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Abstract

We analyzed de novo constitutional t(11;22) translocation frequency in sperm derived from normal
healthy males as a function of the age of the sperm donors (from 25 to 51). Translocation-specific
polymerase chain reaction demonstrated no age-dependent increment in the frequency of the
rearrangements.

The effect of gender and age on the frequency of cytogenetic abnormalities is of significant
interest. Because of the general tendency toward delay of reproduction in the industrialized
countries and recent advances in assisted reproductive technologies, it is becoming an
important issue. Mutation rates for single genes generally are higher in male gametogenesis
than they are in female germ cell development. It is the result of the greater number of germline
divisions to complete spermatogenesis (often >150 divisions) as compared with oogenesis, and
the number increases with age. In contrast, the chromosomes of female germ cells undergo
only 23 divisions before oogenesis, and the number is consistent (1).

Cytogenetic abnormalities also manifest a gender bias. Numerical abnormalities are more
likely to arise in maternal gametogenesis. They primarily occur as a consequence of
nondisjunction during meiotic cell division, and the rate increases exponentially with advanced
maternal age (2). In contrast, for structural abnormalities, 80% of the chromosomal
rearrangements are of paternal origin. Because structural abnormalities arise when double-
strand breaks induced by endogenous or exogenous factors produce illegitimate recombination,
it is not surprising that structural rearrangements demonstrate a male predominance. However,
little is known regarding the effect of paternal age. Because technical problems exist in
cytogenetic analysis of sperm, there have been no consistent results (3).
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The constitutional t(11;22) is the only known recurrent non-Robertsonian translocation in
human beings. The translocation breakpoints are localized at palindromic AT-rich repeats on
chromosomes 11923 and 22911 (PATRR11 and PATRR22) (4-7). We propose that the
PATRRs adopt cruciform structure that induces genomic instability, leading to the recurrent
translocation (8).

In our previous study, we established the translocation-specific polymerase chain reaction by
using the sequences of the translocation junction fragments from both derivative translocation
chromosomes (9). By using this method, we successfully detected de novo t(11;22)s in sperm
derived from normal healthy males at the single-cell level (10). We calculated the de novo
translocation frequency on the basis of the occurrence of positive polymerase chain reaction
reactions and reported that polymorphisms of the PATRR11 affected the de novo translocation
frequency (11). In this study, we analyzed the translocation frequency as a function of the age
of the male sperm donors after obtaining the appropriate informed consent. The study was
approved by the Ethical Review Boards for Human Genome Studies at Fujita Health
University.

To avoid the effect of PATRR11 polymorphisms on translocation frequency, we selected 10
male volunteers who are homozygotes for the most common allele, the long PATRR11. Among
these subjects, the frequency of translocation ranged from 1.46 x 107° to 1.57 x 104, which
is a relatively narrow range when compared with a frequency variation of more than three
orders of magnitude induced by polymorphism of the PATRR11. This also suggests that we
can almost ignore the unknown effect from polymorphism of the PATRR22. The age of the
donors ranges from 25 to 51 years. As is indicated in Table 1, no age-dependent increment in
the frequency of rearrangements was observed among these subjects. Standard linear
regression analysis of log translocation frequency on donor age suggested no significant
positive correlation [y = —0.00009 Ln(x) + 0.0004, R = 0.1862].

Further, we obtained samples from two individuals at two different time points. Both of these
subjects were heterozygotes for the long PATRR11 and the asymmetric short PATRR11. After
a 6-year interval, the translocation frequency did not significantly change (Table 1). Although
we do not know whether the constitutional t(11;22) can be considered representative of other
structural chromosomal abnormalities, we conclude that the de novo frequency of the t(11;22)
does not increase with increasing paternal age.

The mechanism of PATRR-mediated chromosomal translocation in human beings is still
unknown. Palindromic sequences are known to be unstable in Escherichia coli, because
replication of the palindromic region is slowed or even stalled because of intrastrand base
pairing that produces a hairpin structure on the lagging strand template (12). Indeed, recent
finding indicates that partial deficiency of DNA polymerase can induce palindrome-mediated
translocations in an experimental yeast system (13). However, the age independence of the de
novo translocation frequency may implicate a replication-independent mechanism for
formation of the translocations. It is consistent with the fact that de novo translocations can
only be detected in sperm and no other human tissues (10). Our results suggest that the t(11;22)
translocations arise during meiosis or postmeiosis in male gametogenesis.
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