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Abstract 

Purpose: To determine the effects of delicaflavone in multiple myeloma cells. 
Methods: Multiple myeloma cells were incubated with different concentrations of delicaflavone (20, 40, 
and 80 μM) or coincubated with 40 μM delicaflavone and 20 μM cisplatin. Cell viability and proliferation 
were investigated using MTT and colony formation assays, respectively. Flow cytometry and western 
blot analysis were applied to investigate cell apoptosis and autophagy.  
Results: Treatment with delicaflavone decreased cell viability and proliferation of multiple myeloma 
cells but promoted cell apoptosis in a dose-dependent manner. Protein expression of Autophagy-related 
protein 7 (Atg7) and LC3-II/LC3-I were increased by delicaflavone treatment, while p62 was decreased 
by the same treatment. Delicaflavone also conferred cisplatin sensitivity in multiple myeloma cells 
through decreases in cell viability and in cell proliferation. AKT/mTOR phosphorylation was reduced in 
multiple myeloma cells treated with delicaflavone. 
Conclusion: Delicaflavone induces apoptosis and autophagy of multiple myeloma cells, and confers 
cisplatin sensitivity through inactivation of the AKT/mTOR pathway. 
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INTRODUCTION 
 
Multiple myeloma is a malignant tumor 
characterized by excessive proliferation of 
malignant plasma cells in the bone marrow [1,2]. 
Multiple myeloma is the second most common 
cancer of the hematological system, accounting 
for about 10 % of all hematological malignancies 
[3]. Although a variety of pharmacological 
strategies have been developed for the treatment 

of patients with multiple myeloma, including the 
use of proteasome inhibitors, 
immunomodulators, and alkylating agents, 
numerous problems still occur in these patients, 
such as poor treatment outcome and poor 
prognosis [4]. Therefore, novel strategies to 
improve therapeutic efficacy are urgently needed 
for multiple myeloma patients. 
 
Cisplatin is a chemotherapeutic drug that is 
widely used in the treatment of cancer [5]. It is 
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also used to treat recurrent and refractory 
multiple myeloma [6]. However, tumors treated 
with cisplatin are prone to drug resistance, which 
greatly limits its application [7]. Drugs that confer 
cisplatin sensitivity in multiple myeloma cells 
would contribute to the treatment efficacy of 
cisplatin in multiple myeloma. 
 
Delicaflavone is a biflavonoid found in 
Selaginella doederleinii Hieron [8]. A large 
number of studies have shown that delicaflavone 
exerts anti-tumor effects with excellent safety 
profiles. For example, Wensong Yao et al [9] 
found that delicaflavone promoted apoptosis of 
colorectal cancer cells and repressed colorectal 
cancer proliferation. Delicaflavone conferred 
cisplatin sensitivity in non-small cell lung cancer 
cells [10]. However, the effects of delicaflavone 
on multiple myeloma cell apoptosis, autophagy, 
and cisplatin resistance have not yet been 
reported. 
 
This study investigated the effects of 
delicaflavone on the proliferation and apoptosis 
of multiple myeloma cells. Autophagy and 
cisplatin sensitivity of multiple myeloma cells 
were also investigated, and the downstream 
pathways were investigated using western blot 
analysis. 
 
EXPERIMENTAL 
 
Cell culture and treatment 
 
Multiple myeloma cell lines (U266 and NCI-
H929) were purchased from ATCC (Rockville, 
MD, USA). The cells were cultured in RPMI 1640 
(Gibco, Grand Island, NY, USA) containing 10 % 
fetal bovine serum (Gibco) in a 37 °C incubator. 
The cells were incubated with different 
concentrations of delicaflavone (20, 40, or 80 
μM) for 48 h. Delicaflavone was synthesized in 
the laboratory and confirmed by HPLC. The cells 
were coincubated with 40 μM delicaflavone and 
20 μM cisplatin (Sigma-Aldrich, St. Louis, MO, 
USA) for 48 h. 
 
Cell viability 
 
Multiple myeloma cells under delicaflavone or 
cisplatin treatment (4,000 cells/well) were seeded 
in 96-well culture plates for 24 hours, and then 
incubated with 10 µL MTT stock solution (5 
mg/mL; Sigma-Aldrich) for 4 h. Dimethyl 
sulfoxide (150 µL, Sigma-Aldrich) was added to 
each well, and absorbance at 450 nm was 
recorded with a microplate reader (Bio-Rad, 
Hercules, CA, USA). Cell viability (V) was 
calculated as in Eq 1. 
 

V (%) = {(At – Ab)/(Ac – Ab)} …….. (1) 
 
where At, Ab and Ac are the absorbance of 
treatment, blank and control samples, 
respectively. 
 
Cell proliferation 
 
Multiple myeloma cells under delicaflavone or 
cisplatin treatment were seeded at a density of 
500 cells/well into six-well culture plates. Two 
weeks later, the colonies in each well were fixed 
in methanol and stained with crystal violet before 
measurement under a light microscope 
(Olympus, Tokyo, Japan). 
 
Cell apoptosis 
 
Multiple myeloma cells under delicaflavone or 
cisplatin treatment were collected using trypsin 
digestion. Cells in binding buffer were stained 
with Annexin V-FITC/propidium iodide (Beyotime, 
Beijing, China) before analysis in a FACSCalibur 
flow cytometer (BD Biosciences, San Jose, CA, 
USA). 
 
Western blot assay 
 
Multiple myeloma cells were lysed in RIPA lysis 
buffer (Thermo Fisher Scientific, Waltham, MA, 
USA). Protein concentrations of the lysates were 
determined using the Bicinchoninic Acid Protein 
Assay Kit (CoWin Biotechnology, Beijing, China). 
Proteins in the lysates were separated using 
SDS-polyacrylamide gel electrophoresis and 
then transferred onto PVDF membranes (Merck 
Millipore, Darmstadt, Germany). Following 
blocking in 5 % nonfat milk, the membranes were 
incubated with primary specific antibodies 
against Atg7 and p62 (1:2000; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), LC3-II 
and LC3-I (1:2500; Santa Cruz Biotechnology), 
AKT and p-AKT (1:3000; Santa Cruz 
Biotechnology), mTOR and p-mTOR (1:3500; 
Santa Cruz Biotechnology), and β-actin (1:4000; 
Santa Cruz Biotechnology) overnight at 4 °C. 
The membranes were then incubated with 
horseradish peroxidase-conjugated antibodies 
(1:5000; Santa Cruz Biotechnology). Enhanced 
Chemiluminescence Detection kit (Thermo 
Fisher Scientific) was used to detect the 
immunoreactive bands on the membranes using 
a ChemiDocTM MP Imaging System (Bio-Rad). 
 
Statistical analysis  
 
All data are expressed as mean ± standard 
deviation. Statistical comparisons were 
performed with Student’s t-tests using GraphPad 
Prism 7.0 software (GraphPad Software, CA, 
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USA). Values of p < 0.05 were regarded as 
statistically significant. 
 
RESULTS 
 
Delicaflavone repressed multiple myeloma 
cell proliferation 
 
To determine the effect of delicaflavone (Figure 1 
A) on multiple myeloma progression, multiple 
myeloma cells (U266 and NCI-H929) were 
treated with different concentrations of 
delicaflavone. Cell viabilities of U266 and NCI-
H929 cells were reduced following delicaflavone 
treatment, in a dose-dependent manner (Figure 1 
B). Delicaflavone treatment also suppressed 
proliferation of U266 and NCI-H929 cells (Figure 
1 C), suggesting that delicaflavone exerts an 
anti-proliferative effect against multiple myeloma. 
 

 
 
Figure 1: Delicaflavone suppressed multiple myeloma 
cell proliferation. (A) Chemical structure of 
delicaflavone. (B) Delicaflavone reduced cell viability 
of U266 and NCI-H929 cells in a dose-dependent 
manner. (C) Delicaflavone suppressed proliferation of 
U266 and NCI-H929 cells; **p < 0.01, ***p < 0.001 
 
Delicaflavone promoted multiple myeloma 
cell apoptosis 
 
In addition to the anti-proliferative effect of 
delicaflavone against multiple myeloma cells, its 
effect on multiple myeloma cell apoptosis was 
investigated by flow cytometry. Results showed 
that delicaflavone treatment promoted apoptosis 
of U266 and NCI-H929 cells (Figure 2), 
suggesting the pro-apoptotic effect of 
delicaflavone against multiple myeloma. 
 
Delicaflavone promoted autophagy of 
multiple myeloma cells 
 
The functional effect of delicaflavone on 
autophagy of multiple myeloma cells was 
investigated by western blot analysis. Results 

revealed that expression of p62 protein was 
reduced in U266 and NCI-H929 cells following 
delicaflavone treatment (Figure 3). Atg7 levels 
and the LC3-II/LC3-I ratio were enhanced in 
U266 and NCI-H929 cells after delicaflavone 
treatment (Figure 3), suggesting that autophagy 
of multiple myeloma cells was promoted by 
delicaflavone. 
 

 
 
Figure 2: Delicaflavone promoted multiple myeloma 
cell apoptosis. Delicaflavone promoted apoptosis of 
U266 and NCI-H929 cells; ***p < 0.001 
 

 
 
Figure 3: Delicaflavone promoted autophagy of 
multiple myeloma cells. Delicaflavone promoted 
protein expression of Atg7 and increased the LC3-
II/LC3-I ratio, while it decreased p62 expression, in 
U266 and NCI-H929 cells; *p < 0.05, **p < 0.01, ***p < 
0.001 
 
Delicaflavone enhanced cisplatin cytotoxicity 
in multiple myeloma cells 
 
To determine the effect of delicaflavone on drug 
resistance in multiple myeloma, U266 and NCI-
H929 cells were coincubated with delicaflavone 
and cisplatin. Cell viability was decreased by 
cisplatin treatment in both U266 and NCI-H929 
cells (Figure 4 A), and delicaflavone treatment 
promoted the cisplatin-induced loss of cell 
viability (Figure 4 A). Similarly, cisplatin treatment 
suppressed the proliferation of U266 and NCI-
H929 cells (Figure 4 B), and delicaflavone 
treatment aggravated the suppression of cell 
proliferation by cisplatin (Figure 4 B). These 
results demonstrated that delicaflavone 
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conferred cisplatin sensitivity in multiple myeloma 
cells. 
 

 
 
Figure 4: Delicaflavone improved cytotoxicity of 
cisplatin in multiple myeloma cells. (A) Delicaflavone 
treatment promoted the cisplatin-induced decrease in 
cell viability in U266 and NCI-H929 cells. (B) 
Delicaflavone treatment aggravated the suppression of 
cell proliferation by cisplatin in U266 and NCI-H929 
cells; &p < 0.05, **,&&p < 0.01, *** &&&p < 0.001 
 
Delicaflavone suppressed activation of the 
AKT/mTOR pathway 
 
The downstream pathway involved in 
delicaflavone-mediated changes in multiple 
myeloma progression was investigated through 
western blot analysis. Results showed that 
delicaflavone treatment did not affect the 
expression of AKT or mTOR proteins in U266 
and NCI-H929 cells (Figure 5). However, 
phosphorylation of AKT and mTOR were 
reduced by delicaflavone treatment (Figure 5), 
indicating that delicaflavone inhibited multiple 
myeloma progression by suppressing activation 
of the AKT/mTOR pathway. 
 

 
 
Figure 5: Delicaflavone suppressed activation of the 
AKT/mTOR pathway. Delicaflavone treatment dose-
dependently reduced phosphorylation of AKT and 
mTOR in U266 and NCI-H929 cells; *p < 0.01, ***p < 
0.001 
 

DISCUSSION 
 
Bioactive biflavonoids in medicinal plants 
demonstrate suppressive effects on tumor 
angiogenesis [11]. Delicaflavone, a biflavonoid 
found in Selaginella doederleinii Hieron, exerted 
an anti-tumor effect on colorectal cancer [9]. The 
roles of delicaflavone in multiple myeloma 
progression were investigated in the present 
study. 
 
In this study, delicaflavone suppressed multiple 
myeloma progression, which was authenticated 
by several lines of evidence. Firstly, cell viability 
and proliferation of multiple myeloma cells were 
decreased by delicaflavone. Secondly, 
delicaflavone treatment promoted the apoptosis 
of multiple myeloma cells. Thirdly, delicaflavone 
treatment promoted autophagy of multiple 
myeloma cells. Autophagy maintains cellular 
homeostasis through protein quality control in the 
endoplasmic reticulum [12]. Dysregulated 
autophagy has been implicated in the 
pathogenesis of multiple myeloma [12]. Targeting 
autophagy has been shown to be a promising 
approach for regulation of multiple myeloma cell 
proliferation, apoptosis, and invasion [12]. 
 
Delicaflavone was reported to promote 
autophagy and cell apoptosis in lung cancer [13]. 
The results of our study showed that 
delicaflavone treatment decreased protein 
expression of p62, increased the level of 
autophagy-related protein 7 (Atg7), and 
increased the ratio of protein light chain 3 (LC3)-
II/LC3-I. Protein light chain 3 (LC3)-I in the 
nucleus and cytoplasm of normal cells and LC3-II 
in autophagosome membranes are forms of 
microtubule-associated protein 1 light chain 3, 
the specific marker of autophagy [14]. 
Autophagy-related protein 7 (Atg7) functions as 
an E1-like enzyme to convert LC3-I to LC3-II 
through lipidation [14]. Therefore, delicaflavone 
induces autophagic cell death in multiple 
myeloma. In addition to tumor metastasis and 
tumorigenesis, autophagy also mediates drug 
resistance in cancer therapies [15]. Mitophagy 
was inhibited in chemotherapy-resistant multiple 
myeloma cells [16]. Therefore, induction of 
autophagy might be helpful for the amelioration 
of drug resistance in multiple myeloma. Cisplatin 
resistance in non-small cell lung cancer cells was 
reversed by delicaflavone [10]. The present study 
indicated that delicaflavone conferred cisplatin 
sensitivity in multiple myeloma cells via 
decreases in both cell viability and proliferation. 
Autophagy also induces multi-drug resistance, 
leading to cytoprotective effects against 
anticancer therapy-induced responses [17], 
suggesting that suppression of autophagy could 



Yi et al 

Trop J Pharm Res, May 2021; 20(5): 971 
 

resensitize cancer cells to anticancer therapies. 
Because delicaflavone has been shown to 
resensitize cancer cells by mediating a pathway 
signaling endoplasmic reticulum stress [10], we 
then investigated the mechanism underlying 
delicaflavone-mediated autophagy and drug 
resistance in multiple myeloma cells. 
 
The PI3K/AKT/mTOR pathway is the main 
regulator of autophagy during tumorigenesis and 
drug resistance [18]. Autophagy blockade 
promoted cell death in malignant peripheral 
nerve sheath tumors through inhibition of 
PI3K/mTOR [19]. The suppressive role of 
delicaflavone on the AKT/mTOR pathway has 
been reported earlier [9,13]. AKT/mTOR 
phosphorylation was suppressed in multiple 
myeloma cells by delicaflavone in the present 
study, suggesting that delicaflavone might induce 
apoptosis, promote autophagy, and improve the 
susceptibility of multiple myeloma cells to 
cisplatin cytotoxicity through inactivation of the 
AKT/mTOR pathway. 
 
CONCLUSION 
 
Overall, this study indicates that delicaflavone 
protects against multiple myeloma by promoting 
cell apoptosis, autophagy, and drug sensitivity 
via inactivation of the AKT/mTOR pathway. This 
study suggests a potential therapeutic strategy 
for multiple myeloma. However, there is a need 
to investigate the role of delicaflavone in multiple 
myeloma cell growth in vivo. 
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