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Abstract
N1-methyladenosine (m1A) RNA modification represents one of the essential post-
transcriptional modifications in gene expression regulation. Long non-coding 
RNAs (lncRNAs) are involved in the development of malignant tumors, including 
esophageal cancer (ESCA). However, whether m1A can regulate that lncRNA in 
cancer cells remains unclear. ESCA cell lines TE1 and KYSE70 were used for functional 
experiments. The mRNA and protein levels were detected by quantitative reverse 
transcription polymerase chain reaction and Western blot, respectively. Colony 
formation and tumor sphere formation assays were used for evaluating ESCA 
stemness. The m1A modification on esophageal squamous cell carcinoma associated 
long non-coding RNA 1 (ESCCAL-1) transcript was examined by methylated RNA 
immunoprecipitation. In this study, we report that RNA m1A demethylase alkylation 
repair homolog 3 (ALKBH3)-mediated ESCCAL-1 is implicated in maintaining stem 
cell-like properties of ESCA. Clinically, ESCCAL-1 was up-regulated in ESCA and 
positively correlated with tumor stage. In addition, patients with higher ESCCAL-1 
expression in tumors had shorter median survival. Functionally, the knockdown of 
ESCCAL-1 attenuated the stemness of ESCA cells as indicated by decreased sphere 
formation and colony formation capacities, while overexpression of ESCCAL-1 
elicits the opposite biological effects. Moreover, ESCCAL-1 manipulation positively 
regulated both mRNA and protein levels of KLF4 and CD44, two stemness-
related markers. Mechanistically, ALKBH3 upregulated ESCCAL-1 expression 
in an m1A demethylation-dependent manner. Notably, the downregulation of 
ALKBH3 mimicked the effects of ESCCAL-1 deficiency on ESCA stemness, and this 
phenomenon is significantly reversed by the enforced expression of ESCCAL-1. Our 
results revealed the role of m1A-mediated ESCCAL-1 in ESCA self-renewal, which 
expands the understanding of lncRNA post-transcriptional modification in cancer 
development.
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1. Introduction
Esophageal cancer (ESCA), a common digestive system 
malignancy, is the sixth leading cause of cancer-related 
death worldwide[1]. Esophageal squamous cell carcinoma 
(ESCC) is the primary pathological type of ESCA in 
Asia, while esophageal adenocarcinoma (EAC) is more 
common in Western countries[2,3]. Although researchers 
have discovered in recent years that genetic mutations 
alter susceptibility to ESCA and that epigenetic changes 
contribute to the development of ESCA[4-6], the detailed 
mechanisms that drive the tumorigenesis of ESCA are 
still not well understood. Therefore, uncovering the 
molecular mechanism of ESCA is expected to contribute 
to the development of new diagnostic and therapeutic 
strategies.

Long non-coding RNAs (lncRNAs), non-coding 
transcripts longer than 200 nucleotides, widely mediate 
tumor development and influence disease prognosis[7]. We 
previously used transcriptome sequencing technology to 
detect differentially expressed lncRNAs in ten pairs of ESCA 
and adjacent normal tissues and identified esophageal 
squamous cell carcinoma associated long non-coding 
RNA 1 (ESCCAL-1) as an upregulated molecule closely 
related to ESCA[8]. It was further found that ESCCAL-1 can 
promote the proliferation, metastasis, cycle progression, 
and apoptosis resistance of ESCA cells[9,10], suggesting that 
ESCCAL-1 may be a critical oncogenic lncRNA in ESCA 
occurrence. However, the molecules responsible for the 
uncontrolled expression of ESCCAL-1 in ESCA and their 
biological roles still need to be fully understood.

N1-methyladenosine (m1A) methylation is one of 
the eukaryotic cell’s most common RNA modifications. 
Deregulated methylase regulates RNA stability, splicing, 
translation, and other processes by affecting the m1A 
modification of transcripts[11,12]. RNA m1A modification 
controls intracellular gene expression profile at the post-
transcriptional level and participates in the regulation 
of tumor initiation and development[13-15]. However, the 
function of m1A modification in ESCA and its regulation 
of lncRNA expression remains unclear.

In this study, we found that high expression of 
ESCCAL-1 was closely related to the progression and 
prognosis of ESCA. The absence of ESCCAL-1 inhibits 
the stem-like properties of ESCA cells, and the forced 
expression of ESCCAL-1 promotes the self-renewal 
ability of ESCA. Alkylation repair homolog 3 (ALKBH3), 
an RNA demethylase, erases the m1A modification of 
ESCCAL-1 and causes the upregulation of the latter 
expression in ESCA. ALKBH3/ESCCAL-1 axis is involved 
in the stemness maintenance of ESCA, providing a new 
therapeutic target for this disease.

2. Materials and methods
2.1. Cancer databases

UALCAN is a comprehensive cancer database containing 
multiple omics data (http://ualcan.path.uab.edu/index.
html). We used this database to verify the expression of 
ESCCAL-1 in ESCA and its relationship with various 
clinical indicators of patients. Kaplan–Meier Plotter (KMP, 
http://kmplot.com/analysis/index.php), an online server 
designed to provide users with clinical data on pan-cancer, 
was used to analyze the relationship of patient survival 
between ESCCAL-1 and ESCA. GEPIA (http://gepia.
cancer-pku.cn/about.html) is an online interactive website 
based on RNA-seq data, which is used to analyze the 
expression of ESCCAL-1 and ALKBH3 as well as their 
correlation in ESCA.

2.2. Cell culture and transfection

Three ESCA cell lines, including TE1, KYSE70, EC1, and 
one immortalized esophageal epithelial cell line Het-1A, 
were cultured in an incubator containing 5% carbon 
dioxide at 37°C. All cells were maintained in RPMI 1640 
medium containing 10% fetal bovine serum and 1% 
penicillin-streptomycin solution. The lentivirus-based 
recombinant vectors were purchased from Shanghai 
GeneChem Company (China) for knockdown (sh-AL1#1, 
sh-AL1#2) or overexpression (OE-AL1) of ESCCAL-1. 
The vectors were transfected into ESCA cells with the 
transfection reagent HitransGA (GeneChem, China). 
ALKBH3 silencing siRNA was purchased from Shanghai 
GenePharma Company (China) and transfected into 
ESCA cells with the transfection agent INTERFERin 
(Polyplus, France).

2.3. Real-time quantitative reverse transcription 
polymerase chain reaction

Total RNAs were extracted from the cells using Trizol 
reagent (Invitrogen, USA). After concentration and 
purity measurements, 1 μg of RNAs in a 20-μL reaction 
system were reverse-transcribed into cDNA using a 
reverse transcription kit (Novoprotein, China). Finally, 
real-time quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) was performed using the 
SYBRGREEN kit (Novoprotein, China) and amplification 
system (Applied Biosystems, USA). The housekeeping 
gene GAPDH was used as the internal reference, and the 
relative expression level of the target gene was calculated 
by method 2-ΔΔCt. The primers used are shown in Table S1.

2.4. Tumor sphere formation assay

The transfected cells were uniformly inoculated in 
low-adhesion six-well plates (CORNING, USA), each 

https://doi.org/10.36922/gpd.305


Volume 2 Issue 1 (2023) 3 https://doi.org/10.36922/gpd.305

Gene & Protein in Disease m1A-mediated ESCCAL-1 promotes ESCA stemness

containing 4  mL of sphere-forming medium and 
10,000 cells. Dulbecco’s modified eagle medium (DMEM)/
F12 medium contained 20 ng/mL epidermal growth factor 
(EGF), 10 ng/mL basic fibroblast growth factor (bFGF), 5 
μg/mL insulin, 0.4% bovine serum albumin (BSA), and 
1× B27. The plates were placed in an incubator containing 
5% carbon dioxide at 37°C for 7 – 12  days. Finally, the 
spheres were photographed and the number of spheres 
were analyzed.

2.5. Colony formation assay

The transfected cells were uniformly inoculated in 12-well 
plates with 1000 cells per well, and placed in an incubator 
containing 5% carbon dioxide at 37°C for 7 – 10 days. The 
cell clones were immobilized with paraformaldehyde and 
stained with crystal violet solution. Finally, cell colonies 
were photographed and the area of colonies in each well 
was analyzed.

2.6. Western blot analysis

Total proteins were extracted by RIPA lysis buffer (EpiZyme, 
China) containing protease inhibitors. After concentration 
and purity determination, the total proteins were denatured 
with loading buffer at 100°C for 10  min. Then, 10% 
polyacrylamide gel was prepared, and an equal amount 
of protein was added to each lane and electrophoresis was 
performed. Subsequently, the proteins on the gel were 
transferred to the polyvinylidene fluoride membrane. 
After blocking with skimmed milk and incubation with 
the primary antibody and secondary antibody, the ECL kit 
and the luminescence imaging analysis system were used 
to detect the target protein attached to the membrane. 
Primary antibodies include anti-GAPDH (1:5000, 
Bioworld, China), anti-CD44 (1:2000, Bioss, China), and 
anti-KLF4 (1:2000, Bioss, China).

2.7. Methylated RNA immunoprecipitation (MeRIP)

N1-methyladenosine (m1A) modification on the ESCCAL-1 
transcript was detected by the m1A MeRIP Kit (GenSeq, 
China). The experimental procedures were performed 
according to the user manual. In brief, the Trizol reagent 
was used to extract total RNAs from cells and the RNA 
concentration was adjusted to 1 μg/μL with enzyme-
free water. The fragment buffer was used to process 
RNA transcripts. Subsequently, m1A antibody or control 
antibody IgG, fragmented RNAs and immunoprecipitation 
(IP) buffer were added to the prepared immunomagnetic 
beads and incubated at 4°C for 1 h. Then, m1A-labeled RNA 
samples obtained by immunoprecipitation were dissolved 
in enzyme-free water and detected by polymerase chain 
reaction (PCR). Specific primers of ESCCAL-1 transcript 
used for MeRIP-PCR are shown in Table S2.

2.8. Statistical analysis

Statistical analysis and illustration of experimental 
data were completed by SPSS 19.0 and GraphPad 9.0. 
Comparison of experimental data between the two groups 
was conducted by t-test, and P < 0.05 was considered 
statistically significant.

3. Results
3.1. ESCCAL-1 is upregulated in ESCA and correlates 
with patient outcome

We previously identified the dysregulation of lncRNA 
ESCCAL-1 in ESCA using RNA-seq from ten pairs of 
tumor samples and adjacent normal samples[8] and verified 
its elevation in multiple ESCA cohorts[10]. In this study, we 
analyzed the expression of ESCCAL-1 in 11 normal samples, 
80 EAC samples, and 81 ESCC samples by interrogating the 
cancer database UALCAN. ESCCAL-1 was significantly 
overexpressed in ESCA (Figure  1A). Moreover, the 
expression of ESCCAL-1 in ESCC was higher than in EAC 
(Figure 1A). Then, using this study cohort, we analyzed the 
relationship between ESCCAL-1 expression and race, sex, 
and tumor stage in ESCA patients. ESCCAL-1 was found 
to be more highly expressed in African Americans and 
Asians than that in Caucasians (Figure 1B). In addition, the 
expression of ESCCAL-1 in male ESCA was higher than in 
female ESCA (Figure 1C). To a certain extent, ESCCAL-1 
expression increased with the progression of the ESCA 
tumor stage (Figure  1D). ESCCAL-1 was reported to be 
closely related to the outcome of ESCA patients in our 
previous study[8]. Here, we further analyzed the relationship 
between ESCCAL-1 expression and ESCA prognosis 
using the survival database KMP. It was found that the 
median survival time of patients with high ESCCAL-1 
expression was significantly shorter than that of patients 
with low ESCCAL-1 expression in both EAC (16.5 months 
vs. 46.7  months, Figure  1E) and ESCC (25.4  months vs. 
42.1  months, Figure  1F). These findings, in combination 
with our previous results, suggest that ESCCAL-1 is a bona 
fide risk factor for ESCA progression and survival.

3.2. ESCCAL-1 is essential for maintaining the 
stemness of ESCA cells

We have previously shown that knockdown of ESCCAL-1 
inhibits ESCA cell growth and metastasis, while 
overexpression of ESCCAL-1 promotes these malignant 
phenotypes of ESCA[9,10]. As stem cell-like property is an 
intrinsic characteristic of tumors and closely related to 
malignant proliferation and metastasis[16,17], we speculate 
that ESCCAL-1 might be involved in the stemness 
maintenance of ESCA. First, we detected the expression of 
ESCCAL-1 at the ESCA cell level by qRT-PCR and found 
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that the expression of ESCCAL-1 in the three ESCA cell 
lines (TE1, KYSE70, EC1) was significantly higher than 
that of the normal esophageal epithelial cell line Het-1A 
(Figure 2A). We then used recombinant lentiviral vectors 
to knockdown (sh-AL1#1, sh-AL1#2; Figure  2B) and 
overexpress (OE-AL1; Figure  2C) ESCCAL-1 in ESCA 
cells to perform loss-of-function and gain-of-function 
experiments. Subsequently, both tumor sphere formation 
and colony formation assays were used to evaluate the 
stemness of ESCA cells. Results from tumor sphere 
formation experiments showed that the knockdown of 
ESCCAL-1 reduced the sphere-forming ability of TE1 cells 
by about 60% (Figure  2D and E). In comparison, the 
overexpression of ESCCAL-1 promoted the sphere-forming 
capacity of KYSE70 cells by about 40% (Figure 2D and F). 
Moreover, colony formation experiments confirmed that 
silencing ESCCAL-1 significantly limited the cloning 
ability of TE1  cells in  vitro by more than 60%, while 
upregulation of ESCCAL-1 enhanced the colony formation 
of KYSE70  cells by more than two folds (Figure  2G–I). 
These data indicate that ESCCAL-1 participates in 
maintaining ESCA stemness.

3.3. ESCCAL-1 regulates stemness-related markers 
expression

Considering that ESCCAL-1 plays a key role in ESCA 
stemness, we wondered whether ESCCAL-1 might 
regulate the expression of stemness-related genes. We used 
qRT-PCR to detect the changes in mRNA levels of a set 
of markers associated with stemness[17] (including SOX2, 
CD44, ALDH1A1, Nanog, ZEB1, KLF4, Myc) in ESCA 
cells after ESCCAL-1 overexpression or knockdown. We 
found that overexpression of ESCCAL-1 led to significant 
upregulation of the transcription levels of these stemness-
related genes (Figure  3A), among which CD44 and 
ALDH1A1 showed the greatest changes. In contrast, the 
knockdown of ESCCAL-1 resulted in decreased mRNA 
levels of some stemness markers (Figure  3B). We then 
cross-compared the results of Figure  3A and B, and 
found that two stemness markers, CD44 and KLF4, were 
uniformly positively regulated by ESCCAL-1 (Figure 3C). 
Subsequent Western blot analysis further confirmed that 
upregulation of ESCCAL-1 increased the protein levels 
of CD44 and KLF4 in ESCA cells, while downregulation 
of ESCCAL-1 decreased the levels of both proteins 

Figure 1. Expression of ESCCAL-1 in ESCA and its relationship with clinical parameters of patients. (A) UALCAN database was used to investigate the 
transcription levels of ESCCAL-1 in 11 esophageal epithelial samples, 80 EAC samples, and 81 ESCC samples. **P < 0.01, ****P < 0.0001. (B) UALCAN 
was employed to analyze the relationship between ESCCAL-1 expression and patients’ race with ESCA. **P < 0.01, ****P < 0.0001. (C and D) UALCAN 
was applied to observe the relationship between ESCCAL-1 expression and gender (C) or tumor stage (D) in ESCA. *P < 0.05, **P < 0.01, ***P < 0.001, 
****P < 0.0001. (E and F) Kaplan-Meier Plotter database was utilized to analyze the relationship between the expression of ESCCAL-1 and the survival of 
EAC (E) or ESCC (F) patients.
ESCCAL-1: Esophageal squamous cell carcinoma associated long non-coding RNA 1; ESCA: Esophageal cancer; EAC: Esophageal adenocarcinoma.
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(Figure  3D). These results suggest that ESCCAL-1 may 
be involved in the stemness maintenance of ESCA by 
regulating the expression of CD44 and KLF4.

3.4. RNA m1A demethylase ALKBH3 mediates 
ESCCAL-1 expression in ESCA

Given that ESCCAL-1 is upregulated in ESCA, we 
intended to investigate the upstream mechanism that 
causes its dysregulation. As a novel RNA modification 
mode, ALKBH3-mediated m1A modification has been 
reported recently to play a vital regulatory role in some 

tumor types, such as liver cancer and cervical cancer[13-15]. 
To explore whether m1A may regulate ESCCAL-1, we first 
used the GEPIA database to analyze the expression of m1A 
demethylase ALKBH3 in ESCA and its correlation with 
ESCCAL-1. Surprisingly, we found that ALKBH3 and 
ESCCAL-1 showed increased expression and significant 
positive correlation in 182 ESCA samples (Figure 4A and B), 
implying that ALKBH3 may be involved in the regulation 
of ESCCAL-1 and may play a role in ESCA.

Data from qRT-PCR showed that the expression level 
of ALKBH3 in three ESCA cell lines (TE1, KYSE70, 

Figure 2. ESCCAL-1 is essential for maintaining ESCA stemness. (A) The transcription levels of ESCCAL-1 in Het-1A, TE1, KYSE70, and EC1 cells were 
detected by qRT-PCR, n = 4. (B and C) The knockdown (B) and overexpression (C) effects of ESCCAL-1 were tested by qRT-PCR, n = 3. **P < 0.01, 
***P < 0.001. (D and F) The effects of deletion or overexpression of ESCCAL-1 on the stemness of ESCA cells were evaluated by tumor sphere formation 
assay, n = 3. *P < 0.05, **P < 0.01. Scale bar = 100 μm. In panel (D), TE1 cells were transfected with sh-AL1, and KYSE70 were transfected with OE-AL1. 
(G–I) A colony formation assay was used to observe the effects of knockdown (n = 2) or upregulation (n = 3) of ESCCAL-1 on ESCA growth. *P < 0.05. In 
panel (G), TE1 cells were transfected with sh-AL1, and KYSE70 were transfected with OE-AL1.
ESCCAL-1: Esophageal squamous cell carcinoma associated long non-coding RNA 1; ESCA: Esophageal cancer; qRT-PCR: quantitative reverse 
transcription polymerase chain reaction.
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EC1) was significantly higher than that of normal 
esophageal epithelial cell line Het-1A (Figure  4C). 
Moreover, silencing ALKBH3 expression with siRNA 
can significantly downregulate the level of ESCCAL-1 
in ESCA cells (Figure  4D and E). This suggests that 
ESCCAL-1 is regulated by RNA m1A demethylase 
ALKBH3. Next, to determine whether ESCCAL-1 harbors 
m1A modification, we divided the transcript into six 
regions (R1 to R6), designed six pairs of specific primers 
(Figure  4F), then conducted an m1A MeRIP assay. We 
found significant m1A enrichment in the R4 region of 
ESCCAL-1 transcripts (Figure  4G). Then, ALKBH3 in 
ESCA cells was knocked down, and the MeRIP experiment 
was performed. The results showed that downregulating 
ALKBH3 significantly increased the m1A modification 
level of ESCCAL-1 transcripts (Figure 4H). These results 
suggest that ESCCAL-1 is regulated by ALKBH3 in an 
m1A-dependent manner.

3.5. ALKBH3/ESCCAL-1 axis maintains ESCA 
stemness

ALKBH3 regulates biological phenotypes of cancer 
cells by affecting gene expression[13,14]. Since ALKBH3 
regulates the expression level of ESCCAL-1 in ESCA, 

and ESCCAL-1 is vital for the stemness maintenance of 
ESCA, we speculated that the ALKBH3/ESCCAL-1 axis 
might participate in ESCA self-renewal. To this end, we 
performed functional rescue assays. The results showed 
that silencing ALKBH3 reduced the protein levels of CD44 
and KLF4 (Figure  5A) and significantly hindered the 
clonogenesis and tumor sphere formation ability of ESCA 
cells (Figure 5B and C), mimicking the biological effects 
of ESCCAL-1 deletion on ESCA. Notably, overexpression 
of ESCCAL-1 significantly rescued, at least in part, the 
effects of ALKBH3 knockdown on the stemness of ESCA 
cells (Figure 5A–C). These data suggest that the ALKBH3/
ESCCAL-1 axis contributes to the stemness maintenance 
of ESCA (Figure 5D).

4. Discussion
LncRNA is involved in the progression of ESCA and 
other malignant tumors and can be modified after 
transcription[18,19]. RNA m1A modification is essential 
in regulating gene expression in eukaryotic cells[20,21]. 
However, whether m1A can deregulate lncRNAs in tumor 
cells remains unclear. Here, we report that RNA m1A 
demethylase ALKBH3-mediated ESCCAL-1 is required 
for the stemness maintenance of ESCA.

Figure 3. Effects of ESCCAL-1 manipulation on stemness-related gene expression in ESCA cells. (A and B) The effects of ESCCAL-1 overexpression 
(A, n = 4) or knockdown (B, n = 3) on mRNA levels of various stemness-associated markers, including SOX2, CD44, ALDH1A1, Nanog, ZEB1, KLF4, 
and Myc. *P < 0.05, **P < 0.01, ***P < 0.001 as compared to OE-NC or sh-NC. (C) The intersection of results from panels (A) and (B) revealed that the 
expression of CD44 and KLF4 was consistent with that as a result of ESCCAL-1 manipulation. (D) The protein levels of CD44 and KLF4 in ESCA cells after 
ESCCAL-1 knockdown were detected by Western blot, n = 3.
ESCCAL-1: Esophageal squamous cell carcinoma associated long non-coding RNA 1; ESCA: Esophageal cancer.
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Stem cell-like property refers to the self-renewing 
ability of malignant tumor cells to maintain continuous 
proliferation and metastasis[22,23]. The stemness nature of 
tumors allows them to adapt to extreme growth conditions 
and to combat multiple risk factors[22,23]. Therefore, reducing 
tumor stemness is critical in eliminating tumor therapeutic 
resistance[24,25]. In the previous studies, ESCCAL-1 has the 
carcinogenic effect of promoting ESCA proliferation and 
metastasis[9,10], two basic intrinsic properties of malignant 
tumors, and depend on a high degree of self-renewal 
ability. Therefore, ESCCAL-1 might be associated with 
the stemness of ESCA. Through a series of functional and 
molecular expression experiments, we demonstrated that 
the knockdown of ESCCAL-1 significantly weakened the 
stemness of ESCA cells and reduced the mRNA and protein 
levels of two stemness-related genes, CD44 and KLF4. In 

contrast, overexpression of ESCCAL-1 caused the opposite 
biological effects. Although we have not clarified the 
exact mechanisms by which ESCCAL-1 is involved in the 
maintenance of ESCA stemness, our results preliminarily 
suggest that ESCCAL-1 may exert its function by regulating 
the expression of CD44, KLF4, and other stemness 
markers. This study provides new insights into targeting the 
ESCCAL-1/stemness axis for ESCA treatment.

In addition to the high expression of ESCCAL-1 in 
ESCA, we also found that ESCCAL-1 is closely related to 
tumor stage and patient survival, further supporting the 
view that ESCCAL-1 is a potential biomarker of ESCA. 
In addition, we noted that this lncRNA had a special 
relationship with the gender and race of ESCA patients. Its 
expression level in male tumor samples was higher than 
that in female tumor samples, and its expression level in 

Figure 4. ESCCAL-1 is regulated by ALKBH3 in an m1A-dependent manner. (A) The expression levels of ALKBH3 and ESCCAL-1 in 13 normal tissues 
and 182 ESCA tissues were analyzed by the GEPIA database. *P < 0.05. (B) The GEPIA database was used to investigate the expression correlation between 
ALKBH3 and ESCCAL-1 in 182 ESCA samples. (C) The mRNA levels of ALKBH3 in Het-1A, TE1, KYSE70, and EC1 cells were tested by qRT-PCR, n = 4. 
***P < 0.001. (D and E) The effect of ALKBH3 silencing on the expression of ALKBH3 and ESCCAL-1 in ESCA cells was evaluated by qRT-PCR, n = 3. 
*P < 0.05, **P < 0.01, ***P < 0.001. (F) The putative presence of m1A-modified regions on ESCCAL-1 transcripts. (G) MeRIP-PCR assay was used to detect 
m1A modification on ESCCAL-1 transcripts, n = 3. **P < 0.01. (H) MeRIP-PCR combined with agarose gel electrophoresis was used to evaluate the effect 
of ALKBH3 knockdown on m1A modification of ESCCAL-1 transcript, n = 2.
ESCCAL-1: Esophageal squamous cell carcinoma associated long non-coding RNA 1; ESCA: Esophageal cancer; m1A: N1-methyladenosine.
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Asian tumor samples was significantly higher than that in 
Caucasian patients. According to Global Cancer Statistics, 
the incidence of male ESCA patients is two to three folds 
higher than that of female patients, and the Asian region 
shows a higher incidence of ESCA compared with Western 
countries and regions[1]. Therefore, we speculate that 
ESCCAL-1 might be one of the key factors leading to the 
male ESCA and Asian ESCA. Androgen receptor signaling 
is widely considered a risk factor for male genitourinary 

tumors, such as prostate cancer[26,27]. Moreover, the 
activation of this signal can be regulated by upstream 
lncRNAs[26,27]. A recent study has found that the androgen 
receptor functions as an oncogenic promoter in ESCA[28]. 
Therefore, ESCCAL-1 might contribute to the difference in 
ESCA incidence between males and females by regulating 
the androgen receptor signaling. However, the relationship 
between ESCCAL-1 and the gender or ethnicity of ESCA 
patients needs to be further confirmed.

Figure 5. The role of ALKBH3/ESCCAL-1 axis in regulating ESCA stemness. (A) Western blot was applied to examine the protein levels of CD44 and KLF4 
in ESCA cells following ALKBH3 silence alone or combined with ESCCAL-1 overexpression, n = 3. (B) A colony formation experiment was carried out to 
observe the role of the ALKBH3/ESCCAL-1 axis in ESCA growth, n = 3. **P < 0.01. TE1 cells were transfected with si-ALKBH3 or si-ALKBH3 + OE-AL1. 
(C) Tumor sphere formation assay depicted that overexpression of ESCCAL-1 rescued the effects of ALKBH3 silence on ESCA stemness. *P < 0.05. Scale 
bar = 100 μm. TE1 cells were transfected with si-ALKBH3 or si-ALKBH3 + OE-AL1. (D) A mechanistic model of ALKBH3-mediated ESCCAL-1 in ESCA 
stemness, n = 3.
ESCCAL-1: Esophageal squamous cell carcinoma associated long non-coding RNA 1; ESCA: Esophageal cancer.
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Recent studies have reported that the demethylase 
ALKBH3 can alter the post-transcriptional level of 
oncogenic mRNAs and tRNAs by erasing m1A modification 
and thus participate in tumor progression[14,15,29,30]. 
However, whether lncRNAs can also be regulated by m1A 
modification is unknown. This study revealed that ALKBH3 
caused ESCCAL-1 overexpression in ESCA through m1A 
demethylation modification. Significantly, ALKBH3 is 
involved in the stemness maintenance of ESCA in an 
ESCCAL-1-dependent manner. This is the first report on 
the biological role of lncRNA m1A modification in ESCA, 
expanding our understanding on the role of lncRNA post-
transcriptional modification in the development of ESCA.

5. Conclusions
This study further explored the expression of ESCCAL-1 
in ESCA and its relationship with the clinical parameters 
of patients. High expression of ESCCAL-1 is necessary to 
maintain the stemness status of ESCA. ALKBH3 promoted 
the overexpression of ESCCAL-1 in an m1A-dependent 
manner. These findings provide a new strategy for clinically 
targeting the ALKBH3/ESCCAL-1 axis against ESCA.
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