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Artesunate induces apoptosis,
inhibits cell proliferation, and decreases
growth hormone levels in pituitary tumor
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Abstract: Artesunate (ART) is a kind of drug with an endoperoxide bridge to generate radicals for killing cancer cells
and has been shown to act anti-tumor effect in different types of tumors. However, few studies have been reported
in pituitary tumors. In this study, we aimed to investigate its effect and mechanisms of action in mouse pituitary
adenoma AtT-20 cell line. The MTT assay was used to assess AtT-20 cell proliferation. Flow cytometry was used to
analyze AtT-20 cell apoptosis and cell cycle. The expression of growth hormone (GH) protein and secreted GH were
measured by western blot and ELISA assay, respectively. MTT assay showed that ART inhibited AtT-20 cell proliferation in a dose-dependent manner with IC50 of (32.58 ± 3.21) μM. ART induced apoptosis and blocked AtT-20 at
G2/M phase. The pan-caspase inhibitor V-ZAD-FMK partly attenuated the inhibitory effect of ART. Additionally, ART
can inhibit GH synthesis and secretion by western blot and ELISA. Thus, we propose ART as a probably anti-tumor
candidate drug in the treatment of pituitary adenoma.
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Introduction
Pituitary adenomas are abnormal growths that
develop in pituitary gland - a small structure
plays a major role in regulating metabolic,
developmental, and reproductive functions.
These tumors are very common, occurring in
up to 20% of adults. Although most pituitary
adenomas are harmless, some cause serious
problems. Typically, a pituitary adenoma develops in the anterior pituitary, and its impact is
determined by its size and whether it secretes
hormones [1].
Artemisinin is a sesquiterpene lactone compound that is extracted from Artemisia annua
L. and used us an antimalaria drug since 1970s
[2]. Artesunate (ART) is one of its derivatives,
apart from dihydroartemisinin and artemether,
which has been proven to be effective in against
cerebral malaria [3-5]. Besides of the antimalaria activity, researches indicate that ART is
active against several cancer cell lines, such as
breast, colon, lung pancreatic cancers, and leukaemias in vitro [6, 7]. Up to now, the most

agreement in anticancer mechanism of ART is
cell apoptosis inhibiting. It is reported that ART
upregulated Wnt/β-catenin pathway in colorectal cancer [8], inhibited proliferation, migration
and tube formation of human umbilical vein
endothelial cells (HUVEC), inhibited vascular
endothelial growth factor (VEGF) binding to surface receptors on HUVEC and reduced expression of VEGF receptors Flt-1 and KDR/flk-1 on
HUVECs [9-11]. ART reduces expression of the
VEGF receptor KDR/flk-1 in tumor and endothelial cells and slows the growth of human ovarian
cancer HO-8910 xenografts in nude mice [12,
13]. HUVEC apoptosis by artesunate is associated with downregulation of Bcl-2 (B-cell leukemia/lymphoma 2) and upregulation of BAX (Bcl2-associated X protein) [14].
Although intense investigations have been conducted on the antiproliferative and chemotherapeutic effects of ART in several tumor cell
lines, its effect on pituitary tumors is unknown.
In this study, we examined the effect of ART on
mouse pituitary tumor cells (AtT-20 cells) proliferation, apoptosis, and measured its effects on
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100%. The half maximal inhibitory concentration (IC50) of the drugs was determined as the
drug concentration that resulted in 50% cell
growth inhibition as compared with the growth
of the control cells, following 72 h exposure to
the drugs. Six replicate wells were used for
each drug concentration and experiments were
performed in triplicate.
Figure 1. The inhibition rates of AtT-20 cells and primary pituitary cells 48 h after treatment with ART by
MTT. ART inhibited cell growth in dose-dependent
manner in AtT-20 cells, while this inhibition trend was
not detected in primary pituitary cells.

hormone levels. The related mechanisms were
investigated and discussed in order to identify
a promising drug for pituitary tumors.
Materials and methods
Cell lines and cell culture
The mouse pituitary tumor cells (AtT-20 cells)
were obtained from the cell bank of Chinese
academy of sciences and were cultured in RPMI-1640 (Gibco, USA) supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 100
U/mL penicillin, and 100 μg/mL of streptomycin. The primary pituitary cells were purchased
from Cell Bioscience Inc (Shanghai, China). The
cells were maintained at 37°C in a fully humidified atmosphere of 5% CO2.
Cell proliferation assay
The anti-proliferation assay of ART on the AtT20 cells and primary pituitary cells was performed in 96-well plates. The cells were cultured at a density of 5.0 × 103 cells per well in
100 μL of RPMI-1640 for 24 h, then started
incubation with a series of concentrations of
ART. Control (without ART) group was also set
at the same time. After the cells were incubated for 48 h, 10 μL of 3-(4, 5-dimethylthiazol2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
(Sigma-Aldrich, Oakville, ON, Canada) solution
(5 mg/mL) was added to each well and incubated for 4 h. Formazan crystals were dissolved
in DMSO (100 μL/well). The absorbance was
measured at 490 nm with a Multiskan JX microplate reader (Thermo LabSystems, Cheshire,
UK). The percentage of inhibited cell growth
was calculated as follows: [(OD490control cells-OD490treated cells)/OD490control cells) ×
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Cell cycle analysis
Cells in logarithmic phase were plated at a density of 1.0 × 105 cells in a 6-well plate and
allowed to adhere to the well walls overnight.
After incubation for 24 h, the cells were treated
with ART or the procaspase inhibitor V-ZADFMK for 48 h at 37°C and 5% CO2. Thereafter,
the cells were collected, washed in PBS and
fixed in 70% ice-old ethanol at 4°C. Before the
analysis, the cells were treated with 50 μg/ml
of propidium iodide (PI) and 200 μg/ml RNAse
A (Sigma-Aldrich) in the dark at 4°C for 30 min.
The stained cells were analyzed using flow
cytometry by using a MoFlo cell sorter (Dako
Cytomation, Kyoto, Japan).
Cell apoptosis analysis
Cells in logarithmic phase were plated at a density of 1.0 × 105 cells in a 6-well plate and incubated for 24 h prior to treatment with IC50 values of ART for 48 h. Thereafter, the cells were
collected and resuspended in 400 μL 1 × buffer. Then, 5 μL Annexin V-FITC was added and
the cells were incubated in the dark at room
temperature for 15 min, followed by an incubation with 10 μL PI at room temperature in the
dark for 5 min. The stained cells were analyzed
using a FACScan system equipped with Cell
Quest software (BD Biosciences, San Jose, CA,
USA) within 30 min. Untreated cells were used
as controls.
Western blotting analysis
Cells were collected in 1.5 mL tubes and washed twice with PBS, and then 0.1 ml RIPA lysis
buffer (Beyotime Institute of Biotechnology,
China) containing 1 mM PMSF (Shanghai
Sangon Biotech Co., Ltd, China) were added,
then the tubes were placed into ice for 30 min.
Supernatant was acquired by centrifugation at
13,000 rpm for 15 min at 4°C. Subsequently,
protein concentration was detected by the BCA
Protein Quantitative Assay (Shanghai Sangon
Int J Clin Exp Med 2017;10(7):10382-10388
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Figure 2. Effects of ART on the cell cycle distribution of AtT-20 cells (A) and primary pituitary cells (B) measured by
flow cytometry. The AtT-20 cells were blocked in G2 phase in ART treated groups while those in untreated group was
not influenced. Besides, there was no significant difference between groups in ART treated pituitary cells.

Biotech Co., Ltd, China). Total 20 μg protein
sample was separated on 12% SDS-PAGE gel,
and then transferred onto PVDF membranes,
which were blocked in 5% nonfat milk for 1 h.
The membranes were incubated overnight at
4°C with rabbit anti-mouse β-actin monoclonal
antibody (1:1000, Santa Cruz, USA), rabbit antimouse GH polyclonal antibody (1:500, Santa
Cruz, USA), rabbit anti-mouse cleaved caspase-3 (Asp175) polyclonal antibody (1:1000,
Abcam, USA), and washed for three times with
PBST, then incubated with Goat anti-rabbit
IgG(H+L)-HRP (1:5000, Jackson ImmunoResearch, USA) for 2 h at room temperature, respectively. Ultimately, the proteins were detected
with ECL (Millipore, USA).
Measurement of GH level by enzyme-linked
immunosorbent assay (ELISA)
The concentrations of GH in AtT-20 cells and
primary pituitary cells were determined by ELISA kits in accordance with the manufacturer’s
instructions (GH: Millipore, MN, USA).
Statistical analysis
Statistical analysis was performed by SPSS
19.0 software (SPSS, USA). Data were expressed as the mean ± SD and analyzed by one-way
analysis of variance. A value of P < 0.05 was
considered as significant.
Results
Anti-proliferative effects of ART on AtT-20 cells
The anti-proliferative effects of ART on AtT-20
cells and pituitary cells were determined by
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MTT assay. The cells were treated with various
concentrations (1.5625, 3.125, 6.25, 12.5, 25,
50 and 100 μM) of ART for 48 h. MTT analysis
showed that ART treatments caused significant
growth inhibition in AtT-20 cells compared to
untreated cells. As expected, at 48 h, ART
potently inhibited growth in a dose-dependent
manner with IC50 value of 32.58 ± 3.21 μM.
However, there was no significant difference
among different dose groups in ART treated primary pituitary cells (Figure 1).
Effect of ART on cell cycle progression
The effects of ART on cell cycle distribution
were further determined by flow cytometry. The
AtT-20 cells in S phase were significantly reduced while those in G2/M phase were remarkably increased with the increasing concentration of ART (P < 0.05, Figure 2A). Besides, the
cells in G1 phase ratio showed no significant
difference between untreated cells and ARTtreated cells. There was no significant difference between each groups in ART treated pituitary cells (P > 0.05, Figure 2B).
Effect of ART on cell apoptosis
In order to investigate whether ART inhibits proliferation of AtT-20 cells by apoptosis, an apoptosis assay was further performed after treatment with ART. Treatment with ART increased
the percentage of cell apoptosis in a dose
dependent manner in AtT-20 cells, while the
percentage of apoptotic cells was not significantly changed among different dose groups in
primary pituitary cells (Figure 3A). The apoptoInt J Clin Exp Med 2017;10(7):10382-10388

Anticancer effect of artesunate on pituitary tumors

Figure 3. Effects of ART on the rate of cell apoptosis. A. The apoptotic cells are significantly increased along with the
increasing of concentration of ART in AtT-20 cells, while the primary pituitary cells were not influenced. B. The apoptosis in 25 μM ART treated cells was obviously inhibited after the addition of the pan-caspase inhibitor V-ZAD-FMK.

Figure 4. A. Caspase-dependent and-independent pathway in ART induced apoptosis by western blot. B. ART decreased the expression of GH intracellular protein in AtT-20 cells, not in primary pituitary cells.

sis in 25 μM ART treated cells was obviously
inhibited after the addition of the pan-caspase
inhibitor V-ZAD-FMK (Figure 3B).
Effect of ART on GH and caspase-3 protein
As shown in Figure 4A, the expression of inactive pro-caspase-3 was down-regulated in ART
group, while up-regulated in ART adding pancaspase inhibitor V-ZAD-FMK group. The expression levels of caspase-3 and its substrate,
PARP (Poly ADP-Ribose Polymerase), were significantly up-regulated in 25 μM ART treated
cells, while were decreased in ART plus V-ZADFMK treated cells. Further, the GH expression
was detected in ART treated cells of various
concentration. From Figure 4B, the expression
of GH in AtT-20 cells was decreased in ART
treated cells in a dose-dependent manner, while that in primary pituitary cells maintained in a
stable level.
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ART reduced GH secretion of AtT-20 cells
ELISA results showed that ART inhibited GH
secretion in AtT-20 cells in a dose-dependent
manner; the levels of inhibition changes (compared with control) were 93.5 ± 0.35%, 87.3 ±
0.27%, 83.9 ± 0.67%, and 68.7 ± 0.28%,
respectively (Figure 5A). There was no significant difference of GH secretion in primary pituitary cells among different ART dose groups
(Figure 5B).
Discussion
In the present study, we described the anticancer effects of ART on pituitary tumor cells of
AtT-20. ART suppressed the growth of AtT-20
cells while promoted the apoptosis in a dose
dependent manner. However, these effects
were not detected in primary pituitary cells. Furthermore, the expression of inactive pro-casInt J Clin Exp Med 2017;10(7):10382-10388
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Figure 5. ART decreased the expression of GH extracellular protein in AtT-20 cells (A), not in primary pituitary cells
(B).

pase-3 was down-regulated in ART group, while
up-regulated in ART adding pan-caspase inhibitor V-ZAD-FMK group. The expression levels of
caspase-3 and its substrate, PARP, were significantly upregulated in 25 μM ART treated cells,
while were decreased in ART plus V-ZAD-FMK
treated cells in western blot analysis.
ART was famous of its antimalarial effects from
1970s [15-17]. However, we knew little about
the effect of ART on cancer cells up to date,
especially in pituitary tumor cells. Our study is
the first to investigate ART’s effect on AtT-20
cells and its action mechanism of cell proliferation, migration and apoptosis. In agreement
with previous reports in colorectal cancer cells,
we revealed that ART significantly blocked cell
proliferation and migration, and increased the
number of apoptosis cells [8].
Up to date, we knew little about the effect of
ART on caspase pathway in AtT-20 cells.
The western blot analysis in this study indicated that the caspase-dependent pathway might
participate in ART-induced apoptosis. Caspase
activation was proved to execute the apoptosis
by induction, amplification and transduction of
the intracellular apoptotic signals [18, 19].
Caspase-dependent apoptosis is the most
common cell death pathway that involves caspase-3, caspase-7, caspase-9 and caspase-12
pathways. During apoptosis, one of the caspase-3 substrates PARP-1 plays an important
role in repairing DNA damage [20]. Once activated, it could mediate cell death in reactive
ROS (oxygen species)-induced injury [21]. To
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our knowledge, there are few published data on
the defense mechanism of caspase-3 inhibitor
to apoptosis in human AtT-20 cells. Activated
caspase-3, after DNA damage by oxidative
stress, might either trigger the initiation of DNA
repair, which resulted in the completion of the
cell cycle, or stop the cell cycle to apoptosis.
The activated caspase-3 then decomposes the
critical substrate PARP-1 and finally leads to
apoptosis [22, 23]. Therefore, the interaction of
caspase-3 and its substrate PARP-1 are regarded as key executioners of apoptosis [24]. Thus,
the caspase-dependent pathway is likely involved in ART induced AtT-20 apoptotic process.
Functional pituitary adenomas excessively secrete hormones, including prolactin, GH, adrenocorticotropic hormone (ACTH), thyroid-stimulating hormone (TSH), luteinizing hormone (LH),
and follicle-stimulating hormone (FSH). In western blot and ELISA analysis, we demonstrated
the effect of ART on GH synthesis and secretion
in AtT-20 cells and primary pituitary cells and
found that ART could inhibit GH synthesis and
secretion at the translational level. Many compounds, such as curcumin and pyridoxal phosphate, are reported to inhibit GH synthesis and
(or) secretion by GH3 cells [25, 26]. We are the
first to demonstrate that ART inhibited GH
secretion in AtT-20 cells and that this inhibition
might be attributed to ART-induced AtT-20 cell
apoptosis.
In summary, our results present the molecular
mechanism that ART inhibited cell proliferation
and migration, and induced cell apoptosis in
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AtT-20 cells. ART reduced the pro-caspase-3
expression, might hereby enhance caspase-3
and PARP expression to block cell proliferation
and migration, and to start up apoptosis program to promote cell apoptosis. Future studies
are warranted to explore ART’s mechanism of
its anti-tumor effect. It may have therapeutic
potential to prevent or reduce the development
of pituitary adenoma, a hypothesis that merits
further investigation in experimental animals
and humans.

[7]

[8]

Acknowledgements

[9]

This study was supported by the basic scientific
research operating expense project of Beijing
University of Chinese Medicine in 2015 (No.
2015-JYB-JSMS132).

[10]

Disclosure of conflict of interest
None.
Address correspondence to: Gesheng Wang,
Department of Neurosurgery, Dongfang Hospital
Beijing University of Chinese Medicine, No. 6
Fangxingyuan 1st Block, Fengtai District, Beijing
100078, PR. China. Tel: +86-10-67689735; Fax:
+86-10-67618444; E-mail: wanggesheng1969@
163.com

[11]

[12]

[13]

References
[1]
[2]
[3]

[4]

[5]

[6]

Asa SL and Ezzat S. The pathogenesis of pituitary tumours. Nat Rev Cancer 2002; 2: 836849.
White NJ. Qinghaosu (artemisinin): the price of
success. Science 2008; 320: 330-334.
Gomes MF, Faiz MA, Gyapong JO, Warsame M,
Agbenyega T, Babiker A, Baiden F, Yunus EB,
Binka F, Clerk C, Folb P, Hassan R, Hossain MA,
Kimbute O, Kitua A, Krishna S, Makasi C, Mensah N, Mrango Z, Olliaro P, Peto R, Peto TJ, Rahman MR, Ribeiro I, Samad R and White NJ. Prereferral rectal artesunate to prevent death and
disability in severe malaria: a placebo-controlled trial. Lancet 2009; 373: 557-566.
Eastman RT and Fidock DA. Artemisinin-based
combination therapies: a vital tool in efforts to
eliminate malaria. Nat Rev Microbiol 2009; 7:
864-874.
Sriram D, Rao VS, Chandrasekhara KV and Yogeeswari P. Progress in the research of artemisinin and its analogues as antimalarials: an
update. Nat Prod Res 2004; 18: 503-527.
Efferth T, Dunstan H, Sauerbrey A, Miyachi H
and Chitambar CR. The anti-malarial artesu-

10387

[14]

[15]

[16]
[17]
[18]

[19]

nate is also active against cancer. Int J Oncol
2001; 18: 767-773.
Kelter G, Steinbach D, Konkimalla VB, Tahara
T, Taketani S, Fiebig HH and Efferth T. Role of
transferrin receptor and the ABC transporters
ABCB6 and ABCB7 for resistance and differentiation of tumor cells towards artesunate. PLoS
One 2007; 2: e798.
Li LN, Zhang HD, Yuan SJ, Tian ZY, Wang L and
Sun ZX. Artesunate attenuates the growth of
human colorectal carcinoma and inhibits hyperactive Wnt/beta-catenin pathway. Int J Cancer 2007; 121: 1360-1365.
Chen HH, Zhou HJ, Wang WQ and Wu GD. Antimalarial dihydroartemisinin also inhibits angiogenesis. Cancer Chemother Pharmacol 2004;
53: 423-432.
Chen HH, Zhou HJ, Wu GD and Lou XE. Inhibitory effects of artesunate on angiogenesis and
on expressions of vascular endothelial growth
factor and VEGF receptor KDR/flk-1. Pharmacology 2004; 71: 1-9.
Chen HH, Zhou HJ and Fang X. Inhibition of human cancer cell line growth and human umbilical vein endothelial cell angiogenesis by artemisinin derivatives in vitro. Pharmacol Res
2003; 48: 231-236.
Zhou HJ, Wang WQ, Wu GD, Lee J and Li A.
Artesunate inhibits angiogenesis and downregulates vascular endothelial growth factor
expression in chronic myeloid leukemia K562
cells. Vascul Pharmacol 2007; 47: 131-138.
Wu XH, Zhou HJ and Lee J. Dihydroartemisinin
inhibits angiogenesis induced by multiple myeloma RPMI8226 cells under hypoxic conditions via downregulation of vascular endothelial growth factor expression and suppression
of vascular endothelial growth factor secretion.
Anticancer Drugs 2006; 17: 839-848.
Wu GD, Zhou HJ and Wu XH. Apoptosis of human umbilical vein endothelial cells induced
by artesunate. Vascul Pharmacol 2004; 41:
205-212.
Krishna S, Bustamante L, Haynes RK and
Staines HM. Artemisinins: their growing importance in medicine. Trends Pharmacol Sci
2008; 29: 520-527.
Gelb MH. Drug discovery for malaria: a very
challenging and timely endeavor. Curr Opin
Chem Biol 2007; 11: 440-445.
Jefford CW. New developments in synthetic
peroxidic drugs as artemisinin mimics. Drug
Discov Today 2007; 12: 487-495.
Budihardjo I, Oliver H, Lutter M, Luo X and
Wang X. Biochemical pathways of caspase activation during apoptosis. Annu Rev Cell Dev
Biol 1999; 15: 269-290.
Fan TJ, Han LH, Cong RS and Liang J. Caspase
family proteases and apoptosis. Acta Biochim
Biophys Sin (Shanghai) 2005; 37: 719-727.

Int J Clin Exp Med 2017;10(7):10382-10388

Anticancer effect of artesunate on pituitary tumors
[20] Shall S and de Murcia G. Poly(ADP-ribose) polymerase-1: what have we learned from the deficient mouse model? Mutat Res 2000; 460:
1-15.
[21] Yu SW, Wang H, Poitras MF, Coombs C, Bowers
WJ, Federoff HJ, Poirier GG, Dawson TM and
Dawson VL. Mediation of poly(ADP-ribose)
polymerase-1-dependent cell death by apoptosis-inducing factor. Science 2002; 297: 259263.
[22] Nho KJ, Chun JM and Kim HK. Agrimonia pilosa ethanol extract induces apoptotic cell death
in HepG2 cells. J Ethnopharmacol 2011; 138:
358-363.
[23] Romorini L, Scassa ME, Videla Richardson G,
Bluguermann C, Jaquenod de Giusti C, Questa
M, Fernandez Espinosa DD, Gomez RM, Sevlever GE and Miriuka SG. Activation of apoptotic signalling events in human embryonic
stem cells upon Coxsackievirus B3 infection.
Apoptosis 2012; 17: 132-142.

10388

[24] Yap E, Tan WL, Ng I and Ng YK. Combinatorialapproached neuroprotection using pan-caspase inhibitor and poly (ADP-ribose) polymerase (PARP) inhibitor following experimental
stroke in rats; is there additional benefit? Brain
Res 2008; 1195: 130-138.
[25] Ren SG and Melmed S. Pyridoxal phosphate
inhibits pituitary cell proliferation and hormone
secretion. Endocrinology 2006; 147: 39363942.
[26] Miller M, Chen S, Woodliff J and Kansra S. Curcumin (diferuloylmethane) inhibits cell proliferation, induces apoptosis, and decreases hormone levels and secretion in pituitary tumor
cells. Endocrinology 2008; 149: 4158-4167.

Int J Clin Exp Med 2017;10(7):10382-10388

