data Base (http://gdbwww.gdb.org/) databanks based on het-
erozygosity frequency, as well as coverage and flanking of the
region of interest. Chromosomal maps and distances for each
marker were obtained from the Whitehead Institute web site
(http://www-genome.wi.mit.edu/). The names of the polymor-
phic microsatellites and their linear order are shown in Fig. 1.

For each marker, the sense primer was labeled with a fluores-
cent dye and paired normal and tumor DNA samples from each
patient were amplified for 26 cycles with an annealing tempera-
ture of 58°C. PCR was performed on genomic DNA samples
made up as follows: 25 ng of genomic DNA template, 10 pmol
of each primer, 2.0 mM MgCl2, dNTPs mix (200 µM each), 1×
PCR buffer, and 0.5 unit of “Platinum” Taq DNA polymerase
(Invitrogen, Carlsbad, CA), in a 10 µl final volume. The PCR
program consisted of one cycle of 95°C for 5 min, followed by
26 cycles of denaturing at 95°C for 45 s, annealing at 58°C for
45 s, and extension at 72°C for 1 min, followed by a final ex-
tension at 72°C for 10 min. One microliter aliquots of the PCR
product were then mixed with 12 µl of deionized formamide
and 0.5 µl of GeneScan Internal Lane Size Standard (ABI, Fos-
ter City, CA), denatured for 2 min at 94°C, and subjected to
capillary electrophoresis on a 6% denaturing gel on a Genetic
Analyzer 310 (ABI). The data were automatically collected and
analyzed with GeneScan software as described in the manufac-
turer’s protocol. Analyses of each marker were repeated inde-
pendently at least twice and showed a variation of no more than
3% in the allelic ratio. Only samples heterozygous for a given
locus were regarded as informative; homozygosity and/or mi-

crosatellite instability rendered a particular locus unsuitable for
LOH or amplification.

RT-PCR analysis of the PTPRK transcript. Total RNAs were iso-
lated from cancerous and normal loci of each case using RNA
TRIzol Reagent (Gibco-BRL, Rockville, MD) following the
manufacturer’s instructions. cDNA was synthesized from 2 µg
of total RNA, and RT-PCR was performed as described previ-
ously.24) The sequences of the primers are: forward primer: 5′-
TGGACGTTTAAGCTTGGGAGC-3′, the reverse primer: 5′-
CCAGTTCTGCAACTAGTTCTTGC-3′. The PCR conditions
were as follows: one cycle of 94°C for 2 min, followed by 30
cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 1 min. Af-
ter the last cycle, the reaction mixture was held at 72°C for 7
min. The PCR products were then analyzed by electrophoresis
in a 2% agarose gel.

Statistical analysis. Statistical analyses were performed with
Student’s t test for age and PSA value, with the Mann-Whitney
U test for Gleason score, and with Fisher’s exact test for Glea-
son grade and pathological stage. A P value of <0.05 was con-
sidered significant.

Results

Using 15 polymorphic markers, LOH on chromosome 6q was
detected in 10 of 21 (48%) prostate carcinomas. The results for
the 10 tumors that showed LOH are summarized in Fig. 1. A
total of 1605 foci were tested and 1123 foci (70%) were found
to be informative. The number of informative foci in tumors
with 6q LOH and without 6q LOH were 566/810 (69.9%) and
557/795 (70.1%), respectively, showing no significant differ-
ence. Nine of 10 tumors (90%) had evidence of LOH with more
than one polymorphic marker, but none of the tumors had evi-
dence of loss of the entire chromosome 6q. Nine of 10 tumors

Fig. 1. LOH of microsatellite markers from chromosome 6q in 10 prostate carcinomas. Four to 8 foci were selected from each tumor into according
to histologic heterogeneity and only those cases that revealed loss of at least one marker are shown. Case number, marker names and the genetic
map in cM are listed on the left. Tumor grading and staging were done according to the Gleason scoring system and TNM criteria, respectively.
PIN: prostatic intraepithelial neoplasia.
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showing LOH exhibited common regions of allelic loss extend-
ing from D6S1631 to D6S1056, which encompasses 6q15-16.3.
Another area with a high frequency of 6q losses was seen from
D6S424 to D6S283 or the 6q16-21 region; this also was found
in 9 of the 10 LOH-positive lesions.

Of the 10 LOH-positive tumors, 9 showed heterogeneous
LOH patterns. In only one tumor (case no. 45) did all informa-
tive foci exhibit an identical pattern of allelic loss. Five other
tumors (case nos. 40, 49, 52, 58 and 75) demonstrated LOH in
two or more foci, while 4 tumors (cases 39, 73, 80 and 81)
demonstrated LOH in only one focus of the tumor examined. In
case no. 39, LOH was only found in one focus, and only at
D6S275. However, 3 tumors showed LOH in one focus for at
least 3 polymorphic markers. With regard to Gleason grading in
10 tumors showing 6q deletion, 6q LOH-positive foci averaged
3.58±0.82 while 6q LOH-negative foci averaged 3.60±0.82
within a tumor. Eleven LOH-negative tumors scored an average
grade of 3.96±0.89, showing no significant differences as re-
gards Gleason grade of foci and 6q deletion (Table 1).

A relatively large area of high-grade prostatic intraepithelial
neoplasia (PIN) was found adjacent to the prostate carcinoma
in one sample (case no. 75). The informative foci within this tu-
mor exhibited obvious LOH at 4 polymorphic markers; how-
ever, LOH was never detected at any marker in the adjacent
PIN (Fig. 2).

The relationship of LOH to clinicopathological variables in
the 21 tumors is shown in Table 1. The frequency of deletion
was independent of age, preoperative PSA values, and Gleason
score. The average Gleason score for a whole tumor exhibiting
LOH was 7.40±1.26, whereas the score for those without LOH
was 7.55±1.44, which was not statistically significantly differ-
ent. Although the average Gleason grades assigned to foci de-
scribed above and the average Gleason score assigned to each
whole tumor were higher in LOH-negative tumors than in those
positive for LOH, the differences were very small and statisti-
cally insignificant. While 8 of 10 (80%) tumors diagnosed at
pathologic stage T3 (non-organ confined) were LOH-positive,
only 2 tumors at stage T2 (organ confined) exhibited the dele-
tion. Of the 11 tumors without LOH, only 2 tumors were stage
T3, whereas 7 lesions were diagnosed as T2, and 2 tumors were
staged at T1. The only statistically significant difference
emerged when examining the stage T3 tumors; all stage T3b tu-
mors were LOH-positive while stage T3a tumors were negative
for LOH (P=0.009).

Prostate carcinomas positive for 6q deletions were also ana-
lyzed for the presence of TAK1 transcripts by RT-PCR. We
found, however, that all tumors examined ubiquitously ex-
pressed TAK1 (Fig. 3); we could not detect any correlation be-
tween LOH and TAK1 expression.

Discussion

Recent intensive cytogenetic studies have achieved a more pre-
cise evaluation of the chromosome 6q region that is frequently
lost in human prostate carcinomas.1, 2, 11, 25) The incidence of
LOH varied up to a high of 48% of tumors evaluated,11) proba-
bly due to the polymorphic markers used in each study and the

Table 1. Relationship of 6q deletion and clinicopathological vari-
ables of 21 prostate carcinomas

Clinicopathological 
variables

LOH 
(n=10)

No LOH 
(n=11) P

Age 66±8.5 68±4.3 0.517
PSA 20.6±15.8 13.2±11.6 0.156
Gleason score 7.40±1.26 7.55±1.44 0.805
Gleason grade 3.58±0.82 3.96±0.89 0.313

(3.58±0.81)1)

Stage I & II 2 9 0.009
Stage IIIa 0 2
Stage IIIb 8 0

1) Average Gleason grade in all foci examined of a tumor with 6q de-
letion.
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Fig. 2. Representative analysis of microsatellite loci on chromosome
6q in prostate carcinoma. Cancerous (C) and normal tissue (N) DNA
were obtained from radical prostatectomy specimens as described in
“Materials and Methods.” High-grade PIN showing retention of het-
erozygosity, while 4 other adjacent foci with Gleason grades 4, 3, 3 and
3 show a deletion in 6q in case no. 75.
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N

49 52

C CN
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Fig. 3. Detection of TAK1 transcripts by RT-PCR analysis. The 378 and
575 bp TAK1 transcripts were ubiquitously expressed in the tumor sam-
ples (case nos. 49 and 52) positive for LOH on 6q.
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heterogeneous/multifocal nature of prostate lesions.16–18) Ge-
netic heterogeneity has been investigated at specific regions on
chromosomes 3p, 8p, 10q, and 17q20, 21); however, both the
number of polymorphic markers for each chromosome and the
number of individual tumor foci examined were too few to
yield much information. For this reason, we have investigated
and focused on 6q deletions in particular, using 15 polymorphic
markers, multiple tumor samples, and no less than 4 histologi-
cally cancerous foci within each tumor.

We have previously reported on both known and unknown
genetic and epigenetic changes within prostate carcinomas,16–18)

but have so far been unable to detect specific combinations of
genetic or epigenetic changes in representative focal areas. In
previous LOH studies of this disease, a random discordant pat-
tern of allelic deletion emerged.19–21) Hügel et al.26) analyzed 25
chromosomal loci in 47 prostate carcinomas and demonstrated
a significant correlation between frequency of focal LOH and
malignant progression of affected foci. In our current study,
only a single focus in 4 of 10 tumors positive for 6q LOH actu-
ally showed the deletion in 6q. Of these 4 single-positive-focus
tumors, the deletion was revealed at only one polymorphic
marker, while the remaining 3 tumors demonstrated single foci
with deletions at multiple markers in chromosome 6q. This sug-
gests that LOH on 6q is an additional genetic event in the step-
wise progression of prostate carcinoma.

As was found in a previous investigation, more highly staged
lesions appear to have more frequent LOH. Srikantan et al.2) re-
ported the risk for finding a 6q deletion was greater in stage T3
(non-organ confined) disease. A study employing CGH demon-
strated LOH in 6q in only 22% of primary cancers, but in fully
44% of recurrent cancers.27) Recent LOH studies have similarly
shown that LOH at 6q16-22 is a frequent event at higher stages
of this disease11) and we also detected more 6q deletions in
LOH-positive stage T3 tumors than T3 lesions negative for
LOH.

Previous studies indicate that prostate cancer is closely
linked to the presence of PIN, and, further, that multiple pros-
tatic tumors may arise from PIN.28, 29) The same chromosomal
aberrations detected in full-blown carcinoma have often been
observed in PIN as well.30) In a survey of various prostatic le-
sions, LOH at 6q has been detected in 18% of PIN, in 13% of
primary cancer, and in 41% of metastatic cancer.31) Although
only one PIN focus was examined in the current study, a 6q de-
letion was not detected, but it was apparent in adjacent cancer-
ous foci. Therefore, while PIN remains the most likely
precursor to prostate cancer, the evidence would point to LOH
at 6q as likely to occur as a later event in the process of car-
cinogenesis.

In attempts to define the common region of deletion in pros-
tate carcinoma, CGH and cytogenetic studies have shown that
frequent genetic alterations occur in the 6q15-22 region and in-
dicate that one or more TSGs are located here.1, 2, 11, 26, 32, 33) An
analysis of 9 polymorphic markers in 52 tumors uncovered a
common region of deletion in 6q14-21 19 cM between markers
D6S251 and D6S286 in 13 of 17 (76.5%) informative neopla-
sias.1) More recent investigations have further identified 2 dis-
tinct regions around the locus; Srikantan et al. revealed a region
of 15 cM between D6S1056 and D6S300 on 6q16.3-21 as a

common region in which deletions occur at a relatively high
frequency (in 6 of 11 tumors, or 54.5%). Another potential lo-
cus was at marker D6S314 at a more distal location on 6q23-
24. However, this locus was found in only one case among 38
tumors examined for homozygous deletion.1) Hyytinen et al. re-
cently defined two regions of LOH, one at 7.5 cM on 6q16-21
between D6S1716 and D6S1580, and a second at 4.3 cM on
6q22 between D6S261 and D6S1702; however, the second re-
gion of LOH defined in their analysis was found in cell lines or
xenografts, rather than in primary tumors.11) Three potential
candidate genes are present in the region implicated, and they
encode human cyclin C (CCNC), thiol-specific antioxidant pro-
tein 1 (TSA1), and the glutamate receptor, ionotropic kainate 2
(GRIK2) (NCBI, http://www.ncbi.nlm.nih.gov/genemap/). The
CCNC gene has been shown to be deleted in acute lymphoblas-
tic leukemias34) and thiol-containing proteins with antioxidant
capacity have recently been characterized and shown to be
overexpressed in a number of human malignancies.35) There is
no evidence, however, that these genes participate in prostate
carcinogenesis. The glutamate receptor 6 (GluR6, GRIK2)
gene, which has been linked to autism, is also located on
6q21.36)

A second region spanning 1.81 cM between D6S1631 and
D6S1056 on 6q15-16.3 was also identified at high frequency in
9 of 10 LOH-positive tumors (90%) in our study; this area is
within the region examined in the investigation by Cooney et
al.1) and overlaps a short segment identified in both Srikantan’s
and Hyytinen’s studies.2, 11, 12) One candidate gene, transforming
growth factor β (TGF-β)-activated kinase 1 (TAK1), is present
in the region. In the mouse, TAK1 was isolated as a MAPKKK
downstream of the TGF-β receptor.37) We found no indication
of TAK1 transcripts in our series of 6q LOH-positive tumors,
but this does not preclude the possibility of a role for the down-
stream mediators of TGF-β-elicited signals in the pathogenesis
of prostate carcinoma. It is also likely that one or more putative
TSGs that are important in prostate carcinogenesis, but have yet
to be identified, might be located on 6q15-16.3.

We thus found frequent LOH at 6q15-21 in our analysis of
21 primary tumors using 15 microsatellite markers. Two com-
mon regions were identified, which were within those described
in previous studies; however, we were able to define narrower
regions spanning 1.81 cM on 6q15-16.3 and 5.11 cM on 6q19-
21 at higher frequencies in lesions showing LOH. The TAK1
gene located at these loci seems to have no correlation to
tumorigenesis since the transcripts were detected in our LOH-
positive tumor samples, but definition of this region of chromo-
some 6q should be useful in identifying any putative tumor sup-
pressor genes that might be located here. Further, we suggest
that 6q deletion might be a late event in prostate carcinogenesis
based on the clinicopathological data indicating no deletion in
PIN, and correlating more frequent LOH on 6q with higher
clinical/histological tumor stage.
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