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Abstract: Despite the therapeutic advancement with chemotherapy and targeted therapy against non-small-cell
lung cancer (NSCLC), most patients ultimately develop resistance to these drugs, exhibiting disease progression,
metastasis, and worse prognosis. There is, therefore, a need for the development of novel multi-targeted thera-
pies that can offer a high therapeutic index with lesser chances of drug resistance against NSCLC. In the present
study, we evaluated the therapeutic potential of a novel multi-target small molecule NLOC-015A for targeted treat-
ment of NSCLC. Our in vitro studies revealed that NLOC-015A exhibited a broad spectrum of anticancer activities
against lung cancer cell line. NLOC-015A decreased the viability of H1975 and H1299 cells with respective IC,
values of 2.074£0.19 and 1.90+0.23 um. In addition, NLOC-015A attenuated the oncogenic properties (colony for-
mation, migratory ability, and spheroid formation) with concomitant downregulation of expression levels of epider-
mal growth factor receptor (EGFR)/mammalian target of rapamycin (mTOR)/AKT, nuclear factor (NF)-kB, signaling
network. In addition, the stemness inhibitory effect of NLOCO-15A was accompanied by decreased expression levels
of aldehyde dehydrogenase (ALDH), MYC Proto-Oncogene (C-Myc), and (sex-determining region Y)-box 2 (SOX2) in
both H1975 and H1299 cell lines. Furthermore, NLOC-015A suppressed the tumor burden and increased the body
weight and survival of H1975 xenograft-bearing mice. Treatment with NLOC-015A also attenuated biochemical and
hematological alterations in the tumor bearing mice. Interestingly, NLOC-015A synergistically enhanced the in vitro
efficacy, and therapeutic outcome of osimertinib in vivo. In addition, the toxicity of osimertinib was significantly
attenuated by combination with NLOC-015A. Altogether, our findings suggested that combining osimertinib with
NLOC-015 appears to be a promising way to improve osimertinib’s efficacy and achieve better therapeutic results
against NSCLC. We therefore suggest that NLOC-015A might represent a new candidate for treating NSCLC via act-
ing as a multitarget inhibitor of EGFR/mTOR/NF-Kb signaling networks and efficiently compromising the oncogenic
phenotype of NSCLC.
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Introduction cancer [1, 2], and causes the highest death
compared to other cancers worldwide [1]. In
According to the latest WHO reports, lung can- 2020, lung cancer accounts for about 12% to

cer is the second most commonly diagnosed 13% of new cases, and about 22% to 23% of
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cancer death in males and females, respective-
ly [3]. The five-year survival rate of patients has
been reported as low < 15% [4], reflecting a
lack of effective long-term treatment. Lung can-
cer has been classified as small-cell lung can-
cer (SCLC) and Non-small-cell lung cancer
(NSCLC). However, NSCLC contributes about
85% of all lung cancers [5] including adenocar-
cinomas and squamous cell carcinomas [6].
An extensive number of risk factors including
environmental pollution, smoking, irradiation,
genetic alterations, etc. have been attributed to
the increased prevalence and progression of
lung cancer [7].

Accumulating evidence from clinical and
genome sequencing studies have shown that
drivers, such as Kirsten rat sarcoma viral on-
cogene (KRAS) [8], epidermal growth factor
receptor (EGFR) mutation [9], mesenchymal-
epithelial transition (MET) amplification [10],
and human epidermal growth factor receptor 2
(HER2), mutations are greatly linked with
increased risk of lung cancer development,
metastasis and drug resistance via modulation
of downstream signaling network. Among these
driver genes, EGFR is the most widely mutated
and implicated in lung cancer angiogenesis,
cell proliferation, apoptosis inhibition, metasta-
sis, and drug sensitivity and resistance [11].
EGFR exert its oncogenic role via regulation of
the phosphatidylinositol 3-kinase (PI3K)/AKT,
Janus kinase 2 (JAK2)/signal transducer and
activator of transcription 3 (STAT3), and Ras/
mitogen-activated protein kinase (MAPK) path-
ways [12-14]. Consequently, three generations
of EGFR-tyrosine kinase inhibitors (TKIs), for
target therapy against EGFR driven NSCLC have
been developed with significant clinical suc-
cess against EGFR-driven NSCLC [15]. Despite
these advances, further improvements are
needed as the majority of patients ultimately
develop resistance to the first, second and third
generation of TKIs [16], exhibiting disease pro-
gression, metastasis and worse prognosis [3,
16]. There is, therefore, a need for the develop-
ment of novel targeted therapies that can
offer a high therapeutic index against NSCLC
with lesser chances of drug resistance and
adverse effect when compared to chemothera-
py. However, to the best of our knowledge, no
previous studies identified a molecule that can
connectively modulate the EGFR, and PI3K-TOR
pathways in NSCLC.
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Due to the higher efficacy and safety compared
with traditional chemotherapy drugs, multi-tar-
geted small drugs for the treatment of human
cancers have transformed the concept of on-
cological medicine [17, 18]. Our in-house syn-
thesized multi-target small molecules have
received great therapeutic success with trans-
lational relevance for the treatment of cancers,
inflammations, and immune-related disorders
[19-39].

Biphenyl, and isoflavones are natural product
backbones with a vast range of biological activ-
ities [40, 41]. Difluorophenyl is an important
bioactive substituent group that has been
implicated in the biological activities of several
drugs [42]. Niclosamide is a multipurpose com-
pound with proven efficacy in treating several
diseases, including cancers [43, 44]. Con-
sequently, in the present study, we employ a
structurally guided pharmacophore hybridiza-
tion and scaffold-hopping [45] of these bioac-
tive scaffolds to design and synthesis a novel
small molecules, NLOC-015A. Subsequently,
we demonstrated that NLOC-015A suppresses
the proliferation and oncogenic phenotypes of
NSCLC via inhibiting the EGFR/mTOR, signaling
network. Furthermore, NLOC-O15A synergisti-
cally enhanced the anti-NSCLC activities of
osimertinib and attenuated disease-induced
alterations of biochemical and hematological
parameters in NSCLC bearing tumor xenograft
mice. We, therefore, suggest that NLOC-015A
might represent a new candidate for treating
NSCLC.

Materials and methods
Cell lines and culture

A total of 60 human tumor cancer cell lines
from nine different tissue origins; breast, colon,
brain, kidneys, hemopoietic cells, lungs, pros-
tate, ovaries, and melanocytes were obtain-
ed from the US-National Cancer Institute-
Developmental Therapeutics Program (DTP). In
addition, two other NSCLC cell lines (H1299
and H1975) obtained from American Type
Culture Collection (ATCC, Manassas, VA, USA)
were cultured/subcultured at 90%~95% con-
fluence in Roswell Park Memorial Institute
(RPMI) 1640 medium supplemented with 10%
fetal bovine serum (FBS) (Gibco) and 1% peni-
cillin/streptomycin (Invitrogen, Life Technolo-
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gies, Carlsbad, CA, USA) under standard incu-
bator condition (37°C in 5% humidified CO,).

Synthesis of NLOC-015A

The starting material of diflunisal (2’,4’-difluoro-
4-hydroxy-[1,1-biphenyl]-3-carboxylic acid) was
synthesized via a previously described step-
wise protocol [30]. Four millimolar (0.98) of
diflunisal was prepared in anhydrous tetrahy-
drofuran (30 mL), mixed with 1 mL of thionyl
chloride (14 mmol), and refluxed under a ni-
trogen atmosphere for 8 h. The resulting mix-
ture was cooled to 27°C, steamed, and reacted
with an anhydrous tetrahydrofuran solution of
3,4-difluoroaniline (0.4 mL, 4 mmol) for 14 h.
Subsequently the reaction mixture was washed
with ethyl acetate/n-hexane and extracted with
ethyl acetate followed by stepwise washing
with 10% NaHCO, (15 mL), double-distilled (dd)
H,O, and brine (10 mL), and dried over anhy-
drous MgSO, to obtain a white intermediate
compound, (N-(3,4-difluorophenyl)-2’,4’-difluo-
ro-4-hydroxy-[1,1’-biphenyl]-3-carboxamide)
[30], which was further cyclized to NLOC-015A
(6-(2,4-difluorophenyl)-3-(3,4-difluorophenyl)-
2H-benzole][1,3] oxazine-2,4(3H)-dione) in the
presence of methyl chloroformate and pyridine
[31].

Cell-viability assay

A cell-viability assay was conducted using the
sulforhodamine B (SRB; Sigma-Aldrich, Taipei,
Taiwan) reagent as described previously [46].
Cells were harvested at 80% confluence and
seeded in 96-well plates (10* cells/well) for 24
h followed by treatment with graded concentra-
tions of NLOC-015A (0-3.2 1 um), osimertinib,
or a combination of the two drugs. After 48 h of
drug treatment, cells were fixed with trichloro-
acetic acid (TCA; 10%) for 1 h and then stained
with 0.4% (w/v) SRB. Unbound SRB was washed
out with 1% (v/v) acetic acid and allowed to dry
overnight. The contents of the plate were fur-
ther solubilized in 20 mM Tris-buffer, and the
absorbance was recorded at 562 nm with the
aid of a microplate reader (Molecular Devices,
Sunnyvale, CA, USA). Possible synergetic/
antagonistic effects of NLOC-015A and osimer-
tinib were evaluated by analyzing the combina-
tion index (Cl) using CompuSyn software for
Drug Combinations [47]. Accordingly, Cl values
of < 1 were considered to be synergism, = 1
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indicated an additive effect, and > 1 represent-
ed an antagonistic effect of the two drugs [48].

Cell-migration assay

NSCLC cells (H1299 and H1975) were seeded
into two-well (10° cells in 100 yL media/well)
silicon inserts placed in six-well plates and
incubated for 24 h. After incubation, the medi-
um was siphoned off, and the insert was care-
fully removed, followed by the addition of fresh
medium containing NLOC-015A (1 ym). Awound
scratch was made on the plate. The wound was
photographed under a microscope (Olympus
CKX53 Cell Culture microscope) immediately
after treatment (O h) and after 24 h, and wound
closure was quantified with the aid of NIH
Imagel software (https://imagej.nih.gov/ij/).

Colony-formation assay

A method modified from Franken et al. [49] was
used to assess the effect of NLOC-O15A treat-
ments on colony formation by H1299 and
H1975 cells. Briefly, 300 cells were seeded in
six-well plates and treated with NLOC-015A (1
pum). Cells were allowed to grow for a week, and
the colony-formation inhibitory effect of the
drug was assessed relative to untreated cells
using an SRB fixation protocol.

Tumor sphere formation assay

The sphere formation assay was conducted
according to the method described by Ma et al.
[50]. Briefly, the NSCLC cells (H1299 and
H1975) were seeded into the ultra-low-attach-
ment six-well plates (5 x 102 cells per well) con-
taining stem cell medium; serum-free RPMI
1640 medium supplemented with B27 and 20
ng/mL human basic fibroblast growth factor
(bFGF) (Invitrogen, Grand Island, NY, USA), and
epidermal growth factor (20 ng/mL, Millipore,
Bedford, MA). The plates were incubated in the
presence (NLOC-O15A, 1 pm), or absence of
drug treatment. The medium was changed
every 72 h. After 7 days of incubation, the
aggregated spheres (diameter > 50 um) were
counted and photographed with an inverted
phase-contrast microscope.

Western blot analysis

After 48 hrs of drug treatment, the total protein
lysates from NLOC-O15A-treated and untreated
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cells were harvested using a protein lysis buffer
(containing proteinase inhibitors and phospha-
tase inhibitors, RIPA). Protein lysates (25 ug)
were denatured and separated using a 10%
sodium dodecylsulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) gel [51]. Proteins were
transferred onto nitrocellulose membranes and
blocked in 5% skim milk followed by washing
with TBST (0.2% Tween-20, 50 mM Tris-HCI at
pH 7.5, and 150 mM NaCl). Following overnight
incubation (at -4°C) with respective primary
antibodies against mTOR (diluted 1:1000, cat.
no.: 2983, Cell Signaling Technology, Danvers,
MA, USA), Akt (diluted 1:1000, cat. no.: 4691,
Cell Signaling Technology), NF-kB (diluted
1:1000, cat. no.: 8242, Cell Signaling Tech-
nology). The membrane was incubated with
appropriate horseradish peroxidase-conjugat-
ed secondary antibodies for 60 min. Protein-
antibody interactions were detected with an
enhanced chemiluminescence (ECL) kit (ECL-
Plus, Amersham Pharmacia Biotech, Piscata-
way, NJ, USA), and the band image was cap-
tured using the BioSpectrum® Imaging System
(Upland, CA, USA). GAPDH was used as an inter-
nal control to confirm equal gel loading.

In vivo studies

Animal experiments were approved by and con-
ducted in strict compliance with the ethical
conduct of Taipei Medical University as con-
tained in the Affidavit of Approval (approval no.
LAC-2017-0161). In total, 24 female NOD/SCID
mice (6 weeks old with an average weight of
25.32+1.24 g) were obtained from BioLASCO
(Taipei, Taiwan) and maintained under stan-
dard lab conditions at the Animal Center of
Taipei Medical University. Mice were randomly
divided into four groups (n = 6), and 5 x 10°
H1975 cells were subcutaneously injected into
the right hind flank, and tumors were allowed to
grow. Mice in groups A~C were respectively
treated with NLOC-O15A only (5 mg/kg body
weight (BW) five times/week), osimertinib only
(5 mg/kg BW five times/week), and combined
treatment (5 mg/kg BW five times/week), while
group D mice served as the control and received
0.5 mL PBS. BW changes and tumor growth
were monitored on a weekly basis using an
electronic weighing balance and standard cali-
pers. The final tumor volume was computed
using the formula: tumor volume = ¥ (length x
width?) [52, 53]. After 4 weeks of treatment,
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animals were placed on mild ether anesthesia
and humanly sacrificed as described previously
[54, 55], after which blood samples were col-
lected into free-tubes and EDTA-containing
tubes and were respectively processed for sub-
sequent biochemical and hematological analy-
ses. Following blood sample collection, the ani-
mals were quickly dissected, and the tumors,
liver, kidneys, and lungs were carefully harvest-
ed and processed for further analyses.

Analysis of hematological and biochemical
parameters

Blood samples from treated and control mice
were analyzed for levels of hematological com-
ponents including hemoglobin (HGB), hemato-
crit (HCT), red blood cells (RBC) counts, white
blood cell (WBC) counts, mean corpuscular
hemoglobin (MCH), mean corpuscular volume
(MCV), and mean corpuscular hemoglobin con-
centration (MCHC) using an automated hema-
tologic analyzer (Sysmex, KX-21, Japan) as
described by Dacie and Lewis [56]. All biochem-
ical analyses including serum activities of ala-
nine transaminase (ALT) and aspartate trans-
aminase (AST), and concentrations of serum
electrolytes (Na, K, and Cl), total protein, biliru-
bin, albumin, urea, and creatinine were ana-
lyzed using an automated chemical analyzer
according to established protocols [57-63].

Statistical analysis

Replicates of the experimental data were ana-
lyzed using GraphPad Prism vers. 6.04 for
Windows (GraphPad Software, La Jolla, CA,
USA). Results were computed as the mean +
SD of the replicates. One-way analysis of vari-
ance (ANOVA), followed by Duncan post hoc
test was performed for statistical comparison
within the groups. Data from treatment groups
were compared with the control using Student’s
t-test. Data were considered statistically signifi-
cance at P < 0.05 (*), P < 0.001 (**), and P <
0.0001 (**¥*).

Results

Rationale for structurally guided pharmaco-
phore hybridization strategy for the design and
synthesis of NLOC-series of compounds

Pharmacophore hybridization and scaffold-
hopping of bioactive compounds are important
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Figure 1. Schematic illustration of the proposed drug design strategy and the current work. Structurally guided phar-
macophore hybridization strategy for the design and development of a series of NLOC compounds.

approach for novel drug design and develop-
ment [45]. Biphenyl, and isoflavones are impor-
tant natural product backbones, and several
bioactive compounds containing these back-
bones were reported to have a vast range of
biological activities, including antioxidative,
anti-atherosclerosis, muscle relaxant, antimi-
crobial, anti-inflammatory, and anticancer
effects [40, 41]. A difluorophenyl is an impor-
tant bioactive compound that has been impli-
cated in the biological activities of several
drugs. A number of clinical drugs, e.g., diflunisal
contain difluorophenyl as the major bioactive
moieties responsible for its pharmacological
activities (anticancer, anti-arthritis, analgesic,
and anti-inflammatory properties) [42]. In addi-
tion, entrectinib contains difluorophenyl as
the major anticancer component responsible
for its bioactivity. Niclosamide is a multipur-
pose clinical small molecule with several bio-
logical activities including antihelmintic, anti-
oxidant, antimicrobial, anti-inflammatory, anti-
cancer and immune-modulatory properties
[43, 44]. Therefore, due to the various activities
mentioned above, these compounds and their
derivatives may represent target compounds
worthy of preclinical evaluation and future clini-
cal trials for the treatment of cancer. In the
present study, the structurally guided pharma-
cophore hybridisation strategy of these bioac-
tive scaffolds (flavones and isoflavones), biphe-
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nyl, difluorophenyl, and salicylanilide led to the
discovery and synthesis of following structurally
related novel small molecules (Figure 1).

In silico structural-activity based profiling
strongly suggest the potential of NLOC-015A
for the treatment of lung cancer and associ-
ated inflammatory condition

Following the design and synthesis, and prior to
our experimental validations, we used the PASS
(prediction of activity spectra for substances)
algorithm to evaluate the potential applications
of NLOC-015A based on the in silico structural-
activity relationship. Interestingly, our structur-
al-activity related profiling revealed that NLOC-
015A could be useful as antineoplastic, anti-
inflammatory, for the treatment of biliary tract,
hepatic, renal and prostate disorders. In addi-
tion, the compound could be used as an inhibi-
tor of cyclooxygenase, MAP2K, EGF, STAT, and
P13K (Table S1). Specific anti-cancer profiling
against common cancer cell lines revealed the
high anti-proliferative potential of NLOC-015A
against the lung cancer cell lines including
A549, and NCI-H128; Colon cancer cell lines
including RKO, and HCT-116; and pancreatic
cancer lines including HuP-T3 and CFPAC-1
(Table S2). Collectively, our in silico structural-
activity based profiling strongly suggests the
potential of NLOC-O15A for the treatment of
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lung cancer and associated inflammatory
condition.

Screening and selection of first-in class com-
pound with higher efficacy against lung cancer

We explored the availability of well-character-
ized US National Cancer Institute (NCI)-60
human tumor cell lines to screen the antican-
cer profile of the 12 compounds against mu-
[tiple cell line panels of human cancers from
nine different tissue origins; breast, colon,
brain, kidneys, hemopoietic cells, lungs, pros-
tate, ovaries, and melanocytes through the
Development Therapeutics Program (DTP) of
the NCI [64, 65]. The compounds were first
evaluated for anti-proliferative and cytotoxic
effects at an initial single dose of 10 uM.
Compounds demonstrating satisfactory anti-
cancer profile at single dose treatment, were
subsequently selected, and screened for dose-
dependent responses. Among the 12 com-
pounds, we found that only NLOC-011 and
NLOC23 demonstrated no significant antican-
cer activities against the NCI-60 cell lines and
thus were not selected for subsequent analy-
sis. However, the remaining 10 compounds
including the NLOC-02, NLOC-03, NLOC-06,
NLOC-09, NLOC-10, NLOC-15, NLOC-018,
NLOC-21, and NLOC-22 demonstrated signifi-
cant anticancer activities and were thus evalu-
ated for dose-dependent activities against nine
cell lines subsets of human non-small cell lung
cancer (Figure 2), revealing dose dependent
antiproliferative activities with IC, ranging
0.96+0.24 to 2.77+0.34 puM (Table 1). Among
the 3 compounds (NLOC-15, NLOC-21, and
NLOC-22) that demonstrated the highest activi-
ties (lowest mean IC,), only NLOC-O15A exhib-
ited activities against all the nine cell lines of
NSCLC (Table 1). In addition, this compound
also demonstrated significant anti-cancer
activities against other human tumor cell line
origins (Figure 3A and 3B). Hence, this com-
pound was selected for subsequent functional
mechanistic analysis against 2 NSCLC cell
lines: H1299 and H1975.

NCI-DTP COMPARE analysis revealed that
NLOC-015A shared similar antitumor finger-
print with NCI-mechanistic mechanistic of
EGFR/PI3BK/AKT/mTOR signaling network

The US-National Cancer Institute-Develop-
mental Therapeutics Program (DTP)-COMPARE
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analysis revealed high anti-cancer fingerprint
similarities with several synthetic compounds
including Niclosamide, Dibromsalan, three
members of NLOC series (NLOC-10B, NLOC-
21A, and NLOC-2B) and other compounds with
high fingerprint correlation (cor; 0.55~0.92),
and common cell line counts (CCLCs; 47~57).
Except for 4-chloro-2,6-bis [5-chloro-3-(chloro-
methyl)-2-hydroxyphenyl]-methyl] phenol (MW;
506.6 g/mol), all other NCl-synthetic com-
pounds presented to shares similar antitumor
fingerprints with NLOC-015A are small mole-
cules (MW; 297.7~445.8 g/mol). The identity,
cor-value, common cell counts, and molecular
weight of the synthetic compounds are also
shown in Table 2. Interestingly, the NCI- investi-
gational and mechanistic drugs with highly sim-
ilar (cor; 0.34~0.75) anticancer fingerprint of
NLOC-15A included several mechanistic inhibi-
tors of EGFR/ PI3K/Akt/mTOR/MET signaling
pathways. Subsequently, we explored the po-
tential of NLOC-015A as a therapeutic target
against this signature.

NLOC-015A compromised the cell viability and
oncogenic phenotypes of NSCLC via inhibition
of the EGFR//mTOR/NF-Kb signaling path-
ways, and synergistically enhanced the anti-
tumorigenic activities of osimertinib in NSCLC
cells

We evaluated the effects of NLOC-O15A on the
viability and oncogenic phenotypes of NSCLC
cells. Our results revealed that treatments with
NLOC-015A progressively decreased the viabil-
ity of H1975 and H1299 cells with respective
IC,, values of 2.07+£0.19 and 1.90+0.23 pm
(Figure 4A). Furthermore, treatment with NLOC-
015A significantly inhibited the colony-forma-
tion (Figure 4B) and migratory abilities (Figure
4C) of H1299 and H1975 cells. A Western blot
analysis indicated that NLOC-015A significantly
decreased expression levels mTOR, AKT, p-AKT,
NF-kB, and EGFR, in both the H1975 and
H1299 cell lines (Figure 4D). Collectively, our
results demonstrated that NLOC-015A compro-
mised the oncogenic phenotypes of NSCLC
cells via modulation of the EGFR- and PI3K-TOR
signaling pathways.

Combination therapy is seen as one of the
strategies for improving drug efficacy and ame-
liorating drug resistance associated with single
therapies. Therefore, we assessed the possi-
ble effect of NLOC-O15A in combination with

Am J Cancer Res 2023;13(6):2598-2616
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0.01, ***P < 0.001, ****P < 0.0001.
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Table 1. The half maximal inhibitory concentrations (IC, ) of structurally related small molecule de-
rivatives of niclosamide against the 9 cell lines subsets of human non-small cell lung cancer

IC,, (half maximal inhibitory concentration; (UM))

Gompounds A549/ATCC EKVX HOP-62 HOP-92 NCI-H226 NCI-H23 NCI-H322M NCI-H460 NCI-H522 MEAN + SD
NLOC-02 2.640 3.950 1.120 3.530 2.390 2.780 3.040 2.77+0.34
NLOC-03 1.570 1.380 1.590 0.684 1.510 1.070 1.560 1.460 0.923 1.30+0.11
NLOC-06 3.260 2.280 2930 0.824 2.010 1.890 2.760 2.670 1.320 2.21+0.26
NLOC-09 3.520 2.680 2.390 0.338 1.860 1.490 2.230 1.420 0.642 1.84+0.33
NLOC-10 1.050 2,510 0.219 1.730 0.395 1.300 0.569 1.11+0.30
NLOC-13 2.550 3.110 0.920 2.530 2.090 2.370 2.940 2.35+0.27
NLOC-15 1.580 1.460 1.410 0.389 1.410 0.936 1.450 1.320 0.666 1.18+0.13
NLOC-18 1.680 1.180 1.480 0.952 1.510 1.130 1.340 1.530 1.420 1.35+0.07
NLOC-21 1.870 1.880 0.239 0.554 0.406 1.810 0.850 0.357 0.995+0.25
NLOC-22 1.875 1.900 0.239 1.300 0.331 1.260 0.556 0.281 0.96+0.24
- No activity.

osimertinib. Interestingly synergetic Cl indices
in the ranges of 0.27~0.95 and 0.33~0.96
were respectively obtained for H1975 and
H1299 cells (Figure 4E), thus indicating that
NLOC-O15A and osimertinib acted synergisti-
cally to suppress the viability of NSCLC cells.

NLOC-015A inhibited the spheroid-forming abil-
ity NSCLC via inhibition ALDH/C-MYC/SOX2

Our further analysis revealed that the spheroid-
forming abilities of H1975 and H1299 cells
were compromised by NLOC-O15A treatment
(Figure BA). Western blot analysis revealed that
H1975 and H1299 spheroid exhibited higher
expression levels of ALDH, C-MYC and SOX2
when compared with their respective parental
cell line controls (Figure 5B). Collectively, our
results demonstrated that NLOC-O15A inhibit-
ed the spheroid-forming ability NSCLC via inhi-
bition ALDH/C-MYC/SOX2.

NLOC-015A suppressed tumorigenesis and
enhanced the in vivo efficacy of osimertinib in
a xenograft model of NSCLC

We explored a mouse xenograft model to evalu-
ate the in vivo anticancer activities of NLOC-
015A alone and in combination with osimer-
tinib (Figure 6A). NLOC-015A alone significantly
suppressed H1975 tumor growth (Figure 6A,
6B), enhanced the survival (Figure 6C) and
weight gain (Figure 6D) of animals despite the
decrease feed intake (Figure 6E) compared to
the vehicle control. Interestingly, treatment
with a combination of NLOC-015A and osimer-
tinib achieved significantly higher in vivo effica-
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cy compared to individual therapy. These find-
ings suggested that NLOC-O15A synergized
with osimertinib to elicit higher antitumorigenic
activities in NSCLC.

NLOC-015A attenuated biochemical and he-
matological alterations in NSCLC tumor bear-
ing mice

We evaluated the effect of NLOC-015A treat-
ment on hematological and serum biochemical
parameters of the liver and kidney integrity in
NSCLC tumor-bearing mice (Figure 7; Table 3).
Our analysis revealed the elevated levels of
serum transaminases (serum glutamic-oxalo-
acetic transaminase (SGOT) and serum glutam-
ic pyruvic transaminase (SGPT)), total proteins,
and uric acid (UA) in NSCLC tumor-bearing
mice. These alterations were significantly
attenuated by combined treatment compared
to the individual treatment (Table 3). Further-
more, combined therapy attenuated elevated
levels of potassium and creatinine that were
observed in the serum of osimertinib-treated
mice. An analysis of hematological parameters
found that no tumor or treatment-mediated
changes were observed in erythrocytic indices
(RBCs, HGB, HCT, MCV, MCHC, MCH, or RDW-
cv). However, leukocytosis, characterized by
elevated WBCs, neutrophils (NEUTs), mono-
cytes (MONOs), and eosinophils (EOSs), was
observed in osimertinib-treated mice. However,
combined treatment with osimertinib and
NLOC-015A significantly ameliorated the ele-
vated leucocytic indices. Similarly, thrombocy-
tosis, marked by elevated platelets (PLTs) and
decreased P-LCR counts observed in control

Am J Cancer Res 2023;13(6):2598-2616
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Figure 3. High throughput in vitro anti-cancer screening of NLOC-015A against the 60-cancer-cell-line of the US-National Cancer Institute-Developmental Therapeu-
tics Program (DTP). A. Anti-proliferative effect of NLOC-015A against panels of 60 human cancer cell lines. Each cell line was treated with a single dose of (10 uM) of
NLOC-015A. The zero points represents the mean percentage of cell growth. The percentage growth inhibition of each cell line relative to the mean is represented by
values under 100 (antiproliferative), whereas those values below O indicate cell death (cytotoxic effect). B. Dose-cytotoxic response curves of NLOC-015A against the
cell lines. The growth percentage value of +100 on the Y-axis represents the growth of untreated cells, the O value represents no net growth, while -100 represents
the complete death of cells.
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Table 2. NCI synthetic compounds and investigational drugs sharing similar anti-cancer and mechanistic fingerprints with NLOC-015A

NCI_Investigational and Mechanistic Drugs

P CCLC Target NSC NCI_Synthetic_Small Molecules MW (g/mol)
P CCLC NSC Target

0.92 57 765599 NLOC-10B 350.334 0.75 59 778746 FH535 EGR-1/vegfr

0.88 59 765689 NLOC-21A 378.334 0.54 57 772886 Apatinib VEGFR

0.76 59 50686  N-(4-chloro-2-methylphenyl)-3-hydroxynaphthalene- 311.8 0.49 59 784590 Altiratinib c-MET/TIE-2/VEGFR
2-carboxamide

0.73 57 765598 NLOC-2B 361.294 0.45 57 804518 Rogaratinib Pan- FGFR

0.72 59 81947  5-bromo-N-(4-bromophenyl)-2-hydroxybenzamide 371.08 0.45 54 789968 LY3023414 PI3K/AKT

0.72 59 81947  Dibromsalan (USAN) 371.02 045 59 795718 BLU554 FGFR4

0.72 59 758440 Niclosamide (USAN) 32712 045 57 751249 Dactolisib PI3K

0.72 58 50683  N-(3-chlorophenyl)-3-hydroxynaphthalene-2-carboxamide 297.7 0.44 59 803248 MTX211 EGFR/P13K

0.71 59 756620 N-[3-[3,5-bis(trifluoromethyl)phenyl]c-[1,2,4]triazolo[3,4- 449.4 0.37 58 802451 CT-LY320 TGF-B
b][1,3,4]thiadiazol-6-yl]cyclopentanecarboxamide

0.71 57 48444  4-chloro-2,6-bis[[5-chloro-3-(chloromethyl)-2-hydroxyphe- 506.6 0.36 58 808507 CT-JNJ646 EGFR, MET
nyllmethyl]phenol

0.7 51 709566  N-(2-fluorophenyl)-7-hydroxy-2-[3-(trifluoromethyl)phenyl] 442.2 0.36 59 754353 BKM-120 (PI3K) P13K
iminochromene-3-carboxamide

0.68 47 709571  N-(4-fluorophenyl)-2-(3-fluorophenyl)imino-7-hydroxy- 392.4 0.35 59 802820 FT1518 MTOR
chromene-3-carboxamide

0.68 58 791026  2-[(Z)-2-carboxy-1-(6-nitro-1H-benzimidazol-2-yl)ethenyl]- 358.71 0.34 59 803248 MTX211 EGFR PI3K
4-chlorophenolate

0.67 57 179496 5,6-dichloro-2-hexyl-1H-imidazo[4,5-b]pyrazine 273.16 0.34 59 764515 Torkinib (PP242) MTOR

Pearson’s correlation coefficient. CCLC: Common cell lines count. MW: molecular weight. Seed Descriptor: S 765690.
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Figure 4. NLOC-015A compromised the cell viability and oncogenic phenotypes of non-small-cell lung cancer (NSCLC)
via modulation of EGFR and PI3K-TOR signaling pathways. (A) NLOC-015A significantly suppressed the viability of
H1299 and H1975 cells in dose-dependent manners. Graphical representation of the inhibitory effects of NLOC-
015A on the (B) colony-forming, and (C) migratory abilities of H1299 and H1975 cells. (D) Western blot analysis
showing that NLOC-015A suppressed expression levels of Akt, p-Akt, EGFR, mTOR, and NF-kB, in H1299 and H1975
cells compared to their vehicle-treated counterparts. (E) Representative right-angle isobologram triangles showing
that NLOC-015A combined with osimertinib produced a synergetic effect. *P < 0.05, **P < 0.01, ***P < 0.001.
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mice were attenuated by combined treatment
(Figure 7).

Discussion

Lung cancer poses a serious threat to human
health and has recently been tagged the sec-
ond most common malignant disease with the
highest incidence and mortality rate [1].
Despite the therapeutic advancement with che-
motherapy and targeted therapy, the majority
of NSCLC patients ultimately develop resis-
tance to these drugs [3, 16]. There is, there-
fore, a need for the development of novel multi-
targeted therapies that can offer a high efficacy
with lesser chances of drug resistance against
NSCLC [66]. In the present study, we provide
preclinical evidence of the therapeutic efficacy
of NLOC-O15A a multitarget small-molecule
inhibitor of EGFR/mTOR/NF-Kb for the treat-
ment NSCLC (Figure 8).

We demonstrated that NLOC-O15A inhibited
the proliferation and oncogenic attributes (colo-
ny formation, migration, and sphere formation)
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Figure 5. Effects of NLOC-O15A treatment on the
spheroid-forming abilities of H1299 and H1975 cells.
Graphical representation of the inhibitory effects of
NLOC-015A on the (A) spheroid-forming abilities of
H1299 and H1975 cells. Scale bar 50 ym. (B) West-
ern blot analysis showing that NLOC-015A suppressed
expression levels of ALDH, c-Myc, and SOX2 in both
H1299 and H1975 spheroid. *P < 0.05, **P < 0.01.

of H1975 and H1299 cells with concomitant
downregulation of expression levels of onco-
genic targets, including mTOR, Akt, NF-kB,
EGFR, ALDH, c-Myc, and SOX2. Accumulating
evidence indicates that combinations of two
drugs in appropriate proportions often leads
to higher therapeutic satisfaction and less
chances of drug resistance compared to indi-
vidual therapies [67, 68]. Interestingly, NLOC-
015A synergized and enhanced the efficacy of
osimertinib against NSCLC, providing a more
cell viability inhibition compared to individual
treatment. These data therefore suggested
that NLOC-015 could be used to enhance the
efficacy of osimertinib and possibly provide a
solution to the recent emergence of osimer-
tinib-resistance NSCLC.

In line with our in vitro data, NLOC-015A also
demonstrated in vivo anticancer activities
against an H1975-bearing xenograft mouse
model. NLOC-O15A inhibited proliferation,
decreased the tumor burden, and enhanced
the survival of mice compared to the control
counterparts. In addition, NLOC-015A improved
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Figure 6. NLOC-0O15A suppressed tumorigenesis and enhanced the in vivo efficacy of osimertinib in a xenograft
model of non-small-cell lung cancer (NSCLC). (A) Tumor burden vs. time curve, and (B) post-treatment tumor image
showing the suppressive effect of NLOC-015A on H1975 xenograft-bearing mice. (C) Kaplan-Meier plot of survival,
(D) body weight of treated mice, and (E) average feed/water intake compared to those in the control group. *P <

0.05, **P < 0.01, ***P < 0.001.

the BW gain of mice, suggesting the safety and
absence of adverse effects of the compound
when administered to mice. NLOC-015A also
demonstrated a higher suppressive effect on
tumor growth when combined with osimertinib.
It was reported that inhibitors of mTOR and
STAT3 appear to be the main mechanism of the
enhanced antitumor efficacy of combination
therapy in various cancers [68, 69].

Results of the present study also corroborate
our previous findings, which indicated that the
combination of a clinical drug with a small-mol-
ecule inhibitor of mTOR/CDK6/STAT3 offers a
higher therapeutic index in in vitro and in vivo
models of glioblastomas [39]. Altogether, our
findings suggested that combining osimertinib
with NLOC-015 appears to be a promising way
to improve osimertinib’s efficacy and achieve
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better therapeutic results against NSCLC. We
therefore, suggest that NLOC-015A might rep-
resent a new candidate for treating NSCLC via
acting as a multitarget inhibitor of EGFR/mTOR/
NF-Kb signaling networks and efficiently com-
promising the oncogenic phenotype of NSCLC.

Liver and kidney impairment are common
comorbidity for cancer patients either because
of the disease itself, toxicity of anticancer treat-
ments, or other factors affecting organ function
[70]. Therefore, analysis of serum biochemical
indices of liver and kidney function including
ALT, AST, ALP, total proteins, creatinine, urea,
and electrolytes concentrations are essential
parameters in assessing the therapeutic out-
come of anticancer agents. Consequently, we
evaluated the effect of NLOC-O15A treatment
on hematological parameters and serum bio-
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Figure 7. Effect of NLOC-015A treatment on hematological parameters of NSCLC tumor bearing mice. Bar graph of
the effect of NLOC-015A treatment on (A) erythrocytic parameters, (B) thrombocytic parameters, and (C) leucocytic
parameters in NSCLC tumor bearing mice. *P < 0.01, **P < 0.01, ***P < 0.001. # significant high expression

compared to the control group.

Table 3. Effect of NLOC-015A treatment on hematological parameters of NSCLC tumor bearing mice

Vehicle NLOC-015A Osimertinib Combo
SGPT (U/1) 351.00+£130.51° 86.00+2.94° 88.50+6.65° 80.00+6.68°
SGOT (U/1) 927.00+236.96° 497.00+88.50%° 440.50+£251.59%° 168.00+£70.292
TP (g/dl) 5.90+0.35° 5.85+0.10° 6.10+0.17° 2.89+£1.002
TBIL (mg/dl) 2.20+0.38? 1.60+0.342 1.70+0.90° 1.20+0.08°
CRE (mg/dl) 0.47+0.012 0.46+0.03° 0.61+0.07° 0.44+0.11°
UA (mg/dl) 4.20+0.70° 2.55+0.192° 1.80+£0.922 1.65+0.38?
Na (mEg/ml) 127.10+37.25°2 165.50+4.572 163.50+2.63° 182.00+9.35°
K (mEg/ml) 126.85+60.822P° 202.80+31.13"¢ 280.40+70.40° 21.05+16.73?
Cl (mEqg/ml) 125.50+4.652 119.50+1.89° 123.00+2.522 150.00+4.55°

Values with different superscript alphabet (a, b, c) are significantly different (p<0.05).

chemical markers of hepatic and kidney func-
tion in the NSCLC tumor-bearing mice. The ele-
vated levels of the AST, ALT, total proteins, and
uric acid (UA) in NSCLC tumor-bearing mice sug-
gested that the integrity of the liver and kidney
has been compromised. In line with our find-
ings, Cao et al. [71], reported elevated levels of
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ALT, AST and AKP in cancer patients [71].
Interestingly, the reversal effects of NLOC-015A
on the serum biochemical indices suggested
its safety profile as well as its attenuative
effects on hepatorenal impairment in NSCLC
bearing mice. Toxicity of osimertinib has been
documented [72]. Our analysis revealed that
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Figure 8. Schematic representation of the mechanism of action of NLOC-
015. NLOC-015 compromised the proliferation, stemness and oncogenic
phenotypes of NSCLC via multi target inhibition of EGFR-AKT/mTOR/NF-kB

signaling networks.

the combination of NLOC-015A with osimer-
tinib reversed the elevation in potassium and
creatinine levels that were observed in osimer-
tinib-treated mice.

The hematopoietic system is a crucial compo-
nent of the body system that regulates various
physiological and pathological conditions [73].
Hematological parameters including PCV, HB,
WBC, RBC PLT are important component of
hematopoietic system that plays a pivotal role
in the body defense and disease conditions
and are well known to be susceptible to oblit-
eration by toxicant, foreign substances, thera-
peutic agents, and diseases conditions includ-
ing cancers [74-77]. Our analysis of hemato-
logical parameters identified leukocytosis,
characterized by elevated WBCs, neutrophils
(NEUTs), monocytes (MONOs), and eosinophils
(EOSs), in osimertinib-treated mice. However,
combined treatment with osimertinib and
NLOC-015A significantly ameliorated the ele-
vated leucocytic indices. Collectively, these
findings suggested that NLOC-015A, not only
enhanced the efficacy of osimertinib but also
alleviated its toxic effects, thus may serve as
attractive strategies for the treatment of
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NSCLC. However, the limita-
tion of our study must be
acknowledged. The absence
of pharmacokinetic studies to
ascertain the drug likeness of
the compound marked a criti-
cal area that required further
studies. Therefore, studies
are currently ongoing to eluci-
date the in vivo pharmacoki-
netics and drug distribution of
NLOC-015A in in vivo animal
model.

Conclusions

In conclusion, we provide pre-
clinical evidence of the thera-
peutic efficacy of NLOC-015A
a multitarget small-molecule
inhibitor of epidermal growth
factor receptor (EGFR)/mam-
malian target of rapamycin
(mTOR)/AKT, nuclear factor
(NF)-kB for the treatment
NSCLC. Our findings suggest-
ed that combining osimertinib
with NLOC-015A appears to be a promising way
to improve osimertinib’s efficacy and achieve
better therapeutic results against NSCLC.
NLOC-015A, not only enhanced the efficacy of
osimertininb but also attenuated its toxicity. We
therefore suggest that NLOC-015A might repre-
sent a new candidate for treating NSCLC.
Further pre-clinical study to evaluate the full
therapeutic properties of NLOC-O15A for the
treatment of NSCLC is ongoing in our
laboratory.
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Table S41. In silico structural-activity relationship profile of NLOC-015A based on PASS (prediction of
activity spectra for substances) algorithm

Score Activities

0.735 Biliary tract disorders treatment

0.602 Neurodegenerative diseases treatment

0.573 Antineurotic

0.426 Antineoplastic

0.344 Cyclooxygenase inhibitor

0.317 Hepatic and renal disorders treatment

0.331 Prostate disorders treatment

0.362 Antiinflammatory

0.230 Interleukin 10 agonist

0.148 Macrophage migration inhibitory factor inhibitor
0.096 Transcription factor STAT6 inhibitor

0.102 MAP-kinase-activated kinase 2 inhibitor

0.110 EGF expression inhibitor

0.110 MAP-kinase-activated kinase inhibitor

0.252 Phosphatidylcholine-retinol O-acyltransferase inhibitor

Table S2. Specific anti-cancer profiling of NLOC-015A against common cancer cell lines based on
PASS (prediction of activity spectra for substances) algorithm

Pa Pi Cell-line Full name Tissue Tumor type
0.424 0.083 A549 Lung carcinoma Lung Carcinoma
0.124 0.103 NCI-H128 Small cell lung cancer Lung Carcinoma
0.231 0.169 Hs-578T Invasive ductal breast carcinoma Breast Carcinoma
0.270 0.092 CWR22R Prostate carcinoma epithelial cell line Prostate Carcinoma
0.278 0.109 PC-3 Prostate carcinoma Prostate Carcinoma
0.289 0.078 HuP-T3 Pancreatic adenocarcinoma Pancreas Adenocarcinoma
0.296 0.188 CFPAC-1 Pancreatic carcinoma Pancreas Carcinoma
0.318 0.127 RKO Colon carcinoma Colon Carcinoma
0.403 0.049 HCT-116 Colon carcinoma Colon Carcinoma
0.424 0.083 A549 Lung carcinoma Lung Carcinoma




