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Objective: To study the regulatory effect of parthenolide on proliferation and cell cycle of
leukemia stem cell and its possible molecular mechanism. Methods: Leukemia stem cells
were cultured and processed with different concentrations of parthenolide. Then cell viability,
cell cycle and mRNA contents of related genes were detected. Results: (1) Cell viability and
cycle: Parthenolide could decrease MTT values of leukemia stem cells in a dose dependent
manner; 20μmol/L parthenolide could increase G2/M phase ratio and decrease G0/G1 phase
and S phase ratios; (2) Proliferation and cell cycle regulating genes: Parthenolide could
decrease mRNA contents of c-myc, bcl-2, cyclinA1 and cyclinE in a dose dependent manner;
(3) Signal pathway: Parthenolide could decrease mRNA contents of SDF-1 and CXCR4 in a
dose dependent manner. Conclusion: Parthenolide can inhibit leukemia stem cell proliferation
and make cell cycle stagnated in G2 phase; possible molecular mechanism is inhibiting c-myc,
bcl-2, cyclinA1 and cyclinE expressions and SDF-1-CXCR4 signal pathway.o
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1. Introduction
Leukemia is a common disease of Hematology. It is a malignantly
amplified monoclonal and heterogeneous disorder of hematopoietic
cells at some stage during the course of normal development.
Regular chemotherapy is mainly adopted for clinical treatment.
However, chemotherapeutic drugs can only temporarily ease
patients’ condition. The ultimate outcome of the disease is still drug
resistance and relapse. The effect is not ideal. Studies in recent years
have shown that leukemic stem cell (LSC) is the most essential
factor that causes the occurrence, development, drug resistance and
relapse of leukemia. An ideal method for the treatment of leukemia
should aim to eliminate LSC[1]. Parthenolide (PTL) has anti-tumor
effect. Its killing effect on cancer cells have been confirmed in many
malignant tumors. In the following research, the regulatory effect of
parthenolide on proliferation and cell cycle of leukemia stem cell
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and its possible molecular mechanism were analyzed.

1. Materials and methods
1.1 Materials
Cell culturing materials were provided by Nest Company; cell
culturing reagents were provided by Sigma Company; MTT
detection reagents were provided by Promega Company; mRNA
detection reagents were provided by Takara Company.

1.2 Methods
1.2.1 Cell culturing and processing methods

Peripheral blood of leukemia patients was drawn. Leukemia stem
cells were sorted, regularly cultured and divided into control group
and PTL group. Control group was processed with medium that
didn’t contain serum or drugs; PTL group was processed with 5μg/
L, 10μg/L, 15μg/L and 20μg/L parthenolide respectively.

1.2.2 Cell viability and cycle detecting methods

After drug processing for 24h, MTT detection reagents were
directly added in cell pores. After incubating for 3-4h, absorbance
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at 490nm was read and used as cell viability; after processing was
complete, cells were trypsin-digested, centrifuged, re-suspended
with PBS that contained serum, and then fixed with 70% ethanol for
12h; then cells were washed with PBS twice and propidium iodide
stained. FCM was used to detect percentages of cells in different
cycles.

1.2.3 Gene mRNA content detecting methods

Cells were collected and Trizol lysate was added; mRNA was
extracted from RT to cDNA; fluorescence quantitative PCR was
carried out to amplify c-myc, bcl-2, cyclinA1, cyclinE, SDF-1 and
CXCR4 respectively and mRNA contents were calculated.

1.2.4 Statistical methods

Detected data was input by SPSS18.0 software, multiple group

2. Results
2.1 Cell viability and cycle
Different concentrations of PTL were used to process leukemia
stem cells. After 24h, cell viability and cycle were detected. Variance
analysis of detected results of cell viability and cycle showed that:
(1) PTL could decrease MTT values of leukemia stem cells in a dose
dependent manner; (2) 20μmol/L PTL could increase G2/M phase
ratio and decrease G0/G1 phase and S phase ratios of leukemia stem
cells.
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Figure 1. Effect of PTL processing on cell viability and cycle. (Left Fig.): PTL could decrease MTT values in a dose dependent manner; (Right Fig.): 20μmol/
L PTL could increase G2/M phase ratio and decrease G0/G1 phase and S phase ratios. *: compared with control group, there were differences, P敿0.05.

2.2 Proliferation and cell cycle regulating genes
Proliferation regulating genes c-myc and bcl-2 participate in cell
viability regulation and cell cycle regulating genes cyclinA1 and
cyclinE participate in cell cycle regulation. After processing leukemia
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stem cells with different concentrations of PTL, fluorescence
quantitative PCR was used to detect mRNA contents of proliferation
regulating genes and cell cycle regulating genes. Variance analysis
of cell viability and cycle showed that PTL could decrease mRNA
contents of c-myc, bcl-2, cyclinA1 and cyclinE in a dose dependent
manner. Differences had statistical significance (P敿0.05).
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Figrue 2. Effect of PTL processing on mRNA contents of proliferation regulating genes and cell cycle regulating genes. (Left Fig.): PTL could decrease mRNA
contents of c-myc and bcl-2 in a dose dependent manner; (Right Fig.): PTL could decrease mRNA contents of cyclinA1 and cyclinE in a dose dependent
manner. *: compared with control group, there were differences, P敿0.05.
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can selectively kill leukemia stem/progenitor cells and have less

2.3 SDF-1-CXCR4 signal pathway

impact on normal hematopoietic stem/ progenitor cells[6].

SDF-1-CXCR4 pathway is an important factor that regulates the
microenvironment of hematopoietic stem cells. After processing
leukemia stem cells with different concentrations of PTL,
fluorescence quantitative PCR was used to detect mRNA contents
of SDF-1 and CXCR4. Variance analysis of cell viability and cycle
showed that PTL could decrease mRNA contents of SDF-1 and
CXCR4 in a dose dependent manner. Differences had statistical
significance (P敿0.05).
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Figure 3. Regulatory effect of PTL processing on SDF-1-CXCR4 pathway.

cycle. CyclinA1 regulates S phase through forming complex with
CKD1; cyclinE regulates G1 phase through forming complex with
CKD2[8]. C-myc is the crossroad of multiple signal pathways and it

is also a key factor that regulates properties of stem cells[9-10]. Bcl-2

PTL could decrease mRNA contents of SDF-1 and CXCR4 in a dose

is a type of anti-apoptosis proteins of mitochondrial pathway and

dependent manner. *: compared with control group, there were differences, P

can play the anti-apoptosis role through inhibiting cyto C and Smac

敿0.05.

genes and found out that PTL could decrease mRNA contents of

3. Discussions

activation[11]. The research analyzed mRNA contents of related

c-myc, bcl-2, cyclinA1 and cyclinE in a dose dependent manner,
which indicated that PTL could inhibit expressions of proliferation
regulating genes and cell cycle regulating genes.

Leukemia is the most common malignant tumor of the blood

Studies in recent years have found out that microenvironment

system. Its relapse and drug resistance have been treatment

of hematopoietic stem cells is the necessary factor that maintains

challenges that trouble clinicians. Studies of domestic and foreign

cell self-renewal, multi-directional differentiation, and infinite

scholars about leukemia in recent years have shown that existence

multiplication. Foreign scholars use the word “niche” in ecology

of leukemia stem cells (LSCs) is an important factor that causes

to represent microenvironment[12]. Osteoblast niche and tube sinus

the occurrence and development of leukemia and it is also the

niche compose of the microenvironment of hematopoietic stem

main cause of drug resistance and relapse of leukemia [2]. LSCs

cells together. In the process of leukemia, microenvironment of

have many biological characteristics that are similar to those of

leukemia cells changes. Hematopoietic stem cells are in a sick

normal hematopoietic stem cells, including self renewal, multi-

hematopoietic microenvironment. Leukemia stem cells can interact

directional differentiation, and infinite multiplication. LSCs that are

with bone marrow stromal cells and maintain the cells in physical

in quiescent phase (G0 phase) can express ATP related transporters

barrier of tumor microenvironment, thus possessing the capability

and have stronger tolerance to apoptotic stimuli. These biological

of apoptotic factor tolerance[13]. Studies have shown that SDF-1

characteristics enable LSCs with strong survival ability that can

and its receptor CXCR4 are important pathways in regulating

withstand intense chemotherapeutic drugs and continue to survive,

hematopoietic microenvironment. SDF-1 mediated CXCR4 signal

thus becoming the root cause of drug resistance and relapse of

pathway has important regulatory effect on homing and migration

leukemia. Therefore, LSC has to be cleared before it is possible to

of leukemia stem cells[14]. Stromal cell derived factor 1 (SDF-1) is

achieve the goal of curing leukemia [3]. Parthenolide (PTL) is the

a type of cytokines with chemotaxis function and it is an important

main active ingredient in medicine wild chamomile. It is a type of

component of bone marrow hematopoietic microenvironment;

sesquiterpene lactones. Recent studies have shown that PTL has

chemokine receptor of its ligand. CXCR4 is a type of G protein-

strong and broad anti-tumor activity. It can induce apoptosis of

coupled receptors, mainly expressed on hematopoietic stem cell

colon cancer, liver cancer, leukemia and other malignant tumors and

surface [15]. Signal pathway formed by SDF-1-CXCR4 has the

increase sensitivity of cancer cells to other anti-cancer drugs[4-5].

effect of promoting blood tumor cell migration and invasion. The

Studies in recent years have shown that PTL has strong apoptosis-

research analyzed mRNA contents of related molecules in SDF-

inducing effect on acute myeloid leukemic cells and in particular,

1-CXCR4 signal pathway and found out that parthenolide could
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decrease mRNA contents of SDF-1 and CXCR4, which indicated
that parthenolide could inhibit SDF-1-CXCR4 signal pathway.
In conclusion, parthenolide can inhibit leukemia stem cell
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