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Abstract

Background: As a member of the tumor necrosis factor superfamily (TNFSF), LIGHT (TNFSF14) is
expressed by a variety of immune cells and exists in membrane-bound and soluble forms. Recently,
LIGHT was found to be associated with platelets and released upon activation. Activation of endo-
thelia cells by recombinant LIGHT protein results in pro-inflammatory and pro-thrombotic
changes. Several studies have reported increased plasma levels of LIGHT in patients with stroke
and cardiovascular diseases. However, the form-associated roles of LIGHT in ischemic atheroscle-
rotic stroke remain unclear. Materials and Methods: In this study, the platelet LIGHT expression
and soluble LIGHT protein were analyzed by flow cytometry and enzyme-linked immunosorbent
assay (ELISA) in peripheral blood of patients with acute ischemic atherosclerotic stroke, asymp-
tomatic carotid stenosis (ACS) and normal controls. RESULTS: During the initial 24 h after onset,
the stroke patients had decreased LIGHT expression on their platelets (5.9% * 4.9%) and in-
creased plasma LIGHT levels (36.1 + 21.0 pg/ml) as compared with normal controls (9.5% * 3.0%,
p <0.05; 20.4 £ 13.4 pg/ml, p < 0.05). Moreover, the platelet LIGHT expression correlated with to-
tal plaque area in the stroke patients (r = 0.4572, p = 0.0247). Conclusions: The dysregulated
LIGHT expression reflects a persistent chronic inflammatory response that may have been in-
duced during early stages of ischemic atherosclerotic stroke. Our results strongly suggest distinc-
tive roles of form-associated LIGHT in the disease pathogenesis: platelet-associated LIGHT may
contribute to formation and development of carotid atherosclerotic plaque, probably involving
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plaque destabilization, while soluble LIGHT may predominantly functions as a pro-inflammatory
cytokine in the inflammatory process.
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1. Introduction

Inflammation has received increasing attention in recent years as a cause of atherosclerosis [1] [2]. So far, vari-
ous studies have provided strong evidences that atherosclerosis involves immune cells, such as T cells, mono-
cytes or macrophages in the vasculature, systemically elevated proinflammatory cytokines, chemokines, adhe-
sion molecules, and tissue factor (TF) [3]. In its advanced stages, atherosclerosis leads to the formation of an in-
travascular thrombus, which plays a critical role in the setting of acute arterial thrombosis, heart attack and
stroke [4].

A variety of cytokines, including members of the tumor necrosis factor (TNF) superfamily (TNFSF), have
been identified in atherosclerotic lesions and implicated in the pathogenesis of atherosclerosis [3] [5]. TNF-a
and CD40 ligand (CD40L) have been found to have pivotal roles in atherogenesis by eliciting immune responses
such as secretion of proinflammatory cytokines, activation of matrix metalloproteinases (MMP) and induction of
TF expression [6]-[8]. In addition, another TNFSF member, LIGHT (TNFSF14), has recently been reported to
demonstrate an enhanced expression in human atherosclerotic plaques and the ability to induce MMP activity in
macrophages [9]-[11]. More interestingly, LIGHT was found to be associated with platelets and released as a
soluble ligand upon platelet activation [10], and activation of human endothelial cells by the soluble LIGHT re-
sulted in pro-inflammatory and pro-thrombotic changes [9] [12]. Of note, two separate studies revealed signifi-
cantly increased plasma levels of LIGHT in patients with ST-elevation myocardial infarction (STEMI) and un-
stable angina as compared with normal controls [13] [14]. Moreover, we previously reported higher plasma le-
vels of LIGHT in patients with acute ischemic atherosclerotic stroke than those of normal controls, and the
plasma LIGHT levels of the stroke patients were correlated with blood platelet count [15]. Nevertheless, there is
still a pressing need for further studies of the form-associated LIGHT expression as well as their possible roles
in the atherogenetic process of ischemic stroke. Therefore, we have analyzed platelet LIGHT expression and
soluble LIGHT protein in peripheral blood of patients with this disease to address these issues.

2. Material and Methods
2.1. Patients and Controls

Twenty-four patients with acute ischemic atherosclerotic stroke (20 men and 4 women; mean age 68.3 £ 13.7
years) were enrolled in this study. These patients had large-artery atherosclerosis (LAA) subtype, according to
the Acute Stroke Treatment (TOAST) classification [16]. All patients were evaluated within 24h of ischemic
stroke onset and diagnosed on the basis of medical history, clinical examination and results of brain MRI and
MRA scans. Carotid duplex sonography was performed in all patients, who were further subdivided into stable
plaque (n = 11, 9 men and 2 women) and unstable plaque groups (n = 13, 11 men and 2 women) in terms of
plaques echolucency using carotid ultrasound with integrated backscatter (IBS). Total plaque area (TPA) was
measured as described previously [17] [18]. National Institute of Health Stroke Scale (NIHSS) was adopted to
reflect the disease severity at the time of blood sampling. Infarct volume was obtained on axial diffusion-
weighted imaging (DWI) by summing the number of outlined voxels and multiplying by the slice thickness on
each slice on which the lesion was visible. Patients with risk factors for cardioembolic stroke such as atrial fi-
brillation, vascular heart disease, acute myocardial infarction and endocarditis were excluded from this study. In
addition, three of these patients with LAA stroke receiving treatment with aspirin (100 mg qd) were chosen for
serial study.

As non-stroke disease controls, the atherosclerosis controls consisted of twenty-one patients (18 men and 3
women; mean age 72.4 + 8.7 years) with asymptomatic carotid stenosis (ACS) (>50%) on carotid duplex sono-
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graphy. All the patients had no evidence of ischemic stroke events on clinical history and brain MRI. Eighteen
healthy subjects (13 men and 5 women; mean age 62.7 + 17.3 years) were included as normal controls (NC)
without any evidence of large vessel atherosclerosis, clinical history of vascular events or vascular risk factors.

According to their medical history and medical records, none of the participating individuals had (1) history
of taking anti-platelets, calcium channel blockers and statins as well as other drugs known to interfere with
platelet functions, including Cefazolin, Ampicillin, heparin,propranolol, verapamil, alcohol, phenylbutazone,
Daunorubicin, hydroxyethyl starch, Dextranum, chlorgromazine, et al.; (2) autoimmune, hepatic, renal or can-
cerous disorders; or (3) an obvious infection. The following diagnostic tests were performed in both patients and
normal controls: complete blood counts, blood chemistry, C reactive protein (CRP), electrocardiogram (EKG),
posterior-anterior chest radiography, transthoraric cardiac echocardiography, transcranial Doppler ultrasonogra-
phy and carotid duplex sonography. All participating subjects gave their informed consent before the start of the
study.

2.2. Sample Collection

All the citrated and heparinized blood specimens were collected between 09:00 am and 12:00 am. For serial
study, blood specimens of the patients with ischemic stroke were collected after 30d of ischemic stroke onset.
We chose 30d as the collection time, because most patients get stably improved in the stage and usually take as-
pirin and statin without other drugs known to interfere with platelet functions, such as antibiotics, heparin, pro-
pranolol, Dextranum, et al. Platelet rich plasma (PRP) was obtained from the citrated blood specimens by cen-
trifugation at 180 g for 10 min. After the centrifugation from heparinized blood, plasma was stored at =70°C in
small aliquots and thawed just before further use.

2.3. Flow Cytometry

Platelets of the patients and control subjects were characterized for the expression of LIGHT by two-color direct
immunofluorescence and flow cytometry using a FACScan (Becton Dickinson, CA, USA). PRP was washed
with phosphate buffer saline (PBS, pH 7.2) and resuspended in PBS. The following monoclonal antibodies were
added to 10 pl platelet suspension: 1) fluorescence isothiocyanate (FITC)-labeled 1gG1 (Becton Dickinson, CA,
USA), allophycocyanin (APC)-labeled 1gG2b (R&D systems, Abingdon, UK); 2) FITC-labeled anti-CD61
(Becton Dickinson, CA, USA), APC-labeled anti-LIGHT (R&D systems, Abingdon, UK). Following a 20 min
incubation at 4°C, the cells were washed with staining buffer and analyzed on the FACScan using the Cell Quest
software.

2.4. Enzyme-Linked Immunosorbent Assay (ELISA)

Plasma LIGHT levels were measured by a commercial ELISA according to the supplier’s directions (R&D sys-
tems, Abingdon, UK) with a detection limit of 16.5 pg/ml. Briefly, microtiter plates (Costar, NY, USA) were
coated overnight with 100 pL/well of the capture antibody at 4 ug/ml. Non-specific binding was blocked by 300
uL of PBS containing 1% BSA, 5% sucrose and 0.05% NaNs. Plasma or standards with a two-fold dilution se-
ries starting at 2.5 ng/ml were added with 100 uL per well in duplicate. 100 L biotinylated detection antibody
with a concentration of 50 ng/ml was added to each well, followed by stepwise addition of 100 pL streptavidin
HRP (R&D Systems, UK) and 100 pL of Substrate Solution (R&D Systems, UK) to each well, respectively. 50
uL of Stop Solution (1 M H,SO,4) was thereafter added to each well to stop the reaction. Finally, the evaluation
was done using a Labsystems Multiscan microplate reader (Labsystems, Finland) set to 450 nm. To calculate
assay results, duplicate readings were averaged, the zero standard optical density subtracted and compared to a
standard curve done with known concentrations of human LIGHT protein. All assays were performed simulta-
neously in a blinded fashion.

2.5. Statistics

The data are presented as mean + standard deviation of the mean value (plasma LIGHT levels, surface expres-
sion of LIGHT on platelets). Data with a normal distribution were analyzed with one-way analysis of variance
(ANOVA) by Student-Newman-Keul’s post-hoc test and Pearson’s correlation test. Data with a non-normal dis-
tribution were analyzed with Kruskal-Wallis ANOVA and Spearman’s correlation test. p values of less than 0.05
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were considered to be statistically significant.

3. Results
3.1. Clinical and Laboratory Data

Patients’ characteristics including risk factors and laboratory data taken on the first day of sampling are shown
in Table 1. In addition, no significant differences in blood pressure or levels of blood glucose, total cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein (LDL), CRP were found between the stroke patients
and either of the control groups (data not shown).

3.2. Surface Expression of LIGHT on Platelets

Within 24 h of onset, patients with ischemic stroke showed decreased expression of LIGHT (Figure 1) on
CD61+ platelets (5.9% + 4.9%) compared with NC (9.5% + 3.0%, p < 0.05) (Figure 2(a)), but no significant
difference was found between the stroke and ACS patients (7.5% * 5.7%). Furthermore, there was a significant
difference in the platelets LIGHT expression between unstable plaque subgroup (8.0% * 5.7%) and stable plaque
subgroup (3.5% * 2.0%) (Figure 2(b)). Compared with NC and ACS group, the stable subgroup demonstrated a
decrease in platelet LIGHT expression (p < 0.05) (Figure 2(c)). Moreover, three stroke patients, who were
treated with aspirin, demonstrated a trend towards a decrease of LIGHT expression on CD61+ platelets after 30
days of treatment (Figure 2(d)).

Table 1. Baseline characteristics of patients and normal controls.

Ischemic stroke Asymptomatic carotid Normal controls value
(n=24) stenosis (n = 21) (n=18) P
Sex (male/female) 20/4 18/3 13/5
Age (years) 68.3 + 13.7 72.4 +8.7 62.7 +17.3 0.209
Hypertension (%) 54.2 61.9
Diabetes mellitus (%) 41.7 47.6
Hypercholesterolemia (%) 25.0 23.8
Smoking (%) 458 66.7 50.6
Peripheral artery disease (%) 25 23.8 22.2
Monocyte (x10%/pl) 05+0.1 0.4+0.2 05+03 0.262
Platelet count (x10%/pl) 196.8 + 55.0 183.8 £ 50.4 197.2 + 64.2 0.688
Total plague area (mm?®) 78.23+£139.1 121.5+104.1 - 0.351
Data are mean + SD.
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Figure 1. Region 1 (R1) is selected to set platelets gate for LIGHT analysis. Control staining
with isotype control antibodies was used as control to define the gate.
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Figure 2. (a) Comparison of surface expression of LIGHT on platelets between patients with acute ischemic athe-
rosclerotic stroke, asymptomatic carotid stenosis (ACS) and normal controls (NC) using a two-color flow cytometry.
“p < 0.05 compared with NC. (b) Comparison of surface expression of LIGHT on platelets between unstable plague
and stable plague subgroups of the stroke patients using a two-color flow cytometry. “p < 0.05 compared with unsta-
ble plague subgroup. (c) Comparison of surface expression of LIGHT on platelets between stable plaque subgroup
of the stroke patients and patients with asymptomatic carotid stenosis (ACS), normal controls (NC) using a two-
color flow cytometry. “p < 0.05 compared with ACS and NC, respectively. (d) Changes of surface expression of
LIGHT on platelets in three stroke patients before treatment and after 30d of treatment with aspirin. 30 d = 30 days.

3.3. Plasma LIGHT Levels

During the initial 24 h after onset, the plasma LIGHT levels were significantly elevated in patients with ischem-
ic stroke (36.1 = 21.0 pg/ml) compared with normal controls (20.4 + 13.4 pg/ml, p < 0.05) (Figure 3), but no
significant difference was found between the stroke and ACS patients (25.8 + 18.3 pg/ml). Moreover, there was
no remarkable difference in the plasma LIGHT levels between unstable plaque subgroup and stable plaque sub-
group. Two of three stroke patients showed a decreasing trend after 30 days of ischemic events, whereas blood
platelets and monocytes exhibited slight changes (Figure 4).

3.4. Correlation Analysis

The age, complete blood counts (platelet and monocyte), and surface expression of LIGHT on CD61+ platelets
were not significantly correlated with plasma levels of LIGHT in either the patients with ischemic atheroscle-
rotic stroke or control groups, except for a remarkable correlation with platelet count in the stroke patients (n =
24, r = 0.5756, p = 0.0033). In addition, there was a significant correlation between the surface expression of
LIGHT on platelets and TPA in the stroke patients (n = 24, r = 0.4572, p = 0.0247). Neither surface expression
of LIGHT on platelets nor the plasma LIGHT levels correlated with NIHSS or infarct volume by brain MRI in
the stroke patients (data not shown).

4. Discussion

In our study, patients with ischemic atherosclerotic stroke showed decreased surface expression of LIGHT on



G.Z. Liuetal

100+ *

754

Plasma LIGHT level (pg/ml)
wn
S
L

25+
i |
0
Stroke ACS NC
(n=24) (n=21) (n=18)

Figure 3. Comparison of plasma LIGHT levels between patients
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Figure 4. Changes of (a) plasma LIGHT levels, (b) blood platelet count and (c) monocyte count in three patients with
acute ischemic atherosclerotic stroke before treatment and after 30 d of treatment with aspirin. 30 d = 30 days.

CD61+ platelets during the initial 24 h after onset. This indicates that a dysregulation of platelet-membrane
LIGHT occurs in early stage of the disease. In consistent with our previous findings [15], higher plasma levels
of LIGHT were also found in the stroke patients than those of NC and correlated with platelet count. Taking into
consideration all these findings, this indicates that there is an aberrant platelet-related LIGHT expression exist-
ing in early stage of ischemic stroke.

LIGHT is produced primarily by activated T cells, monocytes, immature dendritic cells (DC) [19]-[21] and
platelets [10] [14]. It exists in membrane-bound and soluble forms. The release of soluble LIGHT from activated
lymphocytes was found to be dependent on MMP activity, but from activated platelets in a gradual and long-
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lasting manner involving a GP lIb/Illa-dependent mechanism in addition to other factors such as MMP and actin
polymerization [10] [22]. In our initial study, a significant correlation was found between the plasma LIGHT
levels and blood platelet count in the stroke patients, suggesting that circulating platelets may be a major source
of the soluble LIGHT protein [15]. Unexpectedly, we did not find a remarkable correlation between soluble
LIGHT protein levels and surface expression of LIGHT on platelets. Together with similar findings reported in
other TNFSF members such as platelet-derived CD40L [23], this study indicates that the soluble form of the
molecule is not merely produced by shedding of the membrane-bound protein on the circulating platelets, but
perhaps due to production from distinct, differentially spliced mRNA, or proteolytic cleavage from the cell sur-
face. Intriguingly, a very recent study by Vanessa, et al. reported that high plasma LIGHT levels were associated
with increased platelet activation (as shown by platelet P-selectin expression), rather than platelet counts [24].
Nevertheless, further studies on a larger scale are needed with non-treated stroke patients to confirm these find-
ings.

So far, a variety of studies have proposed that the LIGHT protein might exert distinct effects on atherosclero-
sis in terms of the existing forms. Platelet-associated LIGHT may be involved in adhesion of platelets to endo-
thelium, while soluble LIGHT may induce a pro-inflammatory state in vascular endothelial cells via a mechan-
ism that contributes to atherogenesis formation and plaque destabilization as well as an inflammatory process
involving leukocyte infiltration into the vessel wall [10] [14]. Our results favor the former notion, since there
was a significant correlation between the platelet LIGHT expression levels and TPA of carotid artery in the
stroke patients. Moreover, in the stroke patients relatively higher levels of platelet LIGHT expression were
found in unstable plaque subgroup than those of stable subgroup. These indicate that platelet-associated LIGHT
is closely related to formation and development of carotid atherosclerotic plaques, probably involving plaque
destabilization. In line with our results, two distinct immunohistochemical studies revealed strong LIGHT ex-
pression on platelets, monocytes/macrophages of intracoronary thrombus and carotid atherosclerotic plaques,
respectively [9] [10]. Together with the similar changes of platelet LIGHT expression in ACS patients, these
findings strongly suggest that the decrease of platelet LIGHT expression in the acute stroke may occur, mainly
due to adhesion of more circulating LIGHT-expressing platelets to vascular endothelium, deposition on the ves-
sel wall with subsequent release of the inflammatory mediators. As for the role of soluble LIGHT, however, no
remarkable differences of plasma LIGHT levels were found between stable plaque and unstable plaque sub-
group in the stroke patients, despite a trend towards a decrease in the plasma protein levels following treatment
of aspirin, one of the GP Ilb/Illa antagonists. Our data consequently support the notion that soluble LIGHT pro-
tein, once released from platelets and monocytes/macrophages, may predominantly functions as one pro-in-
flammatory cytokine in the inflammatory process of acute atherosclerotic stroke. These data, however, should be
interpreted with high precaution due to the limited number of patients included in our serial study. On the other
hand, the immunologic derangement of soluble LIGHT may alternatively be a general phenomenon in athero-
genetic disorders, as its elevated levels have been also shown in some cardiovascular diseases [13] [14].

This study shows a remarkable dysregulation of LIGHT expression in peripheral blood of patients with acute
ischemic atherosclerotic stroke, reflecting a persistent chronic inflammatory response that may have been in-
duced during early stages of the disease. Our results strongly suggest distinctive roles of the form-associated
LIGHT in acute ischemic atherosclerotic stroke: platelet-associated LIGHT may contribute to formation and
development of carotid atherosclerotic plaque, probably involving plaque destabilization, while soluble LIGHT
may predominantly participate in the acute inflammatory process of stroke. Further studies on the influence of
different etiologies of ischemic stroke and other atherothrombotic diseases on the effects of the form-associated
LIGHT are needed to gain more insight into the pathophysiological significance of this TNFSF member in hu-
man stroke.
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