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Purpose: To evaluate the role of thaptineurin gene OPTN) in Indian primary open angle glaucoma (POAG) patients

from different parts of the country.

Methods: Two hundred patients with POAG and 200 ethnically matched normal controls were recruited from various
parts of India for the study. The entire coding regio®@BTN along with the intron-exon boundaries were screened by
PCR and single strand conformation polymorphism (SSCP) followed by direct sequencing. Arapid screening method was
developed for some of the observed variants by denaturing high performance liquid chromatography (dHPLC). Four
variants were also confirmed by digesting the amplicon with appropriate restriction enzymes.

Results: Seven nucleotide changes were observ&@PiiN of which one was a putative mutation in exon 16 (Arg545GIn)

that was observed in six POAG patients and not in the controls (p<0.05). The remaining variants comprised four single
nucleotide polymorphisms (SNPs) in the coding region (Thr34Thr, Met98Lys, Arg149Arg, and Asn303Lys) and two in
intron 6 (879-10G>A and 879-5C>T). But frequencies of the minor allele were not significantly different among the
patients and controls. The Met98Lys variant that was identified to be a potential risk factor for NTG and POAG in some
Asian populations and also for modulating IOP in Caucasian populations, did not exhibit any significant association to the
disease phenotype.

Conclusions: Despite a putative mutation (Arg545GIn) in some patients, the present study does not suggest a significant
involvement ofOPTN in POAG patients of Indian origin.

The glaucomas comprise a group of heterogeneous opt®g, 10p, 14q, 15q, and 22p that do not overlap with the previ-
neuropathies with a complex genetic basis. If untreated, theseisly implicated loci [15-17]. Through bioinformatic analy-
neuropathies lead to optic nerve damage along with a prais, the Noelin family of genes has also been suggested to be
gressive loss of vision [1,2]. According to latest estimatesinvolved in ocular pathogenesis leading to glaucoma [18].
glaucoma affects about 67 million people worldwide [3]and ~ Among the three glaucoma genes, the potential role of
1.5 million in India [4]. Among the various glaucoma sub-MYOC has been well documented in juvenile and adult-onset
types, primary open angle glaucoma (POAG) is more comPOAG [19]. GloballyMYOC mutations account for 2-5% of
mon and accounts for half of these cases [5]. Seven chromall POAG cases [1,2,19]. On the other hand, defec@ifN
somal loci GLC1A-GLC1G) have so far been implicated in have been implicated in normal tension glaucoma (NTG) and
POAG [6-12], of which three genesyocilin (MYOC) on  mild to moderate forms of late-onset POAG [14,20]. How-
GLC1A (1g32) [13],0ptineurin (OPTN) [14] on GLC1E  ever, mutations in botMYOC and OPTN genes could have
(10p25), andADR-36 on GLC1G (5g22.3) [12] have been considerable overlaps in phenotypic expressions.
characterized. In addition, a few other chromosomal loci have  An initial report on 52 POAG families demonstrated the
been mapped for POAG through genome-wide scans on 2igvolvement ofOPTN mutations in 16.7% along with an ad-
ditional risk to 13.6% of familial and sporadic cases due to
Correspondence to: Subhabrata Chakrabarti, Kallam Anji Reddthe intragenic SNPs [14]. Following this discovery, a large
Molecular Genetics Laboratory, Brien Holden Eye Research Centreumber of studies were undertaken to identify the defects in
L. V. Prasad Eye Institute, Road Number 2, Banjara Hills, Hyderabad®pPTN causal to NTG and POAG [21-31]. One such study
500034, India; Phone: 40-23543652; FAX: 40-23548271; emailgcreened 1,048 patients for variations previously associated
subho@lvpei.org with glaucoma [21]. Among the previously reported mutations
Dr. Mukhopadhyay is now at the Department of Human Genetics[,14]’ they detected one individual with familial NTG and Brit-
Radboud University Nijmegen Medical Centre, Nijmegen, The NethlSh anCGSt_ry to have the GIU5QLyS mutation. The ArgS45GIn
erlands. was described as a polymorphism that does not cause disease
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and the previously reported frame-shift mutation was not depriate concentration of Mg¢land 0.5 unit of Taq polymerase
tected in any of their patients. Additionally, there are contraflnvitrogen, Carlsbad, CA) in a GeneAmp-9700 thermocycler
dicting reports from different ethnic groups particularly from (PE Applied Biosystem, Foster City, CA).

Asia that investigated the involvemen@®TN in POAG and/ Mutation screening by SSCP and dHPLC: Mutation

or NTG [27-30], but none from India. The present study wascreening was done by single-strand conformation polymor-
therefore aimed at understanding the possible ro®@RGN  phism (SSCP) of the PCR amplicons in 8% non-denaturing
in the causation of POAG among Indian patients from differpolyacrylamide gels run at different temperatures with and

ent parts of the country. without glycerol. Prior to loading, amplicons were denatured
at 95°C for 5 min and snap chilled on ice to prevent reannealing
METHODS of the single stranded product. Electrophoresis was performed

Selection of cases: The study protocols adhered to the tenetsat a constant 160 volts for 18-22 h, depending on the sizes of
of the Declaration of Helsinki and was approved by the Instithe amplicon. Following electrophoresis the gels were silver
tutional Review Board. Two hundred Indian patients (meastained to visualize the bands. Samples exhibiting band shifts
age 48.%£16.8) with or without a family history of POAG pre- were further analyzed by direct sequencing.

senting at the LV Prasad Eye Institute, Hyderabad, Eye Care The SSCP variants were screened by denaturing high-per-
& Research Center, and Regional Institute of Ophthalmologyprmance liquid chromatography (dHPLC) in the Wave Ana-
Kolkata, were recruited. All the POAG cases had an elevatdgzer (Transgenomic Inc., Omaha, NB) for high-throughput
intraocular pressure of >21 mm Hg and/or glaucomatous discreening in additional patient and control samples. Prior to
changes in the presence of typical field defects, along with donading, the samples were denatured at®6or 5 min and
open angle on gonioscopy and no other secondary causegre gradually cooled down to 8€ to facilitate heterodu-
Cases with a history of inflammation, ocular trauma, oculaplex formation. The melting temperatures were calculated from
hypertension, and normal tension glaucoma were excludetle WAVEMAKER™ software (version 4.1) and were based
[32]. Two hundred ethnically matched normal individualson fragment length, sequence, and the position of the variant
(mean age 56:2.2.1) without any signs or symptoms of glau- in the amplicon. Samples were run under partially denaturing
coma or other associated ocular or systemic diseases sengahditions and the elution of heteroduplex peaks was moni-
as controls. tored from the chromatogram.

Collection of samplesand DNA analysis: Blood samples DNA sequencing: The variants observed in SSCP/dHPLC
were collected in EDTA by venipuncture with prior informed were characterized through bi-directional sequencing of the
consent from the POAG patients and controls. Genomic DNAmplicon. The PCR amplicons were column-purified using
was prepared using the conventional phenol-chloroform exhe Qiagen PCR-purification kit (Qiagen, Hilden, Germany),
traction method. The coding region©PTN (NM_021980; and sequencing was performed on an ABI Prism 3100 DNA
contig containindPTN: NT_077569) was amplified by poly- sequencer using the BigDye chemistry. Nucleotide changes
merase chain reaction (PCR) using exon-specific primers (deere detected from the chromatogram by comparing with the
signed and kindly provided by Dr. Mansoor Sarfarazi, Uni-normal OPTN gene sequence available in the database by
versity of Connecticut, Farmington, CT). PCR was carried ouPairwise BLAST [33].
in a total volume of 25.@l containing 50-100 ng genomic Restriction enzyme digestion: Nucleotide variants iden-
DNA, 0.4uM of each primer, 0.2 mM of each dNTP, appro-tified by DNA sequencing, that altered restriction sites, were

TaBLE 1. NucLEOTIDE CHANGES IN THE OPTN GENE IN INDIAN POAG PATIENTS

Observed genotypes
(W, Wt/ wt, mt/nt,nt)

Nucl eot i de Posi tion Restriction Amino acid = ----------ooaaaoaoaooo
change in gene Mut at i on/ SNP site (+/-) change Patients Controls

c. 428 GA Exon 4 SNP (rs2234968) HpyCh4l VvV (-) Thr 34Thr 134/61/ 5 106/ 83/ 11
c.619 T>A Exon 5 SNP Stul (+) Met 98Lys 178/22/ 0 189/11/ 0
c.879-10 GA Intron 6 SNP 197/ 3/ O 100/ 0/ oO*
c.879-5 CT Intron 6 SNP (rs2244380) 12/ 55/ 133 6/ 28/ 66*
c. 1960 GA Exon 16 Mut ati on Acil (-) Arg545d n 194/ 6/ O 200/ 0/ 0
c. 773 GA Exon 6 Novel SNP Argl49Arg 99/ 0/ 1 99/ 1/ O*
c. 1054 CA Exon 10 Novel SNP Ml (-) Asn303Lys 199/ 1/ O 194/ 6/ 0

Nucleotide changes in the OPTN gene in Indian POAG patients are essentially nonpathogenic. In the “Restriction sitenft/-fiesign
indicates the creation or abolition of a restriction siteHjoyCh41V (HpyCh4lV),Sul (Stul), Acil (Acil), or Mnll (Mnll). The terms “wt” and
“mt” indicate the wild type allele and the mutant allele, respectively. The asterisks indicate that these intronic and ggrvamants were
screened in 100 normal controls. Observed genotypes were scored to estimate the potential association of specific miacieotita e
phenotypes (i.e., POAG or normal). While no significant variation was observed for any SNP, the reported mutation (Arg&d5ieh) w
tected only in six heterozygous patients, but not in the controls.
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screened in additional POAG patients and control samples lhad a juvenile onset of the disease symptoms. Haplotypes gen-
digesting the amplicon with appropriate restriction enzymesrated through intragenic single nucleotide polymorphisms
(Table 1) as per the manufacturer’s protocol (New EnglanSNPs) indicated multiple independent origins for the
BioLabs, Beverly, MA). DNA fragments in the digest were Arg545GiIn variation (data not shown). Although Arg545GIn
separated by electrophoresis in 6% polyacrylamide gelsloes not belong to any known protein domain of OPTN, it is
stained with ethidium bromide, and visualized under an UVlocated near the zinc finger motif, the latter being normally
transilluminator. Alleles were scored based on the band paseen in transcription factors.
terns in the gel. This variant was initially identified only in a patient and
was absent in normal controls that led investigators to term it
RESULTS & DISCUSSION as a mutation [14]. Since then there has been multiple reports
Screening ofOPTN in a pool of 200 unrelated POAG pa- on various ethnic groups contradicting the status of this vari-
tients of Indian origin revealed seven different nucleotide variant as a pathogenic mutation (Table 2). This mutation has not
ants (Table 1) of which only the Arg545GIn was a potentiabeen observed in any other patient of Caucasian origin from
mutation that was originally reported by Rezaie et al. [14], ilCanada, the United States, Germany, and Australia
2002. Among the other variants, the Met98Lys was previouslf21,25,26,31]. As evident from Table 2, the Arg545GIn muta-
reported to be a risk factor in certain populations [22,24] antion has been observed predominantly in Asian populations,
the remaining comprised of five innocuous single nucleotidevith varying frequencies. A large series of 1,048 patients from
changes. Our results emphasize a limited involvemeéd®®N  the United States [21] and 66 patients from Canada [25] ob-
in Indian POAG patients similar to most other studiesserved the Arg545GIn only in 12 NTG patients (3.4%) of Japa-
[23,26,30,31]. nese and one JOAG patient of Chinese origins, respectively.
Arg545GInasa potential mutation: Wedetected a nucle- These variants were also observed in Japanese and Chinese
otide variant ¢.1960G>A in 6/200 POAG patients (3.0%) thatontrol chromosomes, although the differences were not sta-
represented a missense mutation Arg545GlIn in exon 16 in thistically significant. Similarly another study on 119 POAG
present study. This variant creates a restriction sitédddr  subjects from China observed this variant in almost equal fre-
and was absent in 400 normal chromosomes. Interestingly, @lencies among the patients (6.7%) and controls (8.7%) [27].
of these patients (6) were from eastern India, and two of them A recent report on Japanese patients observed the
Arg545GIn change only in one NTG patient and not in the
TABLE 2. DISTRIBUTION OF THE ARG545GLN VARIANT POAG cases or controls [30], similar to the initial report of
Rezaie et al. [14]. However, two large studies from Japan re-

Variants present

(% total)

........................ TaBLE 3. FREQUENCY DISTRIBUTION OF THE MET98L YS VARIANT
Popul ati on Patients Controls Ref erences ALLELE
Australia 0.00 (27) 0.00 (94) [ 26] Patients
Canada 1.51 (66) 1.63 (184) [25] Pooul at i PORG (% NTG (%4 Controls (%4 Ref
Ger many 0.00 (112) 0.00 (100) [31] Population — POAG (% NTG (% Controls (% References
UK 0.00 (315) 0.00 (95) [22] Australia 7.4 0.0 3.2 [26]
USA 0.00 (86) 0.00 (80) [ 23] Canada 12.2 0.0 3.9 [25]
USA 0.09 (1048) 1.19 (251) [21] (Fyraance gg gg ‘71-3 {gﬂ

r many . . .

USA 2. 17 (46) 0. 00 (100) [ 14] Nor 0CCO 10,7 00 83 [ 24]

) UK 4.4 10.6 3.2 [22]
Chi na 6.72 (119) 8.73 (126) [ 27] USA 1.8 11.8 4.3 [14]
Japan 0.06 (154) 0.00 (100) [ 30] USA 5.1 5.3 7.2 [21]
Japan 6.32 (411) 5.04 (218) [29] UsA 9.0 0.0 10.0 [23]
Japan 6.38 (313) 5.10 (196) [28] i na . 0.0 a6 (2]

) Japan 16.9 15.4 5.0 [30]
I ndi a 3.00 (200) 0. 00 (200) Present Japan 17.0 22.1 16.5 [ 29]
st udy Japan 13.3 19.6 13.8 [28]

11.0 0.0 5.5 Present

Variable distribution of Arg545GIn in open angle glaucoma (OAG)' "di a
patients and controls in different population groups of the world.
Among the population groups from consisting mostly of Caucasiansrequency distribution of variant alleles coding for Met98Lys in
asingle study [14] reported the presence of the variant allele, codir®OAG and NTG patients in different population groups of the world.
for 545GIn, among the OAG patients. However, the frequencies ofhe table highlights the variability in the reported studies on the rela-
the variant allele in the OAG patients and controls were comparabl@ée frequency of the allele coding for 98Lys among the population
among east Asians except for one study [30] that observed this vagroups consisting mostly of Caucasians, east Asian, and south Asian.
ant in an NTG patient and not in the controls. Our study on Indiasuch variability in the allelic distribution might be due to different
POAG patients identified the variant allele only among the patientgene pools in the population groups which determine the interaction
similar to the original report [14] that implicat€PTN in open angle  of OPTN with other proteins contributing to the pathophysiology of
glaucoma. the disease.

st udy
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ported strikingly similar frequencies of this variant in cases ofype residue of this variant is highly conserved across species
POAG, NTG, and controls [28,29]. It has been claimed thatdata not shown), it is unlikely to play a potential role in the
the Arg545GIn mutation could largely be a polymorphism thatlisease pathogenesis. However in absence of a functional as-
does not cause disease in Asian populations [21,27], althoughy we cannot comment any further on this issue.

the present study did not observe this variant in unrelated nor- The remaining four nucleotide changes were either
mal individuals. Unlike other studies, our results indicate antronic or silent changes that are unlikely to be involved in
significant association of Arg545GIn in POAG (p<0.05). Vari- the pathogenesis. A silent change at c.428G>A (Thr34Thr) was
able penetrance of tl@PTN variant in different ethnic popu- detected in exon 4 that abolishes a restriction site for
lations suggests potential involvement of other modifying lociHpyCh4lV. In our series, the frequency of the variant allele
which might differ from one population to the other. Furtheramong the patients (0.18) and controls (0.26) was not signifi-
it highlights the importance of screening this variant in Indiarcant (p>0.5). This change was found in almost all the studies
POAG populations to establish its potential role in causationndertaken across different populations including the Asians
of POAG. [14,27-30].

Isthe Met98Lys a potential risk factor?: The nucleotide We observed two intronic variants upstream of exon 7 at
variant c.619T>A (Met98Lys) was detected both in patient$VS6-10G>A and IVS6-5C>T. As these changes did not cre-
and controls by restriction digestion of the PCR amplicon wittate or abolish any restriction site, the entire pool of patients
Sul as described earlier [22] followed by confirmation of theand controls were sequenced for this locus and the frequen-
variants by direct sequencing. The frequency of the minor aties of the variant allele were identical for patients and con-
lele among the patients (0.05) and controls (0.03) was statistrols (Table 1). Since both changes were intronic, not predicted
cally not significant. None of the individuals screened exhibto create cryptic splice sites and two variants were already
ited this variant in the homozygous condition (Table 1). reported as SNPs [27], its role in causation of the disease could

The Met98Lys variant was initially identified as an “at- be ruled out. However, like the silent change in exon 4
tributable risk factor” as it was observed in significantly higheThr34Thr), the more frequent SNP (IVS6-5C>T) could be
frequencies in patients (13.6%) than control chromosomeassed as an informative marker in POAG pedigrees.

(2.1%) [14]. However, the other studies from American popu-  The present study also did not observe significant asso-
lations did not reveal any significant differences in the freciation to any SNPs in patients and controls, similar to most
guencies of the Met98Lys variant among the patients and conther studies [21,25-28,31]. ABPTN is commonly associ-
trols (Table 3). The large multi-ethnic study on 1,048 patientated with NTG, it seems reasonable that further studies on the
did find a significant association of Met98Lys (p=0.01) amongnvolvement ofOPTN in glaucoma should be conducted, spe-
the 247 Japanese NTG patients in their subset compareddifically on NTG patients. While there are some studies ex-
Japanese control subjects (n=89), but the sample size in thiiting association dDPTN to POAG and NTG from differ-
subset was relatively small to perform a case-control studgnt ethnic groups of Asia [27,29], its major role in the disease
[21]. Similar results were replicated from a study among Japgrocess leading to POAG is still debatable. Despite finding a
nese patients that claimed the Met98Lys variant to be a righutative mutation (Arg545GIn), the present study did not show
factor in POAG (p=0.009) and NTG (p=0.029), respectivelyany evidence for the involvement ©PTN in the pathogen-
[30]. Another independent study from Japan observed a relasis of POAG. It is worth noting that unlike the mutation spec-
tively higher frequency of the Met98Lys variant allele in 217trum inMYOC causing POAG [19], there are relatively fewer
NTG (22.1%) compared to 194 POAG (17.0%) patients anchutations inOPTN that would lead to POAG or NTG [20].
controls (16.5%), although the differences were not signifiBy and large the nucleotide variants observed across popula-
cant (p=0.139 for NTG and p=0.893 for POAG) [29]. An-tions have largely been SNPs that are infrequently associated
other Japanese study did not support this conclusion [28]. with the disease phenotype [20-31]. It is evident @RTN

Later Met98Lys was reported to be a modifier of initial exhibits wide variations in different ethnic groups and may be
IOP in POAG patients [24]. Another study involving POAG involved in POAG and primarily with NTG through a com-
and NTG patients from London showed that Met98Lys waplex biochemical pathway that merits functional studies of the
associated specifically with NTG but not with HTG [22]. In OPTN protein.
light of these observations, a study comprising of only NTG
patients is warranted to test for any causal association among ACKNOWLEDGEMENTS
Indian patients. We thank the patients and the normal volunteers for partici-

Other nucleotidevariants: A novel heterozygous change pating in this study. AM, SK, MA, and AB thank the Council
was identified at ¢.1054C>A causing a substitution of aspalef Scientific and Industrial Research (CSIR), Government of
agine by lysine (Asn303Lys) in a sporadic POAG case fronindia for predoctoral fellowships. The study was supported in
eastern India that abolished a restriction siteMatl. The  part by a CSIR-NMITLI grant (to SC and KR), Department of
segregation of mutant alleles could not be confirmed becau&zience and Technology (DST), Government of India, grant
DNA samples from his parents were not available. HowevefSP/SO/D-34/2001) to SC, and a CSIR grant (CMMO0016) to
this nonconservative change was also seen in 6 ethnicalkR.
matched normal controls from eastern India. Although the wild

795



Molecular Vision 2005; 11:792-7 <http://www.molvis.org/molvis/v11/a94/>

REFERENCES
1. WuDunn D. Genetic basis of glaucoma. Curr Opin Ophthalmol
2002; 13:55-60.

2. Sarfarazi M. Recent advances in molecular genetics of glaucd8.
mas. Hum Mol Genet 1997; 6:1667-77.

3. Quigley HA. Number of people with glaucoma worldwide. Br J
Ophthalmol 1996; 80:389-93.

4. Balasubramanian D. Molecular and cellular approaches to undek9.
stand and treat some diseases of the eye. Curr Sci 2002; 82:948-
957.

5. Goldberg I. How common is glaucoma worldwide? In: Weinreb20.
RN, Kitazawa Y, Krieglstein G, editors. Glaucoma in the 21st
century. London: Mosby-Wolfe; 2000. p. 3-8.

6. Sheffield VC, Stone EM, Alward WL, Drack AV, Johnson AT, Streb
LM, Nichols BE. Genetic linkage of familial open angle glau-
coma to chromosome 1g21-g31. Nat Genet 1993; 4:47-50.

7. Stoilova D, Child A, Trifan OC, Crick RP, Coakes RL, Sarfarazi
M. Localization of a locus (GLC1B) for adult-onset primary 22.
open angle glaucoma to the 2cen-q13 region. Genomics 1996;
36:142-50.

8. Wirtz MK, Samples JR, Kramer PL, Rust K, Topinka JR, Yount J,
Koler RD, Acott TS. Mapping a gene for adult-onset primary23.
open-angle glaucoma to chromosome 3g. Am J Hum Genet 1997,
60:296-304.

9. Trifan OC, Traboulsi El, Stoilova D, Alozie I, Nguyen R, Raja S,
Sarfarazi M. A third locus (GLC1D) for adult-onset primary
open-angle glaucoma maps to the 8q23 region. Am J Ophthalma#-
1998; 126:17-28.

10. Sarfarazi M, Child A, Stoilova D, Brice G, Desai T, Trifan OC,
Poinoosawmy D, Crick RP. Localization of the fourth locus
(GLCI1E) for adult-onset primary open-angle glaucoma to the2S.
10p15-p14 region. Am J Hum Genet 1998; 62:641-52.

11. Wirtz MK, Samples JR, Rust K, Lie J, Nordling L, Schilling K,

Acott TS, Kramer PL. GLC1F, a new primary open-angle glau-

coma locus, maps to 7q35-g36. Arch Ophthalmol 1999; 117:23726.

41.

Monemi S, Spaeth G, DaSilva A, Popinchalk S, llitchev E,

Liebmann J, Ritch R, Heon E, Crick RP, Child A, Sarfarazi M.

Identification of a novel adult-onset primary open-angle glau-27-

coma (POAG) gene on 5g22.1. Hum Mol Genet 2005; 14:725-

33.

13. Stone EM, Fingert JH, Alward WL, Nguyen TD, Polansky JR,
Sunden SL, Nishimura D, Clark AF, Nystuen A, Nichols BE, 28.
Mackey DA, Ritch R, Kalenak JW, Craven ER, Sheffield VC.
Identification of a gene that causes primary open angle glau-
coma. Science 1997; 275:668-70.

14. Rezaie T, Child A, Hitchings R, Brice G, Miller L, Coca-Prados29.
M, Heon E, Krupin T, Ritch R, Kreutzer D, Crick RP, Sarfarazi
M. Adult-onset primary open-angle glaucoma caused by muta-
tions in optineurin. Science 2002; 295:1077-9.

15. Nemesure B, Jiao X, He Q, Leske MC, Wu SY, Hennis A, Mendell
N, Redman J, Garchon HJ, Agarwala R, Schaffer AA,
Hejtmancik F, Barbados Family Study Group. A genome-wide
scan for primary open-angle glaucoma (POAG): the Barbados
Family Study of Open-Angle Glaucoma. Hum Genet 2003;30.
112:600-9.

16. Wiggs JL, Lynch S, Ynagi G, Maselli M, Auguste J, Del Bono
EA, Olson LM, Haines JL. A genomewide scan identifies novel

12.

©2005 Molecular Vision

JL, Pericak-Vance MA, Hauser MA. Early adult-onset POAG

linked to 15911-13 using ordered subset analysis. Invest
Ophthalmol Vis Sci 2005; 46:2002-5.

Mukhopadhyay A, Talukdar S, Bhattacharjee A, Ray K.

Bioinformatic approaches for identification and characteriza-

tion of olfactomedin related genes with a potential role in patho-

genesis of ocular disorders. Mol Vis 2004; 10:304-14.

Gong G, Kosoko-Lasaki O, Haynatzki GR, Wilson MR. Genetic
dissection of myocilin glaucoma. Hum Mol Genet 2004; 13[Spec
Number 1]:91-102. Erratum in: Hum Mol Genet 2004; 13:991.
Sarfarazi M, Rezaie T. Optineurin in primary open angle glau-
coma. Ophthalmol Clin North Am 2003; 16:529-41.

21. Alward WL, Kwon YH, Kawase K, Craig JE, Hayreh SS, Johnson

AT, Khanna CL, Yamamoto T, Mackey DA, Roos BR, Affatigato
LM, Sheffield VC, Stone EM. Evaluation of optineurin sequence
variations in 1,048 patients with open-angle glaucoma. Am J
Ophthalmol 2003; 136:904-10.

Aung T, Ebenezer ND, Brice G, Child AH, Prescott Q, Lehmann
0OJ, Hitchings RA, Bhattacharya SS. Prevalence of optineurin
sequence variants in adult primary open angle glaucoma: impli-
cations for diagnostic testing. J Med Genet 2003; 40:e101.

Wiggs JL, Auguste J, Allingham RR, Flor JD, Pericak-Vance MA,
Rogers K, LaRocque KR, Graham FL, Broomer B, Del Bono
E, Haines JL, Hauser M. Lack of association of mutations in
optineurin with disease in patients with adult-onset primary
open-angle glaucoma. Arch Ophthalmol 2003; 121:1181-3.
Melki R, Belmouden A, Akhayat O, Brezin A, Garchon HJ. The
M98K variant of the OPTINEURIN (OPTN) gene modifies ini-
tial intraocular pressure in patients with primary open angle glau-
coma. J Med Genet 2003; 40:842-4.

Willoughby CE, Chan LL, Herd S, Billingsley G, Noordeh N,
Levin AV, Buys Y, Trope G, Sarfarazi M, Heon E. Defining the
pathogenicity of optineurin in juvenile open-angle glaucoma.
Invest Ophthalmol Vis Sci 2004; 45:3122-30.

Baird PN, Richardson AJ, Craig JE, Mackey DA, Rochtchina E,
Mitchell P. Analysis of optineurin (OPTN) gene mutations in
subjects with and without glaucoma: the Blue Mountains Eye
Study. Clin Experiment Ophthalmol 2004; 32:518-22.

Leung YF, Fan BJ, Lam DS, Lee WS, Tam PO, Chua JK, Tham
CC, Lai JS, Fan DS, Pang CP. Different optineurin mutation
pattern in primary open-angle glaucoma. Invest Ophthalmol Vis
Sci 2003; 44:3880-4.

Toda, Tang S, Kashiwagi K, Mabuchi F, lijima H, Tsukahara S,
Yamagata Z. Mutations in the optineurin gene in Japanese pa-
tients with primary open-angle glaucoma and normal tension
glaucoma. Am J Med Genet A 2004; 125:1-4.

Funayama T, Ishikawa K, Ohtake Y, Tanino T, Kurosaka D,
Kimura |, Suzuki K, Ideta H, Nakamoto K, Yasuda N, Fujimaki
T, Murakami A, Asaoka R, Hotta Y, Tanihara H, Kanamoto T,
Mishima H, Fukuchi T, Abe H, lwata T, Shimada N, Kudoh J,
Shimizu N, Mashima Y. Variants in optineurin gene and their
association with tumor necrosis factor-alpha polymorphisms in
Japanese patients with glaucoma. Invest Ophthalmol Vis Sci
2004; 45:4359-67.

Fuse N, Takahashi K, Akiyama H, Nakazawa T, Seimiya M,
Kuwahara S, Tamai M. Molecular genetic analysis of optineurin
gene for primary open-angle and normal tension glaucoma in
the Japanese population. J Glaucoma 2004; 13:299-303.

early-onset primary open-angle glaucoma loci on 9g22 an@1. Weisschuh N, Neumann D, Wolf C, Wissinger B, Gramer E. Preva-

20p12. Am J Hum Genet 2004, 74:1314-20.
17. Allingham RR, Wiggs JL, Hauser ER, Larocque-Abramson KR,
Santiago-Turla C, Broomer B, Del Bono EA, Graham FL, Haines32.

796

lence of myocilin and optineurin sequence variants in German
normal tension glaucoma patients. Mol Vis 2005; 11:284-7.
Chakrabarti S, Kaur K, Komatireddy S, Acharya M, Devi KR,



Molecular Vision 2005; 11:792-7 <http://www.molvis.org/molvis/v11/a94/> ©2005 Molecular Vision

Mukhopadhyay A, Mandal AK, Hasnain SE, Chandrasekhar G33. Tatusova TA, Madden TL. BLAST 2 Sequences, a new tool for
Thomas R, Ray K. GIn48His is the prevalent myocilin muta- comparing protein and nucleotide sequences. FEMS Microbiol
tion in primary open angle and primary congenital glaucoma  Lett 1999; 174:247-50. Erratum in: FEMS Microbiol Lett 1999;

phenotypes in India. Mol Vis 2005; 11:111-3. 177:187-8.

The print version of this article was created on 23 Sep 2005. This reflects all typographical corrections and erraialéottinelagh that

date. Details of any changes may be found in the online version of the article.
797



