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Abstract Huntington’s disease (HD) is a hereditary neuro-
degenerative disorder caused by expended CAG repeats in
the Huntingtin (Htt) gene. The resultant mutant Htt (mHtt)
forms aggregates in neurons and causes neuronal dysfunc-
tions. The major characteristic of HD is the selective loss of
neurons in the striatum and cortex, which leads to
movement disorders, dementia, and eventual death. Expres-
sion of mHtt was also found in non-neuronal cells in the
brain, suggesting non-cell-autonomous neurotoxicity in
HD. As was documented in many different neurodegener-
ative disorders, elevated inflammatory responses are also
reported in HD. To date, effective treatments for this
devastating disease remain to be developed. This review
focuses on the importance of glial cells and inflammation in
HD pathogenesis. Potential anti-inflammatory interventions
for HD are also discussed.
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polyQ  Polyglutamine
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Huntington’s Disease

Huntington’s disease (HD) is an autosomal dominant
neurodegenerative disease initially described by George
Huntington in 1872 [1]. The major characteristic of HD is
the selective loss of neurons in the striatum and cortex,
which leads to movement disorders, dementia, and eventual
death. The causative mutation is a CAG trinucleotide
expansion in exon 1 of the Huntingtin (Htt) gene, which
is translated into a polyglutamine (polyQ) tract. When the
number of CAG repeats exceeds 36, Htt forms aggregates
in the nuclei and cytoplasm of neurons, glia, and several
other types of peripheral cells (e.g., liver, muscle, and
adipocytes), hijacks a wide variety of proteins, and
eventually causes neuronal degeneration and metabolic
dysfunctions [2-10]. The expanded CAG repeats of Htt
may also acquire toxic functions and evoke cell loss in HD.
Normal Htt exists ubiquitously in the body with the highest
level in the brain [11], and plays central roles in
intracellular vesicle transport and transcription [12, 13].
Accumulating evidence demonstrates that the polyQ-
expanded mutant (m)Htt disrupts the functions of normal
Htt. For example, mHtt suppresses vesicle transport and
thus disturbs the secretion of an essential neurotrophic
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factor (brain-derived neurotrophic factor, BDNF) [14]. In
spite of extensive research efforts in the past, an effective
treatment against this dreadful disease is still not available
at present. Of 22 clinical trials (1,254 HD patients), only
one drug (tetrabenazine) recently approved by the Food and
Drug Administration of USA showed a clear positive effect
of controlling the chorea symptoms of HD [15]. Much to the
dismay of HD patients and their families, no pharmacological
intervention from eight trials (1,366 HD patients) was proven
to be effective in delaying the progression of HD [16].
Aggregates of mHtt can be found in the nuclei, cytoplasm,
and axonal terminals of affected neurons as a result of
insufficient protein degradation [6, 17-19]. Increased clear-
ance of mHtt therefore might ameliorate cellular dysfunc-
tions and neurodegeneration in HD. Jeong et al. recently
demonstrated that enhanced acetylation of mHtt at K444
facilitated the trafficking of mHtt into autophagosomes,
improved clearance of mHtt by macroautophagy, and
eventually reversed the toxic effects in primary striatal
neurons and in a transgenic Caenorhabditis elegans model
of HD. [20]. Moreover, elevated oxidative stress is believed
to play a critical role in HD pathogenesis [21]. Interestingly,
many signal transduction pathways are altered in HD. For
example, signals of several G protein-coupled receptors in
the brains of HD mice were amplified when compared to
wildtype (WT) mice [22-24]. The ability of HD neurons to
regulate post-endocytic recycling of plasma membranes is
also impaired [25]. Most importantly, profound changes in
the electrophysiological properties of neurotransmitter recep-
tors in HD mice were noted [26, 27]. The sensitivity of
NMDA receptors in the corticostriatal pathway is markedly
increased before significant neuronal cell loss occurs during
HD progression [28]. HD neurons also respond to glutamate
with higher Ca®>" signaling and apoptosis [29]. The above
finding is very similar to that found in neurons expressing
polyQ-expanded spinocerebellar atrophy type 2 (SCA2)
[30], suggesting that the existence of aggregates and/or
misfolded proteins weakens the calcium homeostasis of
neurons and reduces their ability to survive. Since the
surroundings of neurons play a critical role in regulating
neuronal activities, the interplay between neurons and other
brain cells in HD has begun to attract attention. Although
mHtt is known to induce neuronal atrophy, most studies
emphasized the effects of mHtt on neurons with little
attention being paid to glial cells. Herein, we review the
importance of glial Htt in HD pathogenesis (Fig. 1).

Astrocytes in HD and Neurodegenerative Disorders
Besides neurons, mHtt was also found in other brain cells

including glial cells [31-33]. Although marked astrogliosis
and microgliosis were reported in brains of HD patients and

HD mice [34-38], the functions and regulations of glial
cells in HD progression were never extensively characterized
until very recently [31, 32]. In the brain, astrocytes are the
largest cell population and play multiple roles. The functions
of astrocytes include promoting neuronal survival and
plasticity, removing toxic materials (e.g., glutamate and free
radicals), providing gliotransmitters to neurons through
neuronal—glial interactions, and regulating the blood-brain
barrier and immune defense in the central nervous system
(CNS) [39, 40]. Dysfunction of astrocytes was shown to
induce neurotoxic effects in several neurodegenerative
diseases [39, 41-43]. Upon stimulation with proinflammatory
mediators, astrocytes become reactivated (i.e., astrogliosis)
with increases in proliferation, cell hypertrophy, and astroglial
markers (e.g., GFAP, vimentin, S-100, and glutamine
synthetase) [40, 42]. Impairment of glutamate transporters
in damaged astrocytes usually causes elevations in the levels
of synaptic glutamate and excitotoxicity [44]. As documented
in many neurodegenerative diseases, neurons inevitably
become more vulnerable to toxic insults [31, 45, 46] in the
presence of mutant astrocytes. For example, reduction of an
astrocytic glutamate transporter (EAAT2) is a common
feature in both familial and sporadic amyotrophic lateral
sclerosis (ALS) [47, 48]. In HD, Lievenet al. reported that
expression of astroglial glutamate transporter (GLT)-1 was
lower in brains of a transgenic mouse model of HD (R6/2
mice). Glutamate uptake was thus proposed to be defective in
HD mice compared to WT mice [49]. Indeed, it was later
found that mHtt suppresses glutamate uptake in primary
astrocytes which reduces their ability to protect neurons from
excitotoxicity [31]. Most importantly, transgenic mice
expressing mutant Htt in astrocytes exhibit multiple symp-
toms of HD (viz., body weight loss, motor function deficits,
and shorter lifespans), demonstrating that expression of
mutant Htt in astrocytes is sufficient to cause neurological
symptoms [50]. Fowler et al. recently showed that striatal
release of ascorbate, which is highly dependent on glutamate
uptake, in R6/2 mice was markedly lower than that of WT
mice. This finding further supports the existence of a
glutamate uptake defect in the striatum of HD mice [51].
The resultant overactive glutamate system is believed to
greatly worsen neuronal degeneration in HD, especially when
HD neurons are much more vulnerable to glutamate-induced
apoptosis [29]. Since medium spiny neurons in the striatum
are innervated by glutamatergic neurons from the cortex, they
are particularly vulnerable to glutamate-induced excitotoxicity.
Downregulation of GLT-1 in astrocytes may provide a possible
pathogenic mechanism for the selective degeneration of MSNs
in the striatum of mice and patients with HD.

In addition to the clearance of damaging materials,
astrocytes also have important roles in neuronal protection.
For instance, astrocytes release glutathione which makes
neurons less susceptible to reactive oxygen species (ROS)
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Fig. 1 Altered neuronal-glial interactions in Huntington’s disease.
Aggregates of mutant Huntingtin (mH#f) exist in neurons, astrocytes,
and microglia. Astrocytes that express mHtt contain fewer glutamate
transporters, and are less capable of protecting neurons from glutamate
excitotoxicity [31]. On top of this astrocytic defect, neurons expressing
mHtt are more sensitive to glutamate-induced apoptosis [29]. Further-
more, expression of mHtt in astrocytes also weakens their ability to

and thus protects them from ROS-induced death [52].
Moreover, astrocytes are able to secrete a number of
neurotrophic factors (including glial cell-line-derived neu-
rotrophic factor and BDNF) to support the functions and
survival of neurons. Drugs that increase the release of
neurotrophic factors in astrocytes were shown to protect
dopaminergic neurons against lipopolysaccharide- or
MPTP-induced neurotoxicity [53-55]. One major class of
mediators for astrocytes comprises the chemokine family.
We recently reported that mHtt was expressed in astrocytes
and suppressed the availability of astrocytic CCL5/
RANTES to neurons through at least two different
mechanisms: reduced transcription and defective release
[32]. CCL5/RANTES is an important chemokine and is
known to exhibit diverse functions including modulation of
neuronal migration, regulation of proliferation and/or
differentiation of astrocytes, and mediation of inflammation
in neuronal diseases [56—58]. We demonstrated that mHtt
reduced the NF-kB-mediated expression of CCLS5/
RANTES at the transcriptional level in astrocytes, as well
as retained the residual CCL5/RANTES inside astrocytes.
Defects in releasing sufficient amounts of CCL5/RANTES
by astrocytes in HD might cause degeneration of neuronal
processes (e.g., shorter neurites and a fewer number of
spines), altered neuronal properties, and degenerated motor
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produce CCL5/RANTES for neurons, thus causing neuronal degener-
ation [32]. mHtt enhances the ability of microglia to produce
proinflammatory mediators (including IL-6, IL-8, and TNF-o) and
might contribute to neurodegeneration in HD [33]. Dotted lines indicate

additional potential neuronal—glial interactions that might also be altered
in HD

coordination as reported elsewhere [59, 60]. The observed
defect in releasing CCL5/RANTES in the primary astrocyte
culture of HD suggests a dysregulation of calcium-
dependent neuronal—glial interactions in HD [32].

Microgliosis in HD and Neurodegenerative Disorders

Marked astrogliosis and microgliosis are detected in the
caudate and internal capsule of HD patients [34] but not in
the normal brain. Microglia are resident macrophages in the
brain and are implicated in several neurodegenerative
diseases [61—63]. In the brain, microglia mainly exist in a
resting state. Upon stress, microglia sense the signal and
migrate to damaged sites [64]. During neuronal injury, the
role of microglia is controversial because they can provide
trophic molecules (e.g., neurotrophins) to support neuronal
survival as well as release neurotoxic molecules (e.g., nitric
oxide (NO), and proinflammatory cytokines) [65]. In
Alzheimer’s disease (AD), amyloid (3 peptide (AfP)
accumulation stimulates microglia to release inflammatory
mediators (e.g., NO, TNF«, IL-13, and ROS) [66-71]
which are likely to produce detrimental effects. In addition
to inflammatory mediators, complement activation is
another pathogenic process implicated in AD progression
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[72]. Activated microglia are associated with the products
of complement activation and the membrane attack complex
(MAC) on amyloid plaques and degenerating neurons [70,
71]. Complement activation promotes phagocytosis and
facilitates cell lysis by the MAC [73]. Another important
damaging insult from activated microglia comes from ROS
[74]. In particular, the function of NADPH in activated
microglia was vigorously investigated. NADPH oxidase is
known to form a complex at plasma membranes by
assembling gp91phox and p22phox with phosphorylated
p47phox, and then converting oxygen to superoxide radicals
(02 7) upon microglial activation [75]. Increased ROS
production during inflammation by NADPH oxidase may
evoke mitochondrial dysfunction and neuronal death [76, 77].
Drugs aimed at modulating microglial activation have been
actively evaluated for several degenerative disorders.

In the brains of HD mice and patients, aggregates of
mHtt are found in dysregulated microglial cells which
exhibit thick and distorted processes [36]. Expression of
inducible nitric oxide synthase (iNOS, a key player in
inflammation) is also observed in microglia at the symp-
tomatic stage of HD mice [78]. Most importantly, activation
of microglia can be observed at the presymptomatic stage
[36, 37], suggesting that microglial activation is an early
incident in the progression of HD. Moreover, microglial
activation appears to be correlated with the severity of the
disease in both HD patients and mice [36, 79]. Activation
of microglia therefore might play a critical role in the
pathogenesis of HD.

Consistent with the importance of microglia, altered
immune profiles in plasma and striatal tissue were recently
documented in HD [33]. Levels of proinflammatory
cytokines (IL-6, IL-8, and TNF-«) in the plasma and
cerebrospinal fluid of HD patients were higher than those of
non-HD controls. Importantly, levels of proinflammatory
cytokines of HD patients correlate with HD progression
[33]. In addition, increased complement biosynthesis (e.g.,
of C3 and C9) by microglia was observed in brains of HD
patients. It was proposed that complements produced locally
by microglia are activated on the membranes of neurons
to induce cytotoxicity of neurons, and may contribute to
neuronal death [34].

Inflammation and Neurodegenerative Diseases

Inflammation in the brain is a common feature of various
neurodegenerative diseases including AD, Parkinson’s
disease (PD), ALS, and HD [80-87]. The neuroinflamma-
tory machinery therefore is an important drug target for
many degenerative diseases [48, 85, 88-93]. For instance,
minocycline was shown to produce beneficial effects in
animal models of AD and ALS through, at least partly, an

anti-inflammatory mechanism [94]. In the brain, the major
cell types responsible for inflammatory responses are
astrocytes and microglia which release inflammatory
mediators (e.g. cytokines, chemokines, and reactive free
radicals) upon stimulation [95]. In AD, accumulation of Af3
is associated with neuroinflammation in the brain, and
therefore is considered a proinflammatory event. Deposition
of A induces microglial activation followed by the recruit-
ment of astrocytes, and this eventually leads to the production
and release of proinflammatory cytokines and neurotoxic
materials. Similarly, a marked increase in the number of
reactive microglia was found in the brains of PD patients and
MPTP-treated animals [96, 97]. In PD, many noxious factors
(e.g., cytokines, reactive oxygen intermediates, and NO) are
released by microglia and cause damage to dopaminergic
neurons. Together, microglia and astrocytes are believed to
significantly contribute to the neurotoxicity of various brain
diseases. It should also be noted that neuroinflammation is a
double-edged sword [98]. Many studies suggested that
neuroinflammation plays a detrimental role in neurodegen-
erative diseases [99, 100], while other studies indicated that
inflammation is neuroprotective under certain circumstances
[101, 102]. For example, although inflammation was shown
to produce detrimental consequences in AD, studies using
animal models of AD suggest that certain inflammatory
responses are beneficial in stimulating A clearance [98].
When glial activation fails to clear the toxic forms of Af3, the
innate immune response becomes chronic and neurotoxic
[103]. Although the importance of inflammation in HD has
been postulated for many years, it was not actively
investigated until recently as detailed above. Treatments
aimed at inflammation remain to be developed and validated.
Several laboratories have evaluated the beneficial effects of
minocycline (a well-established anti-inflammatory reagent)
in different genetic mouse models of HD, but found
controversial results [104—106]. The disease stage, the drug
administration protocol, and the animal models might play
critical roles in evaluating the therapeutic potential of anti-
inflammatory drugs.

Concluding Remarks

HD is a devastating genetic disease with no effective cure at
present [16]. After the first genetic mouse model of HD was
created [107], tremendous amounts of information regarding
HD pathogenesis accumulated. Besides the well-established
degenerative mechanisms found in neurons of HD, the most
exciting findings in non-neuronal cells of HD to date include
the astrocytic deficiency of glutamate uptake [31] and
inferior neurotrophic support of neurons by astrocytes [32].
Overactivation of microglia in HD also attracted much
attention which led to the possibility of developing treat-
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ments to prevent microglial activation in HD [108]. Given
the importance of inflammation in most neurodegenerative
disorders, the inflammatory responses in the CNS and
immune system of HD are of great interest. To obtain
mechanistic insights into neuronal inflammation, it is critical
to observe interactions between neurons and glial cells in
both in vivo and in vitro settings. Notably, studies from
several laboratories recommended NF-kB as an attractive
drug target for HD because it is involved in neuroinflamma-
tion by glial cells as well as in the production and release of
the neurotrophic CCL5/RANTES by astrocytes [32, 33].
Characterization of the roles of NF-«B in different popula-
tions of brain cells in HD is obviously a timely task, and will
pave the way for developing anti-inflammatory interventions
for HD and bringing novel insights into understanding the
disease progression of HD.

Acknowledgments We thank Mr. Dan Chamberlin and Ms. Thua
Hsieh for reading and editing the manuscript, and Mr. Jung-Rung
Hung for the artwork. This work was supported by grants (NSC97-
2321-B-001-030) from the National Science Council and Academia
Sinica, Taipei, Taiwan.

References

1. Neylan TC (2003) Neurodegenerative disorders: George Hun-
tington’s description of hereditary chorea. J Neuropsychiatry
Clin Neurosci 15:108

2. The Huntington’s Disease Collaborative Research Group (1993) A
novel gene containing a trinucleotide repeat that is expanded and
unstable on Huntington’s disease chromosomes. Cell 72:971-983

3. Ryu H, Rosas HD, Hersch SM, Ferrante RJ (2005) The
therapeutic role of creatine in Huntington’s disease. Pharmacol
Ther 108:193-207

4. Li SH, Li XJ (2004) Huntingtin-protein interactions and the
pathogenesis of Huntington’s disease. Trends Genet 20:146—-154

5. Sugars KL, Rubinsztein DC (2003) Transcriptional abnormalities
in Huntington disease. Trends Genet 19:233-238

6. Wang J, Wang CE, Orr A, Tydlacka S, Li SH, Li XJ (2008)
Impaired ubiquitin-proteasome system activity in the synapses of
Huntington’s disease mice. J Cell Biol 180:1177-1189

7. Chiang MC, Chen HM, Lai HL, Chen HW, Chou SY, Chen CM,
Tsai FJ, Chern Y (2009) The A2A adenosine receptor rescues the
urea cycle deficiency of Huntington’s disease by enhancing the
activity of the ubiquitin-proteasome system. Hum Mol Genet
18:2929-2942

8. Chiang MC, Chen HM, Lee YH, Chang HH, Wu YC, Soong
BW, Chen CM, Wu YR, Liu CS, Niu DM, Wu JY, Chen YT,
Chern Y (2007) Dysregulation of C/EBPalpha by mutant
Huntingtin causes the urea cycle deficiency in Huntington’s
disease. Hum Mol Genet 16:483-498

9. Chiang MC, Lee YC, Huang CL, Chern Y (2005) cAMP-response
element-binding protein contributes to suppression of the A2A
adenosine receptor promoter by mutant Huntingtin with expanded
polyglutamine residues. J Biol Chem 280:14331-14340

10. Chou SY, Lee YC, Chen HM, Chiang MC, Lai HL, Chang HH,
Wu YC, Sun CN, Chien CL, Lin YS, Wang SC, Tung YY,
Chang C, Chern Y (2005) CGS21680 attenuates symptoms of
Huntington’s disease in a transgenic mouse model. J Neurochem
93:310-320

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Sharp AH, Loev SJ, Schilling G, Li SH, Li XJ, Bao J, Wagster
MYV, Kotzuk JA, Steiner JP, Lo A et al (1995) Widespread
expression of Huntington’s disease gene (IT15) protein product.
Neuron 14:1065-1074

Zuccato C, Ciammola A, Rigamonti D, Leavitt BR, Goffredo D,
Conti L, MacDonald ME, Friedlander RM, Silani V, Hayden
MR, Timmusk T, Sipione S, Cattaneo E (2001) Loss of
huntingtin-mediated BDNF gene transcription in Huntington’s
disease. Science 293:493-498

Gauthier LR, Charrin BC, Borrell-Pages M, Dompierre JP,
Rangone H, Cordelieres FP, De Mey J, MacDonald ME,
Lessmann V, Humbert S, Saudou F (2004) Huntingtin controls
neurotrophic support and survival of neurons by enhancing
BDNF vesicular transport along microtubules. Cell 118:127—-138
Gunawardena S, Goldstein LS (2005) Polyglutamine diseases
and transport problems: deadly traffic jams on neuronal highways.
Arch Neurol 62:46-51

Mestre T, Ferreira J, Coelho MM, Rosa M, Sampaio C (2009)
Therapeutic interventions for symptomatic treatment in Hunting-
ton’s disease. Cochrane Database Syst Rev CD006456

Mestre T, Ferreira J, Coelho MM, Rosa M, Sampaio C (2009)
Therapeutic interventions for disease progression in Hunting-
ton’s disease. Cochrane Database Syst Rev CD006455

Reddy PH, Williams M, Tagle DA (1999) Recent advances in
understanding the pathogenesis of Huntington’s disease. Trends
Neurosci 22:248

Waelter S, Boeddrich A, Lurz R, Scherzinger E, Lueder G,
Lehrach H, Wanker EE (2001) Accumulation of mutant
huntingtin fragments in aggresome-like inclusion bodies as a
result of insufficient protein degradation. Mol Biol Cell
12:1393-1407

Wang CE, Zhou H, McGuire JR, Cerullo V, Lee B, Li SH, Li XJ
(2008) Suppression of neuropil aggregates and neurological
symptoms by an intracellular antibody implicates the cytoplasmic
toxicity of mutant huntingtin. J Cell Biol 181:803-816

Jeong H, Then F, Melia TJ Jr, Mazzulli JR, Cui L, Savas JN,
Voisine C, Paganetti P, Tanese N, Hart AC, Yamamoto A, Krainc
D (2009) Acetylation targets mutant huntingtin to autophagosomes
for degradation. Cell 137:60-72

Segovia J, Perez-Severiano F (2004) Oxidative damage in
Huntington’s disease. Methods Mol Biol 277:321-334

Morton AJ, Leavens W (2000) Mice transgenic for the human
Huntington’s disease mutation have reduced sensitivity to kainic
acid toxicity. Brain Res Bull 52:51-59

Varani K, Rigamonti D, Sipione S, Camurri A, Borea PA,
Cattabeni F, Abbracchio MP, Cattaneo E (2001) Aberrant
amplification of A(2A) receptor signaling in striatal cells
expressing mutant huntingtin. Faseb J 15:1245-1247

Martire A, Calamandrei G, Felici F, Scattoni ML, Lastoria G,
Domenici MR, Tebano MT, Popoli P (2007) Opposite effects of the
A2A receptor agonist CGS21680 in the striatum of Huntington’s
disease versus wild-type mice. Neurosci Lett 417:78-83

Li X, Sapp E, Chase K, Comer-Tierney LA, Masso N, Alexander
J, Reeves P, Kegel KB, Valencia A, Esteves M, Aronin N,
Difiglia M (2009) Disruption of Rabll activity in a knock-in
mouse model of Huntington’s disease. Neurobiol Dis 36:374-383

Cha JH, Kosinski CM, Kerner JA, Alsdorf SA, Mangiarini L,
Davies SW, Penney JB, Bates GP, Young AB (1998) Altered
brain neurotransmitter receptors in transgenic mice expressing a
portion of an abnormal human huntington disease gene. Proc
Natl Acad Sci U S A 95:6480-6485

Klapstein GJ, Fisher RS, Zanjani H, Cepeda C, Jokel ES,
Chesselet MF, Levine MS (2001) Electrophysiological and
morphological changes in striatal spiny neurons in R6/2
Huntington’s disease transgenic mice. J Neurophysiol 86:2667—
2677



Mol Neurobiol (2010) 41:248-255

253

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Cepeda C, Wu N, Andre VM, Cummings DM, Levine MS
(2007) The corticostriatal pathway in Huntington’s disease. Prog
Neurobiol 81:253-271

Zhang H, Li Q, Graham RK, Slow E, Hayden MR, Bezprozvanny I
(2008) Full length mutant huntingtin is required for altered Ca2+
signaling and apoptosis of striatal neurons in the YAC mouse model
of Huntington’s disease. Neurobiol Dis 31:80-88

Liu J, Tang TS, Tu H, Nelson O, Herndon E, Huynh DP, Pulst
SM, Bezprozvanny I (2009) Deranged calcium signaling and
neurodegeneration in spinocerebellar ataxia type 2. J Neurosci
29:9148-9162

Shin JY, Fang ZH, Yu ZX, Wang CE, Li SH, Li XJ (2005)
Expression of mutant huntingtin in glial cells contributes to
neuronal excitotoxicity. J Cell Biol 171:1001-1012

Chou SY, Weng JY, Lai HL, Liao F, Sun SH, Tu PH, Dickson
DW, Chern Y (2008) Expanded-polyglutamine huntingtin protein
suppresses the secretion and production of a chemokine (CCL5/
RANTES) by astrocytes. J Neurosci 28:3277-3290

Bjorkqvist M, Wild EJ, Thiele J, Silvestroni A, Andre R, Lahiri
N, Raibon E, Lee RV, Benn CL, Soulet D, Magnusson A,
Woodman B, Landles C, Pouladi MA, Hayden MR, Khalili-
Shirazi A, Lowdell MW, Brundin P, Bates GP, Leavitt BR,
Moller T, Tabrizi SJ (2008) A novel pathogenic pathway of
immune activation detectable before clinical onset in Huntington’s
disease. J Exp Med 205:1869-1877

Singhrao SK, Neal JW, Morgan BP, Gasque P (1999) Increased
complement biosynthesis by microglia and complement activation
on neurons in Huntington’s disease. Exp Neurol 159:362-376
Roos RA, Bots GT, Hermans J (1985) Neuronal nuclear
membrane indentation and astrocyte/neuron ratio in Hunting-
ton’s disease. A quantitative electron microscopic study. J
Hirnforsch 26:689-693

Simmons DA, Casale M, Alcon B, Pham N, Narayan N, Lynch G
(2007) Ferritin accumulation in dystrophic microglia is an early event
in the development of Huntington’s disease. Glia 55:1074-1084

Tai YF, Pavese N, Gerhard A, Tabrizi SJ, Barker RA, Brooks DJ,
Piccini P (2007) Microglial activation in presymptomatic
Huntington’s disease gene carriers. Brain 130:1759-1766

Lin CH, Tallaksen-Greene S, Chien WM, Cearley JA, Jackson
WS, Crouse AB, Ren S, Li XJ, Albin RL, Detloff PJ (2001)
Neurological abnormalities in a knock-in mouse model of
Huntington’s disease. Hum Mol Genet 10:137-144

Rodriguez JJ, Olabarria M, Chvatal A, Verkhratsky A (2009)
Astroglia in dementia and Alzheimer’s disease. Cell Death Differ
16:378-385

Volterra A, Meldolesi J (2005) Astrocytes, from brain glue to
communication elements: the revolution continues. Nat Rev
Neurosci 6:626

Maragakis NJ, Rothstein JD (2006) Mechanisms of disease:
astrocytes in neurodegenerative disease. Nat Clin Pract Neurol
2:679-689

Ridet JL, Malhotra SK, Privat A, Gage FH (1997) Reactive
astrocytes: cellular and molecular cues to biological function.
Trends Neurosci 20:570-577

Vila M, Jackson-Lewis V, Guegan C, Wu DC, Teismann P, Choi
DK, Tieu K, Przedborski S (2001) The role of glial cells in
Parkinson’s disease. Curr Opin Neurol 14:483-489

Maragakis NJ, Rothstein JD (2004) Glutamate transporters:
animal models to neurologic disease. Neurobiol Dis 15:461-473
Clement AM, Nguyen MD, Roberts EA, Garcia ML, Boillee S,
Rule M, McMahon AP, Doucette W, Siwek D, Ferrante RJ,
Brown RH Jr, Julien JP, Goldstein LS, Cleveland DW (2003)
Wild-type nonneuronal cells extend survival of SOD1 mutant
motor neurons in ALS mice. Science 302:113-117

Forman MS, Lal D, Zhang B, Dabir DV, Swanson E, Lee VM,
Trojanowski JQ (2005) Transgenic mouse model of tau

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

pathology in astrocytes leading to nervous system degeneration.
J Neurosci 25:3539-3550

Bristol LA, Rothstein JD (1996) Glutamate transporter gene
expression in amyotrophic lateral sclerosis motor cortex. Ann
Neurol 39:676-679

Barbeito LH, Pehar M, Cassina P, Vargas MR, Peluffo H, Viera
L, Estevez AG, Beckman JS (2004) A role for astrocytes in
motor neuron loss in amyotrophic lateral sclerosis. Brain Res
Brain Res Rev 47:263-274

Lievens JC, Woodman B, Mahal A, Spasic-Boscovic O, Samuel
D, Kerkerian-Le Goff L, Bates GP (2001) Impaired glutamate
uptake in the R6 Huntington’s disease transgenic mice. Neurobiol
Dis 8:807-821

Bradford J, Shin JY, Roberts M, Wang CE, Li X-J, Li S (2010)
Expression of mutant huntingtin in mouse brain astrocytes
causes age-dependent neurological symptoms. Proc Natl Acad
Sci U S A, Epub Ahead of Print

Fowler SC, Miller BR, Gaither TW, Johnson MA, Rebec GV
(2009) Force-plate quantification of progressive behavioral
deficits in the R6/2 mouse model of Huntington’s disease. Behav
Brain Res 202:130-137

Heales SJ, Lam AA, Duncan AJ, Land JM (2004) Neuro-
degeneration or neuroprotection: the pivotal role of astrocytes.
Neurochem Res 29:513-519

Chen PS, Peng GS, Li G, Yang S, Wu X, Wang CC, Wilson B,
Lu RB, Gean PW, Chuang DM, Hong JS (2006) Valproate
protects dopaminergic neurons in midbrain neuron/glia cultures
by stimulating the release of neurotrophic factors from astrocytes.
Mol Psychiatry 11:1116-1125

Saavedra A, Baltazar G, Santos P, Carvalho CM, Duarte EP
(2006) Selective injury to dopaminergic neurons up-regulates
GDNF in substantia nigra postnatal cell cultures: role of neuron-glia
crosstalk. Neurobiol Dis 23:533-542

Lin LF, Doherty DH, Lile JD, Bektesh S, Collins F (1993)
GDNF: a glial cell line-derived neurotrophic factor for midbrain
dopaminergic neurons. Science 260:1130-1132

Appay V, Rowland-Jones SL (2001) RANTES: a versatile and
controversial chemokine. Trends in Immunology 22:83

Bolin LM, Murray R, Lukacs NW, Strieter RM, Kunkel SL,
Schall TJ, Bacon KB (1998) Primary sensory neurons migrate in
response to the chemokine RANTES. J Neuroimmunol 81:49-57
Bakhiet M, Tjernlund A, Mousa A, Gad A, Stromblad S, Kuziel
WA, Seiger A, Andersson J (2001) RANTES promotes growth
and survival of human first-trimester forebrain astrocytes. Nat
Cell Biol 3:150-157

Spires TL, Grote HE, Garry S, Cordery PM, Van Dellen A,
Blakemore C, Hannan AJ (2004) Dendritic spine pathology and
deficits in experience-dependent dendritic plasticity in R6/1
Huntington’s disease transgenic mice. Eur J NeuroSci 19:2799—
2807

Ariano MA, Cepeda C, Calvert CR, Flores-Hernandez J, Hernandez-
Echeagaray E, Klapstein GJ, Chandler SH, Aronin N, DiFiglia M,
Levine MS (2005) Striatal potassium channel dysfunction in
Huntington’s disease transgenic mice. J Neurophysiol 93:2565—
2574

El Khoury J, Luster AD (2008) Mechanisms of microglia
accumulation in Alzheimer’s disease: therapeutic implications.
Trends Pharmacol Sci 29:626—632

Klegeris A, McGeer EG, McGeer PL (2007) Therapeutic
approaches to inflammation in neurodegenerative disease. Curr
Opin Neurol 20:351-357

Sargsyan SA, Monk PN, Shaw PJ (2005) Microglia as potential
contributors to motor neuron injury in amyotrophic lateral
sclerosis. Glia 51:241-253

Hansson E, Ronnback L (2003) Glial neuronal signaling in the
central nervous system. Faseb J 17:341-348

Mo,
< Humana Press



254

Mol Neurobiol (2010) 41:248-255

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Lai AY, Todd KG (2006) Microglia in cerebral ischemia:
molecular actions and interactions. Can J Physiol Pharmacol
84:49-59

Ii M, Sunamoto M, Ohnishi K, Ichimori Y (1996) Beta-amyloid
protein-dependent nitric oxide production from microglial cells
and neurotoxicity. Brain Res 720:93—-100

Roy A, Jana A, Yatish K, Freidt MB, Fung YK, Martinson JA,
Pahan K (2008) Reactive oxygen species up-regulate CD11b in
microglia via nitric oxide: implications for neurodegenerative
diseases. Free Radic Biol Med 45:686-699

Jiao J, Xue B, Zhang L, Gong Y, Li K, Wang H, Jing L, Xie J,
Wang X (2008) Triptolide inhibits amyloid-betal-42-induced
TNF-alpha and IL-1beta production in cultured rat microglia. J
Neuroimmunol 205:32-36

Szaingurten-Solodkin I, Hadad N, Levy R (2009) Regulatory
role of cytosolic phospholipase A2alpha in NADPH oxidase
activity and in inducible nitric oxide synthase induction by
aggregated Abetal-42 in microglia. Glia 57:1727-1740
Akiyama H, Barger S, Barnum S, Bradt B, Bauer J, Cole GM,
Cooper NR, Eikelenboom P, Emmerling M, Fiebich BL, Finch
CE, Frautschy S, Griffin WS, Hampel H, Hull M, Landreth G,
Lue L, Mrak R, Mackenzie IR, McGeer PL, O’Banion MK,
Pachter J, Pasinetti G, Plata-Salaman C, Rogers J, Rydel R, Shen
Y, Streit W, Strohmeyer R, Tooyoma I, Van Muiswinkel FL,
Veerhuis R, Walker D, Webster S, Wegrzyniak B, Wenk G,
Wyss-Coray T (2000) Inflammation and Alzheimer’s disease.
Neurobiol Aging 21:383—421

McGeer PL, McGeer EG (1999) Inflammation of the brain in
Alzheimer’s disease: implications for therapy. J Leukoc Biol
65:409-415

Wyss-Coray T, Yan F, Lin AH, Lambris JD, Alexander JJ, Quigg
RJ, Masliah E (2002) Prominent neurodegeneration and increased
plaque formation in complement-inhibited Alzheimer’s mice. Proc
Natl Acad Sci U S A 99:10837-10842

Rotshenker S (2003) Microglia and macrophage activation and
the regulation of complement-receptor-3 (CR3/MAC-1)-mediated
myelin phagocytosis in injury and disease. J Mol Neurosci 21:65—
72

Hald A, Lotharius J (2005) Oxidative stress and inflammation in
Parkinson’s disease: is there a causal link? Exp Neurol 193:279—
290

Wu DC, Teismann P, Tieu K, Vila M, Jackson-Lewis V,
Ischiropoulos H, Przedborski S (2003) NADPH oxidase mediates
oxidative stress in the 1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine model of Parkinson’s disease. Proc Natl Acad
SciU S A 100:6145-6150

Jana S, Maiti AK, Bagh MB, Banerjee K, Das A, Roy A,
Chakrabarti S (2007) Dopamine but not 3, 4-dihydroxy phenyl-
acetic acid (DOPAC) inhibits brain respiratory chain activity by
autoxidation and mitochondria catalyzed oxidation to quinone
products: implications in Parkinson’s disease. Brain Res
1139:195-200

Orth M, Schapira AH (2002) Mitochondrial involvement in
Parkinson’s disease. Neurochem Int 40:533—-541

Tabrizi SJ, Workman J, Hart PE, Mangiarini L, Mahal A, Bates
G, Cooper JM, Schapira AH (2000) Mitochondrial dysfunction
and free radical damage in the Huntington R6/2 transgenic
mouse. Ann Neurol 47:80-86

Pavese N, Gerhard A, Tai YF, Ho AK, Turkheimer F, Barker
RA, Brooks DJ, Piccini P (2006) Microglial activation correlates
with severity in Huntington disease: a clinical and PET study.
Neurology 66:1638—1643

Mennicken F, Maki R, de Souza EB, Quirion R (1999)
Chemokines and chemokine receptors in the CNS: a possible
role in neuroinflammation and patterning. Trends Pharmacol Sci
20:73-78

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Nguyen MD, Julien JP, Rivest S (2002) Innate immunity: the
missing link in neuroprotection and neurodegeneration? Nat Rev
Neurosci 3:216-227

Rogers J, Mastroeni D, Leonard B, Joyce J, Grover A (2007)
Neuroinflammation in Alzheimer’s disease and Parkinson’s
disease: are microglia pathogenic in either disorder? Int Rev
Neurobiol 82:235-246

Boillee S, Vande Velde C, Cleveland DW (2006) ALS: a disease of
motor neurons and their nonneuronal neighbors. Neuron 52:39-59
McGeer PL, McGeer EG (2008) Glial reactions in Parkinson’s
disease. Mov Disord 23:474-483

Sastre M, Klockgether T, Heneka MT (2006) Contribution of
inflammatory processes to Alzheimer’s disease: molecular
mechanisms. Int J Dev Neurosci 24:167-176

Calabrese V, Boyd-Kimball D, Scapagnini G, Butterfield DA
(2004) Nitric oxide and cellular stress response in brain aging
and neurodegenerative disorders: the role of vitagenes. In Vivo
18:245-267

Deckel AW (2001) Nitric oxide and nitric oxide synthase in
Huntington’s disease. J Neurosci Res 64:99-107

Blanco AM, Guerri C (2007) Ethanol intake enhances inflammatory
mediators in brain: role of glial cells and TLR4/IL-1RI receptors.
Front Biosci 12:2616-2630

Marchetti B, Serra PA, Tirolo C, L’Episcopo F, Caniglia S,
Gennuso F, Testa N, Miele E, Desole S, Barden N, Morale MC
(2005) Glucocorticoid receptor-nitric oxide crosstalk and vulner-
ability to experimental parkinsonism: pivotal role for glia-neuron
interactions. Brain Res Brain Res Rev 48:302-321

Beattie MS (2004) Inflammation and apoptosis: linked therapeutic
targets in spinal cord injury. Trends Mol Med 10:580-583
Heneka MT, Sastre M, Dumitrescu-Ozimek L, Hanke A,
Dewachter I, Kuiperi C, O’Banion K, Klockgether T, Van
Leuven F, Landreth GE (2005) Acute treatment with the
PPARgamma agonist pioglitazone and ibuprofen reduces glial
inflammation and Abetal-42 levels in APPV7171 transgenic
mice. Brain 128:1442-1453

Jantzen PT, Connor KE, DiCarlo G, Wenk GL, Wallace JL,
Rojiani AM, Coppola D, Morgan D, Gordon MN (2002)
Microglial activation and beta -amyloid deposit reduction caused
by a nitric oxide-releasing nonsteroidal anti-inflammatory drug
in amyloid precursor protein plus presenilin-1 transgenic mice. J
Neurosci 22:2246-2254

McGeer PL, Rogers J, McGeer EG (2006) Inflammation, anti-
inflammatory agents and Alzheimer disease: the last 12 years. J
Alzheimers Dis 9:271-276

Seabrook TJ, Jiang L, Maier M, Lemere CA (2006) Minocycline
affects microglia activation, Abeta deposition, and behavior in
APP-tg mice. Glia 53:776-782

Block ML, Zecca L, Hong JS (2007) Microglia-mediated
neurotoxicity: uncovering the molecular mechanisms. Nat Rev
Neurosci 8:57-69

McGeer PL, Yasojima K, McGeer EG (2001) Inflammation in
Parkinson’s disease. Adv Neurol 86:83-89

Langston JW, Forno LS, Tetrud J, Reeves AG, Kaplan JA,
Karluk D (1999) Evidence of active nerve cell degeneration in
the substantia nigra of humans years after 1-methyl-4-phenyl-1,
2, 3, 6-tetrahydropyridine exposure. Ann Neurol 46:598-605
Wyss-Coray T, Mucke L (2002) Inflammation in neurodegenerative
disease—a double-edged sword. Neuron 35:419-432

Liu B, Hong JS (2003) Role of microglia in inflammation-
mediated neurodegenerative diseases: mechanisms and strategies
for therapeutic intervention. J Pharmacol Exp Ther 304:1-7
Purisai MG, McCormack AL, Cumine S, Li J, Isla MZ, Di
Monte DA (2007) Microglial activation as a priming event
leading to paraquat-induced dopaminergic cell degeneration.
Neurobiol Dis 25:392-400



Mol Neurobiol (2010) 41:248-255

255

101.

102.

103.

104.

105.

Glezer I, Simard AR, Rivest S (2007) Neuroprotective role of the
innate immune system by microglia. Neuroscience 147:867-883
Simard AR, Soulet D, Gowing G, Julien JP, Rivest S (2006) Bone
marrow-derived microglia play a critical role in restricting senile
plaque formation in Alzheimer’s disease. Neuron 49:489-502
Monsonego A, Weiner HL (2003) Immunotherapeutic
approaches to Alzheimer’s disease. Science 302:834-838
Wang X, Zhu S, Drozda M, Zhang W, Stavrovskaya IG,
Cattaneo E, Ferrante RJ, Kristal BS, Friedlander RM (2003)
Minocycline inhibits caspase-independent and -dependent mito-
chondrial cell death pathways in models of Huntington’s disease.
Proc Natl Acad Sci U S A 100:10483-10487

Stack EC, Smith KM, Ryu H, Cormier K, Chen M, Hagerty SW,
Del Signore SJ, Cudkowicz ME, Friedlander RM, Ferrante RJ
(2006) Combination therapy using minocycline and coenzyme

106.

107.

108.

Q10 in R6/2 transgenic Huntington’s disease mice. Biochim
Biophys Acta 1762:373-380

Mievis S, Levivier M, Communi D, Vassart G, Brotchi J, Ledent
C, Blum D (2007) Lack of minocycline efficiency in genetic
models of Huntington’s disease. Neuromolecular Med 9:47-54
Mangiarini L, Sathasivam K, Seller M, Cozens B, Harper A,
Hetherington C, Lawton M, Trottier Y, Lehrach H, Davies SW,
Bates GP (1996) Exon 1 of the HD gene with an expanded CAG
repeat is sufficient to cause a progressive neurological phenotype
in transgenic mice. Cell 87:493-506

Giorgini F, Moller T, Kwan W, Zwilling D, Wacker JL, Hong S,
Tsai LC, Cheah CS, Schwarcz R, Guidetti P, Muchowski PJ
(2008) Histone deacetylase inhibition modulates kynurenine
pathway activation in yeast, microglia, and mice expressing a
mutant huntingtin fragment. J Biol Chem 283:7390-7400

Mo,
< Humana Press



	Targeting Glial Cells to Elucidate the Pathogenesis of Huntington’s Disease
	Abstract
	Huntington’s Disease
	Astrocytes in HD and Neurodegenerative Disorders
	Microgliosis in HD and Neurodegenerative Disorders
	Inflammation and Neurodegenerative Diseases
	Concluding Remarks
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


