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ABSTRACT

Background: The central nervous system is an intricate networking of electric signals that intertwines the functioning
of all senses of speech, thoughts etc. A genetic mutation in this complex structure is known to cause many
neurological diseases.

Methods: Records of the genetic analysis reports of patients were studied. Patients with CNS genetic syndromes or
tubulinopathies in fetus of the present pregnancy or previous pregnancy who presented themselves only for genetic
counseling with the genetic analysis report done at an outside diagnostic center were selected.

Results: Ten patients presented with history congenital abnormalities of the structure of the central nervous system in
pregnancy. Non-invasive investigations in the first child led to the need for genetic analysis of the present foetus.
EEG showing independent S2 foci and left central parietal and right temporal region with bilateral synchronous
discharge was noticed. MRI findings such as chronic infarct with encephalomalacia were seen.

Conclusions: Our study identified genes responsible for CNS abnormalities in structure and function and the Exom
sequence in which they occurred. We were able to observe various types of clinical presentations of the syndromes on

MRI/USG.
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INTRODUCTION

The central nervous system is an intricate networking of
electric signals that intertwines the functioning of all
senses of speech, thoughts etc.! The vertebrate central
nervous system (CNS) has elaborated on the structure of
neural gene of proteates to produce a complex structure.?
A genetic mutation in this complex structure is known to
cause many neurological diseases.*

Impaired cortical development is known to cause
epilepsy in human beings and this development of the
cortex involves three overlapping processes of neuronal
and glial proliferation, neuronal migration and cortical
organization.® Malformations are known to have a genetic

origin and some may be linked to prenatal insult.®
Tubulinopathies associated with overlapping range of
brain malformations caused by mutation of one of seven
genes encoding different isotypes, while Lissencephaly
ranges from complete absence of sulci (agyria) to a
thickened cortex.*

These neurological diseases are usually due to dynamic
mutations, as seen in Huntington’s disease.® These genes
which are responsible for RNA and protein expression
are polygenic and polymorphism can influence the
expression of these genes and target proteins.® Human
studies have shown gene variants in the form of
insertions, deletions, inversions etc.> Neurological
diseases like Nijmigen breakage syndrome and ataxia
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telengectasia are closely related to single gene disorders
that have several signal transduction pathways.®
Frameshift and nonsense mutations play a role in
neurological diseases especially in biochemically proved
adrenomyeloneuropathy.” Recent advances have shown
adhesion molecules like Po, L1 and merosin which are
responsible for the myelination of Corpus Callosum and
Corticospinal tract, when mutated cause abnormalities in
the nervous system development ,leading to the belief
that syndromes related to the CNS are dependent on
multifunctional molecules.®

As very few studies have looked into antenatal modalities
in investigating genes responsible for CNS syndromes
,our study was conducted to observe possible genetic
mutations responsible for various CNS associated
syndromes in humans identified in the antenatal period.

Aims and objectives of the study was to determine the
genetic mutations responsible for CNS mutation and
tubulinopathies and to determine the mode of
investigation and associated features seen on non
invasive antenatal modalities.

METHODS

This was a retrospective descriptive record study. Patients
with CNS genetic syndromes or tubulinopathies who
presented themselves only for genetic counseling at St.
Johns Medical College and Hospital ,with a genetic
analysis report done at an outside diagnostic center,
where the diagnosis of any abnormal gene affecting the
CNS, had been established, were included in the study.
Records of the genetic analysis report and folders of
patients were studied from 1% January 2019 to 30" June
2020.Ethical approval was obtained: IEC Study
No0.167/2020.

All records that identified any CNS genetic abnormality
in the pregnancy and had features of tubulinopathies were
selected. However, exclusion of other genetic
abnormalities of peripheral nervous system and other
systems were considered.

Patient records were coded to prevent the identification of
any individual subject and only the research team handled
the data. No treatment was provided for the patients and
prenatal diagnostic tests were not performed at the center.
Patients were given only genetic counseling. The
physicians had no part in the decision making of the
outcome of the pregnancy and absolute independence of
the decision of the patient and family to decide on the
continuation of the pregnancy was ensured.

Analysis
Data was analysed using the SPSS versions 16 after it

was manually entered in Micro Soft Excel. Simple
frequency and percentages was used for analysis.
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RESULTS

Our study looked into the case reports and genetic
analysis of ten patients with history of congenital
abnormalities of the central nervous system. The samples
collected were blood from the patient, cord blood,
Chorionic villus sampling, and amniotic fluid. Four
patients had history of consanguineous marriage. Gene
mutation and disease associated with the same was
evaluated. Of the 6 babies who required immediate
resusucitation, one expired in immediate neonatal period
due to birth asphyxia (intrapartum fetal distress at 32
weeks in woman with severe preeclampsia), one expired
after 10 days due to metabolic complications and the rest
four survived.

Indications for genetic analysis in present pregnancy

Most of the above pregnancies showed abnormalities in
the structures of the central nervous system of the foetus.
MRI of one such foetus showed total callosal agenesis
with colpocephaly, with cerebral medial frontoparietal
abnormal cortical indentations with irregular subjacent
ventricular contour grey matter signal nodularity, with
altered signs across white matter consistent with
polymicrogyria with periventricular heterotopia. Another
showed suspected micro-tubulinopathy or X linked
hydrocephalus while others show micro lissencephaly
and grey white differentiation. These features in antenatal
non-invasive testing indicated the need for genetic
analysis.

Indications for gene analysis with past affected
pregnancy

Most mothers had history of prior pregnancy loss. One
patient had history of two Medically Terminated
Pregnancies, due to club foot retrognathia,
polyhydramnios, kyphosis and other congenital
anomalies. Positive genetic abnormalities in the first
sibling or first cousin, such as autism spectrum disorder,
poor eye contact, epilepsy, healing loss, neonatal
seizures, microcephaly, bilateral epicanthal folds,
bilateral forefoot adduction, bilateral low set ears, and
mild Mental retardation were observed.

Non invasive investigations in the first child led to the
need for genetic analysis of the present foetus. Findings
like EEG showing independent S2 foci and left central
parietal and right temporal region with bilateral
synchronous discharge was noticed in one pregnancy.
MRI  findings such as chronic infarct with
encephalomalacia, changes with gliosis in right temporo-
parietal lobe with hemosiderin staining along gyri,
hypomyelinating leukodystrophy mesial temporal lobe
and hippocampus bilateral, suspecting mesial temporal
sclerosis. Ultrasound findings of lessincephaly and
tubulinopathy were seen in some.
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History of a father suffering from rod and cone
dystrophy, retinitispigmentosa, macular degeneration,
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post axial polydactyly and bilateral clinodactyly of the
5th toe was observed in one of the records.

Table 1: Genes coding for tubulinopathy.

Gene Disease (inheritance)

Type Consanguinity

Joubert syndrome
OFD1 10/Orofaciodigital Ex 12 Heterozygous Pathogenic -
Syndrome | (XLR/XLD)
C8orf37 Ex1  HOMOZvaous Likely
NM_177965.3 Baret -Biedl syndrome -21 Y9 pathogenic Consanguineous
Cdhrinm_033100.3 (BBS2D) Ex1l Homozygous ncertain marriage
significance
. Variant of
NAA15 mﬂfﬁgﬁe;%r?’fgn autosomal Ex 19 Heterozygous u_nce_rt_ain -
significance
Detected in index patient Hemizygous/
L1CAM (el_der S|bI|ng_) . Ex 19 Pathogenic -
Missense variation Homozygous
ChrX:153132233C>T
COL11A1 Fibrochondro-genesis 1 (AR)  Ex 8 Heter_o zygous  Likely . Cons_angumeous
(Carrier) pathogenic marriage
Muscular dystrophy
Dystroglycanopathy Variant of
CRPPA (congenital with brain and eye Ex 10 Homozygous uncertain -
anomalies) significance
Type A, 7 (AR)
Wolcott-Rallison syndrome Likely
EIF2AK3 (AR) Ex 9 Heterozygous pathogenic -
Mitochondrial complex | Heterozygous  Likely
FOXRED1 deficiency, Ex 6 (Carrier) pathogenic
Nuclear type 19 (AR) Consanguineous
Epileptic encephalopath Variant of marriage
PARS2 Prep \cephalopathy, EX2 Homozygous uncertain
early infantile ,75 (AR) L
significance
ASPM Qfljltgrs%iﬁﬁr?elz}éesiﬁa“(ﬂal‘g Ex2  Homozygous Pathogenic -
Pyrroline-5-carboxylate . .
ZKAC|§123328 3 reductase is a mitochondrial Ex4  Homozygous :._‘, Ll . Cons.angumeous
| . enzyme athogenic marriage

Genes are responsible for CNS associated
genetic abnormalities

Table 2: Questionnaire.

What is already known ~ What this study adds and recommendation |

or Tubulinopathies

Location of genes that are responsible for CNS genetic abnormalities

Outcomes of CNS genetic abnormalities

Clinical presentation of genetic mutations of the CNS antenatally and
findings on USG.

tubulinopathies.

Type of genetic inheritance pattern in

Correlation of various tubulinopathies and type of inheritance

Syndromic presentation of various CNS defects and tubulinopathies.

DISCUSSION

Our
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study ventured

into the wvarious congenital
developmental anomalies that involved the CNS and
looked into the gene mutations associated with them. We

identified 12 genes responsible for syndromes primarily
affecting the CNS. Most of these syndromes were
homozygous and pathogenic in nature.

Tubulinopathies manifest in a wide range of various
abnormalities such as lissencephaly, agyria-pachygyria-
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band spectrum, dysgyria, heterotopia, commissural
anomalies, anomalies of deep cerebellar nuclei,
Hippocampal anomalies , corticospinal tract anomalies,
hypoplasia of the brainstem and cerebellar hemispheres
and vermis etc.® These changes and characteristics were
similarly observed in the reports of our study.

We identified syndromes which could present with
mental autism, seizures, mental retardation, similar to
other autosomal disorders like Tuberous sclerosis
complex characterized by hamartomas and similar
clinical presentation. This points to the possibility that
most CNS associated genetic mutations may occur at a
common or specified parent loci.® We identified certain
similarities between Joubert syndrome identified in our
study and Tuberous sclerosis, where in both diseases
were caused by mutated heterozygous genes. Our study
identified OFD1 to be the pathogenic gene in fetus to
cause Joubert syndrome, while Erik et al identified Tsc
gene to cause Tuberous sclerosis in mice. Both diseases
are known to cause similar clinical presentations like
seizures etc, further substantiating the former theory.®

Bahi et al characterized tubulinopathies and
lissencephalies by cerebellar hypoplasia, agenesis of the
corpus callosum, and centrally predominant pachygyria,
corpus callosum abnormalities, and hypoplasia or
dysplasia of the brain stem and cerebellum.* These
clinical features were noticed in the MRI and USG
reports of our subjects. The study went on to describe that
these diseases included motor and intellectual disabilities,
epilepsy, and ocular findings of varying severity and the
inherited pattern to be an autosomal dominant manner
and de novo heterozygous pathogenic variant.* Similar
characteristics and findings were noticed in our results.*
A study stated patients with cortical abnormalities like
micropolygyria, have epilepsy to not be intractable, and
full control may be obtained by medical treatment.*
Clinical features of our patients showed similarities with
those described by Andermann et al. such as perisylvian
polymicrogyria. The study went onto stress the
importance of callosotomy with caution in patients with
micropolygyria.*

Most pregnancies observed in our study showed
abnormalities in the structure of the CNS of the foetus
with positive MRI findings. A study by Christian H et al
showed normal Karyotype of 14 out of 22 paediatric
anaplastic astrocytomas and all anaplastic astrocytomas
had DNA copy number.!!

Another study in rat spinal cord showed clones of
abundant unknown gene of myelin constituting protein
and myelin associated oligodendritic basic protein.*2
These studies could explain the gross changes in the CNS
that take place and diagnosed on Magnetic resonance
Imaging(MRI)/ Ultrasonogram (USG).

The possibility of the genes identified in our study to
have tumerogenic potential cannot be ruled out. Ayesha
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et al stated that tumours have a high progressive rate
based on genetic analysis, just like endometrial
Carcinoma and P1K3C gene.*® Kanno et al studied 13
cases with primary sporadic hemangioblastoma for
somatic mutation of VLH gene with analysis of DNA
detected abnormal single strand conformational
polymorphism, which was observed due to mutation in
Exom 1 and 2.14 Our study identified Baret —Biedl
syndrome 21 for Exom 1 and Microcephaly -5 and
epileptic encephalopathy for Exom 2. The above
syndromes substantiate the theory that single strand DNA
mutation of an Exom causes a vast range of genetic
disease spectrum of the CNS.

Antenatal infections can cause these genetic mutations of
the CNS as seen in a Boston study where newborn mice
were intracerebrally inoculated with type 3 reovirus
causing necrotising encephalitis compared to those which
developed hydrocephalus with type 1 virus and S1 gene
segment was responsible for the neurovirulence.15 These
findings direct us to evaluate subclinical viral infections
in the aetiology of tubulinopathies in humans.

Our study showed many gene mutations positive for CNS
defects which had developmental motor impairment. One
study by Heglind et al pointed the role of Foxsl in the
investigation and processing of neuronal signals
important for motor functioning.’* Imaging plays a
crucial role in identifying abnormal lesions in the brain
specially for diseases like VVon Hippel Lindau.'’

Our study showed antenatal non invasive imaging to be
an important modality for identifying lesions on MRI like
callosal agenesis, signal nodularities, polymicrogyria and
other tubulinopathies. Similar findings of lessencephaly
were seen in USG. Our study further substantiates the
need for ANC imaging in identifying CNS abnormalities
due to genetic abnormalities.'’

CONCLUSION

Our study identified genes responsible for CNS
abnormalities in structure and function and the Exom
sequence in which they occurred. We were able to
observe various types of clinical presentation of
syndromes on MRI and USG. The need for antenatal
surveillance and investigations like USG etc. can help
patients face a better outcome of the subsequent
pregnancies. Multidimensional approach, such as
supportive care including physical therapy to manage
spasticity, occupational therapy, and speech therapy to be
counselled. Seizures to be treated with antiepileptic drugs
and requirement of nonsurgical and surgical treatment to
be explained to parents at the time of genetic counseling.

Recommendations

Need for vigilant antenatal screening and adequate and
timely counselling of patients with a family history of
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tubulinopathies, in order to help in better outcomes of
future pregnancies.
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