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Abstract

Background: Multiple myeloma (MM) is a hematologic malignancy. Schizandrin B (Sch B) is one of the main 
dibenzocyclooctadiene lignans which is found in schisandra chinensis. Sch B has been previously demonstrated to exhibit 
antitumor properties. However, the effect of Sch B on MM remains nuclear. 
Materials and Methods: The impact of Sch B on the proliferation of MM cell lines was determined by CCK-8 assay. The cell 
cycle and apoptosis of MM cell lines were evaluated by flow cytometry. RT-PCR to identify the effect of Sch B on the chemokines 
CCL2, CCL3 and CCL14 in MM cell lines. IL-6 and VEGF concentrations of serum and cell-free supernatants were tested by 
ELISA.
Result: Our studies revealed that Sch B suppressed the proliferation of MM cell lines via IL-6. Sch B induced cell cycle of MM 
cell lines arrest at G0/G1 phase and increased its apoptosis. Sch B suppressed the mRNA expression of the chemokines CCL2, 
CCL3and CCL14 in MM cell lines.
Conclusion: Sch B suppressed the proliferation of MM cell lines via IL-6. These findings suggest that Sch B may be a promising 
traditional Chinese medicine for MM.
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Abbreviations: MM: Multiple Myeloma; RT-PCR: Real-
Time Quantitative; ELISA: Enzyme-Linked Immunosorbent 
Assay; PCR: Polymerase Chain Reaction. 

Introduction

Multiple myeloma (MM) is the second most common 
hematological malignancy. Its characteristic is terminally 

differentiated plasma cells in the bone marrow and 
monoclonal immunoglobulin accumulation in the blood or 
urine [1]. MM is typically diagnosed between the ages of 65-
74 years [2]. MM accounts for 1.8% of all new cancer cases 
and 18% of all hematologic malignancies in the United States. 
In 2022, an estimated 34,470 cases will be diagnosed and the 
malignancy will result in 12,640 deaths [3]. Over the last two 
decades, many novel treatments have been developed for 

https://medwinpublishers.com/CCLSJ/
https://portal.issn.org/resource/ISSN/2578-4811#
https://medwinpublishers.com/
https://doi.org/10.23880/cclsj-16000189


Cell & Cellular Life Sciences Journal
2

Kong C, et al. Schisandrin B Suppressed the Proliferation of MM Cell Lines Via IL-6. Cell Cellular Life 
Sci J 2023, 8(2): 000189.

Copyright©  Kong C, et al.

MM, including proteasome inhibitors, immunomodulatory 
drugs, monoclonal antibodies and CAR-T-cell [4]. However, 
MM remains an incurable disease, and the current survival 
is approximately 6-8 years [5]. The 5-year relative survival 
rate across all stages combined is 54% [6]. Other cures may 
be needed for a small minority of patients.

Schisandrin B (Sch B) is a traditional Chinese herbal 
medicine. Sch B possess diversified pharmacokinetic 
propriety such as antioxidant, anti-inflammation, 
cardioprotection, antitumor and neuroprotection [7-9]. Sch 
B was reported against a wide variety of human cancer cell 
lines. However, the activity of Sch B has not been tested in 
MM.

In the present study, our datas suggest that Sch B 
suppressed the proliferation of MM cell lines via IL-6. Sch B 
induced cell cycle of MM cell lines arrest at G0/G1 phase and 
increased its apoptosis. Finally, Sch B suppressed the mRNA 
expression of the chemokines CCL2, CCL3 and CCL14 in MM 
cell lines.

Materials and Methods

Cells and Cell Culture

The human MM cell lines (MM.1S, U266) were bought 
from Fenghuishengwu Co., Ltd. Two cell lines were cultured 
in RPMI-1640 supplemented with fetal bovine serum (10%) 
in a humidified incubator at 37 ̊C with 5% CO2. In general, 
4-6 passages of cell lines were used for experiments.

Drug Preparations

Sch B, IL-6 and anti-IL-6 were purchased from Nanchang 
Zhenshan Biotechnology Co., Ltd. A total of 20 mg Sch B was 
dissolved in 1.5 ml DMSO. Sch B was stored at -80°C and 
used for subsequent use by diluting immediately prior to 
application. 

CCK-8 Assay

MM.1S or U266 were seeded and cultured at a density of 
4 × 103/well in 96-well microplates. The cells were treated 
with various concentrations of Sch B (0, 3.125, 6.25, 12.5, 
25, 50, 100μM) for 24, 48 and 72 hours respectively. 10 μL 
of CCK-8 reagent was added to each well and then cultured 
for 2 hours. The absorbance was analysed at 450 nm using a 
microplate reader (Bio-Rad, Hercules, CA, USA). 

Cell Cycle Analysis 

MM.1S or U266 were respectively seeded in 6-well 
plates at a density of 5 × 105 cells/ml and treated with Sch 

B at a concentration of 25 μmol/L for 48 h. The cells were 
harvested, washed and fixed. They were incubated with 30 
μg/ml of propidium iodide and 40 μg/ml of Rnase. Then, Cell 
cycle were analyzed by the FACSCalibur cytometer and the 
Modfit LT software. 

Cell Apoptosis Assay

MM.1S or U266 were respectively seeded in different 
6-well plates at a density of 1 × 105 cells/ml. The cells were 
treated with Sch B at a concentration of 25 μmol/L for 48 h. 
The cells were washed twice with ice-cold PBS. Subsequently, 
apoptosis was assayed using the FITC Annexin V Apoptosis 
Detection Kit I, following the manufacturer’s instructions. 
The cells were assessed using flow cytometric analysis. 

Enzyme-Linked Immunosorbent Assay (ELISA)

IL-6 and VEGF concentrations of serum and cell-free 
supernatants were tested by Human IL-6 and VEGF ELISA 
assay kits (Peprotech) according to manufacturer’s protocol. 

Real-Time Quantitative (RT-PCR)

MM.1S or U266 was collected. RNA of MM.1S, U266 
was extracted with E.Z.N.A. Total RNA Kit I (OMEGA). cDNA 
synthesis was done with the MLV RT kit (Invitrogen). 
Polymerase chain reaction (PCR) analyses were performed 
by Platinum SYBR Green qPCR SuperMix-UDG w/ROX on an 
Applied Biosystems 7300 Real-Time PCR System. The CCL2, 
CCL 3 and CCL 14 mRNA was expressed with ΔΔCt values. The 
primer of human CCL2 is 5’-TGTCCCAAAGAAGCTGTGATC-3’ 
and 5’-ATTCT TGGGTTGTGGAGTGAG-3’. The primer 
of human CCL3 is 5’-CGGCAGA TTCCACAGAATTTC-3’ 
and 5’-AGGTCGCTGACATATTTCTGG -3’. The primer of 
human CCL14 is 5’-ACATCTCACAAAGCATCCCG-3’and 
5’-TCATGCAATC CTGAACTCCC-3’.

Statistical Analysis

The data were presented as mean ± standard deviation. 
Comparison between groups were performed using a one-
way ANOVA. P<0.05 was considered to indicate a statistically 
significant difference. Statistical analyses were performed 
using GraphPad Prism version 7.0.

Results

Sch B Suppressed the Proliferation of MM Cell 
Lines

The impacts of Sch B on the proliferation of MM cell 
lines were determined by CCK-8 assay. As shown in Figure 
1A,1B, Sch B significantly inhibited the proliferation of two 
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MM cell lines (MM.1S，U266). The inhibition rates were 
increased with the increasing incubation time and doses 
of Sch B when MM.1S and U266 were treated with Sch B 
(0,3.125,6.25,12.5,25,50,100μM) for 24, 48 and 72 hours, 

respectively (Figure 1C,1D). It was demonstrated that the 
inhibitory effects of Sch B on MM cell lines were in a dose 
and time-dependent manner.

Figure 1: Sch B suppressed the proliferation of MM cell lines. (A) MM.1S； (B)The proliferation was evaluated by CCK-
8 assay；(C) Sch B suppressed the proliferation of MM.1S in a dose-and time-dependent manner;(D) Sch B suppressed the 
proliferation of U266 in a dose-and time-dependent manner. Data represent one of the three independent experiments, each 
performed in triplicate. ∗∗∗𝑃 < 0.001, ∗∗𝑃 < 0.01, ∗𝑃 < 0.05.

Sch B Induced the Cell Cycle Arrest at G0/G1 
Phase and the Apoptosis of MM Cell Lines

The effects of Sch B on the cell cycle and apoptosis of MM 
cell lines were evaluated. MM.1S and U266 were treated with 
Sch B for 48 hours. The distributions of different phases and 
apoptosis of MM cell lines were analyzed by flow cytometry. 
As shown in Figure 2A, compared with control, when Bch B 

was added into MM.1S and U266, MM.1S and U266 in the 
G1/G0 phase were significantly increased and cells in G2/M 
and S phases were significantly reduced. The percentages 
of apoptotic cells in the MM.1S and U266 treated with Sch 
B were also significantly higher than control groups (Figure 
2B). Thus, Sch B induced cell cycle arrest in G1/G0 phase and 
increased apoptosis in both MM cell lines.
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Figure 2: SchB induces cell cycle arrest at G0/G1 phase and the apoptosis of MM cell lines. (A) the cell cycle of MM.1S and 
U266; (B) the apoptosis of MM.1S and U266; Data represent one of the three independent experiments, each performed in 
triplicate. ∗𝑃 < 0.05, ∗∗∗𝑃 < 0.001.

Sch B Suppressed the Mrna Expression of the 
Chemokines CCL2, CCL3, CCL14 in MM Cell Lines

We used RT-PCR to identify the effect of Sch B on the 
chemokines CCL2, CCL3 and CCL14 in MM cell lines. As 

shown in Figure 3, compared with control groups, the 
mRNA expressions of CCL2, CCL3, and CCL14 were reduced 
in MM.1S and U266 treated with Sch B. Collectively, Sch B 
suppressed the mRNA expression of the chemokines CCL2, 
CCL3and CCL14 in MM cell lines.

https://medwinpublishers.com/CCLSJ/


Cell & Cellular Life Sciences Journal
5

Kong C, et al. Schisandrin B Suppressed the Proliferation of MM Cell Lines Via IL-6. Cell Cellular Life 
Sci J 2023, 8(2): 000189.

Copyright©  Kong C, et al.

Figure 3: Sch B suppressed the mRNA expression of the chemokines CCL2, CCL3 and CCL14 in MM cell lines. (A) MM.1S;(B) 
U266; Data represent one of the three independent experiments, each performed in triplicate. ∗∗∗𝑃 < 0.001.

Sch B Inhibited MM Cell Lines Secreting IL-6 and 
VEGF

We measured the production of IL-6 and VEGF to 
investigate the effect of Sch B on MM cell lines. As shown 

in Figure 4, there were high levels of IL-6 and VEGF in MM 
patients, MM.1S and U266, But the concentration of IL-6 and 
VEGF was decreased enormously when Sch B was added 
into MM.1S and U266. Thus, Sch B inhibited MM cell lines 
secreting IL-6 and VEGF. 

Figure 4: Sch B inhibited MM cell lines secreting IL-6 and VEGF. (A) MM patients; (B) MM.1S; (C) U266; Data represent one of 
the three independent experiments, each performed in triplicate. ∗∗∗𝑃 < 0.001.
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Sch B Suppressed the Proliferation of MM Cell 
Lines Via IL-6

To investigate the mechanism of Sch B suppressing the 
proliferation of MM cell lines. As shown in Figure 5A, we 
found that the OD of MM.1S was decreased by Sch B. When 

IL-6 was added, the OD of MM.1S was significantly reduced. 
However, when anti-IL-6 was added, the inhibition efficacy 
of Sch B in MM.1S was disappeared. This phenomenon was 
observed in proliferation of U266 (Figure 5B). Thus, Sch B 
suppressed the proliferation of MM cell lines via IL-6.

Figure 5: Sch B suppressed the proliferation of MM cell lines via IL-6. (A) Sch B suppressed the proliferation of MM.1S via 
IL-6; (B) Sch B suppressed the proliferation of U266 via IL-6; Data represent one of the three independent experiments, each 
performed in triplicate. #𝑃 > 0.05, ∗∗∗𝑃 < 0.001.

Discussion

In this present study, we have successfully demonstrated 
a previously uncharacterized fact that Sch B suppressed the 
proliferation of MM cell lines via IL-6.

MM is a common hematological malignancy. The 
diagnosis of MM is made from anemia, renal complications, 
bone lesions, hypercalcemia, monoclonal proteins and 
bone marrow plasmacytosis. The pathogenesis of MM is 
not elucidated. Tumor microenvironment supports MM cell 
growth and survival. The direct contacts between MM cells 
and the surrounding stroma upregulate the expression 
of interleukin-6(IL-6), VEGF, IGF-1 and GDF15, as well as 
increased expression of anti-apoptotic proteins [10,11]. 
CXCR4/CXCL12 axis can regulate homing, adhesion, invasion, 
migration and mobilization of MM cells out of the bone 
marrow [12]. CXCL12 also increases VEGF and IL-6 secretion 
[13,14]. IL-6 play an important role in the pathogenesis of 
MM. IL-6 mediates the proliferation of MM and prevent the 
MM cells from apoptosis [15,16]. In addition, MM patients 
with high BM macrophages infiltration have poor prognosis 
[17]. Chemokines CCL3, CCL2, and CCL14 were highly 
expressed by myeloma and BM cells, and the levels of CCL14 
and CCL3 in myeloma BM positively correlated with the 
percentage of BM-infiltrating macrophages [18].

Sch B is well-known for its antitumor effect. It was 
reported that Sch B can induce inhibition of lung cancer, 
cholangiocarcinoma, gallbladder cancer and gastric cancer 
cells [19-22]. Sch B has multiple functions against cancer 

through cell cycle arrest, apoptosis, ROS production and 
autophagy [23]. Sch B might induce cell cycle arrest in all the 
phases of the cell cycle in the cancer cell. For example, Sch B 
induces prostate cancer cell arrest at S phase by inhibition 
of cyclin E/CDK2 [24]. Sch B inhibited the proliferation 
of human lung adenocarcinoma A549 cells in a dose-
dependent manner and induced cell cycle arrest at G0/G1 
phase by down-regulating the expression of cyclin D1, cyclin-
dependent kinase (CDK)4, and CDK6, up-regulating p53 and 
p21 expression[19]. Sch B induced the apoptosis of human 
hepatoma SMMC-7721 cells and gallbladder cell [25,26]. 
Sch B inhibited the levels of TNF-a, IL-6, IL-1β and PGE2 
upregulated by LPS [27]. In this study, we found that Sch B 
suppressed the proliferation of MM cell lines in a dose-and 
time-dependent manner and induced cell cycle arrest in G1/
G0 phase and increased apoptosis in both MM cell lines. Sch 
B suppressed secreting IL-6, VEGF and the mRNA expression 
of the chemokines CCL2, CCL3, CCL14 in MM cell lines. Most 
important, Sch B suppressed the proliferation of MM cell 
lines via IL-6.

Conclusion

This study reports for the first time that Sch B suppressed 
the proliferation of MM cell lines via IL-6.
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