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Introduction

In acute ischemic stroke, the injured vessel wall produces 
systemic cytokines such as interleukin-1β, interleukin-6, 
and tumor necrosis factor α in response to injury (Rader 
2000). Inflammatory markers such as high-sensitivity 
C-reactive protein (hs-CRP) and fibrinogen are stimu-
lated by cytokines, and the atherosclerotic vessel walls 
produces soluble adhesion molecules such as intercel-
lular adhesion molecule-1 (ICAM-1), vascular cell adhe-
sion molecule-1 (VCAM-1), E-selectin, and P-selection. 
Growing evidence suggests that inflammatory markers 
can predict stroke recurrence (Vibo et al. 2007, Di Napoli 
et al. 2001 , Winbeck et al. 2002, Rost et al. 2001, Blum. 
et al. 2006, Whiteley et al. 2012, Welsh et al. 2009), volume 
of ischemic tissue (Youn et al. 2010, Thijs et al. 2000), and 
subtype diagnosis of acute ischemic stroke (Thijs et  al. 
2000, Tuttolomondo et al. 2010a,b). Inflammation plays 
an important role in the pathophysiology of acute brain 

ischemia (Sotgiu et  al. 2006, Jefferis et  al. 2009, Welsh 
et al. 2009, del Zoppo et al. 2000).

Endogenous granulocyte colony-stimulating factor  
(enG-CSF) is produced by monocytes, fibroblasts, 
mesothelial cells, and endothelial cells (Schneider  
et al. 2005, Schabitz et al. 2003). The granulocyte count  
will be increased during acute ischemic stroke, and 
the regulation of granulocyte is mediated by enG-CSF 
(Burgess et  al. 1980), same as inflammatory marker. 
Human in-vivo studies suggest that acute ischemic stroke 
and acute myocardial infarction actually stimulate the  
endogenous release of CD34+ cells with serum levels 
peaking on day 2 and remaining elevated for at least  
6 days after the event and then returning to the baseline 
(Paczkowska et al. 2005).

Upon review of the literature, it became apparent that 
the relationship between enG-CSF secretion and the 
severity of ischemic stroke had not been reported before. 
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Our hypothesis is that human being can secrete enG-CSF 
during acute ischemic stroke and stimulate the endog-
enous release of CD34+ cells, and it raised the question 
whether higher plasma levels of enG-CSF are correlated 
with more stress of ischemic brain tissue (penumbra), 
whereas lower plasma levels of enG-CSF suggest less 
severity of ischemic penumbra.

The aim of this study was to evaluate the predictive 
role of enG-CSF for severity in patients with acute isch-
emic stroke. The expression of acute phase proteins can 
also be increased during acute ischemic stroke (Vibo 
et al. 2007, Di Napoli et al. 2001, Winbeck et al. 2002, Rost 
et al. 2001, Blum et al. 2006, Welsh et al. 2009, Whiteley 
et al. 2012), and adhesion molecular, hs-CRP, and fibrin-
ogen were also measured and compared with the level of 
plasma enG-CSF.

Methods

Patients selection
Starting in March 2007, a total of 120 patients were 
recruited from the Kuang-Tien General Hospital, 
Taichung, Taiwan. Patients were included if (1) first event 
of stroke, (2) the clinical diagnosis was acute ischemic 
stroke, (3) onset was within 24 h, (4) the diagnosis was 
confirmed on brain computed tomography or magnetic 
resonance imaging (MRI), and (5) they were older than 
18 years. Subjects were excluded if the diagnosis was 
intracranial hemorrhage, any sign of infection or inflam-
matory biological pattern. The National Institute of 
Health Stroke Scale (NIHSS) was used as stroke severity 
evaluation tool (Brott et al. 1989, The National Institute 
of Neurological Disorders and Stroke rt-PA Stroke Study 
Group 1995). Inflammatory biomarkers evaluation 
was made on admission, including the measurement 
of plasma enG-CSF and inflammatory markers, and 
the NIHSS scores were recorded. We followed up the 
plasma level of enG-CSF, NIHSS, and modified Ranking 
Scale (mRS), scoring at 3 months later after acute event. 
Scoring was recorded by a qualified neurologist (Yu 
SC) with the international NIHSS certificate, who was 
blind to biochemical markers. The primary outcome 
was NIHSS scoring and its relationship to plasma enG-
CSF, and other inflammatory biomarker concentrations. 
During the 3-month follow-up, three patients died and 
four patients lost follow-up.

A total of 121 subjects without cardiovascular history, 
without cardiovascular disease through physical exami-
nation, without any sign of infection or inflammatory bio-
logical pattern and aged ≥18 years were enrolled as our 
healthy control group during March 2007 and October 
2009. The smoking history of the study subjects was 
obtained by questionnaire. Passive smoking exposure 
was not considered in this study, and our nonsmokers 
had no previous smoking experience. All of the human 
experimental procedures followed the ethical standards 
of Kuang-Tien General Hospital and was approved by the 
institutional review committee (KT-IRB: 9605). Informed 

consent for study enrollment was obtained from all 
subjects.

Plasma lipid profile measurement
Plasma total cholesterol, high-density lipoprotein (HDL) 
cholesterol, and triglyceride levels were determined 
enzymatically as described in our previous study (Liu 
et  al. 2005). The low-density lipoprotein (LDL) choles-
terol concentration was calculated according to the for-
mula developed by Friedewald et al. 1972.

LDL cholesterol

Total cholesterol HDL cholesterol
Triglycerid

=

−
− ee

5

Assays for soluble ICAM-1(sICAM-1), soluble vascular 
VCAM-1 (sVCAM-1), and sE-selectin
The plasma concentrations of sICAM-1, sVCAM-1, and 
sE-selectin were assayed using commercially available 
enzyme-linked immunosorbent assay kits [ELISA] (R&D 
Systems, Minneapolis, MN, USA) in accordance with the 
manufacturer’s instructions.

Measurement of plasma G-CSF, fibrinogen, and Hs-CRP
An ELISA assay kit (R&D Systems) was used for measuring 
plasma high-sensitivity G-CSF levels. Fibrinogen was mea-
sured by the Sysmex CA6000 coagulation analyzer with Dade 
Behring thrombin reagent (Dade Behring, Milton Keynes, 
UK). Intra-assay coefficients of variation were <4%. hs-CRP 
was measured with BN Prospec (Dade Behring). Inter-assay 
and intra-assay coefficients of variation were <4% and <2%, 
respectively, with a detection limit of 0.20 mg/L.

Measurement of stroke outcome
To evaluate the outcome after acute ischemic stroke, 
we used the mRS of 3 months after stroke event, abso-
lute improvement in NIHSS (ΔNIHHS), and the relative 
improvement in NIHSS (ΔRNIHSS) as our stroke out-
come. The absolute improvement in NIHSS (ΔNIHHS) 
is defined as the percentage of NIHSS improve-
ment = NIHSSday 1 − NIHSS3 months. The relative improve-
ment in NIHSS (ΔRNIHSS) is defined as the percentage 
of NIHSS improvement = (NIHSSday 1 − NIHSS3 months)/
NIHSSday 1 × 100%.

Statistical analyses
Because of the sample size limitation, tertile classifica-
tion of NIHSS score for our patients with acute ischemic 
stroke included 1st tertile: lower (NIHSS 1–4), 2nd tertile: 
moderate (NIHSS 5–7), and 3rd tertile: higher (NIHSS 
8–29) subgroups. We used analysis of variance F-test to 
examine the significance among NIHSS score groups, 
with an adjustment of age in our model. We conducted 
Spearman correlation coefficient (SCC) analysis to 
assess the linear dependence between serum biomark-
ers and NIHSS; multivariate linear regression analysis 
to assess the prediction of stroke improvement indices 
(ΔNIHSS/ΔRNIHSS) by all potential biomarkers, age, 
sex, and stroke-etiology. All statistical procedures were 
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performed with the SPSS statistical software package 
(SPSS, Chicago, IL, USA). p values < 0.05 were taken to be 
statistically significant.

Results

The mean level of plasma enG-CSF was 16.77 μg/L in our 
healthy control group (data not shown) and 23.73 μg/L 
in acute ischemic stroke group, with p value = 0.001. 
Stroke severity is not normally distributed, and the 
severity of most ischemic stroke patients is mild to mod-
erate. So, the NIHSS scoring of two-third patients in this 
study were between 1–7 points and the other one-third 
patients were between 8–29 points (Table 1). According 
to trial of ORG 10172 in acute stroke treatment (TOAST) 
classification (a subtype classification of acute ischemic 
stroke, Adams et al., 1993), we failed to find any signifi-
cant correlation between enG-CSF level and each stroke 
subtype (data not shown). The three subgroups were 

made according to their NIHSS scores: 1st tertile (NIHSS 
1–4), 2nd tertile (NIHSS 5–7), and 3rd tertile (NIHSS 8–29). 
Within these three groups, there was no significant vari-
ation in baseline demographic data (Table 1) including 
age, sex, body mass index, smoking index, and incidence 
of hypertension, hyperlipidemia, and diabetes mellitus.

Biochemical data from each NIHSS group were sum-
marized in Table 2. There is no significant difference in 
blood urine nitrogen, creatinine, total cholesterol, HDL-
cholesterol, LDL-cholesterol, triglyceride, fasting sugar, 
fibrinogen, sE-selectin, sICAM-1, sVCAM-1, hs-CRP, 
white cell count (WBC), platelets, or hemoglobin across 
the three groups. However, only first day plasma level 
of enG-CSF was significantly increased in the 3rd tertile 
NIHSS group compared with the 1st tertile or 2nd tertile 
NIHSS groups (p = 0.012; Table 2). In Table 3, the plasma 
level of enG-CSF in first day of acute stroke was not only 
successfully predict the severe of stroke from the evidence 
of high NIHSS1st scores (p = 0.006, SCC = 0.268) but also 

Table 2.  Alteration of serum biomarkers in different severity of ischemic stroke.

Group of patients
1st tertile (NIHSS 1-4) 

(n = 40)
2nd tertile (NIHSS 5–7)  

(n = 40)
3rd tertile (NIHSS 8–29) 

(n = 40) pa pb

Ac sugar (mg/dL) 131.16 ± 86.16 139.88 ± 77.37 166.06 ± 116.3 0.383 0.385
Creatinine (mg/dL) 1.12 ± 0.57 1.49 ± 1.31 1.19 ± 0.54 0.105 0.393
Total cholesterol (mg/dL) 181.58 ± 36.71 185.61 ± 39.29 179.38 ± 42.76 0.786 0.406
Triglyceride (mg/dL) 145.11 ± 87.69 153.12 ± 79.23 167.3 ± 168.3 0.658 0.138
HDL-C (mg/dL) 43.38 ± 11.86 43.86 ± 11.62 42.29 ± 9.03 0.848 0.267
LDL-C (mg/dL) 111.03 ± 34.07 109.25 ± 39.00 89.87 ± 38.43 0.055 0.265
RBC (×10,000/cmm) 4.46 ± 0.62 4.41 ± 0.57 4.41 ± 0.498 0.898 0.229
WBC (×1000/cmm) 7.36 ± 2.40 7.13 ± 2.47 8.31 ± 2.87 0.130 0.522
Platelet (×1000/cmm) 196.481 ± 56.54 211.76 ± 76.42 226.59 ± 89.86 0.237 0.905
sICAM-1 (mg/dL) 335.12 ± 167.20 332.04 ± 173.52 377.81 ± 165.70 0.580 0.707
sVCAM-1 (mg/dL) 604.2 ± 281.84 595.59 ± 323.04 631.97 ± 223.00 0.907 0.293
sE-seletin (mg/dL) 17.54 ± 14.55 14.15 ± 8.45 19.06 ± 11.14 0.359 0.459
Fibrinogen (mg/dL) 356.85 ± 99.08 343.26 ± 70.57 390.2 ± 88.29 0.232 0.247
hs-CRP (mg/dL) 1.08 ± 3.13 0.586 ± 0.99 0.838 ± 1.59 0.700 0.451

enG-CSF (μg/L) 21.78 ± 8.34 21.20 ± 8.54 28.21 ± 12.71 0.012* 0.029*
Abbreviations: NIHSS, National Institute of Health Stroke Scale; hs-CRP: high-sensitivity C-reactive protein; enG-CSF, endogenous 
granulocyte colony-stimulating factor; sICAM-1, soluble intercellular adhesion molecule-1; sVCAM-1, soluble vascular cell adhesion 
molecule-1.
*p <0.05 as compared with mild or moderate group of ischemic patients by amulticovariance ANOVA with age control and by 
bmulticovariance ANOVA with age, gender, BMI, smoking index control.

Table 1.  Demographics in patients with acute ischemic strokes and healthy control subjects.

Group of patients
Healthy control 

subjects (n = 121)
Acute ischemic 
stroke (n = 120)

Severity of ischemic stroke

pa

1st tertile (NIHSS  
1–4) (n = 40)

2nd tertile (NIHSS  
5–7) (n = 40)

3rd tertile (NIHSS  
8–29) (n = 40)

Age, y (M ± SD) 55 ± 10 67 ± 13 66 ± 12 67 ± 10 70 ± 13 0.062
Male (%) 55% 55% 61 66 45 0.472
BMI (kg/m2) (M ± SD) 24 ± 2 25 ± 4 25 ± 4 25 ± 4 23 ± 3 0.312
Smoking index (M ± SD) 7 ± 13 10 ± 19 19 ± 20 20 ± 24 5 ± 14 0.866
Hyperlipidemia (%) 0 12 10 13 14 0.136
Hypertension (%) 0 88 89 91 83 0.183
Diabetes mellitus (%) 0 25 18 30 29 0.617
Abbreviations: NIHSS, National Institute of Health Stroke Scale; M ± SD, mean ± standard deviation; BMI, body mass index; Smoking 
index, pack per day × years.
aOne way-ANOVA with age control.
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predict the NIHSS3 month scores (p = 0.047, SCC = 0.162) 
which revealed the significantly determinate of the out-
come of stroke event even after 3 months. Fibrinogen 
and WBC were also the predictors of stroke severity at 
day 1, the p values were 0.042 and 0.035 and the SCC 
were 0.209 and 0.182, respectively. Other biomarkers 
including WBCs, fasting sugar, platelet, hs-CRP, sICAM-1, 
sVCAM-1, and sE-selectin were not significantly associ-
ated; the p values were between 0.242 and 0.678 and the 
SCC were between −0.049 and 0.144. From Table 3, we 
can find that plasma enG-CSF have significant correla-
tion (p = 0.047, correlation coefficient = 0.162) and other 
biomarkers were not significantly associated. Figure 1 
shows the data of plasma enG-CSF level and NIHSS1st 
scores of all acute ischemic stroke patients. The correla-
tion coefficient was 0.16. We use mRS of 3 months after 
acute ischemic stroke as stroke outcome evaluation: 
mRS < 3 as good outcome and mRS ≥ 3 as bad outcome. 

Figure 2 shows the correlation between three NIHSS 
subgroup of first day’s NIHSS scoring and percentage of 
good outcome (mRS < 3 in 3 months later evaluation). 
The percentage of good outcome in the three subgroups 
were 93.62% (1st tertile), 87.50% (2nd tertile), and 42.31% 
(3rd tertile) (p < 0.05 as 1st tertile vs. 3rd tertile and 2nd ter-
tile vs. 3rd tertile subgroup).

As shown in Table 4, only enG-CSF was significantly 
and negatively correlated with the absolute and relative 
improvement in NIHSS (β = −0.115 and −0.331; p = 0.0002 
and 0.027). The fasting sugar, fibrinogen, age, and sex 
could not be predictive of outcome after acute ischemic 
stroke. Initial NIHSS could be significantly and nega-
tively correlated with the relative improvement of NIHSS 
(β = −3.153; p = 0.003) but not for absolute improvement 
of NIHSS.

Figure 1.  The linear correlation between day 1 plasma enG-CSF 
level and NIHSS1st score of all acute ischemic stroke patients.

Figure 2.  The percentage of good outcome (mRS < 3) in 3 months 
later evaluation in three subgroups of NIHSS scoring in first day 
according to tertile methods of SPSS software. *p < 0.05. The 
percentage of good outcome in the three subgroups were 93.62% 
(1st tertile), 87.50% (2nd tertile), and 42.31 % (3rd tertile) (p < 0.05 as 
1st tertile vs. 3rd tertile and 2nd tertile vs. 3rd tertile subgroup).

Table 4.  Prediction of stroke improvement indices (ΔNIHSS/
ΔRNIHSS) by all potential biomarkers, age, sex, and stroke-
etiology with multivariate linear regression analysis.

Dependent variable: 
Index of outcome 
improvement

ΔNIHSS (the  
absolute 

improvement)

ΔRNIHSS (the  
relative 

improvement)

β P β P

enG-CSF (μg/L) –0.115 0.0002* –0.331 0.027*
Fibrinogen (mg/dL)   0.267 0.131   0.217 0.164
Ac sugar (mg/dL)   0.097 0.481   0.122 0.314
Age   0.079 0.590   1.230 0.225
Sex   0.045 0.742   0.022 0.858
NIHSS (1st day after 
stroke)

  0.178 0.261 –3.153 0.003*

ΔNIHHS = NIHSSday 1−NIHSS3 months.
ΔRNIHSS = (NIHSSday 1−NIHSS3 months)/NIHSSday 1 × 100%.
Abbreviations: NIHSS, National Institute of Health Stroke Scale; 
β/P, regression coefficient/p value; enG-CSF, endogenous 
granulocyte colony-stimulating factor.
*p < 0.05.

Table 3.  Prediction of serum biomarkers to the severity of stroke 
at day 1 and 3 months by correlation analysis.

Variables
NIHSS1st day

SCC/P
NIHSS3 month

SCC/P
WBC (×1000/cmm) 0.182/0.035* 0.129/0.170

Ac sugar (mg/dL) 0.077/0.459 0.107/0.264
Platelet (×1000/cmm) 0.100/0.302 0.170/0.840
Fibrinogen (mg/dL) 0.209/0.042* 0.157/0.098

hs-CRP (mg/dL) 0.055/0.639 0.136/0.163
sICAM-1 (mg/dL) −0.049/0.678 0.125/0.299
sVCAM-1 (mg/dL) 0.144/0.242 0.114/0.364
sE-selectin (mg/dL) 0.131/0.288 0.196/0.118

enG-CSF (μg/L) 0.268/0.006* 0.162/0.047*
Abbreviations: NIHSS, National Institute of Health Stroke Scale; 
SCC/P, Spearman correlation coefficient/p value; hs-CRP, high-
sensitive C-reactive protein; enG-CSF, endogenous granulocyte 
colony-stimulating factor; sICAM-1, soluble intercellular 
adhesion molecule-1; sVCAM-1, soluble vascular cell adhesion 
molecule-1.
*p < 0.05.
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Discussion

Our data suggest that acute ischemic stroke can signifi-
cantly induce enG-CSF secretion, and plasma enG-CSF 
concentration during acute ischemic stroke may be used 
to predict severity of clinical stroke at admission.

enG-CSF, an inflammatory marker, is secreted by 
monocytes, fibroblasts, mesothelial cells, and endothe-
lial cells involved in the acute stress response. In clinical 
practice, severity fluctuation and evolution are frequently 
seen during acute phase of ischemic stroke (Jongbloed 
1986, Chambers et al. 1987, Johnston et al. 2000), which 
makes outcome prediction difficult. Our finding of enG-
CSF level may be clinically useful and improve the pre-
dictive value of clinical measures such as NIHSS. If the 
NIHSS scoring is lower but the plasma level of enG-CSF 
is higher, this mismatch may be a warning sign to clini-
cal physicians that the patient’s brain may have more 
ischemic stress than present clinical evaluation, and they 
should be observed for stroke-in-evolution.

In this study, various inflammatory markers were 
assessed for the prediction of stroke severity, but we failed 
to reveal any significant change including fibrinogen, 
sICAM-1, and sVCAM-1 except enG-CSF . Therefore, this 
study suggests that plasma levels of enG-CSF are a highly 
sensitive predictive biomarker in the prediction of stroke 
severity, but not the fasting sugar, hs-CRP, fibrinogen, 
sE-selection, sICAM-1, and sVCAM-1. In previous stud-
ies of hs-CRP and acute ischemic stroke, hs-CRP is an 
independent marker for the risk of ischemic stroke and 
prognosis after stroke (Vibo et  al. 2007, Di Napoli et  al. 
2001, Winbeck et  al. 2002, Rost et  al. 2001, Blum et  al. 
2006, Welsh et al. 2009, Whiteley et al. 2012). But in this 
study, hs-CRP was not a sensitive biomarker for stroke 
severity. In this study, we did not find the significance 
between enG-CSF and hsCRP, which was a powerful 
and well-known predictor in the process of atheroscle-
rosis but not in the prediction of stroke severity (data not 
shown). Thus, the plasma level of enG-CSF can be con-
sidered as a response cytokine, other than hsCRP, during 
the stroke event.

The higher NIHSS scoring data were successful in the 
prediction of poor outcome of stroke patient with a high 
score of mRS (Figure 2), and higher enG-CSF had signifi-
cantly decreased improvement of NIHSS between 1st day 
and 3 months after a stroke event (Table 4). Accumulating 
evidence suggests that subcutaneous injection of exog-
enous G-CSF (exG-CSF) to an occluded middle cerebral 
artery in recent rodent models of ischemic stroke both 
reduced infarction volume in the hyperacute stage and 
enhanced functional recovery in subsequent subacute 
stages (Zhao et al. 2006, Shyu et al. 2004, Kawada et al. 
2006). Some authors report that higher PB-MNC-CD34+ 
counts in high responders of en-GCSF had good out-
come and better recovery than low responders of en-
GCSF in a small case-control prospective study of human 
stroke (Dunac et al. 2007, England et al. 2012). In a small 
randomized control clinical trial, the exogenous use of 

G-CSF within the first week following an ischemic stroke 
led to a better prognosis and functional outcome than 
those in the placebo group (Shyu et al. 2006 ).

During stroke, higher plasma level of enG-CSF did 
not indicate better short-term outcome. Why did endog-
enous plasma enG-CSF not yield a neuroprotective effect 
in our study? We think there may be at least two possible 
reasons. First, plasma enG-CSF concentrations do not 
reflect the local concentrations in the brain (Schneider 
et  al. 2005). Second, in the murine models, the given 
dose in exG-CSF is around 40–60 μg/kg. However, in this 
study, the elevation in enG-CSF was only approximately 
7 μg/dL. Self-production of enG-CSF may be inadequate 
for mobilization of CD34+ cell to ischemic brain tissue 
for neogenesis.

If our data is valid, the mismatch of initial NIHSS scor-
ing and plasma level of enG-CSF (low NIHSS score and 
high enG-CSF) will raise a red flag to clinical neurologist: 
“the patient is at risk stroke progression and need for 
more aggressive monitor and treatment”.

In future studies, we plan to recruit more number of 
stroke patients for evaluating the relationship among enG-
CSF level, MRI-infarction volume, and stroke subtype. 

Conclusion

In conclusion, enG-CSF level during acute ischemic 
stroke may be a good biochemical marker of stroke sever-
ity. However, our finding needs further studies to confirm 
its validity. In the future, we are planning to increase the 
case number and investigate more deeply the causal 
relationship or mechanism between enG-CSF genera-
tion and neuron repair/damage.
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