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Abstract: Long non-coding RNAs (lncRNAs) are a cluster of RNAs with more than 200 
nucleotides in length, which lack protein-coding capacity. They are important regulators of 
numerous cellular processes, including gene transcription, translation, and posttranslational 
modification, especially in tumor initiation and progression. Aberrant expression of lncRNA 
bladder cancer–associated transcript 1 (BLACAT1) has been reported in various human 
cancers and was usually associated with unfavorable prognosis. Previous studies have 
revealed that dysregulation of BLACAT1 could promote the proliferation and metastasis of 
cancer cells. In this review, we summarize the present understanding of the functions and 
underlying mechanisms of BLACAT1 in the occurrence and development of various human 
cancers and discuss the roles of this lncRNA in cancers, including its promising application 
as a prognostic biomarker or a novel therapeutic target for malignancies. 
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Introduction
Despite great achievements in modern medicine, malignant cancer remains an 
intractable threat to human lives and health. In 2018, the International Agency 
for Research on Cancer reported increase in the number of new cancer cases and 
cancer-related deaths up to 18.1 million and 9.6 million worldwide, 
respectively.1 Moreover, the morbidity and mortality associated with cancer is 
increasing especially in undeveloped regions of the world.2 Genome sequencing 
analyses have revealed that less than 2% human genome can be transcribed into 
mature protein-encoding RNAs, while the remaining into non-coding RNAs 
(ncRNAs).3,4

Long non-coding RNAs (lncRNAs) have emerged as a cluster of RNAs that 
have over 200 nucleotides in length with no detectable open reading frames 
(ORFs).5,6 However, lncRNAs are reportedly involved in many cellular functions 
such as proliferation, differentiation, migration, invasion, and apoptosis. They also 
play an important part as regulators of gene transcription, translation, and post
translational modification.7–9 The role of lncRNAs in the occurrence and develop
ment of various human cancers have been widely investigated.10−12 Some lncRNAs 
were reported to act as promising biomarkers for prognosis prediction or diagnosis 
supplementation for malignant tumors.13–15

Bladder cancer–associated transcript 1 (BLACAT1), also named linc-UBC1, is 
located at human chromosome 1q32.1 with a transcript of 2616 kb and only 1 exon, 
between LEM domain containing 1 (LEMD1) and cyclin-dependent kinase 18 (CDK18) 
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genes.16,17 It was first identified by He et al in 2013 and 
described as non-coding based on sequence analysis.17 In 
addition, nuclear fractionation of bladder cancer cells demon
strated that BLACAT1 preferentially localized in the nucleus. 
Further analysis by reverse transcription-polymerase chain 
reaction (RT-PCR) analysis showed it had no effect on the 
expression of its neighboring genes, kelch domain containing 
8A (KLHDC8A), LEMD1, and CDK18, indicating that 
BLACAT1 might function in trans. Following these findings, 
BLACAT1 attracted a large amount of interest from cancer 
researchers. Many emerging studies demonstrated that 
BLACAT1 was aberrantly expressed in different cancers, 
including bladder cancer, breast cancer, cervical cancer (CC), 
colorectal cancer (CRC), esophageal squamous cell carcinoma 
(ESCC), gastric cancer (GC), glioma, hepatocellular carci
noma (HCC), lung cancer (LC), osteosarcoma (OS), and 

thyroid cancer (TC). Additionally, a meta-analysis conducted 
by Lu et al summarized that high BLACAT1 expression could 
predict shorter overall survival, advanced TNM stage, poor 
tumor grade, and more lymph node metastasis in solid 
tumors.18 Chen et al also observed significant upregulation 
of BLACAT1 in both serum and tissues of 12 types of cancer 
compared to those of matched healthy participants. Further, 
serum BLACAT1 expression was reported to function as 
a non-specific diagnostic biomarker in various cancers, parti
cularly in endometrial cancer (EMC).16 These 
evidences displayed the clinical significance of BLACAT1 in 
the research and treatment of carcinomas. In this review, latest 
studies are summarized to strengthen our understanding of the 
function, mechanism, and clinical value of BLACAT1 in 
carcinogenesis and progression of malignancies (Tables 1 
and 2).

Table 1 Functional Characterization of BLACAT1 in Various Cancers

Cancer Type Expression Role Functional Effect Related Gene and Protein Reference

Glioma Up Oncogenic Proliferation, migration, invasion, 

EMT

miR-605-3p, VASP, WNT/β-catenin, CCND1 [19, 20]

Lung cancer Up Oncogenic Proliferation, migration, invasion, 

autophagy, cell cycle arrest, EMT, 

chemoresistance

miR-17, ATG7, MRP1, LC3-II/LC3-I, Beclin 1, 

miR-144, WNT/β-catenin, Vimentin, 

E-cadherin, N-cadherin, CCND1, c-Myc, 
STAT3

[25–29]

Hepatocellular 
carcinoma

Up Oncogenic Proliferation, invasion miR-485-5p [30]

Cervical 
cancer

Up Oncogenic Proliferation, migration, invasion, 
cell cycle arrest, EMT

WNT/β-catenin, MMP-7, CCNB1, CDC25C, 
N-cadherin, and E-cadherin

[31, 32]

Osteosarcoma Up Oncogenic Proliferation, migration, invasion, 
apoptosis, cell cycle arrest

STAT3, MMP2, MMP9 [34]

Bladder cancer Up Oncogenic Proliferation, migration, invasion PRC2 [17, 36]

Colorectal 

cancer

Up Oncogenic Proliferation, migration, invasion, 

Ki67 protein expression, 
apoptosis, cell cycle arrest, EMT

PRC2, p15, Bcl-2, caspase-3, caspase-9, 

CCND1, CDK6, Vimentin, E-cadherin

[39–41]

Gastric cancer Up Oncogenic Proliferation, invasion, apoptosis, 
chemoresistance

miR-361, ABCB1 [43, 44]

Breast cancer Up Oncogenic Proliferation, migration, invasion miR-150-5p, CCR2 [46]

Esophageal 

squamous cell 
carcinoma

Up Oncogenic Migration, invasion, EMT EZH2, E-cadherin [47]

Thyroid cancer Down Suppressor — — [48]
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BLACAT1 in Human Cancers
BLACAT1 in Glioma
BLACAT1 in 23 glioma tissues and 6 cell lines was 
remarkably overexpressed than non-tumor controls, and 
its expression in grade I/II patients was significantly 
lower than that in grade III/IV patients, suggesting that 
BLACAT1 might reflect the grade of glioma. 
Additionally, Kaplan-Meier analysis showed that 
patients with high BLACAT1 expression had a reduced 
survival rate. Moreover, findings from mechanical 
experiments indicated that BLACAT1 could competi
tively bind to miR-605-3p as a competing endogenous 
RNA (ceRNA) to modulate the expression of vasodila
tor-simulated phosphoprotein (VASP), thereby promot
ing glioma growth, migration, and invasion. The 
BLACAT1/miR-605-3p/VASP axis is suggested to play 
a critical role in the progression of glioma.19 Li et al 
also discovered elevated BLACAT1 expression in 35 
glioma tissues and 5 cell lines and introduced 
a different mechanism. They described that BLACAT1 
could activate WNT/β-catenin pathway to promote pro
liferation and invasion of glioma cells.20 These results 
showed the potential function of BLACAT1 as a novel 
oncogenic lncRNA and a prospective therapeutic target 
in glioma (Figure 1A).

BLACAT1 in Lung Cancer
Lung cancer is the most aggressive human malignancy, 
accounting for 11.6% of new cancer cases and 18.4% of 
total cancer death worldwide in 2018, based on the report 
of International Agency for Research on Cancer.1 There are 
two subtypes of lung cancer: non-small cell lung cancer 
(NSCLC, 80–85%, including adenocarcinoma and squamous 
carcinoma) and small cell lung cancer (SCLC, 10–15%).21 

Wang et al found 1364 differentially expressed mRNAs 
(DEmRNAs) and 260 DElncRNAs by analyzing the expres
sion profile data of lung adenocarcinoma (LUAD) patients 
from The Cancer Genome Atlas (TCGA) database, and 
finally selected 8 DElncRNAs as optimal diagnostic biomar
kers for LUAD patients, including BLACAT1.22 Ding et al 
also verified BLACAT1 as a DElncRNA using the high- 
throughput sequencing data from a Gene Expression 
Omnibus (GEO) database (GSE104854) of LUAD.23 

Adenocarcinomas in situ (AIS) is regarded as the early 
stage of LUAD, and can develop into an invasive entity. In 
the research of Dan Li and his colleagues, twenty AIS- 
specific genes (including two lncRNAs, CTD-2527I21.15 
and BLACAT1) were identified as an early-stage LC signa
ture using the random forest feature selection, this signature 
had approximately 98% accuracy to differentiate early-stage 
LC from normal cases.24

Table 2 Clinical Significance of BLACAT1 in Various Cancers

Cancer Type BLACAT1 Expression and Clinical Features Reference

Glioma Tumor grade, poor survival [19, 20]

Lung cancer TNM stage, smoking status, lymph node metastasis, distant metastasis, clinical stage, tumor size, 

response to chemotherapy, poor survival

[25, 26, 29]

Hepatocellular carcinoma — [30]

Cervical cancer FIGO stage, distant metastasis, tumor grade, poor survival [31]

Osteosarcoma TNM stage, tumor size, lymph node metastasis, poor overall survival [34]

Bladder cancer Lymph node metastasis, poor survival [17, 36]

Colorectal cancer TNM stage, pathological stage, distant metastasis, tumor size, tumor invasion, lymph node metastasis, 

poor overall survival

[39–41]

Gastric cancer TNM stage, lymph node metastasis, tumor size, poor overall survival [43]

Breast cancer TNM stage, lymph node metastasis, poor survival [46]

Esophageal squamous cell 

carcinoma

TNM stage, lymph node metastasis, poor overall survival [47]

Thyroid cancer Gender, lymph node metastasis [48]
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Ye et al using qRT-PCR confirmed notably increased 
expression of BLACAT1 in 48 NSCLC tissues and 4 
NSCLC cell lines compared to adjacent normal tissues and 
normal human bronchial epithelial cells (NHBE), respectively. 
Statistical analysis of clinicopathological characteristics and 
prognosis indicated that elevated BLACAT1 expression was 
closely related to smoking status, more lymph node metastasis, 
advanced TNM stage, and shorter overall survival. Functional 
assays showed that BLACAT1 knockdown could suppress 
proliferation, migration, invasion, and induce G0/G1 cycle 
arrest in NSCLC cells, and inhibit tumor growth and metastasis 
in vivo. In addition, further experiments illustrated that miR- 
144 downregulation could reverse the effect of BLACAT1 
silencing on NSCLC cell. These results suggested BLACAT1 

and miR-144 might be potential therapy targets for NSCLC.25 

Xu et al similarly revealed that high expression of BLACAT1 
was dramatically related to reduced overall survival and pro
gression-free survival, further reporting a significant correla
tion of BLACAT1 with TNM stage and response to 
chemotherapy. Besides, silencing BLACAT1 depressed 
NSCLC cell proliferation, migration, and invasion via regulat
ing epithelial–mesenchymal transition (EMT) and WNT/β- 
catenin signaling pathway.26

Huang et al observed remarkably upregulated BLACAT1 
and downregulated miR-17 in cisplatin (DDP)-resistant 
NSCLC cells, and both were identified to affect the viability 
of the cancer cells. Bioinformatic analyses and dual-luciferase 
reporter assays confirmed the potential for miR-17 to bind to 

Figure 1 Overview of the regulatory mechanisms of BLACAT1 on proliferation, invasion, metastasis, tumor cell cycle control, apoptosis, autophagy, and chemoresistance in 
multiple human cancers. (A) BLACAT1 binds to miR-605-3p to upregulate VASP, and it also promotes EMT by activating Wnt/β-catenin pathway. (B) BLACAT1 regulates 
ATG7 by competitively binding to miR-17, and ATG7 overexpression leads to autophagy and chemoresistance; BLACAT1 also facilitates chemoresistance by modulating 
STAT3 phosphorylation; in addition, BLACAT1 regulates cell cycle by sponging miR-144 and promotes EMT by activating Wnt/β-catenin pathway. (C) BLACAT1 competes 
against miR-485-5p. (D) BLACAT1 activates Wnt/β-catenin pathway, reduces G0/G1 arrest, and upregulates N-cadherin and downregulates E-cadherin. (E) BLACAT1 
facilitates the STAT3 phosphorylation, reduces G0/G1 arrest, and increases the expression of MMP2 and MMP9. (F) BLACAT1 physically associates with PRC2 components 
EZH2 and SUZ12. (G) BLACAT1 represses p15 by binding to PRC2 to regulate cell cycle. (H) BLACAT1 upregulates ABCB1 by competitively binding to miR-361 to 
promote chemoresistance. (I) BLACAT1 binds to miR-150-5p to regulate CCR2. (J) BLACAT1 regulates EZH2 and represses E-cadherin to facilitate EMT.
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the 3ʹ-untranslated region (3ʹ-UTR) of BLACAT1. The inter
action of BLACAT1 with miR-17 was also reported to be 
involved in cell autophagy and chemoresistance by regulating 
autophagy-related gene 7 (ATG7) expression.27 Further, ele
vated BLACAT1 expression was found in afatinib-resistant 
NSCLC cells, and BLACAT1 depletion could reverse the 
cancer cells’ resistance to afatinib. Mechanically, BLACAT1 
was identified to promote the phosphorylation of signal trans
ducer and activator of transcription 3 (STAT3) to facilitate 
drug-resistance.28 These results supported a promising strategy 
for chemotherapy-resistant NSCLC by targeting BLACAT1.

Chen et al detected upregulated BLACAT1 expression in 
SCLC tissues and 4 SCLC cell lines. Increased BLACAT1 
expression was closely related to clinical stage, tumor size, 
lymph node metastasis, distant metastasis, and unfavorable 
overall survival. Moreover, results from univariate and multi
variate Cox analyses all proved BLACAT1 could be used as an 
independent prognostic factor for SCLC. Functionally, knock
down of BLACAT1 was found to attenuate cell proliferation, 
migration, invasion, and arrest G0/G1 cell cycle in SCLC 
cells.29 Taken together, BLACAT1 could potentially serve as 
a novel prognostic predictor and therapeutic target for lung 
cancer patients (Figure 1B).

BLACAT1 in Hepatocellular Carcinoma
Peng et al reported that the BLACAT1 expression was 
dramatically higher in 37 HCC tissues and 8 HCC cell 
lines than in the normal controls. Biologically, BLACAT1 
downregulation notably suppressed HCC proliferation and 
invasion in vitro and in vivo. Mechanically, they revealed 
that BLACAT1 promoted HCC progression by directly 
targeting miR-485-5p and negatively modulating its 
expression.30 This study described the functional charac
terization of BLACAT1 and its potential value as 
a therapeutic target for HCC (Figure 1C).

BLACAT1 in Cervical Cancer
A previous study found that BLACAT1 was upregulated in 
133 CC tissues and 4 CC cell lines using qRT-PCR, and 
significantly correlated with Federation International of 
Gynecology and Obstetrics (FIGO) stage, histological 
grade, and distant metastasis in CC patients. Survival 
analyses revealed that high BLACAT1 expression was 
dramatically associated with poor overall survival and 
progression-free survival, and multivariate Cox regression 
analyses identified BLACAT1 as an independent prognos
tic indicator for overall survival in CC patients. Functional 
experiments showed the proliferation and metastasis 

ability of CC cells with BLACAT1 silencing was lower 
than that of cells in the control group. In addition, the 
expression of β-catenin and matrix metallopeptidase 7 
(MMP-7) was decreased after BLACAT1 knockdown, 
demonstrating that BLACAT1 might contribute to the pro
gression of CC by regulating the WNT/β-catenin signal 
pathway.31 Shan et al also reported that BLACAT1 was 
observably overexpressed in 99 CC tissues and 5 CC cell 
lines than adjacent non-tumor tissues and normal cervical 
epithelial cells (NCECs), respectively. Furthermore, 
mechanical experiments showed that BLACAT1 depletion 
inhibited cell proliferation and metastasis of CC cells and 
induced G0/G1 cell cycle arrest by suppressing the cell 
cycle regulators cyclin B1 (CCNB1) and cell division 
cycle 25C (CDC25C) and modulating EMT markers 
(N-cadherin and E-cadherin) (Figure 1D).32

BLACAT1 in Osteosarcoma
Osteosarcoma is the most frequent and aggressive malig
nant bone tumor which occurs predominantly in the long 
bones.33 According to the study of Dong et al, the expres
sion of BLACAT1 was higher in 82 OS tissues and 4 cell 
lines than corresponding normal controls. Increased 
BLACAT1 expression was notably correlated with lower 
overall survival rate in OS by Kaplan-Meier analysis. 
Additionally, a significant correlation was identified 
between BLACAT1 and TNM stage, tumor size and 
lymph node metastasis. Functionally, downregulation of 
BLACAT1 caused G0/G1 cell cycle arrest, promoted cell 
apoptosis, and suppressed cell proliferation, migration, and 
invasion in OS, while its upregulation could seemingly 
reverse these effects. RNA pull-down assay revealed that 
BLACAT1 exhibited its function in OS via regulating the 
phosphorylation level of STAT3 (Figure 1E).34

BLACAT1 in Bladder Cancer
Globally, bladder cancer is one of the most prevalent 
cancer, with an estimated 386 000 new cases and 150 
000 deaths annually.35 BLACAT1 was found to be over
expressed in the tissues of 60 bladder cancer cases com
pared to adjacent non-tumor tissues. The high BLACAT1 
expression was identified in three bladder cancer cell lines 
(UMUC-3, TCCSUP, and 5637). Moreover, elevated 
BLACAT1 expression was positively correlated with 
lymph node metastasis. Patients in high BLACAT1 expres
sion group tended to have a shorter overall survival and 
metastasis-free survival by Kaplan-Meier analysis. 
Functionally, BLACAT1 knockdown assays indicated 
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that its depletion inhibited cell proliferation, motility, and 
invasion in vitro, as well as tumorigenicity and metastatic 
capability in vivo. Mechanically, BLACAT1 was found to 
interact with enhancer of zeste 2 (EZH2) and suppressor of 
zeste 12 (SUZ12), which were critical components of 
polycomb repressive complex 2 (PRC2) complex, regulat
ing the expression of some target genes, such as cyclin D2 
(CCND2), homeobox A5 (HOXA5), kruppel like factor 4 
(KLF4), serpin family B member 2 (SERPINB2), and 
bone morphogenetic protein 2 (BMP2). Furthermore, chro
matin immunoprecipitation (ChIP) assay indicated that 
BLACAT1 could modulate histone H3-lysine 27 
(H3K27) trimethylation level in the promoter regions of 
the above-mentioned genes, exerting its oncogenic role in 
bladder cancer.17 Similarly, Droop et al also reported 
stronger BLACAT1 expression in cancer tissues than in 
adjacent benign tissues, and high BLACAT1 expression 
was significantly associated with poor survival in the 
cohort of TCGA bladder cancer. However, in a different 
cohort of 106 tumor cases, no obvious differences were 
observed in the BLACAT1 expression between tumor and 
benign tissues, and no significant association was found 
with survival or lymph node metastasis. The inconsistency 
might be due to heterogeneity in patient populations, or 
variation in the detection assays used.36 In summary, these 
results showed that BLACAT1 was likely to serve as 
a prognostic predictor and a promising therapeutic target 
for bladder cancer (Figure 1F).

BLACAT1 in Colorectal Cancer
Colorectal cancer (CRC) is the second most common malig
nancy in females and the third most common in males.37 Dai 
et al conducted a comprehensive analysis of 8 GEO datasets 
(GSE77199, GSE76855, GSE62321, GSE8671, GSE32323, 
GSE21815, GSE39582, and GSE20842), and identified 9 sig
nificantly differentially expressed lncRNAs, including upregu
lated BLACAT1. Moreover, they reported a significant 
elevation of plasma BLACAT1 in CRC patients compared to 
healthy controls, demonstrating its potential as 
a supplementary diagnostic biomarker for CRC.38 Through 
analyzing three other independent CRC datasets (GSE9348, 
GSE23878, and GSE22598), Bu et al identified obvious upre
gulation of BLACAT1 expression in all three datasets. Higher 
BLACAT1 expression was also observed in five CRC cell lines 
compared to a normal colon cell line (NCM460). In addition, 
clinical data of CRC patients in the GEPIA database revealed 
that BLACAT1 expression was significantly increased in col
orectal adenocarcinoma tissues, especially in advanced-stage 

cancer tissues. A similar analysis of the GEO dataset 
(GSE18105) found a positive relationship between high 
BLACAT1 level and distant metastasis in CRC. Functional 
experiments demonstrated that proliferation and invasiveness 
of CRC cells were reduced after downregulating BLACAT1. 
The downregulation was found to significantly suppress 
expression of proliferation markers (CCND1 and CDK6) and 
mesenchymal marker (Vimentin), while increasing the expres
sion of epithelial marker (E-cadherin).39 Furthermore, Gao 
et al also reported increased expression of BLACAT1 in 96 
CRC tissues and 3 cell lines (HT29, SW620 and HCT116) 
using qRT-PCR compared with paired adjacent normal mucosa 
and human intestinal epithelial cells (NCM460 and SW480). 
BLACAT1 expression was more markedly expressed in CRC 
patients with larger tumor size, deeper tumor invasion, 
advanced TNM stage, and more lymph node metastasis. 
Kaplan-Meier survival analysis revealed high BLACAT1 
expression was obviously related to reduced overall survival 
time, and multivariate analysis by Cox regression confirmed 
BLACAT1, TNM stage, and distant metastasis as independent 
prognostic factors affecting overall survival of CRC patients. 
After silencing BLACAT1, CRC cell cycle was blocked in 
M phase, inhibiting cell proliferation and facilitating apoptosis; 
meanwhile, the migration and invasion abilities of CRC cells 
were decreased.40 Su et al also observed BLACAT1 expression 
was remarkably amplified in 48 CRC samples, and signifi
cantly related to advanced TNM stage. Moreover, univariate 
and multivariate analyses confirmed high BLACAT1 expres
sion as an independent indicator for unfavorable overall survi
val. Functional experiments demonstrated that BLACAT1 
silencing caused stalling of CRC cells at G0/G1 phase and 
inhibited cell proliferation. Tumorigenicity assay in nude mice 
also revealed that BLACAT1 silencing postponed the growth 
of CRC in vivo. Mechanically, BLACAT1 silencing was found 
to reduce EZH2 chromatin binding and H3K27me3 level on 
p15 promoter, thus suppressing the cell proliferation in CRC 
(Figure 1G).41

BLACAT1 in Gastric Cancer
Gastric cancer is the second leading cause of mortality in 
cancer patients globally.42 A previous study reported upre
gulated expression of BLACAT1 in 85 GC tissues com
pared with adjacent normal gastric tissues, and the same 
was identified in GC cell lines. Upregulation of BLACAT1 
was positively correlated with tumor size, lymph node 
metastasis, and TNM stage. Kaplan-Meier analysis 
detected GC patients in high BLACAT1 group had unfa
vorable overall survival. Additionally, BLACAT1 
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depletion was found to significantly decrease proliferation 
and invasion abilities of GC cell lines (HGC-27 and SGC- 
7901).43 Wu et al also observed that BLACAT1 was dra
matically overexpressed in oxaliplatin (OXA)-resistant GC 
tissue and cells than in OXA-sensitive GC tissue and cells. 
Further research revealed BLACAT1 silencing facilitated 
apoptosis and suppressed metastasis and tumor growth of 
OXA-resistant GC cells in vitro and in vivo. Mechanical 
experiments verified that BLACAT1 modulated the 
expression of ATP binding cassette subfamily B member 
1 (ABCB1) protein via targeting miR-361, and provided 
the pathway of BLACAT1/miR-361/ABCB1 contributing 
to the development of GC chemoresistance (Figure 1H).44

BLACAT1 in Breast Cancer
Among females worldwide, breast cancer is the most 
common malignancy.45 Hu et al observed remarkable 
overexpression of BLACAT1 in 72 breast cancer tissues 
and 7 cancer cell lines. The upregulated expression was 
positively correlated with TNM stage and lymph node 
metastasis. Kaplan-Meier analysis showed shorter survival 
time among breast cancer patients with high BLACAT1 
expression compared to those with lower BLACAT1 
expression. Moreover, knockdown of BLACAT1 signifi
cantly suppressed cell growth and metastasis of breast 
cancer in vitro. Further mechanical research demonstrated 
the potential of BLACAT1 to serve as a ceRNA binding to 
miR-150-5p, which has a target in the 3ʹ-UTR of 
C-C motif chemokine receptor 2 (CCR2) mRNA. Then, 
they validated the critical role of BLACAT1/miR-150-5p/ 
CCR2 axis in the proliferation and metastasis of breast 
cancer cells.46 Owing to its oncogenic role in breast cancer 
progression, BLACAT1 was recommended as a specific 
therapeutic target (Figure 1I).

BLACAT1 in Esophageal Squamous Cell 
Carcinoma
A study by Niu et al reported signally higher BLACAT1 
expression in ESCC tissues and cell lines, which corre
lated with TNM stage and lymph node metastasis. In 
addition, patients with low BLACAT1 expression tended 
to have better overall survival. Then, they further con
firmed BLACAT1 knockdown could inhibit migration 
and invasion in ESCC cells. Moreover, E-cadherin protein 
was increased and EZH2 was decreased after the knock
down of BLACAT1 in ESCC cells. These results disclosed 

that BLACAT1 might influence ESCC metastasis through 
the regulation of EZH2 and E-cadherin (Figure 1J).47

BLACAT1 in Thyroid Cancer
Thyroid cancer is the most frequent endocrine carcinoma 
globally, with papillary thyroid carcinoma (PTC) accounting 
for the majority of thyroid cancer, nearly 80%.1 Inconsistent 
with the results of previous studies in other cancer types, Liao 
et al observed lower expression of BLACAT1 in the plasma of 
PTC cases and discovered obvious relationships between 
BLACAT1 expression and gender as well as lymph node 
metastasis. Additionally, the ROC curve was 0.825 for using 
plasma BLACAT1 to predict the occurrence of lymph node 
metastasis. Multivariable analysis showed that plasma 
BLACAT1 downregulation could be an independent indicator 
for better prognosis in PTC, suggesting BLACAT1 might act 
as a tumor suppressor in PTC.48 More studies are warranted to 
explore the mechanism of the effect of BLACAT1 on the 
progression of PTC.

Conclusion and Future Perspectives
In the recent years, the dysregulation of lncRNAs has been 
gradually identified to be involved in carcinoma progression 
through high-throughput sequencing technologies. 
Accumulating evidence has demonstrated that lncRNAs exert 
various functions in the pathophysiological processes of malig
nant tumors by regulating cell proliferation, apoptosis, differ
entiation, immune response, and invasion.49,50 The molecular 
mechanisms of lncRNAs in cellular biological behavior are 
extremely complex, as they serve as guides, scaffolds, decoys, 
or tethers for other biomolecules.51,52 In addition, many 
lncRNAs have been shown to significantly correlate with the 
prognosis of human cancers and likely to be regarded as 
promising tumor biomarkers or specific therapeutic 
targets.53–55

BLACAT1 was first discovered to be upregulated in blad
der cancer tissues, with similar findings now reported in the 
tissues of breast cancer, CC, CRC, ESCC, GC, glioma, HCC, 
LC, and OS, while downregulation of BLACAT1 was found in 
the plasma of PTC (Table 1). According to the current evi
dence, increased BLACAT1 expression is commonly asso
ciated with advanced tumor stage, larger tumor size, 
metastasis, and reduced survival in human cancers, except 
for PTC (Table 2). Moreover, BLACAT1 has also been 
reported to contribute to chemotherapy resistance in GC and 
NSCLC.

Functional experiments have indicated that BLACAT1 
depletion inhibits the progression of carcinogenesis by 
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suppressing cell proliferation, migration, invasion, and pro
moting apoptosis. A previous study revealed that BLACAT1 
might act mainly in trans, and partially modulate downstream 
targets by physically associating with the PRC2 complex in 
bladder cancer.17 Su et al reported that BLACAT1 was 
involved in the epigenetic repression of p15 by targeting 
PRC2, thus promoting the cell proliferation of CRC.41 

Additionally, BLACAT1 was found to exert its oncogenic 
role by interacting with some miRNAs or modulating several 
classical signaling pathways in tumorigenesis (Figure 1 and 
Table 1). Liu et al showed BLACAT1 could bind to miR-605- 
3p and hereby upregulate miR-605-3p’ target gene VASP, 
promoting the development of glioma.19 Hu et al reported 
that BLACAT1 regulated oncogene CCR2 by competitively 
binding to miR-150-5p in breast cancer.46 The interactions 
between BLACAT1 and several cancer-related signaling path
ways further emphasize its role in tumorigenesis. It was 
reported to regulate EMT-associated proteins and promote 
the progression of glioma, cervical cancer, and lung cancer 
by activating WNT/β-catenin pathway.20,26,31 Besides, present 
evidence pointed out that BLACAT1 could interact with 
STAT3 and enhance the phosphorylation of STAT3, accelerat
ing the proliferation and migration of lung cancer and 
osteosarcoma.28,34

However, our understanding of the role of BLACAT1 
in tumor biology remains in a preliminary stage, and 
detailed molecular mechanisms of BLACAT1 are still 
needed to be systematically explored. Accordingly, further 
studies are essential to determine the accurate roles of 
BLACAT1 in human cancers; moreover, studies with 
a larger sample size should be conducted to improve our 
understanding of the clinical application of BLACAT1 as 
a diagnosis/prognosis biomarker for malignancies.
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