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LncRNA B4GALT1-AS1 promotes non-small cell lung cancer cell
growth via increasing ZEB1 level by sponging miR-144-3p
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Background: Long noncoding RNAs (IncRNAs) are emerging as key players in the development and
progression of cancer. Several malignancies involve dysregulated long noncoding ribonucleic acids (IncRNAs)
in non-small cell lung cancer cell growth and their aggressive phenotypes. LncRNA B4GALT1-AS1 is
important in the advancement of various malignancies, although its contribution to non-small cell lung
cancer (NSCLC) remains unexplored.

Methods: LncRNA B4GALT1-ASI in NSCLC tissues was detected and further validated in a cohort of
non-small cell lung cancer tissues. The effects of IncRNA B4GALT1-AS1 on proliferation were determined
by in vitro experiments. The B4GALT1-AS1-miR-144-3p-ZEBI axis was assessed by dual-luciferase
reporter and RNA immunoprecipitation (RIP) assays. Furthermore, the mechanism of B4GALT'1-AS1 was
investigated using loss-of-function assays in vitro.

Results: We showed significant upregulation of B4GALT1-AS1 in cell lines and tissues of NSCLC.
B4GALT1-AS1 knockdown impeded the in vitro proliferation-related characteristics of the NSCLC
cells. The demonstration of the binding capacity of B4GALT1-AS1 and miR-144-3p was predicted by
bioinformatics and luciferase reporter activity assay. The B4GALT1-AS1 and miR-144-3p interaction was
shown by using rescue experiments. NSCLC has a positive association with its target, zinc finger e-box
binding homeobox 1 (ZEB1).

Conclusions: In summary, the progression of NSCLC was facilitated by IncRNA B4GALT1-AS1 via
interaction with miR-144-3p and positive regulation of ZEB1 expression.
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cell lung cancer (NSCLC)
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Introduction and metastasis (3). There has been no significant increase

in the 5-year survival rate of patients with NSCLC, and the

Cancer of the lungs is the most frequently occurring type of
malignancy in humans and is a major reason for death due to
cancer globally; about 1.35 million novel cases are diagnosed
each year worldwide (1,2). Non-small cell lung cancer
(NSCLC) is aggressive and exhibits a high rate of recurrence
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overall S-year survival rate of these patients is 10% (3). As a
result, it is essential to develop new therapeutic strategies that
are more effective for NSCLC patients.

While long noncoding ribonucleic acids (IncRNAs;
200 bases long) are not capable of translating proteins, their
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Table 1 The clinicopathological characteristics of NSCLC patients

Characteristics Cases
Age (years)

=60 18

<60 18
Sex

Male 10

Female 26
Tumor size (mm)

<3 28

>3 8
Lymph node metastasis

Yes 14

No 22
Tumor stage

-1 20

-1V 16

NSCLC, non-small-cell lung cancer.

dysregulation has been observed in several cancers, such
as NSCLC (4-8). For example, the process of epithelial-
mesenchymal transition (EMT) is enhanced by IncRNA
FEZF1 antisense RNA 1 via E-cadherin suppression and
Wnt pathway regulation in NSCLC (9). Furthermore, a
significantly enhanced level of LINC00968 was observed in
NSCLC tissues while its silencing impeded the progression
of NSCLC by Wnt signaling pathway activation (10).
As the antisense equivalent of B4GALT'1, a significant
complementarity of IncRNA B4GALT1-AS1 was observed
through B4GALT1 messenger RNA (mRNA) and exhibits
specific, cancer-based variations (11). The association of
B4GALT1-AS1 with hnRNPALI in attenuating glucose/
lipid metabolism in the liver was recently shown (12).
Nevertheless, the role and inherent mechanisms of
B4GALT1-AS1 in human NSCLC development remains to
be assessed. We examined the expression of B4GALT'1-AS1
in NSCLC cell lines and tissues, the effect of B4GALT'1-
AS1 downregulation on the growth of NSCLC cell
lines. Additionally, we also examined the role of IncRNA
B4GALT1-AS1 in the aggressive phenotypes of NSCLC
cells by using miR-144-3p binding and assessing the ZEBI
expression. Finally, we attempted to elucidate the role of
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the regulatory network of IncRNA B4GALT1-AS1/miR-
144-3p /ZEB1 in NSCLC progression. We present the
following article in accordance with the MDAR reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-296/rc).

Methods
Tissues and cell lines for NSCLC

The cell lines for NSCLC (A549, H1299, H1975, and
HCCS827), BEAS-2B (the human cell line from bronchial
epithelium), and the 293T cell line were provided by the
Nanjing KeyGen Biotech Co., Ltd., in Nanjing (China).
The maintenance of cell lines for NSCLC was done in
the 1640 media with 10% fetal bovine serum (FBS) from
Invitrogen (Carlsbad, CA, USA), and 100 pg/mL each of
streptomycin plus penicillin. The LHC-8 medium from
Invitrogen was used to culture the BEAS-2B cells. Each
cell line was maintained in a 37 °C and 5% CO,. A total
of 36 NSCLC cases and equivalent adjacent tissues from
lungs were sampled from the First Affiliated Hospital of
Xingtai Medical College (Table 1). Before the experiments
commenced, written informed consent was obtained
from patients. Immediate freezing of tissues was done in
liquid N2, and the tissues were kept at -80 °C. None of
the patients had undergone any treatments prior to the
surgical procedure. Approval of the study was given by the
Ethics Committee of the First Affiliated Hospital of Xingtai
Medical College. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

Transfections of cells

To target the B4GALT1-AS1 (shB4GALT'1-AS1) and NC
or shCon (negative control) vector, lentivirus-mediated
short hairpin RNA (shRNA) was procured from Genechem
in Shanghai (China). The mimic of miR-144-3p, miR-
NC, the negative control, inhibitors of miR-144-3p, and
miRNA (miR-NC inhibitor) were prepared and provided
by Genechem in Shanghai. In addition, lipofectamine 3000
from Invitrogen was used for cell transfections.

Assay for real-time quantitative reverse
transcription-polymerase chain reaction (qRT-PCR)

RNA was isolated using TRIzol from Invitrogen and
performed as previous (23). GAPDH was used as the

Transl Cancer Res 2022;11(3):538-547 | https://dx.doi.org/10.21037/ter-22-296


https://tcr.amegroups.com/article/view/10.21037/tcr-22-296/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-296/rc

540

reference mRINNA and U6 was used as the reference miRNA
genes.

Assay for cell proliferation

Cells of NSCLC were added (2x10’ cells per well) into
plates of 96 wells. After 12, 24, 36, or 48 full hours, the
addition of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide (20 pL) was done into wells and kept
for 20 minutes with Dimethyl sulfoxide (DMSO) (200 pL).
The estimation of optical density (OD) values was made at
490 nm on an Analyzer for Enzyme Immunoassays from
Bio-Rad Laboratories (CA).

Reporter assay for luciferase

Luciferase reporter assay was performed as previous (12).

Assay for RNA immunoprecipitation (RIP)

For the RIP evaluation, the RNA-binding protein
immunoprecipitation Magna RIP kit from Millipore was
used. AGO, and IgG antibodies were obtained from Abcam
(Cambridge, MA, USA). The beads were washed using
the wash buffer. To remove proteins, the incubation of
complexes was done with sodium dodecyl sulfate (SDS)
(0.1%)/proteinase K. Using the precipitated RNA, qRT-
PCR assay was done to show the binding targets.

Statistical analysis

The analysis of statistical data was conducted using SPSS
20.0 (IBM Corp., New York, USA) and stated as the
mean = standard deviation (SD). Variation among the two
groups was assessed through either one-way Analysis of
Variance (ANOVA) or a student’s t-test (two-tailed) and
the post-hoc Dunnett’s test. The Pearson correlation
analysis was used to assess the miR-144-3p and B4GALT'1-
AST1 correlation. A P value of less than 0.05 was deemed
statistically significant.

Results
Up-regulation of B4GALT1-AS1 in human NSCLC

From a total of 36 cases, tissues of NSCLC and equivalent
healthy tissues were sampled, and B4GALT1-AS1
expression was examined through qRT-PCR. Remarkable
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overexpression of B4GALT1-AS1 was observed in tissues of
NSCLC than that in adjacent (normal) tissue (Figure 1A).
Further enhanced B4GALT1-AS1 expression was closely
associated with NSCLC metastasis and an advance
stage of tumor node metastasis (Figure 1B,1C). Finally,
overregulation of B4GALT1-AS1 was also observed in
NSCLC cells (A549, H1299, HCC827, and H1975) in
contrast to the control (BEAS-2B) cells (Figure 1D). As
a result, there was an over-regulation of B4GALT'1-AS1
expression in NSCLC.

Growth of NSCLC cell are promoted by B4GALT1-AS1

To examine the role of B4GALT1-AS1 in NSCLC
progression, we used siB4GALT1-AS1 (siRNA targeting
B4GALT1-AS1) and knocked-down B4GALT1-AS1 in
H1299 and A549 cells (Figure 24). Then, verification of
B4GALT'1-AS1 was done through qRT-PCR. The viability
of H1299 and A549 cells was impeded by B4GALT1-AS1
silencing (Figure 2B). Afterwards, nocked-down B4GALT'1-
AS1 in H1299 and A549 cells decreased mRINA level of K167
and PCNA mRNA level in NSCLC cells (Figure 2C,2D).

The binding of LncRNA B4GALT1-AS1 with
miR-144-3p in NSCLC cell

The starBase tool (http://starbase.sysu.edu.cn/) was used
to screen the potential miRNAs that interacted with
B4GALT1-AS1, and found that miR-144-3p as potential
miRNA of B4GALT1-AS1 (Figure 34,3B). Subsequently,
co-transfection of the pmirGLO reporter vector with either
B4GALT1-AS1-WT (WT B4GALT1-AS1) or B4GALT1-
AS1-MUT (MUT) combined with miR-144-3p was
done in 293T cells. The activity of luciferase was reduced
remarkably in NSCLC cells transfected with B4GALT'1-
AS1-W'T, while the activity of luciferase miR-144-3p did
not have an inhibitory effect on the activity of luciferase
in B4GALT1-AS1-MUT transfected cells (Figure 3B,3C).
Next, the miR-144-3p and B4GALT1-AS1 relationship was
confirmed through the RIP assay. The miR-144-3p and
B4GALT1-AS1 combination complex precipitated in Ago2
(Figure 3D). The NSCLC tissues expressed miR-144-3p,
which was more repressed in tissues of cancer compared to
normal samples (Figure 3E). Finally, Spearman’s correlation
analysis of NSCLC tissues showed an inverse relationship
between B4GALT1-AS1 and miR-144-3p levels (Figure 3F).
Results showed that B4GALT1-AS1 was negatively
regulated by binding with miR-144-3p.
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Figure 1 Upregulation of B4GALT1-AS1 in NSCLC. (A) The level of B4GALT1-AS1 in NSCLC tissues and equivalent normal tissues
(n=36) was estimated through qRT-PCR assay; (B) detection of B4GALT1-AS1 level in NSCLC metastatic (n=14) and non-metastatic
tissues (n=22) by qRT-PCR; (C) representative correlation between expression of B4GALT1-AS1 and stages I (n=20) or II-1IT (n=16); (D)
qRT-PCR estimation of B4GALT1-AS1 level in NSCLC cell lines and BEAS-2B cell. *, P<0.05; **, P<0.01; ***, P<0.001. NSCLC, non-

small cell lung cancer; qRT-PCR, quantitative reverse transcription-polymerase chain reaction.

NSCLC cell aggressiveness is regulated by B4GALT1-AS1
via miR-144-3p/ZEB1 axis modulation

We used the bioinformatics tool, Targetscan (http://www.
targetscan.org/), and detected complementary binding sites
on miR-144-3p for ZEB1 (Figure 4A). After miR-144-3p
transfections, the activity of luciferase in 2931 cells was
significantly impeded when it was transfected with ZEB1
3'-UTRWT that contained the luciferase plasmid. However,
no such inhibition was observed on transfection with ZEB1
3'-UTR MUT which contained the luciferase plasmid.
(Figure 4B) The qRT-PCR results further suggested that the
ZEBI level in H1299 and A549 was inhibited by miR-144-
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3p (Figure 4C), indicating that miR-144-3p suppressed the
expression of ZEB1. Next, we decreased the expression of
miR-144-3p in indicated NSCLC cell lines with miR-144-
3p inhibitor (Figure 4D). The levels of ZEB1 were detected
using qRT-PCR in NSCLC cells with siB4GALT1-AS1
alone, or with siB4GALT'1-AS1 and the inhibitor of miR-
144-3p, or by co-transfection with the si-ZEB1/miR-144-
3p inhibitor/siB4GALT1-AS1 (Figure 4E). The mRNA
level of NSCLC cells declined after B4GALT1-AS1
silencing. However, the effect of B4GALT1-AS1 silencing
was reversed by the miR-144-3p inhibitor. Considering
these results cumulatively, B4GALT1-AS1 was found to
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Figure 2 The growth and metastatic- traits of NSCLC cells are promoted by B4GALT1-AS1. (A) Knockdown efficiency assessment by
qRT-PCR in the A549 and H1299 cell lines after siB4GALT1-AS1 transfection. The internal control for the detection of B4GALT1-AS1
expression was GAPDH; (B) cell viability assessment through MTT assay after transfecting A549 and H1299 cells with siB4GALT1-AS1;
(C,D) assessment of the level of KI67 and PCNA mRNA level in NSCLC cell with knockdown of B4GALT1-AS1. *, P<0.05; ***, P<0.001.

NSCLC, non-small cell lung cancer.

facilitate NSCLC progression through miR-144-3p/ZEB1
axis modulation (Figure 5).

Discussion

Dysregulation of several IncRNAs has been observed in the
cancer of lungs, and these could also regulate the progression
of NSCLC malignancy by serving as cancer oncogenes or
suppressors. Several malignant tumors exhibit dysregulated
IncRNAs. For example, IncRNAUCATI regulates miR-
193a-3pto enhance NSCLC progression (13). Additionally,
NSCLC tissues also exhibit repressed IncRNA 00312 and
correlate with poor clinical outcomes (14). Previously,
IncRNA B4GALT1-AS1, the B4AGALT1 antisense
counterpart, was shown to have significant complementarity
with B4GALT1 mRNA and displayed variations that are
unique to cancer (11). BAGALT1-AS1 was found to associate
with hnRNPAI to attenuate the metabolism of glucose/
lipid in the liver (12). Nonetheless, no investigation report
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has demonstrated the involvement of B4GALT1-AS1 in the
progression of human NSCLC.

In the present study, we demonstrate found that
overregulation of IncRNA B4GALT1-AS1 was present
in NSCLC patients’ clinical tissues in contrast with
the equivalent adjacent (normal) tissues and BEAS-2B
(healthy cell line of bronchial epithelium). The silencing
of B4GALT'1-AS1 suppressed the invasive, proliferative,
and migratory capacities of NSCLC cell lines. Moreover,
B4GALT1-AS1 bound to miR-144-3p and positively
regulated the expression of ZEB1 (the functional miR-
144-3p target). Finally, the current work demonstrates the
participation of B4GALT1-AS1 in NSCLC progression
via miR-144-3p/ZEB1 regulation. Therefore, the role of
TRDGTL is oncogenic in NSCLC.

LncRNAs act as quenchers of miRNA to regulate tumor
progress (15-22). For example, the specific transcript,
X inactive, facilitates the angiogenesis of glioma and
tumorigenicity by sequestering miR-429 (23). Additionally,
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Figure 3 LncRNA B4GALT1-AS1 binds with miR-144-3p in NSCLC cell. (A) The binding sites between miR-144-3p and WT-B4GALT1-
AS1 (B4GALT'1-AS1 wide-type) or MUT-B4GALT1-AS1 (the mutated type) are shown; (B) detection of the transcript levels of miR-144-3p
by qRT-PCR; (C) dual-luciferase reporter assays to determine the activity of luciferase in 293T cells transfected with miR-144-3p as well as
luciferase reporters with WT-B4GALT'1-AS1 or MUT-B4GALT1-AS1; (D) precipitation of ZEB1, and the miR-144-3p complex in AGO?2.
Detection of the transcript levels of miR-144-3p and ZEB1 by qRT-PCR; (E) qRT-PCR detection of miR-144-3p expression in NSCLC
and equivalent normal tissues; (F) evaluation of B4GALT1-AS1, and miR-144-3p correlation. The endogenous controls U6 and GAPDH
for the detection of miR-144-3p and B4GALT1-ASI. *, P<0.05; ***, P<0.001; ¥, P>0.05. NSCLC, non-small cell lung cancer; qRT-PCR,

quantitative reverse transcription-polymerase chain reaction.

we also demonstrated the binding of B4GALT1-AS1 a decline in the B4GALT1-AS1 level, whereas the
to miR-144-3p, the level of which was related inversely transfection of the inhibitor of miR-144-3p enhanced its
to the expression of B4GALT1-AS1 in NSCLC tissue. expression. The reporter assay for luciferase activity further
Additionally, the transfection of miR-144-3p caused demonstrated the binding of miR-144-3p to the 3'-UTR of
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B4GALT'1-AS1.

Aberrant miR-144-3p expression acts either as a
suppressor of tumors or as an oncogene in several cancers.
For example, connexin 43 expression is regulated by miR-
144-3p, causing the suppressed formation of bones in
distraction osteogenesis (24). MiR-144-3p suppresses EMT
in the cancer of the stomach via PBX3 down-regulation (25),
acting as a suppressor of the tumor in glioblastoma by
modulating the role of c-Met (26), and serving as a tumor
suppressor microRNA in HCC (hepatocellular carcinoma)
to regulate HCC progression (27,28). Furthermore, miR-
144-3p impedes cell migration, proliferation, and invasion
in the cancer of pancreas, by targeting FosB Proto-
Oncogene(FOSB), the AP-1 transcription factor subunit,
which can target proline-rich protein 11 to promote arrest
of cell cycle and apoptosis (29,30). The oncogenic function

© Translational Cancer Research. All rights reserved.

of miR-144-3p was shown in clear cell renal cell carcinoma
by ARIDIA regulation (31). Repressed miR-144-3p in cells
of lung cancer facilitates lung adenocarcinoma progression
by enhancing EZH?2 expression (32). Our study confirmed
that the target of miR-144-3p is ZEB1. Our results also
show the suppression of ZEB1 by miR-144-3p in NSCLC
cell lines.

Overexpression of ZEB1, which is an EM'T-inducing zinc
finger transcription factor, is observed in various cancers and
it aids in EMT and tumor invasion, initiation, growth, and
metastasis (33). Recently, IncRNAs have been implicated in
the miRNA/ZEBI1 axis modulation in human cancers. For
instance, the IncRNNA ZFAS1 could counteract miR-150 and
enhance the expression of ZEB1 in HCC (34). The IncRNA
PTAR participates in the malignant transformation and
EMT of serous cells of ovarian cancer through miR-101-
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Figure 5 A diagram that IncRNA B4GALT1-AS1 promotes the NSCLC cell metastasis via increasing ZEB1 level by sponging miR-144-3p.

NSCLC, non-small cell lung cancer.

3p/ZEB1 axis interaction (35). Our study shows that ZEB1
expression is enhanced by B4GALT1-AS1 in NSCLC cell
lines by sequestering endogenous miR-144-3p.

Conclusions

Our study demonstrates the overexpression of IncRNA
B4GALT1-AS1 in NSCLC of humans. The advancement
and tumorigenesis of NSCLC cell lines were promoted
by B4GALT1-AS1 because of miR-144-3p sponging and
because miR-144-3p positively regulated the expression
of ZEBI.
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