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Abstract

Purpose: To identify the effects of osthole on the growth of multiple myeloma cells and determine the
probable molecular mechanism of action.

Methods: 3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) assay was used to
measure multiple myeloma cell viability. Flow cytometry was used for the evaluation of cell cycle and
apoptosis. For protein expression measurement, western blot analysis was employed.

Results: The results show that osthole dose- and time-dependently suppressed the viability of multiple
myeloma cells (p < 0.01). Osthole also dose-dependently initiated multiple myeloma cell cycle arrest in
GO0/G1 phase (p < 0.05) and induced multiple myeloma cell apoptosis (p < 0.01). Moreover, western
blotting revealed a significant reduction in cyclin D1 (p < 0.01) and induction in p21, cleaved caspase 3
and cleaved poly (ADP-ribose) polymerase (p < 0.01). Furthermore, osthole treatment significantly
downregulated the phosphorylation levels of protein kinase B (AKTT308), AKTS473, and extracellular
regulated protein kinase 1/2 (ERK1/2).

Conclusion: These findings demonstrated that osthole inhibited viability and induced cell cycle arrest
and apoptosis of multiple myeloma cells by regulating PISK/AKT and ERK pathways. Osthole may be
considered as a potential anticancer agent for the therapy of multiple myeloma.
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INTRODUCTION

Multiple myeloma is a hematological neoplasm
caused by neoplastic clonal growth of plasma
cells [1]. The clinical manifestations of patients
with multiple myeloma are renal insufficiency,
elevated blood calcium levels, bone damage,
and anemia [2]. In recent years, the extensive

uses of various therapies have greatly improved
the quality of patients’ life with multiple myeloma.
However, the clinical treatment still has many
difficulties [3]. Clinically, the treatment of multiple
myeloma remains a major challenge.

Osthole, an active monomer isolated from
Cnidium monnieric (L.) Cuss, has a wide range
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of pharmacological effects. Many studies have
shown that osthole has many effects, and
particularly, anticancer [4]. For example, osthole
exerts protective effects on various cancers such
as nasopharyngeal carcinoma [5], and gastric
cancer[6]. However, its role and the molecular
mechanism have not been elucidated in multiple
myeloma.

PISK/AKT pathway is an important signal
transduction pathway that plays a crucial role in
proliferation,  apoptosis, cell cycle, and
autophagy. PI3K and AKT are abnormally
expressed in cancers [7]. For instance, in
multiple myeloma, knockdown of nuclear
enriched abundant transcript 1 (NEAT1) inhibits
cell proliferation and promotes cell apoptosis
and cell cycle arrest through suppressing the
PISK/AKT pathway [8]. ERK1/2 is a subfamily of
mitogen-activated protein kinase (MAPK) that
regulates the differentiation of mammalian cells.
Osthole inhibits migration and proliferation of
panc02 cells in vitro and induces apoptosis by
inhibiting  phosphorylation of ERK1/2 [9].
Furthermore, ERK1/2 is abnormally
phosphorylated in melphalan-resistant multiple
myeloma cells and relapsed/refractory multiple
myeloma [10]. These results indicated the
important role of PI3K/AKT and ERK pathways in
the progress of multiple myeloma. Based on
these foundations, it raises the possibility that
Osthole could repress multiple myeloma cell
growth by activating ERKZ1/2. Therefore, this
study investigated the role of Osthole in the
growth of multiple myeloma cells and explored its
potential molecular mechanism.

EXPERIMENTAL
Cell culture and treatment

RPMI-8226 cells purchased from ATCC
(American Type Culture Collection; Manassas,
VA, USA) were cultured in RPMI 1640 medium
with fetal bovine serum (10% (v/v)) and Pen
Strep (100 U/mL) at 37 °C with 5 % CO,. The
cells were exposed to osthole (0, 20, 50, and 100
M) for 24, 48, and 72 h.

CCK 8 assay

Cells were inoculated in 96-well plates and
treated with osthole (0, 20, 50, and 100 uM) for
24, 48, and 72 h, respectively. Subsequently, the
cells were exposed to CCK-8 reagent (10 uL)
and incubated at 37°C for 2 h. Optical density of
the cells was determined at 450 nm, and the cell
viability was evaluated as previously reported
[11].

Western blot analysis

RPMI cells treated with osthole were lysed with
RIPA lysis buffer (Thermo Fisher, Guangzhou,
China) containing phosphatase inhibitors.
Proteins (20 yL) were separated by SDS-PAGE
(10 x 10 cm) and transferred to a PVDF
membrane, followed by treated with primary
antibodies CyclinD1 (ab16663, 1:5,000), p21
(ab109520, 1:5,000), GAPDH (ab8245, 1:5,000),
cleaved caspase 3 (ab2302, 1:5,000), cleaved
PARP (ab205718, 1:5,000), p-AKT (T308,
ab38449, 1:5,000), p-AKT (S473, ab81283,
1:5,000), AKT (ab8805, 1:5,000), p-ERK1/2
(ab223500, 1:5,000), and ERK1/2 (abl7942,
1:5,000). The primary antibodies were purchased
from Abcam (Guangzhou, China). Subsequently,
the samples were incubated with goat anti-rabbit
IgG H/L (HRP, ab205718, Abcam, Guangzhou,
China) and then visualized. GAPDH was used as
an internal reference.

Determination of cell cycle and apoptosis

Cells were treated with osthole (0, 20, 50, and
100 uM) for 72 h. Then, the cells were inoculated
into 6-well plates (2.3 x 10%well) and fixed with
chilled ethanol (70%). The cells were washed
with PBS buffer, resuspended in propidium
iodide (PI) cold solution (RNase A), and
incubated (37 °C; 30 min in the dark), and then
determined using flow cytometry assay (BD,
Franklin Lakes, NJ, USA). For apoptosis, the
RPMI-8226 cells treated with osthole were
exposed to CD34-FITC for 15 min. Then, cells
were resuspended in PBS and determined using
flow cytometry assay (BD, Franklin Lakes, NJ,
USA).

Statistical analysis

Data were presented as mean + SD. GraphPad
Prism (California, USA) was employed to
determine the significance of differences among
groups via one-way ANOVA and post-hoc tests.
A value of p < 0.05 was considered to be
statistically significant.

RESULTS

Osthole inhibited the viability of multiple
myeloma cells

RPMI-8226 cells were exposed to osthole (0, 20,
50, and 100 uM) for 24, 48, and 72 h. As shown
in Figure 1, osthole treatment dose- and time-
dependently repressed the viability of multiple
myeloma cells when compared to the control

group.
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Figure 1. Osthole inhibited the viability of multiple
myeloma cells. RPMI-8226 cells were exposed to
osthole (0, 20, 50, and 100 uM) for 24, 48, and 72 h.
Cell viability was assessed by CCK8 assay; p < 0.05
and “p < 0.01 compared with the 24h treatment group;
*p < 0.05 and *p < 0.01 compared with the 0 pM

group

Osthole induced multiple myeloma cell cycle
arrest

The role of osthole in the cell cycle was studied
using flow cytometry assay at 72 h. After osthole
treatment, the cell population in the G1 phase
was increased from 56.03% to 75.44, 79.54, and
89.87 %, respectively. However, the S phase cell
population was decreased from 39.44% to 19.81,
14.09, and 4.45%, respectively. There were no
significant changes in the G2/M phase (Figure
2A). Western blotting assay showed that Osthole
dose-dependently increased p21 expression and
increased CyclinD1 expression (Figure 2B).
These investigations showed that osthole
induced multiple myeloma cell cycle arrest.
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Figure 2: Osthole induced multiple myeloma cell cycle
arrest. RPMI-8226 cells were exposed to osthole (O,
20, 50, and 100 uM) for 72 h. A. Cell cycle was
determined using flow cytometry. B. The protein level
was measured using western blotting. *p < 0.05, **p <
0.01 compared with 0-uM group

Osthole promoted s apoptosis of multiple
myeloma cells

Apoptosis was measured using flow cytometry.
The number of apoptotic cells was significantly
increased after osthole treatment (Figure 3A). In
addition, western blot analysis indicated that
osthole treatment promoted the expressions of
cleaved caspase 3 and cleaved PARP in a dose-
dependent manner (Figure 3B).
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Figure 3: Osthole induced apoptosis of multiple
myeloma cells. RPMI-8226 cells were exposed to
osthole (0, 20, 50, and 100 uM) for 72 h. A. The
number of apoptotic cells was measured using flow
cytometry. B. The protein level was measured using
western blotting assay; *p < 0.05 and **p < 0.01
compared with 0-uM group

Osthole regulated PI3K/AKT and ERK
pathway activity in multiple myeloma cells

The underlying mechanism was also
investigated. The phosphorylation levels of the
AKT™® and AKT®*" in multiple myeloma cells
were  significantly reduced after osthole
treatment. Similarly, the phosphorylation level of
ERK1/2 was dose-dependently reduced.
However, there were no significant change in
AKT and ERK1/2 (Figure 4). These results
demonstrate that osthole regulated PI3K/AKT
and ERK pathway in multiple myeloma cells.

DISCUSSION

Clonal proliferation of plasma cells causes
multiple myeloma, a malignant hematological
tumor that is difficult to cure. The treatment of
multiple myeloma mainly includes conventional
chemotherapy and autologous hematopoietic
stem cell transplantation [12,13].
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Figure 4: Osthole regulated the PI3K/AKT and ERK
pathway in multiple myeloma cells. RPMI-8226 cells
were exposed to osthole (0, 20, 50, and 100 yM) for
72 h. The protein level was measured by western blot;
*p < 0.05 and **p < 0.01 compared with 0-uM group

However, conventional chemotherapy produces
strong drug resistance and serious side effects.
The high cost of treatment limits the clinical
application of autologous hematopoietic stem cell
transplantation [13]. Therefore, the exploration of
non-toxic and efficient new drugs is the key to
the treatment. Results in this study indicated that
osthole repressed the multiple myeloma cell
growth and regulated PI3K/AKT and ERK1/2
signaling pathways. Therefore, osthole may be a
new active component for multiple myeloma
therapy.

Osthole is a biologically active monomer
extracted from the species of the family
Umbelliferae that has a variety of biological
activities. This study found that osthole inhibited
multiple myeloma cell growth and induced
apoptosis and caused G1 phase cell cycle arrest.

As an active monomer, osthole has an inhibitory
effect on the occurrence of various tumors [14].
Liu et al revealed that osthole represses the
proliferation of renal cancer cells, induces
apoptosis, and weakens the motor ability of renal
cancer cells [15]. Lin et al also reported that
osthole restrains the proliferation, migration, and
epithelial-mesenchymal transition process of
hepatocellular carcinoma cells. In addition,
osthole induces G2/M phase arrest and DNA
damage by down-regulating the expression of
Cdc2 and cyclinB1 and increasing the expression
of ERCCL1 [16].

Jiang et al suggested that osthole hinders
ovarian cancer cell growth by inhibiting cell
viability, thereby promoting G2/M phase arrest
and inducing apoptosis. Furthermore, osthole
impedes ovarian cancer cell migration through
inhibiting MMP-2 and MMP-9 [17]. Similarly, this
study found that osthole suppressed multiple
myeloma cell viability Osthole also induced G1
phase arrest by inhibiting the expression of

CyclinD1 and inducing the expression of p21. In
addition, osthole induced multiple myeloma cell
apoptosis by upregulating cleaved caspase-3
and cleaved PARP.

It is worth noting that the PI3K/AKT pathway
plays a regulatory role in cell survival and
regulated by osthole in various tumors, such as
lung cancer [4]. Su et al believed that osthole is a
potential sensitizer to reverse the chemical
resistance of cisplatin-resistant cervical cancer to
cisplatin by inhibiting partial NRF2 expression
correlated with PI3BK/AKT blockade [18]. Xu et al
reported that osthole treatment hinders gastric
cancer cell proliferation by inhibiting the
activation of the PI3K/p-AKT pathway and
causing cell cycle arrest in the G2/M phase [6].
Zhu et al suggested that osthole could inhibit
esophageal squamous cell carcinoma
proliferation by inducing cell cycle arrest and
apoptosis by adjusting the PTEN/PI3K/AKT axis
[19].

In multiple myeloma, PI3K/AKT pathway is
aberrantly activated, and miR-30d inactivated the
downstream PI3K/AKT pathway by targeting
metadherin [20]. Besides, co-administration of
metformin and FTY720 inhibited the proliferation
of multiple myeloma cells and induced apoptosis
by inhibiting the  activation of the
PISBK/AKT/mTOR signaling pathway [21]. The
present study is the first evidence demonstrating
that osthole inactivated the PISK/AKT pathway in
multiple myeloma cells, and thus inhibited
multiple myeloma cell growth.

Studies have shown that ERK1/2 is associated
with multifarious human cancers. Hu et al. found
that  dihydrocelastrol ~ down-regulated the
phosphorylation of ERK1/2 and STAT3 and
suppressed cell proliferation and inspired
apoptosis and cell cycle arrest in GO/G1 phase in
multiple myeloma cells through an in vitro
caspase-dependent pathway [22].

Fan et al found that high expression of
phosphorylated ERK1/2 is implicated in the poor
prognosis in patients with multiple myeloma [23].
In nasopharyngeal carcinoma cells, osthole
treatment significantly increased the expression
levels of phosphorylated ERK1/2 and
JNK1/2[24]. Similarly, this study determined the
phosphorylation level of ERK1/2 in multiple
myeloma cells after osthole treatment and found
that osthole treatment dose-dependently
inhibited the phosphorylation level of ERK1/2,
suggesting that osthole may have a positive
therapeutic effect on poor prognosis of multiple
myeloma.
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CONCLUSION

The findings indicate that osthole represses cell
viability and induces GO0/G1 phase arrest of
multiple myeloma cells. Osthole also induces
multiple myeloma cell apoptosis by upregulating
the levels of cleaved caspase 3 and cleaved
PARP. The underlying mechanism of action is at
least partially via inactivation of PI3K/AKT and
ERK1/2 signaling pathways. Therefore, osthole is
a potential therapeutic agent for the treatment of
multiple myeloma.
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