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Purrose. To extend the mutation spectrum and explore the characteristics of genotypes
and ocular phenotypes in ectopia lentis (EL).

MerHops. Variants in all 14 reported EL-associated genes were selected from in-house
data sets as well as literature review, and available clinical data were analyzed.

Resurrs. Likely pathogenic variants in three genes were identified in 156 unrelated fami-
lies with EL from the in-house cohort, of which 97.4% resulted from variants in FBN1,
whereas the remaining were caused by variants in ADAMTSL4 (1.3%) and LTBP2 (1.3%). A
comparative analysis of the in-house data and literature review suggested several charac-
teristics: (1) a higher proportion of cysteine involvement variants in FBN1, either variants
introducing or eliminating cysteine, and an earlier diagnosis age were presented in our
cohort than in published literature; (2) the axial length (AL) and refractive error increased
more rapidly with age in preschool EL children than normal children, and the increased
rate of AL was slower in patients with surgery than those without surgery; (3) aberrant
astigmatism was common in EL; and (4) worse vision and earlier onset age were observed
in patients with non-FBN1 variants (all P < 0.05).

Concrusions. Variants in FBN1 are the predominant cause of EL, with the most common
cysteine involvement variants. Early-stage EL manifests refractive error but gradually
converts to axial myopia through defocus introduced by lens dislocation. Aberrant astig-
matism is a suggestive sign of EL. Non-FBN1 variants cause early-onset and severe pheno-
types. These results provide evidence for early diagnosis as well as timely treatment for
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EL.
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ongenital ectopia lentis (EL) is a rare but severe disease

that manifests as lens dislocation from a normal posi-
tion, with a prevalence of 6.4/100,000.! The ophthalmic
complications of EL range broadly from myopia, astigma-
tism, amblyopia, and glaucoma to retinal detachment.? The
complex phenotypes of EL not only lead to severe visual
impairments but also affect quality of life, which are closely
associated with different gene defects.’

To date, several genes have been reported potentially
associated with EL (Fig. 1A). As reported in the literature,
variants in FBN1 account for the highest proportion in all
EL-associated variants.? Variants in FBN1 are closely related
to Marfan syndrome, which is an autosomal dominant disor-
der and combines with ocular, cardiovascular, skeletal, and
dermal complications.” Variants in ADAMTSL4 are related
to isolated EL and EL et pupillae. Variants in ADAMTS17,
ADAMTS10, and LTBP2 were reported closely associated
with microspherophakia and Weill-Marchesani syndrome.’
Variants in CBS were identified in association with homo-
cystinuria,” and variants in SUOX can cause sulfite oxidase
deficiency.® In addition to these seven genes, which have

Copyright 2024 The Authors
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been widely reported and recognized as the causal genes
for EL, there are also seven additional genes that have
been reported to cause syndromes that include EL. ASPH
is related to Traboulsi syndrome,® !> COL18A1 is related
to Knobloch syndrome,'> CPAMDS is related to anterior
segment dysgenesis,'* PAXG is related to aniridia,'> VSX2 is
related to microphthalmia,'® TGFB2 is related to Loeys-Dietz
syndrome,!” and MTHFR is related to homocystinuria.'® Vari-
ants in these genes with lens subluxation were reported
sporadically.

Identifying the ocular features of EL correctly facili-
tates early diagnosis. Unfortunately, there is lack of suffi-
cient knowledge on how ocular characteristics develop
with the progressive dislocation of the lens. Furthermore,
there is a scarcity of systematic summaries regarding
different EL-associated genes. Hence, this study aims to
investigate the clinical and genetic landscape of Chinese
patients with EL with the combination of a literature review.
Additionally, this research also tries to identify potential
genotype—phenotype associations in EL-associated genes,
which helps provide effective genetic counseling and aids
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IOVS | January 2024 | Vol.65 | No. 1 | Article 20 | 2

in-house (N=156)
FBN1 ADAMTSL4
97.4% 1.3%

East Asian in published (N=957)

ADAMTSL4
96 1%

All published (N=1386)

FBN1 ‘ ADAMTSL4 l [ |
87.3% 6.9%

M FBN1 B ADAMTSL4 W ASPH LTBP2 ADAMTS17 ] ADAMTS10 suox
cBS W COL18A1 W CPAMD8 W PAX6 W vsx2 B MTHFR W TGFB2

B. Variants in FBN1

o
8]
& in-house
] |
4 1
1 frm | 11 Imnr}nuu umrt o ormr o tronm
[l [T O T C T O T T L T I T O T O T e |
Middle region [ C region ]
; T Jlﬂ T

Middle region [

ol

i

'23{ ,‘ i uh,.

T
T

‘HIII‘T |’ ‘l .

gnomAD

; \ ‘
|l L | IR

Non-cys-missense: missense variants without cysteine substitution.

in early diagnosis, thereby assisting in making treatment
strategies.

PATIENTS AND METHODS
Patients

Patients diagnosed with EL were enrolled from the Pedi-
atric and Genetic Clinic, Zhongshan Ophthalmic Center,
Guangzhou, China. Written informed consent was obtained
from participants or their guardians in compliance with the
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Ficure 1. The contribution of EL-associated genes and the distribution of FBN1 variants. (A) The contribution of EL-associated genes in the
in-house data sets and published literature. (B) The distribution and frequency of FBNI variants in our cohort, published literature, and the
gnomAD database. Cys-disappear: missense variants that eliminate cysteine; Cys-appear: missense variants that introduce a new cysteine;

Declaration of Helsinki. Ethical approval was obtained from
the institutional review board of the Zhongshan Ophthalmic
Center (2011KYNLO12). Clinical data were collected and
genomic DNA was extracted from the peripheral venous
blood according to the method previously described.!®

Variant Evaluation

The variants in all reported EL-associated genes (FBNI,
ADAMTSL4, LTBP2, ADAMTS10, ADAMTS17, SUOX, CBS,
ASPH, COL18A1, CPAMDS, PAXG, VSX2, MTHFR, and
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TGFB2) were collected from an in-house exome sequenc-
ing data set, which includes targeted exome sequencing and
whole-exome sequencing. The procedures for sequencing
and variant filtering were according to the method as previ-
ously reported.?’:?! The variants were analyzed as follows:
five in silico tools, including REVEL, CADD, SIFT, Polyphen-
2, and PROVEN, were used to predict the pathogenicity of
missense variants. Three tools, including varSEAK, HSF, and
Alamut Visual, were used to predict the splicing variants. All
variants were confirmed by Sanger sequencing and cosegre-
gation.

The evaluation of pathogenicity of variants was according
to the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology standards.?? To
obtain a comprehensive genetic and clinical landscape of EL,
71 families reported by our team were also included in this
study.? 24

Variant Classification

Variants in the FBNI gene were classified into several
subgroups according to categories defined in a previ-
ous study.”> Missense variants in FBN1 were separated as
cysteine involving (cys) and the other (non-cys). The former
one includes eliminating cysteine (cys-disappear) and intro-
ducing a new cysteine (cys-appear).

Ocular Examination

The severe EL group was defined as the edge of lens could be
seen in a normal pupil without dilation. Mild EL was defined
as the edge of lens could be seen only after pupil dilation.
Astigmatism was expressed as a positive cylinder form, and
when its value was >2 D, then it was recognized as severe
astigmatism. The astigmatism axis was classified as with-the-
rule (WTR, plus cylinder axis 90 + 15 degrees), against-the-
rule (plus cylinder axis 180 £ 15 degrees), and oblique (plus
cylinder axis 15 to 75 degrees or 105 to 165 degrees).

Literature Review

A detailed review of all reported EL-associated geno-
types and phenotypes was performed based on a search
conducted until November 1, 2022, on HGMD and PubMed.

Statistical Analysis

Mann-Whitney U test was applied to compare the continu-
ous variables of cohort characteristics between two groups.
Kruskal-Wallis test was used to compare data in more than
two groups. The x? test or Fisher’s exact test was applied in
the classified variables in different genotype groups. A statis-
tically significant difference was considered when P < 0.05.
The data analysis was performed using SPSS for Windows
version 25.0 (SPSS/IBM, Chicago, IL, USA).

REsuLrs
Mutation Spectrum of EL

In this cohort, 156 (86.7%) of 180 EL families were detected
with likely pathogenic variants in EL-associated genes. For
this study, all 186 patients from these 156 families were
included. By comprehensive literature review, clinical data
from 1386 EL families with all 14 reported EL-associated
genes (FBN1, ADAMTSL4, LTBP2, ADAMTS10, ADAMTS17,
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SUOX, CBS, ASPH, COL18A1, CPAMDS, PAX6, VSX2, MTHFR,
and TGFB2) were also included for analysis (Fig. 1A). A
summary of all detected likely pathogenic variants in the
in-house cohort is provided in Supplementary Table S1. In
total, 125 variants were identified, with 94.4% variants in
FBN1 (118/125). There were 32 novel variants, including 25
in FBN1, 4 in ADAMTSL4, and 3 in LTBP2.

The contribution of variants in these genes to EL in
the in-house data sets and published literature is presented
in Figure 1A. In this cohort, variants in FBN1 were the most
frequent genetic defects, accounting for 97.4% (152/156) of
the EL families, followed by ADAMTSL4 (1.3%, 2/156) and
LTBP2 (1.3%, 2/156). In published cases of EL, variants in
FBN1 accounted for the highest proportion in all popula-
tions (87.3%, 1210/1386) and the East Asian (EA) popula-
tion (96.1%, 920/957) as well. ADAMTSL4 was the next most
frequent gene in all populations (6.9%, 95/1386) and the EA
population (2.8%, 27/957).

Distribution and Genotypes of FBN1 Variants

The distribution of FBN1 variants in the in-house data sets,
all available data from published literature, and the gnomAD
database is presented in Figure 1B, in which the former
two groups refer to likely pathogenic variants while those in
gnomAD include all variants. In the in-house data sets, most
FBN1 missense variants were located in the EGF domain
(77.0%, 117/152). In total, 52.6% (80/152) of the variants
were found in N-terminal region, 29.6% (45/152) in the
middle region, and the remaining 17.8% (27/152) in C-
terminal region. Additionally, the distribution of FBN1 vari-
ants exclusively within the EA population, obtained from
both published literature and the gnomAD database, is
depicted in Supplementary Figure S1. The variants of FBN1
present a similar distribution between the EA population and
the global population.

The contributions of distinct genotypes were significantly
different when comparing the in-house EL cohort with both
the EA and all population data in the published literature and
gnomAD database (Fig. 2A). In our cohort, 82.2% families
(125/152) had missense variants (including cys-disappear,
cys-appear, and non-cys variants), while 17.8% (27/152) had
truncation variants. Among all genotypes, cys-missense vari-
ants (cys-disappear and cys-appear) were the most common
subtype in our cohort, while truncation variants and non-
cys missense variants were more common in published
literature. In the gnomAD database, the non-cys missense
variants were predominant in all populations (98.8%) and
the EA population (99.3%). Besides, the proportion of cys-
appear variants was significantly higher in the in-house EL
cohort (21.7%) compared to the published literature and
gnomAD for both all populations and the EA population
(all P < 0.0001). There was no significant difference in the
proportion of cys-appear variants within the gnomAD data
sets when comparing all populations to the EA population
(P =0.3D.

Cohort Demographics in Patients With FBN1
Variants

We included 182 patients from 152 families. The detailed
demographic characteristics are shown in Table 1. In this
EL cohort, the median age at diagnosis was 5.8 years. The
median axial length (AL) was 25.6 mm and the median
spherical equivalent (SE) was —10.6 D. High myopia was
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Ficure 2. The genotypes and diagnosis age of FBN1 variants. (A) The proportion of different genotypes among the in-house datasets, the
EA population, and the overall population as reported in published literature and gnomAD database. (B) The diagnosis age of patients in
the in-house EL cohort compared to the EA population and the overall population as reported in the published literature. (C) The diagnosis
age of EL or heart disorders in patients with different genotypes. *P < 0.05, ***P < 0.0001.

TaBre 1. Demographic Characteristics of Patients with FBNI Vari-
ants

Patients Value
Onset age, y 2.0 (0.5-4.0)
Diagnosis age, y 5.8 (3.0-11.0)
Visit age, y 7.4 (4.5-21.0)
Gender, female/male 85/97

Ocular biometrics, median (inter-quartile range)

AL (mm) 25.6 (23.4-27.5)

K (D) 41.1 (39.5-42.3)

LT (mm) 4.0 (3.6-4.9)

BCVA (LogMAR) 0.5 (0.3-0.7)

AST (D) 3.3 (2.3-5.0)

SE (D) —10.6 (—18.6 to —10.0)

CAST (D) 1.7 (1.1-2.4)
Refractive error, % (72)

Severe AST 83.0 (78/94)

High myopia 81.4 (127/156)
Fundus lesions, % (1)
Total

Myopia-related fundus changes

31.3 (31/99)
22.2 (22/99)
5.1 (5/99)

Retinal detachment
EL severity, % (1)

Mild 31.6 (43/136)

Severe 68.4 (93/136)
Genotype, % (1)

Missense 81.9 (149/182)

Truncation 18.1 (39/182)
Location, % (1)

N region 52.2 (95/182)

Middle region 31.3 (57/182)

C region 16.5 (30/182)

AST, astigmatism; CAST, corneal astigmatism; K, keratometry; LT,
lens thickness.
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present in up to 81.4%, and the incidence of fundus lesions
was 31.3%. Among the patients with fundus lesions, 5.1% of
patients with EL had retinal detachment.

In comparison to patients reported in the published liter-
ature, it was observed that the diagnosis age of our in-house
EL cohort was much earlier than that in both the overall
population and the EA population (Fig. 2B, P < 0.0001).
Among different genotypes in the EA population, there was
no significant difference in the diagnosis age of EL itself
(Fig. 20). For patients with heart disorders, those with the
truncation variants tended to be diagnosed earlier compared
to those with non-cys missense variants (Fig. 2C, P < 0.05).

The characteristics of the anterior segment in EL are
presented in Figure 3. Due to the dysplastic zonular fibers,
the lens dislocated in various directions (Fig. 3A). Mild EL
was inconspicuous before pupil dilation, but the changes in
anterior chamber depth and the edge of the lens could be
detected after full pupil dilation (Fig. 3B). In contrast, severe
EL could be diagnosed more easily even without pupil dila-
tion (Fig. 3C). There were some special forms of EL, such
as lens coloboma (Fig. 3D), pupillary capture (Fig. 3E), or
microspherophakia (Fig. 3F).

The characteristics of the fundus in EL are presented
in Figure 4. It was observed that there were no obvious
fundus abnormalities in early-stage of EL (Fig. 4A). However,
with disease development, the fundus changed gradually,
complicated by AL growth and high myopia-related lesions
(Figs. 4B, 4C). For one patient with complete lens luxation
into the vitreous chamber, high myopia-related changes and
the lattice retinal degeneration were detected (Figs. 4D).
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Ficure 3. The characteristics of the anterior segment in EL. (A) The lens dislocated in different directions. (B) The manifestations of mild EL
before and after pupil dilation (the white lines refer to signs of lens dislocation). (C) The severe EL before pupil dilation. (D) EL combined with
lens coloboma. (E) EL combined with pupillary capture. (F) Microspherophakia detected by anterior segment optical coherence tomography.

LT, lens thickness.

As the most serious vision loss complication, retinal detach-
ment was observed in five patients (Figs. 4E-G).

Ocular Phenotypes in Patients With FBN1
Variants

The continuous development of AL in preschool EL children
compared to the age-matched individuals from the normal
population?*-2 is depicted in Figure 5A. The AL in children
with EL initially overlapped with normal children. However,
with disease progression, the average AL in children with
EL (aged 1.8-7.0 years) increased rapidly and deviated from
the normal range by 2 to 3 years of age. The median AL for
children with EL was 20.7 mm (95% confidence interval [CI],
18.4-23.0 mm) at 1.8 years old, reaching up to 28.7 mm (95%
CI, 26.5-31.0 mm) at 7 years old. In comparison, normal
children had a median AL of 21.3 mm (95% CI, 20.0-22.6
mm) at 1.8 years old, increasing to 23.0 mm (95% CI, 21.4—
30.9 mm) at 7 years old. Comparing the continuous develop-
ment of SE in preschool children with EL with age-matched
individuals from the normal population (Fig. 5A),2? severe
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refractive error was evident in EL even at an early stage.
The correlation analysis further indicated that patients with
EL with longer AL were associated with more severe refrac-
tive error (Fig. 5B, R = —0.441, P < 0.0001). Comparing
the increased rate of AL in age-matched patients without
surgery to those with surgery, the increased rate in patients
without surgery (N-Surgery: 0.8 [0.2-1.1] mm/y) was signif-
icantly higher than that of those with surgery (Surgery: 0.2
[0.1-0.3] mm/y) (Fig. 5C, P < 0.0001).

A comparison between patients with microspherophakia
to those without microspherophakia revealed that the micro-
spherophakia group had a thicker lens (P < 0.0001), a
higher degree of SE (P < 0.001), and an earlier diagnosis
age (P < 0.01) (Fig. 6A). Compared to age-matched normal
subjects,’® the astigmatism in EL was significantly higher
among different age groups (Fig. 6B, all P < 0.0001). Further-
more, differences were observed in the types of astigmatism
axis between the EL group and the normal population® as
the WTR and oblique astigmatism were much common in the
EL group (Fig. 6C, P < 0.0001). Patients with EL with severe
astigmatism were more likely to be diagnosed at an early
age (Fig. 6D, P < 0.05). Patients with severe EL tended to
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have worse best-corrected visual acuity (BCVA) and a higher
degree of SE compared to those with mild EL (Fig. 6, all
P < 0.05).

Genotype-Phenotype Analysis for EL-Associated
Genes

The genotype-phenotype analysis for patients with FBN1
variants from in-house data sets is presented in Table 2.
Patients with variants in the C-terminal region were more
likely to have longer ALs and flatter corneas than those with
variants in other regions of FBN1 (P < 0.05). Patients with
cys-missense variants had a longer AL than those with non-
cys-missense variants (P < 0.05).
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Ficure 4. The characteristics of fundus in patients with EL. (A) The normal fundus. (B, C) The fundus presented high myopia-related
changes, including a slanted optic disk, lacquer crack formation, and pigment mottling in the retina. (D) The posterior dislocation of the
lens and lattice retinal degeneration. (E-G) The retinal detachment.

It was also noted that patients with variants in non-
FBN1 genes presented severe phenotypes. For the two in-
house patients detected with biallelic variants in ADAMTSL4,
one patient was combined with retinal detachment and the
other one had complete luxation of the lens. For the two
in-house patients detected with biallelic variants in LTBP2,
one was combined with complete luxation of lens and
retinopathy, and the other one had severe EL and poor
vision.

To investigate potential genotype—phenotype correlations
in EL-associated genes comprehensively, all available data
from published literature and the in-house cohort were
included for analysis. The distribution of BCVA, AL, and SE
with age among different EL-associated genes is presented
in Figure 7A. As depicted in Figure 7B, compared to
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Ficure 5. The changes in AL and SE in patients with EL. (A) The development of AL and SE in preschool children with EL and normal
children with age. The dotted lines shown in different colors present different individuals with EL, and the red line presents the fitting curve
of all patients. (B) The correlation between AL and SE (R = —0.441, P < 0.0001). (C) Comparison of the increased rate of AL in patients

without surgery (N-Surgery) to those with surgery. ***P < 0.001.

the FBN1 group, worse BCVA and earlier onset age were
observed in patients in the ADAMTSL4 group and other
genes (all P < 0.05). Patients in the FBN1 group and
ADAMTSL4 group were found to have a longer AL than those
in other genes (all P < 0.05). Intriguingly, the direction of
lens dislocation differed among different genes. As shown
in Figure 7C, in the FBN1 group, the lens tended to dislocate
in the nasal-superior direction. In the ADAMTSL4 group, the
temporal direction was more common. For the other genes,
the lens was more likely to displace downward.

For ADAMTSL4 -associated EL, the iris anomalies were
more prevalent in patients with truncation and truncation
variants (T+T) (P < 0.01, Supplementary Fig. 2A). The early-
onset (EQ) cataract was more common in patients with
missense and missense variants (M+M) but did not show
a significant difference among different genotypes. It was
observed that individuals of EA ethnicity were more likely
to have an EO cataract (P < 0.05, Supplementary Fig. 2B).

DiscussION

Currently, over 3000 variants in the FBNI gene have been
reported in the literature, most of which has focused
on its associations with cardiovascular, skeletal, or other
systemic disorders.3!*> However, comprehensive insights
from an ophthalmic perspective to explore the develop-
ment of ocular states are relatively limited and lack concrete
genotype—phenotype correlations. Furthermore, other EL-
associated genes have not been given sufficient attention due
to the relatively rare occurrence. This study, based on an in-
house cohort of 156 EL families, aimed to bridge these gaps
with the combination of a comprehensive literature review
on all EL-associated genes.

In the comparative analysis, it was observed that the
proportion of both cys-disappear and cys-appear variants
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in the FBN1 gene in our EL cohort was much higher than
previously reported. It is widely known that cys-disappear
variants have a detrimental effect on the disulfide bridges,
which covalently connect three pairs of cysteine residues
that are highly conserved in EGF domains,”> whereas the
missense variants resulting in cys-appear have not drawn
enough attention and lack detailed analysis. The cys-appear
variants introduce additional cysteine residues, also leading
to misfolding of the EGF domain and damaging the struc-
ture stability of fibrillin 1 in turn.?> The higher proportion of
cys-involvement variants in our cohort may be attributed to
the fact that the main symptoms of recruited probands were
EL, rather than other systemic symptoms. Additionally, the
diagnosis age was much earlier in our EL cohort than in the
published literature. This observation further confirms that
the ocular symptoms develop earlier than systemic symp-
toms to help early recognition and diagnosis. Therefore,
our findings emphasize that the variants introducing a new
and supernumerary cysteine could disturb correct disulfide
bonding to cause disease occurrence. This point may have
been neglected in previous studies, but further functional
studies are still needed.

This study also provided valuable insights into the
changes of ocular manifestations with disease progression.
The results revealed that the underlying lens dislocation
might initially present as lenticular-related refractive myopia
at an early stage of disease but gradually convert to axial
myopia with fundus changes during the progressive disloca-
tion of the lens. Accordingly, the higher rate of AL in patients
without surgery also indicated that the displaced lens leads
to defocusing and deprivation, ultimately contributing to
the elongation of the AL, and surgical intervention may
have a beneficial effect.>* This observation aligns with previ-
ous studies. Children with EL had slower AL change after
surgery, as He et al>> demonstrated, and an experimental
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study also showed that the conditional deletion of Fbnl in
mice resulted in a significant increase in globe size.’® The
associations between myopia and eye growth have been
widely investigated, known as lens-induced myopia (LIM)*’
and form deprivation myopia (FDM).>® The development of
myopia in FBNI1-associated EL might be closely related to
both LIM and FDM mechanisms. Thus, lentectomy may be
taken into consideration early before the development of
axial myopia, to prevent the attendant risks such as retinal
detachment and functional amblyopia.®

In addition, the posterior segment ocular abnormalities
need to be fully evaluated, as fundus lesions were found
in over 30% of cases. The occurrence of retinopathies is
attributed to various factors. The myopia-related fundus
caused by pathologic myopia can lead to progressive
damage to the retina. Additionally, the instability of a dislo-
cated lens exerts traction on the vitreous base, potentially
causing tears or holes in the retinal periphery, which can
be missed on routine examinations on account of poor visu-
alization secondary to small pupils and lens dislocation.
Hence, it is essential to conduct regular and comprehen-
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sive fundus examinations after pupil dilation to identify and
manage the fundus abnormalities promptly.

Intriguingly, diverse phenotypes were observed in
patients with different genotypes. Patients with variants in
non-FBN1 genes had early onset and severe ocular pheno-
types. This observation may be attributable to the distinct
iris abnormalities and early-onset cataract in ADAMTSL4-
associated EL, which have been described by our team.*!
Besides, microspherophakia complicated with glaucoma or
intraocular hypertension was relatively common in the other
genes. These severe complications can serve as warning
signs that aid in the early recognition of EL and prompt
appropriate management. Moreover, the direction of lens
dislocation is distinctive in different genes. Thus, our results
aid in differential diagnosis and guide the appropriate treat-
ment management for different subtypes of EL.

The findings of this study should be evaluated within
its limitations. First, it was a study within a single center,
and the patients mainly came from the southeast of China.
Second, our results depicted the overall ophthalmic features
of patients with EL, while systemic symptoms also are in
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need of attention. Hence, a longitudinal study with a larger
S N \O O s \O . . . . .
alhRABT DN cohort is required. Functional studies are expected to vali-
SssSsssssSs date and understand the underlying mechanisms of the
@ @ genotype—phenotype associations.
§ T aa In conclusion, this study provided the clinical and genetic
2 ’N': 2 aRgI" landscape of EL based on a cohort of 156 families. It
E :\: § I ‘i RN j extended the mutation spectrum of EL-associated genes for
5’ SRR the Chinese population and highlighted the crucial role of
é aegoeen cys-appear variants. We also provided additional insights
- o into the changes in ocular status. Concerns need to be raised
@ about the patients with variants in non-FBN1 genes owing
8| b aa to their early onset and severe phenotypes. The knowledge
§leeaorpae gained from this study can serve as a valuable reference for
.é iy ; ) 3 N T early diagnosis and differential diagnosis, enabling person-
2 | lTacs88% alized management strategies for EL.
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