
Zhou et al. Mol Med           (2021) 27:85  
https://doi.org/10.1186/s10020-021-00345-9

RESEARCH ARTICLE

Association of CASC18/miR‑20a‑3p/TGFB2 
ceRNA axis with occult lymph node metastasis 
in tongue squamous cell carcinoma
Bo Zhou1,2,3, Yue Zhou1,3,4, Ying Liu5, Hailin Zhang2,3, Huangxing Mao2,3, Mingjing Peng1,3,4, Anji Xu2,3, Zan Li2,3, 
Hui Wang4, Haolei Tan2,3, Huayi Ren1, Xiao Zhou1,2,3 and Ying Long1,3,4*   

Abstract 

Background:  Tongue squamous cell carcinoma (TSCC) ranks as the most prevalent malignancy in the oral cavity. 
TSCC patients with occult lymph node metastasis (OLNM) are thought to be at risk of worse outcome. However, regu-
latory mechanisms underlying OLNM remain less investigated.

Methods:  In the present study, CASC18/miR-20a-3p/TGFB2 axis was identified and evaluated by bioinformatic and 
qRT-PCR analyses. Effects of CASC18 knockdown on cell migration and invasion were determined by wound healing 
and transwell assays. Western blot, ELISA, RNA pulldown and luciferase reporter assays were performed for mecha-
nism verification.

Results:  CASC18 was identified up-regulating in TSCC tumours, and especially in those from patients with OLNM. 
Importantly, we found higher CASC18 expression was positively correlated with the presence of OLNM and worse 
outcome of TSCC patients. Furthermore, we demonstrated that CASC18 knockdown repressed cell migration and 
invasion through inhibiting epithelial-mesenchymal transition, which could be partly rescued by miR-20a-3p inhibitor. 
Regarding the molecular mechanism, we further confirmed that CASC18 functioned as a ceRNA to sponge miR-
20a-3p to enhanceTGFB2 expression and secretion.

Conclusion:  In conclusion, we have reported a novel CASC18/miR-20a-3p/TGFB2 ceRNA axis in OLNM of TSCC. Our 
findings will contribute to a deeper understanding of the molecular mechanism of OLNM in TSCC, and facilitate the 
development of diagnostic methods for assisting treatment decision-making.
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Introduction
Tongue squamous cell carcinoma (TSCC) is the most 
prevalent malignancy in the oral cavity, with an increas-
ing incidence in the past decades (Bray et  al. 2018; 
Miller et  al. 2019; Gulland and Gulland 2016). The 
presence of lymph node metastasis is one of the most 

accurate predictors of prognosis for TSCC patients. 
With advances in detection and treatment, TSCC out-
comes have improved in recent years (Jansen et al. 2018). 
However, approximately 20–40 % of TSCC patients with 
a clinical N0 (cN0) neck are subsequently diagnosed 
with micro-metastasis in the lymph nodes after care-
ful pathological examination (Ganly et  al. 2012; Bilde 
et al. 2008). These patients harboring occult lymph node 
metastasis (OLNM) would miss the opportunities of 
therapeutic neck dissection unless their clinical N stage 
is accurately assessed prior to treatment. Thus, dissecting 

Open Access

Molecular Medicine

*Correspondence:  longying@hnca.org.cn
1 Translational Medicine Centre, Hunan Cancer Hospital and the Affiliated 
Cancer Hospital of Xiangya School of Medicine, Central South University, 
283 Tongzipo Road, Changsha 410013, Hunan, People’s Republic of China
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-0559-3012
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s10020-021-00345-9&domain=pdf


Page 2 of 13Zhou et al. Mol Med           (2021) 27:85 

the molecular mechanisms involved in OLNM is of great 
clinical importance.

Recent high-throughput studies are contributing to an 
improved understanding of the molecular mechanism 
concerning various phenotypes, such as carcinogenesis 
(Sun et al. 2018), metastasis (Tian et al. 2017), and chem-
oresistance (Dai et  al. 2019). These cancer-associated 
phenotypes are at least partly controlled by differentially 
expressed genes (DEGs), including long non-coding RNA 
(lncRNA), microRNA (miRNA), and protein-coding gene 
(PCG). Recently, these three types of molecules can be 
linked together according to the competing endogenous 
RNA (ceRNA) regulatory hypothesis (Salmena et  al. 
2011). Some lncRNAs can act as miRNA sponges to reg-
ulate the expression of PCG through competitively bind-
ing to shared miRNAs. Although increasing evidence has 
been well documented that ceRNA network plays pivotal 
roles in many cancers (Qi et al. 2015), even in TSCC, cur-
rent knowledge for roles of ceRNA regulation in OLNM 
of TSCC is not enough.

In the present study, we first identified the ceRNA axes 
mediated by aberrantly expressed lncRNAs in TSCC with 
OLNM via mining the sub-dataset of TCGA-HNSC pro-
ject. Functional enrichment analysis was performed to 
reveal the potential roles of this OLNM-related lncRNA. 
Through bioinformatic prediction and in  vitro experi-
ments, we further confirmed that CASC18 functions as 
a ceRNA to regulate cell migration and invasion via miR-
20a-3p/TGFB2 axis. Our results provide novel insights 
into the ceRNA regulation mechanism and reveal poten-
tial roles of CASC18 in OLNM of TSCC.

Materials and methods
Tissues and cell line
34 FFPE samples of TSCC were collected with the con-
sent of patients, and the experiments were approved by 
the ethics committee of Hunan Cancer Hospital (KYJJ-
2020-222), Changsha, China. TSCC cell line CAL27 was 
purchased from Shanghai Genechem Co., Ltd, and cul-
tured in DMEM with 10 % FBS (Gibco, Gaithersburg, 
MD,) as routine. For RNAi, siRNAs (si-CASC18#1: ACC​
TAG​TCA​TAC​ATC​CTA​A; si-CASC18#2: CCT​TAT​CCC​
TGG​ATG​GAA​A) were transfected into CAL27 cells with 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) for 48 h.

Acquisition and DEG screening of RNA‑seq data
The gene expression data and clinical information of 
TCGA-HNSC subset were downloaded from The Can-
cer Genome Atlas (TCGA; cancergenome.nih.gov), 
and data of TSCC patients were filtered. Subsequently, 
the DESeq2 (version 1.22) package (https://​bioco​nduct​
or.​org/​packa​ges/​DESeq2/) was used to screen for 

TSCC- and OLNM-related DEGs with the cut-off val-
ues of |log2FC|≥1 (where FC is fold change)and adjusted 
p < 0.05 (Love et  al. 2014). The ggplot2 (version 3.3, 
cran.r-project.org/package = ggplot2) and ggpubr (ver-
sion 0.2.3, https://​rpkgs.​datan​ovia.​com/​ggpubr) packages 
were used to display the results as volcano plots (Maag 
and Maag 2018; Ito et al. 2013). Then, the intersection of 
the DEGs was calculated, and the result was visualized as 
Venn diagrams using the VennDiagram package (https://​
CRAN.R-​proje​ct.​org/​packa​ge=​VennD​iagram) in R (ver-
sion 3.4.3; www.r-​proje​ct.​org) (Chen et  al. 2011) . To 
identify the correlation between differentially expressed 
lncRNAs and PCGs, the Pearson correlation coefficient 
(PCC) value was subsequently calculated for each pair of 
lncRNA-PCG. Pairs with |PCC| > 0.45 (p < 0.05) and cor-
rected p-value < 0.05 were considered as statistically sig-
nificant correlation.

Functional enrichment analysis
The WEB-based GEne SeT AnaLysis Toolkit (WebGe-
stalt, version 2019, http://​www.​webge​stalt.​org/) (Liao 
et al. 2019)  was applied to map candidate PCGs, corre-
lated with differentially expressed lncRNAs, onto their 
associated biological annotation, with Gene Ontology 
(GO; www.​geneo​ntolo​gy.​org) (Gene Ontology Con-
sortium 2017; Ashburner et  al. 2000). All significantly 
enriched terms, with adjusted p < 0.05, were visualized by 
using the ggcorrplot (version 0.1. 3, CRAN.R-project.org/
package = ggcorrplot) package.

Fluorescence in situ hybridization (FISH)
FISH was executed to determine the subcellular location 
of CASC18 in CAL27 cells. Fluorogenic probes targeting 
CASC18, 18 S and U6 were designed and synthesized by 
RiboBio (Guangzhou, China). Hybridization was carried 
out overnight according to the manufacturer’s instruc-
tions. All fluorescent images were captured with the 
same exposure setting and illumination.

qRT‑PCR
For Formalin-Fixed and Paraffin-Embedded (FFPE) 
samples, the total RNA was extracted from at least four 
10-µm FFPE scrolls using the RNeasy FFPE Kits (QIA-
GEN, Germantown, MD), and then reverse transcribed 
to cDNA using PrimeScriptTM RT-PCR Kit (Takara, 
Dalian, China) in accordance with the manuals. The 
expression level of CASC18 was detected, and samples 
were divided into low and high expression groups by the 
median value of this lncRNA. Subsequently, comparison 
of VIM (vimentin) and CDH1 (E-cadherin) expression 
between two groups were performed. For cells, nuclear 
and cytoplasmic RNA were isolated using the PARIS™ Kit 
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https://bioconductor.org/packages/DESeq2/
https://rpkgs.datanovia.com/ggpubr
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(Ambion), and the total RNA was extracted by using Tri-
zol reagent (Invitrogen, Carlsbad, CA). For miRNA quan-
titation, reverse transcriptions were performed using the 
PrimeScript RT Reagent Kit (Takara, Dalian, China) with 
specific stem-loop primers, designed and synthesized by 
RiboBio (Guangzhou, China). qRT-PCR was performed 
using SYBR® Premix DimerEraser™ (Takara, Dalian, 
China) in Roche LightCycler 480 II Real-Time PCR sys-
tem (Roche, Basel, Switzerland). The threshold cycle 
value (Ct) of each product was determined and normal-
ized against that of the internal control of β-actin (for 
lncRNA/PCG) or U6 (for miRNA), and the differences 
were compared by t-test using SPSS 23.0, with p < 0.05 
considered as statistically significant. Primer pairs for 
gene expression quantitation were as follows: CASC18-
F: 5′-TGT​ATA​GTC​TAG​CCA​AGT​CC-3′, CASC18-R: 
5′-ATT​TCA​GCC​ATC​TTC​AGT​CCC-3′, β-actin-F: 
5′-ACC​CTG​AAG​TAC​CCC​ATC​GAG-3′, β-actin-R: 
5′-AGC​ACA​GCC​TGG​ATA​GCA​AC-3′, VIM-F: 5′-CGA​
GGA​GAG​CAG​GAT​TTC​TC-3′, VIM-R: 5′-GGT​ATC​
AAC​CAG​AGG​GAG​TGA-3′, CDH1-F: 5′-TGC​CCA​GAA​
AAT​GAA​AAA​GG-3′, CDH1-R: 5′-TGC​CCA​GAA​AAT​
GAA​AAA​GG-3′.

ELISA
The concentration of TGF-β2 in CAL27 culture super-
natants was measured by using ELISA kit (Cloud-Clone 
corp., Wuhan, China), according to the manufacturer’s 
instructions.

Luciferase reporter assay
The fragments of CASC18-wt (wildtype) and CASC18-
mut (miR-30a-3p binding site mutation) were ligated 

into pcDNA3.1 vector to form two plasmids. Vectors 
for Luciferase reporter assay were generated based on 
the pmirGLO Dual-Luciferase miRNA Target Expres-
sion Vector (Promega, Madison, WI). Then, pmirGLO-
TGFB2 3′-UTR-wt (wildtype) and pmirGLO-TGFB2 
3′-UTR-mut (miR-20a-3p binding site mutation) were 
constructed, and the plasmids was co-transfected with 
miR-20a-3p mimics, negative control, pcDNA3.1-
CASC18-wt, and pcDNA3.1-CASC18-mut into CAL27 
cells with Lipofectamine 2000 according to the guide-
lines, respectively. The relative luciferase activity was 
measured with the Dual-Luciferase Reporter Assay Sys-
tem (Promega, Madison, WI).

RNA pulldown
The biotinylated DNA probe complementary to CASC18 
and was synthesized (GenePharm, Shanghai, China), 
with a random probe as the control. M-280 streptavidin 
magnetic beads (Sigma-Aldrich, St. Louis, MO) were 
coated by incubating with the probes, respectively. The 
cell lysates of CAL27 transfected with si-CASC18#2 or 
si-NC were prepared after 48 h. Lysates were then incu-
bated with the probe-coated beads at 4 °C overnight, and 
molecules interacted with CASC18 were captured after 
washing. The bound RNAs were subsequently purified 
using TRIzol and the miR-20-3p abundance was finally 
measured by qRT-PCR.

Wound healing assay
As cells at 80 % confluence in a six-well culture dish, the 
monolayer was scraped with a sterile 200 µl pipette tip. 
The cells were cultured in a culture medium with 3 % 
FBS and 1 % penicillin/streptomycin (TransGen, Beijing, 

Fig. 1  Identification of lncRNAs differentially expressed in tumors derived from TSCC patients with OLNM. Volcano plots exhibit DEGs A in TSCC 
tumors as compared with the normal tissues, and in B tumors derived from TSCC patients with or without OLNM, with the symbols of differentially 
expressed lncRNA indicated. Red color meant up-regulated genes, and the blue color meant down-regulated genes. C Schematic illustration 
exhibiting overlap of differentially expressed lncRNAs. Red represents differentially expressed lncRNAs related to TSCC, blue represents differentially 
expressed lncRNAs related to OLNM, and the overlapping area represents the commonly changed lncRNAs
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China). Images were captured at 0, 24, and 48 h after the 
scratch was made. Image-Pro Plus v6.0 image analysis 
software was used to analyse the cell wound healing rate 
as described in our previous study (Dong et al. 2019).

Transwell invasion assay
The transwell invasion assay was performed using 
the transwell (Corning, NY, USA) and matrigel (BD 

Biosciences, San Jose, CA) as described previously (Jus-
tus et  al. 2014), with slight modifications. Cells were 
added into the upper chamber. After 36 h of incubation 
at 37  °C in 5 % CO2, cells invading through the matrigel 
and membrane to the lower surface were fixed and 
stained with Crystal violet for 10  min. The number of 
invaded cells were counted in 6 randomly selected visual 
fields under the microscope.

Fig. 2  Functional enrichment and correlation analyses of candidate lncRNA-related PCGs
A Enriched GO terms of candidate lncRNA-related PCGs were visualized as a bar graph. BP meant biological process, CC meant cellular component, 
and MF meant molecular function. B Schematic illustration exhibiting overlap of enriched PCGs. Red represents genes enriched in GO: 0008544, 
and blue represents genes enriched in GO: 0098742. C Corrplot presentation of correlation between 9 lncRNAs and 4 PCGs
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Western blot
The harvested cells were lysed in RIPE buffer at 4 ℃ for 
30  min and centrifuged at 15,000×g for 15  min for the 
protein sediment. Equal amount of proteins was loaded 
to SDS-polyacrylamide gel electrophoresis (SDS–PAGE) 
for separation, and then transferred to PVDF membranes 
(Millipore, Billerica, MA) according to the standard pro-
tocol. Subsequently, the membrane was incubated with 

primary antibodies (ProteinTech Group Inc., Chicago, 
IL) against TGF-β2 (1:2000 dilution), E-cadherin (1:1,000 
dilution), N-cadherin (1:1000 dilution), Vimentin (1:1500 
dilution) and β-actin (FN; 1:2000 dilution) overnight at 
4 °C. After incubating with the corresponding secondary 
antibody for 1 h at room temperature, the immunoblot-
ting signals were measure with enhanced chemilumines-
cence (ECL) kit (Pierce, Rockford, IL).

Fig. 3  Flowchart for ceRNA axes screening
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Statistical analysis
Data were presented as mean ± SD from at least three 
separate experiments, with a p-value < 0.05 considered 
statistically significant. The Student t test, Wilcox test, 
log-rank test, or Fisher exact test was used for compari-
sons between groups. The Kaplan–Meier method was 
used to estimate overall survival.

Results
Identification of DEGs associated with OLNM in TSCC
A total of 53 cN0M0 TSCC patients were selected from 
the TCGA-HNSC cohort through filtration of TNM stage 
and anatomic sites. To understand expression differ-
ences between TSCC patients with and without OLNM, 
we carried out differential gene expression analysis and 
identified 28 differentially expressed lncRNAs (Fig.  1A). 
Among them, 6 genes were up-regulated and 22 genes 
were down-regulated (Additional file 1: Table S1).  Then, 
expression data of 13 pairs of TSCC tissues and corre-
sponding adjacent non-cancerous tongue tissues were 
obtained from TCGA-HNSC cohort. Comparing the 
TSCC tissues with the normal tongue tissues, a total of 
1224 DEGs were identified, comprising 746 up-regulated 
lncRNAs and 478 down-regulated lncRNAs (Fig.  1B, 

Additional file 1: Table S2). Subsequently, when the DEGs 
were investigated for overlap, a total of 9 consistently 
aberrant genes were identified (Fig. 1C).

Exploration of potential ceRNA axes by bioinformatics 
analysis
The correlation between each lncRNA and PCG expres-
sion was evaluated by the Pearson correlation coefficient 
(PCC) analysis in the TCGA-TSCC subset. A total of 
1758 PCGs were found correlated with at least one of 9 
common lncRNAs (PCC > 0.45, p < 0.05). Subsequently, 
these 1758 PCGs were subjected to GO enrichment anal-
ysis. As shown in Fig. 2A, they were enriched significantly 
into 15 diverse GO terms, being categorized into three 
functional groups: Biological process (BP), cellular com-
ponent (CC) and molecular function (MF). Among these 
terms, “cell-cell adhesion via plasma-membrane adhe-
sion molecules” was the term related to cancer metas-
tasis, and abnormal expression of genes in “epidermis 
development” may partly contribute to tumorigenesis of 
TSCC. Then, overlapping genes, TGFB2, DSG1, DSC1 
and DSC2, were identified between mentioned two terms 
by the intersecting analysis (Fig.  2B). The correlation of 
9 lncRNAs to 4 PCGs was visualized in Fig. 2C. With a 

Fig. 4  The expression pattern and clinical characteristics of CASC18 in TCGA-TSCC cohort and CAL27
CASC18 is highly expressed in tumors as compared with A the normal tissues, B matched adjacent tissue in TCGA-TSCC cohort. CASC18 is C highly 
expressed in tumors derived from patients with OLNM as compared with those without OLNM, D positively correlated with TGFB2 expression, and 
E poor prognosis predictor. F The subcellular distribution of CASC18 was assessed by FISH staining in CAL27 cells, with the reference of 18 S and U6. 
G The abundance of CASC18 in nuclear and cytoplasmic RNA was determined and normalized against that of the internal control of 18 S and U6. 
Data are presented as mean ± SD, with a p-value < 0.05 considered statistically significant
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multi-step filtration strategy (Fig. 3), we then investigated 
the potential regulatory axes between each lncRNAs and 
PCGs. A total of 539 miRNA-lncRNA pairs were pre-
dicted by lncBase computational methods. After removal 
of miRNAs (1) expressed in less than 50 % TCGA-TSCC 
samples, (2) with interaction score < 0.85, (3) with < 5 
binding sites in the target lncRNA, 12 candidate miR-
NAs were selected. By using miRWalk computational 
methods, 1525 miRNA-mRNA pairs were obtained. A 
list of 220 miRNAs was collected after deleting miRNAs 
expressed in less than 50 % TCGA-TSCC samples. Over-
lapping the lncRNA-related miRNA and mRNA-related 
miRNA, we selected 4 candidate miRNAs and formed 
9 triple gene axes. Interestingly, only the CASC18/miR-
20a-3p/TGFB2 axis met lncRNA-mRNA positive correla-
tion, and thus was selected for further validation.

Expression and characterization of CASC18 in TSCC
In TCGA-TSCC cohort, the significantly lower level of 
CASC18 expression was detected in normal tongue tis-
sues when compared with TSCC (p = 0.007) but also 
corresponding tumor tissues (p = 0.040), respectively 

(Fig.  4A, B). Moreover, Fig.  4C showed that CASC18 
obviously enhanced in tumor samples of TSCC patients 
with OLNM (p = 0.001). Results of PCC analysis (Fig. 4D) 
showed markedly positive correlation between CASC18 
and TGFB2 (PCC = 0.487, p < 0.01). What is more impor-
tant, increased CASC18 expression is associated with 
worse prognosis of patients in TCGA-TSCC cohort 
(Fig.  4E). To further investigate the subcellular localiza-
tion of this lncRNA, fluorescence in  situ hybridization 
(FISH) and quantitative real-time PCR (qRT-PCR) assays 
were performed. The results demonstrated that CASC18 
was predominantly localized in the cytoplasm (Fig.  4F, 
G), implying that CASC18 can act as a sponge of miRNA 
and function as a ceRNA in cytoplasm. Then, we further 
examined CASC18 expression in an independent cohort 
of 34 TSCC FFPE samples, and determined the correla-
tion between their CASC18 expression and clinicopatho-
logic characteristics. As shown in Table 1, high CASC18 
expression was positively associated with TSCC tumors 
characterized by the Pathologic N stage (p = 0.006) as 
well as OLNM (p = 0.006).

Knockdown of CASC18 inhibited cell migration 
and invasion in vitro
To investigate the biological function of CASC18, we 
interfered its expression by transient transfecting of 
siRNA in CAL27 cells. Obviously, si-CASC18#2 displayed 
the most significant suppression on silencing CASC18 
(Fig.  5A). Wound healing assay showed that CASC18 
knockdown repressed cell migration in CAL27 cells, 
and si-CASC18#2 displayed a greater inhibitory effect 
(Fig. 5B). Likewise, the transwell assay also indicated the 
suppressive effect of CASC18 downregulation on cell 
invasion (Fig. 5C). However, MTT assay did not show a 
significant effect of CASC18 expression on cell prolifera-
tion (data not shown). Considering the association of epi-
thelial-mesenchymal transition (EMT) with cell mobility 
and invasion, as well as the key role of TGF-β pathway 
in EMT, we further detected the expression level of TGF-
β2 and EMT-related markers by western blot. Our result 
revealed that expression of TGF-β2, as well as N-cad-
herin and Vimentin, which are mesenchymal markers, 
was decreased; whereas expression of E-cadherin, an epi-
thelial marker, was alternatively increased after CASC18 
RNAi (Fig.  5D). Additionally, results of qRT-PCR indi-
cated that VIM was highly expressed in FFPE samples 
carrying high CASC18 expression, while CDH1 was 
highly expressed in those carrying low CASC18 expres-
sion (Fig.  5E). Besides, we found that CASC18 knock-
down significantly decreased TGF-β2 secretion in CAL27 
culture supernatants (Fig.  5F). These results suggested 
the correlation among CASC18, TGFB2 and EMT in pro-
motion of CAL27 cell migration and invasion.

Table 1  Relationship between CASC18 expression and 
clinicopathologic characteristics of TSCC patients

Clinical information CASC18 (n = 34) p-value

Low expression High expression

Age at diagnosis (year) 1.000

 < 51 7 (41.2 %) 10 (58.8 %)

 ≥ 52 10 (58.8 %) 7 (41.2 %)

Sex 0.493

 Female 4 (23.5 %) 4 (23.5 %)

 Male 13 (76.5 %) 13 (76.5 %)

Smoking 0.303

 No 11 (64.7 %) 7 (41.2 %)

 Yes 6 (35.3 %) 10 (58.8 %)

Clinical T stage 0.224

 T1 7 (41.2 %) 3 (17.6 %)

 T2 10 ( 58.8 %) 13 (76.5 %)

 T3 0 (0.0 %) 1 (5.9 %)

Pathologic T stage 0.338

 T1 4 (23.5 %) 1 (5.9 %)

 T2 11 (64.7 %) 13 (76.5 %)

 T3 2 (11.8 %) 3 (17.6 %)

Pathologic N stage 0.006

 N1 14 (82.4 %) 5 (29.4 %)

 N2 1 (5.9 %) 8 (47.1 %)

 N3 2 (11.8 %) 4 (23.5 %)

OLNM 0.006

 No 14 (82.4 %) 5 (29.4 %)

 Yes 3 (17.6 %) 12 (70.6 %)
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CASC18 acts as a miR‑20a‑3p sponge to prompt CAL27 cell 
migration and invasion via regulating TGFB2 expression
To compare levels of miR-20a-3p in CAL27 cells after 
CASC18 knockdown, we transfected CAL27 cell with 
siRNAs against CASC18 and si-NC. The expression of 
miR-20a-3p unchanged with the decrease of CASC18 
(Fig.  6  A), indicating that CASC18 did not regulate 
miR-20a-3p expression. We then constructed luciferase 
plasmids containing a TGFB2 wildtype 3′UTR (TGFB2 
3′UTR-wt) or a mutated TGFB2 3′UTR (TGFB2 3′UTR-
mut), whose miR-20a-3p binding site mutated. Luciferase 
assay showed that miR-20a-3p inhibitor significantly 
enhanced luciferase activity of TGFB2 3′UTR-wt, but it 
presented less effect on the TGFB2 3′UTR-mut (Fig. 6B). 
Moreover, CASC18 knockdown could also decrease the 
luciferase activity of TGFB2 3′UTR-wt, and this change 
can be partially eliminated by treating with the miR-
20a-3p inhibitor. What is more important, miR-20a-3p 
inhibitor and CASC18 knockdown had no influence on 
the luciferase activity of TGFB2 3′UTR-mut, indicating 

regulation in a miR-20a-3p binding-site dependent man-
ner. To next determine the binding property between 
miR-20a-3p and CASC18, RNA-pull down assay was 
performed. The biotinylated probe was firstly used to 
pulldown CASC18 in CAL27. (Fig.  6C, left panel). Sub-
sequently, the enrichment of miR-20a-3p, which was cap-
tured by CASC18, was measured in CAL27. However, 
silencing of CASC18 significantly decreased the abun-
dance of miR-20a-3p (Fig. 6C, right panel), indicating the 
binding interaction between miR-20a-3p and CASC18. 
The above results suggest that CASC18 elevates TGFB2 
expression and secretion via sponging miR-20a-3p in 
TSCC cells. To further validate the role of CASC18/mir-
20a-3p/TGFB2 axis in CAL27 cell migration and inva-
sion, we performed the rescue experiments. As expected, 
exogenous miR-20a-3p inhibition significantly deprived 
the suppression role of cell mobility by CASC18 down-
regulation in CAL27, when compared with CASC18 
RNAi alone (Fig.  7A, B). Moreover, results of western 
blot and Enzyme-linked immunosorbent assay (ELISA) 

Fig. 5  Silencing CASC18 inhibits CAL27 cell migration and invasion through repressing TGFB2-mediated EMT
A The silencing of CASC18 was conducted with the transfection of si-CASC18#1 and si-CASC18#2, as compared with si-NC. Representative photos 
of B wound healing and C assays indicate the role of CASC18 RNAi in cell migration and invasion. The right histograms denote the percentage of 
wound closure and the relative number of invaded cells, respectively. The impact of CASC18 knockdown on the D expressions of TGFB2, E-cadherin, 
N-cadherin, Vimentin by western blotting analysis with the reference of β-actin. E The mRNA levels of VIM and CDH1 genes were detected by 
qRT-PCR in two groups of clinical samples carrying high or low CASC18 expression. F The impact of CASC18 knockdown on the secretion of TGFB2 
by ELISA. Data are presented as the mean ± SD. *p < 0.05
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revealed that expression and secretion of TGF-β2 were 
alternatively increased after miR-20a-3p inhibition in 
CASC18 knockdown CAL27 (Fig. 7C, D). Taken together, 
our results suggest that CASC18 stimulates EMT via 
relieving miR-20a-3p-mediated TGFB2 repression, and 
thus plays an ultimate role in regulating TSCC cell migra-
tion and invasion (Fig. 8).

Discussion
For TSCC patients harbouring OLNM, prophylactic neck 
dissection was not routinely performed, attributing to the 
misclassification of a cN0 neck. Consequently, most of 
these patients suffered from the disease recurrence and 
metastases with a worse outcome. However, the molecu-
lar mechanisms involved are not clearly defined. In the 
present study, we found CASC18 expression was asso-
ciated with the status of OLNM in TSCC cohorts, and 
acted as a ceRNA to modulate cell migration and inva-
sion via miR-20a-3p/TGFB2 axis.

In the last decade, considerable studies have identified 
that lncRNAs played critical roles in carcinogenesis and 
metastasis (Lv et al. 2021; Yao et al. 2019; Poursheikhani 
et al. 2021). To data, the ceRNA hypothesis sparked new 
areas of lncRNA research on gene expression regula-
tion, but some controversy still surrounded it (Tay et al. 
2011; Smillie et al. 2018). The prediction of ceRNA axes, 
which is wholly dependent on the web tool for identifying 
shared MRE identification, is an overwhelming limitation 
of studies assessing ceRNA regulation(Thomson et  al. 
2016). This strategy is common in bioinformatics studies 

without experimental approach (Liu et  al. 2020; Tang 
et  al. 2020), and high false positive rate of their results 
is inevitable. Additionally, the cytoplasm abundance of 
miRNA is critical for its efficacy, and some lncRNA is 
expressed much higher for miRNAs with lower expres-
sion (Di Leva et al. 2013). Accordingly, we screened out 
the OLNM-related ceRNA axes using a multi-step filtra-
tion that takes into account the existence and number of 
MREs in lncRNA, positive correlation between lncRNA 
and associated-PCG, expression level of miRNA in 
TSCC samples, and computational interaction score, to 
discriminate signal from noise. Together with the inter-
section of PCGs enriched in both the terms of “cell-cell 
adhesion via plasma-membrane adhesion molecules” and 
“epidermis development”, only the CASC18/miR-20a-3p/
TGFB2 axis, who fulfilled all the condition, was selected 
for further validation.

Although CASC18 named as Cancer Susceptibility 18, 
this gene was previously reported involved in neural cell 
differentiation and oocyte growth (Bouckenheimer et al. 
2018; Mehravar et al. 2017), instead of cancer. To verify 
the function of the lncRNA in OLNM of TSCC, we first 
investigated the expression pattern and prognosis rela-
tionship of CASC18 in TCGA-TSCC subset. We found 
CASC18 is a prognosis factor up-regulated in tumour 
samples and especially in those of TSCC patients with 
OLNM, partly supporting the roles of CASC18 in lymph 
node metastases. Several models, including orthotopic 
tumour model (Eun et  al. 2020), subcutaneous tumour 
xenograft model (Knudsen et  al. 2021), tumour cell tail 

Fig. 6  CASC18 positively regulates TGFB2 by acting as the miR-20a-3p sponge
A The impact of CASC18 knockdown on the expressions of miR-20a-3p in CAL27 by qRT-PCR. B Luciferase activity in CAL27 cells co-transfected with 
siRNAs and miRNA inhibitors. C RNA pulldown assay was executed in CAL27 cells, followed by qRT-PCR to detect the enrichment of CASC18 and 
miR-20a-3p. Data are presented as the mean ± SD. *p < 0.05
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vein injection for metastasis model (Zhao et  al. 2021), 
were extensively applied for cancer research. Regretta-
bly, appropriate animal model for OLNM is still unavail-
able, and thus the association of CASC18 expression with 
OLNM was not verified in animal model in the present 
study. However, we found high CASC18 expression was 
positively correlated with the presence of OLNM in an 
independent TSCC cohort, which provides a clinical evi-
dence for the association between CASC18 expression 
and OLNM in TSCC.

According to the predicted ceRNA axis, it has been 
easy to come away with the idea that CASC18 was 
involved in the regulation of EMT, due to the repre-
sentative role of TGF-β signals in this process (Hao 
et al. 2019). EMT defines dynamic changes in cellular 

organization from epithelial to mesenchymal phe-
notypes, which is commonly considered to facili-
tate cell migration and invasion (Yang et  al. 2020), 
particularly in cancers (Brabletz et  al. 2018). Our 
in  vitro experiments indicated that CASC18 influ-
enced TGFB2 expression and secretion, and affected 
CAL27 cell migration and invasion. Consistent with 
previous studies (Thieme 2020; Jiang et  al. 2021), 
EMT was inhibited with the attenuation of TGFB2 
expression in CASC8-knockdown CAL27 cells. These 
data suggested that CASC18 regulated cell mobility 
via TGFB2-mediated EMT in TSCC cells. In order 
to further detect the underlying mechanism, we then 
investigated the subcellular localization of CASC18. 
As expected, this lncRNA was mainly distributed in 

Fig. 7  Inhibitor against miR-20a-3p attenuates the repression effects of CASC18 knockdown on cell migration and invasion
The effect of miR-20a-3p inhibitor on A cell migration and B invasion of CASC18-silencing CAL27 was evaluated by wound healing and transwell 
assays, respectively. The right histograms denote the percentage of wound closure and the relative number of invaded cells, respectively. The 
impact of miR-20a-3p inhibitor on C the expression of TGFB2 and EMT-related biomarkers and D secretion of TGFB2 in CASC18-silencing CAL27 by 
wester blot and ELISA, respectively. miR-20a-3p inh meant miR-20a-3p inhibitor. Data are presented as the mean ± SD. *p < 0.05
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the cytoplasm of CAL27 cells, in accordance with the 
basic requirement of ceRNA regulation (Salmena et al. 
2011). To note, target-directed miRNA decay (TDMD) 
mechanism is another regulation mode analogous to 
ceRNA in some way, emphasizing the degradation of 
miRNA mediated by its binding target and ubiquitin 
ligase ZSWIM8 (Han et al. 2020; Shi et al. 2020; Sheu-
Gruttadauria et al. 2019). To exclude the possibility of 
TDMD, we investigated miR-20a-3p expression after 
CASC18 knockdown, and our results indicated the 
stable expression of the miRNA in CAL27. Accord-
ingly, we further verified the promising ceRNA reg-
ulation of CASC18/miR-20a-3p/TGFB2 axis. We 
confirmed that TGFB2 was a direct target of miR-
20a-3p, and could be decreased by CASC18 knock-
down in a miR-20a-3p-binding dependent manner by 
using luciferase reporter assays. Results of CASC18 
pulldown assays further showed the direct binding of 
CASC18 and miR-20a-3p. Furthermore, we found that 
CASC18 knockdown suppressed the TGFB2 protein 

levels and secretion, but these effects were partly 
reversed by miR-20a-3p inhibitor treatment in CAL27 
cells. Similarly, miR-20a-3p inhibitor treatment partly 
rescued the suppression effect of CASC18 knockdown 
on CAL27 cell migration and invasion. Taken together, 
our findings indicate that CASC18 functions as miR-
20a-3p sponge to regulate cell migration and invasion 
via stimulating TGFB2-mediated EMT in CAL27.

Conclusions
In conclusion, we have uncovered a novel CASC18/
miR-20a-3p/TGFB2 axis and elaborated its involve-
ments in OLNM of TSCC patients.  Our study provided 
pioneering insights and fundamental clues for future 
thorough understanding of the molecular mechanism 
of TSCC OLNM, which might facilitate the develop-
ment of improved diagnostic methods for treatment 
decision-making.

Fig. 8  Schematic diagram of CASC18/miR-20a-3p/TGFB2 ceRNA axis involved in cell migration and invasion of TSCC
CASC18 stimulates TGFB2 expression and secretion via sponging miR-20a-3p, and thus promotes TSCC cell migration and invasion through 
TGFB2-mediated EMT in an autocrine and/or paracrine manner
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