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This lecture was presented at the 13th 
Annual Meeting of the American Society 
for Experimental Neurotherapeutics in 
Bethesda, MD, USA. This article includes the 
main message of the speakers of the session 
entitled ‘Neuroinflammation’.

Although cytokines can be produced by and 
act on most cells of the CNS, microglia are 
thought to be the main cell type of the innate 
immune system in the brain. Microglia are pres-
ent throughout the CNS; there are regions that 
are more populated than others and the white 
matter generally contains less microglia than the 
gray matter. They are highly ramified cells and 
their processes are very active and plastic, even 
during normal conditions [1]. Similar to macro-
phages, microglia express Toll-like receptors 
(TLRs), respond to TLR ligands and produce 
inflammatory mediators [2]. Several regulatory 
mechanisms are in place to avoid exaggerated 
immune responses by microglia during infec-
tion and trauma, including the production of 
anti-inflammatory cytokines by astrocytes and 

microglia, such as IL-10 and TGF-b, the acti-
vation of inhibitory signaling proteins such as 
IkBa, MKP and SOCS proteins within micro-
glia, and the release of glucocorticoids by the 
adrenal gland. All of these events are critical in 
orchestrating the innate immune reaction in the 
brain in response to pathogen-associated molec-
ular pattern molecules and damage-associated 
molecular pattern molecules.

Inflammation & neuronal injury 
Acute neuronal injury is accompanied by 
microglia activation, TLR2 gene expression 
and the induction of proinflammatory cyto-
kines. Data supporting both a neuroprotective 
and a neurodestructive role for this response 
are numerous and have been reviewed exten-
sively [3–8]. Such a dual effect of the immune 
reaction to injury and disease was highly 
debated at this meeting, especially in the ses-
sion on neuroinflammation. Remyelination 
is reduced in TNF- and IL-1b-def icient 
mice [9–11] and mice deficient in TNF showed 
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It remains controversial as to whether the inflammatory response plays a beneficial or detrimental 
role for cerebral tissue. There is substantial evidence that molecules of the innate immune 
reaction can be harmful to neurons and oligodendrocytes, whereas other observations indicate 
that inflammation is actually beneficial to recovery after injuries. One of the beneficial 
consequences of the immune reaction by microglia is the release of neurotrophic factors that 
have essential roles in brain homeostasis, neuroprotection and repair in cases of injury. Another 
important action of microglia is the clearance of cell debris and toxic proteins in order to prevent 
their accumulation in the extracellular space. Such beneficial effects of subsets of innate immune 
cells have to be taken into serious consideration in the planning of clinical trials using anti-
inflammatory drugs for CNS diseases, which have failed so far. This very important subject has 
been discussed at the 13th Annual Meeting of the American Society for Experimental 
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a dramatic exacerbation of neuronal damage following exposure 
to a source of nitric oxide [12]. Axonal regeneration and recovery 
of locomotor function are impaired in MyD88-deficient mice 
with peripheral nerve injury, and TLR2- or TLR4-deficient 
mice have slower recovery processes compared with wild-
type mice [13]. Animals that received a single microinjection 
of TLR2 or TLR4 ligands at the site of sciatic nerve lesion 
had faster clearance of the degenerating myelin and recovered 
earlier than saline-injected control rats [13]. Locomotor recov-
ery is also impaired in TLR2- or TLR4-deficient mice com-
pared with control mice following spinal cord injury [14]. As 
discussed by Serge Rivest (Laval University, Québec, Canada), 
TLR-mediated responses can therefore regulate the responses 
required to efficiently eliminate cell debris and promote repair. 

However, detrimental effects of TLR activation have been 
demonstrated in several animal models of acute injury, such 
as stroke, axotomy-induced neurodegeneration and adminis-
tration of toxic molecules [15,16]. Annamaria Vezzani (Mario 
Negri Institute, Milan, Italy) presented data on the critical role 
played by IL-1 in animal models of epilepsy and she mentioned 
that a clinical trial is currently underway to test the effective-
ness of IL-1 inhibition in a group of patients with epilepsy. 
Rivest mentioned that the synthesis of proinflammatory cyto-
kines, microglia activation and leukocyte infiltration into the 
brain have been suggested to be important mechanisms in the 
pathogenic events that ultimately determine whether a stroke 
will result in reversible ischemic deficits or permanent damage. 
TNF and IL-1 mediate postischemic processes in the brain and 
inhibiting their actions is neuroprotective in animal models 
of stroke (reviewed in [3,4]). The impact of these cytokines on 
cerebral artery function may depend on the cell type that is 
primarily targeted or the subsequent immune reaction. IL-1 
and TNF are rapidly produced in response to ischemic injury 
and they can contribute to the postischemic response either 
directly, by damaging endothelial cells, neurons and glial cells, 
or indirectly, via the recruitment of circulating leukocytes to 
the injured site. Indeed, the infiltration of monocytes, neutro-
phils and lymphocytes contributes to post-ischemic injury and 
their recruitment is largely dependent on the early release of 
proinflammatory molecules by resident cells [17]. However, this 
influx of immune cells can also act as a protective mechanism, 
as depletion of regulatory T (Treg) cells profoundly increased 
the level of delayed brain damage and of deteriorated functional 
outcome. In addition, Treg cell-derived IL-10 can suppress TNF 
and IFN-g [18]. Therefore, this study suggests that Treg cells 
are important cerebroprotective modulators of postischemic 
 inflammatory brain damage.

This mechanism may also be involved in the ‘Yin and Yang’ 
effects of inflammation for other CNS injuries and diseases. In 
this regard, Howard Gendelman (University of Nebraska Medical 
Center, NE, USA) presented data supporting a role of Tregs in 
the attenuation of Th17 cell-mediated neurodegeneration in a 
mouse model of Parkinson’s disease [19]. As discussed by Bibiana 
Bielekova (NIH, MD, USA), these cells are believed to play a 
critical role in multiple sclerosis, at least in animal models of 

the disease. She raised interesting new concepts questioning the 
dogma that this autoimmune disease is largely attributed to the 
presence of proinflammatory cells. 

Inflammation in Alzheimer’s disease 
Rivest raised serious concerns for the use of anti-inflamma-
tory therapies in Alzheimer’s disease (AD), which is a neuro-
degenerative disorder that represents the most significant cause of 
dementia in humans. Extracellular deposits of b-amyloid peptides 
(Ab), often termed senile plaques, and formation of intracellular 
neuro fibrillary tangles of hyperphosphorylated tau protein are the 
two principal hallmarks of this disease. It has been demonstrated 
that key receptors of the innate immune system are involved 
in the removal of Ab from the brain. Indeed, the expression of 
CD14 is upregulated by microglia isolated from the brains of 
AD patients and a polymorphism of this receptor is associated 
with increased risks of this disease [20]. CD14 has been demon-
strated to interact with the fibrillar Ab

1–42 
isoform and facili-

tates its phagocytosis [21]. It has also been reported that the Ab 
load in the brain is modulated in part by TLR2 and TLR4 and 
that activation of TLR2, TLR4 and TLR9 increases the uptake 
of Ab by microglia [22–24]. Scholtzova et al. have demonstrated 
that repeated systemic injections with the TLR9 agonist CpG-
containing oligodeoxynucleotides produced a marked reduction 
in the cortical and vascular amyloid burden in a mouse model 
of AD [25]. This study also found a significant decrease in the 
levels of Ab

1–42
, Ab

1–40
 and Ab oligomers in the brain, which was 

associated with improved cognitive functions. The expression 
of TLR3, TLR4, TLR5, TLR7, TLR8, TLR9 and TLR10 by 
macrophages is severely reduced in patients with AD following 
stimulation with Ab compared with control subjects [26]. These 
data suggest that the expression of these innate immune receptors 
by macrophages and microglia in the CNS is a natural defense 
mechanism to prevent Ab accumulation in the CNS. 

Therefore, an important question that was discussed is why 
these receptors fail to remove Ab in the CNS of patients with AD 
and in mouse models of this disease. It is possible that the phago-
cytic function of macrophages and microglia is decreased with 
disease progression or that the balance between Ab production 
and clearance is abnormal during AD. Fiala et al. have reported 
that macrophages for most AD patients do not transport Ab into 
endosomes and lysosomes or efficiently clear Ab, although they 
can phagocytose bacteria [26]. It has been suggested by Rivest et al. 
that these cells are unable to recognize and eliminate Ab owing 
to their low TLR2 expression level and that cognitive decline is 
markedly accelerated in a context of TLR2 deficiency [23]. 

Rivest presented evidence that stimulating the hematopoietic 
system may be a new therapeutic approach for the treatment of 
AD. In this regard, low macrophage colony-stimulating factor 
(M-CSF) levels were found in patients with presymptomatic AD 
or mild cognitive impairment, which together with low levels 
of other hematopoietic cytokines predicted the rapid develop-
ment of the disease toward a dementia state 2–6 years later [27]. 
Exposure of mouse microglia to M-CSF in vitro enables the acidi-
fication of their lysosomes and subsequently, the degradation of 
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internalized Ab [28]. Treatment of transgenic mice that sponta-
neously develop AD with M-CSF on a weekly basis prior to the 
appearance of learning and memory deficits prevented cognitive 
loss [29]. The treatment also increased the number of microglia 
in the parenchyma and greatly decreased Ab levels in the brain. 
In addition, M-CSF treatment resulted in the stabilization of 
the cognitive decline state in transgenic mice that already had 
Ab-meditated pathology. 

Overall, these data indicate that the targeting of innate 
immune cells could have therapeutic potential for AD. On the 
other hand, a large number of studies have identified numerous 
detrimental effects of microglia and inflammatory molecules 
in AD. Gendelman presented similar evidence for Parkinson’s 
disease and William Theodore (NIH, MD, USA) has devel-
oped new tools to image such responses during CNS diseases. 
Proinflammatory cytokines and prostaglandins are produced in 
the brain of mice with Alzheimer’s-like disease and in patients 
with the disease. Inhibition of cytokine signaling (e.g., IL-1b) 
ameliorates disease progression in animal models of AD and 
administration of exogenous cytokines and COX-2 over-
expression in the brain increase plaque formation and accelerate 
cognitive impairment. Anti-inflammatory drugs are beneficial in 
animal models of AD (reviewed in [7]). Moreover, initial clini-
cal trials involving the treatment of susceptible patients with 
NSAIDs prior to the development of AD have suggested that 
inhibiting the immune response reduces the chance of devel-
oping the disease. However, recent data have shown that the 
administration of anti-inflammatory drugs to patients with AD 

not only failed to improve cognitive functions but was detri-
mental in some patients [30]. Actually, there is very limited evi-
dence supporting a direct role of inflammatory pathways in this 
neurodegenerative disease, which may explain why treatments 
with anti- inflammatory drugs are not effective. It is tempting 
to propose that a defective innate immune system may allow Ab 
accumulation in individuals with AD.

Conclusion & future directions
These data raise serious concerns for the general use of anti-
inflammatory therapies in CNS injuries and diseases, and it 
is imperative to better understand the role of immune cells in 
the cerebral environment. New directions for research include 
the mechanisms involved in the activation profile, polarization, 
recruitment and differentiation of myeloid cells, which may play 
complementary and/or opposite roles. Very interesting novel 
concepts are emerging from such diversities between subsets of 
myeloid cells and manipulating their polarization is currently seen 
as the direction of future research for CNS disorders.
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