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NSCLC, resistance  Recent molecular docking studies have identified potential inhibitors targeting GSK-3, offering promising
avenues for therapeutic intervention. These inhibitors could potentially disrupt the oncogenic signaling
pathways mediated by GSK-3p, thereby halting or reversing tumor progression. This literature review seeks to
deliver a thorough examination of the current knowledge regarding GSK-3 influence on NSCLC.
Methods
The author carried out an extensive literature review utilizing various electronic databases such as PubMed,
Scopus, and Europe PMC. The search keywords included "GSK-3B," "glycogen synthase kinase-3 beta," ""non-
small cell lung cancer,” "NSCLC," "prognosis,” "apoptosis,” "cell proliferation,” "autophagy,"
"radiosensitivity," "tumor differentiation,” and "molecular docking.” The findings from the included studies
were integrated into a narrative review, emphasizing GSK-3p role in NSCLC pathogenesis, its potential as a
therapeutic target, and its utility as a prognostic biomarker.
Results
GSK-3B is a multifunctional serine/threonine kinase involved in various cellular processes, including
proliferation, differentiation, motility, and survival. Its expression is associated with NSCLC differentiation,
with GSK-3B-negative tumors showing better prognosis. Preclinical studies have identified potential GSK-3p
inhibitors with favorable docking scores and ADME profiles for NSCLC treatment. However, targeting GSK-
3pB for NSCLC treatment faces several significant challenges. One major issue is the broad role of GSK-3f in
various cellular processes, including metabolism and cell survival, which increases the risk of off-target effects
and toxicity.
Conclusions
GSK-3p has emerged as a critical biomarker in NSCLC, exerting a significant impact on disease progression,
treatment response, and prognosis.

1. Introduction

Non-small cell lung cancer (NSCLC) continues to be a predominant cause of cancer-related deaths globally,
underscoring the critical need for persistent research into its molecular pathways and potential treatment targets.*
Glycogen synthase kinase-3 beta (GSK-3f) has become a noteworthy factor in the development and progression
of NSCLC.?® Research consistently indicates that elevated levels of GSK-3B correlate with unfavorable
prognoses in NSCLC patients.*® This association underscores the potential of GSK-3B as a prognostic
biomarker, offering crucial insights into patient outcomes and informing therapeutic strategies.®

GSK-3p expression levels have been linked to tumor differentiation and the advanced stages of NSCLC,
highlighting its significance in disease progression. Elevated GSK-3p expression is frequently associated with
more aggressive tumor behavior and worse clinical outcomes, positioning it as a potential marker for assessing
disease severity.”® This association underscores the importance of understanding the regulatory mechanisms
governing GSK-3p expression and activity in NSCLC, as it could lead to the development of novel diagnostic
and therapeutic strategies.®

Experimental evidence indicates that the inhibition of GSK-3p has profound effects on NSCLC cell lines.®°
Inhibiting GSK-3p suppresses cell proliferation, induces apoptosis, and reduces cell motility, indicating its
crucial role in sustaining the malignant phenotype of NSCLC cells. These observations suggest that targeting
GSK-3B could be a promising therapeutic strategy to limit tumor growth and progression.” Furthermore, GSK-
3B has been found to inhibit autophagy and enhance radiosensitivity in NSCLC cells, thereby affecting the
efficacy of existing treatments and opening avenues for combination therapies that could improve patient
outcomes.
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Recent molecular docking studies have identified potential inhibitors targeting GSK-3p, offering promising
avenues for therapeutic intervention. These inhibitors could potentially disrupt the oncogenic signaling pathways
mediated by GSK-3, thereby halting or reversing tumor progression.? Additionally, the significant association
between GSK-3f and PTEN expression in NSCLC tumors suggests a complex interplay that could be pivotal in
understanding tumor biology and response to treatment. The PTEN tumor suppressor gene is known to play a
crucial role in regulating cell growth and survival, and its interaction with GSK-3f may provide further insights
into the molecular underpinnings of NSCLC.1213

This literature review seeks to deliver a thorough examination of the current knowledge regarding GSK-3p
influence on NSCLC. By delving into its role as both a therapeutic target and a prognostic biomarker, this review
aims to illuminate the potential of GSK-3f-targeted therapies in enhancing outcomes for NSCLC patients.
Through a detailed analysis of existing research, we aspire to clarify the mechanisms through which GSK-3p
affects NSCLC progression and to highlight prospective directions for future investigations in this domain.

2. Method

The author carried out an extensive literature review utilizing various electronic databases such as PubMed,
Scopus, and Europe PMC. The search keywords included "GSK-3p," "glycogen synthase kinase-3 beta,” *non-
small cell lung cancer,” "NSCLC," "prognosis,” "apoptosis,” "cell proliferation,” "autophagy,"
"radiosensitivity," "tumor differentiation,” and "molecular docking." The author implemented specific inclusion
and exclusion criteria to ensure the studies selected were relevant and methodologically rigorous. The inclusion
criteria stipulated that the studies must be published in peer-reviewed journals and include research articles,
reviews, or meta-analyses that investigated the role of GSK-3f in non-small cell lung cancer. Furthermore, the
studies were required to involve experimental models such as cell lines, animal studies, or clinical samples, and
be written in English. Conversely, studies were excluded if they did not focus on NSCLC, lacked primary data
or detailed methodologies, or were not published in English. Data were extracted from the selected studies using
a standardized form, which captured key details such as the authors, year of publication, journal, and study
design, including in vitro, in vivo, and clinical study types. For information specifically related to GSK-38, we
collected data on its expression levels in NSCLC, its correlation with clinical outcomes such as prognosis, tumor
stage, and differentiation, and the impact of GSK-3f inhibition on various aspects of NSCLC, including cell
proliferation, apoptosis, motility, autophagy, and radiosensitivity. The study investigated the molecular
mechanisms by which GSK-3p affects non-small cell lung cancer and explored potential therapeutic strategies,
with a focus on GSK-3 inhibitors and the interaction between GSK-3f in the context of NSCLC.

Data Analysis

The author analyzed the extracted data to uncover patterns, trends, and gaps in the existing research. Descriptive
statistics helped the author summarize how frequently key findings appeared and their distribution across the
studies. The qualitative synthesis involved comparing and contrasting these results to offer a thorough
understanding of GSK-3p role in NSCLC.

Synthesis of Findings

The findings from the included studies were integrated into a narrative review, emphasizing GSK-3p role in
NSCLC pathogenesis, its potential as a therapeutic target, and its utility as a prognostic biomarker. The review
also pinpointed areas requiring further research and explored the possible clinical applications of GSK-3p
inhibitors in the treatment of NSCLC.

3. Results
GSK-3pB Role and NSCLC Pathogenesis

Numerous studies have documented the potent effects of GSK-3p inhibitors when combined with radiation and
chemotherapy across a range of cancer contexts, highlighting the critical role of this kinase in cancer treatment
approaches.'® Furthermore, GSK-3p suppresses autophagy and heightens the sensitivity of NSCLC cells to
radiation. Tumors deficient in GSK-3p exhibit a more favorable prognosis. The link between GSK-3f8 and
ANXA1 has been clarified, with ANXAL acting to decrease GSK-3B phosphorylation, thus preventing
epithelial-mesenchymal transition and, as a result, reducing the migration and invasion of NSCLC cells.™
Researchers have found that the GSK-3 protein kinase exhibits increased activity in 41% of human NSCLC
samples. When GSK-3 is inhibited, a decrease in proliferation is observed in NSCLC cell lines. This suggests
that certain NSCLC tumors may be dependent on GSK-3 for their continuous growth.” Owing to the connection
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between GSK-3f expression levels and tumor progression, it is crucial to understand the regulatory mechanisms
governing this protein. GSK-3p levels correlate with NSCLC differentiation and progression.® Inhibiting GSK-
3B signaling impairs cell proliferation, promotes apoptosis, and reduces motility in NSCLC cell lines.
Additionally, computational studies have identified potential GSK-3f inhibitors as promising therapeutic
options for NSCLC.*® The observed association between GSK-3B and PTEN levels in NSCLC samples
emphasizes the potential of targeting this relationship for therapeutic purposes.®%% The findings suggest that
GSK-3B may serve as a potential biomarker for assessing prognosis and therapeutic response in non-small cell
lung cancer. While these significant findings have been made, the function of GSK-3f in the progression of non-
small cell lung cancer is complex and may be influenced by specific contexts. This underscores the need for
further research to thoroughly understand its role in lung cancer development and to improve targeted
therapeutic strategies. GSK-3p stimulates the proliferation and survival of tumor cells, and inhibiting its activity
reduces cell growth while inducing apoptosis.?*? Notably, GSK-3B exerts an inhibitory effect on autophagy,
thereby enhancing the sensitivity of NSCLC cells to radiation. Furthermore, GSK-3f participates in regulating
the epithelial-mesenchymal transition process by phosphorylating Slug, a protein that suppresses the
transcription of E-cadherin.?*? The phosphorylation process facilitates Slug degradation through the CHIP-
mediated ubiquitin-proteasome pathway, potentially suppressing metastasis.?

Molecular Mechanisms of GSK-38 in NSCLC

High levels of the enzyme GSK-3p are linked to poor clinical outcomes in non-small cell lung cancer patients.
In contrast, blocking the activity of GSK-3f results in reduced tumor cell growth, increased cell death, and
decreased cell movement.?6?” Additionally, GSK-3 suppresses the cellular process of autophagy, resulting in
enhanced sensitivity of NSCLC cells to radiation therapy. In contrast, NSCLC tumors that lack GSK-3p
demonstrate improved clinical outcomes. Furthermore, the epithelial-mesenchymal transition induced by the
Snail transcription factor in NSCLC involves the Smadl/Akt/GSK-3p signaling pathway, which modulates the
expression of Nanog and enhances stem cell-like properties within the tumor.28-20 NSCLC cells that demonstrate
resistance to cisplatin exhibit heightened activation of the Wnt/B-catenin signaling pathway due to suppression
of the cytoplasmic form of glycogen synthase kinase-3 beta (GSK-3p). This elevated signaling cascade results
in increased expression of the proteins f-catenin and survivin, which collectively contribute to enhanced
resistance to cisplatin therapy.3132 The multifaceted function of GSK-3B in NSCLC underscores its potential as
a compelling therapeutic target. Understanding the multifaceted roles of GSK-3p is crucial for a thorough grasp
of its impact on cancer progression and therapy. GSK-3f, a multifunctional serine/threonine protein kinase, is
implicated in regulating diverse cellular functions, encompassing cell proliferation, differentiation, motility, and
survival.®® GSK-3p is critical in regulating cell cycle progression and apoptosis through the control of proteolysis
and the subcellular localization of key proteins. Its role in tumorigenesis and cancer progression is complex and
context-dependent, as it can act as either a tumor suppressor or promoter, depending on the specific type of
cancer.!834 GSK-3p is a key regulator of important signaling pathways like Wnt and NF-kB, which are vital for
blood cell formation and the onset of leukemia.®>3® Additionally, GSK-3B influences drug sensitivity and
resistance in cancer chemotherapy. While GSK-3f inhibitors show potential for treating a range of diseases,
their impact on tumorigenesis and cancer therapy requires comprehensive evaluation and careful consideration.

The varying effects of GSK-3f inhibition across different cancer types highlight the need for context-specific
research. In pancreatic cancer cells, GSK-3f inhibition has been shown to enhance radioresistance through a
mechanism that relies on B-catenin.®”* On the contrary, in NSCLC, inhibiting GSK-3p can enhance autophagy
and decrease radiosensitivity.3%4° GSK-3p is a crucial regulator in several signaling pathways, including Wnt/-
catenin and PI3K/PTEN/AKT, and it also plays a role in DNA repair mechanisms.*! The expression of GSK-3j3
is associated with the differentiation status of NSCLC, with tumors deficient in GSK-3f showing a more
favorable prognosis.?® The effects of GSK-3B inhibitors used in conjunction with radiation and chemotherapy
have been reported across various cancer types, underscoring the importance of GSK-3f in cancer treatment
strategies.**** Continued investigation into the complicated interactions between GSK-3p and crucial signaling
pathways holds the potential to unveil novel therapeutic prospects. GSK-3B has been linked to cancer
progression, such as in colon cancer, via its interplay with Notch signaling.*® Additionally, GSK-3 interacts
directly with p53 in response to DNA damage, facilitating cellular reactions like elevated p21 levels and caspase-
3 activity.*’*® Additionally, GSK-3B collaborates with casein kinase 2 to phosphorylate PTEN, a tumor
suppressor that inhibits cell growth and survival. This interaction between GSK-3B and PTEN suggests a
possible feedback regulatory mechanism. In hematopoiesis and the development of leukemia, GSK-3f engages
with several pathways, such as Wnt/B-catenin, PI3K/PTEN/Akt/mTOR, and Ras/Raf/MEK/ERK.4"4%% Due to
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its involvement in critical signaling pathways and interactions with hematopoietic and leukemia-related factors,
GSK-3p emerges as a promising therapeutic target for different cancers. It holds particular potential in tackling
leukemia stem cell pathophysiology and overcoming treatment resistance.*’
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Figure 1. Chemoresistance to Platinum Chemotherapy in Advance-Stage NSCLC.

Therapeutic Approaches Aiming at the Inhibition of GSK-3p3

Indeed, GSK-3f is a versatile enzyme with roles in multiple biological processes, making it a promising
therapeutic target for a range of diseases such as Alzheimer's disease (AD), diabetes melitus (DM), and cancer.>
% The development of GSK-3p inhibitors has rapidly expanded, with lithium being the first inhibitor utilized
therapeutically.> However, most inhibitors exhibit poor selectivity and off-target effects, limiting their clinical
potential. Recent research has focused on improving selectivity and reducing adverse effects, with non-ATP
competitive inhibitors, such as allosteric inhibitors, showing promise in reducing side effects compared to ATP-
competitive inhibitors.%-%¢ The exploration of GSK-3p drug-binding cavities and the development of diverse
chemical structures have contributed to the ongoing efforts to create more effective and selective GSK-3p
inhibitors for various human diseases.® In cancer therapy, GSK-3 has emerged as a highly promising target,
especially in the treatment of NSCLC.>® GSK-3 plays a critical role in a variety of cellular functions, such as
regulating cell growth, differentiation, and programmed cell death. Promising inhibitors of GSK-3f have been
identified in preclinical investigations, demonstrating favorable docking characteristics and pharmacokinetic
properties for the potential treatment of non-small cell lung cancer.5°%2 The clinical development of GSK-3j
inhibitors has demonstrated promise across multiple cancer types, with ongoing studies examining their efficacy
and safety.®” These inhibitors modulate key signaling pathways involved in cancer progression, such as Wnt/p-
catenin and NF-xB. Additionally, GSK-3 inhibitors may enhance antitumor immune responses, presenting
opportunities for combination therapies.®” As research advances, GSK-38 inhibitors persist in showing potential
as innovative cancer treatments, particularly for NSCLC.

In addition to their applications in cancer treatment, GSK-3f inhibitors have shown significant potential as
versatile therapeutic agents for various diseases, notably AD.> These inhibitors exhibit promise in regulating
crucial pathways associated with tau hyperphosphorylation, neuroinflammation, and neuronal plasticity in AD.
In oncology, GSK-3p inhibitors have shown antitumor efficacy by affecting cell proliferation, apoptosis, and
metastasis. Recent research underscores the synergistic benefits of combining GSK-3f inhibitors with standard
chemotherapies or targeted therapies, suggesting new directions for cancer treatment.5*4 Additionally, GSK-3j
inhibitors hold potential for enhancing anticancer immune responses, possibly providing a dual therapeutic
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benefit. Despite the known difficulties of developing new GSK-3 inhibitors, such as problems with selectivity
and brain penetration, my ongoing research and participation in clinical trials are exploring the effectiveness of
these novel compounds with improved pharmacokinetic characteristics.>*%® However, targeting GSK-3p for the
treatment of NSCLC presents several substantial challenges. A primary concern is the extensive involvement of
GSK-3p in numerous cellular processes, such as metabolism and cell survival, which heightens the potential for
off-target effects and toxicity.>% Moreover, cancer cells can adapt to GSK-3pB inhibition by activating
compensatory pathways or modifying signaling networks, which complicates the treatment's efficacy. The
intricate nature of GSK-3p pathways adds to the challenge, as GSK-3f can function as both a tumor suppressor
and a tumor promoter, depending on the context.®

Pharmacokinetic challenges, including drug stability, bioavailability, and targeted delivery, further complicate
the development of GSK-3 inhibitors. Additionally, non-selective inhibition may lead to potential side effects.
The development of effective GSK-3B inhibitors is also impeded by limitations in preclinical models and
difficulties in clinical validation, such as patient stratification and dose optimization.>"%” Furthermore, the tumor
microenvironment can significantly impact drug responses, introducing another layer of complexity to treatment
strategies. Addressing these challenges necessitates innovative approaches in drug design, the exploration of
combination therapies, and the development of personalized treatment plans.

GSK-3p as a Prognostic Biomarker

Research has shown that GSK-3f expression levels can predict patient outcomes and responses to therapy across
different types of cancer. In breast cancer, higher GSK-3f levels are associated with worse survival rates,
indicating it may serve as a potential biomarker for poor prognosis.®®® Similarly, in NSCLC, high GSK-3B
expression is associated with reduced overall survival, positioning GSK-3p as a significant prognostic marker.®
Research in hepatocellular carcinoma has also highlighted the prognostic value of phosphorylated Ser9-GSK-
3P, particularly in patients with type 2 DM.”®"* GSK-3B has established itself as a crucial biomarker, with the
potential to shape disease prognosis and guide targeted therapeutic interventions. Research indicates that GSK-
3B levels affect radiosensitivity in NSCLC cells; specifically, inhibiting GSK-3f3 leads to increased expression
of AMPK and LC3 proteins following X-ray irradiation.”>”® Moreover, GSK-3p is involved in cisplatin
resistance through the GSK-3p/MCL-1 pathway, underlining its role in treatment response.’*” Investigations
have examined the association between GSK-3f expression and other molecular characteristics of non-small
cell lung cancer, including PDL1 score, PTEN levels, and driver mutations, underscoring the pivotal role of
GSK-3B in the molecular profile of this disease.” Further studies have revealed that GSK-3p contributes to
overcoming radioresistance through the DcR3/AKT/GSK-3p pathway, suggesting its potential as a target for
enhancing treatment efficacy.”’. GSK-3B multifaceted involvement in NSCLC highlights its potential as both a
prognostic marker and a therapeutic target. Unlike other biomarkers like tumor mutational burden (TMB), which
predict responses to immune checkpoint inhibitors, GSK-3 role extends to regulating pathways involved in cell
proliferation, invasion, and metastasis.”® GSK-3p inhibitors demonstrate a promising potential in heightening
the sensitivity of NSCLC cells to radiation therapy, thereby providing a viable therapeutic approach to enhance
treatment effectiveness. In contrast to biomarkers like CNPY2 and FAM110B, which primarily impact
epithelial-mesenchymal transition and cell proliferation, the involvement of GSK-3B in NSCLC is
comprehensive and crucial.”*®2, Targeting GSK-3p could offer new treatment options and potentially improve
responses when used alongside existing therapies. Additionally, GSK-3f levels could be monitored to track
disease progression and adjust treatment strategies accordingly. In clinical trials, GSK-3 expression can help
select patients most likely to benefit from specific treatments, improving trial efficiency and outcomes.

Future Directions and Research Gaps

Understanding GSK-3p role in NSCLC faces several unresolved questions and gaps. The precise mechanisms
by which GSK-3B influences NSCLC progression, treatment response, and resistance remain unclear,
necessitating further research to elucidate its specific pathways and molecular interactions. While GSK-3f
shows promise as a biomarker, more extensive validation across diverse patient populations is needed to confirm
its reliability. The efficacy and safety of GSK-3f inhibitors in clinical applications necessitate thorough
examination through extensive clinical trials to mitigate potential adverse effects and refine treatment
approaches. To advance the clinical utility of GSK-3p, future research should focus on several key areas.
Combining GSK-3 inhibitors with other treatment modalities, such as immune checkpoint inhibitors or targeted
therapies, could reveal new strategies for enhancing NSCLC treatment outcomes.®# Personalized medicine
approaches should aim to identify patient subsets most likely to benefit from GSK-3p-targeted therapies,
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integrating genetic and molecular profiles into tailored treatment plans. Furthermore, exploring GSK-3p role in
the tumor microenvironment and conducting longitudinal studies could provide deeper insights into its dynamic
role and guide treatment adjustments. Emerging technologies offer promising methods for studying GSK-3p in
NSCLC. Single-cell omics, including RNA sequencing and proteomics, can reveal detailed expression patterns
and heterogeneity within tumors. Advanced gene-editing technologies like CRISPR/Cas9 can help validate
therapeutic strategies by manipulating GSK-3 expression in model systems.®# Molecular imaging techniques,
such as PET imaging with GSK-3p-specific tracers, could enable non-invasive monitoring of GSK-3f activity
in vivo. Additionally, high-throughput screening methods can accelerate the discovery of novel compounds
targeting GSK-3p, advancing our understanding and therapeutic options.

4. Conclusions

GSK-3p has emerged as a critical biomarker in NSCLC, exerting a significant impact on disease progression,
treatment response, and prognosis. Elevated levels of GSK-3p are associated with poorer survival outcomes and
resistance to therapies such as cisplatin and radiation, underscoring its potential as both a prognostic marker and
a therapeutic target. Integrating GSK-3p into clinical practice could enhance patient stratification and
personalize treatment approaches, potentially improving therapeutic efficacy and overcoming resistance
mechanisms. As ongoing research continues to validate its clinical utility, GSK-3p holds promise for advancing
the management of NSCLC through targeted therapies and more tailored treatment strategies.

References

[1]  Garg P, Singhal S, Kulkarni P, Horne D, Malhotra J, Salgia R, et al. Advances in Non-Small Cell Lung Cancer:
Current Insights and Future Directions. JCM. 2024 Jul 18;13(14):4189.

[2]  Sahin I, Eturi A, De Souza A, Pamarthy S, Tavora F, Giles FJ, et al. Glycogen synthase kinase-3 beta inhibitors as
novel cancer treatments and modulators of antitumor immune responses. Cancer Biol Ther. 2019;20(8):1047-56.

[3] Domoto T, Uehara M, Bolidong D, Minamoto T. Glycogen Synthase Kinase 3f in Cancer Biology and Treatment.
Cells. 2020 Jun 3;9(6):1388.

[4] Duda P, Akula SM, Abrams SL, Steelman LS, Martelli AM, Cocco L, et al. Targeting GSK3 and Associated
Signaling Pathways Involved in Cancer. Cells. 2020 Apr 30;9(5):1110.

[51  Alves M, Borges D de P, Kimberly A, Martins Neto F, Oliveira AC, de Sousa JC, et al. Glycogen Synthase Kinase-
3 Beta Expression Correlates With Worse Overall Survival in Non-Small Cell Lung Cancer-A Clinicopathological
Series. Front Oncol. 2021;11:621050.

[6] Guil-Luna S, Rivas-Crespo A, Navarrete-Sirvent C, Mantrana A, Pera A, Mena-Osuna R, et al. Clinical significance
of glycogen synthase kinase 3 (GSK-3) expression and tumor budding grade in colorectal cancer: Implications for
targeted therapy. Biomedicine & Pharmacotherapy. 2023 Nov;167:115592.

[7] McCubrey JA, Steelman LS, Bertrand FE, Davis NM, Sokolosky M, Abrams SL, et al. GSK-3 as potential target
for therapeutic intervention in cancer. Oncotarget. 2014 May 30;5(10):2881-911.

[8] Cheng YW, Chen YY, Lin CJ, Lieu AS, Tsai HP, Kwan AL. High expression of GSKIP is associated with poor
prognosis in meningioma. Medicine (Baltimore). 2022 Dec 16;101(50):€32209.

[9] O’Flaherty L, Shnyder SD, Cooper PA, Cross SJ, Wakefield JG, Pardo OE, et al. Tumor growth suppression using
a combination of taxol-based therapy and GSK3 inhibition in non-small cell lung cancer. Deb S, editor. PLoS ONE.
2019 Apr 10;14(4):e0214610.

[10] Gao S, LiS, Duan X, GuZ,Ma Z, Yuan X, et al. Inhibition of glycogen synthase kinase 3 beta (GSK3[) suppresses
the progression of esophageal squamous cell carcinoma by modifying STAT3 activity. Mol Carcinog. 2017
Oct;56(10):2301-16.

[11] Pan HY, Valapala M. Regulation of Autophagy by the Glycogen Synthase Kinase-3 (GSK-3) Signaling Pathway.
Int J Mol Sci. 2022 Feb 1;23(3):1709.

[12] Cahuzac KM, Lubin A, Bosch K, Stokes N, Shoenfeld SM, Zhou R, et al. AKT activation because of PTEN loss
upregulates xCT via GSK3B/NRF2, leading to inhibition of ferroptosis in PTEN-mutant tumor cells. Cell Reports.
2023 May;42(5):112536.

[13] Aaquila S, Santoro M, Caputo A, Panno ML, Pezzi V, De Amicis F. The Tumor Suppressor PTEN as Molecular
Switch Node Regulating Cell Metabolism and Autophagy: Implications in Immune System and Tumor
Microenvironment. Cells. 2020 Jul 18;9(7):1725.

[14] LiQ,YuD, YuZ Gao Q, Chen R, Zhou L, et al. TIPE3 promotes non-small cell lung cancer progression via the
protein kinase B/extracellular signal-regulated kinase 1/2-glycogen synthase kinase 3[3-B-catenin/Snail axis. Transl
Lung Cancer Res. 2021 Feb;10(2):936-54.

[15] ZengJ, Liu D, Qiu Z, Huang Y, Chen B, Wang L, et al. GSK3p overexpression indicates poor prognosis and its
inhibition reduces cell proliferation and survival of non-small cell lung cancer cells. PLoS One. 2014;9(3):€91231.

[16] Anusewicz D, Orzechowska M, Bednarek AK. Lung squamous cell carcinoma and lung adenocarcinoma
differential gene expression regulation through pathways of Notch, Hedgehog, Wnt, and ErbB signalling. Sci Rep.

557 |Pag



GSK-34 and Non-Small Cell Lung Cancer: A Review of Its Role in Disease Mechanisms and

SEE] Ni Treatment Strategies

[17]

(18]
[19]
[20]
[21]
[22]
[23]

[24]

Posted: 24-05-2024, Vol. (XXIII)

2020 Dec 3;10(1):21128.

Vincent EE, Elder DJE, O’Flaherty L, Pardo OE, Dzien P, Phillips L, et al. Glycogen synthase kinase 3 protein
kinase activity is frequently elevated in human non-small cell lung carcinoma and supports tumour cell proliferation.
PLoS One. 2014;9(12):114725.

Pecoraro C, Faggion B, Balboni B, Carbone D, Peters GJ, Diana P, et al. GSK3f as a novel promising target to
overcome chemoresistance in pancreatic cancer. Drug Resistance Updates. 2021 Sep;58:100779.

Domoto T, Pyko IV, Furuta T, Miyashita K, Uehara M, Shimasaki T, et al. Glycogen synthase kinase-3f3 is a pivotal
mediator of cancer invasion and resistance to therapy. Cancer Science. 2016 Oct;107(10):1363-72.

Meng J, Song Z, Cong S, Sun Q, Ma Q, Shi W, et al. Regulatory role of the miR-142-3p/CDC25C axis in modulating
autophagy in non-small cell lung cancer. Transl Lung Cancer Res. 2024 Mar;13(3):552-72.

Cao Q, Lu X, Feng YJ. Glycogen synthase kinase-3f positively regulates the proliferation of human ovarian cancer
cells. Cell Res. 2006 Jul;16(7):671-7.

Dickey A, Schleicher S, Leahy K, Hu R, Hallahan D, Thotala DK. GSK-38 inhibition promotes cell death, apoptosis,
and in vivo tumor growth delay in neuroblastoma Neuro-2A cell line. J Neurooncol. 2011 Aug;104(1):145-53.
Yoshino Y, Ishioka C. Inhibition of glycogen synthase kinase-3 beta induces apoptosis and mitotic catastrophe by
disrupting centrosome regulation in cancer cells. Sci Rep. 2015 Aug 21;5(1):13249.

Son H, Moon A. Epithelial-mesenchymal Transition and Cell Invasion. Toxicol Res. 2010 Dec;26(4):245-52.

558 |Pag



