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Abstract: This literature review explores the pivotal roles of the Uncoordinated-13 (UNC13) protein 
family, encompassing UNC13A, UNC13B, UNC13C, and UNC13D, in the pathogenesis of various 
human diseases. These proteins, which are evolutionarily conserved and crucial for synaptic vesicle 
priming and exocytosis, have been implicated in a range of disorders, spanning from 
neurodegenerative diseases like amyotrophic lateral sclerosis (ALS) and frontotemporal dementia 
(FTD) to immune-related conditions such as familial hemophagocytic lymphohistiocytosis (FHL). The 
involvement of UNC13A in neurotransmitter release and synaptic plasticity is linked to ALS and FTD, 
with genetic variations affecting disease progression. UNC13B, which is closely related to UNC13A, 
plays a role in autism spectrum disorders (ASD), epilepsy, and schizophrenia. UNC13C is implicated 
in oral squamous cell carcinoma (OSCC) and hepatocellular carcinoma (HCC), and has a 
neuroprotective role in Alzheimer’s disease (AD). UNC13D has an essential role in immune cell 
function, making it a key player in FHL. This review highlights the distinct molecular functions of 
each UNC13 family member and their implications in disease contexts, shedding light on potential 
therapeutic strategies and avenues for future research. Understanding these proteins’ roles offers new 
insights into the management and treatment of neurological and immunological disorders. 
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1. Introduction 

In recent years, the study of molecular mechanisms underlying various human diseases has 
garnered significant attention within the scientific community. In particular, neurological and 
immunological disorders have been the focus of extensive research efforts, aiming to uncover the 
intricate pathways and molecules that govern disease initiation, progression, and manifestation. 
Among the key players identified in these contexts, members of the uncoordinated-13 (UNC13) 
protein family have emerged as pivotal contributors, influencing a range of physiological processes 
across diverse cell types [1]. Collectively known as the UNC13 family, UNC13A, UNC13B, UNC13C, 
and UNC13D exhibit distinct functional roles within various cellular contexts and have been 
implicated in the pathogenesis of multiple diseases. The UNC13 family proteins are evolutionarily 
conserved members of the priming factor family that play essential roles in synaptic vesicle priming 
and exocytosis, as well as other cellular processes such as immune responses [2]. The genetic 
variations and dysregulation of these proteins have been associated with an array of disorders, thus 
highlighting their indispensable contributions to human health [2]. This review aims to 
comprehensively examine the role of each UNC13 family member—UNC13A, UNC13B, UNC13C, 
and UNC13D—in different diseases, thereby shedding light on their distinct molecular functions and 
their implications in pathological contexts. 

UNC13A, which is predominantly expressed in the nervous system, has been implicated in many 
neurodegenerative disorders and neurological conditions such as amyotrophic lateral sclerosis (ALS) 
and frontotemporal dementia (FTD) due to its involvement in neurotransmitter release and synaptic 
plasticity [3]. UNC13B, which is closely related to UNC13A, has shown its significance in autism 
spectrum disorders (ASD), partial epilepsy, and schizophrenia [4]. Additionally, it has been associated 
with neurodegenerative disorders and immune-related diseases.  Although less studied compared to its 
counterparts, UNC13C has been implicated in several disease states such as oral squamous cell 
carcinoma (OSCC) [5] and hepatocellular carcinoma (HCC) [6]. Moreover, UNC13C is believed to be 
a protective gene against disease progression in Alzheimer’s dementia (AD) [7]. On the other hand, 
UNC13D is prominently recognized for its contribution and importance in immune cell function, 
particularly in T-cell mediated cytotoxicity. Mutations in UNC13D have been linked to familial 
hemophagocytic lymphohistiocytosis (FHL), thereby highlighting its role in regulating immune 
responses [8]; moreover, associated mutations can lead to defective cytotoxic granule exocytosis in 
natural killer (NK) cells and cytotoxic T lymphocytes (CTLs), contributing to the dysregulated 
immune responses seen in FHL [9]. As the understanding of UNC13 family proteins' roles in disease 
pathogenesis advances, potential therapeutic avenues may arise. Targeting these proteins could provide 
novel strategies for managing and treating a spectrum of neurological and immunological disorders. 
This review aims to consolidate the current knowledge surrounding UNC13A, UNC13B, UNC13C, 
and UNC13D, highlighting their unique contributions to various diseases and illuminating potential 
avenues for future research and therapeutic intervention. 
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Table 1. Function and associated diseases of UNC13A, B, C, D. 

UNC13 A B C D 
Function Primes synaptic 

vesicles and aids in 
neurotransmitter 
release at nerve 
terminals [12] 

Synaptic vesicle 
priming and fusing 
[21] 

Mediation of 
excitatory 
neurotransmitter 
release via priming 
and stabilizing 
vesicular 
complexes [28] 

Immune responses 
[40] 

Associated 
Diseases 

Neurodegenerative 
diseases: ALS, 
FTD [3] 

ASD, Partial 
Epilepsy, 
Schizophrenia [1] 

OSCC, HCC; 
protective against 
AD [5,6,7] 

FHL [8] 

 

2. Review 

2.1.  Pathophysiological mechanisms in UNC13A   

The UNC13A gene has recently gained significance as a risk locus in the pathogenesis of ALS 
and FTD [3]. Specifically, a single nuclear polymorphism within the UNC13A, rs12608932, has been 
identified to potentiate the acquisition and progression of both ALS and FTD [10]. UNC13A exerts its 
influence through its reciprocal relationship with transactive response DNA-binding protein 43 (TDP-
43), which is a DNA-binding protein that inhibits the inclusion of cryptic exons in UNC13A gene [11]. 
Polymorphisms within UNC13A, such as rs12608932, have been found to deplete TDP-43, ultimately 
leading to decreased expression of UNC13A and neurotransmitter release [11]. As such, UNC13A 
polymorphisms have been identified as a target of interest in the treatment of ALS and FTD. 

The translated UNC13A protein plays an essential role in vesicle maturation and neurotransmitter 
release at the presynaptic nerve terminals. After localizing to the active zone of the presynaptic density, 
UNC13A primes and facilitates the fusion of the vesicle with the neuronal membrane [12]. 
Experiments performed on the mouse variant Munc13 have provided illuminating details into the 
mechanistic function of the protein. As expected, mutations in Munc13 disrupt neurotransmitter 
release, but notably, deficiencies in Munc13 proteins do not impair electric conduction, calcium influx 
from voltage-gated calcium channels, synaptic integrity, or vesicle glutamate concentrations [13]. 
Rather, research suggests that Munc13 interacts with soluble NSF attachment protein receptor 
(SNARE) proteins (namely syntaxin-1) and promotes the assembly of a stable complex, thus resulting 
in active vesicles capable of fusing with the synaptic membrane [12]. More recently, studies have 
revealed the link between ALS and FTD and single nucleotide polymorphisms (SNP) within  
UNC13A [14]. The variant integrity of UNC13A is directly dependent on the functionality of TDP-
43, which is a nuclear protein that plays an instrumental role in splicing RNA and repressing the 
inclusion of cryptic exons [15,16]. In this way, TDP-43 prevents the degradation of the mRNA by 
inhibiting the introduction of frameshifts and stop codons in the resulting mRNA [11,14,16].  

Crucially, it has been found that UNC13A SNPs in some patients led to the depletion of TDP-43, 
potentiating loss of UNC13A functionality [11]. One such SNP, rs12608932, has an especially strong 
association with FTD and ALS [10]. A study performed in 2023 demonstrated that proteinopathy in 
TDP-43, as expected, is a signature characteristic in more than 97% of ALS cases and 45% of FTD 
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cases [14]. Interestingly, rs12608932 is a strong determinant of shorter survival times for ALS, but not 
FTD [17]. Genome-wide association studies have demonstrated that homozygosity for the C-allele at 
rs12608932 leads to shorter survival times in ALS patients when compared with either homozygous 
(A/A) or heterozygous (A/C) individuals [3]. One study also demonstrated that there was up to 33.0 
months difference in life expectancy for carriers of the rs12608932 genotype [17]. Carriers of at least 
one risk allele had a 11.7 month shorter median survival time as compared to wild-type individuals, 
even after adjusting for age [17]. However, there was no association between the presence of 
rs12608932 and survival in FTD. 

Since ALS presents with a large genetic heterogeneity, it is expected that treatments may benefit 
different genetic subgroups differently. As identified in an exploratory meta-analysis, patients with 
homozygous C-alleles at SNP rs12608932 showed a statistically noteworthy benefit being treated with 
lithium carbonate. Another published report documents 44 patients studied, divided into 28 taking only 
riluzole and 16 taking riluzole paired with lithium carbonate [18]. Riluzole is a benzothiazole that 
works to change the activity of natural bodily substances that have an influence on nerves and muscles, 
thus extending the survival time of patients but not curing them [19]. Fifteen months after entry, the 
16 subjects given both riluzole and lithium carbonate had a 100% survival rate, whereas the group of 
riluzole-only patients had 71% survivability. Faults can be found within this trial on several levels; 
however, this and other studies provide enough ground for lithium carbonate to be explored as a 
potential treatment. 

While this provides a certain level of motivation to further use lithium carbonate as a potential 
treatment, there are contrary studies to suggest that lithium carbonate need not be an area of focus for 
ALS research. A large analysis of three separate studies involving lithium carbonate’s effect on 518 
patients provided evidence that only a certain subgroup can gain a benefit from the administration of 
lithium carbonate [20]. This suggests that lithium carbonate can only be tested and further supplied as 
a treatment to those carrying the UNC13A C/C genotype. Additionally, this study generally illuminates 
the importance of factoring genes into the equation when discussing treatments for ALS [20]. As for 
the study itself, subjects were divided by 261 patients receiving lithium carbonate and 257 serving as 
a control, then subdivided to 174 on placebo and 83 on a subtherapeutic dosage of lithium carbonate. 
ALS patients carrying the UNC13A genotype account for less than 20% subjects of this study; this 
may indicate an imbalance in results regarding the effectiveness among groups who are actually 
eligible [20]. Regardless, when solely considering the responsive subjects who were identified to be 
carrying UNC13A, the survivability rate of patients was shown to have improved from 40% to  
69.7% [20]. The incorporation of genetic data in these trials displays the importance of identifying 
UNC13A in ALS patients, so that more targeted trials may take place in the future, thereby providing 
lithium carbonate specifically to carriers and further subdividing the genotype. At the same time, this 
would allow for the tailoring of other potential treatments and tests for noncarriers of other genotypes, 
as ALS has been proven to affect different genotypes with variation [20]. This makes it very possible 
that ALS needs to be treated with individually considered therapies depending on the genetic makeup 
of patients.  

2.2.  Pathophysiological mechanisms in UNC13B 

UNC13B gene is a homolog of the UNC13 gene sequence and encodes the presynaptic protein 
mammalian uncoordinated 13-2 (Munc13-2), which is highly expressed throughout the brain but 
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markedly in the cerebral cortex and is thought to play a role in neuronal excitability. The gene product 
plays an essential role in synaptic vesicle priming through the assembly and arrangement of synaptic 
vesicles at the nerve terminals, which are readily releasable upon arrival of an action potential [4]. The 
UNC13B gene is a homolog of the UNC13A gene. Other possible homologs include UNC13C and 
UNC13D. UNC13B is thought to enable GTP dependent protein binding activity, calmodulin activity, 
and syntaxin-1 binding activity [21]. It acts upstream of several processes including chemical synapse 
transmission, innervation, and regulation of neuronal plasticity. This homolog, while being expressed 
largely in the central nervous system, is also found in the eye, respiratory system, genitourinary system, 
and the alimentary canal [4].  

The gene product of UNC13B is a target of the diacylglycerol second messenger pathway system 

and helps to regulate synaptic vesicle release at nerve terminals [22]. Along with UNC13A, the gene 
product of 13B helps to facilitate neuronal dense core vesicle fusion and controls the efficiency of 
vesicle release [22]. Additionally, UNC13B is important in hippocampal synaptic plasticity and 
transmission [4]. Munc13-2 is needed for normal release probability at the hippocampal mossy fiber 
synapses. Paired pulse and frequency were strongly increased; however, mossy fiber long-term 
potentiation was unaffected in the absence of Munc13-2.  

Additionally, the UNC13B gene has been linked to the disease formation of partial epilepsy. 
Patients with the variant types of UNC13B gene products had partial epilepsy and/or febrile  
seizures [4]. Moreover, a few patients studied were found to have brain abnormalities, especially in 
the hippocampal region. Regardless, all patients had favorable outcomes without difficulties in 
learning or other developmental issues. The identified variants in epilepsy patients had mutations in 
the UNC13B gene, which included one nonsense variant, two variants at or around a splice site, one 
heterozygous missense variant, and four missense variants which were seen in the familial cases of 
epilepsy [4]. Additionally, a knockdown of UNC13B in Drosophila resulted in an increased rate of 
seizures and their associated durations compared to wild-type flies [23]. Electrophysiological studies 
performed in the study showed that excitatory neurons in flies that were UNC13B deficient exhibited 
an increased excitability. The results seen in the Drosophila study and the seizure study indicated that 
UNC13B is potentially associated with partial epilepsy [23]. The frequent daily seizures and 
hippocampal abnormalities were seen in patients studied, but ultimately using medications and other 
treatments, UNC13B was found to have no debilitating effects on affected patients. Additionally, 
UNC13B variants were seen to have blurring of neurons in the mushroom body, partial destruction of 
the central complex, and gamma lobe mutations in the brains of the epileptic patients [23]. Overall, 
UNC13B seems to have a link in neuronal excitability and the development of seizures in epileptic 
patients. 

UNC13B substitutions are also linked to the increased risk of nephropathy in patients with Type 
1 Diabetes (T1D). Specifically, substitution of G/T 1 in intron 1 was seen to increase the risk of 
nephropathy in patient populations [24]. The mutations were identified through the sequencing of 
various regions of DNA including a promoter, an exon, and the flanking intron gene regions. Only one 
SNP, namely rs2281999, which is located in the UNC13B gene, was seen to be significantly associated 
with nephropathy after correction for multiple testing was performed [21]. Conducting an analysis of 
21 other markers, which identified the variability of the UNC13B gene, showed consistent associations 
of the SNP rs13293564 with nephropathy in the three populations [21]. In the presence of 
hyperglycemia, which is an event occurring early in the development of nephropathy, UNC13B 
mediates apoptosis in glomerular cells. Therefore, UNC13B polymorphisms are implicated in 
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nephropathic damage in type T1D patients through the loss of glomerular cells and reduced renal 
function in affected patients [25]. The possible link of UNC13B to multiple disease processes outside 
the brain shows how essential gene products of this gene are in the body.  

UNC13B polymorphisms were also identified in autism and some schizophrenic patients. Studies 
of multiplex families revealed a role in the genetic presentation of the disease [26]. Whole-exome 
sequencing (WES) in two affected and one unaffected individual of a multiplex family with 10 affected 
individuals was performed alongside a follow-up resequencing of the unc-13 human homolog B; it 
was found that certain polymorphisms were seen to be greater in schizophrenia families [27]. The five 
rare sequences seen were SMARCA5, PDE1B, TNIK, SMARCA2, and FLRT, which were shared 
among all affected members and predicted to be damaging to the patients [27]. Variants from the 
SMARCA5 and PDE1B groups were inherited from the unaffected father, whereas variants from 
TNIK, SMARCA2, and FLRT were inherited from the unaffected mother, and disease incidence was 
also seen in the third generation [24]. Moreover, all five variants were transmitted by an affected 
mother to her affected son. With support at the variant gene levels, the multiple heterozygous protein 
sequences altering variants identified in disease related genes may help contribute to the development 
of disease in families with a history of schizophrenia. Therefore, UNC13B seems to play important 
roles within the properly functioning body, and polymorphisms and mutations may lead to the 
development and incidence of several different acute diseases.  

2.3.  Pathophysiological mechanisms in UNC13C 

The role of Unc-13, which is a related gene, in facilitating neurotransmission was first discovered 
in C. Elegans, with deficient worms exhibiting altered movements. Further research was conducted 
using the mammalian variant in mice (Munc13), which is evolutionarily conserved and orthologous to 
the human variant UNC13A [3]. Munc13 deficiency in mice was found to induce total paralysis and 
fatality before birth, with the neuromuscular synapses of the subjects expressing fewer vesicles capable 
of exocytic fusion and a marked reduction in neurotransmitter release, thus resulting in impaired 
synapse formation [12]. Deficient mice did not exhibit significant changes to electric conduction, 
abnormal calcium influx from voltage-gated Ca2+ channels, synaptic damage, vesicular glutamate 
concentrations, or aberrations in postsynaptic glutamate receptors. Despite this, Munc13 deficiency 
was shown to result in a corresponding loss in excitatory neurotransmitter release, thereby leaving a 
large portion of synapses functionally silent. Successfully forced stimulation of these incompetent 
synapses in Unc-13 deficient subjects was possible with α-latrotoxin, which is a presynaptic neurotoxin, 
indicating that the gene does not directly participate in vesicle fusion [13]. Further research suggests 
that Unc-13 interacts with the vesicle SNARE proteins (namely syntaxin-1) and promotes the assembly 
of a stable complex, thereby resulting in active vesicles capable of fusing with the synaptic  
membrane [12]. 

A member of the UNC13 protein family, unc-13 human homolog C (UNC13C), has been linked 
to mediation of excitatory neurotransmitter release through the priming and stabilizing of vesicular 
complexes, thereby allowing glutamatergic vesicles to dock at the plasma membrane prior to 
exocytosis [28]. Extensive insight on the precise structure and function of UNC13C has been gleaned 
from the study of the orthologous mammalian gene Munc13-3. In rodent brains, Munc13-3 is largely 
expressed in the presynaptic terminals of the granular cells (GCs) and Purkinje cells of the  
cerebellum [29]. Unlike Munc13-1 deficient mice, Munc13-3 double knockout mice were observed to 
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possess an intact cerebellar structure, including synaptic vesicle density and distribution and an overall 
brain morphology similar to the wild-type controls; nevertheless, these mice had compromised 
synaptic transmission at GC-Purkinje junctions, with a decreased glutamate release probability (pr) in 
their cerebellar tissue [29]. Further research on the association between Munc13-3 and synaptic vesicle 
release demonstrated that pr is nearly cut in half at cerebellar granule-basket cell (GC-BC) synapses 
when Munc13-3 is deleted, suggesting the gene’s potential role in “super priming” either via increasing 
sensitivity of release components to Ca2+ or through repositioning of the vesicles for enhanced 
coupling to the Ca2+ influx [30]. It has been suggested that super priming by Munc13-3 may involve 
regulation and localization of Cav2.1 and Cav2.2 channels to facilitate nanodomain-coupled vesicle 
release at the presynaptic terminal of cerebellar parallel fibers, with deficient synapses failing to 
develop this more sensitive, targeted coupling apparatus [31]. This finding was associated with 
impaired motor learning in higher trials for Munc13-3 deficient mice when wild-type and knockout 
groups were tested with progressively challenging motor tasks [29]. Munc13-3 deficiency was not 
associated with any abnormal changes to visual/olfactory function, movement activity, and 
spatial/working memory, potentially due to the sufficiency of Munc13-1 and Munc13-2 for these 
functions; however, mutant mice did show significantly reduced acoustic startle responses [32]. 

In humans, UNC13C deficiency has been implicated in several disease states, including OSCC, 
with single nucleotide variants identified in as many as 12% of OSCC patients according to one study, 
which is a significantly higher rate than in the general population. It was unclear what role UNC13C 
played in tumor pathogenesis or whether a deficiency could be associated with the predisposition to 
nicotine addiction and tobacco use in OSCC [33]. However, further research has indicated that tumor 
cell lines in OSCC patients express UNC13C at significantly lower levels than surrounding healthy 
tissue, with low expression levels also being correlated with poor prognosis for survival in this patient 
population. Significantly decreased UNC13C mRNA and protein expression in OSCC cell lines was 
also reproduced in a study on the protein’s anti-cancer effects [5]. UNC13C overexpression was shown 
to repress key proteins required for the epithelial-mesenchymal transition, which is a critical process 
in early tumor cell migration and metastasis, suggesting that UNC13C may directly act as a tumor 
suppressor [34]. Moreover, UNC13C silencing has been shown to repress the activity of the miR-96-
5p inhibitor, resulting in lowered apoptotic tendency and susceptibility to radiotherapy in OSCC cells, 
further establishing the role of UNC13C in tumor suppression [5]. In contrast, recent research on the 
role of UNC13C in the prognosis of HCC has suggested that high cytoplasmic expression of the protein 
may be paradoxically associated with increased American Joint Committee on Cancer (AJCC) T-
staging, alcohol consumption, and a lower overall survival prognosis in HCC patients, thereby 
indicating possible oncogenic function acquired by UNC13C [6]. 

Genetic studies have also correlated a lack of UNC13C expression with neurological and 
neuromuscular deficits. UNC13A and UNC13C for example, were among a group of exocytosis-
related genes significantly downregulated in patient populations with ALS; downregulation of other 
vesicle-fusion regulatory proteins in ALS, such as SNAP25, is linked to the elevated intraneuronal 
calcium concentration and the resulting glutamate excitotoxicity associated with the pathophysiology 
of ALS [35]. Even in non-disease states, significant differential expression of UNC13C was observed 
when comparing healthy and frail elderly subjects, underscoring the link between UNC13C and 
neuromuscular wasting [36]. In AD, UNC13C is believed to be a protective gene against disease 
progression as its expression is decreased in the vulnerable CA1 hippocampal region but conserved in 
the less affected CA3 region, thereby suggesting that the loss of UNC13C and other protective gene 
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products may accelerate the greater neuronal dysfunction observed in CA1 compared to CA3 in AD 
patients [7]. One study investigating inherited gene mutations in AD found in-frame UNC13C 
deletions for two dementia patients, whereas this mutated variant was missing for two healthy family 
members; however, the small sample size and presence of confounding variables such as the presence 
of apolipoprotein E (APOE) ɛ4 in these subjects warrants more research on the nocuous effects of the 
UNC13C mutation in AD [37]. Although certain anticancer medications such as Lenvatinib have been 
shown to repress the relative expression of UNC13C in treatment groups [38], the use of genetic 
therapy and targeted medication to reverse UNC13C deficiency has been largely unexplored thus far 
and remains a potential avenue for the treatment of specific cancers and neurological disorders.  

2.4.  Pathophysiological mechanisms in UNC13D 

As previously mentioned, the UNC13 family of proteins plays vital roles in synaptic vesicle 
priming and exocytosis. The UNC13D gene specifically encodes for the Munc13-4 protein. Unlike the 
other proteins in the Munc13 families, which arise from the other UNC13 homologues, Munc13-4 
lacks an N-terminal phorbol ester-binding C1 domain. This is an important regulatory domain for 
neuronal priming. However, Munc13-4 does share two C-terminal C2 domains that are involved in the 
process of exocytosis and vesicle priming, which is common across all the Munc13 homologues [39]. 
The protein is essential for CTLs and NK cells of the immune system. It facilitates the fusing of the 
cytotoxic granules with the plasma membrane of either the CTL or the NK cell, thereby enabling the 
proper release of proteins such as perforin and granzymes to promote cell death [40]. Although the 
exact process is still being researched, the protein is involved in the intracellular transport and 
exocytosis of these lytic granules containing these glycoproteins that attach to the targeted cell as part 
of the immune response. Exactly how Munc13-4 is activated to bind the membrane with the granule 
is unknown [41].    

With these functions in mind, it is apparent that UNC13D and the protein it encodes for is vital 
in the immune response. With the help of major histocompatibility complex (MHC) class 1 molecules 
in identifying infected cells, CTLs and NK cells can induce cell death, thereby protecting the body 
against spreading of infection to healthy cells [9]. Munc13-4 plays an important role helping the CTLs 
and NK cells do their job effectively, and mutations in the UNC13D gene can show the extent of this. 
Mutations or dysfunctions in the gene can lead to a rare autosomal recessive disease called familial 
hemophagocytic lymphohistiocytosis type 3 (FHL3). FHL is characterized by overactivation and 
excessive proliferation of T cells and macrophages, which can lead to damage of organs such as spleen, 
liver, and brain after infiltration from the immune cells [8]. The characteristic hyperinflammation leads 
to hypercytokinemia and lymphohistiocytic proliferation. This widespread inflammation leads to the 
failure of multiple organs, and mortality rates are between 42% and 88%. Common symptoms include 
fever, splenomegaly, cytopenia, liver dysfunction, and even neurologic abnormalities. Although the 
disease primarily affects infants, it can be found in all age groups. Essentially the disease is identified 
by the dysregulation of lymphocyte activity, as well as causative mutations in genes such as PRF1, 
STX11, STXBP2, or UNC13D [42].   

The FHL3 subtype is characterized by its mutations in the UNC13D gene. The gene consists of 
32 coding exons, which encode 1,090 amino acids for the Munc13-4 protein [43]. In a 2010 study 
performed in South Korea, 40 patients that were suspected to have FHL were recruited. Of the 40, nine 
patients were identified with FHL mutations. Of those nine, eight had a mutation in UNC13D. The 
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mutations were all of a deleterious nature, with the presence of recurrent splicing mutations. Despite 
the small sample size of FHL patients, the data showed that UNC13D is a major FHL gene among 
Koreans [44]. It has been found that at least 112 different mutations of UNC13D have been reported 
as a cause of FHL3. This includes variations outside of the exons and splice sites of the gene. In one 
study, it was found that an intronic mutation of the UNC13D gene was found to impair its transcription, 
perhaps by interfering with either a transcription factor binding site or enhancer element [45]. The 
various mutations of the gene led to deactivated Munc13-4, and in FHL3 patients with these mutations, 
a decrease of lytic granules fusing with the CTL plasma membrane was noted [46]. It is clear that 
impaired transcription, and thus impaired function of Munc13-4, can lead to many problems impacting 
the immune system, including disorders such as FHL3. Therapies for this disorder include 
chemoimmunotherapy to help with the active symptoms, as well as allogeneic hematopoietic stem cell 
transplantation [47]. With further study, experiments, and improvements in gene therapy technology, 
the causative mutations in the UNC13D gene can be targeted, and new avenues of treatment can be 
uncovered for FHL.  

3. Conclusion 

The UNC13 family of proteins encompass a critical set of molecules involved in diverse roles in 
cells, and each member of this family (UNC13A, UNC13B, UNC13C, and UNC13D) hold distinct 
roles in terms of different diseases. Through exploring molecular functions and certain pathological 
contexts, information on each protein has been obtained for this literature review. To start, UNC13A 
is involved in neurodevelopmental and neurological disorders which highlights its significance in 
neurotransmitter release and synaptic plasticity, thus offering potential therapeutic avenues for 
conditions such as ALS and FTD [3]. UNC13B impacts ASD, partial epilepsy, and schizophrenia. 
Moreover, it takes an active role in immune-related diseases and neurodegenerative disorders [4]. The 
UNC13B gene encodes the presynaptic protein Munc13-2, which plays a crucial role in synaptic 
vesicle priming and fusion. This gene is highly expressed in the brain, especially in the cerebral cortex, 
where it influences neuronal excitability [4]. UNC13C plays a role in tumor suppression in the 
pathogenesis of OSCC [5] and an oncogenic role in the pathogenesis of HCC [6]. Additionally, it has 
been identified as a protective gene in AD [7]. Furthermore, neurological and neuromuscular deficits 
have been linked to a decreased expression of this gene. The final protein, UNC13D, has a critical role 
in cytotoxic granule exocytosis and has been linked to severe immune disorders like FHL [8]. 

The knowledge gained through our research on the proteins within the UNC13 family and their 
roles in disease pathogenesis allows for new avenues into possible management strategies and 
treatments. There is a greater potential for drug development as the study of proteins, their interactions 
with molecules, and effects on certain cellular processes continues. Looking into these specific proteins 
will lead to stronger approaches in both managing and treating a wide spectrum of immunological or 
neurological disorders or both in tandem. In addition, the research conducted from concentrating on 
the UNC13 family proteins could add to the more extensive comprehension of cellular processes past 
what is currently known on direct functions, which, in turn, will allow for more research in diverse 
fields of medicine. This literature review on the UNC13 family investigated the various roles, functions, 
and necessary insights that will pave the way for ongoing research of these proteins, which will 
inevitably improve healthcare. 



397 

AIMS Neuroscience                                                             Volume 10, Issue 4, 388–400. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Zhou K, Stawicki TM, Goncharov A, et al. (2013) Position of UNC-13 in the active zone regulates 
synaptic vesicle release probability and release kinetics. Elife 2: e01180. 
https://doi.org/10.7554/eLife.01180 

2. Dittman JS (2019) Unc13: a multifunctional synaptic marvel. Curr Opin Neurobiol 57: 17–25. 
https://doi.org/10.1016/j.conb.2018.12.011 

3. Willemse SW, Harley P, van Eijk RPA, et al. (2023) UNC13A in amyotrophic lateral sclerosis: 
from genetic association to therapeutic target. J Neurol Neurosurg Psychiatry 94(8): 649–656. 
https://doi.org/10.1136/jnnp-2022-330504 

4. Wang J, Qiao JD, Liu XR, et al. (2021) UNC13B variants associated with partial epilepsy with 
favorable outcome. Brain 144(10): 3050–3060. https://doi.org/10.1093/brain/awab164 

5. Dong W, Zhao L, Zhang S, et al. (2021) Circ-KIAA0907 inhibits the progression of oral squamous 
cell carcinoma by regulating the miR-96-5p/UNC13C axis. World J Surg Oncol 19(1): 75. 
https://doi.org/10.1186/s12957-021-02184-8 

6. Kumar VB, Lee CH, Su TC, et al. (2023) Prognostic and Clinical Implications of UNC13C 
expression in Hepatocellular Carcinoma Patients. Int J Med Sci 20(9): 1235–1239. 
https://doi.org/10.7150/ijms.80488 

7. Miller JA, Woltjer RL, Goodenbour JM, et al. (2013) Genes and pathways underlying regional and 
cell type changes in Alzheimer's disease. Genome Med 5(5): 48. https://doi.org/10.1186/gm452 

8. Zhang K, Jordan MB, Marsh RA, et al. (2011) Hypomorphic mutations in PRF1, MUNC13-4, and 
STXBP2 are associated with adult-onset familial HLH. Blood 118(22): 5794–8. 
https://doi.org/10.1182/blood-2011-07-370148 

9. King PT, Ngui J, Farmer MW, et al. (2008) Cytotoxic T lymphocyte and natural killer cell 
responses to non-typeable Haemophilus influenzae. Clin Exp Immunol 152(3): 542–51. 
https://doi.org/10.1111/j.1365-2249.2008.03667.x  

10. Placek K, Baer GM, Elman L, et al. (2019) UNC13A polymorphism contributes to frontotemporal 
disease in sporadic amyotrophic lateral sclerosis. Neurobiol Aging 73: 190–199. 
https://doi.org/10.1016/j.neurobiolaging.2018.09.031 

11. Mehta PR, Brown AL, Ward ME (2023) The era of cryptic exons: implications for ALS-FTD. Mol 
Neurodegeneration 18. https://doi.org/10.1186/s13024-023-00608-5 

12. Varoqueaux F, Sons MS, Plomp JJ, et al. (2005) Aberrant Morphology and Residual Transmitter 
Release at the Munc13-Deficient Mouse Neuromuscular Synapse. Mol Cell Biol 25(14): 5973–
5984. https://doi.org/10.1128/MCB.25.14.5973-5984.2005 

13. Augustin I, Rosenmund C, Südhof TC, et al. (1999) Munc13-1 is essential for fusion competence 
of glutamatergic synaptic vesicles. Nature 400(6743): 457–61. https://doi.org/10.1038/22768 

14. Koike Y, Pickles S, Ayuso VE, et al. (2023) Correction: TDP-43 and other hnRNPs regulate cryptic 
exon inclusion of a key ALS/FTD risk gene, UNC13A. PLOS Biology 21(7): e3002228. 
https://doi.org/10.1371/journal.pbio.3002228 



398 

AIMS Neuroscience                                                             Volume 10, Issue 4, 388–400. 

15. Brown AL, Wilkins OG, Keuss MJ (2022) TDP-43 loss and ALS-risk SNPs drive mis-splicing and 
depletion of UNC13A. Nature 603: 131–137. https://doi.org/10.1038/s41586-022-04436-3 

16. Ma XR, Prudencio M, Koike Y, et al. (2022) TDP-43 represses cryptic exon inclusion in the FTD-
ALS gene UNC13A. Nature 603(7899): 124–130. https://doi.org/10.1038/s41586-022-04424-7 

17. Manini A, Casiraghi V, Brusati A, et al. (2023) Association of the risk factor UNC13A with 
survival and upper motor neuron involvement in amyotrophic lateral sclerosis. Front Aging 
Neurosci 15: 1067954. https://doi.org/10.3389/fnagi.2023.1067954 

18. Miller RG, Jackson CE, Kasarskis EJ, et al. (2009) Quality Standards Subcommittee of the 
American Academy of Neurology. Practice parameter update: the care of the patient with 
amyotrophic lateral sclerosis: drug, nutritional, and respiratory therapies (an evidence-based 
review): report of the Quality Standards Subcommittee of the American Academy of Neurology. 
Neurology 73(15): 1218–26. https://doi.org/10.1212/WNL.0b013e3181bc0141 

19. Zarate CA, Manji HK (2008) Riluzole in psychiatry: a systematic review of the literature. Expert 
Opin Drug Metab Toxicol 4(9): 1223–34. https://doi.org/10.1517/17425255.4.9.1223 

20. van Eijk RPA, Jones AR, Sproviero W, et al. (2017) For UKMND-LiCALS and LITALS Study 
Group. Meta-analysis of pharmacogenetic interactions in amyotrophic lateral sclerosis clinical 
trials. Neurology 89(18): 1915–1922. https://doi.org/10.1212/WNL.0000000000004606 

21. Wang Y, Tan J, Liu D, et al. (2019) The Association of UNC13B Gene Polymorphisms and 
Diabetic Kidney Disease in a Chinese Han Population. Med Sci Monit 25: 8527–8533. 
https://doi.org/10.12659/MSM.919930 

22. Egawa J, Hoya S, Watanabe Y, et al. (2016) Rare UNC13B variations and risk of schizophrenia: 
Whole-exome sequencing in a multiplex family and follow-up resequencing and a case-control 
study. Am J Med Genet B Neuropsychiatr Genet 171(6): 797–805. 
https://doi.org/10.1002/ajmg.b.32444 

23. Pooryasin A, Maglione M, Schubert M (2021) Unc13A and Unc13B contribute to the decoding of 
distinct sensory information in Drosophila. Nat Commun 12. https://doi.org/10.1038/s41467-021-
22180-6 

24. Trégouet DA, Groop PH, McGinn S, et al. (2008) G/T substitution in intron 1 of the UNC13B gene 
is associated with increased risk of nephropathy in patients with type 1 diabetes. Diabetes 57(10): 
2843–50. https://doi.org/10.2337/db08-0073 

25. Chiò A, Mora G, Restagno G, et al. (2013) UNC13A influences survival in Italian amyotrophic 
lateral sclerosis patients: a population-based study. Neurobiol Aging 34(1): 357.e1–5. 
https://doi.org/10.1016/j.neurobiolaging.2012.07.016 

26. Gaastra B, Shatunov A, Pulit S, et al. (2016) Rare genetic variation in UNC13A may modify 
survival in amyotrophic lateral sclerosis. Amyotroph Lateral Scler Frontotemporal Degener 17(7–
8): 593–599. https://doi.org/10.1080/21678421.2016.1213852 

27. Bell CG, Teschendorff AE, Rakyan VK, et al. (2010) Genome-wide DNA methylation analysis for 
diabetic nephropathy in type 1 diabetes mellitus. BMC Med Genomics 3: 33. 
https://doi.org/10.1186/1755-8794-3-33 

28. Ariel P, Ryan TA (2012) New insights into molecular players involved in neurotransmitter release. 
Physiology (Bethesda) 27(1): 15–24. https://doi.org/10.1152/physiol.00035.2011 

29. Augustin I, Korte S, Rickmann M, et al. (2001) The cerebellum-specific Munc13 isoform Munc13-
3 regulates cerebellar synaptic transmission and motor learning in mice. J Neurosci 21(1): 10–7. 
https://doi.org/10.1523/JNEUROSCI.21-01-00010.2001 



399 

AIMS Neuroscience                                                             Volume 10, Issue 4, 388–400. 

30. Ishiyama S, Schmidt H, Cooper BH, et al. (2014) Munc13-3 superprimes synaptic vesicles at 
granule cell-to-basket cell synapses in the mouse cerebellum. J Neurosci 34(44): 14687–96. 
https://doi.org/10.1523/JNEUROSCI.2060-14.2014 

31. Kusch V, Bornschein G, Loreth D, et al. (2018) Munc13-3 Is Required for the Developmental 
Localization of Ca2+ Channels to Active Zones and the Nanopositioning of Cav2.1 Near Release 
Sensors. Cell Rep 22(8):1965–1973. https://doi.org/10.1016/j.celrep.2018.02.010 

32. Netrakanti PR, Cooper BH, Dere E, et al. (2015) Fast cerebellar reflex circuitry requires synaptic 
vesicle priming by munc13-3. Cerebellum 14(3): 264–83. https://doi.org/10.1007/s12311-015-
0645-0 

33. India Project Team of the International Cancer Genome Consortium (2013) Mutational landscape 
of gingivo-buccal oral squamous cell carcinoma reveals new recurrently-mutated genes and 
molecular subgroups. Nat Commun 4: 2873. https://doi.org/10.1038/ncomms3873 

34. Velmurugan BK, Yeh KT, Hsieh MJ, et al. (2019) UNC13C Suppress Tumor Progression via 
Inhibiting EMT Pathway and Improves Survival in Oral Squamous Cell Carcinoma. Front Oncol 
9: 728. https://doi.org/10.3389/fonc.2019.00728 

35. D'Erchia AM, Gallo A, Manzari C, et al. (2017) Massive transcriptome sequencing of human spinal 
cord tissues provides new insights into motor neuron degeneration in ALS. Sci Rep 7(1): 10046. 
https://doi.org/10.1038/s41598-017-10488-7 

36. Hangelbroek RW, Fazelzadeh P, Tieland M, et al. (2016) Expression of protocadherin gamma in 
skeletal muscle tissue is associated with age and muscle weakness. J Cachexia Sarcopenia Muscle 
7(5): 604–614. https://doi.org/10.1002/jcsm.12099 

37. Pasanen P, Myllykangas L, Pöyhönen M, et al. (2018) Genetics of dementia in a Finnish cohort. 
Eur J Hum Genet 26(6): 827–837. https://doi.org/10.1038/s41431-018-0117-3 

38. Wang L, Wang L, Xiao B, et al. (2022) Differences Between Sorafenib and Lenvatinib Treatment 
from Genetic and Clinical Perspectives for Patients with Hepatocellular Carcinoma. Med Sci Monit 
28: e934936. https://doi.org/10.12659/MSM.934936 

39. Dudenhöffer-Pfeifer M, Schirra C, Pattu V, et al. (2013) Different Munc13 isoforms function as 
priming factors in lytic granule release from murine cytotoxic T lymphocytes. Traffic 14(7): 798–
809. https://doi.org/10.1111/tra.12074 

40. Aricò M, Boggio E, Cetica V, et al. (2013) Variations of the UNC13D gene in patients with 
autoimmune lymphoproliferative syndrome. PLoS One 8(7): e68045. 
https://doi.org/10.1371/journal.pone.0068045 

41. Galgano D, Soheili T, Voss M, et al. (2020) Alternative UNC13D Promoter Encodes a Functional 
Munc13-4 Isoform Predominantly Expressed in Lymphocytes and Platelets. Front Immunol 11: 
1154. https://doi.org/10.3389/fimmu.2020.01154 

42. Alfaraidi AT, Alqarni AA, Aqeel MT, et al. (2021) Familial Hemophagocytic Lymphohistiocytosis 
Secondary to PRF1 Mutation. Case Rep Hematol 2021: 7213939. 
https://doi.org/10.1155/2021/7213939 

43. Sieni E, Cetica V, Hackmann Y, et al. (2014) Familial hemophagocytic lymphohistiocytosis: when 
rare diseases shed light on immune system functioning. Front Immunol 5: 167. 
https://doi.org/10.3389/fimmu.2014.00167 

44. Yoon HS, Kim HJ, Yoo KH, et al. (2010) UNC13D is the predominant causative gene with 
recurrent splicing mutations in Korean patients with familial hemophagocytic lymphohistiocytosis. 
Haematologica 95(4): 622–6. https://doi.org/10.3324/haematol.2009.016949 



400 

AIMS Neuroscience                                                             Volume 10, Issue 4, 388–400. 

45. Entesarian M, Chiang SC, Schlums H, et al. (2013) Novel deep intronic and missense UNC13D 
mutations in familial haemophagocytic lymphohistiocytosis type 3. Br J Haematol 162(3): 415–8. 
https://doi.org/10.1111/bjh.12371 

46. Feldmann J, Callebaut I, Raposo G, et al. (2003) Munc13-4 is essential for cytolytic granules fusion 
and is mutated in a form of familial hemophagocytic lymphohistiocytosis (FHL3). Cell 115(4): 
461–73. https://doi.org/10.1016/S0092-8674(03)00855-9 

47. Zhang K, Astigarraga I, Bryceson Y, et al. (2006) Familial Hemophagocytic Lymphohistiocytosis. 
[updated 2021 Sep 30]. In: Adam MP, Mirzaa GM, Pagon RA, Wallace SE, Bean LJH, Gripp KW, 
Amemiya A, editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 
1993–2023. 

© 2023 the Author(s), licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0) 

 


