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Abstract: Genetic hydrocephalus is a neurological condition in which the 

cerebrospinal fluid (CSF) flows with subsequent and it results in enlargement of 

the cerebral ventricular cavities. The common cause of the congenital 

hydrocephalus is the variation in the L1CAM gene, and there is the narrow 

passage between the third and fourth ventricles. It is suggesting that 

hydrocephalus is more complicated than the simple CSF , and are many factors 

which are associated with the genetics of hydrocephalus, the major two factors 

are the i) telomeres proximity ii) and the more content of Adenine and Thymine 

[A, T] in the human CH as compared to the other nervous disorders. It is also 

suggesting that genetics of hydrocephalus is a crucial birth defect, and its 

genetics is still not completely understood, so it is the most important clinical 

feature. There are about 43 mutant loci associated with the animals and human 

hydrocephalus. Among them 9 are associated with animal models and 1 with 

the human. The most important hydrocephalus gene products are the growth 

factors, cytokines and many cellular signal pathways in the starting stage of 

brain development. In this study we will aim to understand the abnormalities in 

brain cause by the abnormal cellular functioning, and all these cellular events 

results congenital hydrocephalus. All these studies show that it is the mandolin 

type of disease with reference to the cellular, molecular genetics, physiological 

and pathological studies.  

Keywords: Congenital hydrocephalus, CSF circulation, Neuro-developmental 

disorders. 
Copyright © 2022 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Genomic hydrocephalus is an important 

medical condition which is characterized by the 

abnormality in the flow and the disturbance during 

desorption of the cerebrospinal fluid [CSF] which 

results in the ventricular dilation [1]. Due to this 

disorder abnormalities in birth rate also increases [2]. 

Human hydrocephalus is much more complex as 

compared to the simple disorder of [CSF] and it also 

has the many other collection of heterogenous and 

multifactorial disorders [3]. There are also many factors 

cause the pathogenesis of hydrocephalus and shows 

adverse effects [4-6]. Hydrocephalus is a genetic defect 

and shows many developmental defects [7-12]. And all 

these are occurring after the development of brain and 

ventricles. The study of genetic of hydrocephalus is not 

completely understood yet so, it is thought that is may 

occur during the specific time when the neural tube is 

differentiated and proliferation in brain [13, 14]. It may 

be syndromic and non syndromic, if it is syndromic 

then it is difficult to explain the defective gene. And if 

is non syndromic then it is cause by specific faulty gene 

[15, 16]. Human hydrocephalus is a collection of a 

heterogeneous complex and multiple conditions, while 

being often thought of as a singular disorder. An 

increase in the cerebral ventricular size and/or 

subarachnoid space is referred to as hydrocephalus. It is 

brought on by an imbalance between cerebrospinal fluid 

production, circulation, and resorption (CSF). This does 

not include primary cerebral atrophy-related 

ventriculomegaly. CSF flow blockage is the primary 

cause of the majority of cases of hydrocephalus [17, 

18]. Many experimental works also conducted on mice 

and mouse to study the genetics of hydrocephalus [19, 

20]. Many factors also contribute to cause the 

hydrocephalus i.e, drinking of alcohol during pregnancy 

[21, 22], intracerebral hemorrhage, [23-25], and 

bombardment of X ray radiation during pregnancy [26-

28].  

https://www.easpublisher.com/
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Figure 1 Hydrocephalus and therapeutic options. CP: choroid plexus; CSF: cerebrospinal fluid; EVT: endoscopic 

third ventriculostomy; VA: ventriculoatrial; VP: ventriculoperitoneal [28] 

 

Genetics of HC (Hydrocephalus) 

Hereditary hydrocephalus is the more common 

of the two types of hydrocephalus, and it is most likely 

the result of abnormal brain development and disrupted 

cellular function, emphasizing the critical roles that 

congenital hydrocephalus genes play during brain 

development. Recurrence risk for congenital 

hydrocephalus, excluding Xlinked hydrocephalus, is 

generally low [29, 30]. Congenital hydrocephalus 

affects 0.5-2.5:1000 total births. Congenital 

hydrocephalus is a collection of developmental 

disorders [10, 31, 32]. Determining Identifying the 

genetic cause of hydrocephalus is critical in 

determining outcome and plays a role in genetic 

counselling. The risk of recurrence of congenital 

hydrocephalus varies greatly depending on the cause 

[20, 33-43]. Recurrence risk for non-NTD and 

nonXlinked hydrocephalus is estimated to be 1- 4 

percent in subsequent children. These risks will be 

reduced as we gain a better understanding of the genetic 

causes of hydrocephalus and improve genetic testing 

[44]. Despite shunting, the clinical presence of 

additional congenital malformations or cytogenetic 

abnormalities has a negative impact on the prognosis 

for intellectual development in hydrocephalus patients 

[45].Hydrocephalus may occur as a primary 

malformation or in conjunction with other complex 

brain malformations such as neural tube defects, X-

linked hydrocephalus (part of the clinical spectrum of 

CRASH syndrome), or Dandy-Walker syndrome [46-

48]. Hydrocephalus can also be found in genetic 

syndromes with multiple systemic malformations (such 

as occurring with chromosomal abnormalities or other 

mendelian disorders). Trisomy 13, trisomy 18, and 

trisomy 9 are the most common chromosomal 

abnormalities associated with congenital hydrocephalus 

[49, 50]. Many mammals have been observed to have 

hydrocephalus. 

 

 

 

Animal Models 
Animal hydrocephalus models are 

histopathological similar to humans and can be used to 

study the genetics and pathogenesis of brain damage 

[51-59]. It has been well documented in animal models 

that congenital hydrocephalus is a genetic disease in the 

majority of cases. In addition, many congenital 

hydrocephalus loci have been identified and mapped in 

animal models.  

 

Mouse Model 

Genetics of hydrocephalus also observed in 

mouse which results from the genetic deletion of Rho 

family guanosine triphosphatase 3 (Rnd3), and the 

aqueductal stenosis [60]. This [Rnd3] helps in 

regulation of the cell migration and cytoskeleton of the 

cell. Due to the deletion of the [Rnd3] gene 

hydrocephalus increase in size and there is the severe 

obstruction, as well as increase the size of third and 

fourth ventricle. Due to the deficiency of the Rnd3 

Notch signaling activity increase and this can be 

resolved by stopping this Notch activity [61].  

 

Rat Model 
Rat have also been under observation, and 

there are about three main Texas strain related to rat 

hydrocephalus which are HTX, LEW/Jms, and 6-

aminonicotinamide [6- AN] [62]. HTX rats cause the 

cerebral aqueduct closure and form hydrocephalus. The 

second type LEW/Jms cause defect in early age before 

the pulmonary maturation [63]. And the 6-AN- type of 

hydrocephalus is similar to walker syndrome. Among 

all three HTX is well studied congenital hydrocephalus, 

because it enlarges the ventricles during late gestation 

which results the cerebral aqueduct and subcommissural 

organ [SCO] type of abnormalities. The SCO is the key 

structure for the flow of CSF. By keeping view human 

hydrocephalic fetus also smaller SCO. SO due to the 

low level of SCO ventricle size in HTX rat’s increase 

[64]. 
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Mice Model 

Congenital hydrocephalus is a polygenic trait 

in mice, which is develop by the presence of strain 

associated genetic modifiers. And it also observes that 

C57BL strain more common for recognizing the 

hydrocephalus as compared to other strains of mice 

[65]. Genetic background has large impact on 

experimental studies. E.g nm1504- or fyn deficient 

mice on C57BL severe hydrocephalus [66]. In L1 

deficient gene there is severe hydrocephalus when 

exposing with C57BL/6 strain [67]. Hydrocephalus in 

mutant mice having Naglu least related to previous 

strain of C57BL/6 [68]. 

 

Human Hydrocephalus Model 
In humans hydrocephalus may be related to the 

abnormal brain development, and when the cellular 

functioning is improper, so it leads to the pathogenesis 

of hydrocephalus [69]. It is studied that about 40% 

patient of hydrocephalus related to the genetic etiology 

[70], and there are more than 100 genes are discover 

which describe the hydrocephalus [71], and 5-15% 

genetic hydrocephalus related to the X-linked 

hydrocephalus [72, 73]. There are almost four pair of 

which cause the human hydrocephalus due to the 

mutation in them , the most common among them is 

[L1CAM] known as L1 cell adhesion molecule, and the 

other three are multiple PDZ domain proteins (MPDZ), 

and coiledcoil domain- containing protein 88c 

(CCDC88C), sigma 2 subunit of the adapter protein 1 

complex (AP1S2), [74-76]. These genes may be 

expressed as autosomal or Xlinked fashion. The X-

linked human gene L1CAM is located at the AP1S2 and 

Xq28 [77]. The mechanism of L1 gene is not known 

clearly. But neural cell membrane protein and L1 

protein plays the important role during the development 

of brain [78]. When the neural adhesion start the L1 

gene mediates the function of cell to cell adhesion, 

which cause the axon bundling, synaptogenesis, growth 

cone morphology, and pathfinding [79]. It also cause 

the agenesis of the corpus callosum, aqueduct of 

Silvius, fusion of thalami, nonfunctioning of 

corticospinal tracts [80]. 

 

 
Figure 2: Patients with congenital SH. A. trisomy 9, B. 6p25 terminal deletion due to de novo unbalanced translocation 

46,XY,der(6)t(6;13)(p25;q34), C. MRI scan of the brain in patient with pathogenic L1CAM gene mutation, D. CT scan of the 

brain in patient with Micospe [79] 

 

 
Congenital hydrocephalus in clinical practice [75, 23] 

 

https://www.sciencedirect.com/science/article/pii/S176972121100084X
https://www.sciencedirect.com/science/article/pii/S176972121100084X
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Syndromic and Non Syndromic Hydrocephalus 

Hydrocephalus has two forms syndromic and 

non syndromic [81]. Hence , no proper agreement has 

been made which classify genetic syndromic patient 

that lack the major clinically features. For example, 

L1CAM gene considered as both syndromic and non 

syndromic [82, 83]. It is prefer to distinguish between 

both types of syndromes in the phenotypes of clinical 

phenotype characterize by brain , as well as physical 

abnormalities. When the genetic basis and syndrome 

identified, then hydrocephalus are associate with 

syndrome i.e L1CAM link hydrocephalus. 

 

Hydrocephalus causes: Hydrocephalus is 

completely extrinsic event and acting upon structure of 

brain. It can be idiopathic molecular syndrome 

identifiable in clinic. In a recent series there is about 

411 infants associated with hydrocephalus, among them 

175 are extrinsic cause of the condition. Most common 

cause is prematurity-associated intraventricular 

hemorrhage [84]. The other 236 patients had no clear 

extrinsic cause , and 28 has identifiable genetic cause 

syndrome. Mechanism , development , pathology, 

physiology of hydrocephalus: Ventricle dilation of 

cerebral disturbed the functioning of CFS flow which is 

observed in many animals, and in most cases 

subarachnoid space, defective development of cerebral 

is observed [85].  

 

Effected individuals or patient may have 

severe developmental delay and the radiographic 

findings of hydrocephalus [86]. The developmental and 

morphological changes in brain ventricles have clearly 

studied in the three major rats models , which are 

suffering from congenital hydrocephalus and these rats 

are mutant by LEW/Jms ,HTX, 6- aminonicotinamide 

(6-AN)- induced. This study reveal that it is related to 

the Walker syndrome. The major morphological and 

developmental changes in the brain ventricular system 

have been well studied in three major rat models of 

congenital hydrocephalus which are 6- 

aminonicotinamide (6-AN)-induced, LEW/Jms and 

HTX mutant rats. This study reveal that it is related to 

the Walker syndrome. The two models of gene , 

LEW/Jms and HTX mutant rat were selected as 

identical for studying the genetics of hydrocephalus in 

postnatal duration. It is also studied that LEW/Jms rats 

shows minute aqueductal stenosis, but before the 

pulmonary maturation it has been reveals the 

hydrocephalus [87]. 

 

However, in HTX rats fetus shows the 

secondary closure of aqueduct , which cause the defects 

in hypothalamus [88,89] and cell proliferation, and 

apoptotic cell death [90,91]. So , the HTX rat shows the 

loss of secretory cells of SCO. Due to the reduction of 

SCO glycoprotein proceed the aqueduct close and the 

lateral side of ventricles in HTX rat expand [92,93]. 

Although, it has also reveal that microglia ( resident 

mononuclear phagocytes of the brain) in the brain of 

animals hydrocephalus models. In one experiment brain 

tissues were studiedwhich are taken from ten 

hydrocephalic and ten non hydrocephalic and controls 

with immunohistochemically , antibodies against MHC 

and CD68 antigen [94]. The lectin histochemistry was 

done with tomato lectin. The CD68 and tomato lectin 

shows the hydrocephalus cases which have the positive 

macrophages along the ependymal lining of lateral 

ventricles especially in the occipital horn. The 

macrophage response known by the ependymal lining 

of ventricles and around its nearby area shows the 

sensitivity of both age of fetus and hydrocephalus [95]. 

The molecular etiology of hydrocephalus: The 

disruption of neural cell membrane proteins, which play 

an important role during brain development, is one of 

the possible mechanisms leading to the pathogenesis of 

hydrocephalus. The L1 protein, which is encoded by the 

human Xlinked hydrocephalus gene, is a member of the 

immunoglobulin superfamily of neural cell adhesion 

molecules [96]. 

 

It is expressed in neurons and Schwann cells 

and appears to be required for brain development and 

function. Hirschsprung's disease (HSCR) is 

distinguished by the absence of ganglion cells in the 

distal bowel and the presence of hypertrophic nerve 

trunks [97]. Several patients with X-linked 

hydrocephalus and HSCR have been reported to have a 

mutation in the L1CAM gene. As a result, decreased 

L1CAM may play a role in the development of HSCR 

[98]. X-linked hydrocephalus is a neurological disorder 

characterized by aqueduct stenosis and hydrocephalus. 

This condition contributes to male predominance in 

congenital hydrocephalus. It is estimated that X-linked 

hydrocephalus accounts for about 2-5% of all non 

syndromic congenital hydrocephalus [U5]. Since the 

early 1960s, this condition has been recognized. The 

most common genetic form of congenital 

hydrocephalus, X-linked hydrocephalus, affects 

approximately 1:30000 male births [99].  

 

The disease gene is passed down from mothers 

to sons. In addition to varying degrees of 

hydrocephalus, there may be hypoplasia of the 

corticospinal tracts (characterized by the absence of 

medullary pyramids), corpus callosal agenesis, 

hypoplasia of the anterior cerebellar vermis, and 

thalami fusion. Aspects of Environment and risk factors 

attained through environmental forces in the 

pathogenesis of Hydrocephalus: With observance to the 

environment and acquired elements, alcohol intake, 

diabetes, hypertension, inflammation, aging, and sleep 

apnea are curious risk factors for iNPH development 

[100-102].Alcohol intake indicate a correlation with 

iNPH development possibly due to ethanolinduced 

decrease in beating frequency of motile cilia and 

consequent abnormality on the ependymal cells of 

ventricles [103, 104] .Although iNPH patients present 

with increased bitterness of diabetes, the causal 

relationship has not been concluded [105].The 
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hypothetical pathogenesis may be attributed to high 

concentration of sugar and increased fluid viscosity in 

CSF. 

 

The studies have shown the increased fluid 

viscosity increases the shear stress on the ventricular 

wall and increases the dilatation of the vasculature 

[106]. Hypertension and aging were also known to be 

potential risk factors for ventriculomegaly. The 

underlining mechanism was considered to be related to 

the decline in the glymphatic function [107]. As 

previously discussed, obstructive sleep apnea was 

commonly associated with iNPH, [108] and up to 90% 

of iNPH patients suffered from obstructive sleep [109]. 

In addition to the previously discussed pathogenic 

process, obstructive sleep apnea decreases oxygen 

intake and decreases venous return to the heart, 

resulting in further retrograde intracranial venous 

hypertension and ventricular enlargement [110]. 

 

CONCLUSION 
The genetic study of hydrocephalus in humans 

is restricted, many hydrocephalus genetic loci have 

been found in animal models. This method provides 

researchers with important insights into the molecular 

etiology of damaged brains during hydrocephalus 

development. Furthermore, hereditary abnormalities 

affecting motile cilia create the groundwork for the 

development of hydrocephalus, and acquired risk 

factors enhance the development of hydrocephalus 

[111]. Furthermore, glymphatic system malfunction and 

sleep problems are becoming attractive themes in 

research of the pathophysiology and potential 

therapeutic management of hydrocephalus, particularly 

in iNPH. As a result, these types of investigations will 

aid in gaining a better knowledge of the molecular 

process behind hydrocephalus and will provide vital 

insights into the etiology of iNPH and other 

neurological illnesses. Other than altered CSF 

circulation [112] and resorption, new processes 

discovered via genetic research may assist to explain 

why patients with hydrocephalus may still undergo 

symptomatic progression despite functioning shunts. 

Finally, such knowledge will be beneficial in improving 

patient care in a variety of ways, as well as guiding best 

treatment decisions for patients as early as feasible. To 

summarize, several genetic loci of hydrocephalus have 

been defined in animal models, laying the groundwork 

for a better knowledge of the molecular etiology of 

hydrocephalus; yet, genetic study of hydrocephalus in 

humans remains restricted. Animal models' 

histopathological similarities can be used to better 

understand the genetics and etiology of human 

hydrocephalus. This review of molecular etiologies 

reveals a wide range of pathogenetic mechanisms. 

Perturbation of practically any chemical involved in 

early brain development, as well as sequential 

regulation of cerebrospinal fluid dynamics, could 

contribute to the aetiology of congenital hydrocephalus.  

 

Future Prospects 

It is critical to recognise that molecular 

genetics an , it is the only current scientific approach to 

studying hydrocephalus that addresses the common 

concern about whether an observed phenomenon is a 

result or a cause. Despite our understanding of 

hydrocephalus genetics in animal models, we know 

very little about the genetic and molecular mechanisms 

that cause human hydrocephalus. Without this 

information, it is impossible to say whether the 

pathogenesis of human hydrocephalus is comparable to 

that seen in animal models, and extrapolating data from 

animal models to humans is impractical. Attempts to 

identify genetic variants associated with susceptibility 

to genetic diseases rely on three major approaches: 

pedigree and sibpair linkage analysis, population 

association studies, and genome-wide association 

studies. The distinctions between these study designs 

reflect their origins in biological versus epidemiological 

traits. It would be extremely difficult, as with most 

common diseases, to identify and recruit large pedigrees 

in hydrocephalus that demonstrate hereditary 

transmission of this condition. 
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