
 

Bangladesh Journal of Pharmacology 

Research Article 

Mulberrofuran G inhibits prolifera-
tion and migration by inactivating 
JAK2/STAT3 signaling in lung cancer 

BJP 



 

Introduction 

Lung cancer is the leading cause of cancer mortality, 
with estimating 2.1 million new diagnosed cases 
(approximately 11.6% of all types of cancer cases) and 
1.8 million deaths (about 18.4% of all types of cancer 
deaths) (Bray et al., 2018). Non-small cell lung cancer 
(NSCLC) and small cell lung cancer (SCLC) are two 
types of lung cancer. Among the NSCLC, adenocarci-
noma of the lung and squamous cell carcinoma of the 
lung are two major subtypes.  

Chemotherapy is the most common method of lung 
cancer treatment. Despite this, poor prognosis and drug 
resistance are still inescapable, especially in patients 
with advanced lung cancer. It is well-known that poor 
clinic outcome of the solid malignant tumor is 
attributable to cancer invasion and metastasis (Gupta 

and Massagué, 2006). Hence, a comprehensive 
assessment of how to distinguish the key molecular and 
genetic pathways and how the pathways work in the 
invasion and metastasis of cancer is a pressing issue. 

The JAK/STAT signaling pathway is comprised of 
Janus kinases (JAKs), signal transducer and activator of 
transcription proteins (STATs) and binding receptor 
(Aaronson and Horvath, 2002). The pathway mediates 
signals transferring from outside to nucleus of a cell. 
Many studies have investigated the potential roles of 
JAK/STAT signaling pathway in lung cancer, hemato-
poietic cancer, primary mediastinal large B-cell lympho-
ma, and breast cancer (Haque et al., 2018; Fortschegger 
et al., 2021; Li et al., 2021; Szydłowski et al., 2021). 

Mulberrofuran G is isolated from the bark of Morus alba 
(Li et al., 2018). A recent study has indicated that mul-
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berrofuran G has a neuroprotective effect in cerebral 
ischemia through suppressing NOX4 protein expre-
ssion and NOX4-induced reactive oxygen species (ROS) 
generation and endoplasmic reticulum stress (Hong et 
al., 2017). However, elevated NOX4 activity is associa-
ted with drug resistance in cancer (Shanmugasunda-
ram et al., 2017). Moreover, mulberrofuran G is dual 
inhibitor of protein tyrosine phosphatase 1B (PTP1B) 
and α-glucosidase enzymes (Paudel et al., 2018). The 
deficiency or inhibition of PTP1B mediates the metas-
tasis process in lung cancer (Chen et al., 2020). How-
ever, this knowledge gap is of considerable concern 
given the effect of mulberrofuran G on lung cancer. 

Therefore, the study aimed to illustrate how mulberro-
furan G impacts the proliferation, invasion, and migra-
tion of lung cancer cells and to evaluate the hypothesis 
of whether or not mulberrofuran G regulated these 
processes via the JAK2/STAT3 signaling pathway.      

   

Materials and Methods 

Preparation of mulberrofuran G solution 

Mulberrofuran G (CAS 87085-00-5, HPLC≥98%) was 
purchased from Shanghai Tauto Biotech Co., Ltd. and 
dissolved in phosphate-buffered saline to make the 
solutions with 4 final concentrations of 1, 5, 10, and 100 
μmol/L. 

Cell lines and cell culture 

The human lung adenocarcinoma cell line (A549 cells) 
and human lung squamous cell carcinoma cell line 
(NCI-H226 cells) were purchased from the Cell Bank of 
Type Culture Collection of The Chinese Academy of 
Sciences (China). A549 cells and NCI-H226 cells were 
cultured in Roswell Park Memorial Institute 1640 
(RPMI-1640, Thermo Fisher Scientific) medium contain-

ing 10% fetal bovine serum (Thermo Fisher Scientific) at 
37°C in a humidified air containing 5% CO2 incubator 
(Thermo Fisher Scientific). Cell passage was carried out 
by the usual procedure and the third generation cells 
were used for the subsequent experiments. 

CCK8 assay 

A549 cells (1×104 cells/well) and NCI-H226 cells (1×104 
cells/well) in the logarithmic growth phase were seed-
ed into 96-well plates and permitted to adhere over-
night, respectively. The cells were then administrated 
with 100 μL 1, 5, 10 and 100 μmol/L mulberrofuran G. 
The control group was treated with an equal volume of 
phosphate-buffered saline. After treatment for 24 hours, 
100 μL of medium containing 10% cck8 was replaced, 
and continuously cultured for 2 hours at 37°C in a 
humidified air containing 5% CO2. The optical density 
at 450 nm was measured by a microplate reader (PT-
3502PC) and used as the positive index of cell viability. 

Cell colony assay 

A549 cells and NCI-H226 cells (approximately 2×103 
cells) were suspended in 1, 5, 10 and 100 μmol/L 
mulberrofuran G containing 0.33% agar, RPMI 1640 
medium, 10% fetal bovine serum, respectively. There-
after, the mixture containing 0.5% agar, RPMI 1640 
medium, and 10% fetal bovine serum were administra-
ted in an upper layer with a 6-well plate. Followed by 
an incubation period of 10 days, the colonies of cells 
(>0.1 mm in diameter) were counted and photographed 
by an inverted microscope. Each treatment had three 
replicates and was repeated three times. 

Scratch assay 

A549 cells and NCI-H226 cells were seeded into 6-well 
plates, respectively. After incubated for 6 hours at 37°C, 
1, 5, 10 and 100 μmol/L mulberrofuran G were used to 
treat the adhered cells. When the confluence rate of cells 
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Box 1: Transwell Invasion Assay 

Principle 

The most characteristic readout of a migration assay is the 
change of the cell-covered area (gap closure) over time. The 
cells should be monitored immediately after the gap creation, 
in most cases by using phase contrast microscopy at different 
time points (e.g., after 6 and 12 hours).  

Requirements  

Crystal violet, Fetal bovine serum (10%), Incubator with 5% 
CO2, Human lung adenocarcinoma cell line (A549 cells) sus-
pensions (1×105 cells), Human lung squamous cell carcinoma 
cell line (NCI-H226 cells) suspensions (1×105 cells), RPMI 1640 
medium, Mulberrofuran G, Paraformaldehyde, Phase contrast 
microscopy Phosphate-buffered saline, Transwell chamber  

Procedure 

Step 1: 0.1 mL cell suspensions containing 1, 5, 10, and 100 
μmol/L mulberrofuran G were seeded into the Transwell 

chamber.  

Step 2: Then, 0.6 mL of RPMI 1640 medium containing fetal 
bovine serum was added to the lower chamber.  

Step 3: All chambers were incubated for 24 hours at 37°C in a 
humidified air containing 5% CO2.  

Step 4: Cells in the lower chamber were fixed with 4% 
paraformaldehyde for 10 min after removing the Transwell 
chamber.  

Step 5: The cells were stained with crystal violet for 25 min, 
washed with phosphate-buffered saline, placed under phase 
contrast microscopy and photographed five random fields. 
Each treatment was repeated three times. 

Reference  

Pijuan et al., 2019  

Reference (video) 

Chen, 2018    



 

reached 95% or more, using a p200 pipette tip genera-
ted the "scratch" by scraping the monolayer in a neat 
and straight line (Liang et al., 2007). The plate was then 
washed with phosphate-buffered saline. Fresh RPMI 
1640 medium containing 10% fetal blood serum was 
added and cultured at 37°C in a humidified air contain-
ing 5% CO2. The plates were examined at 0 and 24 
hours after being scratched. The ability of migration 
was evaluated by the formula: wound closure = (Pair 
distance0hour − Pair dis-tance24hour) /Pair distance0hour. 

Western blot 

After administrating A549 cells with 22.5 μmol/L mul-
berrofuran G and administrating NCI-H226 cells with 
30.6 μmol/L mulberrofuran G for 24 hours, the cells 
were collected and lysed in RIPA buffer for 30 min. The 
protein samples were collected by low-temperature 
centrifugation. The concentration of each protein sam-
ple was then determined by the BCA method. After 
10% SDS-PAGE electrophoresis separation, the gel was 
transferred to nitrocellulose membranes, blocked with 
5% skim milk and probed with a primary antibody 
(ABCAM) at 4°C overnight (Mahmood and Yang, 2012; 
Pyo et al, 2019). After washing with TBST, this was 
followed by probing with the HRP-labeled secondary 
antibody (ABCAM) for 1 hour at room temperature. 
The band intensity was then analyzed by an automatic 
chemiluminescence fluorescence image analysis system 
(Tanon 5200 Multi) and Image J software. The markers 
of cell cycle included p27, CDK4, CDK6, RB1; the 
MMP9 was used as the marker of metastasis. β-actin 
was used as an internal control. 

Statistical Analysis 

All treatments were carried out in triplicates. All values 
were expressed as mean ± standard deviation (SD). 
Statistical analysis was performed using SPSS v20.0 
software. The comparison between the two sample 
means was evaluated by t test. The comparison bet-
ween the treatment and the control was performed by 
one-way ANOVA. The pairwise comparisons between 
groups were carried out by the least significant differ-
ence method.   

Results 

Proliferation of lung cancer cells 

To evaluate the effect of mulberrofuran G on the proli-
feration of lung cancer cells, A549 cells and NCI-H226 
cells were administrated with various concentrations of 
mulberrofuran G for 24 hours. CCK8 assay results 
(Figure 1A) indicated that mulberrofuran G significant-
ly inhibited the proliferation of lung cancer cells 
(p<0.05), with a positive dose-inhibition relationship. 
The IC50 of growth inhibition of A549 cells and NCI-
H226 cells were 22.5 μmol/L and 30.6 μmol/L, res-
pectively. The two inhibitory concentrations were used 
in subsequent experiments. Compared with the control, 
with increased mulberrofuran G, the number of A549 
cells and NCI-H226 cells clones were significantly 
decreased (p<0.05, Figure 1B). No difference in both 
response variables was detected between A549 cells and 
NCI-H226 cells. Consequently, it may point out that the 
mulberrofuran G obviously suppressed the prolifera-
tion of lung adenocarcinoma and lung squamous cell 
carcinoma cells. 

Invasion and migration of lung cancer cells  

To evaluate the effect of mulberrofuran G on the inva-
sion and migration of A549 cells and NCI-H226 cells, 
the Transwell invasion assay and scratch assay were 
performed. Results (Figure 2A) indicated that the num-
ber of invasive A549 cells and NCI-H226 cells was 
significantly inhibited compared with normal control. 
With increased mulberrofuran G concentration, the 
number of invasive cells showed a decreasing trend. 
The scratch assay results showed that the cell migration 
rate of A549 cells and NCI-H226 was significantly 
weakened by mulberrofuran G (Figure 2B), with a 
negative linear relationship. No difference in both res-
ponse variables was detected between A549 cells and 
NCI-H226 cells. Consequently, it may point out that 
mulberrofuran G inhibited the invasion and migration 
of lung adenocarcinoma and lung squamous cell carci-
noma cells. 

 

Figure 1: Effects of mulberrofuran G on the proliferation of A549 cells and NCI-H226 cells. (A) CCK8 assay; (B) Cell colony assay 
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Cell cycle and metastasis of lung cancer cells  

Next, Western blot analysis was performed to evaluate 
the expression levels of related markers of cell cycle and 
metastasis. For both A549 cells and NCI-H226 cells, 
mulberrofuran G significantly down-regulated the 
expression levels of CDK6 and CDK4, whereas signifi-
cantly up-regulated the expression levels of p27 and 
RB1. Further, mulberrofuran G significantly weakened 
the metastasis-related marker MMP9 in A549 cells 
(Figure 3A). 

JAK2/STAT3 signaling pathway 

To illuminate how mulberrofuran G impacted cell 
proliferation, invasion and migration, A549 cells and 
NCI-H226 cells were administrated by 22.525 μmol/L 
and 30.591 μmol/L MG, respectively. The expression 
levels of JAK2/STAT3 signaling markers were then 
investigated by a Western blot (Figure 3B). After treat-
ment for 24 hours, there was no difference in JAK2 and 
STAT3. However, the levels of p-JAK2 and p-STAT3 in 
A549 cells and NCI-H226 cells were significantly lower 
than that in the control group (p<0.05), which was 

similar to the effect of JAK2/STAT3 inhibitor AG490. 
When cells were co-treated with both JAK2/STAT3 
inhibitor AG490 and mulberrofuran G, the levels of p-
JAK2 and p-STAT3 were the lowest. All the results 
suggested that mulberrofuran G regulated the prolifera-
tion, invasion, and migration of lung cancer cells via 
inactivating JAK2/STAT3 signaling pathway.   

 

Discussion 

Due to the highly invasive and metastatic capacity of 
tumor cells, the overall survival time of patients with 
lung cancer is poor; especially patients aged ≥ 75 years 
(Heist et al., 2017; Cerfolio et al., 2018; Driessen et al., 
2018). Better understanding the invasion and migration 
of tumor cells is the main event prolonging the survival 
time of individuals with cancer. The present study 
focuses on the effect of mulberrofuran G on cells proli-
feration, invasion, and migration of lung adenocarci-
noma and squamous cell carcinoma. Previous literature 
has illuminated that mulberrofuran G plays crucial 
regulatory roles in several cellular processes (e.g., 

Figure 3: Effects of mulberrofuran G on related markers of the cell cycle (A) and metastasis (B) in A549 cells and NCI-H226 cells. β
-actin was used as an internal control (A); Mulberrofuran G inactivated the JAK2/STAT3 signaling pathway in A549 cells and NCI
-H226 cells. β-actin was used as an internal control 

Figure 2: Effects of mulberrofuran G on the invasion and migration of A549 cells and NCI-H226 cells. (A) Transwell invasion as-
say; (B) Scratch assay 

A B 
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signaling regulation in ROS and protein tyrosine phos-
phatase) (Hong et al., 2017; Paudel et al., 2018). The 
proliferations of lung adenocarcinoma and lung squa-
mous cell carcinoma cells were significantly linearly 
suppressed by mulberrofuran G. By increasing mul-
berrofuran G, the growth of lung adenocarcinoma and 
lung squamous cell carcinoma cells were increasingly 
down-regulated. A recent study has suggested that 
mulberrofuran G has variable activities, such as anti-
Alzheimer's disease, anti-inflammatory, fungicidal, anti
-cancer, antibacterial, and anti-tyrosinase properties 
(Koirala et al., 2018). Hence, this study points to 
experimental evidence that mulberrofuran G has anti-
cancer activity, which provides new insight into the 
clinical treatment of lung cancer. 

Next, the expression level of cell cycle markers was 
evaluated after treated with various concentrations of 
mulberrofuran G. Mulberrofuran G prominently weak-
ened the expression levels of CDK6 and CDK4, but 
strengthened the expression levels of p27 and RB1. At 
its essence, dysregulation in the cell cycle (e.g. G2/M 
phase) is associated with the occurrence and develop-
ment of lung cancer (Ramalingam et al., 2017). The inhi-
bitor p27 regulates the activity of cyclin-dependent 
kinases (including CDK4 and CDK2); dual Inhibition of 
CDK4 and CDK2 further induces down-regulation of 
tyrosine phosphorylation of p27Kip1 (CDKN1B) (Patel 
et al., 2018). CDK4 and CDK6 inactivate phosphory-
lations of the central cell cycle/tumor suppressor Rb to 
initiate G1 phase (Sherr, 1995; Bartek et al., 1996). 
Degradation of p27Kip1 inhibits cell cycle transition at 
G1/S boundary and decreases tumor growth (Singh et 
al., 2018). The deregulation of CDK4 in cancer decreases 
emerging of E2F-dependent transcription of cyclin E 
and influences DNA synthesis (Colleoni et al., 2017). 
Consequently, the proliferation of lung cancer cells is 
attributable to the p27-mediated down-regulation of 
CDK4/6 complexes. 

Tumor metastasis is the leading cause of mortality in 
individuals with cancer. The effect of mulberrofuran G 
on the metastasis of A549 cells and NCI-H226 cells was 
evaluated. Transwell invasion assay and scratch assay 
indicated that mulberrofuran G inhibited the invasion 
and migration of lung adenocarcinoma and lung squa-
mous cell carcinoma cells, with a negatively linear dose-
effect relationship. Western blot analysis showed 
mulberrofuran G significantly down-regulated MMP9 
in A549 cells. The regulator MMP-9 plays an important 
role in the metastasis of cancer cells (Vandooren et al., 
2013). Accumulating evidence indicates that up-
regulation of MMP9 enhances migration and invasion 
of cancer cells (Khan et al., 2017; Zhang et al., 2017). The 
present results suggested that the metastasis of lung 
cancer cells is linked to inhibition of MMP9 mediated 
by mulberrofuran G. 

Notably, it has been reported that the JAK2/STAT3 

signaling pathway is associated with inflammatory res-
ponse (Weng et al., 2017) and regulated the expression 
levels of interleukin 6 (IL-6) and MMP-10 in a human 
lung adenocarcinoma cell (Zhang et al., 2009). The 
present study showed that mulberrofuran G signifi-
cantly down-regulated p-JAK2 and p-STAT3 in A549 
cells and NCI-H226 cells, which is similar to the effect 
of JAK2/STAT3 inhibitor AG490. The JAK2/STAT3-
specific inhibitor AG490 blocked STAT3 phosphoryla-
tion (Liu et al., 2014). The cell growth and migration 
mediated by JAK2/STAT3 signaling pathway in 
NSCLC have been reported in several cancers (Liu et 
al., 2018; Sun et al., 2018). STAT3 is a negative regulator 
of inflammation (Welte et al., 2003). The activation of 
STAT3 further enhances the TGF-β/Smad signaling 
(Zhang et al., 2009) and suppresses p53 transcription 
(Niu et al., 2005). Mulberrofuran G may have a similar 
function to AG490. JAK2/STAT3 signaling pathway has 
protective effects of epidermal growth factor (EGF) 
receptor activation (Tang et al., 2018). JAK/STAT3 
pathway is required to sustain EGF/EGFR-induced epi-
thelial-mesenchymal transition in cancer (Colomiere et 
al., 2009; Liu et al., 2014). JAK2/ STAT3 pathway is 
required to strengthen the anti-angiogenic property of 
anlotinib (Liang et al., 2019).  

 

Conclusion 

The anti-cancer effect of mulberrofuran G via inhibition 
of JAK2/STAT3 signaling pathway to regulate the 
proliferation, invasion, and migration of lung adenocar-
cinoma and lung squamous carcinoma cells.     
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