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Background and Purpose—Immune cells play a key role in the first 24h poststroke (acute phase), being associated with
stroke outcome. We aimed to find genetic risk factors associated with leukocyte counts during the acute phase of stroke.

Methods—Ischemic stroke patients with leukocyte counts data during the first 24h were included. Genome-wide association
study and gene expression studies were performed.

Results—Our genome-wide association study, which included 2064 (Discovery) and 407 (Replication) patients, revealed
a new locus (14q24.3) associated with leukocyte counts. After Joint analysis (n=2471) 5 more polymorphisms reached
genome-wide significance (P<5x107%). The 14q24.3 locus was associated with acute stroke outcome (rs112809786,
P=0.036) and with ACOTI and PTGR2 gene expression. Previous polymorphisms associated with leukocyte counts in
general-population did not show any significance in our study.

Conclusions—We have found the first locus associated with leukocyte counts in ischemic stroke, also associated with
acute outcome. Genetic analysis of acute endophenotypes could be useful to find the genetic factors associated with
stroke outcome. Our findings suggested a different modulation of immune cells in stroke compared with healthy
conditions. (Stroke. 2019;50:3618-3621. DOI: 10.1161/STROKEAHA.119.026593.)
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Ischemic stroke (IS) is a complex disease. Even though loci associated with 3-month disability poststroke. The clin-
there are several genes associated with stroke risk, little ical complexity and multifactorial modulation of stroke out-
is known about the genetics behind stroke outcome. Only come hinder the discovery of genetic associations. To avoid
2 genome-wide association studies (GWAS)'? have found 2 this problem, one strategy is to individually analyze internal
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factors of stroke (endophenotypes) associated with stroke
outcome.

The acute phase of stroke (first 24 hours) dramatically
influences the short and long-term outcome. During this
phase, there is an important inflammatory and immune re-
sponse. Immune cell levels, such as white blood cell counts
(WBCc), have been associated with worse outcome.?
Currently, there are several GWAS of WBCc performed in
different populations*’ that have found >20 loci, but none
have been related to stroke.

We aimed to find genetic risk factors associated with
WBCc during the acute phase of IS due to its relevant role in
poststroke outcome.

Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Study Population

The patients with IS included were >18 years old, had a measured
neurological deficit on the National Institutes of Health Stroke Scale
(NIHSS) within 6 hours poststroke onset, and underwent blood anal-
ysis with WBCc data within 24 hours poststroke onset. The outcomes
studied were NIHSS at 24 hours (acute) and modified Rankin Scale
at 3 months (long term). Written informed consent and ethical com-
mittee approval was obtained for all participants. Additional cohort
details are in Methods in the online-only Data Supplement.

Genetic Analysis

Genotyping, imputation, and quality controls are described in
Methods in the online-only Data Supplement. We performed the
single-nucleotide polymorphism (SNP) association analysis using
SNPTEST software, and the Joint analysis was performed with
METAL software.

To study expression quantitative trait loci associated with the
candidate SNPs, we performed in silico analyses with data from the
Genotype-Tissue Expression Project. The statistical analyses were
performed using SPSS software v17.0 (detailed in Methods in the
online-only Data Supplement).

Results
In this study, 2132 European white IS patients were recruited
in the Discovery cohort, and 407 American white patients
were included in the Replication cohort. Detailed character-
istics of the Discovery cohort are included in Table I in the
online-only Data Supplement.

In the Discovery cohort, WBCc was independently asso-
ciated with long-term and acute outcome (3-month modified
Rankin Scale, P=3.88x107*; 24-hour NIHSS, P=6.81x107).
Besides, several variables were associated with WBCc
in the univariate analysis (Table I in the online-only Data
Supplement). After stepwise linear regression, age, dia-
betes mellitus, baseline NIHSS, and atherothrombotic stroke
remained significant and were included as covariates in the
genetic analyses.

In the Discovery GWAS, 68 participants were excluded for
lacking some covariate; afterward, 2064 patients and 7 340003
SNPs were analyzed. We found one locus in chromosome 14
associated with WBCc (Figure). Replication showed the same
directionality as in the Discovery cohort for the 6 suggestive
SNPs (P<107%) of the 14q24.3 locus, 3 of them with nominal
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significance (P<0.05; Table). In the Joint analysis, all 6 SNPs
reached genome-wide significance (P<5x107%; Table).

We performed an additional genetic association analysis
in a subgroup of patients with data collected within the first
6 hours after IS, to test the influence of time collection. In
this subcohort that represents 69.67% of the Discovery cohort
of the study (n=1438), the 14q24.3 locus was associated with
WBCc but did not reach genome-wide significance (Table
II in the online-only Data Supplement). Additionally, to test
whether the identified locus was associated with a specific
cell type of WBCc, we performed genetic association anal-
ysis with the neutrophil and lymphocyte content for a sub-
group of patients included in the Discovery cohort (neutrophil
count, n=1199; lymphocyte count, n=793). The 14q24.3 locus
was not significantly associated specifically with neutro-
phil or lymphocyte counts (Figure I in the online-only Data
Supplement).

We tested the association of each genome-wide signifi-
cant SNP in the Joint analysis with stroke outcome. For acute
outcome, rs112809786 was associated with 24-hour NIHSS
(P=0.036) and 4 other SNPs showed a trend (P<0.1; Table
IIT in the online-only Data Supplement) with the same di-
rectionality of WBCc association (allele risk was associated
with worse NIHSS score). However, for long-term outcome,
no association was found (Table III in the online-only Data
Supplement).

We searched previously described SNPs reported in
GWAS of WBCc, in different ethnicities and conditions, in
our GWAS of WBCc in patients with IS. Twenty-eight of 30
SNPs were present in our GWAS, but none was significantly
associated with WBCc after Bonferroni correction (P>0.002;
Table IV in the online-only Data Supplement).

In silico approaches showed that the 14q24.3 locus was
associated with expression quantitative trait loci of ACOTI
in adrenal gland tissue (P=2.0x107°) and PTGR?2 in thyroid
tissue (P=1.3x107). For ACOTI, minor alleles were associ-
ated with higher gene expression, whereas for PTGR2, minor
alleles were associated with lower expression.

Discussion
We have described the first locus (14q24.3) associated with
the WBCc during the acute phase of stroke, confirmed by the
Joint analysis of 2 independent populations. Additionally, this
locus was not specific to any cell type population (neutrophils
or lymphocytes) and was not influenced by the time of collec-
tion, at least during the first 6 hours after stroke. In addition,
previous SNPs reported to be associated with WBCc in other
healthy populations and diseases were not consistently associ-
ated with WBCec in stroke, suggesting a different genetic mod-
ulation for leukocyte proliferation/activation. Furthermore,
we confirmed the previously reported association of WBCc
with stroke outcome: we found an independent association
of WBCc with acute and long-term stroke outcome with a
positive correlation, whereby higher WBCc was associated
with higher NIHSS and modified Rankin Scale and was con-
sequently associated with a worse outcome. Moreover, the
rs112809786 SNP within the 14q24.3 locus was associated
with acute stroke outcome, in the same directionality as WBCc
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Figure. Results of the Discovery analysis. A, Manhattan plot of the Discovery analysis. Lines represent genome-wide significance (P<5.0x1078) and sugges-
tive threshold (P<1.0x10-%). B, Zoom plot performed on the LocusZoom portal of the 14g24.3 locus (rs112106747, top SNP). The x and y axes show chromo-

some location and negative logarithm to base 10 of P (-log,, [P]), respectively.

(the risk allele group, associated with high WBCc, had higher
24-hour NIHSS mean than the no-risk allele group). This
finding supports the idea that individually analyzing endophe-
notypes could be an interesting strategy to find new genetic
associations for stroke outcome. Unexpectedly, rs112809786
was not associated with long-term outcome. One reason could
be that other factors that occur after the acute phase (infection,

rehabilitation, etc) are influencing 3-month modified Rankin
Scale. Our results suggested that the genetic factors associated
with WBCc may have more influence on acute outcome than
on long-term outcome.

Besides, in silico approaches revealed expression quanti-
tative trait loci of ACOTI and PTGR?2 genes for 14q24.3 locus.
ACOTI1—an acyl-CoA thioesterase family gene member—is
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Table. List of SNPs in the 14q24.3 Locus Associated With White Blood Cell Count
Discovery (n=2064) Replication (n=407) Joint (n=2471)

SNP Al A2 MAF PValue B+SE PValue B+SE PValue B+SE

rs112106747 G A 0.016 3.57x10-% 0.67+0.12 0.061 0.43+0.23 8.05x10-%* 0.62+0.1
rs113898499 A G 0.016 1.54x107 0.64+0.12 0.055 0.44+0.23 2.78x10°%* 0.60+0.1
rs113492829 A G 0.016 1.67x10~7 0.63+0.12 0.058 0.44+0.23 3.16x10-8 0.59+0.1
rs112809786 A G 0.017 6.89x10~7 0.59+0.12 0.047 0.49+0.25 3.16x10-8 0.57+0.1
rs78476982 C T 0.016 1.54x10~7 0.64+0.12 0.018 0.59+0.25 8.01x10-%* 0.63+0.1
rs74995185 A G 0.016 2.86x10~7 0.63+0.12 0.032 0.72+0.33 2.51x10-8 0.64+0.1

A1 indicates allele 1 (minor allele); A2, allele 2; B, 3-coefficient for minor allele; MAF, minor allele frequency; and SNP, single-nucleotide polymorphism.

*Genome-wide significant P values.

described as being involved in the regulation of lipid me-
tabolism by the PPAR (peroxisome proliferator-activated
receptor)-o,, which participates in the activation and prolif-
eration cascade of some immune cells. Regarding PTGR?2, it
is described for the metabolism of prostaglandins and in the
regulation of other PPAR family genes. Interestingly, PTGR2
has been found downregulated in monocytes of patients with
leukemia,® which is consistent with our in silico observation
(14q24.3 alleles associated with higher WBCc were associated
with lower PTGR2 expression). Thus, ACOTI and PTGR?2 are
candidate genes for regulating leukocyte proliferation and
contributing to worse acute stroke outcome; however, further
studies are necessary to confirm this potential association.

As a limitation, we could not exclude patients with condi-
tions that may influence WBCc. However, this unbiased inclu-
sion suggests that our findings could be applicable to any type
of IS patients.
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