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NOS3 as a potential modifier of ADPKD phenotypic variability:
Progress towards an answer

The extreme intra- and inter-familial variability in the rate of
progression to end-stage renal failure (ESRF) in autosomal
dominant polycystic kidney disease (ADPKD) has been rec-
ognized for many decades. However the cause of such vari-
ability remains obscure even considering the rapid progress
made in understanding the molecular and cellular pathogen-
esis of the disease. It is likely to involve genetic, environ-
mental and individual factors such as epigenetics in addition
to the known and well-described genic and allelic effects
seen in PKD1 and PKD2, the genes responsible for ADPKD.
Individuals with a PKD1 mutation reach ESRF on average in
their mid-50s. More prolonged renal survival is associated
with mis-sense compared with loss-of-functions mutations.
Mutations in PKD2 are associated with even greater renal
survival with an average age of renal failure in the 70s.1

Whilst these genic and allelic effects are strong in ADPKD
they do not help our understanding of the disease variability
observed within single families with a presumably common
causative genetic mutation. The contribution of genetic
modifiers to disease variability has been assessed in several
studies. In families with PKD1 mutations, genetic variation
may account for 32–42% of the variance in estimated GFR
(eGFR) before ESRD and 43–78%2 of the variance in age at
ESRF. So far the genetic modifiers are unknown although
variants in DKK3 have been implicated.2 Inconsistent results
from small studies using candidate genes such as ACE have
been disappointing. At a time when the promise of effective
therapeutics may be able to be tangibly fulfilled within the
medium to long term, a greater understanding of the causes
of disease variability and how to predict long term outcomes
is urgently required.

Endothelial dysfunction has been implicated in the patho-
genesis of ADPKD and the development of hypertension
even independently of other markers of renal dysfunction.
Absolute or relative diminution of nitric oxide (NO) produc-
tion in ADPKD, its regulation by the protein product of the
PKD1 gene, polycystin-1, have supported the possible role of
NO production in contributing to ADPKD phenotypic vari-
ability. Whilst investigated and reported upon before, most
studies looking at functional genetic variation in the
endothelial nitric oxide synthase gene (NOS3) have also

been limited to small numbers of participants where other
factors that are known to predict disease severity such as
underlying gene mutation or renal volume have not been
assessed. These studies have therefore been considerably
underpowered to detect even a modest effect size. As such,
the question of whether genetic influences on NO produc-
tion exert a disease modifier effect in ADPKD have not been
convincingly or resoundingly answered.

In recent issues two research groups have further explored
the potential role for NOS3 to act as an ADPKD modifier
gene. Ramanathan et al.3 investigated several SNP and
polymorphisms in a south Indian cohort using a case control
methodology which did not reveal such an association or
modifier effect. Subsequently Xue et al.4 have undertaken a
systematic review and meta analysis including the previous
study. The results of 11 published studies across Asian, Euro-
pean, North American and Middle Eastern populations, sug-
gested that one allele in a dominant model (A allele of 4b/a
polymorphism, NOS3) is associated with increased ESRF
risk, another in a recessive model conferred the opposite
effect (GG allele of Glu298Asp variant, NOS3). Of further
interest is that the later recessive model allele appears to
exert its modifier effect in a somewhat gender dependent
fashion.

This finding is of interest for several reasons. First, a meta
analysis of all available studies demonstrated statistically sig-
nificant associations of different NOS3 variants with either
accelerated or delayed renal progression in ADPKD. NOS3 is
a biologically plausible candidate gene and this study appears
to answer more convincingly than has previously been pos-
sible the question as to whether NOS3 variants exert a phe-
notypic modifier effect in ADPKD.

Second, it further emphasizes that a large well-designed
prospective case control study is still required to confirm
these findings. Such a study is likely to be challenging. There
is an absolute requirement for high quality genotype and/or
phenotype data to control for known factors that influence
disease severity and to provide better clinical end-points.
Such end-points may be age at ESRF5 or alternatively new
measures such as height or age adjusted renal volume.

Third, these findings add further impetus to developing an
international approach to understanding ADPKD by collect-
ing prospective data on a large cohort of ADPKD patients
and their family members. This approach has supported
definitive studies in a wide range of other diseases, both
monogenic and complex. Several large studies to identify
modifier genes in ADPKD are already underway utilizing a
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genome wide approach to avoid the potential pitfalls of
smaller candidate gene studies. Ultimately the hope is that
such studies will identify additional therapeutic targets to
challenge the current paradigm of inexorable renal function
decline, excess morbidity and mortality. Understanding
which patients are more likely to progress to ESRF will be
important in delivering new treatments judiciously and with
maximal benefit. It is through such efforts to both under-
stand and treat ADPKD that the prognosis of the next gen-
eration can be improved compared with their forbears.

In conclusion, NOS3 variants may exert a modifier effect
in ADPKD and thus account for some of the phenotypic
variability observed in this condition. This potential effect
requires confirmation in large prospective cohort studies
along with the identification of other genetic and environ-
mental factors that can be modified to improve renal survival
in ADPKD, something that has not changed in recent
decades.
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