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Abstract: As part of chemotherapy regimens, Paclitaxel improves the overall survival of
many non-small cell lung cancer (NSCLC) patients. However, the development of drug
resistance and adverse events limits its clinical usage, reinforcing the need for further
advancements in NSCLC therapeutics. We recently recognized the adiponectin receptor
agonist AdipoRon as a promising anticancer compound in NSCLC. Consequently, this
study aimed to evaluate the therapeutic potential of combining AdipoRon with Paclitaxel
(Combo) in NSCLC cells. With respect to individual treatments, Combo triggered a stronger
inhibition of both cell growth and clonogenic potential, as well as a greater induction
of cell death. The Combo-mediated cytotoxicity was also corroborated by cleavage of
poly-ADP ribose polymerase (PARP) and caspase-3 apoptotic markers. Notably, AMP-
activated protein kinase (AMPK) emerged as a critical sensor in Combo efficacy, as its
inhibition by Compound-C unveiled a significant rescue in cell growth. Although Combo
caused a gradual downregulation of extracellular signal-regulated kinase 1/2 (ERK1/2), the
hindrance in the upstream cascade by PD98059 partially counteracted the Combo outcomes.
In conclusion, our findings designate AdipoRon as an effective candidate in Paclitaxel-
based therapy. Nevertheless, future studies aimed at exploring the Combo aptitude in
overcoming the Paclitaxel-related restraints need to be investigated in NSCLC.
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1. Introduction

NSCLC is a heterogeneous malignant disorder with various genetic and molecular
features that accounts for approximately 85% of all lung cancer cases [1]. Despite the latest
advancements achieved in both targeted and immune therapies, the prognosis of NSCLC
patients remains dismal enough to be considered the leading cause of cancer-related death
worldwide [2]. Chemotherapy still represents a cornerstone in NSCLC care, especially in
managing patients who are proceeding to the advanced stages [3]. Among chemothera-
peutic interventions, Paclitaxel is widely accepted as a reference regimen for advanced,
recurrent, or metastatic NSCLCs. Approved by the Food and Drug Administration (FDA)
for the treatment of NSCLC and many other tumors, Paclitaxel is a taxane derived from
the bark of the Pacific yew tree, Taxus brevifolia [4]. The administration of this drug at
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optimum doses for a prolonged time has been hampered by the prevalence of serious
side effects, such as neutropenia, peripheral neuropathy, skin reactions, allergic reactions,
bradycardia, and hypotension, as well as the acquisition of tumor resistance [5,6]. As a
microtubule-stabilizing agent, Paclitaxel prevents the normal disassembly during cell divi-
sion, triggering apoptosis, autophagy, and mitotic catastrophe [7]. Paclitaxel incorporation
into combination regimens, particularly with platinum-based drugs, has further enhanced
its anticancer efficacy [8]. However, resistance mechanisms and dose-limiting toxicities
continue to challenge clinical outcomes. Therefore, considerable attention has been given to
the identification of new therapeutic agents capable of providing a synergistic effect when
combined with Paclitaxel.

As a final deliverable of chemical library screening, AdipoRon was among the first
synthetic compounds to bind the adiponectin receptors and activate the stress-responsive
AMP-activated protein kinase (AMPK) [9]. Mimicking the insulin-sensitizing and anti-
inflammatory features of adiponectin, this compound was initially proposed as a pharma-
cological intervention for metabolic syndrome [10,11]. Meanwhile, AdipoRon is forcefully
emerging as a promising anticancer compound in various types of tumors [12]. Besides
the canonical AMPK, modulation of different pathways has been reported in AdipoRon-
treated cells, such as mitogen-activated protein kinases (MAPK), mammalian target of
rapamycin (mTOR), nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
kB), receptor-interacting protein (RIP) kinase family members (RIPKs), and unc-51-like
autophagy-activating kinase 1 (ULK1) [13-17]. More recently, a potential AdipoRon in-
volvement in cancer metabolic reprogramming has been assumed in pancreatic and thyroid
malignancies [15,18]. It has also been postulated that AdipoRon may potentiate the effects
of existing chemotherapeutics by targeting essential metabolic pathways for cancer cell sur-
vival and proliferation [19]. Employing AdipoRon as a potential partner in chemotherapy-
based therapy is quite new in pharmacology. In this respect, we previously tested the
AdipoRon outcome in combination with Gemcitabine in pancreatic ductal adenocarci-
noma (PDAC) [20]. Simultaneous administration of AdipoRon and Gemcitabine revealed a
stronger action in contrasting PDAC cell growth than single administration. Remarkably,
the combination was also persistent in limiting the progression of Gemcitabine-resistant
cells. We endorsed the therapeutic candidacy of AdipoRon even in NSCLC, demonstrating
a prominent cell growth inhibition along with an adaptive glycolytic dependence lately [21].
However, its synergistic potential in combination with cytotoxic agents remains largely
unexplored in NSCLC therapeutics.

Combination therapies have proven to be more effective than monotherapy in treating
cancers [22]. Besides potentiating the therapeutic efficacy of each agent, this pharmacologi-
cal approach enables the use of reduced doses, thus reducing the chances of development
of both drug resistance and adverse reactions. As research continues to unravel the com-
plexities of NSCLC biology, exploring the interplay between Paclitaxel and AdipoRon may
provide valuable insights for more effective therapeutic strategies in NSCLC. In this study,
we aimed to investigate the synergistic potential of AdipoRon and Paclitaxel in minimal
doses to enhance their individual antitumor efficacy in NSCLC cells.

2. Materials and Methods
2.1. Cell Culture and Drug Preparation

American Type Culture Collection (ATCC, Manassas, VA, USA)-derived A549 (CCL-
185) and NCI-H1299 (CRL-5803) human NSCLC cell lines were handled according to
the manufacturer’s guidelines. Dulbecco’s Modified Eagle’s Medium (ECM0728L; Euro-
Clone, Pero, Italy) and RPMI-1640 Medium (ECB9006L; EuroClone, Pero, Italy), supple-
mented with 10% Fetal Bovine Serum (ECS5000L; EuroClone, Pero, Italy), 1% Penicillin—
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Streptomycin Solution 100X (ECB3001D; EuroClone, Pero, Italy), and 1% L- Glutamine 100X
(ECB3000D; EuroClone, Pero, Italy), were employed to culture A549 and H1299 cells, re-
spectively. Cells were maintained in controlled sterile conditions, typically at 37 °C with 5%
CO; and a 95% humidified atmosphere. For each experimental design, cells were seeded in
a fixed number and then allowed to settle freely in order to attain 20-30% confluence within
24 h. On the subsequent day, culture media were replaced with fresh media along with
supplementation of different drugs as demanded by each experimental plan. The following
drugs and stock solutions were employed in this study: AdipoRon (10 mg/mL), Paclitaxel
(10 uM), Compound-C (10 mM), and PD98059 (10 mM). Since drug reconstitution required
dimethyl sulfoxide (DMSO), the same diluent amount was included in the investigation
setting as a negative control.

2.2. Chemical Reagents

AdipoRon (#57583; Cell Signaling Technology, Danvers, MA, USA), Paclitaxel (#9807;
Cell Signaling Technology, Danvers, MA, USA), Compound-C (EMD Millipore Corp.,
Burlington, MA, USA), PD98059 (P215; Sigma-Aldrich, St. Louis, MO, USA), Ethanol
absolute an- hydrous (308603; Carlo Erba, Cornaredo, Italy), MTT solution (M2128; Sigma-
Aldrich, St. Louis, MO, USA), Tween 20 (TC287; HIMEDIA, Mumbai, India), Phosphate-
buffer solution (PBS) (ECB4004L; EuroClone, Pero, Italy), Propidium lodide (#P4864; Sigma-
Aldrich, St. Louis, MO, USA), RNase A (R5503; Sigma-Aldrich, St. Louis, MO, USA),
RIPA buffer (R0278; Sigma-Aldrich, St. Louis, MO, USA), Protease /Phosphatase Inhibitor
Cocktail (#5872; Cell Signaling Technology, Danvers, MA, USA), Trypsin-EDTA 1X in PBS
(ECB3052D; EuroClone, Pero, Italy), 2X Laemmli (53401; Sigma-Aldrich, St. Louis, MO,
USA), Ponceau staining solution (A2935; PanReac AppliChem, Castellar del Valles, Spain),
Crystal violet (#C0775; Sigma-Aldrich, St. Louis, MO, USA), DMSO (A3672; PanReac
AppliChem), Non-fat dry milk (A0530; PanReac AppliChem, Castellar del Valles, Spain),
Amersham Protran Premium 0.45 um nitrocellulose membrane (10600008; Cytiva, Marlbor-
ough, MA, USA), and Excellent Chemiluminescent Substrate Kit (E-IR-R301; Elabsciences,
Houston, TX, USA).

2.3. Cell Proliferation Assay

Cell proliferation was assessed by cell counting with an optical microscope. A549 and
H1299 cells were seeded at a density of 6 x 10% in a 6-well plate and treated differentially
as required by each experimental plan. At predetermined time points, cells were detached
using Trypsin-EDTA 1X (ECB3052D; EuroClone, Pero, Italy), and counted with either
Hirschmann™ Counting Chamber (8110101; Fischer Scientific, Waltham, MA, USA) or
CytoSMART (6749; Corning, NY, USA). At least three biological replicates were carried out
for each experiment and displayed in figures as means =+ standard deviation.

2.4. PI Exclusion Assay

The propidium iodide (PI) exclusion assay was carried out to discriminate the pro-
portion of live and dead cells in response to drug stimulations. As a small fluorescent
molecule, PI can bind nuclear DNA only when the permeability of cell membranes is
severely compromised, such as in the culminating step of cell death [23]. Briefly, a mixture
of both floating and detached cells was spun down at 1200 rpm for 5 min. The cell pellet
was washed once with PBS and resuspended in PBS containing PI (4 ug/mL). Pl-stained
cells were immediately subject to estimation by FACSCalibur™ (BD Biosciences, Franklin
Lakes, NJ, USA), recording at least 20,000 events for each sample. The percentage of dead
and live cells was recorded in each condition and used to analyze the cell death induction
by column chart.
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2.5. Cell Cycle Analysis

The cell population was differentiated into various phases of the cell cycle by PI stain-
ing. Specifically, cells at a density of 6 x 10* were seeded and treated in a predetermined
manner using 6-well plates. After the spin cycle (at 1200 rpm for 5 min), the pellet was
washed with PBS before being dissolved in 300 uL PBS plus 700 pL of drop-by-drop chilled
absolute ethanol. Preservation of fixed samples was performed at —20 °C until estimation.
Once ready for the analysis, the samples centrifugation was performed at 1200 rpm for
5 min before being resuspended in a mixture of PI (15 pg/mL) and RNase A (10 ng/mL)
in PBS. After 10 min of incubation in the dark, 20,000 events/sample were recorded by
FACSCelesta™ (BD Biosciences, Franklin Lakes, NJ, USA). Gating strategy was applied to
establish the relative amount for each of the following cell cycle phases: subG1 (<2n), G0/G1
(2n), and G2/M (4n). Replicative phase (2n—4n) was mathematically derived through the
formula S = 100 — (G0/G1 + G2/M + subG1). At least three biological replicates have
been carried out for the assessment of cell cycle analysis.

2.6. Colony Forming Assay

The colony formation assay (CFA), also known as the clonogenic assay, allows the
investigation of the stemness by measuring the cell’s ability to proliferate and differentiate
into colonies. A549 and H1299 cells were seeded at a very low density (1.5 x 10%/well) in
6-well plates and treated with AdipoRon, Paclitaxel, and Combo on the subsequent day.
Colonies were stopped after ten days and stained with a 1% aqueous solution of crystal
violet for 10 min. Washing with distilled water was performed two times to remove the
unbound traces of the dye. Lastly, colonies were naturally dried before being captured
by a digital camera. Quantification analysis was accomplished in a two-stage procedure,
involving solubilization of the stained colonies in 10% acetic acid and measurement of
the optical density (OD) at 590 nm by Infinite 200 PRO Microplate Reader (Tecan Life Sci-
ences, Mannedorf, Switzerland). Colonies experiments were performed in three biological
replicates before formulating statistical considerations.

2.7. Cell Viability

Cell viability was measured using the MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5
diphenyltetrazolium bromide). Briefly, 1.8 x 103 cells were cultured in 96-well plates and
treated with 200 pL of medium containing or not (Control) three different concentrations of
AdipoRon and Paclitaxel, as well as all their possible combinations. After 48 h of treatment,
10 puL of MTT solution (1 mg/mL) was added to each well to allow the formation of MTT
formazan crystals. After three hours of incubation at 37 °C, the medium was removed, and
crystals were solubilized in 100 pL of Isopropanol-HCI 0.04 N using horizontal shaking.
The absorbance was recorded at 570 nm using an Infinite 200 PRO Microplate Reader (Tecan
Life Sciences, Mannedorf, Switzerland).

2.8. Multi-Drug Synergy Analysis

Cell viability results were used to calculate the inhibition rate in response to AdipoRon,
Paclitaxel, and Combo for both A549 and H1299 cell lines. Synergistic drug interaction was
evaluated in a 4 x 4 matrix by the SynergyFinder web application (version 3.0). Based on
multi-dose experimental analysis, the software provides a synergy scoring method (called
Bliss/Loewe consensus) that combines multiple reference models (Bliss, Loewe, and HSA).
The synergy score also outlines the types of drug—drug interaction, where a value lower
than —10 indicates antagonistic effects, from —10 to 10 additive, and higher than 10 for
synergistic ones [24].
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2.9. Protein Extraction and Quantification

Sample protein extracts were prepared by seeding 4 x 10° cells into 100 mm Petri
dishes. After incubation with either single or combined drugs, cells were collected by
scraping and spun down at 1200 rpm for 5 min. The cell pellets were immediately frozen
at —80 °C until protein extraction and quantification. Following thawing, the cells were
lysed using RIPA buffer containing a Protease and Phosphatase Inhibitor Cocktail. The
lysis process involved three cycles of vortexing with 10 min intervals, interspersed with
4 °C centrifugation at 12,000 rpm for 20 min. The protein concentration in the cell lysate
supernatant was then measured by Bradford assay (A6932,0500; PanReac AppliChem
ITW Reagents, Castellar del Valles, Spain), using Bovine Serum Albumin (BSA) (A6588;
PanReac AppliChem ITW Reagents, Castellar del Valles, Spain) as a calibration standard.
The absorbance was recorded at 595 nm using a UV /VIS Spectrophotometer V-550 (JASCO,
Mary’s Court Easton, MD, USA). All procedures were carried out at 4 °C to protect the
sample integrity.

2.10. Immunoblotting

Immunoblotting samples were prepared by combining the total protein extract with
2x Laemmli buffer. After that, samples were first boiled at 95 °C for 6 min and then
centrifuged at 6500 rpm for 5 min. Equal protein concentrations (20-30 pug) were loaded
for each sample. Lysates were resolved by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) on 8-14% gels at 135 V. Proteins were then transferred to
nitrocellulose membrane using wet transfer at 100 V for 90 min in a Mini Trans-Blot
system (1703930; Bio-Rad Laboratories; Hercules, CA, USA). Membrane integrity and
transfer efficiency were verified by Ponceau S staining. Following three washes with tris-
buffered saline containing 0.05% Tween® 20 (TBS-T), the membrane was blocked with
5% non-fat dry milk for 1 h. The membrane was then incubated overnight at 4 °C with
the appropriate primary antibodies, followed by washing with TBS-T and incubation
for 1 h with anti-species HRP-conjugated secondary antibody. The following antibodies
were employed for Western blotting: Cyclin A (H-432) (sc-751) was purchased from Santa
Cruz Biotechnology; Cleaved Caspase-3 (Asp175) (5A1E) (#9664), PARP (#9542), Vinculin
(#13901), x-Tubulin (DM1A) (#3873), AMPK« (#2532), phosphor-AMPK« (#2535), p44 /42
MAPK (#9102), phospho-p44/42 MAPK (#9101), p21 Wafl/Cip1 (12D1) (#2947), goat anti-
rabbit IgG HRP-linked (#7074), and goat anti-mouse IgG HRP-linked (#7076) were obtained
from Cell Signaling Technology (Danvers, MA, USA). All the stated antibodies were diluted
1:1000 in T-TBS solution containing 5% w/v BSA, except for Cyclin A, x-Tubulin, goat anti-
rabbit IgG HRP-linked, and goat anti-mouse IgG HRP-linked, which were resuspended in
T-TBS supplemented with 5% non-fat dry milk. Chemiluminescence was detected using an
Excellent Chemiluminescent Substrate Kit (E-IR-R301; Elabsciences, Houston, TX, USA),
captured using a ChemiDoc XRS+ System (Bio-Rad Laboratories, Hercules, CA, USA), and
quantified using Image]J software (Version 1.52a).

2.11. Statistical Analysis

Data were reported as mean £ standard deviation of three biological replicates for
each experiment. For assessment of statistical significance, Brown-Forsythe and Welch
ANOVA test or Welch's t-test was used, depending on the number of experimental groups.
All statistical tests were performed on GraphPad Prism software (Version 8.0.2) using the
following thresholds of significance: * p < 0.05, ** p < 0.01, ** p < 0.001, and **** p < 0.0001.
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3. Results

3.1. Combination of AdipoRon Plus Paclitaxel Enhances Cell Growth Inhibition and Impairs
Clonogenic Potential in NSCLC Cells

We previously demonstrated that AdipoRon exerts antiproliferative features in NSCLC
cells [21]. On the other side, Paclitaxel still remains one of the widely used chemotherapy
drugs for the treatment of NSCLC [25]. Hence, we speculated on what the combined
effects of these two drugs could be on the therapeutics of NSCLC. To pursue our aim, A549
and H1299 cells were initially treated with 10 ug/mL AdipoRon and 4 nM Paclitaxel for
48 h, either individually or in combination. This choice reflected the need to use submaxi-
mal concentrations for both compounds. As a result of previous dose—effect curves [21],
10 pg/mL was absolutely in compliance with other evidence in which AdipoRon acts as an
antiproliferative agent [13,15,17,20,26]. Analogously, 4 nM arose for the low impact among
the Paclitaxel dosages tested in the past [27].

Remarkably, Combo appeared as the most effective treatment in inhibiting NSCLC cell
growth, reaching a value higher than 66% in A549 and 58% in H1299 at 48 h (Figure 1a,b).
Focusing on the longest time point, Combo enhanced the single outcome of AdipoRon
and Paclitaxel by approximately 29.6% and 24.3% in A549, respectively (Figure 1a). An
even stronger trend was depicted in H1299, where Combo boosted the inhibition rate of
AdipoRon and Paclitaxel by a further 33.5% and 35.1%, respectively (Figure 1b). Significant
improvement was also detected against Paclitaxel at 24 h, as supported by 36.5% and 29.9%
inhibition recorded with Combo in A549 and H1299, respectively (Figure 1a,b).
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Figure 1. Evaluation of the AdipoRon, Paclitaxel, and Combo-mediated effects on cell growth and
colony formation in NSCLC cell lines. (a) A549 and (b) H1299 cells were treated or not (Control) with
10 pg/mL of AdipoRon, 4 nM of Paclitaxel, and Combo for 24 and 48 h. Cell growth was estimated
by direct counting and depicted on the graph as a percentage of the Control. CFA was assessed after
nine days of treatment without (Control) or with 10 pug/mL of AdipoRon, 2 nM of Paclitaxel, and
their combination in A549. A different dosage of both AdipoRon (5 ng/mL) and Paclitaxel (4 nM)
was employed in H1299. Representative Crystal violet-stained colonies of A549 and H1299 are shown
in panel (c), while quantification analysis from multiple independent experiments is stated in panel
(d). All the reported tests were replicated at least three times. * p < 0.05, ** p < 0.01, *** p < 0.001,
**** p < 0.0001 by Brown-Forsythe and Welch ANOVA tests.
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Considering the clonogenic assay as a suitable test for evaluating self-renewal and
differentiation features of cancer cells, we later examined the stemness of the NSCLC cells
against single and combined treatments with AdipoRon and Paclitaxel [28]. Impressively,
Combo nearly eradicated the formation of new colonies in NSCLC cells (Figure 1c,d).
Clonogenic potential of Combo-treated A549 cells dropped to around 90.0% with respect
to the untreated counterpart, improving AdipoRon and Paclitaxel performances by 22%
and 64.9%, respectively (Figure 1d). Analogously, Combo limited the colony formation of
H1299 cells by an additional 61.8% compared to AdipoRon and 41.8% against Paclitaxel
alone (Figure 1c,d).

Altogether, these findings indicate that AdipoRon and Paclitaxel work efficiently
together in limiting the cell proliferation and colony formation of NSCLC cells.

3.2. Combination of AdipoRon Plus Paclitaxel Displays Synergic Interplay in NSCLC Cells

With the advances in high-throughput drug screening technologies, an increasing
number of drug combinations have been tested in cancer models [29,30]. The challenge
is the recognition of synergistic interactions that could result in improved therapeutic
responses. Due to the complexity of distinguishing additive from synergistic effects,
mathematical models can help in defining the relative drug—drug interaction [31]. In
view of the promising results achieved by Combo treatment, we hypothesized that a
pharmacokinetic relationship could exist between AdipoRon and Paclitaxel in NSCLC cells.
Therefore, we employed the SynergyFinder software to assess the synergy score for the
proposed combination. Applying a threshold to the most synergistic area (MSA), which
represents the most effective 3-by-3 dose-window in a dose-response matrix, the synergy
score discriminates among antagonistic (lower than 10), additive (between —10 to 10), and
synergistic (higher than 10) interactions [24]. Therefore, MTT-derived results were used to
develop a 4 x 4 matrix comprising three distinct AdipoRon and Paclitaxel dosages, as well
as all their possible combinations (Tables S1 and S2, Figure 2a,d). Basically, starting from
the selected working concentrations (10 ng/mL AdipoRon plus 4 nM of Paclitaxel), we
included two additional dosages for both drugs using a constant dilution rate. Notably, the
Highest Single Agent (HSA) model depicted a synergy score of 15.07 in A549 (Figure 2b,c)
and 15.18 in H1299 (Figure 2e,f), thus suggesting a robust synergistic interaction between
AdipoRon and Paclitaxel.

3.3. Combination of AdipoRon Plus Paclitaxel Affects Cell Cycle Progression in NSCLC Cells

To fully understand the Combo-mediated outcome in NSCLC cells, DNA content
was later measured by PI staining with the purpose of evaluating the relative distribution
across the different cell cycle phases. Therefore, A549 and H1299 cells were medicated
with individual and combined treatment of 10 ug/mL AdipoRon and 4 nM Paclitaxel
for up to 48 h. As we previously reported [21], AdipoRon caused an increment in the
GO0/G1 phase at the expense of the S and G2/M phases in both A549 and H1299 cells, most
prominently at 24 h (Figure 3a—d). The appearance of subG1 was the primary Paclitaxel-
induced modulation affecting NSCLC cells instead (Figure 3a,c). However, while the
subG1 abundance remained almost unchanged over time, A549 and H1299 exhibited a
distinctive responsiveness to Paclitaxel. Specifically, the percentage of cells having a DNA
content corresponding to subG1 phase was three times higher in Paclitaxel-treated A549
cells than in H1299, regardless of the time dependency (Figure 3a,c). We also observed a
reduction in both G0/G1 and G2/M phases as a consequence of Paclitaxel administration in
Ab549 (Figure 3a,b). Corresponding Paclitaxel-mediated GO/G1 changes were also detected
at 48 h in H1299 (Figure 3c,d). Considering the Combo outcome, significant variations
reshaped the cell cycle profile in NSCLC cells. In particular, compared to Paclitaxel alone,
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AdipoRon (ug/mL)

Combo-related subG1 shifted from 20.8% to 27.5% at 24 h in A549 cells (Figure 3b), while
the accumulation was even stronger in H1299 cells (from 7.6% to 24.9%) (Figure 3d). No
time dependency of the pharmacokinetics was observed for the subG1 occurrence, even
in Combo. With respect to AdipoRon treatments, Combo reduced the percentage of both
dividing and non-dividing cells (Figure 3a—d). At 48 h, for instance, GO/G1 dropped
to 44.3% in A549 and to 31.2% in H1299 cells, with a net decrease of 21.2% and 24.5%
compared to AdipoRon alone (Figure 3b,d).

A549 b A549 Cc A549

sponse matrix (inhibition) HSA synergy score: 15.072 HSA synergy score: 15.072

AdipoRon (ug/mL)

Paclitaxel ("M)

Paclitaxel (nM)

Dose-response

H1299 e H1299 f H1299

matrix (inhibition) HSA synergy score: 15.180 HSA synergy score: 15.180

inhibition (%)

8
AdipoRon (ug/mL)

Paclitaxel ("M)

Paclitaxel (nM)

Figure 2. Estimation of the synergistic interplay between AdipoRon and Paclitaxel in NSCLC cell
lines. (a) Three doses of AdipoRon (2.5, 5, and 10 pg/mL) and Paclitaxel (1, 2, and 4 nM) were
employed to develop a dose-response matrix in A549 cells. Highest Single Agent 2D (b) and 3D plot
(c) indicating the synergy score for A549. (d) Three doses of AdipoRon (5, 10, and 20 pug/mL) and
Paclitaxel (2, 4, and 8 nM) were used to form a dose-response matrix in H1299 cells. Highest Single
Agent 2D (e) and 3D plots (f) indicating the synergy score for H1299. Dose-response matrices display
the percentage of inhibition relative to the untreated counterpart.

To better characterize the Combo outcome on cell cycle progression, we subsequently
tested very low dosages of both AdipoRon (5 pg/mL) and Paclitaxel (2 nM) in an effort to
minimize the subG1 occurrence in NSCLC cells. Once the efficacy of Combo was validated
even at low doses (Figures 4a,b and S2a), we inspected their implications on the cell cycle
profile. As anticipated, we obtained negligible subG1 appearance for both Combo (6%) and
Paclitaxel (4%) in A549 cells (Figure 4e,f). Minimal changes were also detected in response
to AdipoRon and Paclitaxel alone in the other cell cycle stages (Figure 4c,d). On the contrary,
we noticed a significant G2/M decline (from 13.1% to 9.4%) in the presence of both drugs
at 24 h (Figure 4c,e). Combo-mediated cell cycle fluctuations were further corroborated
by the expression levels of Cyclin A1, Cyclin B1, and Cyclin Dependent Kinase Inhibitor
p21 Wafl/Cip1 (Figure 4g—j). A sudden massive increase in subG1 was evident in H1299
even by combining low dosage of both AdipoRon and Paclitaxel, thus recognizing this
occurrence as a predominant distinctive outcome of Combo in these cells (Figure S1b,c).
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Figure 3. Assessment of the AdipoRon, Paclitaxel, and Combo-mediated outcomes on cell cycle
distribution in NSCLC cell lines. A549 and H1299 cells were treated without (Control) or with
AdipoRon 10 pg/mL, Paclitaxel 4 nM, and their combination. Panels (a,c) show representative
histogram plots achieved in A549 and H1299 after individual and combined treatments at 24 and 48 h,
respectively. Statistical analysis of at least three independent experiments is reported in (b) for A549
and (d) for H1299. Data are represented in percentages as mean + standard deviation. * p <0.05,
**p <0.01, ** p <0.001, *** p < 0.0001 by Brown-Forsythe and Welch ANOVA tests.

Taken together, these data demonstrate that combining AdipoRon with Paclitaxel en-
hances Paclitaxel-mediated subG1 induction in NSCLC cells. However, substantial changes
can also occur in other cell cycle stages when these two drugs are concurrently administered.

3.4. Combination of AdipoRon Plus Paclitaxel Improves Chemotherapy-Induced Apoptosis in
NSCLC Cells

Since the subG1 population gathered the hypodiploid proportion of cells having lost
some of their DNA content, we further tested the assumption that combining AdipoRon
with Paclitaxel could enhance the chemotherapy-mediated toxicity. To corroborate this
hypothesis, we examine the impact of individual and combined treatment with 10 pg/mL
AdipoRon and 4 nM Paclitaxel on cell death. The PI exclusion assay was used to monitor
the plasma membrane integrity in response to our stimuli at 48 h. Interestingly, Combo
exhibited an intensification of dead cells, amounting to 7% in A549 (Figure 5a,b) and 9%
in H1299 cells (Figure 5¢,d). Non-living cells increased to 7.1% and 4.3% with respect to
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AdipoRon, and to 5.5% and 3.2% against Paclitaxel in H1299 and A549 cells, respectively

(Figure 5a—d).
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Figure 4. Examination of the low dosages of AdipoRon plus Paclitaxel in A549 cells. Growth response
achieved in the presence of 5 ug/mL AdipoRon, 2 nM Paclitaxel, and Combo at 24 (a) and 48 (b) hours.
Representative cell cycle profile obtained in A549 at 24 (c) and 48 (d) hours. Statistical analysis of
multiple cell cycle experiments carried out at 24 (e) and 48 (f) hours. Typical Western blotting images
of Cyclin A1, Cyclin B1, and p21 are reported in panel (g) along with their relative quantification

(h—j). Vinculin was used as an internal loading control. All data are displayed in percentages as
mean + standard deviation. For multigroup comparisons, the significance is indicated * p < 0.05,
** p <0.01, ** p < 0.001 by Brown-Forsythe and Welch ANOVA tests.
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Figure 5. Investigation of the AdipoRon, Paclitaxel, and Combo-induced cell death in NSCLC cell
lines. A549 and H1299 were treated without (Control) or with 10 ug/mL AdipoRon, 4 nM Paclitaxel,
and Combo for 48 h before undergoing PI exclusion assay. Panels (a,c) show the analytic results of
multiple experiments carried out in A549 and H1299 cells, respectively. Typical dot plots obtained in
Ab549 (b) and H1299 (d) cells. Apoptotic markers were assessed in A549 and H1299 cells cultured
without (Control) or with 10 pg/mL AdipoRon, 4 nM Paclitaxel, and Combo for both 24 and 48 h.
Representative Western blotting images are shown in panel (e) for A549 and (h) for H1299. Cleaved
on total PARP ratio (c-PARP/PARP) detected in A549 (f) and H1299 (i) cells. Cleaved caspase 3
on -Tubulin ratio (c-CASP3/ «-Tubulin) obtained in A549 (g) and H1299 (j). * p < 0.05, ** p < 0,01,
**** p < 0.0001 by Brown-Forsythe and Welch ANOVA tests.

Fragmentation of the nuclear DNA is also considered one of the biochemical hallmarks
of apoptotic cell death [32]. Conversely, Paclitaxel-induced cytotoxicity has been linked
to many forms of cell death in cancers, including the programmed ones [7,33]. Therefore,
we screened the potential involvement of apoptosis in the Combo-mediated outcomes by
examining the expression levels of both cleaved caspase-3 and PARP. The obtained results
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revealed a clear activation of both caspase 3 and PARP in response to Combo at all time
points tested (Figure 5e,h). As expected, Paclitaxel triggered the cleavage of caspase 3 and
PARP as well, especially at 48 h (Figure 5e—j). Impressively, Combo provided a stronger
activation of both apoptotic markers at 24 h for H1299 (Figure 5h—j), and at 24 and 48 h in
A549 cells (Figure 5e-g).

Overall, these results suggest that AdipoRon enhances Paclitaxel-mediated cytotoxicity
mostly by forcing NSCLC cells to undergo apoptosis-mediated cell death induction.

3.5. Combination of AdipoRon Plus Paclitaxel Induces AMPK Activation in NSCLC Cells

Originally stated as a tumor suppressor gene, AMP-activated protein kinase (AMPK)
has been shown to either restrain or promote cancer progression, depending on cell type and
state [34]. We previously reinforced the essential role of AMPK in mediating the AdipoRon-
induced anticancer effects, explicitly in NSCLC cells [21]. Analogously, Paclitaxel-mediated
perturbation in the phosphorylation status of AMPK has also been observed in different
cancers, including NSCLC [35-37]. Therefore, we initially inspected AMPK as one of the
possible kinases involved in the Combo outcomes. Single and combined treatments with
10 ug/mL AdipoRon and 4 nM Paclitaxel were thus administered to A549 and H1299
cells for up to 48 h. With respect to untreated cells, a pronounced AMPK phosphorylation
was observed in response to AdipoRon and Paclitaxel, either individually or collectively
(Figure 6a,b). Intriguingly, we observed that Combo triggered a more robust activation of
AMPXK than either AdipoRon or Paclitaxel in A549 cells, particularly at 48 h (Figure 6a).
Combo-mediated AMPK phosphorylation was similar or slightly greater than that of single
agents in H1299 cells instead (Figure 6b).

To corroborate the AMPK involvement in the Combo-mediated cell growth inhibition,
we also tested the consequences of the ATP-competitive AMPK inhibitor Compound-C on
NSCLC proliferation. Therefore, single and combined treatments were administered to
A549 and H1299 cells, either with or without 5 uM Compound-C for 24 h. Fascinatingly,
cell growth inspection revealed a dualistic Compound-C outcome in relation to AdipoRon
and Paclitaxel single treatment. Whilst the simultaneous presence of Compound-C partially
reduced the AdipoRon efficacy in NSCLC cells, its combination with Paclitaxel enhanced
the Paclitaxel-mediated anticancer effects (Figure 6¢,d). Even more exciting was the cell
growth rescue detected in Combo when NSCLC cells were pre-medicated with Compound-
C. Precisely, the inhibition rate moved from 33% to 16% in A549 (Figure 6¢) and from 36%
to 19% in H1299 cells (Figure 6d).

Collectively, these findings suggest that a combination of AdipoRon plus Paclitaxel
stimulates AMPK phosphorylation, which is required to promote NSCLC-mediated cell
growth inhibition.

3.6. Combination of AdipoRon Plus Paclitaxel Downregulates ERK1/2 in NSCLC Cells

Extracellular signal-regulated kinase (ERK) 1/2 is another pivotal messenger affecting
both proliferation and survival of cancer cells [38,39]. Recently, ERK1/2 activation has been
reported as a result of the AdipoRon stimulation in tumor models [13,17,20]. Meanwhile,
there is no shortage of evidence supporting the ERK1/2 involvement in the Paclitaxel-
related anticancer features [40-42]. We therefore inspected the ERK1/2 stimulation in an
attempt to provide additional mechanistic details about the combinatorial effects of Adi-
poRon and Paclitaxel. NSCLC cells underwent pharmacological treatment with 10 pug/mL
AdipoRon and 4 nM Paclitaxel for up to 48 h, either individually or together. Irrespective
of single-drug administration, the combination of AdipoRon plus Paclitaxel gradually
decreased the ERK1/2 phosphorylation over time, both in A549 and H1299 (Figure 7a,b).
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Figure 6. Determination of AMPK involvement in the AdipoRon, Paclitaxel, and Combo-mediated
effects in NSCLC cell lines. H1299 and A549 were treated without (Control) or with 10 pg/mL
AdipoRon, 4 nM Paclitaxel, and Combo. Thereafter, the activation status of AMPK was addressed at
24 and 48 h. Typical Western blotting images reporting the phospho-AMPK (Thr172), total AMPK,
and Vinculin levels in A549 (a) and H1299 (b), along with the underlying analysis. (c) A549 and
(d) H1299 cells were treated without (Control) or with 10 pg/mL AdipoRon, 4 nM Paclitaxel, and
Combo for 24 h, either in the presence or absence of 5 uM of Compound-C. Through direct cell
number counting, proliferation index was assessed and reported on bar charts as a proportion of
controls. Quantitative data analysis was reported in Arbitrary Units (AU). * p < 0.05, ** p < 0.01,
*** p <0.001, **** p < 0.0001 by Brown-Forsythe and Welch ANOVA tests.

To further investigate the ERK1/2 engagement in Combo-mediated effects, we sub-
sequently tested the impact of the MEK1/MEK2 inhibitor PD98059 in our experimental
setting. Notably, the usage of 10 uM PD98059 hindered the antiproliferative properties of
both single and combined treatments with AdipoRon and Paclitaxel (Figure 7c,d). Almost
a total rescue was observed in response to Paclitaxel, while the Combo’s ability to inhibit
NSCLC cell growth dropped to half in the presence of PD98059 (Figure 7c,d).
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Figure 7. Valuation of ERK1/2 involvement in the AdipoRon, Paclitaxel, and Combo-mediated effects
in NSCLC cell lines. H1299 and A549 were treated without (Control) or with 10 pg/mL AdipoRon,
4 nM Paclitaxel, and Combo. Thereafter, the activation status of ERK1/2 was addressed at both
24 and 48 h. Typical Western blotting images reporting the phospho-ERK1/2 (Thr202/Tyr204), total
ERK1/2, and Vinculin levels in A549 (a) and H1299 (b), along with the underlying analysis. (c) A549
and (d) H1299 cells were treated without (Control) or with AdipoRon (10 ug/mL), Paclitaxel (4 nM),
and Combo for 24 h, either in the presence or absence of 10 uM of PD98059. Through direct cell
number counting, the proliferation index was assessed and reported on bar charts as a proportion
of controls. Quantitative data analysis was reported in Arbitrary Units (AU). * p < 0.05, ** p < 0.01,
**** p < 0.0001 by Brown-Forsythe and Welch ANOVA tests.

On the whole, these results denote that the combination of AdipoRon plus Pacli-
taxel affects ERK1/2 phosphorylation, which also participates in the Combo outcome in
NSCLC cells.

4. Discussion

NSCLC is a highly heterogeneous group of tumors characterized by multiple molecular
alterations affecting essential cellular pathways. Chemotherapy and immunotherapy,
administered either concurrently or sequentially, represent the current standard of care for
NSCLC patients without targetable genetic alterations [3]. Paclitaxel is one of the leading
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chemotherapeutic agents available against NSCLC [6]. Despite being effective, three main
barriers limit the Paclitaxel usage in clinical practice, namely metastasis, chemoresistance,
and dose-limiting toxicity [5,6]. Therefore, there is a substantial unmet clinical need to
explore novel therapeutic options for curing NSCLC.

In our previous study, we proposed the synthetic adiponectin receptor agonist Adi-
poRon as an effective anticancer compound in NSCLC [21]. Specifically, AdipoRon im-
paired viability, proliferation, and clonogenic potential in two cellular models of NSCLC.
An adaptive glycolytic dependence was also observed as a result of the AdipoRon ad-
ministration within these cells. To test the hypothesis that AdipoRon could enhance the
Paclitaxel-mediated anticancer effects, we performed an interventional study by combining
these two drugs in A549 and H1299 NSCLC cells.

The results achieved in this study clearly support the therapeutic benefits of adminis-
tering AdipoRon with Paclitaxel in NSCLC. Majorly, cell growth and clonogenic potential
were used to address the biological outcomes of both individual and combined treatments.
Integrating AdipoRon with Paclitaxel elicited a stronger antineoplastic behavior than either
medicine alone in NSCLC cells. Moreover, the assessment of the pharmacokinetic interac-
tion unveiled a synergistic cooperation between AdipoRon and Paclitaxel. Combination
therapy is a long-standing pharmacological approach for treating malignant disorders [22].
Synergism represents the most striking kind of combination therapy, as it exhibits greater
health benefits than linear cumulative effects. Intriguingly, most of the approved drug
combinations in oncology provide additive rather than synergistic efficacy [43]. Conversely,
our results designate the combination of AdipoRon plus Paclitaxel as an effective and
synergistic treatment to hamper the unbridled NSCLC growth at the preclinical stage.
Because Paclitaxel is already a broadly used chemotherapeutic agent, cost and time for
subsequent combination trials can be reduced, thereby benefiting the “medically under-
served population”.

To investigate the underlying mechanisms, individual and combined treatments were
also inspected for changes in cell cycle progression. Remarkably, simultaneous admin-
istration of AdipoRon plus Paclitaxel exhibited a stronger cell growth inhibition along
with a significant increase in the Paclitaxel-mediated subG1 occurrence. Considering the
DNA fragmentation as one of the biochemical hallmarks of apoptosis, we also investigated
the contribution of this kind of death after Combo administration. The cleavage abun-
dance of both PARP and Caspase-3 was stronger in Combo than Paclitaxel, supporting
a dynamic involvement of the apoptosis-mediated cytotoxicity. As a well-known death
inducer, Paclitaxel drives cancer cells to self-annihilation by activating PARP and Caspase-
3 [44-46]. Moreover, enhancing the Paclitaxel-mediated apoptosis is one of the main targets
of employing a combination approach in oncology [47,48]. Nevertheless, Paclitaxel can
also trigger other mechanisms of death in malignant cells, such as mitotic catastrophe and
autophagy [7,33]. Alternative programmed cell death, like necroptosis and pyroptosis, has
recently been reported in response to Paclitaxel [49]. Therefore, the involvement of other
cell death mechanisms cannot be neglected in the Combo-mediated outcomes.

Changes in phase-by-phase progression were also unveiled in NSCLC cells receiving
a concomitant regimen of AdipoRon and Paclitaxel. With respect to either Paclitaxel or
AdipoRon, the percentage of G0/G1 phase appeared markedly reduced in Combo-treated
NSCLC cells. Consistently, the number of cells moving toward the G2/M phase was
very minimal after the dual stimulation. The literature has amply demonstrated that
treating cancer cells with AdipoRon leads to a significant GO/G1 increase, followed by a
concomitant reduction in both the S and G2/M phases [12,13,17,20]. In accordance with
these findings, we corroborated the AdipoRon feature in restraining cell cycle progression
even in NSCLC. The same cannot be claimed for Paclitaxel since microtubular stabilization
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could lead to a mitotic blockage in the late G2/M phase [50]. Negligible fluctuations
were detected in the G2/M amount after Paclitaxel treatments in H1299, while even a
slight decrease was recorded in A549 cells. To figure out this data inconsistency, some
perspectives must be taken into account: (i) with respect to the employed doses (2 and
4 nM), higher Paclitaxel amounts are usually required to persuade a full blockage in the
G2/M phase [7,51-53]; (ii) G2/M independent modulations have been observed in the
cell cycle at low Paclitaxel dosages [54]; (iii) Paclitaxel-induced apoptosis might also occur
independently of a prior G2/M phase arrest [55]. To note, we have already tested these
Paclitaxel concentrations in NSCLC cells before, and no G2/M accumulation was detected
even at that time [27].

Besides improving efficacy, combination therapy should be aimed at restraining the
single-drug toxicity, maybe by reducing the working concentrations. Adverse side reactions
constitute one of the limiting steps for Paclitaxel use in clinical practice [6]. Conversely, the
proposed Paclitaxel partner (AdipoRon) has shown very low or no toxicity at the preclinical
stage [56,57]. Therefore, the choice of using a low Paclitaxel amount in combination with
AdipoRon is intended to obtain both enhanced responsiveness and reduced toxicity. To
corroborate this assumption, we also tested the Combo outcome in human keratinocyte
HACAT cells. As the most common type of epidermal cells, skin may undergo mild to
moderate adverse events following Paclitaxel administration [58]. Notably, almost no
toxicity was observed after both single and double treatments involving Paclitaxel in these
cells. However, a more thorough assessment of the combination’s harmfulness is needed in
HACAT cells, as well as in other non-cancer models.

Concerning the signaling pathways, the assessment of AMPK activation substan-
tiated opposite yet crucial roles in single-drug responses. Although both compounds
phosphorylated AMPK, the employment of Compound-C constrained and enhanced the
antiproliferative effects of AdipoRon and Paclitaxel, respectively. These findings are broadly
consistent with existing theories in the oncology field. AdipoRon-mediated AMPK activa-
tion has been extensively reported in cancer models [12,13,26]. More recently, we reinforced
the essential role of AMPK in the AdipoRon-mediated outcome, demonstrating how its
ablation counteracted the effectiveness of AdipoRon in NSCLC cells [21]. Perturbation in
AMPK status has largely been connected to Paclitaxel-related survival mechanisms, since
its downregulation facilitated growth inhibition and apoptosis occurrence induced by this
microtubule-stabilizing agent [36,37,59,60]. Intriguingly, the combination of AdipoRon
plus Paclitaxel triggered a powerful phosphorylation of AMPK, while premedication with
Compound-C implicated a significant cell growth rescue. Along with the mere activation,
the AMPK results emphasize the relevance of other signaling features in influencing the
cellular functions. Both individual and combined treatments caused AMPK activation in
this study, but not always, as preventing its phosphorylation provided the same outcome.
Therefore, future experiments should be aimed at characterizing the involvement of AMPK
activation, focusing on signaling duration, spatial and cellular localization, for instance.

ERK1/2 is another pivotal signaling molecule involved in both cancer growth and
resistance [38,39]. Our findings elucidated the necessity of ERK1/2 for the Paclitaxel-
mediated action, as its inhibition by PD98059 induced a significant rescue in NSCLC cells.
ERK1/2 has displayed conflicting evidence with respect to Paclitaxel in cancer models.
While preventing Paclitaxel-induced ERK1/2 phosphorylation has been reported to en-
hance its antineoplastic effects [61,62], rescue outcomes have also been observed in cancer
models [63]. With respect to NSCLC, the non-ATP competitive and selective MEK1 and
MEK?2 inhibitor U0126 has been proven to attenuate Paclitaxel-induced apoptosis [64].
Therefore, it is conceivable that a differential inhibition of the downstream ERK1/2 sub-
strates, as well as varying effects of MEK inhibitors on other signaling molecules, may
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affect the Paclitaxel-related features in an opposite way. A partial rescue was observed in
response to AdipoRon, either alone or in combination with Paclitaxel. At first glance, the
results achieved with PD98059 might be difficult to interpret due to the ERK1/2 down-
regulation obtained after Combo treatments. However, a short-term ERK1/2 activation
preceding the feedback suppression could easily explain the outcomes after MEK inhibition
via PD98059 incorporation. In this regard, kinetic experiments could elucidate the ERK1/2
involvement in the Combo-mediated effects.

Defining the crosstalk between AMPK and ERK1/2 could be helpful to recapitulate
the exact network underlying the Combo-mediated effects in NSCLC. Several studies
have disclosed a profound and complicated interplay involving these two pathways [65].
AMPK can act as a downstream effector of MAPK, but at the same time, it regulates MAPK
in reverse. With respect to ERK1/2, an inverse correlation with the degree of AMPK
phosphorylation has been observed as a result of either glucose deprivation or metformin
administration in human acute myeloid leukemia cells [66]. Similarly, AMPK activation
can hamper the dual interaction involving eukaryotic elongation factor 2 kinase (eEF2K)
and mitogen-activated protein kinase kinase-MAPKK (MEK1/2), disrupting the signaling
loop that activates ERK1/2 [67]. The phosphatidylinositol 3-kinase/protein kinase B
(PIBK/AKT) pathway also shares a feedback loop with both AMPK and ERK1/2 [68,69].
More generally, future efforts should be aimed at characterizing the engagement of other
effectors triggered by Combo in NSCLC. Both computational and proteomic analysis could
be useful to achieve this goal [70].

There are also some unanswered questions that confer specific limitations to this study.
Firstly, the entire study has been carried out in in vitro models; therefore, confirming these
results in a more complex biological system, such as in vivo methodologies, might endorse
the translation of our findings in the subsequent phase of the clinical trials. Secondly,
although the combination displayed greater effectiveness in preventing cell growth than
Paclitaxel alone, no statistics have been provided regarding its impact on both tumor
reoccurrence and resistance. Lastly, careful consideration needs to be given to the genetic
fingerprint of the employed NSCLC cells. Although purely coincidental, both A549 and
H1299 display a wild-type status for the epidermal growth factor receptor (EGFR). In
view of the prevalence and clinical significance of EGFR in NSCLC, our results leave a
knowledge gap regarding the responsiveness of EGFR mutants to the combination of
AdipoRon plus Paclitaxel.

5. Conclusions

In this study, we proved that a combination of AdipoRon and Paclitaxel synergistically
enhances cell growth inhibition and impairs colony formation in NSCLC cells. Paclitaxel-
mediated cytotoxicity was also potentiated by AdipoRon, since a larger apoptosis induction
was observed in Combo than in Paclitaxel. Intriguingly, AMPK and ERK1/2 displayed
an active involvement in Combo efficacy, as their inhibition rescued the antiproliferative
effects in NSCLC cells.

Overall, a combination of AdipoRon with Paclitaxel provides therapeutic benefits
that could be useful to overcome the Paclitaxel resistance in NSCLC. However, future
studies are needed to corroborate the efficacy, safety, and underlying mechanisms of this
combination in NSCLC therapy.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cells14080602 /51, Table S1: Cell viability outcomes of AdipoRon,
Paclitaxel and the combination of AdipoRon plus Paclitaxel in A549 cells; Table S2: Cell viability
outcomes of AdipoRon, Paclitaxel and the combination of AdipoRon plus Paclitaxel in H1299 cells;
Figure S1: Investigation of low dosages of AdipoRon plus Paclitaxel in H1299 cells.
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RIPKs Receptor-Interacting Protein Kinase Family Members

ULK1 Unc-51-Like autophagy-activating Kinase

PI Propidium iodide
CFA Colony Formation Assay
HAS Highest Single Agent

PARP Poly ADP Ribose Polymerase
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AKT Protein Kinase B
References
1.  Raskova Kafkova, L.; Mierzwicka, ].M.; Chakraborty, P.; Jakubec, P.; Fischer, O.; Skarda, J.; Maly, P.; Raska, M. NSCLC: From

tumorigenesis, immune checkpoint misuse to current and future targeted therapy. Front. Immunol. 2024, 15, 1342086. [CrossRef]
[PubMed]

Meyer, M.L,; Fitzgerald, B.G.; Paz-Ares, L.; Cappuzzo, F; Janne, P.A_; Peters, S.; Hirsch, ER. New promises and challenges in the
treatment of advanced non-small-cell lung cancer. Lancet 2024, 404, 803-822. [CrossRef]

Mountzios, G.; Naidoo, J.; Wang, C.; Creelan, B.C.; Trotier, D.C.; Campbell, T.C.; Peters, S. Beyond Chemoimmunotherapy in
Advanced Non-Small Cell Lung Cancer: New Frontiers, New Challenges. Am. Soc. Clin. Oncol. Educ. Book 2024, 44, e432526.
[CrossRef] [PubMed]

Nawara, H.M.; Afify, S.M.; Hassan, G.; Zahra, M.H.; Seno, A.; Seno, M. Paclitaxel-Based Chemotherapy Targeting Cancer Stem
Cells from Mono- to Combination Therapy. Biomedicines 2021, 9, 500. [CrossRef] [PubMed]

Alalawy, A.I Key genes and molecular mechanisms related to Paclitaxel Resistance. Cancer Cell Int. 2024, 24, 244. [CrossRef]
Sousa-Pimenta, M.; Estevinho, L.M.; Szopa, A.; Basit, M.; Khan, K.; Armaghan, M.; Ibrayeva, M.; Sonmez Gurer, E.; Calina, D.;
Hano, C,; et al. Chemotherapeutic properties and side-effects associated with the clinical practice of terpene alkaloids: Paclitaxel,
docetaxel, and cabazitaxel. Front. Pharmacol. 2023, 14, 1157306. [CrossRef]

Khing, TM.; Choi, W.S; Kim, D.M.; Po, W.W.; Thein, W.; Shin, C.Y.; Sohn, U.D. The effect of paclitaxel on apoptosis, autophagy
and mitotic catastrophe in AGS cells. Sci. Rep. 2021, 11, 23490. [CrossRef]


https://doi.org/10.3389/fimmu.2024.1342086
https://www.ncbi.nlm.nih.gov/pubmed/38384472
https://doi.org/10.1016/S0140-6736(24)01029-8
https://doi.org/10.1200/EDBK_432526
https://www.ncbi.nlm.nih.gov/pubmed/38781566
https://doi.org/10.3390/biomedicines9050500
https://www.ncbi.nlm.nih.gov/pubmed/34063205
https://doi.org/10.1186/s12935-024-03415-0
https://doi.org/10.3389/fphar.2023.1157306
https://doi.org/10.1038/s41598-021-02503-9

Cells 2025, 14, 602 19 of 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kogure, Y.; Iwasawa, S.; Saka, H.; Hamamoto, Y.; Kada, A.; Hashimoto, H.; Atagi, S.; Takiguchi, Y.; Ebi, N.; Inoue, A; et al.
Efficacy and safety of carboplatin with nab-paclitaxel versus docetaxel in older patients with squamous non-small-cell lung
cancer (CAPITAL): A randomised, multicentre, open-label, phase 3 trial. Lancet Healthy Longev. 2021, 2, €791-e800. [CrossRef]
Okada-Iwabu, M.; Yamauchi, T.; Iwabu, M.; Honma, T.; Hamagami, K.; Matsuda, K.; Yamaguchi, M.; Tanabe, H.; Kimura-Someya,
T.; Shirouzu, M.; et al. A small-molecule AdipoR agonist for type 2 diabetes and short life in obesity. Nature 2013, 503, 493-499.
[CrossRef]

Barbalho, S.M.; Mendez-Sanchez, N.; Fornari Laurindo, L. AdipoRon and ADP355, adiponectin receptor agonists, in Metabolic-
associated Fatty Liver Disease (MAFLD) and Nonalcoholic Steatohepatitis (NASH): A systematic review. Biochem. Pharmacol.
2023, 218, 115871. [CrossRef]

Iwabu, M.; Okada-Iwabu, M.; Tanabe, H.; Ohuchi, N.; Miyata, K.; Kobori, T.; Odawara, S.; Kadowaki, Y.; Yokoyama, S.; Yamauchi,
T,; et al. AdipoR agonist increases insulin sensitivity and exercise endurance in AdipoR-humanized mice. Commun. Biol. 2021,
4, 45. [CrossRef] [PubMed]

Nigro, E.; Daniele, A.; Salzillo, A.; Ragone, A.; Naviglio, S.; Sapio, L. AdipoRon and Other Adiponectin Receptor Agonists as
Potential Candidates in Cancer Treatments. Int. J. Mol. Sci. 2021, 22, 5569. [CrossRef] [PubMed]

Akimoto, M.; Maruyama, R.; Kawabata, Y.; Tajima, Y.; Takenaga, K. Antidiabetic adiponectin receptor agonist AdipoRon
suppresses tumour growth of pancreatic cancer by inducing RIPK1/ERK-dependent necroptosis. Cell Death Dis. 2018, 9, 804.
[CrossRef] [PubMed]

Kashiwagi, E.; Kawahara, T.; Kinoshita, F.; Shiota, M.; Inokuchi, J.; Miyamoto, H.; Eto, M. The Role of Adipocytokines and their
Receptors in Prostate Cancer: Adiponectin May Protect Against Progression. Anticancer Res. 2024, 44, 1369-1376. [CrossRef]

Li, C,; Zhang, J.; Dionigi, G.; Liang, N.; Guan, H.; Sun, H. Uncovering the connection between obesity and thyroid cancer: The
therapeutic potential of adiponectin receptor agonist in the AdipoR2-ULK axis. Cell Death Dis. 2024, 15, 708. [CrossRef]
Messaggio, F.; Mendonsa, A.M.; Castellanos, J.; Nagathihalli, N.S.; Gorden, L.; Merchant, N.B.; VanSaun, M.N. Adiponectin
receptor agonists inhibit leptin induced pSTAT3 and in vivo pancreatic tumor growth. Oncotarget 2017, 8, 85378-85391. [CrossRef]
Sapio, L.; Nigro, E.; Ragone, A ; Salzillo, A.; Illiano, M.; Spina, A.; Polito, R.; Daniele, A.; Naviglio, S. AdipoRon Affects Cell Cycle
Progression and Inhibits Proliferation in Human Osteosarcoma Cells. ]. Oncol. 2020, 2020, 7262479. [CrossRef]

Manley, S.J.; Olou, A.A.; Jack, J.L.; Ruckert, M.T.; Walsh, R.M.; Eades, A.E.; Bye, B.A.; Ambrose, J.; Messaggio, F.; Anant, S.; et al.
Synthetic adiponectin-receptor agonist, AdipoRon, induces glycolytic dependence in pancreatic cancer cells. Cell Death Dis. 2022,
13, 114. [CrossRef]

Sapio, L.; Ragone, A.; Spina, A ; Salzillo, A.; Naviglio, S. AdipoRon and Pancreatic Ductal Adenocarcinoma: A future perspective
in overcoming chemotherapy-induced resistance? Cancer Drug Resist. 2022, 5, 625-636. [CrossRef]

Ragone, A ; Salzillo, A.; Spina, A.; Naviglio, S.; Sapio, L. Integrating Gemcitabine-Based Therapy With AdipoRon Enhances
Growth Inhibition in Human PDAC Cell Lines. Front. Pharmacol. 2022, 13, 837503. [CrossRef] [PubMed]

Kafeel, S.; Ragone, A.; Salzillo, A.; Palmiero, G.; Naviglio, S.; Sapio, L. Adiponectin Receptor Agonist AdipoRon Inhibits
Proliferation and Drives Glycolytic Dependence in Non-Small-Cell Lung Cancer Cells. Cancers 2024, 16, 2633. [CrossRef]
[PubMed]

Bayat Mokhtari, R.; Homayouni, T.S.; Baluch, N.; Morgatskaya, E.; Kumar, S.; Das, B.; Yeger, H. Combination therapy in combating
cancer. Oncotarget 2017, 8, 38022-38043. [CrossRef]

Crowley, L.C.; Scott, A.P.; Marfell, B.].; Boughaba, J.A.; Chojnowski, G.; Waterhouse, N.J. Measuring Cell Death by Propidium
Iodide Uptake and Flow Cytometry. Cold Spring Harb. Protoc. 2016, 2016, pdb-prot087163. [CrossRef] [PubMed]

Ianevski, A.; Giri, A.K; Aittokallio, T. SynergyFinder 3.0: An interactive analysis and consensus interpretation of multi-drug
synergies across multiple samples. Nucleic Acids Res. 2022, 50, W739-W743. [CrossRef]

Hertz, D.L.; Joerger, M.; Bang, Y.J.; Mathijssen, R.H.; Zhou, C.; Zhang, L.; Gandara, D.; Stahl, M.; Monk, B.J.; Jaehde, U,
et al. Paclitaxel therapeutic drug monitoring—International association of therapeutic drug monitoring and clinical toxicology
recommendations. Eur. . Cancer 2024, 202, 114024. [CrossRef]

Ramzan, A.A.; Bitler, B.G.; Hicks, D.; Barner, K.; Qamar, L.; Behbakht, K.; Powell, T.; Jansson, T.; Wilson, H. Adiponectin receptor
agonist AdipoRon induces apoptotic cell death and suppresses proliferation in human ovarian cancer cells. Mol. Cell. Biochem.
2019, 461, 37-46. [CrossRef] [PubMed]

Salzillo, A.; Ragone, A.; Spina, A.; Naviglio, S.; Sapio, L. Forskolin affects proliferation, migration and Paclitaxel-mediated
cytotoxicity in non-small-cell lung cancer cell lines via adenylyl cyclase/cAMP axis. Eur. ]. Cell Biol. 2023, 102, 151292. [CrossRef]
Rajendran, V,; Jain, M.V. In Vitro Tumorigenic Assay: Colony Forming Assay for Cancer Stem Cells. Methods Mol. Biol. 2018, 1692,
89-95. [CrossRef]

Biswal, S.; Mallick, B. Unlocking the potential of signature-based drug repurposing for anticancer drug discovery. Arch. Biochem.
Biophys. 2024, 761, 110150. [CrossRef]

Giri, A K,; Ianevski, A. High-throughput screening for drug discovery targeting the cancer cell-microenvironment interactions in
hematological cancers. Expert Opin. Drug Discov. 2021, 17, 181-190. [CrossRef]


https://doi.org/10.1016/S2666-7568(21)00255-5
https://doi.org/10.1038/nature12656
https://doi.org/10.1016/j.bcp.2023.115871
https://doi.org/10.1038/s42003-020-01579-9
https://www.ncbi.nlm.nih.gov/pubmed/33420419
https://doi.org/10.3390/ijms22115569
https://www.ncbi.nlm.nih.gov/pubmed/34070338
https://doi.org/10.1038/s41419-018-0851-z
https://www.ncbi.nlm.nih.gov/pubmed/30038429
https://doi.org/10.21873/anticanres.16933
https://doi.org/10.1038/s41419-024-07084-9
https://doi.org/10.18632/oncotarget.19905
https://doi.org/10.1155/2020/7262479
https://doi.org/10.1038/s41419-022-04572-8
https://doi.org/10.20517/cdr.2022.34
https://doi.org/10.3389/fphar.2022.837503
https://www.ncbi.nlm.nih.gov/pubmed/35273510
https://doi.org/10.3390/cancers16152633
https://www.ncbi.nlm.nih.gov/pubmed/39123363
https://doi.org/10.18632/oncotarget.16723
https://doi.org/10.1101/pdb.prot087163
https://www.ncbi.nlm.nih.gov/pubmed/27371595
https://doi.org/10.1093/nar/gkac382
https://doi.org/10.1016/j.ejca.2024.114024
https://doi.org/10.1007/s11010-019-03586-9
https://www.ncbi.nlm.nih.gov/pubmed/31292831
https://doi.org/10.1016/j.ejcb.2023.151292
https://doi.org/10.1007/978-1-4939-7401-6_8
https://doi.org/10.1016/j.abb.2024.110150
https://doi.org/10.1080/17460441.2022.1991306

Cells 2025, 14, 602 20 of 21

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Duarte, D.; Vale, N. Evaluation of synergism in drug combinations and reference models for future orientations in oncology. Curr.
Res. Pharmacol. Drug Discov. 2022, 3, 100110. [CrossRef] [PubMed]

Mustafa, M.; Ahmad, R.; Tantry, 1.Q.; Ahmad, W.; Siddiqui, S.; Alam, M.; Abbas, K.; Moinuddin; Hassan, M.I.; Habib, S.; et al.
Apoptosis: A Comprehensive Overview of Signaling Pathways, Morphological Changes, and Physiological Significance and
Therapeutic Implications. Cells 2024, 13, 1838. [CrossRef]

Zhao, S.; Tang, Y.; Wang, R.; Najafi, M. Mechanisms of cancer cell death induction by paclitaxel: An updated review. Apoptosis
2022, 27, 647-667. [CrossRef] [PubMed]

Sadria, M.; Seo, D.; Layton, A.T. The mixed blessing of AMPK signaling in Cancer treatments. BMC Cancer 2022, 22, 105.
[CrossRef]

Jiang, S.; Luo, Y,; Zhan, Z; Tang, Z.; Zou, J.; Ying, Y.; Lin, H.; Huang, D.; Luo, L. AMP-activated protein kinase re-sensitizes
Ab549 to paclitaxel via up-regulating solute carrier organic anion transporter family member 1B3 expression. Cell. Signal. 2022,
91, 110215. [CrossRef]

Liu, G.; Yang, D.; Meng, J.; He, Q.; Wu, D. The combination of gemcitabine and albumin-bound paclitaxel effectively inhibits
de novo lipogenesis in pancreatic cancer cells by targeting the AMPK/SREBP1 pathway. Biochem. Pharmacol. 2025, 232, 116721.
[CrossRef] [PubMed]

Tang, Z.; Zhang, Y.; Yu, Z.; Luo, Z. Metformin Suppresses Stemness of Non-Small-Cell Lung Cancer Induced by Paclitaxel through
FOXO3a. Int. . Mol. Sci. 2023, 24, 16611. [CrossRef]

Song, Y.; Bi, Z,; Liu, Y.; Qin, F; Wei, Y.; Wei, X. Targeting RAS-RAF-MEK-ERK signaling pathway in human cancer: Current status
in clinical trials. Genes Dis. 2023, 10, 76-88. [CrossRef] [PubMed]

Sugiura, R.; Satoh, R.; Takasaki, T. ERK: A Double-Edged Sword in Cancer. ERK-Dependent Apoptosis as a Potential Therapeutic
Strategy for Cancer. Cells 2021, 10, 2509. [CrossRef]

Huang, C.; Zhang, X,; Jiang, L.; Zhang, L.; Xiang, M.; Ren, H. FoxM1 Induced Paclitaxel Resistance via Activation of the
FoxM1/PHB1/RAF-MEK-ERK Pathway and Enhancement of the ABCA2 Transporter. Mol. Ther. Oncolytics 2019, 14, 196-212.
[CrossRef]

Liu, Y;; Zhao, R,; Qin, X.; Mao, X,; Li, Q.; Fang, S. Cobimetinib Sensitizes Cervical Cancer to Paclitaxel via Suppressing
Paclitaxel-Induced ERK Activation. Pharmacology 2022, 107, 398-405. [CrossRef]

Yu-Wei, D.; Li, Z.S.; Xiong, S.M.; Huang, G.; Luo, Y.F; Huo, T.Y.; Zhou, M.H.; Zheng, Y.W. Paclitaxel induces apoptosis through
the TAK1-JNK activation pathway. FEBS Open Bio 2020, 10, 1655-1667. [CrossRef] [PubMed]

Hwangbo, H.; Patterson, S.C.; Dai, A.; Plana, D.; Palmer, A.C. Additivity predicts the efficacy of most approved combination
therapies for advanced cancer. Nature Cancer 2023, 4, 1693-1704. [CrossRef] [PubMed]

Pan, Z.; Avila, A.; Gollahon, L. Paclitaxel Induces Apoptosis in Breast Cancer Cells through Different Calcium—Regulating
Mechanisms Depending on External Calcium Conditions. Int. . Mol. Sci. 2014, 15, 2672-2694. [CrossRef]

Peng, 7.G.; Liu, D.C.; Yao, Y.B.; Feng, X.L.; Huang, X; Tang, Y.L.; Yang, J.; Wang, X.X. Paclitaxel induces apoptosis in leukemia
cells through a JNK activation-dependent pathway. Genet. Mol. Res. 2016, 15, 15013904. [CrossRef] [PubMed]

Zhang, Y.; Tang, Y.; Tang, X.; Wang, Y.; Zhang, Z.; Yang, H. Paclitaxel Induces the Apoptosis of Prostate Cancer Cells via
ROS-Mediated HIF-1alpha Expression. Molecules 2022, 27, 7183. [CrossRef]

Huang, H.; Kung, E-L.; Huang, Y.-W.; Hsu, C.-C.; Guh, J.-H.; Hsu, L.-C. Sensitization of cancer cells to paclitaxel-induced
apoptosis by canagliflozin. Biochem. Pharmacol. 2024, 223, 116140. [CrossRef]

Min, J.; Shen, H.; Xi, W.; Wang, Q.; Yin, L.; Zhang, Y.; Yu, Y; Yang, Q.; Wang, Z.N. Synergistic Anticancer Activity of Combined
Use of Caffeic Acid with Paclitaxel Enhances Apoptosis of Non-Small-Cell Lung Cancer H1299 Cells in Vivo and in Vitro. Cell.
Physiol. Biochem. 2018, 48, 1433-1442. [CrossRef]

Gielecifiska, A.; Kciuk, M.; Yahya, E.B.; Ainane, T.; Mujwar, S.; Kontek, R. Apoptosis, necroptosis, and pyroptosis as alternative
cell death pathways induced by chemotherapeutic agents? Biochim. Biophys. Acta (BBA) Rev. Cancer 2023, 1878, 189024. [CrossRef]
Lim, P.T.; Goh, B.H.; Lee, W.-L. Taxol: Mechanisms of action against cancer, an update with current research. In Paclitaxel;
Academic Press: Cambridge, MA, USA, 2022; pp. 47-71.

Fisi, V.; Kétai, E.; Bogner, P.; Miseta, A.; Nagy, T. Timed, sequential administration of paclitaxel improves its cytotoxic effectiveness
in a cell culture model. Cell Cycle 2016, 15, 1227-1233. [CrossRef]

Obiorah, I.; Sengupta, S.; Fan, P;; Jordan, V.C. Delayed triggering of oestrogen induced apoptosis that contrasts with rapid
paclitaxel-induced breast cancer cell death. Br. ]. Cancer 2016, 115, €10. [CrossRef] [PubMed]

Zhu, Z.; Chen, D.; Zhang, W.; Zhao, J.; Zhi, L.; Huang, F; Ji, H.; Zhang, ].; Liu, H.; Zou, L.; et al. Modulation of alternative splicing
induced by paclitaxel in human lung cancer. Cell Death Dis. 2018, 9, 491. [CrossRef] [PubMed]

Lv, C.; Qu, H,; Zhu, W.; Xu, K.; Xu, A;; Jia, B.; Qing, Y.; Li, H.; Wei, H.-].; Zhao, H.-Y. Low-Dose Paclitaxel Inhibits Tumor Cell
Growth by Regulating Glutaminolysis in Colorectal Carcinoma Cells. Front. Pharmacol. 2017, 8, 244. [CrossRef]

Dziadyk, ].M.; Sui, M.H.; Zhu, X.M.; Fan, W.M. Paclitaxel-induced apoptosis may occur without a prior G/M-phase arrest.
Anticancer Res. 2004, 24, 27-36. [PubMed]


https://doi.org/10.1016/j.crphar.2022.100110
https://www.ncbi.nlm.nih.gov/pubmed/35620200
https://doi.org/10.3390/cells13221838
https://doi.org/10.1007/s10495-022-01750-z
https://www.ncbi.nlm.nih.gov/pubmed/35849264
https://doi.org/10.1186/s12885-022-09211-1
https://doi.org/10.1016/j.cellsig.2021.110215
https://doi.org/10.1016/j.bcp.2024.116721
https://www.ncbi.nlm.nih.gov/pubmed/39694195
https://doi.org/10.3390/ijms242316611
https://doi.org/10.1016/j.gendis.2022.05.006
https://www.ncbi.nlm.nih.gov/pubmed/37013062
https://doi.org/10.3390/cells10102509
https://doi.org/10.1016/j.omto.2019.05.005
https://doi.org/10.1159/000524305
https://doi.org/10.1002/2211-5463.12917
https://www.ncbi.nlm.nih.gov/pubmed/32594651
https://doi.org/10.1038/s43018-023-00667-z
https://www.ncbi.nlm.nih.gov/pubmed/37974028
https://doi.org/10.3390/ijms15022672
https://doi.org/10.4238/gmr.15013904
https://www.ncbi.nlm.nih.gov/pubmed/26985944
https://doi.org/10.3390/molecules27217183
https://doi.org/10.1016/j.bcp.2024.116140
https://doi.org/10.1159/000492253
https://doi.org/10.1016/j.bbcan.2023.189024
https://doi.org/10.1080/15384101.2016.1158361
https://doi.org/10.1038/bjc.2016.298
https://www.ncbi.nlm.nih.gov/pubmed/27711082
https://doi.org/10.1038/s41419-018-0539-4
https://www.ncbi.nlm.nih.gov/pubmed/29706628
https://doi.org/10.3389/fphar.2017.00244
https://www.ncbi.nlm.nih.gov/pubmed/15015572

Cells 2025, 14, 602 21 of 21

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Nong, H.; Song, X.; Li, Y,; Xu, Y,; Wang, E; Wang, Y.; Zhang, J.; Chen, C.; Li, ]. AdipoRon reduces cisplatin-induced ototoxicity in
hair cells:possible relation to the regulation of mitochondrial biogenesis. Neurosci. Lett. 2024, 819, 137577. [CrossRef]

Salmons, H.I.; Gow, C.; Limberg, A K.; Bettencourt, ].W.; Carstens, M.F,; Payne, A.N.; Morrey, M.E.; Sanchez-Sotelo, J.; Berry, D.J.;
Dudakovic, A ; et al. The Safety of Adiponectin Receptor Agonist AdipoRon in a Rabbit Model of Arthrofibrosis. Tissue Eng. Part
C Methods 2023, 29, 154-159. [CrossRef]

Sibaud, V.; Lebceuf, N.R.; Roche, H.; Belum, V.R.; Gladieff, L.; Deslandres, M.; Montastruc, M.; Eche, A.; Vigarios, E.; Dalenc, F,;
et al. Dermatological adverse events with taxane chemotherapy. Eur. J. Dermatol. 2016, 26, 427-443. [CrossRef]

Kim, J.H,; Lee, ].O.; Kim, N.; Lee, H.].; Lee, YW.; Kim, H.I,; Kim, S.J.; Park, S.H.; Kim, H.S. Paclitaxel suppresses the viability of
breast tumor MCF7 cells through the regulation of EF1a and FOXO3a by AMPK signaling. Int. J. Oncol. 2015, 47, 1874-1880.
[CrossRef]

McNamee, N.; Rajagopalan, P.; Tal-Mason, A.; Roytburd, S.; Sachdeva, UM. AMPK Activation Serves as a Common Pro-Survival
Pathway in Esophageal Adenocarcinoma Cells. Biomolecules 2024, 14, 1115. [CrossRef]

Mekkawy, A.L; Naguib, YYW.; Alhaj-Suliman, S5.0.; Wafa, E.I; Ebeid, K.; Acri, T.; Salem, A.K. Paclitaxel anticancer activity is
enhanced by the MEK 1/2 inhibitor PD98059 in vitro and by PD98059-loaded nanoparticles in BRAFV600E melanoma-bearing
mice. Int. ]. Pharm. 2021, 606, 120876. [CrossRef]

Wiwatchaitawee, K.; Mekkawy, A.IL; Quarterman, J.C.; Naguib, YW.; Ebeid, K.; Geary, S.M.; Salem, A.K. The MEK 1/2 inhibitor
PD98059 exhibits synergistic anti-endometrial cancer activity with paclitaxel in vitro and enhanced tissue distribution in vivo
when formulated into PAMAM-coated PLGA-PEG nanoparticles. Drug Deliv. Transl. Res. 2021, 12, 1684-1696. [CrossRef]
[PubMed]

Okano, J.-i.; Nagahara, T.; Matsumoto, K.; Murawaki, Y. The growth inhibition of liver cancer cells by paclitaxel and the
involvement of extracellular signal-regulated kinase and apoptosis. Oncol. Rep. 2007, 17, 1195-1200. [CrossRef] [PubMed]
Brognard, J.; Dennis, P.A. Variable apoptotic response of NSCLC cells to inhibition of the MEK/ERK pathway by small molecules
or dominant negative mutants. Cell Death Differ. 2002, 9, 893-904. [CrossRef] [PubMed]

Yuan, J.; Dong, X.; Yap, J.; Hu, J]. The MAPK and AMPK signalings: Interplay and implication in targeted cancer therapy. J.
Hematol. Oncol. 2020, 13, 113. [CrossRef]

Kawashima, I.; Mitsumori, T.; Nozaki, Y.; Yamamoto, T.; Shobu-Sueki, Y.; Nakajima, K.; Kirito, K. Negative regulation of the
LKB1/AMPK pathway by ERK in human acute myeloid leukemia cells. Exp. Hematol. 2015, 43, 524-533.e1. [CrossRef]

Tong, S.; Zhou, T.; Meng, Y.; Xu, D.; Chen, ]. AMPK decreases ERK1/2 activity and cancer cell sensitivity to nutrition deprivation
by mediating a positive feedback loop involving eEF2K. Oncol. Lett. 2020, 20, 61-66. [CrossRef]

Stulpinas, A.; Sereika, M.; Vitkeviciene, A.; Imbrasaite, A.; Krestnikova, N.; Kalvelyte, A.V. Crosstalk between protein kinases
AKT and ERK1/2 in human lung tumor-derived cell models. Front. Oncol. 2022, 12, 1045521. [CrossRef]

Zhao, Y.; Hu, X; Liu, Y;; Dong, S.; Wen, Z.; He, W.; Zhang, S.; Huang, Q.; Shi, M. ROS signaling under metabolic stress: Cross-talk
between AMPK and AKT pathway. Mol. Cancer 2017, 16, 79. [CrossRef]

Luce, A.; Lombardi, A.; Ferri, C.; Zappavigna, S.; Tathode, M.S.; Miles, A K.; Boocock, D.].; Vadakekolathu, J.; Bocchetti, M.;
Alfano, R;; et al. A Proteomic Approach Reveals That miR-423-5p Modulates Glucidic and Amino Acid Metabolism in Prostate
Cancer Cells. Int. |. Mol. Sci. 2022, 24, 617. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.neulet.2023.137577
https://doi.org/10.1089/ten.tec.2023.0008
https://doi.org/10.1684/ejd.2016.2833
https://doi.org/10.3892/ijo.2015.3153
https://doi.org/10.3390/biom14091115
https://doi.org/10.1016/j.ijpharm.2021.120876
https://doi.org/10.1007/s13346-021-01065-7
https://www.ncbi.nlm.nih.gov/pubmed/34635984
https://doi.org/10.3892/or.17.5.1195
https://www.ncbi.nlm.nih.gov/pubmed/17390065
https://doi.org/10.1038/sj.cdd.4401054
https://www.ncbi.nlm.nih.gov/pubmed/12181740
https://doi.org/10.1186/s13045-020-00949-4
https://doi.org/10.1016/j.exphem.2015.03.005
https://doi.org/10.3892/ol.2020.11554
https://doi.org/10.3389/fonc.2022.1045521
https://doi.org/10.1186/s12943-017-0648-1
https://doi.org/10.3390/ijms24010617

	Introduction 
	Materials and Methods 
	Cell Culture and Drug Preparation 
	Chemical Reagents 
	Cell Proliferation Assay 
	PI Exclusion Assay 
	Cell Cycle Analysis 
	Colony Forming Assay 
	Cell Viability 
	Multi-Drug Synergy Analysis 
	Protein Extraction and Quantification 
	Immunoblotting 
	Statistical Analysis 

	Results 
	Combination of AdipoRon Plus Paclitaxel Enhances Cell Growth Inhibition and Impairs Clonogenic Potential in NSCLC Cells 
	Combination of AdipoRon Plus Paclitaxel Displays Synergic Interplay in NSCLC Cells 
	Combination of AdipoRon Plus Paclitaxel Affects Cell Cycle Progression in NSCLC Cells 
	Combination of AdipoRon Plus Paclitaxel Improves Chemotherapy-Induced Apoptosis in NSCLC Cells 
	Combination of AdipoRon Plus Paclitaxel Induces AMPK Activation in NSCLC Cells 
	Combination of AdipoRon Plus Paclitaxel Downregulates ERK1/2 in NSCLC Cells 

	Discussion 
	Conclusions 
	References

