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Abstract

Genome-wide association studies implicate the MIR137HG risk variant rs1625579 (MIR137HGrv)
within the host gene for microRNA-137 as a potential regulator of schizophrenia susceptibility.
We examined the influence of MIR137HGrv genotype on 17 subcortical and callosal volumes in a
large sample of individuals with schizophrenia and healthy controls (n=841). Although the
volumes were overall reduced relative to healthy controls, for individuals with schizophrenia the
homozygous MIR137HGrv risk genotype was associated with attenuated reduction of mid-
posterior corpus callosum volume (p=0.001), along with trend-level effects in the adjacent central
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and posterior corpus callosum. These findings are unique in the literature and remain robust after
analysis in ethnically homogenous and single-scanner subsets of the larger sample. Thus, our
study suggests that the mechanisms whereby MIR137HGrv works to increase schizophrenia risk
are not those that generate the corpus callosum volume reductions commonly found in the

disorder.
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1. Introduction

Recent research implicates a variant within the host gene (MIR137HG) for microRNA-137
(miR-137) as a contributing factor to the genetic regulation of schizophrenia [1]. The single
nucleotide polymorphism (SNP) rs1625579 (MIR137HGrv) showed the strongest
association with the illness (p=1.6x10711) in a large-scale genome-wide association study
(GWAS) of the disorder [2], the results of which were recently replicated in an independent
dataset [3]. Although MIR137HGrvV is particularly relevant to GWAS, other nearby SNPs
relating to schizophrenia have been demonstrated to decrease miR-137 expression via
altering the secondary structure of the primary transcript (4). Individuals with the
MIR137HGrv homozygous schizophrenia-risk genotype express lower levels of miR-137,
indicating that the risk polymorphism likely plays a role in regulating microRNA activity
and subsequent expression of target genes [5]. While the association of MIR137HGrv with
schizophrenia is intriguing, its specific contribution to endophenotypes of the disorder
remains unclear. The goal of the present analysis is to elucidate the influence of the
MIR137HGrv risk genotype on structural brain variation in schizophrenia.

Subcortical volumes are abnormal in individuals with schizophrenia, with the largest effect
sizes belonging to an increase in the lateral ventricles and to reductions in the hippocampus
and thalamus [8; 9]. A recent study by Lett and colleagues [10] assessed the relationship
between MIR137HGrv genotype and select subcortical brain volumes, discovering smaller
hippocampal volumes and larger lateral ventricles in individuals with schizophrenia but in
not healthy controls with a homozygous MIR137HGrv risk allele genotype. However, the
analysis examined only three brain regions and included a limited sample size (n=213). In
genetic analyses, the importance of replication cannot be overstated, given the small effect
sizes and the possibility of false positives. Therefore, further investigation is required to
verify these findings and discover the extent to which MIR137HGrv may influence other
regions across the brain affected in schizophrenia, including the thalamus, amygdala, and
cerebellum [8]. The corpus callosum is also affected in schizophrenia, with different patterns
of effect for different subregions of the structure [11].

We present an analysis of the influence of MIR137HGrv genotype on volumes of 12
subcortical structures and 5 corpus callosum measures in 841 schizophrenia patients and
controls from an aggregated dataset.
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2. Methods

2.1 Data collection

2.1.1 Participants—Analyses were conducted on 841 participants from six independent
subsamples and nine imaging sites. All studies were conducted with local IRB approval and
all subjects provided informed consent. Table 1 shows the distribution of age, sex, diagnosis,
and MRI scanner type for each dataset.

2.2 Genotyping

Genetic data were derived from DNA extracted from participant blood and saliva samples
(see Supplementary Material). Table 2 outlines the relative genotype frequencies and
ethnicity distribution of subjects across datasets. The major T allele is considered the
MIR137HGrv schizophrenia risk allele [2].

2.3 Magnetic Resonance Image (MRI) acquisition

MRI scans were collected from multiple scanners including a GE 3T, Philips Intera Achieva,
Siemens 1.5T, Siemens 3T, and Philips 3T scanner. Details on imaging procedures are
available in the Supplementary Material.

2.4 Subcortical segmentation of MRI data

For multi-site datasets in general, the characteristics of subcortical volumes have been
validated through standardized procedures and meta-analyses conducted by the ENIGMA
Consortium [12]. Subcortical volumetric segmentation of structural MRI scans was
performed using FreeSurfer software (v.5.1.0 for Dublin dataset, v.5.3.0 for the remainder;
www.surfer.nmr.mgh.harvard.edu). After outlier identification and visual inspection to
verify segmentation accuracy, we included in our analysis the lateral ventricles, inferior
lateral ventricles, putamen, globus pallidus, hippocampus, thalamus, caudate nucleus,
nucleus accumbens, amygdala, cerebellar cortex, and cerebellar white matter, as well as the
corpus callosum.

The FreeSurfer processing pipeline further segmented the corpus callosum into five
segments of equal length on the sagittal plane: the anterior, mid-anterior, central, mid-
posterior, and posterior regions. This parcellation closely approximates widely accepted
designations of corpus callosum subregions [13]. Comparison of the accuracy of FreeSurfer
automated segmentation to manual tracing shows high correlation and comparable accuracy
between both methods [14].

2.5 Correcting heterogeneity in the data

Ethnic stratification was characterized in our datasets by the ENIGMA Consortium’s multi-
dimensional scaling (MDS) procedure on genome-wide scan data when available (Fig. S1)
[15]. For the European Dublin and Galway datasets, genome-wide scan data were
unavailable. All participants self-reported as Caucasian, and were categorized as such with
confidence given the overwhelming prevalence of Caucasian ethnicity in their population.
All Asian and mixed ethnicity participants were excluded due to low sample size (total
n=20), for a final sample size of 841 (Table 2).
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2.6 Analytic approach

Due to low frequency of the GG genotype, GG and GT participants were combined (n=274)
for comparison to the “homozygous-risk” TT genotype participants (n=567).

The influence of MIR137HGrv genotype on subcortical volumes was examined via repeated
measures ANCOVAs [10] and a MANCOVA (IBM SPSS Statistics, v.21). Dummy-coded
genotype, diagnosis, categorical ethnicity, and imaging site served as between-group factors,
and age, sex, and FreeSurfer-estimated total intracranial volume served as covariates. Model
selection via backward elimination for significant effects identified a final model including
all main effects and the site by sex, site by diagnosis, and genotype-by-diagnosis interaction
terms. The genotype-by-diagnosis interaction term did not survive backward elimination but
remained in the model due to previously discovered incongruent effects of MIR137HGrv
genotype in schizophrenia patient and healthy control populations [10].

We applied the MANCOVA model to the five bilateral corpus callosum regions. These
regions were assessed separately given their disparate associations with schizophrenia in the
literature [16; 17]. The left and right hemisphere volumes for the twelve subcortical
structures were analyzed using repeated measures ANCOVA. Raw p-values underwent
Bonferroni correction for five or twelve multiple comparisons (i.e. p/5 and p/12), for the
MANCOVA and repeated measures ANCOVAs, respectively.

2.7 Subsample analyses

3. Results

To further characterize any effect of ethnicity on our results, the complete analysis was
performed on a Caucasian-only subsample of the data (n=663) for comparison to the mixed-
ethnicity results.

Given the variety of scanning sites, the complete analysis was also performed on each
dataset separately for comparison to the aggregated sample.

3.1 Effects of diagnosis on brain volume

Patients demonstrated significantly different mean volumes from controls in several regions
(Table S1). Notably, patients showed a significant decrease in total corpus callosum volume,
and a significant increase in total lateral ventricle volume.

3.2 Interaction of MIR137HGrv genotype and diagnosis

The corpus callosum MANCOVA revealed a genotype-by-diagnosis interaction in the mid-
posterior corpus callosum (F1 gog=11.97, p=0.001) that remained significant after Bonferroni
correction (see Figure 1). There were also genotype-by-diagnosis interaction effects on the
posterior corpus callosum (F1 ggg=5.94, p=0.015) and central corpus callosum (F1 gog=3.82,
p=0.051) that did not survive Bonferroni correction. The overall effect of genotype-by-
diagnosis on the omnibus MANCOVA was significant as well (Fs gp4=2.88, p=0.014).

The post-hoc pairwise comparison revealed that mid-posterior corpus callosum volume was
significantly larger in TT than GG/GT carriers with schizophrenia (F1 go4=4.21, Pcorrected=

Neurosci Lett. Author manuscript; available in PMC 2016 August 18.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Patel et al.

Page 5

0.007), but there was no significant effect of genotype in controls. The mean volume of TT
carriers with schizophrenia was significantly smaller than the mean volume of all controls
(Fl,835:10-591 p:0.001).

The repeated measures MANCOVAs did not yield a significant effect of genotype or
genotype-by-diagnosis interaction on any bilateral region after Bonferroni correction. The
direction of diagnosis effects between genotype groups on other volumes is illustrated in
Figure S2.

3.3 Subsample analyses to address possible data confounds

3.3.1 Caucasian subset analysis—In the separate analysis conducted using only
Caucasian subjects, a trend-level significant effect of genotype-by-diagnosis interaction was
found on the central corpus callosum (F1 g6,=3.63, p=.057) and a significant effect in the
mid-posterior corpus callosum (F1 g62=8.64, p=.003). The direction of the genotype-by-
diagnosis interaction in both regions was in accordance with those found in the full dataset:
TT genotype patients showed greater volume than GG/GT counterparts, with the opposite or
no effect in controls.

3.3.2 Consistency over individual datasets—We performed the MANCOVA and
repeated measures ANCOVA analyses on each subsample separately. In the mid-posterior
corpus callosum, all sites except one displayed a larger mean volume in TT patients than
GG/GT patients. The subsamples generally displayed the same direction of genotype-by-
diagnosis interaction effect consistent with whole dataset results. All of the subsamples’
results are shown in Supplemental Material Figure S3, along with the overall means.

4. Discussion

4.1 Effects of MIR137HGrv on subcortical volumes

This study assessed the relationship between MIR137HG SNP rs1625579 (MIR137HGrv)
genotype and subcortical volumes in schizophrenia using a large, ethnically heterogeneous
dataset. As would be expected from the association between MIR137HGrv and
schizophrenia, our finding is significant in patients only. Given that MIR137HGrv confers
risk for schizophrenia [2], and that the mean corpus callosum volume is reduced in the
illness [16; 17], we expected that the MIR137HGrv homozygous risk genotype (TT) would
lead to a reduced volume either in patients or both groups; but this is not the case. Rather,
our findings suggest a counter-intuitive role of the variant in corpus callosum volume. In the
mid-posterior corpus callosum, the homozygous risk allele genotype (TT) correlated with
greater regional volume compared to GG/GT genotype, but in patients only. Similar though
weaker effects were found in the adjacent posterior and central corpus callosum. The
relationship between homozygous risk allele genotype and the relatively enlarged regional
volume indicates that in patients, MIR137HGrv risk is associated with lesser volumetric
reduction in the central and posterior regions of the corpus callosum. These results remained
largely intact at trend-level significance for the site- and Caucasian-specific subsets of the
data. Thus, our study suggests that the mechanisms whereby MIR137HGrv works to
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increase schizophrenia risk are not those that generate the corpus callosum volume
reductions commonly found in the disorder.

4.2 MIR137HGrv shows no effect on hippocampus and lateral ventricles in larger sample

Our results differed considerably from the ventricular and hippocampal effects found in the
Lett et al. [10] prior analysis of MIR137HGrv genotype on subcortical volumes. In contrast
to their previous Caucasian-only analysis, our study uses a much larger dataset. Although
the full sample was heterogeneous with respect to ethnicity, the Caucasian subset of our data
displayed the same results at trend-level significance. Furthermore, we did not replicate the
previous study’s ventricular or hippocampal findings even in the Caucasian subset,
suggesting that our enhanced sample size likely improved the resolution of our findings (Fig
S3). Our findings are supportive of Rose et al. 2014 who also found no effect of the SNP on
hippocampal volume in a sample of both patients and controls [18].

4.3 The corpus callosum in schizophrenia

Abnormalities in the corpus callosum, the largest and most uniformly organized white
matter structure in the human brain, are widely speculated to underlie disrupted neuronal
connectivity in schizophrenia. While numerous structural MRI studies have identified
reductions in corpus callosum size in individuals with schizophrenia, as we have here, there
remains uncertainty in the degree to which the anterior, posterior, midbody (encompassing
the mid-posterior and central segments), and total corpus callosum each contribute to disease
presentation [19; 20]. Through manual tracing with a similar equal-lengths approach as
FreeSurfer automated segmentation, Mitelman et al. 2009 identified increased area of only
the posterior mid-body corpus callosum in patients compared to controls [11], in line with
our direction of effects. Furthermore, several studies have found in the posterior midbody
reduced regional fractional anisotropy [21] and in some cases increased mean diffusivity
[22; 23], markers of diminished white matter organization potentially reflecting reduced
regional axonal density in patients. The posterior corpus callosum develops independently
from the anterior segments, instead developing earlier along with the hippocampal
commissure [24], and may thus be influenced by hippocampal growth patterns.

4.4 MIR137HGrv and callosal development and function

Evidence suggests that genes targeted by miR-137 act to regulate axonal guidance and
myelination mechanisms responsible for generating the various components of the corpus
callosum and other white matter tracts in the brain. A bioinformatics analysis of predicted
and validated miR-137 target genes revealed a significant enrichment of these genes within
the axonal guidance canonical pathway [1]. One target, ZNF804A, is a well-known
schizophrenia candidate gene [25] that has been linked to reduced integrity of the corpus
callosum [26], although its relationship to white matter integrity has varied across studies
[27; 28]. Since many other miR-137 target genes are also schizophrenia risk genes [1], the
role of these genes in white matter development and morphology lends support to our
finding of MIR137HGrv genotype-by-diagnosis—rather than just genotype—effects on
corpus callosum volume.
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4.5 Alternative explanations of MIR137HGrv and schizophrenia risk

Our results indicate that MIRL37HGrv risk does not relate directly to subcortical volumetric
measures with the exception of the posterior corpus callosum, and are in keeping with other
recent research that also did not report an effect of MIR137HGrv genotype on subcortical
brain volumes in either healthy controls or patients [17]. The effect of MIR137HGrv may
more strongly manifest through other measures of brain function. For example,
dysfunctional connectivity between the dorsolateral prefrontal cortex (DLPFC) and
hippocampus is a well-established phenotype of schizophrenia patients, and studies in
healthy controls [29] as well as controls and patients [30] report that MIR137HGrv
homozygous risk individuals show increased DLPFC-hippocampus connectivity, greater
deficits in measures of episodic memory and attention span [31], and fail to show the
relationship between DLPFC-hippocampal connectivity and memory performance that the
non-risk allele subjects do [30]. These results suggest that perhaps the action of
MIR137HGrv is not generally on brain structure or volumes but on the functional
relationship between the frontal cortex and other regions in cognitive processing. Further
research into connectivity particularly via the posterior corpus callosum may provide more
insight into the relationship between MIR137HGrv and schizophrenia.

Alternatively, the effects of miR-137 on risk for schizophrenia may be mediated through
multiple mechanisms. Several variants in the miR-137 gene have been associated with
disrupted miR-137 expression in association with schizophrenia (4), suggesting it may affect
a number of separate schizophrenia endophenotypes.

4.6 Study limitations

We considered whether aberrant datasets could have contributed to our unusual findings.
Diagnostic group trends in our sample behaved as expected according to established
volumetric differences in the literature [7], indicating that the observed genotype-by-
diagnosis effects were not driven by abnormal group differences between patients and
healthy controls (Fig. S2).

The benefits of the multi-site nature of our study outweigh the limitations of the approach,
and while it is a possible confound to our genotype-by-diagnosis interaction effects, we did
not identify a significant interaction between site, genotype, and diagnosis. The direction of
our significant results remained relatively intact but underpowered for statistical significance
when analyzing each of our six subdatasets individually (Fig. S3). Thus, genotype-by-
diagnosis effects are relatively consistent across the samples in this dataset and suggest that
our whole dataset results are likely to be replicated in other independent samples.

An important limitation of our study was the use of patient participants who were all on
unknown medication regimens at the time of the MRI scan. There are demonstrated
medication effects on basal ganglia volumes [33; 34], but meta-analysis suggests that total
white matter loss is reduced over time at a comparable rate in medicated and antipsychotic-
naive patients [7]. Thus, volumetric differences in white matter may exist at disease onset
without aggravation by antipsychotic treatment.
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5 Conclusion

In summary, we present promising evidence that the MIR137HGrv homozygous risk
genotype relates to less severe volumetric reduction of the midbody and posterior corpus
callosum in schizophrenia patients. Thus, it is unlikely that the variant mediates enhanced
risk for schizophrenia by exacerbating the corpus callosum volume loss found in the illness.
The role of MIR137HGrv in schizophrenia remains an area of active research, and future
studies can further the investigation by examining the integrated effects of the variant and
miR-137 target genes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effect of genotype by diagnosis interaction on corpus callosum volumes.

A MANCOVA vyielded an effect of MIR137 genotype by diagnosis interaction on the central
(p=0.051), mid-posterior (p=0.001), and posterior corpus callosum (p=0.015). Post hoc
analyses determined that in patients only, mean mid-posterior corpus callosum volume is
significantly greater for TT than GG/GT carriers (p=0.017). Effects remaining significant
after Bonferroni correction are marked with stars. Mean volume of patients and controls
differed significantly in all three regions (p< 0.001).
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