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Abstract 
The autism spectrum disorder (ASD) includes a complex group of neural development disorders that are 

characterized by deficiencies in social interaction, communication, and motor skills of individuals. ASD has an 

impact on public health, so it would be very useful to have biomarkers that allow early identification of the 

disorder. In this sense, microRNAs (miRNAs), which are regulators of a wide variety of cellular functions 

and whose alterations in their expression have been observed in individuals with ASD, are beginning to be 

considered as potential targets for the development of diagnostic and therapeutic strategies for these 

disorders. This review focuses on some studies about the participation of miRNAs in ASD in animal models, 

as well as in humans, and makes an approach to their possible use as biomarkers. 
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Resumen 
El trastorno del espectro autista (TEA) abarca un grupo complejo de trastornos del desarrollo neural que se 

caracterizan por presentar deficiencias en la interacción social, la comunicación y motricidad del individuo. El 

TEA tiene un impacto en la salud pública, por lo que sería de gran utilidad contar con biomarcadores que 

permitan la identificación temprana del trastorno. En este sentido, los microRNAs (miRNAs), que son 

reguladores de una gran variedad de funciones celulares y cuyas alteraciones en su expresión han sido 

observadas en individuos con TEA, se comienzan a considerar como blancos potenciales para el desarrollo 

de estrategias de diagnóstico y terapéuticas para estos trastornos. Esta revisión se enfoca en algunos 

estudios sobre la participación de miRNAs en el TEA, en modelos animales y humanos, y hace una 

aproximación a su posible uso como biomarcadores. 
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1. Introduction 

 

The miRNAs belong to a class of 

endogenous small non coding RNA that play 

a crucial role in the post-transcriptional 

regulation of gene expression,1 therefore 

they are regulator of several cellular activities 

and have been related to many diseases, one 

of them ASD.2  The ASD encompasses a 

complex group of neurodevelopmental 

diseases characterized by deficiencies in the 

individual´s social interaction, 

communication, and motor skills of the 

individual.3 Currently, there is still a lack of 

precise laboratory tests for the detection of 

ASD with specific observation of behavioural 

changes being the conclusive diagnosis.4 It is 

consider that its origin is both genetic and 

environmental, and it is very complex, with 

the participation of multiple genes, which in 

turn can be regulated or modified 

epigenetically.3,5 In this sense, it is where 

miRNAs  become important, of which they 

have been found to have important roles in 

the different stages of brain function.6,7 This 

review addresses the relationship of miRNA 

with some  aspects of ASD, emphasising  

their usefulness as biomarkers. 

 

 

2. Autism spectrum disorder 

 

ASD is a complex group of disorders of neural 

development that have as characteristic 

deficiencies in social and emotional interaction 

(isolation), and communication of the individual 

(language disorders), as well as repetitive and 

stereotyped behaviours (motor disorders).1,5 It 

has been observed that it occurs more in boys 

than in girls in 3:1 ratio. ASD is expressed during 

early childhood, between 2 and 3 years 

approximately, and accompanied by cognitive, 

learning, attention, and sensory processing 

dysfunctions. Its clinical manifestations are over 

the years, which can be attributed to the child´s 

growth, brain development, therapies used, and 

environmental factors.3,8  

Although ASD is considered to be caused by 

a combination of genetic and environmental 

factors, its origin remains unknown. It has been 

proposed to divide ASD into primary and 

secondary. In primary type cases, the data 

suggests a multifactorial etiology in which genetics 

is essential but not unique, and between 70 to 90 

% of ASD cases fit with this type.5 Those of the 

secondary type, unlike those of the primary type, 

can be associated with a known cause, such as 

the use of certain drugs during pregnancy, 

intrauterine rubella, fragile X syndrome and 

tuberous sclerosis, the latter being the most 

common, and only represent between 10 and 30 

% of all cases.5    

It has been estimated that 1 of 68 children 

present ASD in the U.S. and it could occur in all 

racial, ethnical and socioeconomic group. Around 

the world the prevalence of this condition is 

around 1 and 2%.9 Mexico has a lack of data at 

national level about the prevalence of ASD. In a 

state-level study, it was estimated that 1 out of 

every 115 children has this condition,10 however, 

the amount of cases with this condition could be 

more across the country, not just because of the 

absence of data information, but also 

unawareness of the condition by family members, 

caregivers and teachers, in addition to the 

subjectivity of the behavioural tests carried out.11 

What leads us in to the necessity to find reliable 

and easy to detect biomarkers to confirm the 

diagnosis. Given the above it must be recognized 

that ASD is not only a public health issue but also 

a problem that impacts the social environment of 

the child and a late diagnosis will limit his 

development in the society.  

3. ASD genetics 

Research has been done to try to understand 

the genetic mechanism by which ASD is 

generated, however, the main obstacle is that 

ASD manifests a spectrum of symptoms that 

are caused by multiple genes, and has been 

shown to be largely caused as a result of 

alterations in genes that are involved in brain 

development.8 Although several genes have 

been identified as ASD genes, including 

NRXN1, SHANK1, SHANK3 and PTCHD1, 

much remains to be known about the extent 

of the underlying mutations.12 Table 1 shows 

the main genes associated with ASD.13 The 

genetic contribution to ASD is therefore 
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heterogeneous, with many loci involved in 

the development of the disorder at different 

levels in different individuals,14 which is the 

reason why the phenotypic expression of 

these genes is highly variable in each person. 

Currently, it has not been possible to identify 

a common locus related to susceptibility to 

ASD. In addition to this, epigenetic 

mechanisms have recently been related as 

potential contributors to the development of 

ASD, that is to say, environmental factors 

have an important role in the predisposition 

to develop these disorders.15  

 

Main genes associated with ASD 

Genes  Biological process 

KMT2E, KMT2C, WAC, KMT5B, KDM5B, HAM6B, 

PHF2 

Histone modification 

KMT2E, KMT2C, KMT5B Methylation 

KDM5B, KDM6B, PHF2 Demethylation 

ARID1B, TNRC6B, PHF2 Regulation of gene expression 

CUL3, TNRC6B, CHD8, TCF7L2 Wnt signalling pathway 

CUL3, DYRK1A, SYNGAP1 Negative regulation of intracellular 

signal transduction. 

SCN2A. ANK2, CACNA2D3 Organismal signalling and regulation of 

ion transmembrane transport 

ADNP, TBR1, SYNGAP1, GRIN2B Cognition  

ADNP, KDM5B, DYRK1A Rhythmic process 

RIMS1, ADNP, BCL11A, TBR1, DSCAM, SYNGAP1 Regulation of cell morphogenesis 

NRXN1, GRIA3 Neurotransmission  

SHANK1, SHANK3, SYT1 Development and function of neuronal 

synapses 

PTCHD1 Development and function of the 

thalamic reticular nucleus 

NLGN Formation and remodelling of central 

nervous system synapses 

 

Table 1. Genes that have been associated with ASD and the biological processes that are carried out (Taken 

and modified from Ramaswami and Geschwind, 2018). 
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4. miRNAs 

The miRNAs are small non-coding RNA 

molecules, between 18 to 25 nucleotides, 

whose main target is messenger RNA 

(mRNA), which they degrade or inhibit, 

resulting in a decrease or inhibition in the 

synthesis of the resulting protein; and they 

are located in the genome, even in areas 

without a known function.6,7,16 The miRNAs 

work as post-transcriptional regulators, by 

binding to mRNA in the 3´ untranslated 

region, resulting in the inhibition of mRNA.17 

Generally, more than 2000 miRNAs have 

been determined in humans and about 50 % 

of human genes are predicted to be 

regulated by them, and furthermore, they are 

involved in all the important functions of the 

cell: proliferation, differentiation, cell cycle 

control, DNA repair, apoptosis, immunity, 

stress, homeostasis, aging, development and 

metabolism.1,17–19 

 

Moreover, miRNAs play a very important 

role in the development of the Central 

Nervous System (CNS), carrying out 

important functions in neurogenesis, 

synaptogenesis and neuronal migration.20 

Therefore, it is not surprising that the 

dysregulation of miRNAs leads to changes in 

behaviour and cognition, observed in many 

neurodegenerative disorders such as 

Alzheimer’s Disease (AD), Parkinson´s 

Disease (PD), Amyotrophic Lateral Sclerosis 

(ALS), polyglutamine (polyQ) disorders such 

as Huntington´s disease (HD) and 

spinocerebellar ataxias (SCAs) and ASD.20–22 

  

The miRNAs biogenesis is initiated in the 

cell nucleus with the generation of a primary 

transcript (pri-miRNA) by the RNA 

polymerase II and its subsequent conversion 

of pri-miRNA into pre-miRNA which is 

arbitrated by the microprocessor complex 

Drosha/DGCR8.1,23 The pre-miRNA is 

transported to the cytoplasm by the 

exportin-5 where is processed by the RNase 

Ⅲ enzyme Dicer and the mature miRNA is 

generated (a double stranded miRNA). 

Mature miRNA together with the Argonaute 

(AGO) protein form the RNA-induced 

silencing complex (RISC).24 Is in this complex 

where mature miRNA is guided to 

complementary sequences in 3’ or 5’ where 

it regulates the translation of target  mRNAS 

(figure 1).1,23,25 

 

One possible mechanism by which 

miRNAs regulate gene expression is by 

inducing the binding and activity of RNA 

polymerase in specific genes, although, they 

may also be available to bind to chromatin 

modifiers, resulting in transcriptional 

silencing, working as regulators of epigenetic 

controllers or as regulator of the specific 

expression of genes.26,27 In addition to their 

function as part of the epigenetic machinery, 

they can also be modified by this same 

mechanism, changing their expression under 

both,  physiological and pathological 

conditions, and there is evidence that the 

expression of miRNAs varies in healthy and 

disease state.28 

 

The key of the miRNAs functioning is the 

formation of the RISC, composed of  AGO 

protein and a miRNA molecule.29,30 This 

complex can downregulate gene expression 

by two posttranscriptional mechanism: 

cleavage of mRNA or translational 

repression.2 miRNAs will recognize their 

mRNA target through the complementarity 

base pairing in the 3’ or 5’ untranslated 

region.24  Depending on the base pairing level 

(complete or partial) the result could be  

degradation of the mRNA or translational 

repression.31 Although the most studied 

function of the miRNAs is the 

downregulation of gene expression, there is 

evidence  that indicate that some  miRNAs 

could enhance the gene expression, however 

the mechanism is not well known.32 
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Figure 1. Scheme of miRNAs Biogenesis and function. After being transcribed in the nucleus, the pri-miRNA 

is processed by Drosha/DGCR8 into pre-miRNA which is transported to the cytoplasm by exportin 5, 

where is processed by Dicer, generating mature miRNA, it is this mature miRNA that exerts its function of 

translation regulation. 

 

 

Initially, miRNAs were identified in 

cellular microenvironments.33 However, they 

have also been found in extracellular 

microenvironments, including those derived 

from blood sources such as serum and 

plasma, and other fluids such as tears, urine, 

saliva, amniotic fluid, peritoneal fluid, 

cerebrospinal fluid, seminal fluid, synovial 

fluid, pleural fluid, bronchial lavage, follicular 

fluid, colostrum and breast milk, that is to 

say, in practically all the fluids of the body.33,34 

Therefore, miRNAs can be considered as 

potential biomarkers for the diagnosis of 

various diseases, including ASD. 

 

5. miRNAs and ASD 

Control of miRNA-dependent protein 

synthesis is an important posttranscriptional 

regulator in almost all aspects of nervous 

system development.6 Many miRNAs are 

regulated during Central Nervous System 

(CNS) development and expressed in adult 

brain indicating their important roles in 

neural development and function.35 

Depending on the target gene, the same 

miRNA can promote or inhibit 

developmental processes.23 Because miRNAs 

are also subject to epigenetic modifications, 

their function can change depending on time 

and space, so the same miRNA can be 
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involved in different decisions about the cell 

fate or development of cells.26,36 miRNAs 

have been found to play important roles at 

different stages of brain function, particularly 

in neuronal plasticity and neuronal 

development.37 Furthermore, recent studies 

have shown that miRNAs may be one of the 

possible causes associated with the 

development of ASD, mainly in mouse 

models, due to the observation of the 

correlation between the loss of function of 

some miRNAs and an altered social 

behaviour and that the upregulation of 

others favoured the dendritic growth.38–40 

 

In addition to the above, have been 

reported altered expressions of miRNAs in 

whole blood, serum, lymphoblastic lines and 

post-mortem brains of individuals with ASD, 

compared to healthy individuals.8 156 altered 

miRNAs have been reported in patients with 

ASD, of which 7 were found in at least 3 

different studies (table 2).17 

  

Among the miRNAs found in different 

studies miRNA-146a-5p is the miRNA that 

has the most evidence in relation to ASD, 

since it was found to be significantly 

increased in 3 studies and in 4 different types 

of tissue; brain, olfactory mucosal stem cells, 

lymphoblastoid cell lines and primary 

lymphoblasts.41–43 Some target genes for this 

miRNA are NOTCH1, NLGN, GRIA3, SYT1, 

among others, all these genes are essential 

for the development and function of the 

brain.14,16 

 

Using a microarray assay a miRNA, 

miRNA-486-3p, was found to be altered in 

patients with ASD. This miRNA is specific to 

the brain with possible roles in neuronal 

differentiation in humans, the study showed 

increased expression in patients with ASD in 

whole blood.44  

 

An outstanding miRNA is miRNA-132, 

that promotes the growth and maturation of 

neurons in the adult hippocampus and could 

be essential in the regulation of cognition, 

learning and memory formation.45,46 It 

participates in the regulation of neuronal 

differentiation, maturation and function, axon 

growth, neural migration and plasticity.47 

Disruption of this miRNA results in, among 

other things, aberrant neural development.45  

Of the multiple mRNAs that are targeted by 

miRNA-132, two of them, MeCP2 and the 

activation protein P250GAP have been 

studied and found to have fundamental roles 

in the development and function of dendritic 

spines. An animal model study of mice 

showed that prenatal exposure to valproic 

acid, used in animal models of ASD, 

increased the levels of miRNA-132 in the 

brain of male and female embryos.48 This may 

assume that miRNA-132 levels are increased 

in alterations of neuronal activity in the 

embryonic period, at least in ASD-like 

behavioural animal models produced by 

prenatal exposure to valproic acid. 

 

Another interesting miRNA is miRNA-

155p5 which is involved in several neuro-

inflammatory diseases, including individuals 

with ASD who present neuro-inflammation 

due to microglial activation. Using 

quantitative real time PCR (QRT-PCR) in 

post-mortem human brain tissues this 

miRNA showed increased gene expression in 

the amygdala of children with ASD, indicating 

the presence of localised inflammation in the 

brain.49 

 

Through animal models using KO mice or 

rats treated with valproic acid (VPA) it has 

been found that other miRNAs are 

associated with ASD, for example: a) 

miRNA-125b and miRNA-132 have opposite 

effects on dendritic spine morphology and 

contribute to the alteration of synaptic 

plasticity, regulating the expression of the 

FMR1 and UBE3A genes, respectively.50 b) in 

the brain of patients with ASD, miRNA-134-

5p is overexpressed and is also upregulated 

in animals of the VPA models, this miRNA 

controls the development of the dendritic 

spines.51 c) miRNA-138-5p is abundant in the 

brain, is localized within dendrites and 

participates in the changes in the 

development of the dendritic spines and in 
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the narrowing of the spine through the 

expression of the APT1 gene.52 d) A positive 

regulation of miRNA-34a and reduction in 

BCL2 expression levels were observed 

immediately after birth in rats treated with 

VPA in the cerebral cortex. Therefore, the 

miRNA-34a/BCL2 signalling pathway may be 

an activation mechanism for ASD.53 e) in the 

amygdala of patients with ASD, miRNA-181c 

and miRNA-30d are upregulated,54 the 

function of this miRNA is associated with the 

development of the nervous system; f) in rats 

treated with VPA, the miRNA-30d is 

positively regulated and its function is 

associated with the development of the 

nervous system.38 

 

In reference to human studies, one of 

them analysed the expression of  125 mature 

miRNAs in the serum from 55 individuals 

with ASD and 55 control subjects using 

QRT-PCR, miRNAs were identified as 

differentially expressed in ASD individuals 

compare to the control, 8 were 

downregulated; miRNA-151a-3p, miRNA-

181b-5p, miRNA-320a, miRNA-328, miRNA-

433, miRNA-489, miRNA-572, and miRNA-

663a,  while five of them were upregulated 

miRNA-101-3p, miRNA-106b-5p, miRNA-

130a-3p, miRNA-195-5p, and miRNA-19b-

3p. Five of this miRNAs showed hight 

predictive power for differentiate individuals 

with ASD.37 Another study in saliva from 24 

individuals with ASD showed fourteen 

miRNAs differentially dysregulated compared 

to controls, of which 9 were upregulated; 

miRNA- 7-5p, miRNA-28-5p, miRNA-127-

3p, miRNA-140-3p, miRNA-191-5p, miRNA-

218-5p, miRNA-335-3p, miRNA-628-5p, 

miRNA-2467-5p, and miRNA-3529-3p, 

whereas miRNA-23a-3p, miRNA-27a-3p, 

miRNA-30e-5p, and miRNA-32-5p were 

downregulated.55 

 

 

 

 

 

 Deregulated miRNAs found in 3 studies or more  

miRNA Tissue Deregulation  

miRNA-146a-5p Brain*, stem cells from olfactory mucous, lymphoblastoid cell 

line, primary fibroblasts. 

increased 

miRNA-106b-5p Brain*, lymphoblastoid cell line, serum. Mixed 

miRNA-132-3p Brain*, lymphoblastoid cell line. Mixed 

miRNA-195-5p lymphoblastoid cell line, peripheral blood mononuclear cells, 

serum. 

Mixed 

miRNA-19b-3p Brain*, lymphoblastoid cell line, peripheral blood mononuclear 

cells. 

Mixed 

miRNA-23a-3p Brain*, lymphoblastoid cell line. Mixed 

miRNA-320a Brain*, lymphoblastoid cell line, serum. Mixed 

*Post-mortem brain. 
 

Table 2. miRNAs reported as deregulated in ASD in 3 or more studies (modified from Fregeac et al, 2016). 

 

 

6. miRNAs as biomarkers and their 

therapeutic potential in ASD 

The ASD can be detected as young as 18 

months of age based on developmental 

history and behaviour, without any medical 

test available today.56 The use of miRNAs as 

biomarkers has been extensively investigated, 

and due to their stability and ease of 

detection in small amounts of different 

biofluids such as blood and even serum, and 

also because several of them can be detected 

simultaneously, they could be a very useful 

tool for predicting ASD in the first months of 

life, even before behavioural signs can be 

detected. Furthermore, the development of 

tests to predict ASD by detecting miRNAs 

using biofluids (saliva or serum) is in the early 
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stages, where certain limitations must be 

considered: the methodology and those that 

result from the lack of functional 

consequences of the miRNAs.33 Another 

limitation is that many of these miRNAs are 

involved and participate in multiple 

neurodegenerative processes, which implies 

a difficulty in differentiating ASD from some 

other neural development disorders. Even 

so, miRNAs remain a promising option to 

become a non-invasive screening test for 

ASD, which would allow detecting the 

disease at an earlier stage, even in the first 

two years of life, enabling therapeutic 

intervention in earlier stages. In this sense, 

several miRNAs have been described as 

dysregulated in the serum and saliva of 

individuals with ASD, and that could be used 

as promising biomarkers for the early 

detection of the disorder (table 3).33,57,58 

 

Finally, because miRNAs may play a role 

in the development of ASD and because 

several of them can be detected in biofluid 

such as saliva and serum, this makes miRNAs 

eligible as candidates to be evaluated for 

detection and as therapeutic targets for ASD. 

Furthermore, most of the sequences of 

mature human miRNAs are 100 % identical 

to rodents, allowing their use as models for 

preclinical evaluations of efficacy, toxicity and 

pharmacodynamics.59,60 

 

 

 

 

Deregulated miRNAs in ASD 

Saliva Serum 

Upregulated  Downregulated Upregulated  Downregulated 

miRNA-7-5p miRNA-23a-3p miRNA-140-3p miRNA-19b-3p 

miRNA-10ª miRNA-27a-3p miRNA-151a-3p miRNA-101-3p 

miRNA-28-3p miRNA-30e-5p miRNA-181b-5p miRNA-106b-5p 

miRNA-28-5p miRNA-32-5p miRNA-320a miRNA-130a-3p 

miRNA-92a-3p miRNA-125b-2-3p miRNA-328 miRNA-195-5p 

miRNA-106a-5p miRNA-148a-5p miRNA-364a-3p miRNA-195-5p 

miRNA-127-3p miRNA-151-3p miRNA-365a-3p miRNA-197-5p 

miRNA-128a-5p miRNA-7707 miRNA-433 miRNA-328-3p 

miRNA-140-3p  miRNA-486-3p miRNA-424-5p 

miRNA-146ª  miRNA-489 miRNA-500a-5p 

miRNA-146b  miRNA-557 miRNA-3135a 

miRNA-146b-5p  miRNA-572  

miRNA-191-5p  miRNA-619-5p  

miRNA-218-50  miRNA-663a  

miRNA-335-3p    

miRNA-361-5p    

miRNA-378a-3p    

miRNA-410    

miRNA-620    

miRNA-628-5p    

miRNA-665    

miRNA-1277-5p    

miRNA-2467-5p    

miRNA-3529-3p    

miRNA-3916    

miRNA-4705    

 

Table 3. miRNAs that have been described as dysregulated in the serum and saliva of individuals with ASD. 
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7. Conclusion 

 

Studies indicate that several miRNAs are 

directly related to the regulation of the brain 

development and are directly involved to 

ASD, mainly in animal models. Other studies 

have attempt to approach to the diagnostic 

use with serum and saliva samples from 

individuals with ASD finding promising 

results. Due to these observations, miRNAs 

have the potential to be used as biomarkers 

for the diagnosis and prognosis of ASD.  

 

In this way advantages and disadvantages 

must be considered, the miRNAs could be 

found in body fluids as saliva or serum, they 

are stable, and several can be detected at the 

same time. The main limitation is that the 

miRNAs participate in the nervous system 

development and therefore in multiple 

neurodegenerative processes, which implies 

a difficulty in differentiating ASD from some 

other neural development disorders. 

 

Currently, ASD has the capacity to 

become a serious public health problem, and 

due to the etiopathological complexity of the 

disorder, its investigation and treatment are 

difficult, coupled with the fact that the tools 

used in the diagnose of this condition 

basically consist in a series of test, 

questionnaires and behaviour observations 

done to the subject that will measured the 3 

affected domains of the ASD, but sometimes 

the underdiagnosis could disparage the real 

condition of the subject.  

 

Is this complexity that makes miRNAs 

ideal candidates for use in the early diagnosis 

and treatment of the disorder. Although few 

miRNAs have been consistently identified as 

dysregulated in ASD by different studies, the 

evidence suggests that they contribute to its 

development. There are still several 

questions to which research effort must be 

devoted to answer them, since as miRNAs 

are epigenetically influenced mechanisms, it 

must be clarified how they are differentially 

expressed during the development of the 

disorder and which cells are the ones where 

they exert their effect. Although these 

limitations do not detract from current 

advances that point to the use of miRNAs as 

biomarkers, in order to consider them in 

practice as possible treatments for ASD, 

preclinical studies are required in which the 

key could be to discover how to specifically 

carry these miRNAs to the brain, which 

would open the doors for clinical use. 
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