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 Scutellarin exerts anticancer effects on human leukemia cells 
via induction of Sub-G1 cell cycle arrest, apoptosis and also 
inhibits migration and invasion by targeting Raf/MEK/ERK 
signalling pathway
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Summary

Purpose: Leukemia accounts for a significant mortality 
across the globe every year. The main objective of the present 
research work was directed towards studying the anticancer 
effects of scutellarin-a plant flavone, against K562 human 
leukemia cells, along with examining its effects on cellular 
apoptosis, cell cycle, cell migration and cell invasion as well 
as Raf/MEK/ERK signalling pathway. 

Methods: Cell viability of K562 leukemia cells was evalu-
ated by WTS-1 assay, while apoptotic effects induced by 
scutellarin in K562 cells were examined by fluorescence mi-
croscopy, flow cytometry, and western blot methods. Effects 
on cell cycle were measured by flow cytometry. Transwell 
Matrigel assay was performed to evaluate whether scutel-
larin induces inhibition of cell migration and cell invasion 
effects in K562 cells

Results: Scutellarin was shown to suppress the viability of 
the K562 cells dose-dependently with an IC50 of 6 μM. Fur-

ther, scutellarin was shown to induce apoptosis which was 
initially exhibited by DAPI and annexin-V/propidium iodide 
(PI) staining and then confirmed by western blot in which 
it was shown to trigger regulation of Bax and downregula-
tion of Bcl-2 in K562 human leukemia cells. Scutellarin also 
induced G0/G1 cell cycle arrest which was accompanied by 
suppression of cell migration and invasion. Scutellarin also 
led to the decline of the expression of p-Raf, p-MEK1/2 and 
p-ERK1/2 in a concentration-dependent manner.

Conclusion: In conclusion, scutellarin could inhibit the 
growth of K562 human leukemia cells by inducing apopto-
sis, cell cycle arrest, inhibition of cell migration and invasion 
and downregulating the expressions of p-Raf, p-MEK1/2 and 
p-ERK1/2. 
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Introduction

 Leukemia is regarded as one of the lethal hu-
man diseases and results in a significant human 
mortality across the globe. In United States of 
America alone, more than 0.3 million people are di-
agnosed with leukemia and out of them 0.2 million 
people die. Around 3% of all human malignancies 
constitute leukemia and because of its low survival 
rates, it is regarded as one of the fatal cancers [1,2]. 
There are four types of leukemia, namely acute 

myeloid leukemia (AML), chronic myeloid leuke-
mia (CML), acute lymphocytic leukemia (ALL) and 
chronic lymphocytic leukemia (CLL). Among them, 
CLL is very common in middle-aged people or el-
derly in western countries. However, in China and 
Japan, CLL is rare. But the published literature sup-
porting this claim is mainly found in China [3,4]. 
Regarding AML, the median age at diagnosis is 66 
years and has a cure rate of less than 10% and a 
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median survival less than 1 year. In patients who 
are less than 60 years of age, around 80% of them 
can achieve complete remission. However, tumor 
relapse occurs in most of them and overall survival 
is only 40-50% at 5 years. AML treatment involves 
remission induction chemotherapy with a combi-
nation of cytarabine/anthracyclines [5]. However, 
due to the adverse side effects of chemotherapy 
and its diagnosis at advanced stage, leukemia treat-
ment is seriously affected. Keeping these things in 
mind, research endeavours are being made to de-
sign and develop novel and effective chemothera-
peutic drugs which have comparatively lesser side-
effects. Plants synthesize a wide array of secondary 
metabolites and many of these secondary metabo-
lites have been used in treating human disorders 
including cancer. Many of the plant-derived mol-
ecules like taxanes, podophyllotoxins, vincristine, 
vinblastine, camptothecin etc. have been shown 
to have significant anticancer activity against a 
range of human cancer cells [6,7]. In the present 
study, the anticancer effects of Scutellarin-a plant 
flavone, mainly found in Scutellariabarbata and 
Scutellariaateriflora, were investigated. Its effects 
on cell cycle phase distribution, cell apoptosis, cell 
migration and invasion as well as Raf/MEK/ERK 
signalling pathway were also investigated.

Methods 

Cell lines, culture conditions, WST-1 cell proliferation assay

 The human leukemia cells K562 were kindly pro-
vided by the Department of Biochemistry and Biology, 
Chinese Academy of Sciences, Shanghai, China. The 
cells were kept in Dulbecco’s modified Eagle’s medium. 
(DMEM) which was also supplemented with 10% fetal 
bovine serum (FBS), antibiotics (100 U/ml penicillin and 
100 μg/ml streptomycin), and 2 mM glutamine. The pro-
liferation of these cells was evaluated by WST-1 assay. 
In brief, K562 cells were cultured in 96-well plates at the 
density of 1×106 cells/well and treated with 0, 1.8, 3.6, 
7.2, 12.5, 25, 50 and 100 μM concentrations of scutellarin 
for 24 h at 37°C. This was followed by incubation of the 
cells with WST-1 at 37°C for 4 h. The absorbance was 
then measured at 450 nm using a victor 3 microplate 
reader to determine the proliferation.

Cell cycle analysis by flow cytometry

 The effects of scutellarin flavone on the progression 
of cell cycle phases were analysed by flow cytometry 
using AnnexinV/PI staining. The cultured human leu-
kemia K562 cells were initially treated with 0, 7.5, 15 
and 30μM concentration of scutellarin for 24 h at 37oC. 
The cells were then washed with phosphate buffered 
saline (PBS). Afterwards, the K562 cells were stained 
with Annexin V/PI and the distribution of the cells in 
various cell cycle phases was measured by FACS flow
cytometer.

Apoptosis studies using DAPI (4’,6-diamidino-2-phenylin-
dole) and annexin V/propidium iodide (PI) staining assays

 The fact that scutellarin led to induction of apopto-
sis in K562 human leukemia cells was studied by using 
fluorescence microscopy along with flow cytometry us-
ing DAPI and annexin V/PI staining dyes respectively. 
The K562 cells were grown in 6-well plates (2×105 cells/
well) for 12 h. The cells were then treated with 0, 7.5, 15 
and 30 μM dose of scutellarin for 24 h at 37°C. Around 
25μl cell culture were put onto a glass slide after the 
cells were sloughed off and stained with a solution of 
DAPI or separately. The slides were then enclosed with 
a cover slip and scanned with a fluorescent microscope 
(Nikon Instruments Inc., NY, USA). Annexin V/PI stain-
ing was carried out as previously reported [8]. 

Western blot assay

 The apoptotic effects as well as the effects on Raf/
MEK/ERK signalling pathway were further examined by 
western blot assay. The K562 human leukemia cells were 
washed with ice-cold PBS and then suspended in a lysis 
buffer at 4°C. Subsequently, Bradford assay was used 
for evaluating the protein content of each cell extract. 
About 50 μg of protein were loaded from each sample 
and separated by SDS-PAGE before being shifted to pol-
yvinylidene fluoride membrane. The membranes were 
then subjected to tris-buffered saline treatment and then 
exposed to primary antibodies at 4°C. The cells were 
treated with appropriate secondary antibodies and the 
proteins of interest were visualised by enhanced chemi-
luminescence reagent. Finally, the protein signal was 

Figure 1. Chemical structure of scutellarin (A). B: WTS-
1 assay showing antiproliferative effects of scutellarin on 
the viability of K562 human leukemia cells. The experi-
ments were performed in triplicate and shown as mean ± 
SD (*p<0.05). 
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detected by Odyssey Infrared Imaging System. Actin and 
GAPDH were used as control for normalisation.

Effects on cell invasion and cell migration

 The cell invasion and migration effects of scutel-
larin on K562 human leukemia cells were evaluated by 
transwell assay (8 μM pore size polycarbonate filters) 
with Matrigel. Around 100 ml cell culture were posi-
tioned onto the upper chambers and only medium was 
put in the bottom chambers. However, for invasion assay, 
the inserts were coated with extracellular matrix gel 
(30 μl) (ECM, Sigma, USA). Swabbing was performed to 
remove the non-migrated and non-invaded cells from the 
upper surface. However, the migrated and the invaded 
cells on the lower surface were fixed with methanol for 
about 40 min followed by crystal violet (0.5%) staining 
for about 50 min, and washed with PBS. Finally, inverted 
microscope was used to count the number of invaded 
and migrated cells at 200x magnification. 

Statistics

 The experiments were done in triplicate. The values 
presented are the mean of three repeats ±SD. *p<0.05, 
**p<0.01 and **p<0.001 were considered statistically sig-
nificant. Student’s t-test using GraphPad prism 7 soft-
ware was employed for statistical analyses.

Results

Scutellarin inhibits K562 human leukemia cell growth 

 The growth inhibitory effects of scutellarin 
(Figure 1A) were seen on the K562 leukemia cells 
by WTS-1 assay at concentrations ranging from 0 
to 100 μM. Scutellarin was shown to suppress the 
viability of the K562 cells dose-dependently (Fig-
ure 1B). The IC50 of scutellarin against the K562 
cells was found to be 6 μM. The cell viability was 
much more pronounced at 100 μM concentration, 
killing more than 95% of the cells. 

Scutellarin induces G0/G1 cell cycle arrest in K562 hu-
man leukemia cells

 The growth inhibitory effects of scutellarin 
were further observed to be mediated via inhibit-
ing cell cycle phase distribution. Results obtained 
from flow cytometric measurements indicated that 
scutellarin led to G0/G1 cell cycle arrest in a dose-
dependent manner. With increase in the scutellarin 
dose, the K562 cells in G0/G1 phase were also seen 
to increase and at 12 μM dose around 67.5% of the 
cells were observed to lie in G0/G1 phase of the cell 
cycle (Figure 2). 

Figure 2. Scutellarin induces G0/G1 cell cycle arrest of the 
K562 human leukemia cells as evidenced by flow cytometry. 
The experiments were performed in triplicate and shown 
as mean ± SD (*p<0.05). 

Figure 3. Fluorescence microscopy using DAPI (4’,6-di-
amidino-2-phenylindole) staining, showing that scutellarin 
induces apoptosis in K562 human leukemia cells. The ex-
periments were performed in triplicate. 

Figure 4. Annexin V/PI assay showing the percentage of 
K562 human leukemia apoptotic cells at the indicated con-
centrations of scutellarin. The experiments were performed 
in triplicate. 
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Scutellarin induced programmed cell death in K562 
human leukemia cells

 The results also showed that the growth in-
hibitory effects of scutellarin were mediated via 
inducing apoptosis in these cells. Fluorescence 
microscopy using DAPI staining indicated that 
scutellarin induced changes in K562 cells resem-
bling apoptosis, and these changes included nu-
clear fragmentation, chromatin condensation, and 
splitting of the nucleus. These effects were upregu-
lated with increasing scutellarin dose (Figure 3). 
The annexin V/PI staining showed that K562 apo-
ptotic cell percentage enhanced in a concentration-
dependent manner. The apoptotic cell percentage 
increased from 8.04% at 0 μM drug dose to 8.71%, 
29.67% and 71.41% at 3, 6 and 12μM respectively 
(Figure 4). Scutellarin induced both early and late 
apoptosis, indicating its potential as an apoptosis-

inducing agent. Further, for the authentication of 
apoptosis, the expression of apoptosis-associated 
proteins (Bax and Bcl-2) was observed and it was 
shown that scutellarin triggered upregulation of 
Bax and downregulation of Bcl-2 in K562 human 
leukemia cells (Figure 5). Taken together, all three 
assays confirmed the fact that scutellarin inhibits 
the growth of K562 leukemia cells by triggering 
programmed cell death. 

Scutellarin led to suppression of cell migration and 
invasion

 In addition, the effects of scutellarin on can-
cer cell migration and invasion were evaluated by 
transwell assay at varying doses of the molecule. 
It was seen that scutellarin at IC50 dose exerted 
potent inhibitory effects on cancer cell migration 
and invasion (Figures 6 and 7). These results sug-

Figure 5. Effect of tested concentrations of scutellarin on 
the expression of apoptosis related proteins (Bcl-2 and Bax) 
by western blot analysis. The experiments were performed 
in triplicate.

Figure 6. Scutellarin induced dose-dependent inhibition of 
cell migration in K562 human leukemia cells. The experi-
ments were performed in triplicate and shown as mean ± 
SD (*p<0.05). 

Figure 7. Scutellarin induced dose-dependent inhibition 
of cell invasion in K562 human leukemia cells. The experi-
ments were performed in triplicate and shown as mean ± 
SD (*p<0.05).

Figure 8. Scutellarin targets Raf/MEK/ERK signalling 
pathway by decreasing the expression of p-Raf, p-MEK1/2 
and p-ERK1/2 in a concentration-dependent manner. The 
experiments were performed in triplicate.
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gested that scutellarin could inhibit cell migration 
and invasion and as a result it could be quite useful 
in stopping the cancer cell metastases, which is a 
challenging problem in cancer treatment. 

Scutellarin inhibits the Raf/MEK/ERK signalling path-
way in K562 leukemia cells

 One of the final experiments that we did was 
to assess the effects of scutellarin on Raf/MEK/ERK 
signalling pathway and this was done by western 
blot assay. The results convincingly indicated that 
scutellarin led to the decline of the expression of 
p-Raf, p-MEK1/2 and p-ERK1/2 in a concentration-
dependent manner (Figure 8). 

Discussion

 Naturally occurring molecules have always 
played key roles in treating human diseases, espe-
cially infections and cancers. Numerous clinically 
valuable anticancer drugs have been isolated from 
plants which have been used in treating diverse 
cancers in the last 50-60 years. Plant-derived natu-
ral products play a major role in drug discovery 
keeping in view the increasing number of new and 
novel drugs which are currently in different phases 
of clinical development [9]. Scutellarin is a plant 
flavone that belongs to phenolic class of molecules 
with wide range of pharmacological effects. These 
effects include antioxidant, anti-inflammatory, anti-
platelet, anti-coagulation, and anti-myocardial in-
farction. Scutellarin has been reported to enhance 
antitumor effects of bleomycin- a broad spectrum 
antitumor drug- in H22 Ascites Tumor-bearing 
mice [10]. This molecule has also been reported to 
suppress colorectal cancer cell growth and colony 
formation along with inhibiting tumor growth in 
in vivo mouse xenografts. It has also been reported 
to inhibit angiogenesis along with inhibiting hu-
man umbilical vascular endothelial cells (HUVECs) 
migration [11]. This molecule has been reported 
to exert anticancer effects against a wide range of 
cancer cells including hepatocellular cancer cells, 
colorectal cancer cells, kidney cancer cells, lung, 
prostate etc. The mechanism of anticancer action 
of scutellarin has been shown to be mediated by its 
ability to induce programmed cell death, inducing 
cell cycle arrest as well as targeting various bio-
chemical signaling pathways [12-15]. In one pub-

lished study it is reported to inhibit cancer cell 
growth by inducing apoptosis along with down-
regulation of Bcl-2, Bax, and caspase-3 [16]. It is 
also reported that scutellarin also led to reduction 
of reactive oxygen species (ROS) along with ac-
tivating STAT-3 transcription signalling pathway, 
and targeting Bcl-XL, and Mcl-1. It is also reported 
in a much recent study of 2017 that this molecule 
suppresses cell invasion and migration of liver can-
cer cells by suppressing STAT-3 and AKT protein 
expressions [17,18]. 
 In the present study, scutellarin was investi-
gated for its anticancer activity against K562 hu-
man leukemia cells. Furthermore, its effects on 
cellular apoptosis, cell cycle, cell migration and 
cell invasion along with Raf/MEK/ERK signalling 
pathway were also examined. The molecule was 
shown to suppress the viability of the K562 cells 
dose-dependently with an IC50 of 6 μM. In addition, 
scutellarin was shown to induce apoptosis which 
was initially exhibited by DAPI and annexin-V/
PI staining and then confirmed by western blot 
in which it was shown to trigger upregulation of 
Bax and downregulation of Bcl-2 in K562 human 
leukemia cells. Scutellarin also induced G0/G1 cell 
cycle arrest which was accompanied by suppres-
sion of cell migration and invasion. This molecule 
also led to the decline of the expression of p-Raf, p-
MEK1/2 and p-ERK1/2 in a concentration-depend-
ent manner. 

Conclusion

 Combining all the experimental pieces togeth-
er, it can be safely suggested that scutellarin exerts 
potent anticancer effects in K562 human leukemia 
cells by inducing apoptosis, G0/G1 cell cycle arrest, 
inhibition of cell migration, cell invasion as well as 
suppression of Raf/MEK/ERK signalling pathway. 
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