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ABSTRACT

Background. Congenital anomalies of the kidney and urinary
tract (CAKUT) are the most common cause of chronic kidney
diseases in children and young adults, accounting for ∼50% of
cases. These anomalies represent maldevelopment of the
genitourinary system and can be genetically explained in only
10–16% of cases by mutations or by copy number variations
in protein coding sequences. Knock-out mouse models, lacking
components of the microRNA (miRNA) processing machinery
(i.e. Dicer, Drosha, Dgcr8), exhibit kidney malformations re-
sembling human CAKUT.
Methods.Given theDicer-null mouse phenotype, which impli-
cates a central role for miRNAs gene regulation during kidney
development, we hypothesized that miRNAs expressed during
kidney development may cause CAKUT in humans if mutated.
To evaluate this possibility we carried out Next-Generation se-
quencing of 96 stem-loop regions of 73 renal developmental
miRNA genes in 1248 individuals with non-syndromic
CAKUT from 980 families.
Results. We sequenced 96 stem-loop regions encoded by 73
miRNA genes that are expressed during kidney development
in humans, mice and rats. Overall, we identified in 31/1213 in-
dividuals from 26 families with 17 different single nucleotide

variants. Two variants did not segregate with the disease and
hence were not causative. Thirteen variants were likely benign
variants because they occurred in control populations and/or
they affected nucleotides of weak evolutionary conservation.
Two out of 1213 unrelated individuals had potentially patho-
genic variants with unknown biologic relevance affecting
miRNAs MIR19B1 and MIR99A.
Conclusions. Our results indicate that mutations affecting ma-
ture microRNAs in individuals with CAKUT are rare and thus
most likely not a common cause of CAKUT in humans.
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INTRODUCTION

Congenital anomalies of the kidney and urinary tract (CAKUT)
comprise a heterogeneous group of clinical conditions includ-
ing unilateral renal agenesis, renal hypodysplasia, ureteropelvic
junction obstruction, primary megaureter and vesicoureteral
reflux [1]. CAKUT represent the most frequent group of all
birth defects recognized in the neonatal period [2], and account
for 40–50% of children and young adults on dialysis [3].
CAKUT arise starting at 4 weeks of gestation in humans,
when the ureteric bud and the metanephric mesenchyme
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begin to develop co-dependently to eventually form the bladder
trigone, the ureters and the kidneys. These embryologic events
require a tightly regulated gene expression at both the DNA
level (mediated by transcription factors) and RNA level, includ-
ing the microRNA (miRNA) gene silencing machinery.
Mutations affecting the required transcription factors, such as
HNF1B, PAX2 or TBX18, cause CAKUT in humans and
mice [4–7]. However, despite great research efforts, >80% of
all CAKUT cases still cannot be explained by mutations in
known disease-causing genes that encode proteins. Recently,
it was shown that a depletion of miRNAs in different nephro-
genic cell lineages in mouse models resembles human CAKUT
[8–11].

Following the discovery of miRNAs in the early 1990s, great
insight has been gained regarding their biological function [12].
miRNAs are small non-coding RNA molecules of about 22 nu-
cleotides, encoded by >1000 miRNA genes. They function in
post-transcriptional regulation of gene expression. miRNAs
are transcribed by RNA polymerase II into pri-miRNAs and
subsequently processed by several key enzymes to become
single-stranded mature miRNAs. Mature miRNAs bind com-
plementary to a multitude of target motifs in mRNAs, which
induces degradation of the target. For instance, the mature se-
quence ofmiRNA-99a (13-aacccguagauccgaucuugug-34) binds
to 131 different validated target genes (http://mirtarbase.mbc.
nctu.edu.tw) and thereby recruits the RNA-induced silencing
complex (RISC) degrading the target mRNA.

The conditional knock-out of the RISC component Dicer in
cells of either nephron lineage (Six2Cre) or the ureteric bud-
derived collecting duct system (HoxB7Cre) leads to early
termination of nephrogenesis, cystic hypodysplasia and hydro-
nephrosis [11, 13]. To rule out miRNA-independent effects of
Dicer, Bartram et al. analyzed the knock-out of two different
miRNA processing components (Drosha and Dgcr8) in tubular
epithelial cells in the kidney and developing genitourinary tract
(KspCre). In line with the Dicer knock-out, the Drosha/Dgcr8
knock-outs lead to a reduced number of nephrons, ureteropel-
vic junction obstruction, hydronephrosis and early death due to
renal failure [8, 9].

It is noteworthy that these mouse models all exploit the Cre/
loxP system to delete all miRNAs in nephrogenic target tissues,
a tool that does not dissect contributions of individual miRNAs.
However, there is a growing body of evidence that somatic
mutations affecting single miRNA genes are sufficient to
cause disease. For instance, an N-ethyl-N-nitrosourea induced
(ENU-induced) point mutation in MIR96 has been shown to
cause progressive hearing loss in mice [14] and, recently, it
was also reported that a germline deletion of the miRNA-17–92
cluster causes Feingold Syndrome 2 in humans (OMIM
#614326) [15]. Consequently, it seems possible that miRNAs,
which are specifically expressed in nephrogenic tissues during
the development of the genitourinary system, cause CAKUT in
humans if mutated. To evaluate this possibility, we investigated
in a large number of patients with CAKUT (n = 1248) [16] for
mutations in 96 stem-loop regions of 73 miRNA genes, that are
jointly expressed in nephrogenic tissues in humans,mice and rats,
as summarized recently by Saal and Harvey (Supplementary
Figure S1 and Supplementary Table S1) [17].

MATERIALS AND METHODS

Human subjects

Following informed consent, we obtained clinical data,
blood samples and pedigrees from individuals with CAKUT.
Approval for research on humans was obtained from the Bos-
ton Children’s Hospital and University of Michigan Institution-
al Review Board. The diagnosis of CAKUT was made by
(pediatric) nephrologists or urologists based on standardized
clinical and renal ultrasound criteria [18, 19]. Clinical data were
obtained using a standardized questionnaire (http://www.
renalgenes.org). Mutations in the following 26 genes known to
be mutated in isolated CAKUT in humans were excluded by
high-throughput multiplex PCR and next generation sequencing
prior to this study: BMP4, BMP7, CDC5L, CHD1L, EYA1,
GATA3, HNF1B, PAX2, RET, ROBO2, SALL1, SIX1, SIX2,
SIX5, SOX17, UMOD, UPK3A, FRAS1, FREM2, GRIP1,
FREM1, ITGA8, GREM1, SLIT2, SRGAP1 and TBX18 [6, 16, 18,
20]. HNF1B deletions were excluded by quantitative PCR in indi-
viduals with the CAKUT phenotype of renal hypodysplasia [18].

Candidate miRNA selection

Candidate miRNAs were selected based on published
miRNA expression profiles in nephrogenic tissues as summar-
ized recently by Saal and Harvey [17]. In brief, miRNAs
expressed in renal developmental tissues in humans (144 miR-
NAs), mice (148 miRNAs) and rats (141 miRNAs) were cross-
compared for miRNAs expressed in all three species. The
selected miRNAs were considered miRNAs with conserved
expression in the developing genitourinary system (‘kidney
miRNA’) and included in this study (73miRNAs) (Supplemen-
tary Figure S1 and Supplementary Table S1) [17].

Targeted miRNA sequencing

For 73 ‘kidney miRNA’ genes, comprising 96 miRNA stem-
loop regions, 96 target specific primer pairs were designed using
PrimerZ software (Supplementary Table S1) [17, 21]. The am-
plicon size ranged from 190 to 309 bp. Targeted amplification
and Next-Generation (NGS) was done as described previously
by our group [22, 23]. NGS was carried out using an Illumina
MiSeq V2 instrument (2 × 250 bp paired reads). Seventy-six
amplicons (79.2%) had a coverage >100× and eight amplicons
(8.3%) were covered <10× (Supplementary Table S1). All iden-
tified variants were confirmed by Sanger sequencing in genom-
ic DNA. Segregation analysis was performed if parental DNA
was available.

Bioinformatics

NGS data alignment and variant detection was done using
CLC GenomicsWorkbench 4.9 software. Variants were consid-
ered if consistent with the following criteria: Variant present in
the stem-loop region of a selected renal miRNA, absent from
dbSNP132-common database, NGS coverage >10× and PhyloP
nucleotide conservation score >2 (Supplementary Table S2). Re-
tained variants were annotated using SeattleSeq Annotation
(http://snp.gs.washington.edu/SeattleSeqAnnotation141).
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RESULTS

We conducted NGS-based targeted sequencing as previously de-
scribed [23]: 1213/1248 DNA samples (97.2%) and 88/96 targets
(91.7%). Our cohort of 1213 individuals from 980 different fam-
ilies with CAKUT originated from Eastern Europe (43.9%),
Western Europe (40.3%), the Middle East (8.4%), South Asia
(5.4%), East Asia (0.9%) and Africa (0.7%) (Table 1). There
were 651 male (53.7%) and 562 female (46.3%) individuals
that passed our quality control (Supplementary Table S1). The
most common CAKUT phenotype was vesicoureteral reflux
(n = 503), followed by ureteropelvic junction obstruction
(n = 276). A total of 492 individuals were considered as having
familial CAKUT according to clinical questionnaires in our
cohort. For detailed cohort characteristics see Table 1.

Failed samples (n = 35) and failed targets (MIR10A,
MIR1241, MIR1243, MIR196A2, MIR200B, MIR23A, MIR242,

MIR320C1) were excluded from this study (Supplementary
Table S1). Detected variants were filtered to isolate very rare
(MAF <1%) and novel variants altering evolutionary conserved
nucleotides located within miRNA stem-loop regions and con-
firmed by Sanger sequencing (Supplementary Table S2). We
decided to only consider variants within miRNA stem-loop re-
gions because stem-loop regions are evolutionarily highly con-
served DNA elements and thus of functional relevance, similar
to protein coding sequences. In the 1213 samples that passed
quality control, we identified 31 individuals with 17 different
single nucleotide variants affecting 16 different miRNA genes.
We did not find two or more different potentially pathogenic
variants in the same miRNA. Two out of 17 variants were
found to be potentially pathogenic (Table 2) because they had
never been reported in any public variant database and they
altered evolutionarily conserved nucleotides (down to Danio
rerio). Individual A528-21 with right renal agenesis had a C
to A substitution in the gene MIR19B1 that affected the se-
quence of the mature miRNA 19b (hsa-miR-19b-1-5p)
(Table 2). Another individual, A1137-21, with severe vesicour-
eteral reflux and right kidney ptosis, had a C to T substitution in
the gene MIR99A that affected the sequence of the mature
miRNA 99a (hsa-miR-99a-5p) (Table 2). For both individuals,
we could not reestablish contact with their families for segrega-
tion analyses. Additionally, we found 13 variants that we
consider probably benign, because they were either present
in public variant databases at a low frequency (<1%) or
they altered weakly conserved nucleotides (Supplementary
Table S3). Two additional variants present in four unrelated
families did not segregate with the disease and hence could be
excluded from being causative (Supplementary Table S3).

DISCUSSION

In summary, we screened a large cohort of 1213 individuals
with CAKUT for single nucleotide variants or small inser-
tion/deletions affecting evolutionarily conserved nucleotides
within the stem-loop region of 96 miRNAs with conserved ex-
pression in the developing genitourinary system. We detected
15 different variants in 14 miRNA genes of most likely benign
nature and two novel variants in the genes MIR19B1 and
MIR99A, which may be potentially pathogenic (Table 2). The
strength of this study is that we could showmere absence of po-
tentially damaging variants in the most promising renal devel-
opmental miRNAs from a large CAKUT cohort. In our opinion
this indicates that (i) the examined miRNAs are well conserved
by evolution and (ii) that point mutations most likely do not
play an important role in human CAKUT. As for the two

Table 1. Demographic and phenotypic composition of 1213 individuals
from 980 families with CAKUT

Characteristic Value Percentage (%)

Gender
Female 562 46.3
Male 651 53.7

Family history
Yes 492 40.6
No 721 59.4

Ethnicity
Eastern European 533 43.9
Western European 489 40.3
Middle Eastern 102 8.4
South Asian 65 5.4
East Asian 11 0.9
African 8 0.7
Others 5 0.4

CAKUT phenotype
Vesicoureteral reflux 503 36.8
Ureteropelvic junction obstruction 276 20.2
Hypodysplasia 131 9.6
Duplex system 99 7.3
Unilateral renal agenesis 96 7.0
Multicystic dysplastic kidney 46 3.4
Ureterovesical junction obstruction 45 3.3
Renal ectopia 42 3.1
Posterior urethral valves 41 3.0
Hydronephrosis 39 2.9
Horseshoe 24 1.8
Multiple cysts 23 1.7
2 diagnosis1 130 10.7
3 diagnosis1 11 0.9

Extrarenal phenotype 167 13.8

1Multiple different CAKUT phenotypes were present in the same patient.

Table 2. Potentially pathogenic variants detected in 96 miRNA stem-loop regions in 1213 individuals with CAKUT

Gene Mature miRNA Genomic variant Mm Gg Xt Dr EVS 1000G Family Individual State Origin Phenotype

MIR19B1 hsa-miR-19b-1-5p chr13:92003212C>A C C C C Unknown Unknown A528 −21 het Macedonia Rt renal agenesis
MIR99A hsa-miR-99a-5p chr21:17911433C>T C C C C Unknown Unknown A1137 −21 het Macedonia VUR, rt kidney

ptosis

Genomic variation is stated according to GRCh37/hg19 genomic reference positions.
Mm, Mus musculus; Gg, Gallus gallus; Xt, Xenopus tropicalis; Dr, Danio rerio; EVS, exome variant Server; 1000G, 1000 Genomes Project; het, heterozygous; rt, right; VUR, vesicoureteral
reflux.
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individuals with potentially pathogenic variants inMIR19B1 or
MIR99A, we do not have sufficient evidence to claim any causa-
tive role of the two variants. This study has several limitations.
First, we used a candidate gene approach, which is naturally
biased and misses causative mutations in miRNAs that were
not included in this study. Certainly, despite our data, we can-
not exclude a monogenic CAKUT spectrum disorder caused by
mutations in one of the growing number of identified miRNA
genes. Second, our genetic approach does not detect copy num-
ber variations and large genetic rearrangements and thus such
mutations cannot be excluded. In future studies, it seems very
reasonable to consider miRNAs in unbiased sequencing
approaches (i.e. whole genome or exome plus non-coding
RNAs) because in CAKUT there are still a large number of
cases that cannot be genetically solved by mutations in coding
genes. The past two decades have taught us that human
CAKUT is a group of diseases of immense genetic heterogen-
eity [19]. In human CAKUT, more than 30 known monogenic
causes fail to explain 70–80% of cases [6]. The role of environ-
mental risk factors and epigenetics for human CAKUT is
poorly understood [24]. To our knowledge, no studies addres-
sing the role of miRNAs in human CAKUT have been pub-
lished so far. In conclusion, although the depletion of the
entirety of all miRNAs in nephrogenic tissues abrogates proper
kidney development [8–11], our results suggest that mutations
in 96 promising candidate miRNAs do not play a major role in
the pathogenesis of human CAKUT.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford
journals.org.

ACKNOWLEDGEMENTS

The authors thank the affected individuals, their families and
their physicians who contributed to this study. This work was
supported by a grant from the National Institutes of Health to
F.H. (R01-DK045345 and R01-DK088767). F.H. is an Investi-
gator of the Howard Hughes Medical Institute and a Warren
E. Grupe Professor. We are grateful to Dr Ali G. Gharavi for
sharing DNA samples and clinical information.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Ichikawa I, Kuwayama F, Pope JC et al. Paradigm shift from classic anatom-
ic theories to contemporary cell biological views of CAKUT. Kidney Int
2002; 61: 889–898

2. Woolf AS. A molecular and genetic view of human renal and urinary tract
malformations. Kidney Int 2000; 58: 500–512

3. Smith JM, Stablein DM, Munoz R et al. Contributions of the Transplant
Registry: The 2006 Annual Report of the North American Pediatric
Renal Trials and Collaborative Studies (NAPRTCS). Pediatr Transplant
2007; 11: 366–373

4. BinghamC, BulmanMP, Ellard S et al. Mutations in the hepatocyte nuclear
factor-1beta gene are associated with familial hypoplastic glomerulocystic
kidney disease. Am J Hum Genet 2001; 68: 219–224

5. Sanyanusin P, Schimmenti LA,McNoe LA et al. Mutation of the PAX2 gene
in a family with optic nerve colobomas, renal anomalies and vesicoureteral
reflux. Nat Genet 1995; 9: 358–364

6. Vivante A, Kleppa MJ, Schulz J et al. Mutations in TBX18 cause dominant
urinary tract malformations via transcriptional dysregulation of ureter de-
velopment. Am J Hum Genet 2015; 97: 291–301

7. Airik R, BussenM, SinghMK et al. Tbx18 regulates the development of the
ureteral mesenchyme. J Clin Invest 2006; 116: 663–674

8. Bartram MP, Dafinger C, Habbig S et al. Loss of Dgcr8-mediated micro-
RNA expression in the kidney results in hydronephrosis and renal malfor-
mation. BMC Nephrol 2015; 16: 55

9. BartramMP, Hohne M, Dafinger C et al. Conditional loss of kidney micro-
RNAs results in congenital anomalies of the kidney and urinary tract
(CAKUT). J Mol Med (Berl) 2013; 91: 739–748

10. Chu JY, Sims-Lucas S, Bushnell DS et al. Dicer function is required in the
metanephric mesenchyme for early kidney development. Am J Physiol
Renal Physiol 2014; 306: F764–F772

11. Nagalakshmi VK, Ren Q, Pugh MM et al. Dicer regulates the development
of nephrogenic and ureteric compartments in the mammalian kidney. Kid-
ney Int 2011; 79: 317–330

12. Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4
encodes small RNAs with antisense complementarity to lin-14. Cell 1993;
75: 843–854

13. Pastorelli LM, Wells S, Fray M et al. Genetic analyses reveal a requirement
for Dicer1 in themouse urogenital tract.MammGenome 2009; 20: 140–151

14. Lewis MA, Quint E, Glazier AM et al. An ENU-induced mutation of
miR-96 associated with progressive hearing loss in mice. Nat Genet 2009;
41: 614–618

15. de Pontual L, Yao E, Callier P et al. Germline deletion of the miR-17 ap-
proximately 92 cluster causes skeletal and growth defects in humans. Nat
Genet 2011; 43: 1026–1030

16. Kohl S, Hwang DY, Dworschak GC et al. Mild recessive mutations in six
Fraser syndrome-related genes cause isolated congenital anomalies of the
kidney and urinary tract. J Am Soc Nephrol 2014; 25: 1917–1922

17. Saal S, Harvey SJ. MicroRNAs and the kidney: coming of age. Curr Opin
Nephrol Hypertens 2009; 18: 317–323

18. Hwang DY, Dworschak GC, Kohl S et al. Mutations in 12 known dominant
disease-causing genes clarify many congenital anomalies of the kidney and
urinary tract. Kidney Int 2014; 85: 1429–1433

19. Vivante A, Kohl S, Hwang DY et al. Single-gene causes of congenital anom-
alies of the kidney and urinary tract (CAKUT) in humans. Pediatr Nephrol
2014; 29: 695–704

20. Hwang DY, Kohl S, Fan X et al. Mutations of the SLIT2-ROBO2 pathway
genes SLIT2 and SRGAP1 confer risk for congenital anomalies of the kid-
ney and urinary tract. Hum Genet 2015; 134: 905–916

21. Tsai MF, Lin YJ, Cheng YC et al. PrimerZ: streamlined primer design for
promoters, exons and human SNPs.Nucleic Acids Res 2007; 35 (Web Server
issue): W63–W65

22. Halbritter J, Diaz K, Chaki M et al. High-throughput mutation analysis in
patients with a nephronophthisis-associated ciliopathy applying multi-
plexed barcoded array-based PCR amplification and next-generation se-
quencing. J Med Genet 2012; 49: 756–767

23. Halbritter J, Porath JD, Diaz KA et al. Identification of 99 novel mutations
in a worldwide cohort of 1,056 patients with a nephronophthisis-related ci-
liopathy. Hum Genet 2013; 132: 865–884

24. Nicolaou N, Renkema KY, Bongers EM et al. Genetic, environmental, and
epigenetic factors involved in CAKUT. Nat Rev Nephrol 2015; 11: 720–731

Received for publication: 4.10.2015; Accepted in revised form: 15.12.2015

O
R
IG

IN
A
L
A
R
T
IC

L
E

M u t a t i o n a n a l y s i s i n m i R N A s i n C A K U T 1283

http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfv447/-/DC1
http://ndt.oxfordjournals.org/lookup/suppl/doi:10.1093/ndt/gfv447/-/DC1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


