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ABSTRACT: Polo-like kinase 3 (Plk3) is involved in tumor development
with a tumor suppressive function. However, the effect of Plk3 on the
chemoresistance remains unclear. It has been documented that activation
of the PI3K/AKT signaling pathway by PTEN loss significantly enhances
chemoresistance in nonsmall-cell lung cancer (NSCLC). This study aims
to evaluate the PTEN regulation by Plk3 and identify targets and
underlying mechanisms that could be used to relieve chemoresistance. Our
results showed that silencing Plk3 reduced PTEN expression and activated
PI3K/AKT signaling by dephosphorylating and destabilizing PTEN in
NSCLC cells. Reducing Plk3 expression promoted drug resistance to
cisplatin (DDP), while overexpressing Plk3 promoted DDP sensitivity.
However, these effects were attenuated when MK2206, a PI3K/AKT
inhibitor, was applied. In conclusion, upregulation of Plk3 sensitized
NSCLC cells toward DDP, which provides a potential target to restore DDP chemoresponse. We provided novel evidence that the
PTEN/PI3K/AKT signaling pathway could be regulated by Plk3 through phosphorylation of PTEN and highlighted the critical role
of Plk3 in the DDP resistance of NSCLC.

1. INTRODUCTION
Nonsmall-cell lung cancer (NSCLC) is one of the histopatho-
logical types of lung cancer, accounting for approximately 80−
85% of lung cancer cases.1 For patients with early-stage
NSCLC who have no contraindications, surgical resection is an
indicated choice. For patients with advanced unresectable
tumors, radiation therapy or a combination of radiation
therapy and chemotherapy may achieve long-term survival.2

However, only a small number of cases demonstrate satisfied
outcomes since NSCLC patients are less sensitive to
chemotherapy based on cisplatin (DDP) treatment.3 Alleviat-
ing DDP resistance in NSCLC patients will enable a better
outcome of chemotherapy.
Polo-like kinase 3 (Plk3) is a serine/threonine protein kinase

associated with cell cycle regulation. It appears that Plk3 also
participates in the regulation of stress responses in mammals.4

Later studies have revealed that Plk3 is involved in tumor
development with a tumor suppressive function.5 In many
human malignancies, such as colorectal cancer,6 colon cancer,7

hepatocellular carcinoma,8 gastric cancer,9 and squamous cell
lung carcinoma,10 Plk3 is found to be downregulated and
implicated in diverse progressions during the tumorigenesis.
However, a document focusing on the effects of Plk3 on
chemoresistance is limited.

PTEN is a dual phosphatase that has been found to possess
both protein and lipid phosphatase activities. In recent years,
more and more studies have demonstrated that PTEN serves
as a tumor suppressor and metabolic regulator.11 An impaired
and/or loss of function of PTEN is involved in tumor
development across many cancer types.12 PTEN participates in
regulating various progressions of tumor development, such as
angiogenesis, metastasis, tumor cell proliferation, and apopto-
sis.11 Notably, PTEN also regulates chemoresistance in diverse
cancers. PTEN loss significantly enhances chemoresistance to
DDP in bladder cancer.13 Overexpressed PTEN alleviates the
resistance of ovarian cancer cells to DDP by regulating the
expression of KRT10.14 An in vivo study proved that
recombinant adenovirus-mediated overexpression of PTEN
and KRT10 improves the inhibitory effect of cisplatin on
ovarian cancer cell xenograft tumor growth.15 Recently, Plk3
has been found to phosphorylate and stabilize PTEN
phosphatase.16 Hence, we aimed to investigate whether Plk3

Received: September 21, 2023
Revised: January 5, 2024
Accepted: January 26, 2024
Published: February 12, 2024

Articlehttp://pubs.acs.org/journal/acsodf

© 2024 The Authors. Published by
American Chemical Society

8995
https://doi.org/10.1021/acsomega.3c07271

ACS Omega 2024, 9, 8995−9002

This article is licensed under CC-BY-NC-ND 4.0

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mengshan+Xu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xiaoyun+Deng"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nana+Xiang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhao+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Min+Yang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Qinxiang+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c07271&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c07271?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c07271?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c07271?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c07271?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/9/8?ref=pdf
https://pubs.acs.org/toc/acsodf/9/8?ref=pdf
https://pubs.acs.org/toc/acsodf/9/8?ref=pdf
https://pubs.acs.org/toc/acsodf/9/8?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c07271?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://acsopenscience.org/researchers/open-access/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


could regulate the chemoresistance of NSCLC by modulating
PTEN and the underlying mechanisms. The results showed
that Plk3 expression was downregulated in NSCLC and
regulated DDP resistance of NSCLC cell lines through the
PI3K/AKT signaling pathway. Furthermore, PTEN plays a
crucial role in mediating the functions of Plk3.

2. MATERIALS AND METHODS
2.1. Bioinformatics Analysis. Differential gene expression

levels of Plk3, GSK3B, and CSNK2A2 between normal, lung
adenocarcinoma (LUAD), and squamous cell carcinoma
(LUSC) subtypes were obtained from the Gene Expression
Profiling Interactive Analysis 2 (GEPIA2) database (http://
gepia2.cancer-pku.cn/#index).
2.2. Cell Culture and Construction of Drug-Resistant

Cell Lines. The human bronchial epithelial cell line (16HBE)
and NSCLC cell lines A549 and H1299 were purchased from
Procell Life Science and Technology Co., Ltd. (Procell,
Wuhan, China). 16HBE and H1299 cells were cultured in
Roswell Park Memorial Institute 1640 medium containing 10%
heat-inactivated fetal bovine serum (FBS; Gibco, Invitrogen,
Carlsbad, CA, USA) and 1% penicillin/streptomycin (Sigma-
Aldrich, St. Louis, MO, USA) in a moist incubator with 5%
CO2 at 37 °C. A549 cells were cultured in Ham’s F-12K
medium supplemented with 10% heat-inactivated FBS (Gibco)
and 1% penicillin/streptomycin (Sigma-Aldrich) in a moist
incubator with 5% CO2 at 37 °C. The DDP-resistant A549
cells (A549/DDP) and DDP-resistant H1299 cells (H1299/
DDP) were established as follows: A549 and H1299 cells were
subjected to continuous low-dose DDP (0.5−8 μg/mL, Sigma-
Aldrich) for 2 months with normal activity. To maintain the
DDP-resistant phenotype, A549/DPP and H1299/DPP cells
were cultured in the presence of 1 μg/mL DDP. A549/DPP

and H1299/DPP cells were cultured for 1 week in a DDP-free
medium to eliminate the influence of residual DDP in the
culture medium prior to the experiments.
2.3. Cell Transfection. The recombinant plasmids

pcDNA3.1/Plk3 (Plk3-OE), pcDNA3.1/PTEN (PTEN-OE),
small interfering RNA targeting Plk3 (si-Plk3), si-PTEN, and
negative control (si-NC) were obtained from Guangzhou
RiboBio Co., Ltd. (RiboBio, Guangzhou, China). For cell
transfection, indicated cells (1 × 105 per well) were incubated
for 24 h, and then the plasmids (3 μg per well) or siRNAs (400
pmol per well) were transfected into the cells by Lipofectamine
2000 (Invitrogen). At the indicated times after transfection, the
cells were harvested for subsequent testing.
2.4. Reverse Transcription Quantitative Polymerase

Chain Reaction (RT-qPCR). Total RNAs were purified using
TRIzol reagent (Invitrogen), and then 1 μg of total RNA was
used for cDNA synthesis with 20 μL of PrimeScript RT
Reagent Kit (Takara Bio, Shiga, Japan). The obtained cDNA
was subjected to PCR using an SYBR Green PCR Master Mix
(Bio-Rad Laboratories, Hercules, CA, USA). For each sample,
mRNA levels were normalized against the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) control. Primers used for
Plk3 detection: forward 5′-GCG CGA GAA GAT CCT AAA
TG-3′, reverse 5′-GAT CTG CCG CAG GTA GTA GC-3′;
for ABCB1 detection: forward 5′-TGC TGG AGC GGT TCT
ACG-3′, reverse 5′-ATA GGC AAT GTT CTC AGC AAT G-
3′; for GAPDH detection: forward 5′-ACC TGA CCT GCC
GTC TAG AA-3′, reverse 5′-TCC ACC ACC CTG TTG
CTG TA-3′.
2.5. Western Blot. Prepared cellular proteins from

indicated cells (50 μg) were resolved with 10% SDS-PAGE,
and the Plk3, p-gp, Akt, p-Akt, PTEN, and p-PTEN expression
levels were quantified by Western blot analysis following the

Figure 1. Plk3 expression is downregulated in NSCLC clinical samples and cell lines. (A−C) Differential gene expression levels of Plk3, GSK3B,
and CSNK2A2 between normal, LUAD, and LUSC subtypes were analyzed using GEPIA2 based on the TCGA and GTEx databases. (D) RT-
qPCR assay was performed to measure the Plk3 mRNA levels in different cell lines. (E,F) Western blot analysis was conducted for the detection of
Plk3 protein levels in different cell lines. *p < 0.05, **p < 0.01, ***p < 0.001.
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previously described procedure.17 The primary antibodies
against Plk3, p-gp, Akt, p-Akt, PTEN, p-PTEN, and GAPDH
and the appropriate HRP-conjugated secondary antibodies
were purchased from Affinity Biosciences (Changzhou, China)
and Abcam (Cambridge, MA, USA). Western blot signals were
visualized by enhanced chemiluminescence (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and quantified using
ImageJ software (National Institutes of Health, Bethesda, MD,
USA). The method of Western blot quantification analysis
using ImageJ involves selecting and measuring a white

reference standard in the image, calculating correction factors,
and adjusting the color calibration.
2.6. CCK-8 Assay. A commercial CCK-8 reagent

(Beyotime, Shanghai, China) was used to analyze NSCLC
cell viability in response to DDP incubation. Transfected
NSCLC cells plated in 96-well plates were incubated with
DDP (0, 4, 8, 16, or 32 μg/mL). Afterward, 20 μL of CCK8
reagent was added to the NSCLC cells and incubated for 4 h.
Absorbance was determined using a microplate reader
(Molecular Devices, Sunnyvale, CA, USA) at a wavelength of

Figure 2. Overexpression of Plk3 enhances the DDP sensitivity of DDP-resistant NSCLC cells. (A−C) Plk3-overexpressing A549/DDP cells and
H1299/DDP cells were, respectively, constructed. Results of RT-qPCR and Western blot showed that Plk3 expression was dramatically upregulated
in A549/DDP cells and H1299/DDP cells after transfection with the Plk3-OE plasmid. (D,E) Plk3 suppressed the DDP resistance of A549/DDP
cells and H1299/DDP cells, as shown by reduced IC50 values of DDP. (F,G) Flow cytometry demonstrated that Plk3 overexpression promoted
A549/DDP and H1299/DDP cell apoptosis. (H,I) The mRNA levels of ABCB1 and the protein levels of p-gp (encoded by the ABCB1 gene) were
downregulated by Plk3, as shown by RT-qPCR and Western blot. **p < 0.01, ***p < 0.001.
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450 nm. The 50% inhibiting concentration (IC50) value was
respectively calculated.
2.7. Flow Cytometry. The apoptotic rates of different cell

lines were determined by using an annexin V-FITC/PI-staining
assay kit (Beyotime, Nantong, China). Cells (5 × 105 per well)
were collected and centrifuged at 1000g for 5 min. Afterward,

the cells were resuspended in 195 μL of annexin V-FITC
binding buffer and 5 μL of annexin V-FITC. Next, cells were
incubated with 10 μL of propidine iodide (PI; 50 mg/mL) in
the dark for 20 min. The cell apoptosis was immediately
analyzed by flow cytometry (Beckman Coulter, Brea, CA,
USA).

Figure 3. Knockdown of Plk3 decreases the DDP sensitivity of NSCLC cells via regulating PI3K/AKT signaling. (A,B) Plk3-silencing A549/DDP
and H1299/DDP cell lines were respectively constructed through transfection with si-Plk3. RT-qPCR and Western blot showed that Plk3
expression was dramatically downregulated after transfection with si-Plk3. (C,D) A549 and H1299 cells transfected with si-NC or si-Plk3 were
incubated with MK-2206 (10 μM) for 24 h in the presence of 2 μg/mL DDP. Plk3-silencing A549 and H1299 cells showed higher levels of the p-
Akt/Akt ratio, which could be partially reversed by MK2206. (E) Flow cytometry showed that the si-Plk3-caused decrease in cell apoptosis was
mitigated by MK2206. (F,G) Knockdown of Plk3 caused an obvious increase in the IC50 values of DDP in A549 and H1299 cells. While interfering
with MK2206 blocked the effects of si-Plk3 on the IC50 values of DDP. (H−J) A549 and H1299 cells transfected with si-Plk3 showed increased
mRNA levels of ABCB1 and protein levels of p-gp, which could be attenuated by MK2206. **p < 0.01, ***p < 0.001.
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2.8. Statistical Analysis. Statistical analysis was performed
using Prism, version 8.0 (GraphPad Software, Inc., La Jolla,
CA, USA). Data are expressed as means ± the standard
deviation. Comparisons between the two groups were
performed by the Student’s t-test. Comparisons among
multiple groups were performed by ANOVA with Tukey’s
posthoc method. p values of less than 0.05 were considered to
be significant.

3. RESULTS
3.1. Plk3 Expression Is Downregulated in NSCLC

Clinical Samples and Cells. NSCLC encompasses multiple
subtypes, including LUAD, LUSC, and large-cell cancers.
Among them, LUAD and LUSC are the two major NSCLC
subgroups. Utilizing GEPIA2, we assessed the Plk3 expression
levels among normal samples and LUAD and LUSC subtypes.
We found significantly lower expression levels of Plk3 in both
LUAD and LUSC samples (Figure 1A). Despite previous
reports suggesting that multiple kinases regulate the biological
activity of PTEN, no significant differences were observed in
their expression levels between normal and NSCLC tissues,
including GSK3B and CSNK2A2 (Figure 1B,C).11 Moreover,
Plk3 expression levels, including mRNA and protein levels,
were markedly decreased in A549 and H1299 cells compared

to human bronchial epithelial 16HBE cells. Lower expression
levels of Plk3 were observed in A549/DDP and H1299/DDP
cells (Figure 1D−F).
3.2. Overexpression of Plk3 Increases the Sensibility

of DDP-Resistant NSCLC Cells to DDP. In order to explore
the role of Plk3 in regulating DDP resistance, Plk3-over-
expressing A549/DDP cells and H1299/DDP cells were
respectively constructed. As shown in Figure 2A−C, Plk3
expression was dramatically upregulated in A549/DDP cells
and H1299/DDP cells after transfection with the Plk3-OE
plasmid. The CCK-8 assay showed that the IC50 values of DDP
in A549/DDP-Plk3-OE and H1299/DDP-Plk3-OE cells were
significantly reduced when compared with parental cells,
implying that Plk3 suppressed the DDP resistance of A549/
DDP cells and H1299/DDP cells (Figure 2D,E). The results of
flow cytometry demonstrated that Plk3 overexpression
promoted cell apoptosis in A549/DDP cells and H1299/
DDP cells (Figure 2F,G). Figure 2H,I revealed that the mRNA
levels of ABCB1 and the protein levels of p-gp (encoded by the
ABCB1 gene) were downregulated in A549/DDP-Plk3-OE
and H1299/DDP-Plk3-OE compared to parental cells, which
might explain the effects of Plk3 on DDP sensitivity.
3.3. Plk3 Silencing Decreases the Sensitivity of DDP-

Sensitive NSCLC Cells to DDP via the PI3K/AKT

Figure 4. Plk3 phosphorylates and stabilizes PTEN in both DDP-sensitive NSCLC cells and DDP-resistant NSCLC cells. (A,B) For CHX
treatment, the cells were respectively incubated with CHX (0.1 mg/mL) for 0, 1, 4, or 8 h. A western blot was then performed to measure PTEN
protein degradation. (C−E) Western blot also showed that Plk3 overexpression induced expression levels of PTEN and p-PTEN in A549/DDP
cells, and Plk3 knockdown suppressed PTEN and p-PTEN expression in H1299 cells. *p < 0.05, **p < 0.01, ***p < 0.001.
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Signaling. Plk3-silencing cells were successfully established in
A549 and H1299 cells through transfection with si-Plk3, as
confirmed by RT-qPCR and Western blotting (Figure 3A,B).
Plk3-silencing A549 and H1299 cells showed higher levels of
p-Akt/Akt ratio, which could be partially reversed by MK2206
(10 μM), an inhibitor of PI3K/AKT signaling (Figure 3C,D).
Knockdown of Plk3 caused an obvious decrease in cell
apoptosis as well as an increase in the IC50 values of DDP in
A549 and H1299 cells. Interfering with MK2206 blocked the
effects of si-Plk3 on cell apoptosis and IC50 values of DDP
(Figure 3E−G). A549 and H1299 cells transfected with si-Plk3
showed increased mRNA levels of ABCB1 and protein levels of
p-gp. MK2206 treatment attenuated the inductive effects of si-
Plk3 on ABCB1/p-gp expression (Figure 3H−J). These results
suggested that PI3K/AKT signaling was involved in the
regulatory effect of Plk3 on DDP sensitivity.
3.4. Plk3 Phosphorylates and Stabilizes PTEN. In

A549/DDP cells and A549/DDP-Plk3-OE cells, treatment
with cycloheximide (CHX) (0.1 mg/mL) for the specified
durations caused decreased PTEN protein levels. In addition,
A549/DDP-Plk3-OE cells exhibited higher expression levels of
PTEN than did control A549/DDP cells (Figure 4A).
Simultaneously, incubation with CHX (0.1 mg/mL) also led
to markedly decreased PTEN protein levels in both H1299 and
H1299-si-Plk3 cells. Knockdown of Plk3 caused expression
levels of PTEN to be lower than those of control H1299 cells,
implying that Plk3 prevented the degradation of the PTEN
protein (Figure 4B). In addition, Plk3 overexpression induced
expression levels of PTEN and p-PTEN in A549/DDP cells,
and Plk3 knockdown suppressed PTEN and p-PTEN
expression in H1299 cells (Figure 4C−E). Collectively, these
findings implied that Plk3 promoted the phosphorylation of
PTEN and contributed to the stabilization of PTEN by
preventing the degradation of the PTEN protein.
3.5. Plk3 Inhibits PI3K/AKT Signaling by Regulating

PTEN. To further confirm whether the regulatory effect of Plk3
on PI3K/AKT signaling was mediated by PTEN, A549/DDP
cells were transfected with si-PTEN to knock down PTEN.
The decreased p-Akt/Akt ratio caused by Plk3 overexpression
was elevated after transfection with si-PTEN (Figure 5A,B).
Meanwhile, H1299 cells were transfected with PTEN-OE to
overexpress PTEN. Knockdown of Plk3 significantly increased
the p-Akt-to-Akt ratio, which could be reversed by PTEN
overexpression (Figure 5C,D). The results indicated that Plk3
inhibited the activation of PI3K/AKT signaling by regulating
PTEN. Collectively, Plk3 increases the chemosensitivity of
NSCLC cells to cisplatin through PTEN-mediated inhibition
of the PI3K/AKT signaling pathway.

4. DISCUSSION
In addition to well-established regulation of tumor develop-
ment, a recent study has found that Plk3 may contribute to
improving the outcomes of chemoradiotherapy. Rodel et al.18

reported that Plk3 is associated with improved local tumor
control and prolonged survival time in anal carcinoma patients
who underwent concomitant chemoradiotherapy. Here we
found that Plk3 expression was downregulated in NSCLC and
regulated the DDP resistance of NSCLC cell lines. It is evident
that multidrug resistance mediated by ABCB1/p-gp remains a
major cause of chemotherapy failure in cancer.19 We explored
the effects of Plk3 on the expression of ABCB1/p-gp, and the
results showed that the mRNA levels of ABCB1 and protein

levels of p-gp were downregulated in Plk3-overexpressing
DDP-resistant NSCLC cells.
Previous in vitro and in vivo studies showed that impaired,

mutated, or loss of PTEN is associated with high tumor
recurrence, low survival rates, or chemoresistance in lung
cancers.20,21 Recent studies have found that Plk3 has the
capacity to phosphorylate and stabilize PTEN phosphatase. Xu
et al.16 reported that Plk3 null murine embryonic fibroblasts
contain a reduced expression level of PTEN. Further
investigations prove that purified recombinant Plk3 efficiently
phosphorylates PTEN at threonine 366 and serine 370
residues. In our study, we found that Plk3 prevented the
degradation of the PTEN protein and promoted the
phosphorylation of PTEN in both DDP-sensitive and DDP-
resistant NSCLC cells. These findings suggested a potential
link between the Plk3/PTEN axis and DDP resistance.
Notably, PTEN is a negative regulator of the PI3K/AKT

signaling pathway, which is a major cell growth and survival
signaling pathway.22 PTEN inhibits PI3K signaling by
dephosphorylating the phosphoinositides. Activation of the
PI3K pathway leads to elevated activity of AKT, one of the
best-characterized targets of PI3K.23 Activated AKT phosphor-
ylates a plethora of downstream targets to regulate multiple
cellular processes. More recently, PTEN/PI3K/AKT has been
demonstrated to regulate cancer cell sensitivity to DDP. PTEN
reverses chemoresistance to cisplatin by inducing the
inactivation of the PI3K/AKT cell survival pathway in

Figure 5. Plk3 inhibits PI3K/AKT signaling by regulating PTEN.
(A,B) Decreased p-Akt/Akt ratio caused by Plk3 overexpression was
elevated after transfection with si-PTEN. (C,D) Knockdown of Plk3
significantly increased the p-Akt/Akt ratio, which could be reversed by
PTEN overexpression. **p < 0.01, ***p < 0.001.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c07271
ACS Omega 2024, 9, 8995−9002

9000

https://pubs.acs.org/doi/10.1021/acsomega.3c07271?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c07271?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c07271?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c07271?fig=fig5&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c07271?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


human ovarian cancer cells.24 Transmembrane prostate
androgen-induced RNA (PMEPA1) interference activates
PTEN/PI3K/AKT signaling, thereby enhancing the sensitivity
of pancreatic cancer cells to DDP.25 Shi et al.21 demonstrated
that associated PTEN downregulation following exosome-
derived microRNA-20a (miR-20a) treatment enhances the
activation of the PI3K/AKT pathway to promote the
progression and DDP resistance of NSCLC. PTEN/PI3K/
AKT is involved in the role of miR-25-3p in accelerating DDP
tolerance in NSCLC cells.26 MiR-21 also confers cisplatin
resistance in gastric cancer, and regulation of the PTEN/PI3K/
Akt pathway serves as a potential mechanism.27 This study
proved that Plk3 overexpression or Plk3 silencing regulated the
activation of PI3K/AKT signaling, which could be reversed by
si-PTEN or PTEN overexpression, implying that Plk3
inhibited PI3K/AKT signaling by regulating PTEN.
Hypoxia-inducible factor-1 α (HIF-1α) is a key transcription

factor that plays crucial roles in cancer progression through
diverse mechanisms such as regulating cancer stem cell
maintenance, survival and proliferation of cells, invasion and
metastasis, angiogenesis, and treatment resistance.28 Previous
work demonstrated that Plk3 may regulate HIF-1α through
direct phosphorylation or by regulating PTEN/PI3K/AKT
signaling.4 Given the roles of Plk3 in response to hypoxic
responses, further studies on the detailed mechanisms of Plk3/
PTEN/PI3K/AKT in regulating the HIF-1α pathway are
highly warranted.
It is worth mentioning that although the research results

mentioned above are exciting, there are still some challenging
questions that cannot be concluded due to limitations in the
experimental conditions. For instance, the A549 and H1299
cell lines used in this study were both derived from the
NSCLC tissues of Caucasian males and cultured in vitro.
Extensive studies have reported that due to the diversity of
genetic backgrounds and differences in hormone secretion
levels, there are variations in the response of NSCLC patients
from different ethnicities and genders to conventional
chemotherapy,29 targeted therapy,30 and immunotherapy.29,31

However, due to limitations in the experimental conditions,
this study did not further validate NSCLC cell lines derived
from females or other ethnicities. Furthermore, various kinases
have been reported to be involved in the regulation of PTEN
activity and stability. However, our study did not conduct a
comprehensive screening to systematically explore the kinase
regulatory network of PTEN. Although it has been reported
that Plk3 stabilizes PTEN by phosphorylating the threonine
366 and serine 370 residues, our results do not elucidate
whether these residues are crucial for regulating drug
resistance.16 Considering the current limitations in research
conditions and experimental priorities, we intend to investigate
the kinase network governing PTEN stability in our forth-
coming work, elucidating the critical residues involved in
PTEN-mediated drug resistance and shedding light on the
molecular mechanisms of PTEN in chemotherapy resistance.

5. CONCLUSIONS
In summary, our results showed that Plk3 expression was
downregulated in NSCLC and regulated the DDP resistance of
NSCLC cell lines. Downregulation of Plk3 contributed to the
dephosphorylation and destabilization of PTEN, thus resulting
in the activation of PI3K/AKT signaling in NSCLC cells. We
provide novel evidence that Plk3-mediated regulation of the
PTEN/PI3K/AKT signaling pathway played a very significant

player in the DDP resistance of NSCLC and thus served as a
therapeutic target for chemotherapy in NSCLC.
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