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ABS T R AC T
A various kinds of biochemical markers are expressed during or after acute focal
ischemia such as adhesion molecules, cytokines, chemokines, variable heat shock
protein, apoptosis related genes, in or around or remote from infarct core. Related
stroke, diverse studies and experiments in vivo or in vitro have been progressed
about inflammation and gene expression related cell death or survival. In the past,
the studies have been focused on animal or in vitro model, whereas recently on
human himself. The ischemic penumbra has been described in the point view of
blood flow and physiologic parameters but this article, in other point view, focused
on molecular views. Apoptosis related genes induced after focal ischemia is the
example. The heat shock protein is induced in glia at the edges of an infarct and
in neurons often remote from the infarct. Hypoxia-inducible factor (HIF) is also
induced after focal ischemia in regions beyond the HSP70 induction. The region of
HIF induction is thought to represent the areas of decreased cerebral blood flow
and oxygen delivery. Immediate early genes are induced in other than focal ischemic
lesions, such as, cortex, hippocampus, thalamus. These changes in gene expression
occur due to ischemia-induced spreading depression or depolarization and could contribute to plastic changes in brain after stroke. Other biochemical markers including
VEGF, interleukin, TGF also must be mentioned. The spatial, temporal, and cellular
basis of gene expression must be considered before assumptions regarding therapeutic potential can be addressed. Thereafter, these facts can be implicated in
therapeutic trials. Here, we review about this and the direction in the future.
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Though the ischemic penumbra has been classically described on the basis of blood flow and
physiologic parameters, a variety of ischemic penumbras can be described in molecular terms. For
example, genes induced after temporary ischemia
in brain might reflect the prominent role of free
radicals and oxidative stress (Chan, 1994), whereas
the same genes might play a less important role in
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permanent arterial occlusion (Chan et al., 1993).
Genes induced in inflammatory cells in the core of
an infarct have different roles for mechanisms of injury and stroke therapy than do genes induced in
neurons outside an infarct (del Zoppo, 1997). Genes
induced long time after ischemia may contribute to
plasticity and recovery rather than to damage.
Genes that have well described mechanisms of
induction through oxygen, free radicals, denatured
proteins, pH, and so on can provide molecular and
biochemical insights into the injury.
Though mRNA is frequently studied, in terms of
effectors that mediate injury, it is essential that
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protein expression, or protein function, be examined. Hence, if a gene is thought to mediate injury
after stroke, its protein must be expressed. Because
most proteins are not expressed in the core of a
stroke, it is important to examine protein expression
in the core, at the margins, and at some distance
from the strokes (Frank et al., 2000).
A decrease or block of protein synthesis is one
of the first biochemical changes to occur after focal
cerebral ischemia. This occurs when blood flow
decreases approximately 50%. A decrease in ATP
is not the signal for a block in protein synthesis
because ATP does not decrease until flow falls to
20% of the normal level. This results in inactivation
of initiation factor 2 (eIF2), guanine nucleotide
exchange factor (eIF-2-GTP complex factor), and
eukaryotic elongation factor (eEF- 2) (Massa et al.,
1996; Marin et al., 1997). Glutamate-dependent
phosphorylation of eEF-2 provides a direct link
between ischemia-induced increases of extracellular
glutamate and ischemia-induced inhibition of protein
synthesis (Marin et al., 1997). Phosphorylation of
eIF-2 by Protein Kinase R also provides a control
point in protein synthesis that is sensitive to oxygen
and/or adenosine monophosphate (Srivastava et al.,
1998).
When there is no reperfusion of the core, there
would seem little hope of rescuing the core. However, if the core were reperfused, the induction of
these inflammatory molecules might prove to be
important therapeutic targets (Zhang et al., 1999).
There is a change of histologic staining- hematoxylin and eosin, Nissl, or mitochondrial staining-to
define the edges and volumes of infarction. Staining
proteins by immunocytochemistry and Western blots
within the core of an infarction is a function of the
half-life of a protein. Proteins with short half-lives
will disappear rapidly, without synthesis or rapid degradation. Because of their slow degradation proteins with long half-lives will continue to be detected long after histologic evidence of tissue infarction.
Protein synthesis continues in cells that survive
an infarct. When this occurs, protein synthesis can
continue within blood vessels such as heat shock
protein 70 (HSP70), iNOS, eNOS (Gonzalez et al.,
1989, 1991; Kinouchi et al., 1993a,b; ladecola et
al., 1996) and many other genes. Importantly, cell

adhesion molecules, cytokines, and chemokines by
vascular cells may be expressed within infarcts and
at the margins of infarcts. Also, inflammatory cells
such as neurotrophils and macrophages inside of
infarcts mount a specific genomic response to the
dying or dead neurons and glia.
Intercellular adhesion molecule-1 (ICAM-1) is
expressed by vessels in the core of the infarction
and at the edges of an infarction. ICAM-1 mRNA
and endothelial leukocyte adhesion molecule-1
(ELAM-1) and selectin are induced by 3 h and 6 h,
respectively, after ischemia and peak at 6 to 12 h
(Zhang et al., 1995; Yang et al., 1999b).
ICAM-1 protein is expressed mainly within the
core of the infarct on endothelial cells (Kim, 1996)
and plays a role in neutrophil invasion of ischemic
tissue. The results of present study indicate influx
of neutrophils and monocytes into brain is not secondary to vascular disruption induced by collagenase
but result from upregulation of adhesion molecules
involved in the migration of leukocytes into brain
(Gong et al., 2000). Global depletion of circulating
leukocytes and platelets by whole body irradiation
in rodent model of ICH was found to confer protection against both ischemia and edema formation
suggesting that infiltrating leukocytes may indeed
play a role in brain injury following ICH (Kane et
al., 1992). Cytokine-induced neutrophil chemo-attractant protein (CINC) is also induced mainly within an
infarct and at its margins (Liu et al., 1993). CD11
positive neutrophils appear within a day at the
infarct site and are numerous by 3 d (Kato et al.,
1996). In present study, microglia were maximally
activated at 7 to 10 d after ICH, when blood clot is
being absorbed. At that time, ICAM-1 immunoreactivity was induced in neurons around the clot.
These activated microglia could attach to the
ICAM-1 positive neurons by the interaction between
ICAM-1 and CD11/CD18 glycoproteins and thereby
cause neuron injury. Increased induction of ICAM-1
immunoreactivity in blood vessels might promote
the infiltration of leukocytes by interactions between
ICAM-1 and a group of CD18/CD11 glycoproteins
on leukocytes. ICAM-1 expression in microglia may
further support the local accumulation and activation
of immunocompetent cells, and could thus be
operative in the local amplification of the inflammatory process. In addition, the microglia or infil-
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trating leukocytes could attack to the ICAM-1 positive neurons by the interaction between ICAM-1
and CD11/CD18 glycoproteins. Theoretically, the attachment of leukocytes and microglia to neurons
could induce neuron injury through direct cell to cell
interaction or by release of potentially cytotoxic substances. Thus, the adhesion of leukocytes or microglia to ICAM-1 positive neurons might be an important mechanism of neuronal injury after ICH and
that these neurons might be saved by appropriate
intervention (Gong et al., 2000).
Reduction in inflammatory cells or inhibition of
adhesion molecules lessens injury in experimental
models of stroke suggest that adhesion molecules
and inflammatory cells play a role in mediating
focal ischemic brain injury (Chopp et al., 1996;
Soriano et al., 1999). A recently completed study of
an anti-ICAM antibody in humans has failed to
show benefit. This might relate in part because
maximal treatment of infarction could be dependent
upon reperfusion of the core so that antibodies
reach all areas of ischemia, particularly because
anti-ICAM antibodies work best after temporary
ischemia (Zhang et al., 1995, 1999)
Other factors are expressed in the core such as
Integrin αβ 3, Monocyte-chemoattractant protein-1
and macrophage inflammatory protein-1 α (MIP-1)
(Frank et al., 2000).
Matrix metalloproteinase-2 (MMP-2) and MMP-4
attack type IV collagen, laminin, and fibronectin, the
major components of the basal lamina around
cerebral blood vessels. MMP-2 is expressed constitutively in brain and may play a role in ischemia
(Clark et al., 1997). MMP-9 is not expressed in
normal brain. ProMMP-9 is induced in the core
within 2 h with enzymatic activity and mRNA
induction being detected by 4 h responding to
ischemia (Fujimura et al., 1999). Induction of
MMP-9 mRNA could be mediated by a NF-kB site
in the MMP-9 promoter (Mun-Bryce and Rosenberg, 1998). MMP-9 correlates with blood-brain
barrier break down and correlated with areas of
hemorrhagic transformation after focal ischemia in
some studies (Heo et al., 1999). MMPs promote
tissue invasion of variable inflammatory cells such
as neutrophils, and contribute to hemorrhages that
were caused by reperfusion after focal ischemia
(Mun-Bryce and Rosenberg, 1998; Heo et al.,
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1999).
The edges of infarcts appear to be fairly well
delineated on Nissl and hematoxylin and eosinstained tissue sections at the gross level. However,
on hematoxylin and eosin-staining there are eosinophilic cells that are outside an infarct. This appears
to represent a rim of selective neuronal cell death
which has been supported by TUNEL staining.
TUNEL-stained neurons with fragmented DNA are
found immediately outside the areas of infarction
and diverse in number depending upon the degree
of ischemia and the brain region (Li et al., 1995).
DNA damage-inducible and DNA repair genes
are expressed either within the core or the regions
adjacent to the infarction. Bax, the pro-apoptotic
gene, is induced in the core of infarcts (Gillardon et
al., 1996) and in cells just outside the infarct that
have evidence of DNA fragmentation by TUNEL
staining (Matsushita et al., 1998). Bcl-2 tends to
decrease in lethally injured cells. Bcl-2 and Bcl-xl,
the anti-apoptotic genes, tend to be induced in cells
that are immediately adjacent to an infarct (Asahi et
al., 1997). The cleaved portion of caspase 3 associated with programmed cell death is found in the
middle cerebral artery core and in the region adjacent to the core (Asahi et al., 1997). p53, Bax,
MDM2, and Gadd45 were induced in cells that
were dead or expected to die (Li et al., 1997).
Therefore, inhibiting caspases or introducing bcl-2
into brain improve outcome from stroke (Cheng et
al., 1998).
p21 mRNA and protein and cyclin G1 increase;
whereas p53 and Bax messenger RNA and protein
levels, and protein levels of p27, cyclin-dependent
kinase 5, p35, and cyclin E decrease in the infarct
core and border areas (Van Lookeren Campagne
and Gill, 1998). Some of the disparity between
these studies could be attributed to differences in
how much of the core or adjacent surviving brain
was sampled. According to Martin-Villabla's study
after reversible MCAO in adult rats, CD95 and tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) were expressed in the rim around the
infarct (Martin-Villabla et al., 1999). Recombinant
CD95 ligand and TRAIL proteins induced apoptosis
in primary neurons in vitro. FK506 prevented postischemic expression of these death-inducing ligands
both in vivo and in vitro (Martin-Villabla et al.,
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1999).
There are three isoforms of NOS: neuronal NOS
(nNOS), endothelial NOS (eNOS), and inducible or
immunological NOS (iNOS). nNOS is localized in a
selected group of neurons, whereas eNOS is found
mainly in the endothelial cells and in some neurons
as well. eNOS and nNOS are expressed constitutively and their activity is regulated by intracellular
calcium. Therefore, NO production by nNOS and
eNOS is believed to occur in small bursts only
when intracellular calcium concentration increases.
In contrast, iNOS is not normally present in most
cells but its expression is induced in pathological
states, typically those associated with inflammation
(Gregory del Zoppo et al., 2000).
After focal infarction, NO is derived mainly from
neuronal nNOS and endothelial eNOS in the core
and margin of the infarct (Iadecola, 1997). Some
studies showed that stroke outcome may be improved by inhibiting nNOS with NO injury occurring
by N-methyl-D-aspartate (NMDA) receptor and acting
as a free radical (Coeroli et al., 1998; Dirnagl et al.,
1999). eNOS appears to protect at this early stage
by releasing NO to dilate vessels and accounting
for nonspecific nitric oxide synthase (NOS) inhibitors either worsening (inhibiting eNOS) or improving
(inhibiting nNOS) stroke when given before or just
after ischemia (Dirnagl et al., 1999). iNOS is induced
some hours after ischemia, produced either in neutrophils or macrophages, in the core of the infarct,
or in microglia, blood vessels, or astrocytes at the
margins of the infarct (Iadecola et al., 1996; Coeroli
et al., 1998; Forster et al., 1999). The fact that
iNOS is expressed also in the human brain after
ischemia, strengthens the argument that iNOS is a
valuable therapeutic target in human stroke. The
extended therapeutic window of iNOS inhibitors (12
～24 h) would permit to treat stroke patients that do
not qualify for treatment with modalities, such as
thrombolysis or glutamate receptor inhibition, that
are effective only in the early stages of the
damage. Therefore, inhibition of iNOS expression or
activity would be a valuable therapeutic strategy to
selectively target the delayed phase of the damage
(Gregory del Zoppo et al., 2000).
TNF-α is induced in the core and in the region
adjacent to the infarction in neurons, astrocytes,
and endothelial cells within some hours after the

ischemia (Yang et al., 1999a). TNF-α is mainly
induced in the ischemic hemisphere but it can also
be induced in the ipsilateral hippocampus (Gong et
al., 1998) and the contralateral nonischemic hemisphere (Zhai et al., 1997), which has often been
thought to mediate injury and apoptotic cell death
(Yang et al., 1998). But some studies have suggested that mice with knockouts of their TNF
receptors have larger infarcts and greater injury
because of excitotoxins (Bruce et al., 1996). These
differences in the actions of TNF could depend
upon the following: (1) which TNF is induced; (2)
which receptor it acts on; and (3) which cells the
TNF is induced in (Frank et al., 2000). TNF
induction in neutrophils and endothelial cells could
mediate injury, whereas TNF induction in neurons
could be protective.
Stimulation of TNF-α receptors leads to activation of NFkB, with phosphorylation and release of
ikB from the NFkB complex. The p50 and p65 dimer of NFkB then acts on NFkB target genes.
Buttini et al. identified a rapid upregulation of
TNF-alpha mRNA and protein in activated microglia
and macrophages following ischemia. TNF-alpha
may exert a primary effect on microvascular inflammatory response as reflected by TNF-alpha-induced
neutrophil adhesion to brain capillary endothelium
(Liu et al., 1994; Buttini et al., 1996). Furthermore,
intracerebroventricular injection of TNF-α 24 h prior
to MCAO exacerbates the ischemia induced tissue
injury. This effect was reversed by ventricular administration of anti-TNF-α mAb in the contralateral
ventricle (Barone et al., 1997).
Aspirin and NSAIDs down-regulate NFkB and
TNF (Shi et al., 1999) in part by inhibiting ikB
kinases (Pierce et al., 1996). IL-10 decreases NFkB
activity in part by inhibiting ikB kinases, and also by
blocking NFkB binding to target promoter elements
(Schottelius et al., 1999).
Although NFkB is a major sensor and effector of
oxidative stress in cells, it is not entirely clear how
this occurs (Li and Karin, 1999). Thioredoxin, a small
disulfide protein induced in response to oxidative
stress, activates NFkB (Weichsel et al., 1996).
Thioredoxin expression decreases in an infarct,
whereas it is markedly increased adjacent to an
infarct (Takagi et al., 1998). Thioredoxin overexpression in transgenic mice protects them against
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focal ischemia (Takagi et al., 1999).
NFkB could mediate cell protection and cell
damage because of its many downstream target
genes such as MnSOD (Darville et al., 2000);
calbindin (Bruce-Keller, 1999); bcl family genes,
including bcl-2 and bcl-xl (Tamatani et al., 1999);
and TNFR-associated factors (TRAFs) and inhibitor
of apoptosis proteins (IAPs)(Wang et al., 1998).
IL-1 is mainly produced after focal ischemia
(Szaflarski et al., 1995). IL-1 is induced in the
ischemic ipsilateral cortex and in the contralateral,
nonischemic cortex (Zhai et al., 1997). This could
occur through ischemia induced spreading depression. IL-1 worsens ischemic injury (Betz et al.,
1996) but also brings about selective neuronal cell
death and edema (Holmin and Mathiesen, 2000),
which could occur in part because of IL-1 mediated
ICAM-1 and other proinflammatory molecules induction (Yang et al., 1999).
IL-6 is found widespread in brain after ischemia
which produced in neurons and microglia. Administration of IL-6 protected against stroke (Loddick et
al., 1998).
IL-10 is induced only in ischemic hemisphere.
(Zhai et al., 1997). This monocyte chemo-attractant
is induced mainly in regions of injury at early times
after stroke and continues expression for days after
stroke (Frank et al., 2000).
Matsuo and his colleague have used the RP-3
monoclonal antibody that selectively depletes
leukocytes in the rat for anti-Leukocyte strategies
for neuroprotection and reported a dramatic reduction in both neutrophil accumulation in focal
ischemic brain tissue and infarct size (decreased by
45 ～50%)(Matsuo et al., 1994). Another attractive
approach is the inhibition of endothelial interactions
with leukocyte. Chen et al. treated middle cerebral
artery occlusion rats intravenously with an antibody
against MAC-1, the leukocyte counterpart of ICAM1 binding and demonstrated reduction in infarct size
by 45 ～50% in a rat transient MCAO model (Chen
et al., 1992). Zhang and his colleague used the iv
administration of an anti-ICAM-1 antibody to demonstrate a 40% reduction of infarct size in a
similar model (Zhang et al., 1994). Blocking adhesion molecules can also reduce apoptosis induced
by focal ischemia (Chopp et al., 1996). The combination of t-PA and anti-CD18 provides signi-
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ficantly improved outcome, and may increase the
therapeutic time window in stroke (Zhang et al.,
1999).
The induction of heat shock proteins (HSPs) are
specifically induced in cells responding to injury
(Nowak and Jacewicz, 1994), and these genes
protect against a wide variety of injuries (Rajdev et
al., 1997, 2000)
HSP70 is the major inducible heat shock protein,
being expressed at low levels in all cells. Any injury
such as ischemia, heat shock, heavy metals, hypoglycemia, low pH, and disease states, appears to
produce transcriptional activation of hsp70 (Lindquist,
1992). The presence of the denatured proteins is
the major stimulus for hsp70 induction by way of
heat shock factors (HSPs). HSFs are bound to
HSP90 in normal cells in an inactivated state (Zou
et al., 1998) and released from the HSP90 by the
appearance of denatured proteins. HSFs are activated, form a trimer and bind to heat shock elements on hsp70 and other heat shock genes to
bring the heat shock response (Zou et al., 1998).
According to Mosser and his colleague HSP70
inhibits apoptosis by preventing mitochondrial cytochrome c release and activation of procaspases
into caspases. In addition, the same study and
others show that HSP70 acts downstream of cytochrome c release and upstream of the activation of
caspase-3 (Mossser et al., 2000). HSP70 might be
involved in preventing a proposed caspase-independent cell death by suppressing c-Jun N-terminal
kinase activity (Gabai et al., 2000). In the rat model
of ischemic stroke, for example, maneuvers using
adenoviral mediated gene transfer for major HSP70
overexpression reduces cerebral infartion, (Rajdev
et al., 2000). Plumier and his colleague reported
that HSP70 transgenic mice exhibit the same size
of infarct area after occlusion of middle cerebral
injury, whereas cellular morphology in hippocampus
seemed to be protected, indicating a cell specific
beneficial effect of HSP70 expression (Plumier et
al., 1997).
Thus, the zone of HSP70 induction after focal
ischemia can be viewed as the zone of protein
denaturation associated with the injury. HSP70 protein is expressed mainly in blood vessels and
sometimes in microglia and astrocytes inside an
infarction (Soriano et al.). HSP70 protein is
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expressed in glia at the margins of infarcts, and
HSP70 protein is expressed in glia and neurons
outside areas of infarction (Kinouchi et al., 1993a).
The neuronal expression of HSP70 protein can be
interpreted as a molecularly defined penumbra of
protein denaturation. Also one study showed that
reduced HSP70 protein expression increases cellular damage during acute focal cerebral ischemia in
hsp70.1 knockout mice (Lee et al., 2001).
HSP27 is another inducible HSP expressed in
most brain cells. HSP27 is also expressed at high
levels in motor neurons in brainstem and spinal
cord (Plumier et al., 1997). Noninjurious stimulus
like spreading depression can induce HSP27 in
almost entirely astrocytes (Plumier et al., 1997).
Hence, the expression of HSP27 does not reflect
the region of protein denaturation, but a region of
cell stress in astrocytes. It can associate with actin
and astrocyte specific structural proteins to protect
glia during stress (Huot et al., 1996).
Heme oxygenase-1 (HO-1) is a inducible heat
shock protein (also called HSP32) that metabolizes
heme to biliverdin, carbon monoxide, and iron
(Maines, 1996) responding to heat shock (Maines,
1988) and ischemia, which implies that cells must
metabolize heme containing proteins during stress
and must deal with iron (Dwyer et al., 1992). HO-1
plays an important role in metabolizing heme
released from hemoglobin after intracerebral hemorrhage in brain (Matz et al., 1996). The major source
of heme in ischemic brain however, probably comes
from the heme found in mitochondrial electron
transport heme proteins released after cell injury.
HO-1 is also induced after cerebral ischemia by way
of spreading depression-fos-activated AP-1 sites in
its promotor (Alam and Den, 1992; Paschen et al.,
1994). Inversely, Spreading depression can induce
HO-1 (Koistinaho et al., 1999). HO-1 continues to
be expressed in microglia and macrophages at very
long time periods after stroke (Koistinaho et al.,
1996).
VEGF is a potential HIF-1 target gene (Levy et
al., 1997) that is induced in the core and ischemic
border zone by focal ischemia. VEGF mRNA is located in both microglia-macrophages and in endothelial cells in regions adjacent to rodent infarcts
(Plate et al., 1999). The VEGF receptors Flt-1 and
Flk-1 were induced after ischemia as well, Flt-1 on

neurons, glia, and endothelial cells; and Flk-1
mainly on glial and endothelial cells (Lennmyr et
al., 1998). Because the formation of new vessels is
considerably delayed, it seems unlikely that this
would influence the outcome of an acute infarct.
Expression of VEGF could influence the permeability of existing vessels and contribute to ischemiainduced edema (Ment et al., 1997). Whereas, some
studies reported that administration of exogenous
VEGF provides an early neuroprotective effect that
reduces infarct size and improves neurological
outcome, promotes the survival of nascent neurons
arising in Dentate gyrus and subventricular zone,
an effect that becomes evident between 3 and 28
d, and stimulates angiogenesis in the ischemic
penumbra, but not in neuroproliferative zones
remote from the site of ischemia (Sun et al., 2003).
Zhang and his colleague found a biphasic effect,
wherein intravenous administration of VEGF to rats
increased infarct size approximately 25% at 9 d
when given 1 h after MCAO, but improved neurological function at 7 ～28 d when given 48 h after
MCAO (Zhang et al., 2000).
Genomic analysis using DNA microarrays to detect differential expression of mRNAs permits rapid
screening of hundreds or thousands of genes for
involvement in disease pathogenesis. Ischemia is
suitable for DNA microarray analysis because it is a
complex process that is known to depend on RNA
and protein synthesis. In an oligodeoxynucleotide
probe microarray study of cerebral ischemia, 750
genes were monitored for changes in expression
within three hours after permanent middle cerebral
artery occlusion in the rat (Soriano et al., 2000). In
the study of screening for differential expression of
374 human genes known or suspected to be
involved in programmed cell death by oligodeoxynucleotide based microarray, 57(15%) of them showed
increased expression and 34(9%) decreased at 4,
24, 72 h. Two thirds of the induced genes were
proapoptotic, antiapoptotic, or injury-response genes,
but the remainder included genes involved in protein synthesis, genes mutated in hereditary human
diseases, receptors, ion channels, and enzymes.
Numerous injury-response genes were also induced,
reflecting involvement of antioxidative, chaperonin
and DNA-repair proteins in neuronal cell survival
programs after ischemia.
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In the above, we mentioned current progressive
studies about biochemical markes related to stroke
in molecular and experimental models. In the next,
we review the results of study recently in the view
of human.
In about 30% of patients with ischemic stroke,
neurological symptoms progress during the initial
hours. Release of excitatory amino acids and
oxygen free radicals, iron accumulation, nitric oxide
production or apoptosis has been suggested as
mechanism for clinical worsening (Castillo et al.,
1997). Over the past few years, a lot of evidence
has stressed the role of inflammation in the pathophysiology of acute brain ischemia (Clark et al.,
1997) and initial neurologic deterioration of the
stroke. Cytokine release results in upregulation of
adhesion molecules, recruitment and activation of
leukocytes, promotion of leukocyte-endothelium interaction, and conversion of the local endothelium
to a prothrombic state (Clark et al., 1997). There
are many reports about the change of the inflammatory molecules such as adhesion molecules and
cytokines in the animal model and in-vitro study.
Various cytokines, chemokines, and adhesion molecules had been shown to be expressed in the
ischemic brain of experimental animals. (Minami et
al., 1992; Liu et al., 1993) However, the data on
humans obtained thus far are still insufficient
because of the difficulty of acquiring the appropriate
sample such as brain tissue from the patients. Recent study measured the serum level of the cytokines but only a few cytokines are measurable.
Some study evaluated the biochemical markers in
the cerebrospinal fluid from the patients with stroke,
although the difficulty of sampling limited the number of sample. Interleukin-1, 6, 10, Neuron specific
enolase (NSE), Tumor necrosis factor-α, TGF-β
and S-100β were measable in the serum of the
patients. So, there are many reports about these
cytokines in human study.
IL-6, one of the few cytokines measurable in
human serum is stimulated by proinflammatory cytokines TNF-α and IL-1, and it appears to reflect
the proinflammatory status. The mRNA of this cytokines is expressed in a manner very similar to that
of TNF-α and IL-1 in rat ischemic model. Previous
reports showed that the serum level of this cytokine
was found to be correlated with the level of C-reac-
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tive protein in patients with acute ischemic stroke,
suggesting that serum IL-6 might reflect proinflammatory status after acute stroke. Also, an elevated
level of monocyte-derived (IL-6 and IL-10) cytokines
was detected in hemorrhagic stroke. Although
initially thought to be a proinflammatory cytokine,
recent findings suggest that IL-6, IL-10 has many
anti-inflammatory and immunosuppressive effects
and may negatively regulate the acute phase
response (Tilg et al., 1997)
Interleukin-10 (IL-10) is a centrally operating antiinflammatory cytokine that plays a crucial role in
the regulation of the innate immune system. It has
strong deactivating effects on the inflammatory host
response and potently inhibits the production of
proinflammatory cytokines. Animal models investigating the protective role of IL-10 in atherosclerosis show that IL-10 deficient mice have a high
susceptibility to atherosclerosis. Moreover, IL-10
deficient mice have an increased stroke lesion size
after ligation of the mid-cerebral artery, whereas
rats treated with IL-10 have a decreased stroke lesion size. IL-10 is a powerful suppressor of the immune response, produced by T cells, B cells,
monocytes, macrophages, and microglia. It inhibits
proinflammatory cytokines such as TNF-α and IL-6.
It may also inhibit CRP, since it has been suggested that IL-6 partially regulates CRP production.
Moreover, IL-10 limits the size of ischemic brain
damage occurring after occlusion of cerebral arteries. IL-10 could therefore represent a potential
therapeutic agent for inflammatory diseases such
as atherosclerosis and stroke.
TGF-β is a disulphide-linked, nonglycosylated
homodimer, synthesized by many cell types, including astrocytes, neurons, and microglia. This cytokine inhibits endothelial cell growth in vitro but stimulates angiogenesis in vivo, probably through induction of an inflammatory angiogenic infiltrate. Although
TGF-β was also shown to play a proinflammatory
role by attracting inflammatory cells or upregulating
certain integrins, this cytokine has been considered
to exert mainly an immunomodulatory role in pathological conditions. TGF-β has a significant antagonistic effect against proinflammatory cytokine
TNF-α and also decreases the adherence of
neutrophils to endothelial cells by reducing the
expression of adhesion receptors. TGF-β is a
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pleiotropic growth factor produced in particular by
astrocytes and microglia in response to brain tissue
injury. It can protect neurons from excitotoxic,
metabolic, and oxidative insults and is involved in
vasculogenesis and maintenance of blood vessel
integrity. TGF-β1 is secreted as a latent inactive
complex, becoming active only after release; therefore, its functional capabilities are determined by its
rate of activation. TGF-β1 mRNA was detected 3 d
after experimental ischemia in rats, which coincides
with vascular sprouting, whereas prevention of
degeneration of primary neuronal cell cultures and
healing of epidermal skin wounds occurred in the
presence of TGF-β1 but not other isoforms (TGFβ2, TGF-β3). More recent studies, however, have
shown a beneficial effect of TGF-β3 on wound
scarring.
VEGF is a dimeric glycoprotein mitogenic for
endothelial cells. It has been shown to increase
vascular permeability, leading to development of edema in patients with brain tumor. VEGF can also
induce chemotaxis in monocytes in pathological
conditions and inhibit apoptosis. More recently, it
was shown that both VEGF and its receptor, Flt-1,
became upregulated in both neurons and blood
vessels in the penumbra after transient or permanent occlusion of the middle cerebral artery in the
rat.
The term S100β refers to a mixture of dimeric
proteins consisting of two subunits. Three isoforms
are known. S100a (αβ) is found in glial cells and
melanocytes and and S100b (ββ) is present in
high concentrations in glial cells and Schwann cells
of the central and peripheral nervous systems as
well as in Langerhans cells and anterior pituitary.
S100aO (αα), which represents 5% of the S100
protein in the brain, is found outside the nervous
system in slow-twitch muscle, heart and kidney.
The S100 protein family constitutes a subgroup of
++
Ca binding proteins. Both intracellular and extracellular mechanisms of action have been proposed
for S100 protein, although its biological functions
are not yet understood in details (Baudier and
Glasser, 1986). NSE is the isoenzyme of the glycolytic enzyme enolase. NSE is predominantly present in neurons and neuroendocrine cells (Marangos and Schmechel, 1987) It has, however, also
been found in several other tissues and nerves as

a tumor marker of oat cell carcinoma of the lung.
Here, we demonstrated the recent important
studies about the molecular change in acute human
stroke.
On 1994, Fassbender and Hennerici evaluated
the release of the proinflammatory cytokines IL-1
beta, IL-6, TNF-alpha and soluble TNF-receptors in
peripheral blood serially in 19 patients with acute
cerebral ischemia. Only patients admitted within 4 h
following onset of symptoms were studied. In
contrast to serum levels of IL-1 beta, TNF-alpha
and TNF-receptors, which did not exhibit a significant response, IL-6 showed a significant increase of serum levels already within the first hours
following onset of disease and reached a plateau at
10 h until d 3 and returned to baseline by d 7. The
increase of levels of this cytokine was significantly
(P ＜0.05) correlated with increasing volumes of
brain lesion and was also significantly (P ＜0.005)
associated with poor functional and neurological
outcome. The increase of levels of IL-6 despite a
considerable dilution in peripheral blood shown in
this preliminary study suggests an early inflammatory response in ischemic brain lesion. This study
was the first attempt that measured the serum
levels of cytokines in the patient with acute
ischemic stroke (Fassbender and Hennerici, 1994).
Beamer and Silberger elevated plasma levels of
IL-1 receptor antagonist, IL-6, and acute phase
proteins including fibrinogen and c-reactive protein
(CRP) within 4 d of onset in 50 patients with acute
ischemic stroke and in 20 age-matched healthy
controls. After excluding patients with evidence of
infection, both IL-1 receptor antagonist and IL-6
were significantly elevated in stoke patients compared with controls. IL-1 and IL-6 were both significantly correlated with levels of CRP, but not with
each other. Levels of IL-6 and IL-1RA, together
with fibrinogen and CRP were higher in patients
with infarcts of greater than 3 cm and lowest in
patients with lacunar syndromes. This study showed
interleukin 6 was more elevated in large ischemic
lesion than in small ones (Beamer and Silberger,
1995).
Tarkowski and Jenson also showed that early
intrathecal production of IL-6 could predict the size
of brain lesion in stroke. This study was the first
attempt that correlated the biochemical markers and
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the neurologic status (Tarkowski and Jenson,
1995).
Kim JS serially measured the serum levels of
IL-6, S-100 and TGF-β in 29 patients with acute
stroke including hemorrhagic stroke. Its level peaked at d 3 in patients with infarction, whereas it
peaked within 24 h in those with intracerebral
hemorrhage (Jong et al., 1996). The level of IL-6
was most markedly elevated at d 1, which tended
to decrease thereafter. The levels of both cytokines
were not significantly different among the three different stroke subtypes and were not correlated with
the number of blood leukocytes and platelets. This
study demonstrated the cytokine level in acute
hemorrhagic stroke and stroke subtypes, although
there was no difference between ischemia and
hemorrhage.
Tomasz and Andrzej determined the serum level
of interleukin-6, interleukin-10, and interleukin-13 in
patients with intracerebral hemorrhage and to correlate cytokine concentrations with stroke severity.
They demonstrated Increased serum levels of interleukin-6 and interleukin-10. The levels of these
cytokines were significantly correlated with Glasgow
Coma Scale score. In addition, interleukin-6 level
correlated with blood volume and mass effect
(Tomasz and Andrzej, 2002).
These articles were important because there are
relatively fewer data about the biochemical markers
in hemorrhagic stroke than in ischemic stroke.
Nicolas and Angel found higher baseline levels of
IL-6 in plasma and CSF in patients with acute
ischemic stroke and early neurological deterioration
compared with patients who remained clinically
stable or improved within the first 48 h after clinical
onset. Overall plasma and CSF levels of IL-6 were
lowest in patients with lacunar stroke. However, the
independent association between IL-6 and the risk
of early clinical worsening was equally observed in
patients with lacunar stroke, cardioembolism, atherothrombotic stroke, or stroke of undetermined cause.
Although TNF-α was also higher in patients with
early clinical worsening, the relationship was confounded by other factors, because it didn't remain
statistically significant on multivariate testing. In this
study, they confirmed the direct correlation between
Il-6 and the bulk of tissue loss especially from CSF.
But these study had the problems such as no ap-
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propriate serologies (Nicolas and Angel, 2000) that
might have detected the presence of asymptomatic
infection. And it is theoretically possible that our
measurement of IL-6 was swayed by a history of
recent infections because recent infections have
been associated with increased risk of impending
stroke and the release of cytokines. These results
may support that cytokine-mediated cerebral damage participates in the mechanism that lead to neurological worsening and development of new neuroprotective therapies targeted to modulate cytokineinduced inflammation could be a promising way to
prevent early deterioration in acute stroke.
Increased levels of cytokines such as interleukin1 as well as adhesion molecules such as intercellular adhesion molecule-1 (ICAM-1), have been
observed after experimental brain ischemia (Wang
and Feuerstein, 1994). Although these cytokines
are very important in inflammatory reaction, the
very low level in the serum limited the evaluation of
these molecules in the patient with stroke. However, there are some articles about these cytokines
and adhesion molecules in human serum recently.
Mar and Antoni performed a secondary analysis of
113 consecutive patients with lacunar infarction
included within the first 4 h of the onset of symptoms to investigate clinical and biochemical markers of early neurological deterioration. IL-6,
ICAM-1 and TNF-α were determined by enzymelinked immunoabsorbent assay in blood samples
obtained on admission. This study demonstrated in
a large series of patients with lacunar infarctions an
independent association of high levels of inflammatory molecules in blood with early neurological
deterioration and poor outcome (Mar and Antoni,
2002). It is known that high plasma glutamate
concentrations and low GABA levels on admission
were significantly associated with subsequent neurological worsening (Serena and Davalos, 2001). An
interesting finding of this study is that inflammatory
molecules contributed to early deficit after adjustment for glutamate and GABA concentrations in
blood and that the odds ratios for TNF-α, and
ICAM-1 were even higher than that for glutamate
concentration. These findings suggest that inflammation may have an additional and stronger role than
excitotoxicity in lacunar infarction. On the other
hand, inflammatory and excitatory mechanisms might
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cooperate in the progression of lacunar stroke
because of the significant correlation between
glutamate or GABA concentration and inflammatory
markers in blood. A further point of interest is that
prior treatment with aspirin was associated with
lower levels of proinflammatory molecules in blood
and with a lack of early neurologic deficit in lacunar
stroke (Serena and Davalos, 2001).
Exel and Westendorp analyzed the relation
between low IL-10 production levels, history of
stroke, and incident fatal stroke. All 85-year-old
inhabitants of Leiden, Netherlands (n=599) were
visited at their place of residence (response rate,
87%). The number of fatal strokes was prospectively obtained for a median follow-up of 2.6 years.
Subjects with a history of stroke had significantly
lower median IL-10 production levels at baseline
than subjects without stroke The relative risk for
incident fatal stroke was 2.94 when they compared
subjects with low or intermediate baseline IL-10
production levels to those with high production
levels of IL-10. This study supported that subjects
with low IL-10 production levels have an increased
risk of stroke (Exel and Westendorp, 2002), This
study is the first article that measured the cytokines
before the stroke event and followed up prospectively in relative large population, and showed that
the cytokines level and the inflammatory status
before the attack were very important risk factors.
So, interleukin and other inflammatory molecules
such as TGF-β are important biochemical markers
indicating the extent of brain injury and predicting
the early neurological deterioration. These factors
are targets, not only for the treatment of vascular
insults but also for the primary prevention.
Slevin and Gaffney serially measured the serum
levels of VEGF and active TGF-b1 in 29 patients
with acute ischemic stroke. Expression of VEGF
was significantly increased in the majority of
patients after acute stroke at each of the time
points compared with normal controls. Highest
expression occurred at d 7 and it remained significantly elevated at 14 d after stroke. Expression of
VEGF correlated with infarct volume, clinical disability, and peripheral leukocytosis and was significantly higher in patients with atherothrombotic
large-vessel disease and ischemic heart disease. In
contrast, TGF-b1 was not significantly different from

control. This study suggested VEGF played an important role in the pathophysiology of acute ischemic stroke and could be of value in future treatment
strategies (Slevin and Gaffney, 2000). Although the
data were not shown, some patients expressed
exceptional high VEGF levels (＞1000 pg/ml) and
these patients presented with the highest improvements from ischemic insults. This study found
that the growth factors such as VEGF and PDGF
could have therapeutic roles in the ischemic stroke
although there is no data in human hemorrhagic
stroke.
Protein S100β forms part of a large and diverse
family of Ca ++-binding proteins predominately found
and Schwann cells and neuron-specific marker
(NSE), a dimeric isoenzyme of neurons and cells
with neuroendocrine differentiation (Barone and
Clark, 1993). Both S100β and NSE are considered
specific neurobiochemical markers of brain damage
after brain infarctions in humans (Cunningham et
al., 1996) and animals. During the last few years,
several studies have investigated release and
kinetics protein S100β and NSE after acute infarction and their association with lesion volume, clinical status and outcome although small sample sizes
and different approaches to the analysis of neurobiochemical markers (concentrations in cerebrospinal fluid versus peripheral blood), the results are
heterogenous (Schaarschmidt and Reiber, 1994).
Persson and Pahlman were the first to report
studying S100 protein in the blood of the patients
with stroke, noting elevated levels in two patients
on 1987 (Persson and Pahlman, 1987).
Ulrich measured plasma concentrations of S100β
protein and NSE serially after infarctions in 44
patients. Peak blood levels of NSE and S100β
protein were found on the second day and
especially S100β protein correlate well with infarct
volume and clinical outcome assessed with Glasgow
outcome scale.
Michael and Manfred investigated 58 patients with
completed stroke and serial venous blood samples
were taken after admission and during the first 4
days. Peak levels of protein S100β serum concentrations were found at the second day after
stroke, whereas a first NSE peak was recorded
after admission, followed by a second increase
from d 2 to 4. The first NSE peak within 18 h after
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stroke onset may reflect the initial damage of
neuronal tissue, whereas a second increase may be
attributed to secondary mechanisms of neuronal
damage due to edema and increase of neuronal
damage due to edema and increase of intracranial
pressure. They found a continuous increase of NSE
serum concentrations in 5 of 7 patients with a
deterioration of clinical status. Also they found both
markers mirror the extent of substantial brain
damages. This study was the first to investigate the
release of the neurobiochemical markers of brain
damage and neuropsychological disorders after
stroke. Patients with neuropsychological deficits
exhibited numerically higher protein S100β serum
concentrations than patients without neuropsychological impairments although the difference didn't
reach statistical significance (Michael and Manfred,
1999).
Rosen and Blomstrand assayed serum S100β
levels in patients resuscitated after out-of-hospital
cardiac arrest to validate the use of serum determinations of S100 in general hypoxic brain damage
and its predictive value with regard to short-term
outcome. S100 levels were increased after cardiac
arrest compared with controls with the highest
levels observed the first day and all patients who
had serum S100 levels above the discriminatory
level of 0.2μg/L at d 2 died within 14 d, whereas
almost 90% of the patients with a level below this
limit survived. This study showed that the increase
of serum S100β levels after cardiac arrest reflects
the degree of hypoxic brain damage and predicts
the short-term outcome (Rosen and Blomstrand,
1998).
Buttner and Wilfried evaluated the time course of
serum S100 concentrations after territory infarction
in correlation with clinical data and prognosis in 26
patients and age and sex matched control subjects.
These study showed S100 was useful peripheral
biochemical marker indicating severe ischemic
injury in territory infarction (Buttner and Wilfried,
1997).
So, S-100β and NSE are also important factors
indicating neurological deficit and extent of lesion,
although these are not associated directly with inflammation.
In this review, we have discussed the inflammatory molecules and other biochemical markers

91

for stroke. These molecules can be our armamentarium of potential therapeutic options and indicator for prognosis. Now, the challenge is to craft
clinical practice guidelines for reflect these markers
for the diagnosis and treatment of stroke in near
future.
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