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Introduction

The majority of known genetic causes of craniosynostosis 
are mutations in the genes encoding fibroblast growth factor 
receptor types 1‑3 (FGFR 1, 2 and 3);[1] other significant 
genes are TWIST1 and EFNB1. A major breakthrough in 
understanding the genetic background of craniosynostosis 
has been the identification of genetic defects in several 
syndromes, including the most common Crouzon syndrome 
and Apert syndrome. In general, more than 40 genes and 
several variants were reported in the literature as genetic 
risk factors for craniosynostosis and only 60% heritability 
was explained. The presence of mutations in the group 
of genes coding for the FGFR in patients with Apert and 
Crouzon syndromes is now clearly established.[2‑4] These 
genes code for receptors on the cell surface, which mediate 
the effects of fibroblast growth factors (FGF). The effects 
of FGFs are not fully understood, but they are already 
clearly implicated in important cellular processes such as 
cell growth, differentiation, migration and survival. Although 
4 different genes are located in different chromosomes, 
the receptor proteins they encode for being very similar 
structurally. A number of craniosynostotic disorders have 
recently been ascribed to mutations in genes coding 
for FGFR 1, 2 and 3.[5]  The common features of these 
FGFR associated conditions are the unilateral or bilateral 
premature ossification of the coronal suture. The present 
finding points out the importance, from both diagnostic 
and prognostic points of view, of early FGFR mutational 
screening in craniosynostotic conditions, even in forms 
that apparently do not involve closure of the coronal suture 
at birth.

OBJECTIVE: The Objective of this study was to identify 
the association of mutation of fibroblast growth factor 
receptor 1 (FGFR1), FGFR2 genes with syndromic 
as well as non‑syndromic craniosynostosis in Indian 
population.
MATERIALS AND METHODS: Retrospective analysis 
of our records from January 2008 to December 2012 
was done. A total of 41 cases satisfying the inclusion 
criteria and 51 controls were taken for the study. A total 
volume of 3 ml blood from the patient as well as parents 
was taken. Deoxyribonucleic acid extracted using phenol 
chloroform extraction method followed by polymerase 
chain reaction‑restriction fragment length polymorphism 
method.
RESULTS: There were 33 (80.4%) non‑syndromic cases 
of craniosynostosis while 8 (19.5%) were syndromic. Out of 
these 8 syndromic cases, 4 were Apert syndrome, 3 were 
Crouzon syndrome and 1 Pfeiffer syndrome. Phenotypically 
the most common non‑syndromic craniosynostosis was 
scaphocephaly (19, 57.7%) followed by plagiocephaly in 
(14, 42.3%). FGFR1 mutation (Pro252Arg) was seen in 
1 (2.4%) case of non‑syndromic craniosynostosis while no 
association was noted either with FGFR1 or with FGFR2 
mutation in syndromic cases. None of the control group 
showed any mutation.
CONCLUSION: Our study proposed that FGFR1, FGFR2 
mutation, which confers predisposition to craniosynostosis 
does not exist in Indian population when compared to the 
western world.
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Aim and objective

The aim is to identify association of mutation of FGFR1, 
FGFR2 genes with syndromic as well as non‑syndromic 
craniosynostosis in Indian population.

Materials and Methods

Retrospective analysis of records of patients registered 
in craniosynostosis clinic from January 2008 to 
December 2012 was done. Ethical clearance from the 
institute’s ethical committee was taken. Diagnosed 
cases of syndromic and non‑syndromic craniosynostosis 
patients between 6 months and 12 years of age either 
pre‑operative or postoperative were included in the 
study. Patients with primary microcephaly (secondary 
craniosynostosis), postural plagiocephaly, incomplete 
data and lost to follow‑up were excluded from the study.

Diagnostic investigations include clinical examination 
and plain X‑ray skull (anteroposterior, lateral and Towne’s 
view) and non‑contrast computed tomography with 3D 
reconstruction if required. Out of 63 registered cases, 
41 satisfying the inclusion were taken for the study. 
Blood sample (3 ml) was taken from both the parents 
along with the child in ethylene‑diamine‑tetra‑acetic acid 
vial. For control 50 healthy children of comparable age 
group, belonging to the same geographical region were 
included in this study.

Genomic deoxyribonucleic acid (DNA) was extracted 
from peripheral blood lymphocytes by phenol chloroform 
extraction method.[6,7] Primers to diagnose common 
FGFR1 and FGFR2 mutations in this study are listed 
in Table 1. Custom‑synthesized primers for FGFR1 
and FGFR2 gene were designed (Sigma Aldrich 
Chemicals Pvt. Ltd., Bangalore, India). polymerase chain 
reaction (PCR) for each sample was performed in 0.2 ml, 
thin‑walled tubes using 20 ng of DNA, 2‑5 pmol of each 
primer, 200 mm dinucleotide triphosphates, 10 × PCR 
buffer, 1.5 mm MgCl2 and 0.5 units of DyNAzyme II 

DNA Polymerase (Thermo Scientific). The PCR reaction 
was carried out in a T‑100 DNA Engine (Bio‑Rad, 
Hercules, CA, USA) Thermal cyclers under the following 
conditions: 95°C for 3 min, 35 cycles at 95°C for 30 s, 
annealing temperature as in Table 1 for 30 s and 72°C 
for 1 min/KB and a final extension at 72°C for 7 min. 
Amplicons size were verified by gel electrophoresis by 
running the PCR product on 2% agarose gel with the 
100 bp maker (ladder). After successful amplification, 
PCR products were digested as per the manufacturer’s 
instructions with the respective restriction endonucleases 
mentioned in Table 2 and analyzed on an ethidium 
bromide‑stained 3.0% agarose gel with 50 bp Ladder.

Results

There were 33 (80.4%) non‑syndromic while 8 (19.5%) 
syndromic cases. Out of these 8 syndromic cases, 4 were 
Apert, 3 were Crouzon and 1 Pfeiffer. Phenotypically 
the most common non‑syndromic craniosynostosis was 
scaphocephaly (19, 57.7%) followed by plagiocephaly in 
14 (42.3%). FGFR1 mutation (Pro252Arg) was seen in 
1 (2.4%) case of non‑syndromic craniosynostosis while 
no association of mutation with either FGFR1 or FGFR2 
mutation was noted in syndromic cases. The only mutation 
FGFR1 (Pro252Arg) seen, was in a boy with non‑syndromic 
unicoronal craniosynostosis. The mutation was also present 
in her mother who had mild facial asymmetry, but do not 
have craniosynostosis. None of the control group showed 
any mutation. Our results suggest that the mutation is not 
associated with craniosynostosis with Indian children. 
Figure 1 showing the PCR product amplification of FGFR1 
on 2% Agarose gel, after successful amplification the 
product was digested. After digestion, all the fragments were 
resolved on 3% agarose gels. The homozygous normal 
allele (CC) produced 4 fragments of 109 bp, 69 bp, 27 bp, 
11 bp size. The heterozygous (GC) produced 5 fragments 
of 109 bp, 136 bp, 69 bp, 27 bp, 11 bp size, whereas the 

Table 1: Primer sequences used for present study
Primers Forward Reverse Amplicon 

size (bp)
Annealing 

temperature (C°)
FGFR2 (IIIa) GGTCTCTCATTCTCCCATCCC CCAACAGGAAATCAAAGAACC 325 62
FGFR2 (IIIc) CCTCCACAATCATTCCTGTGTC ATAGCAGTCAACCAAGAAAAGGG 257 62
FGFR1 GGAATTCCATCTTCCACAGAGCGG GGAATTCCTCAAGATCTGGACATAAGGCAG 216 64
FGFR: Fibroblast growth factor receptor
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homozygous mutant (GG) produced 3 fragments of 136 bp, 
69 and 11 bp. However due to 69 bp, 27 bp, 11 bp are too 
small to be visualized so the normal, heterozygous and 
mutant allele were defined on the basis of bigger fragments, 
i.e. 109 and 136 bp. Lane 1 contains the PCR product of size 
216 bp, Lane 2 contains the heterozygous condition (GG) 
size 109 and 136 bp for for craniosynostosis children and 
Lane 4, 5 shows digested PCR product of size 109 bp for 
non‑craniosynostosis children [Figure 2].

Discussion

Children suffering from genetic disorders are not only 
social liability, but also an extra burden on the economy of 
developing countries such as India, Pakistan and Sri Lanka. 
Craniosynostosis is one of the major genetic disorders 

affecting the central nervous system in children with 
reported incidence of 1/2,200 live births.[8] First description 
of craniosynostosis was given by Otto in 1830.[9] Since 
then multiple theories have been proposed to explain the 
pathogenesis, with recent studies focusing on genetic 
regulation.[10] Still the etiology of the disease is largely 
unknown however the condition is related to abnormalities 
in the base of the skull and is frequently seen in association 
with osseous abnormalities of the face. Universally accepted 
hypothesis is an abnormal premature fusion of the cranial 
suture mainly because of an imbalance between proliferation 
and differentiation of cell. Craniosynostosis can either be 
non‑syndromic or syndromic with the former more common 
than the latter. Various authors of the western world have 
reported the role of FGFR1 and 2 in craniosynostosis.[11‑15] 

Our study is truly based on Indian population suffering 
from craniosynostosis. In English literature, multiple 
reports are available regarding the role of FGFR1 and 
FGFR2 genes in craniosynostosis, but similar data from 
the Indian subcontinent is still lacking. To the best of our 
knowledge, this is the pilot study from Asian subcontinent 
addressing the association of the FGFR1 and FGFR2 
mutation with craniosynostosis. In the present study, we 
have screened the most common associated mutation of 
FGFR1 Pro252Arg[16,17] and S252W in FGFR2,[18] Pro253Arg 
in FGFR2,[1‑2,19‑22] Q289P,[23,24] Arg342Cys[25‑27] in Indian 

Table 2: FGFR1 and FGFR2 amplicon size (bp) after PCR 
amplification and restriction digestion
Gene PCR 

product 
(bp)

Restriction 
enzymes

Type of 
mutation

CC GG

FGFR1 
(Pro252Arg)

216 MnlI Missense
Transversion

109 bp
69 bp
27 bp
11 bp

136 bp
69 bp
11 bp

FGFR2 IIIa 
(Arg253Pro)

325 BstUI Transversion 325 bp 266 bp
59 bp

FGFR2 IIIa 
(S252W)

325 SfiI Transversion 325 bp 260 bp
65 bp

FGFR2 IIIa 
(Q289P)

325 BsaJI 325 bp 
(AA)

157 bp (CC)
68 bp

FGFR2 IIIc 
(Arg342Cys)

257 BsaAI Transition 257 bp 
(GG)

140 bp (AA)

117 bp
FGFR: Fibroblast growth factor receptor, PCR: Polymerase chain reaction, 
CC: Homozygous normal , GG: Homozygous mutant

Figure 1:  2% Agarose gel showing polymerase 
chain reaction (PCR) product of fibroblast growth 

factor receptor 1 amplification (216 bp) (1) Molecular 
maker (100 bp); (2‑7) PCR prdocut of craniosynostosis 

and and non‑craniosynostosis children

Figure 2: Restriction fragment length polymorphism of 
polymerase chain reaction (PCR) product of fibroblast 

growth factor receptor 1 on 3% Agarose gel from 
craniosynostosis and non‑craniosynostosis children’s 
which were analysis for MnlI digestion. (1) Molecular 
marker (50 bp); (2) PCR product for craniosynostosis 
children’s; (3) Completely digested PCR product for 
craniosynostosis children’s (GC) (136 bp, 109 bp); (4 

and 5) Completely digested PCR product for 
non‑craniosynostosis children’s (CC) (109 bp)
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population. Pedigrees of 41 children suffering from both 
syndromic as well as non‑syndromic craniosynostosis (Apert 
Syndrome, Crouzon and Pfeiffer syndromes) were analyzed. 
We did not find any association with FGFR2 mutation in 
families of children suffering from craniosynostosis. Only 
mutation (FGFR1 [Pro252Arg]) seen, was in a boy with 
non‑syndromic unicoronal craniosynostosis. The mutation 
was also present in his mother who had mild facial 
asymmetry but do not have craniosynostosis. Age of the 
child was 32 months and on examination there was flattening 
of the frontal bone on the right side, with a prominent frontal 
eminence on the left side resulting in anterior plagiocephaly. 
There was no exorbitism, midface hypoplasia, oral palatal 
defect, or ear abnormality either in mother or son. There 
was no family history of craniosynostosis. The child doesn’t 
show any peculiar features to differentiate him from others 
except the manifestation of underlying primary pathology. 
Most patients with craniosynostosis do not, however, 
have obvious syndromic features, making an accurate 
diagnosis and genetic counseling more difficult, particularly 
because non‑syndromic craniosynostosis is likely to be 
etiologically heterogeneous. Up to 30% of such patients 
with coronal craniosynostosis have a specific mutation 
in FGFR3 (Pro250Arg) that is more reliably identified 
by genetic testing than by clinical features. Mutations of 
FGFR2 are much rarer in non‑syndromic patients, but a 
small number of FGFR2 mutations have been identified in 
individuals with mild, atypical or more variable phenotypes. 
Our study provides evidence that the mutation is not 
associated with craniosynostosis in Indian children, although 
it has been shown to be associated with children in Australia 
and other western countries. Because India is known for its 
diversity and complexity of genome therefore, it is important 
to perform replicate studies of patients from diverse ethnic 
origins (different states of India) before either designating 
or excluding this mutation as a risk for craniosynostosis. 
This study will help in better understanding of the existing 
genetic mutations in Indian children suffering from this grave 
disease thereby providing an opportunity to the treating 
pediatric surgeons to reduce the agony and suffering of 
the children. The present study tries to establish a novel 
bimolecular marker for consideration and determination of 
craniosynostosis patients in India. Our study has its own 
limitation such as small sample size for arriving at any 
definitive conclusion. In a recent study, Wilkie et al. has 

shown the prevalence and complications of a single gene 
and chromosomal disorders in craniosynostosis.[28] They 
concluded that cytogenetic and molecular genetic testing, 
as a minimum for mutations in FGFR3 (P250R) and FGFR2 
exons IIIa and IIIc, should be an integral part of management 
in children with bicoronal, unicoronal or multisuture 
synostosis. Research aimed at identifying new genetic 
mutation in craniosynostosis requires careful choice of the 
patients, as many with chromosomal abnormalities or other 
syndromes may have secondary causes. Other publications 
on craniosynostosis involving European ancestry (NHW) 
populations were important from the perspective of 
population specific understanding of the genetic causes. 
Justice et al. in their study of 130 non‑syndromic cases 
showed the susceptibility loci for non‑syndromic sagittal 
craniosynostosis near BMP2 and within BBS9 and was 
associated with familial (case‑parent trios of European 
ancestry) craniosynostosis. It also represented the first 
major step toward deciphering the genetic etiology of 
non‑syndromic sagittal craniosynostosis (sins).[29] Yagnik 
et al. reported that ALX4 variants may have an impact on 
the genetic etiology of non‑syndromic craniosynostosis.[30] 
Seto et al., in a series of 164 cases have shown that genetic 
testing of patients with isolated sagittal or coronal synostosis 
should include TWIST1 mutational analysis.[31] Study of 
Asian continent through Korea by Yu et al. showed the 
genotypic and phenotypic analyses of Korean patients with 
syndromic craniosynostosis.[32]

Conclusion

Our study provides the strongest evidence that 
association of mutation of FGFR1, FGFR2 with 
syndromic as well as non‑syndromic craniosynostosis 
does not exist in Indian population as seen in western 
population. Our study will provide the necessary platform 
for further research to better understand the genomics 
of craniosynostosis in Indian population.
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