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Introduction: Myelin-oligodendrocyte glycoprotein antibody (MOG)-associated
disorder (MOGAD) is a recently identified immune-mediated inflammatory
disorder of the central nervous system (CNS). The significance of oligoclonal
bands (OCBs) is not fully elucidated. This study investigated the clinical
differences between patients with MOGAD who tested positive or negative for
OCBs.

Methods: The study was conducted on 23 patients with MOG-IgG-seropositivity
who presented with central nervous system (CNS) symptoms. The patients were
screened and divided into OCB-positive (n=10) and OCB-negative (n=13)
groups, and their demographic, clinical, and magnetic resonance imaging
(MRI) features were compared.

Results: The results revealed that patients with OCB-positivity had a significantly
higher frequency of relapse, and their IgG index was significantly higher.

Discussion: OCBs were common in MOGAD met the consensus criteria. The
study concluded that careful treatment decision-making is necessary in MOG
antibody-positive cases with OCB-positivity.
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1 Introduction

Myelin-oligodendrocyte glycoprotein (MOG) antibody-
associated disorder (MOGAD) is a recently identified immune-
mediated inflammatory disorder of the central nervous system
(CNS). Diagnostic criteria for MOGAD have recently been
proposed, further clarifying the disease entity (1). Among these
criteria is the presence of oligoclonal bands (OCBs), which also
strongly indicates the diagnosis of multiple sclerosis (MS).
However, the occurrence of OCB-positive cases among patients
who test positive for MOG antibodies is common (2, 3). OCBs are
clonal immunoglobulins unique to the cerebrospinal fluid (CSF),
and their presence indicates an immune response within the central
nervous system. In MS, which is another immune-mediated CNS
disease, oligoclonal bands are established as useful for diagnosis (4),
whereas in MOGAD, the positivity rate of oligoclonal bands is
reported to be about 10% (2). Therefore, the positivity of oligoclonal
bands can be a factor that makes the differentiation between
MOGAD and MS unclear. In MS positive OCBs are associated
with worse survival outcomes (5-7). The significance of OCBs in
patients positive for MOG antibodies has not been fully elucidated
yet. It is important to investigate whether OCBs are simply a
biomarker suggesting MS or whether inflammation in the CNS
can also be a factor affecting the pathogenesis and prognosis in
MOGAD. Therefore, we studied patients with MOG antibodies who
tested positive for OCBs.

2 Methods

This was a single-center, retrospective, observational study. The
participants were Japanese individuals >18 years of age, who visited
Juntendo University Hospital between January and December 2022,
presented with CNS symptoms (including optic neuritis), and were
MOG-IgG-seropositive. Cerebrospinal fluids (CSF) samples were
collected from all the patients via lumbar puncture. Patients were
divided into the OCB-positive and negative groups, and the
demographic (sex, onset age, disease duration, EDSS, lesion,
clinical course, MOGAD criteria application), clinical laboratory
(CSE cell count, protein level, IgG index, myelin basic protein level),
and magnetic resonance imaging (MRI) data (MS MRI criteria (4)
application, i.e. One or more T2-hyperintense lesions that are
characteristic of MS in two or more of four areas of the CNS:
periventricular, cortical or juxtacortical, and infratentorial brain
regions, and the spinal cord; presence of a longitudinally extensive
lesion over 3 vertebral segments) were compared between the two
study clusters. The participants were evaluated based on the
MOGAD diagnostic criteria (1). The studies involving human
participants were reviewed and approved by ethics committee
guidelines of Juntendo University (No. 2016014). Written
informed consent to participate in this study was provided by
the participants.

Cell-based assay (CBA) for MOG antibody detection was
performed by an external laboratory (Cosmic Corporation,
Tokyo, Japan) according to a previously described method (8).
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Isoelectric focusing and subsequent immunoblotting (LSI
Medience, Tokyo, Japan) were used to determine OCBs. Student’s
t-test for two samples was used to compare the continuous
variables, whereas Fisher’s exact test was used to measure the
frequency of the disease course (relapsing versus monophasic).

3 Results

A total of 23 patients met the selection criteria. Among them, 10
were OCB-positive and 13 were OCB-negative. Baseline patient
characteristics such as sex, age at onset, disease duration, and
Expanded Disability Status Scale (EDSS) scores (9) were not
significantly different between the two patient groups. All the cases
met the supportive criteria for MOGAD diagnosis. However, three
positive cases also met the spatial dissemination criteria for MS
diagnosis on MRI (4), and were classified as red flags. Additionally,
one case each from OCB-positive and negative groups showed disease
progression and met the red-flag criteria (Table 1). Notably, OCB-
positive patients showed a significantly higher frequency of relapse
(p=0.0186; Figure 1); and a significantly higher IgG index (p=0.0381;
Table 2). The difference in relapse frequency regarding OCB status
was also observed in the examination limited to cases meeting the
diagnostic criteria for MOGAD (p=0.0379; Figure 2). The band
number of oligoclonal bands was 5.3 + 2.1. No significant
differences in the MRI criteria for dissemination in space of MS
were observed between the MOG antibody-positive and negative
patients (Table 3). Table 4 describes the conformity of specific
diagnostic criteria for each case, while Figure 3 displays the
representative brain MRI scans of cases that corresponded to the
Red Flags indicated in Table 4.

4 Discussion

This study is the first to examine clinical differences based on
the presence of OCBs in patients with MOG antibody-positive CNS
inflammatory diseases. Notably, the OCB-positive cases had a high
recurrence rate. However, as per the proposed diagnostic criteria,
OCB-positive cases that met the dissemination in space criteria on
MRI were considered as red flags of MOGAD. All of the cases in our
cohort met the supportive criteria; however, three cases in the OCB-
positive group showed spatially disseminated lesions on MRI that
met the diagnostic criteria for MS, and hence were considered red
flags. Additionally, one case in each of the OCB-positive and
negative groups had a progressive course (OCB-positive case also
met the MS-MRI feature) that also met the red flags. Therefore, it is
highly likely that MS was included in the OCB-positive cases of this
study. However, OCB-positive cases are common among patients
who meet the diagnostic criteria for MOGAD. In addition, a
significant tendency for recurrence was observed in OCB-positive
cases, specifically limited to examples thIn addition, we observed a
significant tendency for recurrence in OCB-positive cases, but only
in cases that do not include red flags. Furthermore, there was no
significant difference between the OCB-positive and OCB-negative
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FIGURE 1
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Phenotypic comparison between oligoclonal band (OCB)-positive
and OCB-negative MOG positive cases. Relapsing cases were

significantly more frequent in OCB-positive patients. Fisher's exact
test (n =23). *p < 0.05.

TABLE 1 Patient characteristics and OCB status.

10.3389/fimmu.2023.1211776

cases in meeting the MRI spatial dissemination criteria for MS. The
frequency of LESCL, which is rare in MS and frequently observed in
neuromyelitis optica spectrum disorder (NMOSD) (10) and
MOGAD, was not different between OCB-positive and OCB-
negative groups, suggesting that the presence of OCBs does not
affect the pathophysiology of myelitis. In the differentiation of
MOGAD from MS and NMOSD, Cortese et al. have presented
useful information based on a large database (11-13).

Gastaldi et al. reported that persistent MOG-1gG seropositivity
and high remission titers were associated with an increased risk of
relapse (14), identifying them as risk factors for MOGAD
recurrence. Satukijchai et al. reported that an initial attack of
optic neuritis is also a risk factor for MOGAD relapse (15). In
our cohort, no significant differences in lesion distribution
were observed between the OCB-positive and negative groups.
Huda et al. reported that steroid treatment for more than one
month decreased the relapse rate (16). Chen et al. reported that IVIg
treatment effectively reduces the relapse rate of MOGAD (17).
However, neither report considered the influence of OCB on

Positive %, SD Negative %, SD
n=10 n=13

Female 8 80% 8 62% 16 67%
Onset age 32.0 +9.38 42.8 +15.4 38.1 +14.3
Disease duration (years) 59 +5.0 9.0 +13.2 7.6 10.5
EDSS 2.5 +3.0 2.2 +25 2.4 +27
final visit
EDSSworst 4.0 +23 3.9 +2.1 3.9 +22
Lesion
Optic nerve 4 40% 9 69% 13 57%
Brain 7 70% 8 62% 15 65%
Spinal cord 4 40% 8 62% 12 52%
Clinical course
Monophasic 3 30% 11 84% 14 61%
Relapsing 6 60% 1 8% 7 30%
Progressive 1 10% 1 8% 2 9%
Meet the red flags (1) 3/10 30% 1/13 8% 4/23 17%

OCB, oligoclonal band; SD, standard deviation; EDSS, expanded disability severity scale.

TABLE 2 OCB status and CSF parameters.

Positive

n=10

Negative
n=13

CSF cells
(/uL)

CSF protein
(mg/dL)

IgG index

MBP
(pg/mL)

18.8

0.75

442.6

+139

+0.26

+718.0

42.8

0.57

227.3

+74.0 NS 253 +58.2
+ 154 NS 38.1 +14.3
+0.83 <0.05 0.63 +0.19
+559.1 NS 229.0 +628.7

OCB, oligoclonal band; SD, standard deviation; CSF, cerebrospinal fluid; NS, not significant; MBP, myelin basic protein.

Frontiers in Immunology

03

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1211776
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tomizawa et al. 10.3389/fimmu.2023.1211776

relapse rate. In accordance with the treatment protocol for
20 NMOSD, we followed maintenance steroid therapy in our
mm Relapsing .
study, regardless of the presence of OCB; therefore, we
154 * =3 Non-relapsing determined that any difference in treatment would not affect the
— outcome of this study. The presence of OCB is reported to be a poor
prognostic factor for MS (6, 7). Although there is limited mention of
10 the clinical implications of OCB positivity in MOGAD, Cobo-Calvo
et al. found an association between OCB positivity and relapsing
5 transverse myelitis, as well as the MS-like/optico-spinal
phenotype (18).
A limitation of this study is that it was conducted at a single

0~ OCB+ OCB- center with a relatively small number of cases. Since we did not
Excluding cases match the background due to the rarity of the disease, there is a

that meet the red flags criteria possibility that it may have affected the results of this study.
FIGURE 2 Although the MOG antibody measurement method used in this
Phenotypic comparison between oligoclonal band (OCB)-positive study is included in the MOGAD diagnostic criteria, the lack of
and OCB-negative only in cases that do not include red flags. antibody titers may have affected the research results. The high

Relapsing cases were significantly more frequent in OCB-positive . .
patients. Fisher's exact test (n =19). *p < 0.05. prevalence of OCB-positivity suggests that it may not accurately

reflect the overall pathology of MOGAD.

TABLE 3 OCB status and Spatial dissemination in MRl is a criterion for the diagnosis of MS.

Positive Negative

n=10 n=13
Periventricular 4 40% 3 40% 7 30%
Infratentorial 4 40% 4 40% 8 35%
Spinal cord 4 40% 7 40% 11 48%
Cortical, juxtacortical 4 40% 3 50% 7 30%
Meets 2 or more criteria 3 30% 5 38% 8 35%
LESCL 3 30% 3 23% 6 26%

OCB, oligoclonal band; MS, multiple sclerosis; LESCL, longitudinally extensive spinal cord lesion over 3 vertebral segments.

TABLE 4 Conformity of specific diagnostic criteria.

Dissemination in space by MRI for MS

Initial Supporting clinical or

Red flags : .
. . Cortical or . Spinal  two or
g | Wl Ve Periventricular . ; Infratentorial P
juxtacortical cord more
Optic thic neuritis; l'Jil.ateral
()1 . simultaneous clinical _ _ _ _ _
neuritis .
involvement
Opti itis; bilateral
Optic -p ic neuritis; -1 ‘a er:
(-)2 . simultaneous clinical - - _ T _
neuritis .
involvement
Optic thic neuritis; l?il.ateral
(-)3 L. simultaneous clinical - - - + _
neuritis )
involvement
4 Optic Optic neuritis; longitudinal optic
neuritis nerve involvement

(Continued)
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TABLE 4 Continued
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Dissemination in space by MRI for MS

Initial Supporting clinical or Red flags
symptom  MRI features Periventricular Fjortlcal o Infratentorial SiglEl e @)
juxtacortical cord more
5 Myelitis Myel'it'is; longitudinally extensive B ~ ~ . B
myelitis
Opti itis; bilateral
Optic -p ic neuritis; -1 :a er:
(-)6 . simultaneous clinical - - + - -
neuritis .
involvement
07 Optic Optic neuritis; longitudinal optic .
neuritis nerve involvement
Optic Optic neuritis; perineural optic
()8 . - - - - -
neuritis sheath enhancement
9 Optic Optic neuritis; longitudinal optic
neuritis nerve involvement
()10 Myeliti Myel'it.is; longitudinally extensive B ~ ~ . B
myelitis
Optic neuritis; bilateral
(-)11 Myelitis simultaneous clinical - - - - -
involvement
Opti itis; bilateral
Optic 'p ic neuritis; '1 .a eral
()12 . simultaneous clinical - - - - -
neuritis .
involvement
Opti P i
(-)13 P l,c_ Myelitis; H-sign rogressive + + + + +
neuritis course*
1ll-defined T2-hyperintensi
(H)1 Brainstem . ¢ ‘ne yperintensity - - - - -
involving pons
(+)2 Epilepsy Cortical lesion - + - - -
Optic
3 Myelitis; H-si - - - - -
) neuritis yeltis; H-sigh
Optic Optic neuritis; perineural optic
(+)4 . - + - - -
neuritis sheath enhancement
(+)5 Myelitis Myelitis; conus lesion - - - + -
(+)6 Myelitis Myelitis; H-sign - - - + -
(+)7 Brainstem Cortical lesion - - + - -
DIS in MS-MRI
(+)8 Myelitis Cortical lesion K lfl - + - + +
criteria*®
DIS in MS-MRI
(+)9 Myelitis Myelitis; Central cord lesion . lfl + - - + +
criteria®
Progressive
(+)10 Myelitis Myelitis; conus lesion course, DIS in + + + + +
MRI*

OCB, oligoclonal band; DIS, dissemination in space; MS, multiple sclerosis. *The representative MRI findings are presented in Figure 3.

In conclusion, MOG antibody-positive cases with OCB
positivity require careful treatment decision-making, i.e., whether
to administer more potent classical immunosuppressive therapy or
to initiate disease-modifying therapy for MS. Borderline cases
between MOGAD and MS are often encountered in daily clinical
practice. The new MOGAD diagnostic criteria have raised
awareness of the need to exclude MS in diagnosis. However, there

Frontiers in Immunology

is still insufficient data to say that all cases that meet the red flags are
MOGAD and not MS. Similarly, MS can also exhibit spinal cord
lesions characteristic of MOGAD. In this study, true MOGAD was
considered to be included in MOG-positive and OCB-positive cases
that met the red flags of the MOGAD criteria. It was considered that
detecting such cases in the future would be a challenge. Moreover,
MS is a heterogeneous group of diseases without specific
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FIGURE 3

The representative brain MRI of cases that corresponded to the Red Flags indicated in Table 4. (A) OCB-negative-13, (B) OCB-positive-8, (C) OCB-

positive-9, (D) OCB-positive-10

biomarkers, and examining the group of cases with positive MOG
antibodies and positive OCBs may lead to elucidation of the
pathophysiology of inflammatory diseases of the CNS, including
MS, as a spectrum. This study is a retrospective study of a small
number of cases, and it is insufficient to draw conclusions as
scientific data. Further accumulation of cases is necessary.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by ethics committee guidelines of Juntendo University

Frontiers in Immunology

(No. 2016014). Written informed consent to participate in this
study was provided by the participants.

Author contributions

YT contributed in conception and design of the study and
acquisition of data. YH, RK, KY, YT, DC, and NH performed the
analysis and interpretation of data. YT wrote the first draft of the
manuscript. All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1211776
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tomizawa et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Banwell B, Bennett JL, Marignier R, Kim HJ, Brilot F, Flanagan EP, et al.
Diagnosis of myelin oligodendrocyte glycoprotein antibody-associated disease:
international MOGAD panel proposed criteria. Lancet Neurol (2023) 22(3):268-282.
doi: 10.1016/S1474-4422(22)00431-8

2. Jarius S, Pellkofer H, Siebert N, Korporal-Kuhnke M, Hummert MW, Ringelstein
M, et al. Cerebrospinal fluid findings in patients with myelin oligodendrocyte
glycoprotein (MOG) antibodies. part 1: results from 163 lumbar punctures in 100
adult patients. J Neuroinflamm (2020) 17(1):261. doi: 10.1186/s12974-020-01824-2.

3. Nakamura M, Ogawa R, Fujimori ], Uzawa A, Sato Y, Nagashima K, et al.
Epidemiological and clinical characteristics of myelin oligodendrocyte glycoprotein
antibody-associated disease in a nationwide survey. Mult Scler (2023) 29(4-5):530-539.
13524585231156736. doi: 10.1177/13524585231156736

4. Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al.
Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet
Neurology (2018) 17(2):162-73. doi: 10.1016/S1474-4422(17)30470-2

5. Dobson R, Ramagopalan S, Davis A, Giovannoni G. Cerebrospinal fluid
oligoclonal bands in multiple sclerosis and clinically isolated syndromes: a meta-
analysis of prevalence, prognosis and effect of latitude. ] Neurol Neurosurg Psychiatry
(2013) 84(8):909-14. doi: 10.1136/jnnp-2012-304695

6. Joseph FG, Hirst CL, Pickersgill TP, Ben-Shlomo Y, Robertson NP, Scolding NJ. CSF
oligoclonal band status informs prognosis in multiple sclerosis: a case control study of 100
patients. ] Neurol Neurosurg Psychiatry (2009) 80(3):292-6. doi: 10.1136/jnnp.2008.150896

7. Karrenbauer VD, Bedri SK, Hillert J, Manouchehrinia A. Cerebrospinal fluid
oligoclonal immunoglobulin gamma bands and long-term disability progression in
multiple sclerosis: a retrospective cohort study. Sci Rep (2021) 11(1):14987. doi:
10.1038/541598-021-94423-x

8. Takai Y, Misu T, Kaneko K, Chihara N, Narikawa K, Tsuchida S, et al. Myelin
oligodendrocyte glycoprotein antibody-associated disease: an immunopathological
study. Brain (2020) 143(5):1431-46. doi: 10.1093/brain/awaal02

9. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability
status scale (EDSS). Neurology (1983) 33(11):1444-52. doi: 10.1212/WNL.33.11.1444

Frontiers in Immunology

07

10.3389/fimmu.2023.1211776

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. Cacciaguerra L, Meani A, Mesaros S, Radaelli M, Palace ], Dujmovic-Basuroski
I, et al. Brain and cord imaging features in neuromyelitis optica spectrum disorders.
Ann Neurol (2019) 85(3):371-84. doi: 10.1002/ana.25411

11. Cortese I, Reich DS, Nath A. Progressive multifocal leukoencephalopathy and
the spectrum of JC virus-related disease. Nat Rev Neurol (2021) 17(1):37-51. doi:
10.1038/s41582-020-00427-y

12. Cortese R, Battaglini M, Prados F, Bianchi A, Haider L, Jacob A, et al. Clinical
and MRI measures to identify non-acute MOG-antibody disease in adults. Brain (2022)
146(6):2489-2501. doi: 10.1093/brain/awac480

13. Cortese R, Prados Carrasco F, Tur C, Bianchi A, Brownlee W, De Angelis F, et al.
Differentiating multiple sclerosis from AQP4-neuromyelitis optica spectrum disorder
and MOG-antibody disease with imaging. Neurology (2023) 100(3):e308-€23. doi:
10.1212/WNL.0000000000201465

14. Gastaldi M, Foiadelli T, Greco G, Scaranzin S, Rigoni E, Masciocchi S, et al.
Prognostic relevance of quantitative and longitudinal MOG antibody testing in patients
with MOGAD: a multicentre retrospective study. ] Neurol Neurosurg Psychiatry (2023)
94(3):201-10. doi: 10.1136/jnnp-2022-330237

15. Satukijchai C, Mariano R, Messina S, Sa M, Woodhall MR, Robertson NP, et al.
Factors associated with relapse and treatment of myelin oligodendrocyte glycoprotein
antibody-associated disease in the united kingdom. JAMA Netw Open (2022) 5(1):
€2142780. doi: 10.1001/jamanetworkopen.2021.42780

16. Huda S, Whittam D, Jackson R, Karthikeayan V, Kelly P, Linaker S, et al.
Predictors of relapse in MOG antibody associated disease: a cohort study. BMJ Open
(2021) 11(11):2055392. doi: 10.1136/bmjopen-2021-055392

17. ChenJJ, Huda S, Hacohen Y, Levy M, Lotan I, Wilf-Yarkoni A, et al. Association
of maintenance intravenous immunoglobulin with prevention of relapse in adult
myelin oligodendrocyte glycoprotein antibody-associated disease. JAMA Neurol
(2022) 79(5):518-25. doi: 10.1001/jamaneurol.2022.0489

18. Cobo-Calvo A, Sepulveda M, Rollot F, Armangue T, Ruiz A, Maillart E, et al.
Evaluation of treatment response in adults with relapsing MOG-ab-associated disease. |
Neuroinflammation (2019) 16(1):134. doi: 10.1186/s12974-019-1525-1

frontiersin.org


https://doi.org/10.1016/S1474-4422(22)00431-8
https://doi.org/10.1186/s12974-020-01824-2.
https://doi.org/10.1177/13524585231156736
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1136/jnnp-2012-304695
https://doi.org/10.1136/jnnp.2008.150896
https://doi.org/10.1038/s41598-021-94423-x
https://doi.org/10.1093/brain/awaa102
https://doi.org/10.1212/WNL.33.11.1444
https://doi.org/10.1002/ana.25411
https://doi.org/10.1038/s41582-020-00427-y
https://doi.org/10.1093/brain/awac480
https://doi.org/10.1212/WNL.0000000000201465
https://doi.org/10.1136/jnnp-2022-330237
https://doi.org/10.1001/jamanetworkopen.2021.42780
https://doi.org/10.1136/bmjopen-2021-055392
https://doi.org/10.1001/jamaneurol.2022.0489
https://doi.org/10.1186/s12974-019-1525-1
https://doi.org/10.3389/fimmu.2023.1211776
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Comparing clinical and imaging features of patients with MOG antibody-positivity and with and without oligoclonal bands
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


