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Abstract 

 

Autosomal recessive primary microcephaly (MCPH) is a rare, congenital, neurological condition with 

atavistic phenotype, usually distinguished by reduction in occipito-frontal head circumference strongly 

correlated with decreased cognitive capacity, simplified gyral cortical pattern and hypo-plastic skull vault. Being 

a genetically heterogeneous disorder, sixteen genes have been identified yet to be associated with MCPH. Most 

of the genes have intracellular function in cell cycle progression, thus perturbation in these genes leads to the 

formation of apparently normal but small brain. Recently, one more progressive cause of microcephaly ZIKV 

has been discovered. ZIKV infection pointers cell-cycle seizure, apoptosis, and inhibition of NPC differentiation 

and proliferation, deregulation of microcephaly causing genes, thus resulting in cortical weakening and 

microcephaly. Besides identification of this disorder, strong emphasis is needed in its prevention and treatment. 

 

Introduction             

            

Genetic studies revealed that irregularities in genetic code and main control system may lead to death 

dealing disorders. Millions of individuals suffering from different abnormalities authenticate the fact that, nature 

has already done extensive arbitrary mutagenesis on human brain resulting in rich diversity of alterations that 

distort cortical development in distinct and surprising manner (Walsh, 1999). 

 

Human Brain- a Complex Brain for a Complex World 
It is no exaggeration to say that humans are created as in “the best of forms” and thus have a spectacular 

organ, the brain. In the whole animal dominion, no other brain is gifted and efficient enough to generate higher 

consciousness associated with human ingenuity, increased behavioral and cognitive skills providing the solid 

base for our memory, attention, continual awareness, thought, language and consciousness (Sidman and Rakie, 

1973; Matsuzawa, 2001). 

At the time of birth the human brain is nearly three times larger and 250% heavier while the body is only 

20% heavier in weight in comparison with our closest primates, chimpanzees (McHenry, 1994; Roth and Dicke, 

2005). Growth occurs both in prenatal and postnatal period and skull is designed to accommodate these changes 

(Aicardi, 1998). The large sized brain with expanded cerebral cortex known as grey matter has made humans 

unusual in the animal kingdom and promoted our success and flexibility as species (Thornton and Woods, 

2009). It is highly convoluted external surface about 2 mm in thickness and consists of neuronal cells and 

supporting glial cells that help in maintaining cognitive functions. Expansion of neural tube occur during 

neuronal build out that results in the cell proliferation leading to the growth of progenitor cells and finally into 

fully segregated neurons. 
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However, mutations in the cytoskeletal proteins encoding genes may lead to several neurodevelopmental 

disorders (Thornton and Woods, 2009; Tischfield et al., 2011). Due to flaws in these centrosomal proteins, 

preterm extension of progenitor cells occurs that may leads to defective neurogenesis resulting in severe 

neurodevelopmental disorders like lissencephaly, microcephaly, schizencephaly etc. (Roberts et al., 2002). 

 

Consanguineous Families and Genetic defects 
One billion of the contemporary worldwide population lives in section with fondness of consanguineous 

marriage (Modell and Darr, 2002; Bittles and Black, 2010). According to medical genetics, a matrimony that 

results as a unification between two persons who are interrelated as second cousins or closer with 0.0156 or 

higher interbreeding coefficient (F), is called consanguineous marriage, where F represents measurement of 

percentage of loci at which the progeny of a consanguineous marriage is likely to receive identical gene replicas 

from both parentages (Bittles, 2001; Hamamy, 2012). 

Consanguineous marriages are socially and culturally recommended and comprise 20-50% of all marriages 

in populations of North Africa, West Asia and South India and first cousin unions account for nearly one third 

of all unions (Tadmouri et al., 2009; Bittles 2011). Generally some members of linked families get married in a 

reciprocal way. This outcomes in large family sizes with various rings of consanguinity. Subsequently, several 

children are born with genetic defects and the new born individuals have homozygous segments i.e. they receive 

identical ancestral genomic segments from both parents that results in an increased incidence of recessive 

diseases with sib ships.  

 

Autosomal Recessive Primary Microcephaly 

Microcephaly means ‘small headedness’ (Wollnik, 2010). Characterization of microcephaly can be done by 

the conclusion that an individual has skull circumference below the expected mean for age and sex. The 

measurement is made from the forehead to occipital prominence at back of the head across the brow, and is 

largest measurement possible. Occipitofrontal head circumference (OFC) is considered to be the most frequent 

method and the diagnostic tool for microcephaly (MCPH). Head circumference ranges from 2 SD to 11 SD 

below the mean in MCPH patients, with very mild interfamilial difference in degree of microcephaly (Mahmood 

et al., 2011). 

Clinically, it can be defined as an infrequent neurological disorder with an overall reduction of head 

circumference i.e., >3SD below the age and sex-related mean. Also, this reduction of head circumference is 

accompanying non-progressive mental retardation of intermittent degree (Woods et al., 2005). 

 

History of Microcephaly 

Microcephaly has been known to man for a long time, but scientists found the full swing towards it in late 

19
th

 century. Many suppositions were made considering it as a form of atavism and some viewed it as developed 

due to mechanical compression of fetal brain by contraction of uterus (Fillipink and Schor, 1998). 

The first classification of microcephaly was made by an Italian Scientist Carlo Giacomini (1840-1898). He 

classified microcephaly in three categories: 

 Microcephalia vera 
“Microcephaly vera” also has known a true microcephaly. Sloping head was the specified trait in true 

microcephaly but not surely perceived in all MCPH cases (Bundey, 1997; Roberts et al., 2002). There 

is no gross pathological abnormality other than smallness of the brain in it and it was due to pure 

inhibition of brain. 

 Microcephalia spuria 

It also refers to “pseudo microcephaly” in which recognizable residuum or pathological state was 

present (Fillipink and Schor, 1998). 

 Microcephalia combinata 

It was thought to be a combination of both the developmental and pathological processes (Fillipink and 

Schor, 1998). 

“Autosomal recessive primary microcephaly”, “True microcephaly” and “microcephaly vera” are the commonly 

used terminologies for the same phenotype. (Jackson et al., 1998). 

 

Genre of Microcephaly 

On the basis of its age of onset, microcephaly can be categorized into Primary and Secondary microcephaly. 

It can be classified into Syndromic and Isolated, depending whether it is associated with other anomalies or not, 

respectively (Abuelo, 2007). 

 

Prenatal/Congenital or Primary Microcephaly 

Primary microcephaly is non syndromic in which normal brain growth failure occurs during pregnancy, 

resulting in unusually small brain caused by abnormal development during the first 32 weeks of gestation 
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(Tunca et al., 2006). Primary microcephaly results due to the defective mitotic divisions and imperfect cell cycle 

regulation leading to reduced neuronal production (Passemard et al., 2013). Primary microcephaly is non 

syndromic, principally autosomal recessive form defined by an absence of identifiable environmental causes and 

lack of associated malformations (Qazi and Reed, 1973; Ross and Frias, 1977). 

 

Postnatal/Acquired or Secondary Microcephaly 
Secondary microcephaly occurs postnatally i.e. children with secondary microcephaly had a normal 

developing brain size and neurological function until the onset of disease at 6-18 months (Shahbazian and 

Zoghbi, 2002). It is caused by decrease in synaptic connections and dendritic processes (Woods, 2004), as well 

as chromosomal flaws and malformations (Bhat et al., 2011). As a result children usually have normal head size 

at birth but due to reduction in growth rate of brain, head size remains reduced in later childhood. Secondary 

microcephaly is characterized by convulsions, spasticity and other congenital deviations. Angel man syndrome 

and Rett syndrome are the most familiar examples of secondary microcephaly (Sujatha et al., 1989; Opitz and 

Holt (1989)). 

 

Non Genetic Causes of Microcephaly 

Microcephaly can occur due to many rationale and ecological factors including cerebral anoxia, fetal 

infections including toxoplasmosis, cytomegalovirus, German measles and chicken pox, alcohol or poisonous 

chemicals in the womb, severe malnourishment, hysterical maternal phenylketonuria (PKU) and poorly 

controlled maternal diabetes. Insufficient gestational weight gain, deprived prenatal care, exposure to radiations 

and intrauterine exposure to teratogenic agents are also the non-genetic reasons resulting in microcephaly (Qazi 

and Reed, 1975; Ross and Frias, 1977). 

 

Radiogenic Microcephaly 

Radiogenic microcephaly is also a non-genetic type of microcephaly that results from drastic experience of 

mother to pelvic irradiation during the early months of pregnancy. Numbers of radiogenic microcephalic cases 

in utero were observed in Hiroshima after the outburst of atom bomb (Cowie, 1960). The characteristic features 

of radiogenic microcephaly are underdeveloped physical growth, cerebellar disorder and brachycephaly i.e. 

relative width and shortness of skull (Penrose, 1956). 

 

Isolated/Non Syndromic Microcephaly 
Isolated microcephaly is characterized by neurological and developmental disorders, with no other 

recognizable aberrations (Tang, 2006). Autosomal recessive primary microcephaly, autosomal dominant and X- 

linked microcephaly are the examples of isolated microcephaly. As it contains no other exceptional anomalies 

thus referred as non-syndromic microcephaly. 

 

Syndromic Microcephaly 

Syndromic microcephaly is the result of aggregated chromosomal anomalies including Down syndrome, 

Edward syndrome; single gene defects including Smith-Lemli-Opitz syndrome, Seckel syndrome etc. 

contiguous gene duplication or deletion including Wolf-Hirschhorn syndrome with 4p deletion, Cri-du chat 

syndrome with 5p deletion etc. (Abuelo, 2007; Hassan et al., 2007; Singhmar and Kumar, 2011). 

Other syndromes having small head size with distinctive and recognizable phenotypes include Williams 

syndrome, Cornelia de Lange Syndrome, Feingold syndrome (Abeulo, 2007). 

 

Zika virus associated microcephaly: 

In 1940’s, when Zika virus (ZIKV) was first discovered in Uganda, it was thought to be harmless. ZIKV is 

a mosquito borne flavivirus and has been reported to be flowing in 26 nations and regions in Latin America and 

the Caribbean (Tang et al., 2016). Only few symptoms including slightly elevated body temperature and rashes 

were found to be associated with this viral disease. Later on, prenatal Zika virus infection has been associated to 

adversarial pregnancy and birth upshots, remarkably microcephaly and other severe brain abnormalities 

(Rasmussen and Jamieson, 2016). Two pregnant women with microcephaly diagnosed fetus were reported and 

Zika virus was detected in their amniotic fluid which shows that this virus has the ability to cross placental 

barrier (Calvet et al., 2016). It has been observed that ZIKV induces immune responses and deregulation of 

MCPH related genes. Real time PCR based studies have confirmed the substantial down regulation of seven 

genes including ASPM, CASC5, CENPF, MCPH1, RBBP8, STIL and TBR2 (Li et al., 2016). 

 

Clinical and Phenotypic Manifestations of Microcephaly 

Diagnosis of microcephaly is generally based on clinical features and depends upon the severity of 

additional syndromic features. Patients of MCPH can have mild to moderate mental retardation with non-

progressive intellectual impairment, defective cognitive abilities, and facial distortions including sloping 
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forehead which is not always present, dwarfism or short stature, hyperactivity, seizures (10%), coordination and 

balance complications and other brain or neurological abnormalities. Majority of MCPH patients can be easily 

handled and can acquire self-help expertise (Shen et al., 2005; Mahmood et al., 2011). Chromosomal analysis 

and brain scan reports have shown great number of MCPH patients with normal height, weight and appearance. 

Size of head seems to be normal at birth time but as the child grows, failure of complete development of head 

occurs resulting in small head and retrograded forehead (Ponting and Jackson, 2005). Some patients with 

MCPH2 mutations have pachygyria with cortical thickening including hypoplasia of corpuscallosum while in 

others lissencephaly, schizencephaly, polymicrogyria has been observed (Mahmood et al., 2011). 

 

Neurodevelopmental Etiology of MCPH 

Microcephaly, rather than affecting growth of skull, directly affects neurogenesis that’s why a preferred 

term ‘Micrencephaly’ is also used (Hofman, 1984). In microcephaly weight of brain is significantly reduced, 

typically 430 grams as the unaffected males having 1,450 grams and disproportionally small cerebral cortex 

(Jackson et al., 2002). As a result, hypoplasia of cerebral cortex leads to an actually ‘simplified gyral pattern’ as 

head width is preserved with no major abnormalities in cortical development (Barkovich et al., 1997; Mochida 

and Walsh, 2001). Moreover, the only compelling neurological deficit is lessening of cognitive abilities 

(Bundey, 1992). Brain scan and phenotypic feature studies revealed that most of the MCPH genes are expressed 

in neuroepithelium and thus MCPH patients perform normal functions although they have a small brain. MCPH, 

according to most recent studies is considered as a main disorder of neurogenic mitosis and not of neural 

migration, neural apoptosis or neural function. During neurogenic mitosis, MCPH genes are likely to be 

responsible for modulating the expansion of neural progenitor pool and also involved in the decision to switch 

from symmetric to asymmetric cell division (Woods et al., 2005). 

 

 
 

Fig.1. In brain cells, corticogenesis results in the formation of neuroprogenitor cells which later on results in 

symmetric and asymmetric divisions. As a result neuronal pool is generated that results in complete formation of 

cerebral cortex region of brain. Cerebral cortex controls all the processes including communication, reasoning, 

creativity, rapid decision making, magical thinking, fantasy etc. However, in microcephaly any of the involved 

gene or Zika virus blocks the pathway which results in poor growth of brain (Li et al., 2016). 
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Biochemical Attributes in Microcephaly  

Chromosomal analysis of patients with microcephaly revealed that there is high frequency i.e. more than 10 

% of prophase like cells in lymphocytes, fibroblasts and lymphoblast cell lines and this phenomenon is due to 

premature condensation in the early G2 phase. This premature entrance of cells into mitosis further indicated 

that mutated gene is involved in cell cycle regulation (Neitzel et al., 2002). In some patients a great percentage 

of prophase like cells was also observed in combination with normal cell cycle continuance. Highly increased 

frequency of chromosomal breakage has been observed in some cases (Tommerup et al., 1993).  

 

Diagnosis of Microcephaly 

For the significant and increased knowledge of phenotypic diagnostics of MCPH patients, current 

neurodiagnostic techniques like Computed Tomography (CT) Scan and Magnetic Resonance Imaging (MRI) 

had provided remarkable support (Woods et al., 2005). Diagnosis of microcephaly is made after the elimination 

of Craniosynostosis i.e. premature fusion of skull structure, microcephaly associated with multiple congenital 

anomalies  syndromes and other chromosomal disorders e.g. Cri-Du-Chat syndrome, Microlissencephalies 

(Norman Roberts syndrome, Bath syndrome), Lissencephalies with cerebellar hypoplasia and also keeping out 

the known causes of secondary microcephaly e.g. birth asphyxia (Verloes, 2004). Microcephaly can be 

diagnosed before birth by prenatal ultrasound but prenatal diagnosis of fetal head by serial ultrasonographic 

measurement is not reliable until third trimester. Consequently, association and characterization of genes 

involved in microcephaly is important for proper diagnosis of microcephaly (Jackson et al., 1998). 

 

Prevalence and Incidental Statistics of Microcephaly 

Predictable population of people managing microcephaly at certain time usually refers to the term 

‘prevalence’ of microcephaly while ‘incidence’ refers to the annual diagnosis rate or the number of new cases of 

microcephaly identified each year. As compared to Asian and Arab population with high consanguineous 

mating rate, MCPH seems to be rare in Whites. MCPH has incidence rate of 1/10,000 in Northern Pakistani 

population while 1 per million in Yorkshire region of Britain (Woods et al., 2005).  

However, in case of ZIKV associated microcephaly, 646 cases have been reported in Pernambuco, a 

Brazilian state (Melo et al., 2016).  It has been reported that form 22
nd

 October, 2015 till5th March, 2016, 6158 

microcephaly or Central nervous system deformities have been observed including 167 deaths. Conversely, 

from 2001 – 2014, averagely 163 microcephaly cases were reported per year (WHO, 2016). 

 

Genetic Heterogeneity and Diversification of Microcephaly (MCPH) 

Previously, Humans were thought to be troublesome concern for positional cloning but current 

advancements in genomics have reduced the technical limitations. Now gene identification from small pedigrees 

and individuals with informative chromosomal rearrangements are possible with genetic maps of ever-higher 

density but the richness of genetics remains premier hallmark of human brain. Human cortical malformations 

including microcephaly are usually “genetically heterogeneous” i.e. more than one genes are involved in 

causing the disease (Walsh, 1999). Disease phenotype can be a result of hereditary mutations or ZIKV in MCPH 

genes causing disruptions in mitotic spindle positioning, faulty chromosomal condensation mechanism during 

embryonic embryogenesis, DNA damage response signaling, transcriptional systemization and some other 

unknown centrosomal mechanisms that control neurogenesis (Mahmood et al., 2011). 

Microcephaly has been known to be genetically heterogeneous with thirteen causative loci mapped to date 

(MCPH1-MCPH13). Some other genes are recently reported to be the causative agents of microcephaly. 

 

Future Perspective  

In cerebral cortex, neurons are produced in a particular proliferative region, the ventricular zone. Then 

migration of post mitotic neurons on radial glia occurs to form surface of cerebral cortex. After reaching the 

cerebral cortex, anew arrived neurons pass the older ones to create a normal six layered cerebral cortex. In 

humans, this migration appears to be at peak between the 11th and 15th week of gestation with majority of 

neurons to reach the cortex by 24th week. Thus, the upper cerebral cortex layers are made up of later born 

neurons creating an inside out arrangement of cortical layering. These steps of development and proliferation, 

when interfered due to mutations in genes that construct our cerebral cortex or recently reported ZIKV infection, 

results in crippling genetic concerns related to mental health such as microcephaly, lissencephaly and other 

cerebral dysplasia. These developmental brain defects caused by mutations in some brain cells highlight the fact 

that due to spontaneous mutations during cell division, each cell has its own different genome (Mochida and 

Walsh, 2004).  
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Table 1.1: Summary of all identified MCPH loci (Thornton and Woods, 2009).  

LOCUS GENE HUMAN PHENOTYPE CELLULAR LOCALE PRESUMED ACTIVITY REFRENCES 

MCPH1 Microcephalin Primary Microcephaly, Short stature Chromatin, 

Centrosome 

DNA damage repair/ cell cycle 

control 

Jackson  et al. (2002) 

MCPH2 WDR62 

(WD Repeats Containing Protein 62) 

Variable i.e. microcephaly, lissencephaly, 

Schizencephaly, polymicrogyria 

Nucleus Mitotic spindle organization Bilguvar et al. (2010) 

MCPH3 CDK5RAP2 

(Cyclin Dependent Kinase 5 

Regulatory Associated Protein- 2) 

Primary microcephaly Centrosome Centrosome maturation/ spindle 

check point 

Bond et al. (2005) 

MCPH4 CASC5 

(Cancer Susceptibility Candidate 5)  

Primary microcephaly Centrioles Spindle assembly checkpoint Jamieson et al. (1999) 

MCPH5 ASPM(Abnormal Spindle-like 

Microcephaly Associated) 

MSG, Epilepsy, cortical dysplasia Pericentrosomal Spindle organizer Bond et al. (2005) 

MCPH6 CENPJ/ CPAP 

(Centromere Associated Protein J) 

Microcephaly, SCKL4, MR, Post natal 

dwarfism 

Centrosomal 

 

Regulation of cell cycle Leal et al. (2003) 

MCPH7 STIL/ SIL 

(SCL/TAL1-Interrupting Locus) 

Microcephaly, short stature, ataxia, seizures Pericentrosomal Spindle organization Kumar et al. (2009) 

MCPH8 CEP135 

(Centrosomal protein 135KD) 

Primary Microcephaly, Severe congenital 

defects and unintelligible speech 

Centrosome Centriole assembly/ 

DNA damage response 

Hussain et al. (2012) 

MCPH9 CEP152  

(Centrosome Associated Protein) 

Primary Microcephaly, SCKL5 Centrosome Centriole 

duplication 

Guernsey et al. (2010) 

MCPH10 I.ZNF335 II. NDE1 

(Zinc Finger Protein 335) 

(NUDE, A.Nidulans, Homologue of 

1) 

I.Primary Microcephaly 

 

II.Primary Microcephaly Microhydrance-

phaly, Lissencephaly 

Centrosomal I.Chromatid   remodeling 

II.Cytoskeletal organization 

 

Alkuraya et al. (2011) & 

Yang et al. (2012)  

MCPH11 PHC1 / EDR1 

(Polyhomeotic-like 1) 

Primary Microcephaly Nuclear body 

Nucleoplasm 

DNA repair, Chromatin binding Awad et al. (2013) 

MCPH12 CDK6/  SCKL6 

(Cyclin-Dependent Kinase 6) 

Primary Microcephaly, SCKL6 Cytoplasm, Nucleus Cell cycle progression.  Hussain et al. (2013) 

MCPH13 CENPE /KIF10 

(Centromeric Protein E) 

Primary Microcephaly Nucleus Spindle attachment, chromosome 

movement 

Mirzaa et al. (2014) 

CEP63  CEP63/ SCKL6 

(Centrosomal Protein 63) 

Primary Microcephaly, SCKL6 Centrosomal Mitotic assembly Anderson et al. (2003) 

HsSAS-6 SASS6/ HsSAS-6 

(Spindle Assembly 6 Homolog of 

Caenorhabditis elegans) 

Primary Microcephaly Centrosomal Centriole formation/ 

Cell division 

Khan et al. (2014) 

RBBP8 Retinoblastoma-binding protein 8 Seckel Syndrome Nuclear Cell proliferation Mumtaz et al. (2015) 

TBR2 EOMES/ T Box brain 2 Primary microcephaly Neuron progenitor 

compartments 

Neurogenesis Arnold et al. (2008) 
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Microcephaly is one of the most debilitating genetic syndromes, generally triggered by aberrant neuronal 

proliferation and survival. Autosomal recessive primary microcephaly (MCPH) is a congenitally rare 

heterogeneous disease categorized by reduced occipitofrontal head circumference (OFC) at birth, at least 2-3 

standard deviations below the mean for age, ethnicity and sex. In MCPH patients, variable degree of intellectual 

disability is present due to small brain with simplified gyral pattern, corpus callosum agenesis and pituitary 

anomalies; though no gross effect on the architecture of brain has been observed (Woods and Parker, 2013). 

Microcephaly can be classified into Primary microcephaly if it is present at birth and is non-progressive while 

Secondary, if involves genetic and other non-genetic factors resulting in slow growth of head after birth.   

Recent reports have demonstrated a clear view that Zika virus infection causes aberrant Neuroprogenitor cell 

differentiation resulting in the development of immature neurons with final deregulated cell cycle consequences. 

These effects later on become a progressive cause of microcephaly in human fetus or new born babies (Li et al., 

2016). 

Till date no possible cure of microcephaly has been discovered. As, its quiet impossible to return a child’s 

head circumference to normal shape and size. A lot of research and work is in progress to decrease the effect of 

other related deformations and neurological disabilities. However, in utero gene therapy can be considered for 

normalizing brain cells. By targeting the causative genes, in utero method can considered as a potential 

technique for the treatment of microcephaly and associated disorders. Upcoming advances in hereditary 

diagnosis will help exceptionally early start of gene therapy specifically in the pregnancy of high-risk mothers 

already having patients in the family. 

As, ZIKV is an emerging cause of microcephaly, so future research and investigation must focus at 

thoughtful understanding of the causes that are promoting vertical transmission of this virus and at pinpointing 

probable therapeutic schemes for decreasing vertical transmission, specifically, antiviral causes with explicit 

activity against Zika virus, and discovering the part of adjunctive intermediations (e.g., intravenous 

immunoglobulins or pooled Zika virus–specific immunoglobulins). It is expected that this prompt spread of 

ZIKV around the globe will be a strong push for collective exploration on the basic biologic assets of the virus, 

mainly since the threat of neurotropic and teratogenic virus toxicities are placing an emotional and economic 

load on society. 

 

References 

 

Abuelo, D. (2007). Microcephaly syndromes. Semin Pediatr Neurol 14: 118-127. 

Aicardi, J. (1998). The etiology of developmental delay. Semin Pediatr Neurol 5: 15-20. 

Alkuraya, F.S., Cai, X., Emery, C., Mochida, G.H., Al-Dosari, M.S., Felie, J.M., Hill, R.S., Barry, B.J., Partlow, 

J.N., Gascon, G.G., Kentab, A., Jan, M., Shaheen, R., Feng, Y. and Walsh, C.A. (2011). Human mutations 

in NDE1 cause extreme microcephaly with lissencephaly. Am. J. Hum. Genet. 88: 536-547. 

Arnold, S.J., Huang, G.J., Cheung, A.F., Era, T., Nishikawa, S.I., Bikoff, E.K., Molnár, Z., Robertson, E.J. and 

Groszer, M. (2008). The T-box transcription factor Eomes/Tbr2 regulates neurogenesis in the cortical 

subventricular zone. Genes & development, 22(18): 2479-2484. 

Awad, S., Al-Dosari, M.S., Al-Yacoub, N., Colak, D., Salih, M.A., Alkuraya, F.S. and Poizat, C. (2013). 

Mutation in PHC1 implicates chromatin remodeling in primary microcephaly pathogenesis. Hum. Mol. 

Genet. 22: 2200-2213. 

Bakircioglu, M., Carvalho, O.P., Khurshid, M., Cox, J.J., Tuysuz, B., Barak, T., Yilmaz, S., Caglayan, O., 

Dincer, A., Nicholas, A.K., Quarrell, O., Springell, K., Karbani, G., Malik, S., Gannon, C., Sheridan, E., 

Crosier, M., Lisgo, S.N., Lindsay, S., Bilguvar, K., Gergely, F., Gunel, M. and Woods, C.G. (2011). The 

essential role of centrosomal NDE1 in human cerebral cortex neurogenesis. Am. J. Hum. Genet. 13: 523-

535. 

Barkovich, A.J., Millen, K.J. and Dobyns, W.B. (2007). A developmental classification of malformations of the 

brainstem. Ann. Neurol. 62: 625-639. 

Bhat, V., Girimaji, S., Mohan, G., Arvinda, H., Singhmar, P., Duvvari, M., Kumar, A. (2011). Mutations in 

WDR62, encoding a centrosomal and nuclear protein, in Indian primary microcephaly families with cortical 

malformations. Clin. Genet. 80: 532-554. 

Bilgüvar, K., Oztürk, A.K., Louvi, A., Kwan, K.Y., Choi, M., Tatli, B., Yalnizoğlu, D., Tüysüz, B., Cağlayan, 

A.O., Gökben, S., Kaymakçalan, H., Barak, T., Bakircioğlu, M., Yasuno, K., Ho, W., Sanders, S., Zhu, Y., 

Yilmaz, S., Dinçer, A., Johnson, M.H., Bronen, R.A., Koçer, N., Per, H., Mane, S., Pamir, M.N., 

Yalçinkaya, C., Kumandaş, S., Topçu, M., Ozmen, M., Sestan, N., Lifton, R.P., State, M.W. and Günel, M. 

(2010). Whole-exome sequencing identifies recessive WDR62 mutations in severe brain malformations. 

Nature 467: 207-210. 

Bittles, A.H, and Black, M.L. (2010). Evolution in health and medicine Sackler colloquium: Consanguinity, 

human evolution and complex diseases. Proc. Natl. Acad. Sci. USA. 107: 1779-1786. 

Bittles, A.H. (2001). Consanguinity and its relevance to clinical genetics. Clinical genetics. 60(2): 89-98. 



BIBI ET AL (2018), FUUAST J.BIOL., 8(1): 123-132   130 

  

 
 

Bittles, A.H. (2011). Time to get real: investigating potential beneficial genetic aspects of consanguinity. Public 

Health Genomics. 14(3): 169-171. 

Bond, J., Roberts, E., Mochida, G.H., Hampshire, D.J., Scott, S., Askham, J.M., Springell, K., Mahadevan, M., 

Crow, Y.J., Markham, A.F. and Walsh, C.A. (2002). ASPM is a major determinant of cerebral cortical size. 

Nat. Genet. 32: 316-320. 

Bond, J., Roberts, E., Springell, K., Lizarraga, S., Scott, S., Higgins, J., Hampshire, D.J., Morrison, E.E., Leal, 

G.F., Silva, E.O. and Costa, S.M. (2005). A centrosomal mechanism involving CDK5RAP2 and CENPJ 

controls brain size. Nat. Genet. 37: 353-355. 

Bundey, S. (1992). Fetal and perinatal neurology. J. Med. Genet. 29: 760. 

Bundey, S. (1997). Prevalence and type of cerebral palsy. Dev. Med. Child. Neurol. 39: 568. 

Calvet, G., Aguiar, R.S., Melo, A.S., Sampaio, S.A., De Filippis, I., Fabri, A., Araujo, E.S., de Sequeira, P.C., 

de Mendonça, M.C., de Oliveira, L. and Tschoeke, D.A. (2016). Detection and sequencing of Zika virus 

from amniotic fluid of fetuses with microcephaly in Brazil: a case study. Lancet. Infect. Dis. 16(6): 653-

660. 

Cowie, V. (1960). The genetics and sub-classification of microcephaly. J. Ment. Defic. Res. 4: 42-47. 

Fillipink, R., Schor, N. (1998). Clinical summary: Microcephaly. Medlink Neurol. 

Fusco, C., Reymond, A. and Zervos, A.S. (1998). Molecular cloning and characterization of a novel 

retinoblastoma-binding protein. Genomics, 51(3): 351-358. 

Guernsey, D.L., Jiang, H., Hussin, J., Arnold, M., Bouyakdan, K., Perry, S., Babineau-Sturk, T., Beis, J., 

Dumas, N., Evans, S.C. and Ferguson, M. (2010). Mutations in centrosomal protein CEP152 in primary 

microcephaly families linked to MCPH4. Am. J. Hum. Genet. 87(1): 40-51. 

Guernsey, D.L., Jiang, H., Hussin, J., Arnold, M., Bouyakdan, K., Perry, S., Babineau-Sturk, T., Beis, J., 

Dumas, N., Evans, S.C. and Ferguson, M. (2010). Mutations in centrosomal protein CEP152 in primary 

microcephaly families linked to MCPH4. Am. J. Hum. Genet. 87(1): 40-51. 

Hamamy, H. (2012). Consanguineous marriages. J Community Genet 3: 185-192. 

Hamamy, H., Antonarakis, S.E., Cavalli-Sforza, L.L., Temtamy, S., Romeo, G., Ten Kate, L.P., Bennett, R.L., 

Shaw, A., Megarbane, A., van Duijn, C. and Bathija, H. (2011). Consanguineous marriages, pearls and 

perils: Geneva international consanguinity workshop report. Genet. Med. 13(9): 841. 

Hamamy, H.A., Masri, A.T., Al-Hadidy, A.M. and Ajlouni, K.M., 2007. Consanguinity and genetic disorders. 

Profile from Jordan. Saudi. Med. J. 28: 1015-1017. 

Hassan, M.J., Khurshid, M., Azeem, Z., John, P., Ali, G., Chishti, M.S. and Ahmad, W. (2007). Previously 

described sequence variant in CDK5RAP2 gene in a Pakistani family with autosomal recessive primary 

microcephaly. BMC Med. Genet. 8: 58-64. 

Hofman, M.A. (1984). A biometric analysis of brain size in micrencephalics. J. Neurol. 231: 87-93. 

Hussain, M.S., Baig, S.M., Neumann, S., Nürnberg, G., Farooq, M., Ahmad, I., Alef, T., Hennies, H.C., 

Technau, M., Altmüller, J. and Frommolt, P. (2012). A truncating mutation of CEP135 causes primary 

microcephaly and disturbed centrosomal function. Am. J. Hum. Genet. 90: 871-878. 

Jackson, A.P., Eastwood, H., Bell, S.M., Adu, J., Toomes, C., Carr, I.M., Roberts, E., Hampshire, D.J., Crow, 

Y.J., Mighell, A.J. and Karbani, G. (2002). Identification of microcephalin, a protein implicated in 

determining the size of the human brain. The Am. J. Hum. Genet. 71:136-142. 

Jackson, A.P., McHale, D.P., Campbell, D.A., Jafri, H., Rashid, Y., Mannan, J., Karbani, G., Corry, P., Levene, 

M.I., Mueller, R.F. and Markham, A.F. (1998). Primary autosomal recessive microcephaly (MCPH1) maps 

to chromosome 8p22-pter. Am. J. Hum. Genet. 63: 541-546. 

Jamieson, C.R., Govaerts, C. and Abramowicz, M.J. (1999). Primary autosomal recessive microcephaly: 

homozygosity mapping of MCPH4 to chromosome 15. Am. J. Hum. Genet. 65: 1465-1469. 

Kaindl, A.M. (2014). Autosomal recessive primary microcephalies (MCPH). Eur. J. Paediatr. Neurol. 18: 547-

548. 

Khan, M.A., Rupp, V.M., Orpinell, M., Hussain, M.S., Altmüller, J., Steinmetz, M.O., Enzinger, C., Thiele, H., 

Höhne, W., Nürnberg, G. and Baig, S.M. (2014). A missense mutation in the PISA domain of HsSAS-6 

causes autosomal recessive primary microcephaly in a large consanguineous Pakistani family. Hum. Mol. 

Genet. 23: 5940-5949. 

Kumar, A., Girimaji, S.C., Duvvari, M.R. and Blanton, S.H. (2009). Mutations in STIL, encoding a 

pericentriolar and centrosomal protein, cause primary microcephaly. Am. J. Hum. Genet. 84: 286-290. 

Leal, G.F., Roberts, E., Silva, E.O., Costa, S.M.R., Hampshire, D.J. and Woods, C.G. (2003). A novel locus for 

autosomal recessive primary microcephaly (MCPH6) maps to 13q12. 2. J Med. Genet. 40: 540-542. 

Li, C., Xu, D., Ye, Q., Hong, S., Jiang, Y., Liu, X., Zhang, N., Shi, L., Qin, C.F. and Xu, Z. (2016). Zika virus 

disrupts neural progenitor development and leads to microcephaly in mice. Cell stem cell. 19(1): 120-126. 

Mahmood, S., Ahmad, W. and Hassan, M.J. (2011). Autosomal recessive primary microcephaly (MCPH): 

clinical manifestations, genetic heterogeneity and mutation continuum. Orphanet. J. Rare. Dis. 6: 39-51. 



BIBI ET AL (2018), FUUAST J.BIOL., 8(1): 123-132   131 

  

 
 

Matsuzawa, T. (2001). Primate foundations of human intelligence: a view of tool use in nonhuman primates and 

fossil hominids. Springer Japan. 3-25. 

Mattson, M.P. (2014). Superior pattern processing is the essence of the evolved human brain. Front. Neurosci. 

8: 265. 

McHenry, H.M. (1994). Tempo and mode in human evolution. Proc. Natl. Acad. Sci. USA. 91: 6780-6786. 

Mirzaa, G.M., Vitre, B., Carpenter, G., Abramowicz, I., Gleeson, J.G., Paciorkowski, A.R., Cleveland, D.W., 

Dobyns, W.B. and O’Driscoll, M. (2014). Mutations in CENPE define a novel kinetochore-centromeric 

mechanism for microcephalic primordial dwarfism. Hum. Genet. 133: 1023-1039. 

Mochida, G.H., and Walsh, C.A. (2001). Molecular genetics of human microcephaly. Curr. Opin. Neurol. 14: 

151-156. 

Mochida, G.H., and Walsh, C.A. (2004). Genetic basis of developmental malformations of the cerebral cortex. 

Arch. Neurol. 61: 637-640. 

Modell, B., and Darr, A. (2002). Science and society: Genetic counselling and customary consanguineous 

marriage. Nat. Rev. Genet. 3: 225-229. 

Muhammad, F., Mahmood Baig, S., Hansen, L., Sajid Hussain, M., Anjum Inayat, I., Aslam, M., Anver 

Qureshi, J., Toilat, M., Kirst, E., Wajid, M. and Nürnberg, P. (2009). Compound heterozygous ASPM 

mutations in Pakistani MCPH families. Am. J. Med. Genet A. 149A: 926-930. 

Mumtaz, S., Yıldız, E., Jabeen, S., Khan, A., Tolun, A., and Malik, S. (2015). RBBP8 syndrome with 

microcephaly, intellectual disability, short stature and brachydactyly. Am. J. Med. Genet. Part A. 167(12): 

3148-3152. 

Neitzel, H., Neumann, L.M., Schindler, D., Wirges, A., Tönnies, H., Trimborn, M., Krebsova, A., Richter, R. 

and Sperling, K. (2002). Premature chromosome condensation in humans associated with microcephaly and 

mental retardation: a novel autosomal recessive condition. Am. J. Hum. Genet. 70: 1015-1022. 

Oliveira Melo, A.S., Malinger, G., Ximenes, R., Szejnfeld, P.O., Alves Sampaio, S. and Bispo de Filippis, A.M., 

(20160. Zika virus intrauterine infection causes fetal brain abnormality and microcephaly: tip of the 

iceberg? Obstet. Gynecol. Sci. 47(1): 6-7. 

Onorati, M., Li, Z., Liu, F., Sousa, A.M., Nakagawa, N., Li, M., Dell’Anno, M.T., Gulden, F.O., Pochareddy, S., 

Tebbenkamp, A.T. and Han, W. (2016). Zika virus disrupts phospho-TBK1 localization and mitosis in 

human neuroepithelial stem cells and radial glia. Cell reports. 16(10): 2576-2592. 

Opitz, J.M. and Holt, M.C. (1989). Microcephaly: general considerations and aids to nosology. J. Craniofac. 

Genet. Dev. Biol. 10: 175-204. 

Passemard, S., Kaindl, A.M., and Verloes, A. (2013). Microcephaly. Handb. Clin. Neurol. 111: 129-141. 

Pavone, P., Ruggieri, M., Lombardo, I., Sudi, J., Biancheri, R., Castellano-Chiodo, D., Rossi, A., Incorpora, G., 

Nowak, N.J., Christian, S.L. and Pavone, L. (2010). Microcephaly, sensorineural deafness and Currarino 

triad with duplication–deletion of distal 7q. Eur. J. pediatr. 169: 475-481. 

Penrose, L. (1956). Microcephaly. Brit J Med Psychol 2: 6-10. 

Ponting, C. and Jackson, A.P. (2005). Evolution of primary microcephaly genes and the enlargement of primate 

brains. Curr. Opin. Genet. Develop. 15: 241-248. 

Qazi, Q.H., and Reed, T.E. (1973). A problem in diagnosis of primary versus secondary microcephaly. Clin. 

Genet. 4: 46-52. 

Rasmussen, S.A., Jamieson, D.J., Honein, M.A. and Petersen, L.R. (2016). Zika virus and birth defects—

reviewing the evidence for causality. N. Engl. J. Med. 374: 1981-1987. 

Roberts, E., Hampshire, D.J., Pattison, L., Springell, K., Jafri, H., Corry, P., Mannon, J., Rashid, Y., Crow, Y., 

Bond, J. and Woods, C.G. (2002). Autosomal recessive primary microcephaly: an analysis of locus 

heterogeneity and phenotypic variation. J. Med. Genet. 39(10): 718-721. 

Ross, J.J. and Frias, J.L. (1977). Microcephaly. In: Congenital malformations of the brain and skull Part 1. Vol. 

30: Handbook of clinical neurology. Elsevier Biomedical Press, Amsterdam, Holland: 507-524. 

Roth, G. and Dicke, U. (2005). Evolution of the brain and intelligence. Trends. Cogn. Sci. 9: 250-257. 

Sajid Hussain, M., Marriam Bakhtiar, S., Farooq, M., Anjum, I., Janzen, E., Reza Toliat, M., Eiberg, H., Kjaer, 

K.W., Tommerup, N., Noegel, A.A. and Nürnberg, P. (2013). Genetic heterogeneity in Pakistani 

microcephaly families. Clin. Genet. 83: 446-451. 

Schulpen, T.W., Van Wieringen, J.C., Van Brummen, P.J., Van Riel, J.M., Beemer, F.A., Westers, P. and 

Huber, J., (2005). Infant mortality, ethnicity, and genetically determined disorders in The Netherlands. Eur. 

J. Public Health. 16: 290-294. 

Shahbazian, M.D. and Zoghbi, H.Y. (2002). Rett syndrome and MeCP2: linking epigenetics and neuronal 

function. Am. J. Hum. Genet. 71: 1259-1272. 

Shen, J., Eyaid, W., Mochida, G.H., Al-Moayyad, F., Bodell, A., Woods, C.G. and Walsh, C.A. (2005). ASPM 

mutations identified in patients with primary microcephaly and seizures. J. Med. Genet. 42: 725-729. 

Sidman, R.L. and Rakic, P. (1973). Neuronal migration, with special reference to developing human brain: a 

review. Brain. Res. 62: 1-35. 



BIBI ET AL (2018), FUUAST J.BIOL., 8(1): 123-132   132 

  

 
 

Singhmar, P. and Kumar, A. (2011). Angelman syndrome protein UBE3A interacts with primary microcephaly 

protein ASPM, localizes to centrosomes and regulates chromosome segregation. PLoS One 6: e20397. 

Sujatha, M., Kumari, C.K. and Murty, J.S. (1989). Segregation frequency in microcephaly. Hum. Genet. 81: 

388-390. 

Tadmouri, G.O., Nair, P., Obeid, T., Al Ali, M.T., Al Khaja, N. and Hamamy, H.A., (2009). Consanguinity and 

reproductive health among Arabs. Reprod. Health. 6: 1-9. 

Tang, B.L. (2006). Molecular genetic determinants of human brain size. Biochem Biophys. Res. Commun. 345: 

911-916. 

Tang, H., Hammack, C., Ogden, S.C., Wen, Z., Qian, X., Li, Y., Yao, B., Shin, J., Zhang, F., Lee, E.M. and 

Christian, K.M. (2016). Zika virus infects human cortical neural progenitors and attenuates their growth. 

Cell stem cell. 18(5): 587-590. 

Thornton, G.K., and Woods, C.G. (2009). Primary microcephaly: do all roads lead to Rome? Trends Genet. 25: 

501-510. 

Tischfield, M.A., Cederquist, G.Y., Gupta, M.L. and Jr Engle, E.C. (2011). Phenotypic spectrum of the tubulin-

related disorders and functional implications of disease-causing mutations. Curr. Opin. Genet. Dev. 21: 

286-294. 

Tommerup, N., Mortensen, E., Nielsen, M.H., Wegner, R.D., Schindler, D. and Mikkelsen, M. (1993). 

Chromosomal breakage, endomitosis, endoreduplication, and hypersensitivity toward radiomimetric and 

alkylating agents: a possible new autosomal recessive mutation in a girl with craniosynostosis and 

microcephaly. Hum. Genet. 92: 339-346. 

Tunca, Y., Vurucu, S., Parma, J., Akin, R., Désir, J., Baser, I., Ergun, A. and Abramowicz, M. (2006). Prenatal 

diagnosis of primary microcephaly in two consanguineous families by confrontation of morphometry with 

DNA data. Prenat. Diagn. 26: 449-453. 

Verloes, A. (2004). Problems caused by genetic diseases. Part 3: Chromosomal disorders: trisomy 21. Rev. Prat. 

54: 1363-1369. 

Walsh, C.A. (1999). Genetic malformations of the human cerebral cortex. Neuron 23: 19-29. 

Wollnik, B. (2010). A common mechanism for microcephaly. Nat. Genet. 42: 923-924. 

Woods, C.G. (2004). Human microcephaly. Curr. Opin. Neurobiol. 14: 112-117. 

Woods, C.G. and Parker, A. (2013). Investigating microcephaly. Arch. Dis. Child. 98: 707-713. 

Woods, C.G., Bond, J. and Enard, W. (2005). Autosomal recessive primary microcephaly (MCPH): a review of 

clinical, molecular and evolutionary findings. Am. J. Hum. Genet. 76: 717-728. 

World Health Organization (2016). Zika virus, microcephaly and Guillain-Barré syndrome situation report.P-12. 

Yang, Y.J., Baltus, A.E., Mathew, R.S., Murphy, E.A., Evrony, G.D., Gonzalez, D.M., Wang, E.P., Marshall-

Walker, C.A., Barry, B.J., Murn, J., Tatarakis, A., Mahajan, M.A., Samuels, H.H., Shi, Y., Golden, J.A., 

Mahajnah, M., Shenhav, R. and Walsh, C.A. (2012). Microcephaly gene links trithorax and REST/NRSF to 

control neural stem cell proliferation and differentiation. Cell. 151: 1097-1112. 


