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Objective: There is evidence of linkage between chromosome
15q14 and the P50 auditory evoked response, a heritable neu-
ropsychological marker associated with increased risk of schizo-
phrenia. Chromosome 15q14 harbors the alpha-7 nicotinic re-
ceptor subunit gene (CHRNA7) and a hybrid gene of unknown

function (CHRFAM7A). CHRNA7 is involved in memory forma-
tion, a core dysfunction in schizophrenia. The authors set out to
determine if this locus is associated with memory dysfunction
in schizophrenia.

Method: A 2bp deletion in exon 6 of CHRFAM7A, which dis-
rupts the hybrid gene and has previously been associated with
P50 deficit, was genotyped in 251 individuals from the Mauds-
ley Family Study of schizophrenia. Episodic memory function
was assessed using the Wechsler Memory Scale.

Results: Significant associations were identified with delayed
recall and percentage retained, with the presence of the dele-
tion predicting worse performance.

Conclusions: These observations indicate that episodic mem-
ory function is a schizophrenia endophenotype and implicate
the CHRFAM7A/CHRNA7 locus in modulating its function.

(Am J Psychiatry 2006; 163:1832–1834)

Several linkage studies have implicated chromosome
15q13-q14 in schizophrenia (1, 2). Freedman et al. (3) used
the P50 auditory evoked response, a measure of sensory
gating, as a neurophysiological endophenotype for linkage
analysis in schizophrenia families and identified linkage in
close proximity to the CHRNA7 gene at 15q13-q14 (3).

The CHRNA7 locus is complex, harboring a brain-ex-
pressed gene of unknown function (CHRFAM7A) about 1.5
Mb proximal to CHRNA7 itself. It consists of a duplication of
exons 5–10 of CHRNA7, fused with five novel exons (4, 5).
There is a common 2bp deletion in exon 6 of CHRFAM7A
(exon6∆2) that creates a premature stop codon and is hy-
pothesized to cause exon 6 of the duplicated gene to be
spliced out (6). Raux et al. (7) found that at least one copy of
the exon6∆2 polymorphism was sufficient to predict a defi-
cit in the P50 auditory evoked response, leading the authors
to conclude that it may disrupt normal CHRNA7 function
through a dominant negative effect.

Both human and animal work also suggest a function
for CHRNA7 in more general aspects of learning and
memory (8, 9) and in the cellular process of long-term po-
tentiation (10, 11). Working and episodic memory are
traits that are impaired in patients with schizophrenia and
their healthy relatives (12), implying that they are core def-
icits and endophenotypes that may be useful for genetic
studies (13).

In the present study, we used subjects from the Mauds-
ley Family Study to determine if the CHRFAM7A exon6∆2
polymorphism would be associated with episodic mem-

ory (as measured by the Wechsler Memory Scale) and to
test the suitability of episodic memory as an endopheno-
type for genetic studies of schizophrenia. We chose this
approach because the CHRFAM7A locus has been impli-
cated in schizophrenia, evidence supports a role for neu-
ral nicotinic receptors in memory formation, and episodic
memory was a familial endophenotype in the Maudsley
Family Study (12).

Method

The study group consisted of 251 subjects (96 affected individ-
uals, 116 unaffected relatives, and 39 healthy comparison sub-
jects) and is described in detail elsewhere (12). Genotyping was
performed as described (7); since the genotyping assay cannot
distinguish between individuals with one or two copies of
exon6∆2 because of high homology between the CHRFAM7A and
the CHRNA7 genes, it was analyzed as a dominant allele. Memory
function was assessed using the immediate/delayed recall and
percentage retention portions of the Wechsler Memory Scale’s
logical memory subtest.

The Wechsler Memory Scale measures were converted into z
scores correcting for age, sex, and IQ. Regression analysis for the
association between the neurocognitive measures and genotype
was performed. Since the population comprised a large propor-
tion of related individuals, linear regression was applied with ro-
bust standard errors using family ID as the cluster variable. We
analyzed three measures of memory: immediate recall, delayed
recall, and percentage retained; percentage retained is a more re-
fined delayed measure that takes into consideration performance
in immediate recall. We estimated the fraction of the variation
(R2) in the dependent variable accounted for by the exon6∆2
polymorphism. Association between exon6∆2 and schizophrenia
was tested using the transmission disequilibrium test.
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Results

Consistent with previous work, no association was found
with schizophrenia (exon6∆2 frequency: 0.65 in schizo-
phrenia group, 0.63 in unaffected relatives; transmission
disequilibrium test: transmitted alleles=36, nontransmit-
ted alleles=26 [χ2=0.94, df=1 p=0.20]). However, we found a
significant relationship in the entire group between the
presence of exon6∆2 and both delayed recall (β=0.30, 95%
CI=–0.28 to 0.60 [t=1.5, p<0.04; R2=0.02]) and percentage
retained (β=–0.34, 95% CI=–0.58 to –0.10 [t=–2.82, p=0.006;
R2=0.03]), with the absence of exon6∆2 conferring superior
performance (Figure 1). No association was seen for imme-
diate recall (β=0.10, 95% CI=–0.35 to 0.56 [t=0.47, p=0.64;
R2=0.002]). When analyzed separately, a similar effect was
found for the percentage retained measure in both the af-
fected group (β=0.49, 95% CI=0.01 to 0.90 [t=2.02, p<0.05;
R2=0.04]) and unaffected group (β=0.31, 95% CI=0.03 to
0.50 [t=2.22, p<0.03; R2=0.03]).

Discussion

We were able to ascertain that the presence of at least
one copy of the exon6∆2 polymorphism in the CHRFAM7A
gene was associated with a deficit in episodic memory in-
dependently of disease status, indicating that this poly-
morphism is either associated with a true endophenotype
of schizophrenia or is a general determinant of episodic
memory in the population. Note that percentage retained
scores are shifted downward slightly in the patient group.
This is consistent with the memory measures in the study
group, since schizophrenia patients on average perform
worse than their unaffected relatives, as is expected for an
endophenotype (12). However the effect size is similar be-
tween the two groups.

Association between the deletion and episodic memory
was seen in both delayed recall measures, both of which
assess memory consolidation. No association was identi-
fied with immediate recall, which is a measure of the rela-
tive integrity of encoding of information. Thus, the pres-
ence of the exon6∆2 polymorphism predicts a decrement
in memory consolidation. The regression equation esti-
mated that the amount of variance attributed to this gen-
otype is 2%–3%. This is consistent with the general view
that many genes of small effect contribute to variation in
complex traits such as memory.

In summary, we have implicated the CHRFAM7A gene
in regulation of episodic memory, which is associated with
schizophrenia but appears to be independent of diagno-
sis, indicating it may be a true endophenotype. We hy-
pothesize that either the full hybrid gene confers an ad-
vantage in episodic memory, which is lost when the
reading frame is disrupted by exon6∆2, or that the trun-
cated CHRFAM7A protein has a dominant negative effect,
perhaps on CHRNA7 function. Further work should con-
centrate on the ascertainment of the exact mechanism of

the effect of this polymorphism and its relationship with
both P50 and long-term episodic memory.

Presented in part at the 12th World Congress on Psychiatric Genet-
ics, Dublin, Oct. 9–13, 2004. Received March 15, 2005; revisions re-
ceived July 19 and Sept. 26, 2005; accepted Oct. 19, 2005. From the
Sections of Molecular Genetics and General Psychiatry, the Division of
Psychological Medicine, and the Social, Genetic and Developmental
Psychiatry Centre, Institute of Psychiatry, London. Address correspon-
dence and reprint requests to Dr. Dempster, Division of Cellular and
Molecular Biology, Toronto Western Research Institute, Toronto West-
ern Hospital, McLaughlin Pavillion, 6th Floor–Room 415, 399
Bathurst St., Toronto, Ont. M5T 2S8, Canada; emma.dempster@
uhnres.utoronto.ca (e-mail).

All authors report no competing interests.

Supported by a Ph.D. studentship from the Medical Research Coun-
cil to Dr. Dempster. 

The authors thank Ben Neal for his statistical advice.

References

1. Riley BP, McGuffin P: Linkage and associated studies of schizo-
phrenia. Am J Med Genet 2000; 97:23–44

2. Lewis CM, Levinson DF, Wise LH, DeLisi LE, Straub RE, Hovatta I,
et al: Genome scan meta-analysis of schizophrenia and bipolar
disorder, part II: schizophrenia. Am J Hum Genet 2003; 73:34–48

3. Freedman R, Coon H, Myles-Worsley M, Orr-Urtreger A, Olincy
A, Davis A, et al: Linkage of a neurophysiological deficit in
schizophrenia to a chromosome 15 locus. Proc Natl Acad Sci U
S A 1997; 94:587–592

4. Gault J, Robinson M, Berger R, Drebing C, Logel J, Hopkins J, et
al: Genomic organization and partial duplication of the human
alpha7 neuronal nicotinic acetylcholine receptor gene
(CHRNA7). Genomics 1998; 52:173–185

5. Riley B, Williamson M, Collier D, Wilkie H, Makoff A: A 3-Mb
map of a large segmental duplication overlapping the alpha7-
nicotinic acetylcholine receptor gene (CHRNA7) at human
15q13-q14. Genomics 2002; 79:197–209

FIGURE 1. Effect of the Presence of the Exon6∆2 Polymor-
phism on the Percentage Retained Measure of Episodic
Memory
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Objective: The authors sought to understand the origins of oli-
godendrocyte/myelin gene expression abnormalities in the
brains of persons with schizophrenia.

Method: Twelve cortical regions (Brodmann’s areas 8, 10, 44,
46, 23/31, 24/32, 20, 21, 22, 36/28, 7, and 17) and three non-
cortical regions (caudate, hippocampus, and putamen) of 16
elderly schizophrenia patients and 14 matched comparison
subjects were examined using 450 separate microarrays. The
mRNA levels of QKI and its isoforms were then measured in a
larger cohort by using quantitative real-time polymerase chain

reaction (qPCR) in the cingulate cortex of schizophrenia subjects
and matched comparison subjects.

Results: Expression of QKI mRNA was decreased in seven corti-
cal regions and the hippocampus in the schizophrenia subjects.
QKI gene expression deficits detected by microarray were vali-
dated by qPCR in the cingulate cortex, where the expression of
isoforms QKI-5, QKI-6, and QKI-7 were profoundly perturbed in
schizophrenia.

Conclusions: Since QKI plays a fundamental role in oligoden-
drocyte differentiation and in myelination, its underexpression
may be pivotal to, and upstream of, other myelin-associated
gene expression abnormalities in schizophrenia. Given the role
of QKI in determination of oligodendrocyte fate, these results
not only confirm oligodendrocyte-related gene expression ab-
normalities in schizophrenia but suggest that the physiology of
glial progenitor cells may be altered in schizophrenia.

(Am J Psychiatry 2006; 163:1834–1837)

Recent microarray studies, supported by several other
independent lines of evidence (1, 2), have identified white
matter abnormalities and decreased mRNA expression of
numerous oligodendrocyte and myelin-associated genes
in multiple brain regions as characteristics of the patho-
physiology of schizophrenia (3). The neurobiological ori-
gins of these abnormalities, however, remain unclear.

QkV is an autosomal recessive mutation in mice that
leads to severe dysmyelination of the CNS due to defects
in oligodendrocyte maturation and RNA metabolism of
myelin components (4, 5). The qk gene produces several

RNA binding proteins by alternative splicing. The three
major isoforms, QKI-5, QKI-6, and QKI-7, are mostly ex-
pressed in the oligodendrocytes (6, 7).

QKI-5 regulates alternative splicing of myelin-associated
glycoprotein (5) and nuclear retention of myelin basic pro-
tein mRNAs (8). QKI-6 and QKI-7 promote the differentia-
tion of oligodendrocytes (4). These data demonstrate that
the different isoforms of QKI regulate RNA metabolism of
several myelin structural genes as well as differentiation of
progenitor cells into oligodendrocytes. The regulation of
aspects of both oligodendrocyte genesis and myelination


