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ABSTRACT
The understanding of microglia function in central nervous system (CNS) immune system has changed the
neuroscientists’ view on CNS response to activating stimuli. Once microglia were considered a supporting cell, in the
last 2 decades however they have been recognized as the prime component of CNS immune system due to their ability to
actively response to both acute and chronic/persistent stimuli by proliferation and production of pro-inflammatory
cytokines and other toxic substances. Many studies have shown that pro-inflammatory cytokines produced by microglia
play role in secondary CNS injury. Many other studies however have established that potentially toxic mediators (e.g.
glutamate, Ca2+ and reactive oxygen species/ROS) released in traumatic CNS injury play prominent role in secondary
CNS injury. We think therefore that the role of pro-inflammatory cytokines in secondary CNS injury is uncertain. This
uncertainty is supported by the finding that pro-inflammatory cytokines affect only damaged neurons, which are caused
by those potentially toxic mediators. The dual inflammatory response of cytokines also supports this uncertainty. On the
basis of the above findings, we therefore suggest studies investigating the role of microglia in contributing secondary
CNS injury and the effectiveness of suppressing microglia response to produce toxic substances to improve the outcome
of CNS injured patients should be carried out. It has been proposed that neuroinflammation proceeds neuronal loss in
many neurological disorders such in Alzheimer’s disease (AD). Non-steroid anti-inflammation drugs (NSAIDs)
therefore have been widely used in the management of AD. Many studies however have shown that NSAIDs are not
effective to suppress the progressive neuronal loss in AD. Looking at the responsible of microglia (neuroinflammation)
in neuronal loss and the failure of NSAIDs in improving outcomes of AD patients, we therefore hypothesize that
suppressing microglia response to produce toxic substances may account for reducing neuronal loss in AD.
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that are able to injure neuron (Yang et al., 2004). The
response of activated microglia is analogous to the
response of activated immune cell in periphery (Streit et
al. 2004).

INTRODUCTION
The presence of barrier that limits peripheral cells and
protein substances enter and function and the absence of
lymphatic system, which can catch potential antigen and
produce T and B lymphocytes make central nervous
system (CNS) as a privileged immune organ (Layé et al.
1999). Consequently, CNS must have its own immune
system. Microglia, once were considered as a
supporting cell in CNS tissue (Jessen 2004), in the last 2
decades however they have been recognized as prime
component of CNS immune system due to their ability
to be activated in the presence of activating stimuli
(Carbonell et al. 2005; Giulian 1999; Streit et al. 2004).
This activated microglia has capability to migrate and
phagocytisize the injury agents and produce proinflammatory cytokines such as IL-1β, IL-6 and TNF-α
(Layé et al. 1999; Streit et al. 1998; Yang et al. 2004)

Before the recognition of prominent role of microglia in
CNS immune system, neuroscientists used “reactive
gliosis” term to describe the passive response of
microglia to acute injury agent (Streit et al. 2004). This
response is characterized by the presence of enlarged
glial cell such as microglia and astroglia in the injured
site. They now use “neuroinflammation” term to
demonstrate the active response of microglia to
activating stimuli, which is characterized by the
presence pro-inflammatory cytokines and other toxic
substance produced by activated microglia (Streit et al.
2004).
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Neuritic and glial changes associated with the
extracellular amyloid febrils (plaque) in many
neurological disorders such in Alzheimer’s disease
(AD) and Prion disease (PD) were considered a passive
reaction of brain tissue to a foreign substance
(Eikelenboom et al. 2002). The rapid understanding of
microglia as prime component in CNS immune system
has changed the view of neuroscientists to these changes
(Streit et al. 2004). These changes now are recognized
as CNS inflammatory response, which is characterized
by the presence of cluster of activated microglia and
activated complement factors (Akiyama et al. 2000;
Giulian 1999; Eikelenboom et al. 2002; Koistinaho &
Koistinaho 2005; McGeer & McGeer 2002; Streit 2004;
Rothwell et al. 1997).

This review gives a new understanding of microglia
function in acute and chronic CNS inflammation.
Although many studies have shown the role of
microglia in cascade event of CNS injury, it is still
uncertain however. The current management of head
injury therefore has not been changed yet. The
understanding of chronic CNS inflammation in
neurodegeneration results in the common use of NSAID
to prevent progressive dementia in AD patients. Many
studies however have failed to show the effectiveness of
these drugs to improve the outcome of AD patients.
Further works therefore should be carried out to find out
a better substance to deter progressive neuronal loss in
AD brain.

Since the critical role of microglia in CNS injury, they
therefore have been proposed as a key cellular mediator
in inflammatory processes both in acute and chronic
inflammation (Carbonell et al. 2005; Layé et al. 1999;
Streit et al. 2004). Many studies have shown the role of
pro-inflammatory cytokines (e.g. IL-1β, IL-6 and TNFα) produced by microglia in secondary CNS injury.
Many other studies however have established that
potentially toxic mediator (e.g. glutamate, Ca2+ and
ROS) released in traumatic CNS injury play critical role
in secondary brain injury (Bayir et al. 2002; Hall 1991).
Looking at the critical role of these potentially toxic
mediators in the cascade event of secondary CNS
injury, we therefore think that the role of proinflammatory cytokines produced by microglia in
secondary CNS injury is uncertain.

DISCUSSION
Possible Role of Microglia in Secondary CNS Injury
Traumatic CNS injury is an acute inflammation
(Ghinikar et al. 1998; Lenzlinger et al. 2001; Smith et
al. 2003; Sroga et al. 2003; Streit et al. 2004; Yang et al.
2004), because it produces wide variety of protein such
as beta amyloid precursor protein and its products and
amyloid beta (Aβ) peptides neurofilament protein
(Babcock et al. 2003; Smith et al. 2003), which cause an
immediate and early response of living brain tissue to
injury (Streit et al. 2004). This response is characterized
by the presence of activated microglia stimulated by the
above proteins. Many studies have shown the role of
microglia as a sensor in CNS injury. Streit et al. 1998
revealed that endogenous glial cells mainly microglia
not the peripheral immune cells are responsible for the
production of cytokines such IL-1β, IL-6 and TNF-α.
Herx et al. 2000 showed that there is an increase in IL1β production 15 minutes after head injury in mice, and
it is followed by the increase of IL-1α and TNF-α
production in the next one hour. In this experimental
study, they revealed that microglia, not leukocytes, is to
be the sole source of these cytokines production. Yang
et al. 2004 demonstrated the role of intrinsic immune
cells (e.g. microglia, astroglia) in cascade events of
CNS injury. They showed that 0.5 hours following
spinal cord injury the production of pro-inflammatory
cytokines are significantly increase without the presence
of peripheral cells such as neurophil and macrophage.
They concluded endogenous cells (microglia, astroglia
and neuron) not peripheral cells play a critical role in
the initiation and propagation of early posttraumatic
inflammatory response by producing pro-inflammatory
cytokines.

It has been proposed that inflammation precedes
neuronal damage (neurodegeneration) in AD. Many
studies have shown that plaque itself cannot cause
neuronal damage (Giulian 1999). However, amyloid
plaque that contains various substances can stimulate
microglia to produce neurotoxic substances such as
cytokines, excitotoxin, nitrite oxide and lipophylic
amines, which cause neural damage (Giulian 1999).
Thus tissue injury in AD may depend therefore in the
magnitude of microglia response to senile plaque, not
simply on plaque density (Eikelenboom et al. 2002;
Giulian 1999). NSAIDs that are very commonly used in
the management of AD do not effectively improve the
clinical course of AD patients (Eikelenboom et al. 2002;
Giulian 1999). Looking at the main role of microglia in
tissue injury and the failure of NSAID in improving
clinical outcomes, we therefore hypothesize that
suppressing microglia response to produce potentially
toxic substances could account for reducing neural
damage, hence improves the clinical outcomes of AD
patients.

Many studies have shown cytokines such as IL-1β, LI-6
and TNF-α are inflammatory mediators and may play
role in cascade event of CNS injury (Foster-Barber et al.
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2001; Ghinikar et al. 1998; Herx et al. 2000; Klusman &
Schwab 1997; Rothwell et al. 1997; Yang et al. 2004).
The role of IL-1β in secondary CNS injury has been
shown that IL-1β receptor antagonist (IL-1ra) attenuates
neural damage in experimental traumatic CNS injury
(Herx et al. 2000; Rothwell et al. 1997; Toulmond et al.
1995). Similarly, IL-6 has prominent role in the
pathobiology of traumatic CNS injury. IL-6 deficient
mice showed defective in the inflammatory response,
e.g. reduced activity of microglia (Hans et al. 1999).
TNF-α, a multifunctional cytokine also play role in the
cascade event of traumatic CNS injury. Antagonist of
TNF-α attenuates neural degeneration in experimental
head injury (Shohami et al. 1996).

associated dementia) is caused by a nidus that has
changed microglia physiology and a changing their
physiology causes neuronal damage (Garden 2002).
The recognition of microglia as prime component in
CNS immune system is also implied in Alzheimer’s
disease (AD) and Prion disease (PD). The inflammation
in AD and PD are characterized neuropathologically by
extracellular deposit of amyloid beta (Aβ) and PrP
amyloid fibrils respectively (Eikelenboom et al. 2002).
In these neurological diseases, these cerebral amyloid
deposits are co-localized with variety of inflammationrelated protein (complement factors, acute phase
protein, pro-inflammatory cytokines) and cluster of
activated microglia. Microglia appears to be the most
prominent inflammatory component in both diseases
(Eikelenboom et al. 2002; Giulian 1999; McGeer &
McGeer 2002). Amyloid beta protein forming insoluble
and pathological extracellular aggregates (foreign
substance) may serve as a stable irritant that hold the
CNS in chronic states by continually activating
microglia (Akiyama et al. 2000; Giulian 1999; Streit et
al. 2004). Clinicopathological and neuroradiological
studies have shown that activation of microglia is a
relatively early pathogenic event that precedes the
process of neurophil destruction (Akiyama et al. 2000;
Giulian 1999; Eikelenboom et al. 2002). Activated
microglia, therefore, are recognized as the center of the
pathogenesis of AD, because they are neurotoxinproducing immune effector cells actively involved in
leading to the neurodegeneration or dementia (Giulian
1999; Koistinaho & Koistinaho 2005; Streit 2004). Thus
tissue injury in AD may depend on the magnitude of
microglia response to amyliod plaque and not simply on
plaque density (Giulian 1999). This is shown in a study
that plaque itself does not cause neutrophil destruction
(Giulian 1999).

The above studies have shown the role of proinflammatory cytokines produced by microglia in
secondary CNS injury. Many other studies however
have established that potentially toxic mediators (e.g.
glutamate, Ca2+ and ROS) released in traumatic CNS
injury play prominent role in secondary CNS injury
(Bayir et al. 2002). In clinic, therefore substances that
can suppress the bad effect of those mediators have
been developed and widely used to improve the
outcomes of head injured patients (Bayir et al. 2002;
Hall 1991). Thus the role of pro-inflammatory cytokines
in secondary CNS injury is uncertain. This is supported
by many findings. The bad effects of cytokines need an
interaction with other molecules (e.g. glutamate)
released in traumatic CNS injury or cytokines affect
only compromised tissue, which are most likely caused
by extracellular glutamate accumulation, increased Ca2+
cytosol and increased ROS production (Allan &
Rothwell 2001; Rothwell 1997; Jiyeon et al. 2005). The
dual inflammatory response of cytokines may also
support this uncertainty (Lenzlinger et al. 2001). On one
hand, cytokines are neurotoxic on the other hand they
are neuroprotective. These properties of cytokines may
prevent the use of anti inflammatory agents to improve
clinical outcome of head injured patients.

The concept that Aβ can induce local inflammatory
response has been proven further. Aβ can bind
complement factor C1, and then it potentially activates
classical component pathway (Eikelenboom et al. 2002;
McGeer & McGeer 2002). Early activation of this
complement may play an important role in the
recruitment and activation of local microglia expressing
complement receptor CR3 and CR4 (Eikelenboom et al.
2002). Genetic (Graham et al. 1999) and environmental
factors (Eikelenboom et al. 2002; Koistinaho &
Koistinaho 2005; Rothwelll et al. 1997; Streit et al.
2004) are considered to be the causes of AD. Genetic
studies have shown inflammation plays role in AD. This
is proven by the finding that polymorphism of some
plaque-associated pro-inflammatory cytokines (i.e. IL1β, IL-6 and TNF-α) are genetic risk factor for AD
(Eikelenboom et al. 2002). Repeated head injury and
brain ischemia are among the environmental factors in

The Role of Microglia in Neurodegeneration
Chronic inflammation may more relevant in
understanding CNS disease, because chronicity implies
disease (Streit et al. 2004). Since glia has been
recognized a prime component in intrinsic CNS immune
system, many neurological disorders are considered as
an inflammatory process (Eikelenboom et al. 2002;
McGeer & McGeer 2002; Streit et al. 2004; Streit
2004). In multiple sclerosis, inflammation is caused by
myelin-related protein that has escaped self-tolerance
and become an autoimmunogen. This autoimmunogen
is a persistent stimulus that activates microglia
(Eikelenboom et al. 2002). This activated microglia
damage neuron. Dementia in HIV patient (HIV56
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Acute neuroinflammation is immediate and early
response of CNS to injury. Chronic neuroinflammation
is a result of permanent stimulation of living tissue to
activating stimuli. Chronic neuroiflammation implies
disease such as AD, PD and multiple sclerosis.

AD (Eikelenboom et al. 2002; Koistinaho & Koistinaho
2005; Rothwelll et al. 1997; Streit et al. 2004,). Animal
studies have demonstrated that repeatedly injured brain
tissue results in over-expression of β-amyloid precursor
protein (APP), precursor of Aβ (Eikelenboom et al.
2002; Streit et al. 2004). An experimental study has
shown that direct amyloid injection into brain tissue
activates microglia and an activating microglia reduces
the number of neuron (Eikelenboom et al. 2002; Streit et
al. 2004). Another advanced experimental study also
has shown that transgenic rat expressing APP causes
amyloid deposition and neuron injury (Koistinaho &
Koistinaho 2005). The pathogenesis of AD is a vicious
cycle (Eikelenboom et al. 2002; Rothwell et al. 1997).
Amyloid protein activates microglia to produce
cytokines especially IL-1 and this cytokine increases
amyloid synthesis. This amyloid then re-activates
microglia to produce IL-1 and other potentially toxic
substances that are able to injure the adjacent neurons
(Eikelenboom et al. 2002).

Many studies have shown the role of pro-inflammatory
cytokines in secondary CNS injury. However many
studies also have established the role of potentially toxic
mediators (e.g. glutamate, Ca2+ and ROS) in secondary
CNS injury. It is therefore we think that the role of proinflammatory cytokines in secondary CNS injury is
uncertain. This is supported by the finding that the bad
effects of cytokines work only on the damaged neuron,
which is most likely caused by potentially toxic
mediators. The dual function of cytokine may also
support this uncertainty.
It has been recognized that neuroinflammation precedes
the neurophil destruction in many neurological disorder
such as AD. NSAIDs therefore have been widely used
in the management of AD patients. However many
studies have shown the ineffectiveness of these drugs to
reduce neural loss. An experimental study also has
shown the failure of IL-ra antagonist in suppressing the
progressive neuronal loss in AD. Looking at the above
findings we therefore hypothesize that suppressing
microglia response to produce toxic substance may
account for the reducing neural loss in AD brain.

Implication of AD Treatment
Since neuroinflammation plays prominent role in
neuronal loss in AD, NSAIDs have been widely used in
the management of AD (Akiyama et al. 2000; McGeer
& McGeer 2002). Epidemiological studies have shown
people consuming NSAIDs because of osteoarthritis or
rheumatoid arthritis have lower risk to develop AD
(McGeer & McGeer 2002). Many clinical studies
however have failed to show the effectiveness of
NSAID to prevent progressive neurodegeneration
(Eikelenboom et al. 2002; Giulian 1999; Koistinaho &
Koistinaho 2005). Administration of IL-1 receptor
antagonist (IL-1 ra) in an experimental study also has
failed to reduce neurodeneration in AD (Rothwell et al.
1997). The ineffectiveness of NSAIDs to prevent
progressive neurodenegeration may be due to the
advance of the disease when it is clinically manifested.

On the basis of our critical literatures review we
propose some suggestions: 1) carry out studies
investigating the contribution of microglia through their
pro-inflammatory cytokines in secondary CNS injury
and the effectiveness of suppressing microglia response
to activating stimuli to reduce secondary CNS injury.
This study is important, because drugs that have been
used in traumatic CNS injury do not significantly
improve the outcome of head injured patients; 2) carry
out a study investigating the effectiveness of
suppressing microglia response to produce toxic
substances in improving clinical outcomes of patient
with AD. This study is also important, regarding the
failure of NSAIDs in improving clinical outcomes of
AD patients.

SUMMARY
Brain as a privileged immune organ has been well
established. However the role of microglia as prime
component of CNS immune system was recognized in
the last 2 decades. This prominent role of microglia in
CNS immune system has changed neuroscientist’s view
that CNS response to activating stimuli is an
inflammation. Because it does not involved systemic
immune
response,
therefore
it
is
called
neuroinflammation.
Both
acute
and
chronic
inflammation show the prominent microglia role in
these inflammations, which is characterized by the
presence
of
activated
microglia
producing
proinflammatory cytokines and other toxic substances.

REFERENCES
Akiyama, H, Barger, S & Barnum, S, et al. 2000,
‘Inflammation and Alzheimer’s disease’, Neurobiol
Aging, vol. 21, pp. 383-421.
Allan, SM & Rothwell, NJ 2001, ‘Cytokines and acute
neurodegeneration’, Neuroscience, vol. 2, pp. 734744.

57

Folia Medica Indonesiana Vol. 43 No. 1 January-March 2007 : 54-58

Koistinaho, M & Koistinaho, J 2005, ‘Interactions
between Alzheimer’s disease and cerebral ischemiafocus on inflammation’, Brain Res Rev, vol. 48, pp.
240-250.
Layé, S, Lundkvist, J & Bartfai, T 1999, ‘Cytokines in
the brain’, in J Thèze (ed), The Cytokine Network and
Immune Functions, Oxford University Press, Oxford.
Lenzlinger, PM, Morganti-Kossman, MC, Laurer, HL &
McIntosh, TK 2001, ‘The duality of the inflammatory
response to traumatic brain injury’, Mol Neurobiol,
vol. 24, pp. 169-181.
McGeer, PL & McGeer, EG 2002, ‘Local
neuroinflammation
and
the
progression
of
Alzheimer’s disease’, Journal of Neurovirology, vol.
8, pp. 529-538.
Rothwell, N, Allan, S & Toulmond, S 1997, ‘The role
of interleukin-1 in acute neurodegeneration and
stroke:
Pathophysiological
and
therapeutic
implications’, J Clin Invest, vol. 100, pp. 2648-2652.
Shohami, E., Novikov, M & Bassa, R et al. 1994,
‘Closed head injury triggers early production of TNF
alpha and IL-6 by brain tissue’, J Cereb Blood Flow
Metab, vol. 14, pp. 615-619.
Smith, DH, Uryu, K & Saatman, KE et al. 2003,
‘Protein accumulation in traumatic brain injury’,
Neuromolecular Med, vol. 4, pp. 59-72.
Sroga, JM, Jones, TB & Kigerl, KA et al. 2003, ‘Rats
and mice exhibit distinct inflammatory reactions after
spinal cord injury’, J Comp Neurol, vol. 462, pp. 223240.
Streit, WJ, Semple-Rowland, SL & Hurley SD et al.
1998, ‘Cytokines mRNA profiles in contused spinal
cord and axotomized facial nucleus suggest a
beneficial role for inflammation and gliosis’, Exp
Neurol, vol. 152, pp. 74-87.
Streit, WJ, Mrak, RE & Griffin, WST 2004, ‘Microglia
and neuroinflammation: a pathological perspective’, J
Neuroinflam, vol. 1, no, 14, pp. 1-7.
Streit, WJ 2004, ‘Microglia and Alzheimer’s disease
pathogenesis’, J Neurosci Res, vol. 77, pp. 1-8.
Toulmond, S & Rothwell, NJ 1995, ‘Interleukin-1
receptor antagonist inhibits heuronal damage caused
by fluid percussion injury in the rat’, Brain Res, vol.
671, pp. 261-266.
Yang, L, Blumberg, PC, Jones, NR et al. 2004, ‘Early
expression and cellular localization of proinflammatory
cytokines
interleukin-1-beta,
interleukin-6, and tumor necrosis factor-alpha in
human traumatic spinal cord injury’, Spine, vol. 29,
pp. 966-971.

Babcock AA, Kuzeil WA & Rivest, S 2003,
‘Chemokine expression by glial cells directs
leukocytes to sites of axonal injury to CNS’, J
Neurosci, vol. 23, pp. 7922-7930.
Bayir, H, Kagan, VE & Tyurina, YY et al. 2002,
‘Assessment of antioxidant reserves and oxidative
stress in cerebrospinal fluid after severe traumatic
brain injury in infants and children’, Pediatr Res, vol.
51, pp. 571-578.
Carbonell, WS, Murase, SI, Horwitz, AF & Mandel, JM
2005, ‘Migration of perilesional microglia after focal
brain injury and modulation by CC chemokine
receptor 5: an in situ time-lapse confocal imaging
study’, J Neurosci, vol. 25, pp. 7040-7047.
Eikelenboom, P, Bate, C & Van Gool, WA et al. 2002,
‘Neuroinflammation in Alzheimer’s disease and Prion
disease’, Glia, vol. 40, pp. 232-239.
Foster-Barber, A, Dickens, B & Ferriero, DM 2001,
‘Human perinatal asphyxia: correlation of neonatal
cytokines with MRI and outcome’, Dev Neurosci, vol.
23, pp. 213-218.
Garden,
GA
2002,
‘Microglia
in
human
immunodeficiency
virus-associated
neurodegeneration’, Glia, vol. 40, pp. 240-251.
Ghinikar, RS, Lee, YL & Eng, LF 1998, ‘Inflammation
in traumatic brain injury: role of cytokines and
chemokines’, Neurochem Res, vol. 23, pp. 329-340.
Giulian, D 1999, ‘Microglia and the immune pathology
of Alzheimer’s disease’, Am J Hum Genet, vol. 65,
pp. 13-18.
Graham, DI & Gentleman, SM, Nicoll, JA et al. 1999,
‘Is there a genetic basis for deposition of beta amyloid
after fatal head injury?’, Cell Mol Neurobiol, vol. 19,
pp. 19-30.
Hall, ED 1991, ‘Inhibition of lipid peroxidation in CNS
trauma, J Neurotrauma, vol. 8 (suppl 1), pp. 31-41.
Hans, VH, Kossman, T & Joller, H et al. 1999,
‘Interleukin-6 and its soluble receptor in serum and
cerebrospinal
fluid
after
cerebral
trauma’,
Neuroreport, vol. 10, pp. 409-412.
Herx, LM, Rivest S & Yong, VW 2000, ‘Central
nervous
system-initiated
inflammation
and
neurotrophism in trauma: IL-1β is required for the
production of ciliary neurotrophic factor’, The
Journal of Immunology, vol. 165, pp. 2232-2239.
Jessen, KR 2004, ‘Glial cells’, The International
Journal of Biochemistry & Cell Biology, vol. 36, pp.
1861-1867.
Jiyeon, O, Hee-Jung, C & Hong, SH et al. 2005,
‘Hypoxia as an initiator of Neuroinflammation:
microglial connections’, Current Neuropharmacol,
vol. 3 (abstract).
Klusman, I & Schwab, ME 1997, ‘Effects of proinflammatory cytokines in experimental spinal cord
injury’, Brain Res, vol. 762, pp. 183-184.

58

