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The ETS1-LINC00278 negative feedback loop plays a role in COL4A1/COL4A2 
regulation in laryngeal squamous cell carcinoma 
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The present study aimed to investigate LINC00278 expression in laryngeal squamous cell carcinoma (LSCC) and its 
involvement in the process of proliferation, migration, and invasion, providing a rationale for mining potential diagnostic 
and therapeutic targets of LSCC. Univariate and multivariate Cox regression analyses were performed to identify optimal 
prognostic lncRNAs. MTS, colony formation, wound healing, and Transwell invasion assays were used to determine the 
effects of LINC00278 overexpression on the proliferation, migration, and invasion of cancer cells. The expressions of 
signaling pathway-related proteins and epithelial-mesenchymal transition (EMT) marker proteins were detected using 
western blot. The chromatin immunoprecipitation (ChIP) and dual-luciferase reporter assays were performed to demon-
strate the binding of ETS proto-oncogene 1, transcription factor (ETS1), and LINC00278 promoter region. The molecular 
targets of LINC00278 were identified by RNA sequencing analysis and co-expression analysis. Kaplan-Meier analysis and 
CIBERSORT algorithm were used to analyze survival and immune cell infiltration based on LINC00278, COL4A1, and 
COL4A2. Multivariate Cox regression was used to establish a six-gene prognostic model. LINC00278 expression was low 
in LSCC tissues, and it was significantly associated with the TNM (tumors/nodes/metastases) stage (p<0.001), lymphatic 
metastasis (p<0.01), and pathological differentiation (p<0.01). LINC00278 overexpression significantly reduced LSCC 
cell proliferation, migration, and invasion in TU686, TU177, and AMC-HN-8 cell lines. E-cadherin protein expression 
was increased, while N-cadherin, Vimentin, Zeb1, and Snail protein expression was decreased in the LINC00278 group, 
compared to the pcDNA3.1 group. Additionally, in AMC-HN-8 and FaDu cell lines, the LINC00278-treated group had 
significantly lower p-AKT and p-mTOR protein levels than the control group. ETS1 is a direct transcriptional regulator of 
the LINC00278 gene based on luciferase reporter assays and ChIP experiments. Western blot analysis demonstrated that 
high LINC00278 expression inhibited both ETS1 expression and phosphorylation. COL4A1/COL4A2 were identified as 
potential downstream targets of LINC00278. Meanwhile, the LINC00278/COL4A1/COL4A2-dominated low-risk group 
showed higher antigen-presenting activity and a higher immune score than the high-risk group. The findings indicated that 
ETS1 upregulated LINC00278 expression on the Y chromosome, which in turn inhibited LSCC growth in vivo and in vitro 
by inhibiting the AKT/mTOR signaling pathway via downregulation of COL4A1/COL4A2. 
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Laryngeal cancer is the second most common malignancy 
in otorhinolaryngology-head and neck cancers, with the 
squamous cell carcinoma subtype accounting for 95% of all 
larynx cancers [1]. The causes of laryngeal cancer are complex 
and multifaceted. Furthermore, the relevance of early clinical 
signs is unknown, and survival rates at later stages remain 
poor [2]. Over the last three years, the overall number of new 
cases of LSCC has slightly decreased due to the introduc-
tion of smoking restrictions. However, the incidence remains 
high, accounting for approximately 1% of all cancers [3]. As 
a result, it is critical to continue investigating novel treatment 
targets and useful prognostic indicators.

The cost of sequencing has dropped significantly as a 
result of technological advancements, and massive quanti-
ties of transcriptome data have been generated concur-
rently. Typically, these RNA data are derived from a variety 
of platforms, each of which has a unique representation and 
statistical properties. The simple intersection of multiple 
expression RNAs from various platforms may not be an 
efficient method for identifying an optimal tumor marker [4]. 
As a result, a computational method is required that allows 
a thorough analysis of this data as well as accurate integra-
tion of data produced across many platforms. To address 
this problem and obtain stable biomarkers, Kolde developed 
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a novel rank aggregation method referred to as robust rank 
aggregation (RRA), to identify overlapping genes across 
ranked gene lists [5]. Several reliable biomarkers in breast 
cancer and hepatocellular carcinoma were discovered using 
a combined analysis of multiple microarray datasets from the 
GEO database. In this study, we performed a comprehensive 
analysis of the LSCC transcriptome data in TCGA, given that 
TCGA database included complete gene expression profiles 
and clinical information of LSCC, and selected genes were 
subsequently validated using RRA techniques in external 
GEO cohorts.

Long non-coding RNAs (lncRNAs) are a class of 
non-coding RNAs >200 nucleotides in length and are 
transcribed by RNA polymerase II. LncRNAs play an impor-
tant role in a variety of diseases, including cancer [6]. In our 
previous study, we examined the expression and functions 
of many lncRNAs in LSCC and found that they played 
important roles in the regulation of mRNA transcription 
and protein translation [7–9]. Given that nearly all LSCC 
patients are males, and the larynx is a marker of male 
secondary sexuality, it remains unclear if laryngeal cancer 
is a sex hormone-dependent tumor [10]. Meanwhile, there 
have been numerous reports in the literature that genes on 
the Y chromosome play significant roles in tumor progres-
sion [11–13]. Furthermore, a recent study identified a tumor 
suppressor gene LINC00278 on the Y chromosome for male 
esophageal squamous cell carcinoma, indicating that long 
noncoding RNA encoded by the Y chromosome may be 
implicated in male-dominant tumors [14]. However, consid-
erably less research has been conducted to date on the role of 
Y-linked lncRNA in LSCC.

The phosphatidylinositol-4,5-bisphosphate 3-kinase 
(PI3K)/protein kinase B (Akt) signaling pathway, which 
regulates cell proliferation, survival, and migration, is one of 
the most commonly activated signaling pathways in a wide 
variety of human cancers. Additionally, this pathway may 
be activated by many cell membrane proteins, including the 
integrin receptor and G protein-coupled receptor. When 
PI3K is activated, a signal transduction cascade is initiated, 
with the kinases AKT and mTOR acting as key effectors [15]. 
Previous studies reported that the 5-hydroxytryptamine 
receptor promotes LSCC growth by activating the PI3K/AKT 
pathway [16]. Furthermore, FADS1 has also been shown 
to play an oncogenic role in the progression of laryngeal 
cancer through the AKT/mTOR signaling [17]. The PI3K/

Akt signaling pathway, which is active in LSCC, regulates the 
development and progression of LSCC.

The findings indicated that LINC00278 on the Y chromo-
some inhibits LSCC growth in vivo and in vitro by inhibiting 
the AKT/mTOR signaling pathway and downregulating 
COL4A1/COL4A2 in LSCC. Furthermore, LINC00278 
and its downstream target genes were found to increase the 
upregulation of alternative splicing events, which regulate 
the infiltration levels of tumor-infiltrating immune cells and 
can therefore affect the antitumor immune response.

Patients and methods

Data acquisition from a public database and bioin-
formatics analysis. TCGA provided FPKM data for 123 
LSCC samples as well as pertinent clinical data. Genes with 
|log2foldchange (log2 FC)| >1 and adjusted p<0.05 were 
considered differentially expressed genes (DEGs). The gene 
matrix expression profiles of LSCC were obtained from GEO 
(GSE51985, GSE59102, GSE59652, GSE84957, GSE117005, 
GSE143224, See Table 1 for specific information). All genes 
in each data set were sorted by logFC and integrated using 
the RobustRankAggreg R package. Using hTFtarget database 
(http://bioinfo.life.hust.edu.cn/hTFtarget#!/) transcription 
factors binding to the LINC00278 promoter were predicted.

Identification of prognosis-related genes. The 
R-package ‘survival’ was used to perform univariate and 
multifactorial Cox regression analysis. A six-gene-based 
prognostic model was used to estimate each patient’s 
risk score using the equation: risk score = MYHAS×(–
0.19)+MNX1-AS1×0.19+LINC02086×0.18+LSAMP-
AS1×0.13+LINC00278×(–0.28)+CASC20×(–0.03)

Based on the median risk score, the patients were subdi-
vided into the high-risk and low-risk groups. The ‘surviv-
alROC’ package in R was used to compute the area under the 
curve (AUC) and draw the receiver operating characteristic 
(ROC) curve. The AUC value showed predictive accuracy 
and was considered significant when it exceeded 0.60 [18]. 
Kaplan-Meier method was used to estimate the difference in 
survival time between low- and high-risk groups using the 
‘Survminer’ package in R. Meanwhile, the ‘forestplot’ package 
in R was used to visualize the Cox results. Nomograms were 
constructed using the ‘rms’ package in R. The R package 
‘estimate’ was used to determine the stromal score, immune 

Table 1. Details of the GEO LSCC data sets.
Reference GEO Platform Normal Tumor Biotype
Lian et al. (2013) [37] GSE51985 GPL10558 3 10 mRNA
Wilson (2014) [38] GSE59102 GPL6480 13 25 mRNA
Shen et al. (2014) [39] GSE59652 GPL13825 7 6 lncRNA + mRNA
Feng et al. (2016) [40] GSE84957 GPL17843 9 9 lncRNA + mRNA
Liu et al. (2020) [41] GSE117005 GPL20115 5 4 mRNA
Nicolau et al. (2020) [42] GSE143224 GPL5175 11 14 mRNA
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score, and tumor purity. CIBERSORT (https://cibersort.
stanford.edu) was used to estimate immune infiltration data.

Patient samples. A total of 72 pairs of LSCC tissues and 
noncancerous tissues were frozen at the Institute of Otorhi-
nolaryngology-Head and Neck Surgery (Hebei, China). 
Clinical features and pathological diagnoses were extracted 
from corresponding data records. Before surgery, there was 
no chemotherapy and/or radiotherapy treatment received. 
This study was approved by the Ethical Committee of the 
Second Hospital of Hebei Medical University (Hebei, China), 
and all patients provided informed consent.

Cell culture, plasmid transfections, and treatments. The 
LSCC cell lines (TU686, TU177, and AMC-HN-8), hypopha-
ryngeal cell lines (FaDu), and 293T cell lines were purchased 
from the Beijing Beina Chuanglian Institute of Biotechnology 
(Beijing, China). These cell lines were cultured as described 
in previous protocols [7]. The pcDNA3.1-LINC00278 expres-
sion vector was designed by GENEWIZ (Suzhou, China). The 
Lipofectamine3000 (Invitrogen, USA) was used to carry out 
the cell transfections following the manufacturer’s instruc-
tions. Cells transfected with the corresponding plasmid for 
48 h and/or treated with LY294002 (25 μM, HY-10108, MCE, 
USA) and SC79 (4 μg/ml, B5663, APExBIO, USA) for 24 h 
were subjected to cell function assays.

Assays for cell biological behavior. The experimental 
procedure for the cell proliferation, migration, and invasion 
assays was performed as previously described [7]. For the 
cell number assay, 2,000 cells in a 200 µl of medium/well 
were seeded in 96-well plates and cultured in the complete 
medium. At the specified time points, 20 µl MTS (Promega, 
USA) was added to each well and incubated for 2 h. A micro-
plate reader (TECAN, Switzerland) was then used to measure 
the absorbance at OD 490 nm. The transfected LSCC cell 
lines were collected for the Transwell migration experi-
ments by trypsinization, then re-suspended in a serum-
free medium and cell counting. A total of 1×105 cells were 
placed into the upper chamber (Corning, USA), and a 630 µl 
complete culture medium was added to the lower chamber. 
The Transwell chamber was taken out after incubation at 
37 °C for 24 h, washed with PBS, fixed with 4% paraformal-
dehyde for 20 min, and stained with 1% crystal violet for 20 
min. The stained cells were examined and manually counted. 
For the invasion assay, 50 µl of Matrigel (Corning, USA) was 
applied to the upper chamber to form a matrix barrier; the 
same procedures were then used in the cell migration experi-
ment. For the clone-forming assay, 2,000 cells were seeded 
in 6-well plates, incubated for 10–14 days, and stained after 
fixation. When the cells in 6-well plates reached 70–80% 
confluence for the wound-healing assay, they were scratched 
using a 200 µl pipette tip. At 0 and 48 h, the scratched areas 
were photographed and measured.

RNA-extraction and qPCR. Total RNA extraction and 
the cDNA synthesis were performed as previously described 
[7]. GoTaq®RT-qPCR Master Mix (Promega, USA) was 
used for qPCR under standard thermocycling conditions. 

GAPDH was utilized as an internal control in the qPCR 
results. Supplementary Table S1 presents a list of all of the 
primer sequences.

Subcellular fractionation and subcellular localization. 
The cytoplasmic and nuclear RNAs were extracted using a 
PARISTM Protein and RNA Isolation System (Invitrogen, 
USA) according to the kit instructions. GAPDH and U6 
were used as the cytoplasmic and nuclear internal references, 
respectively.

Construction of luciferase reporter vector and the dual-
luciferase reporter assay The LINC00278 promoter region 
and first exon were amplified and cloned into the pGL3-basic 
vector using the primers indicated in Supplementary Table S1. 
The dual-luciferase reporter assay was carried out according 
to the instructions in the protocol (Promega, USA). Briefly, 
293T and AMC-HN-8 cells were co-transfected with ETS1, 
the above-constructed plasmids, and pRL-TK Renilla lucif-
erase plasmid for 48 h. Whole-cell lysates were prepared and 
luciferase activity was detected using a dual-luciferase assay 
system.

The chromatin immunoprecipitation (ChIP) assay. The 
ChIP assay was carried out in accordance with the Magna 
ChIP™ A/G (Millipore, Germany) protocol. Briefly, 48 h 
after ETS1 transfection, the cells were fixed, harvested, and 
sonicated (10 s sonication at 10 s interval) 18 times at 30% 
amplitude to obtain appropriate fragments. The prepared 
chromatin was precipitated overnight with ETS1 antibodies 
and 1% lysates as input. The binding complexes were then 
extensively washed, eluted, purified, and analyzed by qPCR. 
The promoter primers for LINC00278 are described in 
Supplementary Table S1.

Western blotting. RIPA lysis buffer supplemented with 
proteinase and phosphatase inhibitors was used to prepare 
total proteins. Total protein concentration was determined 
using the BCA assay method. Proteins were separated on 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
and transferred to polyvinylidene difluoride membranes. 
The membranes were blocked using 5% non-fat milk at room 
temperature for 2 h, incubated with primary antibodies at 
4 °C overnight, and with horseradish peroxidase-labeled 
secondary antibodies. Electrochemiluminescence (ECL) 
was used to expose the bands, which were then examined 
using ImageJ software. The following primary antibodies 
were used: COL4A1 (1:2000, AF0510, Affinity Biosci-
ences, USA), N-cadherin (1:10000, 22018-1-AP, Protein-
tech, USA), E-cadherin (1:6000, 20874-1-AP, Proteintech, 
USA), Vimentin (1:10000, 10366-1-AP, Proteintech, USA), 
β-catenin (1:10000, 51067-2-AP, Proteintech, USA), SNAI1 
(1:2000, 26183-1-AP, Proteintech, USA), ZEB1 (1:2000, 
21544-1-AP, Proteintech, USA), AKT (1:1000, ab8805, 
Abcam, USA), p-AKT (1:1000, ab81283, Abcam, USA), 
mTOR (1:1000, 2983, Cell Signaling Technology, USA), 
p-mTOR (1:1000, 5536, Cell Signaling Technology, USA), 
ETS1 (1:1000, 14069, Cell Signaling Technology, USA), and 
p-ETS1 (1:1000, #11658, Signalway Antibody, USA).
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AS1, and CASC20 were selected to construct the model 
(lncRNA-related prognostic model), and risk scores for 
the patients were calculated using the previously described 
formulas (Supplementary Figure S2B).

The AUC for each ROC curve was evaluated to assess 
the performance of the lncRNA-related prognostic model. 
The AUC of the lncRNA-related prognostic model (area 
under red curve = 0.832) was significantly higher than the 
models based on TNM stages (area under yellow curve = 
0.614), grade (area under green curve = 0.633), gender (area 
under orange = 0.485), alcohol (area under blue = 0.421), 
and cigarettes (area under pink = 0.511) (Supplementary 
Figure S2C). Furthermore, patients were segregated into the 
high- and low-risk groups based on the median risk score 
value, and the corresponding risk value was presented in 
ascending order (Supplementary Figure S2D). According 
to the survival curves, those with high-risk scores had a 
significantly lower survival rate (Supplementary Figure S2E). 
Patient survival status demonstrated that patients with high-
risk scores had higher mortality than patients with low-risk 
scores (Supplementary Figure S2F). The gene expression 
patterns of the high-risk and low-risk groups were then 
shown on a heatmap. The expression of LINC00278 and 
MYHAS increased as the risk decreased, while MNX1-AS1, 
LINC02086, LSAMP-AS1, and CASC20 exhibited the reverse 
behavior (Supplementary Figure S2G).

lncRNA-related prognostic model evaluated as an 
independent prognostic factor and construction of 
nomogram model. Multivariate Cox regression analysis 
was used to estimate the lncRNA-related prognostic model, 
as well as age, gender, TNM stage, alcohol use, and grade. 
Consequently, the prognostic model (p<0.001) was signifi-
cantly associated with the prognosis and was the most 
important independent prognostic factor for overall survival 
(Supplementary Figure S2H). Furthermore, the nomogram 
was constructed for predicting patient prognoses based on 
the prognostic model, age, gender, TNM stage, alcohol, and 
grade. The nomogram can be used to calculate the score of 
each component as well as the overall score of all factors. 
The total scores predicted the 1-, 3-, and 5-year survival rates 
(Supplementary Figure S2I). We verified the six prognostic 
model genes by integrating the two GEO microarray datasets 
GSE59652 and GSE84957 with the RRA package because 
the quantity of normal tissue in the TCGA database was 
significantly different from tumor tissue and there were some 
false-positive genes among these RNA-sequencing data from 
TCGA (Supplementary Figure S3A). Among the 6 lncRNAs, 
only LINC00278 was lowly expressed, while CASC20 
was highly expressed in both TCGA and GEO databases. 
Furthermore, the male LSCC incidence rate was higher than 
that of females, and it is debatable if laryngeal cancer is a sex 
hormone-dependent tumor. qPCR results demonstrated that 
the androgen receptor (AR) levels were significantly higher 
in LSCC tissues compared to adjacent non-tumor tissues 
(Supplementary Figure S3B). LINC00278 gene (chromo-

Animal experiments. Twenty BALB/c mice, aged 5 to 
6 weeks, were purchased from Charles River Laboratories 
(Beijing, China). Each group consisted of 10 mice for the 
tumor growth studies. Mice in the experimental group (n=10) 
were injected with 100 µl AMC-HN-8 cells transfected with 
LINC00278 lentivirus, while mice in the control group (n=10) 
received 100 µl AMC-HN-8 cells transfected with control 
lentivirus. The tumor size was measured once every three 
days, and the tumor volume was calculated using the simpli-
fied formula of a rotational ellipsoid (length×width2×0.50). 
The xenografts were removed from the mice 3–4 weeks after 
implantation and weighed. The experimental procedures 
were approved by the Ethics Review Committee of Hebei 
Medical University.

Immunohistochemistry. Paraffin-embedded tumor 
tissues from nude mice were cut into 4 µm slices by a paraffin 
slicer, then baked at 95 °C for 30 min. The baked slices were 
deparaffinized using a transparent agent, and hydrated with 
graded alcohols. After that, the sections were boiled in citrate 
buffer for 3 min for antigen retrieval. Next, the sections were 
incubated with a primary antibody (Ki-67, AF1738, 1:150, 
Beyotime, China) overnight at 4 °C. After that, the slides 
were incubated with the second antibody and the third 
antibody complex at room temperature for 10 min. Color-
ation was achieved through staining with DAB for 3 min. 
After hematoxylin counterstaining and dehydration, the 
sections were sealed with coverslips.

Statistical analysis. Statistical analysis was performed 
using R-4.0.2-win. The Wilcoxon rank-sum test was used to 
analyze continuous skewed variables, while t-tests were used 
to analyze parametric data. A p-value <0.05 was considered 
statistically significant. GraphPad Prism 8 was used to draw 
the bar and line graphs.

Results

LncRNA DEGs in LSCC patients and construction of 
a prognostic model. A total of 790 differentially expressed 
long noncoding RNAs were screened from TCGA database, 
665 upregulated and 125 downregulated in LSCC tissues 
compared with adjacent non-tumor tissues. In TCGA 
dataset, a heatmap was shown to depict the relationship 
between clinical factors and DEGs lncRNAs expression 
levels (Supplementary Figure S1). Additionally, survival 
analysis was carried out independently using univariate 
Cox regression analysis and the Kaplan-Meier method 
with 30 survival-related lncRNAs overlapping. Next, we 
compared the expression of DEGs to the trends of corre-
sponding survival curves, and 14 genes exhibiting opposing 
survival trends were excluded, leaving 16 candidates for 
further analysis (heatmap is presented in Supplementary 
Figure S2A). Then, based on the univariate Cox outcomes, 
multi-gene prediction models were constructed to assess 
the impact of the screened genes on patient overall survival. 
LINC00278, MYHAS, MNX1-AS1, LINC02086, LSAMP-
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some Yp11.2) was selected as the research target in this study, 
after comprehensive consideration.

LINC00278 expression and the relationship between 
LINC00278 and clinical features. GTEx data indicated 
that LINC00278 was differently expressed in various tissues 
(Supplementary Figure S3C), and the qPCR findings 
suggested that LINC00278 expression levels were signifi-
cantly lower in LSCC tissues compared to adjacent nontumor 
tissues (Figure 1A). The relationship between LINC00278 
expression and clinical parameters was also investigated 
in 72 paired LSCC patients. Patient detailed information is 
listed in Table 2. Statistical results revealed that LINC00278 
expression was significantly associated with the TNM stage 
(p<0.001), lymphatic metastasis (p<0.01), and pathological 
differentiation (p<0.01). Furthermore, no correlation was 
found between age, smoking, alcohol use, and the site of the 
carcinoma (Figure 1B). We performed a survival analysis 
using the median value (0.146) of the qPCR (2–ΔΔCt) results 
and follow-up data. Patients with low LINC00278 expression 
had a poorer overall survival (OS) than patients with high 
LINC00278 expression (Figure 1C).

LINC00278 overexpression inhibits cell proliferation, 
migration, and invasion in vitro. We hypothesized that 
LINC00278 may play an essential role in regulating cell 
proliferation, migration, and invasion of LSCC cells based on 
their distinct expression. Considering that hypopharyngeal 
squamous cell carcinoma (HSCC) is a head and neck malig-
nant tumor with one of the worst prognoses, LINC00278 
was found to be lowly expressed in TCGA head and neck 
squamous cell carcinoma dataset (Supplementary Figure 
S3D). In addition to LSCC, we also investigated the effect of 
LINC00278 in HSCC cell lines. AMC-HN-8, TU177, TU686, 
and FaDu cell lines were transfected with well-designed 
pcDNA3.1-LINC00278 or pcDNA3.1. The efficiency of 
overexpression was then verified using qPCR (Supplementary 
Figure S3E). MTS assays revealed that LINC00278 overexpres-
sion significantly reduced the proliferative ability of the four 
cell lines (Figure 1D) while showing no effect on 293T cells 
(Supplementary Figure S4A). Meanwhile, the re-expression 
of LINC00278 significantly reduced the number of colonies 
produced by AMC-HN-8, TU177, TU686, and FaDu cell 
lines (Figures 1E, 1F). The effect of LINC00278 on the migra-
tion and invasive ability of squamous cells carcinoma was 
assessed using Transwell and wound-healing assays. Exoge-
nous overexpression of LINC00278 significantly decreased 
the migratory and invasive capabilities of the four cell lines 
(Figures 1G, 1H). Furthermore, in the scratch wound-healing 
assay after 48 h, the LINC00278 overexpression attenuated 
the migration potential in the four cell lines (Figures 2A, 2B). 
Among the four cell lines, AMC-HN-8 and FaDu were the 
two defined male cell lines, thus mRNA and protein expres-
sion of EMT-related genes were detected in these cell lines. 
In the LINC00278 group, E-cadherin mRNA and protein 
expression were higher (E-cadherin expression was not 
detected in AMC-HN-8 cells), while N-cadherin, Vimentin, 

Twist, Zeb1, and Snail mRNA and protein expression were 
lower than in the pcDNA3.1 group. When the expression of 
LINC00278 was intentionally altered in AMC-HN-8 cells, 
neither mRNA nor protein of β-catenin levels were altered 
but significantly reduced in FaDu cells (Figures 2C–2E). 
These findings suggested that re-expression of LINC00278 
may inhibit LSCC cell invasion and migration.

ETS1 promotes the expression of LINC00278 by 
binding to the LINC00278 first exon region. Based on 
the above findings, we found that the downregulation 
of LINC00278 was related to the development of LSCC, 
indicating the underlying molecular mechanism needs to 
be investigated. Although LINC00278 contained multiple 
m6A modification sites, these modifications were related 
to encoded polypeptides rather than regulating LINC00278 
expression. According to the UCSC Genome Browser, the 
promoter region of LINC00278 does not contain a CpG 
island and no histone changes occur (data not shown). As a 
result, it is critical to further explore transcription factors to 
construct a comprehensive regulatory network. We screened 
out the potential transcription factors of LINC00278 using 
hTFtarget database and RNAInter database. Two genes: 
ETS1 and RUNX1 were eventually selected based on the 
number of human tissue sources. Because RUNX1 overex-
pression did not affect the expression of LINC00278, ETS1 

Table 2. Clinical information in 72 cases of LSCC.
Characteristics No. cases (100%)
Gender

male 72 (100.00)
female 0 (0.00)

Age
<63 34 (47.22)
≥63 38 (52.78)

Smoking
no 7 (9.72)
yes 65 (90.28)

Alcohol
no 26 (36.11)
yes 46 (63.89)

Primary site
supraglottic 33 (45.83)
glottic 30 (41.67)
infraglottic 6 (8.33)
tranglottic 3 (4.17)

TNM stage
I 15 (20.83)
II+III+IV 57 (79.17)

LN metastatis
N0 45 (62.50)
N1+N2+N3 27 (37.50)

Pathological differentiation
well 42 (58.33)
moderate+poor 30 (41.67)
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Figure 1. Overexpression of LINC00278 inhibits cell proliferation, migration, and invasion in vitro. A) Relative expression of LINC00278 in 72 paired 
LSCC tissues. B) The relation between the expression of LINC00278 and clinical parameters based on qPCR results. C) Kaplan-Meier estimated overall 
survival in patients with high or low LINC00278 expression. (*p<0.05, **p<0.01, ***p<0.001). D) The cell viability was assessed by MTS assay after being 
transfected with pcDNA3.1-LINC00278. E, F) The number of colonies was remarkably decreased after LINC00278 was upregulated. G, H) Upregulated 
the expression of LINC00278 attenuates the invasion and migration capability in vitro. (*p<0.05, **p<0.01, ***p<0.001).
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Figure 2. Plasmid transfection of LINC00278 significantly downregulated EMT-related mRNAs and proteins in AMC-HN-8 and FaDu cell lines. A, B) 
The suppressed migration capability in cells treated with pcDNA3.1-LINC00278 was demonstrated by wound-healing assays. C–E) Expression changes 
of EMT-related mRNAs and proteins in AMC-HN-8 and FaDu cell lines. (*p<0.05, **p<0.01, ***p<0.001).
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Figure 3. ETS1 promotes the expression of LINC00278 by binding to the LINC00278 first exon region. A) Relative expression of ETS1 in 60 paired 
LSCC tissues. B, C) mRNA expression levels and protein expression levels of ETS1. D) Both wild type and mutant ETS1 increased the expression of 
LINC00278. E) Schematic of promoter truncations of LINC00278. F) Relative luciferase activity of different LINC00278 promoter region truncations 
in AMC-HN-8 and 293T cells. G) Sequences of transcription factor binding site and mutation. H) Luciferase activity of LINC00278_exon1 after site-
directed mutagenesis of ETS1 transcription factor binding sites. I) ChIP-qPCR for ETS1 binding at the promoter regions of LINC00278. (*p<0.05, 
**p<0.01, ***p<0.001).
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was finally chosen as the target. ETS1 was found to be poorly 
expressed in tumor tissues but highly expressed in normal 
tissues (Figure 3A). Meanwhile, ETS1 exists in both unphos-
phorylated and hyperphosphorylated forms in vivo. Previous 
studies indicate that phosphorylated ETS1 at threonine 38 
plays important roles in the transcriptional regulation of 
downstream genes [19]. We constructed wild-type ETS1 
plasmids and plasmids expressing non-phosphorylated 
ETS1 mutations plasmid by replacing the serine at 38 with 
alanine. LINC00278 expression was enhanced in both wild-
type and mutant ETS1, indicating that the phosphorylated 
ETS1 at threonine 38 was not involved in the activation 
of LINC00278 transcription (Figures 3B–3D). To further 
elucidate the mechanism of LINC00278 transcription, five 
truncated variants of the LINC00278 promoter were created, 
and various truncated promoter regions were cloned into the 
pGL3-basic plasmid (Figure 3E). Luciferase assays were used 
to assess ETS1 transcriptional activity on various truncated 
LINC00278 promoter regions. The results were presented as 
firefly luciferase activity against Renilla luciferase activity, 
with promoter region 1 (the first exon) exhibiting the highest 
activation (Figure 3F). Several transcription factors binding 
sites were predicted in the first exon of the LINC00278 gene. 
Plasmids containing the mutations at each binding site 
were then constructed and used to perform the luciferase 
reporter assay (Figure 3G). The dual-luciferase reporter assay 
showed that the ETS1 overexpression significantly reduced 
the relative luciferase activity of LINC00278-mut, but not 
LINC00278-wt vectors (Figure 3H). This set of findings 
indicated a direct interaction between ETS1 and LINC00278, 
which was validated using a ChIP assay (Figure 3I). These 
findings indicate that ETS1 is a direct transcriptional target 
of LINC00278.

Functional enrichment analysis of the LINC00278 
target genes. LncRNAs played an important role in 
the process of LSCC progression. To further elucidate 
LINC00278 growth inhibitory effects on LSCC, we inves-
tigated the molecular target of LINC00278. On the one 
hand, we performed RNA sequencing on AMC-HN-8 cells 
overexpressing LINC00278, while on the other hand, we 
performed co-expression analysis on the target genes using 
TCGA mRNA expression data. KEGG enrichment analysis 
of co-expression genes (Pearson correlation coefficient > 
0.40) and the differential genes of RNA sequencing results 
(|<logFC| >2, p<0.05) were performed separately, as shown 
in Figures 4A and 4B. Given the strong correlation between 
Focal adhesion and ECM receptor interaction signaling 
pathways, we investigated the major signaling molecules 
involved in these two pathways. Moreover, genes COL4A1 
and COL4A2 are mapped to the ECM receptor interaction 
signaling pathways, which are located upstream of the Focal 
adhesion signaling pathway. As a result, COL4A1/COL4A2 
were identified as possible LINC00278 downstream targets. 
GTEx results indicated that COL4A1/COL4A2 were differ-
entially expressed in distinct tissues (Supplementary Figures 

S4B, S4C). qPCR was performed in 72 paired LSCC tissues 
to further verify the expression of COL4A1/COL4A2. The 
qPCR findings showed that COL4A1/COL4A2 expres-
sion levels were markedly upregulated in LSCC tissues as 
compared to adjacent nontumor tissues (Figure 4C). The 
GEO database confirmed that COL4A1/COL4A2 were highly 
expressed in LSCC tissues (Supplementary Figure S5A). 
Correlation analysis revealed a strong and negative correla-
tion between COL4A1/COL4A2 mRNA and LINC00278 
(Figure 4D). The relationship between COL4A1/COL4A2 
expression and clinical parameters was also investigated. 
COL4A1/COL4A2 expression was found to be significantly 
associated with the TNM stage, lymphatic metastasis, and 
pathological differentiation (Supplementary Figures S5B, 
S5C). Additionally, overall survival analyses for COL4A1/
COL4A2 were also performed. Patients with a high level of 
COL4A1/COL4A2 expression had a poorer OS than those 
with a low COL4A1/COL4A2 expression (Figure 4E). Then, 
we examined the COL4A1/COL4A2 expression levels in 
four human LSCC cell lines. The qPCR analysis revealed that 
the expression of COL4A1/COL4A2 mRNA was highest in 
AMC-HN-8 cells, followed by TU177 and TU686 cells, while 
FaDu cells had the lowest expression (Figures 5A, 5B). There-
fore, AMC-HN-8 was selected for further investigations. 
qPCR was used to determine the expression of COL4A1/
COL4A2 in AMC-HN-8 cells 48 h after transient transfec-
tion with LINC00278. The degree of the reduction was more 
pronounced for COL4A1 than for COL4A2 (Figures 5C, 
5D). Additionally, since COL4A1 and COL4A2 are bidirec-
tional gene pairs, they can share promoters or transcription 
factor binding sites, and their expression is highly correlated 
when expressed concurrently. COL4A1 antibodies were used 
to detect the protein level expression of COL4A1. Western 
blot results were coincident with that of qPCR analysis 
(Figures 5E, 5F). COL4A1 was selected for further analysis 
in AMC-HN-8 cells, to elucidate the molecular mechanism 
underlying LINC00278 modulation.

LINC00278 inhibits COL4A1 mRNA and protein 
expression by inhibiting ETS1 phosphorylation. To eluci-
date the mechanism by which LINC00278 regulates COL4A1 
to inhibit the malignant progression of LSCC, we determined 
LINC00278 subcellular localization. The findings revealed 
that LINC00278 was primarily localized in the cytoplasm of 
AMC-HN-8 cells, which was consistent with the anticipated 
localization results obtained using the lncLocator online 
website (http://www.csbio.sjtu.edu.cn/bioinf/lncLocator/) 
(Figure 5G). Therefore, we hypothesized that overexpression 
of LINC00278 enhanced its accumulation in the cytoplasm, 
preventing the transcription factors of target genes from 
translocating to the nucleus and therefore significantly 
reducing COL4A1 expression. A similar method was used 
to predict the transcription factors that regulate COL4A1 
expression, and COL4A1 expression was also regulated by 
ETS1. qPCR was used to determine the expression of COL4A1 
in AMC-HN-8 cells 48 h following transient transfection of 
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Figure 4. Functional enrichment analysis of the LINC00278 target genes. A) KEGG enrichment analysis of differentially expressed genes after overex-
pressing LINC00278 in AMC-HN-8 cells. B) KEGG enrichment analysis of LINC00278 co-expressed genes in LSCC tissues from TCGA database. C) 
Relative expression of COL4A1/COL4A2 in 72 paired LSCC tissues. D) Pearson correlation analysis of LINC00278 and COL4A1/COL4A2 expression. 
E) Kaplan-Meier overall survival analysis of the association between COL4A1/COL4A2 expression level and LSCC patient survival.

ETS1-wt and ETS1-mut. The levels of COL4A1 mRNA and 
protein expression were substantially reduced when ETS1-wt 
was overexpressed, but not in the case of ETS1-mut overex-
pression (Figures 5H–5J). These results showed that ETS1 

inhibits COL4A1 transcriptional activity, depending on the 
amount of phosphorylated ETS1 at threonine 38. However, 
the precise regulatory relationship between phosphorylated 
ETS1 and COL4A1 still needs further verification using 
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Figure 5. LINC00278 lowered the mRNA and protein expression of COL4A1 by decreasing phosphorylation of ETS1. A, B) mRNA levels of COL4A1/
COL4A2 in AMC-HN-8, TU177, TU686, and FaDu cell lines. C, D) LINC00278 lower the mRNA expression of COL4A1/COL4A2 in AMC-HN-8 cells. 
E, F) Protein levels of COL4A1/COL4A2 in AMC-HN-8, TU177, TU686, and FaDu cell lines. G) The nuclear and cytosolic localization of LINC00278. 
Nuclear controls, U6, cytosolic controls, GAPDH. H–J) COL4A1 mRNA and protein expression levels following ETS1 and ETS1-mut overexpression in 
AMC-HN-8 cells. K–M) COL4A1 mRNA and protein expression levels after LINC00278 or ETS1 were transfected alone or LINC00278 and ETS1 were 
co-transfected. N–P) LINC00278 could reduce both ETS1 expression and phosphorylation. (*p<0.05, **p<0.01, ***p<0.001).
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CHIP and luciferase reporter gene assay. When LINC00278 
or ETS1 was transfected alone, there was a significant 
decrease in COL4A1 expression relative to the empty vector 
plasmid. Surprisingly, when LINC00278 and ETS1 were 
co-transfected, a substantial increase in COL4A1 expression 
at the mRNA and protein levels was seen (Figures 5K–5M). 
Then, how does LINC00278 influence ETS1 regulation 
during LSCC development? Western blot analysis demon-
strated that a higher LINC00278 expression can reduce both 
ETS1 expression and phosphorylation (Figures 5N–5P). 
As previously demonstrated, ETS1 overexpression elevated 
LINC00278 expression in a phosphorylation-independent 
manner, while overexpression of LINC00278 decreased the 
expression levels of ETS1. Additionally, both LINC00278 and 
ETS1 were expressed at a low level in LSCC tissues. Taken 
together, these results indicate that LINC00278 and ETS1 
form a negative feedback loop that eventually suppresses 
their expression, thus maintaining their low expression levels 
in LSCC.

The Akt/mTOR pathway is involved in the effect of 
LINC00278 re-expression on LSCC cell functions. The 
COL4A1/COL4A2 genes are located upstream of the AKT/
mTOR signaling pathway [20]. Therefore, we evaluated the 
relationship between LINC00278 and the PI3K-Akt signaling 
pathway in LSCC progression. First, AMC-HN-8 cells were 
treated with the SC79 (Akt agonist) and LY294002 (PI3K 
inhibitor) to determine their effects on cell proliferation, 
migration, and invasion. SC79 promoted cell proliferation, 
migration, and invasion, while LY294002 inhibited these 
effects (Supplementary Figures S5D–S5F). These results 
imply that the PI3K/Akt signaling pathway was activated 
to promote cell proliferation, migration, and invasion in 
LSCC. Next, we investigated the effects of LINC00278 on 
the PI3K/Akt signaling pathway in AMC-HN-8 and FaDu 
cells. Treatment with LINC00278 for 48 h significantly 
suppressed p-AKT and p-mTOR protein levels (Figures 6A, 
6B), implying that re-expression of LINC00278 suppressed 
the AKT/mTOR signaling pathway in LSCC. Furthermore, 
the effects of LINC00278 on LSCC cell proliferation, migra-
tion, and invasion in the presence of SC79 were evaluated. 
These findings suggested that SC79 partially restored the 
LINC00278-induced inhibitory effects in AMC-HN-8 cells 
(Figures 6C–6E). In conclusion, LINC00278 suppresses 
LSCC cell proliferation, migration, and invasion through the 
PI3K/Akt/mTOR signaling.

Overexpression of LINC00278 suppressed tumor 
growth in vivo. To elucidate the in vivo roles of LINC00278 in 
tumorigenesis, we determined whether LINC00278 overex-
pressing suppresses tumor growth using LSCC xenograft 
tumor models. AMC-HN-8 cells with stably overexpressed 
LINC00278 or empty vector, generated by lentiviral vector 
transduction, were inoculated into nude mice models. 
Then, the animals were sacrificed and imaged (Figures 6F, 
6G). In agreement with in vitro results, mean tumor weights 
and volumes were significantly reduced in the LINC00278 

overexpressed group compared to the empty vector group, 
indicating that LINC00278 suppresses LSCC xenograft tumor 
growth in vivo (Figures 6H, 6I). qPCR analysis showed that 
LINC00278 overexpression did not result in a steady decrease 
in expressions of either COL4A1 or COL4A2 in tissues 
(Supplementary Figures S5G–S5I). In addition, immunohis-
tochemistry showed that the expressions of collagen IV and 
Ki-67 were suppressed following LINC00278 overexpression 
(Figures 10J, 10K).

Low LINC00278 and high COL4A1/COL4A2 expression 
correlated with immune responses in human LSCC

We have shown that LINC00278 negatively regulates 
COL4A1 and COL4A2, which are its downstream target 
genes. To determine the significance of LINC00278, 
COL4A1, and COL4A2 in LSCC progression, survival curves 
of the three co-expressed genes were plotted. Based on the 
expression levels of COL4A1, COL4A2, and LINC00278, 
the 110 TCGA LSCC cases were allocated into two groups 
using the Cox regression model. Kaplan-Meier analyses 
showed that LSCC patients with elevated transcriptional 
levels of COL4A1/COL4A2 and suppressed transcriptional 
levels of LINC00278 (high risk) were significantly associ-
ated with short OS outcomes, in contrast to low COL4A1/
COL4A2 and high LINC00278 (low risk) (Figure 7A). 
Then the ESTIMATE algorithm was used to calculate the 
stromal scores, immune scores, and tumor purity of high- 
and low-risk groups. The low-risk group exhibited a higher 
immune score than the high-risk group. However, there 
were no significant differences in stromal scores and tumor 
purity between the two groups (Figure 7B). Consistent with 
the ESTIMATE algorithm, gene expression levels of human 
leukocyte antigens (HLA), programmed cell death ligand-1 
(PDL-1), and cytotoxic T-lymphocyte-associated antigen 4 
(CTL4) were elevated in the low-risk group, relative to the 
high-risk group (Figures 7C, 7D). In addition, CIBERSORT 
was used to estimate differences in 22 kinds of infiltrating 
immune cells between low- and high-risk groups. Compared 
to the high-risk group, infiltration levels of M1 macrophages 
were significantly higher in the low-risk group (Figure 7E). 
These findings imply that in the tumor microenviron-
ment, M1 macrophages might be involved in LINC00278-
COL4A1/COL4A2 mediated prognostic outcomes in 
LSCC. A recent article in the Cell journal reported that, 
due to alternative splicing (AS), intron retention (IR) can 
efficiently activate antitumor immune responses in vitro [21]. 
Accordingly, we evaluated changes in AS events following 
LINC000278 overexpression in AMC-HN-8 cells. We found 
that LINC00278 overexpression significantly increased 
AS events, among which IR events increased from 2.00% 
to 2.72% (Figures 7F, 7G). Therefore, we postulated that 
LINC00278 and its downstream target genes upregulated 
AS events, thereby regulating the infiltration levels of tumor-
infiltrating immune cells, which has an effect on antitumor 
immune responses. Thus, for the first time, we report on the 
function and mechanisms of LINC00278 in LSCC (Figure 8).
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Figure 6. LINC00278 suppressed LSCC cells proliferation, migration, and invasion by downregulation PI3K/AKT/mTOR signaling pathway. A, B) 
LINC00278 inhibits the AKT/mTOR signaling pathway. C–E) SC79 reversed the inhibitory effects of LINC00278 on LSCC cells proliferation, migra-
tion, and invasion. F) Representative pictures of tumors formed in nude mice bearing AMC-HN-8 cells in LINC00278 and control group. G) Volumes 
of LINC00278 overexpression nude mice tumors were significantly smaller than those in control nude mice tumors. H) Volume and I) weight of xeno-
graft tumors in nude mice. J, K) Immunohistochemical staining of COL4A1 and Ki-67 proteins in tumor tissues from LSCC xenografts in nude mice 
(magnification, ×10). (*p<0.05, **p<0.01, ***p<0.001).
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Figure 7. Low LINC00278 and high COL4A1/COL4A2 expression correlated with immune response in human LSCC. A) Overall survival analysis of 
the three co-expressed genes (LINC00278, COL4A1, and COL4A2) identified in LSCC. B) Violin plot representing the differences in the stromal score, 
tumor purity, and immune score between high- and low-risk groups. C, D) Box plots displaying a differential expression of HLA, PDL-1, and CTLA4 
between high- and low-risk groups. E) The difference of immune cells’ infiltration between the low- and high-risk groups. F) Stacked bar chart of the 
number of AS events. G) A line diagram of the IR ratio and the relative expression of the corresponding gene. (*p<0.05, **p<0.01, ***p<0.001).
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Discussion

In this study, we performed a computational analysis 
of high-throughput RNA-sequencing data obtained from 
TCGA database. Given that the predictive ability of a single or 
a limited number of genes was barely satisfactory, we identi-
fied six prognosis-associated signature genes (LINC00278, 
MYHAS, MNX1-AS1, LINC02086, LSAMP-AS1, and 
CASC20) to develop a prognostic model. To establish the 
role of the lncRNA-associated model in LSCC prognosis, 
overall survival analysis and ROC curves were performed. 
Kaplan-Meier survival curves showed that our lncRNA-
associated model was excellent at discriminating patients 
among different risk groups with respect to death. ROC 
curves confirmed that the model had a satisfactory sensi-
tivity and specificity. Interestingly, compared to the TNM 
stages, the predictive accuracy of the lncRNA-based model 
was significantly high. The TNM staging system remains the 
standard, while other methods are auxiliary when classifying 
infiltration ranges of tumors, and are widely used to predict 
cancer prognosis. Therefore, the lncRNA-based model might 
be useful as a supplement for tumor staging to better stratify 
patients for individualized treatments.

As the only male-determining chromosome, the Y 
chromosome serves significant role in the process of 
tumorigenesis [11–13]. However, the overall functions of 
the Y chromosome as well as those of its resident genes in 
LSCC have not been conclusively established. In this study, 
the crucial gene, LINC00278, on the Y chromosome was 
screened out in LSCC using TCGA database, and its expres-
sion levels were validated using multiple datasets from the 
GEO database. To verify the accuracy of bioinformatics 
analyses based on public databases, we performed qPCR 
experiments and cellular functional assay. In our series of 
72 laryngeal cancer patients, LINC00278 mRNA expression 
levels in LSCC tissues were considerably low, when compared 
to normal tissues. We also observed that LINC00278 was 
not randomly expressed, but was significantly correlated 
with stage, lymphatic metastasis, and pathological differen-
tiation. In vitro, overexpression of LINC00278 in LSCC cell 
lines inhibited cell proliferation, migration, and invasion. 
Meanwhile, expression levels of EMT-related marker 
proteins in each group confirmed the above results, and 
LINC00278 overexpression suppressed EMT. Bioinformatics 
analyses showed that LINC00278 was expressed at low levels 
in the HNSC tumor tissues, and comparable findings were 

Figure 8. Diagram of the mechanism of action of LINC00278 against LSCC.
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found in HSCC cells. These results suggest that LINC00278 
is a potential biomarker for prognostic outcomes and thera-
peutic responses in LSCC and HSCC.

Then, we explored the upstream and downstream mecha-
nisms of LINC00278 and found that at low levels, LINC00278 
may be a potential diagnostic and prognostic molecular 
marker for LSCC. As an important downstream effector 
molecule for LINC00278, collagen IV(COL4A1/COL4A2) 
might be involved in the molecular pathogenesis of LSCC by 
regulating tumor cell proliferation, migration, invasion, and 
immune responses. Collagen proteins form the scaffold of 
the tumor microenvironment and are important for tumor 
infiltration, angiogenesis, and metastasis [22]. Collagen IV 
family contains 6 homologous α chains, α1-6, which are 
encoded by COL4A1-6 genes, which are the most abundant 
basement constituents [23]. Liu et al. reported that COL4A1 
and COL4A2 are significantly correlated with hepatocarcino-
genesis [24]. Moreover, the COL4A1 and COL4A2 are poten-
tial markers for vascular endothelial cells’ growth and migra-
tion [25]. Cao et al. showed that COL4A1 is significantly 
associated with bladder cancer recurrence [26]. Moreover, 
upregulated COL4A1 promotes the migration and prolifera-
tion of invasive ductal carcinomas [27].

Then, bioinformatics analyses were performed to investi-
gate upstream transcription factors of LINC00278. We found 
that ETS1 was significantly downregulated in the tumor 
group. Currently, it has not been determined whether ETS1 
can regulate LINC00278 transcription. ETS1 is a dichoto-
mous transcription factor that is involved in oncogene or 
pro-apoptotic genes activation, cellular differentiation, tissue 
remodeling, angiogenesis, drug resistance, and tumorigenesis 
[28]. Elevated ETS1 levels are correlated with higher grading, 
poorer differentiation, and/or increased invasiveness in 
various tumor types, including LSCC [29, 30]. However, we 
found that ETS1 was downregulated, and it exhibited tumor 
suppressor roles. This finding is in accordance with a report 
that ectopic expressions of ETS1 significantly suppress tumor 
cell proliferation by enhancing the promoter activity of RYBP 
[31]. We postulate that it probably is tissue- and cell type-
specific, and co-determines by its binding partners.

LINC00278 and ETS1 exhibit a negative feedback loop 
to maintain their respective low expression levels in LSCC. 
When ETS1 was overexpressed, expressions of target 
genes, COL4A1/COL4A2, were downregulated, and when 
LINC00278 was overexpressed, the expressions of COL4A1/
COL4A2 were also downregulated. Surprisingly, expressions 
of COL4A1/COL4A2 were not suppressed, but they instead 
increased when we co-transfected the ETS1 transcrip-
tion factor and the LINC00278 expression vector. These 
unconventional expression patterns of COL4A1/COL4A2 
indirectly illustrate the intimate relationship between ETS1 
and LINC00278. Studies should aim at elucidating the 
involved mechanisms. They may be correlated with low 
expression levels of ETS1 and LINC00278 status in LSCC 
cell lines.

To determine how LINC00278 regulates the physiological 
processes of LSCC cells, we evaluated the effects of overex-
pressed LINC00278 on the AKT/mTOR pathway. Western 
blotting analysis showed that p-AKT and p-mTOR were 
dysregulated by the upregulated LINC00278.

The tumor microenvironment (TME) is potentially 
associated with tumor progression and therapeutic 
outcomes [32]. The TME is comprised of immune cells, 
extracellular components, and cancer-associated fibro-
blasts (CAFs) [33]. In this study, LINC00278/COL4A1/
COL4A2-dominated low-risk group showed a higher 
immune score, relative to the high-risk group (in any 
other two gene combinations, there were no significant 
differences in immune scores between the two clustered 
groups). In addition to the high immune score and high 
present antigen activity, higher expression levels of immune 
exhaustion genes in the low-risk group implied an immune 
activation status, which may be susceptible to the immune 
checkpoint blockade. Moreover, the presence of more M1 
macrophage cells within the tumor of low-risk patients 
exhibited a favorable prognostic outcome in this study. M1 
macrophages secrete pro-inflammatory cytokines, such as 
TNF-α, IL-12, and IL-13, as well as chemokines such as 
CCL-5, CXCL5, CXCL9, and CXCL10. Moreover, due to 
their cytotoxic activities, M1 macrophages are also involved 
in anti-tumor immunity [34]. We found that PD-L1 expres-
sion is negatively correlated with the number of M1 macro-
phages, which is in accordance with findings from other 
studies [35]. These results confirmed the accuracy of the 
CIBERSORT method in assessing immune cell composi-
tions of complex tissues on the basis of gene expression 
profiles from bulk tumor samples [36]. Collectively, expres-
sion levels of LINC00278, COL4A1, and COL4A2 were 
significantly correlated with the tumor microenvironment, 
especially with tumor-infiltrating M1 macrophages. These 
findings will inform on rational drug designs or antitumor-
immuno therapy.

We found that LINC00278 on the Y chromosome is 
activated by ETS1 to inhibit tumor cell growth. LINC00278 
and ETS1 form a negative feedback loop to ultimately inhibit 
their respective expressions, which eventually maintains 
their respective low expression levels in LSCC. As an impor-
tant downstream effector molecule of LINC00278, COL4A1/
COL4A2 may be involved in the molecular pathogenesis 
of LSCC by regulating tumor cell proliferation, migra-
tion, invasion, and the TME. Moreover, treatment with 
LINC00278 downregulated p-AKT and p-mTOR protein 
levels, implying that re-expression of LINC00278 suppressed 
the AKT/mTOR signaling pathway in LSCC. Our findings 
suggest that LINC00278 suppression is important for LSCC 
progression. Therefore, LINC00278 may be a potential target 
for LSCC diagnosis and treatment.

Supplementary information is available in the online version 
of the paper.
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Supplementary Information

Supplementary Table S1. Primer sequences used in this study.
Gene Sequence (5`- 3`)
LINC00278 F: ACAGGACCTCGCAAGAAGAC

R: TTGCAGACCTTGAGTGGTTG 
AR F: GGCGACAGAGGGAAAAAGGG

R: CCTTGCTTCCTCCGAGTCTT`
COL4A1 F: GGCAGATTCGGACCACTAGG

R: GCGTCTGTGGCAATACTAGC
COL4A2 F: GGACAGACGAGACAACAGCA

R: GAGCTGGCATAACATTGGCG
ETS1 F: AGATGTAGCGATGTAAGTGTCG

R: TGTGCCAGCATCAGCTACTA
GAPDH F: AGGTGAAGGTCGGAGTCAACG

R: AGGGGTCATTGATGGCAACA
E-cadherin F: CGAGAGCTACACGTTCACGG

R: GGCCTTTTGACTGTAATCACACC
N-cadherin F: CAACTTGCCAGAAAACTCCAGG

R: ATGAAACCGGGCTATCTGCTC
Vimentin F: CGCCTGCAGGATGAGATTCAG

R: TCAGGGAGGAAAAGTTTGGAAGA
Snail F: ACGAGGTGTGACTAACTAT

R: CGACAAGTGACAGCCATT
Twist F: ACCATCCTCACACCTCTG

R: GATTGGCACGACCTCTTG
Zeb1 F: TCATCGCTACTCCTACTGT

R: TCACTGTCTTCATCCTCTTC
β-catenin F: ATGGCTTGGAATGAGAC

R: AACTGGATAGTCAGCACC

Gene Sequence (5`- 3`)
U6 F: GCTTCGGCAGCACATATACTAAAAT

R: CGCTTCACGAATTTGCGTGTCAT
ChIP assay
Region 5 F: CAGAGTTTCTCCATGTTGGTG

R: TGGCTTAAACCTGTAATCCC
Region 4 F: CTTTTAAGAGCAAATAAGTGTT

R: GCTTTCAATTATTTGGGGTA
Region 3 F: TTAGCCTCACTTAGGGTTT

R: ACTTGTTTTTCTTATATTTCC
Region 2 F: AAAGCTTGTTGTTTCTTGCTC

R: CTTGCAGGTAATGTTATCACAG
Region 1-N1 F: TCTCCTTTGCCTGTGGGTCT

R: GGTCCTGTAGCACACTGTTCCT
Region 1-N2 F: ACAACTTCAACCCGAGGGGA

R: GGTCCTGTAGCACACTGTTCCT
Luciferase assay
Region 5 F: GAAGATCTCCACGACCAGCTAATT

R: CCCAAGCTTCCCAACACTTATTTGCTC
Region 4 F: GAAGATCTCTCAACATCATTGTCC

R: CCCAAGCTTAGAACTTTATCTTGTAAAACA
Region 3 F: CGGGGTACCGACAGTATGTAGATGATGG

R: GAAGATCTCCTGGTCAGGGAAGGA
Region 2 F: CGGGGTACCACTCTTCTACTGTGAAG

R: GAAGATCTAAATGTGGCTGGAATC
Region 1 F: GAAGATCTTGGTGAGCCAGCCAGG

R: CCCAAGCTTCGAGGTCCTGTAGCACACT
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Supplementary Figure S1. A heatmap was shown for the relationship between clinical factors and some differential lncRNAs expression in the TCGA 
dataset.
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Supplementary Figure S2. The multivariate Cox regression analysis. A) The Univariate Cox regression of the 16 differential lncRNAs in LSCC patients. 
B) Forest plot of the multivariate Cox regression model showing six prognosis-related signature genes. C) The ROC curves and AUC of lncRNAs (red 
curve), alcohol (blue curve), cigarettes (pink curve), gender (orange curve), grade (green curve) and TNM stage (yellow curve). The risk score distribu-
tion (D), Kaplan-Meier curve (E), patient survival status (F) and heatmap of the six lncRNAs of the LSCC patients in high- and low-risk groups (G). H) 
Forest plot presenting the multivariate risk factors of LSCC patients. I) Nomogram for the 1, 3, 5-year OS prediction based on lncRNAs, age, gender, 
grade, alcohol, and TNM stage.
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Supplementary Figure S3. LINC00278 was selected as marker gene of LSCC. A) Heatmap showed some differential lncRNAs in different studies by 
RRA methods from 2 different datasets. B) Relative expression of AR in 61 paired LSCC tissues. C) GTEx data show that LINC00278 were expressed 
divergently in different tissues. D) Relative expressions of LINC00278 in HNSC tumor tissues and non-tumor tissues from TCGA database. E) The 
expression of LINC00278 significantly upregulated after the cells were transfected with pcDNA3.1-LINC00278.
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Supplementary Figure S4. The cell viability was assessed by MTS assay after transfected with pcDNA3.1-LINC00278 (A). COL4A1 (B) and COL4A2 (C) 
expression in 54 tissues from GTEx RNA-seq.
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Supplementary Figure S5. The correlation between COL4A1/COL4A2 expression and clinical features of LSCC. A) Heatmap showed some differential 
mRNAs in different studies by RRA methods from 6 different datasets. B) The relation between the expression of COL4A1 and clinical parameters 
based on qPCR results. C) The relation between the expression of COL4A2 and clinical parameters based on qPCR results. D-F) The cell viability, 
migration and invasion capability after transfected with SC79 and LY294002. G-I) LINC00278, COL4A1 and COL4A2 mRNA expression in nude mice 
tissues.


