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Stroke is the second leading cause of death worldwide and 
a major cause of disability.1,2 Stroke diagnosis is depen-

dent on clinical assessment and neuroimaging. However, the 
lack of rapid diagnostic testing hinders patient management. 
Although an effective ischemic stroke treatment is available, 
tissue-type plasminogen activator,3 studies have observed an 
underuse by rural4 and emergency physician5,6 owing, in part, 
to diagnostic uncertainty, risk of hemorrhage, and the short 
therapeutic time window. However, a biomarker that estab-
lishes diagnosis of stroke and distinguishes hemorrhage from 
ischemia has the potential to minimize the time from symptom 
onset to treatment and improve patient outcomes. Determining 
a patient’s risk for disability or mortality may also be used to 

inform clinical decision making, evaluate risk–benefit, and 
optimize allocation of healthcare resources. Indeed, although 
one third of patients with stroke die or experience disability 
within the first month,2 clinical risk scores to predict patient 
outcome are infrequently used by clinicians because of lack 
of precision, validation, and complexity. Identification of 
biomarkers that quickly distinguish stroke cases from con-
trols, ischemia from hemorrhage, and predict prognosis could 
improve patient management.

The advent of high-throughput genomic technology pro-
vides a novel, agnostic approach for biomarker discovery. 
RNA gene expression levels vary rapidly in response to physi-
ological changes. Rapid point-of-care RNA tests are currently in 
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development7; therefore, peripheral blood RNA may be used in 
the clinic in the future. Both animal8 and human9,10 studies have 
observed unique RNA expression changes in whole blood after 
ischemic stroke. However, previous clinical studies were con-
ducted on a relatively small sample size, consisting of a maxi-
mum of 39 ischemic stroke cases and 25 controls9,10 and still 
require validation. In addition, these studies have only assessed 
RNA biomarkers for stroke diagnosis, but not for stroke progno-
sis. Because of the clinical need for stroke biomarkers and het-
erogeneity in stroke pathophysiology, large studies are crucial to 
robustly identify novel biomarkers and to assess clinical value.

In this report, we used a large discovery population, 
299 participants from a multination case-control study 
(INTERSTROKE; 129 stroke cases and 170 controls), to 
identify novel RNA biomarkers of stroke. We then determined 
whether RNA biomarkers distinguished between primary 
stroke types and stroke outcome. Significant results were vali-
dated in an independent group of participants (28 stroke cases 
and 34 controls).

Methods
Patient Population
The INTERSTROKE study has been described in detail elsewhere.11 
Briefly, INTERSTROKE was a large, international, standardized 
case–control study consisting of stroke cases and control participants 
from 22 countries. Stroke cases were patients admitted to the hospital 
with first-time acute stroke who presented within 5 days of symptom 
onset and within 72 hours of hospital admission. Distinction between 
stroke subtypes was confirmed with neuroimaging (computed tomog-
raphy or magnetic resonance imaging). Control participants were re-
cruited from the hospital or within the community and had no history 
of stroke. Three hundred and seventy-five INTERSTROKE partici-
pants recruited from 6 centers consented to the expression profiling 
substudy. Our expression study benefitted from the international re-
cruitment by the increased ethnic diversity, and the greater prevalence 
of intracerebral hemorrhage (ICH) in South America12 that increased 
the number of samples available for analysis. Peripheral whole blood 
was collected into PAXgene Blood RNA tubes (PreAnalytiX) and 
stored at −80°C before sample processing.

Only 2 patients with subarachnoid hemorrhage had blood samples 
collected, and so were excluded from the analysis. Ninety-nine percent 
of participants were either Latin American or white, so we excluded par-
ticipants of other ethnicities (n=9) to reduce potential population stratifi-
cation. As a result, our study consisted of 364 participants. Initially, 302 
participants (131 cases and 171 controls) were recruited and consecu-
tively assigned for biomarker discovery. An additional 62 participants 
(28 cases and 34 controls) were recruited for independent validation

Sample Processing and Microarray Hybridization
Total RNA was isolated from the discovery cohort using the 
QIAsymphony PAXgene Blood RNA kit (Qiagen) according to 
the manufacturer’s protocol. RNA was isolated from the validation 
cohort using the MagMAX Stabilized Blood Tube RNA Isolation 
kit (LifeTech). RNA quality was assessed with Nanodrop2000 
(Nanodrop) and 2100 Bioanalyzer (Agilent), then quantified us-
ing Quant-IT RiboGreen (LifeTech). Total RNA was amplified and 
biotinylated using the Illumina TotalPrep RNA Amplification Kit 
(LifeTech). Samples were then hybridized to Illumina HumanRef-8v4 
BeadChips (Illumina) and scanned on the iScan System (Illumina) as 
per manufacturer protocol.

Microarray Data Preprocessing
The Illumina HumanRef-8v4 BeadChip interrogates expression of 34 694 
unique genes using 47 323 probes. The raw sample probe profile and 

control probe profile were exported from GenomeStudio version1.9.0 
(Illumina). All analysis was performed in R (http:www.//r-project.org).

In the discovery cohort, 3 samples did not pass quality control met-
rics and were excluded from further analysis. Data preprocessing in-
volved background correction using the nongenomic control probes,13 
quantile normalization and log2 transformation.14 Probes with detec-
tion P<0.01 in >50% of the samples were considered expressed.

Statistical Analysis
Microarrays (and quantitative polymerase chain reaction [PCR]) 
measure relative rather than absolute gene expression, or in other 
words, the relative increase or decrease in the expression of a gene 
when compared with global expression (or housekeeping genes). 
Differential gene expression was thus reported as fold change (FC), 
with 95% confidence intervals (CIs). Regression models were used to 
identify RNA transcripts associated with stroke in the discovery co-
hort. Each model tested a single gene’s association with stroke while 
adjusting for sex, age, body mass index, ethnicity, and hybridization 
chip. The hybridization chip variable acted as a surrogate for batch ef-
fect and other unwanted technical variation.15 To correct for multiple 
hypotheses testing, a conservative Bonferroni correction was applied, 
setting the significance threshold at 0.05/11 181=4.5×10−6. As exter-
nal validation, we assessed the significance of genes reported to be 
associated with stroke by Tang et al9 and Barr et al.10

Further analysis was conducted on the most significant transcript 
associated with stroke in the discovery cohort. Regression was used 
to assess the association between expression and stroke risk factors. 
The relationship between expression and hours from symptom onset 
was assessed using regression and t tests. Comparison of expression 
between controls and primary stroke types, hemorrhagic and isch-
emic stroke, and between ischemic subtypes was performed with t 
tests. We used ordinal logistic regression to evaluate the association 
between functional disability, measured as modified Rankin Scale 
(mRS) and gene expression. Our analysis used mRS recorded soon 
after the stroke (at baseline) and at the 1-month follow-up. One-
month mRS was also dichotomized to represent either functional 
disability (mRS=0–2 versus mRS>2) or mortality (mRS=0–5 versus 
mRS=6). Using pROC,16 receiver operator curves were constructed 
from logistic regression models for the dichotomized outcomes. 
Area under the receiver operator curve (AUC) was determined as 
a measure of sensitivity and specificity. The odds ratio (OR), posi-
tive predictive value, and negative predicative value were determined 
based on the optimal univariate receiver operator curve expression 
threshold. The continuous Net Reclassification Index17 was calcu-
lated using Hmisc18 to compare multiple discrimination models. An 
Net Reclassification Index >0.6 was considered a strong improve-
ment in discriminative capacity, 0.4 was intermediate, and 0.2 was 
considered weak.

Quantitative PCR Validation and Replication
For quantitative real-time PCR (qPCR), complementary DNA was 
synthesized using the QuantiTect Reverse Transcription Kit (Qiagen). 
TaqMan qPCR was performed on a Viia7 Real-Time System (LifeTech) 
where MCEMP1, monitored with Hs00545333_g1 (LifeTech), was  
normalized to ACTB, monitored with Hs01060665_g1 (LifeTech). 
Cycle threshold values were calculated automatically with default 
parameters, and FC was calculated using the δCT method.19 qPCR 
confirmed microarray results if Pearson correlation >0.8 and regres-
sion P<0.05. The independent validation cohort was analyzed using 
1-sided t tests and ordinal logistic regression.

Results
Patient Characteristics
Between March 2007 and April 2010, 364 INTERSTROKE 
participants consented to the gene expression substudy. 
Biomarker discovery was conducted on 299 samples (129 
stroke cases and 170 controls) that passed quality control. 
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Sixty-two additional participants (28 stroke cases and 34 
controls) were recruited as an independent validation cohort. 
Patient demographics for the discovery and validation cohorts 
are presented in Table I in the online-only Data Supplement. 
Among stroke cases in the discovery cohort, 19.4% (n=25) 
were ICH and 80.6% (n=104) were ischemic. On the basis of 
Trial of ORG 10172 in Acute Stroke Treatment criteria,20 21.7% 
of the ischemic strokes were classified as cardioembolic, 7.8% 
large vessel, 15.5% small vessel, 24% cryptogenic, and 11.6% 
other. Clinical features of stroke cases were similar to controls 
in the discovery cohort, except for presence of hypertension 
(P=0.02), migraine (P=4.5×10−3), and smoking (P=0.01), all 
of which were more common among stroke cases.

Association Between Gene Expression and Stroke
Microarray expression profiling was conducted in the discov-
ery cohort (129 stroke cases and 170 controls). Each of the 
11 181 RNA probes were tested for association with stroke and 
19% were significantly associated after Bonferroni correction 
(P<4.5×10−6; Figure IA in the online-only Data Supplement). 
As external validation, we compared our significant associa-
tions with the 18 genes previously associated with stroke by 
Tang et al9 and 9 genes by Barr et al.10 We observed that 81.2% 
of genes identified by Tang et al9 and 77.8% of genes identi-
fied by Barr et al10 had genome-wide significant association 
with stroke in our data (Tables II and III in the online-only Data 
Supplement). The direction of effect was consistent between 
our study and previous reports for all replicated genes.

The Table presents the 10 most significant genes associ-
ated with stroke in our discovery cohort. The most significant 
gene identified was MCEMP1, which had a 2.4-fold expres-
sion increase in stroke cases when compared with controls 
(95% CI, 2.0–2.8; P=8.2×10−22; Figure 1A). The AUC of 
MCEMP1 for stroke was 0.81 (95% CI, 0.76–0.86; Figure 
IIA in the online-only Data Supplement). To test whether 
multiple probes were nonredundantly associated with stroke, 
we included MCEMP1 expression in the initial association 
models as a covariable and tested all 11 180 remaining probes. 
Under this model, the most significant gene was MSRA 
(P=4.6×10−6), which did not reach our threshold for statisti-
cal significance after Bonferroni correction (Figure IB in the 
online-only Data Supplement).

Differential expression of MCEMP1 was verified using 
qPCR in a subset of the discovery cohort (76 stroke cases 
and 66 controls). We observed high correlation between 
MCEMP1 expression levels measured by qPCR and micro-
array (r2=0.88 and P=4.8×10−48). Using qPCR, a 2.4-fold 
increase in MCEMP1 was detected in stroke cases when com-
pared with controls (95% CI, 1.8–3.2; P=1.6×10−8; Figure III 
in the online-only Data Supplement).

MCEMP1 Expression Is Not Associated With Stroke 
Risk Factors
Restricting the analysis to healthy controls (n=170), we tested 
MCEMP1 for association with stroke risk factors, including 
age, sex, body mass index, ethnicity, hyperlipidemia, diabetes 
mellitus, atrial fibrillation, hypertension, migraine, and smok-
ing status. After adjustment for multiple hypothesis testing, 

we observed no association between MCEMP1 and stroke 
risk factors (P>0.05/9=0.0056; Table IV in the online-only 
Data Supplement). A modest association between elevated 
MCEMP1 and hypertension was identified (FC=1.2; 95% CI, 
1.1–1.4; P=8.8×10−3). However, adjusting the initial stroke 
association model for all available risk factors did not attenu-
ate the association with MCEMP1 (FC=3.4; 95% CI, 2.4–4.9; 
P=2.6×10−11).

MCEMP1 Expression Is Associated With Time 
From Symptom Onset
INTERSTROKE case participants were recruited at varying 
times after symptom onset. Because the time from symp-
tom onset to blood sampling varied between individuals, we 
were able to assess the temporal profile of MCEMP1 change 
after stroke. We identified a significant relationship where 
MCEMP1 decreased by 1% per hour from symptom onset 
(95% CI, 0.98–1.0; P=3.7×10−3; Figure 2), even after adjust-
ment for stroke risk factors. Separating stroke cases by pri-
mary stroke type, we also observed that MCEMP1 decreased 
as time from symptom onset increased (Figure IV in the 
online-only Data Supplement). Furthermore, MCEMP1 was 
highest in samples collected <24 hours of symptoms onset 
when compared with controls (FC=5.3; 95% CI, 3.2–8.5; 
P=1.7×10−6) or stroke cases collected >24 hours (FC=1.9; 
95% CI, 1.4–3.9; P=1.9×10−3).

MCEMP1 Expression Differs Between Stroke Types
MCEMP1 was increased by 4.5-fold in ICH cases when com-
pared with controls (95% CI, 3.1–6.4; P=3.4×10−9) and by 
2.1-fold in ischemic cases when compared with controls (95% 
CI, 1.8–2.6; P=3.4×10−13). Accordingly, a 2.1-fold increase in 
MCEMP1 was observed in ICH cases when compared with isch-
emic (95% CI, 1.4–3.1; P=3.9×10−4; Figure 1B). The area under 
the receiver operator curve for primary stroke type discrimination 

Table.  Ten Most Significant Genes Associated With Stroke in 
the Discovery Cohort

Gene P Value FC Lower CI Upper CI Description

MCEMP1 8.2×10−22 2.4 2.0 2.8 Mast cell–expressed 
membrane protein 1

SPOCK2 6.3×10−19 0.6 0.6 0.7 Sparc/osteonectin, cwcv, 
and kazal-like domains 
proteoglycan

SEPT9 8.6×10−18 0.8 0.7 0.8 Septin 9

IRAK3 9.0×10−18 1.7 1.6 2.0 Interleukin-1 receptor– 
associated kinase 3

ANXA3 1.9×10−17 2.3 1.9 2.8 Annexin A3

RBM47 2.8×10−17 1.6 1.4 1.7 RNA-binding motif protein 
47

IL18BP 2.8×10−17 0.7 0.7 0.8 Interleukin 18 binding 
protein

TLR5 3.9×10−17 1.8 1.6 2.0 Toll-like receptor 5

PCED1B 5.0×10−17 0.7 0.6 0.8 PC-esterase domain 
containing 1B

HS.407903 9.0×10−17 1.6 1.5 1.8 …

CI indicates confidence interval; and FC, fold change.
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by MCEMP1 was 0.75 (95% CI, 0.65–0.85; Figure IIB in the 
online-only Data Supplement). Expression differences were also 
detected between ischemic stroke subtypes. MCEMP1 was ele-
vated in cardioembolic (FC=1.5; 95% CI, 1.1–2.1; P=8.1×10−3) 
and large-vessel (FC=2.3; 95% CI, 1.2–4.1; P=0.012) stroke 
when compared with small-vessel stroke (Figure 1C).

Baseline and 1-Month mRS Associated With 
MCEMP1 Expression
Baseline mRS, measured soon after stroke, was associated 
with MCEMP1 expression (P=4.0×10−13; Figure V in the 
online-only Data Supplement). One unit MCEMP1 expression 
increase was associated with a 3.3 odds (95% CI, 2.4–4.5) 
increase in baseline mRS. The association remained sig-
nificant after adjustment for stroke risk factors, stroke type, 
tissue-type plasminogen activator treatment, and hours from 
symptom onset (OR=3.1; 95% CI, 2.4–4.5; P=1.8×10−9).

One-month mRS was also associated with MCEMP1 
expression (P=1.3×10−14; Figure VI in the online-only Data 
Supplement). One unit MCEMP1 expression increase was asso-
ciated with a 3.4 odds (95% CI, 2.5–4.6) increase in 1-month 
mRS and the association remained significant after adjustment 
for stroke risk factors, primary stroke type, tissue-type plasmino-
gen activator treatment, hours from symptom onset, and base-
line mRS as a categorical variable (OR=1.8; 95% CI, 1.2–2.8; 
P=6.6×10−3). In fact, only MCEMP1 expression (P=6.6×10−3), 
baseline mRS (P=3.2×10−3-6.4×10−10), and primary stroke type 
(P=1.0×10−3) were independently associated with 1-month mRS.

MCEMP1 Expression Is Associated With  
Disability at 1-Month
To further explore the association, we dichotomized 1-month 
mRS into 2 groups: mRS of 0, 1, or 2 and mRS >2, repre-
senting the ability to live autonomously or not post stroke. 

Individuals with disability at 1-month had elevated base-
line MCEMP1 when compared with controls (FC=4.7; 95% 
CI, 3.5–5.7; P=1.6×10−19) or individuals without disability 
(FC=3.2; 95% CI, 2.5–4.2; P=1.8×10−14; Figure 3A). A dis-
ability discrimination model, including MCEMP1 expression, 
primary stroke type, and baseline mRS as a categorical vari-
able, strongly improved discrimination when compared with 
a model including only primary stroke type and baseline mRS 
(AUC with MCEMP1=0.96, AUC without MCEMP1=0.93, 
Net Reclassification Index=0.76; P=3.0×10−6). The optimal 
MCEMP1 threshold had a specificity of 80.3%, sensitivity of 
86.2%, with corresponding positive predictive value of 78.1% 
and negative predicative value of 87.7%, for disability (Table 

Figure 1. Box plots of MCEMP1 expression 
grouped by (A) stroke cases and controls, (B) con-
trols and ischemic and hemorrhagic cases, and (C) 
ischemic stroke subtypes. A symbol directly above 
a bar indicates a significant difference between 
groups; unadjusted ***P<0.0005, **P<0.005, 
*P<0.05. ICH indicates intracerebral hemorrhage.

Figure 2. Box plot of MCEMP1 expression in controls (n=170) 
and stroke samples according to hours from symptom onset; <24 
(n=17), 24 to 48 (n=38), 48 to 72 (n=41), 72 to 96 (n=29), and ≥96 
(n=4) h. A symbol directly above a bar indicates a significant dif-
ference between groups; unadjusted ***P<0.0005.
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V in the online-only Data Supplement). The OR for disability 
was 6.6 (95% CI, 1.9–22.7) in individuals with high versus 
low MCEMP1 expression after adjustment for stroke type and 
baseline mRS.

MCEMP1 Expression Is Associated With Mortality 
at 1-Month
MCEMP1 was also associated with 1-month mortality after 
adjustment for stroke risk factors, baseline mRS, primary 
stroke type, tissue-type plasminogen activator treatment, 
and hours from symptom onset (FC=3.8; 95% CI, 1.4–11.0; 
P=9.9×10−3; Figure 3B). Comparing univariate 1-month mor-
tality discrimination models, MCEMP1 appeared more infor-
mative (AUC=0.88) than primary stroke type (AUC=0.80). 
Moreover, a model including MCEMP1, primary stroke 
type, and baseline mRS, as a categorical variable, strongly 
improved mortality discrimination when compared with a 
model without MCEMP1 (AUC with MCEMP1=0.97, AUC 
without MCEMP1=0.92, Net Reclassification Index=1.3; 
P=1.1×10−9). Selecting the optimal discrimination threshold, 
MCEMP1 had a specificity of 97.8%, sensitivity of 35.1%, 
positive predictive value of 86.7%, and negative predicative 
value of 78.9% for mortality (Table VI in the online-only 
Data Supplement). The OR for mortality was 20.7 (95% CI, 
2.5–174.6) in individuals with high when compared with low 
expression, after adjustment for baseline mRS and stroke type.

Replication of MCEMP1 Associations in Validation 
Cohort
The significance of MCEMP1 was validated in a small inde-
pendent cohort (28 stroke cases and 34 controls) using qPCR. 
Power calculations indicated that we had sufficient power 
(>99%) to detect an expression difference of 2.4-fold between 
cases and controls, similar to the discovery cohort, at a signifi-
cance of P<0.05. We detected increased MCEMP1 in stroke 
cases when compared with controls (FC=1.6; P=0.039; Figure 

VII in the online-only Data Supplement). We also observed 
trends toward higher MCEMP1 in ICH cases than in controls 
(FC=5.6; P=0.05), higher expression in ischemic cases than 
in controls (FC=1.3; P=0.14), and higher expression in ICH 
cases than in ischemic (FC=4.4; P=0.074). Finally, both base-
line mRS and 1-month mRS were associated with MCEMP1 
expression (baseline, P=0.049; 1-month, P=3.3×10−3).

Discussion
The present study evaluated peripheral blood gene expression 
in a subgroup of INTERSTROKE participants. We identified 
elevated expression of a novel gene, MCEMP1, in stroke cases 
when compared with controls. MCEMP1 decreased as time 
from symptom onset increased and expression was increased 
in hemorrhagic stroke cases when compared with ischemic. 
We also identified an association between 1-month mRS and 
MCEMP1, where increased functional disability and mortality 
were associated with increased MCEMP1. One-month prog-
nosis discrimination models that included MCEMP1, primary 
stroke type, and baseline mRS improved discrimination when 
compared with similar models without MCEMP1. The asso-
ciations between MCEMP1 with stroke, primary stroke type, 
and stroke prognosis were independently confirmed in the 
validation cohort.

Our results demonstrate that noninvasive measurement 
of MCEMP1 soon after stroke provides additional prognos-
tic information to clinical characteristics. We observed that 
MCEMP1 decreased as time from symptom onset increased, 
suggesting that MCEMP1 may have utility for estimating time 
from symptom onset. In addition, identifying patients with 
poor prognosis may be beneficial for informed clinical decision 
making and assessing the risk–benefit ratio for acute therapies. 
Although several clinical scores have been proposed to predict 
outcome and mortality,21–23 these scores are not routinely used in 
the clinic, in part, because of their complexity. We have shown 
that a simple model including only baseline mRS, primary 

Figure 3. Box plots of MCEMP1 expression in controls (n=170) and in cases according to 1-month modified Rankin Scale (mRS) repre-
senting (A) functional disability, mRS 0 to 2 (n=65) and mRS >2 (n=64), or (B) mortality, mRS 0 to 5 (n=114) and mRS >5 (n=15). A symbol 
directly above a bar indicates a significant difference between groups; unadjusted ***P<0.0005.
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stroke type, and MCEMP1 expression may predict 1-month dis-
ability and mortality. Indeed, inclusion of MCEMP1 strongly 
improved discrimination of 1-month prognosis.

Mast cell expressed membrane protein 1 (MCEMP1), also 
known as C19ORF59, is a transmembrane protein expressed by 
mast cells,24 macrophages and other tissues.25 The exact func-
tion of MCEMP1 has yet to be determined; however, the gene’s 
promoter region contains nuclear factor kappa-light-chain-
enhancer of activated B cell and nuclear factor of activated 
T-cell binding motifs, similar to many immune receptor genes.24 
Although limited research has been conducted on MCEMP1, 
recent findings indicate an emerging role for brain resident mast 
cells in acute stroke. Experimental stroke studies have reported 
that mast cells are first responders to cerebral ischemia and act 
as early regulators of blood–brain barrier permeability.26–28 The 
increase in MCEMP1 expression observed in stroke cases may 
be the result of cerebral mast cell activation and mast cell–medi-
ated blood–brain barrier disruption. Furthermore, the expres-
sion difference detected between the primary stroke types and 
ischemic stroke subtypes may indicate an association between 
MCEMP1 expression and infarct size.

Whole genome expression after ischemic stroke has been 
previously assessed9,10 in small studies including 15 to 39 
stroke cases. We used a larger discovery cohort of 129 stroke 
cases and 170 controls, and verified expression of 77.8% to 
81.2% of previously reported genes. To our knowledge, our 
study shows the largest proportion of overlap with previous 
reports, providing confidence in both novel and known results. 
In addition, a recent study reported significantly elevated 
MCEMP1 in 12 ischemic stroke cases when compared with 
12 controls.29 Although the study had a small sample size and 
lacked replication, stroke samples were collected within 24 
hours of symptom onset, thus further positioning MCEMP1 
as a marker of acute stroke. Our study robustly identified 
MCEMP1 as a stroke biomarker in a significantly larger, mul-
tiethnic population and confirmed our findings in an indepen-
dent validation cohort. The overlap and concordance between 
our study and previous works add credence to our findings and 
the significance of MCEMP1 as an acute stroke biomarker.

There are a few study limitations that warrant further dis-
cussion. First, our study lacks stroke mimics and nonstrokes 
such as transient ischemic attacks, migraines, seizure, and 
other neurological or inflammatory disorders. Thus, we were 
unable to assess the specificity of MCEMP1. Second, an acute 
stroke biomarker would have the greatest clinical utility if 
increased concentrations were detected shortly after symptom 
onset. In our discovery cohort, only 17 samples were col-
lected within 24 hours of symptom onset, but we observed 
elevated MCEMP1 expression in these samples when com-
pared with controls or stroke samples collected after 24 hours. 
Nonetheless, early sampling (<6 hours) will be required to 
assess the utility of MCEMP1 in guiding acute stroke treat-
ment. Third, because of the nature of the INTERSTROKE 
study design, there were limited neurological imaging data 
available, and, consequently, the effect of infarct size on 
expression could not be assessed. However, MCEMP1 may 
provide useful information early after stroke onset at times 
where stroke volume is difficult to assess with plain computed 
tomographic scans. Additional studies including neurological 

imaging and National Institutes of Health Stroke Scale score 
will be useful to further characterize the association between 
MCEMP1 and stroke severity. Finally, our study focused on a 
single gene to differentiate between the various stroke groups, 
but there may be other genes with diagnostic potential.

The results of the study demonstrate that MCEMP1 
expression has prognostic capacity beyond baseline mRS 
and stroke type. MCEMP1 may also have diagnostic capac-
ity. These observations are promising given the currently 
limited number of simple clinical tools available to predict 
outcome and mortality and lack of an established noninvasive 
stroke biomarker. The results also point toward an important 
role for mast cells in stroke, and unraveling the biological 
mechanisms may lead to the identification of new therapeutic 
targets. Additional clinical studies including a stroke mimic 
cohort, early blood sampling, and measurement of stroke 
severity will help determine the diagnostic capacity and clini-
cal utility of MCEMP1.
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