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Background: B3GNT3 (1,
B3GIcNACT family and is essential to form extended core 1 oligosaccharides. Previous

3-N-acetylglucosaminyltransferase-3) belongs to the

studies revealed that B3GNT3 expression was dysregulated in multiple cancers. Here, we
aimed to understand the expression profile and function of B3GNT3 in lung cancer.
Materials and Methods: The expression of B3GNT3 was measured by immunohistochem-
istry and public database analysis. B3GNT3 was knocked down to evaluate the lung cancer
cell proliferation, migration and invasion in in vitro and in vivo tumor formation experi-
ments. miR-149-5p targeting B3GNT3 was identified with TargetScan analysis and con-
firmed with reporter assay. Overexpression of miR-149-5p was achieved using microRNA
mimics and function of microRNA-149-5p/B3GNT3 axis was tested in vitro.

Results: B3GNT3 was upregulated in lung cancer, and B3GNT3 overexpression was
associated with poor prognosis of lung cancer patients. High expression of B3GNT3 was
associated with advanced TNM stages, larger tumor size, tumor metastasis and recurrence.
Functionally, we demonstrated that knockdown of B3GNT3 suppressed lung cancer cell
growth and invasion in vitro. Knockdown of B3GNT3 suppressed lung cancer development
in a xenograft tumor model. Moreover, miR-149-5p was validated to negatively regulate
B3GNT3 expression through directly targeting B3GNT3 3'-UTR. Overexpression of miR-
149-5p could antagonize the tumorigenesis effect of B3GNT3 in vitro.

Conclusion: In summary, our study demonstrated that B3GNT3 overexpression was corre-
lated with poor prognosis of lung cancer patient, indicating that B3GNT3 could be
a promising prognostic biomarker for lung cancer. miR-149-5p negatively regulated
B3GNT3 expression, which might be utilized for therapeutic target in lung cancer.
Keywords: B3GNT3, lung cancer, miR-149-5p, tumor progression

Introduction
Lung cancer is one of the most common causes of cancer-related death, which has
high morbidity and mortality worldwide." Though great advance has been achieved
during the past decades regarding the new therapeutic strategies such as surgery and
adjuvant therapy, lung cancer prognosis remains poor due to the high chance of
lung cancer recurrence and metastasis.>> Thus, it is crucial to identify new bio-
markers and therapeutic targets for lung cancer treatment.

B3GNT3 (B1, 3-N-acetylglucosaminyltransferase-3) belongs to the B3GIcNACT
> Multiple
B3GIcNACcT family members are demonstrated to be involved in tumor development

family and is essential to form extended core 1 oligosaccharides.*
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and progression.*” B3GNT3, which is constitutively
expressed in neutrophils, lymphocytes, colon, stomach and
small intestine, has been discovered playing in crucial roles
in various tumors.*®° Mounting evidence has shown that
B3GNT3 functions as an oncogene and promotes tumor
development and metastasis, such as cervical cancer, pan-
creatic cancer.'”"" Meanwhile, B3GNT3 impeded tumor
cell migration and invasion in neuroblastoma, which indi-
cated its tumor suppressor role.” In non-small cell lung
cancer patients, upregulated B3GNT3 expression was sig-
nificantly correlated with poor overall survival.'? However,
the detailed function of B3GNT3 and how B3GNT3 expres-
sion is regulated in lung cancer remains unclear.

MicroRNAs (miRNAs) are a group of small non-coding
RNAs, post-transcriptionally regulating target gene expres-
sion via base-pairing to the target gene mRNAs."
Accumulating evidence has shown that miRNAs have impor-
tant roles in lung cancer development, progression and
metastasis.'*!> MicroRNAs, such as miR-494, miR-153
and miR-218, inhibited lung cancer development and metas-
tasis via suppressing cellular proliferation, inhibiting cell
migration and invasion and EMT.'¢'®

Here, we found that B3GNT3 was overexpressed in
lung cancer and upregulated expression of B3GNT3 was
associated with unfavorable prognosis of lung cancer
patients. Silencing B3GNT3 inhibited lung cancer cell
growth in vitro and suppressed lung tumor development
in vivo. We further identified miR-149-5p negatively regu-
lated B3GNT3 via targeting its 3'-UTR. In summary, our
data indicate that miR-149-5p/B3GNT3 could be utilized
as a potential therapeutic target in lung cancer.

Materials and Methods

Human Specimen

120 paired lung cancer tissue sections and adjacent non-
cancer tissues were obtained via surgical section at the
Second Affiliated Hospital of Guangxi Medical University.
All patients provided written informed consent. The study
was reviewed and approved by the Research Ethics
Committee of Guangxi Medical University and was carried
out following the principles of the Declaration of Helsinki.
The clinicopathological features of 120 lung cancer patients
were shown in Supplementary Table 1.

Cell Culture
Lung cancer cell line (A549, H1299), and HEK293 were from
Cell Bank of Shanghai (Shanghai, China) and maintained in

DMEM cell culture medium containing 10% FBS, 1% strep-
tomycin and penicillin (all from Life Technologies, CA, USA)
in cell culture incubator (5% CO,, 37°C).

qRT-PCR

QRT-PCR was conducted as previously described.'® Primers
used were listed as following: B3GNT3 Forward primer:
AGGCACAGACTCACGGAGACAT; Reverse primer:
GTTGAGCACGAAGCTGGCGTTG; GAPDH Forward
primer: GTCTCCTCTGACTTCAACAGCG; Reverse pri-
mer: ACCACCCTGTTGCTGTAGCCAA; PCR primers
for detecting miR-149-5p and U6 RNA were obtained from
Ribobio. Relative B3GNT3 or miR-149-5p expression was
normalized to GAPDH or U6 RNA level using the 2724
method, respectively.

siRNA/shRNA/miRNA Mimics or Inhibitor

Transfection

B3GNTS3 siRNA or shRNA vectors and relative negative con-
trols, miR-149-5p mimics or miR-149-5p inhibitor was pur-
chased from GenePharma (Shanghai, China). Lipofectamine
3000 (Thermo fisher Scientific, CA USA) was utilized for cell
transfection. The sequences of synthetic oligonucleotides
about miR-149-5p mimics, inhibitor and relative negative
controls in Supplementary Table 2.

Western Blot Analysis

Western blot was conducted as previously described.'”
Antibodies used in this study were listed as following:
anti-B3GNT3 (ab96267, Abcam, United Kingdom), anti-
GAPDH (ab8245, Abcam, United Kingdom).

Cell Growth Assays

Cell growth was assessed using CCK-8 assay, EdU stain-
ing assay and colony formation assays as previously
described.?

Transwell Assay

Cell invasion was assessed using transwell assay. Briefly, 2 x
10* cells were seeded into the top chambers with Matrigel-
coated membrane (Corning, USA) in 100 pL serum-free med-
um. Bottom chamber was filled with complete medium. Cells
were cultured for 36 h and then cells invaded to the lower
chamber were counted under a microscope with 0.5% crystal
violet staining.
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Tissue Microarray and

Immunohistochemistry

Tissue microarrays (TMAs) were established with lung can-
cer tissues and paired normal tissues. Immunohistochemical
staining (IHC) was carried out on sections using antibodies
against B3GNT3 (1:100, ab96267, Abcam, Cambridge,
United Kingdom) and Ki-67 (D2H10, Cell signalling tech-
nology, USA) as previously described.?! Sections were semi-
quantitatively scored for the B3GNT3 staining patterns as
follows: the staining extent in each sample was scored as 1+
(<25% staining region), 2+ (25-50% staining region), 3+
(50% to 75% staining region), or 4+ (>75% staining region).
The staining intensity was quantified as 0 (negative), 1+
(weak), 2+ (intermediate), or 3+ (strong). The final score
was obtained by multiplying the intensity and extension
values (range 0-12) and the samples were grouped as 1+
(score 0), 2+ (score 1-2), 3+ (score 3—4), 4+ (score 6-8), and
5+ (score 9—12) staining. Meanwhile, for statistical purposes,
scores of 4+ and 5+ were defined as B3GNT3 high expres-
sion and the other final scores were considered as B3GNT3
low expression. For quantification of relative IHC staining
intensity of B3GNT3 and Ki-67 in mouse xenograft tumors,
we used the Imagel software (NIH, USA) to quantify the
staining intensity and set the control group (sh-NC) as rela-
tive staining intensity of 1. IHC staining intensity was scored
and categorized by two independent investigators.

Luciferase Reporter Assay

B3GTN3 WT or mutated 3'-UTR sequences were con-
structed into the luciferase reporter vector (Genecopoeia,
Rockville, MD, USA). HEK293 cells were transfected
with reporter vectors containing WT or mutated 3'-UTR
of B3GTN3 sequences, together with negative control or
miR-149-5p mimics. 48 hrs later, the relative luciferase
activity was analyzed as previously described.'’

Bioinformatics Analysis

Lung cancer patient datasets in The Cancer Genome Atlas
(TCGA) were analysed and mRNA expression profiles of
B3GNT3 and patient-related clinical information were
obtained and analysed as previously described.”> Overall
survival (OS) and disease-free survival (DFS) were exam-
ined by Kaplan-Meier survival analysis and Log-rank tests.

Xenograft Tumor Model
BALB/c nude mice (5-6 weeks) were obtained from Shanghai
Laboratory Animal Center (Shanghai, China). 5 x 10° lung

cancer A549 control cells or with B3GNT3 stable knockdown
were subcutaneously injected into nude mice. Tumor size was
measured with a vernier caliper and the tumor volume was
determined (lengthxwidth®x<1/2). Tumorigenesis was also
recorded by a bioluminescence imaging system (Caliper,
USA). The xenograft tumor experiment was approved by the
Experimental Animal Ethics Committee of Guangxi Medical
University. In addition, Guide for the Care and Use of
Laboratory Animals (8th edition) was strictly followed in the
present study.

Statistics

GraphPad Prism 6 was used for statistical analysis. All the
results were showed as mean + standard deviation (SD).
Student’s #-test or one-way analysis of variance was used
for calculation of p values where necessary. Statistical
significance was defined as a p value < 0.05.

Results

B3GNT3 is Overexpressed in Lung
Cancer Tissues and Upregulated
Expression of B3GNT3 Expression is
Associated with Unfavorable Prognosis in

TCGA Lung Cancer Cohort

We first analyzed the B3GNT3 expression pattern in lung
cancers by bioinformatics analysis of TCGA cohort.
B3GNTS3 expression was significantly higher in lung ade-
nocarcinoma (LUAD) and lung squamous cell carcinoma
(LUSC) than that in control tissues in TCGA cohort
(Figure 1A and B). Furthermore, lung cancers with
advanced TNM stages (TNM III-1V) had markedly higher
B3GNT3 expression than that in lung cancers with TNM I—
II (Figure 1C and D). In addition, B3GNT3 expression was
positively correlated with the expression of Ki-67 and
PCNA (Figure 1E-H). We further investigated patient prog-
nosis in lung TCGA LUAD cohort and TCGA LUSC
cohort. Lung cancer patients with high B3GNT3 expression
exhibited statistically lower OS and DFS rates than patients
with low B3GNT3 expression (Figure 11 and J).

High Expression Level of B3GNT3 is
Correlated with Advanced Lung Cancer
Stages and Unfavorable Prognosis in TMA

Cohort
To further validate the level of B3GNT3 and the correlation
of B3GNT3 levels with prognosis, we analyzed B3GNT3
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Figure | B3GNT3 is upregulated in lung cancer and high level of B3GNT3 expression is associated with poor prognosis of lung cancer patients in TCGA cohort. (A, B)
B3GNT3 expression levels in 509 lung adenocarcinoma (LUAD) tissues and 20 normal control tissues, or in 475 lung squamous cell carcinoma (LUSC) tissues and 38 normal
control tissues were analyzed based on The Cancer Genome Atlas Lung Adenocarcinoma (TCGA-LUAD) and The Cancer Genome Atlas Lung Squamous Cell Carcinoma
(TCGA-LUSC) database. (C, D) B3GNT3 expression levels in TCGA-LUAD (C) or in TCGA-LUSC (D) cohort with different TNM stages. (E, F) Correlation analysis
between the B3GNT3 expression and Ki-67 or PCNA expression in TCGA-LUAD cohort. (G, H) Correlation analysis between the B3GNT3 expression and Ki-67 or
PCNA expression in TCGA-LUSC cohort. (I, J) Kaplan-Meier analysis of overall survival (OS) or disease-free survival (DFS) in TCGA-LUAD (I) or TCGA-LUSC cohort

with low or high expression levels of BSGNT3. **p < 0.01.

expression in tissue microarray (TMA) containing lung
cancer tissues and control tissues. Immunohistochemical
staining (IHC) showed that B3GNT3 expression was
remarkably enhanced in lung cancer tissue sections
(Figure 2A). We established a scoring system for measuring
the expression levels of BAGNT3 based on the IHC staining
intensity of B3GNT3 (Figure 2B). Lung cancer tissues had
markedly higher B3GNT3 staining intensity scores than
that in normal tissues (Figure 2C). Moreover, our analysis
that B3GNT3 expression was remarkably
enhanced with late TNM
(Figure 2D), bigger tumor size, distant metastasis and recur-
rence (Figure 2D-G). Consistently, lung cancer patients
with high B3GNT3 expression exhibited markedly lower
OS and DFS rates than that in lung cancer patients with low
level of B3GNT3 in TMA cohort (Figure 2H and I).
Taken together, our results suggested that high B3GNT3

revealed

in lung cancers stages

expression was associated with unfavorable prognosis in

lung cancer patients.

Silencing B3GNT3 Inhibits Lung Cancer

Cell Growth and Invasion in vitro

Immunofluorescence staining of B3GNT3, together with
DAPI staining, was conducted to reveal the cellular localiza-
tion of B3GNT3. As shown in Figure 3A, B3GNT3 was
mainly distributed in the cytosol of A549 or H1299 cells.
To further investigate the function of B3GNT3, we used
siRNA targeting B3GNT3 to silence the expression of
B3GNT3. B3GNT3 Knockdown was confirmed by Western
blot in A549 or H1299 cells (Figure 3B). Functionally, CCK-
8 cell proliferation assay demonstrated that knockdown of
B3GNT3 markedly inhibited lung cancer cell proliferation in
A549 or HI1299 cells (Figure 3C and D). In addition,
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Figure 2 High expression level of B3GNT3 is correlated with advanced lung cancer stages and poor prognosis in TMA cohort. (A) Representative B3GNT3
immunohistochemical (IHC) staining of lung cancer tissues from lung cancer patients. (B) Representative BSGNT3 IHC staining with different staining intensity scores in
lung cancer. (C) Distribution of B3GNT3 staining scores in lung cancers and adjacent normal tissues. (D) Distribution of B3GNT3 staining scores in lung cancers with
different TNM stages. (E) Distribution of B3GNT3 staining scores in lung cancers with different tumor size. (F) Distribution of B3GNT3 staining scores in lung cancers with
or without distant metastasis. (G) Distribution of B3GNT3 staining scores in lung cancers with or without recurrence. (H, 1) Kaplan-Meier analysis of OS (H) or DFS (I) in

lung cancer TMA cohort with low or high expression levels of BSGNT3. *¥p < 0.01.

knockdown of B3GNT3 showed markedly decreased colony
formation and DNA synthesis in lung cancer cells (Figure 3E
and F). Furthermore, cell invasive ability of lung cancer cell
A549 or H1299 was significantly impeded by B3GNT3
knockdown (Figure 3G). Collectively, our findings indicated
that B3GNT3 knockdown suppressed lung cancer cell
growth and invasion in vitro.

Knockdown of B3GNT3 Suppresses Lung

Cancer Development in vivo

To dissect the role of B3GNT3 in vivo, A549 cells with stable
B3GNT3 knockdown or control cells were injected into nude
mice subcutaneously to establish xenograft lung tumor model.
Knockdown of B3GNT3 significantly impeded the lung

tumor growth, with much smaller size and less tumor weight
in sh-B3GNT3 group compared with that in sh-NC group
(Figure 4A-4D). Moreover, we analyzed the B3GNT3 and
proliferation marker Ki-67 expression in tumor sections by
IHC staining. While B3GNT3 expression was markedly lower
in sh-B3GNT3 group, Ki-67 expression was also significantly
decreased after BAGNT3 knockdown (Figure 4E and F). In
summary, B3GNT3 knockdown could suppress lung cancer
development in vivo.

B3GNT3 Is Negatively Regulated by
miR-149-5p

To understand how B3GNT3 expression is regulated in
lung cancer, we conducted bioinformatics analysis to seek
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Figure 3 Knockdown of B3GNT3 inhibits lung cancer cell growth and invasion in vitro. (A) Immunofluorescence staining of B3GNT3 and DAPI in lung cancer cell A549 and
H1299. A549 or H1299 cells were left untreated (blank) or transfected with control siRNA (si-Con) or siRNA targeting B3GNT3 (si-B3GNT3). (B) The knockdown
efficiency of B3GNT3 was evaluated by Western blot. (C) The cell morphology and density of A549 or H1299 transfected with si-Con or si-B3GNT3 were examined by
microscope. (D) Cell viability of A549 or H1299 transfected with si-Con or si-B3GNT3 was analyzed by CCK-8 assay. (E) Colony formation ability of A549 or H1299 cells
transfected with si-Con or si-B3GNT3 was analyzed by colony formation assay. (F) DNA synthesis in A549 or H1299 cells transfected with si-Con or si-B3GNT3 was
analyzed by EDU staining. (G) Cell invasion ability of A549 or H1299 cells transfected with si-Con or si-B3GNT3 was analyzed by transwell assay. *p < 0.01.

for the miRNAs targeting B3GNT3. MiR-149-5p was
predicted to have the complementary binding sequences
against 3'-UTR of B3GNT3 (Figure 5A). MiR-149-5p was

demonstrated to have dual roles in tumor, function as

either tumor suppressor or oncogene.”> MiR-149-5p

expression profile was analyzed in lung cancer tissue and

control tissues and the result exhibited that lung cancer

tissues had significantly lower levels of miR-149-4p
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Figure 4 Knockdown of B3GNT3 suppresses lung cancer development in vivo. (A) Lung cancer cells A549 transfected with negative control (sh-NC) or sh-B3GNT3 were
implanted subcutaneously into nude mice and the tumor growth was monitored and measured at indicated time points. (B, C) Representative luciferase photographs and
relative photon flux of nude mice and lung tumor tissues from sh-NC and sh-B3GNT3 groups at week 5. (D) Tumor weight in nude mice of sh-NC or sh-B3GNT3 group
was analyzed. (E) Representative H&E staining and IHC staining of B3GNT3 and Ki-67 of tumor sections from sh-NC or sh-B3GNT3 group. Scale bar = 200 pm.
(F) Quantification of relative IHC staining intensity of BBGNT3 and Ki-67 in tumor sections from sh-NC or sh-B3GNT3 group. **p < 0.01.

(Figure 5B). Intriguingly, Pearson correlation analysis
revealed that B3GNT3 expression was negatively asso-
ciated with miR-149-5p expression (Figure 5C). We
further confirmed the regulation between B3GNT3 and
miR-149-5p via luciferase reporter assay. MiR-149-5p
mimics specifically suppressed the luciferase activity in
HEK?293 with luciferase reporter vector containing WT 3'-
UTR of B3GNT3, but not with mutated 3’-UTR of
B3GNT3 (Figure 5D). Moreover, we demonstrated that
miR-149-5p overexpression dampened B3GNT3 expres-
sion, while inhibition of miR-149-5p enhanced B3GNT3
expression (Figure SE-G). These results suggested that
miR-149-5p might suppress the expression of B3GNT3
via binding to 3'-UTR of B3GNTS3.

MiR-149-5p Antagonizes the

Tumorigenesis Effect of B3GNT3 in vitro
To further evaluate miR-149-5p/B3GNT3 axis in regulating
lung cancer tumor progression, A549 or H1299 cells were
transfected with control vector, miR-149-5p mimics,
pcDNA3.1-B3GNT3, or miR-149-5p mimics+pcDNA3.1-
B3GNT3. Overexpression miR-149-5p suppressed cell

growth and B3GNT3 overexpression enhanced cell prolif-
eration in A549 or H1299 cells (Figure 6A and B). MiR-149-
S5p mimics abrogated the promotion of cell proliferation
induced by B3GNT3 overexpression (Figure 6A and B).
Further, transwell experiments showed that B3GNT3 over-
expression enhanced cell invasion while miR-149-5p mimics
reversed the tumorigenesis effect of B3GNT3 overexpres-
sion in A549 cells (Figure 6C). Consistently, we demon-
strated miR-149-5p mimics inhibited B3GNT3 expression
in A549 or H1299 cells, and overexpression B3GNT3
together with miR-149-5p mimics transfection partially res-
cued B3GNT3 expression (Figure 6D). Collectively, our data
supported that miR-149-5p antagonized the tumorigenesis
effect of BANGTS3 in vitro.

Discussion

B3GNT3 is constitutively expressed in various normal
tissues including stomach, small intestine, colon and
placenta.* The function of B3GNT3 has been studied in
the regulation of tumorigenesis in multiple cancers, such
as neuroblastoma, pancreatic cancer, cervical cancer, and
non-small cell lung cancer.””"'> While B3GNT3 expres-
sion is highly upregulated in most of malignant tumors and
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Figure 5 B3GNT3 is a direct target of miR-149-5p. (A) Putative binding sequences of miR-149-5p on the 3’-UTR of B3GNT3 and the mutated sequences of 3'-UTR of
B3GNT3. (B) The expression levels of miR-149-5p in lung cancer or control normal tissues were analyzed by qRT-PCR. (C) Pearson correlation analysis of miR-149-5p
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associated with tumor progression, malignant transforma-
tion, and metastasis,>***> B3GNT3 was also reported to
suppress the metastasis of neuroblastoma cells and predict
favorable outcomes.’ In this study, we revealed the over-
expression pattern of B3GNT3 in lung cancers by both
bioinformatics analyzing TCGA lung cancer cohort and
IHC analyzing lung cancer tissue microarray. Moreover,

we verified that upregulated expression of B3GNT3 was
correlated with unfavorable prognosis in lung cancer.

Our results revealed that silencing B3GNT3 inhibited lung
cancer cell growth and invasion in vitro, and impeded lung
tumor development in xenograft tumor model in vivo. Though
the underlying mechanisms by which B3GNT3 promoted
lung cancer development was not clear, previous studies
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indicated that B3GNT3 regulated the biosynthesis of
L-selectin ligand and affected cancer cell trafficking.?® Other
studies showed that B3GNT3 could catalyze PD-L1 glycosy-
lation and enhance the immune checkpoint therapy in triple-
negative breast cancer.”” These results indicated that B3GNT3
might have different roles and complicated function in tumor
progression and prognosis, which needs further investigation.

We further identified miR-149-5p negatively regulated
B3GNT3 expression by binding to its 3'-UTR. MiR-149-5p
was upregulated in prostate cancer, acute myeloid leukemia,
and glioblastoma.”®>° Other studies demonstrated miR-
149-5p functioned as tumor suppressor and was downregu-
lated in gastric cancer, hepatocellular carcinoma and
neuroblastoma.’' > Ke et al showed that miR-149 sup-
pressed lung cancer cell EMT via targeting FOXM1.** In
the current study, we identified that miR-149-5p was lower
expressed in lung cancer than that in normal tissues and
B3GNT3 expression was negatively correlated with the
expression of miR-149-5p. Previous studies have reported
that miR-149-5p regulated AKT1/mTOR signaling pathway
and was sponged by circular RNA circNRIP1.>> Rui-Da Xu
et al demonstrated that miR-149-5p directly regulated
TNFRSF12A and inhibited human osteosarcoma develop-
ment via regulating TWEAK/Fn14/PI3K/AKT pathway.*®
Due to the complicated regulatory mechanisms of miRNA,
miR-149-5p could have multiple targets involved in the
regulation of lung cancer development and progression.

There are several limitations in our study that should
be addressed in the future study. First, the underlying
mechanism and signaling pathway by which B3GNT3
regulates lung cancer cell proliferation and invasion was
not elucidated. Second, whether B3GNT3 is controlled by
other miRNAs or whether miR-149-5p functions solely
through negatively regulating B3GNT3 needs further clar-
ification. In addition, it is worthwhile to further investigate
the potential value of B3GNT3 as a prognosis biomarker.

In summary, for the first time, we have demonstrated
that B3GNT3 is significantly upregulated in lung cancer
both at mRNA and protein levels, and miR-149-5p nega-
tively regulates B3GNT3 expression and suppresses lung
cancer development. Thus, miR-149-5p/B3GNT3 axis
might be further explored as a promising prognosis bio-
marker and therapeutic strategy in lung cancer.
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