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1 Genome wide association study with DNA pooling identifies variants at CNTNAP2 as M y Krumbiegel, [START_REF] Schlotzer-Schrehardt | Ocular and systemic pseudoexfoliation[END_REF] Francesca Pasutto, 1 Ursula Schlötzer-Schrehardt 2 , Steffen Uebe, [START_REF] Schlotzer-Schrehardt | Ocular and systemic pseudoexfoliation[END_REF] oding apolipoprotein E (APOE) however is still controversial [9][10] t could be excluded in our population of PEX patients. 11 A unique genome-wide scan rried on with 75 PEX patients and 14 474 population based control subjects allowed detection of a strong association between two non-synonymous single nucleotide lymorphisms (SNPs) in the lysyl oxidase-like 1 (LOXL1) gene and both PEX ndrome and PEXG in populations from Iceland and Sweden. This association has racellular matrix, is characterized by production and accumulation of an abnormal tracellular material in many intra-and extraocular tissues. [START_REF] Schlotzer-Schrehardt | Ocular and systemic pseudoexfoliation[END_REF] Clinically it manifests th marked intraocular changes as it involves all tissues of the anterior segment of the e. Whitish fibrillogranular material is visible by slit-lamp microscopy on the anterior s capsule and at the pupillary border. 2 Furthermore PEX is one of the most common of open-angle glaucoma accounting for about 25% of all open-angle glaucoma mpatible with PEX being a complex genetic disorder. [3][4] oteomic approaches identified the presence of elastic fiber components (such as rillin-1, vitronectin and fibulin-2), clusterin as well as apolipoprotein been subsequently confirmed in many cohorts worldwide, [13][14][15][16][17][18][19][20][21][22] including our present group of PEX patients. 
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METHODS

Study populations

The study was approved by the ethical review boards of the Medical Faculty of the Un angen-Nuremberg, Tuebingen, Wuerzburg (Germany), and that of the ho (Italy) and was in accordance with the tenets of the emale, 4 male) and six normal appearing donor eyes (mean age, 77.3 ± 6.6 years; 3 male, 3 male) without any known ocular disease. The presence of PEX syndrome was nfirmed by electron microscopic analysis of small tissue sectors and the absence of ucoma was confirmed by microscopic analysis of optic nerve cross sections. These es were obtained at autopsy and were processed within 8 hours after death. In ition, tissues of six eyes with PEX-associated glaucoma (mean age, 81.6 ± 3.1 years; 8 years; 4 female, 2 male) were used. These eyes had to be surgically enucleated cause of painful absolute glaucoma and were processed immediately after ucleation; their medical history has been documented previously. 33 Informed consent tissue donation was obtained from the patients or, in case of autopsy eyes, from their Cluster 8 presenting the highest odds ratio (OR=2.35) was selected for more detailed association analysis. This cluster is located on chromosome 7 within the CNTNAP2 ge the quilibrium (LD) with each other. We performed individual genotyping with a total 19 SNPs selected from the clusters. As shown in Table 1, 17 of the 19 SNPs tested owed the expected significant differences (P value < 0.05) in allelic frequency ween patients and control groups, thus confirming that the hybridisation intensities array data were based on true differences in genotype frequency between both s.

ne locus (Figure 1). 17 additional SNPs from this gene region were genotyped using DNA samples of the pooled groups ( 

Kommen expression

By immunohistochemistry, CNTNAP2 could be localized mainly to cell membranes of epithelial and endothelial cells (Fig. 3A), the corneal endothelium (Fig. 3B elial cells and endothelial cells lining Schlemm's canal (Fig. 3C), iris pigment ithelium as well as the ciliary epithelium of both PEX and control eyes (Fig. 3E).

TNAP2 was also found to be expressed by vascular endothelial and smooth muscle ls, e.g. in the conjunctival stroma, iris stroma (Fig. 3D) and choroidal stroma (Fig.

). In the retina, a marked labeling of retinal ganglion cells and retinal nerve fibers was nt (Fig. 3G). Moreover, positive staining of nerve fibers and glial cells was embranes, e.g. the basal membrane infoldings of nonpigmented ciliary epithelial cells, th both antibodies to CNTNAP2 (Fig. 4A). In PEX tissues, immunogold labeling of l membranes appeared to be reduced close to cellular surface compartments from ich the PEX fibrils appeared to emerge (Fig. 4B).

negative control experiments, immunoreactions could be eliminated by replacement primary antibodies (data not shown).

is approach enable developed software tools, we were able to detect several loci which showed marked 
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  and graphical evaluation of the pooled hybridization intensities at the single array SNP. In de study using pooled DNA samples of pa

  -time PCR total RNA was extracted from various ocular tissues ing the RNeasy kit (Qiagen, Hilden, Germany) including an on-column DNase I digestion step. cDNA synthesis and quantitative real-time PCR, using the MyIQ thermal cycler and software (Biorad, Munich, Germany), was performed as previously Sigma). In negative control experiments, the primary antibodies were 9 bbit (ab33994: Abcam, Cambridge, UK and HPA002739: Sigma, St. Louis, MO). tibody binding was detected by Alexa 488-conjugated secondary antibodies vitrogen-Molecular Probes, Eugene, OR) or by 10 nm gold-conjugated secondary tibodies (BioCell, Cardiff, UK). Nuclear counterstaining was performed with ibed.34 In brief, real-time PCR reactions (25 µl) contained 2 µl of the 1:5 diluted st-strand cDNA, 0.4 µM each of upstream-and downstream-primer, 3.5 mM MgCl 2 NTNAP2) or 3.0 mM MgCl 2 (ß-actin), and IQ SYBR Green Supermix (Biorad). All mples were analyzed in duplicates. Gene-specific exon-spanning primers (MWG otech, Anzing, Germany) for CNTNAP2 (upstream: TAACTGCGACGCGGACT, downstream: GTACAGGTCTTTGCGGATG; accession-No.: NM_001101) were designed by eans of Primer 3 software. For quantification, standard curves of plasmi NA were run in parallel, and amplification specificity was checked using melt curve d sequence analyses using the Prism 3100 DNA-sequencer (Applied Biosystems, ster City, CA). For normalization of gene expression levels, mRNA ratios relative to house-keeping gene ß-actin were calculated.eling were performed on sections of ocular tissues of PEX and control eyes, as eviously described, 35 using two different antibodies again replaced by phosphate-buffered saline or equimolar concentrations of irrelevant antibodies.Statistical analysisStformed with the program Haploview (version 4.0) 32 which us atistical analysis was per es χ 2 statistics for assessing single SNP and haplotype association. A P value of < 0.05 was considered statistically significant. Obtained P values were Bonferroni correct RESULTS Genome-wide Association Study (GWAS) ed. Tw A pools of PEX patients without and with glaucoma and one of co ere hybridized to the Affymetrix 50 GPGraphics according to differences of relative allele signals between cases and controls (ΔRasMean). As expected, a large number of chromosomal regions presented SNPs wi ntrol subjects, prepared as described in Methods, w 0K chip array. For the analysis of pooling-based array data, we used GPFrontend and together with the GenePool software to rank all 500 568 array SNPs th marked differences in hybridization intensities including the LOXL1 locus lthough SNPs contained in Affymetrix chip are different from those of the Illumina ip in particular for LOXL1 region, Supplementary Figure), which has been shown to associated with the disease. 12,23 The identification of LOXL1 locus among others loci oved the validity of data. Kommentar [f2]: POINT 2For further analysis we then selected 11 novel clusters of high-ranking SNPs containing at least two SNPs positioned among the first 1 000 SNPs and in high linkage

  retrolaminar portion of the optic nerve (Fig. 3H). On the electron microscopic level, immunogold labeling confirmed a distinct reaction of cell m wi cel wh In of DISCUSSION In the present study we combined the strengths of microarrays and pooled DNA for a genome wide association study (GWAS) to identify loci associated with PEX disease. Th d us to investigate a large number of SNPs and individual DNA sam with GWAS of a large number of individual DNA samples. With the help of the newly 13 ples (160 patients and 80 controls) reducing both time and cost normally connected

  differences in allelic signal frequencies between patients with PEX syndrome/glaucoma and control subjects, including the LOXL1 locus. In the Affymetrix 500K-Array set the best SNP of the LOXL1 locus, rs893818, ranked only at position 2 419 with a difference in relative allele signal frequencies (ΔRasMean) of 11.9% between case and control pools(Supplementary Figure). Single genotyping of the known associated LOXL1 SNPs, rs1048661 and rs3825942 (not present on the Affymetrix 500K-Array Set) with the same DNA samples of the pools revealed a genotypic difference of 15.6% for SNP rs1048661 and 7.2% for SNP rs3825942 (data not shown). Thus the difference at SNP rs893818 observed in the pooling experiment is comparable to that of the two known LOXL1 associated SNPs. Patient selection for pooling was done independently of LOXL1 genotype. In addition, single genotyping of the 19 high ranking SNPs at the in intron 11 of the CNTNAP2 gene. This association was seen both in the discovery and replication cohorts in disease-susceptibility loci could lected regions confirmed the differences in allelic signal frequencies observed ween groups, thus validating the potential of the pooling-based GWAS to identify Ps differing in allele frequencies. tailed analysis of the selected locus on chromosome 7 suggested an association ween PEX and two SNPs, rs2107856 and r German patients. Though modest given the OR of about 1.4, the risk conferred to the sease of these two SNPs is typical for many susceptibility variants associated with mplex diseases.

ure 1 .Figure 4 .

 14 Figure 4. Immunogold localization of CNTNAP2 along the basolateral membrane infoldings of the nonpigmented ciliary epithelium of a normal donor eye (A) and an eye with pseudoexfoliation syndrome (B). (BM basement membrane, M mitochondria, PEX pse

  

  

Table 2

 2 KommeA second replication cohort of 249 patients and 190 healthy individuals from Northern Italy was also genotyped for all 19 SNPs (Supplementary Table). In this second

	SNPs, rs2107856 and rs2141388, remained significant after Bonferroni correction
	(rs 2107856: Pc=0.0108, OR=1.42, 95% CI: 1.17-1.72; rs2141388: Pc=0.0072,
	OR	=1.43, 95% CI: 1.18-1.74, Table 2), thus suggesting a possible association both with
	PE X syndrome and PEXG.

). For two SNPs the difference in allele frequency between patients and control subjects remained significant after Bonferroni correction (rs2107856 and rs2141388; Bonferroni-corrected Pc=0.0180, OR=2.35, 95% CI To German replication cohort of 610 patients and 364 control subjects. The results of the first results of the combined German cohorts are re : 1.44-3.83, Table 2). confirm these results we genotyped all 19 selected SNPs in a first independent replication cohort alone as well as the ported in Table 2, respectively. Also in the combined groups, the P values for the two Kommentar [f3]: POINT 2 ntar [f4]: POINT 2

P=0.0043, both and combined groups: P=0.0098 and P=0.0085, Table

3
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ch as laminin G, fibrinogen-like domains and epidermal growth tor (EGF)-repeat mains that are also found in members of the fibrillins and fibulins protein family. It is teresting to note that the two associated SNPs are located in an intronic region with no notated functional element, but next to exons coding for the EGF-repeat domains, own to be involved in specific protein-protein interactions. Interaction of ce, to our knowledge, studies on ocular expression of CNTNAP2 are limited to the t optic nerve,
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we documented in this study the detailed expression pattern of 2 Based on the observation that CNTNAP2 is pressed along the membranes of cells which are involved in the de novo formation of X fibrils in anterior segment tissues, and in view of the fact that PEX fibrillogenesis d assembly occur in close association with cell membranes, a functional implication NTNAP2 in PEX pathophysiology is well conceivable. It may be speculated that mal matrix processes, which are in fact known to be associated with cell surface egularities, basement membrane destruction and degenerative membrane alterations. . e N, Miyazawa A, Nakazawa T, Mengkegale M, Otomo T, Nishida K: luation of LOXL1 polymorphisms in eyes with exfoliation glaucoma in anese. Mol Vis 2008; 14: 1338-1343. ds DA, Seymour AB, Durham LK et al: Application of pooled genotyping to n candidate regions for association with HDL cholesterol levels. Hum omics 2004; 1: 421-434. . rson JV, Huentelman MJ, Halperin RF et al: Identification of the genetic is for complex disorders by use of pooling-based genomewide singleleotide-polymorphism association studies. Am J Hum Genet 2007; 80: 126-. . rett JC, Fry B, Maller J, Daly MJ: Haploview: analysis and visualization of and haplotype maps. Bioinformatics 2005; 21: 263-265. lotzer-Schrehardt U, Pasutto F, Sommer P et al: Genotype-correlated liation syndrome/glaucoma and normal patients. Am J Pathol 2008;

TABLE 1 .

 1 Allele frequencies from individual DNA genotyping and results of χ² statistics of selected SNPs initially identified in genome wide association study (GWAS) using pooled DNA from 160 patients and 80 control individuals. *Pc value: P value after Bonferroni correction.

			SNP	Clu	ster Chr. Allele Cases Controls	Chi²	P value	Pc value *
	rs4316338	1	1	C	0.741	0.656	3.679	0.0551
	rs3102 053	2	1	T	0.778	0.620	13.249	0.	0003	0.0057
	rs7532 572	2	1	A	0.703	0.603	4.620	0.0316
	rs4	839282	3	1	A	0.58	2	0.406	13.143	0 .0003	0.0057
	rs6	682717	3	1	C	2 0.58	0.405	13.211	0	.0003	0.0057
	rs6	728372	4	2	T	9 0.51	0.406	5.408	0.0200
	rs1	7268959	4	2	G	0.52	3	0.395	6.683	0.0097
	rs1	3012537	5	2	T	4 0.58	0.431	10.049	0	.0015	0.0285
	rs1 3411233	6	2	A	0.23		8	0.133	7.153	0.0075
	rs1	346776	6	2	C	3 0.25	0.127	10.164	0	.0014	0.0266
	rs2	758813	7	6	T	2 0.31	0.219	4.638	0.0313
	rs1	744380	7	6	G	6 0.30	0.225	3.499	0.0614
	rs2	141388	8	7	T	3 0.30	0.156	12.138	0 .0005	0.0095
	rs2	107856	8	7	T	3 0.30	0.156	12.138	0 .0005	0.0095
	rs1	391466	9	8	A	0.33	6	0.222	6.664	0.0098
	rs9	03146	9	8	C	1 0.38	0.272	5.570	0.0183
	rs1	0964882	10	9	T	0.86	6	0.759	8.465	0.0036
	rs7	047811	10	9	T	0.86	8	0.753	9.844	0 .0017	0.0323
	rs1	433612	11	5	T	0.73	4	0.627	5.839	0 .0157

TABLE 2 .

 2 Allele frequencies from individual genotyping of 19 SNPs in CNTNAP2 gene region and results of χ² statistics are shown for the values are in bold. *Pc value: P value after Bonferroni correction.

	di

TABLE 3 .

 3 Association of CNTNAP2 SNPs rs2107856 and rs2141388 allele T, both with LOXL1 common risk haplotype G-G, composed of both G alleles of the two coding SNPs rs1048661 and rs3825942. The results are shown for the discovery group (160 patients, 80 control LOXL1 individuals), the replication group (610 patients, 364 control individuals) and the combined groups (770 patients, 444 control individuals).

	Groups	LOXL1 haplotypes Cases Controls		SNP	Cases,Controls	Chi²	P value	OR	95% CI
	Di	scovery	G-G carriers	14	4	5	9	856 rs2107	292, 0 0.	.169	6.557	0.0	104	2.02	8 1.17-3.4
										rs2141388	0.292, 169 0.	6.557	0.0104	2.02	8 1.17-3.4
			Non-G -carriers G	16	21	1078 r 2 s	56	, 0.1 0.406	19	8.139	0.	0043	5.06	1.5	2 7-16.3
										2 rs 141388	0.406, 0.119	8.139	0.0043	5.06	1.57-16.3	2
	Replica on ti	G-G carriers	580	273	1078 rs2	56	, 0.2 0.285	34	4.750	0.	0293	1.30	1.	5 03-1.6
										2 rs 141388	0.285,	0.2	33	5.000	0.0254	1.31	6 1.03-1.6
			Non-	G-G carriers	30	91	078 rs21	56	, 0.2 0.350	53	2.132	0.	1443	1.59	0.	8 85-2.9
										rs	21413	88	, 0.350 0.250	2.257	0.	1330	1.62	0.	3 86-3.0
	Combi d ne	G-G carriers	7	24	332	1078 rs2	56	, 0 2 0.286 . 23	9.288	0	.0023	1.40	1. 13-1.7 3
										1413 r 2 s	88	0.286	, 0.2	22	9.609	0.	0019	1.41	1.	5 13-1.7
			Non-G -G car ers ri	46	112	rs2107856	0, 2 0.37 0. 28	6.677	0 .0098	1.99	1. 18-3.3 7
										rs2141388	, 0.370 0.225	6.916	0. 0085	2.02	1. 19-3.4 2
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