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Abstract
Long non-coding RNAs (lncRNAs) are a type of multifunctional endogenous RNA transcript. The dysregulation of lncRNAs 
is considered to play a role in the initiation and progression of cancer. One such lncRNA, long intergenic non-coding RNA-
p21 (lincRNA-p21), was identified in 2010 as a regulator in the p53 pathway and is gradually being identified to play crucial 
roles in diverse cellular processes. In this review, we have summarised the diverse regulatory functions of lincRNA-p21. For 
example, lincRNA-p21 has been reported to function as a protein decoy, act as a competitive endogenous RNA, regulate the 
transcription, regulate the translation processes and exist in the secreted exosomes. Furthermore, we highlight the emerging 
roles of lincRNA-p21 in cancer cell regulation. Various types of cancers, including colorectal carcinoma, hepatocellular 
carcinoma and non-small cell lung carcinoma, aberrantly express lincRNA-p21. However, the current understanding of the 
roles of lincRNA-p21 in cancer remains limited. Therefore, considering its potential as a valuable therapeutic target or bio-
marker for cancer, more research should be conducted to understand the role of lincRNA-p21 in cancer and other diseases.
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NEPC	� Neuroendocrine PCa cells
TAMs	� Tumour-associated macrophages

Introduction

Long non-coding RNAs (lncRNAs) are cellular RNA tran-
scripts that have more than 200 nucleotides (nt) and lack 
significant open reading frames [1]. The functions of lncR-
NAs have been extensively researched, revealing roles in 
differentiation, development, reprogramming and tumo-
rigenesis through the regulation of transcription, splicing 
and translation [2]. To date, four subtypes of lncRNAs have 
been identified: intergenic, intronic, antisense and overlap-
ping lncRNAs. Among them, long intergenic non-coding 
RNAs (lincRNAs) represent the majority of lncRNAs and 
have been confirmed to play multiple biological roles [3]. 
lincRNA-p21 was first identified in 2010 as a regulator in 
the p53 pathway. The name is derived from its location near 
the cell cycle regulator gene, Cdkn1a (p21) [4]. Recently, 
given the increasing focus on its roles, lincRNA-p21 has 
been shown to be involved in transcriptional and posttran-
scriptional regulatory processes. The emerging functions of 
lincRNA-p21 in cancers demonstrate its potential and war-
rant investigation.

Herein, we highlight lincRNA-p21 and review its diverse 
regulatory functions and the growing evidence regarding its 
vital roles in the development and progression of cancers.

The structure and biogenesis of lincRNA‑p21

The lincRNA-p21 gene is located approximately 15 kb 
upstream of the cell cycle regulator gene p21/Cdkn1a on 
human chromosome 6p21.2, and its transcript is around 
3.0 kb in humans. Chillon et al. [5]studied the structure of 
lincRNA-p21. They found that human lincRNA-p21 has 
a single exon without an intron and contains two inverted 
repeat Alu elements (IRAlus) that influence its nuclear 
localization and position of the paraspeckles. Both sense 
and antisense Alu elements of lincRNA-p21 are highly con-
served among primates. A recent study reported the three-
dimensional structures of sense and antisense lincRNA-
p21 IRAlus, which helps to understand the functions of 
lincRNA-p21 better [6].

The expression of lincRNA-p21 can be regulated in dif-
ferent ways. First, the expression of lincRNA-p21 can be 
regulated by the transcription factor p53 (Fig. 1a). Baldas-
sarre et al. reported that p53 significantly increased the 
expression of lincRNA-p21 [7]. Subsequently, Jin et al. [8] 
found that the expression of lincRNA-p21 was also regu-
lated by the mutant p53 (mutp53)/nuclear transcription fac-
tor Y subunit alpha (NF-YA) complex in head and neck 

squamous cell carcinoma (HNSCC) (Fig. 1b). Meanwhile, 
the expression of lincRNA-p21 was strongly upregulated 
after DNA damage in human oral squamous cell carci-
noma Cal27, HNSCC HN30 and breast cancer MCF7 cells 
with wild-type TP53 [8]. Recently, He et al. [9] found that 
lincRNA-p21 was upregulated by mutp53 by targeting the 
non-B structure to mediate apoptosis for chemosensitivity 
in oestrogen receptor (ER)-negative breast cancer cells. In 
ER-positive breast cancer cells, ERα combined with mutp53 
to regulate the transcription of DDB2, thereby reducing the 
expression of lincRNA-p21 and resulting in chemoresist-
ance (Fig. 1c). Second, lincRNA-p21 has been reported to 
be a hypoxia-induced lncRNA, and its expression is sig-
nificantly increased in hypoxic conditions [10–17]. Further 
studies found that the transcription levels of lincRNA-p21 
are upregulated by hypoxia-inducible factor-1α (HIF-1α) in 
response to a hypoxic environment [11, 17] (Fig. 1d). In 
addition, the X-radiation increased the expression of lin-
cRNA-p21 in gastric cancer cells to increase the sensitivity 
to radiotherapy [18]. Third, the expression and stability of 
lincRNA-p21 were regulated by microRNAs (Fig. 1e). Yoon 
et al. [19] found that the association of HuR with lincRNA-
p21 promoted the recruitment of let-7/Ago2 into lincRNA-
p21, inducing the degradation of lincRNA-p21. HSF1 was 
shown to upregulate HuR to recruit the miR-320 family (a, 
b and c) to bind to a 5’ sequence of lincRNA-p21, leading to 
the lower stability of lincRNA-p21 in MDA-MB-231 cells 
[20]. In addition, the miR-181 family interacted with lin-
cRNA-p21 to induce the degradation of lincRNA-p21 [21].

Functions and mechanisms of lincRNA‑p21

Recent studies have shown that lincRNA-p21 can affect 
apoptosis, cell cycle checkpoints, cell proliferation, repro-
gramming efficiency, the Warburg effect and tumorigenesis 
via the regulation of transcription, translation, chromatin 
state and energy metabolism. Moreover, lincRNA-p21 has 
been implicated in several signalling pathways, such as the 
p53, HIF-1α and exosome secretion pathways. Here, we 
summarise the functions and mechanisms of lincRNA-p21 
to gain a better understanding of how it affects cellular func-
tions. For example, lincRNA-p21 has been reported to func-
tion as a protein decoy (Fig. 2a), act as a competitive endog-
enous RNA (ceRNA) (Fig. 2b), regulate the transcription 
process (Fig. 2c), regulate the translation process (Fig. 2d) 
and exist in the secreted exosomes (Fig. 2e).

lincRNA‑p21 acts as a protein decoy

lincRNA-p21 was reported to function as a protein decoy or 
scaffold to affect the interaction between functional proteins. 
First, lincRNA-p21 has been reported to bind with MDM2, 



1642	 Y. Huang et al.

1 3

wherein the nt728–2057 fragment of lincRNA-p21 possibly 
binds with the RING domain of MDM2. MDM2 is a down-
stream target gene of p53 and accelerates the degradation of 
p53 by interacting with it [22–24]. Studies have reported that 
lincRNA-p21 knockdown can increase the binding capacity 
between p53 and MDM2 and decrease that between p53 and 
p300 [25, 26]. Therefore, the interaction between lincRNA-
p21 and MDM2 may contribute to a decreased p53-MDM2 
interaction. In other words, lincRNA-p21 and p53 competi-
tively bind to MDM2, thereby promoting the acetylation of 
p53 via p300 and increasing the transcriptional activity of 
p53.

Huarte et al. [4]identified a 780 nt fragment at the 5’ 
end of lincRNA-p21, which could bind with heterogene-
ous nuclear ribonucleoprotein K (hnRNP-K). The p53 tran-
scriptional response includes both activation and repression 
of numerous genes. In addition, hnRNP-K acts as a repres-
sor in the p53 pathway [27, 28]. Silencing lincRNA-p21 
reduces the association of hnRNP-K with the promoters of 
p53-repressed target genes. A study reported that lincRNA-
p21 cooperates with hnRNP-K to repress many genes in a 
p53-dependent transcriptional response. Furthermore, the 
Janus kinase 2 (JAK2)/signal transducer and activator of 

transcription 3 (STAT3) signalling pathway plays an impor-
tant role in regulating cancer progression [29]. Jin et al. [8] 
found that lincRNA-p21 could bind to STAT3 to inhibit the 
JAK2/STAT3 signalling pathway in HNSCC. Furthermore, 
Huarte et al. [4] found that lincRNA-p21 knockdown results 
in the de-repression of STAT3.

In cancer cells, the Warburg effect is an energy metabo-
lism pattern associated with a high rate of lactic acid fermen-
tation to substitute for the oxidation of pyruvate [30–33]. 
This respiratory mechanism fulfils the energy demand of 
tumour cells for adaption to a hypoxic tumour microenvi-
ronment [34, 35]. HIF-1α is considered a positive factor in 
mediating the Warburg effect, which functions via hydroxy-
lation of the proline hydroxylase domain (PHD) proteins and 
is subsequently recognized by the von Hippel-Lindau (VHL) 
protein [10, 36, 37]. Yang et al. [11]reported that silenc-
ing lincRNA-p21 diminishes hypoxia-enhanced glycolysis, 
which includes glucose uptake, lactate production, LDHA 
enzymatic activity and Glucose transporter 1 (GLUT1) 
expression levels in HeLa cells. Further research has found 
that the mechanism by which lincRNA-p21 regulates HIF-1α 
expression is dependent on the interactions of lincRNA-p21 
with HIF-1α and VHL protein. This results in a decrease in 

Fig. 1   The biogenesis of lincRNA-p21. a P53 significantly increases 
the expression of lincRNA-p21 in response to DNA damage. b The 
expression of lincRNA-p21 is upregulated by the mutp53/NF-YA 
complex. c The expression of lincRNA-p21 is regulated by mutp53 

depending on the ER status. d The expression of lincRNA-p21 is 
upregulated by HIF-1α in response to hypoxia. e MicroRNAs interact 
with lincRNA-p21 to induce the degradation of lincRNA-p21
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the interaction between HIF-1α and VHL protein to attenu-
ate VHL-mediated HIF-1α ubiquitination and cause HIF-1α 
accumulation [11]. In summary, lincRNA-p21, as a hypoxia-
responsive regulator, may act as a therapeutic target for can-
cer via the HIF-1α/lincRNA-p21 signalling pathway.

lincRNA‑p21 functions as a ceRNA

Recently, lincRNA-p21 was reported to function as an 
endogenous sponge by directly binding to miRNAs to 
regulate many biological processes and some diseases. 
LincRNA-p21 dampens miR-211 to regulate cell apopto-
sis in hippocampal neurons, miR-130b to regulate cell pro-
liferation and apoptosis in vascular endothelial cells [38], 
miR-181b to regulate hepatic stellate cell (HSC) activation 
and liver fibrosis [39], and miR-1277-5p to regulate cell 
proliferation and apoptosis in SH-SY5Y cells treated with 
N-methyl-4-phenylpyridinium (MPP+) [40]. LincRNA-p21 
can affect the progression of cancers by binding to miRNAs 
[41–43]. Ao et al. reported that lincRNA-p21 inhibits the 
proliferation and migration of lung cancer cells by directing 
the sponging of miR-17-5p to decrease the expression of 
miR-17-5p, affecting the expression of its associated genes 

[42]. Similarly, in human hepatocellular carcinoma (HCC) 
cells, lincRNA-p21 inhibits cell migration and invasion by 
sponging miR-9 to inhibit the expression of miR-9 and regu-
late the miR-9 mediated E-cadherin signalling pathway [43]. 
Furthermore, in glioma cells, lincRNA-p21 inhibits tumour 
progression by sponging miR-34c to decrease the expression 
of miR-34c and affecting the expression of CRFR1 [44]. 
Taken together, lincRNA-p21 may function as a molecular 
sponge by binding to miRNAs to play important roles in the 
regulation of tumour progression.

lincRNA‑p21 regulates the transcription process

Cis-acting lncRNAs have been reported to regulate gene 
expression within their local sites [45]. Dimitrova et al. 
reported that lincRNA-p21 plays a positive role in modu-
lating the transcriptional expression of p21 in cis, which is 
located near lincRNA-p21 [46]. They found that lincRNA-
p21 could modulate the chromatin state of a subset of poly-
comb repressive complex 2 (PRC2) target genes via modula-
tion of p21 expression in response to DNA damage. Further 
studies have revealed that there are multiple DNA enhancer 
elements in the lincRNA-p21 locus, which can regulate the 

Fig. 2   The functions and mechanisms of lincRNA-p21. a LincRNA-
p21 acts as a protein decoy. LincRNA-p21 can bind with MDM2, 
HnRNP-K, STAT3 and HIF-1α to improve cell proliferation, glycoly-
sis and inhibit cell apoptosis. b LincRNA-p21 functions as a ceRNA. 
LincRNA-p21 functions as an endogenous sponge by directly bind-
ing to miRNAs to regulate cell proliferation, migration and apoptosis. 
c LincRNA-p21 regulates the transcription process. LincRNA-p21 

gene contains multiple enhancer elements which can directly regulate 
the transcription of p21 gene, and then modulate the chromatin state 
of a subset of PRC2 target genes via p21. d LincRNA-p21 regulates 
the translation process. LincRNA-p21 coordinated with the Rck/p54 
RNA helicase leading to inhibit their target mRNAs translation, such 
as β-catenin. e. LincRNA-p21 exists in the secreted exosomes
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transcription of nearby genes in cis, including p21 [47]. The 
conclusion is consistent that reported by Allen et al. that 
lincRNA-p21 is an enhancer RNA contributing to the bind-
ing between the transcription factor p53 and the p21 gene, 
thereby increasing the expression of p21 [48]. Subsequent 
research reported that the overexpression of lincRNA-p21 
increases the expression of p21, which further influences the 
cell cycle of EC109 cells [49]. Additionally, a study reported 
that p53 is a regulator of lincRNA-p21 in HNSCC [12]. In 
summary, lincRNA-p21 regulates the expression of p21 in a 
cis-acting manner. The important role of lincRNA-p21 in the 
p53 tumour suppressor pathway should be explored.

lincRNA‑p21 regulates the translation process

Recent studies provide evidence that lncRNAs have roles in 
posttranscriptional processes [50, 51]. For instance, metasta-
sis-associated lung adenocarcinoma transcript 1 (MALAT1) 
plays a role in the alternative splicing process of mRNA 
[52]. LincRNA-p21 participates in posttranscriptional pro-
cesses, acting as a translational regulator. In the cytoplasm, 
lincRNA-p21 represses mRNA translation of JUNB and 
CTNNB1 in coordination with the Rck/p54 RNA helicase 
[19]. In summary, lincRNA-p21 functions as a translational 
regulator by assisting Rck to their target mRNAs, leading 
to inhibition of their translation. However, the stability of 
lincRNA-p21 is regulated by HuR and let-7/Ago2, wherein 
HuR and let-7/Ago2 jointly promote the degradation of 
lincRNA-p21. Therefore, lincRNA-p21 plays a crucial role 
in HuR-dependent regulation of translation and is possibly 
involved in the regulation of other HuR-targeted mRNAs. 
Given that the target proteins of HuR participate in many 
pivotal regulatory processes, alteration in the expression of 
lincRNA-p21 might affect many disease processes, including 
cancer [20]. In addition to HuR, other RNA binding proteins 
(RBPs) may be associated with lincRNA-p21 to regulate the 
translation of mRNAs, which should be investigated further.

lincRNA‑p21 exists in the secreted exosomes

Exosomes are important extracellular vesicles (EVs) for 
intercellular signal transfer [53, 54]. Diverse proteins and 
RNAs are presented in exosomes. The expression levels of 
lincRNA-p21 are much higher in the secreted exosomes 
of MCF7 and HeLa cells compared with total cell extracts 
[55]. The expression of lincRNA-p21 is increased both in 
cells and exosomes in response to DNA damage [55]. Thus, 
lincRNA-p21 packaged in exosomes can be transferred 
from one cell to another to perform its functions. Recently, 
Castellano et al. identified a higher expression of lincRNA-
p21 in EVs from non-small cell lung carcinoma (NSCLC), 
which helps tumour cell adhesion to endothelial cells [10]. 
Moreover, the level of exosomal lincRNA-p21 in urine 

demonstrates potential as a prognostic marker of prostate 
cancer (PCa) [56]. However, the mechanism that influences 
its selective loading into exosomes requires further investi-
gation, and the specific functions of lincRNA-p21 secreted 
with exosomes should be explored in the follow-up studies.

lincRNA‑p21 in different cancers

Recent studies have reported aberrant expression of lin-
cRNA-p21 in certain types of cancers, which suggests that 
lincRNA-p21 may act as a new player in the disease. Con-
sidering its implications in diverse cancer-related signalling 
pathways, lincRNA-p21 may play important roles in regulat-
ing the development and progression of cancers. However, 
current knowledge about the functions of lincRNA-p21 is 
superficial. Therefore, the role of lincRNA-p21 in cancer 
should be researched further. Here, we provide a summary 
of the altered expression of lincRNA-p21 in cancer and its 
effect on tumorigenesis and metastasis (Table 1). 

Colorectal carcinoma (CRC)

CRC is one of the most common intestinal cancers, with 
an overall high mortality rate [57]. Many studies have 
investigated the role of lincRNA-p21 in CRC [58–66]. The 
expression of lincRNA-p21 was found to be lower in clini-
cal samples of CRC compared with adjacent tissues [58, 
59, 61]. Zhai et al. [58] investigated the clinical features of 
CRC and reported a higher expression of lincRNA-p21 in 
the rectum compared with the colon and in stage III tumours 
compared with stage I tumours. In addition, lincRNA-p21 
was associated with higher pT and vascular invasion. There-
fore, lincRNA-p21 may play a crucial role in the progression 
of CRC. In addition, studies have investigated the potential 
effect of lincRNA-p21 on the treatment of CRC. Wang et al. 
demonstrated that the level of lincRNA-p21 was upregulated 
in both SW1116 and LOVO cells exposed to X-ray treatment 
and indicated that lincRNA-p21 might increase radiosensi-
tivity by inducing apoptosis of CRC cells [59]. Li et al. [66] 
reported that lincRNA-p21 might function as a prognostic 
marker for CRC, and a high expression of lincRNA-p21 may 
enhance the overall survival rate following postoperative 
chemoradiotherapy. The Ginkgo biloba extract EGb 761, a 
traditional Chinese medicine, has been reported to inhibit 
cell migration and invasion in colorectal/colon cancer medi-
ated by lincRNA-p21 [62, 63]. Meanwhile, lincRNA-p21 
inhibits the self-renewal and tumorigenicity of CRC stem 
cells [60]. The potential mechanisms of lincRNA-p21 in 
CRC are inhibition of the Wnt/β-catenin signalling pathway 
[59, 60], interaction with EZH2 to suppress the expression of 
fibronectin [62], and stabilization of E-cadherin via the sup-
pression of BTRC-mediated E-cadherin ubiquitination [63].
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In conclusion, these observations suggest that lincRNA-
p21 may serve as a tumour suppressor due to its relationship 
with the p53 and Wnt/β-catenin signalling pathways in CRC. 
Its influence on the radiosensitivity of CRC indicates that 
lincRNA-p21 can serve as a potential target for CRC radio-
therapy. However, clinically relevant data have implied that 
a high level of lincRNA-p21 promoted the progression and 
malignant transformation of CRC. The different functions of 
lincRNA-p21 may be associated with the mutation status of 
p53. Therefore, lincRNA-p21 may be a crucial factor in the 
development of CRC and affects the treatment of the disease. 
LincRNA-p21 could be considered a potential diagnostic, 
predictive and prognostic biomarker for CRC.

Hepatocellular carcinoma (HCC)

HCC is a highly aggressive cancer worldwide [67]. Recio 
et al. [68] reported that lincRNA-p21 is significantly upreg-
ulated in response to the carcinogen furan in the liver of 
furan-exposed mice, which suggested that lincRNA-p21 
could be an epigenetic target or biomarker for carcinogenic 
exposures. However, the effects of changes in the expression 
of lincRNA-p21 in response to carcinogens and the regula-
tory mechanism of lincRNA-p21 in hepatotoxicity associ-
ated with carcinogenic exposures remain to be investigated 
further. To date, the role of lincRNA-p21 in HCC has been 
studied broadly. Previous studies have reported that the 
expression of lincRNA-p21 is downregulated in HCC tis-
sue and cell lines [69–72]. LincRNA-p21 has been reported 

to inhibit cell proliferation, promote apoptosis, and inhibit 
sorafenib resistance partly by activating ER stress [71]. 
Subsequent studies reported that lincRNA-p21 inhibits the 
invasion and metastasis of HCC by regulating epithelial-
mesenchymal transition by mediating the Notch signalling 
pathway [70] or regulating the miR-9-mediated E-cadherin 
signalling pathway [43]. Moreover, Shen et al. identified that 
the expression of lincRNA-p21 increased during irradia-
tion or hypoxia and found that knockdown of lincRNA-p21 
reduces the protein level of HIF-1αand GLUT1 to inhibit 
autophagy by activating the Akt/mTOR/p70S6K signalling 
pathway in hypoxic hepatoma and glioma cells [13]. In addi-
tion, lincRNA-p21 was found to reduce the expression of 
VEGF by targeting HIF-1α in liver cancer [16]. These stud-
ies indicate that lincRNA-p21 plays an important role in the 
development and progression of HCC and functions as a 
potential therapeutic target.

Non‑small cell lung carcinoma (NSCLC)

NSCLC is the most common cancer in the world [73]. The 
expression of lincRNA-p21 is downregulated in NSCLC tis-
sue and cell lines [12, 42], and it functions to inhibit cell pro-
liferation, migration [42] and angiogenesis [12]. However, 
Yang et al. reported that the expression of lincRNA-p21 was 
upregulated in NSCLC tissues and cells, and overexpression 
of lincRNA-p21 was found to inhibit apoptosis by decreas-
ing the expression of p53 upregulated modulator of apopto-
sis (PUMA) [74]. In line with other cancers, the expression 

Table 1   Examples of altered lincRNA-p21 expression in cancers and other diseases

Types of Cancer Expression Other functionality References

Colorectal carcinoma Lower Enhances the radiotherapy sensitivity by inhibition of Wnt/β-catenin [59, 60]
Breast cancer – Upregulated by hypoxia or DNA damage inducer [20, 55, 86]
Cervical carcinoma – Upregulated by hypoxia or DNA damage inducer [55]
Skin cancer Lower Participates in VDR deficient-induced or UVB-induced skin cancer forma-

tion
[87, 88]

Hepatocellular carcinoma Lower Inhibits proliferation, invasion, metastasis, and sorafenib resistance, while 
promoting apoptosis

[43, 70, 71]

Non-small cell lung carcinoma Lower Inhibits cell proliferation and migration, affects angiogenesis, and promotes 
NSCLC cells adhesion to endothelial cells

[10, 12, 42]

Higher Inhibits cell apoptosis [74]
Prostate cancer Lower Inhibits cell proliferation, promotes apoptosis, regulates Warburg effect and 

drug-resistance
[78–81]

Head and neck squamous cell carcinoma Lower Inhibits cell proliferation and induces cell apoptosis via binding to STAT3 
to inhibit JAK2/STAT3 signal activation

[8]

Gastric cancer Lower Inhibits cell growth, cell cycle, migration, and increases the gastric cancer 
radiosensitivity via β-catenin signaling pathway

[18]

Chronic lymphocytic leukemia Lower Reflects the degree of chronic lymphocytic leukemia progression [75, 76]
Rheumatoid arthritis Lower Increasing level is found in MTX treatment, and helps to inhibit NF-κB 

activity
[89]

Atherosclerosis Lower Suppresses cell proliferation, induces apoptosis, and inhibits neointima 
formation via binding MDM2 or regulating miR-17-5p

[25, 90, 91]
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of lincRNA-p21 is induced by hypoxic conditions in NSCLC 
cell lines [12] and EVs [10]. Castellano et al. found that 
lincRNA-p21 promotes the adhesion of NSCLC cells to 
endothelial cells via the miRNA cargo of EVs from NSCLC 
cells [10]. Further studies should explore the mechanism of 
lincRNA-p21 altering the EV cargo and the effects of EV 
lincRNA-p21 on relapse and drug resistance.

B‑Cell malignancies

Chronic lymphocytic leukaemia (CLL) and multiple mye-
loma (MM) are two types of B-cell malignancies. Circulat-
ing levels of cell-free lincRNA-p21 were detected in blood 
by Mustafa et al. in patients with CLL and MM [75]. They 
found that the levels of circulating lincRNA-p21 were lower 
in patients with CLL compared with healthy people, while 
no significant changes were observed in patients with MM. 
This trend suggested that lincRNA-p21 displays a disease-
specific expression pattern. Moreover, the expression of 
plasma lincRNA-p21 was decreased in patients with high 
clinical stages of CLL, which indicated that the plasma lin-
cRNA-p21 level could reflect the degree of CLL progres-
sion. Furthermore, Elwafa et al. [76] reported downregu-
lation of lincRNA-p21 in patients with CLL, and the low 
expression was associated with a poorer prognosis. There-
fore, lincRNA-p21 can be considered a potential prognostic 
biomarker for CLL. Blume et al. reported that lincRNA-p21 
is the p53-dependent lncRNA induced in response to DNA 
damage in CLL that causes cell death [77]. Follow-up stud-
ies are needed to elucidate the function of lincRNA-p21 in 
the development and progression of CLL and the mecha-
nisms of action of cell-free lincRNA-p21 in cancers.

Prostate cancer (PCa)

PCa is one of the most common malignancies in men. A 
previous study demonstrated that the expression of exoso-
mal lincRNA-p21 in urine might act as a novel diagnostic 
marker to predict the status of malignancy in patients with 
PCa [56]. Another clinical study revealed that the expres-
sion of lincRNA-p21 was lower in PCa and was associated 
with poor survival [78]. Physiological studies identified that 
lincRNA-p21 inhibits the proliferation and promotes apop-
tosis of PCa cells by inducing the expression of p53 down-
stream genes [78]. Moreover, these experiments found that 
lincRNA-p21 functions as a regulator of the Warburg effect 
by reducing the expression of pyruvate kinase M2 dependent 
on the PTEN/Akt/mTOR signalling pathway [79].

lincRNA-p21 also acts as a key player in the drug resist-
ance of PCa [80, 81]. Enzalutamide (Enz) is an anti-andro-
gen that is approved by the FDA to prevent the growth of 
castration-resistant PCa [82]; however, a significant propor-
tion of patients have developed resistance to the drug [83]. 

Luo et al. reported that lincRNA-p21 is highly expressed in 
neuroendocrine PCa cells (NEPC), which is regulated by 
Enz. Additionally, lincRNA-p21 promotes EZH2 to enhance 
the methylation of STAT3, which consequently results in 
resistance to Enz [80]. Future studies should focus on the 
role of lincRNA-p21 in other drug-resistant PCa treatments.

Other cancers

The basal expression of lincRNA-p21 is extremely low in 
HeLa cells. Emre et al. [84] reported a substantial upregula-
tion of lincRNA-p21 when HeLa cells were exposed to high 
DNA damage-induced apoptosis by BLM. Cisatracurium, an 
adjuvant anti-tumour drug, has been reported to inhibit cell 
proliferation, migration, invasion and induce apoptosis in 
ovarian cancer through p53/lincRNA21/miR-181b [85]. In 
breast cancer, HSF1 was shown to improve mammosphere 
formation through the upregulation of HuR to antagonize 
the effects of lincRNA-p21 on β-catenin translation [20]. A 
study reported that lincRNA-p21 was significantly upreg-
ulated in tumour-associated macrophages (TAMs) [86]. 
TAMs with lincRNA-p21 knockdown induced apoptosis 
of breast cancer cells and inhibited tumour cell migration 
and invasion. The results indicate that lincRNA-p21 is a key 
regulator of TAM function in the tumour milieu. Addition-
ally, lincRNA-p21 has been shown to inhibit cell prolifera-
tion and induce apoptosis in HNSCC by binding to STAT3 
to inhibit the activation of JAK2/STAT3 [8]. Furthermore, 
lincRNA-p21 inhibits the progression of glioma by binding 
with miR-34c to increase the expression of CRFR1 [44]. In 
summary, lincRNA-p21 is involved in the development of 
various cancers. However, the mechanisms and functions of 
lincRNA-p21 in the development and progression of differ-
ent cancers should be elucidated further.

Conclusion

Recent studies provide evidence of the role of lincRNA-p21 
in regulating gene expression, mRNA translation, chromatin 
modification, the Warburg effect and tumorigenesis. Studies 
have also revealed that lincRNA-p21 exerts these functions 
by the activation of several signalling pathways, such as the 
p53, Wnt/β-catenin, HIF-1α and exosome secretion path-
ways. Moreover, increasing evidence shows that lincRNA-
p21 is aberrantly expressed and affects the efficacy of cancer 
treatments. Therefore, these findings suggest that lincRNA-
p21 may serve as an attractive target for cancer treatment 
and can be a promising biomarker for cancer diagnosis and 
prognosis.

Although lincRNA-p21 has drawn attention over the 
years, the findings raise several interesting questions. Does 
lincRNA-p21 cooperate with hnRNP-K as a corepressor 
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or as a coactivator of p53-dependent gene transcription in 
response to DNA damage? Is there any interplay between 
lincRNA-p21-associated pathways? What function does 
lincRNA-p21 play in p53 mutant or missing cells? How 
does lincRNA-p21 guide its associated proteins, such as 
hnRNP-K or PRC2, to specific target gene loci? Further, 
since the expression of lincRNA-p21 is lower in CRC 
compared with normal cells but higher in aggravated CRC, 
there remains the question of whether lincRNA-p21 acts as 
a repressor or inducer of cancer development. Is lincRNA-
p21 associated with tissue and disease-specific expression 
and precise spatio-temporal regulation? Finally, in addi-
tion to interacting with hnRNP-K, MDM2, PRC2, HuR 
and let-7, what other processes are hnRNP, chromatin-
modifying complexes, RBP and microRNA involved in 
with lincRNA-p21? Answering these questions and under-
standing the roles of lincRNA-p21 in cancer development 
will not only provide a comprehensive picture regarding 
the mechanism of lincRNA-p21-regulated cellular bio-
logical functions and the molecular nature of lincRNA-
p21-dependent cancer development but also explore a new 
direction in cancer treatment.
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