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ARTICLE INFO ABSTRACT

Keywords: Lung cancer, which has a high incidence and mortality rates, often metastasizes and exhibits
Lung cancer resistance to radiation therapy. Seongsanamide B has conformational features that suggest it has
Metastasis

therapeutic potential; however, its antitumor activity has not yet been reported. We evaluated the
possibility of seongsanamide B as a radiation therapy efficiency enhancer to suppress y-irradia-
tion-induced metastasis in non-small cell lung cancer. Seongsanamide B suppressed non-small cell
lung cancer cell migration and invasion caused by y-irradiation. Furthermore, it suppressed
y-irradiation-induced upregulation of Bcl-X|, and its downstream signaling molecules, such as
superoxide dismutase 2 (SOD2) and phosphorylated Src, by blocking the nuclear translocation of
phosphorylated STAT3. Additionally, seongsanamide B markedly modulated the y-irradiation-
induced upregulation of E-cadherin and vimentin. Consistent with the results obtained in vitro,
while seongsanamide B did not affect xenograft tumor growth, it significantly suppressed
y-irradiation-induced metastasis by inhibiting Bcl-X;/SOD2/phosphorylated-Src expression and
modulating E-cadherin and vimentin expression in a mouse model. Thus, seongsanamide B may
demonstrate potential applicability as a radiation therapy efficiency enhancer for lung cancer
treatment.

Seongsanamide B
Radiation therapy enhancer

1. Introduction

In 2020, the global mortality rate for newly diagnosed cases of lung cancer was estimated to exceed 80% [1,2]. While the five-year
overall survival rate for lung cancer patients has increased due to the early diagnosis of this condition, non-small cell lung cancer
(NSCLC), which accounts for approximately 80-90% of cases, is often diagnosed at the advanced stages, making surgical resection
difficult [3-5]. Treatment options for NSCLC include chemo-, immune-, radio-, and chemoradiotherapy [5,6]. Although radiation
therapy is an effective localized treatment, it can induce radiation-induced metastasis [7]. Therefore, new strategies that combine
radiation therapy with enhancers capable of suppressing such metastasis are needed.
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Nomenclature

DPBS Dulbecco’s phosphate-buffered saline

EMT Epithelial-mesenchymal transition
FBS Fetal bovine serum

H&E Hematoxylin and eosin

IL-6 Interleukin-6

IR Irradiation

NSCLC Non-small cell lung cancer
SOD2 Superoxide dismutase 2
STAT3  Signal transducer and activator of transcription 3

Signal transducer and activator of transcription 3 (STAT3) plays a critical role in tumorigenesis, including cancer formation,
development, and metastasis and is activated in 22%-65% of NSCLCs, with high STAT3 expression indicating a poor prognosis for
patients [8-10]. STAT3 is activated through phosphorylation in response to various stimuli, such as interleukin-6 (IL-6), interferon vy,
epidermal growth factor, and platelet-derived growth factor, resulting in homodimer formation [11,12]. These activated STAT3 di-
mers translocate into the nucleus and bind to DNA promoter regions to transcribe genes encoding cell-cycle regulators, such as c-Myc
and cyclin D1, and antiapoptotic markers, such as Mcl-1, survivin, Bcl-2, and Bcl-X;, [13-15]. Constitutively activated STAT3 is closely
associated with metastasis in NSCLC patients [16]. Sublethal y-irradiation can induce tumor invasion, migration, and metastasis via
activation of the IL-6/STAT3/Bcl-X|, signaling pathway [17,18]; exposure to y-irradiation can also activate epithelial-mesenchymal
transition (EMT) progression in lung cancer cells [19]. Therefore, identifying candidates capable of inhibiting IL-6/STAT3/Bcl-X,
signaling is crucial for developing radiation therapy enhancers that can effectively suppress radiation therapy-induced cancer
metastasis.

Seongsanamide B (Fig. 1A) is a bicyclic peptide isolated from Bacillus safensis KCTC 12796BP [20]. Its bicyclic structure is
considered to confer high conformational rigidity and metabolic stability to the compound [21]. These features are generally asso-
ciated with high target specificity and resistance to enzymatic digestion, suggesting the high therapeutic potential of the compound
[22,23]. Seongsanamides, including seongsanamide B, have been reported to exhibit antiallergic properties in bone marrow-derived
mast cells in vitro [20]. Furthermore, seongsanamide A exhibited antiallergic activity in a passive cutaneous anaphylaxis mouse model
[20]. However, the antitumor effects of seongsanamide B have not yet been reported.

In this study, we evaluated the role of seongsanamide B as a novel radiation therapy enhancer by analyzing its antimetastatic
activity in NSCLC cell lines and a metastasis animal model.

2. Materials and methods
2.1. General experimental procedures

HPLC was performed using the Gilson HPLC system (321 pump and UV/VIS-155 detector) equipped with the Hector M C18 column
(22.5 x 250 mm). Nuclear magnetic resonance spectra were recorded using the AVANCE 400 MHz spectrometer (lH, 400 MHz, and
3¢, 100 MHz; Bruker, Billerica, MA, USA) with dimethyl sulfoxide-d6. Ultraviolet and electronic circular dichroism spectra were
obtained using the Cary5000 (Agilent, Santa Clara, CA, USA) and J-810 (Jasco, Tokyo, Japan) spectrophotometers, respectively, at the
Research Center for Natural Products and Medical Materials.

(A) (B)
120 —
_ fe) E 100 - P~
AL AR IRNS K % A\
\n/ - H/\ﬂ/ N/\f( - BO—_
o Y o 'OH CI)-iN 5 £ 60
H 7 £ 4l
9 % 20 | @ AS549
o) o 3 | - H460
0 T T T T T T T T ]
HO ° '5,'(» q;g: ,;1«?’ IR S

Seongsanamide B (uM)

Fig. 1. Cytotoxic effect of seongsanamide B on NSCLC cells. (A) Chemical structure of seongsanamide B. (B) Cell viability was measured after
treatment with seongsanamide B at various concentrations (3.12, 6.25, 12.5, 2.5, 50, 100, 200, and 400 pM) for 48 h. Data are expressed as the
mean =+ standard deviation (SD) (n = 3).
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2.2. Cell culture and treatments

A549 and H460 NSCLC cells (Korean Cell Line Bank, Seoul, Korea) were cultured in Roswell Park Memorial Institute (RPMI)-1640
medium (Gibco Invitrogen Corp., Grand Island, NY, USA) containing 10% fetal bovine serum (FBS; Gibco Invitrogen Corp.) in a 5%
CO atmosphere at 37 °C. For y-irradiation, A549 and H460 cells were seeded (A549: 5 x 10° cells, H460: 1 x 10° cells) in a 60-mm?
culture dish and incubated for 18 h (70-80% confluence). The cells were exposed to y-irradiation (A549: 10 Gy, H460: 2 Gy) using the
137¢s y-ray irradiator (Gammacell 40 Exactor; Nordion International Inc., Ottawa, ON, Canada). After y-irradiation exposure, the cells
were washed with RPMI-1640. Seongsanamide B was isolated from the culture broth of B. safensis KCTC 12796BP as described pre-
viously [20], and the irradiated cells were treated with seongsanamide B for 24 h or 48 h. After incubation, the cells were harvested for
analysis.

2.3. Cell viability assay

A549 and H460 cells were seeded in 96-well culture plates (A549: 1 x 10* cells/well, H460: 2 x 10* cells/well) and treated with
seongsanamide B at various concentrations (3.12, 6.25, 12.5, 25, 50, 100, 200, and 400 pM) for 48 h. Then, 10 pL of EZ-Cyto cell
viability assay reagent (DoGenBio, Seoul, Korea) was added to each well, and the plate was incubated for 4 h. Then, the absorbance at a
450 nm wavelength was determined using the Multiskan SkyHigh Microplate Spectrophotometer (Thermo Fisher Scientific, Waltham,
MA, USA) to determine the effect of seongsanamide B on cell viability.

2.4. Wound healing assay

To assess the effect of seongsanamide B on IR-induced migration, cells were seeded in 6-well culture plates (A549: 2.5 x 10° cells/
well, H460: 5 x 10° cells/well) and incubated for 24 h. Scrapes of similar thickness were made on the cell layer. The cells were exposed
to y-irradiation (A549: 10 Gy, H460: 2 Gy), 50 pM seongsanamide B was administered, and the cells were incubated for 48 h. Images of
the wounds were captured at 0 h and 48 h using the CKX31 microscope (Olympus, Tokyo, Japan) connected to the Moticam 3" camera
(Motic, Kowloon, Hong Kong). The relative wound width was calculated using the following formula: wound width (%) = (wound
width after 48 h/initial wound width) x 100.

2.5. Invasion assay

y-Irradiated NSCLC cells (A549: 10 Gy, H460: 2 Gy) were seeded (A549: 1 x 10* cells, H460: 2 x 10* cells/well) into Matrigel-
coated 6.5-mm Transwell inserts (Corning, Glendale, AZ, USA) in serum-free RPMI-1640, and seongsanamide B was added. The in-
serts were placed in a 24-well culture plate, and the wells were filled with RPMI-1640 containing 10% FBS. After 16 h, invaded cells
were fixed with 3.8% formaldehyde (Sigma-Aldrich, St. Louis, MO, USA) for 10 min and stained with 0.23% crystal violet (Sigma-
Aldrich) for 30 min. Invaded cells were imaged and counted under a CKX31 microscope.

2.6. Nuclear fractionation

Nuclear fractionation was carried out using the NE-PER Nuclear and Cytoplasmic Extraction Reagent kit (Thermo Fisher Scientific).
Briefly, harvested cells were washed with PBS (Thermo Fisher Scientific) and suspended in ice-cold CER I containing a protease in-
hibitor cocktail (Sigma-Aldrich). After 10 min on ice, ice-cold CER II was added. The lysate was separated from the supernatant and
pelleted using centrifugation (4 °C, 5 min, ~16,000xg). The pellet was suspended in ice-cold NER for 40 min using a vortex mixer, and
the nuclear extract (supernatant) was isolated using centrifugation (4 °C, 10 min, ~16,000xg).

2.7. Engyme-linked immunosorbent assay

IL-6 protein levels in the medium were measured using the Quantikine ELISA kit (R&D systems, Minneapolis, MN, USA) according
to the manufacturer’s instructions.

2.8. Western blotting

NSCLC cell lysates and mouse lung tissue were prepared using a cell lysis buffer and T-PER™ Tissue Protein Extraction Reagent Kit
(Thermo Fisher Scientific) containing a protease and phosphatase inhibitor cocktail (Sigma-Aldrich). Equal amounts of cell lysates (15
pg) were separated using sodium dodecyl-sulfate polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride
membranes (Thermo Fisher Scientific). The membranes blocked with 5% skim milk were probed with primary antibodies against
B-catenin (#8480), p-STAT3 (#9145), STAT3 (#9139), Bcl-Xy, (#2762), p-Src (#12432), Src (#2109), SOD2 (#13141), E-cadherin
(#14472), vimentin (#5741) (Cell Signaling Technology, Danvers, MA, USA), and p-actin (#A5441; Sigma-Aldrich) overnight.
Following three washes with a buffer (0.05% Tween in PBS), the membranes were probed with horseradish peroxidase-conjugated
secondary antibodies (Thermo Fisher Scientific) at room temperature for 1 h. Antibody signals were detected using the iBright
1500 Imaging System (Invitrogen, Waltham, MA, USA).
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2.9. Animal studies

BALB/c mice (5-6-week-old females; Orient Bio Inc., Gyeonggi-do, Korea) were acclimated for a week in a climate-controlled room
(22 £+ 2 °C, 55% =+ 5% relative humidity, 12 h light/dark cycle). All animal care and ethics protocols and experiments were approved
by the Institutional Animal Care and Use Committee of Jeonbuk National University Hospital (approval numbers JBUH-IACUC-2020-7
and JBUH-IACUC-2021-10-1, Jeonju, Korea).
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Fig. 2. Seongsanamide B suppresses IR-induced cancer cell migration and invasion. (A) A wound healing assay was performed to determine the
inhibitory effect of seongsanamide B on IR-induced enhancement of the migration abilities of A549 and H460 cells. Quantitative data are shown in
(B). (C) An invasion assay was used to determine the inhibitory effect of seongsanamide B on the IR-induced enhancement of the invasion abilities of
A549 and H460 cells. Quantitative data are shown in (D). Data are expressed as the mean + SD (n = 3). ***p < 0.001.
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2.10. Xenograft tumor

A549 cells were mixed with Matrigel at a 1:1 ratio. The cells were subcutaneously injected into the flanks of mice (1 x 10° cells,
100 pL). When the xenograft tumors reached 100-200 mm?, the mice were divided into four treatment groups (control and 1, 2.5, or 5
mg/kg of seongsanamide B; n = 4 in each group). Seongsanamide B or DPBS (Thermo Fisher Scientific) was intraperitoneally
administered daily for 14 days. Tumor volumes ((width? x length)/2) were determined using a caliper twice a week for 27 days.

2.11. Analysis of y-irradiation-Induced metastasis in an animal model

A549 cells were cultured in a 100-mm? dish until they reached 70-80% confluence and exposed to 2 Gy of y-irradiation using a
TrueBeam instrument (Varian Medical Systems, Palo Alto, CA, USA). BALB/c mice (6 weeks old) were divided into four groups (0 Gy/
DPBS, n = 5; 0 Gy/5 mg/kg of seongsanamide B, n = 7; 2 Gy/DPBS, n = 5; 2 Gy/5 mg/kg of seongsanamide B, n = 7), and y-irradiated
A549 cells were injected in all mice via the tail vein. Seongsanamide B or DPBS was intraperitoneally administered daily for 7 weeks.
Their body weight was measured once a week for 7 weeks. After euthanizing the mice with ketamine, their lungs were collected.
Images of lung tissues were captured, and the metastatic lung nodules were counted. Histological and Western blot analyses were
performed on the lung tissues.

2.12. Histological analysis

Lung tissues were fixed with 10% formalin and embedded in paraffin. After staining with hematoxylin and eosin (H&E), the
metastatic lung nodules were imaged and analyzed using the Motic EasyScan One Digital Slide Scanner (Motic, Kowloon, Hong Kong).

2.13. Statistical analysis

The results are expressed as the mean + SD of three independent experiments. Statistical significance was considered as p < 0.05,
which was statistically analyzed using Student’s t-test or one-way ANOVA with Tukey post-hoc comparison on GraphPad Prism
Software (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Seongsanamide B exerts a cytotoxic effect on NSCLC cells

In our previous screening of new bioactive natural products from marine-derived microbes, seongsanamide B was identified in
Bacillus safensis KCTC 12796BP culture broth as a bicyclic peptide in the class of seongsanamides, which are biosynthesized by a non-
ribosomal peptide synthetase (Fig. 1A) [20,24]. We evaluated the cytotoxic effect of seongsanamide B in NSCLC cell lines (A549 and
HA460) to investigate its possibility as a radiation therapy enhancer for radiation combination therapy in lung cancer. The cytotoxic
effect of seongsanamide B at various concentrations (3.12, 6.25, 12.5, 25, 50, 100, 200, and 400 pM) was measured in cells treated with
the compound for 48 h. The half-maximal inhibitory concentration of seongsanamide B in A549 and H460 cells was 204.4 uM and
376.7 pM, respectively (Fig. 1B). These results indicate that seongsanamide B showed no cytotoxic effects at concentrations below 50
uM in A549 and H460 cells.

3.2. Seongsanamide B suppresses NSCLC cell migration and invasion induced by y-radiation

To investigate the anti-migration effect of seongsanamide B in cells exposed to IR, wound healing assay was performed. The scratch
wound width of A549 and H460 cells rapidly recovered after 10 Gy and 2 Gy of IR exposure (Fig. 2A). The rapid recovery caused by IR
exposure was significantly suppressed after treatment with 50 pyM seongsanamide B in both A549 and H460 cells (Fig. 2B).
Furthermore, we performed cell viability assay to confirm whether IR could affect the anti-migration effect of seongsanamide B. As
shown in Fig. S1, IR (10 Gy and 2 Gy) did not affect the cell viability in A549 and H460 cells, respectively. This result indicates that
seongsanamide B suppresses the IR-induced enhancement of tumor cell migration.

Next, we performed invasion assays to evaluate whether seongsanamide B could also inhibit the IR-induced enhancement of the
invasion ability of tumor cells. As expected, IR (10 Gy and 2 Gy) promoted the invasion abilities of A549 and H460 cells; 50 uM
seongsanamide B treatment suppressed these effects (Fig. 2C and D). This indicates that seongsanamide B suppresses IR-induced
enhancement of cell invasion abilities. These results indicate that seongsanamide B suppresses the IR exposure-induced enhance-
ment of the migration and invasion abilities of A549 and H460 lung cancer cells.

3.3. Seongsanamide B suppresses IR-induced enhancement of the migration and invasion abilities of cancer cells by blocking p-STAT3
translocation

We previously demonstrated that IR exposure induces malignant effects, such as enhanced migration and invasion abilities, via
signaling pathways involving f-catenin, IL-6, STAT3, Bcl-X, superoxide dismutase 2 (SOD2), and Src [17-19]. Therefore, we analyzed
IR-induced signaling molecules using an ELISA kit and western blotting to investigate the mechanism of seongsanamide B in inhibiting
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cell migration and invasion induced by IR in NSCLC cells. First, we measured the expression of rH2AX to validate the accuracy of
irradiation dosage. As shown in Fig. S2, we confirmed that the expression of rH2AX is induced after exposing 10 Gy or 2 Gy IR in A549
and H460 cells, respectively. IR (10 Gy and 2 Gy) sequentially activated p-catenin, IL-6, p-STAT3, Src, Bcl-X;, and SOD2 in A549 and
H460 cells (Fig. 3A and B). Treatment with 50 pM seongsanamide B reduced IR-induced Bcl-X;, SOD2, and p-Src expression but did not
decrease the expression of upstream signaling molecules, including -catenin, IL-6, and phosphorylated STAT3 in A549 and H460 cells.
Activated STAT3 with tyrosine phosphorylation translocates into the nucleus to activate various genes, including Bcl-X;, [25], and
seongsanamide B inhibited IR-induced STAT3-Bcl-Xj, signaling in this study. Therefore, to investigate whether seongsanamide B
reduced Bcl-X;, expression by blocking activated STAT3 translocation, we determined the phosphorylated STAT3 level in cells sub-
jected to nuclear fractionation using western blotting. As shown in Fig. 3C, IR (10 Gy and 2 Gy) increased the level of p-STAT3 in the
nuclear fraction, and p-STAT3 translocation was inhibited after 50 pM seongsanamide B treatment. These results suggest that
seongsanamide B may suppress IR-induced cell migration and invasion by blocking p-STAT3 nuclear translocation in NSCLC cells.

3.4. Seongsanamide B suppresses IR-induced EMT

The EMT process is activated by various intrinsic and extrinsic signaling factors, including STAT3, which regulate migration and
invasion [26,27]. IR induces cell migration and invasion by regulating STAT3 phosphorylation in various cancer cells. Furthermore, IR
promotes EMT via the Src-mediated signaling pathway [28]. Therefore, to evaluate the effects of seongsanamide B on IR-induced EMT
in NSCLC cells, using western blotting, we analyzed the levels of the EMT markers E-cadherin and vimentin after exposure to IR. The
E-cadherin levels decreased, whereas vimentin levels increased in A549 and H460 cells after exposure to 10 Gy and 2 Gy IR (Fig. 4).
These changes were recovered after treatment with 50 pM seongsanamide B. This suggests that seongsanamide B suppresses
IR-induced EMT in NSCLC cells.

3.5. Seongsanamide B attenuates IR-induced metastasis in animal model

In the present study, seongsanamide B showed inhibitory activities against IR-induced cell migration and invasion. Therefore, we
evaluated the inhibitory effect of seongsanamide B on IR-induced metastasis in vivo to develop a radiation therapy enhancer. We first
investigated the cytotoxicity of seongsanamide B to find a non-toxic concentration in vivo using a xenograft model (Fig. 5A-C). The
xenograft tumor study was performed with DPBS or seongsanamide B (1, 2.5, or 5 mg/kg) as shown in Fig. 5A. No significant dif-
ferences in body weight were observed among the four treatment groups (control and 1, 2.5, and 5 mg/kg seongsanamide B) (Fig. 5B).
Xenograft tumor growth was not significantly affected by seongsanamide B treatment (Fig. 5C). This suggests that seongsanamide B, at
a concentration of up to 5 mg/kg, does not affect xenograft tumor growth.

We then performed metastasis animal study using the IR-induced metastasis model established in a previous study [29] to
investigate whether seongsanamide B suppressed IR-induced metastasis in vivo (Fig. 5D). No significant differences in body weight
were observed among the four groups (0 Gy/DPBS, 0 Gy/seongsanamide B [5 mg/kg], 2 Gy/DPBS, 2 Gy/seongsanamide B [5 mg/kg])
(Fig. 5E). The number of metastatic lung nodules was significantly enhanced after 2 Gy IR exposure, and this effect was significantly
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Fig. 4. Seongsanamide B suppresses IR-induced EMT. Irradiated (A549; 10 Gy, H460; 2 Gy) and untreated control A549 and H460 cells were treated
with 50 pM seongsanamide or left untreated; E-cadherin and vimentin protein levels were measured using western blotting. The uncropped images
of western blotting were referred in Supplemental Material.

suppressed by 5 mg/kg seongsanamide B treatment (Fig. 5F). To confirm these effects, we histologically analyzed the cells using H&E
staining (Fig. 5G). Next, we analyzed the expression of IR-induced signaling molecules to investigate the mechanism whereby
seongsanamide B inhibits IR-induced metastasis in vivo using western blotting. The protein levels of p-STAT3, Bcl-X;, and Src signaling
molecules increased after 2 Gy IR exposure, consequently inducing EMT, in line with the in vitro experimental results (Figs. S3 and 5H).
These effects were significantly suppressed by seongsanamide B treatment. These results suggest that seongsanamide B suppresses
IR-induced metastasis in vivo by suppressing EMT via the Bcl-X;, and Src signaling pathways.

4. Discussion

Radiation therapy using ionizing radiation is a major therapeutic modality for treating cancer [5,6]. In NSCLC patients, radiation
therapy is effective for localized application but often causes IR-induced metastasis [7]. Sublethal doses of IR promote tumor invasion,
migration, and metastasis in vitro and in vivo, mediated by the IR-induced IL-6/STAT3/Bcl-X|, signaling pathway, which is a potential
therapeutic target for developing radiation therapy enhancers [17,18,30,31]. We continue to search for radiation therapy enhancers
that effectively suppress IR-induced malignant effects. In a previous study, seongsanamide B, a bicyclic peptide in the class of
seongsanamides biosynthesized by a non-ribosomal peptide synthetase, was isolated from marine-derived microbes [20]. The bicyclic
peptide has isodityrosine residue, which is a tyrosine dimer linked through a diaryl ether moiety [32]. The diaryl ether is functional
scaffold that are considered fundamental fragment of a variety of medicinal drugs as well as their bioisosteres [33,34]. Due to the
potential structural diversity of seongsanamdies, it is thought that it will be applied to various drugs, but its bioactive properties have
not yet been well studied [21].

In this study, we investigated the potential of seongsanamide B to serve as a radiation therapy enhancer to prevent IR-induced
metastasis in NSCLC. As we aimed to search for candidate radiation therapy enhancers to inhibit IR-induced metastasis without
exerting toxic effects on cells. We first determined that 50 uM of seongsanamide B is the non-toxic concentration in NSCLC cell lines.
Next, we showed that seongsanamide B suppresses the IR exposure-induced enhancement of the migration and invasion abilities of
A549 and H460 lung cancer cells. IR promotes migration and invasion through various signaling pathways, including those involving
fB-catenin, IL-6, STAT3, Bcl-X;, SOD2, and Src, all of which are associated with malignancy [17-19]. Among them, STAT3 is an
important target for radiation therapy enhancers because STAT3 is closely linked to various malignant effects, including proliferation,
survival, tumorigenesis, angiogenesis, metastasis, and EMT [11,12,27,35]. In response to IR, activated STAT3 with tyrosine phos-
phorylation translocates into the nucleus to activate various genes; this induces cancer cell migration, invasion, and metastasis [36].
We observed that seongsanamide B inhibited IR-induced upregulation of Bcl-X;, SOD2, and p-Src expression by blocking the nuclear
translocation of phosphorylated STAT3. This result suggests that seongsanamide B suppresses IR-induced cell migration and invasion
in NSCLC cells by blocking nuclear translocation of phosphorylated STAT3. Furthermore, we showed that seongsanamide B suppresses
IR-induced EMT in NSCLC cells. To confirm the potential of seongsanamide B as a radiation therapy enhancer in vivo, we evaluated its
antimetastatic activity using an IR-induced metastasis animal model established in a previous study. We observed that seongsanamide
B had no effect on xenograft tumor growth at concentration up to 5 mg/kg. For that reason, we chose seongsanamide B at a dose of 5
mg/kg to further evaluate its potential as a radiation therapy enhancer under non-toxic conditions.

In conclusion, seongsanamide B showed potential radiation therapy-enhancing activity in NSCLC cells. Seongsanamide B inhibited
IR-induced malignant effects, such as migration and invasion by suppressing Bcl-X;/SOD2/p-Src expression and regulating EMT
marker expression in NSCLC cells. In addition, seongsanamide B inhibited IR-induced metastasis by suppressing Bcl-X;/SOD2/
phosphorylated-Src expression and modulating EMT markers, E-cadherin and vimentin, in animal study. These our results suggest that
seongsanamide B has potential as a radiation therapy enhancer to suppress IR-induced metastasis in vivo via the Src signaling path-
ways. Although the use of seongsanamide B as a radiation therapy enhancer requires further studies on its safety and effectiveness,
seongsanamide B shows promise as a novel radiation therapy enhancer candidate to overcome IR-induced metastatic activity in NSCLC
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Fig. 5. Antimetastatic effects of seongsanamide B in an animal model. (A) Schematic diagram of the xenograft tumor experiment. (B) Body weights
in the xenografted and control mice. (C) Tumor volumes in the xenografted and control mice. (D) Schematic diagram of the IR-induced metastasis
experiment. (E) Body weights in the metastatic model and control mice. (F) Changes in metastatic lung nodules. Representative lung images. Data
are expressed as the mean + SD (n = 3). **p < 0.005 (G) H&E staining of lung tissues. Scale bar; 200 pm. (H) Western blotting analyses of Bcl-X,
SOD2, p-Src, Src, E-cadherin, and vimentin levels in lung tissues. The uncropped images of western blotting were referred in Supplemental Material.
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