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Keywords: thereby enhancing leukemogenesis. Nowadays, drugs from herbal sources were

Cordyceps militaris, cordycepin, FLT3, ~ Selected as alternative drugs for studying their effectiveness on leukemia treatment.

anti-leukemia Objectives: This study aimed to evaluate anti-leukemia activities of various Cordyceps

militaris (C. militaris) extracts including crude extract (Crude) and fractional extracts
from hexane (Hex), ethyl acetate (EtOAc), and ethanol (EtOH) on EolL-1 and MV4-11
cells.

Materials and methods: Cytotoxicity and effects on FLT3 protein expression and cell
cycle progression were investigated and compared with standard cordycepin using
MTT assay, Western blotting, and Pl staining, respectively.

Results: The results demonstrated that EtOAc and Hex fractional extracts showed the
strongest cytotoxic effects on EoL-1 cells with inhibitory concentration at 50% growth
(IC,,) values of 11.0£2.9 and 11.7+0.6 pg/mL and 45.9+0.4 and 36.8+15.3 pg/mL for
MV4-11 cells, respectively. Crude and EtOAc fractional extracts exhibited excellent
inhibitory effects on FLT3 protein expression. Moreover, the cell cycle progression of
both leukemic cells was arrested at S phase after treatment. The obtained results are
in the same pattern with standard cordycepin.

Conclusion: Overall, this present study showed that anti-leukemia activities of
C. militaris on EolL-1 and MV4-11 may involve the inhibition of cell proliferation
by inhibiting FLT3 protein expression and inducing cell cycle arrest at S phase and
cordycepin may plays a major role of these activities.
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Introduction

Acute myeloid leukemia (AML) is a heterogenous
malignant disorders characterized by abnormal proliferation
and differentiation of myeloid cells. It is the most prevalent
type of leukemia in adults with an increased risk of relapse
and poor prognosis. Current treatments for AML patients
include induction therapy, which is a combination of cytotoxic
agents such as cytarabine and anthracycline as a “7+3”
regimen and consolidation therapy, which consists of high
doses of cytarabine for eradication of residual leukemia.?
However, the use of cytotoxic agents can cause toxicities to
the patients, especially in older patients who are over 65
years of age.® Thus, treatment of AML remains challenging,
particularly in patients over the age of 65 and those with
refractory or relapsed AML.* Therefore, the development of
new drugs with lower toxicities is necessary for the treatment
of AML.®

FMS-like tyrosine kinase 3 (FLT3) is a member of the
type lll receptor tyrosine kinase (RTK) which normally expressed
on the surface of many hematopoietic progenitor cells, and
plays a critical role in controlling cell survival, proliferation,
and differentiation of hematopoietic cells.®® It is one of
the main mutated genes which can be found in nearly
30% of newly diagnosed AML cases; about 25% of patients
with internal tandem duplication (ITD) mutations within
the juxtamembrane domain (JMD) and 7-10% with point
mutations in the tyrosine kinase domain (TKD), leading to
the constitutive activation of kinase activity.}**® FLT3-ITD
gene is the most common mutation that exhibits a high
leukemia burden and used as a prognostic marker. It was
associated with poor prognosis, increased risk of relapse
and decreased overall survival.!® Consistently, FLT3-TKD
point mutations result in ligand-independent activation,
phosphorylation of the receptor and constitutively activate
kinase activity, thereby enhancing uncontrolled proliferation.**
According to the previous studies, drugs from herbal sources
were selected to evaluate their anti-leukemia properties.*>’
Cordyceps militaris (C. militaris) is a species of fungus in the
family Clavicipitaceae, and the genus Cordyceps which was
originally described by Carl Linnaeus in 1753 as Clavaria
militaris. 1t has been widely used as an herbal remedy or
crude drug in oriental medicine and folk tonic foods in East
Asia.

Several studies have shown that Cordyceps species
contain numerous bioactive compounds which play a critical
role in anti-inflammation, antioxidant, anti-microbial activity,
anti-viral, enhancing immunity, anti-aging, and anti-tumor.182°
Aqueous extract of C. militaris has anti-proliferative effects
on human leukemia U937 cells by enhancing apoptotic cell
death through regulation of several major growth regulatory
gene products and caspase protease activity.?! Cordycepin
in cultivated C. militaris possesses a synergistic cytotoxic
effect on human leukemia cells.?? In addition, C. militaris
extract exhibited anti-leukemia efficacy on a xenografted
leukemia model. Moreover, hot water extract of C. militaris
strongly inhibited the growth of HL-60 cells by promoting cell
apoptosis through sequential activations of caspase-3 and
PARP.>* According to previous studies of Cordyceps species,
they were rich in bioactive compounds and solvent polarity

affected the contents of bioactive compounds in each
fractional extracts which may differ in their biological
properties.’** Cordycepin represents one of the major
bioactive compounds in C. militaris which is associated
with several biological activities and widely used for various
pharmacological properties.?>?’ Previous study of our extracts
showed that the cordycepin content was demonstrated in all
fractions of C. militaris extracts with different percentage in
each fraction.? Therefore, it was suggested that cordycepin
might involve in anti-leukemia properties presented in all
fractions of C. militaris extracts. The mechanism by which
cordycepin inhibits leukemic cell proliferation is only partially
understood. As overexpression of FLT3 protein play a critical
role in leukemogenesis, if cordycepin can inhibit leukemic
cell proliferation in FLT3 overexpressing leukemic cell model,
it may involve in the inhibition of FLT3 protein expression.

According to various biological activities and anti-
leukemia properties of C. militaris as mentioned above, the
objective of this study was, therefore, to investigate the
anti-leukemia proterties of C. militaris extracts on FLT3
overexpressing leukemic cell lines, including the wild-type
FLT3 overexpressing leukemic cell (EoL-1) and FLT3-ITD
mutant leukemic cell (MV4-11).

Materials and methods

Plant materials

Dried C. militaris powder was kindly contributed by
Mushroom Research and Development Center (MRDC,
Chiang Mai Province, Thailand).

Chemicals and reagents

Commercial grade cordycepin (purity>98.0%) was
purchased from Sigma-Aldrich (St. Louis, MO, USA). Roswell
Park Memorial Institute (RPMI)-1640 medium, Iscove’s
Modified Dulbecco's Medium (IMDM), fetal bovine
serum (FBS), penicillin-streptomycin, and L-glutamine were
purchased from GIBCO (Waltham, MA, USA). Anti-FLT3
antibody and rabbit polyclonal anti-GAPDH antibody were
purchased from Abcam (Cambridge, UK). Luminata™ Forte
Western HRP Substrate was purchased from Merck Millipore
(Darmstadt, Germany).

C. militaris extraction

C. militaris extracts used in this study composed of
crude extract (Crude), fractional extracts including hexane
fractional extract (Hex), ethyl acetate fractional extract
(EtOAc), and ethanolic fractional extract (EtOH). The
extraction process was previously mentioned by Marsup P
et al.” Briefly, crude extract was obtained from maceration
of dried C. militaris powder in 95% ethanol, followed by
filtration through Whatman No.1 paper and removed
the solvent with a rotary evaporator (Buchi Labortechnik
GmbH, Essen, Germany). On the other hand, sequential
maceration was performed to obtain the Hex, EtOAc, and
EtOH fractional extracts. First, hexane fractional extract
(Hex) was obtained by maceration of dried C. militaris
powder in hexane, followed by filtration through Whatman
No.1 paper to obtain the solution of the extract. After that,
the hexane was removed by using a rotary evaporator to
get the hexane fractional extract (Hex). Subsequently, the
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residue powder was macerated in ethyl acetate, filtrated
through Whatman No.1 paper and the solution of the
extract was evaporated out of the solvent using a rotary
evaporator to get the ethyl acetate fractional extract (EtOAc).
Afterwards, the residue power was macerated in 95%
ethanol, using the same method as above and ethanolic
fractional extract (EtOH) was obtained from this final step.

Leukemic cell lines and cell culture conditions

FLT3 overexpressing leukemic cell lines, including
wild-type (EoL-1) and FLT3-ITD mutant (MV4-11) were used
as leukemic cell models in this experiment. EoL-1 cells were
cultured in RPMI-1640 medium supplemented with 10%
fetal bovine serum, 1 mM L-glutamine, 100 units/mL
penicillin, and 100 pg/mL streptomycin. MV4-11 cells
were cultured in IMDM medium supplemented with 10%
fetal bovine serum, 100 units/mL penicillin, and 100 pg/
mL streptomycin. Both leukemic cell lines were cultured at
37 °Cin a humidified incubator with 5% CO..

MTT cytotoxic assay

To check the cytotoxicity of C. militaris extracts on
leukemic cell lines, MTT assay was performed by using EoL-1
and MV4-11 cells at 70-80% confluence in exponential
growth phase. Briefly, EoL-1 cells at 3x10* cells/well and
MV4-11 cells at 1x10* cells/well were plated in 96 well
plates containing 100 uL medium prior to the treatment
with the extracts at 37 °C in a humidified condition with
5% CO, for 24 hrs. Then, an equal volume of C. militaris
extracts (including crude and three fractional extracts)
and standard cordycepin at various concentrations (3.125,
6.25, 12.5, 25, 50, and 100 pg/mL) were added to each
well, and incubated for another 48 h. After removal of 100
puL medium, 15 pL of MTT dye solution was added and
the plate was incubated at 37 °C for 4 hrs. Then, 200 pL
of DMSO was added to each well and mixed thoroughly to
dissolve the formazan crystals. The absorbance of treated
wells (test wells), vehicle control well (VC; 0.8% DMSO in
culture medium), and untreated control or cell control well
(CC) were measured using SpectraMax® M5 Multi-Mode
Microplate Reader (Molecular Devices Crop, CA, USA) at
578 nm with a reference wavelength of 630 nm. Three
independent assays were done. The average cell viability
of the vehicle control was compared to untreated control.
If there are no significant differences between CC and VC,
the average cell viability of the treated well was calculated
in respect to the vehicle control.

Western blotting

To evaluate the effect of C. militaris extracts on FLT3
protein expression in FLT3 overexpressing leukemic cell
lines, Western blot analysis was done. At first, both EoL-1
cells (3x10° cells/mL) and MV4-11 cells at (1x10° cells/
mL) were treated with the non-toxic doses (IC,)) of the
extracts (including crude and three fractional extracts) and
standard cordycepin, which was gained from MTT assay
for 48 hrs. After that, the cells were harvested and washed

3 times with ice-cold PBS. The total cell number was counted
for cell viability evaluation by using trypan blue dye solution.
After that, the cell pellet was lysed in RIPA buffer (50 mM
Tris-HCI, 150 mM NacCl, 1% Triton X-100, 0.5 mM EDTA, and
0.1% SDS) containing protease inhibitors. Then, the whole
protein lysate was separated, and protein concentration was
measured by using Folin-Lowry method. Later, SDS-PAGE
was performed using whole protein lysate (80 pg, 25 pL/
well) of tested samples and the separated proteins on
were transferred to the polyvinylidene difluoride (PVDF)
membrane by using 32 volts of electricity overnight in
blotting buffer. Then, the membrane was blocked with 5%
skimmed milkin PBSandincubated with primaryantibodies,
the rabbit polyclonal anti-FLT3 (1:1,000) and the rabbit
polyclonal anti-GAPDH (1:16,000). The membrane was then
incubated with horseradish peroxidase (HRP)-conjugated
goat anti-rabbit 1gG (1:20,000) and proteins were visualized
by means of chemiluminescent method using the Luminata™
Forte Western HRP Substrate. This experiment was performed
inthree independent experiments and the most effective C.
militaris extract was selected and its effect on FLT3 protein
expression was evaluated in term of dose dependent manner.

Cell cycle analysis

Cell cycle analysis was performed using DNA binding
dye, propidium iodide (PI). In this study, various concentrations
of crude extract (Crude) and ethyl acetate fractional extract
(EtOACc) of C. militaris were used to treat EoL-1 and MV4-11
cells, respectively. The activities of extracts were compared
to that of standard cordycepin. Briefly, EoL-1 cells at 3x10°
cells/mL and MV4-11 cells at 1x10° cells/mL were starved
for 24 hrs in 0.5% FBS RPMI-1640 and 0.5% FBS IMDM
medium, respectively. Then, leukemic cells were treated
with non-toxic dose (IC, ) value and 2 concentrations lower
than IC,, value (IC , IC) of extract for 48 hrs. After that,
the cells were harvested and washed with ice-cold PBS.
Next, cells were resuspended in 300 uL PBS and then, 700
uL of ethanol was added and incubated for 30 min on ice.
Thereafter, cells were centrifuged at 5,000 rpm for 10 sec
and washed with ice-cold PBS. Finally, leukemic cells were
stained with propidium iodide (PI) solution (1 mg/mL PI,
80 mM EDTA, 1% Triton X-100, 10 mg/100 pL RNAse A)
in the dark at 4 °C and the DNA content was detected by
flow cytometer. This experiment was performed in three
independent experiments and the data were analyzed
using the FlowJo Vx software.

Statistical analysis

The data were expressed as the meanzSD of three
independent experiments. The statistical differences were
determined using unpaired Student’s t-test and statistical
comparison was processed by one-way ANOVA using SPSS
program (SPSS Statistics Base 17.0 for Windows (SPSS License
No.7 (50)). The differences were considered significant when
the probability value was less than 0.05 (p<0.05).
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Results

Cytotoxic effects of C. militaris extracts

Cytotoxicity of crude and fractional extracts of
Hex, EtOAc, and EtOH were determined by an inhibitory
concentration at 50% growth (IC, ). All the test compounds
demonstrated the cytotoxic effects on EolL-1 and MV4-11
cells with various IC_ . It may be due to the different

constituents of bioactive compounds in each extract. During
fractionation, solvents are added according to the order
of increasing polarity for extraction of both polar and
nonpolar compounds. The polarity of solvents in the
extraction process influences the yield of bioactive
compounds.?® The higher polar solvents yielded higher
bioactive compounds which may differ in their biological
activities. In this study, it was found that different C. militaris
extracts exhibited different cytotoxic effects on leukemic
cell lines. By comparing the results from these two cell

lines, all the extracts showed the strongest inhibitory
effects on both Eol-1 and MV4-11 cells (Table 1). The IC,
values of standard cordycepin, crude, and fractional extracts
of Hex, EtOAc, and EtOH on EoL-1 cells were 28.7+7.3,
43.549.1,11.7+0.6,11.0+2.9, and >100 pg/mL, respectively
(Figure 1a). On the other hand, the IC_ values on MV4-11
cells were 50.0+13.0, >100, 36.8+15.3, 45.9+0.4, and >100
ug/mL, respectively (Figure 1b).

According to the obtained results, the Hex and EtOAc
fractional extracts exhibited the greatest cytotoxic effects
on leukemic cells. However, the cytotoxicity in these leukemic
cells were different due to the difference in leukemic cell-type.
In our study, EoL-1 cells were found to be more sensitive
to the extracts than MV4-11 cells. This result was well in
accordancewith perviousstudyreportedthatEolL-1celllines
were sensitive to sorafenib and cytarabine than MV4-11
cells due to the presence of activated FIPL1-PDGFRa fusion
gene in Eol-1 cells.?®

Table 1 Inhibitory concentration values of C. militaris extracts on EolL-1 and

MV4-11 cell lines.

EolL-1 MV4-11
C. militaris extracts
IC,, (ng/mL)* IC, (pg/mL)* IC, (ug/mL)* IC  (ng/mL)*
Cordycepin 8.3x1.1 28.7+7.3 14.9+8.0 50.0£13.0
Crude 5.8+3.8 43.5+9.1 4.3+1.8 >100
Hex 1.5+0.2 11.7+0.6 2.2+1.0 36.8+15.3
EtOAc 1.5£0.2 11.0+2.9 2.9+1.8 45.9+0.4
EtOH 4.7+0.5 >100 5.4+15.5 >100
* Data are the mean=SD of three independent experiments.
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Figure 1 Cytotoxicity of C. militaris extracts on (a) EoL-1 and (b) MV4-11 cell lines.

Effects of C. militaris extracts on FLT3 protein expression

The effects of C. militaris extracts on FLT3 protein
expression in EoL-1 and MV4-11 cells were evaluated using
Western blot analysis. After treatment of leukemic cells
with the non-toxic doses (IC, ) of the extracts for 48 hrs,
it was found that crude extract exhibited the strongest
inhibitory effects on FLT3 protein expression in EoL-1 cells

followed by Hex fractional extract. The FLT3 protein level
was decreased by 29.1 and 20.6%, respectively. Besides,
standard cordycepin demonstrated a greatest inhibitory
effect on FLT3 protein expression by decreasing the FLT3
protein level for 32.3%. In addition, the total cell number
after treatment was decreased in the same pattern of the
decreasing of FLT3 protein level (Figure 2). By contrast, EtOAc
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fractional extract has the strongest inhibitory effects on
MV4-11 cells (44.7%), followed by EtOH fractional extract
and crude extract which were 38.0% and 23.6%, respectively
(Figure 3).

Thereafter, crude extract and EtOAc fractional extract
were selected as the most effective extracts for EoL-1 and
MV4-11 cells, respectively. Their effects on FLT3 protein
expression were evaluated in term of dose-dependent
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manner by comparing to standard cordycepin. After the
treatment of leukemic cells for 48 h, crude extract exhibited
the strongest inhibitory effects on FLT3 protein expression
in EoL-1 cells by dose-dependent manner (Figure 4). Similarly,
EtOAc fractional extract showed an excellent inhibitory
effect on FLT3 protein expression in MV4-11 cells by means
of dose-dependent manner (Figure 5).
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Figure 2 Effects of C. militaris on FLT3 protein expression in EoL-1 cell line after 48 hrs of treatment. (a): The levels of FLT3 protein expression after treatments
with standard cordycepin (Cordy), crude and fractional extracts of Hex, EtOAc, and EtOH were assessed by Western blotting. GAPDH was used as the
loading control, (b): The protein levels were analyzed by a scan densitometer, (c): The total cell number after treatment was determined using trypan blue
exclusion method. Data are the mean#SD of three independent experiments. The data were analyzed by unpaired, two tailed, Student’s t test. Asterisks

denote values that were significant difference from the vehicle control, *p<0.05; ** p<0.01.
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Figure 3 Effects of C. militaris on FLT3 protein expression in MV4-11 cell line after 48 hrs of treatment. (a): The levels of FLT3 protein expression after treatments
with standard cordycepin (Cordy), crude and fractional extracts of Hex, EtOAc, and EtOH were assessed by Western blotting. GAPDH was used as the
loading control, (b): The protein levels were analyzed by a scan densitometer, (c): The total cell number after treatment was determined using trypan

blue exclusion method. Data are the mean#SD of three independent experiments. The data were analyzed by unpaired, two tailed, Student’s t test.
Asterisks denote values that were significantly different from the vehicle control, *p<0.05; **p<0.01.
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Figure 4 Effects of concentration of (a) crude extract on FLT3 protein expression in EoL-1 cell lines compared with (b) standard cordycepin after 48 hrs of
treatment. The levels of FLT3 protein expression after treatments with various concentrations (IC,, IC,, and IC, ) of the extracts were assessed by
Western blotting. GAPDH was used as the loading control. The protein levels were analyzed by a scan densitometer. Data are the mean+SD of three
independent experiments. The data were analyzed by unpaired, two tailed, Student’s t test. Asterisk (*) denotes a significant difference from the vehicle
control (VC) group (p<0.05).
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Figure 5 Effects of concentration of (a) EtOAc fractional extract on FLT3 protein expression in MV4-11 cell line compared with (b) standard cordycepin after
48 hrs of treatment. The levels of FLT3 protein expression after treatments with various concentrations (IC,, IC, , and IC, ) of the extracts were assessed
by Western blotting. GAPDH was used as the loading control. The protein levels were analyzed by a scan densitometer. Data are the mean +SD of
three independent experiments. The data were analyzed by unpaired, two tailed, Student’s t test. Asterisk (*) denotes a significant difference from
the vehicle control (VC) group at p<0.05.
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Effects of C. militaris extracts on cell cycle progression

In addition to the expression of FLT3 protein, the
effect on cell cycle progression is also a critical parameter of
the action of anti-leukemia drugs. Thus, crude extract and
EtOAc fractional extract are selective as effective extracts for
each leukemic cell line and cell cycle analysis was done in
terms of dose dependent manner to check whether cell cycle
progression is involved in decreased cell viability. Treatments
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of EoL-1 cells with crude extract (Figure 6a) and treatments
of MV4-11 cells with EtOAc fractional extract (Figure 6b)
significantly increased the cell populationat S phase by a
concentration dependent manner, when compared to the vehicle
control. In addition, standard cordycepin also arrested the cell
cycle progression of both EoL-1 and MV4-11 at S phase (Figure 7).
Moreover, total cell number of both EoL-1 and MV4-11 cells after
treatment was decreased in a dose dependent manner (Table 2).
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Figure 6 Effects of concentration of (a) crude extract and (b) EtOAc fractional extract on cell cycle progression of EoL-1 and MV4-11 cells, respectively, was evaluated
after 48 hrs of treatment. Cell population after treatments with various concentrations was assessed by flow cytometric quantitation of DNA contents using
propidium iodide solution. The percent of cell population was analyzed using FlowJo Vx software. Data are the mean+SD of three independent experiments.
The data were analyzed by One-Way-ANOVA test. Asterisk (*) denotes a significant difference from the vehicle control (VC) group at p<0.05.
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Figure 7 Effects of concentration of standard cordycepin on cell cycle progression of (a) EoL-1 and (b) MV4-11 cells were evaluated after 48 hrs of treatment.
Cell population after treatments with various concentrations was assessed by flow cytometric quantitation of DNA contents using propidium iodide solution.
The percent of cell population was analyzed using FlowJo Vx software. Data are the mean+SD of three independent experiments. The data were analyzed by
One-Way-ANOVA test. Asterisks denote values that were significantly different from the vehicle control, *p<0.05; **p<0.01.

Table 2 Total cell number of EoL-1 and MV4-11 cells after 48 hrs of
treatment with various concentrations of C. militaris extracts and

standard cordycepin.

EoL-1 (x10° cells)

MV4-11 (x10° cells)

Treatment
Crude Cordycepin EtOAc Cordycepin
vC 13.9+2.0 13.9+2.0 2.6+0.5 2.6+0.5
IC, 13.4+1.9 12.9+1.6 2.5+0.6 2.3+0.8
Ic, 12.0£1.5 11.241.2 2.410.8 2.210.8
IC,, 9.3+0.6* 8.8+0.6* 1.940.3 2.1+0.7

Data are the mean+SD of three independent experiments. Asterisk (*) denotes
a significant difference from the vehicle control (VC) group (p<0.05).
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Discussion

AML accounts for 80% of acute leukemia in adults. The
overexpressionof FLT3-ITDwasassociatedwithpoorprognosis
and leukemia progression. Its expression promotes proliferation
and inhibits apoptosis of leukemia cells. The role of FLT3-ITD
in AML has been recently reviewed elsewhere.’?*4% F[T3
has been shown to be the most important protein marker
in AML patients and its overexpression leads to the ligand-
independent activation, phosphorylation of the receptor and
constitutively activate kinase activity, thereby enhancing
proliferation and survival of AML.** Although several FLT3
inhibitors have been identified and are in clinical trials,
treatment of FLT3-mutated AML remains challenging. Thus,
it is important to find new inhibitors to overcome the
development of resistance and increase toxicities in AML
patients with FLT3 mutations. Medicinal plants have been
accepted that they contain a wide variety of chemical
compounds which are used to perform important biological
functions with low toxicity. Several researchers have been
studied in their biological activities and accepted that they
may be used as effective alternative drugs for treatment of a
variety of malignancies. In this study, C. militaris is the plant
of interest, which has been used for a long time as traditional
medicine for many therapeutic purposes. Investigating
the previous studies of plants in the genus Cordyceps, they
were rich in bioactive compounds, cordycepin and other
adenosine derivatives, polysaccharide, mannitol, peptides,
etc.’3! Recently, ethanolic extract of C. militaris possess
cytotoxic effects and inhibitory effects on WT1 protein
expression and cell cycle progression in EoL-1 cells.3? However,
nothing was known concerning the effects of C. militaris
extract on FLT3 protein expression, which is related to leukemic
cell proliferation. Our previous studies demonstrated the
activities of curcumin on the proliferation rate of wild-type
FLT3 overexpressing leukemic cells, EolL-1.2® The recent
study demonstrated that both inhouse-C. militaris extracts
and commercially standard cordycepin exhibited strong
cytotoxic effects on both wildtype-FLT3 overexpressing EolL-1
cells and FLT3-ITD overexpressing MV4-11 cells with various
IC,, values. The Hex and EtOAc extracts exhibited the greatest
cytotoxic effects on leukemic cells. However, the cytotoxicity
in these leukemic cells were different due to difference in
leukemic cell-type. EoL-1 cells were found to be more sensitive
to the extracts than MV4-11 cells. This result was well in
accordance with previous study reported that EoL-1 cell line
was more sensitive to sorafenib and cytarabine than MV4-11
cell line due to the presence of activated FIPL1-PDGFRa
fusion gene in Eol-1 cells which is highly sensitive to the
kinase inhibitors.?® According to the study of FLT3 protein
expression in leukemic cell lines, non-cytotoxic doses (IC,;
values) of C. militaris extracts including crude extract, Hex
fraction, EtOAc fraction, and EtOH fraction were used. After
the treatment of leukemic cells for indicated time periods,
crude extract exhibited the strongest inhibitory effects on
FLT3 protein expression in EoL-1 cells by a dose dependent
manner. Similarly, EtOAc fractional extract showed an excellent
inhibitory effect on FLT3 protein expression in MV4-11 cells
by means of a concentration dependent manner. Moreover,
both extracts showed their ability to suppress leukemic cell

proliferation when compared to the vehicle control. Thus,
the results revealed that the active compounds involved in
crude extract and EtOAc fractional extract have ability to
inhibit cell proliferation, destroy leukemic cells at high
doses and downregulate the target FLT3 protein level at non-
cytotoxic doses. Previous study showed that crude extract
of C. militaris contains the highest amount of cordycepin
content and EtOAc fraction contains minimum amount
of cordycepin.? The likely explanations were due to high
polarity of cordycepin and polarity of solvents that used in
extraction method which leads to differences in the yield of
bioactive compounds. Higher polarsolvents contained higher
content of bioactive compounds due to their amine and
hydroxyl groups.? Thus, the inhibitory effect of crude extract
on FLT3 protein expression in EoL-1 cells might involve in
the function of cordycepin. For EtOAc fraction, it can be
explained that other compounds might exert a synergistic
effect on inhibition of FLT3 protein expression in MV4-11
cells. Previous studies reported that cordycepin, adenosine,
phenolic contents, flavonoid contents, polysaccharides,
Ergosterol, cordycepic acid, isoflavonoid were identified in
C. militaris extracts after extraction with polar solvent (ethanol
or water) and semi-polar solvent (ethyl acetate). Not only
cordycepin but also other active compounds, such as
polysaccharides, cordycepic acid, flavonoids, that demonstrated
anti-proliferation, antioxidant, and anti-cancer activities.?*%
On the other hand, more than 80% of the compounds
that extracted from non-polar solvent (hexane) are fatty
acid, carboxylic acid and their esters. Only small amount
of cordycepin was extracted by using hexane. In addition,
the hexane extract demonstrated antioxidant and cytotoxic
activity on HCT116 colon carcinoma cells.’” According to the
information mentioned above, various active constituents
in each extract may exhibited different inhibitory effect on
FLT3 protein expression. Another possible reason is the
different between wild-type FLT3 in EoL-1 cells and mutant-
FLT3 in MV4-11 may demonstrated the different pattern in
response to the treatment and need to be investigated and
described more in the future.

Crude extract and EtOAc fractional extract were
selective as effective extracts on EoL-1 and MV4-11 leukemic
cell lines, respectively. Cell cycle analysis were investigated
whether cell cycle progression is involved in reduction of cell
viability. In the previous study, ethanolic extract of C. militaris
arrested cell cycle of K562 cells at S phase.*® Moreover,
cordycepin induced cell cycle arrest at S phase in U937 and
NB-4 cells thereby inhibiting the growth of leukemic cells.>®
Consistently, our present study showed that both extracts
arrested the cell cycle at S phase in leukemic cells in term of a
concentration dependent manner. Previous study reported
hat cordycepin-induced S phase cell cycle arrest involves
inhibition of cyclin A2, cyclin E, and CDK2 expressions thereby
accumulating cells in S phase.* In this study, the findings
revealed that crude extract and EtOAc fractional extract
of C. militaris have the ability to downregulate the target
FLT3 protein level and inhibit cell cycle progression by the
S phase cell cycle arrest at non-cytotoxic doses thereby
inhibiting the proliferation of leukemic cells. According to
our results, cordycepin may involve in S phase cell cycle
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arrest of both EoL-1 and MV4-11 cells thereby decreasing
the proliferations of those cell lines.

Conclusion

In this study, the growth of leukemic cells was
inhibited by C. militaris extracts. This effect might be
caused by the inhibition of FLT3 protein expression and the
inhibition of cell cycle progression at S phase. Cordycepin
might plays a crucial role of this inhibition. However, the
inhibitory mechanisms of active compounds in crude and
EtOAc extracts of C. militaris are still not clear and need
further investigations. These findings may be used for an
important guideline for further development of alternative
drug for leukemia in the future.
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