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Background: A Y chromosomal role in prostate cancer has previously been suggested by both cytogenetic
findings and patterns of Y chromosomal gene expression. We took advantage of the well established and
stable phylogeny of the non-recombining segment of the Y chromosome to investigate the association
between Y chromosomal DNA variation and prostate cancer risk.
Methods: We examined the distribution of 116 Y lineages in 930 prostate cancer cases and 1208 controls
from four ethnic groups from a cohort study in Hawaii and California.
Results: One lineage, found only among the Japanese group in our study, was associated with a
statistically significant predisposition to prostate cancer (odds ratio (OR) = 1.63; 95% confidence interval
(CI) 1.07 to 2.47), and, in particular, to high severity disease in younger individuals (OR = 3.89; 95% CI
1.34 to 11.31).
Conclusions: This finding suggests that a Y chromosomal factor contributes significantly to the development
of prostate cancer in Japanese men.

P
rostate cancer is probably influenced by both genetic and
environmental factors, but few of these have been
identified. A Y chromosomal role in prostate cancer has

been suggested, initially because the loss of the Y chromo-
some is the most common chromosomal change detected in
prostate cancer tissue.1 2 Although the Y is lost in some
normal tissues from elderly men,3 studies have shown Y loss
in the prostate to be confined to malignant prostate
epithelium; it has not been detected in adjacent apparently
healthy tissue.2 4 Gene expression analysis in prostate cancer
has revealed aberrant patterns for some Y chromosomal
genes.5 In particular, SRY, the sex determining gene on the Y
chromosome, is down regulated in prostate cancer. Recently,
SRY has been shown to be a negative regulator of the
androgen receptor (AR), suggesting that its loss may increase
AR activity and consequently stimulate cancer growth.6

The human Y chromosome does not recombine for almost
its entire length, allowing binary variants to be organised into
a well characterised and stable phylogeny,7–9 thereby provid-
ing a uniquely powerful resource for association studies.10 In
the same way, any mutation predisposing to or protecting
against prostate cancer will be in complete linkage disequili-
brium with all other binary markers (mostly single nucleotide
polymorphisms), and will fall on a particular lineage
(haplogroup) of the Y phylogeny (fig 1), regardless of
physical distance between markers. Therefore, lineages
carrying a predisposing or protective factor will be found at
a higher frequency among cases or controls, respectively.
Owing to the strong geographical differentiation of the Y
chromosome haplogroup distribution, such a lineage specific
association is expected to be geographically specific and,
therefore, may be confined to a single population in a study.

To investigate a possible role of the Y chromosome in
prostate cancer, we compared the frequency of 116 Y
haplogroups in four ethnic groups from a large cohort study
in Hawaii and Los Angeles.

SUBJECTS AND METHODS
Study population
This case–control study was nested within the Hawaii-Los
Angeles Multiethnic Cohort (MEC) study. The study

population included 930 incident prostate cancer cases
and 1208 male controls from the African-American,
white, Latino, and Japanese subjects enrolled in the cohort
(table 1).

Details of the MEC study have been published previously.11

Briefly, over 200 000 men and women between the ages of 45
and 75 years and residing in Hawaii and California com-
pleted a questionnaire that included data on demographic,
lifestyle, and health characteristics, as well as a comprehen-
sive dietary survey. This cohort is broadly similar to the
general populations of those ethnic groups in Los Angeles
and Hawaii.11

Participants in the MEC are followed for incident
cancers. Incident case ascertainment is completed by
computer linkage of the cohort with the Surveillance,
Epidemiology, and End Results cancer registries in Hawaii
and Los Angeles, as well as with the California Cancer
Registry. Incident prostate cancer cases and a random
sample of male controls in the MEC were contacted by
telephone and asked to provide a blood sample. The overall
participation rate for blood collection was 72% for cases and
69% for controls. The men who agreed to participate in the
blood collection provided written informed consent following
study approval by both the University of Hawaii and the
University of Southern California Institutional Review
Boards.

Genotyping
All samples were provided to the laboratory for genotyping,
blinded as to case or control status and to ethnicity using a
unique identifier. The samples were typed for 118 Y
chromosomal binary markers, defining 116 haplogroups
(lineages), using a method described previously, where single
base primer extension products are analysed by mass
spectrometry.12 Although 118 markers were genotyped,
several do not define unique haplogroups, but are required
for assignment to the correct branch of the tree during the
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early stages of the hierarchical genotyping strategy. The
analysis of additional Japanese cases and controls was
performed using the Sequenom mass spectrometry system
according to the manufacturer’s specifications (Sequenom,
San Diego, CA, USA). The PCR primer sequences were:
M122F: 59-AGCGGATAACAGTCACTTGCTCTGTGTTAG-39,
M122R: 59-AGCGGATAACCTCTACTTAGTTGCCTTTTGG-39.
The sequence of the oligonucleotide used in the primer
extension reaction was: M122: 59-TCAGATTTTCCCC
TGAGAGC-39.

Blind replicate samples of 2.2% were included. The
genotypes matched in 100% of these tests, confirming the
reproducibility of the typing. A total of 1039 samples were

screened for the complete set of markers (fig 1). Another 795
African-Americans (288 cases and 507 controls) were typed
for only one marker (M02) to determine whether they
belonged to the E3a lineage as this was statistically
significantly (p = 0.05) associated with prostate cancer risk
in this ethnic group after genotyping 158 cases and 128
controls. An additional 304 (97 cases and 207 controls)
Japanese samples were genotyped for one marker (M122) to
determine if they belonged to the O3 lineage (grouping O3d*,
O3, O3e, O3e1* lineages) because this lineage was statisti-
cally significantly (p = 0.03) associated with prostate cancer
risk in this ethnic group after genotyping 126 cases and 121
controls.

Figure 1 Y haplogroup distribution
in prostate cancer cases and controls
from four populations. The tree on
the left shows the Y chromosomal
phylogeny defined by 118 markers
(numbers on the tree, with the ‘M’
prefix omitted) identifying 116
haplogroups (italic numbers) for
which the equivalent name
according to the Y Chromosome
Consortium nomenclature17 is given.
The frequency of the haplogroups
found in the pilot analysis is shown
by ethnic origin and case–control
status. A grey shadowed oval and a
box indicate, respectively, the
lineages and the haplogroup
frequencies that showed a significant
association in the pilot study.
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Statistical analyses
To test whether the controls were properly matched to the
cases, we used Rousset’s test of population differentiation,13

which is contained in the Arlequin package.14 We found no
significant overall difference between cases and controls
within each ethnic group, indicating that they were well
matched, while the four ethnic groups were significantly
different from one another.

The associations between haplotype and risk of prostate
cancer were analysed at both the level of individual Y
haplogroups and at each node along the phylogenetic tree,
using standard case–control approaches (fig 1 and supple-
mentary table 1). All statistical analyses were conducted
using the SAS statistical package (version 8.0; SAS Institute
Inc., Cary, NC, USA). All reported P values are two sided. We
considered age as a potential confounding and modifying
factor.

Prostate tumours were classified according to disease
severity using a combination of stage and Gleason grade.
Low severity was defined as tumours localised to the prostate
with a Gleason grade of ,8. High severity was defined as
tumours that had regional extension or distant metastases,
regardless of grade, and tumours that were localised to the
prostate, but had a Gleason grade of 8 or higher.

RESULTS
The characteristics of the study population are shown in
table 1. Forty one percent of the prostate cancer cases were
classified as high severity and 12.7% reported a first degree
relative with prostate cancer, compared with 8.3% of the
controls.

Of the 116 haplogroups defined by the 118 markers used in
this study, 41 were observed in our sample (fig 1). The
distributions of the haplogroups varied markedly among the
four ethnic groups.

With the exception of one lineage (E3a) in the African-
Americans and one (O3) in the Japanese, no association
with prostate cancer was observed with any of the lineages
or groupings of lineages. Initially, lineage E3a, which is of
African origin, was associated with increased risk of
prostate cancer in the African-Americans (age adjusted
odds ratio (OR) = 1.58, 95% confidence interval (CI) 1.0
to 2.51, p = 0.05); however, after increasing our sample size
the risk was attenuated and was not statistically significant

(age adjusted OR = 1.25, 95% CI 0.98 to 1.59,
p = 0.08).

In the initial set of Japanese samples, we observed an
increased risk associated with the O3 lineage (age adjusted
OR = 2.12, 95% CI 1.07 to 4.22, p = 0.03; supplementary
table 1), and the magnitude of this association was increased
after stratifying by age and disease severity (supplementary
table 2), suggesting that genotyping additional samples was
warranted. Because age appeared to be acting as a modifier,
all additional analyses are presented for both unadjusted and
age stratified samples. The risk observed independently in the
additional samples was consistent with our original observa-
tion (supplementary table 2). The modifying effects of age
and disease severity were also observed again in the
additional samples. The frequency of the O3 lineage is shown
in table 2.

Overall, the risk of prostate cancer associated with the
O3 lineage in Japanese in this study was 1.63 (95% CI 1.07
to 2.47, p = 0.02) (table 3). This risk was modified by
both age and disease severity; Japanese men under the
age of 65 years carrying lineage O3 were 2.8 times as likely
to have prostate cancer compared with men belonging to
the other lineages (95% CI 1.30 to 6.05, p = 0.009)
whereas men 65 years and older were only 1.39 times as
likely to have prostate cancer if they carried this lineage
(table 3).

DISCUSSION
In this study, we found that the Y chromosome lineage
O3, present almost exclusively in our Japanese sample,
was associated with a significantly increased risk of
prostate cancer, which depended upon age at diagnosis
and disease severity. The strong geographical clustering of
Y chromosome haplogroups explains why this association
was only found in the Japanese men; only the men with
the O3 lineage will carry the putative mutation and this
lineage is found exclusively in populations of Asian origin.8

The other ethnic groups in our study do not carry this
lineage at significant frequency and so cannot show the
association.

The marker M122 that defines the O3 lineage lies within an
intron of the predicted protein coding gene CYorf15B
(http://www.ensembl.org/Homo_sapiens/mapview?chr = Y), but
seems unlikely to influence gene expression or prostate
cancer development directly. Instead, M122 probably marks
a lineage that carries changes elsewhere on the chromo-
some that alter gene sequence, copy number, expression
pattern, or maintenance of the chromosome. Because
complete linkage disequilbrium extends for nearly the
entire length of the Y chromosome owing to the lack of
recombination, M122 does not provide any information on
the physical location of the putative variant.

The significance of this finding in our Japanese men must
be considered in light of the multiple hypotheses that have
been tested within this group. The purpose of this study is

Table 1 Descriptive characteristics of the study
population�

Characteristic
Controls
(n = 1208)

Cases
(n = 930)

Ethnicity`
White 101 110
African-American 635 446
Japanese 328 223
Latino 144 151

Disease severity1
Low – 491
High – 383

Age (years)
,65 425 257
65+ 783 672

First degree family history
Yes 101 119
No 997 721

�Numbers in table do not always sum to total due to missing data.
`Self reported.
1Low severity = local stage and Gleason grade ,8; high severity = local
stage+Gleason grade 8 and/or regional/metastatic stage.

Table 2 Distribution of the O3 lineage versus all other
lineages combined in Japanese men

Disease status

O3 lineage

All ages (n (%)) ,65 (n (%))

Controls 56 (17.1) 28 (16.7)
All cases 56 (25.1) 14 (35.9)
Low severity� 28 (22.6) 6 (27.3)
High severity� 26 (28.0) 7 (43.8)

�Numbers do not sum to all cases owing to missing severity data
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hypothesis generation, and therefore no p value correction
has been applied. Moreover, the assumption of independence
cannot be applied to the tests we performed because the
Y phylogeny makes them strictly correlated, and there-
fore a Bonferroni correction would be too conservative.
Nevertheless, we attempted to minimise the probability of a
type I error by increasing the sample size and analysing the
two samples separately to determine if an association of
similar magnitude was observed. This was indeed the case for
the Japanese association with lineage O3.

One potential explanation for the finding in the Japanese
could be population stratification. Although this is generally
more of a concern in admixed populations,15 we nevertheless
used two approaches to investigate whether stratification
could account for our findings. Firstly, Y haplotypes provide
powerful information about geographical origin and can be
used to assess admixture in cases and controls. Using
published data on Y haplogroup distributions,9 we could
assign .98% of the Japanese Y chromosomes to an Asian
origin, with no significant difference between cases and
controls, indicating no detectable male mediated admixture
in this ethnic group and no differential effect between cases
and controls. Secondly, using a previously described
method,15 a set of 36 high frequency unlinked autosomal
loci was used to test for stratification in these samples and no
significant stratification was detected (Freedman et al,
unpublished observations). Our results cannot be explained
by gross levels of population stratification.

We did not find any statistically significant associations
with prostate cancer risk for the other Y chromosome
lineages in the other ethnic groups in this study, but this
may be due to low power for detecting small effects in
common lineages or moderate effects with rarer lineages.

Our results suggest that the O3 Y chromosome lineage
found in Japanese men is associated with increased risk of
prostate cancer; specifically, young Japanese men carrying
the Y lineage O3 have nearly a fourfold increased risk of
developing high severity prostate cancer. This finding should
be followed up in an independent Japanese or other Asian
population sample where the lineage is common. If it is
confirmed in additional populations, a systematic evaluation
of the genetic changes in this lineage will be warranted. For
example, the hypothesis that increased loss of the Y
chromosome is the important difference, either because the
absence of SRY leads to increased AR activity6 or through
some other mechanism, could be tested by comparing the
loss rate of the Y in O3 lineage cells with that in other
lineages. In addition, the availability of the near complete
sequence of the euchromatic portion of the Y 16 reveals that it
codes for only 27 distinct proteins, 18 of which are encoded
by unique genes and the remaining nine by gene families
with between two and ,20–40 copies. It would therefore be
possible to compare the sequence and copy number of each of
these genes in the O3 and other lineages. Identification of the
basis for the increased susceptibility would be an important
advance in our understanding of prostate cancer.
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