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Short Communication

Selected cytotoxic T lymphocytes with high
speci�city for HTLV-I in cerebrospinal �uid
from a HAM/TSP patient

Ryuji Kubota, Samantha S Soldan, Roland Martin, and Steven Jacobson

Neuroimmunology Branch, National Institute of Neurological Disorders and Stroke, National Institutes of Health,
Bethesda, Maryland, USA

Human T lymphotropic virus type I (HTLV-I)-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) is a chronic in�ammatory disease of the spinal
cord in which HTLV-I Tax-speci�c cytotoxic T lymphocytes (CTL) have been
suggested to be immunopathogenic. However, it is unknown whether the HTLV-
I-speci�c CTL in the central nervous system differ from those in the periph-
ery. We investigated functional T-cell receptor diversity in HTLV-I Tax11-19-
speci�c CTL clones derived from peripheral blood and cerebrospinal �uid
(CSF) of a HAM/TSP patient using analogue peptides of the viral antigen.
CTL responses to the analogue peptides varied between T-cell clones, how-
ever, CTL clones from CSF showed limited recognition of the peptides when
compared to those from peripheral blood. This suggests that CTL with highly
focused speci�city for HTLV-I Tax accumulate in the CSF and may contribute
to the pathogenesis of HAM/TSP. Furthermore, this study provides a rationale
for analogue peptide-based immunotherapeutic strategies focusing on the im-
munopathogenic T-cells in HTLV-I-associated neurologic disease. Journal of
NeuroVirology (2002) 8, 53–57.
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Introduction

Human T lymphotropic virus type I (HTLV-I) is the
causative agent of HTLV-I-associated myelopathy/
tropical spastic paraparesis (HAM/TSP) (Gessain
et al, 1985; Osame et al, 1986, 1987). HAM/TSP
patients show spastic gait and urinary distur-
bance with mild sensory disturbance (Osame et al,
1987). The disease is pathologically characterized
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by perivascular in�ammatory cell in�ltration with a
predominance of CD8C lymphocytes in the spinal
cord (Umehara et al, 1993). In such lesions, HTLV-
I-speci�c CD8C cytotoxic T lymphocytes (CTL) and
expression of HTLV-I gene products have also been
shown (Moritoyo et al, 1996; Levin et al, 1997).
HTLV-I Tax11-19 is an immunodominant epitope in
human leukocyte antigen (HLA)-A¤0201 HAM/TSP
patients, in which the frequency of circulating
HTLV-I Tax11-19-speci�c CD8C T-cells can be as high
as 14% of the CD8C T-cell population (Jacobson
et al, 1990; Kubota et al, 1998). Importantly, the
frequency of virus-speci�c T-cells is even higher in
the cerebrospinal �uid (CSF) than in the peripheral
blood of HAM/TSP patients, suggesting that HTLV-
I-speci�c CTL may accumulate in in�ammatory
lesions (Greten et al, 1998). These studies support the
view that the virus-speci�c CD8C CTL may have an
immunopathogenic role in the in�ammatory lesions
of HAM/TSP patients (Jacobson, 1996).
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To design an immunotherapeutic strategy focusing
on T-cell receptor (TCR) of the pathogenic T-cells
in HAM/TSP, it is crucial to know if there is
skewed TCR usage in the in�ammatory site. Sequenc-
ing analysis has revealed heterogeneity of TCR in
HTLV-1 Tax-speci�c CTL clones from peripheral
blood mononuclear cells (PBMC) (Utz et al, 1996).
Also, in patients with multiple sclerosis (MS), it
has been shown that the TCR sequence repertoire
in myelin basic protein-speci�c T-cells is diversi-
�ed (Utz et al, 1994). However, recent immunological
studies have clearly shown that T-cells with struc-
turally different TCR can recognize the same antigen
(Hemmer et al, 1997; Ding et al, 1998; Gran et al,
1999). Therefore, it is clinically relevant to de�ne
functional TCR diversity rather than structural TCR
diversity of potentially immunopathogenic T-cells.
Altered peptide ligands (APL) are analogue peptides
modi�ed at TCR contact residues of an antigenic pep-
tide, which can act as a TCR agonist to a partial ag-
onist or an antagonist for given T-cells (Evavold and
Allen, 1991; Kubota et al, 2000). Therefore, APL may
have the potential to manipulate T-cell function in
vivo and to alter the outcome in human diseases such
as MS, as recently demonstrated (Bielekova et al,
2000; Kappos et al, 2000). Furthermore, APL can
be used as a powerful tool to study detailed func-
tional T-cell speci�city to the antigen (Hemmer et al,
1997; Kubota et al, 2000). In this study, we compared
functional TCR diversity in HTLV-I Tax-speci�c CTL
clones derived from PBMC and CSF of a HAM/TSP
patient using APLs of the viral antigen.

To compare HTLV-I Tax-speci�c TCR diversity be-
tween cells in the CSF and peripheral blood, a panel
of T-cell clones were generated from an HLA-A¤0201
HAM/TSP patient known to have strong HTLV-I
Tax11-19-speci�c T-cell response in these compart-
ments (Greten et al, 1998; Kubota et al, 1998). The
HLA-A¤0201 HAM/TSP patient had typical neuro-
logical symptoms with 19 years’ duration of disease
and HTLV-I seropositivity con�rmed by Western blot
as described previously (Osame et al, 1987; Greten
et al, 1998). Lymphocytes were isolated from hep-
arinized peripheral blood by Ficoll-Hypaque cen-
trifugation. Cerebrospinal �uid was obtained atrau-
matically. CD8C cells from the PBMC were seeded
at a concentration of 0.3–1.0 £ 102 cells per 100
wells in a 96-well U-bottom plate with irradiated
PBMC prepulsed with HTLV-I Tax11-19. CSF cells
were directly seeded into wells at a concentration of
0.3–1.0 £ 102 cells per 100 wells in the same cul-
ture condition. Fourteen HTLV-I Tax11-19-speci�c
CTL clones from peripheral blood (PBMC-CTL) and
13 CTL clones from CSF (CSF-CTL) were established.

The CTL assay was performed using Europium,
a lanthanide whose chelates of bis(acetoxymethyl)-
2,20,60,200-terpyridine-6,6 00-dicarboxylate (BATDA)
have a long �uorescence decay time used for
time-resolved �uorometry, as previously described
(Kubota et al, 2000). Brie�y, HLA-A¤0201-transfected

target cells were labeled with Europium, and pulsed
with 1 ¹M HTLV-I Tax11-19 or APLs. Three thousand
target cells were transferred to wells in a 96-well
plate. The same number of effector cells in medium,
medium alone, or 1% Triton X-100 was added
to the wells. After a 3-h incubation at 37±C, the
�uorescence intensity of the chelates formed by
Europium and the �uorescence-enhancing ligand
was measured by a �uorometer (DELFIA1234;
Wallac). The percent speci�c lysis was calculated
with the following formula: (experimental release ¡
spontaneous release)=(maximum release ¡ sponta-
neous release) £ 100. Relative CTL response to APL
against to HTLV-I Tax11-19 was given by the follow-
ing formula: (speci�c lysis to APL)=(speci�c lysis to
HTLV-I Tax11-19) £ 100. The assay was conducted
in triplicate. Analysis of variance (ANOVA) with
Bonferroni correction was the statistical method
used to compare the speci�c lysis for APL with that
for native Tax11-19 peptide in PBMC or CSF-derived
CTL clones. Mann–Whitney U-test was used to
compare the relative CTL response in PBMC-CTL
clones with that in CSF-CTL clones to each APL. P
values less than 0.05 were considered statistically
signi�cant. Initially, titration of the native HTLV-I
Tax11-19 peptide demonstrated that CTL responses
of each T-cell clone reached a plateau at 10 nM
(data not shown). Therefore, all CTL assays were
performed using 1 ¹M of peptide. To test whether
killing activities to HTLV-I Tax11-19-prepulsed
targets differed between clones derived from PBMC
and CSF, speci�c lysis of HTLV-I Tax peptide-pulsed
targets were measured. The percent speci�c lysis
to HTLV-I Tax11-19 was not statistically different
between PBMC-CTL and CSF-CTL (mean § SD were
51.3 § 15.6% and 54.2 § 12.8%, respectively, data
not shown), suggesting that there was no apparent
difference in cytolytic activity to the Tax peptide
between CTL in the periphery and in the CSF.

The amino acid sequence of HTLV-I Tax11-19 is
LLFGYPVYV (Kubota et al, 1998). We synthesized
L-alanine-substituted peptides at positions 4, 5, 6,
and 8, which are expected as TCR binding positions
(Ding et al, 1998). They were designated as G4A,
Y5A, P6A, and Y8A, respectively. In�uenza virus M1
peptide (GILGFVFTL) was used as a control peptide
that binds to HLA-A2 (Utz et al, 1996). To determine
functional TCR diversity in CTL derived from PBMC
and CSF, CTL responses to a panel of APL were de-
termined for each T-cell clone. Figure 1 represents
CTL responses to native Tax11-19 peptide and APL
pulsed targets from 2 HTLV-I Tax11-19-speci�c CTL
clones. PBMC-derived T-cell clone N1104 strongly
recognized targets pulsed with native Tax peptide,
G4A, and P6A; moderately recognized targets pulsed
with Y8A; and weakly lysed targets pulsed with Y5A.
By contrast, clone N722 derived from CSF only rec-
ognized the native Tax11-19 peptide-pulsed targets.
As shown in Figure 2, analysis of a larger panel
of PBMC- and CSF-CTL clones demonstrated that
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CTL recognition of APL varied between T-cell clones.
Results are plotted as cytolytic responses of CTL to
APL pulsed targets relative to the native Tax11-19 re-
sponse. In PBMC-CTL clones, only the recognition of

Figure 1 Representative speci�c lysis of HTLV-I Tax11-19- and
APL-pulsed targets by HTLV- I Tax11-19-speci�c CTL clones
N1104 and N722 established from peripheral blood and CSF, re-
spectively (mean § SD). G4A, Y5A, P6A and Y8A are analogue
peptides of HTLV-I Tax11-19 in which a single amino acid is sub-
stituted by alanine (e.g., in G4A, glycine at fourth position of the
HTLV-I Tax11-19 is exchanged to alanine). M1 is a control peptide
derived from in�uenza virus that binds to HLA-A¤0201 and NP in-
dicates no peptide. Asterisk indicates that the speci�c lysis to APL
is signi�cantly decreased when compared to that to HTLV-I Tax11-
19 in each T-cell clone. CTL assay was conducted in triplicate at
the effector to target ratio of 1 to 1.

Figure 2 CTL responses to APLs in HTLV-I Tax11-19-speci�c CTL clones derived from peripheral blood and CSF of a HAM/TSP patient.
Open and closed circles indicate relative CTL responses of T-cell clones from peripheral blood (nD 14) and CSF (nD 13), respectively.
The relative CTL response is de�ned as the lysis of a given CTL clone to an APL-pulsed targets divided by the lysis of the clone against
the HTLV-I Tax11-19-pulsed targets. Asterisk indicates that the percent speci�c lysis to APL is signi�cantly decreased when compared
to that to HTLV-I Tax11-19 in PBMC- or CSF-CTL clone groups (by ANOVA with Bonferroni correction, P < 0:0033). The horizontal bar
indicates the average of relative cytolysis to APL in each clone group. The recognition of P6A and Y8A was signi�cantly decreased in
CSF-CTL clones compared with that in PBMC-CTL clones by Mann–Whitney U-test (P D 0:008 and P D 0:006, respectively). The percent
speci�c lysis to HTLV-I Tax11-19 ranged from 23 to 81% and was not different between PBMC- and CSF-CTL clones (mean § SD were
51:3 § 15:6% and 54:2 § 12:8%, respectively).

Y5A and Y8A was signi�cantly decreased as com-
pared to that of the native Tax 11-19 peptide (as-
terisk in Figure 2), while in CSF-CTL clones, the
recognition of all the APL were decreased (asterisk in
Figure 2). Moreover, when we compared the relative
CTL response to APL between PBMC- and CSF-CTL
clones, the average of the CTL responses to all the
APL in the CSF-CTL clones were lower than those
from the PBMC-derived CTL clones, and the recogni-
tion of P6A and Y8A was signi�cantly decreased in
CSF-CTL clones (Figure 2). This indicates that CTL
responses to APL in CSF-derived T-cell clones may
not be tolerated well as compared to those derived
from the PBMC, suggesting that CTL with restricted
recognition for HTLV-I Tax11-19 accumulate in the
CSF of the HLA-A¤0201 HAM/TSP patient.

Possible explanations for why HTLV-I-speci�c T-
cells with increased speci�city accumulate in the
CSF include: 1) antigen-speci�c T-cells with highly
focused speci�city could be recruited into the cen-
tral nervous system (CNS) from the periphery or
2) T-cells with enhanced speci�city to the antigen
could readily expand in the CNS. Further studies in-
cluding comparisons of heterogeneity in the viral se-
quences and of viral activation state between CTL in
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PBMC and CNS would be needed to distinguish be-
tween these possibilities. It has been reported that
frequency of HTLV-I-speci�c CD8C T-cells is higher
in CSF than in the periphery and that HTLV-I-infected
CD4C cells expressing HTLV-I Tax protein are in-
creased in CSF when compared to that in PBMC of
HAM/TSP patients (Greten et al, 1998; Moritoyo et al,
1999). Therefore, both HTLV-I-infected CD4C cells
and virus-speci�c CD8C CTL accumulate in the CNS
of HAM/TSP patients and are activated at the in�am-
matory site. In such lesions, CTL with highly focused
speci�city for HTLV-I may play a crucial role in the
pathogenesis of the disease. If so, inactivation or de-
pletion of the HTLV-I-speci�c CTL in the in�amma-
tory site may be clinically bene�cial.

A large body of evidence indicates that T-cell recog-
nition is degenerate and more promiscuous than
previously considered (Evavold and Hemmer, 1991;
Hemmer et al, 1997; Gran et al, 1999). This opens

the possibilities that modi�cations of T-cell func-
tions by APL may result in increased activation or
inhibition of these functions and potentially alter
the outcome of immune-mediated human diseases.
However, heterogeneity of TCR repertoire of antigen-
speci�c T-cells in immune-mediated diseases such as
MS may make it dif�cult to design an immunother-
apy targeting TCR/antigen/HLA complex (Utz et al,
1994; Bielekova et al, 2000; Kappos et al, 2000). In
HAM/TSP patients, the TCR sequence analysis of
the peripheral HTLV-I Tax11-19-speci�c T-cells re-
vealed that TCR usage is diversi�ed (Utz et al, 1996).
In our patient, HTLV-I Tax-speci�c CTL demon-
strated diverse recognition of APL in PBMC. How-
ever, CTL from the CSF had enhanced �ne speci-
�city for the antigen as compared to those from
the periphery. Therefore, a TCR-targeting therapy
may be appropriate in HTLV-I-associated neurologic
disease.

References

Bielekova B, Goodwin B, Richert N, Cortese I, Kondo T,
Afshar G, Gran B, Eaton J, Antel J, Frank JA, McFarland
HF, Martin R (2000). Encephalitogenic potential of the
myelin basic protein peptide (amino acids 83–99) in
multiple sclerosis: results of a phase II clinical trial with
an altered peptide ligand. Nat Med 6: 1167–1175.

Ding YH, Smith KJ, Garboczi DN, Utz U, Biddison WE,
Wiley DC (1998). Two human T-cell receptors bind in
a similar diagonal mode to the HLA-A2/Tax peptide
complex using different TCR amino acids. Immunity 8:
403–411.

Evavold BD, Allen PM (1991). Separation of IL-4 produc-
tion from Th cell proliferation by an altered T-cell re-
ceptor ligand. Science 252: 1308–1310.

Gessain A, Barin F, Vernant JC, Gout O, Maurs L,
Calender A, de The G (1985). Antibodies to human
T-lymphotropic virus type-I in patients with tropical
spastic paraparesis. Lancet 2: 407–410.

Gran B, Hemmer B, Vergelli M, McFarland HF, Martin R
(1999). Molecular mimicry and multiple sclerosis: de-
generate T-cell recognition and the induction of autoim-
munity. Ann Neurol 45: 559–567.

Greten TF, Slansky JE, Kubota R, Soldan SS, Jaffee EM,
Leist TP, Pardoll DM, Jacobson S, Schneck JP (1998).
Direct visualization of antigen-speci�c T-cells: HTLV-1
Tax11-19-speci�c CD8C T-cells are activated in periph-
eral blood and accumulate in cerebrospinal �uid from
HAM/TSP patients. Proc Natl Acad Sci USA 95: 7568–
7573.

Hemmer B, Vergelli M, Tranquill L, Conlon P, Ling N,
McFarland HF, Martin R (1997). Human T-cell re-
sponse to myelin basic protein peptide (83-99): exten-
sive heterogeneity in antigen recognition, function, and
phenotype. Neurology 49: 1116–1126.

Jacobson S (1996). Cellular immune responses to HTLV-
I: immunopathogenic role in HTLV-I-associated neuro-
logic disease. J Acquir Immune De�c Syndr Hum Retro-
virol 13: S100–S106, Suppl. 1.

Jacobson S, Shida H, McFarlin DE, Fauci AS, Koenig S
(1990). Circulating CD8C cytotoxic T lymphocytes spe-

ci�c for HTLV-I pX in patients with HTLV-I associated
neurological disease. Nature 348: 245–248.

Kappos L, Comi G, Panitch H, Oger J, Antel J, Conlon P,
Steinman L, the altered peptide ligand in relapsing MS
study group (2000). Induction of a non-encephalitogenic
type 2 T helper-cell autoimmune response in multiple
sclerosis after administration of an altered peptide lig-
and in a placebo-controlled, randomized phase II trial.
Nat Med 6: 1176–1182.

Kubota R, Kawanishi T, Matsubara H, Manns A, Jacobson S
(1998). Demonstration of human T lymphotropic virus
type I (HTLV-I) tax-speci�c CD8C lymphocytes directly
in peripheral blood of HTLV-I-associated myelopathy/
tropical spastic paraparesis patients by intracellular cy-
tokine detection. J Immunol 161: 482–488.

Kubota R, Soldan SS, Martin R, Jacobson S (2000). An al-
tered peptide ligand antagonizes antigen-speci�c T cells
of patients with human T lymphotropic virus type I-
associated neurological disease. J Immunol 164: 5192–
5198.

Levin MC, Lehky TJ, Flerlage AN, Katz D, Kingma
DW, Jaffe ES, Heiss JD, Patronas N, McFarland HF,
Jacobson S (1997). Immunologic analysis of a spinal
cord-biopsy specimen from a patient with human T-cell
lymphotropic virus type I-associated neurologic disease.
N Engl J Med 336: 839–845.

Moritoyo T, Izumo S, Moritoyo H, Tanaka Y, Kiyomatsu Y,
Nagai M, Usuku K, Sorimachi M, Osame M (1999). De-
tection of human T-lymphotropic virus type I p40tax
protein in cerebrospinal �uid cells from patients
with human T-lymphotropic virus type I-associated
myelopathy/tropical spastic paraparesis. J NeuroVirol 5:
241–248.

Moritoyo T, Reinhart TA, Moritoyo H, Sato E, Izumo S,
Osame M, Haase AT (1996). Human T-lymphotropic
virus type I-associated myelopathy and tax gene expres-
sion in CD4C T lymphocytes. Ann Neurol 40: 84–90.

Osame M, Matsumoto M, Usuku K, Izumo S, Ijichi N,
Amitani H, Tara M, Igata A (1987). Chronic progres-
sive myelopathy associated with elevated antibodies to



Cytotoxic T lymphocytes

R Kubota et al 57

human T-lymphotropic virus type I and adult T-cell
leukemialike cells. Ann Neurol 21: 117–122.

Osame M, Usuku K, Izumo S, Ijichi N, Amitani H, Igata
A, Matsumoto M, Tara M (1986). HTLV-I associated
myelopathy, a new clinical entity. Lancet 1: 1031–
1032.

Umehara F, Izumo S, Nakagawa M, Ronquillo AT,
Takahashi K, Matsumuro K, Sato E, Osame M (1993). Im-
munocytochemical analysis of the cellular in�ltrate in
the spinal cord lesions in HTLV-I-associated myelopa-
thy. J Neuropathol Exp Neurol 52: 424–430.

Utz U, Banks D, Jacobson S, Biddison WE (1996). Anal-
ysis of the T-cell receptor repertoire of human T-cell
leukemia virus type 1 (HTLV-1) Tax-speci�c CD8C cy-
totoxic T lymphocytes from patients with HTLV-1-
associated disease: evidence for oligoclonal expansion.
J Virol 70: 843–851.

Utz U, Brooks JA, McFarland HF, Martin R, Biddison
WE (1994). Heterogeneity of T-cell receptor alpha-chain
complementarity-determining region 3 in myelin basic
protein-speci�c T-cells increases with severity of multi-
ple sclerosis. Proc Natl Acad Sci USA 91: 5567–5571.



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 149
  /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 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 true
  /GrayImageMinResolution 149
  /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 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 true
  /MonoImageMinResolution 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


