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ABSTRACT 
Microcephaly, Epilepsy, and Diabetes Syndrome (MEDS), an autosomal recessive neuroendocrine disorder, is an extremely 
rare disease that is characterized by congenital microcephaly with simplified gyration patterns, early onset epilepsy and 
irreversible neonatal diabetes mellitus. The growing importance of IER3IP1 mutations as an important pathogenesis factor 
of disease, along with the relationship between endoplasmic reticulum (ER)-stress, dysregulation of the Unfolded Protein 
Response (UPR) and apoptosis in neuronal and pancreatic β-cells is becoming increasingly apparent. This review 
summarizes existing genetic, molecular, cellular, and clinical knowledge of MEDS, combining the data of human genetic 
research, animal models, and computational analyses. Specific attention is paid to ER stress-mediated processes that 
integrate neurodevelopmental failure and metabolic malfunction. Through synthesizing available information and 
emphasizing areas of critical concern, this review will offer a theory of knowledge on MEDS, as well as determine new 
targets of therapy based on using ER stress modulators. This review combines the results of genetic research, experimental 
systems and computational studies to identify the importance of ER-stress-mediated apoptosis in the pathogenesis of 
MEDS. Limitations of the current therapeutic approaches and prospective studies aimed at the regulation of ER-stress are 
also addressed. 
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INTRODUCTION 
Overview of syndromic forms of microcephaly and 
neonatal diabetes 
Microcephaly is a neurodevelopmental disorder 
characterised by a reduced occipitofrontal circumference 
(OFC) relative to age- and sex-specific norms (Wei et al., 
2020; Asif et al., 2023). It may be identified during birth 
and in most cases when the brain development in the womb 
experiences an issue or when the OFC does not grow after 
birth (Beltrand et al., 2020; Gilmore & Walsh, 2013). It may 
be categorized into 5 types, namely: Congenital, Postnatal, 
Isolated, Syndromic, Primary and Secondary. Congenital 
microcephaly is simplified in gyration and characterized by 
having fewer gyri (Wei et al., 2020), thin or normal cortical 
thickness, and few and shallow sulci (Gilmore & Walsh, 
2013; Hattersley & Patel, 2017). 
Neonatal diabetes mellitus is a rare kind of diabetes 
evidenced in children below the age of 1 year (Golshan-
Tafti et al., 2024). It is also commonly brought about by 

genetic mutations, but not the autoimmune type 1 Diabetes. 
It is categorized into Permanent Neonatal Diabetes Mellitus 
(PNDM), which needs to be treated throughout life or 
Transient Neonatal Diabetes Mellitus (TNDM) that usually 
heals but can recur at a later age in life. 
Definition and Epidemiology of MEDS 
MEDS (Microcephaly, Epilepsy, and Diabetes Syndrome) 
is a rare neurodevelopmental disorder that is autosomal 
recessive in nature. It is marked by inborn microcephaly, 
acute epilepsy in the first years of life, and incurable 
neonatal diabetes mellitus, which can cause severe 
developmental impairment and early death in childhood. 
MEDS is rare, and fewer than 10 cases have been reported 
in the medical literature even at the time of the latest 
reviews (Golshan-Tafti et al., 2024). The cause of this 
severe disorder was proved to be mutations in the IER3IP1 
gene after genetic testing (Abdel-Salam et al., 2012; Yang 
et al., 2022; Sahin et al., 2021). There is little information 
on the complete range of patterns of inheritance of this 
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disorder because this disorder is rare. Nevertheless, there is 
a limited number of cases that would allow concluding that 
it is an autosomal recessive disorder. 
Why understanding its molecular basis is crucial 
It is important to research the molecular basis of MEDS for 
several reasons, such as developing a treatment for this rare 
genetic disorder and gaining general information about 
other disorders that are related to the brain and the pancreas. 
Greater insight into the molecular maladies of MEDS will 
assist us in creating specific drug interventions, along with 
the improvement of symptom management (Pushpa et al., 
2025). 
Even though MEDS is very rare, the examination of such 
monogenic disorders can offer significant pieces of 
information about the general biological and clinical 
processes. Millions of people across the globe have Rare 
genetic diseases, over 7,000 rare genetic disorders have 
been recognized and most of them are of genetic origin 
(Vockley et al., 2023). Although the prevalence of each of 
the conditions is low, their combination generates a 
significant global burden and is usually accompanied by 
high morbidity and mortality, especially in cases when they 
relate to early developmental processes (Myrene, 2021; 
Garg et al., 2023). Neuroendocrine syndromes are of 
particular importance as they emphasize on the complicated 
interrelationships between the nervous system and 
endocrine organs that govern metabolism, development, 
and cellular homeostasis (Manjula et al., 2026). The 
impairment of these interdependent systems too often leads 
to serious multisystem disorders of neurological and 
metabolic dysfunction (Pérez et al., 2021; Dakshayini et al., 
2023). MEDS is a distinctive neuroendocrine pathology, 
where dysregulated brain development correlates with 
pancreatic β-cell failure via common molecular pathways, 
including endoplasmic reticulum stress and dysregulation 
of unfolded protein response. Thus, a study of the molecular 
pathogenesis of MEDS not only enhances the knowledge on 
this rare condition but also offers useful information on the 
pathogenesis of more common neurological and metabolic 
conditions, such as diabetes and neurodevelopmental 
disorders (Riddle et al., 2020). 
Aim and scope of the review 
This is a critical literature review on the current state of 
knowledge on the genetic and molecular pathophysiology 
of MEDS. Specifically, it aims to: 

(1) Identify causative genes and the spectrum of mutations 
of MEDS and its related phenotypes.  
(2) Combine mechanistic evidence of connecting ER stress, 
UPR signaling, apoptosis, and cell-lineage susceptibility. 
Emphasize clinical associations and translational research. 
Literature search strategy 
The literature review was carried out as a narrative review 
based on PubMed, Scopus, and Web of Science databases. 
154 articles in the time frame of 2000-2025 were found 
through combinations of the keywords MEDS, IER3IP1, 
neonatal diabetes, microcephaly, ER stress, and unfolded 
protein response. These included original research articles, 
case reports, animal studies, and pertinent review articles in 
the English language. The literature that had no relation to 
neuroendocrine development or had no molecular 
implication was excluded. 
Genetic basis of MEDs 
Major causative genes 
The most reported genetic cause of MEDS is mutations in 
IER3IP1. IER3IP1 codes a protein that controls ER 
homeostasis and suppresses long-term UPR. Loss-of-
function mutations lead to unsolved ER stress, chronic 
stimulation of PERK and IRE1 pathways, and apoptosis of 
highly secretory cells (neurons and pancreatic β cells) 
(Abdel-Salam et al., 2012; Yang et al., 2022). The mutations 
in PTF1A, a transcription factor of the pancreas and 
cerebellum development, can create a spectrum of 
phenotypes that overlap MEDS. Loss-of-function mutants, 
which occur in the two alleles, cause pancreatic agenesis 
and severe neurodevelopmental impairment, which 
supports the association of common developmental 
pathways (Sellick et al., 2004) (Table 1). 
The majority of the INS mutations are a heterozygous and 
autosomal dominant kind that leads to misfolding in the ER 
and associated β-cell apoptosis. Others are recessive and 
interfere with the insulin promoter activity, especially in 
families with a consanguineous history. INSR mutations 
also disturb the functionality of the insulin receptor, which 
contributes to the β-cell ER stress, and, consequently, 
PNDM (Hattersley & Patel, 2017). Stress of β-cell loss and 
neuroendocrine failure caused by mutations in EIF2AK3, 
WFS1 and NEUROD1 forms a common molecular axis 
between classical neonatal diabetes and the MEDS-
spectrum syndromes, through secondary ER stress caused 
by misfolded insulin. 

Table 1: Genetic Basis of MEDS and Related Phenotypes 
Gene Protein Function Type of 

Mutation 
Inheritance 
Pattern 

Major Clinical 
Features 

Key Molecular 
Mechanism 

IER3IP1 Regulates ER 
homeostasis; 
attenuates UPR 

Missense, 
nonsense, 
frameshift 

Autosomal 
recessive 

Microcephaly, 
epilepsy, and 
permanent neonatal 
diabetes 

Unresolved ER stress 
→ PERK–eIF2α–
CHOP activation → 
neuronal & β-cell 
apoptosis 

PTF1A Transcription 
factor for 
pancreatic & 
cerebellar 
development 

Loss-of-
function 

Autosomal 
recessive 

Pancreatic 
agenesis, cerebellar 
hypoplasia, 
neonatal diabetes 

Impaired progenitor 
specification → early 
apoptosis 
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INS Preproinsulin 
synthesis 

Missense, 
promoter 
variants 

Dominant / 
recessive 

Permanent neonatal 
diabetes 

Misfolded insulin → 
ER stress → β-cell 
death 

INSR Insulin receptor 
signaling 

Missense, 
truncating 

Autosomal 
recessive 

Insulin resistance, 
neonatal diabetes 

Impaired insulin 
signaling → 
metabolic stress 

EIF2AK3 PERK kinase in 
UPR 

Loss-of-
function 

Autosomal 
recessive 

Wolcott–Rallison 
syndrome 

Defective UPR 
regulation 

WFS1 ER calcium 
homeostasis 

Missense Autosomal 
recessive 

Wolfram syndrome Chronic ER stress 

 
Structure and Biological Role of IER3IP1 
The IER3IP1 (Immediate Early Response 3 Interacting 
Protein 1) gene is a gene of a highly conserved endoplasmic 
reticulum (ER)-bound protein, which is essential in 
ensuring ER homeostasis and cellular responses to stress. 
IER3IP1 protein can be found on the ER membrane and 
functions in the regulation of protein folding, ER-associated 
degradation, and suppression of the unfolded protein 
response (UPR) in case of stresses in the cell (Abdel-Salam 
et al., 2012; Yang et al., 2022). In physiological conditions, 
IER3IP1 is involved in protein quality control at the ER by 
promoting adequate folding of new proteins and their 
processing, especially in highly secretory cells like 
pancreatic β-cells and developing neurons. 
Structurally, an IER3IP1 protein has conserved domains 
that can mediate interactions with elements of ER stress 
signaling pathways. The interactions are significant in the 
maintenance of adaptive and apoptotic responses in the 
periods of elevated protein synthesis or metabolism. 
IER3IP1 is involved in preserving ER function and averting 
the hyper-activation of stress pathways in pancreatic β-cells 
in which insulin production imposes significant stress on 
the ER (Yang et al., 2022). Likewise, during the 
differentiation of neural progenitor cells, the protein aids in 
cell division and cell survival through the regulation of 
cytokinesis and suppression of apoptosis under stress. 
IER3IP1 loss-of-function mutations impair these regulatory 
mechanisms, resulting in continued ER stress, activation of 
apoptotic pathways, and progressive neuronal and 
pancreatic β-cell loss, which eventually leads to the clinical 
phenotype of Microcephaly, Epilepsy, and Diabetes 
Syndrome (MEDS) (Abdel-Salam et al., 2012). 
Inheritance pattern and mutation spectrum 
MEDS is a rare autosomal recessive disorder that is present 
when a person receives two copies of a mutated gene, which 
is inherited from both parents. This results in the occurrence 
of a genetic illness. The carrier parents are usually 
asymptomatic, and they have 25% probability of giving 
birth to an affected child. This mode of inheritance is not 
hereditary and is at times intergenerational. Consanguinity 
enhances the chances of autosomal recessive disorders as 
the chance of inheriting the same mutated alleles of 
common ancestors increases (Dahbi et al., 2024). 
In the MEDS syndrome, the frameshift mutations, splicing 
point mutations, and missense mutations are the different 
forms of mutations that occur in IER3IP1. Missense 
mutations cause one amino acid to be changed, which may 
alter the protein activity. Nonsense mutation establishes a 

premature stop codon thus ending the synthesis of the 
protein chain. The events that cause frameshift mutations 
include deletions or insertions, which alter the reading 
frame, resulting in the production of dysfunctional proteins. 
These mutations interfere with normal protein activity 
required in the neuronal and pancreatic β-cell maturation, 
which propagates the MEDS pathogenesis. 
MEDS is mostly reported in high consanguineous 
populations seen among some Middle Eastern and South 
Asian families (Alkuraya, 2013). Medical Exclusivity 
Disorders Consanguinity marriages increase the risk of 
autosomal recessive diseases, including MEDS, by 
increasing the probability of both partners bearing the same 
pathogenic variant. The initial MEDS case in Turkey 
highlights the prevalence of the syndrome in the said 
genetic clusters. These population centres emphasise the 
need to conduct genetic counselling and early diagnosis in 
areas where consanguinity marriages are very common. 
Molecular Mechanisms & Pathophysiology 
Endoplasmic Reticulum (ER) stress and apoptosis 
The deletion of IER3IP1 in β-cells is constitutive or 
inducible and alters the ER function, causing ER stress and 
preproinsulin misfolding. This leads to defects in β-cell 
maturation and proliferation as well as apoptosis, leading to 
insulin-deficient diabetes. β-cell-specific IER3IP1 deletion 
(IER3IP1-βKO) mouse models demonstrated the 
emergence of severe early onset diabetes with the dilated 
ER, increased expression of the ER chaperones, and 
disturbed gene expression, inhibiting cell division in 
support of apoptosis (Arvan & Halban, 2004). It was 
observed that IER3IP1 deficiency also disrupts β-cell 
functions in adult mice, which showed its functions other 
than development. The given discovery assists in the 
explanation of the pathophysiologic mechanism of how the 
IER3IP1 mutation causes diabetes via the ER stress and loss 
of β-cells. IER3IP1 deficiency causes excessive ER stress 
and cell apoptosis in developing neuronal cells and β cells 
(Hetz et al., 202). This causes microcephaly because of the 
premature death of neurons, which causes 
neurodevelopmental defects and epilepsy. All of these 
cascade cellular failures of survival form the basis of the 
clinical triad of MEDS. 
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Figure 1: Molecular pathogenesis of Microcephaly, 

Epilepsy, and Diabetes Syndrome (MEDS). Pathogenic 
mutations in the IER3IP1 or PTF1A disrupt 

endoplasmic reticulum (ER) homeostasis, leading to 
the accumulation of misfolded proteins and persistent 

activation of unfolded protein response (UPR). Chronic 
PERK-eIF2a-CHOP signaling triggers neuronal and 

pancreatic β-cell apoptosis to cause the typical clinical 
three-fold combination of microcephaly, epilepsy, and 

persistent neonatal diabetes mellitus 
 

Table 2: Cellular Consequences of ER Stress in MEDS 
Cellular 
Process 

Normal 
Condition 

MEDS Pathology 

Protein 
folding 

Efficient 
chaperone-
assisted folding 

Accumulation of 
misfolded proteins 

UPR 
activation 

Transient, 
adaptive 

Chronic, 
maladaptive 

PERK 
signaling 

Temporary 
translational 
arrest 

Sustained CHOP 
induction 

Apoptosis Minimal Extensive neuronal 
& β-cell apoptosis 

Neurogenesis Normal 
progenitor 
proliferation 

Premature 
termination 

Insulin 
secretion 

Adequate Absent / severely 
reduced 

 
Unfolded Protein Response (UPR) Signaling Pathways 
in MEDS 
Unfolded protein response (UPR) is a cellular stress 
response that is shared by all eukaryotes and is triggered by 
the presence of misfolded or unfolded proteins in the 

endoplasmic reticulum (ER). The main task of the UPR is 
to restore the homeostasis of the ER, to enhance the 
synthesis of protein molecules temporarily, to increase the 
synthesis of molecular chaperones, and to produce more 
protein degradation pathways (Hetz et al., 2020; Ron & 
Walter, 2007). This process is controlled by three main ER 
transmembrane sensors, namely protein kinase RNA-like 
ER kinase (PERK), inositol-requiring enzyme 1 (IRE1) and 
activating transcription factor 6 (ATF6). These sensors are 
normally inactive in the binding of the ER chaperone 
binding immunoglobulin protein (BiP). Nevertheless, the 
phenomenon of misfolded protein accumulation causes BiP 
dissociation, which causes the activation of such signaling 
pathways. 
During ER stress, the PERK pathway is a key pathway in 
the process of regulating protein translation. After being 
activated, PERK phosphorylates the eukaryotic initiation 
factor eIF2a and suppresses global protein synthesis and 
decreases the protein-folding load in the ER. But long-term 
stimulation of PERK signaling leads to the over-expression 
of the transcription factor, CHOP (C/EBP homologous 
protein), which triggers the process of apoptosis in cases 
where stresses cannot be countered at the cellular level (Ron 
& Walter, 2007). The IRE1 pathway also plays a role in 
adaptation by splicing mRNA XBP1 to form a transcription 
factor that enhances the expression of ER-associated 
degradation and folding genes. Meanwhile, ATF6 relocates 
to the Golgi apparatus after activation, and in the latter 
compartment, it is cleaved to produce an active 
transcription factor, which upregulates chaperone 
production and ER quality control mechanisms (Hetz et al., 
2020). 
In MEDS, IER3IP1 mutations impair the control of the ER 
homeostasis, triggering long-lasting UPR pathways. Rather 
than inducing adaptive recovery, chronic ER stress changes 
the ratio between UPR signaling and apoptotic signalling, 
especially via the PERK-eIF2a-CHOP pathway. This is a 
maladaptive reaction that leads to widespread apoptosis of 
highly secretive pancreatic β-cells and developing neurons 
thus also being the cause of characteristic clinical 
manifestations of MEDS, such as neonatal diabetes and 
severe microcephaly. 
Neurodevelopmental dysfunction 
Microcephaly, which is observed in MEDS, is associated 
with the disrupted proliferation of neuroblast or cortical 
progenitor cells that are the result of mutations in the 
IER3IP1 gene. IER3IP1 is important in adequate 
cytokinesis in neuroblast division; its deficiency causes 
multinucleated neural progenitors and incomplete 
cytokinesis in the neuroblast division, signifying 
incomplete cell division and early termination of 
neurogenesis. This causes a decrease in the amount of 
neural progenitors and a reduced number of neurons, 
leading to microcephaly with a simplified gyral pattern. As 
such, the neuroblast proliferation is selectively disrupted by 
IER3IP1 deficiency, which is part of the 
neurodevelopmental defects of MEDS. 
The numerous PTF1A gene mutations lead to cerebellar 
hypoplasia and impaired differentiation of neurons, which 
are involved in the neurodevelopmental disfigurement of 
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MEDS. PF1A gene is the gene that codifies an important 
transcriptional factor that is critical in the development of 
cerebellar neurogenesis and GABAergic neurons. 
Mutations that cause loss of a single gene cause cerebellar 
agenesis (synonymous with hypoplasia) through the mis-
specification of progenitors, early apoptosis, and distorted 
cell fate. This mutation also disrupts the development of the 
pancreas, leading to neonatal diabetes and neurological 
malformation, which are the combined aspects of 
pancreatic-brain mutation typical of MEDS. 
 

 
Figure 2: Mechanisms of neurodevelopmental change 
in the occurrence of microcephaly in MEDS. Absence 
of IER3IP1 disrupts cytokinesis in neuroblast division, 

causing multiple nucleated neural precursors and 
premature cell death. The consequence of this is the 
loss of the neuronal progenitor pool and premature 

arrest of neurogenesis to the appearance of congenital 
microcephaly with simplified gyral patterning. 

 
Metabolic dysregulation 
The associated metabolic outcomes associated with PTF1A 
mutations include hyperglycemia, which requires insulin 
treatment. This secondary effect of hyperglycemia finally 
influences the energy metabolism, which in turn has an 
impact on the survival of the neurons. These are the reasons 
why neurodevelopmental and metabolic manifestations of 
the syndrome are observed, which underlines how complex 
the observed phenotype of causes related to PTF1A-related 
MEDS is.  

 
Figure 3: Interplay of metabolism and neurons to 
neurodevelopmental disability of MEDS. Insulin 

deficiency induced by apoptosis of pancreatic β cells 
disrupts insulin and insulin. The insulin signalling via 
PI3K/Akt pathway is necessary to brain growth and 

development through the facilitation of neuronal 
survival, growth, differentiation and synaptic plasticity 

(Chen et al., 2020). 
 

Crosstalk between neuronal and metabolic pathways 
PI3K is activated by the stimulation of insulin or IGF 
receptors, which generates PIP3 that attracts and activates 
Akt in the insulin-like growth factor (IGF) signaling in the 
developing brain. The impairment of neurodevelopment 
declines with a decrease in PI3K/Akt pathways, which 
impairs neuronal survival and development. Akt then 
modulates downstream targets that inhibit the pro-apoptotic 
factors like FOXO that promote cell cycle progression, and 
support metabolic factors essential for brain maturation 
(Plum et al., 2005; Blázquez et al., 2022). Disruption in the 
insulin/IGF signalling, as seen in conditions with insulin 
deficiency like MEDS, impairs the PI3K/Akt pathway 
activity, leading to reduced neuronal growth and survival, 
contributing to microcephaly (Fernandez & Torres-Alemán, 
2012). This dual impairment links the metabolic 
dysregulation with neurodevelopmental defects through 
altered insulin-dependent trophic signalling as seen in 
MEDS (Table 3). 
 

 
Table 3: Integrated Genotype–Cell Stress–Phenotype Framework in MEDS 

Gene / 
Pathway 
Involved 

Primary 
Cellular 
Stress 
Trigger 

Most 
Vulnerable 
Cell Type 

Developmental 
Timing of 
Injury 

Resulting Clinical 
Manifestation 

Mechanistic 
Insight 

IER3IP1 Chronic ER 
stress due to 

Cortical 
neural 
progenitors, 

Prenatal to 
early neonatal 
period 

Congenital 
microcephaly, 
early-onset 

The inability 
to overcome 
ER stress is 
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impaired UPR 
attenuation 

pancreatic β-
cells 

epilepsy, permanent 
neonatal diabetes 

associated 
with the 
long-term 
maintenance 
of PERK-
eIF2α-CHOP 
signaling and 
apoptosis of 
highly 
secretory 
cells. 

PTF1A Defective 
transcriptional 
regulation of 
progenitor 
fate 

Pancreatic 
progenitors, 
cerebellar 
neurons 

Early 
embryogenesis 

Pancreatic agenesis, 
cerebellar 
hypoplasia, neonatal 
diabetes 

Disrupted 
lineage 
marking 
leads to 
untimely 
apoptosis and 
hypoplasia of 
organs. 

INS 
(misfolded 
insulin) 

Protein 
misfolding 
within ER 
lumen 

Pancreatic β-
cells 

Neonatal period Permanent neonatal 
diabetes 

Misfolded 
insulin is 
accumulated, 
which 
prompts 
maladaptive 
UPR and β-
cell death. 

EIF2AK3 
(PERK) 

Impaired 
translational 
stress 
response 

β-cells, 
chondrocytes 

Prenatal and 
postnatal 

Wolcott–Rallison–
like features 
overlapping MEDS 

Inability to 
control 
protein 
synthesis 
when 
stressed on 
the ER 
increases 
apoptosis. 

Insulin/IGF–
PI3K/Akt 
signaling 
axis 

Insulin 
deficiency–
induced 
trophic failure 

Developing 
neurons 

Late prenatal to 
infancy 

Aggravation of 
microcephaly and 
neurodevelopmental 
delay 

Minimized 
Akt signaling 
endangers 
neuronal 
survival, 
development, 
and synaptic 
maturation. 

UPR–CHOP 
axis 

Prolonged 
maladaptive 
UPR 
activation 

Neurons and 
endocrine 
cells 

Continuous 
from 
development to 
infancy 

Combined 
neuroendocrine 
degeneration 

Transcription 
by CHOP 
favors 
apoptosis 
over adaptive 
survival. 
 

Clinical correlations 
MEDS normally manifests during the neonatal age with the 
triad of microcephaly, epilepsy, and permanent neonatal 
diabetes mellitus. The symptoms that occur in early life are 
decreased head circumference on birth, seizures and 
insulin-dependent diabetes. Other cases also demonstrate 

other characteristics such as cerebellar hypoplasia and 
neurodevelopmental delay. This is a neurological and 
endocrine co-morbidity that is indicative of early genetic 
abnormalities in the development of the brain and the 
pancreatic β-cells. Findings of MRI of MEDS indicate 
microcephaly, simplified gyral patterning, cerebellar 
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hypoplasia, and distortions in the corpus callosum (Wei et 
al., 2020). EEG exhibits generalised epileptiform 
discharges. The insulin deficiency is shown by the low 
levels of C-peptide because of failure of the β-cells. Such 
indicators can be used to diagnose and exclude other causes 
of the syndrome as well as validate β-cell dysfunction. 
Exome sequencing can be an effective diagnostic method to 
use in MEDS because it is able to detect mutations in genes 
such as IER31P1, one of the major causes of the syndrome. 
It is also more effective than the testing of individual 
candidate genes, particularly when the specific gene is not 
known (Pattan et al., 2021). Exome sequencing can be used 
to make a genetic diagnosis and consequently inform the 
prognosis, inform genetic counselling and reproductive 
planning, and refer families to support groups (Abdel-
Salam et al., 2012; Yang et al., 2022). Besides, Sanger 
validation plays a vital role in validating the pathogenic 
forms of genes detected by next-generation sequencing 
(NGS). Nevertheless, MEDS cases are rare, and it is, 
therefore, difficult to determine correlations between 
clinical phenotype and genotype. MEDS can be 
distinguished by Wolfram syndrome as it starts earlier, and 
epilepsy and severe microcephaly appear. Wolfram 
syndrome is more likely to be associated with optic atrophy 
and diabetes insipidus with subsequent diabetes mellitus. 
Through genetic testing, we would be able to establish that 
IER3IP1 mutations clinch MEDS diagnosis, and this would 
distinguish it from these related syndromes (Fig 4). 
 

 
Figure 4: Diagnostic workflow of Microcephaly, 

Epilepsy, and Diabetes Syndrome (MEDS). The initial 
signs of evaluation include neonatal manifestation of 
microcephaly and early convulsions, and biochemical 

indicators of insulin-deficient diabetes. Simplified 
gyration patterning and cerebellar hypoplasia are 

usually shown in neuroimaging. The diagnosis of the 
pathogenic variants of IER3IP1 or PTF1A is confirmed 

through Whole-exome sequencing. 
 
Biomarkers of Diagnosis in MEDS 
Microcephaly, Epilepsy, and Diabetes Syndrome (MEDS) 
is not an easy disease to diagnose early and accurately due 
to its rarity and similarity with other neurodevelopmental 

and metabolic diseases. Thus, diagnostic biomarkers, which 
prove to be reliable, must be identified to allow the 
detection at early stages and better clinical management. 
The genetic biomarkers are now the most reliable 
diagnostic markers of MEDS. The main molecular marker 
to justify the diagnosis of this syndrome is the presence of 
pathogenic variants in the IER3IP1 gene that can be 
identified using the methods of whole-exome sequencing or 
focused genetic testing (Abdel-Salam et al., 2012; Yang et 
al., 2022). The next-generation sequencing technology has 
greatly enhanced the identification of rare pathogenic 
variants of neurodevelopmental disorders. 
Besides genetic markers, biochemical markers of the 
dysfunction of pancreatic β-cells also play a significant role 
in the diagnosis of MEDS. The impaired β-cell survival and 
functionality are common in affected individuals with 
lowered or absent levels of C-peptide, continuing 
hyperglycemia during the neonatal period, and insulin 
deficiency (Beltrand et al., 2020). Neuroimaging 
biomarkers are also the ones that become significant in 
assisting clinical diagnosis. In MEDS, the magnetic 
resonance imaging (MRI) data usually reveal that there are 
congenital cases of microcephaly, simplified patterns of 
gyral formation, and cerebel-lar hypoplasia, which are signs 
of immaturity of neurodevelopment (Barkovich et al., 
2012). 
Recent studies also indicate that molecular signatures of 
endoplasmic reticulum stress may be potential biomarkers 
of cellular stress in the pathophysiology of MEDS, like 
increased expression of chaperone proteins like BiP/GRP78 
and CHOP. In spite of these markers nowadays being 
researched mainly in laboratory contexts, they might serve 
as important diagnostic and prognostic predictors in future 
medical studies. The combination of genetic, biochemical, 
and imaging biomarkers can thus enhance the accuracy of 
diagnosis and help earlier identify this rare neuroendocrine 
disease. 

Table 4: Comparison of MEDS with Related 
Neuroendocrine Syndromes 

Feature MEDS Wolfram 
Syndrome 

Isolated 
Neonatal 
Diabetes 

Microcephaly Present 
(congenit
al, 
severe) 

Absent Absent 

Epilepsy Early-
onset, 
severe 

Rare Absent 

Diabetes Permane
nt 
neonatal 

Childhood 
/ 
adolescenc
e 

Neonatal 

Primary Gene(s) IER3IP1, 
PTF1A 

WFS1 INS, 
KCNJ11 

Pathogenic 
Mechanism 

ER 
stress–
induced 
apoptosis 

ER 
calcium 
dysregulati
on 

β-cell 
dysfuncti
on 
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Neurodevelopme
ntal delay 

Profound Mild–
moderate 

Absent 

 
Experimental and computational insights 
Genetically engineered animal models, mostly CRISPR-
modified mice and zebrafish, have been useful in the study 
of MEDS by modeling human IER3IP1 and PTF1A 
mutations (Yang et al., 2022). In these animal models, 
CRISPR-Cas9 is useful in editing the genes into the animal 
in order to study the pathogenesis of the genes. These 
models are summaries of the key disease phenomena of 
MEDS and thus can be used to dissect mechanisms of 
cellular and developmental dysfunction in vivo. IER3IP1 
knockdown in mouse models exhibits β-cell apoptosis 
caused by ER stress and neurodevelopmental defects, 
which are similar to those in humans (Morikawa & Urano, 
2023). 
Structural modelling of IER3IP1 and PTF1A mutant 
proteins in the in silico system provides information on the 
pathogenesis in terms of changes in folding, active sites, 
and domains of interactions. The destabilising effects of 
nonsense and truncating mutations are pre-computationally 
predicted by methods of computational refinement, which 
informs us concerning the loss-of-function or dominant-
negative effects. These models can be used as useful 
methods to postulate the effects of mutations on protein 
behaviour to be experimentally validated. 
The molecular docking research can be used to determine 
how mutations influence the interaction of the ligand with 
the protein, which is highly important in protein 
interactions. This is because stability analysis allows 
prediction of mutation induced changes in conformation 
that negatively affect protein integrity and functionality. 
Combining these computational strategies with biochemical 
evidence expands our ability to anticipate its pathogenicity, 
set variants on the testing agenda, and develop possible 
therapeutic modulators in MEDS. 
Computational Strategies in the Study of MEDS 
Pathogenesis 
There has been an emergence of computational biology and 
bioinformatics as tools for understanding the molecular 
mechanisms of MEDS. Computational methods can be used 
to study genetic variants and infer their biological effect in 
rare genetic disorders where data about patients and 
experimental samples is scarce, like MEDS. PolyPhen-2, 
SIFT and MutationTaster are variant prediction tools that 
are used commonly to determine whether a missense 
mutation in a gene linked with MEDS is pathogenic in the 
case of IER3IP1 and PTF1A. These algorithms are used to 
assess the extent of amino-acid conservation, structural 
perturbation, and the constraint of evolution to evaluate 
whether a mutation is predicted to cause harm to the protein 
functionality (Adzhubei et al., 2010; Ng and Henikoff, 
2003). 
The methods of structural bioinformatics also advance the 
knowledge of the dysfunction of proteins due to mutation. 
Prediction of structural instability, altered folding patterns, 
and disrupted protein-protein interactions due to pathogenic 
variants can be done using homology modelling and 
molecular dynamics simulations (Krieger et al., 2002). The 

above methods come in handy in determining how 
mutations in the IER3IP1 can influence its functions in the 
regulation of endoplasmic reticulum homeostasis and the 
unfolded protein response. 
Also, molecular docking experiments are becoming popular 
to determine the existence of potential therapeutic 
molecules that would stabilize mutant proteins or regulate 
ER-stress signaling pathways in the pathology of MEDS 
(Meng et al., 2011). Computational studies such as gene 
network modelling and pathway enrichment analysis are 
also used to define interactions between MEDS-related 
genes and cellular functions such as apoptosis, insulin 
signalling, and neurodevelopment (Barabasi et al., 2011). 
These computational strategies, in combination, can be seen 
to be complementary to experimental research and give an 
important understanding of disease mechanisms as well as 
speeding up the identification of potential therapeutic 
targets (Table 5). 
 

Table 5: Computational Methods Used in MEDS 
Research 

Method Purpose Example 
Application 

Variant 
prediction 
tools 

Assess mutation 
pathogenicity 

PolyPhen-2, 
SIFT 

Homology 
modelling 

Predict protein 
structure 

Modeling 
IER3IP1 mutants 

Molecular 
docking 

Drug discovery ER-stress 
modulators 

Network 
analysis 

Identify gene 
interactions 

UPR pathway 
mapping 

 
Animal and Cellular Animal and Cellular Models of MEDS 
Animal and cellular models have been significant in the 
definition of the molecular and developmental pathways of 
MEDS. Since MEDS is a highly rare disease with a limited 
number of patient reports, model systems are a necessary 
tool to study the mechanisms of the genes, the cellular stress 
response, and the pathogenesis of the disease. Genetically 
modified mouse models of pancreatic β-cell survival and 
glucose homeostasis, IER3IP1 gene mutations or deletions 
have proven particularly useful in genetic engineering. It 
has been demonstrated that IER3IP1 dysfunction in β-cells 
causes heightened endoplasmic reticulum (ER) stress, 
impaired insulin production, and progressive β-cell death, 
ending up in severe diabetes phenotypes with similarities to 
those of MEDS patients (Yang et al., 2022). These models 
have also been able to show that interruption of ER 
homeostasis can drastically disrupt the development and 
survival of neurons. 
The investigation of neurodevelopmental effects of gene 
mutations relating to MEDS has also been conducted via 
zebrafish models. Zebrafish offer an excellent model of 
early brain development and neuronal growth due to their 
early development and genetic similarity to human beings 
in numerous developmental pathways. The phenotype of 
microcephaly-like and neurodevelopmental defects has 
been observed in zebrafish that have been knocked down or 
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mutated on genes associated with the regulation of ER 
stress (Morikawa & Urano, 2023). 
Besides animal models, cellular models, including induced 
pluripotent stem cells (iPSCs) and pancreatic β-cell lines, 
are becoming an increasing trend to study the MEDS-
associated mutations. These models enable the researchers 
to examine the influences of genetic variations on protein 
folding, ER stress signal, and apoptosis at the cellular level. 
Animal and cellular systems are important experimental 
systems together, as they help to understand the 
mechanisms of MEDS, as well as to test therapeutic 
interventions. 
Therapeutic & future perspectives 
Current Therapeutic Management 
The treatment of MEDS consists mainly of insulin 
treatment to treat diabetes and antiepileptic treatment 
medications to treat seizures. The neonatal diabetes that 
arises permanently due to β-cell deficiency necessitates the 
use of insulin. Treatment of seizures is through the common 
antiepileptic drugs based on the needs of the patient. There 
is also the supportive care, which offers 
neurodevelopmental therapies to overcome cognitive and 
motor impairments. 
Emerging Therapies 
Today, there is a great number of novel interventions aimed 
at regulating ER stress, an important pathologic process in 
MEDS (Morikawa & Urano, 2023). ER-stress reducing 
drugs or UPR-response improving drugs are being 
investigated, such as 4-phenylbutyrate and 
tauroursodeoxycholic acid. Preclinical models are being 
pursued with the use of viral vectors to deliver functional 
IER3IP1 or PTF1A in order to replace the genes. Another 
highly promising therapeutic option to replace normal 
cellular operations involves the use of molecular 
chaperones, which enhance protein folding and stability 
(Jeon et al., 2022; Roy et al., 2023). The therapeutic 
interventions of the future include neuroprotective 
metabolic treatments to increase the survival of neuronal 
cells and energy metabolism (Table 6). The advancement 
and use of personalised genomics will enable customised 
therapy according to the specific mutation pattern and the 
severity of the disease (Zhu et al., 2024; Stark et al., 2019). 
Molecular biology and computational biology, with the aid 
of integration with biochemical data, could be used to come 
up with targeted small molecules in the future or address the 
underlying molecular defects of MEDS. Although curative 
interventions are yet to be achieved, there is encouraging 
development of molecular and computational technology 
that offers a platform of specific intervention in MEDS. 

 
Figure 5: Approaches to treatment in MEDS. The 

existing managerial interventions are directed at the 
symptomatic management using insulin replacement 
therapy and antiepileptic drugs. The development of 

new therapies is based on upstream molecular 

pathways, such as ER stress regulation, molecular 
chaperone-based therapies, and gene-replacement 

therapy to keep neurons and pancreatic β- cells alive 
(Jeon et al., 2022). 

 
Table 6. Current and Emerging Therapeutic Strategies 

in MEDS 
Strategy Target Mechanis

m 
Current 
Status 

Insulin 
therapy 

Metaboli
c control 

Replaces 
missing 
insulin 

Standard 
care 

Antiepilepti
c drugs 

Seizure 
control 

Neuronal 
excitability 
suppression 

Standard 
care 

Chemical 
chaperones 
(4-PBA, 
TUDCA) 

ER stress Improves 
protein 
folding 

Preclinical 

Gene 
replacement 

IER3IP1, 
PTF1A 

Restores 
gene 
function 

Experimenta
l 

Personalized 
genomics 

Mutation
-specific 

Tailored 
intervention 

Emerging 

 
Conclusion 
MEDS begins with molecular cascade mutations in either 
IER3IP1 or PTF1A, causing dysfunctions of proteins. This 
causes stress on the ER and impairs b-cell maturation as 
well as neuronal differentiation. ER stress activates 
apoptotic signalling through PERK-eIF2a-CHOP 
signalling, leading to the loss of b-cells, insulin deficiency 
and microcephaly in people with epilepsy. Neuronal energy 
metabolism and brain development are also impaired by 
insulin deficiency which disrupts insulin/IGF signalling and 
PI3K/Akt. 
MEDs documentation is a very critical procedure that can 
only be achieved in case the international bodies worldwide 
cooperate due to the seriousness and the high mortality rate 
associated with this rare neurodevelopmental disorder. The 
combination of molecular and metabolic concepts is critical 
to the formation of the complex clinical phenotype due to 
genetic mutations and the creation of a specific treatment of 
cellular malfunction and metabolic problems. The current 
progress in the research of genomics, functional genomics, 
and metabolic profiling will facilitate the understanding of 
the effects of mutations, the determination of modifier 
genes, and precision medicine, which will eventually lead 
to improved outcomes in metabolic and endocrine disorders 
(MEDS) and similar conditions. 
MEDS exemplifies how neurodevelopment and metabolic 
homeostasis can be disrupted simultaneously with 
perturbation of ER stress regulation. This review has 
combined genetic, molecular and clinical evidence to 
provide support to ER stress modulation as a common 
pathogenic pathway and therapeutic target. Further 
development of molecular and computational biology is 
required before these lessons can be translated into 
something useful in clinical remedies of this devastating 
disease 
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