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Abstract
Bioinformatics methods were used to analyze the role of PCAT6 in a variety of tumors and verify its role in oesophageal 
squamous cell carcinoma (ESCC) EC109 cells. The pan-cancer dataset was downloaded from the University of California 
Santa Cruz (UCSC) database to analyze the expression of PCAT6 in pan-cancer and its relationship with prognosis, clini-
cal features, and immune infiltration. The expression and prognosis of PCAT6 in ESCC were verified by Gene Expression 
Omnibus (GEO) and Kaplan–Meier database. CCK8, colony formation, wound healing, Transwell cell invasion (CI), and 
cell migration (CM) assays were used to detect the effect of PCAT6 knockdown on the ability of ESCC cell proliferation 
(CP), CI and CM. Gene Set Enrichment Analysis was used to analyze the signaling pathways involved in the regulation of 
PCAT6. Quantitative real-time PCR and western blotting were used to examine the expression of cancer stem cell-related 
markers and the activation of JAK/STAT pathway in ESCC after PCAT6 knockdown. PCAT6 is significantly up-regulated 
in a variety of tumor tissues, and its expression is closely related to prognosis, clinical features and immune infiltration. 
High expression of PCAT6 leads to poor prognosis in ESCC patients. In ESCC EC109 cells, PCAT6 knockdown inhibited 
the ability of CP, CI, CM, and stemness, and inhibited the activation of JAK/STAT signaling pathway. PCAT6 expression 
is elevated in a variety of tumors. PCAT6 plays an oncogene role in ESCC by activating the JAK/STAT signaling pathway.
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Background

Oesophageal cancer (ESCA) is a widespread gastrointesti-
nal cancer, with an incidence rate ranking seventh world-
wide (604,000 new cases) and a total mortality rate ranking 
sixth in the world (544,000 new cases) [1]. Oesophageal 
squamous cell carcinoma (ESCC) and oesophageal adeno-
carcinoma (EA) are two of the most prevalent histological 

subtypes of ESCA. More than 90% of ESCA cases in China 
are ESCC, which is the leading cause of death in patients 
with ESCA [2]. Surgical and medical treatments are evolv-
ing, but many patients with ESCC are still in the advanced 
stages when diagnosed [3]. The 5-year overall survival 
(OS) rate of patients with ESCC is less than 13%, owing 
to recurrence, extensive cell invasion (CI), and metastasis 
[4]. Therefore, exploring new markers has important clinical 
significance for the early detection and timely therapeutic 
intervention of ESCC.

Long noncoding RNAs (lncRNAs) are over 200 nucleo-
tides long and do not code for proteins [5]. Increasing evi-
dence has shown that lncRNAs play essential function in 
tumour cell proliferation (CP), cell differentiation (CD), CI, 
and cell migration (CM) [6]. LncRNAs can not only be used 
as markers for the early diagnosis of tumours but also as 
therapeutic targets for tumours [7]. Therefore, an in-depth 
study of the role of LncRNAs in tumours has important 
clinical significance. Prostate cancer-associated transcript 6 
(PCAT6) is a newly discovered lncRNA, 764 bp in length, 
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located on chromosome 1q32.1 [8]. PCAT6 was first dis-
covered in keratinocytes. Studies have shown that prostate 
cancer cell metastasis and keratinocyte proliferation in pros-
tate cells are significantly associated with PCAT6 [9, 10]. A 
number of studies have reported that PCAT6 is carcinogenic, 
including prostate cancer [11], bladder cancer [12], ovar-
ian cancer [13], and colon cancer [14].However, there is no 
report on PCAT6 in pan-cancer, and no study on the biologi-
cal function and potential mechanism of PCAT6 in ESCC.

In this study, bioinformatics was used to analyze the 
expression of PCAT6 in pan-cancer and its relationship 
with prognosis, clinical features and immune infiltration of 
various tumors. In addition, we demonstrated that PCAT6 
was significantly upregulated in ESCC tissues, and its high 
expression was related to worse patient prognosis. To the 
best of our knowledge, these results are the first to demon-
strate that PCAT6 accelerates ESCC migration and stemness 
via the JAK/STAT pathway.

Materials and methods

Experimental material

ESCC EC109 cells were obtained from Nanjing Kebai 
Biotechnology Co. Ltd. The cell culture reagents were 
RPMI 1640 medium (Gibco, Australia), foetal bovine 
serum (FBS; Gibco, Australia), and penicillin–strep-
tomycin. The materials used for cell transfection were 
Opti-MEM™ I reduced serum medium (ORSM, Gibco, 
USA), Lipofectamine 3000 reagent (Invitrogen, USA), 
and small interfering RNA (siRNA). siRNA was pur-
chased from RiboBio (Guangzhou, China), and the 
sequences are shown in Supplementary Table 1. RNA 
extraction and quantitative real-time PCR (qRT-PCR) 
were performed using TRIzol (Sangon Biotech, China), 
lnRcute lncRNA First-Strand cDNA Kit (TIANGEN, 
Code NO. KR202), and lnRcute lncRNA qPCR Kit 
(SYBR Green) (TIANGen, Code NO. FP402). Primers 
for PCAT6, JAK2, STAT3, cyclin D1 (CCND1), SOX2, 
SOX9, OCT4, and NANOG were purchased from GEN-
ERAL BIOL (Anhui, China), and the sequences are 
shown in Supplementary Table 2. The reagents for pro-
tein isolation and western blotting were RIPA Lysis 
Buffer (Beyotime Biotech, China), PMSF (Biosharp, 
China), phosphatase inhibitor 100× (Biosharp, China), 
Modified BCA Protein Assay Kit (Sangon Biotech, 
China), nitrocellulose membrane (Beyotime Bio-
tech, China), HRP-labelled Goat Anti-Mouse IgG 
(H + L) (Beyotime Biotech, China), HRP-labelled Goat 

Anti-Rabbit IgG (H + L) (Beyotime Biotech, China), 
ECL chemiluminescence kit (Beyotime Biotech, China), 
CCND1 (Cat# 60,186–1-Ig, 1:5000, mouse monoclo-
nal antibody, Proteintech Group), JAK2 (Cat#A19629, 
1:2000, rabbit monoclonal antibody, ABclonal), STAT3 
(Cat# 60,199–1-Ig, 1:2000, mouse monoclonal antibody, 
Proteintech Group), phosphor (p)-STAT3 (Cat#AP0705, 
1:1000, rabbit monoclonal antibody, ABclonal), phos-
phor (p)-JAK2 (Cat#AP0531, 1:1000, rabbit monoclo-
nal antibody, ABclonal), GAPDH (Cat# 60,004–1-Ig, 
1:20,000, mouse monoclonal antibody, Proteintech 
Group), and Cell Counting Kit-8 (Beyotime Biotech, 
China).

Cell culture

ESCC EC109 cells were grown in complete medium (90% 
RPMI 1640 medium, 10% FBS, and 1% penicillin–strep-
tomycin). The cells were then incubated at 37 °C and 5% 
CO2 until 2–3 days after replacing the medium when the 
cells grew to about 80% confluency; cells in the logarithmic 
growth phase were employed for subsequent experiments.

Transfection

EC109 cells were seeded in six-well plates and trans-
fected with Lipofectamine 3000 reagent when cell 
confluence reached 70–90%. To increase transfection 
efficiency, only basic medium and ORSM were intro-
duced to the wells. Three wells were used as an exam-
ple: configuration A solution (ORSM 375 μL + 22.5 μL 
Lipofectamine 3000 reagent) and B solution (ORSM 375 
μL + 11.25 μL siRNA). The mixture of solution A and 
solution B was kept at 25 ± 5 °C for 10–15 min, and then 
250 μL of the mixture was introduced to each well. The 
cells were collected for further analysis after 24–72 h 
of incorporation.

RNA isolation and qRT‑PCR

TRIzol reagent was used to isolate total RNA from cells, fol-
lowing the manufacturer’s instructions. The lnRcute lncRNA 
First-Strand cDNA Kit was used to remove genomic DNA 
and reverse synthesise the first cDNA strand. Finally, qRT-
PCR was performed using the lnRcute lncRNA qPCR kit 
under the following conditions: 95 °C for 3 min, 40 cycles 
of 95 °C for 5 s, and 60 °C for 15 s. Relative lncRNA PCAT6 
levels in EC109 cells were quantified using the Ct method 
following completion of the reaction.
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Western blotting

Total proteins were extracted using the RIPA Lysis Buffer 
(Strong), PMSF, and phosphatase inhibitor at a ratio of 
100:1:1. The absorbance of the protein samples was meas-
ured using an enzyme-linked immunosorbent assay (ELISA; 
Biotek, USA), and the protein concentration was calcu-
lated based on the standard curve. The target protein was 
separated using 10% SDS-PAGE, followed by transfer to a 
nitrocellulose membrane. CCND1 and STAT3 were blocked 
in 5% skim milk at 25 ± 5 °C for 2 h, JAK2 and p-STAT3 
were blocked in 3% skim milk at 25 ± 5 °C for 2 h, and 
p-JAK2 was blocked in 3% bovine albumin at 25 ± 5 °C for 
2 h. Blots were incubated with the primary antibody at 4 °C 
for 18–24 h, followed by three 1 × TBST-based rinses of 
7 min each. Then, blots were incubated with the secondary 
antibody at 25 ± 5 °C for 2 h, followed by three 1×  TBST 
rinses of 7 min each. Next, chemiluminescence solution was 
added to the blots before exposure. The grey value of protein 
expression was analysed using the ImageJ software.

Cell proliferation (CP) and colony formation (CF) 
assay

The Cell Counting Kit-8 was employed to determine the pro-
liferative ability of ESCC EC109 cells. Cells in the logarith-
mic growth phase were seeded in 12-well plates at a density 
of 2 ×  105 cells/well, followed by incubation for 0, 24, 48, 72, 
and 96 h. Before the measurement, cells were incubated with 
the reagent for 1 h. Then, the liquid was added to the 96-well 
plate at 100 μL/well, followed by absorbance measurement 
via ELISA. The CF ability of EC109 cells was determined 
using a CF assay. Subsequently, 0.5 ×  103 cells/well were 
seeded in six-well plates, grown for 15 days, fixed with para-
formaldehyde for 30 min, and subsequently stained with 1% 
crystal violet for 30 min.

Wound healing assay

A wound healing assay was performed to determine the 
migratory ability of ESCC EC109 cells. A marker was used 
to mark the line under the back of the 6-well plate to ensure 
that each photograph was in the same position. When the 
cells were evenly distributed, and the cell fusion rate was 
90–95%, a 200 μL gun was used for scratching. Scratches 
were straight and uniform in width. After washing 3–6 times 
with PBS, the first photograph was taken under a micro-
scope. RPMI 1640 medium containing 1% FBS was added, 
and the cells were photographed after 24 and 48 h of cul-
ture in a cell incubator. Finally, potential changes in cell 

migratory ability were determined according to the width 
of wound healing.

Transwell assay

Transwell invasion and migration assays were performed 
to determine the CI and CM abilities of the ESCC EC109 
cells. Transwell CI assay: A dilution gel (Matrigel gel: 
RPMI 1640 medium = 1:8) was added to the upper cham-
ber and incubated in a cell culture box for 1 h. 20% 
FBS RPMI 1640 medium was added to the hole as an 
inducer to induce the cells in the upper chamber through 
the hole on the membrane to reach the lower chamber. 
Then, 200 μL of cell suspension without FBS (1 ×  105 
cells/well) was added to the upper chamber. After 48 h 
of culture, the cells were fixed with paraformaldehyde 
for 30 min and stained with 1% crystal violet for 20 min 
after air drying. Finally, the cells in the upper chamber 
were wiped clean, and the cells at the bottom of the 
upper chamber were observed under a microscope. The 
dilution gel was not added for the Transwell CM assay, 
and the cells were cultured in a cell incubator for 24 h. 
The rest of the steps were as reported above.

Bioinformatics analysis

The RNA-seq data and clinical data of 33 tumors in the 
TCGA database were downloaded from the University of 
California Santa Cruz (UCSC, https:// xena. ucsc. edu) data-
base, and the differential expression level of PCAT6 in Pan-
Cancer and its relationship with the survival and clinical 
characteristics of tumor patients were analyzed. Due to the 
small number of normal samples in the TCGA database, we 
used the UCSC database to download the TCGA TARGET 
GTEx dataset (which integrates the data of normal tissues 
in the GTEx database and the data of TCGA tumor tissues) 
to further analyze the differential expression level of PCAT6 
in Pan-Cancer (Tumor name abbreviations see Supplemen-
tary Table 3). The score data of six kinds of immune infil-
trating cells in 33 kinds of tumors were downloaded from 
the Tumor lMmune Estimation Resource (TIMER, https:// 
cistr ome. shiny apps. io/ timer/) database, and the correlation 
between PCAT6 expression and immune cell score was ana-
lyzed. The R language estimate package was used to analyze 
the ImmuneScore and StromalScore of each tumor sample, 
and the correlation between PCAT6 expression and immune 
score was observed in 33 tumors. The gene expression data 
for ESCA and normal oesophageal epithelial tissues were 
downloaded from Gene Expression Omnibus (GEO) data-
base (https:// www. ncbi. nlm. nih. gov/ geo/) (GSE100942, 

https://xena.ucsc.edu
https://cistrome.shinyapps.io/timer/
https://cistrome.shinyapps.io/timer/
https://www.ncbi.nlm.nih.gov/geo/
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GPL570), and the expression data of PCAT6 were extracted 
for differential expression analysis. The online website of 
the Kaplan–Meier plotter (http:// kmplot. com/ analy sis/) was 
used to analyse the survival of PCAT6 patients with ESCA. 
Gene Set Enrichment Analysis (GSEA) was used to analyze 
the signaling pathways involved in the regulation of PCAT6.

Statistical analysis

All data analyses were performed using the R software 
v4.0 and GraphPad Prism 8. Kruskal-Walis test was used to 
analyze the expression level of PCAT6 in different normal 
tissues and different tumor tissues. Kaplan–Meier (K-M) 

survival analysis was used to compare the relationship 
between PCAT6 expression and tumor prognosis. Univari-
ate Cox regression analysis was used to calculate the cor-
relation between PCAT6 expression in tumor and patient 
survival. When p < 0.05 and |R|> 0.20, the correlation is 
considered significant. The experimental data are expressed 
as the mean ± SD, and the t-test was used to compare the 
two groups. p < 0.05 was considered statistically significant 
(*p < 0.05; **p  < 0.01; ***p < 0.001; ****p < 0.0001).

a

b

Fig. 1  Expression of PCAT6 in various tumor tissues. (a) PCAT6 expression levels in tumors in the TCGA database. (b) PCAT6 expression lev-
els in various tumor tissues after integrating data from GTEx and TCGA databases. (*p < 0.05, **p < 0.01, ***p < 0.001)

http://kmplot.com/analysis/
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Results

Expression of PCAT6 in various tumor tissues

The results of the TCGA database pan-cancer analysis 
showed that PCAT6 was expressed in a variety of tumors. 
Compared with normal tissues, PCAT6 mRNA expression 
was significantly up-regulated in GBMLGG, LGG, LUAD, 
COAD, COADREAD, BRCA, ESCA, STES, KIRP, KIPAN, 
PRAD, UCEC, HNSC, LUSC, LIHC, THCA, READ, 
BLCA, and CHOL, and significantly down-regulated in 
KICH (Fig. 1a). The results of TCGA database combined 

with GTEx database showed that the mRNA expression 
of PCAT6 in GBM, STAD, WT, OV, PAAD, UCS, ALL, 
LAML was also significantly up-regulated, and the mRNA 
expression in SKCM and TGCT was also significantly 
down-regulated (Fig. 1b).

The effect of PCAT6 expression on the prognosis 
of tumor patients

The relationship between PCAT6 expression and OS showed 
that PCAT6 had prognostic significance only in ACC, 

Fig. 2  Relationship between PCAT6 expression and prognosis of 
tumor patients. (a) Univariate COx regression analysis of the relation-
ship between PCAT6 and OS in 33 tumors (red represents p < 0.05). 
(b) Univariate COx regression analysis of the relationship between 
PCAT6 and DSS in 33 tumors (red represents  p < 0.05). (c) Uni-

variate COx regression analysis of the relationship between PCAT6 
and DFS in 33 tumors (red represents p < 0.05). (d) Univariate COx 
regression analysis of the relationship between PCAT6 and PFS in 33 
tumors (red represents p < 0.05)
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COAD, KICH, KIRC, LGG, LIHC, SARC, SKCM, THCA 
and UVM (Fig. 2a). The results of K-M survival curve 
showed that the high expression of PCAT6 in ACC, COAD, 
KICH, KIRC, LGG, LIHC, SARC, SKCM and THCA was 
associated with poor prognosis, and the low expression 
of PCAT6 in UVM was associated with poor prognosis 
(Fig. 3a). Considering that there may be factors that cause 
death not caused by tumors during follow-up, we analyzed 
the relationship between PCAT6 expression and progno-
sis Disease Specific Survival (DSS). The results showed 
that PCAT6 had prognostic significance in ACC, KICH, 
KIRC, LGG, SKCM, STAD, THCA, THYM and UVM 
(Fig. 2b). The results of K-M survival curve showed that 
the high expression of PCAT6 in ACC, KICH, KIRC, LGG, 
SKCM, STAD, THCA and THYM was associated with poor 
prognosis, and the low expression of PCAT6 in UVM was 
associated with poor prognosis (Fig. 3b). Subsequently, we 
further analyzed the relationship between PCAT6 expres-
sion and prognosis Disease Free Survival (DFS). The results 
showed that PCAT6 had prognostic significance in ACC, 
BRCA, COAD and ESCA (Fig. 2c). The results of K-M 
survival curve showed that high expression of PCAT6 in 
ACC, COAD and ESCA was associated with poor progno-
sis (Fig. 3c). Finally, we analyzed the relationship between 
PCAT6 expression and progression free survival (PFS). The 
results showed that PCAT6 had prognostic significance in 
ACC, COAD, KICH, KIRC, LICH, PCPG, STAD and UVM 
(Fig. 2d). The results of K-M survival curve showed that 
high expression of PCAT6 in ACC, COAD, KICH, KIRC, 
LICH, PCPG and STAD was associated with poor prognosis 
and the low expression of PCAT6 in UVM was associated 
with poor prognosis (Fig. 3d).

Relationship between the expression of PCAT6 
and the clinical characteristics of patients 
with various tumors

The correlation between the expression of PCAT6 and the 
clinical characteristics of patients with multiple cancers 
was analyzed after excluding the cancers with less than 
3 samples in a single cancer. The results showed that the 
expression of PCAT6 was closely related to the tumor T 
stage and N stage of ESCA, STES, KIPAN, PRAD, HNSC, 

KIRC, LIHC, THCA (Fig. 4a, b; Supplementary Tables 4, 
5) and the tumor M stage of CESC, COADREAD, KIRC, 
PAAD (Fig. 4c; Supplementary Table 6). In addition, the 
expression of PCAT6 was closely related to the tumor stage 
of COAD, COADREAD, KIPAN, KIRC, LIHC, THCA 
(Fig. 4d; Supplementary Table 7) and the tumor grade of 
STES, KIPAN, STAD, HNSC, KIRC, PAAD (Fig. 4e, Sup-
plementary Table 8). Finally, the expression of PCAT6 was 
closely related to the gender of STES, KIRC, LUSC patients 
(Fig. 4f, Supplementary Table 9) and the age of ESCA, 
GBMLGG, LUAD, STES patients (Fig. 4g, Supplementary 
Table 10).

Relationship of PCAT6 expression with tumor 
immune invasion and tumor microenvironment

The correlation between PCAT6 expression and the data of 
six immune infiltrating cells in 33 tumors showed that the 
expression level of PCAT6 was significantly correlated with 
the level of immune infiltration in LGG, HNSC, SKCM, 
PRAD, BRCA, GBMLGG, LUAD, STAD. The expression 
level of PCAT6 was negatively correlated with the levels of 
six tumor-infiltrating immune cells in LGG, HNSC, SKCM, 
PRAD, BRCA, GBMLGG, LUAD, STAD, namely B cells, 
T cells CD4, T cells CD8, dendritic cells, macrophages and 
neutrophils (P < 0.05, Supplementary Fig. 1a). The relation-
ship between PCAT6 expression and ImmuneScore, Stro-
malScore and ImmuneScore of ESTIMATE in 33 tumors 
showed that PCAT6 expression was negatively correlated 
with ImmuneScore of LGG, BRCA and LUAD, negatively 
correlated with StromalScore of BLCA, HNSC and STAD, 
and negatively correlated with ImmuneScore of ESTIMATE 
of LUAD, LUSC and HNSC (Supplementary Fig.  1b; 
Table 11–13).

PCAT6 is upregulated in ESCC and correlates 
with the prognosis of patients with ESCC

The expression level of PCAT6 in ESCC was further verified 
by GEO chip. The results showed that PCAT6 was highly 
expressed in ESCC (p < 0.05, Supplementary Fig. 2a). The 
Kaplan–Meier survival plot showed that elevated PCAT6 
expression correlated with shorter OS in ESCC patients 
(HR = 2.26 (1.03–6.63), p = 0.036) (Supplementary Fig. 2b). 
These results indicate that the PCAT6 was upregulated in 
ESCC and correlated with the poor prognosis of patients 
with oesophageal carcinoma.

Fig. 3  Effect of PCAT6 expression on survival rate of cancer patients. 
(a) Effect of PCAT6 expression on OS in cancer patients. (b) Effect 
of PCAT6 expression on DSS in cancer patients. (c) Effect of PCAT6 
expression on DFS in cancer patients. (d) Effect of PCAT6 expres-
sion on PFS in cancer patients
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PCAT6 acts as an oncogene in ESCC

The experiment was divided into si-LncRNA PCAT6-1, 
si-LncRNA PCAT6-2, si-LncRNA PCAT6-3, and si-NC. 
The si-LncRNA PCAT6-1, with the highest transfection 
efficiency, was selected via qRT-PCR for further experi-
ments (Fig. 5a). CP assay showed that PCAT6 knockdown 
inhibited ESCC EC109 CP (p < 0.05, Fig. 5b). The CF assay 
showed that the CF ability of ESCC EC109 cells was signifi-
cantly inhibited after PCAT6 knockdown (p < 0.05, Fig. 5c). 
The wound-healing assay revealed that the CM distance of 
the si-LncRNA PCAT6 group was shorter relative to that of 
the si-NC group (p < 0.05, Fig. 5d). Transwell CI and CM 
assays showed that the number of invasive and migratory 
cells in the si-LncRNA PCAT6 group was markedly reduced 
compared to those in the si-NC group (p < 0.05, Fig. 5e). 
These results suggest that PCAT6 acts as an oncogene in 
ESCC.

PCAT6 contributes to the maintenance of ESCC 
Cancer Stem cell (CSC) characteristics

The qRT-PCR results showed that after PCAT6 knock-
down, the mRNA expression of SOX2 (p = 0.0098), SOX9 
(p = 0.002), OCT4 (p = 0.003), and NANOG (p = 0.014) 
reduced dramatically (Fig.  5f). Western blot analysis 
revealed that PCAT6 knockdown decreased the protein 
levels of SOX2 (p = 0.022), SOX9 (p = 0.027), OCT4 
(p = 0.045), and NANOG (p = 0.016) (Fig. 5g). Therefore, 
PCAT6 regulates the CSC characteristics of ESCC EC109 
cells by modulating the expression of SOX2, SOX9, OCT4, 
and NANOG.

PCAT6 accelerates the ESCC EC109 CP via the JAK/
STAT pathway

We performed KEGG enrichment analysis to determine the 
possible signalling pathways involved in PCAT6 function 
in ESCC. The screening enrichment results showed the top 
10 signalling pathways (Table 1). The Janus kinase/signal 
transducer of activators of transcription (JAK/STAT) axis is 
a commonly utilised network for cytokine signal transduc-
tion affecting CP, CD, cell apoptosis (CA), and inflammation 
(NES = 2.02, NOM p-value = 0.000, FDR q-val = 0.008). 

qRT-PCR data indicates that PCAT6 knockdown reduced the 
transcript levels of JAK2 (p = 0.016) and CCND1 (p = 0.001) 
but did not affect STAT3 transcript levels (p = 0.404) 
(Fig. 5h). Western blot analysis revealed that after PCAT6 
knockdown, the protein levels of JAK2 (p = 0.025), p-JAK2 
(p = 0.045), p-STAT3 (p = 0.027), and CCND1 (p = 0.023) 
decreased, while the difference in STAT3 protein expression 
level was not statistically significant (p = 0.969) (Fig. 5i). 
These results suggest that PCAT6 regulates the progres-
sion of oesophageal squamous cell carcinoma EC109 cells 
through the JAK/STAT pathway.

Discussion

Increasingly, studies have shown that lncRNA is widely 
involved in regulating gene expression and plays a vital 
role in CP, CD, CA, and tumourigenesis[15]. PCAT6 is a 
newly discovered lncRNA that promotes the progression of 
a variety of tumors [8, 10]. It has been reported that the 
expression of PCAT6 is up-regulated in most tumors such 
as STAD [16], Ovarian Cancer [17] and Cervical Cancer 
[18] compared with normal tissues. This study integrated 
the samples of TCGA and GTEx databases, and observed 
that PCAT6 was highly expressed in various tumors in the 
integrated data. Then according to the expression level of 
PCAT6, the samples were divided into high and low expres-
sion groups, and the prognosis of PCAT6 in pan-cancer was 
further analyzed. The results showed that the expression 
of PCAT6 affected the prognosis of patients with ACC, 
BRCA, COAD, ESCA, KICH, KIRC, LGG, LIHC, SARC, 
SKCM, THCA, UVM, STAD, THYM and PCPG. We also 
analyzed the relationship between PCAT6 expression and 
clinical characteristics of patients. The results showed that 
the expression of PCAT6 was closely related to TNM stage, 
stage, grade, gender and age of different types of cancer. In 
addition, we also studied the relationship between PCAT6 
expression and immune infiltration level and immune score 
in different types of cancer. The results showed that PCAT6 
was involved in tumor immune invasion, and the expression 
level of PCAT6 was correlated with immune score. These 
results suggest that PCAT6 is expected to be a prognostic 
indicator in the above tumors, but further research is needed.

ESCC is a malignant tumour derived from the oesopha-
geal epithelial cells. Since most ESCC patients are at an 
advanced stage at the time of diagnosis, the 5-year OS rate 
for ESCC patients is less than 13% [4]. Therefore, there is 
an urgent need for new and specific molecular markers that 
enhance the efficiency of early diagnosis of ESCC to detect 
and treat diseases early and prolong the 5-year OS rate of 
patients with ESCC. In recent years, the study of lncRNA in 
ESCC has attracted the attention of researchers. For exam-
ple, lncRNAs FER1L4 and NLIPMT are downregulated 

Fig. 4  Relationship between the expression of PCAT6 and the clini-
cal characteristics of patients with various tumors. (a–c) The rela-
tionship between PCAT6 expression and tumor TNM stage. (d) The 
relationship between PCAT6 expression and tumor stage. (e) The 
relationship between PCAT6 expression and tumor grade. (f) The 
relationship between the expression level of PCAT6 and the gender 
of tumor patients. (g) The relationship between the expression level 
of PCAT6 and the age of tumor patients. (*p < 0.05, **p < 0.01, 
***p < 0.001)
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in ESCC and inhibit ESCC growth and invasion [19, 20]. 
LINC01296, lncRNA CASC9, and lncRNA GHET1 are 
highly expressed in ESCC, and their high expression pro-
motes the development of ESCC and adversely affects 
patient prognosis [21–23]. Therefore, we verified the rela-
tionship between PCAT6 and ESCC from biological func-
tion and molecular mechanism. Firstly, we used GEO data-
base and Kaplan–Meier database to analyze the expression 
and prognosis of PCAT6 in ESCC. The results showed that 
PCAT6 was highly expressed in ESCC and associated with 
poor prognosis. Then we knocked down PCAT6 and found 
that PCAT6 knockdown significantly inhibited the ability 
of ESCC cells to CP, CI and CM. In addition, knockdown 
of PCAT6 inhibited mRNA and protein expression levels of 
CSC-related markers (SOX2, SOX9, OCT4, NANOG). It 
indicates that PCAT6 exists in ESCC as an oncogene.

We also performed GSEA and found that PCAT6 may 
affect ESCC proliferation and metastasis by regulating the 
JAK / STAT pathway. The JAK/STAT axis, a stress inflam-
matory signalling network, regulates multiple biological 
processes like CP, CD, CA, and immune response [24]. For 
example, the lncRNA LINC00669 promotes nasopharyngeal 

cancer CP and CI by activating the JAK/STAT network [25]. 
The lncRNA BRCAT54 inhibits tumourigenesis of NSCLC 
by interacting with RPS9 to regulate the JAK/STAT path-
way [26], indicating that lncRNA is associated with the 
JAK/STAT pathway. The results showed that the expression 
of JAK/STAT pathway-related proteins was reduced after 
PCAT6 knockdown, indicating that PCAT6 inhibited the 
activation of JAK/STAT signaling pathway.

Notably, STAT3 is a CSC-related marker that regulates 
stemness and metastasis of tumour cells [27]. Wang et al. 
[28] reported that STAT3 influences the characteristics of 
stem cells in cervical carcinoma, thereby affecting the occur-
rence and metastasis of cervical carcinoma. Tian et al. [29] 
reported that AP markedly abrogated the DOX-triggered 
stemness and metastasis of osteosarcoma cells by suppress-
ing Sox2 via the STAT3 network. Therefore, based on the 
mechanism of the JAK/STAT pathway, we speculate that 
when the kinase function of JAK2 is activated, it first leads 
to the self-phosphorylation of JAK2; subsequently, phospho-
rylated JAK2 can phosphorylate STAT3 as the substrate of 
JAK2 kinase and downstream signalling molecules to form 
activated STAT3. Then, activated STAT3 enters the nucleus 
and binds to DNA to regulate the expression of CSC-related 
markers, affecting tumour stemness. Taken together, the 
JAK/STAT axis contributes to multiple biological functions 
like CP, CD, and CA, which may be achieved by affecting 
tumour stemness.

In conclusion, in most tumors, the expression of PCAT6 
is related to the prognosis, clinical characteristics and 
immune infiltration level of tumor patients. PCAT6 is highly 
expressed in ESCC and its high expression is associated with 
poor prognosis. Functionally, PCAT6 promotes CP, CI and 
CM in ESCC EC109 cells. Mechanistically, PCAT6 pro-
motes ESCC progression by activating the JAK/STAT sign-
aling pathway. It indicates that PCAT6 may be a potential 
biomarker for ESCC treatment.

Fig. 5  PCAT6 through the JAK/STAT pathway to accelerate pro-
liferation, invasion, migration, and stemness of ESCC. (a) The effi-
ciency of PCAT6 knockdown in ESCC EC109 cells was assessed via 
qRT-PCR. (b) The outcome of PCAT6 knockdown on proliferation 
of ESCC EC109 cells by CCK8 assay. (c) The outcome of PCAT6 
knockdown on the colony formation of ESCC EC109 cells assessed 
via colony formation assay. (d) The outcome of PCAT6 knockdown 
on wound healing of ESCC EC109 cells via wound healing assay. 
(e) The outcome of PCAT6 knockdown on migration and invasion 
of ESCC EC109 cells via Tanswell migration and invasion assay. 
(f–g) Outcome of PCAT6 knockdown on the SOX2, SOX9, OCT4, 
and SOX2-related gene expression in ESCC EC109 cells. (h–j) Out-
come of PCAT6 knockdown on the expression of JAK/STAT net-
work-related genes and proteins, namely, JAK2, STAT3, CCND1, 
P-JAK2, and P-STAT3 in ESCC EC109 cells. (*p < 0.05, **p < 0.01, 
***p < 0.001)

◂

Table 1  Enrichment results of PCAT6 gene expression dataset GSEA

NAME SIZE ES NES NOM p-val FDR q-val

KEGG_LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION 116 0.519617 1.91 0 0.015602
KEGG_JAK_STAT_SIGNALING_PATHWAY 155 0.521225 2.02 0 0.007801
KEGG_CHEMOKINE_SIGNALING_PATHWAY 187 0.534294 2.04 0.004141 0.007265
KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 263 0.556346 0.78 0 0.001423
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 102 0.557832 2.01 0.001996 0.007403
KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY 62 0.576229 1.93 0.004073 0.011961
KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY 108 0.583369 2.03 0.002062 0.007551
KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY 75 0.588845 2.01 0 0.00691
KEGG_ANTIGEN_PROCESSING_AND_PRESENTATION 81 0.604075 1.94 0.001946 0.012285
KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 132 0.612202 2.27 0 0
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