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Three different missense variants in SEMA4A have been identified in retinitis pigmentosa
F(RP) patients and presumed to be pathogenic: p.R354H, p.F350C and p.R713Q?. p.R354H
and p.F330C were reported to be recessive mutations while p.R713Q was reported to be a
dominant mutation. The variants were classified as pathogenic since: 1) they segregated with
the disease in the respective families, and 2) they were not found in 100 ethnically matched
normal-sighted control individuals®. Here we review laboratory results relating to SEMA4A
variants and present data that contradict previous conclusions that particular SEMA4A
variants are pathogenic.

Nogima et al created knock-in mouse lines for SermA4a missense variant2. Of the three
variants, only the p.F350C variant resulted in retinal degeneration in mice2. As the authors
mention, it is possible that the difference in SEMA4A sequence between human and mouse
can account for the differences in the effects of the variants between these two species.
However, it is also possible that the variant is not pathogenic and is merely a benign
polymorphism or a risk factor for blindness that is not sufficient to cause disease on its own.
Additional studies in the ARPE19 human retinal pigmented epithelium (RPE) cell line
demonstrated that the p.D345H and p.F350C variants do not properly localize to the cell
membrane and also cause deficits in phagocytosis or ER stress response to oxidative stress3.
Conversely, the p.R713Q variant did not affect phagocytosis, ER stress response or protein
localization3,

After obtaining consent and collecting blood samples for DNA (UPenn IRB #808828), we
analyzed whole exome sequencing data from patients with genetic forms of retinal
degeneration seen at the Scheie Eye Institute Department of Ophthalmology. We discovered
three unrelated subjects who were heterozygous or homozygous for the p.R713Q variant of
SEMA4A. Further analyses showed that the variant did not segregate with the disease in any
of the families. The details are as follows:
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Family A: This family has autosomal dominant retinal degeneration which is manifest as
retinitis pigmentosa in some individuals (11-2) and macular dystrophy in others (11-4, 111-1,
11-1). The p.R46X mutation in PRPHZ, known to be pathogenic, segregates with the disease.
The proband is a 74 year old woman with macular dystrophy (11-4, Figure 1A) who has been
followed for the past 39 years. While most of the relatives tested had retinal degeneration
and were heterozygous for the p.R713Q variant in SEMA4A, the brother of the proband,
11-7, was heterozygous for the SEMA4A variant (but not the PRPH2 mutation) and had no
symptoms or signs of retinal/macular degeneration.

Family B: A 43yo female (proband I1-2, Figure 1B) presented with unilateral pigmentary
retinal degeneration. She had been symptomatic since age 19. Examination was notable for
marked asymmetry, with bone spicules and peripheral to central retinal degeneration in the
right eye only and asymmetric ERGs and visual fields. Over the next 14 years, lattice
degenerative changes commenced in the left eye. Neither parent had a history of retinal
disease. The proband 11-2 was diagnosed with simplex RP. Neither the 30yo son nor the
32yo daughter of the proband shows signs of retinal disease. The proband is homozygous for
the p.R713Q variant of SEMA4A. The son (111-1) and the daughter (111-2) are heterozygous
for the p.R713Q variant of SEMA4A. Based on the pedigree of this family, it would be
possible for the p.R713Q variant of SEMA4A to cause AR disease, but it is not consistent
with a dominant mutation. We were unable to positively identify the pathogenic mutation(s)
in this proband after exploring numerous potential candidate genes (including common
variants involved in AR and ADRP as well as PER3, HOXD1, DLECI1, ALS2CL, COL4A1,
MRPS31, and STARDS). We suspect that either a novel gene is responsible or potentially a
de novo mutation in a modifier gene arose in the more severely affected retina.

Family C: An otherwise healthy 67yo male (proband I1-3, Figure 1C) presented with light
perception only vision. An ophthalmic exam revealed widespread pigmentary changes,
retinal thinning and vessel attenuation. He had been diagnosed with simplex RP in his 20’s.
His sisters and brothers and two sons (each in their 30’s) had normal vision. Genetic testing
revealed that the proband is heterozygous for the p.R713Q variant in SEMA4A. Three of his
unaffected siblings are also heterozygous for the variant. Additionally, his unaffected 43yo
son is homozygous for the p.R713Q variant of SEMA4A. The fact that an unaffected family
member is homozygous for the mutation indicates that this mutation is insufficient to cause
disease. The pathogenic mutations in this family is likely to be in USHZ2A as the proband has
compound heterozygous mutations in USH2A (p.R4192H and p.R1653*) and no other
family member has mutations in both alleles.

In summary, we describe three families with retinal degeneration and in which the SEMA4A
p.R713Q variant was observed in both affected and unaffected individuals. Our findings are
inconsistent with the dominant pattern of inheritance currently ascribed to the SEM4A
p.R713Q variant®. Not only is there a lack of segregation of the mutation with disease, but
also one of the unaffected family members in family C is homozygous for the variant, thus
eliminating the possibility that the variant leads to a recessive disease. These results are
consistent with the results from the mouse model generated by Nogima et al that was
homozygous for the p.R713Q missense Sema4a variant. This mouse did not show any signs
of retinal degeneration.23 It is possible that the p.R713Q missense Sema4a change could
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lead to disease when combined with a mutation in another gene, but it is not sufficient to
cause disease in isolation.

Acknowledgements

Supported by the Pennsylvania Department of Health, Foundation Fighting Blindness-sponsored CHOP-Penn
Pediatric Center for Retinal Degenerations, National Eye Institute/NIH grant R24EY 019861, NIH Vision Training
Grant 5T32EY007035-37, Research to Prevent Blindness, the Paul and Evanina Mackall Foundation Trust, the
Scheie Eye Institute, the Center for Advanced Retinal and Ocular Therapeutics, the F.M. Kirby Foundation. We
thank the participants and their families for participating in this study and Jeannette Bennicelli for technical
assistance.

References

1. Abid A, Ismail M, Mehdi SQ, Khaliqg S. Identification of novel mutations in the SEMA4A gene
associated with retinal degenerative diseases. J Med Genet. 2006;43(4):378-381. [PubMed:
16199541]

2. Nojima S, Toyofuku T, Kamao H, et al. A point mutation in semaphorin 4A associates with
defective endosomal sorting and causes retinal degeneration. Nat Commun. 2013;4:1406. [PubMed:
23360997]

3. Tsuruma K, Nishimura Y, Kishi S, Shimazawa M, Tanaka T, Hara H. SEMA4A mutations lead to
susceptibility to light irradiation, oxidative stress, and ER stress in retinal pigment epithelial cells.
Invest Ophthalmol Vis Sci. 2012;53(10):6729-6737. [PubMed: 22956603]

Ophthalmic Genet. Author manuscript; available in PMC 2019 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bryant et al.

Page 4

S o

I1-1 I1-2 _O

AfG AlG -4 -5
A/G A/G

[ O

-7

AlG I__—l

a [ H .F_I

-1 -uuuooo

A/G -5 111-6

A/G G/G
i

B c F

)

-1 -3
A/G AlG
-1 -2
AJG A/G |_| |_|
-1
AJA

Figurel:

[ H@® <« %)
WA —L][]

-4 15 116
G/G A/G AJG

Family Pedigrees and clinical findings. Three families carry the p.R713Q missense variant
in SEMA4A (¢.2138G>A). A) Family A has a dominant inheritance pattern with multiple
affected individuals. B) Family B has one affected member with autosomal recessive retinitis
pigmentosa. C) Family C has one affected member with autosomal recessive retinitis

pigmentosa.
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