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Abstract

Whether genetic factors contribute to acquired epilepsies has long been controversial. Supporters observe that, among indi-
viduals exposed to seemingly the same brain insult, only a minority develops unprovoked seizures. Yet, only in relatively recent
years have studies started to build a case for genetic contributions. Here, we appraise this emerging evidence, by providing a

critical review of studies published in the field.
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Introduction

Epilepsy due to an acquired brain insult, such as a traumatic
brain injury, stroke, tumor or central nervous system (CNS)
infection (collectively termed “acquired epilepsy”), accounts
for approximately one-third of all epilepsies.' Importantly,
only a subset of individuals who sustain a brain insult
develop epilepsy, for example, 2% to 5% of those sustaining
head trauma, 2% to 4% of those having a stroke, and 5% to
10% of those who have a CNS infection.”” The risk of
acquired epilepsy depends on the characteristics of the brain
insult, for example, type, severity, size, and location as well
as factors related to the individual, for example, age, sex,
and genetic factors.”> In this setting, genetic factors do not
affect the epilepsy risk directly, but they operate by increas-
ing susceptibility to the consequences of the acquired brain
insult.

A genetically determined vulnerability to acquired epilepsy
has long been postulated and debated. Initial evidence stemmed
from the clinical observation that among people who seemingly
had the same brain insult, some develop unprovoked recurrent
seizures and others do not.* However, data supporting such
vulnerability have remained largely elusive until recent times.
Only in the past decade or so have studies started to shed some
light on the genetic contributions to specific forms of acquired
epilepsy. Here, we review this recent body of work, which
largely relates to 3 types of acquired epilepsy: post-traumatic
epilepsy, poststroke epilepsy, and temporal lobe epilepsy with
hippocampal sclerosis.

Post-Traumatic Epilepsy

Traumatic brain injury is an important cause of acquired epi-
lepsy, accounting for 15% of cases and for about 30% of
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acquired epilepsies in those aged 15 to 34 years.> The risk of
developing unprovoked seizures after head trauma is directly
related to the severity of the injury.® Other risk factors include
penetrating injuries, biparietal or multiple brain contusions,
intracranial hemorrhage, frontal or temporal location of the
lesion, age >65 years at the time of injury, and a past history
of depression.® Remarkably, there is ample variability in brain
responses to similar injuries: Most patients will not develop
seizures, some will experience one or few seizures, and others
will have frequent seizures and drug-resistant epilepsy.’ Such a
wide range of variability has been attributed to “constitutional”
or genetic factors influencing the cerebral response to injury.’

Early studies attempted to characterize genetic contributions
to post-traumatic epilepsy by including a family history of sei-
zures or epilepsy in risk factor analyses, yielding conflicting
results.® These studies were hampered by methodological limita-
tions, such as selection bias, small sample size, short follow-up
after head trauma, ambiguous definitions of head trauma or epi-
lepsy, and reliance on patient reporting to collect information
about family history.® These shortcomings were addressed by
Christensen et al,” who conducted a population-based study of
>1.6 million people born in Denmark (1977-2002) to assess the
risk of epilepsy up to >10 years after traumatic brain injury. They
found that the risk of epilepsy following any type of head trauma
was 2.3-fold higher among individuals who had a family history
of epilepsy (defined as having a parent or sibling who had been in
outpatient care or hospitalized with a diagnosis of epilepsy, ascer-
tained using International Classification of Diseases codes) com-
pared to those without such a family history (adjusted relative risk
[95% CI]: 5.73 [4.58-7.16] vs 2.47 [2.31-2.65]). Importantly, a
family history of epilepsy conferred a substantially increased risk
of epilepsy even following mild head trauma (adjusted relative
risk [95% CI]: 5.75 [4.56-7.27]), albeit lower than for severe head
trauma (10.09 [4.20-24.26]).

Variation in a number of genes has been suggested to raise
the risk of post-traumatic epilepsy, including /L-1f (encoding
the pro-inflammatory cytokine interleukin-1pB),'® MTHFR
(encoding the enzyme methylenetetrahydrofolate reductase),'’
SLCIA3 (encoding the neuronal excitatory amino acid trans-
porter 1),'? GADI (encoding the glutamic acid decarboxylase-
67 responsible for y-aminobutyric acid synthesis from
glutamate),"® and genes implicated in adenosine homeostasis
(ADK, NT5E, and A14R; Table 1)."*'> However, these findings
were obtained from small studies which examined selected
single-nucleotide polymorphisms (SNPs) within 1 to 3 genes,
using a hypothesis-driven candidate gene approach. Critically,
no gene association study in post-traumatic epilepsy has
included a replication cohort. Thus, these results should be
viewed as preliminary, requiring validation in larger patient
cohorts. The epilepsy genetics literature comprises many
examples of genes claimed to be associated with epilepsy,
which do not withstand replication.'® This might also be the
case for the suggested increased risk of post-traumatic epilepsy
conferred by the APOE ¢4 allele,'” which was not replicated in
4 other studies (Table 1).'82!

AN I

Poststroke Epilepsy

Stroke is the leading cause of acquired epilepsy, accounting for
almost one-third of acquired epilepsies.’ Its relevance is even
greater in the elderly (age >65 years), where it accounts for 2
of 3 new cases of acquired epilepsy.” Stroke characteristics,
namely stroke severity, cerebral hemorrhage, and cortical
involvement, are the key risk factors for poststroke epilepsy.>
Other suggested risk factors include early seizures, occurring
within 7 days of stroke and younger age at stroke.”

A family history of epilepsy also increases the risk of post-
stroke epilepsy,”**° although to a lesser degree than stroke
characteristics. In a recent Swedish, register-based, cohort
study of 86 550 adults with stroke, the survival-adjusted risk
of late poststroke seizures (ie, seizures occurring more than 7
days after stroke, corresponding in most cases to poststroke
epilepsy) was higher among patients who had >1 first degree
relative with epilepsy compared to those without: 6.8% (95%
CI: 6.2-7.4) versus 5.9% (95% CI: 5.7-6.1) at 2 years and 9.5%
(95% CI: 8.7-10.3) versus 8.2% (95% CI: 8.0-8.4) at 5 years.”
In an analysis adjusting for age, sex, stroke type and number of
relatives, the hazard ratio for late poststroke seizures in patients
with >1 first degree-relative with epilepsy was 1.18 (95% CI:
1.09-1.28). These findings were retained after adjusting for
stroke severity and other potential confounders. In particular,
the authors excluded that the increased risk of late poststroke
seizures conferred by a family history of epilepsy was attribu-
table to a familial predisposition to stroke.

Four studies have explored susceptibility genes for post-
stroke epilepsy (Table 2).2°% Variation in 3 genes was found
to increase the risk of poststroke epilepsy, that is, ALDH?2
(encoding the enzyme mitochondrial aldehyde dehydrogenase
2), CD40 (encoding the costimulatory receptor CD40), and
TRPM6 (encoding the transient receptor potential melastatin
type 6 magnesium-permeable channel).?’*° Each genetic var-
iation was associated with altered serum concentrations of a
specific molecule, which were postulated to mediate its effects
(Table 2). However, these studies had several major limitations
potentially compromising the validity of their findings, includ-
ing small sample sizes; lack of characterization of the stroke
subtype(s) in the study populations; failure to detail the
follow-up after stroke and if there were any differences in
length of follow-up between patients who developed unpro-
voked seizures and those who did not; ambiguous definitions
of poststroke epilepsy; and failure to adjust analyses for poten-
tial confounders. Furthermore, each of these studies examined
a specific SNP only (typically without adequately justifying the
selection) and did not include a replication cohort. Thus, repli-
cation of their results is sorely needed.

Temporal Lobe Epilepsy With Hippocampal
Sclerosis
Hippocampal sclerosis is the most common histopathological

substrate in drug-resistant temporal lobe epilepsy,*® and its
resection or destruction often results in seizure freedom.>! The
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pathogenesis of hippocampal sclerosis has long been debated
and remains incompletely understood. Prolonged febrile sei-
zures, including febrile status epilepticus, have been associated
with acute hippocampal injury and subsequent development of
hippocampal sclerosis and temporal lobe epilepsy.*” In some
children with prolonged febrile seizures, however, there are
preexisting hippocampal abnormalities which may predispose
to hippocampal damage.** The prospective FEBSTAT (Conse-
quences of Prolonged Febrile Seizures in Childhood) study
suggests that both mechanisms may be operative.>*"

Genetic factors are also implicated. Children with their first
febrile seizure had a 3-fold higher risk of presenting with feb-
rile status epilepticus than a simple febrile seizure if they had a
first-degree family history of febrile seizures.** An increased
prevalence of a family history of febrile and afebrile seizures
has been observed in patients with temporal lobe epilepsy and
hippocampal sclerosis.>> Furthermore, a clinically heteroge-
neous form of familial mesial temporal lobe epilepsy, often
characterized by antecedent febrile seizures, hippocampal
sclerosis, and drug resistance, has been described.*®*” In these
families, most individuals with drug-resistant epilepsy and hip-
pocampal sclerosis have favorable seizure outcomes after epi-
lepsy surgery, similarly to sporadic patients.*®

A number of early studies investigated the role of common
susceptibility variants in temporal lobe epilepsy with hippo-
campal sclerosis, suggesting an association with SNPs in the
IL-1p and PRNP genes.**** However, these findings failed to
be replicated in larger cohorts.'® A subsequent 2-stage genome-
wide association study (GWAS) including 1977 cases with
mesial temporal lobe epilepsy and hippocampal sclerosis and
11 143 controls of European Ancestry provided suggestive
evidence for common variation in the SCN/4 gene (encoding
the o-subunit of the type 1 voltage-gated sodium channel) to
increase susceptibility to mesial temporal lobe epilepsy with
hippocampal sclerosis and febrile seizures.*' Recently, the
International League Against Epilepsy (ILAE) Consortium on
Complex Epilepsies published its second meta-analysis of
GWAS:s involving 15 212 cases with epilepsy and 29 677
controls, which identified 2 novel loci for focal epilepsy with
hippocampal sclerosis: 3q25.31, implicating C3orf33,
SLC33A41 or KCNABI, and 6q22.31, implicating the gap junc-
tion gene GJA1.*

A recent study examined the role of rare and de novo var-
iants in mesial temporal lobe epilepsy with hippocampal
sclerosis by applying whole-exome sequencing (WES) to 47
Han Chinese patients, including 23 patient—parent trios.*
Compared to WES data from 692 Han Chinese controls, sig-
nificant enrichment of rare variants was observed in SEC24B, a
gene involved in vesicle trafficking and development. Gene-set
association analysis showed variant enrichment in the fragile X
mental retardation protein—related group of genes. Trio-based
analysis detected 21 de novo variants, many of which have
been implicated in neuropsychiatric disorders. Overall, these
results should be interpreted with caution due to the study’s
small sample size, and their replication in larger cohorts is
awaited.

Other Acquired Epilepsies

Genetic influences have been investigated in other types of
acquired epilepsy. Three independent groups recently
described the association of anti-leucine-rich glioma-
inactivated 1 (anti-LGI1) encephalitis with the human leukocyte
allele (HLA)-II alleles DRBI*07:01 and DQB1%02:02.***¢ Two
groups detected this association by applying selective HLA
genotyping,**** whereas the third group performed a GWAS.*
Remarkably, these findings were obtained despite the
inclusion of only a small number of patients with anti-LGI1
encephalitis in each study (19 Dutch, 11 Korean, and 54 Ger-
man patients, respectively).***® Each study also found other
HLA alleles, that is, DRB4, DQA1*02:01, B*44:03, increased
susceptibility to anti-LGI1 encephalitis, but replication is
warranted.

Most recently, a small study explored genetic contributions
to nodding syndrome, a rare disorder characterized by nodding
head, epileptic seizures, stunted growth, and neurological dete-
rioration, affecting children aged 5 to 16 years in Tanzania,
Uganda, and Republic of South Sudan.*” The disorder has been
linked to an infection by the parasitic worm Onchocerca vol-
vulus.*’ Benedek et al*® analyzed 7 HLA loci in 48 cases with
nodding syndrome versus 51 controls from South Sudan and
suggested that 5 HLA alleles, that is, B*42:01, C*17:01,
DRBI1*03:02, DOB1*04:02, and DQA1*04:01, might confer
protection from the disorder. Due to the limited sample size,
these findings should be viewed as preliminary, requiring repli-
cation in larger cohorts.

Conclusions

Over the past decade or so, there has been progress in elucidat-
ing genetic contributions to acquired epilepsy. Two well-
designed epidemiological studies have quantified the increased
risk of developing unprovoked seizures after a traumatic brain
injury” or stroke® in the setting of a family history of epilepsy.
Many genetic variants have been suggested to increase suscept-
ibility to certain forms of acquired epilepsy. However, most of
these variants were identified in studies which were hampered
by many limitations, including small sample size, unclear def-
initions, and the investigation of only selected genes. There-
fore, replication of these findings is required.

Considering that disease susceptibility alleles have small
effect sizes, large collaborative efforts are needed to assemble
adequately sized cohorts to investigate genetic variants raising
the risk of acquired epilepsy. Large collaborative frameworks
are already a reality in epilepsy genetics research and are lead-
ing important discoveries.**** The application of novel
approaches, such as polygenic risk scores, will also advance
the field.® Undoubtedly, genetic influences in acquired epi-
lepsy are only starting to be unraveled. With the expanding
opportunities to investigate disease susceptibility variants, fur-
ther progress is expected in the upcoming years. This promises
to unlock insights into the underlying mechanisms and enable
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development of targeting medicine to prevent epilepsy follow-
ing acquired brain injury.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Ingrid E. Scheffer

https://orcid.org/0000-0002-2311-2174

References

1.

10.

11.

12.

13.

Olafsson E, Ludvigsson P, Gudmundsson G, Hesdorffer D, Kjar-
tansson O, Hauser WA. Incidence of unprovoked seizures and
epilepsy in Iceland and assessment of the epilepsy syndrome clas-
sification: a prospective study. Lancet Neurol. 2005;4(10):
627-634.

. Christensen J. The Epidemiology of posttraumatic epilepsy.

Semin Neurol. 2015;35(3):218-222.

. Herman ST. Epilepsy after brain insult: targeting epileptogenesis.

Neurology. 2002;59(9 Suppl 5):S21-S26.

. Shorvon SD. The causes of epilepsy: changing concepts of etiol-

ogy of epilepsy over the past 150 years. Epilepsia. 2011;52(6):
1033-1044.

. Hauser WA, Annegers JF, Kurland LT. Incidence of epilepsy and

unprovoked seizures in Rochester, Minnesota: 1935-1984. Epi-
lepsia. 1993;34(3):453-468.

. Pitkanen A, Immonen R. Epilepsy related to traumatic brain

injury. Neurotherapeutics. 2014;11(2):286-296.

. Frey LC. Epidemiology of posttraumatic epilepsy: a critical

review. Epilepsia. 2003;44(s10):11-17.

. Yablon SA. Posttraumatic seizures. Arch Phys Med Rehabil.

1993;74(9):983-1001.

. Christensen J, Pedersen MG, Pedersen CB, Sidenius P, Olsen J,

Vestergaard M. Long-term risk of epilepsy after traumatic brain
injury in children and young adults: a population-based cohort
study. Lancet. 2009;373(9669):1105-1110.

Diamond ML, Ritter AC, Failla MD, et al. IL-1beta associations
with posttraumatic epilepsy development: a genetics and biomar-
ker cohort study. Epilepsia. 2014;55(7):1109-1119.

Scher Al, Wu H, Tsao JW, et al. MTHFR C677 T genotype as a
risk factor for epilepsy including post-traumatic epilepsy in a
representative military cohort. J Neurotrauma. 2011;28(9):
1739-1745.

Kumar RG, Breslin KB, Ritter AC, Conley YP, Wagner AK.
Variability with astroglial glutamate transport genetics is associ-
ated with increased risk for post-traumatic Seizures. J Neuro-
trauma. 2019;36(2):230-238.

Darrah SD, Miller MA, Ren D, et al. Genetic variability in glu-
tamic acid decarboxylase genes: associations with post-traumatic
seizures after severe TBI. Epilepsy Res. 2013;103(2-3):180-194.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

AN I

Wagner AK, Miller MA, Scanlon J, Ren D, Kochanek PM, Con-
ley YP. Adenosine Al receptor gene variants associated with
post-traumatic seizures after severe TBI. Epilepsy Res. 2010;
90(3):259-272.

Diamond ML, Ritter AC, Jackson EK, et al. Genetic variation in
the adenosine regulatory cycle is associated with posttraumatic
epilepsy development. Epilepsia. 2015;56(8):1198-1206.
Cavalleri GL, Lynch JM, Depondt C, et al. Failure to replicate
previously reported genetic associations with sporadic temporal
lobe epilepsy: where to from here? Brain. 2005;128(Pt 8):
1832-1840.

Diaz-Arrastia R, Gong Y, Fair S, et al. Increased risk of late
posttraumatic seizures associated with inheritance of APOE epsi-
lon4 allele. Arch Neurol. 2003;60(6):818-822.

Friedman G, Froom P, Sazbon L, et al. Apolipoprotein E-epsilon4
genotype predicts a poor outcome in survivors of traumatic brain
injury. Neurology. 1999;52(2):244-248.

Anderson GD, Temkin NR, Dikmen SS, et al. Haptoglobin phe-
notype and apolipoprotein E polymorphism: relationship to post-
traumatic seizures and neuropsychological functioning after
traumatic brain injury. Epilepsy Beha. 2009;16(3):501-506.
Miller MA, Conley Y, Scanlon JM, et al. APOE genetic associa-
tions with seizure development after severe traumatic brain
injury. Brain Inj. 2010;24(12):1468-1477.

Raymont V, Salazar AM, Lipsky R, Goldman D, Tasick G, Graf-
man J. Correlates of posttraumatic epilepsy 35 years following
combat brain injury. Neurology. 2010;75(3):224-229.

Ritter AC, Kammerer CM, Brooks MM, Conley YP, Wagner AK.
Genetic variation in neuronal glutamate transport genes and asso-
ciations with posttraumatic seizure. Epilepsia. 2016;57(6):
984-993.

Ferlazzo E, Gasparini S, Beghi E, et al. Epilepsy in cerebrovas-
cular diseases: review of experimental and clinical data with
meta-analysis of risk factors. Epilepsia. 2016;57(8):1205-1214.
Leone MA, Tonini MC, Bogliun G, et al. Risk factors for a first
epileptic seizure after stroke: a case control study. J Neurol Sci.
2009;277(1-2):138-142.

Eriksson H, Wirdefeldt K, Asberg S, Zelano J. Family history
increases the risk of late seizures after stroke. Neurology 2019;
93(21):21964-¢1970.

Balcerzyk A, Nowak M, Kopyta I, et al. Impact of the -174G/C
interleukin-6 (IL-6) gene polymorphism on the risk of paediatric
ischemic stroke, its symptoms and outcome. Folia Neuropathol.
2012;50(2):147-151.

Yang H, Song Z, Yang GP, et al. The ALDH2 rs671 polymorph-
ism affects post-stroke epilepsy susceptibility and plasma 4-HNE
levels. PLoS One. 2014;9(10):¢109634.

Zhang B, Chen M, Yang H, Wu T, Song C, Guo R. Evidence for
involvement of the CD40/CD40 L system in post-stroke epilepsy.
Neurosci Lett. 2014;567:6-10.

Fu CY, Chen SJ, Cai NH, et al. Increased risk of post-stroke
epilepsy in Chinese patients with a TRPM6 polymorphism. Neu-
rol Res 2019;41(4):378-383.

Semah F, Picot MC, Adam C, et al. Is the underlying cause of
epilepsy a major prognostic factor for recurrence? Neurology.
1998;51(5):1256-1262.


https://orcid.org/0000-0002-2311-2174
https://orcid.org/0000-0002-2311-2174
https://orcid.org/0000-0002-2311-2174

Perucca and Scheffer

— AW WAL

31.

32.

33.

34.
35.
36.
37.
38.

39.

40.

Ryvlin P, Cross JH, Rheims S. Epilepsy surgery in children and
adults. Lancet Neurol. 2014;13(11):1114-1126.

Lewis DV, Shinnar S, Hesdorffer DC, et al. Hippocampal sclero-
sis after febrile status epilepticus: the FEBSTAT study. Ann Neu-
rol. 2014;75(2):178-185.

McClelland AC, Gomes WA, Shinnar S, et al. Quantitative eva-
luation of medial temporal lobe morphology in children with
febrile status epilepticus: results of the FEBSTAT study. 4JNR
Am J Neuro Radiol. 2016;37(12):2356-2362.

Hesdorffer DC, Shinnar S, Lewis DV, et al. Risk factors for
febrile status epilepticus: a case-control study. J Ped. 2013;
163(4):1147-1151.el.

Briellmann RS, Torn-Broers Y, Jackson GD, Berkovic SF. Sei-
zures in family members of patients with hippocampal sclerosis.
Neurology. 2001;57(10):1800-1804.

Cendes F, Lopes-Cendes I, Andermann E, Andermann F. Familial
temporal lobe epilepsy: a clinically heterogeneous syndrome.
Neurology. 1998;50(2):554-557.

Kobayashi E, D’ Agostino MD, Lopes-Cendes I, et al. Hippocam-
pal atrophy and T2-weighted signal changes in familial mesial
temporal lobe epilepsy. Neurology. 2003;60(3):405-409.
Kobayashi E, D’Agostino MD, Lopes-Cendes I, et al. Outcome
of surgical treatment in familial mesial temporal lobe epilepsy.
Epilepsia. 2003;44(8):1080-1084.

Kanemoto K, Kawasaki J, Yuasa S, et al. Increased frequency of
interleukin-1beta-511 T allele in patients with temporal lobe epi-
lepsy, hippocampal sclerosis, and prolonged febrile convulsion.
Epilepsia. 2003;44(6):796-799.

Walz R, Castro RM, Velasco TR, et al. Surgical outcome in
mesial temporal sclerosis correlates with prion protein gene var-
iant. Neurology. 2003;61(9):1204-1210.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Kasperaviciute D, Catarino CB, Matarin M, et al. Epilepsy,
hippocampal sclerosis and febrile seizures linked by common
genetic variation around SCN1A. Brain. 2013;136(Pt 10):
3140-3150.

International League Against Epilepsy Consortium on Complex
E. Genome-wide mega-analysis identifies 16 loci and highlights
diverse biological mechanisms in the common epilepsies. Nat
Comm. 2018;9(1):5269.

Wong JKL, Gui H, Kwok M, et al. Rare variants and de novo
variants in mesial temporal lobe epilepsy with hippocampal
sclerosis. Neurol Genet. 2018;4(3):e245.

Van Sonderen A, Roelen DL, Stoop JA, et al. Anti-LGI1 ence-
phalitis is strongly associated with HLA-DR7 and HLA-DRB4.
Ann Neurol. 2017;81(2):193-198.

Kim TJ, Lee ST, Moon J, et al. Anti-LGI1 encephalitis is associated
with unique HLA subtypes. Ann Neurol. 2017;81(2):183-192.
Mueller SH, Farber A, Pruss H, et al. Genetic predisposition in
anti-LGI1 and anti-NMDA receptor encephalitis. 4nn Neurol.
2018;83(4):863-869.

Dowell SF, Sejvar JJ, Riek L, et al. Nodding syndrome. Emerg
Infect Dis. 2013;19(9):1374-1384.

Benedek G, Abed El Latif M, Miller K, et al. Protection
or susceptibility to devastating childhood epilepsy: nodding
syndrome associates with immunogenetic fingerprints in the
HLA binding groove. PLoS Negl Trop Dis. 2020;14(7):
¢0008436.

Epi25 Collaborative. Ultra-rare genetic variation in the epilepsies:
a whole-exome sequencing study of 17,606 individuals. Am J
Hum Genet. 2019;105(2):267-282.

Perucca P, Bahlo M, Berkovic SF. The genetics of epilepsy. Ann
Rev Genomics Hum Genet. 2020;21:205-230.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


