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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 lncRNA 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/TSC1 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 
cell line assays, animal studies and investigations on human samples.
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Introduction
Long non-coding RNAs (lncRNAs) 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, lncRNAs contribute in the evolution 
of many diseases [2–4]. Moreover, lncRNAs can affect 
the organization and function of nuclear bodies, modify 

the stability and expression of cytoplasmic mRNAs and 
regulate activity of signaling pathways [5]. Functions and 
contribution of several lncRNAs in human diseases have 
been reviewed [6–8].

Phosphatase and Tensin Homolog Pseudogene 1 
(PTENP1) is an example of lncRNAs 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, PTENP1 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 lncRNA is located on chromo-
some 9: 33,673,504−33,677,499 reverse strand. This 
lncRNA has two transcripts, namely PTENP1-202 and 
PTENP1-202 with sizes of 3996 and 1215 bps, respec-
tively (https:// asia. ensem bl. org/ Homo_ sapie ns/ Gene/ 
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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 pCDH1-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 PTENP1 in their 
exosomes. Exosome-mediated transmission of this 
lncRNA 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 

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 PI3K/AKT pathway [13]. Moreover, this lncRNA 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 MTUS1, 
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, 

Fig. 1 Depicts the roles of PTENP1 in bladder cancer, breast cancer and multiple myeloma

https://asia.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000237984;r=9:33673504-33677499
https://asia.ensembl.org/Homo_sapiens/Gene/Summary?g=ENSG00000237984;r=9:33673504-33677499
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migration and invasiveness of cancer cells. Detailed 
information about the impact of this lncRNA on suppres-
sion of carcinogenesis is provided in Table 1.

Figure 2. Summary of the role of PTENP1 in progres-
sion of cancers. PTENP1 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 PTENP1 induces anti-tumor 
effects. Detailed information about the impact of this 
lncRNA on suppression of carcinogenesis is provided in 
Table 1.

PTENP1 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 PTENP1 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/
GSK3β/β-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 IκBα 
and NFATc1 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/NF-κB 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 PTENP1-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 lncRNA 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 lncRNA 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 

Fig. 2 Depicts the tumor suppressor roles of PTENP1 in cervical cancer, glioma, hepatocellular carcinoma and oral squamous cell carcinoma
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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/GSK3β/β‑
catenin signaling

Human BMSCs (hBMSCs) Ethanol treatment: ↑ PTEN and 
PTENP1 levels and ↓ Akt/GSK3β/β‑
catenin signaling
∆ PTEN: ↓ ethanol‑induced
suppression of bone formation and 
antiosteogenic effect of ethanol

[32]

Insulin resistance miR‑499‑5p/ PTEN axis Murine liver cell line NCTC1469 ↑↑ PTEN: ↓ Akt/GSK activation and 
glycogen synthesis

[33]

Osteoporosis miR‑214/ PTEN axis, 3 K/
AKT/NF‑kB signaling 
pathway

RAW 264.7 macrophages ↑↑ PTENP1: ↓ ANKL‑
induced osteoclast differentiation BY 
inhibiting 3 K/AKT/NF‑kB signaling 
pathway

[34]

Sepsis‑associated cardiac dysfunc‑
tion

miR‑106b‑5p H9C2 Matrine administration: ↓ expres‑
sion of PTENP1 and inflammation, ↑ 
H9C2 viability

[35]

Spinal cord injury miR‑21, miR‑19b and PTEN SH‑SY5Y and U251 cells ∆ PTENP1: ↑ apoptosis, miR‑21, miR‑
19b and ↓ cell viability

[36]

Table 3 PTENP1 role in different disorders based on animal studies

∆ knock‑down or deletion, ccRCC  clear‑cell renal cell carcinoma, SPF specific pathogen‑free, SD Sprague–Dawley

Tumor/ disease type Animal models Results References

Bladder cancer 5 week‑old male nude mice injected with EJ 
cell lines

↑↑ PTENP1: ↓ tumor weight, tumor vol‑
ume and tumor size

[11]

Esophageal carcinoma 4 week‑old male nude mice injected with 
Eca109 cells transfected with PTENP1 3′UTR 
or NC

↑↑ PTENP1: ↓ tumorigenesis [21]

Head and neck squamous cell carcinoma 4‑week‑old male nude mice ↑↑ PTENP1: ↓ tumorigenesis [25]

Hepatocellular carcinoma 4 week‑old BALB/c nude mouse ∆ miR‑21: ↓ tumor growth and size, ↑ PTEN, 
PTENp1, TET1, TET2 and TET3

[26]

4 week‑old male immune‑deficient nude 
mice (BALB/c‑nu)

↑↑ PTENP1: ↓ tumor weight and tumor 
volume

[27]

6‑8‑weeks‑old BALB/c nude mic were injected 
with Mahlavu cells

↑↑ PTENP1: ↓ tumor growth, intratumoral cell 
proliferation, and angiogenesis, ↑ apoptosis, 
autophagy

[28]

Oral squamous cell carcinoma 5 ‑week‑old female BALB/C nude mice
mice were injected with Tca‑8113 cells 
transfected with LV‑miR‑21 plus LV‑PTEN and 
LV‑PTENp1

↑↑ PTENP1: ↓ tumorigenesis [30]

Renal cell carcinoma Nude mice were injected with ACHN cells 
transfected with vector control or PTENP1

↑↑ PTENP1: ↑ sensitivity of ccRCC cells to 
cisplatin and gemcitabine

[31]

Alcohol‑induced osteopenia 40 8‑week‑old male specific SPF and SD rats ∆ PTEN: ↓ ethanol‑induced osteopenia [32]

Insulin resistance 5 db/db mice and 5 age‑matched wild‑type 
(WT) mice

↑↑ PTENP1: ↑ hepatic insulin resistance [33]

Osteoporosis 8‑week‑old female C57BL/6 mice Levels of PTENP1 and PTEN were down‑regu‑
lated in CS‑F‑ and
RANKL‑induced bone marrow mononuclear 
cell.

[34]

Spinal cord injury Rats in sham group and SCI, SCI + exosomes, 
and SCI + exosomes + PTENP1‑shRNA groups

Treatment with exosomes + PTENP1‑shRNA: ↓ 
PTEN expression
PTENP1 participates in the recovery of SCI 
through regulation of miR‑19b and miR‑21.

[36]
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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 
lncRNA 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 lncRNA 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 lncRNA 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 
rs7853346 CG/GG genotype [37].

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

Discussion
PTENP1 is an lncRNA which primarily functions as a 
ceRNA to enhance expression of PTEN. This lncRNA 
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 lncRNA is regarded as a tumor suppressor lncRNA 
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 lncRNAs 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 in 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 lncRNA 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 lncRNA 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 lncRNA rep-
resent a promising target for design of novel anti-cancer 
therapies.
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