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Abstract

Introduction—We tested the relationship between genotype, gene expression and suicidal 

behavior and MDD in live subjects and postmortem samples for three genes, associated with the 

hypothalamic-pituitary-adrenal axis, suicidal behavior and major depressive disorder (MDD); 

FK506 binding protein 5 (FKBP5), Spindle and kinetochore-associated protein 2 (SKA2) and 

Glucocorticoid Receptor (NR3C1).

Materials and Methods—Single-nucleotide polymorphisms (SNPs) and haplotypes were tested 

for association with suicidal behavior and MDD in a live (N=277) and a postmortem sample 

(N=209). RNA-seq was used to examine gene and isoform-level brain expression postmortem 

(Brodmann Area 9) (N=59). Expression quantitative trait loci (eQTL) relationships were examined 

using a public database (UK Brain Expression Consortium).

Results—We identified a haplotype within the FKBP5 gene, present in 47% of the live subjects, 

that was associated with increased risk of suicide attempt (OR=1.58, t=6.03, p=0.014). Six SNPs 

on this gene, three SNPs on SKA2 and one near NR3C1 showed before-adjustment association 

with attempted suicide, and two SNPs of SKA2 with suicide death, but none stayed significant 

after adjustment for multiple testing. Only the SKA2 SNPs were related to expression in the 

prefrontal cortex. One NR3C1 transcript had lower expression in suicide relative to non-suicide 

sudden death cases (b=-0.48, SE=0.12, t=-4.02, adjusted p=0.004).
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Conclusion—We have identified an association of FKBP5 haplotype with risk of suicide attempt 

and found an association between suicide and altered NR3C1 gene expression in the prefrontal 

cortex. Our findings further implicate hypothalamic pituitary axis dysfunction in suicidal behavior.
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Introduction

Major depressive disorder (MDD)
1-5 and suicidal behavior

6-10
 are associated with HPA axis 

over-activity and with excessive cortisol response to stress. One cause of excessive cortisol 

release is impaired glucocorticoid receptor (GR) feedback inhibition
11

. This can be caused 

by less expression of the gene NR3C1 (nuclear receptor subfamily 3, group C, member 1), 

which encodes for GR, due to genetic variation
12; 13

 or DNA methylation
14-16

 resulting in 

less gene expression. Another potential cause is less expression of GR-related chaperone 

proteins such as FKBP5 (FK506 binding protein 5, FKBP5), a gene located on human 

chromosome 6 (chromosome 6p21.31) and encoding the 51kDa protein FKBP5
17; 18

 or 

SKA2
19; 20

, involved in the transport of GR into the nucleus. FKBP5 can reduce GR 

signaling by promoting the nuclear translocation of inactive β- isomer of GR
21

. SKA2 

(spindle and KT associated 2), also known as FAM33A (family with sequence similarity 33, 

member A), located on 17q22, is a recently described member of the SKA complex, which 

is essential for proper chromosomal segregation
22

. A previous study found that 

overexpression of SKA2 resulted in modest enhancement of GR transactivation, while 

knockdown of SKA2 markedly inhibited GR transactivation
20

.

Evidence exists linking GR, and these three genes in particular, to suicidal behavior
23; 24

 and 

MDD
25-28

. However, no study to-date to our knowledge has combined the examination of 

these three genes from a gene variant and gene expression perspective to determine which of 

these mechanisms or combination of these mechanisms is associated with suicidal behavior 

and MDD. We have therefore conducted such a study, which had three parts. First, we 

examined and studied associations between genotype and suicidal behavior in a population 

of DSM-IV diagnosed major depressive disorder (MDD) suicide attempters, MDD 

nonattempters and healthy volunteers, and in a postmortem sample of subjects with and 

without a diagnosis of MDD who died by suicide, compared to sudden death, nonpsychiatric 

controls, in order to evaluate the effect of genotype on MDD and suicidal behavior 

separately. Second, we compared the expression of these three genes in prefrontal cortex 

postmortem in a second, overlapping postmortem sample consisting of three groups: MDD 

subjects who died from causes other than suicide; MDD suicides; and non-psychiatric, not 

suicide controls. Third, using results from a pre-existing publically available Brain eQTL 

Almanac (http://www.braineac.org/, UK Brain Expression Consortium, UKBEC), we 

examined each of the aforementioned SNPs to determine whether presence of a given 

variant affected the transcriptome of the respective gene. Such an effect would lend support 

to the hypothesis that genotype associations with suicidal behavior or MDD are mediated 

through altered gene expression.
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MATERIALS AND METHODS

Participants

Data for three samples of subjects was used in this study. Two separate samples were 

genotyped, one live and one postmortem. RNA-seq data were obtained for a third subsample 

of 59 postmortem subjects, partially overlapping with the genotyped postmortem sample. 

All subjects were of European ancestry and were screened for genetic ancestry based on 

genotype , as described below.

Descriptive statistics for the three subsamples are included in Table 1.

Genotyped Live Subsample—The live subsample consisted of 277 unrelated 

individuals: 87 MDD suicide attempters (31%), 133 subjects (48%) with MDD diagnosis but 

no suicide attempt and 57 healthy volunteers (21%), recruited in the New York and 

Pittsburgh area. Participants gave written informed consent as required by the Institutional 

Review Board of New York State Psychiatric Institute (NYSPI). Psychiatric diagnosis was 

established using the Structured Clinical Interview for DSM IV (SCID-I). History of past 

suicide attempts was recorded on the Columbia Suicide History Form
29

; the definition of 

suicide attempts was: a self-injurious act that has at least partial intent to end one’s life. A 

group with MDD and no history of a suicide attempt was used as a psychiatric control 

group. Unrelated healthy volunteers were recruited through advertising. They were assessed 

by psychiatrists or clinical psychologists and evaluated using the SCID-NP to rule out axis I 

diagnoses, cluster B personality disorder, substance use disorder and lifetime history of a 

suicide attempt. Exclusion criteria included mental retardation, dementia and acute 

psychosis.

Genotyped Postmortem Subsample—All postmortem subjects, suicides and non-

suicides, died suddenly. This subsample consisted of 209 subjects: 121 died of suicide and 

88 were non-suicides. Cause of death for postmortem subjects, excluding suicide, was 

determined by the coroner or medical examiner. Suicide as a cause of death was determined 

by the research team using Columbia Classification Algorithm for Suicide Assessment and 

was in agreement with the medical examiner’s determination in all cases
30

. Diagnosis of 

major psychiatric disorder was determined using the SCID I
31

 and our validated 

psychological autopsy method as previously described
32

. All of the suicides and 24% of the 

non-suicide deaths had a psychiatric diagnosis (some subjects had more than one). In 

particular, 62% of the suicides and 11% of the non-suicide deaths had a lifetime MDD 

diagnosis. Biological samples were obtained from the Medical Examiner’s Office in 

accordance with local regulations and protocols approved by the applicable Institutional 

Review Boards. Brain samples were dissected from Brodmann Area 9 as previously 

reported
33

. All brains were free of gross neuropathology and had negative brain toxicology 

for psychoactive and neurotoxic drugs.

Postmortem sample for RNA sequencing—A second subsample of postmortem 

subjects, with RNA sequencing data available, consisted of N=21 suicides with MDD 

diagnosis, 9 sudden death victims with MDD, and 29 sudden death victims without 

psychiatric diagnosis. Some of the postmortem subjects with RNAseq data (n=38 out of 59) 
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also had been included in the genotyped sample. Procedures for brain collection and 

psychological autopsy, psychiatric diagnosis, inclusion and exclusion criteria are as describe 

above for the genotyped postmortem sample.

Genotyping and RNA sequencing methods

The flowchart for genotyping and RNA sequencing of the samples is in Figure 1. The live 

sample and the genotyped postmortem subsample were part of a larger genome-wide 

association (GWAS) study and genotyping methods have been previously reported
34

 using 

the HumanOmni-1-Quad Beadchip (1,014,770 SNPs, Illumina, San Diego, CA, USA). In 

that study, Multidimensional Scaling Analysis and comparison to a HapMap Phase 3 

population were used to exclude individuals of non-European ancestry, defined as outliers 

more than 3 trimmed standard deviations away from the sample average. The GWAS did not 

find any association with suicide attempt or completed suicide. In the current study, for the 

New York subsample of the original subjects, we extracted SNP genotype from the 

following genes: SKA2, FKBP5 and NR3C1. Hardy–Weinberg Equilibrium test, minor 

allele frequency (MAF) were calculated for all SNPs. Haploblocks of SNPs were established 

using PLINK v. 1.07. Six SNPs from SKA2, fifteen from FKBP5 and seventy-seven from 

NR3C1 were included in the analyses after the exclusion of the SNPs not in Hardy-

Weinberg equilibrium in the control sample or with MAF less than 10%. Five SNPs of 

FKBP5 (rs3800373, rs9296158, rs3777747, rs4713902 and rs9470080)
35-37

 and four SNPs 

of NR3C1 (rs6196, rs33388, rs33389 and rs10052957)
17; 38; 39

 that were previously reported 

to be associated with suicidal behavior or MDD were chosen as of primary interest. 

Analyses of the remaining 89 SNPs were exploratory. Location, genotype, Hardy–Weinberg 

Equilibrium chi-square values, and frequency distribution for all SNPs are in Supplementary 

Table S1.

Details of the RNA sequencing methodology have been previously reported
40

. Briefly, RNA 

was extracted from dorsal prefrontal cortex (BA9) using previously established protocols
33 

and conducted according to the guidelines recommended by the NIH Roadmap Epigenomics 

Mapping Consortium (REMC).

Paired-end, strand specific sequencing for total RNA was performed on Illumina HiSeq 

2500 with 100 bp read lengths. For each sample, raw RNA-seq reads were aligned and 

mapped to the human reference genome and assembled using Tophat v2.0.9.; these 

assemblies were then merged together to provide a uniform basis for calculating gene and 

transcript expression in each sample using Cufflinks v2.2.0 software
41

. Cuffquant was then 

used to quantify gene and isoform-level expression values, and the output CXB files were 

then input to Cuffnorm v2.2.1. which produced normalized expression values for each 

sample.

Statistical Analysis

The data analysis plan consisted of three steps: 1. Testing the association between genotype 

and phenotype, 2. Testing the association between gene expression and phenotype, and 3. 

Corroborating the functional link between genotype and gene expression for the SNPs found 

to be associated with suicidal behavior or MDD.
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Part 1—We tested the association between genotypes in the 3 genes of interest and suicidal 

behavior, and, separately, with MDD, on both individual SNPs and haplotypes on multiple 

markers. We also tested the association between gene variants and suicide attempt separately 

in MDD subjects only, to separate the effect of diagnosis and suicidal behavior. One non-

attempter MDD subject with a co-morbid diagnosis of psychotic disorder was removed from 

this analysis. As the sample size for postmortem subjects with MDD who did not die of 

suicide was small, the respective analysis for the association with suicide within MDD 

subjects could not be conducted. For live subjects, two SNP-wise logistic regressions were 

performed in R (http://www.r-project.org/) for each SNP that passed the screening, with 

genotype as the predictor, indicator variable for suicidal behavior history (yes/no) or MDD 

as response. Age and sex were included as covariates in the model. The SNP-wise 

significance levels were not adjusted for multiple testing for those SNPs previously cited in 

the literature (see Table 2 for the list); for those SNPs not previously cited, the Benjamini-

Hochberg adjustment for multiple testing was performed separately by outcome variable for 

a total of k=89 tests by outcome variable. This same analytic strategy was used in 

postmortem subjects. Due to limited sample size in the postmortem sample, haplotype 

analysis was performed in live subjects only. We used PLINK v. 1.07, to find haploblocks of 

SNPs within the same gene that were in Linkage Disequilibrium, and then to test association 

with suicide attempt history and MDD in separate models for each haploblock in logistic 

regression models adjusted for age.

Part 2—The second step tested for group differences in the expression of the three genes in 

the postmortem sample only. Significance levels were computed for two comparisons: for 

suicides vs. those who died from other causes; and for subjects with and without an MDD 

diagnosis. Since the distribution of gene expression was skewed with several outliers for 

each isoform, robust regression models were fit using the function lmrob from the library 

robustbase in R, adjusting for age, sex and RIN score. Two subjects were missing RIN 

scores due to technical issues (one NPC and one DSUI) and were excluded from analyses 

that covaried for RIN score. The brain pH values for the three groups were very consistent 

(DSUI: 6.41 ±0.30, DC: 6.41 ±0.32, NPC: 6.49 ±0.33), and there were no significant 

differences in the post-mortem interval (PMI) of the three groups (DS: 16.08 ±7.00,: DC:

15.06 ± 4.38, NPC: 13.21 ± 4.61).

Transcripts were screened before being entered into the group comparisons, and those with 

expression levels that were not significantly different from 0, or those for which the robust 

regression model failed to converge, were excluded. For the remaining transcripts, 

significance levels were adjusted for multiple testing using the Benjamini-Hochberg method 

for controlling the False Discovery Rate, separately by outcome, using k=19 as the number 

of tests for each.

Part 3—Since our sample of sudden death subjects with both genotype and gene expression 

data was too small to allow for an association analysis,, p-values were extracted for the 

association between genotype and gene expression from the public online dataset UKBEC 

(http://www.braineac.org/). This dataset comprises data from 134 brains from individuals 

free of neurodegenerative disorders and up to twelve brain regions per brain. We examined 
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the extracted significance levels corresponding to expression quantitative trait loci (eQTL) 

analysis for the association of candidate SNPs (corresponding to associations with 

uncorrected p<0.05 with suicide or MDD in our project) with expression in the frontal 

cortex of all the exon-level probesets from the same gene. We selected the minimal p-value 

for each SNP from all pairwise associations with probesets on the gene. We did not adjust 

for multiple testing, since this is a database look-up instead of an independent analysis.

Results

Part 1. Association between genotype and suicidal behavior and/or MDD

After screening the SNPs based on minor allele frequency and the Hardy-Weinberg 

Equilibrium test, there were 15 SNPs in FKBP5, 77 SNP in NR3C1, and 6 SNPs in SKA2 

genes. Of the five SNPs in FKBP5 and four SNPs in NR3C1 previously reported in the 

literature,, SNP-wise logistic regressions with genotype, age and sex as predictors and 

suicide attempt as outcome, indicated that three SNPs in FKBP5 had significance levels 

below 0.05 for an association with attempted suicide in both the full live sample including 

healthy volunteers, and the sample restricted to depressed subjects (see Table 2). There was 

no evidence for an association between these genotypes and suicide in the postmortem 

sample or MDD diagnosis subsample in the live group.

Results from exploratory analyses of SNPs not previously reported in the suicide literature 

are provided in Supplementary Table S3, and the results with uncorrected p<0.05 are 

displayed in Table 3. No significant results were found after adjustment for multiple testing 

using the Benjamini-Hochberg method. Three SNPs of FKBP5, three SNPs of SKA2 and 

one SNP of NR3C1 showed evidence for association at the uncorrected p<0.05 level with 

attempted suicide, and two SNPs of SKA2 showed association with suicide death (all 

uncorrected p-values<0.05, see Table 3), but all these findings lost significance after multiple 

testing adjustment.

Haplotype analysis—Analysis of LD values indicated the existence of 2 haploblocks on 

the FKBP5, 13 on the NR3C1, and 2 on the SKA2. Haplotype analysis using logistic 

regression, testing the association with suicide attempt risk adjusted for age, yielded one 

significant association for a haploblock on FKBP5 (omnibus test p= 0.0368). Subjects with 

haplotype AA (frequency=47%), on the SNPs rs3800373 and rs7757037 had higher odds of 

suicide attempt than others (OR=1.58, t=6.03, p=0.014), and those with haplotype CG 

(frequency=28%) had lower odds (OR=0.63, t=4.89, p=0.027). None of the haplotypes were 

associated with MDD. No significant haplotype associations were found for the NR3C1 or 

SKA2 haploblocks.

Part 2. FKBP5, SKA2 and NR3C1 brain expression in suicide and MDD postmortem

Summary statistics for the brain expression levels of all the transcripts that passed the 

screening phase (i.e. had average expression levels significantly above 0) are presented in 

Table 4 for non-psychiatric non-suicide controls (NPC, N=28), depressed non-suicides 

(DNS, N=9) and depressed suicides (DSUI, N=20). Robust regression models showed that 

one protein coding transcript of NR3C1 and one protein coding transcript of FKBP5 have 
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lower expression in suicide vs. non-suicide (age, sex and RIN-adjusted statistics: 

NR3C1-006: B=−0.48; SE=0.12, t=−4.02, p<0.001; FKBP5-001: B=−0.71, SE=0.32, t=

−2.18, p=0.034, see Table 4 and Figure 2). After using the Benjamini-Hochberg method for 

controlling the False Discovery Rate, the association for NR3C1-006 remained significant 

(adjusted p=0.004). A SKA2 transcript involved in nonsense mediated decay showed higher 

expression in MDD vs. non-MDD subjects (SKA2-005: B=1.06; SE=0.42; t=2.55; p=0.014). 

There were no group differences in the total (gene-level) expression levels of NR3C1, 

FKBP5 and SKA2 (see Table 4). All analyses were adjusted for age, sex and RIN score, and 

all the significant results stayed significant after adjusting for postmortem interval (PMI).

Part 3. Corroboration of association between genotype and gene expression

Only the SNPs with uncorrected significance levels below 0.05 for the association with 

suicide and/or MDD were examined for an association with gene expression (i.e. 

quantitative trait loci (eQTL) relationship) using a public online dataset (UKBEC, http://

www.braineac.org/). P-values for eQTL analyses were extracted for the prefrontal cortex 

(pFCTX) in order to keep results consistent with RNA-seq expression results above 

(Brodmann Area 9) (see Supplementary Table S3). Out of all exon-specific probesets from 

the same gene, the one with lowest (uncorrected) p-value is reported (see Table 5).. In the 

SKA2 gene, genotype AG of rs8082544, genotype GG of rs9911583, genotype AA of 

rs8067682 and genotype AG of rs7502947 showed lower expression of some exon-specific 

probesets for the same gene in dorsolateral prefrontal cortex (uncorrected p-values=0.02, 

0.01, 0.01, 0.03, respectively). No SNPs in FKBP5 and NR3C1 showed association with 

gene expression (Table 5).

Discussion

In this study we identified associations of suicide attempt with gene haplotypes of FKBP5, 

suicide with altered NR3C1 gene expression in prefrontal cortex, and found a possible 

association between SKA2 expression in prefrontal cortex and MDD but not suicidal 

behavior. FKBP5 and SKA2 are chaperone proteins that affect the functioning of the 

glucocorticoid receptor (GR), which mediates negative feedback regulation of the HPA 

axis
42

. Lower expression of GR or either FKBP5 or SKA2 potentially results in less GR 

function and excessive cortisol release under stress due to impaired feedback inhibition of 

glucocorticoids via GR. Altered function of the HPA-axis is associated with suicidal 

behavior
23; 24

 and MDD
43

, and DNA methylation reducing GR expression may mediate the 

relationship of childhood adversity on suicide
24

. In this study, we hypothesized that 

polymorphisms in GR-related genes that favor higher levels of HPA activity in response to 

stress will be associated with suicidal behavior or MDD. This association could occur 

through a structural gene variant or epigenetic effect that could alter gene expression. 

Although for none of the three genes could we identify a definite pathway from gene 

polymorphism through altered gene expression to association with suicidal behavior, we 

believe our results strengthen the evidence for an association between suicidal behavior and 

MDD and GR-related genes. Future studies that combine deep sequencing and gene 

expression of genes associated with GR can both verify and extend our findings.
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Association between genotype and suicidal behavior or MDD

We found that a haploblock involving SNPs rs3800373 and rs7757037 was associated with 

risk of suicide attempt. This result is partially consistent with a previous study
35

 performed 

in an African American sample. Other studies reported risk haplotypes for suicidal behavior 

on the FKBP5 genes in a Japanese
17

; and in a Polish bipolar sample
44

. The latter study also 

reported that the risk haplotype identified for the suicidal phenotype was not associated with 

a melancholic bipolar phenotype, which parallels our finding of no association between the 

haplotype and MDD diagnosis.

None of the SNPs on FKBP5 showed an association with either suicidal behavior or MDD 

in the postmortem sample, which is not consistent with some studies
44-46

 in which these 

SNPs were associated with depressive symptoms (but not MDD). Discrepancy between 

suicidal behavior-related findings in our live and postmortem subjects could be explained by 

demographic, clinical and biological differences between suicides (mostly males, greater 

suicide intent, substantial serotonin system deficits and HPA axis abnormalities) and 

nonfatal suicide attempters who vary greatly in terms of lethality of behavior, which is 

associated with serotonin system deficits and HPA axis abnormalities
8; 47

.

Suicide and MDD-related differences in gene expression

Most multi-exon genes undergo alternative splicing, which greatly increases the functional 

diversity of protein coding species, and isoforms of the same gene may have different, even 

opposing, functions. We used next generation RNA sequencing of RNA extracted from 

dorsal prefrontal cortex (Brodmann Area 9) to examine both gene-level and isoform-level 

expression differences. Previous studies of the relationship between FKBP5, SKA2 and 

NR3C1 brain gene expression in samples with suicidal behavior or MDD have focused on 

total gene expression. Although we did not find group differences in the total expression of 

the three genes, we found lower expression of a protein-coding transcript of NR3C1 in the 

prefrontal cortex (Brodmann Area 9) of suicides compared to sudden death controls, that 

survived adjustment for multiple testing. These isoforms may contribute to the risk of 

suicide through reduced expression and poorer GR feedback leading to excessive HPA 

response under stress. Lower NR3C1 (GR) gene expression is reported in the amygdala of 

suicides compared with controls
48

, and lower NR3C1 expression in suicides with a history 

of childhood adversity
24

, while no expression differences in NR3C1 were reported between 

MDD and controls
49

.

Association between genotype and gene expression

Using a database look-up, four SNPs on SKA2 showed an association with expression in the 

dorsolateral prefrontal on exon-specific probesets of the same gene. However, in part 2 of 

this study, we did not find any SKA2 isoforms with altered expression in suicide (although 

we found altered expression of a SKA2 isoform in MDD). Thus, although the SNPs 

modulate SKA2 expression, the evidence for association between genotype and suicide risk, 

and suicide risk and expression, is missing. SNPs in the FKBP5 haploblock that showed 

associations with suicide, did not appear to be associated with altered gene expression, 

perhaps because either these are not real associations or the SNPs confer risk via epigenetic 

or other mechanisms.
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Conclusions

We provide further evidence for the involvement of NR3C1 and FKBP5 in suicidal behavior 

through gene-phenotype associations and differential mRNA transcript expression in suicide. 

Modest sample size and unaccounted-for phenotypic heterogeneity may have resulted in 

limited power for some analyses. Future work in larger samples combining genetics (in 

interaction with environment such as childhood trauma), epigenetics and functional 

genomics is needed to determine the link between HPA axis-related gene variation, brain 

gene expression, and risk for suicidal behavior and MDD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart of the three steps in the analysis.
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Figure 2. 
Group comparison of the expression of transcripts ENST00000394466 (NR3C1-006) of 

NR3C1, ENST00000357266 (FKBP5-001) of FKBP5 and ENST00000578519 (SKA2-005) 

of SKA2. Error bars represent standard deviations. Expression is in units of normalized 

Fragments Per Kilobase of transcript per Million mapped reads (FPKM). Only the 

NR3C1-006 transcript shows significant difference after adjustment for multiple testing.
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Table1

Description of live and postmortem subjects.

Sample group Group

Psychiatric Diagnosis (N) Age(years) Sex (N)

MDD
Other

diagnosis1
No

diagnosis Mean SD M F

Genotype
Sample

Live subjects

Suicide
attempter 87 0 0 38.67 11.24 30 57

Non-attempter 133 0 57 41.19 13.73 73 117

Total 220 0 57 40.4 13.03 103 174

Postmortem

Suicide death 75 46 0 50.24 18.96 80 41

Non-suicide
death 10 11 67 50.85 17.46 66 22

Total 85 57 67 50.5 18.31 146 63

RNA

Sample2

Postmortem

Suicide death 21 0 0 52.19 21.73 13 8

Non-suicide
death 9 0 29 46.92 20.78 29 9

Total 30 0 29 48.80 21.08 42 17

1
The Other Diagnosis category includes subjects with diagnosis other than MDD, including bipolar disorder, depression NOS, schizophrenia, 

schizoaffective disorder, delusional disorder, psychotic disorder, adjustment disorder, organic mood syndrome, senile dementia NOS, conduct 
disorder, pathological gambling and substance abuse/dependence

2
This sample overlaps with the postmortem subjects from the Genotype Sample above, sharing n=38 subjects.
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Table 2

Significance levels for SNPs previously reported to be associated with suicidal behavior or MDD in live and 

postmortem subjects (uncorrected p-values). All models were adjusted by age and sex.

Y=attempted suicide/suicide death Y=MDD

postmortem live live live

Gene SNP

suicide death
(n=121) vs
non-suicide

(n=88)

suicide attempter
(n=87) vs

non-attempter
(n=190)

MDD attempter
(n=87) vs MDD

non-attempter (n=132)

MDD (n=219) vs
healthy

volunteer
(n=56)

p-value p-value risk
genotype p-value risk

genotype p-value

FKBP5

rs3800373 0.628 0.062 0.188 0.179

rs9296158 0.525 0.038 GG 0.102 0.292

rs3777747 0.533 0.017 GG 0.018 GG 0.749

rs4713902 0.799 0.031 GG 0.041 GG 0.535

rs9470080 0.602 0.154 0.240 0.450

NR3C1

rs6196 0.257 0.621 0.576 0.982

rs33388 0.443 0.860 0.824 0.426

rs33389 0.173 0.286 0.286 0.968

rs10052957 0.153 0.958 0.911 0.732
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Table 3

Association between genotype on SNPs not previously reported on and suicidal behavior or MDD in live and 

postmortem subjects (only SNPs with uncorrected p<0.05 are listed). All models were adjusted by age and 

sex.

Y=attempted suicide/suicide death Y=MDD

postmortem live live live

Genes SNPs

suicide
death(n=121)vs

sudden
death(n=88)

suicide attempter
(n=87) vs

non-attempter
(n=190)

MDD attempter
(n=87) vs MDD
non-attempter

(n=132)

MDD(n=219)
vs healthy
volunteer

n=56)

p-value risk
genotype p-value risk

genotype p-value risk
genotype p-value

FKBP5 rs7757037 0.718 0.033 AA 0.044 AA 0.471

rs737054 0.726 0.049 AA 0.084 0.293

rs9380529 0.053 0.011 GG 0.011 GG 0.657

SKA2 rs8082544 0.036 AG 0.638 0.929 0.278

rs12945875 0.636 0.306 0.024 AA 0.358

rs9911583 0.543 0.014 GG 0.008 GG 0.665

rs8067682 0.488 0.081 0.043 AA 0.597

rs7502947 0.013 AG 0.401 0.754 0.229

NR3C1 rs9324924 0.295 0.078 0.037 AC 0.402

Depress Anxiety. Author manuscript; available in PMC 2017 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yin et al. Page 17

Ta
b

le
 4

G
en

e 
ex

pr
es

si
on

 s
um

m
ar

y 
st

at
is

tic
s 

fo
r 

th
re

e 
gr

ou
ps

 o
f 

su
bj

ec
ts

 (
N

PC
=

no
n-

ps
yc

hi
at

ri
c 

co
nt

ro
ls

, D
N

S=
de

pr
es

se
d 

no
n-

su
ic

id
es

, D
SU

I=
de

pr
es

se
d 

su
ic

id
es

).
 S

ig
ni

fi
ca

nc
e 

le
ve

ls
 a

re
 r

ep
or

te
d 

fo
r 

tw
o 

te
st

s 

co
m

pa
ri

ng
 M

D
D

 a
nd

 n
on

-M
D

D
 s

ub
je

ct
s 

(D
SU

I+
D

N
S 

vs
. N

PC
),

 a
nd

 s
ui

ci
de

 a
nd

 n
on

-s
ui

ci
de

 (
D

SU
I 

vs
. D

N
S+

H
C

) 
su

bj
ec

ts
.

G
en

e
T

ra
ns

cr
ip

t 
ID

N
am

e
B

io
ty

pe
L

en
gt

h(
bp

)
P

ro
te

in
N

P
C

(n
=2

9)
D

N
S(

n=
9)

D
SU

I(
n=

21
)

M
D

D
:

no
n-

M
D

D
su

ic
id

e:
no

n-
su

ic
id

e

M
Q

M
Q

M
Q

p-
va

lu
e

p-
va

lu
e

N
R

3C
1

X
L

O
C

_N
R

3C
1

To
ta

l
1.

89
3E

+
01

4.
07

2E
+

00
1.

95
6E

+
01

7.
01

9E
+

00
1.

83
4E

+
01

5.
37

2E
+

00
0.

94
2

0.
83

8

E
N

ST
00

00
05

04
57

2
N

R
3C

1-
01

0
pr

ot
ei

n 
co

di
ng

33
89

77
8a

a
2.

82
1E

−
01

8.
38

4E
−

02
2.

41
5E

−
01

1.
65

1E
−

01
2.

18
9E

−
01

1.
88

5E
−

01
0.

27
0

0.
20

6

E
N

ST
00

00
03

94
46

4
N

R
3C

1-
00

2
pr

ot
ei

n 
co

di
ng

67
95

77
7a

a
1.

52
8E

+
01

4.
56

9E
+

00
1.

47
1E

+
01

3.
58

3E
+

00
1.

51
5E

+
01

5.
15

3E
+

00
0.

11
7

0.
20

8

E
N

ST
00

00
03

43
79

6
N

R
3C

1-
20

1
pr

ot
ei

n 
co

di
ng

72
86

77
7a

a
2.

90
7E

−
01

2.
06

6E
−

01
1.

65
3E

−
01

2.
83

1E
−

01
2.

05
2E

−
01

3.
31

9E
−

01
0.

21
5

0.
75

1

E
N

ST
00

00
03

94
46

6
N

R
3C

1-
00

6
pr

ot
ei

n 
co

di
ng

32
45

77
8a

a
7.

84
8E

−
01

5.
70

0E
−

01
9.

83
3E

−
01

6.
21

7E
−

01
4.

24
6E

−
01

6.
45

6E
−

01
0.

12
8

<
0.

00
1

E
N

ST
00

00
02

31
50

9
N

R
3C

1-
00

1
pr

ot
ei

n 
co

di
ng

35
56

77
8a

a
2.

50
7E

−
04

4.
40

5E
−

03
1.

84
8E

−
04

5.
91

8E
−

03
2.

97
5E

−
03

5.
45

6E
−

01
0.

09
5

0.
06

5

E
N

ST
00

00
05

03
20

1
N

R
3C

1-
00

7
pr

ot
ei

n 
co

di
ng

25
94

77
7a

a
1.

29
8E

+
00

9.
09

4E
−

01
6.

72
2E

−
01

1.
37

9E
+

00
1.

32
1E

+
00

1.
24

0E
+

00
0.

58
9

0.
72

2

E
N

ST
00

00
05

05
05

8
N

R
3C

1-
01

2
pr

oc
es

se
d 

tr
an

sc
ri

pt
49

1
no

 p
ro

te
in

3.
42

1E
−

01
1.

89
1E

−
01

3.
25

9E
−

01
2.

90
1E

−
01

2.
77

3E
−

01
2.

92
5E

−
01

0.
35

8
0.

28
9

FK
B

P5

X
L

O
C

_F
K

B
P5

To
ta

l
1.

91
3E

+
00

2.
09

7E
+

00
3.

16
0E

+
00

2.
81

0E
+

00
3.

90
7E

+
00

3.
57

6E
+

00
0.

20
5

0.
27

6

E
N

ST
00

00
03

57
26

6
FK

B
P5

-0
01

pr
ot

ei
n 

co
di

ng
37

72
45

7a
a

1.
58

9E
+

00
1.

59
7E

+
00

2.
57

1E
+

00
2.

15
7E

+
00

9.
83

1E
−

01
1.

91
7E

+
00

0.
96

1
0.

03
4

E
N

ST
00

00
05

42
71

3
FK

B
P5

-2
03

pr
ot

ei
n 

co
di

ng
73

84
26

8a
a

1.
93

5E
−

01
4.

18
3E

−
01

4.
97

9E
−

01
8.

41
7E

−
01

1.
30

4E
−

01
2.

84
8E

−
01

0.
77

2
0.

11
1

SK
A

2

X
L

O
C

_S
K

A
2

To
ta

l
1.

03
2E

+
01

1.
93

0E
+

00
1.

11
5E

+
01

1.
48

1E
+

00
1.

13
1E

+
01

4.
99

3E
+

00
0.

72
0

0.
70

0

E
N

ST
00

00
05

78
51

9
SK

A
2-

00
5

N
on

se
ns

e 
m

ed
ia

te
d 

de
ca

y
89

4
61

aa
1.

81
1E

+
00

2.
64

7E
+

00
3.

20
7E

+
00

1.
77

4E
+

00
3.

05
7E

+
00

2.
51

0E
+

00
0.

01
4

0.
08

7

E
N

ST
00

00
04

37
03

6
SK

A
2-

00
2

pr
ot

ei
n 

co
di

ng
62

5
75

aa
3.

45
1E

−
01

9.
31

0E
−

01
2.

11
5E

−
01

4.
82

5E
−

01
5.

05
7E

−
01

5.
39

4E
−

01
0.

31
7

0.
67

3

E
N

ST
00

00
05

78
10

5
SK

A
2-

00
9

pr
ot

ei
n 

co
di

ng
68

9
92

aa
5.

31
3E

−
01

8.
86

7E
−

01
3.

43
1E

−
01

4.
04

1E
−

01
4.

54
5E

−
01

8.
98

5E
−

01
0.

55
0

0.
64

1

E
N

ST
00

00
05

83
92

7
SK

A
2-

00
7

pr
oc

es
se

d 
tr

an
sc

ri
pt

53
3

no
 p

ro
te

in
1.

36
7E

+
00

8.
96

2E
−

01
9.

80
5E

−
01

6.
43

4E
−

01
1.

36
8E

+
00

7.
11

0E
−

01
0.

88
9

0.
26

7

E
N

ST
00

00
05

81
06

8
SK

A
2-

00
8

pr
ot

ei
n 

co
di

ng
59

5
62

aa
1.

28
9E

+
00

8.
00

4E
−

01
1.

80
3E

+
00

1.
15

5E
+

00
1.

43
2E

+
00

1.
27

1E
+

00
0.

69
4

0.
91

3

E
N

ST
00

00
03

30
13

7
SK

A
2-

00
1

pr
ot

ei
n 

co
di

ng
27

98
12

1a
a

3.
12

9E
+

00
2.

83
2E

+
00

2.
17

3E
+

00
2.

53
5E

+
00

2.
91

5E
+

00
3.

28
1E

+
00

0.
08

7
0.

78
0

E
N

ST
00

00
05

80
54

1
SK

A
2-

00
3

pr
ot

ei
n 

co
di

ng
68

9
46

aa
5.

18
8E

−
01

7.
74

0E
−

01
4.

66
6E

−
01

6.
34

8E
−

01
3.

60
5E

−
01

7.
08

6E
−

01
0.

51
0

0.
44

7

A
dj

us
te

d 
by

 a
ge

, s
ex

 a
nd

 R
IN

 s
co

re
.

Depress Anxiety. Author manuscript; available in PMC 2017 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yin et al. Page 18

Table 5

Association between genotype of our candidate risk SNPs and expression of exon-specific probesets for the 

same gene in the frontal cortex in UKBEC (n=134). (Only the minimal p-value for each SNP is listed).

Gene SNP exprID tID chromosome p-value

FKBP5

rs9296158 2951640 2951567 chr6 0.099

rs3777747 2951601 2951567 chr6 0.079

rs4713902 2951648 2951567 chr6 0.160

rs7757037 2951644 2951567 chr6 0.190

rs737054 2951648 2951567 chr6 0.160

rs9380529 2951601 2951567 chr6 0.060

SKA2

rs8082544 3764760 3764738 chr17 0.019

rs12945875 3764761 3764738 chr17 0.140

rs9911583 3764740 3764738 chr17 0.006

rs8067682 t3764738 3764738 chr17 0.008

rs7502947 3764760 3764738 chr17 0.025

NR3C1 rs9324924 2879385 2879312 chr5 0.071

tID:The tID is the transcript cluster ID from Affymetrix.

exprID:The exprID is the Probe Set ID from Affymetrix.
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