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ARTICLE INFO ABSTRACT

Keywords:
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Background: Congenital contractural arachnodactyly (CCA) is a rare autosomal dominant disorder caused by
pathogenic variants of Fibrillin-2 (FBN2) gene. This study aimed to investigate the variants in three Chinese
FBN2 families with CCA.

Heterogeneity Methods: Next-generation sequencing analysis and Sanger sequencing of exons 24-35 of FBN2 (NM_001999.4)
were performed on the three CCA pedigrees. The pathogenicity of the variants was assessed using ACMG criteria
and predicted using an in-silico program.

Results: A novel heterozygous substitution (NM_001999.4: ¢.3230G > A; NP_001990.2 p. Cys1077Tyr) was
identified in all patients from pedigree A, but not in healthy family members. The variant was found to be
pathogenic. Additionally, in pedigree B (NM_001999.4: ¢.4222G > A; NP_001990.2: p.Asp1408Asn) and C
(NM_001999.4: ¢.3170G > A; NP_001990.2: p.Gly1057Asp), and the previously reported variants were detected.
Variants affecting cysteine residues may disrupt disulfide bridging, leading to a weakened microfibril scaffold,
resulting in CCA phenotypes. High phenotypic heterogeneity was observed among different families, and there
was little correlation between the genotype and phenotype.

Conclusion: This study describes three large families with CCA caused by missense variants in the FBN2 gene.
Phenotypic variations were observed among different pedigree groups, and further research is needed to
investigate the underlying reasons for these variations.

[6]. Most patients with CCA display mild flexion contractures of the
elbows, knees, and hips, as well as mild muscular hypoplasia, particu-

1. Introduction

Congenital contractural arachnodactyly (CCA, OMIM: 121050) is a
rare, autosomal dominant disorder [1] that has been genetically linked
to Fibrillin-2 (FBN2) gene [2-4]. FBN2 is located at 5q23-31 and en-
codes Fibrillin-2 which is one of the components of microfibrils in the
extracellular matrix [5] that provides strength and flexibility to the
connective tissues that form the body’s joints and organs [6]. Mutations
in FBN2 can reduce the production or alter the function of fibrillin-2
protein, thereby directly affecting the function of microfibrils and
leading to CCA phenotypes [7].

CCA exhibits a wide range of clinical manifestations, including a
Marfan syndrome appearance characterized by a tall, slender, and
asthenic appearance, as well as skeletal abnormalities such as arach-
nodactyly, dolichostenomelia, pectus deformities, and kyphoscoliosis

larly in the calf muscles [8]; kyphosis/scoliosis is observed in approxi-
mately half of all affected individuals [9]. Another distinctive feature of
CCA is “crumpled” ears. According to a previous clinical scoring system
for CCA, only crumpled ears, arachnodactyly and camptodactyly
showed statistical significance when scoring the typical phenotypes of
CCA [10]. However, this phenotype varied widely even among the
family members carrying the same pathogenic variant: from “crumpled”
to normal ears [11]. Similarly, Callewaert et al. reported varied arach-
nodactyly of the fingers in patients within the same family who showed
no signs of arachnodactyly (Pedigree E: Patients 112 vs. III2 and III-1)
[12].

CCA patients exhibit significant inter- and intrafamilial phenotype
heterogeneities, but little is known about the relationships between
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* Corresponding author.

E-mail addresses: ysui@cmu.edu.cn (Y. Sui), yplu@Inszjk.com.cn (Y. Lw), lijemu@126.com (M. Lin), 13613627653@163.com (X. Chen), Stone5116@163.com

(X. Ni), Sunshine921221@163.com (H. Li), jlangmiao@cum.edu.cn (M. Jiang).

https://doi.org/10.1016/j.ymgmr.2024.101140

Received 5 February 2024; Received in revised form 29 August 2024; Accepted 30 August 2024
2214-4269/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-

nc/4.0/).


mailto:ysui@cmu.edu.cn
mailto:yplu@lnszjk.com.cn
mailto:lijcmu@126.com
mailto:13613627653@163.com
mailto:Stone5116@163.com
mailto:Sunshine921221@163.com
mailto:jiangmiao@cum.edu.cn
www.sciencedirect.com/science/journal/22144269
https://www.elsevier.com/locate/ymgmr
https://doi.org/10.1016/j.ymgmr.2024.101140
https://doi.org/10.1016/j.ymgmr.2024.101140
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Y. Sui et al.

genotype and phenotypes. In this report, we have described pathogenic
variants identified in three Chinese CCA families and explore the
possible reasons for the observed phenotype heterogeneity.

2. Materials and methods

For each family, the probands, who were suspected of having CCA
were referred to our research team and underwent evaluation by spe-
cialists and a medical geneticist (Miao Jiang), leading to a confirmed
diagnosis of CCA. Complete family histories were obtained and all of the
participating members underwent phenotypic examination for CCA.

2.1. DNA extraction

Informed consent was obtained and blood samples were collected
from family members. We also recruited 100 healthy individuals from
the same geographical area as the patients to determine whether the
new mutations causing amino acid changes were innocuous poly-
morphisms or pathogenic mutations. Genomic DNA was extracted from
the blood samples using a DNA Isolation Kit for Mammalian Blood
(Tiangen Biotech, China).

2.2. Next generation sequencing analysis

NGS analysis was performed by Chigene Translational Medical
Research Center Co. Ltd. (Beijing, China). The NGS analyses included
three probands and three controls. After obtaining the NGS results, we
conducted data cleansing and collation using the dplyr() package of the
R software. First, we removed variations present in both the patients and
normal controls within each family. Next, we included sequencing re-
sults of variants with medium quality, defined as: 1) depths of
sequencing between 20 reads to 400 reads, and 2) the variant allele
reads were between 30 and 70 % of the total reads. We further included
the remaining variants based on the following criteria: 1) frequencies
less than 0.001 in the Thousand Human Genome frequency (China)
(https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/)  and
ExAC(Exome Aggregation Consortium) database(http://exac.broadi
nstitute.org/); 2) exclusion criteria: variants predicted by in-silico pro-
grams to be protein alterations that are either tolerated or potentially
harmless, synonymous variants, variants with a minor allele frequency
greater than or equal to 5 %, indicating a possible polymorphic variation
[13], variants located in non-coding areas including introns and inter-
genic regions.

After filtering the potentially pathogenic variants based on the
quality of the NGS results, we searched the SNP database (https://www.
ncbi.nlm.nih.gov/snp)to exclude any reported polymorphisms. For the
remaining genes with possible pathogenic alleles identified from the
NGS sequencing data, we examined their functions using the OMIM (htt
ps://www. ncbi. nlm. Nih. gov/omim/) and GeneCards (https://www.
genecards.org/) databases to assess their potential contributions to the
phenotypic heterogeneity observed in the family.

2.3. PCR amplification and sanger sequencing of possible pathogenic
alleles of FBN2

In order to validate the presence of any identified variants, we per-
formed PCR amplification of DNA samples from the family members.
The PCR amplification systems used are provided in the Supplementary
Materials (Table S1). Additionally, to rule out the possibility that the
identified variant was a polymorphism, we performed Sanger
sequencing of DNA samples from 100 healthy controls (Sangon Biotech,
Shanghai, China). The sequencing results were compared with those of
the wild-type sequence submitted to GenBank (accession number
NM_001999.4). Once a pathogenic mutation was identified, genetic
counseling was offered to family members. All of the participants in the
study provided signed informed consent for both genetic testing and for
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making their clinical and genetic data available for research purposes.
The study protocol and consent forms were approved by the local
research ethics committee, particularly the Ethics Committee of the Key
Laboratory of Reproductive Health in Liaoning Province.

2.4. Variants analyses

We evaluated the pathogenicity of the variants based on the ACMG
criteria and in silico programs(PROVEN, PolyPhen, MutationTaster and
MutationAssessor, FATHMM, and M-CAP) [14-17]. Additionally, a
search for human FBN2 homologs was conducted using BLAST on NCBI
web site (http://www.ncbi.nlm.nih.gov). The identified proteins were
aligned, and a phylogenetic tree was reconstructed with MEGA11.0
using the neighbor-joining method in pedigree A [18,19].

2.5. Molecular modeling of FBN2 protein

The amino acid sequence of FBN2 was obtained from the UniProtKB
database (http://www.uniprot.org/uniprot/P35556) and the domain
structure was determined using Simple Modular Research. Tool
(SMART) [20]. Search for structural repeats and multiple sequence
alignment of calcium-binding epidermal growth factor (Ca_EGF) motifs
11-22 was performed using Rapid Automatic Detection and Alignment
of Repeats (RADAR; http://www.ebi.ac.uk/Tools/pfa/radar/). The
three-dimensional structure of FBN2 was modeled using SWISSMODEL
[21], with the protein structure of a Ca_ EGF-like domain pair from the
neonatal region of human FBN1 serving as a template (PDB: 2w86). The
identity between human FBN1 and FBN2 sequences was 67.259 %. The
structures of wild-type and mutant FBN2 were visualized using PyMOL
(PyMOL Molecular Graphics System v. 1.8.x).

3. Results
3.1. Phenotypes and pathogenic variant of Pedigree A

Pedigree A consisted of four generations and 5 CCA patients (Fig. 1-
1). No patient in pedigree A had a “Marfan syndrome “ appearance, such
as being tall, slender, or asthenic. All the patients in this family had a
normal height (approximately 1.60-1.65 m for females, and 1.70-1.75
m for males) (Table 1). Upon examination of the dorsal/palmar side of
the palm, the proband’s two hands presented with mildly clubbed fin-
gers (PP4). Only the little fingers of the proband’s two hands showed
significant arachnodactyly phenotype. Among the other four fingers, the
thumb did not show a significant flexed phenotype, whereas the middle
three fingers showed mild contracture at the first finger joint, which
prevented the fingers from lying flat on the desktop (Fig. 3). The palm
showed mild finger muscle dysplasia, which resulted in arachnodactyly.
There were no signs of joint contractures in the elbows, hips, or knees,
crumpled ears or curly hair, pectus deformities, or kyphoscoliosis
(Fig. 3). (Table 1). Unaffected members of Pedigree A showed no CCA
phenotype, and no overt body-weight phenotype was found among
unaffected members of Pedigree A (Table 1).

Whole-exome sequencing revealed a novel G — A variant at nucle-
otide position ¢.3230 in exon 25 in pedigree A, resulting in a cysteine-to-
tyrosine substitution at amino acid residue 1077 (NM_001999.4:
c.3230G > A; NP_001990.2p. Cysl077Arg) (Fig. 2-1). This novel
variant was evaluated as “Likely pathogenic” according to the ACMG
criteria (1 moderate PMs: PM2; 4 supporting PPs:PP1 ~ 4): This variant
was not reported in global-scale initiatives for variant annotation, such
as the Exome Aggregation Consortium (ExAC) or the 1000 Genomes
Project (PM2); Mutation analysis confirmed the segregation of this
variants with CCA, and it was shared by multiple cases in pedigree A
(PP1); By performing a BLAST search, ten proteins in the FBN2 sub-
family were identified. To understand the evolutionary conservation of
FBN2 gene among mammals, we generated phylogenetic trees, and
found that this gene is highly conserved in mammals. (Fig. S1). The p.
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Table 1
Phenotypes Heterogeneities of family members.
Genotype Patho Reference
MAF- Height Contr- Contr- JD Exter  muscle ARD/ Ky/ Pectus Club Ara Camp
like (m) 1 2 hypopl MVP Sco def

¢.3230G wild _ F: 1.60-1.67 _ _ _ _ _ _ _ _ _ _ UMP in
p.C1077 type M:1.70-1.78 Pedigree A

¢.3230G > variant _ F: 1.60-1.65 + _ _ _ _ _ _ _ _ + + Patients in
A M:1.70-1.75 Pedigree A
p.
C1077Y

c.3229 T Variant _ F: 1.60-1.70 +++ _ _ _ _ _ _ a + + + [11Guo
> G M:1.70-1.85
p.
C1077G

c.4222G wild _ F: 1.65-1.75 _ _ _ _ _ _ _ _ _ _ _ UMP in
p.-D1408  type M:1.80-1.85 Pedigree B

c.4222G > _ NA + + _ + _ _ + _ _ + + [2]
A Variant Callewaert
p. + M:1.90—1.95 + _ _ _ _ _ _ _ _ + + Patients in
D1408N Pedigree B

¢.3170G wild _ F: 1.60-1.65 _ _ _ _ _ _ _ _ _ _ _ UMP in
p.G1057  type M:1.75-1.82 Pedigree C

¢.3170G > Variant ++ NA +++ + ++ +/— + _ _ _ _ + + [3] Park
A “++ M:1.80-1.95 +4++ _ _ + + _ -+ + + + + Patients in
p. F:1.65-1.70 Pedigree C
G1057D

Contr-1: Contractual of fingers and toes; Contr-2: Contractual of the elbows, hips and knees; JD: Joint dislocation; muscle hypopl: muscular hypoplasia; ARD: aortic
root dilatation; MVP:mitral valve prolapse; Pectus def, pectus deformity; Ky/Sco: Kyphoscoliosis/Scoliosis; MAF-like: MarFan syndrome like phenotype; Ara:arach-

nodactyly Club: Clubbed fingers and toes; Camp: Camptodactyly.
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Fig. 1. Pedigree of 3 CCA families.

Fig. 1-1 Pedigree A.

Fig. 1-2 Pedigree B.

Fig. 1-3 Pedigree C.

Black symbol represents affected individuals, and an arrow indicates the proband.

70

Cys1077Tyr (NM_001999. NC_000005.10: ¢.3230G > A) variant programs indicated that this variant is pathogenic. (Table S2) (PP3).

occurred in exon 25 of FBN2. Alignment of numerous species revealed
that this region is highly conserved (Fig. S2). In silico prediction
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3.2. Phenotypes and pathogenic variant of Pedigree B

The patients in pedigree B did not exhibit typical features of Marfan
syndrome or CCA. In particular they did not have a slender, asthenic
appearance. However, the male patients (but not female patients) had a
higher median body height (>1.9 m) with a robust body structure.
Unaffected individuals were found to be taller than the general popu-
lation (Female: 1.65-1.75; Male:1.72-1.83), and did not present any
CCA phenotypes (Table 1). The proband presented with the typical
arachnodactyly phenotype, characterized by disproportionately slender
and long fingers and toes; congenital contractures were only observed in
the fingers (Fig. 4-1,2,3,4). The long and slender fingers showed a slight
degree of flexion contracture at the second knuckle. Only the little fin-
gers of the patient’s hands exhibited a typical contractual phenotype.
Pedigree B consisted of four generations and 4 CCA patients (Fig. 1-2). A
G-to-A substitution at nucleotide position c.4222 resulted in the sub-
stitution of aspartic acid for asparagine at position 1408 (NM_001999.4:
c.4222G > A; NP_001990.2: p. Aspl408Asn) (HGMD:CM091472)
(Fig. 2-2). This variant was detected in all patients but not in healthy
controls. According to the ACMG criteria, this variant was classified as
“pathogenic” (1strong PS: PS1). The pedigree B variant was also previ-
ously reported by Callewaert et al. in 2009 and was demonstrated to be
“pathogenic” based on the clinical phenotype and molecular genetic
analyses (PS1).

3.3. Phenotypes and pathogenic variant of Pedigree C

Pedigree C included 4 generations and 12 CCA patients (Fig. 1-3). In
pedigree C, a G-to-A substitution at nucleotide position ¢.3170 resulted
in the substitution of glycine for aspartic acid at position 1057
(NM_001999.4: ¢.3170G > A; NP_001990.2: p. Glyl057Asn) (HGMD
CM980734) (Fig. 2-3). According to the ACMG criteria, this variant was
classified as “pathogenic” (1strong PS: PS1). This was previously re-
ported by Park et al. [22]. The patients in pedigree C exhibited a tall and
slender build, slender and contractual clubbed fingers and toes
(Fig. 5:1-3), and crumpled ears (Fig. 5-4). Scoliosis and associated
spinal depression were also observed (Fig. 5-5). Some patients in this
pedigree had aortic root dilatation (II3 and II1). Unaffected members of
pedigree C did not present any CCA phenotype, no overt body-weight
phenotype was found (Table 1).

4. Discussion

CCA may exhibit skeletons similar to those of Marfan syndrome
[23,24]. These syndromes are caused by mutations in two different
genes belonging to the fibrillin family: fibrillin-1 and 2 (FBN1 and FBN2)
[25]. FBN1 encodes fibrillin-1, which is an important component of
connective tissue [26]. FBN2 encodes fibrillin-2 protein, which is
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Fig. 3. Phenotypes of proband in pedigree A.

Fig. 3-1 Full length portrait of the proband in pedigree A.
Fig. 3-2 Left side profile of the proband in pedigree A.
Fig. 3-3 Right side profile of the proband in pedigree A.
Fig. 3-4 Dorsum manus of the proband in pedigree A.
Fig. 3-5 Palm of the proband in pedigree A.

present in the core of adult microfibril bundles [27-29]. Fibrillins
contribute to the elasticity and strength of connective tissue that sup-
ports the body’s organs and joints [30].

Human FBN2 protein consists of 2912 amino acids and contains 3
epidermal growth factor-like (EGF) domains, 43 calcium-binding
consensus sequences (cb_EGF domains) and seven transforming
growth factor p1 binding protein-like (TB) domains. The cb_EGF domain
contains six highly conserved cysteine residues that form disulfide
bridges, ensuring the stability and folding of the domains [31-33]. These
cysteine-rich glycoproteins are the main structural components of mi-
crofibrils, which act as scaffolds for elastin deposition and modification
during the formation of elastic fibers [34]. Most pathogenic variants are
associated with the CCA cluster between exons 23 and 34
(cb_EGF10-cb_EGF20) of FBN2 [35]. Approximately 45 % of FBN2
pathogenic mutations are missense mutations that result in the
replacement of cysteine residues with other amino acids. These variants
disrupt the normal disulfide bridging within and between domains,
leading to increased susceptibility to proteolysis and exposure to cryptic
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2-1. Sanger sequencing result of Pedigree A

Fig. 2. Sanger sequencing results of 3 CCA pedigrees.

2-2. Sanger sequencing result of Pedigree B

2-3. Sanger sequencing result of Pedigree C

Fig. 2-1 Sanger sequencing result showing a heterozygous change ¢.3230G > A in FBN2.
Fig. 2-2 Sanger sequencing result showing a heterozygous change c¢.4222G > A in FBN2.
Fig. 2-3 Sanger sequencing result showing a heterozygous changec.3170G > A in FBN2.
Sanger sequence analyses of affected individuals and normal unaffected controls. The mutant and wild-type variants are indicated by black arrows.
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Fig. 4. Phenotypes of proband in pedigree B.

Fig. 4-1 Frontal image of the patient of proband in pedigree B.
Fig. 4-2 Dorsum manus of the proband in pedigree B.

Fig. 4-3 Palm of the proband in pedigree B.

Fig. 4-4 Foot of the proband in pedigree B.

Fig. 5. Phenotypes of proband in pedigree C.

Fig. 5-1,2 Slender, contractual clubbed fingers.

Fig. 5-3 Slender, contractual clubbed toes.

Fig. 5-4 Crumpled ears presented among all patients.

Fig. 5-5 Scoliosis and the resultant depressed of the spine.
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cleavage sites. This weakens the microfibril scaffold and reduces the
structural integrity of fibrillin-2, ultimately causing the defects associ-
ated with contractural arachnodactyly [36-41]. In our study, we iden-
tified a novel missense variant (c.3230G > A p. Cys1077Tyr) in pedigree
A, which was classified as a “likely pathogenic” mutation based on the
ACMG criteria (Fig. 2-1). Guo et al. [6] reported a pathogenic variant at
the same amino acid position (p. Cys1077Gly).

There are high phenotype heterogeneities but few genotype-
phenotype relationships between CCA pedigrees. Unlike typical CCA
phenotypes, patients in pedigree A exhibited milder arachnodactyly and
camptodactyly accompanied by hypoplastic muscles in the fingers
(Fig. 3, Table 1: Pedigree A), no contractures of the elbows, hips, and
knees, and no crumpled ears or kyphoscoliosis (Fig. 3, Table 1: Pedigree
A). In a previous study reported by Guo et al. [6], the pedigree pheno-
types were limited to joint contractures of the fingers but were more
severe (Table 1:Reference 1, Fig. 6: c. 3229 T > C, p.Cys1077Gly), which
included arachnodactyly of the fingers and toes. Severe contraction of
the connective tissue of the fingers led to the inability of the second
phalanx to extend, resulting in some patients having a semi-clenched
palm shape. Muscular hypoplasia of the fingers led to clubbed fingers
in some patients. Examination of the palmar side revealed that these
patients presented with severe arachnodactyly phenotypes. No neuro-
logical or cardiovascular abnormalities, external ear malformations, or
eye abnormalities (Table 1: Reference 1) were found in our study.
Although the novel pathogenic variant in pedigree A affects the same
amino acid residue as one of the previously reported mutations [6], the
extent and severity of the symptoms of these two families were not
consistent. Patients in pedigree A had milder symptoms, whereas Guo
et al. reported patients with typical and more severe contractural fingers
[6] (Fig. 3, Table 1: Pedigree A and Reference 1). Other phenotypes such
as pectus deformity, dolichostenomelia, cardiovascular and ocular
malformations, and muscle hypoplasia varied among individuals and
cannot be used as reliable diagnostic clues for CCA.

High phenotypic heterogeneities have also been observed among
different CCA families. Patients with pedigree B exhibited atypical CCA
phenotypes. Instead of having thin and slim statures, all patients were
extremely tall (over 1.9 m) with stalwart statures and rough features and
mild arachnodactyly phenotypes, characterized by disproportionately
slender and elongated fingers and toes. Congenital contractures were
observed only in the clubbed fingers (Fig. 4, Table 1: Pedigree B).
Conversely, patients reported by Callewaert et al. shared the same
pathogenic variant ¢.4222G > A p. Aspl408Asn (Fig. 2-3), which
potentially affects the 23th cbEGF-like/vVWA matrilllin domain, dis-
rupting the consensus sequence DLDE, impairing phosphatase activity,
and ultimately leading to CCA phenotypes [11,42], and exhibited
typical CCA phenotypes, including arachnodactyly, camptodactyly,
pronounced joint contracture, scoliosis, generalized muscle hypoplasia,
and additional unique features like cleft palate and highly arched palate
[11](Table 1:Reference 2). In contrast, patients from pedigree C in our
research and patients reported by Park et al. [22] shared the same
variation(c.3170G > A p. Glyl057Asp)(Fig. 2: NM_001999.4: c.4222G
> A; NP_001990.2: p.Asp1408Asn) and exhibited minimal phenotypic
differences; both pedigree groups featured slender and tall stature, se-
vere contractures in the fingers and toes, and some patients showed
crumpled ears (Fig. 5, Table 1: Pedigree C and Reference 3). Interest-
ingly, this unique variant does not occur in functionally related cbEGF-
like or Pfam: TB domains but still results in severe clinical phenotypes.
Park et al. [22] reported two patients with CCA with the same patho-
genic mutations but exhibiting opposite ear phenotypes (Patient 279 vs.
Patient 103). Interestingly, patient 279 suffered from bilateral progres-
sive hearing loss, and his daughter had crumpled helical ears (patient
276) and a severe form of crumpled ears to normal ears (e.g., patients in
pedigree M: III-1 vs. II-2). Patients described by Park et al. also presented
with unique phenotypes, such as pes planovaglus, bilaterally frequent
dislocations of the elbows, and dislocated patellae [22]. Some patients
also suffered arthritis [22]. Furthermore, according to previous
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Wild type

Fig. 6. The intact and broken disulfide bond in wild type and variant type.
Fig. 6 The intact and broken disulfide bonds are indicated by black arrows.

research, contractures of the large joints (elbows, hips, and knees) may
be another characteristic phenotype, with the accumulation of clinical
cases and continued investigation in the future [10]. However, this
phenotype differs even in patients with the same pathogenic variant. For
example, Callewaert et al. [11] reported a patient with CCA with a large
joint contracture; however, this phenotype was absent in our research on
pedigree B (Fig. 4, Table 1: Pedigree B and Reference 2). Similarly, Park
et al. [22] reported a CCA patient with dislocations of the elbows and
patellae; however, the patients in our study on pedigree C did not exhibit
a similar phenotype (Fig. 5, Table 1: Pedigree C and Reference 3). Thus,
it is generally accepted that arachnodactyly and camptodactyly of the
fingers and toes are characteristic phenotypes of CCA. However, the
onset and severity of symptoms can vary significantly even among in-
dividuals within the same family with the same mutation. Patients with
CCA display significant phenotypic variability, both between families
and within the same family, and there is minimal correlation between
the genotype and phenotype. Moreover, there are currently no FBN2
knockout animal models that can fully replicate the clinical character-
istics of CCA in humans [43]. Homozygous knockout mouse models only
show syndactyly and transitory neonatal contractures without external
ear deformities, arachnodactyly, or spinal anomalies. Conversely, FBN2
hemizygous mice failed to exhibit abnormal phenotype [44]. The
diagnosis of CCA should involve a combination of phenotypic evaluation
and molecular biology techniques.

The homology between FBN2 to FBN1suggests that diseases caused
by variants in these two genes may share similar pathogenic mecha-
nisms [45,46]. In the case of Marfan syndrome, some cases are believed
to occur through a dominant-negative mechanism that can influence the
phenotypes and expressivity of patients [39,44,47-50]. The mutant
allele product interferes with the function of the wild-type allele, dis-
rupting the function of both normal and mutant alleles [45,46,48,51].
Similarly, studies assessing FBN2 allele expression levels in CCA cell
strains have shown that mutant expression is greater than non-mutant
allele expression [48]. This suggests that reduced expression of one
normal FBN2 allele could contribute to CCA pathogenesis and lead to
phenotypic heterogeneity [44]. In other words, an individual in a family
with CCA may be more severely affected if normal fibrillin-2 production
is diminished, whereas individuals in our CCA families (pedigrees A and
B) may have a lower amount of mutant fibrillin-2 production, resulting
in milder phenotypes [48]. It would be valuable to test the ratio of
mutant/normal allele expression of FBN2 in future research, as in-
dividuals with the same variants could serve as good models for iden-
tifying modifiers of CCA genotypes. Additionally, it is important to
consider that genetic variants may not be the sole factors influencing
clinical manifestations. Environmental, genetic, and epigenetic factors,
such as methylation and their interactions, should also be considered
[52,53].

4.1. Conclusion

This study highlighted three Chinese families with CCA with signif-
icant phenotypic variations. Patients in the two families exhibited

p.C1077Y
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milder CCA phenotypes than those in previous reports. Further in-
vestigations are needed to explore the relationship between the
expression ratio of the mutant/normal allele of FBN2 and the differences
in clinical phenotypes.
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