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ORIGINAL ARTICLE

Prevalence of uridine glucuronosyl transferase 1A1 (UGT1A1)
mutations in Malay neonates with severe jaundice
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Abstract

A number of genetic risk factors have been implicated in the development of neonatal severe
hyperbilirubinaemia. This includes mutations in the uridine glucoronosyl transferase 1A1 (UGT1A1)
gene which is responsible for unconjugated hyperbilirubinemia in Gilbert’s Syndrome. We studied
the prevalence of UGT1A1 gene mutations in a group of Malay neonates to determine whether they
are risk factors to severe neonatal jaundice. One hundred and twenty-five Malay neonates with
severe hyperbilirubinemia were studied. Ninety-eight infants without severe hyperbilirubinaemia
were randomly selected from healthy Malay term infants (controls). DNA from EDTA cord blood
samples were examined for UGT1A1 mutations nt211G>A and nt247T>C using established Tagman
SNP genotyping assays and the UGT1A1*28 variant was detected by the Agilent 2100 bioanalyzer.
All samples were also screened for common Malay GOPD variants using established techniques. The
frequency of UGT1A1 211G>A mutation is significantly higher in the severely hyperbilirubinemic
group (13%) than the control group (4%; p=0.015) and all the positive cases were heterozygous
for the mutation. There was no significant difference in the frequency of UGT1A1%¥28 mutation
between the severely hyperbilirubinemic (3.5%) and the control group (0.01%; p=0.09). None of
the neonates in both groups carried the nt247 T>C mutation. The prevalence of G6PD mutation
was significantly higher in the severely jaundiced group than control (9% vs 4%; p=0.04). In
conclusion,nt 211 G>A alleles constitute at least 12% of UGT1A 1 mutations underlying unconjugated
hyperbilirubinemia and appears to be a significant independent risk factor associated with severe
neonatal hyperbilirubinemia in the Malay newborns.
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(UGT1A1) gene have been shown to be associated
with prolonged unconjugated hyperbilirubinemia
in newborn infants. Aono et al* in 1995 were the
first to demonstrate that mutation for UGT1A1
was responsible for patients with Gilbert’s
syndrome, a mild form of UGT1A1 deficiency
characterized by intermittent unconjugated
hyperbilirubinemia that generally manifests
after puberty. Subsequent to this, TA repeat
promoter polymorphism in the UGT1A1 gene,

INTRODUCTION

Neonatal jaundice is a common and serious
condition as 25-30% of these neonates develop
severe neonatal jaundice (serum bilirubin > 300
pmol/L) which may lead to kernicterus. There
are many recognized causes of severe neonatal
jaundice, however, a significant 44% of cases
show no obvious risk factor.! The incidence of
severe hyperbilirubinaemia and kernicterus is

higher among newborn Asian infants compared
to Caucasians suggesting an underlying genetic
factor being responsible for the development of
neonatal jaundice.??

In addition to G6PD deficiency, mutations
in the uridine glucoronosyl transferase 1Al

(UGT1A1%#28) was reported to be associated
with prolonged neonatal hyperbilirubinemia in
Scottish newborns and associated with increased
in the incidence of neonatal hyperbilirubinemia
in G6PD- deficient Sephardic Jews.> However,
a mutation in the coding region at nt 211 G>A
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that results in G71R amino acid change has been
shown to be associated with severe unconjugated
hyperbilirubinemia in the Taiwanese, the
Japanese and the Koreans.®”# A study on a group
of Malaysian Chinese neonates showed that nt
211 G>A is a significant risk factor associated
with severe hyperbilirubinemia.’ The aim of our
study was to determine whether known mutations
of the UGTI1A1 gene that are associated with
Gilbert’s syndrome exist in the Malay population
and whether they are risk factors associated with
severe hyperbilirubinemia. We present here our
study on the prevalence of the UGT1A1 nt 211
G>A mutation, UGT1A1%*28 variant and nt 247
T>C mutation in Malay neonates with severe
hyperbilirubinemia and non-hyperbilirubinemic
neonates. We have included mutation nt 247
T>C because it was recently shown to cause
Gilbert’s syndrome in a Thai family'® and based
on the notion that Malays and Thais may share
the same ethnic origin.

MATERIALS AND METHODS

A cross-sectional observational study was carried
out over eighteen months (July 2006-December
2007) on neonates in the postnatal ward and
babies admitted to neonatal intensive care unit,
Hospital Universiti Kebangsaan Malaysia.
The inclusion criteria for hyperbilirubinemia
newborns were term neonates (>38 weeks
gestation and 42 completed weeks) of Malay
ethnic origin who were admitted for severe
unconjugated neonatal hyperbilirubinaemia
(Total serum bilirubin (TSB) > 250umol/L
for neonates aged 1 to 2 days of life or TSB
> 300umol/L for neonates aged more than 3
days). Cord blood samples were collected from
the haematology laboratory which routinely
receives screening samples for GO6PD from
the labour rooms. Neonates with conjugated
hyperbilirubinemia >15% TSB levels, age >
28 days of life, those born prematurely (<36
weeks), babies born to mixed parentage and
neonates with conditions which were likely to
exacerbate hyperbilirubinaemia such as ABO
incompatibility, cephalhaematoma and sepsis
were also excluded from the study. Healthy
term infants of Malay ethnicity born in the
hospital were recruited consecutively as controls.
All control cases were followed-up via phone
call within the first month after discharge from
the ward. Informed consent was obtained from
parents of the infants prior to participation in the
study. The study protocol was approved by the
Institutional Research and Ethics Committee.

96

December 2011

Bilirubin testing

Serum bilirubin was measured using Cobas
Intergra 800 analyzer using the colorimetric assay
for serum total bilirubin and Diazo method for
direct bilirubin quantification.

DNA extraction

DNA was extracted from cord blood leucocytes
using the Gene All DNA kit (General Biosystems,
Seoul, Korea) according to the manufacturer’s
instruction and was kept at -20°C until
required. Blood DNA samples were analysed
for the nucleotide 247 polymorphism and
the UGT1A1%28 variant of the UGTI1AI
promoter region by Tagman single nucleotide
polymorphism (SNP) genotyping assay. Primers
and probes were designed using Beacon Designer
Software Version 5.0 (Biosearch Technologies,
Inc.) (Table 1) based on UGT1A1 exon 1 (nt247
T>C mutation) and the TATA box gene sequences
obtained from www.ncbi.nlm.nih.gov.

Genotyping of 247 (T>C) mutation

For the 247 (T>C) mutation, Real Time
Quantitative PCR were optimized for each
reaction using the following concentrations;
a final reaction of 25 uL which consisted of
Quantitect Multiplex PCR NoROX Master Mix
(Qiagen) 12.5 uL, wild type and mutant probes,
1.5 uL each, forward and reverse primers 1.5 uLL
and distilled water 5.5 uL. PCR amplification
and detection was performed using Corbett Life
Science Rotor-gene 6000 (Corbett Research,
Australia). The amplification programme was
carried out for 40 cycles (activation of Taq
polymerase for 10 minutes at 95°C before
denature, denature for 10 seconds at 95°C,
annealing for 15 seconds at 52°C and extend
for 20 seconds at 72°C. Allelic discrimination
was performed on the post PCR product. The
fluorescence data of the post PCR product were
analysed directly with the allelic discrimination
software preinstalled in the Rotor-Gene 6000.

Genotyping of UGTIAI*28 variant

For the UGT1A1*28 variant, the PCR were
optimised for each reaction using the following
concentration; a final reaction of 20.0 ul which
consisted of Qiagen High Fidelity Master
Mix (Qiagen) 10.0 ul, forward and reverse
primers 1.0 uL and distilled water 6.0 uL. PCR
amplification was performed using the Gene
AMP PCR System 9700 (Applied Biosystems).
The amplification programme was carried out for
35 cycles (Initial activation of Taq polymerase
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TABLE 1: Primers, probes and platform used for 247 (T>C) mutation and TA variant

Mutation Forward Reverse Probe for Probe for Platform
primer primer wild type mutant allele
allele
247 (T>C) 5’ GTC CTA 5°AAA 5’ CAL 5’ FAM- TAC  Corbett Life
GCA CCT CAT TAT Fluor Gold ATC AGA Science
GACG3’ GCC CGA 540- TAC GAC AGA Rotor-gene
GAC 3’ ATC AGA GCATTT 6000 (Corbett
GAC GGA  TACA-BHQ-1 Research,
GCATTT 3’ Australia)
TACA-
BHQ-1 3’
A(TA),TAA 5°CACCTT 5’ TCT - - Agilent 2100
variant CTT TAT CAG ATA bioanalyzer
CTC TGA CCA AGA
AAGTG 3’ AAT CAT
cc3

for 2 minutes at 94°C before denature, denature
for 20 seconds at 94°C, annealing for 10 seconds
at 53°C and extend for 20 seconds at 72°C and
a final extension for 2 minutes at 72°C. luL
PCR products was subjected to the Agilent
Bioanalyzer using the 1000 LabChip kit.

Genotyping of 211 G>A mutation and G6PD
variants

SNP analysis for the 211 G>A mutation and three
GO6PD variants (C1024T, G871A, G487A and
C563T) for our Malay neonates were performed
as described in a previous study." Detection of
G6PD variants was by real-time polymerase
chain reaction (PCR) with Tagman minor groove
binder (MGB) SNP genotyping assay (Applied
Biosystems, Foster City, CA). The fluorescence
data of the post-PCR products were analyzed
directly using allelic discrimination software of
the ABI Prism 7000 instrument.

DNA Sequence Analysis

For confirmation of the real-time PCR findings,
all samples were subjected to sequencing using
primers sequenced for G6PD exon 2-13 as
described previously."

Statistical analysis

SPSS for Windows (version 12.0) statistical
package software was used for the statistical
analysis of the study. The chi squared test was
used for analysis of categorical variables. P

value of <0.05 is considered as statistically
significant.

RESULTS

A total of 250 neonates were enrolled in this
study. One hundred and twenty-five neonates
of Malay ethnic parentage were admitted with
severe unconjugated hyperbilirubinemia and
fulfilled the inclusion criteria for the study.
Four infants were excluded from the study
due to inadequate blood samples and/or poor
DNA quality. A total of 98 normal term Malay
neonates born in the hospital were recruited
consecutively for the non-hyperbilirubinemic
group. Twenty-three neonates were non-
hyperbilirubinaemic but developed clinically
moderate jaundice at the median age of 4 days and
were excluded from the analysis. Serum bilirubin
was measured in the non-hyperbilirubinemia
infants with clinically moderate jaundice. All
non-hyperbilrubinaemic infants were discharged
home within four days after birth and none
developed severe hyperbilirubinemia during the
first week of life. None of them was readmitted
during the subsequent 3 weeks of life for severe
hyperbilirubinemia or other illnesses.

The mean peak total indirect serum bilirubin
of the severely jaundiced group was 348.5
umol/l = 47.7 SD (n=125) and for the non-
hyperbilirubinaemic infants with clinically
moderate jaundice was 211.3 umol/l + 53.25 SD
(n=23). The mean age for the onset of jaundice
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was 3.7 days = 1.9 SD and the mean age in
days for bilirubin to peak was 5.6 days + 3.7
SD. There was an equal distribution of gender
between the severely jaundice neonates and the
control cases. There was no significant difference
in the gender distribution and the mean birth
weight between the hyperbilirubinemic group
and the non-hyperbilirubinemic newborns.

All the cases carrying the mutation nt 211 were
heterozygous for the mutation with a prevalence
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of 10% (22/223). The overall prevalence of
UGT1A1*28 mutation was found to be 2%
(5/223) and that of the G6PD mutations was
found to be 10% (22/223). No homozygous nt
211 G>A was found. The UGT1A1 gene mutation
nt 211 G>A (13% vs 4.2%; p =0.01) (Figure 1)
and G6PD mutations 10% (13/125) vs 4%
(4/98) p=0.04) were found to be significantly
higher in the severely jaundiced group than
the control group respectively but not for

100 +

o]
(=)
1

[*))
(=)
1

Percentage
N
(e}

e}
(e}
1

0 - l

Normal Heterozygous
UGT1A1 gene mutation
100 (b)
80 -
@
& 60 -
fhay
=
)
=
5 40 N
-
20
0 -
Normal Heterozygous
UGT1A1 mutation

FIG. 1: Comparison of prevalence of nucleotide 211 G>A mutation of uridine diphosphate glucuronosy! transferase
(UGT1A1) gene between non-hyperbilirubinaemic ( [l ) and hyperbilirubinaemic ( [J ) newborns in
relation to (a) absence (p<0.01) and (b) presence of glucose-6-phosphate dehydrogenase deficiency.

98



UGT1A1%28 mutation. The allelic frequency of
UGT1A1%*28 was found to be low in both the
severely jaundiced and the control group (3.5%
vs 0.01%; p=0.09). None of the 223 babies
from both groups showed presence of the nt
247 T>C mutation. Fourteen out of 22 (64%)
cases positive for G6PD mutation were of the
Viangchan variant (871 G>A). Twenty two out
of 223 samples analysed showed presence of
G6PD mutations (2 female heterozygotes, 11
female homozygotes and 9 male hemizygotes).
Coinheritence of UGTIA1 mutation (nt 211
G>A) and G6PD mutation was only seen in one
case of severe neonatal jaundice.

DISCUSSION

The result of the present study showed that at least
12% of the Malay neonates carried a UGT1A1
mutation, the gene responsible for Gilbert’s
Syndrome. Out of the 3 known mutations
screened the commonest mutation found was
nt 211 G>A (10%) with the TA promoter region
repeat (UGT1A1%28) occurring in only 2%. Our
finding is comparable to that of Surini et al where
it was found that the prevalence of UGT1A1%*28
in a group of Malays was 1.5%."? However, in
contrast to Surini’s study where they found the
prevalence of nt 211 G>A was low, we found nt
211 G>A to be the commonest allele showing a
frequency of 10%. Mutation nt 211 G>A is an
allele common in Asian populations of Chinese
and Japanese descent. One previous study by
our group confirmed the association of mutation
nt 211 G>A in the Chinese when we found
26% of Malaysian Chinese neonates carried
the mutation. The same study on 74 Chinese
neonates found that homozygous nt 211 G>A is
a significant risk factor associated with severe
hyperbilirubinemia.” Previous studies in GO6PD
deficiency'? and thalassaemias'#!>16 have shown
that although the Malays and the Chinese differ
in their genetic profile there were presence of
some Chinese-specific G6PD mutations in the
Malay population reflecting ethnic admixtures
most likely due to the intermarriages. Retno
et al studied the frequency of nt 211 G>A in
Javanese-Indonesians and Malay-Malaysians
and found it to be low."” The finding of a
frequency of 10% mutation nt 211 G>A in the
Malays may be explained by the effect of ethnic
admixtures. However, what is important in our
finding is that there is a significant difference
in the prevalence of nt 211 G>A between the
hyperbilirubinemic group (13%) and the control
group (4.2% p=0.01) suggesting its role as a
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risk factor to severe neonatal unconjugated
hyperbilrubinemia in Malay neonates. In contrast
to two previous studies where homozygous nt
211 G>A was shown to be the associated risk
factor to severe jaundice, in the present study we
found that all the cases positive for the mutation
were heterozygous nt 211 G>A.° Boo et al
showed that the prevalence of nt 211 G>A in the
hyperbilirubinemic infants was 39.2% and the
control group was 25.6%, p=0.04. The findings
of heterozygous nt 211 G>A as a significant risk
factor for severe neonatal jaundice in the Malay
population could be explained by co-existence
of other undetermined genetic risk factors that
remained to be explored. Huang et al showed
that G6PD,UGT1A1 and OATP2 gene mutations
were significant risk factors to severe neonatal
hyperbilirubinemia.

The low occurrence of UGT1A1%28 at 2%
(5/223) in the Malays is expected as this has
been shown to be a common mutation causing
Gilbert’s syndrome in Caucasians. It was
observed that all the four positive cases in the
severely jaundiced group were heterozygous for
the UGT1A1*28. Homozygous UGT1A1*28
does not appear to cause hyperbilirubinemia in
the single normal infant found to be genotypically
homozygous. These findings suggest that other
factors may play a role in the development
of severe jaundice in those heterozygous for
UGT1A1 TA promoter mutation.

The present study confirmed our previous
findings that G6PD mutation is the risk factor to
severe neonatal jaundice (hyperbilirubinemic vs
non-hyperbilirubinemic : 10% vs 4%, p=0.04)
and that the commonest G6PD variant in the
Malays is G6PD Viangchan (14/22). All the 16
cases of severe neonatal jaundice with nt 211
G>A were normal for G6PD screening test and
this includes 6% of males and 7% of females. Out
of 13 cases with severe neonatal jaundice who
carried a G6PD mutation 11/13 were normal for
G6PD screening test and this include 2 male and 9
female neonates. The four (3 males and 1 female)
severely jaundiced babies heterozygous for the
UGT1A1%28 had normal G6PD screening test
results and did not carry any of the common
G6PD mutation suggesting interplay of other
unknown risk factors. In the hyperbilirubinemic
group there was only one infant who carried both
G6PD mutation (Viangchan variant) and the
UGTI1AI1 nt 211 G>A mutation. These findings
showed that G6PD mutation and heterozygous
UGTI1AI nt 211 G>A mutation are independent
risk factors to severe neonatal jaundice. Huang
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et al observed that the development of severe
hyperbilirubinemia in G6PD-deficient male is
due to coinheritance with homozygous variant
in UGTI1AIl gene. These findings suggest in
addition to G6PD status, G6PD and UGT1A1
mutations should be included in screening for
genetic risk for severe hyperbilirubinemia in
our newborn.

Previous studies in Thalassaemias and G6PD
deficiency have shown that Malays and ethnic
Chinese differ in their genetic profile and that
the Malays do share some common mutations
with other Southeast Asian population such as
the Thais, Cambodians and the Vietnamese.
Based on this notion we screened for UGT1A1
247 T>C variant a mutation that was reported
in two Thai siblings with a history of prolonged
neonatal jaundice and recurrent jaundice after
infancy. We found that none of our Malay
subjects either in the case or the control group
was positive for this variant.

In the present study we report the use of
Agilent 2100 bioanalyzer for the detection of the
UGT1A1*28. The software that comes with the
analyzer was able to display results in the form
of an electropherogram and a corresponding gel
image. The different alleles can be distinguished
by looking at the electropherogram for the
presence of a single peak and its size (wild
type and homozygous alleles) or the presence
of a bi-peak (homozygous allele) or it can also
be compared to a corresponding gel image.
The analytical specifications of the Agilent
2100 bioanalyzer gives a sizing resolution of
+/- 5%, sizing accuracy of +/- 10% and sizing
reproducibility of 5% CV. We find this method
to be rapid and sensitive for the detection of
the UGT1A1#28 mutation.

In conclusion, UGT1A1l nt 211 G>A
appears to be a risk factor for severe neonatal
unconjugated hyperbilriubinemia in ethnic
Malays in Malaysia. It appears to be independent
of G6PD deficiency but whether it is as an added
risk factor to other genetic factors remains to be
studied. We have also established rapid molecular
techniques that can be used for the screening of
UGT1A1 mutations in neonatal jaundice.

REFERENCES

1. Selvaraju S. Preliminary report: A survey on
severe neonatal jaundice cases admitted to selected
hospitals in Malaysia. In: Proceedings of National
Perinatal Health Conference, 1999; 70-9.

2. Ives NK. Gastroentology Part 1. Neonatal jaundice.
Textbook of Neonatology. 3™ ed. Churchill-
Livingston, Edinburgh; 1999. 715-32 p.

100

11.

13.

14.

16.

17.

. Akaba K, Kimura T, Sasaki A,

December 2011

. Huang MJ, Kua KE, Teng HC, Tang KS,

Weng HW, Huang CS. Risk factors for severe
hyperbilirubinaemia in neonates. Pediatr Res. 2004;
56(5): 682-9

Aono S, Adachi Y, Uyama E, et al. Analysis of
genes for bilirubin UDP-glucuronosyltransferase
in Gilbert’s syndrome. Lancet. 1995;345(8955):
958-9.

. Monaghan G, Ryan M, Seddon R, Hume R,

Burchell B. Genetic variation in bilirubin UDP-
glucuronosyltransferase gene promoter and Gilbert’s
syndrome. Lancet 1996; 347: 578-81.

Akaba K, Kimura T, Sasaki A, et al. Neonatal
hyperbilirubinaemia and mutation of the bilirubin
uridine diphosphate-glucuronosyl transferase gene:
a common missense mutation among Japanese,
Koreans and Chinese. Biochem. Mol. Biol. Int.
1998; 46: 21-6.

et al.
Neonatal hyperbilirubinaemia and a common
mutation of the bilirubin uridine diphosphate-
glucuronosyltransferase in Japanese. J. Hum. Genet.
1999; 44: 22-5.

. Maruo Y, Nishizawa K, Sato H, Doida Y, Shimada

M. Association of neonatal hyperbilirubinaemia
with bilirubin UDP-glucuronosyltransferase
polymorphism. Pediatrics. 1999; 103: 1224-7

. Boo NY, Wong FL, Wang MK, Othman A.

Homozygous variant of UGT1A1 gene mutation
and severe neonatal hyperbilirubinaemia. Pediatr
Int. 2009; 51: 488-93.

. Sutomo R, Laosombat V, Sadewa AH, et al. Novel

missense mutation of the UGT1A1 gene in Thai
siblings with Gilbert’s syndrome. Pediatr Int. 2002;
44: 427-32.

Wong FL, Wang MK, Boo NY, Hamidah NH,
Ainoon O. Rapid detection of the UGT1A1 single
nucleotide polymorphism G211A using real-time
PCR with Tagman minor groove binder probes. J
Clin Lab Anal. 2007; 21(3): 167-72.

Yusoff S, Van Rostenberghe H, Yusoff NH, et
al. Frequencies of A(TA) TAA, G71R and G493
mutations of the UGT 1A1 gene in the Malaysian
polulation. Biol Neonate. 2006; 89: 171-6.
Ainoon O, Yu YH, Amir Muhriz AL, Boo NY,
Cheong SK, Hamidah NH. Glucose-6-phosphate
dehydrogenase (G6PD) variants in Malaysian
Malays. Hum Mutat. 2003; 21(1):101.
Nopparatana C, Panich V, Saechan V, et al. The
spectrum of beta-thalassaemia mutations in southern
Thailand. Southeast Asian J Trop Med Public Health.
1995; 26 Suppl 1: 229-34.

. Abdullah WA, Jamaluddin NB, Kham SK, Tan JA.

The spectrum of beta-thalassaemia mutations in
Malays in Singapore and Kelantan. Southeast Asian
J Trop Med Public Health. 1996; 27(1): 164-8.
George E,LiHJ,Fei Y], et al. Types of thalassaemia
among patients attending a large university clinic
in Kuala Lumpur, Malaysia. Hemoglobin. 1992;
16(1-2): 51-66.

Sutomo R, Talib NA, Yusoff NM, et al. Screening
for G71R mutation of the UGT1Al gene in
the Javanese-Indonesian and Malay-Malaysian
populations. Pediatrics Int. 2004; 46: 565-9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


