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Abstract
Background—Neuregulin 1 (NRG1) is one of the leading candidate genes in schizophrenia.
Rodents with NRG1 knock-out showed significantly impaired prepulse inhibition (PPI) in the
original report linking NRG1 to schizophrenia (Stefansson et al 2002). PPI is a widely used
surrogate measure of psychosis in animal models and is considered a schizophrenia
endophenotype. We hypothesized that if NRG1 influences PPI in rodents, then it should have a
similar effect on PPI in humans.

Methods—We examined the potential neurophysiological effects of two nonsynonymous single
nucleotide polymorphisms (SNPs) located on NRG1 (rs3924999 and rs10503929) on PPI.
Genotyping were completed in 430 unrelated individuals, including 244 schizophrenia cases and
186 controls. PPI was available in a subgroup of 113 cases and 63 controls.

Results—Rs3924999 genotype was significantly associated with PPI (p=0.003): PPI was lowest
in the subjects who were homozygous for the minor allele A/A carriers, intermediate in A/G
carriers, and highest in homozygous major alleles G/G carriers. The associations persisted within
cases (p=0.02) and controls (p=0.02) analyzed separately. An additive model suggested that
rs3924999 alone contributes to 7.9% of the PPI variance. In contrast, rs10503929 genotype was
not associated with PPI (p=0.85). Schizophrenia patients had reduced PPI compared to control
subjects (p=0.04). Neither SNP was associated with schizophrenia (all p>0.37). However,
schizophrenia patients with abnormal PPI may be associated with rs3924999 (p=0.05).

Conclusions—A missense mutation on rs3924999 of the neuregulin 1 gene may have a
functional effect on prepulse inhibition in both schizophrenia and healthy control populations.
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Introduction
Neuregulin 1 (NRG1) is a leading candidate gene in schizophrenia. In Stefansson and
colleagues' original report linking NRG1 to schizophrenia, mice with hypomorphic NRG1
had reduced prepulse inhibition (PPI) (1). PPI is a measure of inhibitory sensorimotor gating
of the startle response, thought to be under genetic control, and shown to be abnormal in
some schizophrenia patients and in their family members (2–5). PPI is increasingly being
adopted as a surrogate measure of psychosis in animal studies for investigating neural
mechanisms and antipsychotic treatments related to schizophrenia (6;7). We hypothesized
that if NRG1 is involved in the function of PPI as shown in the rodent model, mutations in
the gene might similarly affect PPI in humans, and may explain part of the PPI abnormality
seen in schizophrenia patients.

NRG1 is a signaling protein that plays an important role in neural development and synaptic
functions (8;9). Increasing interest in NRG1 as a schizophrenia candidate gene is motivated
by a number of positive linkage and association findings (10–16). NRG1 is involved in
neural development, glutamatergic function, and synaptic plasticity, all of which are
plausibly relevant to the pathophysiology of schizophrenia (9;17;18). Furthermore, the gene
is located at chromosomal 8p12–p21, a “hot spot” linked to schizophrenia (1;19–26).
However, there are also notable failed replications in Caucasian (27–29) and Asian samples
(30–33), and even in those studies reporting positive replications, the same SNPs or
haplotypes did not always replicate [for reviews see (27) and (34)]. Difficulties in
identifying susceptibility genes in schizophrenia are in part due to the likely clinical and
genetic heterogeneity of this disorder (35–37). Schizophrenia is likely caused by multiple
genes, perhaps acting in combination, which interact with environmental factors, leading to
clinical manifestation of the overt disorder when the genetic loading and/or environmental
insults cross a certain threshold of liability (35;38–41). Under these circumstances,
identifying physiological measures that are stable, heritable and associated with the disease
risk may facilitate identification of disease susceptibility genes. Such intermediate measures
that index specific physiological deficits occurring along the causal pathway from a gene(s)
to the clinical symptoms are termed endophenotypes (38). Endophenotypes are likely to be
more homogenous than the clinical syndrome, with the effects of the associated gene being
more robust than observed on the clinical syndrome. The current study is based on this
paradigm, by testing the association of polymorphisms in NRG1 with both PPI and
schizophrenia.

Since previous studies have not identified individual SNPs in NRG1 that consistently
replicate across studies, and the functions of those replicated SNPs have as yet been
determined, we focused our study on identifying variants of the NRG1 gene that were likely
to be functional. Thus, we searched publicly available databases for polymorphisms on
NRG1 that are known to change amino acid, or affect splicing or transcription, and have a
minor allele frequency of at least 5%. These criteria led to only two nonsynonymous SNPs
at the time of genotyping. Rs3924999 is located in the 2nd exon, a G>A polymorphism at the
2nd codon, which exchanges arginine to glutamine. Rs10503929 is in exon 12, a T>C
polymorphism at the 2nd codon exchanging methionine to threonine. The functional effects
of these amino acid exchanges are currently unknown. In this study, we examined the
potential neurophysiological effects of these two missense mutations on PPI function in
schizophrenia patients and healthy controls.

Hong et al. Page 2

Biol Psychiatry. Author manuscript; available in PMC 2013 February 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Methods and Materials
Subjects

Genotyping was carried out in 430 unrelated individuals, including 244 schizophrenia
patients and 186 non-schizophrenia controls without family history of schizophrenia. Their
age ranged from 16 to 70 years. Among them PPI was tested in 113 patients and 63 controls,
who were enrolled in the later stage of the study when the PPI phenotype was added.
Patients were recruited from the outpatient clinics of the Maryland Psychiatric Research
Center and the neighboring community clinics. The Structured Clinical Interview for DSM-
IV (SCID) was administered to all subjects to obtain DSM-IV diagnoses. Patients were
individuals with DSM-IV schizophrenia who were medicated and clinically stable. The 113
patients tested for PPI were on the following medications: 9 patients were on first generation
antipsychotic medications (mean±s.d.: 828±671 mg in CPZ equivalent), 83 patients were on
second generation antipsychotic medications, including 21 on clozapine (442±165 mg; 25
on olanzapine (19±9 mg), 25 on risperidone (5±2 mg), 2 on quetiapine (750±212 mg), 6 on
aripiprazole (19±6 mg), and 4 on ziprasidone (150±20 mg). Three patients were not on
antipsychotic medications. The remaining 18 patients were on 2 antipsychotic medications.
Symptoms in patients were measured with the 20-item Brief Psychiatric Rating Scale
(BPRS) using 1 – 7 scores on each item. Non-schizophrenia controls were recruited using
local community newspaper advertisements. The controls had no DSM IV Axis I diagnosis,
no Axis II cluster A personality disorder, and no family history of psychosis in 3
generations. The University of Maryland IRB approved written informed consent was
obtained from each subject.

Genotyping
Genotyping was conducted on DNA isolated from whole blood using the QIAamp DNA
Blood Maxi Kit (Qiagen). The 2 SNPs (rs3924999 and rs10503929) were ordered from the
Applied Biosystems (AB) assay-on-demand service (http://www.appliedbiosystems.com/)
and genotyped using AB TaqMan technology. Genotyping was successful in all but 3
subjects for rs3924999 and 2 subjects for rs10503929.

PPI laboratory procedures
A hearing screen was carried out. All subjects had hearing threshold of 40 db or better at
500 Hz. The orbicularis oculi electromyographic (EMG) activity was recorded from the
right eye, filtered (1–1000Hz, 60-Hz notch filter) and digitized at a 1-kHz rate. The acoustic
stimuli were generated by Psylab Stand Alone Monitor and a tone generator (Contact
Precision Instruments, Cambridge, MA) and delivered with headphones. EMG was directed
through a Grass A.C. Amplifier (model 1CP511, Astro-Med., Inc.) and was acquired using
commercially available hardware and software (BioPac, Gloeta, CA) (42). The sound
intensity was measured by a Sound Level Meter (Model 2700, Quest Technologies,
Oconomowoc, WI) on the A scale and a headphone coupler (Model EC-9A) with a standard
1-pound weight applied to the headphone during measurement. A standard 100 micro-
voltage pulse was applied to the beginning of each record allowing off-line calibration. The
EMG recording was processed off-line with a 100 Hz high pass filter, which was used for
response amplitude measurement. To identify a response, baseline EMG was obtained by
smoothing (binomial filter) a 100 ms artifact-free recording segment prior to stimulus onset.
Response onset was defined by the first crossing from baseline within a 20–120-msec
window after pulse onset; and was automatically identified using an in-house algorithm in
an interactive software environment (Igor Pro, Wavemetrics, Inc, Lake Oswego, OR). The
computer also presented the scoring trial-by-trial to the scorer. If the scorer concurred for a
response, the algorithm calculated the response amplitude, defined as the difference of the
most positive peak and most negative trough in a 20- to 150- msec window using the 100 Hz
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filtered recording. The trial was marked as no response if there was a lack of response onset.
Scorers were trained to be in high agreement in defining response or non-response trials.
The scorers were concurred on 95.8% of the trials (kappa=0.92) before scoring began. Non-
responders to startle stimuli were defined as subjects who responded to less than 50% of the
first 8 pulse alone trials. A session started with a 3-minute acclimation period with 70-dB
white noise. Startle pulse alone trials contained 116 dB white noise lasting 40ms, and the
prepulse-pulse trials contained a 20ms, 80 dB white noise prepulse, or 10 dB above the
background noise. The prepulse and pulse was 120ms apart at stimulus onset. The first three
responses were discarded. After the 3 trials, 18 pulse alone trials and 12 prepulse-pulse trials
were administered in a pseudorandom order. Inter-trial intervals varied from 12 to 20s.
Subjects were told to relax and keep their eyes open. PPI was calculated as percent
suppression in response amplitudes [% PPI = (startle alone trial – prepulse trial)/startle alone
trial × 100]. Responses were scored blind to subject identity and group membership.

Analysis
PPI data distributions were assessed for normality by Kolmogorov-Smirnov goodness-of-fit
test. ANOVA was used to assess patient-control differences in PPI. Chi-square tests were
used to compare observed genotype frequencies with those expected under Hardy-Weinberg
equilibrium. Linkage disequilibrium between the two SNPs was evaluated using the D'
statistic, as computed by Haploview software version 3.3 (43). Differences in allele
frequencies between schizophrenia cases and controls were assessed by Chi-square test, as
implemented in Haploview. The effect of genotype on PPI levels was tested by linear
regression based on an additive model in which PPI was the dependent variable and the
genotypes were predictors (coded as 0, 1, and 2 for homozygous minor alleles,
heterozygous, and homozygous major alleles, respectively). Subsequent regression models
tested the joint effects of age, schizophrenia diagnosis, and age by diagnosis interaction on
PPI. Significant interactions and main effects were followed up by individual group post hoc
tests with Tukey adjustment. For the calculation of relative risk and attributable risk, PPI
was defined as abnormal if the value was below the mean minus 1 s.d. of the PPI in the
control sample. All tests were two-tailed.

Results
1. PPI and schizophrenia

The distribution of PPI was consistent with normal distribution (Kolmogov-Smirnov Z
statistic =0.71, p=0.69). Demographic information was presented at Table 1. Twenty-two
(19.5%) of the patients and 19 (30.2%) of the controls were non-responders to startle sound
(χ2 =2.59, p=0.14), and were excluded from PPI analysis. There were no significant
differences between responders vs. non-responders in age (41.1± 11.0 vs. 37.6 ± 12.1,
p=0.10), gender (female 16.4% vs. 83.6%; male 27.5% vs. 72.5%, p=0.10), or ethnic groups
(Caucasians 16.5% vs. 83.5%; African Americans 32.9% vs. 67.1%; Asians 20.0% vs.
80.0%; p=0.15). There was no significant difference in mean eyeblink response amplitudes,
but there was a significant difference in %PPI between schizophrenia patients and controls
(Table 1). Age was modestly, albeit significantly, correlated with PPI (n=135, Pearson's r=
−0.23, p=0.01). PPI did not differ significantly between those on first and second generation
psychotic medications (36.4±20.3 vs. 41.1±25.5, p=0.66). Nor was medication dose
correlated with PPI in any category of antipsychotic medications (all p>0.05). PPI was not
significantly correlated with BPRS total score (r=−0.20, p=0.07, ns) or any subscales (all
p≥0.09, ns).
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2. NRG1 SNPs and schizophrenia phenotype
The distribution of genotypes was consistent with those predicted under Hardy Weinberg
equilibrium in both the control and patient groups (all p>0.05). The two SNPs were in
linkage equilibrium (D'=0.01) and therefore only single SNP analyses were performed.
Genotypes at neither SNP were associated with presence of schizophrenia: the minor allele
frequencies in cases (n=241) and controls (n=186) were 27.6% and 30.4% for rs3924999
(χ2 =0.79, p=0.37) and 9.5% and 10.2% for rs10503929 (χ2=0.11, p=0.74). The subjects
with PPI phenotype were enrolled in the later stage of the study when the PPI measurement
was implemented to the protocol. There was no change in enrollment criteria. There were no
differences in key clinical characteristics, including age, gender, or ethnicity, between
individuals phenotyped for PPI and those not phenotyped (all p>0.05). The subsequent
results involve only subjects with PPI measurements unless specified otherwise.

3. NRG1 SNPs and PPI phenotype
The effect of neither SNPs on PPI differed significantly between schizophrenia cases and
controls (all p ≥ 0.17 for the interaction term). Rs3924999 was significantly associated with
PPI (F(2, 131) =5.95, p=0.003). This association persisted even with adjustment for age and
gender (p=0.003). Percent PPI was lowest in homozygous minor alleles A/A or glutamine/
glutamine carriers (mean ± SD: 33.9±26.0), intermediate in heterozygous A/G (38.4±25.2),
and highest in homozygous major alleles G/G or arginine/arginine carriers (50.0±17.6)
(Figure 1). Post hoc test showed that A/A and A/G carriers had significantly reduced PPI
compared to G/G (both p=0.02). The genotypic effects on PPI were apparent also in
stratified analyses of schizophrenia patients (34.8±29.7, 33.1±28.3, and 48.5±18.2, for A/A,
A/G, and G/G, respectively, F(2, 87) =4.07, p=0.02) and healthy controls (31.6±14.9,
49.6±11.0, and 52.2±16.6, F(2, 41) =4.10, p=0.02) separately. A regression analysis based on
the additive model suggested that rs3924999 alone contributed to 7.9% (R2 change) of the
PPI variance (p=0.001). In contrast rs10503929 was not associated with PPI (p=0.85). A
regression analysis suggested that this SNP contributed 0.0% to the PPI variance.

Endophenotypes can be used to reduce heterogeneity and identify subgroups of
schizophrenia patients with similar biological deficits. With this in mind, we compared the
allele frequencies in the subgroup of schizophrenia patients with abnormal PPI (defined as
mean minus 1 s.d. of the controls) with the control group. The frequency of the rs3924999
mutation was significantly higher in patients with abnormal PPI (n=30) than the controls
(n=44) (minor allele frequencies 45.0% and 28.4%, respectively, χ2 = 4.3, p=0.05, Fisher's
exact test, two tailed). When comparing patients with abnormal PPI vs. controls with
abnormal PPI (n=5, minor allele frequency 20.0%), there was no significant difference
between the two groups (χ2 = 2.21, p=0.14). Therefore, the data did not support that this
mutation had significantly more impact on the patients' PPI; even though the insignificant
finding may be due to the small number of controls with abnormal PPI.

4. NRG1 rs3924999 and ethnic groups
Our sample included 239 Caucasians (132 patients and 107 controls), 169 African-
Americans (106 patients and 63 controls), and 22 from other ethnic groups. Allele
frequencies for rs3924999 in our sample (39.4% and 10.1%, in European Caucasians and
African Americans) correspond closely to those reported in NCBI dbSNP (43.8% in North
American Caucasians and 10.9% in African Americans; p=0.86, ns). Similarly, allele
frequencies for rs10503929 in our sample (14.9% and 2.4%, in European Caucasians and
African Americans) also correspond closely to those reported in NCBI dbSNP (12.5% and
0.0%, p=0.43, ns). Because of these ethnic differences in allele frequencies, we reanalyzed
the rs3924999 data in Caucasians and African-Americans separately.
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In Caucasians, there was a significant rs3924999 genotype effect on PPI (31.3±26.6,
37.5±27.0, and 52.9±17.4 for A/A, A/G, and G/G, respectively, p=0.01) (Figure 1). Similar
effects were observed in Caucasian patients alone (31.4±30.0, 31.0±30.4, and 52.5±18.8,
p=0.02) and in Caucasian controls alone (30.7±17.0, 50.1±12.2, and 53.9±14.5, p=0.03). In
Caucasians, 8.0% of the controls and 39.3% of the patients had abnormal PPI. The relative
risk (RR) of abnormal PPI for having A allele was 2.08 (95% confidence interval: 1.23 –
2.51). Based on a 39.4% population frequency of the A allele in Caucasians, the attributable
risk (AR) of the A allele for abnormal PPI was 29.8%. The additive genotype effect of
rs3924999 contributed to 11.3% of the variance of PPI in Caucasian subjects (p=0.002).

In African Americans, the genotypic effect on PPI was not significant (no A/A carrier,
40.6±22.8 and 47.2±17.8 for A/G and G/G, respectively, p=0.35, ns), indicating that a much
larger sample of African Americans would be needed to allow meaningful interpretation of
the effect of the minor allele on PPI in this population. In African Americans, the RR and
AR of abnormal PPI for having A allele were 1.34 (95% CI: 0.40 – 5.38) and 3.2%,
respectively. The additive genotype effect of rs3924999 contributed to 2.0% of the variance
in PPI (p=0.35, ns).

Discussion
Prepulse inhibition has been studied as a neurophysiological endophenotype in
schizophrenia, thought to be heritable and associated with the genetic risk of schizophrenia
(2–5;44). The finding of association between reduced PPI in the carriers of a missense
mutation on rs3924999 is the first reported association between a potentially functional
variant in the NRG1 gene and the schizophrenia-related endophenotype in humans. Other
findings included that schizophrenia patients with abnormal PPI had over-representation of
the missense mutation, while there was no significant association of the mutation when all
schizophrenia patients were considered.

The finding of association between PPI and a NRG1 missense mutation is predicated on the
a priori hypothesis of the involvement of NRG1 on PPI, which was based on a rodent NRG1
knockout model, described in Stefansson et al's original report linking this gene to
schizophrenia (1). However, this mutation was not significantly over-represented in the
schizophrenia phenotype. Rather, it was associated with the PPI phenotype regardless of
schizophrenia presence. Three reported studies have genotyped rs3924999 in schizophrenia
patients. The first report found a significant association between rs3924999 and
schizophrenia in a Chinese Han sample (12). Two subsequent studies did not replicate the
association (27, 30). The lack of significant association of rs3924999 and schizophrenia in
this study is thus another failed replication. In comparison, a narrower phenotype, i.e.,
schizophrenia patients with abnormal PPI, had over-representation of the missense mutation.
This finding is preliminary given the small sample size.

There were two additional studies that found associations between psychosis-related
alternative phenotypes and rs3924999 (45;46); one study included patients with Alzheimer's
Disease with Psychosis (45), while the other included individuals with schizotypal
personality features (46). Similar to the effects of the genotype on PPI impairment in the
current study, the A/A carriers had the highest score on the schizotypal scale, while the A/G
carriers scored in-between the A/A and G/G carriers. Schizotypal personality traits are
thought as a sub-clinical representation of aspects of schizophrenia and are under significant
genetic control (47–49). PPI has been found to be correlated with the severity of schizotypal
personality (50;51).
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How variation in rs3924999 or the NRG1 gene affects the risk for schizophrenia and PPI
abnormality is not clear. Further elaboration on the NRG1 gene and its protein products is
needed to address this question. In the original study by Steffanson and colleagues using
heterozygote NRG1 knockout model, most of the mouse exon 11, which encodes the
transmembrane domain, was replaced (1). The animals showed normal startle response but
reduced PPI compared to the wild types. We observed similar findings with the rs3924999
polymorphism, which is located at human NRG1 exon 2. The NRG1 gene consists of about
15 exons; transcripts from these exons produce at least 14 isoforms, from which three main
types of NRG1 proteins are assembled (9); but also see (52). All three main types have the
transmembrane domain, which anchors the proteins on the membrane with different
extracellular and intracellular domains. A transmembrane domain knockout would have
affected all 3 NRG1 protein types. Therefore, the transmembrane domain knockout model
does not exclusively implicate exon 11 in the PPI deficit. Exon 2 codes the N-terminal
sequence of type 1 NRG1 protein. Type I and II NRG1 proteins have an extracellular
immunoglobulin-like (lg) domain. The NRG1 lg domain knockout mice showed no
impairment in PPI (53) but rather showed impaired latent inhibition (54). Since the N-
terminal type 1 sequence needs to attach to the lg domain to form the type 1 NRG1 protein
(9), one may assume that this mouse model would have altered type 1 NRG1. However, it is
not clear whether the type 1 N-terminal sequence isoform was still translated and available
to serve other functions. A recent report examining different types of NRG1 transcripts
showed that postmortem hippocampal tissue of schizophrenia patients had deregulated type I
mRNA, suggesting that type 1 NRG1 may be particularly relevant to the pathology of
schizophrenia (55). A mouse model with targeted transgenic alternation at the exon 2 may
be needed to provide precise understanding between the genotype/phenotype relations in
mice and in humans. Adding to the already complicated picture, mice with hypomorphic
type III NRG1 (its type-specific isoform is coded by exon 8 in humans) seemed to have
impaired PPI (56). Finally, a majority of the positive association studies identified positive
markers around the 5' end of the gene, even though the positively associated SNPs or
haplotypes were not always the same (1;10–15). The only exon located in this area is exon
1, which encodes the N-terminal sequence of the type 2 NRG1 protein (9;57), but no known
functional mutation within this exon has been found segregated with schizophrenia. Overall,
while accumulating evidence supports the link between the NRG1 gene and schizophrenia,
there is insufficient information to reconcile these very different aspects of the genotype/
phenotype observations available thus far. The evidence seems to suggest that multiple
alleles of NRG1 may be involved and each may variably increase the risk of schizophrenia
and/or the associated endophenotypes.

NRG1 and its ErbB receptors play important roles in glutamatergic neurotransmission. ErbB
receptors colocalize with NMDA receptors at neuronal synaptic sites and together they may
regulate synaptic plasticity (58;59). NRG1 changes the composition of glutamatergic
neurotransmitter receptors in prefrontal cortex and cerebellum (17;18;60) and regulates
cellular NMDA receptor currents in the prefrontal cortex (17). Mice with hypomorphic
NRG1 had reduced NMDA receptors in the forebrain (1). Studies show that noncompetitive
N-methyl-D-aspartate (NMDA) antagonist phencyclidine induces schizophrenia-like
symptoms in humans and reduce PPI in monkeys (61). However, another NIMA antagonist
ketamine has been shown not to affect PPI or even increase PPI in humans (62–64) (see (44)
for a review). It is plausible that variation in the NRG1 gene affects PPI through alterations
in the glutamatergic signaling, but further studies to delineate the genetic and neurochemical
pathways leading to PPI change are needed.

Many genetic mutations have been associated with deficient PPI, mostly in animal models.
Mutations in 2 genes at the 22q11 locus, Tbx1 and Gnb1l, were shown to cause reduced PPI
in mouse (65). Transgenic mouse carrying Huntington's disease (HD) gene showed
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significant impairment in PPI (66). Tbx1 gene has been associated with Asperger's
syndrome. Both Asperger's syndrome and HD patients have shown to have deficient PPI
(65;67). Mutations in the Prodh gene at 22q, the PACAP gene at 18p, glutermatergic
receptor genes mGluR1 and mGluR5 (68;69), beta3 nicotinic receptor subunit (70), alpha3
subunit of the GABA(A) gene (71), GAD65 (72), Homer1 (73), ZDHHC8 (74) and a
number of other genes have shown to caused deficient PPI in animals; and many of these
genes have been associated with schizophrenia, a disease associated with deficient PPI. A
more comprehensive review of mouse genetic models for PPI can be found in Geyer et al
(75). However, the current study appeared to be one of the first direct associations between a
genetic mutation and PPI in humans.

The study is limited by its modest sample size. In addition, multiple comparisons were made
when data were analyzed by several stratifications, which may also introduce Type I error.
Replication studies will be critical for increasing the confidence for the association findings.
Certainly, even if our results are replicated, there remains the possibility that this missense
mutation is not functional at the protein level, and is rather in linkage disequalibrium with
another etiological locus that affects the PPI function. We have attempted to address
population stratification of allele frequencies between major ethnic groups. However, our
results can potentially still be affected by sub-population stratification, which is an inherent
concern in population-based association studies and may lead to Type I error (76). Future
replications of the findings using a different study design that include appropriate controls
for stratification such as family-based association and genomic control would be critical.
The minor allele frequency of rs3924999 was much smaller in the African American
population, a larger sample would be needed to examine whether this mutation would also
affect PPI in this population.

There was a marginally insignificant correlation between symptoms and PPI (p=0.07). Acute
symptoms as a “state” factor may affect the genotype-phenotype results. To address this
issue, data were re-analyzed using the BPRS score as a covariate. We found that rs3924999
remained significantly associated with PPI in all the patients (p=0.02) and in Caucasian
patients alone (p=0.05). This as well as findings in healthy control subjects suggested that
symptoms did not substantially affect the association between rs3924999 and PPI.

Since the time of genotyping on our sample, several other potentially functional
nonsynonymous SNPs and polymorphisms at the promotor regions and splicing sites of the
NRG1 gene were identified (77;78). Future replication efforts on NRG1 and PPI should
consider including these and perhaps other potentially functional loci.

In conclusion, the results of this study suggested that a missense mutation on the SNP
rs3924999 located in exon 2 of the neuregulin 1 gene may have a functional effect on
prepulse inhibition in both schizophrenia and non-schizophrenia populations.
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Figure 1.
The figure shows the effects of rs3924999 on mean %PPI (error bars are SEM) in the
combined sample, in Caucasians alone, and in African Americans alone. Numbers in bars
indicate the number of subjects for each genotype.
aStatistically significant in the combined group (p=0.003): A/A and A/G carriers had
significantly reduced PPI compared to G/G (both p=0.02). Similar effects were also found in
schizophrenia patients (p=0.02) and in healthy controls (p=0.02).
bStatistically significant in the combined Caucasians group (p=0.01). Similar effects were
also observed in Caucasian patients alone (p=0.02) and in Caucasian controls alone
(p=0.03).
cStatistically not significant in African Americans. No homozygous minor allele genotype
A/A in African Americans.
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Table 1

Demographics and PPI group comparisons

Schizophrenia probands (n=45) Healthy Controls (n=42) Chi-Square or F value P value

Age 39.1 ± 10.8
b 37.1 ± 13.7 1.21 0.27

Ethnicity (% cauc vs. afri vs. others) 63:47:3 34:23:6 4.60
a 0.33

Gender (%male) 72.6 42.8 15.0
a

0.001
c

Years of education 12.8 ± 8.4
b 14.1 ± 2.5 1.35 0.25

Eyeblink amplitude (mV) 47.0 ± 31.3
b 47.1 ± 33.2 0.00 0.98

%PPI 40.8 ± 24.8
b 49.0 ± 15.8 4.00 0.04

c

a
Pearson Chi-Square test

b
Mean ± standard deviation

c
Statistically significant. After adjusted for gender by using gender as a covariate in ANOVA, %PPI was not significantly different between the

two groups (p=0.07).
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