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Purpose: To evaluate the extent to which mutations indpé&neurin(OPTN) glaucoma gene play a role in glaucoma in
different populations.

Methods: Case-controlled study @PTNsequence variants in individuals with or without glaucoma in populations of
different ancestral origins and evaluate previo®3 Nreports. We analyzed 314 subjects with African, Asian, Caucasian

and Hispanic ancestries included 229 cases of primary open-angle glaucoma, 51 cases of juvenile-onset open-angle glau-
coma, 33 cases of normal tension glaucoma, and 371 controls. Polymerase chain reaction-@mpNi=sting exons

were resequenced and case frequencies were compared to frequencies in controls matched for ancestry.

Results: The E50K sequence variant was identified in one individual from Chile with normal tension glaucoma, and the
691_692insAG variant was found in one Ashkenazi Jewish individual from Russia. The R545Q variant was found in two
Asian individuals with primary open-angle glaucoma; one of Filipino ancestry and one of Korean ancestry. In addition to
presentingOPTNallele frequencies for Caucasian and Asian populations that have been the subject of previous reports,
we also present information for populations of Hispanic and black African ancestries.

Conclusions: Our study contributes additional evidence to support the previously reported associati@Rf HE50K

mutation with glaucoma. After finding an additional 691_692ingA&ST Nvariant, we can still only conclude that this
variant is rare. Combined analysis of our data with data from more than a dozen other studies indicates no association of
R545Q with glaucoma in most populations. Those same studies disagree in their conclusions regarding the role of M98K
in glaucoma. Our analysis of the combined data provides statistically significant evidence of association of M98K with
normal tension glaucoma in Asian populations, but not in Caucasian populations; however, the validity of this conclusion
is questionable because of large differences in allele frequencies between and within populations. It is currently not
possible to tell how much of the underlying cause of the allele frequency difference is attributable to demographic, tech-
nical, or ascertainment differences among the studies.

The optic neuropathy called glaucoma is the second moatfamily history of glaucoma, increasing age, and an IOP el-
common cause of bilateral blindness in the world [1]. The mostvated above the normal range.
frequent form of glaucoma is open-angle glaucoma (OAG), During the last decade, genetic mapping and cloning ex-
which can occur as adult-onset primary open-angle glaucongeriments have demonstrated that glaucoma has substantial
(POAG) or juvenile-onset primary open-angle glaucomaenetic components [3]. Among the more than one dozen
(JOAG). Prevalence of OAG has been measured at higher frexapped glaucoma loci, 11 GLCL1 loci cause OAG [3], two
guencies in individuals of African ancestry than in those ofGLC3 loci cause congenital glaucoma [4,5], and the remain-
European or Asian ancestry [2]. Although the most commoing known loci are responsible for secondary and develop-
form of OAG in the US involves elevated intraocular pressurenental forms of glaucoma [3]. Additional genetic risk factors
(IOP), OAG also develops in individuals whose IOP is nevefor differential severity of OAG have been reported [3].
observed outside of the normal range (normal tension glau- Mutations in the myocilinNIlYOQ gene at the GLC1A
coma, NTG). Associated risk factors for OAG include racdocus are found in 2.6-4.3% of POAG cases [6] and up to one-
(i.e., population genetic factors, particularly ethnic ancestry)hird of the familial JOAG cases [7]. There has not yet been a
follow-up on a recent report that mutations in WD repeat do-
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Rezaie et al. [9] described mutations in tpgineurin  try. In most cases, the sample screened was the proband of the
(OPTN) gene, located within the GLC1E interval at 10p15-family, but sometimes a different case from that family had to
pl4 [10], in 16.7% of families from a predominantly NTG be used, such as when the proband was someone with an am-
population. The original report @PTNinvolvement in glau-  biguous diagnosis. For some families in which the proband
coma presented three likely disease-causing variants desigad a sequence variant of interest, additional relatives were
nated E50K, 691_692insAG, and R545Q, and one proposedso screened. The group of normal control samples included
risk factor M98K [9]. Further studies find association of somesamples from 48 individuals of African ancestry (Corielle In-
OPTNalleles with OAG, but others report no evidence of asstitute, Camden, NJ), 19 individuals of Hispanic ancestry, and
sociation of OAG with those same alleles [11-24]. 99 individuals of Asian ancestry (Corielle Institute) who had

In this paper, we present new data on@BTNmutation  not been characterized for ophthalmologic phenotype. These
screening of 314 open-angle glaucoma patients who have eincharacterized population controls were used in a subset of
ther POAG, JOAG, or NTG, from populations of Caucasiangxperiments as detailed in Results.

Asian, Hispanic, and African ancestry. We present case r@Autation Screening:OPTNwas screened via sequencing of

ports of individuals with E50K and 691_692insAG mutationspolymerase chain reaction (PCR) amplified DNA. Genomic

and discuss findings from more than a dozen studies that hal&A was extracted from peripheral blood samples using

carried outOPTNmutation screening. Puregene DNA Isolation kits (Gentra Systems, Minneapolis,

MN) following the manufacurer’s protocoDPTN coding

METHODS exons were amplified by PCR in a gDreaction containing

Subjects: Informed consent was obtained from each partici50 ng of genomic DNA, 1.5 mmol/l Mg¢0.5umol/l of each

pant according to a HIPAA-compliant study protocol approvegrimer, 0.125 mmol/l of each dNTP, and 0.5 units of Amplitaq

by The University of Michigan Institutional Review Board Gold (PE Applied Biosystems, Foster City, CA) in 1X final

for review of human subjects studies. Ophthalmologic exami-

nations included slit-lamp biomicroscopy, optic disk exami-

nation, IOP by applanation, gonioscopy, and refraction. Indi

viduals with known surgical or pharmacologic risk factors for

TABLE 2. PRIMERS USED FOR SEQUENCING THE OPTN GENE

Forward prinmer sequence Reverse priner sequence

: . 5 -3 5 -3
glaucoma, such as steroid use, were excluded from this stuc;’f?f’f1 . ( _____ ) ________________ ( _____ ) ________
OAG was diagnosed based on the presence of open fil-4  TGAGAGAAAGTGGGECAACT CACCAGCTACCACCTATGGA
H i H 5 GGCATCTTTCAATTCAGAGCC GACACGTAAGATTCCACTCGC
tr.atlon gngles, glaucomgtqus opth discs and glaucoma'[ous6 T OCCAGAGCT CTGOGAT TAA T ACACT GOAATTT OCTCA
visual field changes. Individuals with elevated IOP, greater 7  TCTGAGCCACCCOGTTTAAA GACCTCOGGTGACAAG
than or equal to 22 mmHg, were considered to have POAG if 8~ CCAGAATGITCTCGAAAGCAG CGGTGAACTGTATGGTATCT
h h d adult t at 35 f Id dt 9 CCCCTGATCCTTTATCCCAA AATTCAGTGGCTGGACTAC
they showed adult-onset a years ol age or older, and 19y tearTCAGCCTGTTTTCTCC COCCCCATCTTACAAGTATTTC
have JOAG if they showed onset prior to 35 years of agell  TGGCCAGGTCTAGTGAAGAA TTTATCOOCCTCTCTGAGAG
; i H 12 GAAATGCTAGTAGGTCGTGG CCCTGACCATAGGACATTCA
They were deemed to have NTG if their highest known IOP 3 S - S o anT ACATOCACT GAGCACTTTCC
never exceeded 21 mmHg. 14 CTAGCAGGATTGTGCATCGT GTGGCGCGAACACAGCTATT
Table 1 lists our study case and control subjects by theid>  TTTCCCCTACTTCTGIGGAC GAGACTGACGCGTCCTATAT
TCATGTCCCACTACGTGTTG TGTGCCCGECCTGITTTCTT

diagnosis and ancestry. Our 314 OAG subjects included 5

JOAG, 230 POAG, and 33 NTG cases. Our control sample®imers used in amplification GPTNexons were also used in se-
came from 371 unrelated individuals. Normal control sampleguencing reactions. Primers located in introns were placed far enough
were matched for race to the cases, so that a sequence varRy from the exon boundaries to allow visualization of the sequence
found in a particular case population had control screeningf the splice sites. Exons 4 through 16 are the exons that contain
carried out only in the control population of the same ance£°ding sequence.

TABLE 1. ANCESTRY AND DIAGNOSIS OF SUBJECTS

Tot al
Popul ati on JOAG POAG NIG OAG Contr ol Tot al
African
(U.S., Grana, N geria, and the Caribbean) 14 63 4 81 88 169
Asi an
(Korea, China, and the Philippines) 2 1 2 5 117 122
Caucasi an
(Europe and the M ddl e East) 32 159 26 217 116 333
Hi spanic
(Mexico, Puerto Rico, Chile, Panama, and Col onbi a) 3 7 1 11 50 61
Total s 51 230 33 314 371 685

The frequency distribution of cases and controls according to open-angle glaucoma (OAG) condition and ancestry (nati@malyisiou
included 314 cases with juvenile onset OAG (JOAG), primary open-angle glaucoma (POAG), and normal tension glaucoma (NTG).
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concentration of the PCR buffer. Primers used for exon am- RESULTS
plification are listed in Table 2. PCR conditions were 10 min  ES0KOPTNmutation in a case with normal tension glau-
at 95°C followed by 36 cycles of 1 min at 9&, 1 min at 55 coma:Case 1, a 52 year old Chilean female (IlI:1; Figure 1),
°C, and 1 min at 72C with a final extension for 10 min at 72 was diagnosed with NTG at age 42 years and her highest pre-
°C. Sequencing of PCR-amplified DNA was used to screetreatment IOP was 18 mmHg in both eyes. After bilateral
all 314 OAG cases for mutations in the coding sequences (i.étabeculectomies and betaxolol treatment, her IOPs were 6
exons 4 through 16) and splice sites flankDigTNexons. mmHg in the right eye and 10 mmHg in the left eye. Gonio-
When a sequence variant was detected in a patient, we screesedpic exam revealed open angles in both eyes, with iris pro-
for that specific mutation in the control population samples o€esses noted circumferentially in both eyes. A dilated fundus-
the same ancestry. copic exam demonstrated advanced glaucomatous cupping

Individuals with E50K and 691_692insAG mutations whowith cup-to-disc ratios of 1.0 in both eyes and absence of hem-
are presented in the case reports were screened for mutatiamghage. Sequence changes were absent iM#@C gene
in MYOC PCR amplification of the thredYOCexons was coding sequence and splice sites. Her family history showed
conducted as described in reference [7] with some modifiedvidence of autosomal dominant inheritance (Figure 1). The
primers as listed in Table 3. PCR products were purified witEE50K mutation was found in three of the proband’s four af-
a QIAquick PCR purification kit (Qiagen, Santa Clarita, CA).fected relatives that were in the study (11:1, lll:2, and III:7;
Sequenced PCR products were analyzed on an ABI 377 seigure 1). The E50K mutation was absent in the proband’s
guencer or at the University of Michigan DNA Sequencingaffected aunt (I1:3; Figure 1) as well as five unaffected rela-
Core facility on either an ABI 3730 or 3700 sequencer. tives that were screened (Figure 1).

Statistical Analysis:Published reports on the frequency 691 692insAGOPTN mutation in a case with primary
of OAG mutations were compared using several different stazpen-angle glaucom&ase 2 was a female Russian Ashkenazi
tistical tests. Because some studies contained expected fdewish immigrant diagnosed with POAG at 80 years of age.
guencies of less than 5, Fisher’s exact test was chosen to éfer ocular history was significant for high myopia (right eye
amine the 2x2 contingency tables of individual studies. Intan<17.75 diopters, left eye -19.00 diopters) and myopic retinal
dem with Fisher’s exact test, odds ratios and 95% confidenakegeneration in both eyes. The patient had a childhood his-
intervals for the odds ratio were calculated. To estimate oddery of measles, a disease that has been identified as a pos-
ratios for whole populations based on multiple studies, fixedible contributor to high myopia. [30,31] At the time of the
effect estimates were calculated using a Mantel-Haenszel (MHPOAG diagnosis, the patient already had dense, 4-quadrant
model [25]. Homogeneity was evaluated with the Woolf testyisual field defects in both eyes, attributable to the retinal de-
in which the p value allows a determination of the approprigeneration, or a long-standing undiagnosed glaucoma, or both.
ateness of combining studies by testing for evidence of effe@he had cup-to-disc ratios of 0.5 in both eyes and diffuse
modification by study group (i.e., testing whether the oddghorioretinal atrophy. Her IOPs were 22 mmHg in the right
ratios are the same in all studies). For a case-control study, ape and 21 mmHg in the left eye. Her IOPs decreased to 17
odds ratio greater than 1 indicates that OAG cases are marenHg in the right eye and 16 mmHg in the left eye at one
likely to have the gene of interest than controls. For 2x2 cormonth after treatment with betaxolol, dipivefrin, and pilo-
tingency tables, independence is equivalent to an odds ratarpine. Over the next several years, her IOPs fluctuated be-
of 1. All statistics were computed using the open source staween the low teens and mid-twenties while she underwent
tistical program R 2.3.1 with the packages rmeta 2.12, metacatment with medication, laser treatments, and multiple
0.5, and vcd 0.9-7. [26-29] trabeculectomies. Screening of tB® TN gene revealed an
insertion of AG at positions 691 and 692 (691_692insAG) in
one copy of theOPTNgene. There were no other sequence
variants in the coding sequence or splice sites of eiRaMN
or MYOC Little family history information was available. She

TABLE 3. PRIMERS USED FOR SEQUENCING THE MYOC GENE

Forward primer sequence Reverse primer sequence had a maternal grandfather affected by high myopia, but she
Bon sy e didn’t know of any other cases of glaucoma in her small fam-
1A GGCTGGCTCCCCAGTATATA CTGCTGAACTCAGAGTCOCC ily. Her only living relative, a reportedly unaffected son, de-
1B AGGCCAATGT CAAGTCATCCAT CTCCAGAACTGACTTGICTC . . .
2 ACATAGTCAATCCTTGGGOC TAAAGACCACGTGGCACA clined to participate in the study. _
3A  CTGGCTCTGCCAAGCTTCOGCATGA  GGCTGGCTCTCOCCTTCAGCCTGCT R545Q and M98KOPTNsequence variant§he R545Q
3B GAGCTGAATACCGAGACAGTGAA GAGGCCTGCTTCATCCACAGCCAAC

sequence variant was found in two individuals with OAG. One
Primers used in amplification dYOCexons were also used in se- woman with Filipino ancestry had JOAG diagnosed at 24 years
quencing reactions. Primers located in introns were placed far enouglf age and had a maximum known pretreatment IOP of 50
away from the exon boundaries to allow visualization of the sequengamHg. Her mother also had POAG and her brother is unaf-
of the splice sites. Primer pairs 1A, 2, and 3A were used for PCRciaq. She did not know the diagnostic status of the rest of
amplification and sequencing of exons 1, 2, and 3, respectively. Prinl)fer relatives in the Philippines. The second case, a Korean
ers 1B and 3B are internal primers that were used for sequencir\1/90man diaanosed at 55 f had ! K
purposes only. g years or age, a a maX|mum nown
IOP of 29 mmHg and an unknown family history of glau-
coma.
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Among 36 OAG cases with the M98K mutation, the 26and once among the 33 NTG cases (3.0%). Both instances of
for whom we have historical IOP data had known maximunR545Q were found in individuals of Asian ancestry (2/5,
IOPs between 16 mmHg and 55 mmHg (mean=29.6 mmHg%0.0%). R545Q was also present in 11 of 117 (9.4%) controls
Out of the 283 OAG cases who lacked the M98K mutationpf Asian ancestry. The absence of this allele from our Cauca-
253 had historical IOP data available, with the maximum resian cases or controls (0/333, <0.3%) concords with previous
corded IOPs ranging from 14 mmHg up to 77 mmHgreports that failed to find it in either cases or controls of Euro-
(mean=29.9 mmHg). pean ancestry (0/1457), suggesting that the allele frequency
OPTN sequence variants in the whole study cohortiin European populations may be less than 0.1%
Among the 314 OAG cases, we found a total of four (1.2%]9,11,13,22,23,32,33]. Based on our data, we suggest that
individuals who possessed any of the three sequence variafi545Q may be of low prevalence in African (<0.6%) or His-
reported by Rezaie and colleagues [9] to be disease-causipgnic populations (<1.6%), but our ability to estimate frequen-
variants (Table 4). cies in these populations is limited because of sample size.
The E50K mutation in Case 1 was the only instance of The M98K sequence variant was found in JOAG, POAG,
E50K among the 314 OAG cases (1/314, 0.3%) and in noreTG, and control populations (Table 5 and Table 6). We ob-
of 371 controls (<2.7%), and was one of only 11 Hispaniserved statistically insignificant differences in the frequencies
cases screened (1/11, 9.1%; Table 4). E50K was identified between cases and controls for Africans and Caucasians, the
one of the 33 NTG cases (3.0%), but was not present in the&o large sample sets in the study (Table 5). Frequencies in
230 POAG or 51 JOAG cases. This mutation was present issian samples (32/122, 26.2%) resembled values for African
1/11 (9.1%) Hispanic cases and none of 50 Hispanic controlsamples (18/81, 22.2%), while frequencies for Hispanic
It was also absent from 86 Caucasian normal controls. samples (2/62, 3.2%) seemed more similar to frequencies for
The single instance of 691 692insAG in Case 2 was foun@Gaucasian samples (8/116, 6.9%), but sample sizes were small.
among the 314 OAG cases (1/314, 0.3%), and was one of 2Additionally, the Asian samples showed no difference between
Caucasian OAG cases screened (0.5%; Table 4). This was arases and controls (p value=0.112), but the sample size was
of 230 POAG cases (0.4%) and was not present in 116 Caucanall and the use of a predominantly Chinese population to
sian controls, including seven samples that share Ashkenazintrol for findings from a mixed Asian case set was prob-
Jewish ancestry with the case having the mutation. In addiematic when looking at an allele that showed considerable
tion, 691_692insAG was present in one case in the originafariation among populations. Thus, although our overall study
report by Rezeai [9] but that report did not provide informapopulation showed M98K in 36 of 314 OAG individuals
tion on ancestry of that case, so we could not tell whethgf1.5%) and 58 of 371 controls (15.6%), such pooling of data
their case and our case shared ancestral origins. This mutatiwom different racial/ethnic groups is invalid where popula-
was also previously reported as being absent from 200 normién frequencies vary so greatly.
control chromosomes of Caucasian origin [9]. Screening identified two instances of E322K in both cases
R545Q was present in two of the 314 OAG cases (0.6%@nd controls - a change previously reported to be associated
Table 4). It was found once among the 51 JOAG cases (1.9%jth glaucoma [9] (Table 4). We also found sil&RTNcod-
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Figure 1. Lack of complete cosegregation of E50K with glaucoma in the pedigree of a Chilean family. The arrow indicabesthéJase
1). Filled symbols are affected individuals with NTG, open symbols are individuals who are unaffected or reported to teeluSgffemls
with a cross indicate individuals who are glaucoma-suspect, symbols with a center dot indicate glaucoma-affected indioidiraist@ac
family report, and partially filled symbols denote individuals affected with POAG. Diagonal lines mark deceased indivitiuilgals
denoted with ++ have E50 alleles on both chromosomes and ones with M+ carry the E50K heterozygous change. Members dbgeneration
are young enough that they are not expected to be affected yet.
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ing sequence polymorphisms, including L32L, T34T, L41L,19.7%) or African (38/169, 22.5%) ancestries than in Cauca-
EG3E, A134A, and S321S, as well as previously reportedian (179/3149, 5.7%) or Hispanic (2/61, 3.3%) populations
intronic sequence variants [4,10,11,20,24,34,35]. We did ndTable 8 and Table 9). Thus, ancestry would be a significant
find 1le88Val or Ala99Ser in our case populations, but didconfounding variable when attempting to analyze data pooled
observe them among our controls (Table 4). from different populations.

Pooled data on R545(R545Q was present in our Asian If we consider specific defined subpopulations, where
data set, but absent from the other three populations witkere should be less concern about ancestry serving as a con-
screened. We found no significant differences in allele frefounding variable, then we are left with concerns about differ-
guencies between cases and controls for R545Q. This agremsces observed not just between but also within populations.
with many of the other published studies, although it shoul#Vhen we compared the different Asian studies using odds ra-
be noted that Mukhopadhyay et al. [19] did report the casdios (Figure 3), the aggregate Asian data, the aggregate Japa-
control difference to be significant (Table 6). Evaluation ofnese data, the data produced by our study, and by the indi-
odds ratios and frequencies for each of the Asian studiesdual studies of Umeda et al. [21], Fuse et al. [17], and Alward
showed no statistically significant differences between caset al. [11], we found each showed significant evidence of a
and control values for any of the Asian data sets (Figure 2ljfference between cases and controls. When we evaluated
Table 6). With the exception of the Rezaie study [9], R545Qillele frequencies for the various Asian data sets, we saw dra-
has been reported only in Chinese, Japanese, Korean, Filiatic differences in allele frequencies among the different stud-
pino, Indian, and mixed-ancestry populations (Table 6). ies (Figure 3, Table 8). Also, the control values showed much

Our Asian data set is small, so we examined the possibifjreater variation among studies than the case values. The con-
ity of pooling data from multiple studies. Because of observettol values from some studies are higher than the case values
variation in allele frequencies among studies (0.6-6.8%; Tabligom other studies, even though within each separate study
6), we questioned whether the data could be validly combinethe case frequencies are always higher than control frequen-
Using the Woolf test for heterogeneity to address this quesies (Figure 3). With regard to our study, in which a small
tion, we found no statistically significant study-based stratifi-number of samples came from diverse Asian regions, the ob-
cation within the individual populations for R545Q (Table 7).served difference could be due to the limited case sample size,
This means that it is reasonable to take data from the studidsferential representation of M98K within the Asian popula-
in Table 6 and pool them for a given population from multipletion, case versus control status, or some combination of the
studies under a model of homogeneity. When pooled, we fourttiree.
no statistically significant difference between case and con- The results of the Woolf test for heterogeneity indicated
trol values for the combined Asian data set (p value=0.541)hat there was something noncomparable about the M98K find-
nor for the separate Chinese (p value=0.89) or Japaneseifgs from a number of the studies that reported results for the
value=0.43) subsets (Table 7). The same lack of differencgame populations (Table 9). In the case of the Japanese data
was true when considering only NTG cases. set, pooled data showed M98K frequencies of 18.2% (220/

Pooled data on M98KWefound no evidence of signifi- 1208) in cases versus 11.6% (77/661) in controls (p
cant difference between case and control frequencies for M98K
in our Asian, African, Hispanic, or Caucf':\s.ian pO['Z)uhT:l'.[iOI’IS TaBLE 5. FREQUENCY oF M 98K IN FOUR POPULATIONS WITHIN OUR
(Table 8). Fuse and Alward reported statistically significant
evidence of association of M98K with OAG in the Japanese I
population, although Alward indicated that this difference exact

COHORT

. s . . . Whol e Tot al test
becomeS nonSIgnIflcant When adjusted fOI’ teStIng mul“pl@west ry popul ation JOAG POAG NTG OAG Control s p val ue
times. [11,17]. Other studies do not report a significant case- =~~~ =~ T o o
. i i d | b lati
COﬂtI’O| dlﬁ-erence [11_24] Frequency of nutation in screened sanples by popul ation
Previous studies supported our finding that M98K allelé./.™" %122 vz w1 ue:  wms s oan
frequences are much higher in populations of Asian (555/2818:720 5, oisss  wse 1niss ozs ey save ot
Tot al 94/ 690 7151 27/ 230 2/ 33 36/ 314 58/ 371
TABLE 4. FREQUENCY OF SEQUENCE VARIANTS THAT ALTER THE OPTN Percent of mutation in screened samples by popul ation
PROTEIN SEQUENCE .
African 22.5 21.4 22.2 25.0 22.2 22.7
. Asi an 26.2 50.0 100. 0 50.0 60.0 24.8
Protei n change DNA change Exon Ancestry Cases Control s Hi spani ¢ 3.2 0.0 14.3 0.0 9.1 2.0
-------------------------- Caucasi an 6.5 9.4 6.9 0.0 6.5 6.9
E50K c. 458 GA 4 Hi spani ¢ 1/11 0/ 50
1 88V c.572 A>G 5 Caucasi an 0/ 217 1/ 116 Tot al 3.6 3.7 1.7 6.1 1.5 5.6
A99S c. 605 &GT 5 African 0/ 81 2/ 88 . . .
E322K c. 1274 GA 10 African 1/81 6/ 88 The total enumeration of both cases and controls is listed in the whole
E322K c. 1274 GA 10 Caucasi an 1/ 217 0/ 90 3 wi H
golrrameshift 601 662i nSAG 6 Caucacion 1a17 ol116 p_opulaﬂon column. Cases are subdl_wded _accordlng to OAG type,
R545Q c.1944 GA 16 Asian 2/5 11/117 either JOAG, POAG, or NTG. Atwo-sided Fisher’s exact test p value

indicated no statistical significance for association between cases and

All case samples were screened and scored for each mutation listé@Ntrols in each ancestry category. Woolf's test for homogeneity
Absence of a listing for one of the four control groups does not implmong the ancestry frequencies yielded a p value of 0.312, indicat-
that it was screened. Data for M98K appear in Table 5. ing that the ancestral subdivisions are statistically similar.
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value=0.0002), but results of the Woolf test led us to suspe@aucasian data sets appeared to be homogeneous (p
that we may be combining noncomparable data sets (plue=0.512) and Fisher’s exact test indicated no significant
value=0.046). In the case of the European data set, Fished#&ference between case and control values (Table 9; p
exact test indicated that there was a statistically significantalue=0.072). Fewer studies distinguish observations for NTG
difference between cases and controls (p value=0.001), bahly. For those studies that provided data for NTG frequen-
again the Woolf test identified heterogeneity among the dateies, we saw that both the Japanese and European populations
sets (p value=0.005; Table 9). When we pooled the worldshowed homogeneity across studies. However, Fisher’s exact
wide data from the entire set of published studies, we sawtasting of pooled studies showed opposing results between
significant difference between cases and controls (Fapanese (p value=0.00002) and European (p value=0.58)
value=0.00000004), but again, testing for heterogeneity indpopulations.

cated that it may be invalid to pool these studies (Table 9; p The case versus control difference for the Hispanic data
value=0.0018). Interestingly, if we removed data from theare also intriguing, with M98K case values of 1/11 (9.1%)
Rezaie study [9], which indicated Caucasian controls but didnd control values of 1/50 (2.0%). Our small Hispanic data
not specify its case population composition, the remaininget was not well-powered for statistical testing, but this repre-

TaBLE 6. CoMmPARISON OF R545Q FREQUENCY IN DIFFERENT POPULATIONS

Fi sher’s
OAG Controls Per cent 95% Cl bounds exact
----------------------------------------- Qdds R t est
Sour ce R545Q  Tot al R545Q  Total OAG Control s ratio Lower Upper p val ue

Chi na
[ 14] 5 118 5 150 4.2 3.3 1.28 0.36 4.54 0. 753
[ 15] 27 400 19 262 6.8 7.3 0.92 0.50 1.70 0.876
Japan
[11] 12 247 3 89 4.9 3.4 1. 46 0. 40 5.31 0.767
[16] 26 411 11 218 6.3 5.0 1.27 0.62 2.62 0.596
[17] 1 154 0 100 0.6 0.0 1. 96* 0. 08* 48. 69* 1. 000
[ 20] 20 313 10 196 6.4 5.1 1.27 0.58 2.77 0. 700
[21] 3 83 4 58 3.6 6.9 0.51 0.11 2.35 0. 446
Asi a
[ This study] 2 6 11 117 33.3 9.4 4.82 0.79 29. 36 0.122
Eur ope
[ This study] 0 217 - - 0.0 - - - - -
[11] 0 650 0 162 0.0 0.0 - - - -
[13] 0 27 0 94 0.0 0.0 - - - -
[9] 1 46 0 100 2.2 0.0 6. 63* 0. 26* 165. 80* 0. 315
[22] 0 112 - - 0.0 - - - - -
Africa
[ This study] 0 81 0 90 0.0 0.0 - - - -
I ndi a
[19] 6 200 0 200 3.0 0.0 13. 40* 0. 75* 239. 49* 0. 030
M xed
[ 23] 0 86 0 80 0.0 0.0 - - - -
[ 24] 1 114 3 187 0.9 1.6 0.54 0. 06 5.28 1. 000

The asterisks denote a calculation based on adding 0.5 to each cell in cases with a zero cell frequency, otherwise ibaesatienis
Lower and upper bounds refer to the individual study 95% confidence interval around the odds ratio for a fixed effectsabteszel-H
model. Information from Leung et al. [35] were omitted because it duplicated that contained in Fan et al. [15]. Data feoal. T8@hwere
omitted because it duplicated information contained in Tang et al. [20]. In the Europe category, only the data regardengsQveasnd
Australia) in Alward et al. [11] were enumerated, while the reported cases with pigmentary, developmental, and exfoliative ataitted.
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sented an initial view of a population under represented in DISCUSSION

previous studies (Table 8). Given that our Hispanic data sdh our study of 314 individuals with OAG, we found 42 indi-
represented cross-continental cases from North, Central, amluals with sequence variants predicted to alter the protein
South America, we have to wonder whether the apparent di€oding sequence. This included th@BTN variants previ-
ferences in M98K allele frequences was simply due to smatdiusly reported to be disease-causing variants-E50K,
sample size, or rather might be attributed to differential allel€91_692insAG, and R545Q, as well as the M98K variant pre-
frequencies correlated with geographic origins of samplegiously reported as a risk factor [9].

rather than case-control status.

TABLE 7. AGGREGATE STATISTICAL SUMMARIES IN ASIAN POPULATIONS SCREENED FOR R545Q

Fi sher’s
Cases Control s Per cent 95% CI bounds Wool f exact
--------------------------------------- Qdds B t est t est
Ancestry R545Q  Tot al R545Q  Tot al OAG Control ratio Lower Upper p val ue p val ue
Chi na 32 518 24 412 6.2 5.8 0. 98 0.57 1.70 0. 648 0. 89
Japan 62 1208 28 661 5.1 4,2 1.20 0.76 1.90 0. 838 0.43
Asi a 94 1726 52 1073 5.4 4.8 1.12 0.78 1.58 0. 925 0.541
China-NTG 7 106 5 150 6.6 3.3 2.04 0.54 8.41 - 0.244
Japan-NTG 40 705 28 661 5.7 4,2 1. 40 0. 84 2.33 0. 848 0. 263

Results from computing the upper and lower 95% confidence interval bounds around the odds ratio indicate that none afitf@oksian
are statistically different from an odds ratio of 1. The Woolf test for homogeneity indicates that across studies withees@glyeoup the
odds ratios are statistically equivalent (i.e., homogeneous, because a p value less than 0.05 would indicate heterggArtaity§rEd
Fisher’s exact test on the pooled frequencies was computed for those instances when the Woolf test indicated homogergstiesethe
The ancestry groups are collated for China from Chen et al. [14] and Fan et al. [15]; and for Japan from Alward et ahyadjard al. [16],
Fuse et al. [17], Tang et al. [20], and Umeda et al. [21]. The Asia listing includes data pooled from the China and Jajes) CatggFan
et al. [15] report on NTG for China.

A

Odds ratios with
95% confidence interval bars for

B Observed fraction of case and
control samples in each study for

R545Q R545Q n
Aggregate R 2 [ Odds refio | | {7 > [© Control ® OAG] 2799
China * : o 930
Fan | : o 662
Chen * i : o o6a
g Japan - , oe 1869
B  Umeda * ' ® © 141
Fuse . ke 054
Alvard * ! : oe 336
Funayama | : oe 629
. ) ;oo 509

0.01 0.1 1 10 100 0 0.1 0.2 0.3

OAG versus controls

Fraction observed

Figure 2. R545Q log odds ratios and allele frequences in Asian population sfudhesws the odds ratios with 95% confidence interval bars
for individual Asian studies, and pooled results for Japan, China, and both in open angle glaucoma (OAG) cases versOsldsmnéinis
and confidence intervals are fixed effect estimates resulting from the Mantel-Haenszel Bethods the case (OAG, filled circle) and
control (open circle) proportion observed for each study. Total sample sizes are listed along the right-hand margin.eNdifferefhtres
between case and control frequencies are statistically significant in a comparison of the odds ratios (as readily obstereddsoratio
confidence intervals) and frequencies of R545Q mutations in any of the Asian populations studied.
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This is the second time the 691_692insAG mutation hasase. AlthougtOPTN defects were originally reported in a
been reported. Both times it has been identified in case poppepulation of primarily NTG cases, we found this variant in
lations but not seen in controls. It is the first report ofan individual with modestly elevated IOP (22 mmHg). The
691 692insAG in an individual of Russian Ashkenazi Jewislshift in the reading frame that it causes and the fact that it is
ancestry, and ancestry is unavailable for the previously reportsgen among cases but not controls suggests that it could be a

TaBLE 8. FREQUENCY OF M 98K IN INDIVIDUALS FROM DIFFERENT POPULATIONS

Fi sher’s
Cases Controls Per cent 95% Cl bounds exact
-------------------------------------- Qdds t est
Sour ce MB8K  Tot al MB8K  Tot al OAG Cont r ol ratio Lower Upper p val ue

Chi na
[14] 26 118 22 150 22.0 14. 7 1.64 0. 88 3.08 0. 148
[15] 129 400 81 281 32.3 28.8 1.18 0.84 1.64 0. 355
Japan
[11] 51 247 8 89 20. 6 9.0 2.63 1.20 5.80 0.014
[16] 81 411 36 218 19.7 16. 5 1.24 0.81 1.91 0. 389
[17] 25 154 5 100 16. 2 5.0 3.68 1.36 9.97 0. 009
[ 20] 51 313 27 196 16. 3 13.8 1.22 0.74 2.02 0. 527
[21] 12 83 1 58 14. 5 1.7 9. 63 1.22 76. 31 0. 149
Asi a
[ This study] 3 5 29 117 60.0 24. 8 4. 55 0.72 28. 60 0.112
Eur ope
[ This study] 13 217 8 116 6.0 6.9 0. 86 0.34 2.14 0.814
[11] 46 650 10 162 7.1 6.2 1.16 0.57 2.35 1. 000
[12] 22 315 3 95 7.0 3.2 2.30 0. 67 7.87 0.224
[13] 2 27 3 94 7.4 3.2 2.43 0. 38 15. 33 0. 310
[32] 9 200 10 200 4.5 5.0 0.90 0. 36 2.25 1. 000
[18] 11 237 5 110 4.6 4.5 1.02 0.35 3.02 1. 000
[33] 11 170 1 100 6.5 1.0 6. 85 0. 87 53. 87 0. 036
[9] 23 169 9 422 13. 6 2.1 7.23 3.27 15. 98 0. 000
[22] 7 105 7 93 6.7 7.5 0. 88 0.3 2.6 1. 000
Hi spanic
[ This study] 1 11 1 50 9.1 2.0 4.90 0.28 85. 05 0.331
Africa
[ This study] 18 81 20 88 22.2 22.7 0.97 0. 47 2.00 1. 000
I ndi a
[19] 22 200 11 200 11.0 5.5 2.12 1.00 4.51 0. 068
[39] 10 220 0 100 4.5 0 i nf 1.04 i nf 0.034
M xed
[38] 28 498 17 218 5.6 7.8 0.70 0. 38 1.32 0. 315
[ 36] 14 153 9 100 9.2 9.0 1.02 0.42 2.45 1. 000
[ 23] 8 86 8 80 9.3 10.0 0.92 0.33 2.59 1. 000
[ 24] 12 115 4 101 10. 4 4.0 2.83 0. 88 9. 06 0.116

Under the fixed effects Mantel-Haenszel model, individual study 95% confidence interval bounds around the odds ratioFoe gpven.
patibility with much of the published literature the two-sided Fisher’s exact test p values are given for each study.tAéhmegknce of
M98K mutations in OAG cases appears to be statistically significant relative to controls, Alward et al. [11] reported thadtiwtesting is
taken into account their result becomes nonsignificant. Information from Leung et al. [35] was omitted because it duplicteddtion
contained in Fan et al. [15]. Data from Toda et al. [37] were omitted because they duplicated the observations contajretdain [28h
Pigmentary and exfoliative data were omitted from the Europe (Caucasians living in lowa and Australia) samples reported dityahlwa
[11]. Rezaie et al. [9] reported a p value=2.18

158



Molecular Vision 2007; 13:151-63 <http://www.molvis.org/molvis/v13/a18/> ©2007 Molecular Vision

TABLE 9. AGGREGATE STATISTICAL SUMMARIES FOR POPULATIONS SCREENED FOR M 98K

Fi sher’s
OAG Control s Per cent 95% Cl bounds Wool f exact
———————————————————————————————————————— Qdds t est t est
Ancestry MB8K  Tot al MBBK  Tot al OAG Controls ratio Lower Upper p val ue p val ue
Chi na 155 518 103 431 29.9 23.9 1.26 0.94 1.70 0. 354 0.04
Japan 220 1208 77 661 18.2 11.6 1.65 1.25 2.19 0. 046 -
Asi a 375 1726 180 1092 21.7 16.5 1. 46 1.19 1.79 0.075 0. 0006
Eur ope 131 1873 48 1276 7.0 3.8 1.87 1.31 2.66 0. 005 -
Tot al 600 4871 277 3167 12.3 8.7 1.51 1.29 1.77 0. 002 -
Japan- NTG 142 705 77 661 20.1 11.6 1.91 1.40 2.62 0. 240 2E-5
Eur ope- NTG 28 371 24 544 7.5 4,4 1.77 0.97 3.24 0. 149 0.58
Tot al - NTG 170 1076 101 1205 15.8 8.4 1.75 1.33 2.31 0.177 6E-8

The ancestry groups are collated for China: Chen et al. [14] and Fan et al. [15]; Japan: Alward et al. [11], Funayafharetsa dtlal. [17],
Tang et al. [20], and Umeda et al. [21]; Europe: Alward et al. [11], Aung et al. [12], Baird et al. [13], Jansson et\&I§B2},al. [18],
Rakhmanov et al. [33], Rezaie et al. [9], and Weisschuh et al. [22]. Asia is the pooling of the China and Japan catetgigibsoiftenes
all published studies from the lines above with the addition of Craig et al. [38], Hauser et al. [36], Mukhopadhyay eS&priy@]et al.
[39], Wiggs et al. [23], and Willoughby et al. [24]. The Europe-NTG group consists of the data from Alward et al. [11],a\ydg@Baird
et al. [13], Rakhmanov et al. [33], and Weisschuh et al. [22]. Results from computing the upper and lower 95% confidahteumesv
around the odds ratio indicate that some studies are statistically different than an odds ratio of 1. The Woolf test faityandigated that
across studies within each ancestry group which of the odds ratios were statistically equivalent (i.e., heterogeneitglibyradicaalue less
than 0.05 [25]). A two-sided Fisher’s exact test on the pooled frequencies is given for those instances when the Warafddtancoge-
neity at the 0.05 level. When Rezaie et al. [9] data are excluded the Europe group, then the odds ratio becomes 1.33cwitfide 96
interval of (0.90, 1.98), Woolf p value of 0.512, and a Fisher’s exact test p value of 0.072.

Odds ratios with B Observed fraction of case and
95% confidence interval bars for control samples in each study for
M38K M98K n
Aggregate * (& Odds ratlo | o @ O Contol ®OAG) 2818
China L c e 949
Fan [P o 1869
Chen [- * o e 681
3 Japan 22 °c e 268
@ Umeda [ * ' o . 141
Fuse i o L 254
Alward I o L 336
Funayama | - | o ® 629
Tang P oe 509
0.1 1 10 100 0 0.1 0.2 0.3 0.4
OAG versus controls Fraction observed

Figure 3. Studywise differences appear in Japanese populations when odds ratios and frequencies of M98K mutations aréloetafiared.

hand graph4) shows the odds ratios with 95% confidence interval bars for individual Asian studies and pooled results for Japan, China, and
both in open angle glaucoma (OAG) cases versus controls. Odds ratios and confidence intervals are fixed effect estintafesmethiglt
Mantel-Haenszel method. The right-hand gra@hghows the case (OAG, filled circle) and control (open circle) proportions observed for
each study. Total sample sizes are listed along the right-hand margin. Larger samples have both narrower confidenaesdirsteovies a
distance between fractions observed for cases and controls. Studies inconsistently estimate the odds of OAG versusyingtans car
M98K mutation, with larger studies (more than 400 total cases and controls) estimating no statistically significant ditbesrmapulation
estimates are not shown, because, among the European population-based studies, only Rezaie’s study [9] showed aigtdficstically s
difference. The single study on India yielded a significant odds ratio, but no other comparable populations have be¢h9ported
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causative variant. However, if we combine data from all studtions (Table 9). The case-control difference is much smaller
ies, we see it in 2/3677 cases (0.0005%) in the studies thatthin Caucasian or African populations (Figure 3), and data
used protocols that would have detected it (all studies in Tabten Caucasian populations show less variation between stud-
8 except Aung [12], Melki [18], and Wiggs [23]). Only a frac- ies than the data on Japanese and Chinese populations (Table
tion of the 2,270 controls from those studies screened the whdde Figure 3).
sequence from all controls, so they would not have been highly  There are a number of confounding factors that might con-
likely to detect this variant among the controls even if theribute to the observed variability of allele frequency between
control frequency were equal to the case frequency. Thus, whifsian populations. Differential allele frequencies within a
it is tempting to say that a variant seen only in two cases migpbpulation could result from founder effects. At this point,
be causative, the available numbers can only support the caihere is not enough information available regarding origins of
clusion that 691_692insAG event is a rare occurence. the different subpopulations (Table 10) to allow for evalua-
We report here the first observation of the E50K changeion of the likelihood of a founder effect. There appears to be
in a Caucasian Hispanic individual. The observation of E50Ka correlation between total sample size and the difference be-
at a frequency of 0.3% in our cases is consistent with reporteeen case and control frequencies (Figure 2), although the
of frequencies in OAG populations of 0.1% by Alward et al.
[11], 0.6% by Aung et al. [12], and 0.6% by Hauser et al. [36].
The NTG subset is reported to have E50K at a higher preva-
lence of 13.5% (7/52),1.5% (2/132), 1.5% (1/67), and 2.9%
(1/34) in studies by Rezaie et al. [9], Aung et al. [12], Hauser source
et al. [36], and ourselves, respectively. Many other studiesain
found no evidence of this mutation, including reports of itg:a Qiraeiling
absence from 237 cases with Chinese ancestry [14,35] and...
961 cases with Japanese ancestry [11,14,16,17,20,21,35,37],
which supports the supposition that this is a polymorphisrh1
private to the Caucasian and Hispanic populations. Variation)
in frequencies observed among studies may be affected by tfie
ancestry of the population, the fraction of the cohort with fa- *'® (e than cine and Japan
milial glaucoma, and differences in specific diagnoses included"* ***”
in the study. Failure to see complete cosegregation of E50Keurope
with glaucoma (i.e., we have one OAG case in a family lacki}= =t

TaBLE 10. M98K POPULATION DATA SOURCES AND SCREENING
METHODS ORDERED BY ANCESTRY

Recrui t ment
I ocati ons
(popul ati on)

Met hodol ogy

SSCP- >sequenci ng
PCR and
HTCSGE- >sequenci ng

Japan-G fu
Japan- Tokyo,
Kumanot o, Hamanat su,

SSCP- >sequenci ng
PCR- RFLP

Hiroshima, Nigata
Japan- M yagi

Japan- Yamanashi
Japan- Ckayama City

PCR- >sequenci ng
SSCP- >sequenci ng
sequenci ng

USA- M chi gan
(Korean, Chinese,
Fi l'i pi no)

PCR- >sequenci ng

Caucasi an
Australian sanpl es

USA- M chi gan
Austral i a- Mel bour ne,

PCR- >sequenci ng
SSCP- >sequenci ng

ing the E50K mutation) raises questions about whether we are
observing a phenocopy or whether E50K is not the cause of
the glaucoma in this family. (12

Our data and the compiled evidence from more than g,
dozen other studies support the idea that R545Q may be g
private polymorphism of Asian populations. Although our'*
Asian data set provides marginal evidence for a difference ifi
R545Q allele frequency between cases and controls, it is g
small population and the results are not statistically signifi- ...
cant. When we pooled our data with data from other studies, « .y,
there did not appear to be any evidence to support a role for
R545Q as a disease causing variant.

We found the M98K variant in all four populations (mis stu
screened, but evaluation of all of the published studies leaves™*®
unresolved the issue of whether or not M98K is a risk factdr”
for glaucoma. A similar conclusion was drawn by Craig etal.”
[38] but they did not analyze the population (ancestry) struc; -
ture of the data for the allele. Several studies find evidence f&¥!
association, while others do not. Evaluation of the published”
data in addition to our own indicates that there is considerabl&’

Africa

Adel ai de, USA-Iowa

Engl and- London
Australia-New South
Wl es

Sweden- Uppsal a and
Tierps
France-Paris

Russi a- St .

Pet er sbur g

USA- Chi cago,
Connecticut, New
Haven, UK- London,
Canada- Tor ont o

Ger many- Tuebi ngen,
Wier zbur g

USA- M chi gan,
Florida, Mexico,
Panama, Peru, Chile,
Par aguay

USA- M chi gan, Ghana-
Accra, Sunyani

I ndi a- Hyper abad,
Kol kat a
I ndi a- Chennai

Austral i a/ Tasmani a
USA- New Engl and ar ea

USA- Massachuset t s,
North Carolina
Canada- Tor ont o

PCR- RFLP
PCR- RFLP

DHPLC, PCR,
SNaPshot

PCR- RFLP

SSCP, PCR

PCR- >sequenci ng
and

SSCP- >sequenci ng

PCR-RFLP, DHPLC

PCR- >sequenci ng

PCR- >sequenci ng

SSCP- >sequenci ng,

DHPLC, PCR--RFLP
PCR- >sequenci ng,
RFLP

PCR- RFLP

PCR- >sequenci ng,
DHPLC

PCR- >sequenci ng

PCR- RFLP

areCaucasi an (D. Mackey,
personal report), |owa
popul ati on >91% Caucasi an
according to the State Data
Center of |owa

Caucasi an

nost |y Caucasi an

French and Moroccan Caucasi ans

Unspecified cases with
Caucasi an control s

African Anerican and African

about 90% Caucasi an

about 90% Caucasi an

variation in allele frequencies, not only among populationsThe foIIowing methodologies were used to screen_sgmples for yari-
but also within populations. This variant is found in Asian and"ts- We omitted two studies: Wang etal. [40], a Filipino population,
African populations at more than twice the frequency seen iand Forsman et al. [34], a population from south Finland, because

: d Hi . lati . ffindi {F1ey are small family-based studies without population data. SSCP:
Caucasian and Hispanic populations. Comparison of fin Ingéngle-strand conformation polymorphism. DHPLC: denaturing high-

from d.ifferent' studies indicates Iarge vari.ati.ons in allele freperformance liquid chromatography. HTCSGE: High throughput con-
quencies in different study populations within Japanese (Mitbrmation sensitive gel electrophoresis. RFLP: Restriction Fragment
p value=0.00038) and Chinese (MH p value=0.118) popula-ength Polymorphisms.
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published studies seem to be adequately powered (for Fishedgferences are between the studies that could account for the
exact test, the power, or probability to reject the null hypothéifferences in study outcome. One key issue for M98K ap-
esis when it is true, is 0.76 for the parameter9.2,7,=0.1,  pears to be the great variability of allele frequency reported in
where each sample size is 200 arD.05). An alternative different studies and different populations. This would be a
confounding factor could be the result of the different screerproblem if the case population in the Rezaie et al. study [9]
ing techniques applied (Table 10); however, there is no obvizontained multiple populations or an admixed population that
ous correlation of high allele frequencies with one screeningelf-identified as Caucasian. In the Rezaie et al. study [9], both
approach and low allele frequencies with a different techniqu&50K, an apparently private Caucasian polymorphism, and
Selective under-representation of an allele in a data set relR545Q, an apparently private Asian polymorphism, were in
tive to the actual allele frequency could result if M98K werethe same study cohort. While this could mean that their
in linkage disequilibrium with a neighboring polymorphism undescribed case population was a mixed race group, it is also
contained within the sequence of a primer used in amplificathe kind of thing that can happen in a fairly admixed urban
tion or sequencing in some studies, but not others. Some pbpulation when using self identification as the basis for ap-
the papers do not present the primer sequences and the avgi{ing racial/ethnic classification, even when setting out to
able primer sequence data do not provide support for this ideidentify a relatively homogeneous population. Thus, there is
Additional contributions to variability between studies couldthe possibility that the Rezaie et al. study [9] outcome differs
include differences in diagnostic inclusion and exclusion crifrom the others because of differences in diagnostic inclusion
teria and fraction of familial glaucoma within each cohort.and exclusion criteria or other unidentified factors, but it could
Thus, the extant data do not allow us to distinguish betweeadso be the result of studying an allele that varies significantly
technical, ascertainment and demographic models for the obetween and within populations - something that can happen
served differences in M98K allele frequencies between difeven when making efforts to carry out adequate matching of
ferent studies of the same population. cases and controls.

An alternative approach to evaluation of whether the  Thus the findings on M98K are currently contradictory,
M98K allele is involved in glaucoma is through the study ofwith some studies finding association and other studies find-
cosegregation in families. Wiggs et al. [23] reported lack ofng no support for association, and with the differences in study
cosegregation in families. An accompanying population-basedutcome not assorting according to population or technology
portion of that study [23] also failed to find association ofused. Because there are such substantial differences in allele
M98K with glaucoma in a population of mostly Europeanfrequencies between the different studies and between and
ancestry. within populations, it is likely that a final resolution of this

One alternative explanation for why some studies findjuestion will require the following: The screening to take place
association, yet others do not, might be that there is a vallay technologies selected for precision rather than high through-
statistical difference between the case and control populatiopsit; the study be adequately powered; matching of cases and
but that the M98K allele is actually associated with some otharontrols for ancestry be highly rigorous and matched for sub-
variable that differs between cases and controls, or has bepopulations rather than simply matching for one of a handful
excluded from cases but not controls. An obvious example aff racial or ethnic categories; inclusion and exclusion criteria
this would be IOP. The Rezaie et al. study [9] looked at mostlipe carefully defined, that tests for association with associated
NTG families, while there was a lot of variation in the extentvariables such as IOP be carried out in addition to tests for
to which NTG was represented in the different populations imssociation with the primary glaucoma status variable; and
the other studies. If M98K is actually responsible for reducpopulation substructure analysis be included in the analysis to
ing IOP, or for preventing the rise of IOP, but is not actuallyhelp deal with apparent differences within populations that
causing glaucoma, then we would expect exclusion of indiean be difficult to control.
viduals with elevated IOP from the cases would bias the M98K  This study has contibuted additional evidence of associa-
frequency in the cases as compared to the controls eventibn of OPTN E50K with glaucoma, and reported an addi-
M98K were not actually causing glaucoma. Melki et al. [18]tional instance of the 691 692insAG sequence variant. We
offered the view that M98K is associated with lower IOP. Inhave also provided new information @®PTNin populations
our data set we found that cases with the M98K mutation haaf African and Hispanic ancestry. Evaluation of data from more
known maximum IOP values ranging from 16 mmHg to 55than a dozen studies indicated no association of R545Q with
mmHg (mean=29.6 mmHg) while those who lacked the M98Kglaucoma in most populations. Combined analysis of more
mutation had maximum recorded IOP values ranging from 1than a dozen studies suggests that M98K is associated with
mmHg in an NTG case up to 77 mmHg (mean=29.9 mmHgNTG in Asian, but not Caucasian study populations, but these
Thus, in our data set there was no obvious difference in maxiesults must be interpreted with great caution because of the
mum known IOP between those with and those without M98Klarge differences in allele frequencies between and within

The original report by Rezaie provided apparently compopulations.
pelling statistical evidence that M98K is a glaucoma risk fac-
tor with a p value of 2.18x10 The other studies that found ACKNOWLEDGEMENTS
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