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Abstract

Oral squamous cell carcinoma (OSCC) is the most prevalent cancer in Indian subcontinent with high recurrence
rate, aggressive metastasis, and poor prognosis. The potential risk-factors for OSCC are tobacco smoking, alcohol
intake, and persistent infection of oncogenic human papillomaviruses (HR-HPVs). HPV-positive OSCCs show
distinct genetic and epigenetic changes along with distinct clinical, epidemiological and molecular characteristics.
Recently, with the accumulation of large amount of genomic and epigenomic data, there is an increasing focus
on epigenetic alterations playing key roles in cancer pathogenesis. Non-coding RNAs, especially the small non-
coding RNAs (sncRNAs) have gained attention since they have been demonstrated to fine tune transcription via
alterations in the epigenetic landscape. There are ample evidences supporting the role of small non-coding RNAs
such as miRNAs and piRNAs in development and disease including cancers. PIWI-interacting RNAs (piRNAs),
a class of sncRNAs are emerging players involved in transcription silencing. Its altered regulation is associated
with the development of variety of tumors including oral carcinogenesis; however, their tumor specific roles are
not fully understood. Therefore, identification and comprehensive characterization of oncogenic as well as tumor
suppressive pi-RNAs and dissecting their roles in tumorigenesis is of great importance in the field of cancer biology.
Furthermore, piRNAs may potentially serve as unique therapeutic targets and/or molecular markers for early
detection and effective treatment of OSCC subtypes. In this mini review, we briefly summarize the emerging role

of PIWI-RNAs in oral cancer.

Keywords: Head and Neck Squamous Cell Carcinoma (HNSCC);
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Introduction

Cancer is a major public health problem with an estimated global
cancer burden increasing to 18.1 million new cases and 9.6 million
cancer-related deaths [1]. Cancer is a complex disease involving distinct
genetic and/or epigenetic alterations in key regulatory genes, modified
by environmental cues and variety of other factors that ultimately lead
to malignant transformation. Of the several cancers, oral squamous cell
carcinoma (OSCC) is the most prevalent and the second most deadliest
cancer in India in both sexes [1,2].

OSCC, a highly heterogeneous disorder, mainly occurs due to the
exposure to differential risk-factors such as the constant use of tobacco
chewing and/or smoking, excess alcohol consumption, and sexual
behavior that allow acquisition and persistent of high-risk human
papillomaviruses (HR-HPVs) infection [3-10]. These different risk
factors effect the outcome of the disease. HPV-positive OSCCs have
distinct genetic/epigenetic changes, which can often be correlated with
clinic-pathological and epidemiological characteristics. HPV-positive
OSCCs are often associated with younger age of onset, better prognosis,
less/absent tobacco history, and association with high-risk sexual
behaviours when compared with HPV-negative and tobacco induced
oral cancers [8-12]. Differential risk-factors which lead to OSCC-
associated heterogeneities and genetic/epigenetic alterations effect
different intra-oral regions and may contribute to the development of
different sub-types of oral cancers. Inter and intra-individual variation
in genetic and epigenetic landscape further vary the disease outcome.
These are the fundamental challenges surrounding diagnosis, prognosis
and therapeutics in OSCC and identifying processes and molecules that
govern cancer specific gene expression is of vital importance.

Recent evidences suggest that alteration in the expression of
P-element-induced wimpy testis (PIWI)-interacting RNAs (piRNAs) is
frequently linked to cell growth, cell proliferation, cancer progression,
differentiation and chemo-radio resistance in many tumors including
OSCCs. piRNAs are a class of non-coding RNAs (ncRNAs) that was
identified in Drosophila in relation togerm stem cells maintenance and
spermatogenesis. It is suggested that pi-RNAs are expressed in a tissue-
specific manner and are extremely conserved across different phyla with
highly convserved roles including retrotransposon silencing, genomic/
epigenomic regulation, spermatogenesis and stemness maintenance in
germline tissues [8,13,14]. Recent studies have confirmed the significant
role of piRNAs in carcinogenesis including that of oral and head and
neck cancers (HNCs) [8,15-17] however, there are still several gaps in
the understanding of potential oncogenic roles of piRNAs in different
subtypes of OSCCs. Therefore, pi-RNAs are emerging as a distinct class
biomarkers for early detection, diagnosis, prognosis and progression of
OSCCs. In this mini review, we briefly discuss biogenesis of piRNAs,
their potential roles in oral and other cancers. We further discussed
piRNAs as predictive biomarkers for diagnosis and prognosis of OSCCs.
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Literature Review
The non-coding RNAs (ncRNAs)

A major portion (93%) of the human genome is transcribed, out
of which the protein coding transcripts account for only 1-2%, thus
a large fraction of the transcripts are non-coding [18]. There are
number of reports providing evidence in favor of critical roles of
non-coding RNAs (ncRNAs) in embryonic development and various
types of diseases including cancers [18]. ncRNAs are categorized into
housekeeping and regulatory ncRNAs [19]. The regulatory ncRNAs
are further classified into small (<200 nts) and long ncRNAs (>200nts).
microRNAs (miRNAs), PIWI-interacting RNAs (piRNAs), small
nucleolar RNAs (snoRNAs), transcription initiation RNAs (tiRNAs)
and circular RN As (cCRNAs) form the small ncRNA subclass.

PIWI-interacting RNAs: discovery and biogenesis

PIWI-RNAs are 24-32 nucleotides in length and bring about
PIWI-dependent transposon silencing. They have been identified as
essential players in the process of germline stem cells maintenance
and self-renewal. This important sub-class of short ncRNAs are named
so, because of their interaction with PIWT (P-element induced wimpy
testis) proteins. piRNAs were first described in relation to Su(ste)-
derived small RNAs and their role in male fertility in Drosophila
[20]. As of now, piRNAs have been implicated in spermiogenesis and
germline stem cell maintenance [21,22], epigenetic regulation and
transposon silencing [23] and genomic rearrangements [14,24,25].

PIWTI proteins are divided into three sub-families namely the Aub,
AGO3 and PIWI. PIWI proteins in complex with piRNAs participate

in transposon silencing and spermiogenesis as demonstrated in the
PIWI knock-outs that impair sperm development. piRNAs can be
derived from 1) transposons; 2) mRNA and 3) IncRNA [26]. The
piRNAs derived from transposons are transcribed from both sense
and antisense strands thus producing sense and anti-sense piRNAs.
The piRNAs derived from IncRNAs are produced from the entire
transcript, this is in contrast to the mRNA-derived piRNAs which
are produced from 3’UTR [27]. Primary piRNAs are derived from
precursor transcripts (up to 200kb in length) which are processed by
Dicer ribonuclease [28]. These primary piRNAs are further cleaved into
small RNAs which then form complex with PIWI proteins. The 3’ to 5’
exonuclease incorporates the 3’ fragment into the PIWI protein and
the Henl enzyme methylates the 2’0OH group at 3’ end. The finished
piRNA/PIWI complex thus formed migrates to the nucleus and targets
specific gene for silencing. This mechanism of piRNA synthesis and
targeting is the primary mechanism and effects transposon silencing
via their recruitment of DNA and histone methyltransferase (Figure
1). On the other hand, the “ping-pong mechanism” (Discrete small
RNA-generating loci as master regulators of transposon activity in
Drosophila; A slicer-mediated mechanism for repeat-associated siRNA
5’ end formation in Drosophila;) accumulates of the piR in cytoplasm.
piRs form complex with Ago proteins which then synthesizes new
piRNAs. The newly synthesized piRNAs are loaded onto the Aub
protein which functions to synthesize new piRs. This cycle continues
and thus is known as the Ping-Pong mechanisms (ppm) of piRNA
biogenesis.

Emerging role of piRs in oral carcinogenesis

Few studies have demonstrated the potential function of pi-
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Figure 1: The PIWI-piRNA complex may bring about transcriptional silencing by directly binding to the transcripts and brings about degradation or production of
secondary piRNA. The PIWI-piRNA may form complex with DNA (DNMT1) and Histone methyltransferase (EZH2) and bring about DNA methylation and histone

methylation, respectively which in turn bring about transcriptional silencing.
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RNAs in oral carcinogenesis. Altered expression of pi-RNAs has been
associated with oral cancer prognosis and survival [17]. Dysregulation
in piRNA-34376 expression correlated with tobacco smoking status in
genericoral cancers[29]. Lowexpressionlevel of piR-NONHSAT069719
is associated with 10q23.3 deletion at PTEN gene locus in oesophagus-
associated adenocarcinoma [30]. piR-NONHSAT102574 and piR-
NONHSAT144936 expression correlated with NOTCH mutations in
HNCs [31]. In a recent study, expression profiles of 41 pi-RNAs have
been screened in both HPV+ve and HPV-ve OSCC cases. Interestingly,
out of 41 pi-RNA panels, 11 were found to be upregulated mainly in
HPYV type 16/18 infected OSCCs and five piRNA signature (piR-35953,
piR-36984, piR-39592, piR-36715 and piR-30506) correlated with poor
survival in HPV+ve OSCC patients [32]. Further, altered expression
of a panel of piRNAs correlated with smoking-induced oral cancers.
These altered piRNAs; NONHSAT108298, NONHSAT113708,
NONHSAT067200 and NONHSAT123636 and NONHSAT081250
are associated with TP53 mutations and TP53 mutation-3p deletion

co-occurrence and 3q26, 8q24, and 11q13 amplification leading to
advanced tumor stage and reduced oral cancer patient’s overall survival
[15,17]. The authors have further shown the differential expression
pattern of piR-NONHSAT077364, piR-NONHSAT102574, and piR-
NONHSATI28479 in both HPV+ve and HPV-ve OSCC cells and
dysregulation in the expression level of these piRNAs is associated
HPV infection [16,17]. These findings indicate that piRNAs are
associated with clinic-pathological characteristics, different subtypes
and associated risk factors in OSCC patients. These studies suggest the
potential role of piRNA landscape to understand molecular mechanism
of distinct variety of oral cancers.

piRs and other cancers

Overexpression and mis-regulation of piRs have been associated
with different varieties of human solid tumors such as colorectal
cancers (CC), lung cancer (LC), breast cancer (BC), gastric cancer
(GC) and head and neck cancer (HNC) etc [14-17,24,25,33-35].
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Figure 2: Altered piRNAs expression (fup-regulated and | down-regulated) associated with different human cancers.
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piRNA expression profiling revealed that piR-823 and piR-1245
overexpression is associated with aggressive colorectal cancers (CC) and
inhibition of piR-823 leads to cell cycle arrest, apoptosis and reduced
cell proliferation in CC cells [14,35]. Microarray screening analysis in
lung cancer tissues identified 4 piRNAs that were deregulated, two of
them (piR-34871 and piR-52200) were up-regulated and the other two
(piR-35127 and piR-46545) down-regulated [34]. A study involving
genotypic screening of SNP-containing pi-RNAs in Connecticut-
based population (441 breast cancer cases and 479 controls) identified
SNP rs1326306 G>T in piR-021285 and correlated with occurrence of
SNP and increased chances of breast cancer [25]. The authors further
performed transfections with wildtype and variant piR-021285 in BC
cells to study methylation status at cancer-associated genes. The screen
identified disrupted methylation at 5UTR and 1% exon of ARHGAP11A
gene in variant mimic-transfected cell lines [25]. Another study
involving meta-analysis of piRNA expression data from TCGA (The
Cancer Genome Atlas) identified 20 highly mis-expressed piRNAs in
BC patients [24]. piR-36712 was found to be down-regulated in BC
and was further correlated with poor clinical outcome in BC patients
[24]. Global piRNA expression analysis in 358 non-malignant stomach
tissues and gastric adenocarcinoma samples led to the identification of
a number of deregulated piRs [33]. Out of the 312 piRNAs which were
expressed, 156 (50%) piRNAs were found to show altered expression.
Among these, 93 piRNAs were over-expressed and 7 were down-
regulated in GC samples. When correlation was made between piRNA
expression and survival, piR-FR222326 was significantly correlated
with GC patients survival [33]. In a similar study, global piRNA
expression profiling identified, 106 piRNAs that were over-expressed
and 91 piRNAs that were down-regulated in bladder cancer [36].
Together, these findings established an significant association between
pi-RNA expression and clinico-pathological symptoms associated with
different types of cancers. Although, it is difficult to pin-point whether
deregulated or mis-expressed piRNAs lead to pathogenesis or are a
mere downstream effect in a cascade of altered signalling pathways.

piRNAs in prognosis, diagnosis and therapy

Growing number of studies have provided evidence that piRNAs
are highly cancer-specific, have differential expression profiles in
relation to cancers and their subtypes. Due to their higher sensitivity
and specificity in cancer detection [37] piRNAs can serve as potential
cancer biomarkers. Recent investigations suggest that understanding
the potential role of PIWI-piRNA signalling in modifying the epigenetic
landscape in cancers and their subtypes, will be an exciting field of
research. Furthermore, selective silencing of oncogenic piRNA for
treatment of cancer could be applied for therapeutic manipulation. The
progress in identifying high throughput techniques for identification of
piRNAs as prognostic and diagnostic markers has been a rapid. Apart
from piRNAs as molecular and clinical biomarkers, PIWI proteins can
be used as therapeutic tool in cancer biology research. Interestingly,
piRNAs are highly stable and abundantly expressed in plasma, blood
and saliva. piRNAs have also been identified in circulating body fluid
in patients with colorectal cancer, breast cancer, prostate cancer, and
pancreatic [38-41]. A comprehensive analysis of these small functional
molecules in circulating body fluid such as saliva of oral cancer
patients will facilitate for discovery of salivary piRNAs as non-invasive
biomarkers for early detection and diagnosis of OSCC.

Discussion

Existing studies have demonstrated the significant role of piRNAs
in cancer and other diseases, but it remains to be unidentified whether

they participate in cancer stem cells (CSCs) formation. Although, the
role of piRNAs in germline stem cell maintenance and genome stability
is well established. There is a recent report which show a correlation
between PIWILI and PIWIL2 gene expression and expression of
stemness markers OCT4 and SOX2 in colon cancer [42]. Hence,
it is also exciting to identify the potential role of piRNAs and their
interactions in tumor-specific CSCs, since existence of CSCs has been
shown in almost all human malignancies and appear to be involved in
tumor initiation, recurrence, aggressive metastasis, treatment resistant
and cancer relapse. Targeted therapeutic approaches against CSCs
will unlock novel options for investigation of possible role of piRs in
regulation of cancer stemness as future innovative approaches.

Concluding Remarks

Altogether, identification of aberrantly expressed piRNAs in
OSCC and other cancers may help in identifying an emerging class of
diagnostic and prognostic cancer biomarkers and will also improve our
understanding for the role of piRNAs in cancer pathogenesis. Specific
targeting of differentially expressed oncogenic piRs in cancer and
cancer stem cells will improve drug efficacy, treatment sensitivity and
help to identify new therapeutic drugs and may facilitate personalized
therapies for OSCC patients.

The downstream global effects of piRNAs including the whole
genome methylation status and thus the transcriptional status will help
us understand the pleiotropic symptoms of cancers. Variant piRNA
would further add to the tumor heterogeneity and increase intra-
and inter-individual variations. Genomic instability and increase in
the number of genomic rearrangements (deletions, insertions and
translocations) associated with cancers may be accounted for by the
altered behaviours of piRNAs. In future, additional studies should aim
to identify more specific piRNAs and their mechanistic role in OSCC
pathogenies.
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