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Abstract: The term “gynecological cancer” is used for a group of cancers occurring in
the female reproductive system. Some of these cancers are ranked as the leading causes
of death in developed and developing countries. The lack of proper diagnostic strategies
is one of the most important reasons that make them lethal. PIWI-interacting RNAs or
piRNAs are a class of small non-coding RNAs, which contain 24-32 nucleotides. These
RNAs take part in some cellular mechanisms, and their role in diverse kinds of cancer is
confirmed by accumulative evidence. In this review, we gather some information on the
roles of these RNAs and members of the PIWI protein family to provide new insight into
accurate diagnostic biomarkers and more effective anti-cancer drugs with fewer side ef-
fects.

Keywords: PIWI protein, piRNA, PIWIL2, ovarian cancer, cervical cancer, anti-cancer drug.

1. INTRODUCTION
For years, the main known function for RNAs was

the production of proteins [1], and thus, because only
1-2% of DNA can encode proteins, the other 98% of
DNA  was  considered  useless.  The  discovery  of  mi-
croRNAs  as  the  first  RNAs,  which  were  transcribed
from the non-coding parts of DNA, was a turning point
regarding  RNAs’  capabilities  [2-4].  Considering  the
functional activities of non-coding RNAs or ncRNAs,
we can classify them into three groups: housekeeping,
transferring, and regulatory [5-8].

Regulatory ncRNAs, which influence many cellular
processes,  such  as  gene  expression,  cell cycle,  and
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apoptosis, are classified into two subgroups: long and
small  ncRNAs  [7,  9,  10].  P-Element  induced  wimpy
testis (PIWI) - interacting RNAs known as piRNAs are
a kind of small non-coding RNAs (sncRNAs) that are
longer than miRNAs and siRNAs (two other members
of sncRNAs) and contain 24-32 nucleotides [11]. Th-
ese ncRNAs were primarily discovered in Drosophila
melanogaster testis by Aravin and colleagues [12-14].
PiRNAs influence numerous cellular functions, includ-
ing the silencing of retrotransposons at the post-tran-
scriptional and epigenetic levels, maintaining DNA in-
tegrity,  and  other  genetic  elements  in  germ  lines  by
means of binding to PIWI proteins [4, 11]. Regarding
the  functions  of  piRNAs,  it  has  been  observed  that
they can be involved in the pathogenesis of a few dis-
eases, including cancer. Recent studies have found dys-
regulated piRNAs in gastric [15, 16], breast [17], and
kidney cancers [18].

Gynecological cancer is a general term for a group
of cancers affecting the organs of the female reproduc-
tive system. These organs include the uterine corpus,
cervix, ovary, vulva, and vagina. According to cancer
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statistics,  gynecological  cancers  are  the  eighth  most
common cancers in the United States, and 33100 wom-
en died from these cancers in 2019 [19]. Demography
of the World Cancer Research Fund demonstrates that
cervical, endometrial, ovarian, vulvar, and vaginal can-
cers are the eighth, fifteenth, eighteenth, thirtieth, and
thirty-fourth common cancers among the people of the
world, respectively [20]. Therefore, the noticeable num-
ber of newly diagnosed cases and the extensive mortali-
ty rate of these cancers are representative of their im-
portance and the need for novel diagnostic and/or thera-
peutic procedures. This paper is an attempt to pave the
way for the diagnosis of gynecological cancers by de-
signing novel biomarkers through the medium of piR-
NAs. Considerable potentials of these RNAs might be
a solution for an earlier diagnosis or prognosis of these
lethal cancers.

2.  GYNECOLOGICAL  CANCERS:  PREVA-
LENCE, PATHOGENESIS, AND IAGNOSIS

Of all the cancers occurring in the female reproduc-
tive system, cervical, uterine corpus, and ovarian can-
cers are more common and are respectively ranked as
the  fourth,  sixth,  and  eighth  most  frequent  cancers
among women worldwide [20]. In this section, we ex-
amine the pathogenesis of each gynecological cancer
and recent diagnostic tools used for women that are sus-
pected of having one of these cancers.

2.1. Cervical Cancer
A mortality rate of 311365 in 2018 has made cervi-

cal  cancer a  serious challenge in both developed and
developing countries [21]. Commonly, this cancer is ac-
knowledged  as  being  a  result  of  the  human  papillo-
mavirus infection. The oncogenic feature of types 16
and 18 of  this  virus  is  the most  important  risk factor
for transforming normal cervical cells into cancerous
ones [22]. Visual examination, biopsy, colposcopy, Pa-
panicolaou smear, and some other tests for the detec-
tion of HPV infection are the common screening tests
that are practical for cervical cancer diagnosis [23-25].

2.2. Tumors of the Uterine Corpus
This kind of tumor can originate from the epithelial

cells (endometrial carcinoma or EC), the stromal cells
(endometrial stromal tumors or EST), and the smooth
muscles (Uterine smooth muscle tumors or USMT) of
the  uterine.  Endometrial  carcinoma is  the  most  com-
mon form of uterine cancer [26]. Imaging techniques,
such  as  transvaginal  ultrasonography,  MRI,  biopsy,
and Pap smear, are some methods commonly utilized
for the diagnosis of endometrial cancer [27, 28].

2.3. Ovarian Cancer
Annually, 23,9000 new women are diagnosed with

ovarian cancer,  and 15,2000 women are estimated to
die due to this lethal cancer [29, 30]. Ovarian cancer is
fatal cancer in comparison to other gynecological can-
cers, and women of all ages are prone to be affected by
this disease [31]. The 5-year survival rate of this can-
cer has a wide range and depends on the stage of the
disease and the country in which the patients are being
diagnosed  [32].  Overall,  due  to  the  late  diagnosis  of
this cancer, the survival rate for most of the patients is
only 29% [33]. Common procedures known for the di-
agnosis  of  ovarian  cancer  are  physical  examination,
transvaginal ultrasonography, and detecting serum bio-
markers, such as cancer antigen 125 (CA 125) and hu-
man epididymis protein 4 (HE4) [30, 33, 34]. Further-
more,  some  new  methods  with  more  sensitivity  and
specificity have been revealed recently for the diagno-
sis of this cancer, including serum proteomics and im-
munohistochemistry screening [34].

2.4. Other Less Common Gynecological Cancers
Among all organs of the female reproductive sys-

tem, the vagina and vulva are the least common organs
affected by cancer. Both of these cancers, the same as
cervical cancer, are results of HPV infection; however,
vulvar  cancer  can  also  have  a  non-HPV  origin  [35].
Vulvar  cancer  is  a  rare  condition mostly  observed in
postmenopausal  women and represents  only 2-5% of
all gynecological malignancies [36, 37]. According to
evidence, mostly symptoms, direct examination, biop-
sy, and imaging techniques are adopted for diagnosis
of this disease due to the lack of a specific diagnostic
method [38-40]. Vaginal cancer is another rare cancer
in women (2-3% of all gynecological cancers) that in-
volves the vaginal wall and can spread into paravagi-
nal tissues, pelvic sidewall, bladder, and rectal mucosa
in its advanced stages [35]. Similar to vulvar cancer, di-
rect examination, biopsy, and imaging techniques are
utilized for vaginal cancer diagnosis [35, 40, 41].

3.  PiRNAs  AND  PIWI  PROTEINS:  CELLULAR
MECHANISMS

There are some roles defined for piRNAs that are
specific to germ cells. These roles include the death of
the germ cell, spermatogenesis, phenotypic variations,
genome  rearrangement,  and  atrophy  of  the  gonades,
and  they  can  also  cause  sterility  in  invertebrates  and
vertebrates [8, 42-51]. Besides these functions, it has
been reported that they are involved in some function-
ing of somatic cells. Gene regulation through transpo-
son  silencing  is  among  such  functions.  Transposons



PiRNA and Gynecological Cancers Current Medicinal Chemistry, 2024, Vol. 31, No. 4   455

are some DNA fragments with mobility properties, and
their  activities  lead  to  genomic  instability  [52-54],
gene dysregulation, DNA mutations that can be harm-
ful, and the rearranging of cell chromosomes [55]. Gen-
erally, RNA interference is a primary pathway that en-
ables  cells  to  regulate  their  gene  expression  rapidly.
RNA  interference,  or  RNAi,  is  conducted  by  small
non-coding RNAs, such as piRNAs [56]. In the case of
piRNAs, RNAi impacts gene expression by suppress-
ing  piRNA/PIWI  complexes.  These  complexes  must
migrate back to the nucleus and epigenetically silence
transposons  [56].  According to  some evidence,  these
complexes can bind to euchromatin from one side and
bind to heterochromatin protein 1 from the other side.
This binding leads to the accumulation of heterochro-
matin protein 1, which is related to decreasing the bind-
ing  of  euchromatin  and  RNA  polymerase  [57].  This
means  that  the  piRNA/PIWI  complex  regulates  gene
expression by two mechanisms: indirectly by silencing
TEs and directly by conducting epigenetic alterations
on a specific gene. These are reasons why the role of
recognizing sequence is attributed to the piRNA/PIWI
complex [58].

4. PiRNAs AND PIWI PROTEINS: ONCOGENIC
MECHANISMS

Up to now, a great  number of  piRNAs have been
discovered, and each of them affects a different gene.
Due to the diversity of genes, piRNAs are engaged in
many mechanisms, including processes leading to can-
cer. However, this does not mean that they cannot func-
tion  as  tumor-suppressor  agents  [59,  60].  As  men-
tioned before, piRNAs are only functional when they
are linked to PIWI proteins. Therefore, any alteration
in the expression of piRNAs and PIWI proteins is re-
sponsible  for  producing  a  cancerous  cell.  Generally,
the PIWI protein family has four members in humans:
PIWIL1  or  Hiwi,  PIWIL2  or  Hili,  PIWIL3,  and  PI-
WIL4 or Hiwi2 [61]. PiRNA/PIWI complexes perform
their  tasks  by  DNA  hypomethylation,  regulating  di-
verse genes, and histone hypoacetylation [44]. Current-
ly, investigations on different cancers have helped us
to understand more about genes that can be affected by
these RNAs. In this section, we explore some reasons
other  than  DNA  hypomethylation  for  the  oncogenic
roles of these complexes.

Influencing  apoptosis  is  one  of  the  tasks  of  these
complexes; the piRNA/PIWI pathway can affect apop-
tosis directly and indirectly. The indirect mechanism is
recognized  in  murine  and  zebrafish,  which  impacts
some  proteins,  such  as  MAEL  [62],  but  the  direct
mechanism occurs in humans by disturbing apoptotic

genes,  such  as  Bcl-XL  [56].  Overexpression  of  PIWI
proteins is associated with the up-regulation of a group
of proteins known as signal transducers and activators
of transcription (STATs), which cause an induction in
amounts  of  Bcl-XL  expression  [63].  Furthermore,
some other genes and pathways in the apoptosis pro-
cess that are prone to be affected by PIWI proteins are
p14ARF/p53  and  NF-κB pathway,  Bcl-2,  and  c-Myc
genes. Therefore, PIWI/piRNA complexes can impact
apoptosis,  cell  cycle,  cell  growth,  and  cell  division
[63-66]. Besides, new research works have shown that
these  complexes  are  also  involved  in  repairing  dam-
aged  DNA.  They  modulate  histone  acetylation  and
thereby cause chromatin relaxation. This process is the
main reason why the piRNA/PIWI pathway is implicat-
ed in repairing DNA [67]. Moreover, chromosome dy-
namics is another important factor impacted by the piR-
NA/PIWI pathway [63].

5. GYNECOLOGICAL CANCERS AND PIWI-IN-
TERACTING RNAs

In this section, we explain the role of PIWI proteins
and piRNAs in cervical, ovarian, and endometrial can-
cers. We did not find any reliable evidence regarding
the role of PIWI-interacting RNAs in vulvar and vagi-
nal cancers. Thus, we suggest investigating PIWI pro-
teins and piRNAs in these cancers might help provide
more diagnostic approaches.

5.1. Cervical Cancer
Cheng  and  colleagues  explored  the  expression  of

piR-651 in some cancer cells and found that this piR-
NA  was  overexpressed  in  a  cervical  cancer  cell  line
(HeLa).  Hence,  they  suggested  that  these  piRNAs
might  not  only  be  involved  in  the  pathogenesis  of
many cancers, including cervical cancer but they can al-
so be utilized as a biomarker for this cancer [15]. Be-
sides piRNAs, evidence demonstrates that all of the PI-
WI proteins except for PIWI3 are also involved in cer-
vical cancer.

Some trials have investigated the expression of PI-
WI1 or HIWI in cervical cancer cells and discovered
significant results. Liu et al.  [68] declared that HIWI
might be one of the related factors in the pathogenesis
of cervical cancer by increasing stem cell-related tran-
scription factors, OCT4, NANOG, KLF4, and BMI1.
They suggested this hypothesis because of the role of
this  protein  in  self-renewal,  gametogenesis,  RNA si-
lencing, and translational regulation of stem cells and
its dysregulation in other types of cancer [69]. There-
fore,  new anti-cancer drugs targeting PIWIL1 can be
useful for cervical cancer therapy. In another study,
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Table 1. Empirical studies on piRNAs and PIWI proteins that are involved in cervical cancer.

Name of piRNA
or PIWI Protein Expression Model Function Application References

piR-651 Overexpression In vitro Involved in cervical cancer pathogenesis Diagnosis [15]

PIWIL1 Overexpression In vitro and
Ex-vivo

Affecting cancer stem cells and increasing resis-
tance to chemo and radiotherapy Diagnosis and treatment [68]

PIWIL1 Overexpression In vitro Involve in HPV infection Diagnosis and treatment [70]

PIWIL2 Overexpression Ex-vivo To be used complementary with p16 as a bio-
marker Diagnosis [71]

PIWIL2 Overexpression In vitro Increasing binding of NME2 to G-quadruplex to in-
crease c-Myc expression Diagnosis and treatment [65]

PIWIL4 Overexpression In vitro Affecting p14ARF/p53 pathway Diagnosis and treatment [74]
PL2L Overexpression In vitro Affecting Bcl/STATS pathway Diagnosis and treatment [64]

another dimension of the HIWI contribution to cervical
cancer was investigated. It was demonstrated that the
overexpression of HIWI is related to HPV16 infection.
In addition, due to the variable expression of this pro-
tein in different levels of cancer, HIWI can be used as
a biomarker for determining the extent of cancer pro-
gression [70].

He et  al.  [71]  examined the  expression of  the  PI-
WIL2 gene  in  91  specimens  of  patients  with  various
types of cervical lesions. They observed that this gene
was expressed in all cervical lesions ranging from be-
nign to malignant.  Therefore,  it  can be used comple-
mentary with HR-HVP, Pap test, and p16 for design-
ing a more specific and sensitive biomarker. He et al.
[71] also conducted similar research on using PIWIL2
complementary to p16 for providing a more effective
biomarker. Ye et al. [64] also worked on PIWIL2 and
found some variants  of  this  gene in  humans,  like  Pi-
wil2-like  (PL2L)  genes.  Explorations  on  PL2L  re-
vealed that it affects cell survival and proliferation by
regulating BCL-2 and STATS-3 and affecting NF-κB.
Eventually,  their  results  proposed  that  Piwil2  and
PL2L proteins might have two applications: being ap-
plied as biomarkers and two targets for designing new
anticancer drugs for cervical cancer. Another research
perusing  the  mechanisms  by  which  PIWIL2  affects
cell proliferation in tumors defines how PIWIL2 simpli-
fies the binding of nucleoside diphosphate kinase 2 (N-
ME2)  to  G-quadruplex  to  increase  c-Myc expression
[65].  C-Myc  is  one  of  the  important  genes  in  cell
growth and apoptosis, and its overexpression in vari-
ous cancers has been proven [72, 73].  PIWIL4 is the
last member of this family. Su et al. [74] illustrated its
role  in  cervical  cancer  pathogenesis.  They  expressed
that PIWIL4 causes augmentation in cell growth and in-
vasion  of  HeLa  cells  and  may  increase  apoptosis
through the p14ARF/p53 pathway. In other words, this
protein also has the potential to be used as a biomarker

or therapeutic target (Table 1).

5.2. Ovarian Cancer
In ovarian cancer, several investigations also sup-

port the role of PIWI proteins in cancer pathogenesis.
In a human study, Chen et al. [75] examined all forms
of  PIWI proteins  in  patients  with  ovarian cancer  and
observed that all four types of PIWI proteins were over-
expressed in these patients. They noticed a meaningful
relationship between the overexpression of these pro-
teins and the primary and metastatic stages of this can-
cer. As a result, PIWI proteins can be used for both di-
agnostic and therapeutic purposes in ovarian cancer.

Lim et  al.  [62]  conducted  an  in  vitro  research  on
the first member of the PIWI protein family, PIWIL1,
and another protein named Maelstrom (MAEL), which
is engaged in the piRNA pathway. They identified that
both of these proteins are considerably up-regulated in
the ovarian cancer cell  line. However, no association
with  cancer  invasiveness  was  reported  for  these  two
proteins. They also found that PIWI2 and 4 were ex-
pressed in both normal and cancerous cells of ovaries
with no significant difference.

Lee  et  al.  [63]  attempted  to  find  the  mechanisms
through which  PIWIL2 works.  They  noticed  that  the
overexpression  of  this  protein  is  related  to  apoptosis
and cell proliferation in cancer stem cells with the help
of the STATS/Bcl-XL signaling pathway. Wang et al.
[67]  investigated  another  role  of  PIWIL2  in  ovarian
cancer.  They  declared  that  this  protein  takes  part  in
acetylating cellular chromatin, and after the exposure
of DNA to a damaging agent, it causes a relaxation in
the genome. Considering this function of PIWIL2, they
concluded that the overexpression of PIWIL2 is respon-
sible for making ovarian tumors resistant  to cisplatin
(one of the common chemotherapeutic drugs). Another
article  inquired  about  the  expression  of one  of  the
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Table 2. Empirical studies on the role of piRNAs and PIWI proteins that are involved in ovarian cancer.

Name of piRNA or PIWI
Protein Expression Model Function Application References

piR-33733 Overexpression Ex-vivo Affecting the expression of ACTR10
and PLEKHA5 genes Diagnosis and treatment [77]

piR-52207 Overexpression Ex-vivo Disturbing Lipoate biosynthesis path-
way by the LIAS gene Diagnosis and treatment [77]

piR-n4_chr11_122017273 Overexpression Ex-vivo Unknown Diagnosis [78]
PIWIL1 Overexpression Ex-vivo Causing metastasis Diagnosis and treatment [76]

PIWIL1 Overexpression Ex-vivo and
In vitro Co-expression with MAEL and L1 Diagnosis [62]

PIWIL1 Overexpression Ex-vivo Causing metastasis Diagnosis and treatment [75]

PIWIL2 Overexpression Ex-vivo and
In vitro Co-expression with MAEL and L1 Diagnosis [62]

PIWIL2 Overexpression In vitro Inhibiting apoptosis through activation
of STAT3/Bcl-XL pathway Diagnosis and treatment [63]

PIWIL2 Overexpression Ex-vivo Modulating chromatin modifications up-
on cisplatin treatment Diagnosis and treatment [67]

PIWIL2 Overexpression Ex-vivo
STATS/Bcl-XL signaling pathway, resis-

tance to cisplatin
Diagnosis and treatment [76]

PIWIL2 Overexpression Ex-vivo Causing metastasis Diagnosis and treatment [75]
PIWIL3 Overexpression Ex-vivo Causing metastasis Diagnosis and treatment [75]
PIWIL3 Overexpression In vitro Causing metastasis Diagnosis [76]
PIWIL4 Overexpression Ex-vivo Causing metastasis Diagnosis and treatment [75]
PIWIL4 Overexpression In vitro Affecting p14ARF/p53 pathway Diagnosis and treatment [76]
PL2L Overexpression In vitro Affecting Bcl/STATS pathway Diagnosis and treatment [64]

PIWIL2 variants called PL2L genes and found that this
gene is not only overexpressed in ovarian and cervical
cancer but is also widely expressed in a great number
of  other  cancers.  Considering  the  oncogenic  roles  of
this gene in ovarian cells and cervical cells, it is a can-
didate for being used as a biomarker and a therapeutic
target [64].

Another research conducted by Chen et al. demons-
trated  an  association  between  the  PIWI  proteins  and
ovarian cancer metastasis. They demonstrated that all
of the members of PIWI proteins are overexpressed in
advanced and metastatic stages of ovarian cancer, and
therefore, they attributed these proteins to ovarian can-
cer metastasis [6]. Singh and colleagues [76, 77] con-
ducted a  genome-wide piRNA profiling trial  and ob-
served  111  dysregulated  piRNAs  in  endometrioid
ovarian cancer and serous ovarian cancer. They intro-
duced up-regulated piR-33733 as an involved factor in
the  pathogenesis  of  this  cancer  by  influencing  lipoic
acid synthetase or  LIAS gene,  thereby disturbing the
lipoate  biosynthesis  pathway.  Likewise,  they  intro-
duced piR-52207, which affects ACTR10 (actin-relat-

ed  protein  10  homolog,  also  known  as  Arp11)  and
PLEKHA5  (Pleckstrin  homology  domain-containing
family  A  member  5)  genes  in  cervical  cancer  cells,
thereby helping the cancer progression. Another study
examined the  role  of  piRNAs and miRNAs in  tumor
spread and identified 13 small  RNAs, including piR-
n4_chr11_122017273,  involved  in  this  cancer  [78]
(Table  2).

5.3. Endometrial Cancer
Ravo et al.  [79] inspected the role of entire small

non-coding RNAs on endometrial cancer. After smallR-
NA-Seq  analysis,  they  found  10  piRNAs,  including
hsa_piR_016658_DQ59293,  hsa_piR_001152_DQ57-
1500, hsa_piR_019354_DQ596587, hsa_piR_019825_
DQ597218,  hsa_piR_001170_DQ571526,  hsa_piR_
017791_DQ594556,  hsa_piR_019168_DQ596311,
hsa_piR_020009_DQ597484,  hsa_piR_020496_DQ5-
98175, and hsa_piR_020815_DQ598651 in significant
levels.

Considering  the  PIWIL1,  Chen  et  al.  [80]  recog-
nized a meaningful difference  in  the  amounts  of this
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Table 3. Experimental studies conducted on piRNAs and PIWI proteins that are involved in endometrial cancer.

Name of piRNA or PIWI Protein Expression Model Function Application References

hsa_piR_001152_DQ571500 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_001170_DQ571526 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_016658_DQ59293 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_017791_DQ594556 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_020009_DQ597484 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_019168_DQ596311 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_019354_DQ596587 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_019825_DQ597218 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_020496_DQ598175 Overexpression Ex-vivo Unknown Diagnosis [79]

hsa_piR_020815_DQ598651 Overexpression Ex-vivo Unknown Diagnosis [79]

PIWIL1 Overexpression Ex-vivo
Increases invasion, growth, and metastasis

of cancer cells by inducing the epithe-
lial-mesenchymal transition (EMT) process

Diagnosis and treat-
ment

[81]

PIWIL2 Overexpression Ex-vivo
Inactivate a tumor suppressor gene, PTEN,

by the DNA methylation mean
Diagnosis and treat-

ment
[80]

gene’s expression. They clarified that PIWIL1 increas-
es the invasion, growth, and metastasis of cancer cells
by  inducing  the  epithelial-mesenchymal  transition
(EMT) process. Moreover, PIWIL1 causes augmenta-
tion in  some markers,  which are  known for  endome-
trial cancer, such as CD44 and ALDH1. Another study
also  represents  another  mechanism  for  PIWIL2,  i.e.,
epigenetic  functions.  It  was  revealed  that  PIWIL1
could  inactivate  a  tumor  suppressor  gene,  PTEN,  by
DNA methylation. PIWIL1 participates in DNA methy-
lation by affecting an enzyme known as DNA methyl-
transferase  1  in  type  1  endometrial  cancer  [81].  Liu
and  colleagues  also  confirmed  the  overexpression  of
this protein in endometrial cancer [82] (Table 3).

CONCLUSION
Enhancing the therapeutic strategies and designing

more  specific  and  sensitive  biomarkers  have  saved  a
great number of individuals from suffering from differ-
ent  types  of  cancer.  These  advancements  have  im-
proved 5-year survival rate of many cancers to a signifi-
cant level. However, there is still room for more diag-
nostic and therapeutic procedures to achieve an earlier
diagnosis and a less risky therapy with fewer side ef-
fects.  Gynecological  cancers  are  causing  numerous
deaths each year. For instance, cervical cancer, which
has the fourth rank among all the cancers occurring in
both men and women, affected approximately 569,847
new cases in 2018 [20]. Poor prognosis, late diagnosis
due to being asymptomatic in early stages, and resis-

tance  to  the  common  therapies  are  some  factors  that
have made some of these cancers, like ovarian cancer,
an important global challenge. Studying PIWI proteins
and their interacting RNAs, piRNAs, in cancer is still
in its infancy, and yet, extensive research is required to
determine their exact roles in different stages of can-
cer,  such  as  pathogenesis,  prognosis,  diagnosis,  and
treatment.  Recently,  an  increasing  number  of  papers
have  been  published  to  define  the  role  of  PIWI  pro-
teins  and  piRNAs  in  gynecological  cancers,  which
have  successfully  revealed  their  expressions  in  these
cancers. Nevertheless, there is an intense need for reli-
able evidence on the effect of PIWI proteins and piR-
NAs in vaginal and vulvar cancers. In this paper, we re-
viewed several pieces of evidence and noticed that the
overexpression  of  intended  proteins  and  RNAs  had
been confirmed in ovarian,  cervical,  and endometrial
cancers. This fact has not only widened our knowledge
about  the  pathogenesis  of  these  cancers  but  has  also
paved the way to provide some novel biomarkers and
anti-cancer drugs. For instance, the detection of overex-
pression of PIWIL2 in ovarian cancer can have two re-
sults:

1.  Fabricating  a  sensitive  and  specific  biomarker
for early and asymptomatic stages of ovarian cancer.

2. Providing a novel drug with the ability to target
this protein to induce apoptosis, specifically in cancer-
ous cells of ovaries (Figs. 1 and 2). This drug will not
only increase cancer cell death with a low amount of
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side effects but also increase the response of this can-
cer to cisplatin.

All taken together, identifying the dysregulation of
PIWI proteins and their interacting RNAs in gynecolog-

ical  cancers  will  help  us  to  fully  understand  some
mechanisms  by  which  these  cancers  work  and  will
make an evolution in diagnostic and therapeutic proce-
dures of these cancers in the coming years.

Fig. (1). Functions of PIWI proteins and their interacting RNAs in cervical cancer. (A higher resolution / colour version of this
figure is available in the electronic copy of the article).

Fig. (2). Functions of PIWI proteins and their interacting RNAs in ovarian cancer. (A higher resolution / colour version of this
figure is available in the electronic copy of the article).
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