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Letter to the Editor
Allelic imbalance associated with the schizophrenia risk SNP
rs1344706 indicates a cis-acting variant in ZNF804A

Dear Editors,
There is compelling evidence for association of rs1344706, an intronic
SNP within the zinc-ﬁnger protein 804A gene (ZNF804A), with schizophrenia (SZ) and bipolar disorder (BD) (O'Donovan et al., 2008;
Williams et al., 2011; Zhang et al., 2012). Recently, some of the potential
molecular mechanisms underlying the association between rs1344706
and disease risk were published (Girgenti et al., 2012; Hill and Bray,
2012; Hill et al., 2012; Kim et al., 2012; Okada et al., 2012; Umeda-Yano
et al., 2013; Wright et al., 2013). Detection of expression quantitative
trait loci (eQTL) is an important step in annotation of genome wide association study (GWAS) results that can provide possible functional links to
pathophysiology, and putative use in biomarker studies (Vawter et al.,
2011). There has been an over-representation of eQTL in the brain with
the results of GWAS studies conducted in SZ (Richards et al., 2012).
These recent results and prior attempts to ﬁnd cis- and trans-regulatory
inﬂuences on gene expression in SZ (Vawter et al., 2006; Martin et al.,
2009) were motivation to further look for cis-regulatory inﬂuences on
gene expression for the ZNF804A associated SNP.
We provide further independent evidence for the rs1344706 allelic
speciﬁc expression (ASE) in the dorsolateral prefrontal cortex (DLPFC)
of postmortem brains from the Stanley Medical Research Institute
(SMRI). The SMRI Array Collection is a collection of postmortem brains
from individuals with SZ (n = 35), with BD (n = 34), and psychiatrically normal controls (n = 35). RNA from the DLPFC was available for
99 individuals in the collection. Detailed information about the SMRI
Array Collection is available at (http://www.stanleyresearch.org/dnn/
Default.aspx?tabid=197). The ASE published method (Guella et al.,
2014) was used for all SMRI Array samples that were heterozygous for
the rs12476147 exonic SNP, and normalized to the pooled gDNA assay
(Guella et al., 2014). This sensitive method is a speciﬁc assay for detection of cis-regulatory effects of variants. The ASE assay detected a significant over-expression of the rs12476147 A allele in DLPFC (average 1.12,
p-value b 0.0002, 95% conﬁdence interval 1.07–1.17) (Fig. 1) for all 47
subjects pooled. Moreover, cDNA allele ratios were signiﬁcantly different according to the intronic rs1344706 genotypes (p-value = 0.014),
with the SZ risk A allele associated with increased ZNF804A expression
(average 1.17, p-value b 0.00002, 95% conﬁdence interval 1.11–1.24)
for 27 heterozygous subjects vs. genomic DNA. Further there is a
signiﬁcant difference in cDNA allele ratios between rs1344706
SNP homozygotes (n = 17) and heterozygotes (n = 27) for the
expressed A/T allele ratio (p-value = 0.014). This latter result
shows that the in phase risk allele for homozygous subjects gives
a balanced allelic expression, while heterozygous subjects show
an imbalanced expression.
Prior studies examined the potential effect of rs1344706 on ASE
among SNPs in high LD with rs1344706 (rs12476147 and rs4667001)

in the postmortem cortical brain of non-mentally ill controls (Williams
et al., 2011; Hill and Bray, 2012). These studies did not ﬁnd a direct effect
of rs1344706 genotype on ZNF804A allelic expression, which may lead
one to erroneously conclude that the observed allelic expression imbalance was not directly attributable to rs1344706, at least in the adult
brain. However, in agreement with our results, Riley et al. (2010) showed
signiﬁcant association of the rs1344706 risk A-allele with higher total
ZNF804A expression in the adult DLPFC of SMRI controls (Riley et al.,
2010), whereas the opposite effect has recently been described in SMRI
SZ patients (Schultz et al., 2013) where ZNF804A gene expression was
found to be signiﬁcantly lower with an increasing number of risk Aalleles in the prefrontal cortex of patients. Thus, the ZNF804A expression proﬁle appears to be different between SZ patients and healthy
controls. One explanation might be differences in epistatic interactions
resulting from different genetic backgrounds between patients and
healthy controls. Genetic pleiotropism has been previously reported in
human complex diseases, including psychiatric diseases (Consortium,
2013) which might also explain some differences between studies of
different subjects. Further, some studies do not report actual allele speciﬁc expression.
Buonocore et al. (2010) indicated no substantial allele imbalance observed for rs12476147 in the DLPFC of adult postmortem brain when
considering only eight subjects (Buonocore et al., 2010). When
Buonocore et al. (2010) considered all of the individual brain regions
in a pooled analysis, they did ﬁnd over-expression of A/T ratio in their
study, and this effect was strongest in the hippocampus, nucleus accumbens, temporal cortex, parietal cortex, amygdala, hippocampus, and
caudate regions. Thus, their results could be compatible with our present results, except they did not ﬁnd evidence of A/T over-expression
in the DLPFC, while with larger sample sizes, and using a sensitive
TaqMan assay to detect allelic expression imbalance in our two studies,
we are able to replicate the ZNF804A allelic expression data from our
ﬁrst study (Guella et al., 2014).
We also cannot presently exclude that there will be trans-regulatory
effects that could either modify the cis-regulatory ZNF804A variant, or
act independently of the rs1344706 polymorphism, such as a miRNA
that can bind at ZNF804A or an effector of ZNF804A transcription, and
alter the observed allelic speciﬁc expression pattern in adult DLPFC during development. Furthermore, it is noteworthy that, in contrast with
our data, rs1344706 SZ risk allele was signiﬁcantly associated with a reduced ZNF804A allelic expression in the second-trimester fetal brain tissue (Hill and Bray, 2012), a discrepancy which might be explained by
the reversal of fetal expression trajectories (Colantuoni et al., 2011).
The ﬁndings of Hill and Bray (2012) suggested that rs1344706 riskallele contributes to decreased ZNF804A expression in the secondtrimester fetal postmortem brains (Hill and Bray, 2012); an effect
which might also be explained by a strong acting trans-regulatory effector. It is possible that the evidence provided in our study of adult DLPFC
could suggest alternative modes of rs1344706 activity in the adult brain
compared to these fetal brain results. The actions of cis- and trans-regulatory effects have been suggested before for complex traits, and it
has been thought, perhaps due to limited evidence, that cis-regulatory
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Fig. 1. ZNF804A allelic speciﬁc expression in DLPFC. Individual data points represent
the A/T allele ratio at the expressed rs12476147 SNP. The cDNA ratios for all subjects,
and cDNA ratios for the separate groups, rs1344706 homozygotes and rs1344706 heterozygotes, are shown. The mean value for each distribution is also indicated by a
horizontal bar. cDNA allele ratios are signiﬁcantly higher than genomic DNA allele
ratios (Guella et al., 2014) (a**, p-value b 0.0002) while there is a signiﬁcant difference in cDNA allele ratios between rs1344706 SNP homozygotes (n = 17) and
heterozygotes (n = 27) for the expressed A/T allele ratio (b*, p-value = 0.014).
The heterozygous risk allele showed the highest expression of A/T rs1344706
(c**, p b 0.00002).

variants are stronger in effect size than trans-regulators, while easier to
consider from a computational standpoint. For example, the number of
possible trans-regulatory effects across the genome acting at a single
locus is enormous, and the corrections needed are substantial, so most researchers have avoided these complications, and settled upon a ‘limited’
analysis of cis-regulatory effects. For the ﬁeld of neuropsychiatry, analysis
of both cis-acting and trans-acting regulators is recommended to fully understand genetic signals acting across the life span. At this point, the effects of trans-regulators may need consideration, and might have been
entirely missed, to have a more complete understanding and integration
of results of expression of ZNF804A during development and across brain
regions.
In conclusion, with a powerful ASE assay we are able to replicate
our previous ﬁndings of the rs1344706 risk allele being associated
with allelic imbalance of ZNF804A (Guella et al., 2014). However,
the existing evidence for ZNF804A allelic gene expression in the
adult and fetal human brain is still conﬂicting, and other SNPs
that are in strong LD in this region, or trans-regulatory variants
could theoretically give rise to the pattern of over-expression observed. The present data when combined with our prior results of
DLPFC includes 91 heterozygous subjects, and both studies show
similar ﬁndings. Replication of these results in other brain regions
and age groups in a large sample size with sensitive methodology
is required to determine whether this cis-acting variant confers
risk through the cis-regulatory variant shown in our adult data.
The signiﬁcant allelic expression imbalance of ZNF804A in the
DLPFC (Guella et al., 2014) provides functional legitimacy for
rs1344706 as the cis-regulatory variant directly responsible for
this allelic expression imbalance.
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