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ABSTRACT

Background Congenital aniridia is a severe malformation of
almost all eye segments. Aniridia-associated keratopathy
(AAK) and secondary glaucoma, which occur in more than
50% of affected individuals, are typically progressive and pose
a high risk of blindness for patients with congenital aniridia.
Our aim was to investigate the effect of glaucoma treatment
on AAK in patients of the Homburg Aniridia Center.
Methods Our retrospective monocentric study included pa-
tients who underwent a comprehensive ophthalmological ex-
amination at the Homburg Aniridia Center between June
2003 and January 2022.

Results There were 556 eyes of 286 subjects (20.1+20.1
years; 45.5% males) included. In 307 (55.2%) eyes of 163 sub-
jects (27.5 + 16.3 years; 43.1 % males), glaucoma was present
at the time of examination. The mean intraocular pressure in
the glaucoma group was 19.0 mmHg (% 8.0), while in the non-
glaucoma group, it was 14.1 mmHg (£ 3.6) (p<0.001). In the
glaucoma group, 68 patients used antiglaucomatous topical
monotherapy, 51 patients used 2 agents, 41 patients used
3 agents, 7 patients used quadruple therapy, and 140 did not
use topical therapy (e.g., after pressure-lowering surgery,
pain-free end-stage glaucoma, or incompliance). Patients
were classified according to the following stages of AAK:
Stage 0 (96 eyes [17.2%], no keratopathy), Stage 1 (178 eyes
[32.0%]), Stage 2 (107 eyes [19.2%]), Stage 3 (67 eyes
[12.0%]), Stage 4 (62 eyes [11.1%]), Stage 5 (45 eyes
[8.0%]). The mean stage of AAK was 1.4 (1.2-1.5) in the
group without eye drops, 1.9 (1.5-2.2) in the group with
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monotherapy, 1.8 (1.5-2.1) in the group with 2 drugs,
1.9 (1.5-2.2) in the group with 3 drugs, 3.4 (2.3-4.6) in the
group with 4 drugs, and 3.3 (3.1-3.6) after antiglaucomatous
surgery. The stage of AAK was significantly positively corre-
lated with the number of pressure-lowering eye drops
(p<0.05) and prior pressure-lowering surgery (p<0.05).
Prostaglandin analogues were not correlated with a higher
AAK stage compared to the other drug groups.

Conclusions At the Homburg Aniridia Center, patients using
topical antiglaucomatous quadruple therapy or who had pre-
viously undergone antiglaucomatous surgery had by far the
highest AAK stage. The different drug groups had no influ-
ence on the AAK stage.

ZUSAMMENFASSUNG

Hintergrund Die kongenitale Aniridie ist eine schwere Fehl-
bildung fast aller Augensegmente. Insbesondere die Aniridie-
assoziierte Keratopathie (AAK) sowie das bei mehr als 50% der
Betroffenen auftretende Sekunddrglaukom verlaufen typi-
scherweise progressiv und stellen ein hohes Risiko der Erblin-
dung fiir Patienten mit kongenitaler Aniridie dar. Unser Ziel
war es, bei Patienten des Homburger Aniridie-Zentrums die
Auswirkung der Glaukombehandlung auf die AAK zu unter-
suchen.

Methoden Unsere retrospektive, monozentrische Studie um-
fasste Patienten, die sich zwischen Juni 2003 und Januar 2022
einer umfassenden augenarztlichen Untersuchung durch das
Homburger Aniridie-Zentrum unterzogen.

Ergebnisse Es wurden 556 Augen von 286 Probanden (20,1 +
20,1 Jahre; 45,5% Manner) eingeschlossen. Bei 307 (55,2%)
Augen von 163 Patienten (27,5 + 16,3 Jahre; 43,1% Manner)
lag zum Zeitpunkt der Untersuchung ein Glaukom vor. Der
Augeninnendruck lag in der Glaukomgruppe im Mittel bei

19,0 mmHg (+ 8,0) wéhrend er bei den Patienten ohne Glau-
kom bei 14,1 mmHg (+ 3,6) lag (p<0,001). In der Glaukom-
gruppe nutzten 68 Patienten eine lokale antiglaukomatdse
Monotherapie, 51 Patienten nutzten 2 Wirkstoffe, 41 Patien-
ten nutzten 3 Wirkstoffe, 7 Patienten nutzten eine Vierfach-
therapie, 140 nutzten keine Lokaltherapie (z.B. nach druck-
senkender Operation, schmerzfreies Glaukom-Endstadium
oder Incompliance). Die Patienten wurden nach den folgen-
den Stadien der Aniridie-assoziierten Keratopathie (AAK) ein-
geteilt: Stadium 0 (96 Augen [17,2%], keine Keratopathie),
Stadium 1 (178 Augen [32,0%]), Stadium 2 (107 Augen
[19,2%]), Stadium 3 (67 Augen [12,0%]), Stadium 4 (62 Au-
gen [11,1%]), Stadium 5 (45 Augen [8,0%]). Das Stadium der
Aniridie-assoziierten Keratopathie lag in der Gruppe ohne Au-
gentropfen im Mittel bei 1,4 (1,2-1,5), in der Gruppe mit
Monotherapie bei 1,9 (1,5-2,2), in der Gruppe mit 2 Wirkstof-
fen bei 1,8 (1,5-2,1), in der Gruppe mit 3 Wirkstoffen bei
1,9 (1,5-2,2), in der Gruppe mit 4 Wirkstoffen bei 3,4 (2,3-
4,6) und nach antiglaukomat6ser Operation bei 3,3 (3,1-3,6).
Das Stadium der Aniridie-assoziierten Keratopathie war sig-
nifikant positiv korreliert mit der Anzahl der drucksenkenden
Augentropfen (p<0,05) und einer zuvor durchgefiihrten
drucksenkenden Operation (p <0,05). Prostaglandinanaloga
waren im Vergleich zu den anderen Wirkstoffgruppen nicht
mit einem hoherem AAK-Stadium korreliert.
Schlussfolgerungen Im Homburger Aniridie-Zentrum wie-
sen die Patienten, die eine lokale antiglaukomatose Vierfach-
therapie nutzten oder zuvor antiglaukomatds operiert wur-
den mit Abstand das hochste AAK-Stadium auf. Die verschie-
denen Wirkstoffgruppen hatten keinen Einfluss auf das AAK-
Stadium.

Introduction

The introduction as well as the patients and methods section of
this study have already been described and published in detail
[1]. The authors therefore limit themselves to presenting an ab-
breviated topic-specific manuscript.

Congenital aniridia is a hereditary bilateral ocular disorder
characterized by autosomal dominant inheritance. During a life-
time, over 50% of patients with aniridia will develop aniridia-asso-
ciated glaucoma. While open-angle glaucoma is more prevalentin
individuals with aniridia, there have also been reports of anatomi-
cal malformations linked to the underdeveloped iris obstructing
the trabecular meshwork [2-4].

Diagnosing and monitoring aniridia-associated glaucoma
present challenges due to the presence of keratopathy, nystag-
mus, and foveal and optic nerve head hypoplasia. Topical glauco-
ma therapy for aniridia does not significantly differ from general
glaucoma treatment; however, the use of preservative-free for-
mulations is recommended. Often, monotherapy alone proves in-
sufficient, necessitating a combination of treatments. In case the

effect of conservative treatment is not sufficient, an antiglaucom-
atous surgical intervention may become necessary [5 - 8].

Nevertheless, in case of a painless eye, without light percep-
tion, there is no more necessity of antiglaucomatous surgery.
Since congenital aniridia is characterized by a pathologically al-
tered conjunctiva, a more or less evident inflammatory state and
healing disorders due to limbal stem cell insufficiency, the risks of
glaucoma surgery are significantly higher, and the interval of sur-
gically induced pressure reduction is usually shorter compared to
non-aniridia (glaucoma) patients [6,8,9]. In our clinical routine,
trabeculotomy is considered the primary option if the anatomy
of the chamber angle permits [6, 8]. Otherwise, trabeculectomy
is an option, but drainage implants are also effective in lowering
intraocular pressure (IOP) [10]. In severely damaged eyes, cyclo-
photocoagulation can be performed as the last option, whereby
aniridia fibrosis syndrome and phthisis bulbi are feared complica-
tions [4, 8].

There is limited literature on glaucoma therapy specifically for
congenital aniridia and no randomized controlled studies have ex-
plored the efficacy of different treatment options and their evi-
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dence-based use in this context. The progression of keratopathy
further complicates glaucoma follow-up assessments, as it leads
to diminishing visual clarity and must, therefore, be taken into
consideration when devising a glaucoma treatment plan [8, 9].
The purpose of this cross-sectional study was to compare the
different substance classes with regard to their effect on the AAK
in order to create more evidence for therapy recommendations.

Patients and Methods

Ethical considerations

Our retrospective single-center study included patients at the De-
partment of Ophthalmology, Saarland University Medical Center
in Homburg/Saar, Germany. This study was approved by the Ethics
Committee of Saarland/Germany (No 144/15) and followed regu-
lations of the Declaration of Helsinki. Informed consent was ob-
tained from all participants. In case of minors or guardianship, in-
formed consent was obtained from the legal representative or le-
gal guardian.

Diagnosis of glaucoma

As there are some disease specifics to consider when examining
aniridia patients, we would like to go into more detail about the
convention we use regarding the presence of glaucoma. The clas-
sical definition of glaucoma includes the triad of increased IOP,
nerve fiber damage, and visual field loss. We also used these crite-
ria in order to define glaucoma disease within our congenital
aniridia patients. Nevertheless, we were confronted with several
difficulties during examination of congenital aniridia subjects.

Due to nystagmus and large daily fluctuations in ocular surface
integrity, the visual field examination is very stressful for aniridia
patients without providing satisfactory reproducibility to deter-
mine progression. Our examination and clinical evaluation there-
fore focus mainly on the morphology and morphological changes
of the optic nerve head during progression, taking into account
IOP. Both increasing optic disc excavation in the presence of in-
creased |OP (over 21 mmHg) and increasing optic disc excavation
in the presence of non-increased 0P (neurological cause ex-
cluded) are considered by us to be positive for the presence of
glaucoma. Taking optic disc photos regularly facilitates the as-
sessment of excavation progression. The measurement of the
nerve fiber layer thickness by means of optical coherence tomog-
raphy is included as a supportive measure. Here, too, it must be
borne in mind in congenital aniridia that due to congenital optic
nerve anomalies (often hypoplastic), a single measurement does
not allow any conclusion to be drawn about increasing damage
to the nerve cells, but only the evaluation of several examinations
in the course allows this assessment to be made. In this context,
morphological assessment and diagnosis should be reserved for
an experienced examiner. Frequent changes of the examiner
should also be avoided in order not to complicate the assessment
of the course. This was taken into account and implemented in
our department.
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Inclusion criteria, data collection,
and examination methods

Inclusion criterion was the presence of partial or complete con-
genital aniridia, visible at slit lamp examination. All subjects
underwent a structured ophthalmic examination through the
head of the KiOLoN (“Kinderophthalmologie”, Orthoptics, Low
Vision and Neuroophthalmology) Unit of the Department of Oph-
thalmology of Saarland University (Prof. Dr. Barbara Kdsmann-
Kellner). Uncorrected and best-corrected visual acuity (UCVA and
BCVA) measurements using Snellen charts, IOP measurement us-
ing Goldmann applanation tonometry or iCare (lcare Finland Oy,
Vantaa, Finland), and detailed slit lamp and fundus examinations
were performed. If there was sufficient cooperation, a measure-
ment was taken using Goldmann applanation tonometry, whereas
younger children were more likely to be measured using iCare. For
the refinement of the IOP measurement, the Dresden correction
table according to Kohlhaas was used to compensate for system-
atic measurement errors caused by a change in corneal thickness
[11].

AAK was classified as follows: Stage 0 (no limbal changes),
Stage 1 (conjunctival tissue just crosses the limbal border but re-
mains 1 mm or less from the limbus), Stage 2 (the pannus extends
across the peripheral cornea and is typically present in 360 de-
grees of the cornea), Stage 3 (the pannus invades the central cor-
nea, typically covering the entire cornea with vessels), Stage 4
(the cornea is completely vascularized), Stage 5 (end-stage with
an opaque, thick, vascularized cornea) [1,12]. In the evaluation
of the eye drops, mono preparations were evaluated as one eye
drop, and combination preparations were assigned according to
their active ingredients and were accordingly included in the eval-
uation as two eye drops. This made it possible to evaluate the dif-
ferent substance classes in relation to each other.

All patient data were entered pseudonymized in a Microsoft
Access database. Data analysis was performed using IBM SPSS Sta-
tistics for Windows Version 29.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to characterize data and assess
the distribution of study variables. Categorical variables were
summarized in frequencies or percentages. A chi-square test was
performed to check for the presence of an association between
dependent variables and independent variables, a t-test was used
to compare normally distributed variables, and a Pearson correla-
tion was used after adjusting for confounding variables to de-
scribe the correlation between the identified risk factors and the
progression of AAK. The statistical significance was considered at
a p value <0.05 and a 95% confidence interval (Cl).

In collaboration with the Department of Ophthalmology, Saar-
land University Medical Center in Homburg/Saar (Chair: Prof. Dr.
B. Seitz) and the Dr. Rolf M. Schwiete Center for Limbal Stem Cell
and Aniridia Research, Homburg/Saar (Chair: Prof. Dr. N. Szent-
mary), our aim was to build up a database in order to get a better
insight into the pathomechanisms and stage-appropriate treat-
ment options of congenital aniridia.

The present study summarizes patient data for subjects exam-
ined between June 2003 and January 2022.
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Comparison of intraocular pressure within the aniridia cohort
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» Fig. 1 Combined histogram showing intraocular pressure distribution of subjects at the Homburg Aniridia Center. The patients with glaucoma

are shown in green (right), the others are shown in blue (left).

Results

There were 556 eyes of 286 subjects (20.1+20.1 years; 45.5%
males) included. In 307 (55.2%) eyes of 163 subjects (27.5+16.3
years; 43.1% males), glaucoma was present at the time of exami-
nation. The mean IOP in the glaucoma group was 19.0 mmHg
(+8.0), while in the non-glaucoma group, it was 14.1 mmHg
(£3.6; p<0.001, »Fig.1). In the glaucoma group, 68 (20.5%)
patients used topical monotherapy, 51 (16.6%) patients used
2 agents, 41 (13.4%) patients used 3 agents, 7 (2.3%) patients
used quadruple therapy, and 140 (45.6%) did not use topical ther-
apy (e.g., after pressure-lowering surgery or pain-free end-stage
of glaucoma). Patients were classified according to the following
stages of AAK: Stage 0 (96 eyes [17.2%], no keratopathy), Stage
1 (178 eyes [32.0%]), Stage 2 (107 eyes [19.2%]), Stage 3 (67 eyes
[12.0%]), Stage 4 (62 eyes [11.1%]), Stage 5 (45 eyes [8.0%]) [1].
The mean stage of AAKwas 1.4 (1.2-1.5) in the group without eye
drops, 1.9 (1.5-2.2) in the group with monotherapy, 1.8 (1.5-2.1)
in the group with 2 drugs, 1.9 (1.5-2.2) in the group with 3 drugs,
3.4 (2.3-4.6) in the group with 4 drugs, and 3.3 (3.1-3.6) after
antiglaucomatous surgery. The stage of AAK was significantly
positively correlated with the number of pressure-lowering eye
drops (p<0.05) and prior antiglaucomatous surgery (p<0.05;
(» Fig. 2). Even after correction for age, there was still a significant
correlation between the number of eye drops and AAK stage
(r=0.166 and p<0.001, Pearson correlation). After previous cor-
neal surgery (PKP, PTK, AMT, pannus abrasion), no correlation be-
tween glaucoma therapy and AAK stage was found (> Fig. 3).
Prostaglandin analogues were not correlated with a higher AAK
stage compared to the other drug groups, despite their pro-
inflammatory side effect (p>0.05).

F—F 1§

=

Mean Stage AAK

0 eye drops 1 eye drop Zeye drops 3 eye diops 4 aye drops op

Number of eye drops or Operation
Emee Bans %% 01

» Fig. 2 Comparison of stage of aniridia-associated keratopathy
(AAK) considering the glaucoma therapy.

Discussion

Keratopathy and glaucoma are considered the main causes of sec-
ondary blindness in the context of congenital aniridia. Both pa-
thologies are progressive and require different therapeutic ap-
proaches [5-9,13]. So far, there are only a few studies dealing
with secondary glaucoma in the context of congenital aniridia
[14,15]. The incidence of glaucoma in aniridia is reported to be
50-75% [3,16]. Our experience confirms these descriptions also
in the present larger cohort, with an incidence of 55.2 % regarding
the presence of glaucoma overall.

Limbal stem cell insufficiency and altered ocular surface as well
as a continuous inflammatory processes are discussed as the
cause of the progression of keratopathy [17-25]. Therefore,
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» Fig. 3 Comparison of stage of aniridia-associated keratopathy
(AAK) considering the glaucoma therapy correcting for previous
corneal surgery (PKP, PTK, AMT, pannus abrasion). The patients who
did not have any previous corneal surgery are represented in blue,
the patients who did have previous corneal surgery before assess-
ment are represented in green.

there is a consensus among experts to use preservative-free prep-
arations for topical therapy, if possible, in order to avoid aggrava-
tion of the inflammatory state by proinflammatory additives such
as benzalkonium chloride [6-8,12].

Despite these precautions, more intensive pressure-lowering
topical therapy seems to be associated with a higher stage of
AAK. However, no comparative studies are currently available that
would allow a closer discussion against the background of already
published literature.

Prostaglandin analogues have established themselves as the
most effective substance class in general glaucoma therapy but
are well known for their undesirable proinflammatory effects. In-
terestingly, no difference between the individual substance
classes (beta-blockers, alpha-agonists, carbonic anhydrase inhib-
itors, prostaglandin analogues) and AAK could be demonstrated
in the present study. It should be taken into account that due to
the division of our cohort into smaller subgroups, small differ-
ences may no longer be evident for statistical reasons. For this
reason, the available data do not allow us to make a reliable state-
ment about a causative impact of a pressure-lowering substance
class on the stage of AAK.

However, a closer look at our larger group of patients suggests
that there is a correlation between advanced glaucoma or the
need for more intensive pressure-lowering therapy and the pro-
gression of keratopathy. A significant difference was found for
the number of pressure-lowering eye drops, whereby patients
who were not (or no longer) dependent on topical therapy or
who did not apply eye drops due to noncompliance showed the
least pronounced AAK. No significant difference was found be-
tween monotherapy, double therapy, and triple therapy. How-
ever, it should be pointed out that larger numbers of cases and
further studies are necessary to be able to make a reliable state-
ment. The most advanced keratopathy was seen in patients with
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quadruple therapy and after antiglaucomatous surgery. This clini-
cal observation alone does not yet allow us to draw any conclu-
sions about the pathomechanism and can therefore only be seen
as a suggestion for future basic research studies. In addition, a
specific approach is necessary in order to verify glaucoma pro-
gression in time. Due to the very small number of patients, a fur-
ther differentiation between the surgical procedures (e.g., trabe-
culotomy, trabeculectomy, cyclophotocoagulation, drainage im-
plant) is currently not considered useful and is therefore not dis-
cussed further.

Our goal is to include more patients in our registry and to val-
idate the previously observed trends with larger numbers of cases
and in the long-term follow-up in terms of a longitudinal study
outline.

CONCLUSION BOX

Already known:

= In congenital aniridia, there is an increased risk of develop-
ing blindness during life.

= AAK and glaucoma are the most common causes of blind-
ness in congenital aniridia.

= In order to develop better treatment options in congenital
aniridia, establishment of an aniridia register is necessary.

Newly described:

= A more intensive pressure-lowering topical therapy is asso-
ciated with a higher stage of AAK.

= AAK stage of patients that had previously undergone glau-
coma surgery was comparable to patients who used anti-
glaucomatous topical quadruple therapy.

= Our aniridia register will support further validation of pre-
viously observed trends with growing numbers of cases.

Conclusions:

At the Homburg Aniridia Center, patients using topical anti-
glaucomatous quadruple therapy or who had previously
undergone pressure-lowering surgery had the highest AAK
stage. The different drug substance groups had no influence
on the AAK stage. Our registry will allow further detailed
analysis of ophthalmic and systemic disease in patients with
congenital aniridia over the long term.

Conflict of Interest

The authors declare that they have no conflict of interest.

Acknowledgements

The work of Dr. Szentmary at the Dr. Rolf M. Schwiete Center was gene-
rously supported by the Dr. Rolf M. Schwiete Foundation, Mannheim.
This article is based upon work from COST Action CA18116, supported
by COST (European Cooperation in Science and Technology).



# Thieme

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10]

(11]

(12]

[13]

Fries FN, Naray A, Munteanu C et al. A Cross-sectional Analysis of
556 Eyes Entering the Homburg Aniridia Centre. Klin Monbl Augenheilkd
2023; 240: 1-8. doi:10.1055/a-2065-8405

Kasmann-Kellner B, Latta L, Fries FN et al. Diagnostic impact of anterior
segment angiography of limbal stem cell insufficiency in PAX6-related
aniridia. Clin Anat 2018; 31: 392-397. doi:10.1002/ca.22987

Mufoz-Negrete F), Teus MA, Garcia-Feijo6 | et al. Aniridic glaucoma:
An update. Arch Soc Esp Oftalmol (Engl Ed) 2021; 96 (Suppl. 1): S52-
$59. doi:10.1016/j.0ftale.2020.11.011

Viestenz A, Seitz B, Deland E et al. Clinical anatomy of the anterior cham-
ber angle in congenital aniridia and consequences for trabeculotomy/cy-
clophotocoagulation. Clin Anat 2018; 31: 64-67. doi:10.1002/ca.22935

Kdsmann-Kellner B, Fries FN, Latta L et al. Aniridie bei PAX6-Syndrom:
Eine potenziell zur Erblindung fiihrende Erkrankung. Etablierung eines
Deutschen Aniridie-Registers. Concept Ophthalmologie 2019 (05)

Kasmann-Kellner B, Seitz B. [Aniridia syndrome: clinical findings, prob-
lematic courses and suggestions for optimization of care (“aniridia
guide”)]. Ophthalmologe 2014; 111: 1145-1156. doi:10.1007/s00347-
014-3060-x

Kasmann-Kellner B, Seitz B. [Congenital aniridia or PAX6 syndrome].
Ophthalmologe 2014; 111: 1144. doi:10.1007/s00347-014-3058-4

Seitz B, Kasmann-Kellner B, Viestenz A. [Stage-related therapy of con-
genital aniridia]. Ophthalmologe 2014; 111: 1164-1171. doi:10.1007/
s00347-014-3061-9

Farah CJ, Fries FN, Latta L et al. An attempt to optimize the outcome of
penetrating keratoplasty in congenital aniridia-associated keratopathy
(AAK). Int Ophthalmol 2021; 41: 4091-4098. doi:10.1007/s10792-
021-01982-z

Soyugelen Demirok G, Eksioglu U, Yakin M et al. Short- and Long-term
Results of Glaucoma Valve Implantation for Aniridia-related Glaucoma:
A Case Series and Literature Review. Turk ] Ophthalmol 2019; 49: 183-
187. doi:10.4274/tjo.galenos.2019.07348

Kohlhaas M, Boehm AG, Spoerl E et al. Effect of central corneal thickness,
corneal curvature, and axial length on applanation tonometry. Arch
Ophthalmol 2006; 124: 471-476. doi:10.1001/archopht.124.4.471

Landsend ECS, Lagali N, Utheim TP. Congenital aniridia - A comprehen-
sive review of clinical features and therapeutic approaches. Surv Oph-
thalmol 2021; 66: 1031-1050. doi:10.1016/j.survophthal.2021.02.011

van Velthoven AJH, Utheim TP, Notara M et al. Future directions in man-
aging aniridia-associated keratopathy. Surv Ophthalmol 2023; 68: 940-
956. doi:10.1016/j.survophthal.2023.04.003

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Grainger RM, Lauderdale |D, Collins JL et al. Report on the 2021 Aniridia
North America symposium on PAX6, aniridia, and beyond. Ocul Surf
2023; 29: 423-431. doi:10.1016/].jt0s.2023.05.010

Gupta V, Somarajan BI, Gupta S et al. A new association of PAX6 varia-
tion with Juvenile onset open angle glaucoma. ] Hum Genet 2023; 68:
355-358. doi:10.1038/s10038-022-01115-z

Bremond-Gignac D. [Glaucoma in aniridia]. ] Fr Ophtalmol 2007; 30:
196-199. doi:10.1016/s0181-5512(07)89576-3

Fries FN, Moslemani K, Utheim TP et al. Early ocular surface and tear film
status in congenital aniridia indicates a supportive treatment window.
Br | Ophthalmol 2022. doi:10.1136/bjo-2021-320774

Katiyar P, Stachon T, Fries FN et al. Decreased FABP5 and DSG1 protein
expression following PAX6 knockdown of differentiated human limbal
epithelial cells. Exp Eye Res 2022; 215: 108904. doi:10.1016/j.exer.
2021.108904

Lagali N, Wowra B, Fries FN et al. PAX6 Mutational Status Determines
Aniridia-Associated Keratopathy Phenotype. Ophthalmology 2020; 127:
273-275. doi:10.1016/j.0phtha.2019.09.034

Lagali N, Wowra B, Fries FN et al. Early phenotypic features of aniridia-
associated keratopathy and association with PAX6 coding mutations.
Ocul Surf 2020; 18: 130-140. doi:10.1016/j.jt0s.2019.11.002

Latta L, Figueiredo FC, Ashery-Padan R et al. Pathophysiology of aniridia-
associated keratopathy: Developmental aspects and unanswered ques-
tions. Ocul Surf 2021; 22: 245-266. doi:10.1016/j.jtos.2021.09.001

Latta L, Knebel I, Bleil C et al. Similarities in DSG1 and KRT3 Downregula-
tion through Retinoic Acid Treatment and PAX6 Knockdown Related Ex-
pression Profiles: Does PAX6 Affect RA Signaling in Limbal Epithelial
Cells? Biomolecules 2021; 11: 1651. doi:10.3390/biom11111651

Latta L, Ludwig N, Krammes L et al. Abnormal neovascular and prolifera-
tive conjunctival phenotype in limbal stem cell deficiency is associated
with altered microRNA and gene expression modulated by PAX6 muta-
tional status in congenital aniridia. Ocul Surf 2021; 19: 115-127.
doi:10.1016/j.jt0s.2020.04.014

Latta L, Nordstrom K, Stachon T et al. Expression of retinoic acid signal-
ing components ADH7 and ALDHTAT1 is reduced in aniridia limbal epi-
thelial cells and a siRNA primary cell based aniridia model. Exp Eye Res
2019; 179: 8-17. doi:10.1016/j.exer.2018.10.002

Schlétzer-Schrehardt U, Latta L, Giessl A et al. Dysfunction of the limbal
epithelial stem cell niche in aniridia-associated keratopathy. Ocul Surf
2021; 21: 160-173. doi:10.1016/j.jtos.2021.06.002

Fries FN et al. The Effect of... Klin Monatsbl Augenheilkd | © 2023. The author(s).



