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Purpose: High myopia is a common genetic variant that severely affects vision. Genes responsible for myopia without
linked additional functional defects have not been identified. Mutations in the nyctalopin gene (NYX) located at Xp11.4
are responsible for a complete form of congenital stationary night blindness (CSNB1). High myopia is usually observed in
patients with CSNB1. This study was designed to test the possibility that mutations in the NYX gene might cause high
myopia without congenital stationary night blindness (CSNB).

Methods: The genomic sequence of NYX in 52 male probands with high myopia but without CSNB was analyzed
through direct DNA sequencing. Variations in the NYX were verified by analyzing available family members and 232
controls.

Results: Two unrelated male individuals with high myopia but without night blindness were found to have novel Cys48Trp
and Arg191GIn mutations in NYX. The mutations were found to be located in distinct regions, different from the locations
of mutations known to cause congenital stationary night blindness with myopia (CSNB1).

Conclusions: Mutations in NYX may cause high myopia without CSNB. The observations suggest that NYX may have
independent effects on myopia and night blindness.

Myopia, the most common visual defect, affects aboutlues [18,19,22]. The exact function of nyctalopin is still un-
30% (3%-84%) of people [1-4]. Its extreme form, high myo-known. Mutations in NYX have been reported to cause con-
pia, affects 1%-2% of the total population. It is the fourth mosgenital stationary night blindness (CSNB1) [18,19,23-28].
common cause of blindness because of its association wilatients described with CSNB1 usually have myopia (OMIM
vision-threatening conditions such as chorioretinal degener&10500). Phenotype analysis of patients with mutations in the
tion, retinal detachment and glaucoma. High myopia can bEYX gene further documented that myopia in these patients
inherited as an autosomal dominant, autosomal recessive, K-associated with the complete form of CSNB1 [28-30]. While
linked recessive or possibly complex trait. Most high myopiamutations in the NYX gene might alter eyeball growth sec-
is simple (non-syndromic) without other accompanied oculaondarily to their effects on rod function and vision, they might
or systemic abnormalities. No genes responsible for noralso be associated with refraction directly in addition to their
syndromic high myopia have been identified although severaffect on night vision. This suggests the possibility that some
chromosome loci have been assigned [5-12]. Syndromic higiutations in NY X could cause isolated myopia without night
myopia has been observed in Cohen syndrome (OMINblindness, making it a reasonable candidate gene for isolated
216550), Knoblock syndrome (OMIM 267750), Stickler syn-X-linked myopia. We report here novel mutations in the NYX
drome (type 1, OMIM 108300; type 2, OMIM 604841), Marfangenes in two unrelated male individuals with myopia alone
syndrome (OMIM 154700), RP2 (OMIM 312600), and without night blindness.

CSNB1 (OMIM 310500). Of these, CSNBL1 is the only dis-
ease with functional defects without gross structural abnor- METHODS
malities. Several genes causing syndromes including higiRatients with high myopia: Unrelated probands with high
myopia have been identified, including COH1, COL18A1,myopia were collected from the Zhongshan Ophthalmic Cen-
COL2A1, COL11A1, FBN1, BFSP2, RP2, and NYX [13-21]. ter as part of a project to identify genetic loci and genes for
However, no mutation in any of these genes has been showigh myopia. Informed consent conforming to the tenets of
to cause isolated high myopia. the Declaration of Helsinki was obtained from the participat-
The human NYX gene (OMIM 300278) encodes a smaling individuals prior to the study and the study was approved
leucine-rich protein (nyctalopin) with 481 amino acid resi-by the Institutional Review Boards of the Zhongshan Oph-
thalmic Center and the National Eye Institute. The diagnostic
Correspondence to: Qingjiong Zhang, MD, PhD, Ophthalmic Gegriteria for high myopia were basically as previously described
netics& Mol_ecular Bi_ology, Zhongshan Ophthalmic Center, Sun Yat[12]: (1) Myopia was noted before school age; (2a) bilateral
sen University, 54 Xianlie Road, Guangzhou 510060, People’s R‘?:'ycloplegic refraction of -6.00D or lower (spherical equiva-
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87333271 email: gingjiongzhang@yahoo.com lent) in individuals <30 years of age, or (2b) manifest refrac
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tion of -6.00D or lower (spherical equivalent) in individuals Mutation screening of candidate genes: DNA fragments

30 years or more of age; and (3) Exclusion of other knowencompassing the coding exons and the adjacent intronic se-
ocular or systemic diseases. Standard ophthalmological eguence in the NYX gene (NCBI human genome build 35.1,
aminations including visual acuity, slit-lamp and funduscopidNC_000023 for genomic DNA, NM_022567 for mRNA,
examinations on all subjects and ERG, A-scan, B-scan, aidP_072089 for protein) of the 52 unrelated probands with
fundus photography on selected patients were performed lygh myopia were amplified by polymerase chain reaction,
ophthalmologists. Electroretinogram (ERG) responses wengsing five pairs of primers as previously described [28].
recorded according to ISCEV standards [31]. Genomic DNA  DNA was sequenced using an ABI BigDye Terminator
was collected from 316 unrelated probands with high myopiacycle sequencing kit v3.1 and electrophoresed on an ABI 3100
Any available first-degree family members were enrolled inGenetic Analyzer. Variations in NYX were verified by ana-
the study if they agreed to participate. Of these families, 5B/zing 232 control individuals as well as family members for
male probands were enrolled in the current study, after exclwwvhom genomic DNA was available. The controls were of
sion of those families in which high myopia is inherited as arChinese origin, living in Southern China.

autosomal trait by examination of the pedigree. Thus, while  Molecular modeling: The model of the nyctalopin gene
not all individuals included in the study necessarily have Xwild type protein (nyc) was built by homology modeling based
linked high myopia, the probands will be enriched for thison crystal coordinates for the Nogo receptor ectodomain
group in so far as families with identifiable autosomal inherit-Brookhaven protein database (PDB) [32] file: 10ozn.pdb as the
ance patterns have been excluded. structural template. The primary sequences of nyctalopin and

Family A Family B
I:1 I:2
+
N
Al
_+ % AR .
muteF O YOO T A O YL JOGWA X LYV XY
Mut-R _\_"\_;\,__;__x OO SO L7 X Y AXAX
c.144C>G, p.Cys48Trp c.572_573GC>AA, p.Arg191GIn

Figure 1. Pedigrees, haplotyes, and sequencing results of the two families with high myopia and NYX mutations. Filledmgsards
individuals affected with high myopia. Haplotype analysis in Family A demonstrated that the ¢.144C>G mutation in |l rioiscandeta-
tion. +: Mutation detected in 1I:1 of family B. Mut-F or Mut-R: Forward or Reverse sequencing of NYX gene fragments farahtividn
family A (left column) and individual II:1 in family B (right column). Wild: Forward sequencing of the corresponding fragmeotsal
control.

331



Molecular Vision 2007; 13:330-6 <http://www.molvis.org/molvis/v13/a36/> ©2007 Molecular Vision

lozn were aligned by the method of Needleman and Wundbefore that. His phenotype has been stable since that time. His
[33], incorporated in the program Look, version 3.5.2 (Leegorrected visual acuity was 20/20 at a recent examination. Oph-
1993) for 3-dimensional structure prediction. Finally, the mothalmological examination revealed fundus changes typical
nomeric nyc was built using the automatic segment matchingf high myopia including an optic nerve head crescent and a
method in the program Look [34] followed by 500 cycles of“tigroid” appearance of the posterior retina, but no signs of
energy minimization. The same program was used to geneetinal degeneration (Figure 2). Nystagmus was not observed
ate conformation of genetic point mutations C48W and R191(nd there was normal color vision. He has no difficulty walk-
and then to refine it by self-consistent ensemble optimizatioimg under dim light as compared with his parents and friends.
[35], which applies statistical mechanical mean-force approxiERGs under scotopic and photopic conditions demonstrate a
mation iteratively to achieve the global energy minimum strucnormal rod response and mildly reduced cone responses, but
ture. The geometry of the predicted structures was tested uss signs of the rod dysfunction seen in CSNB1. Specifically,

ing the program Procheck [36]. the rod response and bright-flash cone-rod mixed ERG am-
plitudes were normal (Table 1, Figure 3). The patterns of his
RESULTS& DISCUSSION ERG responses are completely different from CSNB1 patients

Mutations in NYX, ¢.144C>G and ¢.572-573GC>AA, werewith NYX mutations [28], but are similar to those of patients
identified in 2 of the 52 probands, respectively. A de novavith X-linked recessive high myopia[12]. His parents had
€.144C>G mutation was found in individual Ill:1 in family A neither myopia nor CSNB.

(Figure 1). At the time of this study, the proband was 8 years Both the ¢.144C>G and c¢.572-573GC>AA mutations
old, with a prescription of -12D in both eyes with a history ofwould result in missense changes of the encoded amino acids,
having developed high myopia over -6D by 2 years of ageCys48Trp and Arg191GIn. These two amino acids are con-
There are no signs of night blindness, and the patient and tgerved between human and mouse NYX [37] but are not con-
family gave a history of normal vision at night, including be-

ing able to walk under dim light or walk upstairs or down
stairs at night without stairway lights, just as well as his par- TasLe 1. Rob AND cONE RESPONSES OF | 1:1 oN ERG RECORDINGS
ents. Both his parents had normal vision, including night vi

sion and neither was myopic. An ERG is not available for this Amplitude (uv) Nor mal
individual and he and his family are not available for further """ 7 - range
examination. The corrected visual acuity is 20/40. There was "€SPONses o s (95% Q)
neither nystagmus nor indication of abnormal color visiqnl'qé)a' b wave o 257 i 275 ) 175 471
The refraction for other family mgmbers 'examlned in fam'lylvlaxi num a- wave 275 289 275- 481
A was between +1D to -1.5D. This mutation was not detecteghxi mum b-wave 444 469 414-778
in any other family member (Figure 1, family A). Cone a-wave 23.9 24.3 45-113
A ¢.572-573GC>AA mutation was found in a 46 year-Cone b-wave 94. 3 91.1 99- 237

old man (Figure 1, II:1 in family B) with myopia of -6.50D
bilaterally. He was first diagnosed with high myopia at thepatient 11:1 in family B had normal rod responses and mildly re-
age of 40, although the condition might well have been presetticed cone responses.

Figure 2. Fundus photographs. Typical changes of high myopia, including optic nerve head crescent and “tigroid” appbarposteabr
retina, were demonstrated.
332



Molecular Vision 2007; 13:330-6 <http://www.molvis.org/molvis/v13/a36/> ©2007 Molecular Vision

served in human chondroadherin, the closest member of thls (3 of 140 males and 2 of 92 females) who had neither
small leucine rich protein (SLRP) gene family [18]. Thehigh myopia nor had stationary night blindness. The Gly400Ser
Cys48Trp mutation is a severe change at protein level with gequence change is the first polymorphism causing an amino
residue weight of -2 (Blosum80). The Arg191GIn mutation, aacid change so far identified in NYX.

Blosum80 score of +1 for this substitution, changed a charged Application of the web-based method for protein fold rec-
residue to a polar residue with otherwise similar propertiegnition using 1D and 3D sequence profiles coupled with sec-
These two mutations were not detected in 232 controls indendary structure and solvation potential information (3D-
viduals of Southern Chinese ethnic origin (totally 324 X chroPSSM) yielded the Nogo receptor as the best match to the
mosome from 140 males and 92 females). Neither were théyY X structure (PSSM E-value=0.001222) with a sequence
detected in previous studies nor present in the human NYXentity for 285 residues of 33%. Therefore, the atomic coor-
SNP database, nor have other mutations at Cys48 or Arglé@inates of the Nogo receptor (PDB file: 10zn) were selected
been detected before. The mutations are unlikely to be raas structural templates.

dom occurrences since no missense changes have previously Nyctalopin adopts a leucine-rich repeat (LRR) module
been identified in the human NYX gene. The sequence of theith concave exterior surface containing short patches of aro-
NYX coding region is very conserved: only three synonymousnatic and arginine residues, as does the Nogo receptor (Fig-
variations are recorded in the SNP database, includingre 4A). The mutations Cys48Trp and Arg191GIn were ana-
rs12013709, rs11798969, and rs3810733. Of these onlyzed based on homology modeling atomic models of
rs3810733 was detected in Chinese individuals analyzed imyctalopin as described in the Methods section, and their lo-
this study. However, a ¢.1198G>A variation (Gly400Ser withcations are shown in Figure 4A. The Cys48Trp mutation
a Blosum 80 score of zero) was detected in 2 of the 5@hanges cysteine 48 to a hydrophobic tryptophan and will break
probands. This variation was also detected in 5 of 232 conhe disulphide bridge between Cys48 and Cys35, which stabi-

Figure 3. ERG recordings of indi-
vidual 11:1 in family B and that of a
representative control (N). Normal
rod responses and mild reduced
cone responses were shown. Scale
for each subdivision: C1, C2:
200uV; D1, D2: 200uV; H1, H2:
50uV; 11, 12: 100uV; L1, L2: 100uV.
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lizes the structure of the beta-finger located in the N-terminadive or stationary, has been observed in a number of diseases,
cap domain (Figure 4B). Arginine 191 is located on the surbut high myopia is not always associated with such diseases
face of nyctalopin and forms the inter-side chain hydrogeexcept for those resulted from mutations in RP2 and NYX.
bond between the Ne and OD1 atoms of Arg191 and Asp168, Retinal electrophysiology studies have revealed that the
respectively (Figure 4C). Changing Argenine 191 to Glutaminéunctional defects in CSNBL1 involve retinal ON-pathways of
will break this hydrogen bond and might be expected to disod and cone signals [38]. Such abnormal ON-responses were
rupt the concave exterior surface of the molecule. While thialso observed in congenital stationary night blindness associ-
analysis is not definitive, it does suggest that both the Cys48Tigted with mutations in the GRM6 gene [39]. It is interesting
and Arg191GIn mutations are likely to destabilize specific parts
of nyctalopin significantly without resulting in a complete loss
of structure.

The Arg191GIn mutation is situated in a position differ-
ent from all the missense mutations known to cause CSNE

R191Q

(]
-8
2

>

(Figure 5). This mutation is located within the sixth repeat o ' -
leucine-rich repeat in NYX (LRR6), one of two loops carry-N T ! ¢
ing additional amino acid sequences [18]. To date, the fun E i A ! P ; ;

tional property of these two modified loops is notknownbu ¢4 ¢ i p b L bbb L]
mutations at these additional sequences have not been pre €318 APSIERMIF:NT Pisi L23::64k285:2985 L347P gg;::
ously identified. The Cys48Trp mutation occurs in the las A143P  L184p L307P

cysteine of the N-terminal cysteine cluster, g N3128
Cx3Cx3CxCx6Cx3C [18]. Amissense mutation at the secon N216S

cysteine of this cluster, Cys31Ser, resulted in CSNB1 [19].
Current knowledge of nyctalopin is not sufficient to providerigure 5. Diagram of nyctalopin with missense mutations identified
an explanation of the different phenotypes resulting from theo far (Other mutations causing null alleles were not listed here).
Cys31Ser and Cys48Trp mutations. However, different mutaNyctalopin has an NiHterminal signal sequence, ferminal cys-
tions in a single gene causing such varied phenotypes as pf@me cluster, 11 central LRRs (circles), a COOH-terminal cluster, a
gressive retinitis pigmentosa or stationary night blindness hayg9ion before GPI, and a GPl-anchor site. Two small circles are put
been described previously, including PDE6B (OMIM 180072)10” LRRS5 and LRRdG’ 'nd'cﬁt'ng the tvvo_smagloop_sbmdsfe the ”y%ta'
RHO (OMIM 180380), and SAG (OMIM 181031). The high opia as suggested [18]. The two mutations described here are shown
, . . o on the top of the protein diagram and those mutations previously
myopia seen in CSNB1 is gene-specific rather than ass0Gknorted on the bottom.
ated with night blindness in general. Night blindness, progres-

Figure 4. Structural model of
nyctalopin built by homology mod-
eling and effect of genetic muta-
tions. A: 3-Dimensional structure
of nyctalopin. Yellow arrows show
beta-strands. The side chains of C48
and R191 are shown in re8l: De-
tail of the region surrounding the
C48W mutation showing disruption
of disulfide bondsC: Detail of the
effect of the R191Q mutation show-
ing loss of hydrogen bonds. The
normal and mutated nyctalopin
structures are shown in red and
green, respectively. Hydrogen and
disulphide bonds are shown by
green dashed and yellow solid lines,
respectively.
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that two of the three patients with GRM6 mutations had mod-  myopia suggests a novel locus on chromosome 7¢36. J Med
erate myopia and one individual with two mutations in one  Genet 2002; 39:118-24.

GRM6 allele had high myopia [39]. There are two paralle- Young TL, Ronan SM, Alvear AB, Wildenberg SC, Oetting WS,
ON-pathways in response to rod or cone signals [40]. While Atwood LD, Wilkin DJ, King RA. A second locus for familial

the above correlations are certainly not definitive evidence, gggﬂé?gf maps to chromosome 12q. Am J Hum Genet 1998;

they do suggest that aberrations in the cone signal resultir@g)g.;Zhang Q. Guo X, Xiao X, Jia X, Li S, Hejtmancik JF. A new locus

frpm mutat.ions in GRM6 and NYX might participate in myo- for autosomal dominant high myopia maps to 4q22-027 between
pia formation. It has been demonstrated that blurred visual D4S1578 and D4S1612. Mol Vis 2005; 11:554-60.

images can induce myopia [1,41,42]. Such images might init0. Paluru PC, Nallasamy S, Devoto M, Rappaport EF, Young TL.
tially create a “noisy” or aberrant retinal signal before the lo-  Identification of a novel locus on 2q for autosomal dominant
cal eye or central nervous system can react to the retinal blur. high-grade myopia. Invest Ophthalmol Vis Sci 2005; 46:2300-
Similarly, variations in proteins acting in signal transmission11 Yo.un TL Deeb SS. Ronan SM. Dewan AT. Alvear AB. Scavello
mlght also create a. noisy” or aberrant retlpal signal mImICk- GS,gPaIL;ru PC, Br(’)tt MS, Hayz’ishi T, Holléschau AM: Benegas
ing the effects of retinal blur and therefore induce myopia for-

. While | | ch . boli dit | | N, Schwartz M, Atwood LD, Oetting WS, Rosenberg T,
mation. lle local changes in metabolic conditions or sclera Motulsky AG, King RA. X-linked high myopia associated with

growth and d'evelopmen't seem likely to contribute directly, cone dysfunction. Arch Ophthalmol 2004; 122:897-908.
further analysis of the retinal ON-pathway for non-syndromici2. zhang Q, Guo X, Xiao X, Jia X, Li S, Hejtmancik JF. Novel
high myopia, whether transmitted autosomally or as an X- locus for X linked recessive high myopia maps to Xq23-g25
linked trait, might provide additional clues for understanding  but outside MYP1. J Med Genet 2006; 43:e20.
the molecular basis of myopia. 13. Kolehmainen J, Wilkinson R, Lehesjoki AE, Chandler K, Kivitie-
In summary, the results presented here suggest that muta- Eﬁ”'OJS’GC'aYtOT”‘Sr{‘/“? JbTrTS'kE:Ir:/\'/Awaarll\i ';: Saag'ge':l‘ A,
tions in the NYX gene may cause isolated high myopia with- an J, ross- ISurv, fraboulsi £, Warburg M, Fryns JF, Norio
. .g . y . 9 yop . R, Black GC, Manson FD. Delineation of Cohen syndrome fol-
out associated night blindness. This further suggests that distur-

: g . . lowing a large-scale genotype-phenotype screen. Am J Hum
bances in the retinal ON-pathway might lead to myopia and Gene? 2004.975:122_79 type-p yp

provides a useful clue in the search for genes responsible f@k syzuki OT, Sertie AL, Der Kaloustian VM, Kok F, Carpenter M,
high myopia as well as elucidating additional functional prop-  Murray J, Czeizel AE, Kliemann SE, Rosemberg S, Monteiro

erties of nyctalopin. M, Olsen BR, Passos-Bueno MR. Molecular analysis of col-
lagen XVIlII reveals novel mutations, presence of a third isoform,
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