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Purpose: To investigate whether single nucleotide polymorphisms (SNPs) i©OBAd gene are associated with two
primary open-angle glaucoma (POAG) subgroups: those with elevated intraocular pressure (POAG/IOP) and those with
normal tension glaucoma (NTG) in the African-Caribbean population of Barbados, West Indies.

Methods: SNPs at intervening sequence (IVS) 8, +4, and +32 dDBAd gene were directly sequenced from 48 indi-
viduals with POAG/IOP, 48 nonglaucomatous controls, and 61 people with NTG. The remaining eQBA4 ofere

screened for sequence variations in the same 48 POAG/IOP participants and 48 controls by denaturing high performance
liquid chromatography (dHPLC), and identified variations were confirmed by bidirectional sequencing. Genotype and
allele frequencies of all SNPs were compared for statistically significant differences usifguideFisher’s exact test.
Haplotypes and compound genotypes were also analyzed to evaluate the combined effect of the two VS8 SNPs.
Results: The analyses of the genotype and haplotype frequencies of IVS8 +4 and +32 do not show statistically significant
differences between those with POAG/IOP or NTG and controls. At IVS8 +32, although there are suggestions of possible
associations of the CC genotype with NT&=3.81, p=0.05), and the TC genotype with POAG/I§R4.23, p=0.04),

these differences do not reach statistical significance at the level of 0.017 after a Bonferroni correction. In addition, the
combined genotype comparisons at IVS8 +32 do not support the association (for controls compareg3oANBG

p=0.12, df=2; and for controls compared to PO#&4.83, p=0.09, df=2). Sixteen variants are observed in the OPA1
gene, of which 10 are novel. Neither genotype nor allele frequencies of any SNP are found to be associated with POAG/
I0P.

Conclusions: Although some results are suggestive, there is not sufficient evidence to support an association of the SNPs
evaluated irOPAL with POAG/IOP or NTG in the African-Caribbean population of Barbados, West Indies.

Glaucoma is one of the leading causes of blindness worldieneMPP4 were excluded as candidate genes by direct se-
wide [1]. Primary open angle glaucoma (POAG), a major typguencing.
of glaucoma, is characterized by progressive optic disc cup- Recently, two polymorphisms, 1IVS8+4C>T and
ping and loss of retinal ganglion cells, resulting in gradualVS8+32T>C, within theDPA1 gene were reported to be as-
damage to the peripheral visual fields. POAG is a geneticallyociated with normal tension glaucoma (NTG), a subgroup of
heterogeneous disease. So far, at least three genes, myodi@AG, in a Caucasian population [13,14]. MutatiorSHAL
(MYOC), optineurin OPTN), and WD40-repeat 36\(ODR36)  previously have been shown to cause autosomal dominant optic
[2-4], and four other chromosomal loci have been implicate@trophy (ADOA), a neuropathy resulting from degeneration
in POAG [5-8]. of the retinal ganglion cells and optic nerve atrophy [15,16].

POAG is more prevalent in African-derived than Euro-In contrast, association @PA1 polymorphisms with NTG
pean-derived populations. The prevalence of POAG in Africould not be demonstrated in either Japanese or Korean NTG
can-Caribbean populations is particularly high, approximatelypatients [17]. The differing results might relate to ethnic dif-
7% in Barbados and 8.8% in St. Lucia, West Indies, as confierences in the genetic causes of NTG in the Caucasian and
pared to 1% in most white populations [9-11]. A genome-widé\sian populations studied. The possible associatidPai
scan was previously performed for POAG in a total of 14@vith NTG or perhaps with all POAG in an African-derived
Barbadian families comprising 1,327 individuals of African population has not been evaluated previously. In this study,
origin [12]. Evidence for linkage of POAG in these familiestherefore, we investigated whether SNPs in@RALl gene
was found on chromosome arms 2q and MYOC, OPTN,  were associated with NTG or POAG with elevated intraocu-
the cytochrome P450 gei@¥YP1B1, and the retina-specific lar pressure (POAG/IOP) in the African-Caribbean popula-

tion of Barbados.
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of the Declaration of Helsinki. These participants were Barehanges in participants with IOP consistently below 21 mmHg
bados residents of African descent who represent a subsetwithout medical treatment. Controls were recruited from in-
individuals from the Barbados Family Study of Glaucomadividuals seen for other eye diseases who had no diagnostic
(BFSG) [12,18]. All participants were Barbadians of African-findings consistent with glaucoma and had an IOP strictly less
Caribbean ethnic origin. As described in a previous report [12than 21 mmHg without antihypertensive treatment. They were
all participants received a comprehensive ophthalmologic exzot excluded for having affected relatives, and were similar in
amination using standardized methods and procedures, incluthis respect to the general nonglaucomatous population. Con-
ing anthropometric and blood pressure measurements, bésils were matched as far as possible by average age rather
corrected visual acuity based on the ETDRS (Early Treatmetihan through a one-to-one matching procedure.
Diabetic Retinopathy Study) chart, Humphrey perimetry with DNA analysis:. Genomic DNA was extracted from blood
the C64 suprathreshold program, C24-2 and C30-2 full threslsamples by standard salting out and phenol-chloroform ex-
old programs, applanation tonometry, pupil dilatation, lengraction procedures [20]. Exon 8, including the two polymor-
gradings with the Lens Opacities Classification System Il [19]phisms (IVS8+4 and 1VS8+32) of known interest, was se-
and color stereo fundus photographs of the disc and maculguenced directly in all samples. Haplotype analysis for these
In our previous study [12], we performed genotyping onsingle nucleotide polymorphisms (SNPs) was straightforward
1,327 individuals from 146 families with a history of glau- because the T allele at IVS8+4 was only found in conjunction
coma. Of these, 350 participants were found to have POAGith the T allele at IVS8+32 (Table 1). The remaining 27 cod-
or suspect glaucoma. The diagnosis of POAG was conservig exons of th©PAL gene (GenBank NT_005612) and their
tive and required the presence of both visual field and optiadjacent intronic sequences were amplified by specific prim-
disc abnormalities typical of glaucoma in at least one of eyers, and then were analyzed by denaturing high-performance
after the exclusion of other possible causes. The majority diquid chromatography (dHPLC, Wave System; Transgenomic
POAG cases in this study had an intraocular pressure (IOR)c., San Joes, CA) with two to three optimized melting tem-
greater than or equal to 21 mmHg as well as a history of IOReratures predicted by WAVEMAKER™ (Transgenomic Inc.).
lowering treatment. Only 61 unrelated persons had NTG. Fdburing the analyses, different chromatographic patterns were
the present investigation, 48 randomly selected and unrelaté@étected and assembled automatically if variations were har-
POAG probands with an IOP >21 mmHg (classified as POAGHored in the sequences. The variations were confirmed by di-

IOP; the average age in years was 67.1, ranging from 25-85§ct sequencing using dye-labeled terminators (BigDye Ter-
48 randomly chosen and unrelated controls without glaucomainator version 1.1; Applied Biosystems, Inc., Foster City,
(the average age was 61.3, ranging from 52-76), and all of tgA). Sequencing reactions were purified by gel filtration
61 unrelated NTG participants (the average age was 52.1, rar{§erforma DTR System; Edge Biosystem, Gaithersburg, MD),
ing from 25 to 85) were chosen from among the BFSG famibefore electrophoresis on an ABI 3100 Genetic Analyzer.

lies. The criteria for NTG in this study included the presence

Satigtical analysis: Genotype and allele frequencies for

of glaucomatous optic disc changes as well as visual fielshdividual polymorphisms were compared for statistically sig-

TaBLE 1. HAPLOTYPE AND COMPOUND GENOTYPE FREQUENCIES OF THE SINGLE NUCLEOTIDE POLYMORPHISMS (SNPs) AT 1V S8 +4 anDp +32

Hapl ot ype
------------------ NTG POAG | OP Control s p p
1VS8 +4  |1VS8 +32 n (% n (% n (% (NTGQ (POAG
C T 55 (45.1) 55 (57.3) 56 (58.3) 0. 05 0. 88
C C 64 (52.5) 40 (41.7) 38 (39.6) 0. 06 0.77
T T 3 (2.4) 1 (1.0) 2 (2.1) 1.00* 1.00%
Conbi ned conparison: p(NTG =0. 15, df=2; p(POAG) =0.82, df=2
Conpound genotype
------------------ NTG POAG | OP Controls p p
1VS8 +4  |1VS8 +32 n (% n (% n (% (NTGQ (POAG
cC TT 11 (18.0) 19 (39.6) 14 (29.2) 0.16 0.28
cc TC 30 (49.2) 16 (33.3) 26 (54.2) 0.61 0.04
CcC CcC 17 (27.9) 12 (25.0) 6 (12.5) 0. 05 0.12
CT TT 3 (4.9 1 (2.1) 2 (4.2) 1.00* 1.00%

Conbi ned conpari son:

p(NTG =0. 32, df=3; p(POAG =0.14, df=3

The significance for comparing normal tension glaucoma (NTG) participants with controls and for comparing POAG/IOP pasiitipants
controls are shown under the headings p (NTG) and p (POAG), respectively. For multiple comparisons, the significanceeatahes a
level of 0.017 for three comparisons and 0.013 for four comparisons. The asterisk indicates that Fisher’s exact testiwlag apgieall

sample size.
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nificant differences between affected and control groups usot reach statistical significance at the level of 0.017 after a
ing they? test and Fisher’s exact test. To account for multipleBonferroni correction for three comparisons. In addition, the
comparisons carried out on t#PAL IVS8 genotype poly- combined genotype comparisons at +32 did not support the
morphisms, a Bonferroni correction was applied, and the pssociationy?=4.19 p=0.12, df=2;?=4.83, p=0.09, df=2) and
value was evaluated at the significance level of 0.013 for fouhe C allele frequency at +32 indicated a marginal but not sta-
comparisons and 0.017 for three comparisons (Table 1, Tabtistically significant differencey’=3.58, p=0.06). Testing of
2). the IVS8+4 and IVS8+32 polymorphisms in the BFSG samples
revealed no significant differences in the frequency distribu-
RESULTS tions between the affected groups (NTG and POAG/IOP) and
The 48 participants with POAG/IOP and 48 normal controlghe control group.
showed a total of 16 sequence variations in the exons and flank- It was noted that the IVS8+4C>T polymorphism was very
ing intronic sequences @PA1 (Table 3), of which 10 were rare in this study. The T allele only contributed to 2.5% of
novel. Two sequence changes, S158N and A210V, resulted atleles in persons with NTG, 1.0% of alleles in individuals
amino acid changes in the protein, and two more occurred inith POAG/IOP, and 2.1% of alleles in unaffected controls
the coding sequence but did not change the amino acid 9gable 2). Furthermore, we could not find the TT genotype,
guence. As can be seen from Table 3, the differences in geremd the TC haplotype did not occur in this study (Table 1).
type and allele frequencies between individuals with POAG/  Since the compound genotype at IVS8+4 and IVS8+32
IOP and controls were not significant for any of these polyhas been reported to be strongly associated with NTG in other
morphisms. populations, the haplotypes for the IVS8 +4/+32 SNPs were
The genotype frequencies OPAL dleles in this study examined further. As seen in Table 1, #ienalysis for the
are in Hardy-Weinberg equilibrium except for the polymor-CT and CC haplotypes between individuals with NTG and
phisms at position IVS18 +51, where both the POAG and corcontrols showed marginal differenceg’<£3.78, p=0.05;
trol groups show a paucity of heterozygotes (5-6 individualg?=3.58, p=0.06; respectively). A comparison of the combined
fewer than predicted) and IVS 26 +25, where both POAG anldaplotypes indicated that there was no significant difference
control groups show a paucity of heterozygotes (2-5 individubetween NTG and controtg?3.79, p=0.15, df=2). Similarly,
als fewer than predicted) and ex21 + 96 where the contrah comparing the compound genotype CC/TC of POAG/IOP
group only shows a paucity of 5 heterozygotes (Table 3). participants with the control group, the difference (p=0.04)
marginally significant ¢>=4.74, p=0.03) lack of Hardy- was marginally significant, but this significance was lost after
Weinberg equilibrium was also detected in the POAG grougdjustment of the required p value to 0.013 for four compari-
at position IVS8 +32, where there is a deficit of 7 heterozysons using a Bonferroni correction.
gotes (Table 2). These are not significant when tested for mul-
tiple testing, and in any event none of these alleles appear to DISCUSSION
be associated POAG or NTG. In this work we examine possible associations between poly-
As seen in Table 2, th@ analysis for the TC genotype at morphisms of théDPAL gene and individuals with POAG/
+32 showed a possible association with POAG/IfgR4.23, 10P or NTG in the African-Caribbean population of Barba-
p=0.04), and the CC genotype frequency was more prevaledbs, West Indies. Although such a relationship has been sug-
in the NTG group¥?=3.81, p=0.05), but these differences didgested for Caucasians [13,14], no significant association of

TABLE 2. GENOTYPE AND ALLELE FREQUENCIES OF THE SNPs AT | VS8 +4 AnD +32

NTG POAG | OP Control s p p
Location Allele CGenot ype n (% n (% n (% (NTGQ (POAG
1 VS8 +4 C 119 (97.5) 95 (99.0) 94 (97.9)
T 3 (2.5 1 (1.0 2 (2.1 0.11* 1. 00*
cc 58 (95.1) 47 (97.9) 46 (95.8)
CT 3 (4.9 1 (2.1 2 (4.2 0.11* 1. 00*
1 VS8 +32# T 58 (47.5) 56 (58.3) 58 (60.4)
C 64 (52.5) 40 (41.7) 38 (39.6) 0. 06 0.77
TT 14 (22.9) 20 (41.7) 16 (33.3) 0. 23 0.40
TC 30 (49.2) 16 (33.3) 26 (54.2) 0.61 0. 04
cc 17 (27.9) 12 (25.0) 6 (12.5) 0. 05 0.12

Conbi ned conparison: p(NTG =0.12, df=2; p(POAG =0.09, df=2

The significance for comparing normal tension glaucoma (NTG) participants with controls and for comparing POAG/IOP pasiitipants
controls are shown under the headings p (NTG) and p (POAG), respectively. For three comparisons, significant p valu¥s afehat 0.
asterisk indicates that Fisher’s exact test was applied due to small sample size and the sharp (hash mark) indicat&8thaPtadles
show a marginally significant deviation from Hardy-Weinberg equilibrium in the POAG group only.
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SNPs in theDPA1 gene is seen with POAG/IOP or NTG in and optineurin in POAG in the BFSG [12]. Together, these
the BFSG. This lack of association includes the 10 novel séindings raised the question of whetl@#®A1 polymorphisms,
guence changes identified in this study, as well as the twespecially those in VS8, might be associated with NTG spe-
IVS8 polymorphisms for which associations have been resifically or perhaps with POAG in general, in an African-Car-
ported in the Caucasian population. Similarly, the various cornibbean population.
bined haplotypes of the IVS8 polymorphisms fail to show sig-  The results seen by Powell et al. [14] and Aung et al. [13]
nificant associations with either POAG/IOP or NTG. The lackin Caucasian populations differ somewhat. Aung et al. [13]
of association between alleles and haplotype3Rsfl SNPs  reported that the IVS8+4 CT genotype and the compound geno-
and POAG/IOP or NTG in the Barbados population is consistype 1IVS8+4 CT, +32 TC were strongly associated with NTG,
tent with the absence of linkage to BEA1 region seen in  whereas Powell's data only supported an association of the
our previous study [12], although linkage and association studvS8+32TC genotype with NTG, for which no independent
ies provide complementary information regarding the genetiassociation was seen by the Aung group. In addition, the Powell
pathogenesis of diseases. group reported 6 of 9 possible genotypes at the +4/+32 posi-
Aung et al. [13] and Powell et al. [14] reported that poly-tion, but only four were seen in the study by Aung et al. [13]
morphisms of th€@OPAL gene are associated with NTG in a which did not identify CC/CC and TT/TT homozygotes. It is
Caucasian population. However, this association was not seantable that the IVS8+4C>T polymorphism is common in
in Korean and Japanese populations [17], suggesting that diaucasians, accounting for about 30% of genotypes in Cau-
ferences may exist with regard to the genetic pathogenesis cdisians with NTG and 12.4% to 33.9% in Caucasian controls
POAG in Caucasian and Asian populations. Such differencd43,14]. However, this polymorphism is rare in the African-
had already been noted with regards to the roles of myocili@aribbean population, contributing less than 5.0% of geno-

TaBLE 3. OPA1 SNPs AND THE ALLELE AND GENOTYPE FREQUENCIES

Nucl eot i de Codon POAG | OP Controls p p
Locati on change Genot ype changes n (% n (% (gene) (allele)

IVS 3a -21 g. 23940A>C A G 8 (16.7) 7 (14.6) 0.57 0. 45
GG 1 (2.1) 0 (0)
A A 39 (81.2) 41 (85.4)

ex3b +25 g. 23985A>G A G S158N 25 (52.1) 24 (50.0) 0.96 0.88
GG 7 (14.6) 8 (16.7)
A A 16 (33.3) 16 (33.3)

IVS 3b -104  g.24463T>A* T/ A 2 (4.2 5 (10.4) 0. 44** 0. 44**
TT 46 (95.38) 43 (89.6)

I'VS 3c -19 g. 25633T>C* T/ C 18 (37.5) 25 (52.1) 0.28 0. 66
cc 12 (25.0) 7 (14.6)
TT 18 (37.5) 16 (33.3)

ex4 +19 g. 25670CT* aT A210V 1 (2.1) 1 (2.1) 1. 00** 1. 00**
cgc 47 (97.9) 47 (97.9)

VsS4 -8 g. 32867CT* aT 2 (4.2 0 (0) 0. 49** 0. 50**
cc 46 (95.38) 48 (1100)

| VS8 +37 g. 44101A>C AC 10 (20.8) 6 (12.5) 0.27 0.3
A A 38 (79.2) 42 (87.5)

VS8 -74 g. 44661A>C* AC 5 (10.4) 8 (16.7) 0.37 0.39
A A 43 (89.6) 40 (83.3)

ex17 +18 g. 53866A>C* AC A536A 2 (4.2 3  (6.3) 1. 00** 1. 00**
A A 46 (95.38) 45 (93.7)

I VS18 +13 g. 54930T>C* T/ C 2 (4.2 1 (2.1 1. 00** 1. 00**
TT 46 (95.38) 47 (97.9)

1 VS18 +51# g. 54968GT TT 3 (6.3) 3 (6.3) 1. 00** 1. 00**
GG 45 (93.7) 45 (93.7)

ex21 +96# g. 63958T>C T/ C A703A 10 (20.8) 5 (10.4) 0.35 0.52
cc 2 (4.2 3  (6.3)
TT 36 (75.0) 40 (83.3)

I VS 26+25# g. 73197T>A T/ A 4 (8.3) 2 (4.2 0.43 0.58
A A 1 (2.1) 3  (6.3)
TT 43 (89.6) 43 (89.6)

VS 27 +23 g. 74086T>C* T/ C 4 (8.3) 4 (8.3) 1. 00** 1. 00**
TT 44 (91.7) 44 (91.7)

The significance for comparing the genotype frequencies and for comparing the allele frequencies are shown under théderea)iags p

p (allele), respectively. Both tests are estimatedjtest (df=2). The double asterisk indicates that the Fisher exact test was applied due to
small sample size. The single asterisk indicates a novel variation. The sharp (hash mark) indicates that the polymorphigthdestiaw

tions from Hardy-Weinberg equilibrium. The table summarizes data from 48 POAG patients and 48 controls.
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