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MINI REVIEW

® Taylor&krancis
@ healthsciences

Y chromosome polymorphisms in medicine

Csilla Krausz!, Lluis Quintana-chiZ’3 and Gianni Forti'

Ninety-five percent of the length of the human Y chromo-
some is inherited as a single block in linkage from father to
male offspring as a haploid entity. Thus, the Y chromosome
represents an invaluable record of all mutations that have
occurred along male lineages throughout evolution. For this
reason, Y chromosomal DNA variation has been mainly used
for investigations on human evolution and for forensic
purposes or paternity analysis. Recently, Y chromosomal
polymorphisms have been applied in molecular medicine
from the perspective of male-specific (spermatogenic fail-
ure, testis and prostate cancer) and prevalently male-
associated (hypertension, autism) diseases. The absence of
recombination on the MSY (male-specific Y) region means
that polymorphisms, located in this region, are in tight
association with potential functional variations associated
with Y-linked phenotypes. Thus, an indirect way to explore
if Y chromosome genes are involved in the etiology of a
specific disease is the definition of Y chromosome haplo-
groups in patients versus disease-free and/or the general
population. Data on patients with reduced sperm count and
prostate cancer indicate that the ‘at risk Y haplogroup’ may
be different in different populations. The situation is rather
contradictory for other male-specific or male-associated
diseases and further multicenter — possibly multiethnic -
studies are needed.
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Introduction

While the X chromosome is shared by both sexes, the
presence of the Y chromosome in somatic cells
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represents a unique peculiarity of males. Since its
first description in 1921 (1), the scientific community
has been faced with divergent opinions about its role
and importance in humans. Due to the abundance of
tandemly repeated satellite DNA and the apparent
paucity of gene content, the Y chromosome was
considered for a long time to be a ‘genetic wasteland’,
necessary only for sex determination. This has led to
propose its future extinction in an evolutionary
context (2, 3). This view has been challenged by the
recent identification of both an unexpected number
and variety of Y chromosome genes, many of which
with an ubiquitous expression, and by the presence of
a conversion-based system of gene copy ‘correction’,
acting to preserve Y genes from the gradual accumu-
lation of deleterious mutations and thus ensuring
their continuity in time (4, 5). The human Y chromo-
some is classically divided into two functionally
distinct regions: 1) the pseudoautosomal regions
(PAR1 and PAR2), which are homologous with X
chromosome sequences and are responsible for
correct pairing between the two sex chromosomes
during male meiosis; 2) the male specific region Y
(MSY), previously called the ‘non-recombining region
Y’ (NRY), in which, in certain parts, instead of
classical recombination ‘intrachromosomal gene con-
version’ (non-reciprocal transfer) takes place (5). This
region comprises 95% of the length of the chromo-
some (Fig 1).

With the exception of the two PAR regions, the Y
chromosome is inherited in block from father to male
offspring as a haploid entity and thus it represents an
invaluable record of all mutations that occurred along
male lineages throughout evolution. For this reason,
the Y chromosome is considered as a reliable ‘story-
teller’ of population origin and dispersals (6). The
MSY region is the male counterpart of mitochondrial
DNA (mtDNA) which is maternally inherited and
does not undergo recombination.

The extent of the MSY region is roughly 63 Mb,
but only 23 Mb are transcriptionally active (euchro-
matic portion). A total of 156 transcription units have
been identified with 78 protein coding units and 78
putative non-coding units (4). The protein coding
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units are the product of 27 genes, 12 of which are
expressed ubiquitously and 11 are exclusively, or
predominantly, expressed in testes. The majority of
these genes are involved in male specific functions,
such as male sex determination (SRY) and spermato-
genesis (i.e., genes of the azoospermia factor (AZF)
regions of the long arm of the Y chromosome).
Consequently mutations/deletions of these genes lead
to sex reversal or spermatogenic failure (7-9). In
addition, loss or rearrangements of the Y are also
associated with a number of other phenotypes, such
as Turner stigmata (10), skeletal anomalies (11) and
the development of a rare type of gonadal cancer
(gonadoblastoma) (12). The MSY also contains genes
with housekeeping cellular activities (4, 13) and are
probably involved in functions other than male
reproduction. The same genes may be responsible
for the sexual dimorphism observed in certain
pathologies.

Y chromosomal DNA variation has been mainly
used for investigations on human evolution and for
forensic purposes or paternity analysis, these issues
being extensively reviewed elsewhere (13—15) In this
mini-review, we will focus our attention on the recent
applications of Y chromosomal polymorphisms in
molecular medicine from the perspective of male-
specific (spermatogenic failure, testis and prostate
cancer) and prevalently male-associated diseases
(hypertension, autism).

Y chromosome haplogroups and association
studies

Polymorphic markers on the MSY region define Y
chromosome lineages (or haplogroups) which are
monophyletic groups of Y chromosomes sharing
allelic states at slowly mutating binary markers. Until
now, more than 200 Y-specific single nucleotide
polymorphisms (SNPs) have been identified provid-
ing, together with a number of indels (insertions/
deletions), a detailed and robust phylogenetic tree of
Y chromosomal lineages (13, 16). Multiallelic markers,
such as Y chromosome microsatellites, which have a
higher mutation rate (around 2 x 10-3 per locus per
generation), define haplotypes within each of the
haplogroups and give insights into the internal
diversity of a given haplogroup. In addition, micro-
satellite diversity is very useful to evince more subtle
relationships among populations that may not be
detected by simple haplogroup analysis.

The absence of recombination on the MSY region
means that polymorphisms located in this region are
in tight association with potential functional varia-
tions associated with Y-linked phenotypes. Although
the Y chromosome is not generally considered in
genome-wide studies, the non-recombining nature of
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Key messages

* With the exception of the two PAR regions,
the Y chromosome is inherited as a single block
in complete linkage from father to male off-
spring as a haploid entity and is in tight
association with potential functional variations
associated with Y-linked phenotypes.

* Polymorphic markers on the MSY region
define Y chromosome lineages (or haplogroups)
which are monophyletic groups of Y chromo-
somes sharing allelic states at slowly mutating
binary markers.

* There is increasing evidence showing that
male reproductive fitness is greatly influenced
by DNA variations/deletions of the Y chromo-
some, therefore Y haplogroup definition may
have a direct application in reproductive medi-
cine.

* The identification of a predisposing or pro-
tecting Y haplogroup can also be considered as a
starting point for a better understanding of
differences in disease susceptibility between the
two sexes and to the identification of genes
involved in physiological processes other than
male reproduction.

most of the Y offers the possibility to study the
relationship between the Y-gene content and a
number of diseases. Thus an indirect way to explore
if Y chromosome genes are involved in the etiology of
a certain disease is the definition of Y chromosome
haplogroups in patients versus disease free and/or the
general population. If a Y-linked genetic factor
predisposing males to develop a disease phenotype
is present in a given population, two possible
explanations can be given. First, a functional varia-
tion predisposing to a given disease could have
appeared before the generation of the polymorphisms
that define Y chromosome haplogroups. In this case,
all Y chromosomes belonging to these haplogroups
will contain the susceptibility variant. The alternative
possibility is that a predisposing variation arose on a
single Y chromosome haplogroup background. In this
case, due to the absence of recombination on the Y
chromosome, the susceptibility variant would be in
strong association with the polymorphisms defining
the haplogroup. As a consequence, the frequency of
this haplogroup would be higher in subjects with the
given disease compared to the control population.
The majority of Y polymorphisms can be tested
through PCR (polymerase chain reaction)-based
assays (16), which makes it relatively easy to explore
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Figure 1. Genes of the three azoospermia factor (AZF) regions. Deletions of these regions result in spermatogenic failure. Multi-copy
genes are in italic, whereas non-italic letters indicate single copy genes. Underlined genes are expressed exclusively in the testis,
whereas non-underlined are expressed ubiquitously. Transcription unit families are reported in box. AZFb deletions (two subtypes)
overlap with the AZFc region. Yq = long arm of the Y chromosome; Yp = short arm of the Y chromosome; PAR = pseudoautosomal region;

MSY = male-specific Y with an extension of 63 Mb.

the role of Y chromosome background in predispos-
ing to different pathological conditions.

Reproductive medicine

The role of the Y chromosome in reproductive
medicine is indisputable since it contains the master
gene of testis determination (SRY) and a number of
genes with specific functions in spermatogenesis (Fig
1). The first relationship between infertility and Y
chromosome background has been described in a rare
form of azoospermia due to the so called XX male
syndrome (17). This syndrome, in more than 80% of
cases, is the result of an ectopic recombination
between the short arms of the X and Y chromosomes,
leading to the translocation of Y material, including
the gene SRY, to the X chromosome. A particular
European Y haplogroup has been defined where the
risk of X-Y ectopic exchange, leading to the XX male
syndrome, is increased (17) (Table 1). Y chromo-
somes belonging to this haplogroup bear a paracentric
inversion involving an XY homologous recombining
sequence which represents a putative mechanism for
the predisposition to XX maleness.

One of the most frequent genetic causes of severe

© 2004 Taylor & Francis. ISSN 0785-3890

oligozoospermia (<5 million spermatozoa/ml) and
azoospermia (absence of spermatozoa in the ejacu-
late) are Y chromosome microdeletions. The Y micro-
deletions associated with infertility occur in specific
regions of the long arm of the Y, called azoospermia
factor (AZF) regions (8, 18). The complete absence of
the most proximal region (AZFa) is associated with
the most severe phenotype (complete absence of germ
cells in the testis), whereas the deletion of the entire
AZFb region is associated with spermatogenic arrest
(in general at the stage of spermatocytes) (19). The
deletion of the most distal AZFc region can cause
different grades of testicular failure, with an impor-
tant variability between individuals, ranging from the
absence of germ cells in the testis to the presence of
spermatozoa in the ejaculate (oligospermia). Con-
sidering that the frequency of men with severe
impairment of spermatogenesis in the general popula-
tion is about 2.5% and the average frequency of
microdeletions in this group is around 5%, it can be
estimated that around one man in 2000 bears Y
chromosome deletions. The mechanism by which
AZF microdeletions originate can be traced to
intrachromosomal recombination between repetitive
elements, situated at the border of different AZF
regions (AZFa, AZFb, AZFc) (20,21). Sequence
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Table 1. Association studies dealing with Y chromosome polymorphisms and male specific or prevalently male associated diseases.
Studies indicated with * have been performed in the general population. The association® found in reference (49) is specific for the

Japanese population. n.r. = not recorded.

No. of subjects

analysed

Phenotype Population Patients Controls Y marker(s) Main finding Reference
XX maleness European 24 81 3 Association 17
AZFdeletions European 50 50 9 No association 23
AZFdeletions European 73 299 11 No association 22
AZFdeletions Japanese 6 84 15 No association 29
Oligo/azoospermia Japanese 51 57 No association
Azoospermia Japanese 106 156 3 Association 28
Oligo/azoospermia Italian 74 216 8 No association 30
Teratozoospermia
Oligo/azoospermia Danish 43 128 3 Association 26
Sperm count Italian 41 n.r. 11 No association 31
Testis cancer English 43 179 7 No association 47
Prostate cancer Japanese 90 99 1 Association 48
Prostate cancer Multi-ethnic 131 1157 Association® 49
Blood pressure* Australian 409* 1 Association 57
Blood pressure* Polish 155% 1 Association 58

Scottish 762% 1 Association
Hypertension Japanese 110 104 1 No association 60
Hypertension Spanish 208 178 2 No association 61
Hypertension + myocardial infarction Spanish 76 132 2 Association
Cholesterolemia* Polish 1288* 1 Association 59
Autism European 111 140 10 No Association 66

differences or different orientation of the repeated
blocks may predispose or protect against a specific
type of deletion. An example is the polymorphic
deletion of L1PA4 element which confers a higher
homology between the two retroviral blocks in the
flanking sequences of the AZFa region and thus may,
in theory, facilitate homologous recombination (Fig
2b and 3). This deletion is considered a polymorphism
and reaches high frequencies in populations from the
Middle East. Similarly to AZFa region, there could be
differing susceptibilities to the other AZF deletions
depending on the Y chromosome structure. This
hypothesis has been tested in two studies by compar-
ing Y chromosome haplogroup distributions in case
and control groups. Men carrying Y chromosome
microdeletions from Ireland, Scotland, Germany,
Italy, Spain, Holland and Denmark were haplotyped
and the haplotype distribution was then compared to
infertile men without microdeletions (22) or com-
pared to an unselected male control population (23).
Y chromosome microdeletions were found to occur
on different Y chromosome backgrounds and there
was no significant difference between Y chromosome
haplogroup distribution in the study and control
groups. However, due to the relative rarity of AZFa
deletions (5% of the total deletions), the number of
this type of deletion included in both studies was
small and, despite the apparent lack of association,
the relationship between Y chromosome back-

© 2004 Taylor & Francis. ISSN 0785-3890

ground and microdeletion formation cannot be ruled
out.

The classical identification of Y microdeletions is
based on simple PCR analyses of a few representative
Y-specific markers able to detect deletions of entire
regions (24, 25). Apart from classical microdeletions,
other Y anomalies, not detectable through routine
analysis, can in theory cause spermatogenic failure.
Among these, partial gene copy deletions of multi-
copy genes or rearrangements/inversions occurring in
non-coding sequences but with possible functional
effects on gene expression, are the most obvious
candidates. These types of alterations may segregate
with certain Y backgrounds, therefore the definition
of Y chromosome haplogroups in patients with
reduced sperm counts could be again the first step
for identification of patients with ‘Y-related’ factors,
other than AZF deletions, leading to spermatogenic
failure. In this context, Y haplogroup distribution has
been compared between men with reduced sperm
count versus the general population in three different
populations — Danish, Japanese and Italian. In Den-
mark, a study of men with <20 x 10° sperm/ml
revealed a significant overrepresentation of the line-
age K(xL,N,01,03¢,P), a haplogroup previously
known as haplogroup 26 (26) (Fig 3). This haplogroup
is found in Danish men with unexplained reduced
sperm counts at a frequency of almost 28%, whereas
in the general population it is present only at 1%—5%
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Figure 2A. Schematic representation of AZFc region. 1) the AZFc region contains a number of repeated sequences with the same
orientation (narrow with the same shade or motives) which through intrachromosomal recombination may lead to deletions. 2) ‘complete’
AZFc deletion removing the entire AZFc region; this deletion is specific for spermatogenic failure. 3), 4) and 6) ‘partial’ deletions occurring
between repeated homologous sequences inside the region; 4) ‘gr/gr’ deletion is considered a ‘risk factor’ for oligozoospermia; 5) an
inversion between b2 and b3 allows intrachromosomal recombination between blocks g1 and g3 leading to deletion type ‘g1/g3’; 6) This
partial deletion has no pathogenic significance. B. Schematic representation of AZFa region. The AZFa region contains two blocks of
homologous retroviral sequences at the border (HERV15yq1 and HERV15yq2). HERV15yq2 contains an insertion of a LINE1 3’ UTR
sequence block (LIPA4). The deletion of LIPA4 element confers a higher grade of homology between the two retroviral sequences and
thus may predispose to AZFa deletion. Y chromosome lineages containing the inversion (A-5) and the deletion of LIPA4 are indicated in
Figure 3.
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Figure 3A. Simplified tree of human Y chromosomal binary haplogroups (hgrs) showing the 18 main Y lineages. Each lineage contains
several sublineages leading to a total of 153 binary haplogroups (not shown, see reference (16)). B. Examples of predisposing
haplogroups in relation to sperm production (hgr N and hgr D) and to deletion formation (hgrs N and J).

(27). Similar types of studies have been performed
using study and control Japanese populations with
mixed results. Y chromosome haplogroup associated
with reduced sperm counts and an increased risk
(% 2) of azoospermia was reported in Japanese males
(28) but not confirmed in a similar study on men of
Japanese descent (29). This lineage, known as haplo-
group D (Fig 3), represents a Y chromosome variant
not observed in European and African populations
and seems to be specific of East-Asian populations
showing considerable geographic substructuring.
Two Italian studies (30,31) also failed to find a
relationship between infertility (30) or sperm counts
(31) and Y chromosome haplotypes. There are a
number of possible explanations for the apparent
discrepancies among these studies. First of all, sample
sizes are generally small in all studies, representing
therefore, one of the major problems of reproduci-
bility of association studies (32). Another critical
point concerns patient and control selection. In this
regard there are a number of possible confounding
factors, such as: 1) reliability of sperm count when a
single semen analysis is performed per individual; 2)

© 2004 Taylor & Francis. ISSN 0785-3890

controls selected on their ‘fertility status’ rather than
on their normal sperm count; 3) insufficient clinical
characterization of patients and the consequent
inclusion of men with andrological abnormalities in
which a role for a Y component would not be
expected; and 4) clustering of haplogroups due to
population substructure.

The observed susceptibility haplogroup identified
in Denmark could be explained by negative selection
acting on a rare haplotype that is associated with
decreased reproductive fitness. This Y chromosome
may exhibit structural rearrangements, polymorph-
isms in Y chromosome-specific gene coding sequences
or differences in gene copy numbers, all of which may
alter spermatogenic efficiency. Various environmental
factors (such as diet or pollutants) may act on
different classes of Y chromosome in different
countries. This is also suggested by epidemiological
data which indicate that reduced sperm quantity and
quality is a relatively recent phenomenon that may
have considerable environmental aspects (33). Studies
on the functional characteristics of chromosomes
belonging to this haplogroup should be done to verify
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this hypothesis and to potentially elucidate its rela-
tionship with environmental factors for preventive
purposes.

Finally, Y chromosome haplogroups differ from
country to country and even within countries.
Therefore a potential Y chromosome haplogroup
associated with reduced sperm count may differ
between countries. Further evidence for the impor-
tance of population-specific effect of Y polymorph-
isms on reproductive fitness is coming from two
recent studies dealing with partial AZFc deletions
(34, 35). Apart from the AZF flanking sequences, the
AZFc region is particularly rich in large palindromic
sequences, tandem repeats and multiple gene copies
(4). Homologous recombination may, in theory,
occur between each repeated sequence with the same
orientation. A partial deletion, called gl1/g3, which
removes partially the AZFc gene content, has been
reported to be in strong association with a specific Y
haplogroup (hgr N) (34). This haplogroup reaches a
particularly high frequency (up to 55%) in northern
Eurasian populations (36). Although the deletion
removes copies of multicopy genes involved in
spermatogenesis, it does not seem to confer a lower
reproductive potential to men belonging to this
haplogroup. By contrast, another partial AZFc
deletion which removes 1.6 Mb inside the AZFc
region (gr/gr deletion), seems to be associated with
reduced spermatogenesis (35). However, in contrast
to classical AZFc deletions, which are in the majority
of cases de movo, the gr/gr deletion is usually
transmitted successfully from father to son (35). In
fact, the relatively mild entity of spermatogenic
failure allowed deleted chromosomes to rise to
polymorphic frequency (about 2% worldwide).
However, in certain populations such as the
Japanese, its frequency reaches to 30% in linkage
with the D2b Y lineage. These data cast doubts about
the clinical importance of this type of deletion, at
least as far as the Japanese population is concerned.
However, it is also possible that the Y chromosome
lineage D2b has acquired, besides the gr/gr deletion,
a compensatory or even advantageous mutation
which would change the phenotype in men bearing
this haplogroup (e.g., a type of balancing selection).
In certain individuals, in association with gr/gr
deletion, a duplication of part of AZFc has been
observed which may represent a compensatory mech-
anism. Similarly to gr/gr deletions, different Y
chromosome backgrounds may also be responsible
for the inter-individual variation in the phenotypic
expression of a given AZF deletion such as the
complete AZFc deletion which can be associated with
both severe oligospermia or with the total absence of
spermatogenic cells in the testis. Future clinical-
molecular combined studies are needed to accredit
this attractive hypothesis.

© 2004 Taylor & Francis. ISSN 0785-3890

Y chromosome and cancer

Human Y chromosome loss and rearrangements have
been associated with specific types of cancer, such as
bladder cancer (37), male sex cord stromal tumors
(38), lung cancer (39) and esophageal carcinoma (40),
suggesting that both oncogenes and tumor suppressor
genes may exist on this chromosome. Genetic map-
ping studies have identified a gonadoblastoma locus
on this chromosome (GBY) that predisposes the
dysgenetic gonads of XY sex-reversed patients to
tumorigenesis. A recently identified candidate gene
for GBY, the testis-specific protein Y-encoded (TSPY)
has been demonstrated to be expressed preferentially
in tumor cells from gonadoblastoma (41), testicular
tumor (41) and from prostate cancer (42). A differ-
ential expression of some other Y genes was also
reported in prostate cancers, further indicating a
possible role for the Y chromosome in malignancy
and cancer progression (43,44). However, in the
absence of functional data on the proteins encoded by
these genes, the mechanism by which Y gene
anomalies lead to cancer formation remains to be
defined.

A more direct relationship appears to be between Y
genes involved in spermatogenesis and testis cancer.
In fact, more than 97% of testis cancers (TC) are
germ cell tumors and patients with spermatogenic
failure are at higher risk to develop testicular cancer
than the general male population. This higher
incidence cannot be explained by either local tumor
or general cancer effect for two reasons: 1) the
impairment of testicular function is present several
years before the diagnosis; and 2) patients with other
malignancies have normal, or slightly decreased,
semen quality. In the light of these data, the effects
of the Y chromosome background and Y deletions on
testis cancer formation have been assessed recently.
Data on Y microdeletion frequencies in patients
affected by TC are contradictory (45, 46) whereas
the role of Y chromosome background has been
explored only in one population (47). The haplogroup
distribution of 43 English patients presenting testi-
cular cancer has been analyzed for 13 Y-linked poly-
morphisms (47) (Table 1). Their haplotype profile has
been compared with a selected population of 197
controls to determine if there is an association
between Y chromosome background and a predis-
position to this cancer. The statistical analysis of data
did not indicate significant differences between the
case and control groups, thus it has been concluded
that the existence of a predisposing Y haplogroup to
TC is unlikely. However, it is plausible that TC may
have multifactorial origin and a Y-related etiology
would be present only in patients with associated
spermatogenic failure. Future studies on a much
larger group of patients with known sperm count
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are needed to reach conclusive data about the role of
Y background in this pathology.

As far as prostate cancer is concerned, a study on a
Japanese population reported a linkage between
prostate cancer incidence and different alleles of the
human Y-linked tetranucleotide polymorphism
DYS19 (48). Apparently one allele (allele C) would
confer a higher susceptibility whereas another (allele
D) a resistance to prostate cancer. These results
should, however, be interpreted with caution since: 1)
they are based on a single microsatellite marker; and
2) these markers present a high mutation rate and
recurrent mutations are more likely to appear,
distorting potentially the interpretation of the results.
More recently, a multi-ethnic cohort study which
examined the haplogroup distribution from four
ethnic groups found a statistically significant predis-
position to prostate cancer in one Y lineage from the
Japanese population (49). These findings suggest that
a Y chromosomal factor may contribute significantly
to the development of prostate cancer in Japanese
men.

Y chromosome and male-associated diseases

Among genetic determinants of sexual dimorphism
observed for pathologies such as cardiovascular
diseases, hypertension and autism, the Y chromosome
seems to be an obvious candidate. This hypothesis is
further supported by the expression pattern of some
of the MSY genes which is compatible with functions
other than male reproduction. However, neither
causative loci nor specific candidate genes of the Y
chromosome have been identified for these patholo-
gies and the gender difference in their frequency could
also be related to differences in sex hormones,
environmental and social factors.

Hypertension

It is well known that human males have a significantly
higher blood pressure, morbidity and mortality in
comparison with premenopausal women of compar-
able age (50). In two animal models of spontaneous
hypertension (the spontaneously hypertensive rat —
SHR — and the stroke-prone spontaneously hyperten-
sive rat — SHRSP) males show higher levels of blood
pressure than females and a role for Y chromosome of
SHRSP animals for the increased blood pressure has
been suggested by several genetic crosses between
SHR and SHRSP animals and normotensive animals
(51-53). On the other hand, data obtained from
consomic rat strains with a hypertensive background
and a normotensive Y have shown that these animals
are easily prone to dyslipidemia (54).

Concerning the human, a possible Y factor

© 2004 Taylor & Francis. ISSN 0785-3890

influencing blood pressure has been suggested by the
observation that a hypertensive father but not a
mother affects the blood pressure in male offspring
(55). Studies from Australia and two European popu-
lations show an association between single Y chromo-
some polymorphisms (such as the <HindIII+/— and
the YAP +/—) and blood pressure or lipid levels
(56=59) whereas a lack of association has been
observed for the Japanese population (60) and in
men from Northern Spain (61) (Table 1). In the latest
study the HindIll + Y chromosome polymorphism
was reported not to be associated with differences in
blood pressure but to be associated with an increased
risk of an early episode of myocardial infarction
among the hypertensives (61). The lack of coherence
among the different studies highlights the potential
risk of deducing a genetic association based on a
single genetic marker. Therefore, evidence for the
presence of a ‘hypertension factor’ on the Y remains
very hypothetical and needs further studies, based on
Y haplogroup definition rather than the analysis of
single polymorphisms.

Autism

The male to female ratio in autism (excluding subjects
with physical or brain abnormalities) is exceptionally
high, reaching to 23:1. Despite this gender difference
recognized since long ago, the male predisposition (or
female protection) to autistic disorder remains unex-
plained. Numerical and structural anomalies of the
sex chromosomes have frequently been reported in
autistic subjects and consequently X- or Y-related
factors have been hypothesized (62, 63). However,
linkage analyses on the X chromosome failed to detect
candidate genes and the same method cannot be
applied to the non-recombining Y chromosome (MSY
region) (64,65). In order to define a Y-related
component, a recent multiethnic study analyzed the
Y chromosome background using a set of 10 poly-
morphic informative markers (66) (Table 1). No
differences in haplogroup distribution have been
found between controls and a large number of autistic
patients. Although this finding fails to demonstrate a
causative role for Y chromosome in predisposing to
autism, the presence of a specific Y susceptibility gene
cannot be excluded. The analysis of Y chromosome
genes expressed in the central nervous system, for
example SRY (sex determining region Y), ZFY (zing
finger protein, Y-linked), PRKY (protein kinase Y),
Y-linked protocadherin (PCDHY), would be neces-
sary before any conclusion can be made.

Conclusions

The analysis of Y chromosome polymorphisms has
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given a major contribution to the understanding of
human histories, including human origins and popu-
lation movements. These studies performed by
population geneticists are based on the general
assumption that selection is not acting on the markers
under study, being therefore considered selectively
neutral. Selection however seems to be acting on
uniparentally inherited loci, as indicated by specific
haplogroups either associated with or protecting
against human diseases (14). In the light of recent
data from association studies, population geneticists
started to modify their vision on the neutrality of Y
polymorphisms used for evolutionary purposes. On
the other hand clinicians must be aware about data
accumulated by population geneticists, for instance
geographical and social clustering, which may affect
association studies. Much of the data concerning the
Y chromosome are coming from studies on male
reproductive function. Haplogroups predisposing to
Y anomalies leading to severe reduction of sperm
production, are present at a relatively low frequency
in the general population, whereas they can be over-
represented in specific groups of infertile subjects (26).
In this case negative selection could be acting on this
type of Y chromosome lineage and it could be
eventually removed from the general population.
Paradoxically, haplogroups associated with Y
mutations/deletions with deleterious effect on sperm
production can reach a high frequency in certain
populations, despite a potential negative selection
acting on them. This seems to be the case for the
recently described gr/gr deletion of the AZFc region
(35). Although, there are no conclusive data in this
regard, the phenomena could eventually be explained
by the contemporaneous presence of advantageous
mutations (for example duplications) raised on the
same Y chromosome bearing the deleterious muta-
tion. These observations underlie the complexity of
association studies between Y haplogroups and Y
gene anomalies. Nevertheless, Y haplogroup studies
in male reproductive pathophysiology represent an
important tool for a relatively fast selection of groups
of men for subsequent straightforward molecular-
cytogenetic studies. It will be mainly useful for the
identification of two category of subjects: 1) men in
whom spermatogenic damage is likely to be related to
a Y component not detectable with the routine Y
microdeletion screening; and 2) subjects with a
known Y gene defect (for example microdeletions)
but with a less severe disease phenotype than would
be expected. Given that the regions and genes
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involved in spermatogenesis on the Y are now known,
the search, in the first case, for deleterious, or, in the
second case, for advantageous mutations/rearrange-
ments can be then performed in the risk group.

The situation is more complex concerning diseases
or pathological conditions other than spermatogenic
failure, since no candidate genes on the Y chromo-
some have been identified for hypertension, hyper-
cholesterolemia or autism. Moreover, the etiology of
the above listed pathologies together with testis and
prostate cancer is likely to be multifactorial. Another
weak point concerning the association studies on
hypertension, is that they are based on the analysis of
one or a maximum of two polymorphisms which
gives considerably less precise information about Y
background than the analysis of Y chromosome
haplogroups or haplotypes. Therefore, a minimum
degree of lineage definition should be mandatory for
studies aiming to define an ‘at risk’ Y chromosome
haplogroup for systemic diseases. Selection bias
(population substructuring) and adequate sample size
for both the control and affected populations are also
critical. Many of the reviewed papers lack these
criteria and consequently their conclusions may be
questioned. However, this problem seems to be
common to other association studies dealing with
different genetic loci. Ioannidis et al. (32) demon-
strated by meta-analysis that a small size (with a
critical sample size of less than 150) was one of the
best predictors of reaching discrepancies between the
first and subsequent studies. One solution to these
problems could be multicenter and possibly multi-
ethnic studies which may help in increasing the size of
the study population.

There is increasing evidence showing that male
reproductive fitness is greatly influenced by DNA
variations/deletions of the Y chromosome. Therefore
Y haplogroup definition may have a direct application
in reproductive medicine. On the other hand, the
identification of a predisposing or protecting Y
haplogroup can be considered as a starting point also
for a better understanding of differences in disease
susceptibility between the two sexes and to the
identification of genes involved in physiological
processes other than male reproduction. This latter
task will be facilitated by the recent identification of
the sequence of the MSY, and the emerging sequence
of the X chromosome which will offer a comprehen-
sive database of genetic and sequence differences
between human males and females (4).
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