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Abstract

PTENP1 is a long non-coding RNA which has been regarded as a pseudogene of the PTEN tumor suppressor gene.
However, it has been shown to be a biologically active transcript that can function as a competing endogenous RNA
and enhance expression of PTEN protein. This INCRNA has two transcripts, namely PTENP1-202 and PTENP1-202 with
sizes of 3996 and 1215 bps, respectively. PTENP1 acts as a sponge for some PETN-targeting miRNAs, such as miR-

17, miR-20a, miR-19b, miR-106b, miR-200c, miR-193a-3p, miR-499-5p and miR-214. Besides, it can affect miR-20a/
PDCD4, miR-27a-3p/EGR1, miR-17-5p/SOCS6 and miR-19b/TSCT axes. This long non-coding RNA participates in the
pathoetiology of several types of cancers as well as non-malignant conditions such as alcohol-induced osteopenia,
insulin resistance, osteoporosis, sepsis-associated cardiac dysfunction and spinal cord injury. In the current review, we
elucidate the role of PTENP1 in human disorders, particularly malignant conditions based on evidence acquired from
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cell line assays, animal studies and investigations on human samples.

Introduction

Long non-coding RNAs (IncRNAs) are a group of RNAs
with sizes longer than 200 nucleotides, several shared
features with mRNAs, the ability to regulate gene expres-
sion and lack of significant open reading frames. This
novel group of epigenetic regulators mainly resides in
the nucleus where they affect histone or DNA modifi-
cation, chiefly methylation and acetylation [1]. Through
influencing alternative splicing, cell differentiation, and
cell cycle transition, IncRNAs contribute in the evolution
of many diseases [2—4]. Moreover, IncRNAs can affect
the organization and function of nuclear bodies, modify
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the stability and expression of cytoplasmic mRNAs and
regulate activity of signaling pathways [5]. Functions and
contribution of several IncRNAs in human diseases have
been reviewed [6—8].

Phosphatase and Tensin Homolog Pseudogene 1
(PTENP1) is an example of IncRNAs which has been
regarded as a pseudogene of the PTEN tumor suppres-
sor gene. However, it has been shown to be a biologically
active transcript that can function as a competing endog-
enous RNA (ceRNA) and enhance expression of PTEN
protein [9]. In fact, PTENPI1 exerts a growth-suppressive
effect through obstructing the binding of miRNAs to the
3’ UTR of PTEN and protecting it from degradation [9].

The gene coding this IncRNA is located on chromo-
some 9: 33,673,504—33,677,499 reverse strand. This
IncRNA has two transcripts, namely PTENP1-202 and
PTENP1-202 with sizes of 3996 and 1215 bps, respec-
tively (https://asia.ensembl.org/Homo_sapiens/Gene/
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Summary?g=ENSG00000237984;r=9:33673504-33677
499). In the current review, we elucidate the function of
PTENP1 in human disorders, particularly malignant con-
ditions based on evidence obtained from cell line assays,
animal studies and investigations on human samples.

Cell line studies
An in vitro experiment in HL-60 promyeoloblastic cells
infected with the pCDHI1-PTENP1 vectors has shown
up-regulation of both PTENP1 and PTEN mRNA lev-
els. However, protein levels of PTEN have not been
affected by this intervention. Authors have suggested that
PTENP1 can affect PTEN expression at mRNA level [10].
In addition to hematopoietic cells, PTENP1 can
affect malignant properties of cell lines originated from
solid tumors. Normal cells can secret PTENPI in their
exosomes. Exosome-mediated transmission of this
IncRNA to bladder cancer cells could inhibit the malig-
nant features in these cells through induction of cell
apoptosis and reduction of invasion and migration
abilities of bladder cancer cells. Functionally, exoso-
mal PTENP1 could increase PTEN expression through
sponging miR-17 [11]. The PTENP1/miR-20a/PTEN
molecular route has been shown to affect malignant
behavior of bladder cancer cells. While up-regulation of
miR-20a could promote proliferation and migration of
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T24 cells, PDCD4 over-expression could exert the oppo-
site effects [12].

Expression levels of PTENP1 have also been assessed
in breast cancer cells. PTENP1 has also been shown to
influence proliferation, invasive properties and resist-
ance of breast cancer cells to Adriamycin. These effects
are most probably mediated through sponging miR-20a
and further regulating expression of PTEN and activity
of PI3BK/AKT pathway [13]. Moreover, this IncRNA could
affect breast cancer pathogenesis through modulation of
miR-19b/PTEN axis [14]. PTENP1 could also suppress
proliferation and migratory aptitude of breast can-
cer cells via decreasing expressions of cell cycle regula-
tors cyclin A2 and CDK2 and regulating activity of AKT
and MAPK pathways [15]. Finally, the sponging role of
PTENP1 on miR-19b has been shown to be implicated in
the suppression of proliferation and of breast cancer cells
[16] (Fig. 1).

Similarly, PTENP1 could inhibit progression of cervi-
cal cancer through different mechanisms including sup-
pression of miR-106b [17], miR-27a-3p [18] and miR-19b
[19]. These miRNAs target PTEN, EGR1 and MTUS],
respectively (Fig. 2).

Figure 1. Summary of the role of PTENP1 in pro-
gression of cancers. PTENP1 can serve as molecular
sponge for miR-19b, miR-20a and miR-17. Down-regu-
lation of these miRNAs by PTENP1 affects proliferation,
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Fig. 1 Depicts the roles of PTENP1 in bladder cancer, breast cancer and multiple myeloma
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Fig. 2 Depicts the tumor suppressor roles of PTENP1 in cervical cancer, glioma, hepatocellular carcinoma and oral squamous cell carcinoma

migration and invasiveness of cancer cells. Detailed
information about the impact of this IncRNA on suppres-
sion of carcinogenesis is provided in Table 1.

Figure 2. Summary of the role of PTENP1 in progres-
sion of cancers. PTENPI can serve as molecular sponge
for miR-21, miR-10a-5p, miR-19b, miR-27a-3p, miR-
193a-3p, miR-19b, miR-20a and miR-17. Down-regula-
tion of these miRNAs by PTENPI1 induces anti-tumor
effects. Detailed information about the impact of this
IncRNA on suppression of carcinogenesis is provided in
Table 1.

PTENPI1 can also affect pathoetiology of non-malig-
nant conditions (Table 2). For instance, it can affect
pathogenesis of alcohol-induced osteopenia. Ethanol
stimulation has resulted in up-regulation of expression
of PTEN and PTENPI transcripts in a time-dependent
mode, leading to up-regulation of PTEN protein levels.
Moreover, ethanol could decrease PTEN phosphoryla-
tion, representing an upsurge in functional PTEN level.
Up-regulation of PTEN could impair downstream Akt/
GSK3[/p-catenin signals and osteogenic differentiation
of bone mesenchymal stem cells [32]. Moreover, PTENP1
binding to miR-499-5p leads to deficiency in the insulin-
signaling pathway, thus participating in insulin resistance
[33]. Furthermore, up-regulation of PTENP1 or silencing
of miR-214 could inhibit expressions of osteoclast mark-
ers and RANKL-induced osteoclast differentiation. These
interventions could also inhibit phosphorylation of PI3K

and AKT, nuclear transport of p65, destruction of IkBa
and NFATcl expression. On the other hand, PTENP1
silencing has enhanced osteoclast differentiation. Taken
together, PTENP1 acts as a sponge for miR-214 to esca-
late expression of PTEN and suppress osteoclast differ-
entiation. This mode of action attenuates osteoporosis
through inhibition of PI3K/AKT/NEF-«B signaling [34].

Animal studies
Impact of PTENP1 up-regulation and exosomal PTENP1
on growth of tumors has been investigated in vivo.
Authors have injected EJ cells with PTENP1-expressing
vectors as well as PTENPI-containing exosomes into
nude mice. The results of conducted experiments have
indicated that up-regulation of PTENP1 can decrease
tumor weight and burden. Moreover, PTENP1-contain-
ing exosomes could attenuate tumor size and weight.
Besides, over-expression of this IncRNA could reduce
Ki67 expression in tumors [11]. Other studies in esopha-
geal carcinoma, head and neck squamous cell carcinoma,
hepatocellular cancer and oral squamous cell carcinoma
have confirmed the impact of PTENP1 up-regulation on
attenuation of tumor growth (Table 3). In animal models
of renal cell carcinoma, up-regulation of this IncRNA has
enhanced sensitivity to cisplatin and gemcitabine [31].
Animal models have also been used to evaluate the
impact of PTENP1 in insulin resistance. An experiment
in db/db mice and high fat diet-fed mice has shown



Page 4 of 12

(2022) 22:207

Ghafouri-Fard et al. Cancer Cell International

dg-e0L-4IN

Bupabie] Aq yimoio (|90 sassaiddns | dNILd
YNYOUT JO I13jSUBI| P3IRIPSIA-SIUOSOXT
S|19D £8N Jo sisordode

9y 218|nWIs pue uonesdyljold ayy ssaiddns

va SIWOSOX® PRALISP-SISIN-DNY JO 24N3ND-02 /8N dUl] [[23 BWOID sixe Ni1d /ds-epL-yiw
S|oA3] | 7d ‘1sau1e 924D
1192 4 “Aemyied Buijeubdis ydyn 8ed ‘Uoiseaul
€ pue ‘uonelbiw ‘uonesaiosd i dNILd $ 4 S||92 ewlol|b uewNY | 57N PUB $HOHS ‘Kemyied buijeubis ged pue | zd eWOID
sisodode |, ‘uojseaul €828 pue €08DDN '106/29S
rdd pue ‘uonelbiu ‘Ymoib 190 1 :11dNILd 1 ‘SO aul |92 eulouldiedouspe dulseb ‘| -53D N3Ld Pue £6-41w ‘g0 | -yIw 132UeD 1SR
Kemyed [eubis o |-4|H Kemyied
(17l -€1v16-d ‘Aujena‘uonessyoid 1 :1dNI1d 44 ¥ L-19H 'LE6Z-Y3H '1-31'601833  [eubis D|-4|H-¢1v1S-d ‘Sixe 9SD0S /dg-/ L-yiu ewoup.ed [eabeydos3
N3Ld PUe 2007-HIW U0 73 40 S139443 1 :0Y3 v
[9A9] N9Ld
1 pue sauab Aemyred |yy-y€]d-oydsoyd
'S|9A3] 2007-YIW ‘UOISBAU| pUE UolRIBIW
[0z]  'uonessyjold | uswiieas (¢3) jo1pensa-g/ 1L D3 PuUe ‘gL-DIH ‘BMBNIYS| 'TS6-Td Kemyred J3v-3i€ld pue sixe N31d /2002-HIW PWOUIDIRD [eLISWOPUS ploLIsWOopUT
§[|90 B9 pue BHIS 'YEED HseD
se 4ans ‘saul| |92 DD uewny pue (Hd3AdH)
bl] uolseAul pue uonesajoid 1 dNILd $ 4 [[92 Win(|ay1da [eDIAIDD [BULIOU URWNH SIXe [ SNLIN /96 L-Yiw
sisordode | ‘Ayjnow
[81] ‘ssa201d |3 ‘uonesgyijoid 1 iLdNILd d YOLDN "BH!S ‘08L-IW 'B18H 'VEED sixe 1§73 /de-e/z-yiu
sisordode
[L1] | 'ssa0ud |7 ‘'uonessjijosd 111 dNILd 8H '1bISeD 'VEED BHIS ‘B 19H SIXe N3Ld /990 L-yIw 190Uued [BdINIS)
N3Lld ‘sisoxdode | ‘py-d pue
"MEld Meld-d ‘1-4Ad ‘UoneuIIo; Auojod ‘uols
[91] -eAul ‘uoiesbius ‘uonesaord 1 i1 dNILd V4 LEC-GN-YAW PUe Z-4DW 'VOL4DW Aemued Py/MEld PUe sixe NILd /g6 L-diw
skemyied Buijeubis
MdVIN PUR I3 ‘240D pue gy ul2Ad ‘uonewoy
[G1]  Auojod ‘uoneibiw ‘uonessyijoid 1 :1dNILd 1€6T LN skemuyjred Buljeubis ydvIA pue 13y
Div-d? puegsd |
sisordode |, ‘uols asv-L
[yl -eaur‘uoneibiw ‘uonessyjoid 1 :1dNILd pue LZ-gW-YaW ‘Z-4DW ‘0Z-19'V OL-4DW iv-d pue €6d 'sixe NILd /g6 L-gIW
A)[IgeIA ‘UoPWIO) AUOJOD ‘UOIS v 01-4DW wnyayida
[€1]  -eaur‘uopesbiwi ‘uopesspioid 1 dNILd V4 Alewwiew ' /-4DW pue /b1 LEZ-GN-VAW Buijeubis Py/Meld 'sixe NILd/e0C-diw Jodued Jsealg
uoneibIW pue uon L-DNH-AS
[cl]  -esapjoud | :(LdNTLd JO 10bie1 e) eOZ-HIW || 7] pUe g8 Saul| |93 J9DUeD Jappe|q UewnH SIXe $DAd/ROT-YIW
sisoydode | ‘uoneuwlo) AUojod ‘uols
(L1} -eAur‘uonelbiw ‘uonesdyijoid 1 :1dNILd ¥ €6 M3H '28r 13 sixe N3Ld// L-yiu 195ued Jsppe|g
ymmolb ||9 pue sjaAs| utaloid NI Ld bundaye
[otl INOYUM [3A3] YNYW NILd ¥ :LdNTLd 4 S|[92 1€6¢ Pue aul| [|92 09-TH N3Lld IR N3| 91NV
S3dUIRYBY uonduny aul| |19 suolpelu| Jowng

S3IPN1S 2Ul| |22 01 BUIPIOIIL SI2DURD IUSIRHIP Ul | dNTLd JO 2|0y L d|qeL



Page 5 of 12

(2022) 22:207

Ghafouri-Fard et al. Cancer Cell International

UOI}3|9P JO UMOP-D0U3| 7 ‘eLUOUIDIRD |32 [eUdl ||9-1e3]D JDYI2 43dued Iseaid Dg

auigePwWsb pue upe(dsid 03 5|[93 DY Jo Al
-AIISUSS | pUE ‘SISP1SBISW ‘UOISeAUl ‘UoeIBIW

‘Ymmolb |19 pue uonesajjoid 1L dNILd 4

T-MH PUB 9NGZLNS ‘NHOV
'0-98/ SaUl| ||32 BWOUDIRD ||2D [RUaJ UBWNH

SIXe N3Ld /lcdiw

eUIOUIDIRD []2D [RUSY

[0€]  3saue dPA |32 | ‘uonesspoid 1 i LdNILd d 4 €1 18-8D pue S||9D €67 MIH Pue '£7-[eD 'SZ-DDS skemyied )Y ‘NILd /L Z-Hiw euloudIed |19 snowenbs jelQ
uon
l6¢]  -esoqjoid | puesipndl g6 L-giw 1 :1dNILd S92 L L-SIAM PUE CINJO SIXe 1DS1 /g6 1-yiw ewoaAw ajdinniy
sisordode pue Abeydoine | uois NAB|YBIN 3Ul| [|92 Kemured |3MV/MEId 1 '2od pue /D1v ‘IYT1N
[87] -eAul ‘uonesbiu ‘uonesaord 1 dNILd Vb DDH pue (HH) se14o0ieday uewny ddTHd ‘N3Ld "®0Z-H!W pue g6 L-yiw '/ |-y
sisoydode |, ‘uols
[l -enur‘uoneiBbiw ‘uonessyjoid 1 :1dNILd LZLL-DININS pue |-daH-S sixe N31d /dg-eg6L-yiw
N3Ld pue LdNILd
1 'LdN7Ld Jo uoIssaidxe pue uoneAylaw ul
abueyd ‘¢/z/1 131 40 uoissaidxa ‘sisoydode
[o7] 1 'uoiseaul ‘vonesgyijoid | siz-yiw L LYNnH ‘gedaH ‘zodaH ‘67-NNS N3Ld ‘€/2/1131 Lz-yiw eWOUIDIED Jejn||3201edaH
uonewIo) AUOjod
[S7] ‘uoiseaur ‘uonelbiw ‘Yimoib 193 11 dNI1d V4 /T[eD PUe OENH "€ LNH ‘ONH TNH-NSM N3ld BWOUIDIED [[92 SNOUIENDS 3Dau pue pesH
SIdUIDYRY uonpung ENTTHIED) suoldedlu| Jjown)

(penunuod) L ajqeL



Ghafouri-Fard et al. Cancer Cell International ~ (2022) 22:207 Page 6 of 12

Table 2 Role of PTENP1 in different non-malignant conditions according to cell line studies

Disorders Interaction Cell line Function References
Alcohol-induced osteopenia PTEN and Akt/GSK33/3- Human BMSCs (hBMSCs) Ethanol treatment: 4 PTEN and [32]
catenin signaling PTENP1 levels and | Akt/GSK33/f3-

catenin signaling

A PTEN: | ethanol-induced
suppression of bone formation and
antiosteogenic effect of ethanol

Insulin resistance miR-499-5p/ PTEN axis Murine liver cell line NCTC1469 44 PTEN: | Akt/GSK activationand  [33]
glycogen synthesis
Osteoporosis miR-214/ PTEN axis, 3 K/ RAW 264.7 macrophages M PTENPT: | ANKL- [34]
AKT/NF-kB signaling induced osteoclast differentiation BY
pathway inhibiting 3 K/AKT/NF-kB signaling
pathway
Sepsis-associated cardiac dysfunc- miR-106b-5p HoC2 Matrine administration: |, expres- [35]
tion sion of PTENP1 and inflammation, 4
HIC2 viability
Spinal cord injury miR-21, miR-19b and PTEN  SH-SY5Y and U251 cells APTENP1: 4 apoptosis, miR-21, miR-  [36]

19b and | cell viability

Table 3 PTENP1 role in different disorders based on animal studies

Tumor/ disease type Animal models Results References
Bladder cancer 5 week-old male nude mice injected with EJ 44 PTENP1: | tumor weight, tumor vol- [11]
cell lines ume and tumor size
Esophageal carcinoma 4 week-old male nude mice injected with A4 PTENP1: | tumorigenesis [21]
Eca109 cells transfected with PTENP1 3'UTR
or NC
Head and neck squamous cell carcinoma  4-week-old male nude mice 4 PTENP1: | tumorigenesis [25]
Hepatocellular carcinoma 4 week-old BALB/c nude mouse A miR-21: | tumor growth and size, 1 PTEN, [26]
PTENp1, TET1, TET2 and TET3
4 week-old male immune-deficient nude A4 PTENPT: | tumor weight and tumor 271
mice (BALB/c-nu) volume
6-8-weeks-old BALB/c nude mic were injected 44 PTENP1: | tumor growth, intratumoral cell  [28]
with Mahlavu cells proliferation, and angiogenesis, 1 apoptosis,
autophagy
Oral squamous cell carcinoma 5 -week-old female BALB/C nude mice M PTENP1: | tumorigenesis [30]

mice were injected with Tca-8113 cells
transfected with LV-miR-21 plus LV-PTEN and

LV-PTENp1
Renal cell carcinoma Nude mice were injected with ACHN cells 44 PTENP1: 4 sensitivity of ccRCC cells to [31]
transfected with vector control or PTENP1 cisplatin and gemcitabine
Alcohol-induced osteopenia 40 8-week-old male specific SPF and SDrats A PTEN: | ethanol-induced osteopenia [32]
Insulin resistance 5 db/db mice and 5 age-matched wild-type 41 PTENP1: 4 hepatic insulin resistance [33]
(WT) mice
Osteoporosis 8-week-old female C57BL/6 mice Levels of PTENP1 and PTEN were down-regu-  [34]
lated in CS-F-and
RANKL-induced bone marrow mononuclear
cell.
Spinal cord injury Rats in sham group and SCI, SCl+ exosomes,  Treatment with exosomes + PTENP1-shRNA: | [36]

and SCI 4 exosomes 4+ PTENP1-shRNA groups ~ PTEN expression
PTENP1 participates in the recovery of SCl
through regulation of miR-19b and miR-21.

Aknock-down or deletion, ccRCC clear-cell renal cell carcinoma, SPF specific pathogen-free, SD Sprague-Dawley
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up-regulation of PTENP1. Moreover, up-regulation of
PTENP1 has led to impairment in activation of Akt/GSK
and production of glycogen, while suppression of this
IncRNA has enhanced activity of Akt/GSK and increased
glycogen content [33]. In an in vivo study, it has shown
that the effect of matrine on improvement of cardiac
function and attenuation of the inflammatory responses
is mediated through down-regulation of PTENP1 expres-
sion and up-regulation of miR-106b-5p levels [35].

Clinical studies

Expression of PTEN and PTENP1 mRNAs has been dem-
onstrated to be lower in bone marrow samples of AML
patients compared to healthy subjects. Moreover, expres-
sions of these transcripts have been positively correlated.
However, when AML patients have been classified based
on the prognostic classification of 2011 NCCN, authors
have detected no remarkable difference in the expression
of PTENP1 among subgroups [10].

Expression of PTENP1 has also been shown to be
diminished in bladder cancer tissues as well as exosomes
extracted from plasma samples of these patients. In fact,
this IncRNA has been found to be principally carried by
exosomes. Exosomal levels of PTENP1 have the poten-
tial to discriminate bladder cancer patients from healthy
subjects with area under receiver characteristic curve of
0.743. Thus, exosomal PTENP1 has been recommended
as a putative marker for diagnostic purposes in bladder
cancer [11]. In bladder cancer cells, PTENP1 target miR-
20a has been shown to be up-regulated, while PDCD4
has been down-regulated [12].

In breast cancer, cervical cancer, head and neck squa-
mous cell carcinoma, hepatocellular carcinoma and oral
squamous cell carcinoma, down-regulation of PTENP1
has been linked with poor survival of patients (Table 4).
Moreover, down-regulation of this IncRNA has been cor-
related with advanced histological grade and TNM stage,
deep infiltration depth, and lymph node metastasis in
cancer patients.

Association between a number of tag single nucleotide
polymorphisms within PTENP1, including rs7853346
C>G, rs865005 C>T, and rs10971638 G > A and suscep-
tibility to gastric cancer has been assessed in a Chinese
population. Results have shown association between
rs7853346 G allele and lower risk of gastric cancer. This
association has been stronger in patients aged more than
60 years, non-smokers, non-drinkers, and those with-
out family history of gastric cancer. Notably, expression
assays have shown higher levels of PTENP1 in carriers of
157853346 CG/GG genotype [37].

PTENP1 has also been shown to be down-regulated in
osteoporosis patients, parallel with up-regulation of miR-
214 [34].
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Discussion

PTENP1 is an IncRNA which primarily functions as a
ceRNA to enhance expression of PTEN. This IncRNA
acts as a sponge for some PETN-targeting miRNAs,
such as miR-17, miR-20a, miR-19b, miR-106b, miR-200c,
miR-193a-3p, miR-499-5p and miR-214. Besides, it can
serve as a molecular sponge for other miRNAs such as
miR-20a, miR-27a-3p, miR-17-5p and miR-19b to influ-
ence expressions of PDCD4, EGR1, SOCS6 and TSC1,
respectively.

The role of PTENP1 has been mostly evaluated in the
pathoetiology of cancer. In this context, the results of in
vitro, in vivo and clinical studies have been consistent.
This IncRNA is regarded as a tumor suppressor IncRNA
in all cancers except for multiple myeloma.

In addition, a number of investigations have shown its
influence on development of non-malignant conditions
such as alcohol-induced osteopenia, insulin resistance,
osteoporosis, sepsis-associated cardiac dysfunction and
spinal cord injury.

As an IncRNAs secreted in the exosomes, it has the
potential to be used as a biomarker for early detection of
cancers. This application has been evaluated in the con-
text of bladder cancer. However, further studies in other
cancers are needed to appraise the potential of PTENP1
in diagnostic purposes.

Although forced up-regulation of PTENP1 in cancer cell
lines using different vectors could attenuate in vitro can-
cer cell proliferation and iz vivo tumor growth, this field of
study is still in its initial phases, needing further evaluations
in animal models particularly focusing on bioavailability and
biosafety issues. Additionally, a comprehensive evaluation of
PTENP1 targets and related signaling pathways is necessary
to avoid unwanted side effects.

Since up-regulation of PTENP1 can also enhance the
cytotoxic effects of chemotherapeutic agents on cancer
cells, therapies aimed at over-expression of this IncRNA are
potential ways for combating chemoresistance.

Conclusions
Association between PTENP1 polymorphisms and sus-
ceptibility to cancer has been evaluated in Chinese gastric
cancer patients. Additional studies in other types of can-
cers in different populations are needed to find the influ-
ence of genetic variants in this IncRNA on cancer risk.
Taken together, PTENP1 is an important modulator of
cancer progression which not only increases expression
of the important tumor suppressor PTEN, but also affects
expression of other cancer-related genes such as those
regulating cell cycle progression. Thus, this IncRNA rep-
resent a promising target for design of novel anti-cancer
therapies.
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