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Abstract 

Fraser Syndrome (FS) is an extremely rare genetic disorder with a strong pattern of inheritability that 
follows the autosomal recessive fashion; the fundamental clinical features include congenital 
anomalies such as cryptophthalmos, syndactyly, as well as, renal damage. The FRAS1 gene is one of 
the principal genes implicated in FS. The role of genetic mutations in the development of FS has not 
been comprehensively elucidated for the present, and novel mutations are still being identified. 
Hence, the current article addresses two patients who were clinically diagnosed with Fraser 
Syndrome and included two unique mutations (c.7777C˃T; (p. Q2593X) and c.9821G˃C; (p. R3274P) 
that are found in the FRAS1 gene. Both patients had clinical features concerning Fraser Syndrome 
including renal abnormalities and cryptophthalmos, which addresses the severe phenotype 
associated with FRAS1 mutations. These two novel mutations discovered have expanded the genetic 
heterogeneity of Fraser Syndrome and have extended the mutational list of the FRAS1 gene. These 
outcomes might have a profound impact on the further approaches to the therapy of FS and methods 
of genetic counseling and diagnosis. 
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1. Introduction 

The Fraser condition (FS) is a rare congenital autosomal recessive condition that is marked by 
syndactyly, cryptophthalmos, and problems with the respiratory and urogenital tracts [1,2]. It occurs 
in 0.43 out of every 100,000 live births and 11.06 out of every 100,000 stillbirths [1,3]. George Fraser 
first identified the diagnosis in 1962 after observing two siblings who had renal agenesis, laryngeal 
stenosis, ambiguous genitalia, renal abnormalities, and optic deformities [4]. About 250 cases have 
been reported as of the present time. Usually, renal abnormalities, laryngeal deformities, or both 
cause newborns to die at delivery [1]. Fraser syndrome has genetic variation, so the people affected 
can have different expressions of the disorder and an even more stressful level of intensity [5]. Since 
the specific features of Fraser syndrome can differ in each patient and throughout his or her 
development, diagnosis and treatment of the disease may be complicated [6]. The extracellular matrix 
proteins required for adhesion between the basement membrane of the epidermis and the connective 
tissues of the dermic layer during embryonic development are encoded by the genes FRAS1, FREM1, 
FREM2, and GRIP1 [7]. 

1.1. Aims and Objectives 

The present case reports aim at raising awareness of further cases of Fraser syndrome and 
adding to the data on the identification of new mutations in the FRAS1 gene. To shed more light on 
people’s genetics, thus offering a better understanding of the phenotypic heterogeneity associated 
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with FRAS1 mutations, we report two cases here. These reports are useful for clinicians and genetic 
counselors as they educate them on the significance of genetic testing as an approach to making an 
accurate diagnosis of FS, which is usually complex due to its heterogeneity. In addition, the study 
offers an understanding of the pathways involved with this disorder and, therefore, informs potential 
future studies, as well as intervention approaches. Finally, increasing awareness about these new 
mutations can contribute to the diagnosis and better management of patients with those findings, 
thus increasing the quality of care and prognosis. 

1.1.1. Importance of FRAS1 Gene in Fraser Syndrome 

Studies have explored the impact of Fraser syndrome a rare, congenital disease associated with 
a definite pattern of dysmorphia on the FRAS1 gene [1]. This gene is involved in the function of a 
protein that is critical in the development of the epithelial layers and maintenance of the tissue 
architecture, especially in embryonic development [8]. FRAS1 mutations interfere with the normal 
function of adhesion-related tissues and signal transduction between cells, which results in several 
symptoms of Fraser syndrome-like ocular dermoid, finger and toe fusions, and urogenital 
abnormalities [9]. A basic role of the FRAS1 protein is to provide structural support to molecules that 
make up the extracellular matrix of tissues through binding with other components [10]. Mutation in 
this gene leads to crucial developmental problems, and this means that the gene is crucial in 
regulating cell interactions vital for the formation of an organ [11]. Furthermore, clinical findings in 
individuals with Fraser syndrome would also indicate that mutations in FRAS1 can present with a 
wide range of phenotypic expression, thereby complicating clinical classification as well as diagnosis 
and management. 

Moreover, the role of the FRAS1 gene in diagnosis also means acknowledging the role of genetic 
counseling and explaining to families the patterns of inheritance and recurrence risks [12]. The Fraser 
syndrome is a rare genetic disorder, and a genetic test for the FRAS1 mutation is vital for early 
diagnosis of the various complications since management can be immediate [1]. However, continued 
preclinical work to further understand the molecular function of FRAS1 could offer suggestive 
therapeutic targets, improving hope for improved clinical intervention for affected people with this 
complicated syndrome [13]. To sum up, the FRAS1 gene not only plays a crucial role in the genetic 
basis of Fraser syndrome but also offers hope in the argument for broadening the knowledge of 
congenital diseases and promoting the betterment of the patient’s condition. 

2. Materials and Methods 

2.1. Case.01 

2.1.1. History of Patient 

A 32-year-old patient (G:6 P:5 A:0 L:1) in the 31st week of pregnancy, colliding with the date of 
her last menstruation, was referred to our hospital from an external center with a diagnosis of severe 
oligohydramnios and intrauterine growth retardation. Her ultrasound revealed fetal measurements 
consistent with 26 weeks of gestation, along with monitoring of fetal cardiac activity and observation 
of severe oligohydramnios. The bilateral kidneys could not be monitored (bilateral renal agenesis), 
and the lungs were observed to be congested. A detailed fetal examination could not be performed 
due to oligohydramnios. The patient was admitted for a Caesarean section with evidence of a 
previous Caesarean section and a breech presentation after the onset of labor. A male newborn 
weighing 920 grams and measuring 31 cm with an Apgar score of ½ was delivered by breech cesarean 
section. The newborn suffered from various abnormalities and spontaneous breathing and was 
subjected to positive-pressure ventilation. When his breathing could not be started, an attempt was 
made to intubate the newborn, but the intubation was not possible due to his larynx being too narrow. 
The newborn died of respiratory failure in the 30th postnatal minute. 
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2.1.2. Diagnosis 

Postmortem examination led to the observation of bilateral cryptophthalmos, low hairline, 
depressed nasal root, nasal hypoplasia, low ears, turbinate malformation, microstomia, narrow chest, 
cutaneous syndactyly in the left hand, and umbilical hernia, as shown in Figure 1A. 

 

Figure 1. A: Postnatal appearance of the first case. B: Pedigree of the family. FRAS1 gene was fist sequenced in 
parents. Unaffected couple were heterozygous for c.7777C>T mutation (p.Q2593X). C: Result of the FRAS1 gene 
sequencing encompassing the c.7777C>T (exon 54). The single nucleotide substitution in the FRAS1 gene is 
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observed in the middle column in sample. At the top of the figure, the location of the sequenced region was 
indicated according to the genome reference consortium. The original sequence, codons and corresponding 
amino acids are shown at the bottom of the figure. D: Postnatal appearance of the second case. E: Pedigree of the 
family. FRAS1 gene was fist sequenced in parents. Unaffected couple were heterozygous forc.9821G>C mutation 
(p.R3274P). F: Result of the FRAS1 gene sequencing encompassing the c.9821G>C (exon 64). The single 
nucleotide substitution in the FRAS1gene is observed in the middle column in sample. At the top of the figure, 
the location of the sequenced region was indicated according to the genome reference consortium. The original 
sequence, codons and corresponding aminoacids are shown at the bottom of the figure. 

Karyotype analysis revealed 46XY. The case was diagnosed with Fraser syndrome based on 
clinical findings. A blood sample was taken from the sample for further investigations into gene 
mutations, which again could not be carried out due to technical deficiencies. Information about the 
parents suggested that they were relatives (first cousins), and the motherʹs birth history indicated 
that she had given birth to a healthy male child in her first pregnancy. In her four consecutive 
pregnancies, one year apart from the first pregnancy, there has been a history of infant deaths with 
similar abnormalities, as shown in Figure 1B. 

The family had not received genetic counseling during or after their previous pregnancies. After 
birth, blood samples were collected from parents for prospective gene mutation studies. DNA was 
obtained from blood samples by standard procedures. Therefore, all 75 protein-coding exons and 
splice sites of the FRAS1 gene were sequenced using the next-generation sequencing method on the 
Illumina Miseq platform. Both results reported a heterozygous premature stop codon mutation 
c.7777C˃T (p. Q2593X) in exon 54 of the FRAS-1 gene. This mutation has been classified as pathogenic 
by various online prediction tools (Mutation-Taster). The mutation identified in the gene mutation 
study thus conducted was reported to be a novel mutation that had not been previously described, 
as shown in Figure 1C. HGMD was used to describe the mutations as novel. The family was 
transferred to the genetics department of our hospital and received genetic counseling for Fraser 
syndrome. 

2.2. Case. 02 

2.2.1. History of Patient 

A 28-year-old patient (G:7 P:6 A:0 L:2) in the 40th week of pregnancy, matching the date of her 
last menstrual period, presented to our clinic with the onset of labor pains. The patient had not 
undergone previous prenatal follow-up, and her ultrasound failed to observe the fetal heartbeat and 
had severe oligohydramnios. The bilateral kidneys had a hypoechoic appearance (renal cystic 
dysplasia), and the lungs were hyperdense. The patient gave birth vaginally to a male newborn 
weighing 3700 g and 51 cm with an Apgar score of 0. Postnatal autopsy of the newborn revealed 
unilaterally incomplete cryptophthalmos, low and dysmorphic ears, cleft lip and palate, skin tip 
syndactyly in fingers and toes, bilateral cryptorchidism, and imperforate anus, as shown in Figure 
1D. The case was diagnosed with Fraser syndrome based on clinical findings. The couple (first 
cousins) were in a blood marriage. The obstetric history showed that the couple had two healthy and 
live male children and experienced the birth and postnatal deaths of infants with similar anomalies 
in four additional pregnancies, as shown in Figure 1E. 

2.2.2. Diagnosis 

The family, which had not previously received genetic counseling, provided blood samples for 
further research into gene mutations. All 75 coding exons and splice sites of the FRAS1 gene were 
sequenced using the next-generation sequencing method on the Illumina Miseq platform. The results 
of the gene mutation study were reported as a heterozygous missense mutation c.9821G˃C (p. 
R3274P) in exon 64 of the FRAS1 gene for both parents. This mutation has been classified as 
pathogenic by various online prediction tools (Mutation-Taster and PolyPhen-2). In addition, the 
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report said that the mutation so identified was a novel mutation that had not been previously 
described. HGMD was used to describe the mutations as novel. The family received genetic 
counseling for Fraser syndrome in the genetics department of our hospital, as shown in Figure 1F. 

3. Discussion 

In this report two unusual cases of Fraser syndrome, an autosomal recessive genetic disorder 
characterized by birth defects such as cryptophthalmos, syndactyly and multiple craniofacial 
anomalies are presented. In both patients, the FRAS1 gene that encodes the main protein associated 
with Fraser syndrome was sequenced and novel pathogenic mutations previously absent in literature 
were identified. As incidents between 0.043 and 0.11 per 100,000 live births have been estimated for 
Fraser syndrome yearly, the disorder is considered to be exceptionally rare among people [3]. This 
condition arises from biallelic mutations at genes crucial for the development of extracellular matrix 
proteins and is mostly connected with FRAS1 [14]. So far as over a hundred distinct pathogenic 
variants have been described in literature affecting FRAS1 gene and causing Frasier syndrome [1]. 
The identification of new mutations further supports the genetic heterogeneity of this uncommon 
disease highlighting the importance of extensive familial genetic screening. 

In the first case, Fraser syndrome was identified in the patient who had many congenital 
abnormalities including craniofacial abnormalities, syndactylism and bilateral cryptophthalmos. 
Sanger sequencing analysis showed homozygous mutation c.7777C>T (p.Q2593X) in the exon 54 of 
the FRAS1 gene. A change of codon causes the premature stop mutation that leads to the formation 
of non- functional fras1 protein hence disturbing ECM cell deposition and organ growth [15]. The 
parents were first-degree cousins, thus giving the autosomal recessive pattern of Fraser syndrome. 
The second case was of a fetus that was postnatally suspected of having Fraser syndrome and was 
found to have many characteristics, such as unilateral cryptophthalmos, cleft lip/palate, and 
syndactyly. The molecular study was performed on this patient and a new heterozygous missense 
mutation c. 9821G>C (p. R3274P) in exon 64 of FRAS1 was identified. 

According to various in silico pathogenicity prediction tools, this amino acid substitution is 
expected to reduce protein function [16]. Notably, both parents were also reported to be heterozygous 
for this variant, which is also in line with the recessive nature of Fraser syndrome. Thus, the reported 
identification of new, until now unknown FRAS1 mutations can be considered for expanding the 
known list of Fraser syndrome mutations . Awareness of all these pathogenic variants is necessary 
for several reasons, as will be discussed below. First, it leads to a better definition of this disease on a 
genetic level, which is crucial for the clinical approach to the patient as well as for successful prenatal 
screening and further family planning [17]. Second, as mentioned above, detailed characterization of 
newly revealed variants may help in understanding the molecular nature of the FRAS1 protein and 
the pathways that regulate normal growth and development [18]. The results of such research may 
one day contribute to the creation of individualized treatment for Fraser syndrome. 

Both families in the present report had a history of recurrent pregnancy losses, and still-born 
infants with the presented congenital anomalies. This makes it imperative that couples, especially in 
consanguineous marriages, undergo genetic counseling and tests to reduce the effects of autosomal 
recessive disorders such as Fraser syndrome [19]. However, the families had never had any previous 
genetic counseling, making it evident that there is a dire desire for people to seek genetic services, 
especially in areas where most people still practice consanguinity [20]. Therefore, Fraser syndrome 
can present with a wide clinical spectrum, from simple isolated cryptophthalmos to severe 
multiorgan involvement and potentially lethal outcomes [21]. Herein, the newborns displayed a 
range of dysmorphic features, including craniofacial abnormalities of different severity, hand 
malformations such as syndactyly, and multiple urogenital system anomalies [22]. These findings are 
under the phenotypic genotype mapping of Fraser syndrome, which could affect eyes, ears, nose, 
mouth, limbs, kidneys, and genitalia [8]. The variability of the symptoms manifesting in Fraser 
syndrome may be complex and sometimes even misleading, especially when there are only certain 
vague symptoms [5]. In such circumstances, it is very helpful in management when a confirmatory 
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test, such as genetic testing, has been done [23]. In the present cases, the identification of pathogenic 
variants in the FRAS1 gene offers a distinct molecular diagnosis, direct genetic counseling, and an 
estimation of risk during the next pregnancies. 

Furthermore, as highlighted in the present report, both families in this study had a history of 
repeated abortions and stillbirths with similar congenital problems [24]. It therefore stresses the need 
for counseling and testing, especially in consanguineous marriages that are hereditarily endowed 
with autosomal recessive conditions like the Fraser syndrome [25]. However, these families reported 
no prior genetic counseling, pointing to the dearth of genetic awareness and the availability of such 
consulting in those areas where consanguinity is more prevalent [26]. Similarly, in our present work, 
we have identified new FRAS1 mutations and therefore added new data on the genetics of Fraser 
syndrome. The FRAS1 gene encodes a large extracellular matrix protein that is involved in embryonic 
development as well as in the formation of the basement membrane [27]. Loss of function of FRAS1, 
as exemplified by the present two heterozygous variants, can cause the spectrum of congenital 
anomalies associated with Fraser syndrome [28]. It can be assumed that the identification of new 
FRAS1 mutations might have implications for future therapeutic management, not only for refining 
diagnostic capacities [29]. Given the current study of the underlying molecular mechanisms that 
define Fraser syndrome, there could be the development of molecular therapies or gene therapies [4]. 
Yet, the existence of such a disease and the availability of affected people are quite rare, which is a 
major problem for the development of such approaches. 

Furthermore, when the causative genes for Fraser syndrome become much clearer, disease-
targeting drugs or gene therapies might be produced [30]. It is never easy to design proper therapy 
because of the disease’s dynamics and effects on many systems; epidemiology requirements also 
enter [2]. At present, studies are necessary on potential management approaches in Fraser syndrome 
with the purpose of enhancing the outcome and existence of affected individuals with this 
uncommon disease [2]. Joint work of geneticists, developmental biologists, and clinicians is necessary 
for enhancing the understanding of the illness and for searching for the cure [1]. However, Fraser 
syndrome is not among the many genetic syndromes that can be managed today or which 
development of future genetics can assist in managing the syndrome. 

4. Conclusion 

The discovery of new mutations of FRAS1 is expanding the understanding of Fraser syndrome, 
an autosomal recessive disorder characterized by complex malformations at birth [28]. Amongst the 
known genes, FRAS1 is crucial for consistent embryonic development particularly the formation of 
the basement membrane and a major extracellular matrix protein [31]. These anomalies can be 
produced due to disruption of FRAS1 function and it has been seen in the two new variations 
described in the following study. Such mutations might improve diagnostics alongside providing 
potential therapeutic gene or gene-targeted spots [32]. However, the development of such treatments 
is severely frustrating due to the rarity of Fraser syndrome and the corresponding number of affected 
patients [1]. Frequent genetic testing along with proper counseling constitute the focus of the paper 
especially on the populations at higher risk for autosomal recessive diseases. 
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