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Abstract

Introduction: Neurodegenerative disorders (NDs), such as Alzheimer's disease (AD), Parkinson's disease 
(PD), and amyotrophic lateral sclerosis (ALS), and tauopathies are highly prevalent and cause signifi-
cant public health concerns globally. Although research has focused on pathological proteins such as 
β-amyloid, the growing interest in non-coding RNAs, including piRNAs, is shifting the understanding of 
neurodegenerative disorder mechanisms.
Objective: This review aims to summarize the evidence of the role of piRNAs in neurodegenerative disor-
der pathogenesis and their potential as diagnostic biomarkers.
Materials and methods: A systematic review was conducted following PRISMA guidelines. We included 
randomized controlled trials, cohort studies, and case-control studies focusing on piRNAs in neurode-
generative disorders. Data were extracted from PubMed and ScienceDirect using search terms related to 
piRNAs and neurodegenerative diseases published between 2009 and 2024.
Results: Eleven studies met the inclusion criteria. These studies highlighted the dysregulation of piRNAs 
in diseases such as Alzheimer's, Parkinson's, and amyotrophic lateral sclerosis, suggesting that piRNAs 
influence disease mechanisms by maintaining genomic stability, regulating transposable elements, and 
participating in protein degradation. Several piRNAs, including piR-hsa-92056, emerged as potential 
biomarkers with diagnostic accuracy.
Discussion: The evidence underscores the crucial role of piRNAs in neurodegeneration. Mechanistic stu-
dies reveal that piRNA dysfunction may trigger cascades of genomic instability leading to neuronal death. 
piRNAs are emerging as valuable therapeutic targets and biomarkers in neurodegenerative disorders.
Conclusions: piRNAs hold potential as innovative therapeutic and diagnostic tools in NDs. Future re-
search should focus on developing piRNA-based interventions to prevent neurodegeneration.

Keywords: IpiRNAs, Neurodegenerative diseases, Pathogenesis, Biomarkers, Alzheimer's disease, 
Parkinson's disease, Therapeutic targets.

piRNAs en enfermedades neurodegenerativas:  
mecanismos de patogénesis y potencial terapéutico
Resumen

Introducción: las enfermedades neurodegenerativas, como la enfermedad de Alzheimer, el Parkinson y 
la esclerosis lateral amiotrófica, son una preocupación de salud pública a nivel mundial. A pesar de los 
avances en la comprensión de estas patologías, los mecanismos moleculares subyacentes siguen siendo 
en gran parte desconocidos. 
Objetivo: esta revisión sistemática busca resumir las evidencias sobre el papel de los piRNAs en la pa-
togénesis de las enfermedades neurodegenerativas y su potencial como biomarcadores diagnósticos y 
terapéuticos.
Materiales y métodos: se realizó una revisión sistemática siguiendo las guías PRISMA. Se incluyeron 
ensayos clínicos controlados aleatorios, estudios de cohortes y de casos y controles que se centraran en 
piRNAs en enfermedades neurodegenerativas. Se extrajeron datos de PubMed y ScienceDirect entre los 
años 2009 y 2024.
Resultados: once estudios cumplieron con los criterios de inclusión. Estos estudios subrayan la desre-
gulación de los piRNAs en enfermedades como Alzheimer, Parkinson y esclerosis lateral amiotrófica, 
sugiriendo que los piRNAs influyen en los mecanismos de la enfermedad a través del mantenimiento de 
la estabilidad genómica, la regulación de elementos transponibles y la degradación de proteínas. Varios 
piRNAs, como piR-hsa-92056, surgieron como biomarcadores con precisión diagnóstica.
Discusión: la evidencia destaca el papel crucial de los piRNAs en la neurodegeneración. Estudios meca-
nísticos revelan que la disfunción de los piRNAs puede desencadenar cascadas de inestabilidad genómica 
que culminan en la muerte neuronal. Los piRNAs emergen como valiosos objetivos terapéuticos y biomar-
cadores en enfermedades neurodegenerativas.
Conclusiones: los piRNAs tienen el potencial de ser herramientas terapéuticas y diagnósticas innovadoras 
en las enfermedades neurodegenerativas. Se debe priorizar el desarrollo de intervenciones basadas en 
piRNAs para prevenir la neurodegeneración.

Palabras clave: piRNAs, enfermedades neurodegenerativas, patogénesis, biomarcadores, enfermedad de 
Alzheimer, enfermedad de Parkinson, objetivos terapéuticos.
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Introduction

Neurodegenerative disorders (NDs), such as 
Alzheimer's disease (AD), Parkinson's disease (PD), 
and amyotrophic lateral sclerosis (ALS), and tauo-
pathies represent a significant public health bur-
den both in Colombia and globally due to their high 
prevalence and the progressive neurological decline 
they cause (1-6). Despite advances in understan-
ding these diseases, the molecular mechanisms un-
derlying their pathogenesis remain largely unknown, 
limiting the development of effective treatments 
and early diagnostic tools (7). Traditionally, neuro-
degeneration research has focused on pathological 
proteins such as β-amyloid, hyperphosphorylated 
tau, and α-synuclein (3, 8). However, the growing 
interest in non-coding RNAs, such as microRNAs 
(miRNAs) and PIWI-interacting RNAs (piRNAs), has 
opened new avenues of research with the potential 
to revolutionize our understanding of these diseases 
(9-13).

piRNAs, a class of small non-coding RNAs, were 
initially discovered in germ cells, where they play 
a fundamental role in maintaining genomic stabi-
lity by silencing transposable elements (14-17). 
piRNAs interact with PIWI-like proteins, forming 
complexes that not only regulate genome stability 
but also participate in gene expression regulation 
and epigenetic modulation at a multisystemic level, 
including the central nervous system (CNS) (7, 8, 
11, 18, 19, 20).

Non-regulation of piRNAs has been reported in 
transcriptomic studies of human brains and animal 
models of diseases such as AD and PD, and it has 
been proposed that the loss of functional piRNAs 
may contribute to neurodegeneration through the 
activation of transposable elements, alteration of 
protein degradation, and failure in the regulation of 
key epigenetic pathways (9, 10, 19, 20). Further-
more, PIWI-like proteins and piRNAs have begun 
to be considered as potential biomarkers for early 
diagnosis of these diseases and new therapeutic 
targets.

In this context, this systematic review seeks to 
gather and examine the existing evidence on the role 
of piRNAs in neurodegenerative diseases, along with 
the molecular mechanisms by which they contribute 
to the pathogenesis of conditions like AD, PD, ALS, 
and tauopathies, aiming also to assess their potential 
as diagnostic and therapeutic biomarkers.

Methods

This systematic review aimed to assess an up-to-
date overview of the piRNA role in neurodegenera-
tive diseases. Adhering to PRISMA (21-22) guideli-
nes, the review followed a structured approach:

Eligibility criteria

●	 Types of studies: This systematic review will in-
clude cohort studies, Randomized Controlled 
Trials (RCTs), and case-control studies.

●	 Participants: The study will focus on patients 
diagnosed with neurodegenerative diseases, in-
cluding Alzheimer's disease, Parkinson's di-
sease, amyotrophic lateral sclerosis (ALS), and 
Huntington's disease.

●	 Interventions: Interventions can include experi-
mental or therapeutic approaches targeting piR-
NAs and PIWI-like proteins aimed at understan-
ding their role in neurodegenerative diseases. This 
may involve pharmacological treatments, gene 
therapy, and molecular modulation techniques.

●	 Comparators: Various treatment approaches will 
be compared, including interventions targeting 
piRNAs/PIWI-like proteins versus standard care 
or placebo.

●	 Outcomes:

●	 Primary outcomes: Disease progression, cogniti-
ve and motor function, and biomarkers of neuro-
degeneration.

●	 Secondary outcomes: Survival rates, incidence 
of adverse effects, and improvement in quality of 
life.

Inclusion criteria

1.	Original research articles and clinical trials.

2.	Studies involving human patients or animal mo-
dels.

3.	Focus on piRNAs' role in neurodegenerative di-
sease pathogenesis or therapy.

4.	Outcome measures include disease mechanisms, 
therapeutic targets, and clinical implications.

5.	Studies published in the last 15 years.

6.	Studies published in English.
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Exclusion criteria

1.	Reviews, case reports, meta-analyses, editorials, 
and letters to the editor.

2.	Studies not involving neurodegenerative diseases 
or piRNAs in pathogenesis or therapy.

3.	Studies lacking clear outcome measures related to 
disease mechanisms or therapeutic targets.

4.	Studies published more than 15 years ago.

5.	Non-English studies.

Search strategy: ("piRNAs" OR "piwi-interacting 
RNAs") AND ("Neurodegenerative Diseases"[Mesh] 
OR "Alzheimer Disease"[Mesh] OR "Parkin-
son Disease"[Mesh]) AND ("Pathogenesis" OR 
"Therapy"[Mesh] OR "Therapeutic Targets") AND 
("Outcome Measures" OR "Clinical Implications") 
AND (2009/01/01[PDAT]: 2024/12/31[PDAT]) 
AND (english[Language]).

Information sources and search strategy: The 
search started in September 2024 utilizing PubMed 
and ScienceDirect with terms related to piRNA in 
ND. The search was refined to include relevant re-
sults from 2009 to 2024. Google Scholar was used 
to identify any additional relevant articles and grey 
literature.

Selection process: The process consisted of three 
stages: identification, screening, and inclusion. Titles 
and abstracts were reviewed in Rayyan23, applying 
the inclusion and exclusion criteria. Any discrepan-
cies were resolved by the review authors. Following 
the screening (n=47), 36 articles were excluded, re-
sulting in 11 articles that met the inclusion criteria.

Data collection and quality assessment: The 
methodological quality of the included studies was 
assessed using tools appropriate for each study de-
sign. Non-randomized studies were evaluated with 
the Newcastle-Ottawa Scale (Table 1) (23). The 
quality assessment aimed to determine risk of bias, 
study validity, and the overall reliability of the fin-
dings.

Results

We conducted a literature search in two databases 
(PubMed and ScienceDirect) and identified 47 rele-
vant papers. After confirming no duplicates (n = 0), 
we screened titles and abstracts (n = 47) and exclu-
ded review articles and unrelated studies (n = 36). 

Ultimately, 11 studies were included in this syste-
matic review (Figure 1).

Our research analyzed 11 articles that demonstrate 
the relation between piRNAs with the neurodegene-
rative diseases (Table 2).

Huang et al. (1) revealed dysregulation of piRNAs in 
Caenorhabditis elegans models of Lewy body disease. 
Using transgenic strains overexpressing α-synuclein 
and a combination of α-synuclein and β-amyloid, 
they observed that the elimination of piRNA bioge-
nesis genes, such as tofu-1, significantly improved 
motor behavior in these models. These findings su-
ggest that piRNAs may be related to the regulation 
of protein degradation, a crucial process in the pro-
gression of neurodegenerative diseases. Moreover, 
studies in human brain samples from patients with 
advanced Parkinson’s disease showed overexpres-
sion of piRNAs, suggesting an association between 
piRNA dysfunction and Lewy body-related disorders 
and PD (Figure 2) (1, 8, 11).

The transcriptomic analysis by Zhang and Wong (2) 
on Parkinson’s disease revealed that somatic piRNAs 
are dysregulated in different Parkinson’s subtypes 
and in varied Parkinson’s-related diseases, such as 
Parkinson’s disease dementia (PDD), and across di-
fferent stages of the disease, from premotor to mo-
tor stages. They identified 902 somatic piRNAs, 527 
of which were present in the brain, suggesting a re-
levant role for these piRNAs in the nervous system. 
Specific piRNAs, such as piR-has-92056 and piR-
hsa-1909905, were highlighted as diagnostic bio-
markers with high accuracy (AUC = 0.89), reinfor-
cing their potential for early diagnosis of PD (2, 7).

Using Drosophila melanogaster and postmortem hu-
man brain samples from Alzheimer’s and progressive 
supranuclear palsy (PSP) patients, Sun et al. (3) ex-
plored the interaction between piRNAs and transpo-
sable elements in tauopathies. Their results showed 
that piRNA depletion promotes the dysregulation 
of transposable elements, contributing to neuronal 
death. The loss of piRNAs in these diseases is asso-
ciated with heterochromatin decondensation, which 
allows the activation of transposable elements, im-
plicating piRNAs in maintaining genomic stability in 
neurons affected by tauopathies. 

Qiu et al. (7) conducted a transcriptomic profile of 
human brains from Alzheimer’s patients, identifying 
over 9,400 piRNAs in the brain, 103 of which were 
expressed between AD cases and controls. These 
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Table 1.  Newcastle-Ottawa Scale 

Author	 Year	 Selection (4)	 Comparability (2)	 Outcome (3)	 Total 	
				                                                        Score (9)

Huang X (1)	 2023	 3/4 - Good experimental 
design, adequate control, 
but lacks human valida-
tion.	

1/2 - Well-defined animal 
model, but no multiple 
control groups.	

2/3 - Coherent results but ne-
eds replication in other models.	

6

Zhang T (2)	 2022	 4/4 - Strong selection, hu-
man data analysis using 
GEO.	

2/2 - High comparability, 
multiple PD subtypes eva-
luated.	

3/3 - High accuracy in results, 
validated biomarkers replicated 
in human cohorts.	

9

Sun W (3)	 2018	 3/4 - Good use of animal 
models and human sam-
ples but lacks prospective 
validation.	

1/2 - Limited comparability, 
no other tauopathy models 
included.	

2/3 - Promising results but not 
replicated in larger cohorts.	

6

Belkozhayev A 
(4)	

2022	 3/4 - Solid selection, but 
analysis based on bioin-
formatic predictions.	

1/2 - Limited comparability, 
lacks in vivo experimental 
validation.	

2/3 - Theoretical results are 
solid but require empirical 
validation.	

6

Abdelhamid 
RF (5)	

2022	 4/4 - Good experimen-
tal design, validation 
in human and animal 
models.	

2/2 - Adequate compara-
bility between ALS and 
controls.	

3/3 - Solid results, replicated in 
different models and validated 
molecularly.	

9

Simoes FA (6)	 2022 4/4 - Well-defined patient 
selection with PSP, serum 
and CSF analysis.	

2/2 - Adequate comparabili-
ty between PSP patients and 
healthy controls.	

3/3 - Validated in cohorts, well-
defined biomarkers.	

9

Qiu W (7)	 2017	 4/4 - Good use of human 
samples, comprehensive 
transcriptomic analysis.	

1/2 - Limited comparability 
in terms of AD subtypes 
diversity.	

2/3 - Interesting results but 
require further validation in 
independent cohorts.	

7

piRNAs were correlated with previously identified 
genetic risk SNPs for Alzheimer’s, suggesting that 
piRNAs are directly involved in regulating pathogenic 
pathways in AD (7, 9). The study also highlighted the 
abundance of piRNAs in the human brain, sugges-
ting their role in neurodegeneration could be broader 
than previously thought.

Jain et al. (8) expanded the understanding of piRNAs 
in AD by discovering a combined signature of three 
piRNAs and three miRNAs that was capable of detec-
ting AD pathology with significant accuracy (AUC = 
0.83). Additionally, their analysis predicted the con-
version of patients with mild cognitive impairment to 
Alzheimer’s dementia with even higher accuracy (AUC 

Jain G (8)	 2019	 4/4 - Well-selected 
cohort of AD and MCI 
patients.	

2/2 - Adequate comparabili-
ty between study groups.	

3/3 - High diagnostic accuracy, 
biomarker validation in inde-
pendent cohorts.	

9

Schulze M 
(9)	

2018

	

3/4 - Good experimental 
design but limited to spo-
radic Parkinson's patients.	

1/2 - Limited comparability 
among groups, lacks analy-
sis in other PD subtypes.	

2/3 - Promising results but 
requires validation in larger 
cohorts.	

6

Roy R (10)

	

2020	 3/4 - Good experimental 
models but lacks human 
validation.	

1/2 - Limited comparability, 
lacks replication in other 
neuropathological models.	

2/3 - Promising results, but no 
replication in larger human 
cohorts.	

6

Roy J (11)	 2017	 4/4 - Comprehensive 
transcriptomic analysis 
in human AD brains.	

1/2 - Limited comparability 
in terms of cohort diversi-
ty.	

2/3 - Solid results but need vali-
dation in independent cohorts.	

7

 Source: Own elaboration based on (23).
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Figure 1. PRISMA flow chart

Source: Own elaboration based on (21, 22).

= 0.86). These findings suggest that piRNAs are not 
only involved in AD pathogenesis but also hold signi-
ficant potential as biomarkers for early diagnosis and 
disease progression monitoring (8, 12).

Regarding amyotrophic lateral sclerosis (ALS), Ab-
delhamid et al. (5) reported that piRNA dysfunction 
is linked to TDP-43 pathology in ALS patients (5, 
13, 14). They identified that PIWI-like proteins 1 
and 4 (PIWIL1 and PIWIL4), which are involved in 
piRNA biogenesis, were dysregulated in motor neu-
rons affected by ALS. This suggests that piRNA dys-
function may contribute to the neurodegenerative 
process in ALS, marking a new potential therapeutic 
target for this devastating disease.

Simoes et al. (6) focused on progressive supranu-
clear palsy, where they found significant dysregula-
tion of the piRNA hsa-piR-31068 in both serum and 
cerebrospinal fluid (CSF) of PSP patients (6, 9, 14). 
This dysregulation could serve as a distinctive disea-

se marker, suggesting that piRNAs have the poten-
tial to be used as biomarkers in biofluids, facilitating 
earlier and more precise diagnosis of PSP.

In the context of Alzheimer’s disease pathogenesis, 
Schulze et al. (9) documented that differentiated 
neuronal cells derived from patients with sporadic 
Parkinson’s disease showed abundant piRNA dysre-
gulation. These results provide further evidence that 
piRNAs are important regulators of neuronal ho-
meostasis and that their dysfunction may be central 
to neurodegeneration in various diseases, including 
Parkinson’s and Alzheimer’s (9).

Finally, Roy et al. (10) proposed that PIWI proteins, 
which interact with piRNAs, could act as a molecular 
bridge between the blood-brain barrier and neuro-
pathological conditions (10, 18). They suggest that 
piRNAs and PIWI proteins are involved in regulating 
neuronal homeostasis, and their dysfunction may 
precede the onset of neurodegenerative diseases.
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Table 2.  Characteristics of the reviewed studies
 
          Author	     Year	                                          Topic	                                                                                   Main Result

Huang X (1)	 2023	 PIWI-interacting RNA expression in 
Lewy body disease model.	

Dysregulated piRNAs were observed in a C. elegans model of 
Lewy body disease, showing improved motor function after 
piRNA biogenesis genes knockdown.

Zhang T (2)	 2022	 Dysregulation of somatic piRNA ex-
pression in Parkinson's disease.	

Somatic piRNAs were significantly deregulated in different sub-
types and stages of Parkinson’s disease, identified as potential 
biomarkers with high diagnostic accuracy.

Sun W (3)	 2018	 piRNA depletion in tauopathies and its 
effect on transposable elements.	

piRNA depletion promotes neuronal death in tauopathies 
through dysregulation of transposable elements.

Belkozhayev A 
(4)	

2022	 Interaction of miRNAs and piRNAs 
with human genes containing di- and 
trinucleotide repeats.	

Predicted associations between miRNAs/piRNAs and mRNAs 
with di- and trinucleotide repeats in neurodegenerative and 
oncological diseases.

Abdelhamid RF 
(5)	

2022	 piRNA/PIWI protein complex as a bio-
marker in ALS.	

Dysregulation of PIWI-like proteins and piRNAs was linked to 
ALS, associated with TDP-43 pathology, highlighting them as 
potential biomarkers.

Simoes FA 
(6)	

2022	 Potential of piRNAs as biomarkers in 
progressive supranuclear palsy.	

Identified piRNAs as potential biomarkers in PSP, with signifi-
cant changes in piRNA expression in serum and CSF samples.

Qiu W (7)	 2017	 Transcriptome-wide piRNA profiling in 
Alzheimer's disease.	

Identified more than 9,400 piRNAs in the brain, with 103 diffe-
rentially expressed in Alzheimer’s disease, suggesting their role 
in neurodegeneration.

Jain G (8)	 2019	 miRNA and piRNA signature in 
Alzheimer's disease detection.	

A combined signature of three miRNAs and three piRNAs was 
identified as a biomarker for Alzheimer's disease, with high 
diagnostic accuracy.

Schulze M (9)	 2018	 piRNA deregulation in sporadic 
Parkinson's disease.	

Differentiated neuronal cells derived from sporadic Parkinson’s 
disease patients showed abundant deregulation of piRNAs, 
suggesting their involvement in neurodegeneration.

Roy R (10)	 2020	 PIWI protein as a molecular bridge in 
neuropathological conditions.	

PIWI-like proteins may have a potential role in neuroprotec-
tion, linking the blood-brain barrier and neuropathological 
conditions.

Roy J (11)	 2017	 Dysregulated piRNAs in Alzheimer's 
disease and their role in pathogenesis.	

Identified dysregulated piRNAs in Alzheimer’s disease, associa-
ted with neuronal death through the activation of transposable 
elements.

Source: Own elaboration.

Discussion

The accumulated evidence across these studies un-
derscores the central relevance of piRNAs in various 
neurodegenerative diseases. Mechanistically, piR-
NAs appear to play a multifaceted role in neuronal 
homeostasis, acting as regulators of gene expres-
sion, genomic stability, and protection against trans-
posable elements. The dysfunction of piRNAs ob-
served in diseases such as Alzheimer’s, Parkinson’s, 
and tauopathies highlights a pathogenic convergence 
point: the loss of control over transposable elements 
and the dysregulation of RNA processing (Figure 3) 
(7-9).

Huang et al. (1) demonstrated that piRNA dys-
function in Lewy body disease models is not only 
correlated with the disease but that manipulation of 
piRNA biogenesis genes has protective effects on 
motor behavior, pointing to a potential therapeu-
tic approach (1, 21-22). In this regard, the findings 
by Zhang and Wong (2) in Parkinson’s disease also 
highlight the role of piRNAs as diagnostic biomar-
kers, suggesting that piRNAs could be used to iden-
tify subtypes and related diseases, and monitor its 
progression (2, 23, 24).

Research on tauopathies (3) and AD (7, 8) reinfor-
ces the idea that piRNAs are essential for genomic 
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Figure 3. piRNA association with neurodegenerative diseases

Source: (7-9).

Figure 2. In vivo models for detection of dysregulation of piRNAs

 Source: (1-3).
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integrity in neurons and that their dysfunction can 
trigger pathogenic cascades culminating in neuronal 
death. The observation that piRNAs are involved in 
transposable element dysregulation suggests that 
these small RNAs could be a viable therapeutic tar-
get for preventing or delaying neurodegeneration (3, 
7, 8, 25, 26).

The discovery of piRNA dysfunction in ALS (5) and 
PSP (6) expands the spectrum of neurodegenerative 
diseases where piRNAs could serve as biomarkers 
or therapeutic targets. Studies in ALS highlight that 
PIWI protein dysregulation is correlated with TDP-
43 pathology, a key marker of ALS. This finding 
opens new avenues for the exploration of piRNA- 
and PIWI-targeted therapies in ALS (7, 8, 27-30).

In the Colombian context, the implementation of 
piRNA-based therapies for neurodegenerative di-
seases faces certain challenges regarding feasibility 
and coverage. Introducing these innovative therapies 
would require advanced infrastructure and trained 
personnel, which may be limited in the short term. 
However, collaborations with international institu-
tions could facilitate clinical trials within the coun-
try, creating a pathway for eventual integration into 
specialized centers. Although initial costs could limit 
access in early stages, it is essential to explore stra-
tegies to ensure equitable access within the health-
care system. Finally, while piRNA-based therapies 
hold great potential, they should not replace the im-
portance of preventive interventions. Ideally, piRNA 
therapies could complement preventive strategies, 
working together to reduce the burden of neurode-
generative diseases across the population.

Conclusions

piRNAs have emerged as essential regulators in neu-
rodegeneration, playing a complex role in preserving 
neuronal homeostasis by modulating transposable 
elements, protein degradation, and genomic stabi-
lity. The reviewed studies indicate that piRNA dys-
function is a common characteristic across various 
neurodegenerative diseases, including Alzheimer's 
disease (AD), Parkinson's disease (PD), amyotrophic 
lateral sclerosis (ALS), progressive supranuclear pal-
sy (PSP), and tauopathies. As research continues to 
elucidate the molecular mechanisms by which piR-
NAs contribute to these pathologies, the potential 
for developing piRNA-based diagnostic tools and 
therapeutic approaches is expanding.

The identification of specific piRNA signatures in 
neurodegenerative diseases marks a significant step 
towards precision medicine, offering the possibility 
of earlier and more accurate diagnoses. Additionally, 
the modulation of piRNA and PIWI protein activity 
presents a novel and promising therapeutic approach 
that could transform the management of neurode-
generative disorders. Targeting piRNA pathways to 
restore neuronal homeostasis or prevent neurode-
generation opens new avenues for treatment, es-
pecially in diseases for which no curative therapies 
currently exist.

As the understanding of piRNAs continues to evol-
ve, these small non-coding RNAs hold the potential 
to reshape both the diagnostic landscape and the-
rapeutic strategies for neurodegenerative diseases, 
providing new hope for patients affected by these 
devastating conditions. It is crucial to strengthen 
both innovative therapies and preventive strategies 
within the Colombian context, particularly for neu-
rodegenerative diseases. While piRNA therapies are 
promising, they should be viewed as complementary 
to established preventive interventions, ensuring 
comprehensive and equitable care throughout the 
country.

Authors’ contributions. Jheremy Re-
yes: conceptualization, data curation, research, 
methodology, supervision, writing (original dra-
ft), writing (revision and editing of the manus-
cript); Juan Aguirre: data curation, formal analy-
sis, methodology, project management, software, 
writing (original draft), writing (revision and edi-
ting of the manuscript); Laura Picón: figures; Raúl 
Vega: data curation, research, methodology, vi-
sualization, and  writing (original draft, revision 
and editing of the manuscript).

Ethics approval and consent to partici-
pate. Not applicable.

Funding. This study was not supported by any 
sponsor.

Conflicts of interest. All authors certify that 
they have no affiliations or involvement with any 
organization or entity having a financial interest 
(such as honoraria, educational grants, partici-
pation in speaker bureaus, membership, emplo-



piRNAs in neurodegenerative diseases 

https://doi.org/10.22379/anc.v41i2.1918 9

yment, consultancies, stock ownership, or other 
equity interests, and expert testimony or patent-
licensing arrangements) or non-financial interest 
(such as personal or professional relationships, 
affiliations, knowledge, or beliefs) in the subject 
matter or materials discussed in this manuscript.  
AI disclosure statement. The authors de-
clare that no artificial intelligence tools were used 
in the preparation or writing of this letter to the 
editor.

Data availability statement. All data gene-
rated or analyzed during this study are included 
in this published article [and its supplementary 
information files].
Acknowledgements. We would like to ex-

press our deepest gratitude and honor the me-
mory of Dr. Francisco Lopera Restrepo, the 
eminent Colombian neurologist and pioneer in 
the study of early-onset hereditary Alzheimer’s 
disease. Dr. Lopera’s groundbreaking discovery 
of the "Paisa mutation" has been instrumental 
in advancing the global fight against Alzheimer’s 
disease, making a lasting impact on both the 
scientific community and the lives of countless 
patients and families affected by this devastating 
condition. This work is dedicated to his memory, 
in recognition of his monumental contributions to 
neurology and his enduring legacy in the scientific 
fight against Alzheimer’s disease. May his life’s 
work continue to inspire and guide those who fo-
llow in his footsteps.

References

1.	 Huang X, Wang C, Zhang T, Li R, Chen L, Leung KL, et al. PIWI-interacting RNA expression regulates pathogenesis 
in a Caenorhabditis elegans model of Lewy body disease. Nat Commun. 2023;14(1):6137. https://doi.org/10.1038/
s41467-023-41881-8 	  

2.	 Zhang T, Wong G. Dysregulation of human somatic piRNA expression in Parkinson’s disease subtypes and stages. Int 
J Mol Sci. 2022;23(5):2469. https://doi.org/10.3390/ijms23052469 

3.	 Sun W, Samimi H, Gamez M, Zare H, Frost B. Pathogenic tau-induced piRNA depletion promotes neuronal death 
through transposable element dysregulation in neurodegenerative tauopathies. Nat Neurosci. 2018;21(8):1038–48. 
https://doi.org/10.1038/s41593-018-0194-1 	  

4.	 Belkozhayev A, Niyazova R, Wilson C, Jainakbayev N, Pyrkova A, Ashirbekov Y, et al. Bioinformatics analysis of the 
interaction of miRNAs and piRNAs with human mRNA genes having di- and trinucleotide repeats. Genes (Basel). 
2022;13(5):800. https://doi.org/10.3390/genes13050800 

5.	 Abdelhamid RF, Ogawa K, Beck G, Ikenaka K, Takeuchi E, Yasumizu Y, et al. PiRNA/PIWI protein complex as a potential 
biomarker in sporadic amyotrophic lateral sclerosis. Mol Neurobiol. 2022;59(3):1693–705. https://doi.org/10.1007/
s12035-021-02686-2 

6.	 Simoes FA, Joilin G, Peters O, Schneider L-S, Priller J, Spruth EJ, et al. Potential of non-coding RNA as biomarkers 
for progressive supranuclear palsy. Int J Mol Sci. 2022;23(23):14554. https://doi.org/10.3390/ijms232314554  

7.	 Qiu W, Guo X, Lin X, Yang Q, Zhang W, Zhang Y, et al. Transcriptome-wide piRNA profiling in human brains of Alzheimer’s 
disease. Neurobiol Aging. 2017;57:170–7. https://doi.org/10.1016/j.neurobiolaging.2017.05.020   

8.	 Jain G, Stuendl A, Rao P, Berulava T, Pena Centeno T, Kaurani L, et al. A combined miRNA-piRNA signature to detect 
Alzheimer’s disease. Transl Psychiatry. 2019;9(1):250. https://doi.org/10.1038/s41398-019-0579-2   

9.	 Schulze M, Sommer A, Plötz S, Farrell M, Winner B, Grosch J, et al. Sporadic Parkinson’s disease derived neuronal 
cells show disease-specific mRNA and small RNA signatures with abundant deregulation of piRNAs. Acta Neuropathol 
Commun. 2018;6(1):58. https://doi.org/10.1186/s40478-018-0561-x   

10.	 Roy R, Pattnaik S, Sivagurunathan S, Chidambaram S. Small ncRNA binding protein, PIWI: A potential molecular 
bridge between blood brain barrier and neuropathological conditions. Med Hypotheses. 2020;138:109609. https://
doi.org/10.1016/j.mehy.2020.109609   

11.	 Roy J, Sarkar A, Parida S, Ghosh Z, Mallick B. Small RNA sequencing revealed dysregulated piRNAs in Alzheimer’s disease 
and their probable role in pathogenesis. Mol Biosyst. 2017;13(3):565–76. https://doi.org/10.1039/C6MB00699J 	  

12.	 Copley KE, Shorter J. Repetitive elements in aging and neurodegeneration. Trends Genet. 2023;39(5):381–400. https://
doi.org/10.1016/j.tig.2023.02.008    

13.	 Kim KW. PIWI proteins and piRNAs in the nervous system. Mol Cells. 2019;42(12):828–35. 

14.	 Chavda V, Madhwani K, Chaurasia B. PiWi RNA in neurodevelopment and neurodegenerative disorders. Curr Mol Phar-
macol. 2022;15(3):517–31. https://doi.org/10.2174/1874467214666210629164535 	  



Reyes Barreto JS, et al.

10 Acta Neurol Colomb. 2025; 41(2): e1918

15.	 Sato K, Takayama K-I, Inoue S. Role of piRNA biogenesis and its neuronal function in the development of neurode-
generative diseases. Front Aging Neurosci. 2023;15:1157818. https://doi.org/10.3389/fnagi.2023.1157818 	  

16.	 Subhramanyam CS, Cao Q, Wang C, Heng ZS-L, Zhou Z, Hu Q. PiRNAs interact with cold-shock domain-containing RNA 
binding proteins and regulate neuronal gene expression during differentiation. Mol Neurobiol. 2022;59(2):1285–300. 
https://doi.org/10.1007/s12035-021-02678-2 

17.	 Wakisaka KT, Imai Y. The dawn of pirna research in various neuronal disorders. Front Biosci (Landmark Ed). 
2019;24(8):1440–51. https://doi.org/10.2741/4789 	  

18.	 Wang K, Wang T, Gao X-Q, Chen X-Z, Wang F, Zhou L-Y. Emerging functions of piwi-interacting RNAs in diseases. 
J Cell Mol Med. 2021;25(11):4893–901. https://doi.org/10.1111/jcmm.16466 

19.	 Reyes Barreto JS, Cabezas Varela CS, Girón Jurado LV, Baldión Elorza AM. piRNAs and PIWI-like proteins in cancer 
and their future as biomarkers and therapy targets in breast cancer. Rev Col Hematol Oncol. 2024;11(1):80-94. https://
doi.org/10.51643/22562915.701 

20.	 Reyes Barreto JS, Giron Jurado LV, Montoya Estrada MP, Sánchez Moreno IL, Picón Moncada LT, Luna Orozco K, et 
al. piRNAs and PIWI -like proteins in Multiple Myeloma and their future as biomarkers and therapy targets. Rev Col 
Hematol Oncol. 2024;11(1):67-79. https://doi.org/10.51643/22562915.697  

21.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Int J Surg. 2010;8(5):336–41. https://doi.org/10.1016/j.ijsu.2010.02.007  

22.	 Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and mobile app for systematic reviews. Syst Rev. 
2016;5(1):210. https://doi.org/10.1186/s13643-016-0384-4  	  

23.	 Ottawa Hospital Research Institute. Oxford Centre for Evidence-Based Medicine – Levels of Evidence [Internet]. 
Ottawa: Ottawa Hospital Research Institute; [cited 2025 Apr 22]. Available from: https://www.ohri.ca/programs/clini-
cal_epidemiology/oxford.asp  

24.	 Olufunmilayo EO, Holsinger RMD. Roles of non-coding RNA in Alzheimer’s disease pathophysiology. Int J Mol Sci. 
2023;24(15):12498. https://doi.org/10.3390/ijms241512498 

25.	 Huang X, Wong G. An old weapon with a new function: PIWI-interacting RNAs in neurodegenerative diseases. Transl 
Neurodegener. 2021;10(1):9. https://doi.org/10.1186/s40035-021-00233-6 

26.	 Watson CN, Belli A, Di Pietro V. Small non-coding RNAs: New class of biomarkers and potential therapeutic targets 
in neurodegenerative disease. Front Genet. 2019;10:364. https://doi.org/10.3389/fgene.2019.00364 

27.	 Iyengar BR, Choudhary A, Sarangdhar MA, Venkatesh KV, Gadgil CJ, Pillai B. Non-coding RNA interact to regulate 
neuronal development and function. Front Cell Neurosci. 2014;8:47. https://doi.org/10.3389/fncel.2014.00047 	  

28.	 Zhang Y, Zhao Y, Ao X, Yu W, Zhang L, Wang Y, et al. The role of non-coding RNAs in Alzheimer’s disease: From regu-
lated mechanism to therapeutic targets and diagnostic biomarkers. Front Aging Neurosci. 2021;13:654978. https://
doi.org/10.3389/fnagi.2021.654978 	  

29.	 Dubois C, Kong G, Tran H, Li S, Pang TY, Hannan AJ, et al. Small non-coding RNAs are dysregulated in Huntington’s 
disease transgenic mice independently of the therapeutic effects of an environmental intervention. Mol Neurobiol. 
2021;58(7):3308–18. https://doi.org/10.1007/s12035-021-02342-9 

30.	 Cosacak MI, Yiğit H, Kizil C, Akgül B. Re-arrangements in the cytoplasmic distribution of small RNAs following 
the maternal-to-zygotic transition in Drosophila embryos. Genes (Basel). 2018;9(2):82. https://doi.org/10.3390/
genes9020082 


