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Background

Colorectal cancer (CRC) is the third most diagnosed cancer 
and the primary health concern among both men and women 
worldwide. According to the 2020 cancer statistic, CRC has the 
most morbidity and mortality rate after lung cancer, with 2 mil-
lion new cases reported in 2020 [1]. Emerging evidence shows 
different risk factors can increase CRC incidence, including over-
weight, age, alcohol drinking, cigarette smoking, family history, 
and inflammatory bowel disease (IBD) [2,3]. Unfortunately, 
based on Inadequate prognostic and diagnostic biomarkers, 
most patients are diagnosed in advanced stages, losing their 
chance for early treatment; therefore, finding sensitive and 
stable therapeutic markers is a crucial Approach in controlling 
the CRC. Recent discoveries on RNAs reported that non-coding 
RNAs contain 98% of the human genome, involving different 
biological pathological activities [4-6]. PIWI-interacting RNAs 
(piRNAs) are a new type of recently discovered small non-cod-
ing RNAs with 24-31 nucleotides (nt) in length [7]. They were 
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first discovered in 2001 in Drosophila melanogaster as small 
RNAs [8]. piRNAs can play a vital role in physiological processes 
both at the transcriptional or post-transcriptional level [9]. piR-
NA binds to PIWI proteins to form a ribonucleoprotein silencing 
complex, RISC (RNA-induced silencing complex) to influence ge-
nome rearrangement, epigenetic regulation, transposon silenc-
ing, spermiogenesis, protein regulation, and, most importantly, 
preservation of genome integrity [10,11]. A member of the 
argonaut protein family encoded by the Drosophila piwi gene 
is involved in DNA methylation, transposon silencing, germline 
development, and fertility [12-14]. Recently several studies 
have reported several abnormally expressed piRNA and PIWI 
proteins in different tumors, including CRC; it has been shown 
that high piRNA expression may be relevant for cancer tumori-
genesis and cancer prognosis in various types of human tumors 
[15-17]. Therefore, this review summarizes recent studies on 
piRNAs and discusses their emerging roles in CRC as potential 
biomarkers.

Abstract

PIWI-interacting RNAs (piRNAs) are another subgroup of small 
non-coding RNAs emerging as key players in different biological ac-
tivities, including regulating gene and protein expression, epigenetic 
silencing of transposable elements, and controlling the spermato-
genesis by interacting with PIWI proteins. Recently, with the help of 
next-generation sequencing, abnormal piRNA expression has been 
observed in different types of cancer, such as colorectal cancer (CRC). 
A new investigation proposing piRNA as a prognostic and diagnostic 
biomarker in the treatment of CRC Therefore, this review focuses on 
the role of piRNAs in the initiation, progression, and metastasis of 
CRC and its molecular mechanisms to understand its function and 
provide a better therapeutic strategy.
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Figure 1: piRNA biogenesis pathways. (A) This figure illustrates the 
primary path of piRNA attaches to Piwi protein to make a silencing 
complex RISC (RNA-induced silencing complex). (B) describing the 
secondpathway in which the primary piRNA connects to Aubergine 
(AUB), forming a silencing complex that mediates the post-tran-
scriptional process of mRNA. 

piRNAs biogenesis 

The investigation found that there are three subclasses for 
piRNAs that based on their origin derived from transposons, 
derived from lncRNAs, and derived from mRNAs, piRNA biogen-
esis is initiated by Pol II copying RNA from its cluster, and then, 
with more turnover, the piRNA precursor is transferred to the 
cytoplasm [18,19]. piRNAs are mostly transcribed as extensive 
single-stranded transcripts resulting from single-stranded pre-
cursors in the nucleus. Nascent piRNAs (pre-piRNAs) require 
post-transcriptional modification independent of Dicer to be-
come mature piRNAs. Two mechanisms are involved in the gen-
eration of mature piRNAs: a primary synthesis mechanism that 
is carried out in both somatic and germ cells and a ‘ping pong’ 
amplification mechanism that is only formed in the germline 
[9,20]. Primary piRNAs, cleaved by Riboendonuclease called 
Zucchini (Zuc) with the help of Minotaur (Mino) to produce piR-
NA intermediates with a 5′ uracil in the cytoplasm. piRNA has 
a unique structure of 2’Omethyl at the 3’ end, which is meth-
ylated by the Hen1 enzyme, so the PIWI protein binds to this 
structure at the 3’ end to create the piRNA/PIWI complex [21]. 
Then the piRNA/PIWI complex migrates back to the nucleus, 
reaching its target transcript and repressing transposons dur-
ing transcription and post-transcription, which protects germ-
line genome integrity. In a ping pong mechanism, piRNAs bind 
to the proprietary AGO3 or AUB proteins to the PIWI protein 
subfamily in the cytoplasm to form piRNA/Ago3 or piRNA/AUB 
complexes, generating new piRNAs using the piRNA and piRNA/
Ago3 or piRNA/AUB complexes as templates, using the newly 
developed piRNAs. to synthesize other piRNAs as substrates in 
the same method [15,22] (Figure 1A). Ping pong structures have 
been identified in zebrafish, D. melanogaster, and other species. 
However, recent data have reported that piRNA biogenesis is 
independent of the ping-pong mechanism in mice during adult 
spermatogenesis. Therefore, piRNA biogenesis requires further 
investigation in mammals [20]. (Figure 1B).

piRNAs and colorectal cancer

Recent studies have found abnormal expression of the piR-
NA/PIWI complex in various types of cancer, especially colon 
cancer, in correlation with different pathological processes, sug-
gesting a role for piRNAs in tumor-promoting or tumor suppres-
sion in cancer. A theory also indicates that piRNAs might play a 
tissue-specific role based on their high expression in different 
tissues. However, the mechanism by which piRNAs contribute 
to cancer is still not fully understood [20,23,24].

Several unregulated piRNAs have been reported in colorectal 
cancer tumor tissue, which is a heterogeneous disease. Large-
scale piRNA expression profiling in serum samples from colon 
cancer patients compared with regular groups found that 31 
deregulated piRNAs, including piR5937 and piR28876, had the 
highest sensitivity and specificity, suggesting early diagnostic 
markers for differentiation between cancer and healthy pa-
tientsdonors for clinical use applications [25]. Dysregulation of 
piR-1245 and piR-823 were significantly discovered in the CRC 
tissues, promoting migration and invasion and inhibiting apop-
tosis in CRC. Upregulation of piR-1245 was down-regulation has 
associated with lymph node metastasis, poor differentiation, 
and shortens overall survival time of the patient; it has been 
elucidated that piR-1245 binds to the intronic regions of target-
ed mRNAs with the tumor-suppressive role and promote mRNA 
degradation via nuclear exosomes [26]. Furthermore, piR-1245 
is found to be associated with genes involved in tumor-suppres-
sive pathways [27]. piR-823  up-regulation promotescell prolif-
eration by modifying the heat shock factor 1 (HSF1) at a post-
translational level.

In contrast, piR-823 inhibitions topped tumor cells at the G1 
stage in CRC [28]. piR-54265 is another overexpressed piRNA 
in CRC discovered through the experiment in xenograft mice 
model, with the oncogenic role by promoting metastasis, che-
moresistance, and inhibiting the apoptosis by forming aPIWIL2/
STAT3/phosphorylated-SRC (p-SRC) complex. High expression of 
piR-54265 is also correlated with shorter overall survival (OS) 
and progression-free survival (PFS) both in tumor and serum. 
Inhibition of  piRNA-54265 significantly suppressed tumor me-
tastasis and growth [29]. The piR-18849 and piR-1952 were 
both upregulated in CRC tissues by using small RNA sequencing, 
suggesting them as a prognostic biomarker; the overexpression 
of piR-18849 and piR-1952 was correlated with poor differentia-
tion while only piR-18849 was associated with lymph node me-
tastasis [30]. Upregulation of piR-823 in the CRC tissues enhanc-
es cell proliferation and tumorigenesis by upregulation of heat 
shock factor 1 (HSF1), which is a strong driver of carcinogenesis 
by affecting STAT3 phosphorylation. STAT3/Bcl-xl/cyclinD1 sig-
naling pathway will be activated by piR-823/piwil2 complex and 
regulate G1 phase progression. Suppress of piR-823 showed in-
hibition of cell proliferation, cell-cycle arrest in the G1 phase, 
and induced apoptosis [28]. A schematic illustration of the func-
tion of piRNAs in CRC is shown in (Figure 2).
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Figure 2: An illustration about piRNAs dysregulation in colorectal 
cancer.

piRNAs as biomarkers in CRC cancer

Several studies have been performed to find new biological 
markers for the early diagnosis of CRC. Recently, piRNAs simi-
lar to miRNAs are very stable and resistant to degradation by 
ribonucleases in body fluids. As noted above, different piRNAs 
express differently between paired tumor and normal tissues, 
associated with aggressive biological behavior [31]. The ex-
pression of certain piRNAs related to cancer proliferation and 
metastasis, including piR1245, piR823, piR015551. piRNA has 
also been found to have great potential as an early minimally 
invasive biomarker in CRC due to its stability and tissue abun-
dance, being referred to as an attractive prognostic and candi-
date diagnostic biomarker [26,31,32]. The clinical phase I study 
suggested these two piRNAs as promising biomarkers for the 
early diagnosis of colon cancer [32]. The mechanism of action 
for piRNAs in CRCis listed in (Table 1).

Table 1: The role of piRNAs in different cancer.

piRNA Cancer type Expression Clinical correlation Reference

piR-1245 Colorectal Cancer up Promotingmigration, invasioninhibitingapoptosis.
[26]

piR-823 Colorectal Cancer up
Promoting proliferation and suppressing apoptosis 
via HSF1 activation

[33]

piR-015551 Colorectal cancer up Promoting the colorectal cancer development [34]

piR-28876
piR-62701
piR-54878

Colorectal cancer down Recurrence-free survival [35]

piR-54265 Colorectal cancer up Associating with TNM stage [17]

piR-5937 Colorectal cancer down Associating with TNM stage [36]

piR-18849
piR-19521

Colorectal cancer up Associating with poor degree differentiation [30]

PIWI proteins and CRC

The PIWI protein is a member of the highly conserved family 
of Argonaute proteins found in mice, Drosophila, and humans. 
The PIWI protein in humans is made up of four proteins, includ-
ing PIWIL1 (HIWI), PIWIL2 (similar to Miwi), PIWIL3 (HIWI3), and 
PIWIL4 (HIWI2) [37]. Among all four PIWI proteins, PIWIL1 is the 
most studied protein regulating gene expression, apoptosis, the 
cell cycle, and cell proliferation [38]. Recent studies have shown 
that piwil2 plays a role in various tumors by inhibiting apoptosis 
through the Stat3 / BclXL pathway; Stat3 has an oncogenic role in 
anti-apoptotic and metastatic processes. Another study showed 
that piwil2, in interaction with EIF2C1, is related to CRC tumors' 
formation, development, and metastasis, suggesting that it is 
a possible early diagnostic biomarker [38-40]. It has also been 
suggested that Piwil1 and Piwil2 as potential biomarkers for co-
lon cancers in humans [41]. Upregulation of Piwil1 and Piwil2 
has been demonstrated in the early stages of injury (adenoma 
stage) in CRC patients, suggesting that increased expression of 
Piwil1 and Piwil2 plays a vital role in the development of CRC 
[42]. The dysregulation of Piwil1 and Piwil2 plays a crucial role 
in the pathological process of several human cancers and, often 
associated with poor survival and aggressive clinicopathological 

properties of patients; the PIWI protein turned out to be a stem 
cell protein that plays a crucial role in cancer stem cell (CSC) 
differentiation, stem cell self-reproduction, DNA methylation, 
spermatogenesis playing gene regulation [43,44].

Conclusions 

With the development of bioinformatics and sequencing 
technologies, more discoveries have been made about the criti-
cal role of non-coding RNAs (ncRNAs) in cell biology. In particu-
lar, ncRNAs and their acute anti-cancer effects. The strategy to 
use ncRNAs specifically for cancer treatment has recently devel-
oped. piRNAs, which are members of small non-coding RNAs, 
perform different regulatory functions in the cytoplasm and the 
nucleus by interacting with PIWI proteins. Furthermore, piRNAs 
and PIWI proteins have emerged as a new therapeutic target 
with a tissue-specific role in developing human cancers, with 
high levels of expression in both tissue and blood emerging as 
a promising biomarker in several cancers, includingcolorectal 
cancer. Although piRNA / PIWI has become a hot topic in cancer 
development, the study of its function and biosynthesis has not 
yet been fully explored. More research is required for its pos-
sible therapeutic applications of proteins in the development of 
various cancers.
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