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COMMENT

Back to the drawing board—loss of chromosome Y (LOY) in
leukocytes is associated with age-related macular degeneration
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Grassmann et al. [1]. show that mosaic loss of chromosome
Y (LOY) in blood cells is associated with increased risk for
late-stage age-related macular degeneration (AMD). This
condition is a leading cause of vision impairment and
blindness and affected about 6.2 million people globally in
2015 [2]. Previously established risk factors for AMD
include age, inherited genetic variants as well as environ-
mental factors such as smoking [1]. LOY is a during
lifetime-acquired somatic mutation, leading to a mosaic
state in which affected men harbors a percentage of cells
without the Y chromosome. By studying LOY in blood
samples from 5772 AMD cases and 6732 controls from
26 studies, Grassmann et al. are the first to show that LOY
in blood is associated with increased risk for AMD (overall
OR= 1.33), independent of other known confounders.
Interestingly, analyses performed in different age groups
suggest that the strength of the association between LOY
and AMD was strongest in men 65–70 years of age (OR=
1.74), compared to younger and older age groups tested.
Furthermore, they replicate previous results showing that
age and smoking are important risk factors for LOY in
peripheral blood.

A frequent loss of the Y chromosome in hematopoietic
cells of men was first discovered more than 50 years ago, in
the early days of cytogenetics [3]. It has since then been
established that the frequency of LOY increases with age
and that at least 10 and 20% of normally aging men around
70 and 80 years of age, respectively, harbor at least 10% of
blood cells without a Y chromosome [4–7]. The data

presented by Grassmann et al. validates these frequencies as
11%, 12%, 16%, 17%, and 24% of the 12,504 studied men
in the age groups <65, 65–70, 70–75, 75–80, and > 80 years
of age, respectively, displayed LOY in blood. The corre-
sponding numbers for the 6732 AMD free controls were
10%, 10%, 14%, 15%, and 22%, respectively. These results
replicates previous results showing that LOY is the most
frequent somatic human mutation and it is affecting ~1.6%
of the genome [8]. In addition to age, smoking and genetic
background have been described as significant risk factors
to be affected with LOY in blood [6, 7, 9]. For example, in a
study of 6014 men from three cohorts, Dumanski et al. first
described that smoking was associated with LOY in a
transient and dose dependent fashion and that current
smokers have up to a four-fold risk for LOY in blood cells
compared to never smokers [9]. Furthermore, by imple-
mentation of a Mendelian randomization approach, Wright
et al. could infer a casual effect of smoking on LOY in
blood in two cohorts (combined n= 18.508, combined p=
0.004) [7]. The association between smoking and LOY are
replicated in the analysis presented by Grassmann et al., in
both ever smokers (OR= 1.69) and current smokers (OR=
2.64). In addition, a dose dependent effect from smoking on
LOY in blood cells, first described by Dumanski et al. [9], is
replicated (OR= 1.01) [1]. Furthermore, genome-wide
association studies have identified variation in several
genomic regions that is associated with increased risk to
carry blood cells with LOY, by studying germline inherited
genetic variants and the level of LOY in participants of
large cohorts [6, 7]. To date, 19 genomic loci have been
identified to be associated with increased risk for LOY in
blood, and these regions contain genes important for cell
proliferation and cell cycle regulation [6, 7].

Mosaic LOY in blood was long considered to be a
phenotypically neutral event and related to normal aging
[10]. However, in 2014 a study demonstrated that LOY in
peripheral blood cells is associated with all-cause mortality,
using data from two independent prospective cohorts of
aging men with up to 20 years follow-up time [4]. It was
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found that elderly men with LOY in >35% of the blood
cells at study entry survived on average only half as long as
the age-matched controls. It was also described that men
with LOY in leukocytes had an increased risk to develop
and die from tumors outside the hematological system [4].
Subsequent studies of specific cancer types have validated
that cancer patients on average have higher levels of LOY
in the blood cells compared to controls in colorectal and
prostate cancer [11], bladder and prostate cancer [6], and
testicular germ cell tumors (TGCT) [12]. Interestingly, the
men studied in the latter study had a median age close to 30
years of age, suggesting that LOY in blood is an important
risk factor for cancer development also in young men. In
addition to being associated with increased risk for various
forms of non-hematological cancers, men with LOY in
leukocytes have been found to have an increased risk for
other disorders and outcomes such as Alzheimer’s disease
[5], autoimmune conditions [13, 14], myelodysplastic
syndrome [15], suicide completion [16], as well as major
cardiovascular events [17]. The present results from
Grassmann et al., adds AMD to this growing list of human
disorders that are associated with LOY in blood cells.

A critical question to address in future studies is how
LOY in leukocytes could be connected with increased risks
for disease in tissues and organs outside the hematological
system. Since the increased risk for disease mediated by age
have been fitted in the statistical models in the above-
mentioned papers, it is not likely that co-variation between
disease incidence and level of LOY in older men, would
explain the observations. Furthermore, the TGCT-study
[12] and the Grassmann et al. study demonstrates that the
increased risk for disease mediated by LOY in blood is not
exclusive for elderly men. Another hypothesis that could
help explain the associations between LOY in blood and
risk for disease in other organs, is that LOY in blood cells
might cause disturbances to vital immune system functions,
such as immunosurveillance and regulation of inflamma-
tion, which is normally performed by leukocytes in blood
[4, 5, 8, 9, 18]. Accordingly, LOY-dependent dysregulation
of disease-protective immune functions could lead to an
increased risk for disease development such as neoplastic
proliferation of cells in various organs leading to cancer;
increased neurodegenerative processes in the central ner-
vous system associated with development of AD; as well as
increased risk of atherosclerotic plaques and major cardio-
vascular events. Of note, genome-wide association studies
has identified the complement cascade system to be con-
sistently involved in AMD [1]. A possible connection
between this result and the association between AMD and
LOY in blood cells needs to be further studied. Never-
theless, the results in Grassmann et al. can be viewed as
support for the hypothesis that LOY in leukocytes is an

important factor for the immune system’s ability to combat
disease processes taking place in different tissues and
organs.

Men in the entire world live shorter lives compared to
women and the global difference is about 4 years. This sex
bias is larger in populations with longer life expectancy, for
example, about 7 years in Japan [18]. The results from
recent studies showing that LOY in leukocytes are asso-
ciated with the major causes of death, could help explain the
shorter lifespan of men, since LOY is a male specific risk
factor. Clinical detection of men with LOY have the
potential to identify men with increased risk for disease and
thus, facilitate earlier diagnoses as well as enabling more
personalized treatment options. Further research of LOY
and its consequences will also increase our understanding of
disease mechanisms and possibly the development of new
preventive treatments in the field of precision medicine.
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