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Strengthening molecular genetics and training in
craniosynostosis: The need of the hour
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ABSTRACT

cities need a special attention.

Craniosynostosis (CS) is premature fusion of skull. It is divided into two groups: Syndromic craniosynostosis (SCS)
and non-syndromic craniosynostosis (NSC). Its incidence in Indian population is 1:1000 live births where as in the
USA it is 1:2500 live births. Its incidence varies from country to country. Molecular genetics having great interest and
relevance in medical students, faculty, scientist, pediatric neurosurgeon and staff nurses, our objective was to educate
the medical students, residents, researchers, clinicians, pediatric neurosurgeon, anesthetists, pediatricians, staff nurses
and paramedics. We summarized here including with diagnosis, investigations, surgical therapy, induction therapy,
and molecular therapy. Molecular genetics training is needed to know the information regarding development of
skull, cranial connective tissue, craniofacial dysplasia, frame work, network of receptors and its etiopathogenesis.
The important part is clinically with molecular therapy (MT) how to manage CS in rural sector and metropolitan

Key words: Craniosynostosis, Indian population, medical education, training

Introduction

Current treatment of craniosynostosis (CS) consists
of surgical modalities exclusively. Management of CS
does not have to involve surgery, though surgery is an
important modality. The patients are best managed in a
multi-disciplinary way that should involve craniofacial
surgeons, ENT surgeons, pediatricians, craniofacial
nurse specialists and allied medical health professionals
such as speech and language therapists and dieticians.
Various surgical approaches have evolved to excise the
prematurely fused sutures and to remodel the dysmorphic
skull by cranial vaultre-modeling and advancement
procedures. Apart from strip craniotomies of the affected
sutures, the procedure involves extensive osteotomies
and repositioning of bony plates to remodel the cranial
vault. The goal of surgery is to increase intracranial
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volume (ICV) and to prevent elevation of intracranial
pressure (ICP). As a result the surgical correction of CS
is best begun within the first 3 to 6 months of life. Delay
in correcting CS can exacerbate associated facial skeletal
abnormalities such as facial asymmetry, malocclusion
and strabismus. The exact surgery required depends on
the sutures involved. For example, metopic synostosis
is marked by a restriction in the volume of the anterior
cranial fossa. This is treated by performing a sagittal
advancement of the fronto-orbital bar, with particular
focus on the lateral regions.! Midface hypoplasia and
other craniofacial dysmorphisms often accompany
syndromic forms of CS and are usually addressed at
4-5 years of age.”” Despite advances made in craniofacial
surgery for the treatment of CS, the operations are not
without risk. These surgeries are usually performed in
infancy, a time when children are most susceptible to
physiological insults. Infection, optic nerve ischemia,
seizures, bleeding, and the need for blood transfusion are
significant events in infancy and early childhood.”! We
estimated that 98% of patients undergoing fronto-orbital
advancement (FOH) procedures, 100% going cranial
vault reconstruction (CVR), 32% spring cranioplasty
findings hold a great challenge and new promise for
anesthetists.”! Surgical correction of CS often requires
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massive blood transfusions (MBTs).®! MBTs can be
defined as more than 10 units of packed red blood
cells (RBCs) transfusion in 24 hours or replacement
of more than 50% of patient blood volume within
12 to 24 hours.! Transfusion requirement exists in
both syndromic and non-syndromic cases. The major
part is hemorrhage, required special attention, surgical
procedure and pre-operative vigilance.”? This is
compounded by the need for further surgery either for
suture re-fusion after strip craniotomy or for correction of
secondary defects. Mortality rates have been described to
be as high as 1.5-2%.® For these reasons, the development
of minimally invasive, biological based-therapies such as
micro-injection, gene therapy (GT) offer a very attractive
option for the treatment of CS.F)

Background

According to our expertization and research, we
formulate an innovative conceptual role model for CS
management [Figure 1].

Investigations

(1) Skull radiograph, (2) 3D CAT SCAN, (3) funduscopy
examination, (4) psychological tests, (5) molecular
tests, (6) clinical photographs, (7) family history,
(8) essential additional information from second degree
relatives of father and mother, (9) measurement of
skull diagram, (10) anthropometric analysis, (11) dental
evaluation, (12) IQ test, and (13) coginitive, speech test
and (14) behavioral analysis should be done.

Antenatal diagnosis

Prenatal testing is available for high risk pregnancies
if a molecular defect has been identified in the family
(such as an earlier affected child or an affected parent).

SCS cs PRIMARY

NSC
SECONDARY

SCREENING
THROUGH OPD

EQUIRED TESTFOR

P.M.F ADND RELATIVES AFTER SURGERY

REQUIRED TEST

n
2
H
i

FOLLOW-UP OF THE
STUDY/TEST/LONG
TERM

BEFORE SURGERY RESEARCH

SURGCALEXPERT
OPINION

THERAPY MEDICATIONS

EDUCATION EXPERTISATION TREATMENT

Figure 1: An innovative conceptual model for craniosynostosis (CS)
management

Fetal DNA obtained through chorionic villous sampling
(CVS) at about 10-12 weeks of gestation (preferably)
or amniocentesis at 16-18 weeks of gestation can be
analyzed for the known disease causing mutation. In a
pregnancy not previously identified to be at risk for CS
in which an abnormal skull shape is detected on prenatal
ultrasound examination, prenatal testing is often not
possible, unless other findings indicate a well-known
syndrome form such as the limb anomalies in Apert
syndrome.

Low risk craniosynostosis

A vast majority of patients do not have neurologic
complications or mental retardation. Most patients present
with either cosmetic deformity or sociopsychological
problems.”!

Intermediate risk craniosynostosis

This group of CS may be treated surgically by
removing the affected sutures. These are complex
procedures that require extensive planning and CT
scan with three-dimensional reconstruction and a
team of physicians including neurosurgeons and
anesthesiologists. Correction is usually performed in
the first year of life for intermediate risk CS patients.®

High risk craniosynostosis

Untreated CS at time of diagnosis usually require
extensive investigation including are X-ray skull,
funduscopy, size of skull, SPECT/CT or the cognitive
and language development and IQ tests. There
may be a greater developmental risk for infants
with a single suture CS then? Those secondary
to (1) Primary microcephaly, (2) hydrocephalus,
(3) postural plagiocephaly. Recently we observed that
advanced paternal age and higher parental education
level are also associated with CS.")

Surgical therapy

No medical treatment exists to stop early ossification of a
cranial suture. Reasons to perform surgical interventions
can be increased intracranial pressure (ICP), decrease of
skull growth below third centile, facial deformity (which
can give cosmetic reasons for interventions), and (rarely)
progressive exophthalmoses threatening the eyes. Not
all children with a CS need surgical interventions. The
results are best when surgery is performed between
the age of 4 and 8 months at an early stage of although
there may be reasons to postpone surgery till a later
age.l'l Infants with a CS may require a series of
surgical procedures.!""?l Procedures for correction of
CS are performed in young infants with a small blood
volume (SBV) yet represent major surgery with extensive
blood loss (EBL).["3

Journal of Neurosciences in Rural Practice | October - December 2014 | Vol 5 | Issue 4 429



Barik, et al.: Strengthening molecular genetics and training in craniosynostosis

Induction therapy

Pre-treatment with erythropoietin and iron combined
with acute preoperative normovolaemic hemodilution
(APNH) could decrease homologous blood transfusion
during surgery in CS patients.['” Ringers lactate (RL)
solutions and normal (0.9%) saline (NS) are also useful
because the surgery requires large amount of intravenous
fluid replacement, which alter the ionic composition of
body compartments.!®!

Molecular therapy

Bone morphometric proteins (BMP) are part of the
transforming growth factor § (TGF-) super family
and are originally found to induce bone and cartilage
formation.["! This large group of proteins, comprising
nearly one third of the TGF-f superfamily, has also been
found to be involved in mesoderm induction, skeletal
patterning, and limb development."® Immunohistological
analysis of embryonic mouse sagittal sutures revealed
expression of BMP-2 and BMP-4 at the osteogenic fronts,
and BMP-4 in suture mesenchyme and osteogenic
fronts of both fusing and patent sutures." Novel tissue
engineering techniques may allow the design of targeted
complementary therapies to decrease the complications
inherent in high-risk surgical procedures. Recent
development in this filed include identifying genetic
mutations, formulating etiopathogenesis of various
craniosynostotic conditions, understanding cranial
suture biology and molecular biochemical pathways
involved in suture fusion and the design, development
and application of various vehicles and tissue engineered
constructs to deliver cytokines and genes to cranial
sutures. (Many of genes involved in syndromic forms
of (CS are shown in Table 1).

We find out novel and innovative mutation including
with non-syndromic craniosynostosis (NSC), FGFR?2iiia,
FGFR2iiib, FGFRiiic has been given 80% (120). However,
FGFR1, FGFR3 has observed lesser correlation with
NSC. Hence, we found that FGFR2 gene and its isomers
FGFR2iiia, FGFR2iiic genes are helpful for prognostic
marker and 99m Tc ECD SPECT/CT test as a diagnostic
marker as the gold standard for CS. Hence, biologically
based therapies maybe used as surgical adjuncts to
rescue fusing sutures or help to manage postoperative
resynostosis.*”

Genetic counseling

For adequate genetic counseling, it is important to make a
distinction between isolated and syndromic forms of CS.
Adequate evaluation for additional symptoms has to be
performed in each child with CS. Autosomal dominant
inheritance is the most common inheritance pattern
of most syndromic forms of CS.*? The percentage of

patients showing spontaneous new mutation is high.
However, germ line mosaicism is also known to occur
and should be discussed with the family. Human genetics
is now at a critical juncture. The molecular methods
used successfully to identify the genes underlying rare
Mendelian principle are failing to find the numerous
genes causing more common, familial non-Mendelian
disease. The human genome project opened new avenues
to identify unknown biological process in human disease
like CS. This massive and multifactorial data generated
by the present high-through put omics assays and explore
the utility of system biology approaches in this subject.l*!
New opportunities are being presented for unraveling
the complex genetic basis at non-Mendelian disorders
based on large-scale genome-wide studies. Usually
non-Mendelian pattern of inheritance can be identified in
non-syndromic forms of CS, although rarely the isolated
CS is familial, following an autosomal dominant pattern
of inheritance with reduced penetrance. The recurrence
risk in such cases is dependent on the nature of the suture
involved.

Future Directions

Paralleling recent work on cranial suture biology has
been the explosion of nucleic acid-based therapeutics
and the delivery mechanisms of these biological
products, while only two DN A-based drugs, fomivirsen,
an antisense oligonucleotide for treatment of CMV
retinitis, and Medicine, a p53 adenovirus for oncological
applications, have been approved for use; countless
other formulations are in various stages of clinical
trials. Progress has been impeded predominantly
by development of safe and effective techniques.®!
Nevertheless, medicine sits on the cusp of an exciting
revolution where diseases are targeted at the genomic
level. The application of these developments to CS
presents exciting options to surgical intervention.
As roles of FGF, TGF- TGF-b, EMX1, EMX2, MSXI1,
MSX2, TWIST, RECQL, BMP, BMP antagonists, and
their respective receptors are being clarified in cranial
suture biology, it is foreseeable that these molecules will
be targets of therapy for CS. With an increased use of
microarray technology, other potential candidate genes
will also be identified. The goal would be to suppress
the expression of genes promoting suture fusion or
to increase expression of those which support suture
patency. While the direct application of exogenous
growth factors or neutralizing antibodies is an option,
shortfalls of such approaches include short half-life, low
bioavailability, enzymatic inactivation and high cost of
purification. With such considerations, gene therapy
holds great promise for the future of CS.[02
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Table 1: Mutation detected in craniosynostosis patients

Syndrome Phenotype Chromosome Gene Exon/Domain Nucleotide Amino acid
localization change substitutes
Apert syndrome  Craniosynostosis, symmetrical syndactyly 10925.3-g26 FGFR2 7(U)/Linker: 934C—G Ser252Trp
of hands and feet, other anomalies Igll-Iglll 937C-G Pro253Arg
Crouzon Craniosynostosis, midface deficiency, 10g25.3-g26 FGFR2 7(U)/Igllla 982insTGG Thr268ThrG
syndrome ocular proptosis 978T-G Ser267Pro
1012G->T Cys278Phe
1038del DHislleGiIn
CCACATCCA 287-289
1045A—C GIn289Pro
1047T—-G Trp290Gly
1047T—-C Trp290Arg
9(B)/Iglllc 1162A—-G Tyr328Cys
1191G—-C Gly338Arg
1197T7T-C Tyr340His
1203T—A Cys342Ser
1203T—C Cys342Arg
1204G—A Cys342Tyr
1204G—-T Cys342Phe
1205C—-G Cys342Trp
1210C—G Ala344Gly
1211G—-A Ala344Ala
1219C—-G Ser347Cys
1240C—-G Ser354Cys
Pfeiffer syndrome Craniosynostosis, broad thumbs, broad 8q11.2-q12 FGFR1 5/Linker: Igll-Iglll ~ 755C—G Pro252Arg
great toes, other anomalies 7(U)gllla 1012G—T Cys278Phe
10025.3-g26 FGFR2 9(B)/Igllic 1141A—-C Thr341Pro
1200A—C Asp321Ala
1203T—-C Cys342Arg
1203T—A Cys342Ser
1204G—A Cys342Tyr
1204G—C Cys342Ser
1209G—C Ala344Pro
1254G—-T Val359Phe
1263insTCAACA  DGly345-Pro
Acceptor splice site
T(-3) G
A(-2) G
GH+1)T
(1119G—-T)
Jackson-Weiss  Tarsal/metatarsal coalitions and, variably, 10925.3-g26 FGFR2 7(U)/Igllla 1045A—C GIn289Pro
syndrome craniosynostosis and broad great toes 9(B)/gllic 1203T—C Cys342Arg
1211C—-G Ala344Gly
Beare-Stevenson Cloverleaf or crouzonoid skull, cutis gyrate, 10925.3-g26 FGFR2 10/Iglll-TM 1294C—G Ser372Cys
cutis gyrata furrowed palms and_soles, cut_gneous/ 10/TM 1303—G Tyr375Cys
syndrome mucosal tags, prominent umbilical stump
Thanatophoric Type 1 (curved humeri and femora; may  4p16 FGFR3 7/Linker: Igll-Iglll ~ 742C—T Arg248Cys
dysplasia have cloverleaf skull) 9/glll-TM 746C—G Ser249Cys
Type Il (straight humeri and femora; 19/C-tail 1111AST Ser371Cys
cloverleaf skull more commonly found) 17/K2 2458T G Stop807Gly
2458T—A Stop807Arg
2460A—T Stop807Cys
1948A—G Lys560Glu
Contd...
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Table 1: Contd...

Syndrome Phenotype Chromosome Gene Exon/Domain Nucleotide Amino acid
localization change substitutes

Crouzon Craniofacial dysostosis, acanthosis 4p16 FGFR3 10/TM 1172C—A Ala391Glu

syndrome with nigricans

acanthosis

nigricans

COIlClLISiOIl Int Surg 1997;84:332-8.

Before stopping my ink we have to think that as we move
into a new millennium, the association of computational
and molecular technological developments including
the sequencing of the human genome, next generation
sequencing is opening up new and unprecedented
opportunities for genetics research. The important part
is to devise a strategy to manage craniosynostosis (CS)
in rural sector and metropolitan cities and training
for medical student, researchers, clinicians, pediatric
neurosurgeon and staff nurses is necessary.*>?!
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