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Recent evidence suggests a potential role for the
p11 gene in conferring risk to depressive disor-
ders. p11 has been shown to influence serotoner-
gic transmission, and its expression was found to
be reduced in a mouse model of depression, as well
as in post-mortem brain tissue from major depres-
sive disorder (MDD) cases. In the present study,
we tested for rare variants in p11 by resequencing
promoter, exonic and flanking intronic regions in
176 MDD cases and 176 matched controls. We also
assessed common variation by genotyping eight
single nucleotide polymorphisms (SNPs), seven
tag SNPs and one found through resequencing, in
641 cases and 650 controls. Resequencing revealed
nine novel rare variants, including a missense
mutation (Asp60Glu) observed in one case and one
control, and four variants that occurred only in
cases and not controls. The number of rare
variants in cases did not exceed that expected by
chance for the length of sequence analyzed, and
also was not significantly greater than that
observed in controls. Resequencing also identi-
fied two known SNPs, one (rs4845720) of which
was significantly more frequent in cases than
controls in the resequenced sample (3.1% vs.
0.9%, P¼0.03), though not in the larger sample
(3% vs. 2%, P¼0.15). None of the tag SNPs showed
any evidence of association. Our results do not
support a major role for either common or rarep11
SNPs with MDD. Several limitations of the study
are discussed. � 2007 Wiley-Liss, Inc.
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Family, twin and adoption studies have suggested that
genetic factors contribute substantially to the etiology ofmajor
depressive disorder (MDD), particularly with recurrent epi-
sodes and early age at onset, but as yet no susceptibility
gene has been definitively implicated by association studies
[Levinson, 2006].

Recently, p11 has emerged as a potential functional
candidate gene for MDD [Svenningsson et al., 2006]. It was
shown to be involved in serotonergic transmission, interacting
with 5-HT1B receptors, and increasing their localization at the
cell surface. Decreased levels of p11 mRNA and protein were
observed in a mouse model of depressive illness, and in post-
mortem brain tissue from MDD patients; expression was
increased by antidepressants and electroconvulsive therapy;
andover-expressing the geneevokedbehaviors similar to those
induced by antidepressants.

The S-100 protein family, including p11 (or S100A10), is
characterized by common structural motifs including two
EF-hand calcium binding domains, but in p11 both calcium
binding sites are inactive [Donato, 2001]. The p11 gene, on
chromosome 1q21.3, spans�11 kbwith three exons encoding a
protein of 97 amino acids [Harder et al., 1992]. It has a well-
characterized promoter sequence with several experimentally
demonstrated binding sites for factors that regulate gene
transcription [Huang et al., 2003].

Using a large cohort of recurrent, early-onset MDD cases
and controls, we (1) searched for novel variants in p11 by
resequencing a sub-sample selected for within-family 1q21.3
allele sharing; (2) tested whether rare (unique) variants were
more frequent in cases; and (3) evaluated possible association
of MDD with common tag single nucleotide polymorphisms
(SNPs) in the entire sample set.

We studied cases from 641 European-ancestry families
recruited by theGenetics of Recurrent EarlyOnsetDepression
(GenRED) study [Levinson et al., 2003]. MDD probands had
�2 lifetime episodes (or chronicMDD), onset before age 31, and
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�1 sibling with MDD (onset before age 41). All subjects gave
written informed consent based on protocols approved by local
InstitutionalReviewBoards. The case-control sample included
641 MDD probands and 650 European-ancestry controls
(NIMH Center for Genetic Studies, http://nimhgenetics.org/).
Controls were selected for absence of recurrent MDD with
onset before age 41 by self-report questionnaire based on the
CIDI-Short Form [Kessler et al., 1998]. For resequencing,
176 GenRED families were identified who showed the
greatest evidence for linkage on 1q21.3 in a genome-wide scan
[Holmans et al., 2007], and then the case within each family
was selected who demonstrated the highest IBD sharing with
affected relatives [Fingerlin et al., 2004] (the proband was
selected in 96 families, while a non-proband affected case was
selected in 80 additional families). The 176 resequenced
controls were selected randomly.

To identify novel variations in p11, we resequenced nearly
3.2 kb, including 1.5 kb of the promoter, all exons and flanking
intronic regions, using seven primer sets (primers and reaction
conditions available on request) on an Applied Biosystems
3100 Genetic Analyzer. Sequences were aligned with NCBI
database reference sequences (Build 36.1) using the Vector
NTI AdvanceTM 10 multiple alignment tool.

To assess common sequence variation, we selected seven tag
SNPs covering the gene and extending 3 kb flanking the
untranslated regions, from European HapMap II data, using
the pair wise algorithm of TAGGER [de Bakker et al., 2005] to
select tags with minor allele frequencies �0.05 and a linkage
disequilibriumparameter of r2¼ 0.8. The same seven tagSNPs
were selected with an LD parameter of r2¼ 1.0, indicating full
coverage of HapMap II variation. The tag SNPs and one
promoter SNP (rs4845720—nominally associated in sequen-
cing samples) were genotyped in the entire sample set using
the Taqman Allelic Discrimination method and an Applied
Biosystems 7900 HT Sequence Detection System, with call
rates exceeding 99%. We checked duplicates and family
samples on each genotyping plate as quality controls.

We considered the possible significance of rare variants in
three ways. As suggested by Cohen et al. [2004], we were
prepared to contrast the number of rare non-synonymous
variants observed in only cases versus those found only in
controls, but none were found. While it is more speculative to
hypothesize a role for other rare variants, we also examined
this possibility by using a population genetics-based method

[Mitchell et al., 2005] to determine whether there were more
rare (<1%) variants observed only in cases than would be
expected in this length of sequence, and by contrasting the
numbers of rare variants observed only in cases and only in
controls. We tested for deviation from Hardy–Weinberg
equilibrium as a quality check. Allelic and genotypic case-
control association were tested with the chi-square statistic.
We employed a modification of EATDT [Lin et al., 2004] for
case-control data to exhaustively test all possible haplotype
combinations.

This study had over 80% power to detect (at permutation-
corrected P< 0.05, corresponding to nominal P¼ 0.0075) an
allele or haplotype conferring a genotypic relative risk of at
least 1.3–1.7, depending on the risk allele frequency, across a
broad range of frequencies (0.1–0.9).

Resequencing of the p11 gene revealed nine novel hetero-
zygous variations including six exonic SNPs, two intronic
SNPs, and one SNP in the promoter region. All novel variants,
including two insertion/deletion variations and seven substi-
tutions, were rare (Table I). The novel exonic variants included
amissensemutation (Asp60Glu) in exon3 identified inone case
and one control. Four novel sequence variants were identified
only in cases and not in controls (P¼ 0.225 for likelihood of this
many rare variants in cases as compared to the number
expected by chance in the given length of region sequenced).
One additional novel variant was found only in one control
(P¼ 0.188 for the difference in the frequency of novel variants
in cases vs. controls).Wealso observed twodbSNPs (rs4845720
and rs11542015) located within the promoter and exon 1,
respectively. The minor allele for rs4845720 (located 20 bp
upstream of a CTF/NF1 transcription factor binding site) was
present in the heterozygous state in 11 cases (3.1%) and 3
controls (0.9%) (P¼ 0.03). Theminor allele for rs11542015 was
present innearly equal frequencies in cases (N¼ 149, 43%) and
controls (N¼ 137, 40%) (Table I).

All genotyped SNPswere inHardy-Weinberg equilibrium in
both cases and controls. None of the tag SNPs showed any
allelic or genotypic association with MDD in the case-control
analysis (Table II). Exhaustive haplotypic analysis revealed
38 unique haplotypes, with the best permutation-corrected
P¼ 0.27. Because the non-tag SNP rs4845720 showed nomin-
ally significant case-control differences in the sequencing
sample, it was studied in the larger sample of 641 cases and
650 controls. The minor allele was seen in 36 cases (3%) and

TABLE I. Frequency Distribution of p11 Sequence Variations in Cases and Controls Identified Through Resequencing*

Positiona Variant (major/minor allele) Location Novel/dbSNP

Minor allele n (frequency)

Cases Controls

150234300 A/T Promoterb rs4845720 11 (0.031) 3 (0.009)

150233568 C/T Promoterb Novel 1 (0.003) 0 (0)
150232972 A/G Exon 1 rs11542015 149 (0.431) 137 (0.398)
150232944 G/A Exon 1 Novel 2 (0.006) 2 (0.006)

150232926 A/G Exon 1 Novel 1 (0.003) 0 (0)

150232878 C/T Exon 1 Novel 0 (0) 1 (0.003)
150232872 (—/tcgcccagc) Exon 1 Novel 12 (0.034) 18 (0.051)

150232871 T/G Exon 1 Novel 1 (0.003) 0 (0)
150225355 A/G Intron 1 Novel 1 (0.003) 0 (0)
150222427 (—/T) Intron 2 Novel 9 (0.026) 8 (0.023)
150222377 C/G (Asp-Glu) Exon 3 Novel 1 (0.003) 1 (0.003)

*A total of eleven sequence variationswere identified in the p11 genewith four novel variants (highlighted in gray) observed only in cases and not in controls.
The dbSNP rs4845720 (underlined) showed modest association with MDD (P¼0.03).
aPosition of variants is in reference to NM_002966 (UCSC March 2006).
bLocations of promoter region SNPs (at 150234300 and 150233568) in relation to the transcription start site inNM_002966 (UCSCMarch2006) are�932and
�230, respectively.
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25 controls (2%) (P¼ 0.15). Given the substantial power of the
study to detect association with common alleles, it is unlikely
that any common SNP in p11 confers a genotypic relative risk
of 1.3–1.7 or greater.

Our results do not support a major role for p11 sequence
variation in MDD susceptibility. However, several limitations
should be considered. Rare variation was not studied in the
introns (spanning nearly 75% of the gene) nor in the flanking
regions; these regions could harbor variants that influence p11
expression. There could be case-control differences in the
frequency of very rare variants in the regions thatwere studied
(i.e., very small differences requiringa larger sample to detect),
in as-yet undetected common intronic variants that are not
highly correlated with HapMap II SNPs, in common variants
conferring very modest increases in illness risk (GRR <1.3–
1.7), or in copy-number polymorphisms. A true association
might be missed due to population stratification (e.g., if an
ethnic group with a high frequency of a risk allele was under-
represented among cases); this is unlikely here given the very
similar self-reported ancestries of our cases and controls
(Supplemental Table I), but future association studies will
benefit from the anticipated development of ancestry-informa-
tivemarker sets for European subpopulations to enable formal
tests of stratification. Finally,we cannot rule out thepossibility
that we detected a true but small association signal in our
resequencing cases, who were selected because of evidence for
allele sharing on chromosome 1q. Such an effect, if real, might
be detected in a much larger sample.

The promoter SNP rs4845720 is located 20 bp upstream of a
CTF/NF1 transcription factor binding site. CTF/NF1 has been
shown experimentally to bind to the promoter of p11 at �932
[Huanget al., 2003], though its influence onexpression levels is
not known. Neither is it known whether rs4845720, located
near the CTF/NF1 site, influences binding or expression.

If variation in and near the p11 gene does not confer
vulnerability toMDD, it is possible that sequence variations in
other interacting genes, located elsewhere in the genome,
might increase the risk of MDD by influencing p11 expression.
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