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Abstract
Objective—Determining which small deep infarcts (SDI) are of lacunar, arterial or
cardioembolic etiology is challenging, but important in order to deliver optimal stroke prevention
therapy. We sought to distinguish lacunar from non-lacunar causes of SDI using a gene expression
profile.

Methods—A total of 184 ischemic strokes were analyzed. Lacunar stroke was defined as a
lacunar syndrome with infarction <15mm in a region supplied by penetrating arteries. RNA from
blood was processed on whole genome microarrays. Genes differentially expressed between
lacunar (n=30) and non-lacunar strokes (n=86) were identified (false discovery rate ≤0.05, fold
change>|1.5|) and used to develop a prediction model. The model was evaluated by cross-
validation and in a second test cohort (n=36). The etiology of SDI of unclear cause (SDI≥15mm
or SDI with potential embolic source) (n=32) was predicted using the derived model.

Results—A 41 gene profile discriminated lacunar from non-lacunar stroke with greater than 90%
sensitivity and specificity. Of the 32 SDI of unclear cause, 15 were predicted to be lacunar and 17
were predicted to be non-lacunar. The identified profile represents differences in immune response
between lacunar and non-lacunar stroke.

Interpretation—Profiles of differentially expressed genes can distinguish lacunar from non-
lacunar stroke. SDIs of unclear cause were frequently predicted to be of non-lacunar etiology,
suggesting comprehensive workup of SDI is important to identify potential cardioembolic and
arterial causes. Further study is required to evaluate the gene profile in an independent cohort and
determine the clinical and treatment implications of SDI of predicted non-lacunar etiology.
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INTRODUCTION
Small deep infarcts (SDI) including lacunar stroke account for greater than one quarter of all
ischemic strokes. Though SDI cause the smallest amount of brain injury of all stroke
subtypes, long-term outcomes are significant with 42% of patients being dependent by 3
years 1–5. Indeed, lacunar strokes are indicative of cardiovascular disease with an annual

Corresponding author: Dr. Glen C Jickling, MD FRCPC, University of California at Davis, M.I.N.D. Institute, 2805 50th Street,
Sacramento, CA 95817, USA. Ph: 916-703-0449; FAX: 916-703-0369; gcjickling@ucdavis.edu.
Potential Conflicts of Interest
Nothing to report.

NIH Public Access
Author Manuscript
Ann Neurol. Author manuscript; available in PMC 2012 September 1.

Published in final edited form as:
Ann Neurol. 2011 September ; 70(3): 477–485. doi:10.1002/ana.22497.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



death rate of 2.8% and an increased risk of recurrent stroke, white matter disease and
cognitive impairment 1, 6, 7.

The term lacune was first used to describe small subcortical infarctions in the 1800s by
Dechambre and Durand-Fardel. In the 1960s Miller Fisher described the lacunar hypothesis,
correlating the clinical symptoms of lacunar syndromes with pathologic findings of single
perforating branch occlusion from microatheroma or lipohyalinosis 8–11. The lacunar
hypothesis distinguishes lacunar stroke from other causes of SDI, including disease of the
parent artery and embolism of arterial or cardiac origin. Determining whether an SDI is of
small vessel lacunar or non-small vessel etiology remains a topic of controversy and
investigation 12–16. An embolic cause of stroke warrants a different investigative strategy
and treatment. In particular, it is important to diagnose disease that would change
management, such as symptomatic carotid stenosis which benefits from carotid surgery, and
atrial fibrillation which benefits from anticoagulation. Therefore, ascertaining the etiology of
SDI is not only of scientific interest but also of clinical significance.

The presence of a potential cardioembolic or arterial embolic source does not necessarily
imply a causal association with SDI. Indeed, most of the vascular risk factors associated
with lacunar infarction are also those that predispose to arterial and cardioembolic disease.
Several predictors have been identified to suggest an SDI is of lacunar etiology. The clinical
features of a lacunar syndrome predict infarcts that are radiologically consistent with lacunar
stroke 17, 18. However, lacunar syndromes can be mimicked by non-lacunar disease, such as
cortical infarction, hemorrhagic stroke and non-vascular disease 19, 20. Furthermore,
infarction in the regions of the penetrating arteries (basal ganglia, thalamus, internal capsule,
corona radiata and pons) can result from non-lacunar disease, including disease of the parent
artery and emboli of arterial or cardiac origin. Infarct diameter <15mm is also predictive of
lacunar stroke, since this is the approximate vascular territory of a single penetrating
artery 21–23. However, in patients with SDI >15mm in size or with a coincidental arterial or
cardioembolic source, it remains less clear as to whether a stroke is of lacunar or non-
lacunar etiology.

We sought to determine whether patients defined as lacunar stroke could be distinguished
from patients with known embolic strokes using a gene expression profile. Furthermore, we
sought to predict the cause of stroke in SDI of unclear cause (SDI size >15mm or SDI with
potential embolic source) using profiles of differentially expressed genes. Recently we
demonstrated that cardioembolic and large vessel causes of stroke have unique gene
expression signatures 24, 25. These signatures can be used to separate stroke patients by
cause based on a list of differentially expressed genes. The identified genes were
predominantly expressed in inflammatory cells associated with each stroke subtype. In this
study a profile of differentially expressed genes was able to distinguish lacunar stroke from
non-lacunar stroke and predict etiology in SDI of unclear cause.

PATIENTS AND METHODS
1. Study Patients

Patients with lacunar stroke (n=30), non-lacunar stroke (n=86) and SDI of unclear etiology
(n=32) were enrolled from the University of California, Davis, and the University of
California, San Francisco. A second cohort of 36 non-lacunar strokes previously studied by
our group was used as the test cohort. These patients were recruited as part of the CLEAR
trial as previously described (NCT00250991 at Clinical-Trials.gov) 24, 26. Study protocol
was approved by the institutional review board at each site and written informed consent
was obtained from each patient. Standardized clinical evaluations were performed on all
patients including medical history, brain imaging, Doppler, vascular angiography,
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electrocardiogram, echocardiogram and 24–48 hour cardiac monitoring. Blood samples were
drawn into PAXgene tubes (PreAnalytiX, Hilden, Germany) within 72 hours of stroke onset
for gene expression analysis.

The diagnosis of stroke was made by two board certified stroke neurologists. Lacunar stroke
was defined by clinical symptoms consistent with a lacunar syndrome and evidence of
restricted diffusion on MRI with a largest diameter <15mm occurring in the basal ganglia,
thalamus, internal capsule, corona radiata or pons. Patients with lacunar stroke did not have
evidence of embolic source despite investigation, including no evidence of intracranial or
extracranial stenosis >50% or a potential moderate to high risk cardioembolic source.
Lacunar strokes with incomplete investigations were not included for study. SDI of unclear
etiology were defined as infarction in the basal ganglia, thalamus, internal capsule, corona
radiata or brainstem >15mm in diameter or <15mm with a potential cardioembolic or
ipsilateral arterial cause of stroke. Non-lacunar strokes had evidence of infarction on
imaging in non-lacunar stroke regions, and had an identified cardioembolic or arterial
source. Cardioembolic strokes included patients with atrial fibrillation, acute myocardial
infarction, valvular heart disease and marked ventricular hypokinesis with hemispheric
infarcts. Patients with PFO, atrial myxoma or endocarditis were not included. Arterial
strokes were defined as stenosis >50% of an extracranial or intracranial artery referable to
the infarct without evidence of other cause of stroke. Differences between groups were
analyzed using Fisher’s exact test or two-tailed t-test where appropriate.

2. Sample Processing
PAXgene tubes were used to collect a venous blood sample within 72 hours of stroke onset
(PreAnalytiX, Germany). Samples were stored at −80°C and processed at the same time in
the same laboratory to reduce batch effect. Total RNA was isolated according to the
manufacturer’s protocol (PAXgene blood RNA kit; Pre-AnalytiX). RNA concentration was
determined by Nano-Drop (Thermo Fisher) and RNA quality by Agilent 2100 Bioanalyzer.
Samples were required to have A260/A280 absorbance ratios of purified RNA ≥2.0 and 28S/
18S rRNA ratios ≥1.8. Reverse transcription, amplification, and sample labeling were
carried out using NuGEN’s Ovation Whole Blood Solution (NuGEN Technologies, San
Carlos, CA). Each RNA sample was hybridized according to the manufacturer’s protocol on
Affymetrix Human U133 Plus 2.0 GeneChips (Affymetrix Santa Clara, CA). Arrays were
washed and processed on a Fluidics Station 450 and scanned on a Genechip Scanner 3000.
Samples were randomly assigned to microarray batch stratified by stroke subtype.

3. Data Analysis
Microarray data files were pre-processed using robust multichip averaging (RMA), mean-
centering standardization and log2 transformation. Partek Genomics Suite 6.4, Partek Inc.,
St. Louis, MO). To reduce nonspecific probesets interquartile range filter of 0.5 was used
across the dataset as previously described 27, 28. Patients with lacunar stroke were compared
to non-lacunar stroke using Analysis of Covariance (ANCOVA) adjusted for age and
gender. After Benjamini-Hochberg correction, probesets with a false discovery rate <0.05
and fold change ≥|1.5| were considered significant.

Classifier results were obtained using forward selection linear discriminant analysis with a
multiple 10-fold cross-validation method comparing lacunar stroke to non-lacunar stroke.
For each iteration, 90% of the subjects were used to predict cause in the remaining 10% of
subjects. This procedure was repeated 10 times, each time using a different left-out
subsample, so that all patient samples were used to derive and evaluate predictors. Within
each of the 10 folds of the cross-validation, the genes used in the classifier were reselected
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based only on the samples not left out, so that only the training set was used to derive
predictors for the left-out subsample. Selected predictors represent genes whose expression
is most stable within samples from the same phenotypic class (e.g. lacunar stroke) and
whose expression differs the most between samples of a different class. Receiver operating
characteristics (ROC) were derived based on the instance probability of class membership
and used to identify the optimal probability threshold to assign class membership. The
probability threshold where optimal sensitivity and specificity to discriminate known
lacunar from non-lacunar stroke was determined, and used as the probability cutoff where
SDI of unclear cause was classified either as lacunar or non-lacunar stroke. The full
classifier derived from subjects with known stroke subtype was further evaluated using a
second validation cohort of subjects of known stroke cause. To predict the stroke subtype in
patients with SDI of unclear cause, the full classifier was applied to the gene expression
values and membership to lacunar or non-lacunar class assigned based on the probability
threshold determined from the training set ROC curve. Logistic regression analyses were
performed using Stata 10.1 (College Station, TX, USA). Results are reported as odds ratios
(OR) with 95% confidence intervals.

Ingenuity Pathway Analysis (IPA, Ingenuity Systems®, www.ingenuity.com) was used to
identify the functional pathways associated with the 90 genes. This was done by testing
whether the number of genes in a given pathway was greater than that expected by chance
(p<0.05 considered significant using a Fisher’s exact test).

RESULTS
There were 116 subjects with ischemic stroke in the training cohort for this study. The mean
age was 67 years (SD 10.7) and 54% were male. The cohort was ethnically mixed: 72 (62%)
were Caucasian, 22 (19%) were African American, 7 (6%) were Hispanic, 7 (6%) were
Asian and 8 (7%) of other race/ethnicity. Demographic and clinical characteristics of
subjects used in the training group for the comparison of lacunar stroke to non-lacunar
stroke are shown in Table 1. There were 30 samples with lacunar stroke and 86 subjects with
non-lacunar stroke (56 cardioembolic stroke, 30 arterial stroke). Age, NIHSS on admission
and ethnicity were significantly different between lacunar stroke and non-lacunar stroke
patients. Microhemorrhage identified by gradient echo MRI was present in six of the thirty
lacunar stroke patients. By definition lacunar stroke had no cardiac or arterial source.

A total of 96 probesets representing 90 genes were significantly different between lacunar
and non-lacunar strokes (FDR<0.05 fold change >|1.5|) (Supporting Table S1). The 96
probesets were reduced to a list of 41 probesets (40 genes) using forward selection linear
discriminant analysis (Supporting Table S2). A cluster plot of the 41 probesets that
distinguish lacunar versus non-lacunar strokes is shown in Figure 1. Box and whisker plots
of the mean centered expression values are shown in Supporting Figure S1. A linear
discriminant analysis model of the 41 probesets correctly distinguished lacunar from non-
lacunar stroke in 97% of patients. The optimal probability threshold to discriminate lacunar
and non-lacunar stroke was 0.7 (true positive rate 0.97, false positive rate 0). Ten-fold cross-
validation analysis was performed to evaluate prediction in the training set. The 41 probesets
distinguished lacunar from non-lacunar stroke in 88% of patients (22/30 lacunar strokes;
80/86 non-lacunar strokes) (Fig 2). The model derived from the training cohort was applied
to a second validation test cohort of 36 ischemic stroke subjects of known non-lacunar
etiology. The 41 probesets were able to correctly classify 35 of the 36 (98%) strokes as non-
lacunar.

The model was applied to subjects with SDI of unclear cause (SDI >15mm and SDI with
possible embolic source). Of the 32 SDI patients, 15 were predicted to be of lacunar etiology
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and 17 were predicted to be of non-lacunar etiology. To identify clinical features associated
with the SDI of predicted lacunar etiology, univariate analysis was performed. SDI predicted
to be lacunar were less likely to be of Caucasian race/ethnicity (OR 0.18, 0.04–0.86), less
likely to have a potential arterial source of stroke (OR 0.2, 0.04–0.9) and trended to have
fewer potential cardiac sources of stroke (OR 0.28, 0.04–1.69) (Table 2). The presence of
hypertension and diabetes were not significantly different in SDI of predicted lacunar versus
non-lacunar etiology.

Functional analysis of the 96 probesets revealed several pathways that were represented
greater than expected by chance. The majority of pathways represented alterations in
immune cells in the blood of patients with lacunar stroke. The top functional and canonical
pathways are listed in Table 3, along with the genes expressed in these pathways.

DISCUSSION
In this study we demonstrate that a gene expression profile can distinguish patients with
lacunar stroke from non-lacunar stroke. Further, when this gene expression profile is applied
to patients with SDI of unclear cause (SDI>15mm and SDI<15mm with potential embolic
source), both lacunar and non-lacunar causes are predicted. Given the difficulty in
distinguishing lacunar from non-lacunar causes of SDI and the importance of this distinction
in management, developing a reliable marker for lacunar etiology may be clinically useful.

The profile to distinguish lacunar from non-lacunar stroke has potential applications in the
diagnosis of stroke cause, particularly in SDI where cause of stroke is unclear. Patients
presenting with acute stroke can be classified based on their profile of gene expression in
blood as either of high or low probability of being lacunar stroke. This in conjunction with
clinical symptoms and imaging suggesting lacunar stroke increases a physician’s confidence
in making a diagnosis of small vessel lacunar stroke as the cause of SDI. Further studies are
required to determine the extent to which a gene profile can improve diagnosis, though
based on the sensitivity and specificity observed in this study there is promise that a profile
of differentially expressed RNA in blood can add to the ascertainment of SDI cause.

Arterial Small Deep Infarcts
Patients with arterial stenosis >50% ipsilateral to an SDI are often classified as a non-
lacunar infarction 29, 30. However, whether the arterial disease is the actual cause of the SDI
or a coincidental disease occurring in a patient with symptomatic small vessel disease
remains unclear 31. Symptomatic carotid stenosis derives greater benefit from vascular
intervention compared to asymptomatic carotid stenosis. Thus ascertaining whether the SDI
is of lacunar or arterial etiology is of clinical significance. Furthermore, correct
classification of stroke cause is important in stroke research and therapeutic development.

Carotid endarterectomy in SDI patients with carotid stenosis does improve outcomes,
supporting the argument that arterial disease is a cause of some SDI 32, 33. Other studies also
suggest that arterial disease is the cause some SDI, with the degree of vascular stenosis,
intima medial thickness and arterial stiffness all having been reported as predictors of non-
lacunar stroke 7, 18, 29, 30, 34–42. Additionally, Tejada et al. reported a 7% absolute increase
in ipsilateral compared to contralateral carotid stenosis in patients with SDI, suggesting
carotid disease contributes to some SDI 43. However, this finding has not been demonstrated
by others 44. Our study supports the notion that the presence of arterial disease is associated
with non-lacunar infarction. Among the 32 patients with SDI of unclear cause, those
predicted to have non-lacunar infarction were over five times more likely to have ipsilateral
arterial disease.
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Not all SDI with arterial disease were predicted to be of non-lacunar etiology. In 4 out of the
12 SDI with arterial disease, a lacunar etiology was predicted. This suggests that some
patients with SDI have asymptomatic arterial disease, coincidental to infarction. There were
no clinical features recorded that were significantly different between SDI with arterial
disease of predicted lacunar etiology compared to those of predicted non-lacunar etiology.
Further evaluation regarding the clinical significance of SDI with arterial disease predicted
to be of lacunar etiology is required.

Cardioembolic Small Deep Infarcts
The presence of a cardiac source has also been suggested as a marker of non-lacunar
SDI 20, 35, 38, 45–50. In our study, there was a trend for a cardiac source to be more common
in SDI of predicted non-lacunar etiology, though statistically significance was not achieved.
There were two subjects with cardioembolic source predicted to have lacunar stroke, one
with atrial fibrillation and the other with cardiomyopathy. This suggests that some cardiac
sources are coincidental to SDI, and some are probably causal. No clinical features were
significantly different between SDI with a potential cardiac source of predicted lacunar
versus non-lacunar etiology, though sample size was small. Further study in larger cohorts is
required.

Lacunar Small Deep Infarcts
The diagnosis of lacunar stroke was made using clinical symptoms, imaging and ancillary
investigations to rule out other potential etiologies. Such features have been shown to make
lacunar small vessel disease the most likely cause of a small deep infarct. This is indeed true
in our study, where 22 out of 30 lacunar strokes were classified as lacunar on cross-
validation analysis. However, there were 8 patients who met the criteria for lacunar stroke
who were predicted to have a non-lacunar etiology based on their pattern of gene expression.
Of interest none of these 8 patients had evidence of microhemorrhage on gradient echo
recall MRI, whereas 6 of the 22 lacunar strokes of predicted lacunar etiology did (p=0.09).
Though sample size in our study was small, the suggestion that microhemorrhages may be
an important marker of lacunar stroke has previously been reported 51–53. In future studies,
more detailed analysis of small vessel disease markers including microhemorrhage, retinal
imaging, blood brain barrier permeability and blood endothelial markers may provide better
insight into features characteristic of lacunar stroke.

The identified differences in blood reflect immune differences between lacunar and embolic
stroke, including differences in immune response to vascular risk factors. The genes
identified as differentially expressed in lacunar stroke were over represented in canonical
pathways involving innate and adaptive immune cell communication, TREM1 signaling, T-
helper cell differentiation and immune cell signaling (Table 3). Over represented functional
pathways included growth, activation and recruitment of leukocytes and myeloid cells,
endothelial adhesion and angiogenesis. Specific inflammatory and/or genetic factors may
predispose to endothelial damage. Indeed, others have identified markers of inflammation
and endothelial dysfunction to be associated with lacunar strokes 54–56. Further study of
identified pathways as well as specific immune cell responses may provide insight into
lacunar stroke pathophysiology.

This study has its limitations. Derivation of predictors from a large number of variables, as
in the case of microarray analysis, increases the risk of false discoveries. A method to
estimate this risk is to evaluate the predictors using cross-validation analysis and in a second
test cohort, as performed in this study. The best test, however, remains validation of
predictors in a second, completely independent cohort. There were differences between the
groups analyzed, with the lacunar group being slightly younger, having a lower NIHSS on
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admission and having more non-Caucasian subjects. These are not unexpected findings of a
lacunar stroke population. Though ethnicity does affect gene expression, in this study genes
differentially expressed in Caucasian compared to non-Caucasian were not present in the 41
gene list reported, and the identified predictors performed equally well in the prediction of
Caucasian and non-Caucasian strokes. However, further study in larger populations is
required. Sample size also limited the ability to identify clinical features associated with
SDI’s of predicted lacunar and non-lacunar etiology. A definitive diagnosis of lacunar stroke
is challenging because it requires neuropathologic examination. Clinical diagnosis of lacunar
stroke, as performed in this study, relies on probability assumptions based on clinical
features, neuroimaging and ancillary investigations. However the features that characterize
lacunar small vessel disease likely remain incompletely delineated. In future studies,
evaluation of additional measures of vascular disease may further refine the lacunar stroke
group. Retinal imaging, carotid intima media thickness, prolonged cardiac monitoring, brain
imaging parameters and serum markers of endothelial function may be important to
consider.

In conclusion, small deep infarcts were predicted to be of both lacunar and non-lacunar
etiology. This suggests that a comprehensive workup of patients with SDI is required to
identify potential cardioembolic and arterial causes. Though clinical and imaging features
may distinguish most lacunar strokes, there remains a group of SDI with non-lacunar
etiologies that may require different management. Whether a gene expression profile can
guide diagnostic testing and treatment specific to SDI etiology requires further study, though
they do show promise as a potential method to infer SDI etiology.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Cluster plot of the 41 probesets (40 genes) that distinguish lacunar stroke from non-lacunar
stroke. Subjects are shown on the x-axis and genes are shown on the y-axis. Each lacunar
stroke is shown by an orange bar, and each non-lacunar stroke is shown by a green bar. Up
regulated genes are shown in red, and down regulated genes in blue. Though no single
probeset is able to completely separate every single patient with lacunar stroke from non-
lacunar stroke, the combined information from each gene in the profile can separate lacunar
from non-lacunar stroke for nearly all patients studied.
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Figure 2.
Probability plot of the predicted diagnosis of lacunar and non-lacunar stroke based on 10-
fold cross-validation analysis using the linear discriminant analysis model for the 41
probesets (40 genes). 2A. The predicted probability of lacunar and non-lacunar stroke in the
30 patients diagnosed clinically as lacunar stroke. Eight subjects were predicted to have a
gene expression profile similar to those of non-lacunar stroke, and 22 were predicted to be
lacunar stroke. 2B. The predicted probability of non-lacunar and lacunar stroke in the 86
patients with non-lacunar stroke. Eighty of the 86 were predicted to be non-lacunar stroke.
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Table 1

Demographic variables for patients with lacunar and non-lacunar ischemic stroke.

Lacunar (n=30) Non-Lacunar (n=86) p-value

Age years (SD) 61.1 (12.7) 69.1 (12.7) <0.001

Race Caucasian n (%) 12 (40.0%) 60 (69.8%) 0.005

Gender Male n (%) 13 (43.3%) 55 (63.9%) 0.056

Adm-Temperature 0C (SD) 36.3 (0.5) 36.4 (0.1) 0.616

Adm-NIHSS (IQR) 2.2 (0–5) 10.2 (3–16) <0.001

Hypertension n (%) 24 (80.0%) 61 (70.9%) 0.473

 Systolic BP mmHg (SD) 163.2 (32.8) 157.4 (28.2) 0.358

 Diastolic BP mmHg (SD) 87.6 (20.3) 82.0 (18.1) 0.156

Diabetes n (%) 13 (43.3%) 24 (27.9%) 0.171

Weight kg (SD) 79.4 (22.7) 88.5 (19.8) 0.376

Hyperlipidemia n (%) 13 (43.3%) 40 (46.5%) 0.647

Atrial fibrillation n (%) 0 (0%) 25 (29.1%) <0.001

Cardiac Source 0 (0%) 56 (65.1%) <0.001

Arterial Source 0 (0%) 30 (34.9%) <0.001

Prior Stroke/TIA n (%) 5 (16.7%) 21 (24.4%) 0.454

Prior MI n (%) 2 (6.7%) 16 (18.6%) 0.151

CAGB n (%) 1 (3.3%) 14 (16.3%) 0.111

Abbreviations: Adm, admission; BP, blood pressure; CABG, coronary artery bypass graft; MI, myocardial infarction; NIHSS, National Institutes of
Health Stroke Scale.
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Table 2

Univariate logistic regression analysis of small deep infarcts (SDI) of unclear cause predicted to be lacunar
(n=15) compared to SDI predicted to be non-lacunar (n=17).

Odds Ratio 95% Conf Interval p-value

Age years 0.97 0.91–1.02 0.257

Race Caucasian 0.18 0.04–0.86 0.032

Gender Male 0.82 0.20–3.43 0.784

Adm-Temperature 0C 0.99 0.97–1.03 0.960

Adm-NIHSS 0.92 0.71–1.19 0.522

Hypertension 0.87 0.11–7.04 0.894

 Systolic BP mmHg 0.99 0.98–1.01 0.725

 Diastolic BP mmHg 1.01 0.97–1.05 0.674

Diabetes 0.95 0.23–3.92 0.946

Weight kg 0.98 0.94–1.03 0.393

Hyperlipidemia 0.28 0.06–1.21 0.087

Prior Stroke/TIA 0.87 0.19–4.11 0.863

Infarct Diameter 1.06 0.98–1.15 0.122

Striatocapsular location 3.00 0.67–13.3 0.148

ARWMC Score 0.97 0.87–1.08 0.574

Microhemorrhage 0.20 0.02–2.02 0.171

Arterial source (ipsilateral) 0.20 0.04–0.90 0.037

Cardiac source 0.28 0.04–1.69 0.166

Atrial Fibrillation 0.33 0.03–3.61 0.366

Abbreviations: Adm, admission; ARWMC, Age Related White Matter Changes; BP, blood pressure; MI, myocardial infarction; NIHSS, National
Institutes of Health Stroke Scale.
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Table 3

Functional analysis of the 96 probesets (90 genes) differentially expressed between lacunar and non-lacunar
stroke. The associated functional and canonical pathways that were represented greater than expected by
chance (p<0.05, Fisher’s exact test) are shown, along with the genes expressed in the listed pathways. The
majority of pathways represent alterations in immune cells in the blood of patients with lacunar stroke that are
different from non-lacunar stroke patients.

Pathway Genes p-value

Canonical Pathways Innate and Adaptive Immune Cell
Communication

CCL3, CCL4, HLA-DRB4, IGHA1, IL8 4.8 ×10−5

TREM1 Signaling CCL2, CCL3, IL8 3.2 ×10−3

T Helper Cell Differentiation HLA-DQA1, STAT1, TBX21 4.9 ×10−3

CCR5 Signaling in Macrophages CALM1, CCL3, CCL4 5.6 ×10−3

Role Macrophages, Fibroblasts and
Endothelial Cells in Rheumatoid Arthritis

CALM1, CCL2, CSF1, IL8, IL18RAP, SOCS1 6.6 ×10−3

Molecular Functions Growth of Myeloid Cells & Leukocytes CCL2, CCL3, CSF1, ERBB2, IL8, LAG3, PML, SOCS1 3.6 ×10−9

Monocyte & Leukocyte Activation and
Recruitment

CCL2, CCL3, CCL4, CSF1, HLA-DQA1, IL8, RUNX3,
SPON2, STAT1, UTS2

1.9 ×10−6

Immune Response CCL2, CCL3, CCL4, CSF1, ERBB2, HLA-DQA1, HLA-
DRB4, IL8, IL18RAP, LAG3, SOCS1, SPON2, STAT1,
STK17B, TBX21, TGFBR3

2.2 ×10−5

Cardiovascular process of blood vessel,
endothelial adhesion

BTG1, CCL2, CCL3, IL8, PML, RUNX3, STK4, STX7,
TGFBR3, UTS2

9.5×10−4

Angiogenesis of endothelial cells ERBB2, IL8 2.2 ×10−3
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