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A B S T R A C T   

Increasing evidence has indicated that long non-coding RNAs (LncRNAs) play multiple functions in the devel-
opment of cancer and function as indicators of diagnosis and prognosis. This aim of this study was to investigate 
the roles LncRNA C9orF139 had in the progression of esophageal squamous carcinoma (ESCC). We found 
C9orf139 was highly expressed in ESCC and knock down the expression of C9orf139 significantly suppressed cell 
proliferation, promoted apoptosis, and inhibited migration and invasion. C9orf139 was able to negatively 
regulate miR-661 expression. At the same time, HDAC11 expression was negatively regulated by miR-661. The 
C9orf139/miR-661/HDAC11 axis was further involved in regulating the expression of the NF-κB signaling 
pathway. The association between the C9orf139 knockdown and the reduced tumor growth and size was 
observed during in vivo study. C9orf139 is highly expressed in ESCC, and is thus qualified to be used as a po-
tential diagnostic and prognostic marker for ESCC. Its promotion of ESCC progression is achieved by mediating 
the miR-661/HDAC11 axis.   

Introduction 

Esophageal cancer (ESCA) is one of the most common cancers in the 
world, accounting for 11% of total cancer diagnoses each year [1,2]. 
According to histopathological classification, esophageal carcinoma is 
mainly divided into esophageal squamous carcinoma (ESCC) and 
esophageal adenocarcinoma (EA). ESCC accounts for more than 90% of 
the confirmed cases of esophageal cancers in China [3,4]. Although 
there are currently several treatments for ESCC that have been applied 
clinically [5,6], there are still many limitations which have been brought 
about by technological development and lack of a more detailed un-
derstanding of the pathogenesis of ESCC, so the 5-year survival rate of it 
is only 22–30% [7]. The early diagnosis and intervention of diseases are 
of great significance in the treatment of diseases. Therefore, it is 
important to explore the molecular mechanism of ESCC occurrence and 
development and, for the treatment of ESCC, to search for molecular 
targets by controlling the malignant development of ESCC to improve of 
prognosis and survival rate. 

In the human genome, only 2% of expressed transcripts are protein- 
coding RNAs, while the rest are non-coding RNAs, of which long non- 
coding RNAs (LncRNAs) account for the largest proportion, about 80% 
[8,9]. More and more studies have shown that changes in the LncRNA 
expression profile are highly correlated with the progression of various 
cancers [10–12]. What is more interesting is that the interaction be-
tween LncRNAs and microRNAs (miRNAs) has been mentioned in these 
studies. For example, LncRNA H19 is able to interact with miR-138 and 
miR-200a to promote epithelial-mesenchymal transformation (EMT) in 
colorectal cancer [13]; LncRNA PAGBC is able to inhibit the functions of 
miR-133b and miR-511 and promote the occurrence of gallbladder tu-
mors [14]. In general, LncRNAs combined miRNA and act as miRNA 
sponges which would reduce miRNA regulatory capacity [15]. As an 
important member of the LncRNA family, C9orf139 was found to be 
differentially expressed in various tumors, and is expected to become a 
potential target for pancreatic cancer therapy [16]. Also, C9orf139 was 
highly expressed in pancreatic cancer and promoted pancreatic cancer 
cell growth by mediating the miR-663a /Sox12 axis [17]. In addition, 
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bioinformatics analysis of patients with pancreatic ductal adenocarci-
noma (PDCA) indicated that C9orf139 was a promising prognostic in-
dicator for PDCA [18]. 

MiRNAs, as endogenous non-coding small RNAs, can inhibit gene 
expression by inhibiting mRNA translation and participate in post- 
transcriptional regulation of genes [19]. In recent years, the role of 
miRNAs in tumorigenesis and development has been extensively re-
ported. Differences in the expression of miR-661 have been detected in 
different tumors and physiological functions which have been shown in 
diverse cells [20,21]. TUSC2P suppresses the tumor function of esoph-
ageal squamous cell carcinoma by regulating TUSC2 by miR-661 from 
binding to TUSC2 [22]. However, the role of miR-661 in ESCC has not 
been reported in detail. 

HDAC11, the newest member of the 11 human zinc-dependent 
HDACs, is also the smallest protein in this family and has the least 
characterized biological function. HDAC11 has been implicated in 
diverse immune functions [23], myoblast differentiation [24], meta-
bolism, and obesity [25]. Its depletion has been reported to promote cell 
death and inhibit metabolic activity in HCT-116 colon, MCF7 breast, 
PC-3 prostate, and SK-OV-3 ovarian cancer cell lines [26]. In our study, 
we aimed to make clear the molecular role of C9orfl39 in the tumori-
genesis of ESCC and identify its potential interaction with 
miR-661/HDAC11 axis. 

Materials and methods 

Cell lines, culture and transfection 

Human esophageal cancer cell line TE-1, human esophageal cancer 
cell line ECA109, and human embryonic kidney cell 293T were pur-
chased from Beyotime, China. TE-1 cells were cultured in RPMI 1640 
with 10% FBS (Gibco, Australia) and 1% penicillin/streptomycin 
(Invitrogen, USA). ECA109 and 293T were cultured in DMEM with 10% 
FBS (Gibco, Australia) and 1% penicillin/streptomycin (Invitrogen, 
USA). All cells were cultured in an incubator suitable for 37◦C, 5% CO2, 
and 95% humidity. shRNA-C9orf139, miR-661 mimic, and anti-miR-661 
inhibitor were synthesized by the company (50OD, purified by HPLC) 
and self-diluted for use. The pcDNA3.1-HDAC11 was derived from a 
subclone of the chemically synthesized CDS region of pcDNA3.1. Cells 
were collected, counted, and seeded into 6-well plates the day before 
transfection. Cell transfection was performed by using lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA), in accordance with the manu-
facturer’s protocol. DMEM with 10% FBS was added to each well at 6 h 
following transfection. All shRNA, miRNA and anti-miRNA inhibitors 
were purchased from Genecopoeia (USA). 

RNA extraction and RT-qPCR 

Total RNA was extracted by using kit reagents to separate nuclear 
and cytoplasmic RNA without cross-contamination (RNA subcelluar 
isolation kit, Active Motif, USA). The total RNA was collected using kit 
reagents and the mass of total RNA was evaluated by Nanodrop 2000 
spectrophotometer (Thermofisher Scientific, USA). Reverse transcrip-
tion of 1.0 μg total RNA to cDNA and qPCR was performed by using the 
SYBR Green MasterMinds Kit Testing on the testing system platform 
(Biosystems 7500, ABI, USA). The gene expression data was performed 
by 2− ΔΔCt method to analyze the relative quantity. All primers are 
commercially available from Thermofisher Scientific (USA). 

Cell Counting Kit‑8 (CCK‑8) assay 

Cells were inoculated 4000 cells/well into 96-well plates (100 ul 
volume); 24 h after cell inoculation, medium was removed and 100ul of 
fresh RPMI1640 medium (containing 2%FBS) was added. Lipofilter was 
about 0.6 ul. 24.4 ul was mixed with RPMI1640 medium (excluding 
FBS), and incubated at room temperature for 5 min. The prepared siRNA 

was about 50pmol (2ul) (or 0.25ug PCDNA3.1 plasmid containing the 
GENE CDS region) and mixed with 23ul RPMI1640 medium (excluding 
FBS). The 2 prepared tubes of solution were gently mixed and incubated 
at room temperature for 20 min, and then added into the wells; After 6 h 
of incubation, medium was removed and 150ul of fresh RPMI1640 
medium (containing 10%FBS) was added for further culture. After 72 h 
of incubation, 10ul CCK8 reagent was added for further incubation for 
1–4 h. The absorbance was measured at 450nm. 

Clone formation 

A 6-well plate was taken, and the target cells of the exponential 
growth period were inoculated: 1000 cells/well. The NC control group 
(or Ctrl group) and experimental group were set, and the number of cells 
was able to be adjusted appropriately according to experimental needs. 
24 h after cell inoculation, fresh RPMI1640 medium 1500ul (containing 
2%FBS) was replaced. The lipofilter was about 5.0ul, mixed with 250ul 
RPMI1640 medium (containing 2%FBS), and incubated at room tem-
perature for 5min. The prepared siRNA was about 50pmol(2ul) or 
0.25ug plasmid, and was mixed with 250ul RMI1640 medium (con-
taining 2%FBS). The 2 prepared tubes of solution were gently mixed, 
then left to incubate at room temperature for 20 min before being added 
to cells. After 6h of culturing, medium was removed and 2000ul of fresh 
RMI1640 medium (containing 10%FBS) was added. After 7–10 days of 
continuous incubation, the number of clones was observed under a 
microscope, photographed, and counted. 

Transwell assay 

A 24-well Transwell plate was taken (pretreated with 0.2ml matrix 
glue for 1h), and the target cells (containing 5%FBS) in the exponential 
growth period were inoculated in the upper chamber: 10000 cells 
/250ul/well, then the NC control group and experimental group were 
set. Each group was repeated in with three multiple wells. 4h after cell 
inoculation, 2.4ul lipofilter was taken, 47.6ul was mixed in RPMI1640 
medium (containing 5%FBS), and incubated at room temperature for 5 
min. The prepared siRNA or miRNAs were about 50pmol(2ul) or 0.25ug 
pcDNA3.1-HDAC11 plasmid, and was mixed with 46ul RPMI1640 cul-
ture base (containing 5%FBS). The 2 prepared tubes of solution were 
mixed and incubated at room temperature for 20min, added into the 
cells and mixed gently again. After 6–12 h of culturing, 300ul of fresh 
RPMI1640 medium (containing 5%FBS) was replaced, and 500ul 
RPMI1640 medium (containing 20%FBS) was added into the lower 
chamber to continue culturing. After 48 h of culturing, the upper 
chamber was removed and the cells attached to the upper surface of the 
upper chamber were gently scraped with cotton swabs. The cells on the 
lower surface were treated and stained with crystal violet staining, and 
these cells were observed under a microscope then photographed. 

Annexin V-FITC assay 

Cells were inoculated during the exponential growth period: 10,0000 
cells/well, the NC control group and experimental group were set. Each 
group was repeated in with three multiple wells. 24 h after cell inocu-
lation, medium was removed and 500ul of fresh RPMI1640 medium 
(containing 2%FBS) was added 2.4ul lipofilter was taken, 47.6ul was 
mixed with RPMI1640 medium (containing 2%FBS), and stood at room 
temperature for 5 min. The prepared siRNA was about 50pmol(2ul) or 
0.25ug plasmid, and mixed with 46ul RPMI1640 medium (containing 
2%FBS). 2 tubes of solution were gently mixed, then held at room 
temperature for 20 min, then add into cells. After 6h culture, 500ul of 
fresh RPMI1640 medium (containing 10%FBS) was replaced. After 72 h 
of culturing, cells were centrifuged at 300g for 5 min. The cells were re- 
suspended by pre-cooled PBS and centrifuged at 300g for 5 min. PBS was 
discarded and 100ul 1*Binding buffer was added to resuspend cells. 
Annexin V-FITC 5ul was added, mixed gently, held in the dark at room 
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temperature for 10–15 min. 400ul 1*Binding Buffer was added, mixed 
evenly and placed on ice for flow detection within 1h. 

Dual luciferase activity detection 

After 48 h of transfection, the cells were washed gently with PBS, 
then 200ul cell lysis solution was added to each well, and was incubated 
on ice for 5–10 min to fully lyse the cells. As instructed in the kit in-
structions (Shanghai YEASEN Biotechnology), luciferase substrate was 
prepared and kept on ice. 20ul cell lysate and 100ul of firefly luciferase 
reaction solution was added into each well of the 96-well plate. Finally, 
the plate was put into the plate tester to detect firefly luciferase activity. 
After the firefly luciferase activity was detected, 100ul of aquiferase 
reaction solution was added to each well and aquiferase activity was 
detected. 

Western blotting assay 

After the experimental cells were washed twice with PBS solution, 
100ul cell lysis buffer (containing 1% protease inhibitor 1%EDTA) was 
added, fully mixed at room temperature for 30 s and centrifuged at 
13,000rpm for 5 min. 20ul of supernatant was taken after centrifuging to 
thoroughly mix with 5ul of protein loading buffer. The samples were 
suspended in boiling water for 5 min, and then some samples were 
taken. After electrophoresis, the membrane was transformed. PVDF 
membrane was blocked with blocking solution and incubated with IKK 
antibody(ab32041) (1:500), IkB antibody(ab76429)(1:500), NF-κB 
antibody(ab32360) (1:1,000), HDAC11 antibody (ab18973)(1:1,000), 

NCOR1 antibody(ab3482) (1:2,000), and GAPDH antibody (ab8245) 
(1:3,000), .\ at 37◦C for 2 h or 4◦C overnight. Then, the membrane was 
washed and incubated with the goat anti-rabbit IgG HRP antibody 
(ab6721) (1:3,000) for 1h at 37◦C. After washing the membrane, a 
chemiluminescence imager was used for chemiluminescence. 

Mouse xenograft assay 

The effects of C9orf139 on tumorigenesis and growth in vivo were 
detected via mouse xenograft assay. We used twenty 5 to 6-week-old 
female NU-Foxn1nu nude mice (Vital River Laboratory Animal Tech-
nology Co., Ltd., Beijing, China) for the mouse xenograft assay. A total of 
3 × 106 TE-1-NC cells or C9orf139-knockdown stable TE-1 cells were 
used to inject into the right or left oxter of female NU-Foxn1nu nude 
mice, respectively [17]. Tumor size and weight were determined with 
calipers and balanced twice a week. After 53 days, the mice were 
executed and the tumors were removed. The formula V = (W 2 × L)/2 
was used to calculate the tumor volume. V is the tumor volume, W is the 
tumor width, and L is the tumor length. Tumor size was presented as 
mean ± standard deviation (SD). 

Protein-protein interaction network 

The PPI interaction networks between the DEGs were constructed 
using the Search Tool for the Retrieval of Interacting Genes (STRING) 
database (http://string-db.org/) [27]. Firstly, the DEGs were typed into 
the database. Then, high-resolution bitmaps were displayed and 
downloaded from the webpage. Only these interactors with a combined 

Fig. 1. Interactions of C9orf139/miR-661/HDAC11. (A) qPCR assay was used to detect the expression of C9orf139 in normal esophageal cells which called ECA109, 
TE-1 and TE-12. (B, C) Cell localization of C9orf139 in TE-1 and ECA109 cells. (D) The shC9orf139-#1 and shC9orf139-#2 infection efficiency of TE-1 cells and 
ECA109 cells were analyzed by qPCR to compare with shNC group. (E) Effect of C9orf139 knockdown on miR-661 in TE-1 and ECA109 cells. (F-G) Effect of miR-661 
mimic on HDAC11 gene expression. (H-I) Effect of anti-miR-661 inhibitor on HDAC11 gene expression. All datas were presented as mean ± SD. (*p < 0.05, **p <
0.01, ***p < 0.001 vs. relative controls). 
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confidence score ≥ 0.4 were shown in the bitmap. 

Statistical analysis 

All experiments were repeated at least 3 times during the study 
period. Statistical analysis was performed using the GraphPad Prism 8 
software (GraphPad Software, Inc., La Jolla, CA, USA). All datas are 
expressed as mean ± SD unless otherwise stated. The main statistical 
methods were tested with one-way ANOVA (p < 0.05 was considered 
significant in statistic). 

Results 

Interactions of C9orf139/miR-661/HDAC11 

First, we detected the expression of C9orf139 in normal esophageal 
epithelial cells and esophageal carcinoma cells (ECA109, TE-1 and TE- 
12). qPCR results showed that the expression of C9orf139 was signifi-
cantly increased in esophageal cancer cells, especially in the ECA109 

cell line (Fig. 1A). In addition, we detected the cytoplasmic distribution 
of C9orf139 in ECA109 (Fig. 1B) and TE-1 (Fig. 1C) cell lines and found 
that the distribution of C9orf139 in the cytoplasm of the two cancer cells 
was much higher than the distribution in the nucleus. Subsequently, we 
constructed a shRNA-C9orf139 vector and transfected the TE-1 and 
ECA109 cell lines. The ShC9orf139-#1 fragment with a better knock-
down effect (over 70%) was selected for subsequent experiments 
(Fig. 1D). It was interesting to note that miR-661 was significantly 
elevated after down-regulation of C9orf139 gene expression (Fig. 1E). 
Therefore, miR-661 mimic and anti-miR-661 inhibitor molecules were 
constructed in an attempt to search for downstream molecules of miR- 
661 inhibitors. After miR-661 expression was increased or decreased, 
HDAC11 gene expression was decreased or increased, and there was an 
inverse correlation between the two (Fig. 1F, I). 

C9orf139/miR-661/HDAC11 regulated cell proliferation 

After determining the intermolecular interaction of C9orf139/miR- 
661/HDAC11, we first explored the function of this signal axis. As 

Fig. 2. C9orf139/miR-661/HDAC11 regulated cell proliferation and clonal formation. (A) Proliferation of TE-1 cells after transfection with C9orf139 knockdown 
plasmid. *p < 0.05 vs. shNC. (B) Proliferation of ECA109 cells after transfection with C9orf139 knockdown plasmid. *p < 0.05 vs. shNC (C-D) Cells proliferation were 
detected by CCK8, and growth inhibition induced by shC9orf139-#1 was removed after transfection with miR-661 inhibitor. *p < 0.05 vs. shNC, ^p < 0.05 vs. 
shC9orfl39#1. (E, F) Cells proliferation were detected by CCK8, and growth inhibition induced by shC9orf139-#1 was relieved after overexpression of HDAC11. *p 
< 0.05 vs. shNC, ^p < 0.05 vs. shC9orfl39#1, #p < 0.05 vs. shC9orfl39#1+ pcDNA3.1. (G-I) Same as the above experimental groups, clone formation ability was 
detected and counted. *p < 0.05 vs. shNC, ^p < 0.05 vs. shC9orfl39#1, #p < 0.05 vs. shC9orfl39#1+ pcDNA3.1. All data were presented as mean ± SD. 
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shown in Fig. 2A, the proliferation ability of TE-1 was significantly 
reduced after down-regulation of C9orf139 expression, which was 
consistent in ECA109 cells (Fig. 2B). The proliferation ability of cells was 
partially restored, and the inhibition caused by the down-regulation of 
C9orf139 was relieved to a certain extent, after the inhibition of miR- 
661 expression. (Fig. 2C, D). Overexpression of HDAC11 led to the 
same results (Fig. 2E, F). Similarly, after the expression of C9orf139 was 
knocked down, the clonogenesis ability of the cells was decreased 
(Fig. 2G). Inhibition of miR-661 or overexpression of HDAC11 resulted 
in the release of inhibition and partial recovery of clonogenesis (Fig. 2H, 
I). 

C9orf139/miR-661/HDAC11 and tumor invasion 

In previous experiments, we found that the C9orf139/miR-661/ 
HDAC11 signaling axis regulated the proliferation of esophageal can-
cer cells. Further, we analyzed the relationship between this signal axis 
and tumor invasion ability. We pre-inoculated 0.2ml Matrigel (mainly 
composed of laminin and collagen type Ⅳ) at the bottom of the chamber 
and inserted the cells according to the number of 1 × 105 cells. After 
grouping, the cells were cultured for 48h and observed by crystal violet 
staining. The results showed that the invasion ability of both TE-1 and 
ECA109 cells was significantly reduced after the expression of C9orf139 
was down-regulated (Fig. 3A). Reduced miR-661 expression or the up- 
regulation of HDAC11 both, to a large extent, restored the invasion 
ability of tumor cells (Fig. 3B, C). 

C9orf139 knockdown induced apoptosis 

Similarly, we used the previous grouping model to analyze the effect 
of C9orf139 on the apoptosis of esophageal cancer cells. Much like in 
previous results, knockdown C9orf139 remarkably increased the 
apoptosis rate of TE-1 and ECA109 cells (Fig. 4A, B). When miR-661 was 
inhibited, the apoptosis rate of tumor cells was dramatically reduced 
(Fig. 4C, D), and the results were consistent with the one after HDAC11 
was upregulated (Fig. 4E, F). 

Signal transduction mechanism between C9orf139/miR-661/HDAC11 

Our study found that the C9orf139/miR-661/HDAC11 signal axis 
was closely related to the proliferation, invasion, and apoptosis of 
esophageal cancer cells. Therefore, the signal transduction mechanism 
between the signal axis and the molecular pathways that induced cell 
proliferation, apoptosis and other related changes became the key which 
urgently needed to be solved. First, we validated the molecular in-
teractions among C9orf139, miR-661 and HDAC11 by using a dual- 
luciferase system. As shown in Fig. 5A and B, miR-661 mimic signifi-
cantly reduced luciferase expression driven by C9orf139, while lucif-
erase expression recovered after miR-661 mutation. Similarly, miR-661 
mimic significantly lessened luciferase expression driven by HDAC11-3- 
UTR, and luciferase expression recovered after site mutation (Fig. 5C, 
D). In addition, miR-661 mimic inhibited HDAC11-3-UTR-driven 
Luciferase expression in TE-1 cells after co-transfection with C9orf139 
(Fig. 5E). 

Extensive studies have shown that the NF-κB pathway is involved in 
the regulation of immune responses in the body, and it is closely related 
to cell proliferation and migration. Therefore, we first verified the 
possible relationship between C9orf139 and the NFκB signaling 
pathway. After the C9orf139 gene was knocked down, NF-κB and IKK 
expressions were decreased, and IκB expression was increased. The 
expression of HDAC11 also decreased correspondingly (Fig. 5F, G). The 
interaction between NCOR1 and HDAC11 was found by String database 
analysis (Fig. 5H). WB assay confirmed that decreased expression of 
C9orf139 gene resulted in decreasing expression of HDAC11 but 
increasing expression of NCOR1(Fig. 5F, G). Inhibition of miR-661 
expression was able to restore some of the effects of C9orf139 knock-
down (Fig. 5F, G). 

Tumor growth inhibition induced by knockdown of C9orf139 gene in vitro 

We constructed a mouse xenograft model through subcutaneous in-
jection to further verify the effect of C9orf139 knockout on tumor 
growth in vivo. TE-1 cells were transfected with NC and shC9orf139-#1 
respectively, and then xenografted with mouse xenograft after cell 
expansion. It was found that, compared with the control group, tumor 

Fig. 3. C9orf139/miR-661/HDAC11 regulated ESCC cell invasion. (A) Tumor invasion test: The invasion of tumor cells was weakened by knocking down the expression 
of C9orf139 gene. *p < 0.05 vs. shNC. (B) Tumor invasion test: Compared with shNC, the tumor invasion ability of shC9orf139-#1 group was reduced, and the 
invasion ability was recovered after co-transfection with Mir-661 inhibitor. *p < 0.05 vs. shNC, ^p < 0.05 vs. shC9orfl39#1. (C) Tumor invasion assay: Compared 
with shNC, the tumor invasion ability of shC9orf139-#1 group decreased, and the invasion ability was restored after co-transfection with pcDNA3.1-HDAC11. *p <
0.05 vs. shNC, ^p < 0.05 vs. shC9orfl39#1, #p < 0.05 vs. shC9orfl39#1+ pcDNA3.1. All data were presented as mean ± SD. 
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growth of mice inoculated with shC9orf139-#1-TE-1 cells was slower, 
tumor volume was significantly reduced, and tumor volume was lighter 
than that of the control group (Fig. 5I–K). 

Discussion 

Esophageal cancer (EC) ranks seventh in the incidence of cancers 
worldwide and sixth in cancer-specific mortality [28]. ESCC accounts 
for about 90% of all EC histological subtypes [29]. Despite recent 

Fig. 4. C9orf139/miR-661/HDAC11 regulated tumor cell apoptosis. Apoptosis was detected by Annexin V-FITC assay. (A-B) C9orf139 knockdown resulted in increasing 
apoptosis: Knockdown of C9orf139 could significantly enhance the apoptosis of esophageal cancer cells. *p < 0.05 vs. shNC. (C-D) The apoptosis rate of cancer cells 
was conspicuously reduced when miR-661 was inhibited. *p < 0.05 vs. shNC, ^p < 0.05 vs. shC9orfl39#1. (E-F) Knockdown of C9orf139 induced apoptosis of 
esophageal cancer cells, which was inhibited by overexpression of HDAC11. *p < 0.05 vs. shNC, ^p < p < 0.05 vs. shC9orfl39#1, #p < 0.05 vs. shC9orfl39#1+
pcDNA3.1. The data were presented as mean ± SD. 
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advances in minimally invasive techniques, optimization of chemo-
radiotherapy protocols, and molecular targeted therapy innovations, 
ESCC treatment and prognosis of 5-year survival remains low [30,31]. 
Therefore, it is crucial for the diagnosis and treatment of ESCC to search 
for molecular targets related to the treatment of ESCC and to further 
study a series of prognostic indicators that can accurately predict the 
outcome of surgery, which is the key of the current ESCC research. 

In recent years, different kinds of non-coding RNAs have become the 
focus of research in various fields. In recent years, studies on miRNAs 
have focused on tumor drug resistance and autophagy [32,33], while 
LncRNAs are mainly focused on their differential expression and gene 
regulation functions in different types of cancer [11,34]. More and more 
studies have found that LncRNAs can act as molecular sponges and 
interact with miRNAs to regulate gene expression. C9orf139, as an 

important member of the LncRNA family, has been reported to be 
associated with the growth of pancreatic cancer cells [17] as well as the 
prognostic indicators of PDCA patients [18]. Our study confirmed that 
C9orf139 can regulate downstream HDAC11 expression through inter-
action with miR-661, and affect the proliferation, invasion, and 
apoptosis of esophageal cancer tumor cells from both in vitro and in vivo. 
The discovery of the C9orf139/miR-661/HDAC11 signaling axis further 
complicates the role of C9orf139 in the growth and migration of 
esophageal cancer cells and provides a potential target for the treatment 
of esophageal cancer. 

Previous studies have focused on the regulatory role of immune cells 
in the NF-κB signaling pathway, and recent studies have found that the 
NF-κB signaling pathway is closely related to tumor proliferation and 
migration [35–37]. Dai D et al. demonstrated that PELI1 regulated the 

Fig. 5. Signal transduction mechanism between C9orf139/miR-661/HDAC11 and mouse xenograft model. (A–E) Double luciferase assay. A-B: miR-661 mimic signifi-
cantly reduced the expression of luciferase driven by C9orf139, while luciferase expression recovered after site mutation. *p < 0.05 vs. NC mimics, ^p < 0.05 vs. miR- 
661 mimics. C-D: miR-661 mimic significantly lessened luciferase expression driven by HDAC11-3-UTR, while luciferase expression recovered after site mutation. *p 
< 0.05 vs. NC mimics, ^p < 0.05 vs. miR-661 mimics. E: In TE-1 cells, miR-661 mimic significantly reduced luciferase expression driven by HDAC11-3-UTR, but 
increased luciferase expression after co-transfection with C9orf139. *p < 0.05 vs. NC mimics, ^p < 0.05 vs. miR-661 mimics. (F) The regulation of NF-κB signaling 
pathway by C9orf139/miR-661/HDAC11 was detected by WB. (G) Gray analysis of F. *p < 0.05 vs. shNC, ^p < 0.05 vs. shC9orfl39#1. (H) String database predicted 
HDAC11 key interacting proteins. (I) The mice xenograft models and tumors. (J) The volumetric of tumors was measured after removing the tumors from the mice 
xenograft models. *p < 0.05 vs. shNC. (K) Tumor weight of xenograft model mice was measured. *p < 0.05 vs. shNC. All data were presented as mean ± SD. 
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sensitivity of tumor cells to radiotherapy by regulating ir-induced 
atypical NF-κB expression [38]. In our study, downregulation of 
C9orf139 resulted in decreasing molecular expression of NF-κB, IKK, and 
the target gene HDAC11, as well as enhanced expression of IκB, which 
was restored after inhibition of miR-661. Consistent with previous 
findings, this study showed that the C9orf139/miR-661/HDAC11 
signaling axis was involved in the regulation of NF-κB signaling 
pathway, and was closely related to the proliferation, invasion and 
apoptosis of esophageal cancer cells. However, to confirm this hypoth-
esis, further studies should be performed to investigate lncC9orf139 
expression in human ESCC tissue and non-cancerous tissue, as well as to 
explore downstream signaling pathways. MiR-661 overexpression effect 
on HDAC11C overexpression and the effect of shC9orf139 on other 
tumor cell lines in regard of apoptosis are also worthy to be determined. 

Conclusion 

In summary, our study promoted the clarification of the molecular 
function of C9orf139 and the study of potential therapeutic targets for 
ESCC, and it provided a new candidate indicator for the prognostic 
detection of ESCC. 
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