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Purpose: Gyrate atrophy of the choroid and retina (GACR) is a rare congenital disorder and
mutations in the ornithine aminotransferase (OAT) gene has been specified as the underlying
cause. Patients show a high level of ornithine in body fluids which may be controlled by low
protein diets. Pyridoxine (vitamin B6) supplementation may also be effective, however, most
patients appear to be nonresponsive to this modality of treatment.

Case Report: Here, we report a characterized case of a vitamin B6-responsive GACR who had
a splicing mutation in the OAT gene. The GACR diagnosis was confirmed through the clinical
features, imaging, biochemical findings, and whole-exome sequencing (WES) results. WES data
revealed the splicing mutation in intron 4 of the OAT gene (NM_001322967: c.425-1G>A).
Conclusion: Our knowledge about the diagnosis and treatment of GACR can be improved by
identifying novel mutations in the OAT gene and accurate follow-up of the patients to determine
how they respond to treatment.
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Gyrate atrophy of the choroid and retina (GACR-
OMIM: 258870) is a rare autosomal recessive
ophthalmic disorder with the highest incidence
in Finland."! GACR is a phenotypically variable
disorder with inconsistent age of onset (childhood—
40s). Night blindness and constriction of the
visual field which are caused by multiple round
areas of chorioretinal atrophy in the periphery
are the first complaints noticed in patients.
Progression of the atrophic areas leads to
central visual loss after 40 years of age.” Ocular
symptoms are the major manifestation in most
GACR patients; however, type Il fibers atrophy,
muscle weakness, intellectual disability, neonatal
hyperammonemia, and peripheral nervous system
abnormalities have also been reported in some
cases.>4

GACR is caused by homozygous or compound
heterozygous mutations in the OAT geneld
The OAT gene, which consists of 11 exons,
encodes the mitochondrial enzyme ornithine
aminotransferase which is a key enzyme
in the pathway that converts arginine and
ornithine into the neurotransmitters glutamate
and Gamma-aminobutyric acid (GABA); where
vitamin B6 works as a co-factor for the
enzyme.®

OAT enzyme deficiency caused by OAT gene
mutations leads to significant elevation of ornithine
concentration in plasma (about 10 fold) and
other body fluids. Long-term exposure to high
concentrations of ornithine in the blood causes
retinal toxicity in patients along with gyrate atrophy
of the choroid and retina.>® Introduction of
a low-protein diet and vitamin B6 therapy can
slow the progression of chorioretinal degeneration
and both have been recommended as treatment
for all newly diagnosed patients with gyrate
atrophy.7~0l

Molecular analysis for the detection of OAT
mutations is recommended for accurate diagnosis
of disease and determination of the vitamin B6-
responsive variations.

Here, we present an Iranian male patient
diagnosed with GACR. Whole-exome sequencing
(WES) detected a splicing mutation, ¢.425-1G>A in
the OAT gene. In addition, we have summarized
the entire list of reported OAT mutations that
correlate with GACR patients as a literature
review.

The patient was a 24-year-old Mazandarani
male from a healthy and non-consanguineous
family. He signed the consent form and allowed
the publishing of the results of his examination
and tests. The Ethical Committee of the Shahid
Beheshti University of Medical Sciences approved
all study procedures. The patient presented with
gradual visual loss, which was first noted when
he was five years old. He also had a history of
decreased night vision since the age of 15. His
best-corrected visual acuity in each eye was
4/10. The refractive error was —13.5-0.75 x 50
for his right eye and -13.5-1.00 X150 for his
left eye. Anterior segment examination showed
mild posterior subcapsular cataracts in both
eyes. Fundus examination of both eyes revealed
sharply demarcated areas of the choroidal and
retinal atrophy in gyrate shape involving the mid
periphery, however, the macula was not affected
[Figure 1]. An electroretinogram demonstrated a
reduction of both cone and rod responses.

Furthermore, biochemical tests showed
elevation of plasma ornithine levels (1463.2
micmol/L; Normal range: 27-83 micmol/L).
Introduction of a low protein diet and vitamin
B6 therapy significantly decreased the amount of
ornithine to 818.8 micmol/L after three months.
DNA sequencing revealed a mutation in the OAT
gene and confiimed the ophthalmological
examination, imaging, and biochemical test
findings for gyrate atrophy diagnosis.

DNA was extracted from peripheral blood of
the patient and his parents using the salting-
out method. After quality and concentration
assessment of the DNA samples, they were
subjected to WES. WES enrichment was performed
using an Agilent Sure Select V6 Target Enrichment
Kit, and the library was sequenced on the
lllumina Hiseq 4000 platform, performed by
Macrogen, South Korea. All exons and flanking
10 bps were detected and analyzed. Then, rare
variants (MAF < 0.01) were analyzed in silico for
pathogenicity predicting using predictor tools
databases. The final assessment from WES data
revealed a homozygote splicing mutation in the
last nucleotide of the intron 4 of the OAT gene
(NM_001322967: c.425-1G>A).
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The mutation novelty information was
ascertained by filtering throughout the following
databases: ExAC (http://fexac.broadinstitute.org/);

genomAD (https://gnomad.broadinstitute.org/);
dbSNP137 (https://www.ncbi.nlm.nih.gov/snp/);
and 1000Genome projects
(http://www.internationalgenome.org). In

addition, the Iranome database was accessed
as a local reference for exome variants
(http://www.iranome.ir/).  The  mutation was
predicted to be pathogenic and damaging
according to different prediction tools such as
DANN score, mutation taster, FATHMM, SIFT,
PROVEN, and REVEL database.

To confirm the WES result, primer was designed
to amplify a short sequence containing the
targeted mutation using PCR. Then Sanger
sequencing was performed in both forward and
reverse directions for the amplified sequence.
Also, the patient’s parents were investigated
and both were heterozygous for the mentioned
mutation [Figure 2].

In this study, a review in genotype and
phenotype of previously reported GACR cases
was conducted up to June 2020, which is
summarized in Table 1. We used PubMed
(https://pubmed.ncbi.nim.nih.gov) and Google
Scholar (http:/scholar.google.com) databases to
search published papers and abstracts using the
following keywords: OAT mutation, Gyrate Atrophy,
and GACR, and also Google using keywords: OAT

Gradual vision loss, night blindness, and
early-onset cataract were clinically diagnosed
in our patient. Hyperornithinemia was the early
laboratory finding in the patient and genetic study
confirmed the GACR diagnosis. Hyperornithinemia
was significantly decreased by treating with a low
protein diet and vitamin B6 intake as a supplement.

According to the literature, only a few GACR
patients have been recognized to be responsive
to vitamin B6 therapy.™> ' Genotype—phenotype
correlation for vitamin B6-responsive patients has
not yet been determined. Here, we described a B6-
responsive case of GACR in the Iranian population.
Low protein diet and vitamin B6 as a medical
supplement led to a 44% reduction in plasma
ornithine levels after three months and decreased
adverse ocular changes in the long term.

OMIM, Clinvar OAT, and LOVD OAT. Only studies
published in English were included. The following
information was extracted from each article:
Nucleotide change, Amino acid change, Mutated
exon/intron, Mutation type, Zygosity status, Age of
onset (years), Clinical symptoms, Plasma ornithine
levels (umol/L), Response to vitamin B6 therapy
and origin of reported cases. This table included
missense, frameshift, nonsense, and splicing
mutations, however, large structural indels were
excluded.

GACR is a rare metabolic disorder due to ornithine
aminotransferase enzyme deficiency, which in turn
results in progressive vision loss, myopia, cataracts,
and night blindness in patients.? As a result of the
common symptoms that exist between GACR and
retinitis pigmentosa (RP), misdiagnosis is probable.
Therefore, molecular and biochemical analysis
could help in the differential diagnosis. OAT is
a homohexameric enzyme which has a vital role
in proline and GABA synthesis from ornithine and
arginine™” The OAT enzyme deficiency caused
by different mutations in the OAT gene leads to
hyperornithinemia and chorioretinal degeneration.
To date, about 80 mutations have been reported
in the OAT gene. Distribution of the mutations
in the OAT protein is shown in Figure 3. We
reviewed the literature to investigate and compare
the reported mutations, the resulting phenotypes,
and their response to vitamin B6 therapy [Table 1].

The patient had a homozygote splice mutation
in the OAT gene in the 3’ splice acceptor site
(AG) of intron 4 (c.425-1G>A). This mutation might
be a common mutation among Iranian GACR
patients as it was also reported in an 18-year-
old male in a study performed by Jalali et al.l"™
In similar studies, other splicing mutations were
reported before in the OAT genel'®2" Splice
site mutations can disrupt the binding of splicing
enhancers, silencers, and spliceosome elements
and lead to exon skipping. They primarily result in
an aberrant transcript and a truncated protein.??!
A 9-bp deletion (c.425-4_429del) spanning 3’-
acceptor of exon 5 of OAT has been reported
in a Danish/Swedish GACR patient in a study
by McClatchey et al?®! This mutation resulted in
the exon 5 skipping without any disruption in the

120 JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

[8z]

[l

[t4)]

[z2]

[oz ‘gl

[oz ‘gzl

[oz ‘szl

[oz ‘gzl

Mar 1bey IN IN
Ajey uisyinos anIsuodsay 88L
Aley uisyinos aAIsuodsay 786

IN IN Zsll

osauega IN 008

osaueqaT IN LLL

osauegan IN 9/8

2sauega] IN« QL

IN

ssaupuliq YBIN

ssaupuilq WBIN

eldoAw Buiseaioul
/ooueieadde [eunal jewlouqy

sjoelele)
/ssaupuliq WBIN /e1doA

sjelele)
/ssaupul|d YBIN /e1doAp

sjoeleled
/ssaupuiq BIN /eldoAn
/Pamouleu paseadde aineNdSEA
|BUldI 3y /POOI] JO PloASP
aq 0} paieadde suoibal ojydone
By} Ul 9|gISIA S|9SSaA |eploloyd
a2y} Jo Auew /suolss| oiydose
Buipunouns juswbid syl
ul Buiseauoul /euital ayy jo sjod
Jouaysod ayy uodn Bujyoeoidous
Aydouie jo seale usnuod
pawlio} pue padsaleod aAey
03 paleadde suoisa| ay} Aydosie
|BUIIDIOLIOYD JO SBalR 81210SIPp
SWOS/}UBWAA|OAU| [RUBIOIIOYD
ul Aylanas 1ayealb Apueoyiubis

sjoeleR) /Ssaupullq
WBIN /eidoA Ausuiwold

sem uianed Jg|NdSeA |eploloyd

ay} pue uonedyubew ybiy 1e

u29s alam pue euldl ayl o1 deap

2q 0} paleadde uoneswbidap
JO seale 81210SIp ‘||ews ay}

vl

€€

e

IN

snobAzoisray
punodwo)

snobAzolsiay
punodwo)

snobAzowoH

snobAzowoH

snobAzowoH

snobAzowoH

snobBAzowoH

Wiysswe.y

ESIEEST]
/osuasSIN

asuassIN

JESSEESI

OSUSSSIA

ESIEEST]

9suassIn

OSUISSIIA

9suassIn

We

We

8.SjuI9ESSIHd

A1 yeESADd
/dsvigAiod

A1 y6ESADd

/dsvi6AI9d

dsvigAiod

a|aNd

aleN-d

a|aNd

aeN-d

19P6S1L™D

V<9OI8ILD
/N<9TSLD

V<9olI8IL

/N<OCSID

V<9¢salD

V<9€D

V<9€D

V<9€D

V<9€D

121

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

6l paidopy IN IN Aydouie ploioyd jo seale € snobAzowoH BSUSSSIN v BiyieAlDd V<oL.Z2
ysinym ‘pauyap Ajdieys ‘punoi
Auew a1am a19y} ‘siselpAw
ybiy uy /Aisyduad |eunal /syoep
yooads pue juswdo|ansp
obenbue| pakejap jueds
uonuaye Hoys pue Aujiqroeisip
/AuAnoeiadAy yum uoneplelal
|ejUSW pliw /elwdulyiuloladAH

vzl asaueder IN IN ejwauiypuioiadAiy =13 IN SSUSSSIN 4 ni9o6u9d 9<089C?
/Aydouie Jejnasnw ueuwop
_mrc_xo\_o_ /UOI10BIUOD D1IIUSdU0D
/syeieied jeidoAw Buons

82] ysiuuig IN IN IN IN IN asuassIN v sk1egusyd V<D/9Z7

VA=il| uenably IN 08L elwauiypuioiadAy 4} IN Buipod uoN € uohu| IN 9<DOE0E+6612
Juonesausbap [eunaioloyd

zel asauyd IN 9/.'0LY eUI}) BY} Ul SX29)} snpuny 6l snobAzowoH 9SUSSSIN € usyeg1asd V<98tZ2
Jo @ouasaud suiwoid sy} yum
Buoje /Anoe |ensiA pue uolsiA
|RJIUDD PBSEaIIBP /SSauUpUl|q
Miep [enpeify/ssaupulq
1ybiu/eidoAw sejndoulg

el paydopy aAIsuodsaluoN IN aulyyuio ewse(d ford snobAzolsray 9SUISSIN 9/E uoe6L0idd V<2965
JO UOIIBAS|S pue d)sIBYRIRYD punodwo) /ylysawely /S1.S3SA1594A19°d /I9PE6LZ6LD

a1om sbulpuly [eunay
lev] IN IN IN IN IN IN SSUSSSIN € oldzgnaTd <1882
Lz IN IN 00L~ sieak abeussy S snobAzoisay SSUSSUON 1/€ L0Gzbayd 1<08%LD
Aliea wouy uoisia [esaydiiad punodwo) YESEESIN /IHGGIALd /D<LEQLD

yum swajqoid pue abe
BunoA e wouy ssaupullq WBIN

82l ysiibuz IN IN IN IN IN 9SUSSSIN € SIHGG!ALd O<1€91L2
/Buny ssny

[og ‘62] IN aAIsuodsaluoN 69/ IN Pl 91064Az01919H 9SUSSSIN € sAygusy-d V<279l

{0z SMI[ UelAS aAIsuodsay 169 sjoeleied Jejnsdeogns 8¢ snobAzowoH ylysawelq € 8, siupegsiHd 19p6SLD

Jouaisod |elale|ig/paloLisuod
219M Sp|al} [BNSIA
pajewoiny /auswiiedwi [ensia
pue ssaupul|q WBIU dAISsaIB0Id

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024

122



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

lel]

[ez]

[8€]

g ® Apmis sy

[ge ‘vl

[sz]

[ve ‘vl

[z2]

[l

[8z]

[z2]

uealoy|

ysipams/ysiueq

IN

uejuel)|

asaueder

usiom

asaueder

IN

EREET)

uelje}j/uewlan

IN

anIsuodsay

aAIsuodsaluoN

IN

anIsuodsay

aAIsuodsaluoN

IN

aAIsuodsaluoN

IN

IN

€8L

68lL

IN

el

IN

IN
IN

000L~

9LL

IN

oeel

$9A8 U10q Ul UOIDLIISUOD
pIal |BNSIA /S9A3 Ylog Ul JUSPIAS
SeM BWaPa JendeW PloISAd
pasoos|p /sokd Ujod jo aenoew
By} Ul uone|nwndoe d3Ap pue
Aydouje |eunaionoyd jo uibiew
oy 1e abexes| /Aisydiad piw sy
Buinjoaur Aydouie [eunaioloyd
9I9AS |RIB}R|I] PAaUGIYXd Snpuny
18y /sioeleled Jejnsdeogns
Jouysod |eiaie|iq /uolsIA Wybiu
aAIssaib0id /sSO| [enSIA [enpel

IN

IN

asuodsal pos pue auod yioq
10 uononpal /elwauiynuloladAH
/eidoAw /ssaupuiq ybiu
/ eieled Jeinsdeoqns Jousisod
pliW /SSO| [ENSIA [ENPRID

spial
|ensIA paloLIISuod pue uoneldepe
Miep pajelousiap /suibiew dieys
yum saiydouie [eunaloloyd
padojjeas jo sebueyd snpuny
1e21dAy /eiwauiypuloladAy

IN

Sp|al} |BNSIA PAIOLIISUOD

eldoAw Buiseaioul
/ooueleadde [eunal |jewlouqy

IN

IN

Alesae|iq
saoeds 211sAD [eunaleiul
a|diynw /eidoAw Buisealoul
/ooueleadde [eunal jewlouqy

6l

[474

IN

144

144

IN
€C

8¢

oL

IN

oL

snobAzolslay
punodwo)

snobAzolsiay
punodwo)

IN

snobAzowoH

snobAzowoH

IN

snobAzolaiay
punodwo)

snobAzoiaay
punodwo)

snobAzolsray
punodwo)

IN

snobAzowoH

Buipod
UON/@SUSSSIN

Buidds

Bupids

9suassIn

Wysawe.d

9SUSSSIN
Jowely u|

9SUSSUON
JoSUSSIN

9SUSSUON
/oSuasSIN

9suasSIN

OSUISSIIA

C uonuy/g

 uonu|

 uonu|

6/v

8/v

6/v

nozylAlod

6.s1bivepliend

6.s1bivepliend

IN

nozyiAod

z.sHALgziiyl-d

sk1g9zeusy'd
/1epszinDd

6624A1d
/dsviziAi9d

Jeebiyd
/BivpoLue-d

aydeeshod

nioLeAlod

dnpgl+66l
TL+66L0
IN<9STHD

19POZS SZY™

O<VC-Gerd

V<9l-§¢PyD

V<9GZYyo

dnpige™

V<18.67
/I9PSLEELE™D

9<0L682
/N<OTIE™D

1<0l662
/O<VILED

1<98Le™

v<9eLTd

123

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

f6cl asaueder IN 756 abe jo sieak (uoneujwexs snobBAzoisray 9SUaSUON /S L9zPIvd 1<29/212
Zl ¥e 9Ad bl ay} Ul opedse siyu) z punodwo) /Miysawely /0L.Sydsye9LsATd  /1I9PS0S YOG D
|eunal Jouadns ay) 1e Aydone
|eunalolioyd /obe jo sieak /
1B Sp|al} |BNSIA PAIOLISU0D /SDAS
yioqg ui ease [eiayduad Joladns
oy} ul uonessuabap |eunay

legl osaueder aAIsuodsaluoN 170l eunal [esayduad (uoneulwexs snobAzoiaray 9SUSUON s L9Z¥BIvd 1<09/212
a11ud 3y} ul Aydodie |eunaionoyd sy u) 9 punodwo) /yilysswely /0L.sidsye9lsA1d  /19pG0S ¥0S D
JO seale Je|nduId pajedlewsp
Aidieys /ssaupuilq JyBIN

zs] ysppng IN 118 eidoAw ewapa ploisAd [eisie|iq 9l snobAzowoH 9SUaSUON 4 L99LIALd V<2862
¢ Aiayduad ayy ul sebueyd
olydouie [eunaIoIOYD JUSIS|ROD
‘ opaydse yum wsnewbnse
o1doAw e yum aks ya| syl uo
G°0 pue a4 b1 3y} Uo 0 0}
uolonpail Aynoe |ensiA [eiaie|ig

el uedLBWY IN IN Sp|l} |BNSIA JO UOIDLIISUOD oL snobAzoisrey awel u| [ 19PZ9LAID 19p98Yy Z/¥ 2
/syoedeied Jeinsdeaqns Jousisod punodwo) —8GLiALd
/eidoAw /ssaupuliq WBIN

[og] SeinpuoH aAIsuodsay 989 sjoeleled |elale|iq /eidoleldAu /9 snobAzowoH SSUSSSIN g 1958GIA1 d J<VELY D
pue saka yioq ul sp|al
|lensia Bunouisuod Ajaaissalbold
/esojuawbid spiuney

82) uews99yysiibu IN IN IN IN IN SSUSSSIN S nayG16avd 1<919t"

) IN IN IN aulynuIo pasiel ‘pouad [eleuosu IN snobAzowoH ESIERSITY] <] SIHpGLBIvd V<919%
8y} ul elwauowwelsadAy

61l ueaioy anisuodsay 18 saAa U10g Ul UONDLISUOD 6l snobAzoisiay Buipod Z uonuy/g nozylA9d dnpol+661

pIal [BNsIA /s8A8 U10q Ul JUSPIAS punodwo) UON/3SUSSSIIA “L+6610

SeMm BWapa Jejndew ploisAd IN<OGZYD

paso|osIp /saks y1oq jo aendew
9y} Ul uone|nwnooe AP pue
Aydoue |eunaioioyd jo uibiew
oy} e abexes| Aisyduad piw ayp
Buinjonul Aydouie [eunaioloyd
919A8S |eIale|lq PaUGIYXD
snpuny Jay /uolsIA ybiu
aAIssa1601d /SSO| [BNSIA [BNPRIS

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024

124



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

vs ‘el ysibug S|9AJ) GE8
auIyHUIO JO
uononpal jeied

[zy ‘vel asaueder anisuodsaiuoN IN
I8zl asanbnuod IN IN
[ev] IN IN IN

[zy ‘vzl asaueder anIsuodsay IN

[9g ‘€] usu| aAIsuOdsaIuoN IN

/4anq /ueley
[eg ‘8z ‘Iv] usiuuty IN IN
(8t ] Usmods anisuodsay IN
Juewlta9 yysibug
[z18] IN anisuodsay IN
lov] IN IN 9vLS

ssaupul|q yBIN

ssaupul|q ybiu /sieak
¥ Jo abe ay} 1e ease Jgjndew
9y} Ul X3|}24 |ewIouge ue pue
snpuny [esayduad sy} je sjods
SUYM-MO||9A /elwaulyiuloladAH

IN

IN

sassadold Aeljd
Awueds pue uoys A|[ea1dodso|dAd
/9lod Jousisod ayy

01 payoeolidde Japioq padojjeds
yum Aydouie jeunaionioyd
/s Wbl sy} ul 819A8S

alow /saAs8 Y10q Ul Sjoeieed

Jejnsdeogns Jouslsod

IN

IN

aulyHuIo
WwINIas pajeAd|d /eunal pue
ploioyd |esayduad jo Aydone
JB|NJSEA [B]0] JO Seale ajelAb pue
punol /Aydeibojndo-01309|9 pue
Aydeibounaiolosle jewiouge
‘Sp[al} |BNSIA PAIOLIISUOD

Aydouie a1e1AB
J0 sainjeay |eoiBojowleyiydo
pue |ed1ul|d dnsKaldRIRYD ||V

pIdy |1ensia
MOJLIBU /SBAD U}Og Ul SI9}e0}
aAa pue uoisia paiiniq Buisealou)
Amols jeidoAw /A1eyduad sy
ul Aydouie |eunaioloyd jo sealy

IN
IN

8l

IN

£

6¢C

[44

snobAzoiaay
punodwo)

snobAzolaiay
punodwo)

IN
IN

snobAzowoH

snobAzolslay
punodwo)

snobAzowoH

snobAzolslay
punodwo)

snobAzolsray
punodwo)

snobAzoisroy
punodwo)

9suassIN
/OSUaSSIN
JOSUSSSIN

9suassIN
JESSEEST

Wysaweld
SSUSSSIN

9suassIN

9SUSSUON
/osuasSIN

9sUasSIN

OSUSSSIN
/Buids

9SUSSSIN
/Burdids

9SUISUON
/oSUISUON

LWAV9

8/9

8/9

9

6/ uonuj

6/t uonu|

£/S

aydseynad
/na/iyoidd
/u966L01dd

skLLzbiyd
NA1GeLdsyd

op.sinapglelvd
ylyglelvd

PAL8LIYLd

6621ALd
Auy108161y°d

1y10816.v°d

sk1gLenIod/
6.s1bivepliend

skigLeniod/
6.s461vepliend

L62iALd
/81d11-d

L<OILIELD
/L<208¢1>
/N<D96G2

v<9oci82
/L<9€852

19P0SS™>
V<9085

1<0eys™

9<2L682
/0<96€£52

0<96€52

V<9¢S62
/9<VC-Seyd

V<9¢S§62
/9<VC-SZy2

9<2L682
/I9P9ES CESG™D

125

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

[sz]
[sz]
[8z]
[8z]

[ov]

(8]

[sv]

[8l]

[sv]

lie ‘8l

[l

[rv]

[vv]

[gz 12l

V24|

MBI 1ZBUDUSY IN IN IN

youal4 IN IN IN

usiibug IN IN IN

uejjeyj/uewILg IN IN IN
IN anisuodsay T/ TOWNOYLL eunal ul eaue paydose

obue| e /UOISIA JO SSO| dAISSaI601d

uedIXaN IN IN IN

ueljensny anIsuodsay ZS9 wspewbnse pjiw pue eidoAw
ajelapow /eunal ayy jo Asyduad
9y} Ul suolsa| o |ed1dAy

/obe Jo sieak ¢ 18 UOISIA 1004

IN IN IN IN
uejey IN IN IN
youal4 /uewlaS  dAISUOASaIUON IN aka Y3 8yl Ul 1oeIRIRD

/u21nq@ /ysibug / @|q1sin Aydouie |eploioyd
Jo uoissaiboid sapuyap INg PlIA

uewss9y/ysiibug  aAIsuodsaluoN 1Z¥216 eulal pue plojoyd [esayduad ayy
jo0 Aydouie sejnosen |ejo} [ed1dAy
/AIlel191e1q S1oeleled Jejnsdeogns
Jouaisod pasueApe Ajojeiapow
/oAs Ya| auy ul Aousdyep
10|02 8)RIDPOW /POOYP|IYD
Ajea aouis uoisia 1ybiu Jood

IN IN IN IN
IN IN IN IN
IN IN 006~ ssaupul|q ybiu /3oeleied

|eia3e|1q /swalqoid uoIsIA WBIN

IN IN 806 eldoAw Buiseaoul

/odoueieadde |eunal jewlouqy

IN

IN

IN

IN

6l

IN

e

o€

IN
IN
IN
IN

snobAzowoH

snobAzowoH

snobAzolslay
punodwo)

snobAzolaiay
punodwo)

snobAzowoH

snobAzolsiay
punodwo)

snobAzolsiay
punodwo)

snobAzolsiay
punodwo)

snobAzowoH

snobAzoiaay
punodwo)

snobAzolisiay
punodwo)

OSUISSIIA
OSUSSSIIA
SOSUSSSIIA
OSUSSSIA

ESIEEST]

OSUSSSIIA

9SUSSUON
YEIERSIN

Buionds
YESSEESIN

9suasSIN

9SUSUON
/Miysaweld

asuassIN
/oSUasUON

9SUaSUON
/oSUasUON

9SUSSUON

ESIEESTI]
JosuasSIN

9SUISSIN
YESERSIN

LWL

6/L

9/9

oL/9

8/9

/9

%]

allz9ziyLd

0idogzbivd
sAospziALd
nalyzoidd

dsyzezhiod

Biveezuiod

«86€buyd
/lengzzelv'd

19P6EEIRA
~zogtesd
/lengzzelv'd

leA9zzelv'd

+60TIALd
/8L.S1sADG/1A19d

nogseAlod
1602441 d

«Grzdid
/8L1d1Ld

.8L1dird

na/lyoidd
/uI966101d'd

na/lyoidd
/u966l01dd

1<2008
0<96vL™
O<VVELD
1<dceLs

V<9O0lL™D

O<V8697°

1<
DT6LLD /L<DLLID

O<VC-106
/L<OLL9™

1<0L£9

V<1292
/I9PTLL+8Y9
“TLAles

V<98Il
/< LLZ9D

V<94§¢8™
/N<OYES™D

V<OPES™

1<008¢1>
/V<D9652

1<208¢Z12
/N<D96G2

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024

126



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

let] asaueder aAIsuodsaluoN IN elwaulyyuiosadAy £ snobAzosoroH BSUSSSIN 6 IAL6LESIHd 1<DGG62
pue eunal ay} jo oueieadde punodwo)
oidoosow|eyiydo ansuaoeIRYD
U1 YHm ssaupul|q aaissalbold

@l Ajey uisyinos aAIsuodsaluoN €0L ssaupul|q ybIN €l snobAzowoH 9SUSSSIN 6 1BNZEEIend V<91662
[og ‘2] Ajey uisyinos aAIsuodsaluoN 9zS ssaupul|q WybIN A snobAzowoH 9SUSSSIN 6 1BNZEEIend V<91662
log ‘6] IN anisuodsay oviL IN 1z IN asuassi 6 1onzEElend V<9v66

2l Aoxjany IN 0S9 VN <] snobAzowoH 9SUSSUON 6 Jesbiyd 1<21662

Lz IN IN S/l UOISIA [BJJUSD 100d ya snobAzowoH SSUSSSIN 6 sAigLenod V<9662

2l ysibug anIsuodsay 8/ ssaupul|q WbIN Sl snobAzowoH SSUISSIN 6 skgLenod V<92G662

I82) yspiny IN IN IN IN IN Hlysawely 6 LL.spasgLeEnod 19PCS6™

1zl IN IN G'8€9 abe jo syuow g snobAzowoH Buids £ uoau| IN V<9106

ouw ¢ Aq |aA9] aulyyulo ewseld ul

sl e Jo uondalep /AudiuouadAy
pue saxa|}al uopual

daap pasealou) /SSaUSNOIOSUOD
40O |9A3] paonpal/abe
1O p gl 1@ sjuswanow

BuipAo jewiouge pue Bupiwoa

/elwauowwelsdAy |eleuosN

vl IN dSAIsuodsay 6€0L 121)9p uonusne JuedyIubls /euns) oL snoBAzowoH awely u| L 1opo6ZNaTd |19P0L87 8980
9y} ul sauoz dydodie paywi|
Ajdieys JejndJid snosswinu ypum
BWSPS0 Je|NdeW |elale|iq /eale
olydose [eunal abie| /snwsigens
puUB SSO| UOISIA |RIled

[8z ‘vzl asaueder aAIsuodsaluoN IN aulynuio ewse(d vz snobAzowoH 9SUSSSIN 8 sKL,zbayd v<92182
JO UOIIBASIS /D JO DlISLIa1oRIRYD
alam sBupuly [eunaloloyd ay |

[8z] asanbnuod IN IN IN IN IN SSUSsSSsIN 8 oidozzelv'd 0<98082
1ozl M3[ |ZeUYSY aAIsuodsay 6.8 eWSPS Je[ndew ploisAd pjiw 9l snobAzoisay Buoyds [ uosu|/g IN/2IIZ9z4yLd V<91+0062
/suolsa| olydodie [eunaionoyd punodwo) YESVERST] /L<D00872

Atayduad piw /syoeieied
Je|nsdeoqns Jouaisod pliw /spial
|ensIA pajolisuod /eidoAw ybiH

127

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024



Molaei Ramshe et al

)

OAT Mutation & Gyrate Atrophy

[8z]

[os]

)]

[ev ‘vl

[8Z ‘W]

[8z]

[8z]
[l
[8z]
[ev]
[sz]
[8z]

[8z]

IN

Ajey

Aley uisyinos

osaueder

ysiuui4

uesuswy
JOLEITED)

yspuny

ueisy

uelpu| 1se3
Aey uiayinos
ysi1buz
IN
oluedsiH
ysiuedsg

UedLYY ISOM

IN

aAIsuodsaluoN

IN

aAIsuodsaluoN

IN

IN

IN

IN

IN

oAIsuodsaluoN

IN

Z8S

£29

IN

IN

IN

18

089

IN

508

IN

IN

IN

IN

IN

IN

JIND BulAjoAul-leaA0y BIBIRIq
‘saka Y104 jo eunai |essyduad
a2y} ul Aydouie |eunaioloyd
|BIUSIBJWINDIID JO SaYdled

SSO| [BNSIA

ejwaulyyuioladAy
/eale 1ejndew ay}
ul X9|49. |ewlouge ue pue snpuny
|etayduad auyi 1e suibiew dojjeas
yum Aydouie [eunaionoyd |eaidAy
/ssaupuiq wbiu /eidoAwy/g
Jo abe ay) 18 UOISIA pasealdaq

IN

IN

e|wauowweladAy |eleUOSN

aulyHuIo ewseld jo uoneas|d
paylew e sem 213y} syoam / abe
1e /ejwauowweladAy |eleuosN

IN
ssaupul|q yBIN

IN

IN

IN

S}oeM 9|

SHOOM /.

IN

oy

IN

IN

snobAzowoH

snobAzowoH

snobAzowoH

snobAzowoH

IN

snobAzowoH

snobAzowoH

IN

snobAzowoH

OSUISSIIA

OSUSSSIIA

9suassIN

OSUISUON

S9SUSSSIIA

9SUSSUON

OSUSSUON

S9SUISUON

9SUBSUON
ERIERSI]
9SUSSSIN
9SUSSUON
ESIERSIY]
ESIERSIY]

Wysaweld

SO|DIME PaUOIIUSW SU] Ul S|gR|IBAR SEM UOIRWIOMI OU ‘|N,

aydzeyneTd

usyoepa|ld

usy9epalld

.92¥bivd

oidzoyneTd

JovAlDd

.92¥bivd

.86¢€biyd

£96€01vd
1K1 y6esAod
Biypeeshiod

Jeedid
elvsLeAlod
dsyegehind

€L.SHULyrEUsY'd

L<OILIELD

V<LLOEL

V<LLOELD

1<d9s21>

o<150¢1

1<910¢1>

1<d9sz1>

1<o¢elLd

1<098IL2
V<OI8ILD
O<108lL2
V<OLLILD
o<9opCild
V<9850l

ISPLEOL™D

JOURNAL OF OPHTHALMIC AND VISION RESEARCH VOLUME 19, ISSUE 1, JAN-MAR 2024

128



OAT Mutation & Gyrate Atrophy ; Molaei Ramshe et al

Figure 1. Infrared reflectance imaging (IR) shows sharply defined, scalloped retina pigment epithelium and choroidal atrophy areas
in the mid-peripheral zone (A, B, C, D).

Gene OAT
DANN 0.99
Transcript NM_001322967 Mutation Diseqse
Taster causing
Nucleotide ¢.425-1G>A FATHMM Damaging
aIt::;:on LRT Deleterious
Protein Splici.ng SIFT Damaging
alteration mutation
PROVEAN Damaging
Location intron 5 of 11
position REVEL Pathogenic

Figure 2. Family pedigree and partial sequence of OAT gene (genotypes of mother and father have been detected as
heterozygotes in c.425-1; however, the proband’s nucleotide sequencing has shown the homozygous nucleotide variation in
this position). The site of mutation is shown by the arrow.

50 Aminotran_3 domain 236
Nonsense . . -
Deletion . Ca— -
Splice
Frameshift
Missenss .

Figure 3. Distribution of the OAT gene mutations on OAT protein. This figure shows OAT protein domains and distribution and
numbers of mutations in OAT domains according to their type. Aminotran_3 domain is shown as the main domain of OAT enzyme.
Mutation diagram circles are colored with respect to the corresponding mutation types. In the case of different mutation types at a
single position, the circle’s color is determined with respect to the most frequent mutation type. Mutation types and corresponding
color codes are as follows: Missense mutations (Green), truncating mutations: Nonsense, nonstop, frameshift deletion, frameshift
insertion, splice site (Black), inframe mutations: Inframe deletion, inframe insertion (Brown), and splice mutations (Orange). The
location of the detected mutation in our study is a site for five previously reported mutations, as shown in this figure.
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reading frame. An A to G substitution at the 3’
splice acceptor site of intron 4 (c.425-2A>G) was
reported in the OAT gene in a study by Mashima et
al. They also identified the exon 5 skipping in the
mRNA in another study."”! Therefore, the mutation
in our patient (c.425-1G>A) probably caused the
same result, which is exon 5 skipping, loss of 32
amino acid residues and generating a truncated
OAT enzyme. The truncated enzyme is possibly an
inactive one that is not functional in the ornithine
metabolic pathway and therefore has led to the
GACR phenotype in our patient. The mutation’s
location and its vicinity has been reported for
other mutations in previous studies. c.425G>A
mutation was found in several studies."® 23 34 Kim
et al reported the c.425G>A mutation in a pair of
19-year-old Korean female identical twins whose
clinical manifestations were consistent with GACR.
These two patients were also responsive to B6
therapy."”!

Early diagnosis of patients with GACR,
specifically those who respond positively to a
low protein diet and vitamin B6 supplement intake,
can significantly help in the successful treatment of
the condition. Therefore, identifying OAT mutations
that are responsive to treatment and determination
of the respective genotype—phenotype correlation
in GACR patients is essential.

The authors are thankful to all the healthy
individuals and their family members who
participated in this study.
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