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piRNA-Based Cancer Therapy in Hypoxic
Tumor 8
Suman Kumar Ray and Sukhes Mukherjee

Abstract

Tumor aggressiveness is encouraged by hypoxia, which also lowers patient
survival. Numerous individuals with hypoxic tumors had poor outcomes, which
shows that additional factors may affect how the tumors react to hypoxia.
Hypoxia is frequently found in solid tumors and is known to influence aggressive
tumor activity, chemotherapy resistance, and radiation resistance, all of which
lead to a bad prognosis for the cancer patient. PIWI-interacting RNAs (piRNAs)
control how tumor cells react to hypoxia, but little is known about how piRNAs
function in hypoxic tumors. PiRNAs are brand-new, tiny, noncoding RNA
molecules with 24 and 31 nucleotides length. They frequently interact with
proteins from the PIWI protein family to regulate the epigenetic regulation of
gene expression, which is essential for understanding cancer genetics. Numerous
studies have demonstrated that abnormal piRNA expression is a hallmark of
various tumor forms, although their precise tumorigenic roles are still unknown.
Patients' cancer type-specific piRNA signatures differ from one another. The
malignancy renal cell carcinoma, defined by constitutive activation of hypoxia-
related signaling brought on by a common mutation or deletion of the von
Hippel–Lindau factor, is found to have highly uniform piRNA profiles across
patients (VHL). According to prior reports, piRNAs and PIWI proteins may be
crucial in cancer development, prognosis, and management. However, it has yet
to be determined how these compounds might be relevant in therapeutic settings.
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The utilization of piRNAs and PIWI proteins as cancer treatments and diagnostic
and prognostic biomarkers is also considered prospective options. In this chapter,
we cover recent research on the biogenetic mechanisms, roles, and emerging roles
of piRNAs in hypoxia cancer, offering fresh perspectives on the possible uses of
piRNAs and PIWI proteins in the detection and clinical management of hypoxic
cancer.
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8.1 Introduction

Several solid tumors form areas that are hypoxic or poorly oxygenated. Hypoxia-
inducible factor-1 (HIF-1) and HIF-2, heterodimeric transcription factors, activate
more than 90 genes involved in anaerobic glycolysis, pH control, angiogenesis,
cellular migration, and metastasis (Giatromanolaki et al. 2001; Forsythe et al. 1996).
There are several ways to identify hypoxic tumors, and patients with hypoxic tumors
typically have worse outcomes than patients with normoxic tumors (Wilson and Hay
2011; Simi et al. 2006; Hung et al. 2009). Patients with hypoxic tumors usually have
an aggressive tumor phenotype and decreased patient survival. In addition, hypoxic
tumor cells increase the risk of metastatic disease and reduce the effectiveness of
radiation therapy and most forms of chemotherapy. However, there is a range of poor
outcomes in patients with hypoxic tumors, and identifying those patients who would
have the worst effect is a significant unmet need in the field of oncology. The impact
of hypoxia on RNA expression is extensive. PiRNAs are a subclass of small
noncoding RNAs (sncRNAs) that have recently been realized to be important in
cancer biology. However, their effects on other small noncoding RNAs (sncRNAs),
such as PIWI-interacting RNAs (piRNAs), are unknown. In humans, more than
30,000 piRNAs have been identified (Ostheimer et al. 2014; Ku and Lin 2014). Their
ability to direct related chromatin-silencing machinery to transposon-encoding DNA
regions in the genome (Huang et al. 2013a) best describes them.

A subset of piRNAs may also be able to control protein-coding genes through
DNA methylation, which, if the regulatory targets are cancer-relevant, may impact
the development of cancer (Watanabe et al. 2011; Jacobs et al. 2016). Humans have
four different PIWI protein isoforms, including PIWIL1 (HIWI), PIWIL2 (HILI),
PIWIL3, and PIWIL4 (HIWI2); rodents have three different isoforms, including
PIWIL1 (MIWI) PIWIL2 (MILI), and PIWIL4 (MIWI2); and Drosophila has three
different isoforms, including PIWI, Aub, and PiRNAs that are essential in
controlling gene expression and acting as transposon silencers (Dharap et al. 2011;
Yan et al. 2011; Rizzo et al. 2014; Liu et al. 2018). piRNA expressions that are
abnormally high have been found in various illnesses, particularly neoplasms.
PiRNAs are intriguing new therapeutic targets for onco-medicine and promising
biomarkers for early diagnosis. Germline cells have high levels of piRNA



expression, which controls genomic stability by identifying DNA target sequences
and aids in the recruitment of the required machinery to cause transposable element
epigenetic silencing (Aravin et al. 2006; Girard et al. 2006; Grivna et al. 2006).
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Recent data suggest that they are expressed, functionally active, and connected to
epigenetic pathways of cancer development in somatic tissue (Esteller 2008; Rouget
et al. 2010; Esteller 2011; Fu et al. 2014; Ha et al. 2014a; Barckmann et al. 2015;
Gebert et al. 2015; Moyano and Stefani 2015; Ng et al. 2016a). Nevertheless, little is
known about piRNA expression mechanisms in somatic cells or solid malignancies.
Patients with renal cell carcinoma (RCC) have indicated that the solid tumor
microenvironment may have a role in controlling piRNA expression and perhaps
contributing to the diverse piRNA expression seen between patients, according to
Martinez and his colleagues (2015) (Martinez et al. 2015a). Since von Hippel–
Lindau factor (VHL) loss-of-function mutations frequently occur in RCC tumors,
constitutive, oxygen-independent stabilization of HIF-1(Maxwell et al. 1999) and
HIF-mediated upregulation of hypoxia-associated gene products, Maxwell and his
team (1999) discovered that piRNA expression was remarkably consistent between
RCC tumors.

8.2 Biogenesis of piRNAs and Generation of Mature piRNAs

Genetic areas called piRNA clusters, which can be classified as uni-strand or dual-
strand clusters, where a significant majority of piRNA precursors are created. Dual-
strand clusters produce precursors that map to both genomic strands, unlike
uni-strand collections, which make precursors that only map to one strand. Addi-
tionally, some piRNA precursors may be originated from individual transposons or
the 30 UTR of protein-coding genes (Robine et al. 2009; Saito et al. 2009).
Uni-strand cluster transcription is comparable to canonical mRNA transcription.
The transcription-associated histone 3 lysine 4 demethylation (H3K4me2) mark is
present at promoters in uni-strand clusters. Additionally, piRNA precursors are
30 terminated, and 50 methyl-guanosine capped (Mohn et al. 2014; Lim and Kai
2015). On the other hand, dual-strand clusters lack distinct RNA polymerase II
(RNA Pol II) promoter signatures, such as H3K4me3 and RNA Pol II peaks, and
non-polyadenylated piRNA precursors are generated (Le Thomas et al. 2013; Chen
et al. 2016).

Several proteins, including RNA Pol II, the Rhino-Cutoff-Deadlock complex
(RDC complex), Moonshiner, TATA-box binding protein-related factor (TRF2),
and the three prime repair exonuclease, are involved in the transcription of dual-
strand clusters into piRNA precursors (TREX). piRNA precursors are moved out of
the nucleus after transcription is complete. The RNA helicase Armitage first resolves
the secondary structures (Armi). After deserialization, the mitochondria-associated
endonuclease Zucchini cleaves piRNA precursors to produce pre-piRNAs with a
50 monophosphate (Zuc). Then, a 30–50 exonuclease called Nibbler trims (Nbr) the
pre-piRNAs at the 30 ends after loading them onto PIWI proteins. Primary piRNAs
are created through a process known as primary piRNA biogenesis, known as



primary piRNAs. The production of piRNAs is boosted by the participation of Ago3
and Aub proteins and is primed by initial piRNAs.
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8.3 piRNAs: Novel Functions in Cancer Expression
and Selectively Deregulation by Hypoxic Tumors

Martinez and his group (2015) used our previously published bespoke small RNA
sequencing analysis pipeline (Martinez et al. 2015a) to assess the expression levels
of 23,440 human piRNAs on a per-tumor basis. PiRNAs were only included in
analyses if they had a median expression of 10 (reads per kilobase million) RPKM in
at least one of the groups (hypoxic and/or normoxic) and a minimum of twofold
change in median RPKM expression values. It was done to identify the most
significant changes in piRNA expression between hypoxic and nonhypoxic groups.
Comparisons can be made using the nonparametric Mann–Whitney U test, with the
Benjamini–Hochberg technique being used to compensate for multiple testing's false
discovery rates (Lee and Lee 2018).

8.4 piRNAs Maintain Genomic Integrity by Silencing
Transposable Elements

Transposable elements (TEs) can cause genetic variety and instability, making them
prime candidates for increased cancer-causing potential in humans (Cordaux and
Batzer 2009; Chenais 1835; Suntsova et al. 2015). The establishment of a repressive
chromatin state can be caused by the position of the PIWI-piRNA complex in the
nucleus. It has been discovered that the ectopic expression of piRNAs increases
heterochromatin-1 (HP1) and H3K9me3, which, when bound, results in a hetero-
chromatin state (Suntsova et al. 2015). Restoring tumor suppressor p53 and
associated piRNAs may be a promising approach for treating cancer (Levine et al.
2016) in light of the carcinogenic impact of LINE-1 and other repetitive elements.

8.5 piRNAs Contribute to Tumorigenesis Through Regulation
of DNA Methylation

Another epigenetic process with a functional connection to piRNAs is DNA meth-
ylation. Recent research suggests that piRNAs and associated PIWI proteins can
encourage retrotransposons' de novo DNA methylation(Aravin et al. 2007;
Kuramochi-Miyagawa et al. 2008; Kojima-Kita et al. 2016). Additionally, piRNAs
can control DNA methylation on non-transposon loci as well as in the context of
transposons. It is noteworthy that the mutation rs1326306 G > T related to
piR-021285 discovered by Fu, and his colleagues (2015) was found to be substan-
tially connected with breast cancer (Fu et al. 2015). They discovered methylation
variations in several genes involved in cancer development by comparing the



genome-wide methylation profiles in MCF7 cells transfected with either the wild
type or mutant piR-021285. The mechanisms behind its oncogenic action also
revealed that the suppression of piR-823 resulted in a notable decrease in the
production of DNMT3A and DNMT3B, which decreased global DNA methylation
and caused the methylationsilencedp16INK4A tumor suppressor gene to become
active once again.
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8.6 Post-Transcriptional Regulation of Gene Expression by
piRNAs

DNA methylation and chromatin silencing are just a few of the things piRNAs can
do. Numerous studies have shown that piRNAs can suppress the expression of their
target genes like miRNAs (Ha et al. 2014b; Martinez et al. 2015b; Zhang et al. 2015).
In contrast to CDSs and 5′-UTRs, expressed piRNAs have been concentrated in the
human testis' 3′-untranslated regions (UTRs). The mRNAs targeted by piRNA in the
case of MIWI mutant mice were overexpressed due to their inability to be cleaved in
the absence of MIWI. Indeed, several studies have shown that piRNAs can work as a
surveillance system to destroy retrotransposon-associated mRNAs to avoid the
ubiquitous dissemination of transposon sequences (Watanabe et al. 2006).

8.7 piRNAs Have Tumorigenic or Suppressive Roles in Cancer
Development

Research shows that piRNAs have a role in cancer development as either tumor
suppressors or oncogenes. Additionally, they might aid in the growth and spread of
cancer cells. For instance, in patients with non-small cell lung carcinoma, the
upregulation of piR-651 was discovered to be related to cancer progression
(NSCLC). Notably, piR-651 overexpression dramatically increased tumor develop-
ment and metastasis in the A549 lung cancer cell line. Additionally, piR-651
overexpression causes cell cycle arrest by upregulating the production of CDK4
and cyclin D1. It implies that piR-651 may function as an oncogene in this cancer
(Li et al. 2016; Yao et al. 2016). Another well-known oncogenic piRNA, PiR-Hep1,
aids in the invasion, migration, and proliferation of liver cancer cells (Law et al.
2013).

8.8 piRNAs in the Maintenance of Cancer Stemness
and Chemoresistance

The dogma in the piRNA field is being challenged by a growing body of recent
studies that show the PIWI pathway is also connected to the preservation of cancer
stemness. Zhang and his colleagues (2013) extracted CD44 (+)/CD24 (-) tumor cells
(cancer stem cells [CSC]) from 1086 clinical specimens for breast cancer and found



Target/marker Name of the piRNA

that these cells expressed more PIWIL2 and piR-932 than control cells did (Zhang
et al. 2013). Furthermore, the authors hypothesized that by encouraging abnormal
methylation of the Latxin gene the piR-932 PIWIL2 complex might support the
persistence of breast cancer stem cells. One of the defining traits of cancer stem cells
is chemoresistance. Greater tumorigenicity, tumor sphere formation, and increased
chemoresistance in vivo were all caused by the overexpression of HIWI (PIWI
proteins in humans) in cervical cancer cells, together with the activation of many
stem-associated genes (Liu et al. 2014a). Targeting the PIWI pathway may be a
promising technique for chemotherapy and other clinical applications of cancer since
PIWI proteins and their associated piRNAs play a vital role in maintaining the stem
cell characteristics of cancer cells (Table 8.1).
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Table 8.1 The clinical application of piRNAs in cancer (Weng et al. 2019)

Types of
cancer

Therapeutic target Breast
cancer

piR-008114 piR-019676 piR-000552 piR-020548
piR-008113 piR-016735 piR-020450 piR-017033
piR-020365 piR-019675 piR-019914 piR-015249
piR-009294 piR-021032 piR-009051 piR-000753
piR-008112 piR-020814 piR-001318 piR-006426
piR-017184 piR-020829 piR-019912 piR-018780
piR-018849

Prostate
cancer

piR-651 piR-823

Colorectal
carcinoma

piR-823

Lung cancer piR-651 piR-55,490

Pancreatic
cancer

piR-017061

Multiple
myeloma

piR-823

Marker Diagnostic
marker

Breast
cancer

piR-021285

Gastric
cancer

piR-651 piR-823

Lung cancer piR-L-163

Prognostic
markers

Kidney
cancer

piR-30,924 piR-38,756 piR-32,051 piR-39,894
piR-43,607

Colorectal
carcinoma

piR-1245

Liver cancer piR-Hep1



Name of the piRNA Type of cancer
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8.9 The Role of piRNAs in Hypoxic Cancer

In human malignancies, the roles of PIWI proteins and piRNAs have begun to be
revealed (Liu 2016). There is mounting evidence that many tumor cells express
PIWI proteins in mice and humans, including PIWIL2-like proteins, HIWI, and
PIWIL2 (Esteller 2011; Siddiqi and Matushansky 2012). Additionally, piRNAs
were found in these cells (Esteller 2011). Human cancers such as gastric, bladder,
breast, colorectal, and lung cancer have been documented to express piRNAs
aberrantly. These data suggest that the piRNA pathway may be involved in the
emergence of cancer. Although the possible involvement of piRNAs in cancer is still
being explored, little is known about the functional role that particular piRNAs play
in human cancer. These findings underline how critical it is to comprehend the
precise function of the piRNA pathway during carcinogenesis and present brand-
new therapeutic options. Table 8.2 and Fig. 8.1 show piRNA expression concerning
the various cancer types.

Table 8.2 piRNA expression in different types of cancer (Chalbatani et al. 2018; Wu et al. 2020;
Liu et al. 2019)

piRNA
expression

Up piR-36743, piR-36026, piR-31106, piR-021285, piR-932 Breast cancer

piR-Hep1 Liver cancer

piR-1245, piR-54265 Colorectal
carcinoma

piR-52207, piR-33733 Ovarian cancer

piR-32287, piR-32512 piR-36095 piR-38581, piR-52205,
piR-52206, piR-57816

Neurological
cancer

piR-32051, piR-39894, piR-43607 Kidney cancer

piR-34871, piR-52200 Lung cancer

Down piR-34736, piR-36249, piR-35407, piR-36318, piR-
34377, piR-36712

Breast cancer

piR-55490, piR-L-163, piR-35127 piR-46545 Lung cancer

piRABC, piR-60152 Bladder cancer

piR-57125 Kidney cancer

piR-015551 Colorectal
carcinoma

PiR-823 Gastric cancer

piR-598 Neurological
cancer

FR140858 HNSCC

piR-39980 Osteosarcoma

piR-30188, piR-8041, piR-DQ593109 Glioblastoma

piR-39980 Fibrosarcoma
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Fig. 8.1 Role of piRNAs in different types of cancer

8.10 Gastric Cancer

Gastric cancer is the second-largest contributor to cancer-related fatalities worldwide
(Pan et al. 2013; Shomali et al. 2017) and the fifth most common cancer worldwide
(Torre et al. 2012; Jiang et al. 2017). There was no correlation between the
expression levels of piR-823 and its clinical–pathological characteristics in gastric
cancer tissue (Cheng et al. 2012a). Due to piR-651's overexpression as an oncogene
in gastric cancer, the TNM (tumor node metastasis) stage showed a positive connec-
tion. Additionally, a piR-651 inhibitor could reduce cell development in the
G2/phase, proving that piRNAs are essential for carcinogenesis (Cheng et al.
2011). Additionally, it was noted that piR-651 and piR-823 had reduced levels of
CTCs (circulating tumor cells) in the peripheral blood of patients with gastric cancer
compared to normal controls (Cui et al. 2011).

However, piR-823 and piR-651 were more sensitive than commonly used
biomarkers for gastric cancer, such as CA19-9 (carbohydrate antigen 19-9) and
CEA (serum carcinoembryonic antigen). It is because piRNAs are short fragments
that are less likely to be degraded, and levels of piR-651 and piR-823 in blood
samples are generally stable. Additionally, these piRNAs can pass through cell
membranes and are, therefore, easily detected. These results imply that piRNAs
may represent novel therapeutic targets for treating gastric cancer (Li et al. 2014).
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8.11 Bladder Cancer

The most prevalent malignancy of the urinary system and the ninth most common
cancer overall are bladder cancers (Park et al. 2014; Ploeg et al. 2009). The
researchers profiled three pairs of bladder cancer samples and their surrounding
normal tissues using the ArrayAtarHG19 piRNA array, which is for human piRNAs.
They discovered that the crucial piRNA piRABC (also known as DQ594040) was
downregulated in bladder cancer (Chu et al. 2015). PiRABC demonstrated
extremely high differential expression levels between healthy tissues and bladder
cancer. Tumor Necrosis Factor Superfamily Member 4 (TNFSF4) and piRABC may
interact, leading researchers to speculate that piRABC may encourage bladder
cancer cell death by upregulating TNFSF4 (Pardini and Naccarati 2018).

8.12 Breast Cancer

Deep sequencing was done on four matched nontumor tissues and four breast cancer
tissues to identify differentially expressed piRNAs. Four piRNAs (piR-20365,
piR-20582, piR-20485, and piR-4987) were later upregulated in 50 breast cancer
samples by RT-PCR. Patients' clinical pathology characteristics were noted, includ-
ing lymph node status, tumor size, estrogen receptor (ER) status, and Her2 status.
Additionally, lymph node metastasis correlated favorably with piR-4987
upregulation (Huang et al. 2013b).

A study demonstrated that the piR-932/PIWIL2 complex might favorably influ-
ence the process of breast cancer stem cells, which promotes EMT, by encouraging
the methylation of Latex (epithelial–mesenchymal transition). PIWIL2 and piR-932
have been proposed as potential targets for preventing the spread of breast cancer
(Zhang et al. 2013). Similar findings were made by another study, which discovered
that piR-021285 plays a role in methylation at several known breast cancer-related
genes, specifically attenuated 5′ untranslated regions (UTR)/first exon methylation
at the pro-invasive ARHGAP11A gene and invasiveness in an in vitro cell line
model (Han et al. 2017).

8.13 Lung Cancer

Lung cancer is the most common cause of cancer-related death worldwide and is
broadly classified as non-small cell lung cancer (about 85% of cases) and small cell
lung cancer (about 15% of cases) (Blandin Knight et al. 2017). Furthermore, they
demonstrated that piR-L-163 could regulate phosphorylated ERM and play a crucial
part in protein activation by directly binding to and doing so (Mei et al. 2015).
Targeting piR-L-138 could be a possible technique to overcome chemoresistance in
patients with lung squamous cell carcinoma (LSCC) as the researchers discovered
that it was elevated by cisplatin (CDDP)-based chemotherapy both in vivo and
in vitro (McClatchey and Fehon 2009). The top-downregulated piR-L-163 in



NSCLC cells prevented cell migration and invasion by maintaining the activity of
phosphorylated ezrin-radixin-moesin (p-ERM), which links transmembrane proteins
like EBP50 and filamentous actin (F-actin). In a different investigation, piR-55490
was discovered to inhibit lung cancer cell proliferation by interacting with the
30 UTR of the mTOR mRNA (Peng et al. 2016). In NSCLC A549 and HCC827
cell lines, elevated piR-651 increased cell proliferation, migration, and invasion
while suppressing cell death (Zhang et al. 2018). However, further research is
required to understand its mechanism. Additionally, compared to primary cancer
cells, metastatic lung adenocarcinoma cells drastically decreased the expression of
piR-57125 (Daugaard et al. 2017).
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8.14 Liver Cancer

According to predictions, liver cancer will rank as the sixth most frequently
diagnosed cancer worldwide and the fourth most prevalent cause of cancer mortality.
According to research by Law et al., piR-Hep1 is elevated in nearly half of HCC
tumors (46.6%) compared to the neighboring nontumor liver. Cirrhotic nodules
(CNs), low-grade dysplastic nodules (LGDNs), high-grade dysplastic nodules
(HGDNs), early hepatocellular carcinoma (eHCC), and advanced HCC (pHCC)
are the different stages of the development of liver cancer (Ng et al. 2016b).
Numerous piRNAs served as markers for each stage.

PiR-LLi-24894 was only expressed in CNs, while piR-LLi-30552, hsa-piR-
020498, and hsa-piR-013306 were largely expressed in HGDNs, eHCCs, and
pHCCs, and were exclusively accumulated in HCC. PiR-823 also encouraged the
formation of extracellular matrix components such as collagen type I alpha 1 and
a-smooth muscle actin (a-SMA), leading to cirrhosis (Tang et al. 2018). By trigger-
ing the signal transducer and activator of transcription 3 (Stat3)/Bcl-xL signaling
pathway, piR-Hep1 may have a role in reducing cell death(Law et al. 2013).

8.15 Stomach Cancer

The third most common cancer-related cause of death worldwide and the fifth most
frequently diagnosed malignancy (Bray et al. 2018), gastric cancer is still a severe
disease. PiR-823 was found to be markedly downregulated in gastric cancer tissues.
PiR-823 mimics reduced cell proliferation, and a xenograft nude mice model
demonstrated that piR-823 prevented tumor growth (Cheng et al. 2012b). Addition-
ally, peripheral blood showed decreased expression of piR-651 and piR-823 in
patients with gastric cancer. There have been reports of an increase in piR-32105,
piR-58099, and piR-59056 in gastric cancer tissues (Cui et al. 2011). It is commonly
recognized that surgery or endoscopic treatment can cure stomach cancer in its early
stages, but the prognosis for advanced gastric cancer is uncertain. While immuno-
therapy, like anti-PD-1/PD-L1 therapy, is a potential treatment for cancer, patients



with advanced gastric cancer are not exceptionally responsive to immunotherapy
alone or when paired with chemotherapy in first-line treatment.
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8.16 Colorectal Cancer

The second most frequent disease in women and men worldwide is colorectal cancer
(Law et al. 2013; Tang et al. 2018). According to several experts, PIWI has been
linked to the onset of colorectal cancer (Weng et al. 2018; Mai et al. 2018a).
According to Weng and his team's (2018) hypothesis, piRNA-823 was one of the
piRNAs that aided in developing colorectal cancer. These genes included the
activating transcription factor 3 (ATF3), the BTG anti-proliferation factor
3 (BTG1), the dual specificity phosphatase 1 (DUSP1), the fas cell surface death
receptor (FAS), the nuclear factor kB (NF-kB) inhibitor an (NFkBIa), the uridine
phosphorylase 1 (UPP1), the sestrin 2 (SESN2), and the tumor protein p53 inducible
nuclear Additionally, piR-54265 hampered treatment, and individuals with more
serum piR-54265 levels responded to chemotherapy noticeably less (Mai et al.
2018a). By encouraging its phosphorylation at Ser326, piR-823 has been shown to
stimulate the production of heat shock transcription factor 1 (HSF1) and promote
colorectal carcinogenesis (Yin et al. 2017). Additionally downregulated in CRC
patients were piR-5937, piR-001311, piR-004153, piR-017723, piR-017724,
piR-020365, piR-28876, piR-32105, piR-58099, and piR-59056 (Vychytilova-
Faltejskova et al. 2018; Qu et al. 2019; Ng et al. 2016c).

8.17 PIWIs May Be Used for Cancer Diagnosis and Prognosis

Most of the existing research on PIWIs and carcinogenesis and cancer progression is
derived from reports of clinical–pathological findings. PIWIs may be employed as
biomarkers for clinical diagnosis and prognosis relating to poor outcomes, according
to these studies. However, examining all four human PIWI homologs, most of this
work concentrated on PIWIL1 and PIWIL2. According to research, HIWI expres-
sion gradually rises in normal gastric tissues, atrophic gastritis, intestinal metaplasia,
and gastric malignancies, indicating that HIWI may have a role in the emergence of
gastric cancer (Liu et al. 2006). HIWI was demonstrated to promote chemoresistance
in cervical cancer and was proposed as a cancer stem cell marker (Liu et al. 2014b).
Elevated HIWI mRNA and protein levels in pancreatic ductal adenocarcinoma have
no overall effect on patient survival.

However, patients who had aberrant HIWI mRNA expression had a substantially
higher probability of dying from a malignancy (Grochola et al. 2008). HIWI
expression significantly increased with the progression of tumor grades in gliomas,
demonstrating the relationship between higher positive HIWI and worse outcomes
(Sun et al. 2010). In contrast, PIWIL1 has not been linked to the clinical– pathologi-
cal characteristics of endometrioid cancer (Liu et al. 2010). Human testicular
seminomas, prostate cancer, breast cancer, gastrointestinal cancer, ovarian cancer,



and endometrial cancer were all shown to have increased PIWIl2 expression, as were
mouse breast cancer, rhabdomyosarcoma, and medulloblastoma (Lee et al. 2010). It
is interesting to note that human testicular non-seminoma cancers did not exhibit
elevated PIWIl2 expression, and the equivalent PIWIL2 isoform is PL2L60A, not
PL2L80A (Gainetdinov et al. 2014). PIWIl2 was primarily expressed in cancer stem
cells, 81% of in situ carcinomas, and 90% of invasive carcinomas in breast cancer
(Lee et al. 2010). Additionally, he and his coworkers (2010) noted that PIWIl2 was
expressed at different stages of cervical cancer (He et al. 2010). EIF2C1 and PIWIL2
may serve as potential colon cancer biomarkers with early diagnostic value,
according to another study that found that their elevated expressions were substan-
tially related to the disease (Li et al. 2010). Curiously found that overexpression of
PIWIl2 caused cisplatin resistance in human ovarian cancer cell lines, indicating that
PIWIL2 was a marker for cisplatin resistance in cancer chemotherapy (Wang et al.
2011).
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Clinical patients with breast cancer revealed significant expression levels of
PIWIL2 and PIWIL4, but not PIWIL1 or PIWIL3 (Hashim et al. 2014). Elevated
PIWIL1 and PIWIL2 expressions were associated with worse overall survival, and
PIWIL1 was suggested to be an independent prognostic factor (Wang et al. 2012). In
gastric cancer, the expression of PIWIL1-4 was significantly correlated with the
T-stage, lymph node metastasis, and clinical TNM (cTNM). Stage III epithelial
ovarian cancer patients' primary and metastatic tumors showed significantly
increased PIWIL1-4 expression (Chen et al. 2014). Some piRNAs have been linked
to the characteristics of malignancies so far, including human piR-Hep1, piR-823,
piR-651, piR-4987, piR-20365, piR20485, piR-20582, and piRABC (Tan et al.
2015). By controlling de novo DNA methylation and angiogenesis in multiple
myeloma, piR-823 was discovered to support carcinogenesis (Yan et al. 2015). By
enhancing the methylation process of Lactein in breast cancer stem cells, it has been
proposed that piR-932 binds PIWIL2 (Zhang et al. 2013). However, more research is
needed to understand how piRNAs in association with PIWI proteins contribute to
carcinogenesis, invasion, and metastasis.

8.18 piRNAs as Biomarkers in Cancer Potential Clinical
Applications of piRNAs as Cancer Biomarkers

Determining the various expression patterns of piRNAs that are particular to differ-
ent cancer types might enable the development of new cancer biomarkers, given the
significance of piRNAs and their associated proteins in many cellular processes. The
prognosis for cancer is improved by early detection and treatment. RNA sequencing
has shown that human blood contains piRNAs in addition to miRNAs and other
types of noncoding RNAs (Huang et al. 2013c; Freedman et al. 2016). Since piRNAs
are similar in length to miRNAs, they can easily pass through cell membranes and
enter the bloodstream (Mei et al. 2013). Additionally, they are exceedingly stable
and resistant to destruction by ribonucleases in bodily fluids (Mitchell et al. 2008).



Therefore, the piRNAs found in circulating tumor cells (CTCs) are intriguing novel
complimentary tumor indicators for cancer.
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It was observed that GC patients have lower levels of piR-651 and piR-823 in
their peripheral blood than healthy controls. Liu and his team (2019) found that
piR-651 and piR-823 are more sensitive compared with the favorable detection rates
of serum carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9)
levels, suggesting that these piRNAs are more sensitive for gastric cancer screening
than the frequently used biomarkers (Liu et al. 2019). Although piR-5937 and
piR-28876 had an excellent diagnostic value even for individuals in clinical
stage I, their expression in the serum of CRC patients dropped dramatically with
the advanced clinical stage. Serum piR-54265 levels also serve as a therapeutic
measure that predicts how well chemotherapy treats CRC patients. Patients with low
serum piR-54265 levels exhibited a more excellent response to chemotherapy than
those with high levels (Mai et al. 2018b). Compared to serum from healthy persons
at diagnosis, piR-651, which is downregulated, originates from circulating rather
than tumor cells. The patients' downregulation may result from variations in the
peripheral blood populations linked to the existence of lymphoma (Cordeiro et al.
2016). Numerous studies have identified a piRNA signature in clear cell renal
carcinoma (ccRCC) that may act as a prognostic indicator. Cordeiro et al. (2016)
found three piRNAs (piR-30,924, piR-57,125, and piR-38,756) that were substan-
tially linked with tumor recurrence and overall survival by employing piRNA
microarray and subsequently validating candidate piRNAs in a larger cohort
(Cordeiro et al. 2016).

8.19 New Therapeutic Approaches Using piRNAs

It is an exciting application to use synthesized piRNAs as weapons to inhibit the
manufacture of cancer-related proteins by attaching to mRNAs since it may avoid
the need for processing by enzymes like Dicer. In addition to being used as a post-
translational strategy in combinatory therapy for various hypoxia cancers, PIWI
antibodies may have a therapeutic effect on the proliferation of hypoxic cancer.
Because the suspected regulators of mRNA PIWI expression, at least in the form of
piRNAs, are already known, piRNA sequences should be employed for post-
transcriptional silencing. At first impression, it could be preferable to prevent the
development of a dangerous component rather than combat the undesirable
consequences of a molecule already in operation. It is feasible to use specialized
synthetic piRNAs designed to bind to PIWI proteins and exert genomic silence on
PIWI genes at a transcriptional level, which differs from miRNAs and piRNA post-
transcriptional mRNA inhibition. In a reverse way, this tactic is comparable to the
"ping-pong" method of piRNA synthesis (Ross et al. 2014). For example, PIWI
antibodies could be used to deliver drugs to hypoxic cancer cells, a delivery strategy
already used with other antibodies. It would reduce the side effects of conventional
cytotoxic medicines and perhaps improve the response to hypoxic cancer therapy.



174 S. K. Ray and S. Mukherjee

8.20 Database for piRNAs and Functional Predictions

Lakshmi and his colleagues first created the piRNABank as a website resource on
classified and clustered piRNAs in 2008 (Sai Lakshmi and Agrawal 2008). This
database details the piRNAs found in humans, mouse, rats, and drosophila. The
website (http://pirnabank.ibab.ac.in/) gathers all potential piRNA clusters and
displays piRNAs and their related genomic elements, such as genes and repeat
regions, on a genome-wide map. Chinese researchers Wang et al. and Zhang et al.
have developed a more potent tool for piRNA functional studies called piRNA
database-piRBase (Wang et al. 2018; Zhang et al. 2014). This database combined
264 datasets from 21 different taxa, and more than 173 million piRNAs were
gathered. Additionally, it includes possible data on piRNA targets and piRNAs
linked to diseases. Additionally, documented piRNA targets and epigenetic data
are gathered. As a result, these databases (http://www.regulatoryrna.org/database/
piRNA/) incorporate post-transcriptional regulation and epigenetic control data to
facilitate the functional study of piRNA.

8.21 Future Directions in piRNA Research in Hypoxic Oncology

According to the studies we evaluated, PIWIs may be crucial in regulating the
development of some cancer hallmarks in hypoxic cancer cells. Various pieces of
evidence proved the prognostic and therapeutic potential of PIWIs. It is necessary to
conduct additional research to explain this discrepancy. Further research is needed to
determine whether PIWI scan is an essential marker for clinical diagnosis and
prognosis because there is currently little clinical data available. There is undoubt-
edly a need for more information regarding the specific molecular mechanisms
through which PIWIs contribute to carcinogenesis and the growth of hypoxic
tumors. PiRNAs may be used as possible tumor biomarkers, a hot area of research,
as several recent studies have revealed that several piRNAs are significantly
expressed in blood samples. Additionally, several piRNAs' expression was linked
to pathogenic factors or clinical outcomes. Regarding potential limitations, most
investigations involved retrospective clinical material, indicating that prospective,
multicenter clinical trials should confirm these findings. There is still much to learn
about the roles of piRNAs and the proteins that interact with them in cancer, and this
subject could provide a wealth of helpful information. Future usage of thorough and
high-throughput methods could uncover more useful piRNA biomarkers and their
interacting proteins unique to various types or stages of cancer. piRNAs and the
proteins interacting with them will draw a lot of attention if their functions and
mechanisms are investigated since they would be excellent biomarkers for diagnosis
and novel targets for skillful therapeutic modulation.
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