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KEYWORDS Abstract
apoptosis; Background: Lung adenocarcinoma (LUAD) is a leading cause of tumor-associated mortal-
GNL3; ity, and it is needed to find new target to combat this disease. Guanine nucleotide-binding
lung adenocarcinoma protein-like 3 (GNL3) mediates cell proliferation and apoptosis in several cancers, but its role
(LUAD); in LUAD remains unclear.
prognosis; Objective: To explore the expression and function of Guanine nucleotide-binding protein-like
Wnt/B-catenin 3 (GNL3) in lung adenocarcinoma (LUAD) and its potential mechanism in inhibiting the growth
of LUAD cells.

Methods: We evaluated the expression of GNL3 in LUAD tissues and its association with patient
prognosis using databases and immunohistochemistry. Cell proliferation was assessed by CCK-8
assay as well as colony formation, while apoptosis was evaluated by FCM. The effect of GNL3
knockdown on the Wnt/B-catenin axis was investigated by Immunoblot analysis.

Results: GNL3 is overexpressed in LUAD tissues and is correlated with poor prognosis.
Knockdown of GNL3 significantly inhibited the growth as well as induced apoptosis in A549 as
well as H1299 cells. Furthermore, we found that the inhibitory effect of GNL3 knockdown on
LUAD cell growth is associated with the downregulation of the Wnt/B-catenin axis.
Conclusion: GNL3 is key in the progression of LUAD by metiating Wnt/B-catenin axis. Targeting
GNL3 may represent a novel therapeutic method for LUAD treatment.

© 2024 Codon Publications. Published by Codon Publications.

Introduction deaths." In spite of improvements in the diagnosis and

treatment for pulmonary diseases in recent years, the
Lung adenocarcinoma (LUAD) is the 2nd most diagnosed mortality rate of LUAD patients remains high, with poor
tumor globally and a leading cause of tumor-related prognosis.? The development of LUAD is a complex process
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and is associated with the abnormal expression of certain
genes.? It is vital to find novel targets of LUAD.

The Wnt-B-catenin signaling pathway is a key to abnor-
mal activation observed in many cancer types, such as non-
small cell lung cancer (NSCLC).* This pathway is essential
for the development of various tissues, such as the ner-
vous system. Moreover, it is a key regulator of epithelial-
mesenchymal transition (EMT).> The classical Wnt prevents
the degradation of B-catenin in cytoplasm via suppress-
ing GSK3B-mediated phosphorylation.t Subsequently, the
downstream target genes are regulated and EMT program
was initiated.”

Guanine nucleotide-binding protein-like 3 (GNL3), ini-
tially discovered in several cancer cells, is preferentially
expressed by other stem cell-rich populations.® GNL3, orig-
inally named nucleostemin (NS), is vital for cell growth
as well as cycle regulation in various cancer types.’ As a
promoter of cancer, GNL3 regulates the expression of
numerous genes, modulates deacetylase sirtuin 1 (SIRT1)
transcription, and promotes stem cell-like characteristics
and metastasis in hepatocellular carcinoma.”. Additionally,
GNL3 promotes the proliferation, motility as well as EMT of
colon cancer cells via Wnt-B-catenin axis."'? GNL3 also pro-
motes the progression of non-Hodgkin lymphoma by acti-
vating the same pathway.

In spite of research conducted on role of GNL3 in vari-
ous cancer types, its function as well as mechanism in LUAD
remains unclear. This study aims to explore the expression
and function of GNL3 in LUAD and its potential mechanism
in inhibiting the growth of LUAD cells.

Materials and methods
Bioinformatics

We accessed LUAD data from the Cancer Genome Atlas
(TCGA) database via Genomic Data Commons (GDC) data
portal. We specifically retrieved transcriptome data (RNA-
Seq) and associated clinical data for LUAD patients. In addi-
tion, we utilized the University of ALabama at Birmingham
CANcer (UALCAN) data analysis portal to perform com-
parative analysis of GNL3 expression in normal and tumor
tissues as well as to assess the expression levels across dif-
ferent stages of LUAD and patient demographics.

Collection of clinical samples

A total of 30 cases of LUAD tumor tissues were obtained
from patients pathologically diagnosed with LUAD at
Jiangyin People's Hospital, China. In order to avoid selec-
tion bias, patients were consecutively chosen based on
their dates of diagnosis. This enrollment strategy ensures
that the samples are representative of the general patient
population treated during the study period.

The clinical samples were collected over a span of 18
months, from January 2021 to June 2022, subsequent to
obtaining approval from the Ethics Committee of Jiangyin
People's Hospital, China. The tissues were snap-frozen in
liquid nitrogen within 30 min of excision to halt any enzy-
matic activity and prevent RNA degradation. The frozen

tissues were then stored at -80°C until further use. For RNA
and protein analyses, samples were thawed gradually on
ice to minimize degradation. Each step of sample handling
was meticulously documented to ensure consistency and
reproducibility.

Cell culture and transfection

Human LUAD cell lines A549 and H1299 were purchased
from ATCC (Manassas, VA, US). Cells were cultured with
Dulbecco’'s modified eagle medium (DMEM) containing 10%
fetal bovine serum (FBS). The cultures were kept in a
humidified incubator at 37°C with 5% CO,. Approximately
95% humidity was maintained in the incubator to ensure
optimal growth conditions and to prevent evaporation of
the culture medium. Cells were routinely checked for con-
tamination and morphological integrity, and the medium
was changed every 48 h. After 12 h of culture, lipofect-
amine 3000 (Invitrogen, Carlsbad, CA, US) was co-trans-
fected with si-NC, si-GNL3#1, and si-GNL3#2.

Real-time quantitative polymerase chain reaction
(RT-gPCR) assay

In order to compare the messenger RNA (mRNA) levels
of GNL3 in LUAD tissues versus normal lung tissues,
RT-qPCR was performed. Total RNA was extracted from
30 LUAD tumor tissues and 30 matched adjacent non-
tumor lung tissues obtained from the same patients.
SYBR Premix Ex Tag™ Il (Takara Bio, San Jose, CA, US)
was used for RT-qPCR, and detected by Bio-Rad CFX-
96. PRR11 expression was normalized and analyzed
by 224t method. Primer sequences were as follows:

GNL3 forward: 5-TGGAGAAGAAGATGACGAGGAG-3,
reverse: 5-GCTTGAGGTTGTCATTGGTGAG-3'; glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) for-
ward: 5’-CAGCCTCAAGATCATCAGCA-3’, reverse:

5-TGTGGTCATGAGTCCTTCCA-3".

Immunoblotting

Samples were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), and trans-
ferred. The proteins were blocked with 5% milk for 1 h, and
then the corresponding primary antibodies were incubated
at 4°C overnight. Primary antibodies, GNL3 (ab129185,
1:500; Abcam, Cambridge, UK), Bax (ab32503, 1:1000;
Abcam), cleaved caspase-3 (ab32042, 1:1000; Abcam), Beta-
catenin (ab32572, 1:1000; Abcam), c-Myc (ab32072, 1:1000;
Abcam), and beta-actin (ab8226, 1:3000; Abcam), and sec-
ondary antibodies were incubated for 1 h.

Cell counting kit-8 (CCK-8) assay

LUAD cells were plated and maintained for 5 days. Cells
were subsequently incubated with CCK-8 (Beyotime,
Beijing, China) for 4 h. Then the OD 450-nm absorbance
value was measured.
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Colony formation assay

LUAD cells were plated and maintained in media (10% FBS)
for 14 days at 37°C. Then cells were fixed with paraformal-
dehyde (PFA) for 15 min and stained with 0.1% crystal violet
for 20 min. Finally, cells were photo recorded.

Cell cycle assay

Cells were fixed using 70% ethanol at -20°C for 2 h. Cells
were stained with the indicated antibody at 4°C and the
pyroptosis levels were measured using flow cytometer (BD
Biosciences, NJ, US).

Immunofluorescent staining

Cells were blocked with 4% PFA in 5% bovine serum albumin
(BSA) and incubated with anti-beta-catenin (ab32572, 1:200;
Abcam). Alexa 555 (Invitrogen, CA, US) was added And
images were captured after 4',6-diamidino-2-phenylindole
(DAPI) staining (Invitrogen) using fluorescent microscope.

Statistics

All statistical analyses were performed using GraphPad
Prism version 5.0. The data were presented as mean +
standard deviation (SD). Differences between two groups
were assessed using Student's t-test, while comparisons

between multiple groups were conducted using one-way
ANOVA followed by a Tukey post-hoc test when appropri-
ate. The level of statistical significance was set at P < 0.05.

Results

GNL3 is overexpressed in LUAD and is associated
with poor prognosis

The high transcript per millions (TPMs) of GNL3 was
found in LUAD tissues based on TCGA (Figure 1A). Similarly,
the UALCAN database also indicated that GNL3 was highly
expressed in LUAD tissues (Figure 1B). The analysis of cor-
relation of LUAD patients through PrognoScan database
demonstrated that GNL3 expression was correlated with
LUAD prognosis (Figure 1C; P = 0.00065). Furthermore, the
correlation between GNL3 expression and clinical features,
such as age, gender, differentiation, TNM stages, lymphatic
metastasis, and tumor status, of LUAD patients was ana-
lyzed. Interestingly, we observed that the expression of
GNL3 was correlated with TNM stages (P = 0.049) and lym-
phatic metastasis (P = 0.001; Table 1).

We then performed RT-qPCR assays to show the
mRNA levels of GNL3 in human LUAD tissues and normal
tissues. The results confirmed the up-regulation of GNL3
mRNA levels in LUAD tissues (Figure 1D). The protein levels
of GNL3 were also up-regulated in five representative LUAD
tissues (Figure 1E). Therefore, GNL3 was highly expressed
in human LUAD and associated with its prognosis.
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Expression of GNL3 in lung adenocarcinoma tissues and its association with patient prognosis. (A) TCGA database

indicated the transcripts per million (TPM) of GNL3 in 515 tumor tissues and 59 normal tissues. (B) UALCAN database showed the
expression of GNL3 in 111 tumor tissues and 111 normal tissues. (C) PrognoScan database showed the prognosis of LUAD patients
with low or high GNL3 expression. P = 0.00065. (D) RT-qPCR assays showed the mRNA levels of GNL3 in tumor tissues as well
as normal tissues. (E) Immunoblot assays indicated the protein expression of GNL3 in five representative tumor tissues and five

representative normal tissues. P < 0.001.
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Table 1 Correlations between GNL3 expression and
clinicopathological features in lung adenocarcinoma.

Characteristics n GNL3-negative GNL3-positive P value

Age (years) 0.558
<60 19 10 9
>60 11 7 4
Gender 0.936
Male 21 12 9
Female 9 5 4
Differentiation 0.997
Well 7 4 3
Moderate 14 8 6
Poor 9 5 4
TNM stages 0.049
| 14 9 5
Il 12 8 4
IIHV 4 0 4
Lymphatic metastasis 0.001
Yes 19 15 4
No 11 2 9
Tumor status 0.030
T 8 7 1
T2 16 9 7
T3-T4 6 1 5

Knockdown of GNL3 inhibits the growth of LUAD
cells

The GNL3 si-RNA, si-GNL3#1, and si-GNL3#2 were
transfected into LUAD cell lines, such as A549 and
H1299. The transfection of GNL3 small interfering RNA
(siRNA) obviously decreased its expression, compared
to si-NC (Figure 2A). The depletion of GNL3 suppressed
cell viability, with the decreased OD 450-nm absorbance
value for 5 days (Figure 2B). In addition, the deple-
tion of GNL3 decreased the colony numbers of A549 and
H1299 cell lines (Figure 2C). We therefore believed that the
depletion of GNL3 inhibited the growth of LUAD cells.

Depletion of GNL3 promotes apoptosis in LUAD
cells

Further, we noticed that GNL3 ablation induced the apop-
tosis of both A549 and H1299 cell lines with increased apop-
tosis ratio (Figure 3A). The depletion of GNL3 increased the
levels of Bax and cleaved caspase-3, two apoptosis mark-
ers in A549 and H1299 cell lines, showing the promotion
of apoptosis (Figure 3B). Therefore, we considered that
depletion of GNL3 induced apoptosis in LUAD cells.

Ablation of GNL3 inhibits the Wnt-B-catenin path-
way in LUAD cells

We discovered the effects of GNL3 on Wnt-B-catenin path-
way in A549 and H1299 cell lines. We determined that
GNL3 depletion decreased the expression levels of B-cat-
enin and c-Myc, two key regulators of Wnt-B-catenin axis in
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Figure 2 Effects of GNL3 knockdown on cell proliferation
in LUAD cell lines. (A) Immunoblot assays indicated the
protein expression of GNL3 in A549 and H1299 cells upon
the transfection of si-NC, si-GNL3#1, or si-GNL3#2 for 24 h.
(B) CCK-8 assays showed the effects of GNL3 depletion by
its siRNAs on the growth of A549 and H1299 cells for 5 days.
The OD 450-nm absorbance value was measured. (C) Colony
formation assays indicated the effects of GNL3 depletion by
its siRNAs on the growth of A549 and H1299 cells for 14 days.
The colony numbers were counted and compared. “P < 0.01,
"P < 0.001, si-GNL3 vs si-NC. NC: negative control; LUAD: lung
adenocarcinoma.

A549 and H1299 cell lines (Figure 4A). We further observed
the expression of B-catenin through immunostaining and
determined that it was decreased upon GNL3 ablation in
A549 and H1299 cell lines, suggesting that GNL3 mediates
Wnt-B-catenin axis (Figure 4B). Therefore, GNL3 knock-
down restrained Wnt-B-catenin axis in LUAD cells.

Discussion

The urgent need to identify potential targets for LUAD
originates from its poor prognosis and low survival rates.”
Effective targeted therapies require the discovery of
new molecular targets that drive progression of cancer.
Understanding these pathways can also help overcome
resistance to the existing treatments. Given LUAD's hetero-
geneity, multiple targets are needed to address its diverse
subtypes and improve patient outcomes. In the cur-
rent study, we explored the role of GNL3 in LUAD and its
potential mechanism in regulating tumor growth through
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Figure 3

Induction of apoptosis by GNL3 knockdown in lung cancer cells. (A) Flow cytometry (FCM) assays showed effects of

GNL3 depletion by its siRNAs on the growth of A549 and H1299 cells for 24 h. The apoptosis ratio was compared. (B) Immunoblot
assays indicated the protein expression of Bax and cleaved caspase-3 in A549 and H1299 cells on transfection of si-NC, si-GNL3#1,
or si-GNL3#2 for 24 h. "P < 0.001, si-GNL3 vs si-NC. NC: negative control; LUAD: lung adenocarcinoma.

Wnt-B-catenin axis. Our findings revealed that GNL3 is
overexpressed in LUAD tissues. Knockdown of GNL3 sig-
nificantly inhibited cell growth and promoted apoptosis in
LUAD cell lines, A549 and H1299. Furthermore, we demon-
strated that the suppressive effect of GNL3 knockdown on
growth of LUAD cells is mediated by the inhibition of Wnt-
B-catenin axis.

The association of GNL3 overexpression with poor prog-
nosis in LUAD patients suggests that GNL3 could be a poten-
tial biomarker for the disease. This is consistent with the
studies that have shown the involvement of GNL3 in various
cancer types, such as hepatocellular carcinoma and colon
cancer.’>"15 GNL3 regulates cell processes in cancer cells,
indicating its crucial role in tumorigenesis. Targeting GNL3
could offer a novel therapeutic approach for LUAD, poten-
tially improving the efficacy of treatments and patient sur-
vival. GNL3 is an important player in progression of cancer
and could be a target for therapeutic intervention.

Wnt-B-catenin axis is a well-known regulator of cell
proliferation and apoptosis in cancer.' Irregularity of this
pathway is implicated in the development and progression
of various cancer types, such as LUAD.""® Our findings that
knockdown of GNL3 leads to the inhibition of Wnt-B-catenin
pathway provide further insights into the molecular mech-
anisms underlying progression of LUAD. By down-regulating
B-catenin and c-myc, GNL3 knockdown disrupts the path-
way, thereby inhibiting cell processes. This suggests that
targeting GNL3 could be a potential strategy for inhibiting
Wnt-B-catenin axis in LUAD.

However, our study has some limitations. First, the
study was conducted in vitro using cell lines, which may
not fully replicate the complexity of tumor biology in vivo.
Further studies using animal models and clinical sam-
ples are needed to validate our findings and explore the
potential of GNL3 as a target in LUAD. Second, although
we demonstrated the involvement of Wnt-B-catenin axis
in GNL3 knockdown, the detailed molecular mechanisms
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catenin and c-myc in A549 and H1299 cells on transfection of si-NC, si-GNL3#1, or si-GNL3#2 for 24 h. The relative expression
of these proteins was quantified. (B) Immunostaining assays showed the expression of beta-catenin in A549 and H1299 cells on

transfection of si-NC, si-GNL3#1, or si-GNL3#2 for 24 h. Red panel indicates beta-catenin. Scale bar: 100 pm. ‘P < 0.05,

P <0.001,

si-GNL3 vs si-NC. NC: negative control; LUAD: lung adenocarcinoma.

as well as interactions with other pathways requires elu-
cidation. Understanding these mechanisms would provide
insights into the role of GNL3 in LUAD progression and its
potential as a target.

While our study primarily focused on elucidating the
role of GNL3 knockdown in modulating Wnt-B-catenin path-
way and its impact on LUAD cell growth and apoptosis, we
recognized the established link between GNL3 and EMT in
other cancer types. Involvement of GNL3 in promoting EMT
is documented in various cancer types, suggesting a poten-
tial mechanism through which GNL3 could influence LUAD
progression and metastasis.

The decision to not focus on EMT-related experiments
was based on our preliminary data, which strongly sug-
gested a significant role for Wnt/B-catenin pathway in
mediating the effects of GNL3 knockdown on cell growth
and apoptosis in LUAD. However, given the comprehensive
role of GNL3 in cancer biology and the insightful feedback
provided, we acknowledged the importance of exploring
how GNL3 might influence EMT phenotypes in LUAD. Future
studies must aim to assess the impact of GNL3 on EMT
markers and cell motility to provide a more holistic under-
standing of its role in LUAD pathogenesis.

Future research should focus on investigating the role
of GNL3 in vivo using animal models of LUAD. This would

provide a better understanding of the biological functions
of GNL3 in tumor microenvironment and its potential as
a therapeutic target. Additionally, studies must explore
interactions between GNL3 and other signaling pathways
involved in LUAD progression. ldentifying the molecular
networks regulated by GNL3 would provide a compre-
hensive understanding of its role in cancer and potential
strategies for targeting it. Furthermore, clinical studies are
needed to validate the prognostic value of GNL3 expression
in LUAD patients and evaluate the therapeutic potential of
targeting GNL3 in clinical settings.

Conclusion

GNL3 plays a crucial role in the progression of LUAD by
mediating Wnt-B-catenin axis.
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