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Abstract

Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative 
disease with limited diagnostic and prognostic tools. The 
identification of minimally invasive biomarkers is critical for 
early diagnosis, monitoring disease progression, and evaluating 
therapeutic responses. MicroRNAs (miRNAs), small non-coding 
RNAs that regulate gene expression, have emerged as promising 
blood-based biomarkers due to their stability and disease-
specific expression patterns. Numerous studies have reported 
dysregulated circulating miRNAs in ALS patients, including 
miR-206, miR-133b, and miR-338-3p, some of which correlate 
with clinical parameters such as disease severity and survival. 
However, methodological variability across studies has led to 
inconsistent findings, hindering clinical translation. In this study, 
we conducted a systematic review and integrative analysis 
of blood-derived miRNA biomarkers in ALS. Through manual 
curation of published literature, we identified consistently 
dysregulated miRNAs and assessed their associations with 
clinical outcomes. Using bioinformatics tools, including STREME, 
TargetScanHuman 8.0, and miRPath v4.0, we performed motif 
enrichment, target prediction, and pathway analysis to explore 
the functional relevance of these miRNAs in ALS pathogenesis. 
Our findings highlight potential miRNA candidates with diagnostic 
and prognostic value and provide insights into the molecular 
mechanisms underlying ALS. This integrative approach offers a 
foundation for future validation studies and the development of 
standardized protocols for miRNA-based biomarker discovery in 
ALS.

Introduction

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurode-
generative disorder characterized by the loss of motor neurons, 
leading to muscle weakness, paralysis, and eventual respiratory 
failure. Despite its devastating impact, the pathogenesis of ALS 
remains incompletely understood, and no disease-modifying 
therapies currently exist. A critical barrier to progress is the ab-
sence of reliable, minimally invasive biomarkers for early diag-
nosis, disease progression tracking, and therapeutic response 
monitoring [1]. While Cerebrospinal Fluid (CSF) and tissue-
based biomarkers have shown promise, their invasive collection 
procedures and limited dynamic monitoring capacity hinder 
clinical utility. Blood-based biomarkers, by contrast, offer acces-
sibility, repeatability, and potential for integration into routine 
clinical care [2].

Among emerging candidates, microRNAs (miRNAs)—small, 
non-coding RNAs that regulate gene expression post-transcrip-
tionally—have garnered significant attention [3]. miRNAs are 
stable in blood, encapsulated in exosomes or bound to pro-
teins, and can reflect cellular pathology even in remote tissues. 
In ALS, dysregulation of specific miRNAs has been implicated in 
motor neuron degeneration, neuroinflammation, and oxidative 
stress, suggesting their potential as disease-specific biomarkers 
[4]. Numerous studies have reported altered circulating miRNA 
profiles in ALS patients compared to healthy controls or neu-
rodegenerative disease controls, with some miRNAs (e.g., miR-
206 [5-7], miR-133b [6,7], miR-338-3p [8]) consistently associ-
ated with disease activity or survival.

However, a critical gap persists in the field: despite a 
surge of individual biomarker studies, there has been no 
comprehensive, integrative analysis of these findings. 
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Methodological heterogeneity—including variations in 
sample collection, miRNA isolation techniques, normalization 
strategies, and statistical approaches—has led to inconsistent 
results across studies. For instance, some reports highlight 
miR-206 as a marker of muscle atrophy, while others find no 
correlation with clinical parameters. Additionally, small sample 
sizes, lack of longitudinal data, and inconsistent control groups 
(e.g., healthy controls vs. disease controls) further complicate 
comparisons. This fragmentation has hindered the translation 
of miRNA biomarkers into clinical practice and obscured their 
true diagnostic and prognostic potential.

This work aims to systematically summarize and critically 
evaluate the current literature on ALS blood-based miRNA 
biomarkers. By integrating findings from diverse studies, we 
seek to identify consistently dysregulated miRNAs, assess their 
correlation with clinical outcomes (e.g., ALS Functional Rating 
Scale scores, survival), and explore methodological factors con-
tributing to variability. Through meta-analysis and quality as-
sessment, we aim to refine candidate biomarkers and propose 
standardized protocols for future validation. Ultimately, this in-
tegrative approach could pave the way for robust, blood-based 
miRNA biomarkers that enhance ALS diagnosis, stratify patients 
for clinical trials, and monitor disease progression—bridging 
the critical gap between basic research and clinical translation.

Methods

Literature search

To identify studies on blood-based microRNA (miRNA) bio-
markers in Amyotrophic Lateral Sclerosis (ALS), a systematic 
search of PubMed was conducted using the query (biomarker 
OR biomarkers OR biomarker) AND (amyotrophic lateral scle-
rosis) AND (“blood” OR “plasma” OR “serum”), yielding 979 
articles. These were manually curated by two independent re-
viewers to select clinically relevant studies investigating miRNA 
expression in ALS blood, plasma, or serum. Articles were ex-
cluded if they focused on non-human models, lacked miRNA-
specific data, or did not report associations between miRNA 
levels and ALS clinical parameters (e.g., diagnosis, progression, 
survival). This structured approach ensured the selection of 
high-quality evidence for integrative analysis.

Literature annotation

Manual checks were performed for each publication 
identified in PubMed. Kimi Explorer (version 1.1.2), a Microsoft 
Edge extension, was employed with the prompt:  “Summarize 
the changed miRNA in this format: miRxxx (1, indicating 
upregulated/-1, indicating downregulated). Collect the toolkit 
names for miR extraction and measurements and indicate 
sample source and cohort arrangements. Finally, check whether 
the data is open or not.”

The results were structured to reflect tissue-specific miRNA 
regulation, methods for miRNA detection (e.g., qRT-PCR, mi-
croarrays), specific controls (e.g., endogenous housekeeping 
genes, spike-in RNAs), and data availability (publicly accessible 
via repository links, if applicable) were documented. Patient co-
hort details, including demographic origin (e.g., geographic re-
gion, clinical setting) and group stratification (e.g., case-control, 
age-matched subgroups), were summarized. The compiled data 
were organized into an Excel spreadsheet, and WPS AI’s “trans-
late to English” feature ensured consistent formatting and lan-
guage uniformity.

RNA sequence motif enrichment

miRNA sequence motif enrichment analysis using STREME: 
To identify enriched sequence motifs in the dysregulated miR-
NAs, the top differentially expressed miRNAs were analyzed us-
ing the STREME (Short Time-series Motif Enrichment) web tool 
https://meme-suite.org/meme/tools/streme, which is part of 
the MEME Suite. The input sequences consisted of the mature 
miRNA sequences obtained from miRBase. STREME performs 
unbiased motif discovery by scanning the input sequences for 
significantly overrepresented short motifs, and compares them 
against a background set of sequences — typically all expressed 
miRNAs or randomly selected miRNAs from the same species.

miRNA target prediction using TargetScanHuman 8.0: To 
predict potential target genes of the dysregulated miRNAs, 
TargetScanHuman 8.0 was employed. This computational tool 
utilizes evolutionary conservation and seed-region matching 
to identify putative binding sites within the 3’ Untranslated 
Regions (UTRs) of target mRNAs. The analysis was performed 
using the default parameters, focusing on conserved targeting 
across species. Predicted targets were filtered based on con-
text++ scores, which provide a quantitative measure of the like-
lihood that a given miRNA–mRNA interaction is functional.

miRNA pathway analysis using miRPath v4.0: An miRNA-
centric pathway analysis was performed using miRPath v4.0, 
a computational tool designed to explore the functional roles 
of miRNAs in biological pathways. The analysis was conducted 
using the top dysregulated miRNAs identified from the datas-
ets. Experimentally validated miRNA-target interactions were 
obtained from TarBase v8.0, while miRNA annotations were re-
trieved from miRBase v22.1. In this approach, miRPath v4.0 was 
used to predict enriched pathways based on the experimen-
tally supported target genes of the selected miRNAs. Pathway 
enrichment was assessed using the DIANA algorithm and the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) database. 
Statistical significance was determined using a False Discovery 
Rate (FDR)-corrected p-value threshold.

Results

Overview of the dysregulated miRNA

To gain insights into the expression patterns and potential 
functional relevance of dysregulated miRNAs, a systematic re-
view of the retrieved PubMed literature was conducted, focus-
ing on clinical relevance and study type. This process resulted 
in a final collection of 28 studies [9-36] (Figure 1), which were 
manually curated to extract information regarding the direction 
of miRNA regulation—specifically, whether each miRNA was 
reported as upregulated or downregulated. Key experimental 
details, including sample type, patient cohort size, and miRNA 
isolation methods, were also recorded for each study (Table 1).

Figure 1: Flow diagram for study selection process.
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For each study, the total number of dysregulated miRNAs 
was summarized and categorized based on the sample type 
(Figure 2A). Furthermore, for each individual miRNA, the fre-
quency of its differential expression—either up or down—was 
compiled across all included studies (Figure 2B). This synthesis 
aims to highlight miRNAs that are recurrently deregulated un-
der similar conditions, offering a foundation for further explora-
tion of their potential roles in disease mechanisms or as candi-
date biomarkers.

Figure 2: Overview of the dysregulated miRNA. (A) Number of 
dysregulated miRNAs across different studies, categorized by 
sample type. (B) Top dysregulated miRNAs based on direction 
of regulation (upregulated vs. downregulated). (C) Distribution 
of different RNA extraction methods used in the studies. (D) 
Distribution of the number of patients in discovery and validation 
cohorts.

Additionally, the miRNA extraction methods employed in 
each study were recorded and categorized, allowing for an 
overview of the most commonly used techniques in miRNA 
isolation (Figure 2C). We also summarized the distribution of 
patient cohort sizes across the included studies, ranging from 
small-scale investigations to larger clinical cohorts (Figure 2D). 
This information provides insight into the variability in sample 
processing and potential influences on miRNA detection consis-
tency across different experimental settings.

Characterization of the dysregulated miRNA

The dysregulated miRNAs were categorized into upregulated 
and downregulated groups for downstream functional analysis. 
The upregulated group included the following miRNAs: miR-
206, miR-4454, miR-338-3p, miR-192-5p, miR-151a-5p, miR-
143-3p, miR-133b, miR-342-3p, miR-26a-5p, miR-199a-5p, miR-
199a-3p, miR-183-5p, miR-15a-5p, miR-151a-3p, miR-146a-5p, 
miR-144-5p, miR-133a, and miR-127-3p. In contrast, the down-
regulated group comprised miR-206, miR-4454, miR-338-3p, 
miR-192-5p, miR-151a-5p, miR-451, miR-425-5p, miR-342-3p, 
miR-29b-3p, miR-26a-5p, miR-183-5p, miR-15a-5p, miR-144-
5p, miR-133a, miR-127-3p, miR-10b-5p, and let-7f-5p. These 
two sets of miRNAs were further subjected to sequence motif 
enrichment analysis using their corresponding FASTA sequences 
to identify potential shared regulatory elements or functional 
patterns (Figure 3). In the upregulated group, a conserved motif 
CCAGG was identified as significantly enriched (Figure 3A). This 
motif may represent a key regulatory element that contributes 
to the coordinated expression or functional activity of these 
miRNAs. It could serve as a binding site for transcription factors 

or RNA-binding proteins that influence miRNA biogenesis, sta-
bility, or target specificity. The presence of this motif suggests a 
possible shared regulatory mechanism among the upregulated 
miRNAs, offering new insights into their expression control and 
biological roles in the studied condition.

Figure 3: Sequence motif analysis for (A) upregulated and (B) 
downregulated miRNA.

Enrichment of the pathway regulated by dysregulated 
miRNA

To elucidate the biological pathways potentially regulated by 
dysregulated miRNAs in ALS, we selected miRNAs that were re-
ported as either upregulated or downregulated in at least two 
independent studies. These miRNAs were subjected to target 
prediction using TarBase 8.0, followed by pathway enrichment 
analysis via KEGG using miRPath v4.0.

As illustrated, the most significantly enriched pathways in-
clude “Proteoglycans in cancer,” “Ubiquitin mediated proteoly-
sis,” and the “p53 signaling pathway,” Each Demonstrating high 
-log10(FDR) values, indicative of strong statistical significance. 
Additional pathways of interest encompass “Protein processing 
in endoplasmic reticulum,” “Cell cycle,” and several signaling 
pathways such as “Hippo,” “FoxO,” and “AMPK.” Notably, path-
ways related to neurodegeneration, including “Amyotrophic 
lateral sclerosis,” “Alzheimer disease,” and “Pathways of neu-
rodegeneration - multiple diseases,” were also significantly 
enriched, underscoring the relevance of these miRNAs to ALS 
pathogenesis.

These findings suggest that dysregulated miRNAs in ALS may 
exert their effects through a diverse array of biological process-
es, including cell cycle regulation, protein homeostasis, and ca-
nonical cancer and neurodegeneration-related pathways. The 
enrichment of both general and disease-specific pathways high-
lights the complex molecular landscape influenced by miRNA 
dysregulation in ALS.

Figure 4: Pathway enrichment of dyregualted miRNAs.
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Discussion

MicroRNAs (miRNAs) have emerged as important regula-
tors in ALS, influencing cell fate, promoting tumor growth, and 
holding therapeutic potential. However, consistent patterns of 
miRNA dysregulation in ALS remain elusive. This inconsistency 
largely stems from technical challenges, including the lack of 
comprehensive whole-miRNA profiling, which hampers effec-
tive internal normalization and prevents integration of datasets 
across studies. Additionally, the short length of miRNAs compli-
cates primer design for qPCR, limiting specificity and sensitivity. 
To overcome these limitations, In Situ Hybridization (ISH) with 
locked nucleic acid probes offers a valuable approach for native-
level validation of dysregulated miRNAs in patient samples.

Another major obstacle is the lack of standardization in pa-
tient cohort selection and sample sources, which restricts the 
generalizability of miRNA biomarker findings. Although commu-
nity efforts like the ALL ALS and Project MinE consortia have ad-
vanced genetic and proteomic profiling in ALS, miRNA research 
remains underrepresented. Integrating miRNA profiling into 
these large-scale initiatives, including iPSC-based models, could 
provide deeper mechanistic insights and improve biomarker 
discovery.

To advance the field, future research must focus on stan-
dardized protocols for sample collection and miRNA analysis, 
improved detection methods, and collaborative data sharing 
platforms. Raising awareness of miRNA’s critical role in ALS will 
encourage the research community to address these challeng-
es, ultimately facilitating the development of reliable miRNA 
biomarkers and therapeutic targets for this devastating disease.

Conclusion

In conclusion, our systematic meta-analysis demonstrates 
that circulating microRNAs represent promising blood-based 
biomarkers for ALS diagnosis, despite the inherent heterogene-
ity that characterizes both the disease and biomarker expres-
sion patterns.  The identification of consistent dysregulation 
patterns for key microRNAs across multiple independent stud-
ies provides strong evidence for their clinical utility [37]. While 
methodological standardization and large-scale validation stud-
ies remain essential for clinical translation, the mechanistic rel-
evance and diagnostic potential of these biomarkers position 
them as valuable tools for improving ALS diagnosis and patient 
care [38].

The observed heterogeneity in microRNA expression pat-
terns, rather than representing a limitation, may actually reflect 
the biological complexity of ALS and provide opportunities for 
patient stratification and personalized medicine approaches 
[39].  Future research incorporating comprehensive microRNA 
panels, standardized methodologies, and integration with clini-
cal parameters will be crucial for realizing the full potential of 
these biomarkers in ALS diagnosis and management [40,41].

This integrative analysis contributes significantly to the 
growing body of evidence supporting microRNA biomarkers in 
neurodegenerative diseases and provides a foundation for their 
continued development as clinically relevant diagnostic tools 
for ALS [42]. The convergence of molecular insights, diagnostic 
utility, and mechanistic understanding positions circulating mi-
croRNAs as a promising frontier in ALS biomarker research and 
clinical application [43].
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