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Abstract

Background: The aim of this study was to evaluate the most common underlying genetic and
clinical etiologies of retinitis pigmentosa (RP) disease in our geographical area.

Material and Method: In our archive, there are about 3000 patients who applied to our clinic
between the years 2015-2021. The files of approximately 700 patients with a definitive genetic
diagnosis were retrospectively scanned. A definitive genetic diagnosis was made in 22 of these
patients. During our research, we collected some clinical parameters including the prenatal, natal,
and postnatal history of the patients, history of surgery and seizures, and family history. In family
history, we did a detailed pedigree with at least 3 generational analyses, questioned parental kinship,
looked for similar members in families, and identified inheritance patterns of their disorder. We draw
3 generations pedigree and we collected peripheral venous blood samples from patients and sent
them to a commercial lab for gene panels or WES. After obtaining the definitive genetic diagnosis of
all patients, we compiled a table with the other parameters we questioned.

Results: As a result of our WES analysis in patients 1 and 2, homozygous c.1331_1332 dupAG/p.
Thr445ArgfsTer10 Class 2 variant was detected in the POC1B gene of patient #2.In the RP panel
1 reports of patients 3 and 4, the genomic alteration of c.2254dupA (p.Ser752Lysfs*14) was
detected in exon 15 of the ABCA4 (NM_000350) gene. Patient 5, EYS c.4964T>C heterozygous.
Patient 6. SEMA4A C.1168A>G (heterozygous). Patient 7, SEMA4A C.1168A>G (heterozygous), RP1
¢.5402C>T (heterozygous), CGNB1 ¢.1382C>T (heterozygous).Patient #8, . Heterozygous variation
of p.Thr390Ala (c.1168A>G) in the SEMA4A gene is present.As a result of our WES analysis, a
homozygous ¢.2021C>A/p.Pro674His Class 2 variant was detected in the RPGRIP1 gene of patient
#9. Heterozygous c.119-2A>C Class 1 mutation was detected in the NR2E3 gene of patient 10.
Homozygous ¢.271C>T/p.GIn91* Class 1 mutation was detected in the MFRP gene in patient 11.
Patient #12 was diagnosed at the age of 7-8 years. When we look at the exome sequencing results,
a homozygous mutation in the CNGB1 gene c.413-1G> of patient 13 was detected. Heterozygous
p.Ser361Tyr (c.1082C>A) change detected in the ABCA4 gene of patient #14 was detected. The
heterozygous p.Glu150Lys (c.448G>A) change detected in the RHO gene of patient #15 was
pathogenic according to ClinVar database and in silico analysis. rated as. Prediagnosis was Bardet-
Biedle Syndrome in patient 16. P.Gly244Asp change was detected in RPE65 gene of patients
17 and 18. Automated DNA sequencing of patient #19 and patient #20 results in a homozygous
sequence variation in the coding sequence of the NR2E3 genes, a homozygous CGG>CAG nucleotide
substitution, and an amino acid replacement of Arg311GIn. Heterozygous mutation was detected
in the same gene region in patient 21 (fathers). Variation in NR2E3 is the most likely cause of these
patients' eye condition, as it is a complete genotype and is strongly associated with RP in many
published families. Genetic results on an allele of the BBS1 gene of patient 22 (chr11:66.278.121-
66.291.364 (13.2kb)/ISCN: seq [GRCH37111q13.2(66.278).121-66.291.364)x1). The other allele has a
heterozygous point mutation (c.1424dupT p.Ser476fs-rs886039798).

Conclusions: As determined in our study, the disease can be encountered with many different
genetic etiologies. In this regard, patients undergoing genetic testing should be carefully examined
for both SNP (single nucleotide polymorphism) and CNV (copy number variation).In addition, before
genetic tests are performed, it should be well determined whether there is an isolated RP or an
accompanying RP. In this respect, patients should be evaluated by making a detailed anamnesis and
physical examination and drawing a pedigree containing at least 3 generations. Therefore, it was
concluded that accompanying abnormalities should also be examined in the evaluation of retinitis
pigmentosa anomalies.
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Oz

Amag: Bu calismanin amaci, cografi bolgemizdeki retinitis pigmentosa (RP) hastaliginin en sik altta yatan
genetik ve klinik etiyolojilerini degerlendirmektir.

Gereg ve Yontem: Arsivimizde 2015-2021 vyillari arasinda klinigimize basvuran yaklasik 3000 hasta
bulunmaktadir. Kesin genetik tanisi olan yaklagik 700 hastanin dosyalari geriye déntk olarak tarandi. Bu
hastalarin 22'sine kesin genetik tani konuldu. Aragtirmamiz sirasinda hastalarin dogum oncesi, dogum
ve dogum sonrasi dykileri, ameliyat ve ndbet dykisu ve aile dykist gibi bazi klinik parametreleri
topladik. Aile oykistinde, en az 3 kusak analizi ile ayrintili bir soyagaci yaptik, ebeveyn akrabaligini
sorguladik, ailelerde benzer tyeler aradik ve bozukluklarinin kalitim kaliplarini belirledik. 3 kusak pedigri
cizdik ve hastalardan periferik venoz kan érnekleri topladik ve bunlari gen panelleri veya WES icin ticari
bir laboratuvara gonderdik. Tum hastalarin kesin genetik tanisini aldiktan sonra sorguladigimiz diger
parametreleri iceren bir tablo olusturduk.

Bulgular: 1 ve 2 numarali hastalarda WES analizimiz sonucunda homozigot ¢.1331_1332 dupAG/p. Hasta
#2'nin POC1B geninde Thr445ArgfsTer10 Sinif 2 varyanti tespit edildi.3 ve 4 numarali hastalarin RP panel
1 raporlarinda ABCA4 (NM_000350) geninin 15. ekzonunda c.2254dupA (p.Ser752Lysfs*14) genomik
degisikligi tespit edildi. Hasta 5, EYS c.4964T>C heterozigot. Hasta 6,. SEMA4A C.1168A>G (heterozigot).
Hasta 7, SEMA4A C.1168A>G (heterozigot), RP1 c.5402C>T (heterozigot), CGNB1 ¢.1382C>T (heterozigot).
Hasta #8, . SEMA4A genindeki p.Thr390Ala'nin (c.1168A>G) heterozigot degisimi mevcut WES analizimiz
sonucunda hasta #9'un RPGRIP1 geninde homozigot c.2021C>A/p.Pro674His Sinif 2 varyant tespit edildi.
10 numarali hastanin NR2E3 geninde heterozigot c.119-2A>C Sinif 1 mutasyonu tespit edildi. 11 numarali
hastada MFRP geninde homozigot c.271C>T/p.GIn91* Sinif 1 mutasyonu tespit edildi.Hasta #12, 7-8
yaslarinda teshis edildi. Ekzom dizileme sonuglarina baktigimizda 13 numarali hastanin CNGB1 geni c413-
1G>bir homozigot mutasyon tespit edildi.Hasta #14'in ABCA4 geninde saptanan heterozigot p.Ser361Tyr
(c.1082C>A) degisikligi saptandi.15 numarali hastanin RHO geninde saptanan heterozigot p.Glu150Lys
(c.448G>A) degisikligi, ClinVar veri tabanina ve in silico analizine gore patojenik olarak puanlandi. 16
numarali hastada On tani Bardet-Biedle Sendromu olarak konuldu.17 ve 18 numarali hastalarin RPE65
geninde p.Gly244Asp degisikligi saptandi. Hasta #19 ve hasta #20'nin otomatik DNA dizilimi, NR2E3
genlerinin kodlama dizisinde bir homozigot dizi varyasyonu, bir homozigot CGG>CAG nikleotid
ikamesi ve Arg311GIn'nin bir amino asit degisimi ile sonuglanir. 21 numarali hastada (babalar) ayni gen
bolgesinde heterozigot mutasyon tespit edildi. NR2E3'teki varyasyon, tam bir genotip oldugundan ve
birgok yayinlanmis ailede RP ile glclu bir sekilde iliskili oldugundan, bu hastalarin g6z durumunun en
olasi nedenidir.22 numarali hastanin BBS1 geninin bir alelinde (chr11:66.278.121-66.291.364 (13.2kb)/
ISCN: seq [GRCH37111q13.2(66.278). 121-66.291.364)x1) genetik sonuglarda. Diger alel heterozigot nokta
mutasyonuna sahiptir (c.1424dupT p.Ser476fs-rs886039798).

Sonug: Calismamizda da belirlendigi Gzere hastalik bircok farkli genetik etiyoloji ile karsimiza
¢ikabilmektedir. Bu baglamda, genetik teste tabi tutulan hastalar hem SNP (tek nikleotid polimorfizmi)
hem de CNV (kopya sayisi varyasyonu) agisindan dikkatle incelenmelidir.Ayrica genetik testler yapilmadan
once izole bir RP veya eslik eden bir RP olup olmadigi iyi belirlenmelidir. Bu agidan hastalar ayrintili bir
anamnez ve fizik muayene yapilarak ve en az 3 kusagi iceren soyagaci cizilerek degerlendirilmelidir.
Bu nedenle retinitis pigmentosa anomalilerinin degerlendirilmesinde eslik eden anormalliklerin de
incelenmesi gerektigi sonucuna varildi.
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INTRODUCTION

Retinitis pigmentosa (RP) is the most common hereditary
retinal degeneration. It affects the respective rod and then cone
photoreceptors. RP is manifested by poor rod photoreceptor
function, night blindness, and a short peripheral visual field.
Except for cystoid macular edema, it is seen in the latter case, as
is the cone function seen in the central vision view. Classically
described RP includes granular appearance due to atrophy
of the fundus retinal pigment epithelium, bone speculation
pigmentation, thinning of retinal vessels, and optic disc features.
RP Mendelian can be seen in autosomal dominant, autosomal
recessive or X-linked inheritance forms.

In autosomal recessive RP, non-destructive rhodopsin is
encoded as a result of a null mutation in the rhodopsin gene
or normal expression is blocked by regulatory mechanisms.
Heterozygous individuals are clinically normal. In addition,
B-phosphodiesterase gene mutations have also been identified
as responsible.!”

X-linked retinitis pigmentosa (XLRP) accounts for 5-20% of the
cases of RP. Three disease-causing genes have been identified
to date: retinitis pigmentosa GTPase regulator (RPGR; OMIM
312610), retinitis pigmentosa 2 (RP2; OMIM 312600). and the
much rarer oral facial-digital syndrome type 1 (OFD1; OMIM
300170) gene.? Mutations within the RPGR gene, however,
predominate and contribute to the highest rate of any RP
locus identified to date. XLRP is particularly severe in males
with early onset and rapid progression of vision loss, resulting
in legal blindness by the end of the third decade. Female
carriers do not usually report symptoms. However, it has long
been appreciated that female carriers of XLRP can range from
being asymptomatic to having a significant visual and retinal
impairment. The carrier phenotype can vary accordingly with
the ratio of X-inactivation.®4

Autosomal Dominant Retinitis Pigmentosa (ADRP) is an inherited
retinal degenerative disorder. It is characterized by progressive
loss of photoreceptors, ultimately leading to irreversible loss
of vision. This degeneration of photoreceptors begins in the
peripheral retina, slowly progressing toward the central retina.
In the cell context, rod photoreceptors are predominantly and
primarily affected, leading to night blindness. In addition to this,
eventually, there is degeneration of cones causing complete
loss of vision. Degeneration of photoreceptors causes the
relocation of retinal pigment epithelium to the inner retina. This
process is clinically manifested as pigmented deposits in the
peripheral retina on fundus examination.>®

ADRP is caused by genetic mutations in the genes responsible
for the basic functioning and maintenance of photoreceptors.
Since the mutations are autosomal dominant, the disease
phenotypes are observed even in the presence of a single
mutated allele. These mutations can lead either to loss of
function (LOF) or toxic gain of function (GOF) phenotypes.
Irrespective of the nature of the mutation (deletion, missense,
or non-sense) as well as the region of the gene in which
these mutations occur (intronic or exonic), LOF mostly leads

to a mutant protein which is usually unstable and gets
degraded and the remaining wild-type protein is insufficient
for proper functioning. Hence, a single vector-based gene
supplementation approach might work for a spectrum of
mutations in a given gene.”#

Nonetheless, the effect of the GOF phenotype is mostly
dependent on nature as well as the region of mutation in
a given gene. The phenotypes vary from a mutant protein
interfering with the function of a normal protein, gaining a new
function by the mutant protein, or enhancing the degradation
of the normal protein.®!

It is deducted in mitochondrial digenic forms. But sporadic or
simplex is the tightest form. The final method is to work bigger
than gene selection. This optic is designed from an overview
of the clinical, genetics, fundus photography, coherence tom,
fundus autofluorescence, microperimetry, dark adaptometry,
and ocular electrophysiological properties of RP. Night
blindness in the early stage is often the main symptom. Firstly,
mild night blindness is often overlooked by patients. There
may be peripheral visual field defects in dim light at this stage.
Especially if there is no family history (about half of the cases), it
is difficult to diagnose during this period. Visual acuity is normal
or below normal. Fundus examination is normal at baseline,
retina arteriole attenuation is minimal and the optic disc is
normal and the color vision is normal. The electroretinogram
(ERG) is the key test. In most cases, scotopic shows reduced
amplitude in the dominant b-wave under these conditions.
With this at maximum ERG amplitude when the retina is
partially affected ERG may appear normal with a decrease.”

Although the exact mechanisms that cause necrosis in patients
with vision loss are not known in the pathophysiology of the
disease, they reported that the finding that necrosis results in
cone cell death brings one step closer to understanding this
disease, and more importantly, it enables them to give new
therapies to millions of people with growth factors and anti-
apoptotic factors. When the related studies are evaluated,
some growth factors such as ciliary neurotrophic factor (CNTF),
glial-derived neurotrophic factor (GDNF), cardiotropin-1, brain-
derived neurotrophic factor (BDNF), and basic fibroblast growth
factor (bFGF) have been tried in the treatment of RP in some
animal models. However, besides the side effects of these
factors such as retinal neovascularization and cataracts."”

It has been determined that they cause a decrease in the ERG
response of the retina by an unknown toxic mechanism. In
addition, in some animal models, bcl-2 gene transfer from anti-
apoptotic factors and the use of caspase inhibitor peptides have
been shown to slow down photoreceptor cell death. Death
caspases activate cytoplasmic endonucleases and proteases,
thereby reducing nuclear and cytoskeletal proteins. New
studies on caspase-3, caspase-6 and caspase-7 are ongoing.
By using microphotodiode arrays that replace photoreceptors,
clinical studies on retinal prostheses that stimulate the retina,
optic nerve or visual cortex are one of the most popular studies
today. In addition, in animal models, retinal cells, photoreceptor
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layers, RPE grafts, or tissue of the entire retina transplantation
and retinal or other. Studies on embryonic or adult stem cells
from tissues continue.™™

Currently, genetic technologies have been rapidly growing and
the association between human genetic variation and disease
has been reconsidered. Hereditary retinal diseases constitute a
large proportion of retinal pathologies. Increasing knowledge
about inheritance patterns and mutations, as well as the rapidly
growing novel information as a result of the utilization of new
genetic technologies lead to the definition of novel clinical
entities together with options for the diagnosis and treatment.
This review focuses on inheritance patterns of hereditary
retinal diseases and mutations with recent technological
improvements.!'?

MATERIAL AND METHOD

In our archive, there are about 3000 patients who applied
to our clinic between the years 2015-2021. The study was
conducted in line with the principles of the Declaration of
Helsinki, and the method and purpose of the study were
explained to all participants in detail, and informed consent
was obtained from each patient. The study was carried out
with the permission of Afyonkarahisar Health Sciences
University Clinical Research Ethics Committee (Date:
03.12.2021, Decision No: 2021/13). The files of approximately
700 patients with a definitive genetic diagnosis were
retrospectively scanned. A patient with an RP anomaly has
been identified. A definitive genetic diagnosis was made in
22 of these patients. In this study, this patient was evaluated
and presented to the literature. The inclusion criteria for this
study were to have RP anomalies. Patients diagnosed with a
disease other than retinitis pigmentosa that may affect the
retina were excluded from the study. During our research, we
collected some clinical parameters including the prenatal,
natal, and postnatal history of the patients, history of surgery
and seizures, and family history. In family history, we did a
detailed pedigree with at least 3 generational analyses,
questioned parental kinship, looked for similar members in
families, and identified inheritance patterns of their disorder.

We draw 3 generations pedigree and we collected peripheral
venous blood samples from patients and sent them to a
commercial lab for gene panels or WES. After obtaining the
definitive genetic diagnosis of all patients, we compiled a table
with the other parameters we questioned.

RESULTS

The genetic etiologies of 22 patients with definite genetic
etiology are given in Table 1. Clinical findings of 22 patients are
given in Table 2.

Patients #1 and #2 go to the park to play ball during the day,
but they cannot play ball. They can hardly see beyond 2 meters.
Also, patient #2 is mixing colors. He has difficulty learning.
There is parental consanguinity. As a result of our WES analysis,

homozygous c.1331_1332 dupAG/p. Thr445ArgfsTer10 Class 2
variant was detected in the POC1B gene of patient #2.

Patients #3 and #4 were admitted with the suspicion of RP.
When the results of the next-generation DNA sequencing
were examined, in the RP panel 1 reports of both patients,
the genomic change of ¢.2254dupA (p.Ser752Lysfs*14) in the
15" exon of the ABCA4 (NM_000350) gene was found to be
homozygous. This genomic alteration was evaluated as "Likely
Pathogenic" according to the ACMG-2015* criteria. This result is
consistent with the clinical findings in patients.

Patient #5 has been experiencing visual loss since birth. He can
finally see 10% bilaterally. He had RP from birth. EYS c.4964T>C
heterozygous. Patient #6 (mother) has an RP clinic. It looks
lighter. It started after the age of 20. SEMA4A C.1168A>G
(heterozygous). Patient #7 (uncle) has had RP since birth. The
clinic was available. SEMA4A C.1168A>G (heterozygous), RP1
¢.5402C>T (heterozygous), CGNB1 ¢.1382C>T (heterozygous).

Patient #8 has had vision problems for 13 years. He was
diagnosed with RP 13 years ago. His uncle also has RP. Although
the heterozygous change of p.Thr390Ala (c.1168A>G) in the
SEMAA4A gene is classified as benign according to ACMG criteria,
it was evaluated as VUS (Variant Uncertain Significance) because
there were conflicting data in in-silico analyzes and there was no
data regarding its clinical significance in the ClinVar database.

Patient #9 has congenital RP. After the age of 23, his vision
decreased to 6%. Patient #10 has RP. She was seeing 5% from
birth. As a result of our WES analysis, a homozygous c.2021C>A
/ p.Pro674His Class 2 variant was detected in the RPGRIP1 gene
of patient #9. Heterozygous c.119-2A>C Class 1 mutation was
detected in the NR2E3 gene of patient #10.

Patient #11 was admitted to our hospital 2 years ago with the
complaint of narrowing of the visual field in both eyes. The
patient was diagnosed with RP. As a result of our WES analysis,
a homozygous c.271C>T / p.GIn91* Class 1 mutation was
detected in the patient's MFRP gene. It is expected that this
result will lead to microphthalmia, and isolated 5 clinics in the
patient.

Patient #12 was diagnosed around the age of 7-8 years. Patient
#13 (father) was diagnosed at a similar age. When we look at
the exome sequencing results, patient #13's CNGB1 gene c.413-
1G>A homozygous mutation was detected.

It was noticed that patient #14 could not see the blackboard
in the 2" grade of primary school. It currently has a 60% vision
rate. Patient #14 was diagnosed with vision loss when she
went to primary school with a headache in her second grade.
When we look at the results of the sequence analysis, the
heterozygous p.Ser361Tyr (c.1082C>A) change detected in the
ABCA4 gene of Patient #14 is scored as VUS (Variant Uncertain
Significance) according to the ACMG criteria and in the
ClinVar database. The heterozygous p.Glu150Lys (c.448G>A)
change detected in the RHO gene of patient #15 was scored
as pathogenic according to the ClinVar database and in
silico analysis. It is classified as a possible pathogenic change
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according to the ACMG criteria. In addition, the heterozygous
p.Ser361Tyr (c.1082C>A) change detected in the ABCA4 gene
is scored as VUS (Variant Uncertain Significance) according to
the ClinVar database and ACMG criteria.

Patient #16 has mental retardation, bilateral polydactyly of
the feet, RP, hyporeflexia, and growth retardation. He can't
walk or talk. He also has microretrognathia, left side outward
strabismus, and dysmetria dysdiodykinesia. The preliminary
diagnosis was made as Bardet-Biedle Syndrome.

Patient #17 has congenital vision loss. Vision decreased over
time. Currently 10% sight is available. Patient #18 (sibling)

has less vision. There is parental consanguinity. When we
look at the results of the sequence analysis, the homozygous
p.Gly244Asp change detected in the RPE65 gene of patient
#17 has not been defined before and there is no data
regarding its clinical significance in the literature. However,
it is classified as potentially pathogenic according to in-silico
evaluations and ACMG criteria. The homozygous p.Gly244Asp
change detected in the RPE65 gene in patient #18 has not
been described before, and there is no data regarding its
clinical significance in the literature. However, it is classified as
potentially pathogenic according to in-silico evaluations and
ACMG criteria.

Table 1. Genetic Analysis Results and Heredity

Case Mode of Consanguineous Is there another . . Genetic
ID s Ll inheritance marriage affected individual? Mistatign(s) Zygosity diagnosis
1 1st degree cousin old-case2) vision Retinitis
marriage problem, inability to pigmentosa
' » Cone-rod
2 POC1B 615973 a:"ggégsrlgzl' et d;g:f;gcgusm old-;?’gﬂéx:smn p.Thr445ArgfsTer10/ Class2 Homozygous S:JL?S;
pigmentosa
Sister (16 years old- Retinitis
3 ABCA4 cased) c.2254dupA(pSer752 1Lysfs*14) Homozygous pigmentosa
Brother (17 years old- Retinitis
4 ABCA4 S c.2254dupA(pSer752 1Lysfs*14) Homozygous pigmentosa
. Mother (case6) and Retinitis
5 EYS Same village uncle (case7) c.4964T>C Heterozygotes pigmentosa
6  SEMA4A sAme village el e el C.1168A>G Heterozygotes _hetinitis
9 brother (case?7) . Y9 pigmentosa
SEMA4A - A
! . Sister (case6) and Retinitis
7 Cgll)\l1é1 Same village Nephew (case5) C.1168A>G, c.5402C>T, ¢.1382C>T  Heterozygotes pigmentosa
8  SEMA4A 15tdegree cousin Uncle (RP) p.Thr390Ala (c.1168A>G) Heterozygotes _hetinitis
marriage : . pigmentosa
autosomal- . . Retinitis
9 RPGRIP1 613826 g Same village No ¢.2021C>A/p.Pro674His /Class2 Homozygous pigmentosa
autosomal- st degree cousin Retinitis
10 NR2E3 611131 domiiemi marriage No c.119-2A>C/ Class Heterozygotes pigmentosa
autosomal 1St degree cousin  Grandfather-vision Retinitis
11 MFRP 611040 e marriage problem c.271C>T/ p.GIn91* Class1 Homozygous pigmentosa
1St degree cousin Retinitis
12 CNGB1 marriage Father (case13) c413-1G>A Homozygous pigmentosa
13 CNGBI1 Son (case12) c.413-1G>A(p.(Cys139fs)) Homozygous e
’ P&y Y9 pigmentosa
14 ABCA4 Lt deggqe;cousm casel5) vision problem p.Ser361Tyr (c.1082C>A) Heterozygotes pigerfrflenr:tlossa
ABCA4, 1st degree cousin old-case14) %60 vision Retinitis
15 RHO T e (c.1082C>A),p.Glu150Lys Heterozygotes pigmentosa
. A bilateral
autosomal  2nd degree cousin  Aunt (Dead) inability
16 ; polydactyly,
recessive ma to walk and talk hyporeflexia
1st degree cousin 1 female sibling Retinitis
17 RPE65 s (case18) p.Gly244Asp (c.731G>A) Homozygous pigmentosa
1st degree cousin 1 female sibling Retinitis
18 RPE65 s (case17) p.Gly244Asp (c.731G>A) Homozygous pigmentosa
(case20) father Retinitis
19 NR2E3 (case21) Arg311GIn CGG>CAG Homozygous pigmentosa
(case19) father Retinitis
20 NR2E3 (case21) Arg311GIn CGG>CAG Homozygous pigmentosa
Two son (case19- Retinitis
21 NR2E3 case20) Arg311GIn CGG>CAG Heterozygotes pigmentosa
c.1424dupT
p.Ser476fs Retinitis
22 Bel 2RO rs886039798 mutation / e pigmentosa

chr11:66.278.121-66.291.364 delesion
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Table 2. Patient Clinical Informations and Findings

Case

D Complaints Birth Seizure Operation(s) Findings
Retinitis . He can't see when he goes to the park to play ball in the daytime. He can't play ball in the
L pigmentosa 2 no S EETILE park. In the daytime, he cannot see beyond 2
2 Retinitis 2007 - - In the daytime, he can hardly see beyond 2 meters in the sun. He can't see far at night. He
pigmentosa also mixes colors and has difficulty
Retinitis
¢ pigmentosa A
Retinitis
< pigmentosa 208
5 SRS 1991 no no He had vision loss from birth. Last can see 10% bilaterally
pigmentosa ’
Retinitis . . .
6 pigmentosa It is milder. His complaints started after the age of 20.
Retinitis L . .
7 pigmentosa He has had retinitis pigmentosa since birth
8 Retinitis 1986 - - He has been suffering from vision problems for 13 years. The patient was diagnosed with
pigmentosa retinitis pigmentosa 13 years ago.
9 Retinitis 1990 T . He had congenital retinitis pigmentosa. After the age of 23, the vision rate decreases to
pigmentosa 6%.
10 pigemtlenrl.?gsa 1995 no Cataract She sees 5% at birth
1 Retinitis 1994 o - Two years ago, she applied with the complaint of narrowing of the visual field in both
pigmentosa eyes, and was diagnosed with retinitis
Retinitis : :
12 pigmentosa 1993 The disease was noticed around the age of 7-8 years.
Retinitis . - .
13 pigmentosa 1968 It was noticed around the age of 7- 8, similar to his son.
14 Retinitis 1995 w - In elementary school, her teacher noticed that she couldn't see the blackboard. Currently
pigmentosa seeing 60%.
15 Retinitis 2002 - - When she went to the doctor with a headache complaint in primary school, she was told
pigmentosa that she had a vision problem.
16 Retinitis 1997 T - There are polydactyly, pes planus, microretrognathia, left eye outward squint, and
pigmentosa dysmetria- dysdiodykinesia in the feet.
17 Retinitis 1991 - - There is congenital vision loss. Over time, her vision decreased even more. She used to go
pigmentosa to school on her own, but now she
Retinitis i
18 pigmentosa 1983 no no She sees less than her sister (case17).
Retinitis
2 pigmentosa ez
Retinitis
= pigmentosa 1967
Retinitis
2 pigmentosa 128
Retinitis . . AT .
22 pigmentosa 1995 Bardet-Bied| syndrome, Obesity, Retinitis pigmentosa, Polydactyly, Motor regression

Automated DNA sequencing of patient #19 and patient #20
results in a homozygous sequence variation in the coding
sequence of the NR2E3 genes, a homozygous CGG>CAG
nucleotide substitution, and an amino acid change of
Arg311GlIn. It revealed 1 possible high-penetration disease-
causing sequence variation in the NR2E3 gene and 1 possible
disease-causing sequence variation in each of the CDHR1,
IFT140 and MERTK genes. Heterozygous mutation in the
same gene region was detected in patient #21 (fathers).
Variation in NR2E3 is the most likely cause of these patients'
eye condition, as it is a complete genotype and has been
strongly associated with RP in many published families.

When we look at the clinical examination of patient #22,
there is obesity, polydactyly, motor regression and RP.These
results show us that the patient is compatible with Bardet-
Biedle syndrome. In addition, when we examined the
patient for RP, there was a heterozygous deletion in an allele
of the BBS1 gene (chr11:66.278.121-66.291.364 (13.2kb)/
ISCN: seq [GRCH37111913.2(66.278.121-66.291.364)
x1) in the genetic results. while the other allele has a
heterozygous point mutation (c.1424dupT-p.Ser476fs-
rs886039798).
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DISCUSSION

In this study, the purpose was to investigate patients with
RP and to find the most common underlying genetic and
clinical etiologies in our geographic area. In this process,
the phenotypes and accompanying abnormalities helped
us a lot during our diagnosis period and to choose the most
proper testing, such as specific single-gene sequencing,
panel testing, or WES. Therefore, it was concluded that it is
essential to assess the accompanying abnormalities in the
evaluation of retinitis pigmentosa anomalies because they
can be isolated or as a part of a syndrome and can lead us to
a specific syndrome or not.

It is very important to determine the inheritance pattern
in RP disease. Because as a result of the genetic test we do,
you try to determine a dystrophy type according to that
heredity. For this reason, we drew pedigrees containing at
least 3 generations for all our patients. When we look at the
genetic analysis results of our patients, we see that 13 of our
patients have homozygous changes and 9 patients have
heterozygous changes. Although clinical symptoms of RP
were present in one of our patients, Bardet-Biedle syndrome
was diagnosed as a preliminary diagnosis in the patient.

In addition, we questioned whether there was another
retinitis RP in the family in the pedigree analysis that
included 3 generations. Because the presence of more than
one person in the family suggests dominant inheritance,
while its presence only in males suggests X-linked recessive
inheritance. Recessive inheritance is suggested if there is a
horizontal inheritance or if the individuals affected are few
and if there is consanguinity between the parents. In this
respect, we questioned the existence of another affected
individual in the family. When we look at the patient data we
used in the study, we see that patient #5's mother (patient
#6) and uncle (patient #7) had the same disease. It was
also found that the distant relative of his mother and uncle
(patient #8) had the same disease. Patient #11's grandfather
has the same disease. In patient #12's father (patient #13)
and uncle; patient #19's father (patient #21) and sibling
(patient #20) were diagnosed with RP. When we look at the
other patients for whom we have data, it has been reported
by patients who do not have a family history of RP. Our study
shows that this disease can also occur in different members
of the family. Similar to our study, Dr. Al-Byoud et al. studied
5 related Jordanian families in their study. In their results,
they reported that this disease showed an autosomal
recessive inheritance pattern and was diagnosed in every
affected member of the family.!'3!

Previous surgical operations are also important when
researching the clinical data of patients. Because it gives
clues in terms of chronic diseases they have. In this respect,
we questioned the surgical procedures and chronic diseases
of our patients. When we look at the surgery information
of the patients, it is known that patient #1 had strabismus
surgery and tonsillectomy and patient #10 had cataract

surgery in her left eye. We have information that other
patients do not have a history of surgery. In our study, when
we questioned the operation status of our patients, we saw
that two of our patients had surgery. Dr. Chatterjee et al.,
in their study, reported that RP patients had an increase in
their visual acuity after surgery.'"? In our study, when we
questioned the operation status of our patients, we saw
that two of our patients had cataract surgery. A cataract is
an important secondary cause of visual impairment in RP.
It is characterized by early onset and the most common
morphological type reported in the literature is posterior
subcapsular cataract.' Along with the onset of cataracts,
the most frequently affected visual function in patients with
RP is contrast sensitivity, cataract progression, and a general
decrease in vision. Most patients with RP are young to
middle-aged adults. Therefore, the onset of cataracts leads
to worsening of vision in these patients.?” Dr. Chatterjee et
al., in their study, reported that retinitis pigmentosa patients
had an increase in their visual acuity after cataract surgery.l'”
In our study, however, there is not enough data on whether
the rate of vision increases after surgery.

The age of onset of RP varies according to the affected
individual. When we consider the age of onset of the
patients, it was reported that patient #2 did not have a
definite age of onset, but according to his mother's words,
he saw normal at home when he was 5 years old, but
only saw his own area outside. It is known that patient #5,
patient #7 and patient #17 have a congenital visual loss.
It started after the age of 20 in patient #6, patient #8 had
vision problems for 16 years and was diagnosed 16 years
ago, patient #9 had congenital vision loss and the rate of
vision decreased to 6% after 23 years of age. It is stated in
our data that #10 has 5% vision since birth, that this disease
was diagnosed when he was 24 years old in patient #11, and
it appeared in patient #12 and his father (patient #13) at the
age of 7-8 years. In the remaining patients, the age of onset
of this disease is unknown. In our study, we examined the
age of onset of the disease. When we review the literature,
we see that the age of onset is not emphasized in the
articles we have reviewed.

Gene therapies for the affected gene have started in
RP disease. In this respect, it is of great importance to
diagnose the defective gene by performing genetic testing.
Now, we examine, respectively, some of the mutations
we have detected and the comparison of the effects of
these mutations in the literature. The most common gene
mutation in our study was the NR2E3 gene mutation. It
appeared in the father and his two sons. It also occurred
in another patient completely independent of the family.
While it was in the form of a heterozygous mutation in the
father and the other patient, it was homozygous in two
children. Similar to our study, Dr. Blanco-Kelly et al. studied
201 patients with ADRP in their study. These patients were
completely independent of each other and in their results,
they found that 24 patients had NR2E3 gene mutations.
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They noted that this situation led to a prevalence of 3.5%.
21 After this gene, the most common mutation is SEMA4A
heterozygous gene mutation. The difference here is that
while this mutation is observed in the mother, uncle, and
distant relative, the gene mutation occurring in the patient
is EYS heterozygous gene mutation. Examining the SEMA4
gene mutation outside of our study, Dr. Abid and colleagues
found that this gene causes not only RP but also cone-rod
dystrophy. In addition, they also revealed in their study that
this gene mutation occurred in the conserved semaphorin
area, unlike us.?2? Subsequent mutations are ABCA4
homozygous gene mutation, CNGB1 homozygous gene
mutation, and RPE65 homozygous gene mutation. These
mutations are seen among family members as a result of
kinship ties.

In recent years, gene therapy-based drugs have been
offered to patients with RP, especially those with RPE65
homozygous mutations. This is a turning point for the use
of gene therapy in RP disease. We detected p.Gly244Asp
(c.731G>A) homozygous mutation in the RPE65 gene of
patient#17 and patient#18 from our patients. Consistent
with recessive inheritance, patients have first-degree cousin
marriages in their parents. Both patients were diagnosed at
an early age. Dr. Sun et al. in their study, evaluated a total
of 116 patients, including 105 unrelated patients, for ABCA4
gene mutation. In this study, they also examined different
variants of the ABCA4 gene mutation in patients, unlike us.
As a result, they identified 129 different pathogenic ABCA4
variants.”® Dr. Issa et al. examined 9 patients for CNGB1 gene
mutation in their study. In their results, they revealed 5 new
mutations in the CNGB1 gene and 5 mutations previously
revealed in other studies.”” Dr. Jauregui et al. investigated
the RPE65 gene mutation in the ADRP disease in their study.
They included a 67-year-old male patient in their study. They
followed the patient for 2 years. At the end of the 2-year
study, they reported that the rate of progression of the
disease was slow and mild.?

In our study, we detected isolated RP patients, as well
as syndromic RP patients. In Patient#22, we detected a
mutation in the BBS1 gene in one allele and a deletion in the
other allele containing the BBS1 gene. Since the patient's
clinic was compatible with Bardet-Biedle syndrome, it was
a good case for us in terms of diagnosis. Bardet-Biedle
syndrome is one of the autosomal recessive inherited
genetic obesity syndromes, which is characterized by
cardinal findings of retinal dystrophy, polydactyly, obesity,
hypogonadism, and kidney anomalies, which is considered
among the "ciliopathy" pathologies today. Our patient
was also clinically compatible with BBS. Interestingly,
we detected recessive BBS1 syndrome. Because deletion
(heterozygous chr11:66.278.121-66.291.364 (13.2kb)
ISCN: seq [GRCH37] 11Q13.2(66.278.121-66.291.364)X1)
in one allele of our patient whose parents were unrelated,
point mutation (The BBS1 gene (exon1-11)/c.1424dupT/
pSer476fsrs886039798-heterozygous) was our detection.

CONCLUSION

As determined in our study, the disease can be encountered
with many different genetic etiologies. In this regard, patients
undergoing genetic testing should be carefully examined for
both SNP (single nucleotide polymorphism) and CNV (copy
number variation).

In addition, whether there is isolated RP or an RP
accompanying the syndrome should be well-identified before
genetic testing is performed. In this respect, patients should
be evaluated by applying a detailed anamnesis and physical
examination, and drawing a pedigree that includes at least 3
generations
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