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Abstract

Purpose To evaluate cone and cone-driven retinal

function in patients with Smith-Lemli-Opitz syn-

drome (SLOS), a condition characterized by low

cholesterol. Rod and rod-driven function in patients

with SLOS are known to be abnormal.

Methods Electroretinographic (ERG) responses to

full-field stimuli presented on a steady, rod suppress-

ing background were recorded in 13 patients who had

received long-term cholesterol supplementation.

Cone photoresponse sensitivity (SCONE) and saturated

amplitude (RCONE) parameters were estimated using a

model of the activation of phototransduction, and

post-receptor b-wave and 30 Hz flicker responses

were analyzed. The responses of the patients were

compared to those of control subjects (N = 13).

Results Although average values of both SCONE and

RCONE were lower than in controls, the differences

were not statistically significant. Post-receptor b-wave

amplitude and implicit time and flicker responses were

normal.

Conclusions The normal cone function contrasts

with the significant abnormalities in rod function that

were found previously in these same patients. Pos-

sibly, cholesterol supplementation has a greater

protective effect on cones than on rods as has been

demonstrated in the rat model of SLOS.
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Introduction

Smith-Lemli-Opitz syndrome (Mendelian Inheritance

in Man [OMIM] 270400) is an autosomal recessive

disorder that is characterized by low cholesterol levels

and elevated levels of the cholesterol precursors 7- and

8-dehydrocholesterol (7-DHC and 8-DHC) [1–4] due
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to a defect in 3-beta-hydroxysterol-delta7-reductase,

the final enzyme in the cholesterol biosynthetic

pathway [2]. The clinical features of SLOS include a

characteristic facial appearance (Fig. 1), major struc-

tural anomalies, growth retardation, and intellectual

disability. Based on recognition of the clinical pheno-

type, the incidence of SLOS has been estimated to

range from 1 in 10,000 to 1 in 60,000 in those of

northern and central European ancestry and appears to

be less common in those of African and Asian ancestry

[5]. Ocular features include ptosis, cataracts, and mild

but statistically significant compromise of rod photo-

receptor function [5, 6]. In patients with SLOS, the

kinetics of activation and deactivation of rod photo-

transduction, as derived from the electroretinographic

(ERG) a-wave, are slow [6]. In the rat model of SLOS,

both rod and cone structure and function are affected

[7]. Herein, we report cone and cone-driven retinal

responses in patients with SLOS.

Patients and methods

Subjects

Thirteen patients (Table 1) had biochemical confir-

mation of SLOS based on elevation of the cholesterol

precursors 7-DHC and 8-DHC. Three sibling pairs

(patients 2 and 3, 4 and 5, and 11 and 12) were

included. The median spherical equivalent was ?1.00

(range, -0.50 to ?3.5) diopters. Patients 1 and 3 had

tiny (\2 mm diameter) nuclear cataracts in both eyes.

Patients 3, 11, and 12 had ptosis.

All patients had been treated long-term with dietary

cholesterol supplementation therapy (a suspension of

purified crystalline cholesterol in soy oil). Cholesterol

levels (Table 1) of the patients with SLOS ranged

from 57 to 181 mg/dL; cholesterol levels in healthy,

Fig. 1 A boy with Smith-Lemli-Opitz Syndrome. There is

mild facial dysmorphia with turned up nose, anteverted nares,

and small chin

Table 1 Characteristics of patients with Smith-Lemli-Opitz Syndrome

Pt. # Age (year) Sex Chol level

(mg/dL)

7-DHCa

(mg/dL)

8-DHCb

(mg/dL)

Ratioc Genetic defect

1 9 F 79 13.0 12.0 0.76 N/A

2 9 F 110 4.8 5.5 0.91 N/A

3 2 F 59 6.5 6.0 0.83 N/A

4 3 M 95 5.3 5.6 0.90 IVS8-1G-[C/T2891

5 4 M 124 3.1 3.5 0.95 IVS8-1G-[C/T2891

6 13 M 134 1.5 0.8 0.98 IVS8-1G-[C/S169L

7 4 F 181 0.6 0.6 0.99 IVS8-1G-[C/?

8 19 M 100 10.0 9.1 0.84 IVS8-1G-[C/T93M

9 2 F 169 1.9 2.6 0.97 F284L/V326L

10 4 M 57 7.0 6.9 0.80 G303R/G303R

11 15 F 118 10.0 6.0 0.88 IVS8-1G-[C/R352W

12 20 F 157 20.0 12.0 0.83 IVS8-1G-[C/R352W

13 2 M 103 0.2 Undetectable 1.00 No mutation detected

a Normal 7-DHC value: 0.036 ± 0.020 mg/dL
b Normal 8-DHC value: 0.061 ± 0.033 mg/dL
c Ratio = cholesterol/total sterol
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typically developing children and adolescents range

from 60 to 200 mg/dL. Despite cholesterol supple-

mentation, the precursors 7-DHC and 8-DHC

remained elevated in nearly all patients. A genetic

diagnosis (Table 1) was established in nine of the

patients.

The patients were aged 2 to 20 years at the time of

ERG testing. ERG responses mature by age 1 year [8,

9]. The patients’ ERG results were compared to

previously reported data from 13 control subjects

aged 8 to 40 [9]. The study conformed to the

principles outlined by the Declaration of Helsinki and

was approved by the Children’s Hospital Committee

on Clinical Investigation. Informed consent was

obtained from parents prior to the patient’s partici-

pation in the study.

ERG procedure

Testing was done in conjunction with other diagnos-

tic procedures under inhalation anesthesia (B1 MAC,

minimum alveolar concentration) which does not

alter ERG responses [10]. The pupils were dilated

with cyclopentolate 1% and the eyes dark-adapted

from room light for 20 min under light tight patches.

Then, in dim red light, 0.5% proparacaine was

instilled, and a bipolar Burian-Allen electrode was

placed on the left cornea. A ground electrode was

placed on the skin over the left mastoid. Testing

proceeded in the dark.

Responses were differentially amplified (bandpass

1–1,000 Hz; gain 1,000), displayed on an oscillo-

scope, digitized, and stored on disc for analysis later.

An adjustable voltage window was used to reject

records contaminated by artifacts. Two to 16

responses were averaged in each stimulus condition.

After rod responses had been recorded as previously

described [6], cone responses were recorded to a 1.8

log unit range (?1.4 to ?3.2 log phot td s) of full-field,

red (Wratten 29 k[ 610 nm) strobe stimuli (Nova-

tron, Dallas, TX) presented on a steady, rod-saturating

background. This approach has been used to isolate

cone responses [11]. The stimuli were incremented in

0.3 log unit steps. On records such as those shown in

Fig. 2, cone photoresponse parameters were derived

from the a-wave. The trough to peak amplitude and

implicit time of the b-wave were measured and

examined as a function of log flash intensity. Cone-

driven function was also tested using 30 Hz flickering

white light (?2.1 log phot td s) in 11 of the patients.

Cone photoresponse analysis

The Hood & Birch [11, 12] modification of the Lamb

& Pugh [13, 14] model of the activation of photo-

transduction was fit to the a-wave [15–19]. The

modification incorporates a cascaded RC filter that

models the capacitance of the cone membrane [11,

20] by numerical convolution of the filter output with

the delayed Gaussian function used to model the rod

response [13, 14]. The equation [11] is:

R i; tð Þ ¼ 1� expf�0:5 I SCONE t � tdð Þ2g
� �

RCONE

h i

� exp �t=sð Þ ð1Þ

where RCONE is the saturated response amplitude

(lV), SCONE the gain parameter [(phot td)-1 s-3], td a

brief delay (ms), and s the time constant of the RC

ms
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A BFig. 2 Sample records.

a Cone-mediated ERG

records from 15-year-old

patient 11. b Fit of Eq. 1

(dashed lines) to the

a-wave. The calculated

values of SCONE and

RCONE are shown
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filter (ms). The symbol * represents the convolution

operation. For calculation of SCONE and RCONE, s was

fixed at 1.8 ms and td at 3 ms [9]. To reduce the

effect of early negative post-receptor components, the

model was fit to the first 5.4 ms of the a-wave [21].

The model was fit to the ensemble of responses to the

five highest intensity stimuli.

Calibrations

The unattenuated flash and steady background were

measured with a detector (IL 1700, International

Light, Newburyport, MA) placed at the position of

the subject’s cornea. The maximum intensity red light

produced a retinal illuminance of approximately ?3.2

log phot td s. The background light produced

approximately ?3.0 log phot td.

Analysis

SCONE and RCONE of patients with SLOS and controls

were compared using t-tests. The relation of choles-

terol and its precursors to the ERG parameters was

evaluated using rank order correlation. Two-factor

analysis of variance (ANOVA) was used to evaluate

the amplitude and implicit time of the cone-driven

b-wave in patients and controls. The significance

level of all tests was P B 0.01.

Results

Sample ERG responses and model fits (Eq. 1) to the

a-waves are shown in Fig. 2. Although the average

values of SCONE and RCONE in patients with SLOS are

below the mean values in controls (Table 2), the

differences were not statistically significant. There is

considerable overlap between the SLOS and control

data (Fig. 3). Neither of the cone parameters was

correlated with the concentrations of cholesterol,

7-DHC, 8-DHC, or the ratio of cholesterol to total

sterol levels (Table 1).

In Fig. 4, the patients’ cone parameters, SCONE and

RCONE, are compared to their previously reported rod

response parameters [6]. For each patient, rod and

cone photoresponse parameters (SCONE and SROD,

RCONE and RROD) were expressed as a percent of the

normal mean (100%). On average, in patients with

SLOS, SCONE was 89% of the normal value while

SROD was only 64% of normal. Saturated amplitudes,

RCONE (77%) and RROD (84%), were mildly attenu-

ated and did not differ significantly from normal.

The amplitude and implicit time of the cone-driven

b-waves (Fig. 5) and response to 30 Hz flicker

(Table 2) in patients with SLOS did not differ

significantly from those in controls.

Discussion

There is no significant dysfunction of the cone

photoreceptors or cone-driven post-receptor retina

in these patients with Smith-Lemli-Opitz syndrome.

In contrast to the rod photoresponse, the sensitivity

parameter of the cone photoresponse, SCONE, did not

differ significantly between patients with SLOS and

control subjects. The corresponding parameter for the

rod photoresponse, SROD, obtained from the same

patient cohort in the same ERG test session was

significantly attenuated (Fig. 4).

The sensitivity parameter, SROD, depends on the

movement of transduction cascade proteins within

the disk membrane of the rod outer segment. The

amplitude parameter, RROD, depends on the number

Table 2 Comparison of ERG cone response parameters in patients with Smith-Lemli-Opitz syndrome (SLOS) and control subjects

(mean ± SEM)

ERG parameter Patients (n = 12) Controls (n = 13) t value P

SCONE, (phot td)-1 s-3 66.6 (6.2) 79.1 (4.9) -1.59 0.124

RCONE, lV 35.9 (3.1) 45.2 (2.8) -2.23 0.035

30 Hz flicker

Amplitude, lV 92 (10.5) 123 (9)

Implicit time, ms 33 (0.2) 33 (1)
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of channels in the rod outer segment membrane

available for closure by light and, thus, on length of

the rod outer segment. RROD is also influenced by the

number of rods [22–24]. Because RROD was normal,

we reasoned [6] that low SROD was the consequence of

impaired mobility of the transduction cascade proteins

in the SLOS outer segment rather than short outer

segments and reduced quantum capture by rhodopsin,

the first protein in the transduction cascade. In the rat

model of SLOS, loss of docosahexaenoic acid (DHA)

reduces fluidity of rod outer segment membranes and

regenerability of rhodopsin [25].

It is important to note that all of the patients with

SLOS examined in this study (Table 1) had been

supplemented from an early age with dietary choles-

terol, which raised blood cholesterol and lowered

sterol precursors as much as possible. Cholesterol has

been shown to cross the blood-retinal barrier in both

the SLOS rat model [26] and normal rats [27]. This is

in striking contrast to the blood–brain barrier, which

is essentially impervious to blood-borne cholesterol

[28]. In the SLOS rat model, dietary cholesterol

supplementation results in increased levels of cho-

lesterol and decreased levels of 7-DHC in the retina,

as well as partial rescue of cone function [26]. In

SLOS rats given cholesterol supplementation starting

from weaning (postnatal day 28) and proceeding for

up to 2 months, the amplitude and implicit time of

the cone b-wave were near normal, whereas unsup-

plemented SLOS rats had significant deficits in cone

b-wave amplitude and timing [26]. On the other hand,

the rod responses in supplemented and unsupple-

mented rats did not differ significantly [26]. In view

of the apparent consistency between the results

obtained in human patients with SLOS and the rat

SLOS model, it seems unlikely that structural [29] or

nutritional [30] characteristics render cones immune

to the effects of SLOS. Rather, we suspect that the

cholesterol supplementation has protected the cones.

Why should cholesterol supplementation protect

cones more effectively than rods? Perhaps, as in the

A BFig. 3 Photoresponse

parameters in 13 patients

with SLOS and 13 control

subjects. a SCONE is the

sensitivity parameter.

b RCONE is the amplitude of

the saturated cone response.

The horizontal lines
indicate the mean for each

group

Fig. 4 Sensitivity parameters, SCONE and SROD, and saturated

amplitude parameters, RCONE and RROD, as a percent of the

mean (100%) in control subjects
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rat model of SLOS, the rods are more vulnerable to

secondary damage by oxidation of lipids and proteins

[31] that escalates with exposure to light [32]. This

has led to the proposal for treatment of SLOS with

antioxidants in addition to cholesterol [28].

The ERG studies lead us to the following sugges-

tions for management of children with SLOS. Early

diagnosis followed by prompt supplementation with

cholesterol is advisable; among the possible benefits

is the preservation of photopic function. Extrapolat-

ing from the studies of the rat model, protection of

the SLOS retina from excessive light by the use of

dark glasses and hats with brims is also recom-

mended. Although DHA levels in whole retina and

rod outer segment membranes were markedly

reduced in the SLOS rat model compared to age-

matched controls [25], there was no evidence of

systemic DHA or generalized omega-3 fatty acid

deficiency in the SLOS rat model. Hence, it is not

clear that DHA dietary supplementation will provide

any significant beneficial effect for patients with

SLOS with regard to preservation of retinal structure

or function. We await the results of a pre-clinical trial

of combined dietary antioxidants plus cholesterol

supplementation in the rat SLOS model (S. J. Fliesler,

personal communication) and a clinical trial in

human patients (E. R. Elias, personal communica-

tion) in hopes that antioxidants will add benefit to

cholesterol supplementation that is already the stan-

dard of care for patients with SLOS. Electroretinog-

raphy is the outcome measure of choice if a clinical

antioxidant trial is undertaken.

Acknowledgments Supported in part by R01EY010597 from

the National Eye Institute, National Institutes of Health to ABF

and M01-RR02172 from the National Center for Research

Resources, National Institutes of Health to the Children’s

Hospital Boston General Clinical Research Center. The authors

thank Dr. Steven Fliesler for helpful discussions during the

course of this study and for providing pertinent information

ahead of publication.

References

1. Irons M, Elias ER, Salen G, Tint GS, Batta AK (1993)

Defective cholesterol biosynthesis in Smith-Lemli-Opitz

syndrome. Lancet 341(8857):1414

2. Moebius FF, Fitzky BU, Lee JN, Paik Y-K, Glossmann H

(1998) Molecular cloning and expression of the human D 7

sterol reductase. Proc Natl Acad Sci 95(4):1899–1902

3. Tint GS, Irons M, Elias ER et al (1994) Defective cho-

lesterol biosynthesis associated with the Smith-Lemli-

Opitz syndrome. N Engl J Med 330(2):107–113

4. Tint GS, Salen G, Batta AK et al (1995) Correlation of

severity and outcome with plasma sterol levels in variants

of the Smith-Lemli-Opitz syndrome. J Pediatr 127(1):

82–87

5. Porter FD (2000) RSH/Smith-Lemli-Opitz syndrome: a

multiple congenital anomaly/mental retardation syndrome

due to an inborn error of cholesterol biosynthesis. Mol

Genet Metab 71(1–2):163–174

A

B

Fig. 5 Cone-driven b-wave amplitude (a) and implicit time

(b) as a function of stimulus intensity. Mean and standard error

of the mean for patients with SLOS and controls are shown.

ANOVA showed no significant differences in either amplitude

(F = 0.164; df 1,6; ns) or implicit time (F = 1.58; df 1,6; ns)

Doc Ophthalmol

123



6. Elias ER, Hansen R, Irons M, Quinn N, Fulton AB (2003)

Rod photoreceptor responses in children with Smith-

Lemli-Opitz syndrome. Arch Ophthalmol 121:1738–1743

7. Fliesler SJ, Peachey NS, Richards MJ, Nagel BA, Vaughan

DK (2004) Retinal degeneration in a rodent model of Smith-

Lemli-Opitz syndrome: electrophysiologic, biochemical,

and morphologic features. Arch Ophthalmol 122(8):1190–

1200

8. Fulton AB, Hansen RM (2000) The development of sco-

topic sensitivity. Invest Ophthalmol Vis Sci 41:1588–1596

9. Hansen RM, Fulton AB (2005) Development of the cone

ERG in infants. Invest Ophthalmol Vis Sci 46(9):3458–

3462

10. Wongpichedchai S, Hansen RM, Koka B, Gudas VM,

Fulton AB (1992) Effects of halothane on children’s

electroretinograms. Ophthalmology 99:1309–1312

11. Hood DC, Birch DG (1995) Phototransduction in human

cones measured using the a-wave of the ERG. Vis Res

35(20):2801–2810

12. Hood DC, Birch DG (1993) Human cone receptor activity:

the leading edge of the a-wave and models of receptor

activity. Vis Neurosci 10:857–871

13. Pugh EN Jr, Lamb TD (1993) Amplification and kinetics of

the activation steps in phototransduction. Biochim Biophys

Acta 1141:111–149

14. Lamb TD, Pugh EN Jr (1992) A quantitative account of the

activation steps involved in phototransduction in amphib-

ian photoreceptors. J Physiol 449:719–758

15. Bradshaw K (2007) Contribution of post-receptoral cells to

the a-wave of the human photopic electroretinogram. Vis

Res 47(22):2878–2888

16. Robson JG, Frishman LJ (1996) Photoreceptor and bipolar

cell contributions to the cat electroretinogram: a kinetic

model for the early part of the flash response. J Opt Soc

Am 13:613–622

17. Bush RA, Sieving PA (1994) A proximal retinal compo-

nent in the primate photopic ERG a-wave. Invest Oph-

thalmol Vis Sci 35:635–645

18. Lo Cascio GP (1977) A study of vision in cerebral palsy.

Am J Optom Physiol Opt 54:332–337

19. Freidburg C, Allen CP, Mason PJ, Lamb TD (2004)

Contributions of cone photoreceptors and post-receptoral

mechanisms to the human photopic electroretinogram. J

Physiol 556(3):819–834

20. Cideciyan AV, Jacobson SG (1996) An alternative photo-

transduction model for human rod and cone ERG a-waves:

normal parameters and variation with age. Vis Res

36:2609–2621

21. Robson JG, Saszik SM, Ahmed J, Frishman LJ (2003) Rod

and cone contributions to the a-wave of the electroretino-

gram of the macaque. J Physiol 547(Pt 2):509–530

22. Cideciyan AV, Jacobson SG (1996) An alternative photo-

transduction model for human rod and cone ERG a-waves:

normal parameters and variation with age. Vis Res

36:2609–2621

23. Hood DC, Birch DG (1994) Rod phototransduction in

retinitis pigmentosa: estimation and interpretation of

parameters derived from the rod a-wave. Invest Ophthal-

mol Vis Sci 35(7):2948–2961

24. Moskowitz A, Hansen RM, Akula JD, Eklund SE, Fulton

AB (2009) Rod and rod-driven function in achromatopsia

and blue cone monochromatism. Invest Ophthalmol Vis

Sci 50(2):950–958

25. Boesze-Battaglia K, Damek-Poprawa M, Mitchell DC et al

(2008) Alteration of retinal rod outer segment membrane

fluidity in a rat model of Smith-Lemli-Opitz syndrome. J

Lipid Res 49(7):1488–1499

26. Fliesler SJ, Vaughan DK, Jenewein EC, Richards MJ,

Nagel BA, Peachey NS (2007) Partial rescue of retinal

function and sterol steady-state in a rat model of Smith-

Lemli-Opitz syndrome. Pediatr Res 61(3):273–278

27. Tserentsoodol N, Sztein J, Campos M et al (2006) Uptake

of cholesterol by the retina occurs primarily via a low

density lipoprotein receptor-mediated process. Mol Vis

12:1306–1318

28. Fliesler SJ (2010) Retinal degeneration in a rat model of

Smith-Lemli-Opitz syndrome: thinking beyond cholesterol

deficiency. Adv Exp Med Biol 664:481–489

29. Perkins GA, Ellisman MH, Fox DA (2003) Three-dimen-

sional analysis of mouse rod and cone mitochondrial

cristae architecture: bioenergetic and functional implica-

tions. Mol Vis 9:60–73

30. Punzo C, Kornacker K, Cepko CL (2009) Stimulation of

the insulin/mTOR pathway delays cone death in a mouse

model of retinitis pigmentosa. Nat Neurosci 12(1):44–52

31. Richards MJ, Nagel BA, Fliesler SJ (2006) Lipid hydro-

peroxide formation in the retina: correlation with retinal

degeneration and light damage in a rat model of Smith-

Lemli-Opitz syndrome. Exp Eye Res 82(3):538–541

32. Vaughan DK, Peachey NS, Richards MJ, Buchan B,

Fliesler SJ (2006) Light-induced exacerbation of retinal

degeneration in a rat model of Smith-Lemli-Opitz syn-

drome. Exp Eye Res 82(3):496–504

Doc Ophthalmol

123


	Cone ERG responses in patients with Smith-Lemli-Opitz Syndrome (SLOS)
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Subjects
	ERG procedure
	Cone photoresponse analysis
	Calibrations
	Analysis

	Results
	Discussion
	Acknowledgments
	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
  /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


