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ARTICLE INFO ABSTRACT
Keywords: Purpose: To report the clinical, tomographic, histopathological and genetic findings of a patient
Brittle cornea syndrome with brittle cornea syndrome and a novel mutation in the ZNF469 gene likely implicated in the
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development of this disorder.

Methods: A 64-year-old man presented with a two-year history of worsening vision in both eyes.
The patient and his son were examined by imaging and genetic analysis.

Results: The patient exhibited persistent ocular irritation, decreased vision, corneal epithelial
defects and corneal stromal opacity. Confocal microscopy revealed that the anterior corneal
stroma had a large amount of highly reflective and striated tissue. However, his son had no
symptoms. Genetic analysis identified a heterozygous ¢.1781C > T:p.P594L variation in the
ZNF469 gene.

Conclusions: We reported a novel mutation in the ZNF469 gene (c.1781C > T:p.P594L) in a patient
with brittle cornea syndrome from China, which enriched the spectrum of ZNF469 variants
implicated in brittle cornea syndrome.

1. Introduction

Brittle cornea syndrome (BCS) is an autosomal recessive connective tissue disorder [1]. BCS often manifests as corneal thinning and
fragility, leading to corneal rupture [2]. Mutation of the ZNF469 gene leads to a decrease in collagen I (COL-I) expression and structural
changes, which results in corneal stroma dysfunction and ultimately a decrease in corneal biomechanical strength [3,4]. Diagnosis of
the disease mainly depends on the characteristic manifestations [5] or genetic analysis [6,7].

The first case of BCS was reported by Ticho U in 1968 [8]. To our knowledge, there are 69 reports in the literature on BCS; 33
mutations in the ZNF469 gene and 15 mutations in the PRDM5 gene have been reported in these studies (Table 1). Here, we reported a
novel mutation in theZNF469 gene (c.1781C > T:p.P594L) in BCS patient from China. We described the clinical appearances, imaging
presentations, and histopathological and genetic findings of the patient.

2. Case report

A 64-year-old man presented with a complaint of red eyes, ocular irritation and decreased vision for 2 years at our ophthalmology
clinic in December 2019. The patient was of Han Chinese ethnicity. His best corrected visual acuity (BCVA) was 0.5 (Snellen decimal
conversion) with —1.00 dioptre sphere (DS) and —1.50 dioptre cylindering (DC) x 90° in the right eye (R) and 0.4 with —0.25 DS and
—1.25 DC x 60° in the left eye (L). In 2022, the patient returned for follow-up due to further visual decline. At that time, the patient’s
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vision was 0.3 in the right eye and 0.04 in the left eye. In addition, corrected vision did not improve. There was no history of glaucoma,
diabetes, hypertension or other immunodeficiency diseases. According to the patient, his grandmother, who had passed away, also had
poor eyesight, but the exact cause was not known. His parents, sibling and other members of the family were all native Chinese and had
no abnormalities of the eyes. The patient’s family history revealed no consanguineous marriage and no known genetic disorders.
Mild conjunctival congestion (Fig. 1A), a rougher and partially defective corneal epithelium with patchy white deposits (Fig. 1B
and D), and anterior corneal stroma opacity under a slit lamp (Fig. 1C) were observed. Anterior segment optical coherence tomography
(AS-OCT) revealed a corneal thickness of approximately 550 pm and high reflected signal (Fig. 1I). On the basis of these clinical
manifestations, confocal microscopy was performed, which revealed that the anterior corneal stroma had a large amount of highly
reflective and striated tissue that was interwoven into a web or radial pattern. There was no obvious inflammatory cell infiltration in
the cornea (Fig. 1J). The clinical manifestations were similar in both eyes. On the basis of the above results, our medical team initially

Table 1
Summary of ZNF469 and PRDM5 mutations in BCS patients reported to date.
Gene Origin c-Notation p-Notation Patients Ref
ZNF469 China ¢.6727del p.Asp2243Thr fs*8 3 [17]1
ZNF469 Mexico ¢.2340delC p.-Arg781Glufs*19 3 [10]
ZNF469 No c:5716C > T p.Arg 1906 3 [12]
¢.7220 del p.GIn2407Arg fs*38
ZNF469 Spain ¢.2972 del p-Pro991Hisfs62 4 [20]
ZNF469 Belgium c.1444delC p-Leu482Cysfs*20 3 [21]
ZNF469 Belgium ¢.9876dupT p-Ala3293Cysfs*6 1 [21]
ZNF469 India ¢.1081delG p-Ala361Leufs*16 2 [21]
¢.1586delG p-Gly529Aspfs*9
ZNF469 Syria c.3307C > T p-Gln 1103* 1 [21]
ZNF469 No ¢.10664delC p.Pro3556GlInfs*136 3 [61
¢.10240 delA p-Arg3414Glyfs*59
ZNF469 Czech/Polish ¢.1402_1411del p-Pro468Alafs*31 1 [18]
¢.1705C > T P.GIn 569*
ZNF469 No ¢.1963dupC p-His655Profs*83 1 [22]
c.6444dupG p-Gln2149Alafs*42
ZNF469 Pakistan ¢.9831dupC p-Arg3278GInfsX197 4 [23]
ZNF469 Saudi ¢.8817_8830dup p-E2944Gfs*50 1 [1]
ZNF469 India ¢.3476delG p.Gly1159Alafs*105 1 [19]
ZNF469 Britain ¢.5788delC p-GIn1930Argfs*6 1 [19]
¢.5788dupC p-GIn1930Profs*133
ZNF469 Pakistan c.6444delG p-GIn2149Serfs*51 1 [19]
ZNF469 Syria c.4174G > T p.E1392X 4 [24]
ZNF469 Norway ¢.10016G > A p.Cys3339Tyr 2 [25]
ZNF469 Palestine ¢.6027 delA p-Gly2011Alafs*16 2 [13]
ZNF469 Palestine ¢.9615delG p.GIn3206Argfs*23 6 [13]
ZNNF49 Syria €.6647 delA p-GIn2216Argfs*19 2 [19]
ZNF469 Saudi ¢.8901_8914dup p.Glu2972Glyfs*50 5 [26]
ZNF469 Yemen c.3304G > T p.Glu 1102* 1 [19]
ZNF469 Saudi ¢.5353C > T p.Gln 1785* 3 [19]
ZNF469 Saudi c.2029G > T p-Gly 677* 2 [19]
ZNF469 Saudi ¢.2150delT p.Phe717Serfs*15 2 [19]
ZNF469 Saudi €.9483delG p-His3162Thrfs*20 1 [19]
PRDM5 Laos ¢.1117_1123del p-Asp373Phefs*57. 3 [27]
PRDM5 Albania ¢.974delG p.Cys325LeufsX2 3 [28]
PRDMb5 Pakistan c.1768C > T p. (Arg 590%) 4 [14]
PRDM5 Pakistan ¢.1517_1527del p. (Val506Glufs*5) 2 [14]
PRDM5 Pakistan ¢.974delG p. (Cys325Leufs*2) 3 [14]
PRDM5 Pakistan ¢.713_716del p- (Val238Alafs*35) 1 [14]
PRDM5 Pakistan c.320A > G p. (Tyr107Cys) 2 [14]
PRDMS5 Pakistan c.93+1G > A 1 [14]
PRDM5 No c.400G > T p. (Glu 134%) 1 [29]
PRDM5 Pakistan ¢.9345G > A 4 [30]
PRDMS5 Saudi c.934+2T > C 2 [31]
PRDMb5 No c.247C>T p. (Arg83Cys) 3 [32]
PRDM5 India c17T > G p. (Val6Gly) 2 [21]
PRDM5 Caucasia c.106G > A p. (Gly36Arg) 1 [21]
PRDM5 India ¢.1858delC p. (His620Thrfs*8) 1 [21]

No: Not available; Ref: reference.
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Fig. 1. Images of the anterior segment of the patient’s left eye (A, B, C) and results of sodium fluorescein staining (D); A, B, D (10 x ), C (16 x ).
Images of hematoxylin eosin staining (E) and Masson staining (F). Images of immunofluorescence staining of COL-I (G) and COL-III (H). AS-OCT (I)
and confocal microscopy (J) images. DNA sequence chromatograms of the mutation in the ZNF469 gene of the patient (K).

suspected a type of corneal dystrophy.

With the informed consent of the patient and his family, we drew the blood of the patient and his son for genetic testing to assist in
the diagnosis. Then, a DNA library was constructed. Exons and adjacent splice regions (20 bp) of the target genes were captured by
probe hybridization and sequenced via high-throughput sequencing. The relevant data were compared with the HG38 human refer-
ence sequence, and the variants were identified by GATK’s Haplotype Caller. The criteria for the interpretation of the number of
sequence variants were taken from the American College of Medical Genetics and Genomics (ACMG) Genetic Variation Classification
Criteria and Guidelines [9]. A heterozygous c.1781C > T:p.P594L mutation in the ZNF469 gene was detected in the patient, while this
mutation was not detected in his son (Fig. 1K). The frequency of this mutation in the gnomAD database for the East Asian general
population was 0.00041.

Penetrating keratoplasty was performed in the left eye to improve visual acuity. The corneal tissue was subsequently examined by
histopathology. Hematoxylin-eosin (HE) staining revealed abnormal, disorganized collagen fibre accumulation in the corneal stroma
(Fig. 1E). Masson staining revealed that the amount of collagen fibres was clearly reduced (Fig. 1F). Immunofluorescence histo-
chemical staining revealed a decrease in COL-I but an increase in collagen III (COL-III) (Fig. 1G and H). After surgery, the patient
received routine treatment to prevent infection and corneal graft rejection. The patient had a visual acuity of 0.2 in the left eye upon
discharge.
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3. Discussion and conclusion

BCS patients often present with a thin, spherical cornea and scleral discolouration [10,11]. In addition, some patients may be
complicated with other systemic symptoms, such as frequent fractures and excessive flexion and extension of the joints [5,10,12]. Early
diagnosis of BCS mainly depends on gene detection because of its occult onset. Currently, the mainstream view is that BCS is mainly
related to mutations in ZNF469 and PRDM5 [13,14]. The ZNF469 gene plays an important role in the synthesis of extracellular matrix
(ECM). As a widely considered transcription factor, ZNF469 regulates the synthesis and degradation of ECM. ZNF469 mutations lead to
a reduction in the synthesis of various ECM components, which reduces the thickness of the corneal stroma and cause significant
thinning of the cornea [3,4]. However, our patient did not show significant thinning of the corneal stroma, which may be related to the
heterozygous mutation status. This finding is consistent with reports in the literature. Homozygous mutations often result in corneal
thinning, while patients with heterozygous mutations can exhibit normal corneal thickness [15].

In China, Wan et al. reported the case of a 6-year-old girl with blue sclera and extreme corneal thinning with anterior corneal
protrusion who was diagnosed with BCS [16]. Wang et al. reported a 36-year-old Chinese female patient presented with significant
bluish discolouration of the sclera in both eyes, extreme corneal thinning with increased corneal curvature, increased central corneal
densitometry, scoliosis, severe osteoporosis, and thyroid disease [11]. Neither of these studies conducted further analyses of the types
of mutations that might be present. Recently, Zhou et al. reported a homozygous ZNF469 gene mutation (c.6727del) in a patient with
BCS who presented with typical corneal thinning and joint hypermobility [17]. However, this present case report is the first to describe
BCS-related heterozygous ZNF469 gene mutation sites in China. However, we did not find any abnormalities other than corneal
opacity. Since the patient’s corneal thickness was normal, the corneal epithelium was not smooth and exhibited small local pro-
trusions. Therefore, we did not perform corneal topography, which is a limitation of our research. Heterozygous gene mutations or
different mutation sites may lead to varying degrees of tissue affects. In one study, both sisters of the proband had heterozygous
mutations, but no ocular abnormalities were observed [18].

In addition to ocular signs such as decreased visual acuity, corneal fragility, and bluish sclera, BCS often manifests as widespread
fragility of connective tissue throughout the body. Related studies have reported that BCS patients also exhibit joint hypermobility,
susceptibility to fracture, joint dysplasia, and spinal deformities [12,19]. In this study, we examined the expression of corneal COL-I
and COL-III in the BCS patient with a heterozygous ZNF469 gene mutation. We observed abnormal corneal collagen synthesis without
joint hyperplasia. The patient was admitted to the Department of Orthopedics Clinic in 2018 with "low back pain for 2 days", but no
X-ray, computed tomography (CT) or magnetic resonance imaging (MRI) examination was performed. The detailed medical history
was missing due to the COVID-19 pandemic. Therefore, this article does not describe in detail the patient’s systemic connective tissue
which is another limitation. We will focus on the patient’s cardiovascular system abnormalities and skeletal system abnormalities in a
subsequent study.

In our study, a novel pathological variant of the ZNF469 gene, c.1781C > T:p.P594L, was discovered. To our knowledge, this
variant has not yet been reported. In addition, this study is the first to report BCS-related heterozygous ZNF469 gene mutations in East
Asia. The results of this study broaden the mutation spectrum of BCS-related ZNF469 gene mutations.
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