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ABSTRACT

This study attempts to explore the function and
mechanism of action of rosavin in small-cell lung
cancer (SCLC) in vitro. The viability and clone forma-
tion of SCLC cells were assessed using cell counting
kit-8 and colony formation assays, respectively.
Apoptosis and cell cycle were detected using flow
cytometry and cell cycle analysis, respectively.
Wound healing and transwell assays were performed
to evaluate the migration and invasion of SCLC cells.
Besides, protein levels of p-ERK, ERK, p-MEK and
MEK were determined using Western blot analysis.
Rosavin repressed the viability and clone formation
of SCLC cells, and promoted apoptosis and G/G,
arrest of SCLC cells. At the same time, rosavin sup-
pressed migration and invasion of SCLC cells. More-
over, protein levels of p-ERK/ERK and p-MEK/MEK
were decreased after rosavin addition in SCLC cells.
Rosavin impaired malignant behaviors of SCLC
cells, which may be associated with inhibition of the
MAPK/ERK pathway in vitro.
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Lung cancer is a serious threat to public health with high morbidity and mortality in

the world (1, 2). It is estimated that about 2.1 million new cases of lung cancer are diag-
nosed in 2018 (3, 4). Based on histological categories, lung cancer is classified as small-cell
lung cancer (SCLC) and non-small-cell lung cancer (NSCLC) (5, 6). SCLC accounts for
about 15 % of lung cancer, which is featured by a rapid proliferation rate and early meta-
stases (7, 8). Currently, chemotherapy and radiotherapy are the mainstays of SCLC therapy
(9, 10). However, there is still a dismal prognosis for SCLC patients at present (11-13).
Therefore, it is important to seek novel effective tactics for SCLC treatment.
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Rosavin refers to an alkylbenzene diglycoside compound, which is a vital active
ingredient of Rhodiola rosea L. (14). It is proven that rosavin possesses anticancer and anti-
oxidative efficacy (15-17). Indeed, convincing evidence has demonstrated the important
function of rosavin in several diseases (18, 19). For instance, rosavin is demonstrated to
alleviate ovariectomy-caused osteoporosis in mice (18). Rosavin is demonstrated to inhibit
inflammation and pulmonary fibrosis induced by bleomycin in mice (19). Nevertheless,
few reports have illustrated the biological role of rosavin in SCLC.

It is reported that activation of the MAPK/ERK pathway is closely associated with the
development of many cancers (20-22) including SCLC (23). For example, activation of the
MAPK/ERK pathway contributes to the survival of SCLC cells (24). Suppression of the
MAPK/ERK pathway can block many mechanisms promoting metastasis of SCLC cells
(25). Notably, a study from Marchev ef al. has indicated that rosavin can affect the apopto-
sis of T cells via regulating the MAPK/ERK pathway, suggesting its potential in the regula-
tion of immune diseases and cancers (26). However, whether rosavin makes an impact on
SCLC development via regulating the MAPK/ERK pathway remains unclear.

In this study, we explored the specific influences of rosavin on SCLC cells as well as
underlying mechanisms implicated in these processes in vitro.

EXPERIMENTAL

Chemical reagent

Rosavin is also termed (E)-3-phenyl-2-propenyl 6-O-a-L-arabinopyranosyl-{3-p-
glucopyranoside, which is isolated from the root of Rhodiola rosea L. Its chemical structure
is shown in supplement. It is a yellow paste and is soluble in methanol, ethanol, DMSO and
other organic solvents. Rosavin (purity > 98 %) stock solutions dissolved in DMSO were
obtained from Nuodande Standard Technical Services (China). The concentration of
rosavin stock solutions was 1.0 mg mL™, and rosavin working solutions were prepared by
serial dilution of the stock solutions with methanol (Sigma Aldrich, China).

Cell culture and treatment

Human SCLC cell lines (H69, H446 and H526) were purchased from the American
Type Culture Collection (USA). All cells were cultured in Roswell Park Memorial Institute
(RPMI) 1640 medium (Thermo Fisher Scientific, USA) containing 10 % fetal bovine serum
(FBS; Gibco, USA) and 1 % penicillin/streptomycin (Gibco). Under a condition of 95 %
humidity, 5 % CO, and 37 °C, these cells were incubated.

To explore the role of rosavin in SCLC cells, H69, H526 and H446 cells were added into
96-well plates and were cultured to 70-80 % confluent. Then these cells were exposed to
different concentrations of rosavin (0, 5, 10, 20, 50 and 100 pumol L™) for 72 h at 37 °C.

Cell counting kit (CCK)-8 assay

The viability of H69, H526 and H446 cells was assessed according to instructions of a
Cell Counting Kit-8 (Beyotime, Shanghai, China). In brief, cells (1 x 10° cells/well) were
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plated into 96-well plates, followed by incubation for 24, 48 and 72 h. Then CCK-8 solution
(10 pL) was added to react for 2 h. The optical density of each well was measured at 490 nm
using a microplate reader (MG LABTECH, USA).

Colony formation assay

H69, H526 and H446 cells were digested and then put into six-well plates at a density
of 1 x 10% cells/well. After these cells were incubated at 37 °C for 2 weeks, cells were washed
twice with phosphate-buffered saline (PBS), fixed with methanol for 20 min, and stained
with 0.5 % crystal violet solution for another 20 min at room temperature. At last, a Nikon
microscope was used to count the colony number in five randomly chosen fields.

Flow cytometry

H69, H526 and H446 cells were digested through trypsin without EDTA, and the cell
suspension was centrifuged at 1,000 x g for 5 min at room temperature. Then these cells
were washed with PBS twice and were centrifuged at 1,000 x g for 5 min at room tempera-
ture. The supernatant was discarded and cells were re-suspended in 1 x binding buffer.
Afterwards, re-suspended cells were incubated with 5 UL propidium iodide staining solu-
tion (Beyotime) and 5 uL Annexin V-FITC solution (Beyotime) in the dark at room tem-
perature for 15 min. The percentage of cell apoptosis was evaluated via a FACSCalibur
Flow Cytometer (Becton Dickinson, USA).

Cell cycle analysis

H69, H526 and H446 cells were dissociated via trypsin without EDTA, and the cell
suspension was centrifuged at 1,000 x g for 5 min at room temperature. Then cells were
washed using PBS twice and were again centrifuged at 1,000 x g for 5 min at room tem-
perature. After the supernatant was discarded, cells were re-suspended and fixed in 70 %
(VIV) ethanol at 4 °C for 2 h. Ethanol used was discarded via centrifugation at 1,000 x g for
5 min at 4 °C. After being washed with PBS twice, cells were incubated with 400 uL propi-
dium iodide staining solution in the dark for 20 min. Then cell samples were subjected to
a FACSCalibur Flow Cytometer.

Wound healing assay

H69, H526 and H446 cells (5 x 10* cells/well) were plated into 6-well plates, which were
then cultured in RPMI 1640 medium containing 10 % FBS. When the cell monolayer was
formed, scratches were made and the relative length of scratches was recorded. After being
washed via PBS, cells were cultured in an FBS-free medium for 24 h. Then cells were ob-
served using an inverted microscope (Nikon, Japan) to gauge the wound-healing distance.
The following formula was used to calculate the wound healing rate: (1-24 h scratch
width/0 h scratch width) x 100.

Transwell assay

The invasion ability of H69, H526 and H446 cells was assessed through transwell
assays. Transwell chambers (8-mm pore size; Corning, USA) coated with Matrigel (BD
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Biosciences, USA) were used. Cell suspension (100 pL) suspended in an FBS-free medium
was loaded into upper chambers. Also, a culture medium (600 pL) containing 10 % FBS
was appended to the lower chambers. After the chambers were incubated for 24 h, a cotton
swab was used to wipe off residual cells on the upper surface of the inner chamber. Mean-
time, cells in the lower surface of chambers were fixed using paraformaldehyde and dyed
using crystal violet. Invasive cells were counted under an optical microscope.

Western blot analysis

Proteins were extracted from H69, H526 and H446 cells via RIPA buffer (Beyotime).
Then lysates were centrifuged at 12, 000 r/min for 10 min at 4 °C, and cell supernatant was
mixed with 5 x loading buffer and denatured at 100 °C for 5 min. Next, the concentration
of isolated proteins was examined using a BCA kit. The sodium dodecyl sulphate-poly-
acrylamide gels with 10 % separation gel and 5 % stacking gel were prepared. The protein
samples (10 pL) were separated by electrophoresis in 1 x buffer (9.4 g glycine, 1.51 g Tris-
base, 0.5 g SDS, 500 mL ddH,0) at 80 V for 30 min and at 120 V for 1 h, and were moved to
polyvinylidene difluoride membranes. After being blocked with skim milk, primary anti-
bodies (Abcam, USA) against ERK (1:1000, ab17942), p-ERK (1:1000, ab201015), MEK
(1:20000, ab178876), p-MEK (1:1000, ab278564) and (3-actin (1:200, ab115777) were added to
incubate overnight. Subsequently, the secondary antibody (1:2000, ab6721) was added to
incubate for 1 h. Finally, blot detection was performed via a Bioimaging system (Bio-Rad,
USA), and protein quantification was performed using Image J software (NIH, USA).

Statistical analysis

GraphPad Prism 7.0 (GraphPad Software Inc., USA) was used for performing statisti-
cal analysis. All experimental data were presented as mean + standard deviation. Differ-
ence comparisons between two groups of data were performed using Student’s ¢-test. Dif-
ference comparisons among multiple groups of data were performed using One-way
ANOVA, accompanied by Tukey’s test. p < 0.05 was regarded as statistical significance.

RESULTS AND DISCUSSION
Rosavin represses the viability and clone formation of SCLC cells

Firstly, the effect of rosavin on the proliferation of SCLC cells was determined by per-
forming CCK-8 and colony formation assays. It came out that the viability of H69, H526 and
H446 cells was attenuated by the addition of 5, 10, 20 and 50 pmol L™ rosavin in a dose-
dependent manner (Fig. la—c, p < 0.05). When 100 pmol L rosavin was added, the ceiling
effect was observed. Likewise, the addition of 5, 10, 20 and 50 pumol L™ rosavin resulted in
decreasing colony formation of H69, H526 and H446 cells in a dose-dependent manner
compared to no rosavin (Fig. 1d—f, p < 0.05). When 100 umol L™ rosavin was added, the
ceiling effect was observed.

Rosavin facilitates the apoptosis of SCLC cells

The result of flow cytometry analysis demonstrated that the percentage of apoptotic
H69, H526 and H446 cells was elevated after the addition of 5, 10, 20 and 50 pumol L
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Fig. 1. Rosavin represses the viability and clone formation of SCLC cells. a—c) The viability of H69,
H526 and H446 cells was evaluated by CCK-8 assay; d—f) The clone formation of H69, H526 and H446
cells was determined by colony formation assay. *p <0.05, **p <0.01, ***p <0.001, vs. 0 umol L™ rosavin.
Each experiment was performed in triplicate in three independent experiments (11 = 3).

rosavin in a dose-dependent manner (Fig. 2a—¢, p < 0.01). Also, when 100 pmol L™ rosavin
was added, the ceiling effect was observed.
Rosavin promotes G,/G; arrest of SCLC cells

Likewise, the addition of 5, 10, 20, 50 and 100 pumol L™ rosavin led to evident G,/G,
arrest of H69, H526 and H446 cells in comparison with no rosavin added (Fig. 3a—c).
Rosavin attenuates the migration and invasion abilities of SCLC cells while suppressing

the MAPK/ERK pathway in SCLC cells

Additionally, wound healing and transwell assays were performed to detect the impacts
of rosavin on migration and invasion in H69, H526 and H446 cells. As illustrated in Fig. 4a—c,
rosavin (5, 10, 20 and 50 pmol L) stimulation could distinctly reduce the wound healing rate
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Fig. 2. Rosavin facilitates apoptosis of SCLC cells. a—c) The percentage of apoptotic H69, H526 and
H446 cells was detected via flow cytometry. ***p < 0.001, vs. 0 umol L rosavin. Each experiment was
performed in triplicate in three independent experiments (1 = 3).
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Fig. 3. Rosavin promotes G/G, arrest of SCLC cells. a—c) The cell cycle of H69, H526 and H446 cells
was determined using cell cycle analysis, vs. 0 umol L™ rosavin. Each experiment was performed in
triplicate in three independent experiments (1 = 3).
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Fig. 4. Rosavin attenuates the migratory and invasive abilities of SCLC cells, and suppresses the
MAPK/ERK pathway in SCLC cells. a—c) The migration of H69, H526 and H446 cells was detected by
wound healing assay; d—f) the invasion of H69, H526 and H446 cells were detected by transwell assay;
g-i) protein levels of p-ERK, ERK, p-MEK and MEK were detected by Western blot in H69, H526 and
H446 cells. *p <0.05, **p < 0.01, **p < 0.001, vs. 0 pumol L™ rosavin. Each experiment was performed in
triplicate in three independent experiments (1 = 3).

276



R. Liu et al.: Rosavin exerts an antitumor role and inactivates the MAPK/ERK pathway in small-cell lung carcinoma in vitro, Acta Pharm.
73 (2023) 269-280.

of H69, H526 and H446 cells in a dose-dependent manner compared to rosavin (0 pmol L)
stimulation (p < 0.05). The ceiling effect was observed when 100 pmol L™ rosavin was added.
Moreover, rosavin (5, 10, 20 and 50 pumol L™) stimulation reduced the numbers of invaded H69,
H526 and H446 cells in a dose-dependent manner compared to rosavin (0 pmol L) stimula-
tion (Fig. 4d—f, p <0.001). The ceiling effect was found when 100 umol L rosavin was added.

Finally, whether rosavin could affect the MAPK/ERK pathway was verified via the
determination of pathway-related proteins (p-ERK, ERK, p-MEK and MEK). It was found
that protein levels of p-ERK/ERK and p-MEK/MEK in H69, H526 and H446 cells were
reduced by rosavin (5, 10, 20 and 50 umol L) addition in a dose-dependent manner (Fig.
4g—i, p < 0.05). Also, the ceiling effect was found when 100 pumol L™ rosavin was added.

These outcomes consistently indicated that the MAPK/ERK pathway was inactivated
by rosavin in SCLC cells.

Targeted therapy and immunotherapy have offered a promising direction for the
precision treatment of lung cancer (27, 28). It is noted that rosavin is uncovered to play im-
portant roles in several pre-clinical models, such as inflammatory and diabetic models (29,
30). More importantly, the antitumor role of rosavin in bladder cancer and Ehrlich’s tumor
has been demonstrated (17, 31). In this context, we explored whether rosavin had an antitu-
mor role in SCLC in vitro. We found that the addition of 5, 10, 20, 50 and 100 pmol L™ ro-
savin repressed the viability, clone formation, migration and invasion of SCLC cells. How-
ever, the ceiling effect was observed when 100 pmol L™ rosavin was added, suggesting that
50 pmol L™ rosavin displayed the best antitumor role among these concentrations. At the
same time, we found that rosavin facilitated apoptosis and G0/G1 arrest of SCLC cells. Our
findings were similar to prior studies. For instance, extract from Rhodiola rosea rhizomes is
previously reported to promote apoptosis and cell cycle arrest in neutrophil promyelophils
(32, 33). Rosavin proved to impair the growth of malignant tumor cells in the liver (15). Al-
together, the above outcomes suggest that rosavin prevented SCLC development in vitro,
which highlighted a theoretical basis for further application of rosavin in SCLC therapy.

According to previous reports, the MAPK/ERK pathway is involved in SCLC develop-
ment. For instance, activation of the MAPK/ERK pathway promotes the survival of SCLC
cells (24). Several mechanisms facilitating metastasis of SCLC cells are inhibited after the
inactivation of the MAPK/ERK pathway (25). Therefore, we performed Western blotting to
explore whether rosavin could make an impact on the MAPK/ERK pathway in SCLC. We
discovered that relative protein expression of p-ERK/ERK and p-MEK/MEK was decreased
by rosavin addition in SCLC cells, implying that rosavin may repress SCLC development
via inactivating the MAPK/ERK pathway. And rosavin-induced suppression of the MAPK/
ERK pathway in SCLC was similar to the results of previous studies. Previously, rosavin
is demonstrated to block the MAPK/ERK signalling pathway to impair the development
of osteoclastogenesis (34). Rosavin is demonstrated to repress the MAPK/ERK pathway in
L-glutamate-induced neurotoxicity (26). Taken together, these findings supported the con-
clusion that the suppressive influence of rosavin on SCLC development may be associated
with the suppression of the MAPK/ERK pathway.

CONCLUSIONS

To conclude, we demonstrated that rosavin was capable of inhibiting the progression
and development of SCLC in vitro, and the underlying mechanism had a connection with
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the MAPK/ERK pathway. This investigation may provide a promising antitumor agent for
SCLC treatment.
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