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Purpose: To describe immunohistopathological findings in autosomal dominant neovascular
inflammatory vitreoretinopathy (ADNIV).

Methods: An enucleated eye specimen from a patient with Stage V ADNIV was examined
using standard histopathological methods and lymphocyte markers.

Results: A ¢.731T>C CAPNS5 mutation resulted in a p.Leu244Pro substitution in
calpain-5. The eye showed exudative retinal detachment and neovascularization,
intraocular fibrosis, and features of phthisis bulbi. Chronic inflammatory CD3-positive cell
infiltrates were identified throughout the uvea, vitreous and retina, consistent with chronic
uveitis.

Conclusion: Mutations in CAPN3 trigger autoimmune uveitis characterized by inflammatory
T-cells and severe neovascularization.

Keywords: autosomal dominant neovascular inflammatory vitreoretinopathy, ADNIV, CAPNS,
uveitis, CD3

Introduction

Mutations in the CAPNS gene cause autosomal dominant neovascular inflammatory
vitreoretinopathy (ADNIV), an inherited uveitis and vitreoretinal degeneration without
systemic features.!'> CAPNS5 is the first nonsyndromic gene for autoimmune uveitis,
and among the very few Mendelian autoimmune diseases where the gene is identified.
CAPNS encodes the protease calpain-5, a calcium-activated cysteine protease. Although
the disease mechanisms are not understood, CAPN5 mutations represent a unique
model for investigating autoimmunity.

In its early stages, ADNIV is characterized by inflammatory cells in the vitreous
(Table 1)."* This stage is clinically similar to an idiopathic posterior uveitis. Chronic
inflammation continues throughout the disease, which also features pigmentary retinal
degeneration, loss of the electroretinogram b-wave, retinal and iris neovascularization,
neovascular glaucoma, retinal detachment, and proliferative vitreoretinopathy.' The
retinal degeneration appears similar to retinitis pigmentosa, and the neovascularization
is similar to proliferative diabetic retinopathy. After several decades, eyes become
phthisical and blind (Table 1). We previously reported the immunohistopathological
features of two eyes with a ¢.728G>T, p.Arg243 Leu mutation in CAPN5.5 We found
CD3 cell infiltrates, suggesting a predominantly T-cell process. In this study, we
examined an eye with end-stage ADNIV from a family with a different mutation in
CAPNS.
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Table | Stages of ADNIV (autosomal dominant neovascular inflammatory vitreoretinopathy) disease and associated clinical findings

Stage Anterior segment Posterior segment Electroretinogram
Stage | Rare cells Rare cells Reduced b-wave
Stage Il Mild cells Moderate cells Flat b-wave, normal
Mild posterior subcapsular Optic disc edema a-wave
cataract Cystoid macular edema
Peripheral pigmentation of the retina
Stage Il Moderate cells Moderate cells Flat b-wave, reduced

Anterior subcapsular cataract
Moderate posterior subcapsular
cataract

Iris synechiae

Stage IV Iris bombe, seclusio pupil
Peripheral anterior synechiae
Angle closure glaucoma
Neovascular glaucoma

Vitreous traction at posterior pole a-wave
Epiretinal membrane
Tractional retinal detachment
Posterior vitreous bands
Peripheral fibrosis

Peripheral neovascularization
Neovascularization of the disc
Pigmentary retinopathy
Cystoid macular edema
Moderate cells Non-recordable
Vitreous hemorrhage electroretinogram
Posterior tractional retinal detachment

Anterior tractional retinal detachment

Stage V Phthisis Combined tractional and
rhegmatogenous retinal detachment
Phthisis
Methods He eventually developed stage V ADNIV characterized by

The patient clinical history was reviewed. An enucleated
eye was received in 10% formalin (Sigma-Aldrich, St Louis,
MO, USA). The eye was opened by pupil-optic nerve
section and lightly decalcified. Histological staining with
hemotoxylin and eosin and Masson’s Trichrome stain was
performed according to the manufacturer’s protocol (Sigma-
Aldrich, St Louis, MO, USA). Eye tissue sections were
immunostained using a Ventana® Discovery Automated IHC
System (Ventana Medical Systems, Oro Valley, AZ, USA).
The following antibodies were used: anti-CD3; anti-glial
fibrillary acidic protein (GFAP); anti-CD20 followed by
horseradish peroxidase conjugated secondary antibodies and
DAB+ detection, according to the manufacturer’s instructions
(Dako, Carpinteria, CA, USA). Immunostained slides were
counterstained with hematoxylin to highlight the nuclei.

Results

A 52-year-old male had suffered bilateral chronic uveitis
consistent with ADNIV since age 28. His grandmother
and mother were affected, along with four sisters and
one brother (Figure 1). This family carried a ¢.731T>C,
p.Leu244Pro mutation in the CAPN5 gene.! Over the course
of his disease, he underwent multiple surgeries in the right
eye, including cataract with lens implantation, vitrectomies
for retina membranes and vitreous hemorrhages, and an
Ahmed tube for neovascular and steroid response glaucoma.

phthisis and no light perception.! The eye became painful
and was enucleated.

Gross examination of the eye revealed a shrunken,
distorted phthisical globe (Figure 2A). The anterior to
posterior dimension measured 17.8 mm, the superior to
inferior dimension 22.0 mm, and the medial to lateral
dimension 21.5 mm. A segment of optic nerve was
unremarkable. A clear silicone Ahmed valve was found
between the sclera and a tan-brown fibrous tissue. The cornea
was depressed, brown, and opaque with a medial to lateral
dimension of 12.0 mm and superior to inferior dimension
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Figure | Pedigree of the enucleated eye.

Notes: A c.731 T>C mutation in CAPN5 was inherited in a dominant fashion in a family
with ADNIV (autosomal dominant neovascular inflammatory vitreoretinopathy). In
the most recent generation, there were five affected, and four unaffected siblings.
The enucleated eye was from a male sibling (arrow).
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Histopathological report of CAPN5 vitreoretinopathy

Figure 2 Stage V ADNIV (autosomal dominant neovascular inflammatory vitreoretinopathy).

Notes: (A) The right eye is phthisical. The vitreous (v) is filled with hemorrhage and fibrosis (f). The cornea (c) is depressed and the sclera (s) is shrunken. The optic nerve
(on) is atrophic. Scale bar = | cm. (B) Masson’s trichrome stain shows a square shaped, thickened sclera (s). The cornea (c) is distorted and the anterior chamber is collapsed.
Fibrovascular membranes (fm) cause tractional detachment of the ciliary body (cb) and membranes (m) cause traction on the retina (r). The lens (l) is fragmented. The optic

nerve (on) is atrophic. Scale bar = 0.5 cm.

of 10.0 mm. Pupil-optic nerve sectioning of the specimen
revealed an anterior chamber filled with hemorrhage, and no
distinct lens tissue was appreciated. The posterior chamber
showed a vitreous filled with red-brown material, a detached
retina, and subretinal hemorrhage. The ciliary body was
detached. There was normally pigmented choroid. The optic
nerve was atrophic, and there was replacement of axons by
collagenous bands (Figure 2B).

Microscopic examination showed typical features of
phthisis bulbi (Figure 2B). The cornea and sclera were thickened
and formed a shrunken square outline. The intraocular contents
were grossly disorganized. An anterior hyaloid fibrovascular
membrane detached the ciliary body, which had underlying
suprachoroidal effusions. The membrane extended over the
iris and into a collapsed anterior chamber.

In the anterior segment, the corneal epithelium appeared
normal, but Bowman’s membrane showed dystrophic
calcium deposits consistent with calcific band keratopathy
(Figure 3A). The stroma did not show evidence of
neovascularization (Figure 3A). Descemet’s membrane
was intact, but there was loss of endothelial cells. The lens
capsule was intact, and there were severe cataractous changes
(Figure 3B). There was hemorrhage in the anterior chamber.
The iridocorneal angle was occluded by fibrous membranes,
highlighted in a Masson’s trichrome stain (Figure 3C and D).
The iris showed significant chronic inflammation consistent
with chronic uveitis (Figure 3E and F).

In the posterior segment, the ciliary body was detached
with chronic inflammatory cells in the supraciliary space.
The vitreous was filled with hemorrhage, fibrous membranes,

and showed a tractional retinal detachment (Figure 4). The
retina showed extensive degeneration, and most of the
nerve fiber layer, retinal ganglion cells, inner plexiform
layer, outer plexiform layer, and photoreceptor cells were
absent (Figure 5). Dense gliotic scars replaced the retina,
which was confirmed by positive glial fibrillary acidic
protein immunohistochemistry (Figure 5D). There was
retinal neovascularization and subretinal hemorrhage. The
retinal pigment epithelium showed significant cell loss.
The vessels of the choriocapillaris were patent and without
thrombi. The choroid was focally hyalinized and calcified,
and there appeared to be inflammatory cell infiltrates that
were overwhelmingly lymphocytic in nature (Figure 5A).
Interestingly, other inflammatory cells, like neutrophils,
eosinophils, and macrophages were rare.

Immunohistochemical lymphocyte markers were
examined. CD3 cells (T-cell receptor and a specific
molecular marker of T cells) were found throughout the
uvea (Figure 6). Dense infiltrates were present in the iris and
choroid. CD3 cells were also present in the supraciliary space,
vitreous, and retina, similar to findings in other ADNIV eyes.’
In contrast to our previous ADNIV study, we also found
some CD20 cells (B-cell marker) in the iris, but these were
estimated to represent less than 15% of all positively stained
lymphocytes (data not shown). Neither of these lymphocyte
markers was found in control phthisical eyes.’

Discussion
Study of CAPNS5 mutations can provide critical insight into
the mechanisms of ocular autoimmunity. These findings
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Figure 3 Anterior segment of the cornea.

Notes: (A) Cornea reveals folded Bowman’s membrane and stromal (st) disorganization without neovascularization. Epithelium (e) (H&E). (B) Lens (I) reveals cataractous
changes including Morgagnian globules and lens fiber degeneration. Vitreous hemorrhage (vh) (H&E). (C and D) Iridocorneal angle (a) is occluded (arrow in C) by fibrous
membrane (f) (C, H&E; D, MT) stromal (st); iris pigment epithelium (p). (E and F) Iris shows extensive inflammatory cell infiltrate (arrows in E, F) into iris stroma (s) (H&E).
Descemet’s membrane (d), iris (i), iris stroma (s), iris pigment epithelium (p), membrane (m). Scale bar = 250 pum.

Abbreviations: H&E, hemotoxylin and eosin stain; MT, Masson’s trichrome.

support the hypothesis that vitreous cells observed on
clinical examination of ADNIV are largely due to T-cell
infiltration. Regardless of the specific CAPN5 genotype,
our study indicates the cellular immune response is similar.
These inflammatory cells extend to the iris and anterior
chamber. The inflammatory cells found in the supraciliary
space, retina, and choroid, however, are not appreciated
clinically. The finding of mixed T- and B-cell inflammation
in the uvea of this eye is consistent with a chronic uveitis.
In previously examined eyes, we did not find B-cells,
and patient serum did not contain antiretinal antibodies.’
One difference is the patient genotype, but a more likely

explanation is the stage at which the eyes were enucleated.
Previous eyes without B-cells were obtained at autopsy, after
the eyes had been phthisical for years, and the comparatively
less severe inflammation suggested the uveitis had burnt
out. Nevertheless, the relative fraction of T-cells was much
higher than the fraction of B-cells. Since increased T-cells
are relatively rare, compared to B-cells, the detection of large
numbers of T-cells is much more significant.
Immunomodulation can be directed against T-cells,
but past medical therapy for ADNIV has had limited
efficacy.’ The eye in this case received repeated injections
of triamcinolone acetonide (Kenalog®, Bristol-Myers
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Figure 4 Vitreous hemorrhage and membrane.
Notes: (A) Vitreous hemorrhage (vh) and fibrovascular membranes (fm) cause tractional retinal detachment (r) (H&E). Vitreous membranes (m). (B) Tractional detachment

and vitreous hemorrhage (MT). Vitreous hemorrhage (vh) and fibrovascular membranes (fm) cause tractional retinal detachment (r). (C and D) Vitreous membranes (m)

and red blood cells (H&E). Scale bar = 250 pum.
Abbreviations: H&E, hemotoxylin and eosin stain; MT, Masson’s trichrome.

Figure 5 Retina.
Notes: (A) Cell infiltrates (arrows) are present in the retina (r) and choroid (ch), and retinal pigment epithelium is atrophic (arrow head) (H&E). (B) An epiretinal membrane

(erm) overlies the retina (MT). (C) Osseous metaplasia (om) replaces the retina and choroid is indicated (arrow). (D) Extensive gliosis of retina (r) is highlighted by a glial
fibrillary acidic protein stain (brown); vitreous (v). Scale bar = 250 um.
Abbreviations: H&E, hemotoxylin and eosin stain; MT, Masson’s trichrome.
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Figure 6 Lymphocyte infiltration.

Notes: Cluster of Differentiation-3 (CD3) T-cell marker was identified in cells (brown color reaction, arrows) infiltrating the: (A) iris, (B) supraciliary space (ss), (C) retina

(r), and (D) vitreous (v) and retinal blood cells (rbc). Scale bar = 250 um.

Squibb, Princeton, NJ, USA) to control cystoid macular
edema and intraocular inflammation, but developed
steroid-induced glaucoma. We have reported on the use of
surgical fluocinolone acetonide implants for the long-term
sustained delivery of a local steroid.? This device suppressed
inflammatory cells and neovascularization, but was subject
to failure if encapsulated by fibrotic membranes.® Despite
the control of inflammation, there was persistent retinal
degeneration and vision loss. It is possible that earlier
intervention with T-cell immunomodulators may be more
successful.

Iris and retinal neovascularization causes hyphema
and vitreous hemorrhages, and membrane formation
contributes to tractional detachment at the posterior pole and
vitreous base. Neovascular vessels, membranes, and recent
hemorrhage were found in the examined eye. Although
the clinical appearance of neovascularization is similar
to proliferative diabetic retinopathy, significant capillary
dropout or evidence of ischemia is absent (unpublished
observations). This suggests that a non-ischemic signaling
pathway activates neovascularization. In addition, the
examined eye showed near complete fibrosis of the retina.
This indicates the cell degenerative signals of mutant C4APNS
are resistant to steroids.

Calpains cause limited intracellular proteolysis, and
target multiple intracellular signaling pathways.”® Since the
disease is dominant, highly penetrant, and displays a severe
phenotype, it seems likely that C4APN5 mutations lead gain
of function' where the proteolytic activity is increased or
substrate specificity is altered.! Excess calpain activity has
been linked to several diseases, including multiple sclerosis,
Alzheimer’s disease, diabetes, cancer, muscular dystrophy,
and photoreceptor degeneration.’ !> Uncontrolled activation
of inflammatory, neovascular, and fibrotic pathways
would explain the various phenotypic stages of ADNIV.
Identification of these intracellular signaling pathways may
point to therapeutic targets to delay or reverse ADNIV and
related eye diseases.’

Conclusion

Studies in mice demonstrated that C4PN5 knockout mice
had no observable phenotype.!* Calpain-5 expression was
found in embryonic C25 thymocytes and some CD3 cells,
but there was no sign of autoimmunity.'* This supports the
concept that the ADNIV disease alleles might lead to a gain
of function. It emphasizes the importance of developing
an animal model that expresses the CAPN5 mutations. We
found calpain-5 expression in human photoreceptors,' and
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we recently verified this in the mouse (Mahajan, unpublished
data, 2013). It is plausible that the inflammatory trigger for
ADNIV arises in the retina. Since CAPN3 is also expressed
in T-cells, it will be important to distinguish the effects of
ADNIV mutations in the retina from the adaptive immune
system.
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