Chin J Integr Med 2020 Dec;26(12):947-955 .47+

Available online at link.springer.com/journal/11655
(R Lo TN g o1 Tl (9] (Yo [ LA/ (=Te [Te2 13 T=]) Joumnal homepage: www.cjim.cn/zxyjhen/zxyjhen/ch/index.aspx

E-mail: cjim_en@cjim.cn

Review

Research Progress on Artemisinin and Its Derivatives
against Hematological Malignancies*

LI'Ying, SHAN Ning-ning, and SUI Xiao-hui

ABSTRACT Although current therapeutic methods against hematological malignancies are effective in the
early stage, they usually lose their effectiveness because of the development of drug resistances. Seeking new
drugs with significant therapeutic effects is one of the current research hotspots. Artemisinin, an extract from
the plant Artemisia annua Linne, and its derivatives have excellent antimalarial effects in clinical applications
as well as excellent safety. Recent studies have documented that artemisinin and its derivatives (ARTs) also
have significant effects against multiple types of tumours, including hematological malignancies. This review
focuses on the latest research achievements of ARTSs in the treatment of hematological malignancies as well
as its mechanisms and future applications. The mechanisms of ARTs against different types of hematological
malighancies mainly include cell cycle arrest, induction autophagy and apoptosis, inhibition of angiogenesis,
production of reactive oxygen species, and induction of differentiation. Additionally, the review also summarizes
the anticancer effects of ARTs in many drug-resistant hematological malignancies and its synergistic effects with

other drugs.

KEYWORDS artemisinin, artesunate, dihydroartemisinin, hematological malignancies, review

Hematological malignancies are a collective
term for neoplastic diseases of hematopoietic and
lymphoid tissues. According to the classification of
hematopoietic and lymphoid tumours by the World
Health Organization (WHO) in 2016, hematological
malignancies are classified into two major categories:
myeloid neoplasms and lymphoid neoplasms. Common
hematological malignancies include leukaemia,
lymphoma, and multiple myeloma (MM)."” The causes
of most hematological malignancies remain unclear.
Related possible factors include genetics, immunity,
pollution, physical, chemical, and biological factors.
In recent years, the incidence of hematologic
diseases has increased.

Currently, the main therapeutic methods against
hematological malignancies are chemotherapy,
targeted therapy, cell therapy, and hematopoietic
stem cell transplantation. Although these methods
are effective in the early stage, they usually lose their
effectiveness because of the development of cancer
cell resistance. Therefore, seeking new drugs with
significant therapeutic effects against hematological
malignancies and without the problems of drug
resistance is particularly important. Indeed, there
is a long history of Chinese medicine (CM) used to

treat malignant tumours. CM treatment of leukaemia
not only has a positive therapeutic effect but also
demonstrates fewer side effects.” Chinese herbal
medicine is becoming increasingly influential in
world medicine, and developing effective natural
antitumour drugs is one of the hotspots in tumour
therapy. Artemisia annua, also called Artemisia
annua Linné, has excellent antimalarial effects. It
has been used in medicine historically and was first
discovered in "Fifty-two Prescriptions (Wu Shi Er
Bing Fang)", the silk books unearthed from the Han
Dynasty tombs in No. 3 Mawangdui (approximately
168 BC). Later, it was documented in the books
"Shen Nong's Herbal Classics (Shen Nong Ben Cao
Jing)", "Da Guan Materia Medica" and "Compendium
of Materia Medica".
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Aside from antimalarial effects,®* ARTs have
also been reported to have anti-schistosomiasis,®®
antiviral,”® antibacterial,®'” antifungal,""” and anti-
tumour®™ effects. The anti-tumour effects of ARTs
have begun attracting increasing attention. In this review,
we summarize recent published literature regarding
effects and mechanisms of ARTs on haematological
malignancies.

Type and Structure of ARTs

In the 1960s, the development of malaria strains
resistant to chloroquine in endemic areas, including
China, called for the discovery of new and more
efficient antimalarial drugs. In 1967, Chinese scientists
screened a series of traditional remedies and found
that the extracts of Artemisia annua L. had potent
antimalarial activity. In 1972, the active component
of the plant, named Qinghaosu or artemisinin, was
purified,”” which is presented in the leaf and stem
parts at approximately 0.01%—0.8% of the dry weight
of the plant.?” In the first clinical trial to investigate
the effect of artemisinin against malaria, thirty people
infected with malaria were cured, and no malaria
parasite was subsequently detected in their blood.
Due to this pioneering work, the Chinese scientist TU
You-you was awarded the Nobel Prize for physiology
and medicine in 2015.%*%%

The chemical structure of artemisinin was
determined in 1979.%% Chemically, artemisinin is a
sesquiterpene trioxane lactone with the empirical
formula of C,sH,,0s. It contains a peroxide bridge
that is essential for its activity, three methyl groups
(one tertiary and two secondary), and several other
aliphatic carbon atoms. The lactone in artemisinin
can easily be reduced, resulting in the formation
of dihydroartemisinin (DHA), which can be used to
synthesize many other derivatives, including artesunate
(ART), artemether, and arteether. The chemical
structures of artemisinin and its common derivatives are
shown in Figure 1./>'*%*® ARTs can induce a very rapid
reduction of parasitaemia, starting almost immediately
after administration. The derivatives even have better
bioavailability, efficacy and tolerability than artemisinin,
as well as fewer side effects.”” The mechanisms of
killing malaria parasites involve peroxide bridges from
ARTs interacting with the haem in malaria parasites
to produce carbon-centred free radicals that can
alkylate proteins and damage the microorganelles and
membranes of the parasites.®®
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Artesunate
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Figure 1. Chemical Structure of ARTs
Notes: (a) artemisinin, (b) dihydroartemisinin, (c)
artemether, (d) artesunate

Effects of ARTs on Hematological Malighancies

Aside from antimalarial effects, ARTs have
also exhibited anti-proliferative and pro-apoptotic
effects against several types of cancer cells, including
leukaemia, lymphoma, and multiple myeloma, the
three common types of hematological malignancies.
Table 1 summarizes the in vitro studies of ARTs on
various hematological cancer cell lines. However, to
date there has been no review on the mechanisms of
artemisinin on hematological malignancies. Herein,
we summarized related studies about the effects and
mechanisms of ARTs against leukaemia, lymphoma,
and multiple myeloma.

Inhibition of Proliferation and Arrest of Cell Cycle
Numerous studies have found that ARTs can
inhibit the proliferation of haematological malignancy
cells, although the stated mechanisms are not
exactly the same across these studies. For example,
Wang, et al® found that DHA can inhibit the growth
of human myeloid leukaemia K562 cells. And the
further investigations revealed the ROS dependency
in DHA-induced autophagy of leukaemia K562 cells.
LC3-1I protein expression and caspase-3 activation
occurred following the autophagy processes. Kim,
et al® investigated the effect of artesunate on
various protein kinases, associated gene products,
cellular response, and apoptosis and examined the
in vivo effect of artesunate on the growth of human
chronic myeloid leukemia (CML) xenograft tumours



Chin J Integr Med 2020 Dec:26(12):947-955 <949
Table 1. Summary of In Vitro Studies with ARTs on Various Haematological Cancer Cell Lines
Origin Cell lines Drug Effects Molecular mechanisms Ref.
Leukaemia KBM-5 ART  Causes the accumulation of cells in Suppresses the phosphorylation of p38, ERK, CREB, (66)
sub-G;, phase of the cell cycle CHK-2, STAT5, and RSK.

HL-60, NB4, U937 DHA  Induces apoptosis Induces apoptosis in acute myeloid leukaemia through the  (67)
Noxa-mediated pathway requiring iron and endoperoxide
moiety.

MV-4-11, MOLM-13 ART  Inhibits MV4-11 and MOLM-13 cells Leads to cellular and mitochondrial ROS accumulation, (68)
with 1C,, values of 1.1 and 0.82 wmol/L, decreases cellular BCL-2 level and double stranded DNA
respectively damage, causes mitochondrial membrane potential loss

and induces the intrinsic mitochondrial apoptotic cascade
in AML cell lines.

AML and ALL primary human DHA  Induces apoptosis of primary human DHA-induced apoptosis was accompanied by caspase (36)

leukaemia cells leukaemia cells activation, cytochrome c release, Mcl-1 downregulation,
and MEK/ERK inactivation.

THP-1 ART  Induces apoptosis in THP-1 cells Inhibition of STAT3 and activation of caspase-3 and (69)
caspase-8.

THP-1 DHA  May induce apoptosis in the AMoL Downregulation of ERK and Akt and activation of (70)

THP-1 cell line caspase-3.

HL60 DHA  Induces HL60 cell apoptosis Induces HL60 cell apoptosis via downregulation of TfR (37)
expression, resulting in an induction of apoptosis through
the mitochondrial pathway.

HL60 DHA  Induces apoptosis Induces apoptosis is dependent on iron and p38 MAPK (38)
activation

K562 DHA  Inhibits the proliferation of leukaemia Facilitates the induction of apoptosis by downregulating (71)
K562 cells the expression of the BCR/ABL fusion gene.

K562 DHA  Inhibits the proliferation of and induces NA. (50)
apoptosis in cells. Effectively inhibits the
VEGF expression and secretion in K562
cells

K562 DHA  Inhibits the growth of CML K562 cells by  Influences BCR/ABL expression and its downstream (72)
its anti-proliferative and apoptotic effects  signal factors.

K562 DHA  Inhibits the growth of K562 cells, and Mitochondrial pathway, related to ROS. (29)
induces autophagy

K562 ART  Decreases the simulating angiogenic Inhibits the VEGF expression. (49)
activity of K562 cells

K562, U937 ART Inhibits cell growth and induce the cell ART treatment increases Fas expression, while it (62)
apoptosis decreases the c-Fos level in K562 cells.

Lymphoma 18 different B-cell ymphoma cell ~ ART  Reduces cell growth with IC, values from  Artesunate-induced expression of the ER stress markers ~ (41)
lines 0.189 to 3.72 . mol/L; a high sensitivity to  ATF-4 and DDIT3 are specifically upregulated in
artesunate (ICs<1 pmol/L) is observed  malignant B-cells.
in 11 out of 18 cell lines tested

Raji ART Inhibits the proliferation activity of Raji Induces autophagy and apoptosis. (73)
cells

Jurkat DHA Decreases Jurkat cell viability and Induces ROS generation, downregulates TfR, VEGF (55)
induces apoptosis and hTERT mRNA expression, promotes apoptosis, and

triggers cell cycle arrest.

Karpas-422, sudhl-4, sudhl-6, OCI- ART Inhibits cell growth and induces apoptosis Downregulates MYC and anti-apoptotic Bcl-2 family (43)

Ly3, OCl-Ly10 proteins with cleavage of caspase-3.

Raji, Jurkat ART Inhibits the proliferation of Raji and Jurkat Mitochondria transmembrane potential collapse; (40)
cells increases caspase-3 activities.

Jurkat DHA  Induces apoptosis in Jurkat cells; relies Induces a breakdown of mitochondrial transmembrane (39)
on the intrinsic death pathway potential, releases cytochrome ¢, and activates caspases.

Ramos ART  Induces apoptosis in vitro Induces Fas/CD95 expression and the formation of ROS  (65)
and results in a breakdown of mitochondrial membrane
potential.

MM ANBL-6; CAG; IH-1; OH-2; RPMI-  ART  Inhibits cell growth and induces apoptosis Downregulates MYC and anti-apoptotic Bcl-2 family (43)

8266; U266; VOLIN; INA-6; JUN-3; proteins with cleavage of caspase-3.

SP2/0 ART  Inhibits proliferation and induces Decreases the level of NFkappaB p65 protein in the (34)
apoptosis of cells nucleus and increases the level of IkappaBalpha protein

in the cytoplasm.

U266 DHA Decreases cell viability; increases the Increases caspase-3 and c-Jun expression in U266 cells  (35)
sub-G0/G1-phase cell population through activation of the JNK signalling pathway.

RPMI8226 DHA  Reduces microvessel growth in chicken ~ Decreases VEGF secretion. (51)
chorioallantoic membranes

RPMI8226 ART Efficiently suppresses angiogenic ability ~ ART can block ERK1/2 activation and downregulate (52)

VEGF and Ang-1 expression.

Notes: ART: artesunate; DHA: dihydroartemisinin; MM: multiple myeloma; NA: not available
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in athymic nu/nu mice. Their results suggest that
artesunate exerts its anti-proliferative and pro-
apoptotic effects through suppression of multiple
signalling cascades in CML both in vitro and in vivo.
Sun, et al® found that different concentrations of
artesunate have different effects on the cell cycle of
K562 cells. When the concentration of artesunate
increased to 200 . mol/L, the proportion of cells at
G,/LM phase decreased, but the inactivation
proportion increased to 39.65%. These results
suggest that ARTs may act on the cell cycle to inhibit
the proliferation of haematological malignancy cells.

In addition to leukaemia, ARTs can also inhibit
the proliferation of lymphoma and multiple myeloma.
Zhao and colleagues® used diffuse large B-cell
lymphoma (DLBCL) cells to test the anti-lymphoma
effects and mechanisms of artemether. They found
that artemether inhibited the proliferation of cancer
cells and caused them to stagnate in G,/G, phase
and induced apoptosis as drug concentrations
increased. Toril, et al®® also found that artesunate
at the dose used for the treatment of malaria could
efficiently inhibit the growth of both lymphoma and
myeloma cells without serious adverse effects. Li, et
al® reported that artesunate have an anti-myeloma
effect by inhibiting proliferation and inducing apoptosis
of SP2/0 cells. Wang, et al® observed that DHA
can decrease cell viability and increase the sub-G,/
G,-phase cell population. They also found that DHA
treatment increased caspase-3 and c-Jun expression
in U266 cells via JNK signalling pathway activation.
These results showed that DHA can inhibit the
proliferation of multiple myeloma cells by interfering
with the JNK signalling pathway.

Induction of Apoptosis

Induction of apoptosis is an important mechanism
for the anticancer effects of ARTs on haematological
malignancies. Gao, et al®® applied DHA to treat primary
leukaemic cells from acute myeloid leukemia (AML)
and acute lymphoblastic leukemia (ALL) patients. They
found that DHA can induce apoptosis in both kinds of
primary human leukaemia cells. Apoptosis of the HL60
cell line was also confirmed upon exposure to DHA.
Zhou, et al®” found that DHA can specifically reduce
the mRNA and expression of TfR in HL60 cells, induce
the activation of caspase-3, and affect the expression
of Bcl-2 and Bax. Therefore, they believe that DHA
can induce apoptosis of HL60 cells through the
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mitochondrial pathway by lowering the TfR expression.
Lu, et al®® also found that DHA can induce HL-60 cells
apoptosis effectively. Mitochondrial dysfunction and
cysteine protease activation were also found. Further
studies demonstrated that the signalling pathway of
DHA-induced cell apoptosis is dependent on iron and
p38 MAPK activation.

In addition to leukaemia cells, ARTs can also
induce the apoptosis of lymphoma cells. Handrick,
et al® has found that DHA treatment can induce
several established features of apoptosis in T-cell
lymphoma Jurkat cells, such as the breakdown of the
mitochondrial transmembrane potential, release of
cytochrome c, activation of caspases, and production of
DNA fragments. Zeng, et al“” observed and confirmed
that the proliferation of Raji and Jurkat cells was
inhibited by artesunate. Mitochondrial transmembrane
potential was collapsed once these cells were
exposed to artesunate, thus activating caspase-3-
dependent apoptosis in these cells. Vatsveen, et al“”
also evaluated the anti-lymphoma effect of artesunate
both in vitro and in vivo. An invasive B-cell lymphoma
cell xenograft model from NSG mice and 18 species of
B-cell lymphoma cell lines were used as their subjects
in the study. Their results demonstrate that artesunate
has a strong apoptosis-inducing effect in a variety of
B-cell lymphoma cell lines and has significant anti-
lymphoma activity in vivo. The authors suggested
artesunate as a drug for the treatment of B-cell
lymphoma. Cheng, et al? synthesized a new water-
soluble artemisinin derivative named SM1044, which
can induce autophagy-dependent apoptosis in diffuse
large B-cell ymphoma (DLBCL) cells. This was achieved
by accelerating the degradation of the apoptosis
inhibitory protein survivin through its acetylation-
dependent interaction with the autophagy-related protein
LC3-1I. Holien, et al*? also confirmed that artesunate
can effectively inhibit the growth of DLBCL cell line
and induce cell apoptosis by downregulating MYC and
BCL-2 family proteins and activating caspase-3.

To search for more effective therapies for the
treatment of myeloma, Papanikolaou, et al*? applied
artesunate to treat 8 types of multiple myeloma cell
lines. The results showed that artesunate can induce
immature and drug-resistant MM cell death by the non-
caspase-mediated pathway. Holien, et al“® have also
shown that artesunate treatment effectively inhibited
the growth and induced apoptosis of myeloma cell
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lines. The IC,, values of artesunate against the used
cell lines varied from 0.3—-16.6 . mol/L, which can be
obtained in plasma after intravenous administration of
artesunate in malaria treatment. Therefore, artesunate
used in doses similar to current malaria treatments
can potentially be used for multiple myeloma with no
serious adverse effects.

Inhibition of Angiogenesis

Angiogenesis, the formation of new blood
vessels, is an important component of the
pathogenesis of haematologic malignancies, as it is in
solid tumours.“**® A negative prognostic implication
of increased angiogenesis has been established
for several types of haematologic malignancy.
Therefore, it is rational to seek out therapeutic uses
of both old and new drugs that might affect new blood
vessel formation in the treatment of haematologic
malignancies. Several cytokines are involved in
promoting tumour angiogenesis, vascular endothelial
growth factor (VEGF) was one of the most important
factors, which is a survival and a proliferation factor for
human microvascular endothelial cells. Therefore, it
is theoretically feasible to use VEGF inhibitors for the
treatment of patients with haematologic malignancies.

Several studies have shown that ARTs can
inhibit the expression of VEGF and thereby inhibiting
angiogenesis. For example, Zhou, et al“” found that
artesunate can decrease the stimulating angiogenic
activity in K562 cells, a model cell of CML. They
compared the VEGF expression levels and VEGF
mRNA in K562 cells with or without artesunate
treatment. The results showed that artesunate is
capable of inhibiting VEGF expression. A study by
Lee, et al® also showed that DHA can inhibit VEGF
expression and secretion in K562 cells obtained
from CML patients. In addition to leukaemia, ARTs
can also inhibit angiogenesis in other haematologic
malignancies. Wu, et al® investigated the effect of
DHA on multiple myeloma RPMI8226 cell lines. They
found that DHA can inhibit angiogenesis induced by
RPMI8226 cells under hypoxic conditions. Besides,
DHA downregulated the expression of VEGF and
significantly reduced its secretion, thereby reducing the
generation of blood vessels. Chen, et al®® evaluated
the effect of artesunate on the angiogenesis induced
by RPMI8226 cells. They found that artesunate can
efficiently suppress the angiogenic ability of myeloma
RPMI8226 in a dose-dependent manner. Further
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investigations showed that artesunate can block
ERK1/2 activation, downregulate VEGF and ang-1
expression, and inhibit angiogenesis induced by human
multiple myeloma RPMI8226 cells. All of these studies
showed that ARTs can play a role in the treatment
of haematologic malignancies by inhibiting abnormal
angiogenesis.

Production of ROS

ARTs mediate antimalarial activity by generating
ROS in the parasite facilitated by intraparasitic haem
iron, which in turn induces DNA damage and death in
the malaria parasite.®® Indeed, ROS induction is also
critical to the activity of ARTs against haematological
malignancies. Kumar, et al®” proved that both cellular
and mitochondrial ROS in AML cells were induced by
artesunate exposure, suggesting that the cytotoxicity of
artesunate against AML is mediated by the induction of
ROS. Wang, et al® also found that Jurkat cells (a T-cell
lymphoma cell line) were sensitive to DHA treatment,
which increased the production of intracellular ROS and
further led to cell cycle arrest and apoptosis. Xenofon,
et al®® have found that the anti-multiple myeloma
effects of artesunate are related to intracellular levels of
bivalent iron, suggesting that the effects of artesunate
are through iron, which further have many other effects,
such as dysfunction of mitochondria, generation of
ROS, and non-caspase-mediated apoptosis. They have
also examined the effect of artesunate on mitochondrial
membrane potential and ROS status and the effect
of iron on artesunate's anti-MM efficacy. Their results
proved that the antimyeloma activity of artesunate is
carried out via affecting the mitochondria and the ROS
status of myeloma cells. Additionally, its efficacy is
dependent on intracellular bivalent iron levels.®”

Induction of Differentiation

Differentiation block is a characteristic of
leukaemia, and thus, induction of differentiation is a
way to treat leukaemia differentiation. Studies have
shown the effectiveness of ARTs in the induction of
leukaemia cells. Bo, et al®® found that artemisinin at
a dose of 6 . mol/L can induce the apoptosis of U937
cells, while at 5 pmol/L it efficiently promotes the
differentiation of U937 cells to mature granulocytes,
suggesting that induction of differentiation plays an
important role in the anti-leukaemia effects of ARTs.
Kim, et al®® found that artemisinin markedly increased
the degree of HL-60 leukaemia cell differentiation
when simultaneously combined with low doses of
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1 a, 25-dihydoxyvitamin D3 [1,25-(OH),D;] or all-trans
retinoic acid (all-trans RA). They also found that the
combination of IFN- « and ART synergistically induced
the leukaemia cell differentiation, although IFN- o alone
did not affect cell proliferation and differentiation.®”

Action on Drug-Resistant Hematological Malignancies
Although novel drugs have contributed
immensely to improve the outcomes of patients with
hematological malignancies, many patients develop
drug resistance and ultimately die. It is especially
important to develop novel anti-hematological
malignancy drugs that would not lead to developing
drug resistance. Indeed, ARTs are a potential set of
drugs that could fill this role. Efferth, et al®” tested 22
drugs for their activity towards sensitive and multidrug
resistance 1 (MDR-1)- or multidrug resistance-related
protein 1 (MRP1)-overexpressing multidrug-resistant
human CCRF-CEM leukaemia cells. They found that
artesunate and bufalin exhibit anti-leukaemia activity
when used alone or in combination with daunorubicin
in MDR. The two drugs may be suitable for a new
combination of therapies to improve leukaemia cell
killing. They also investigated the effects of artesunate
on the doxorubicin-resistant leukaemia cell line and
found that artesunate induces apoptosis in leukaemic
T cells mainly through the mitochondrial pathway
via generation of ROS.* Xenofon, et al®® have
shown that artesunate reliably induces cell death
of drug-resistant multiple myeloma cells at a safe
concentrations shown to be used in humans.

Cooperative Therapy

The current standard of care for cancer is the
use of combination chemotherapy with the goal of
maximizing efficacy and systemically minimizing
toxicity. Unlike traditional chemotherapeutics, the
multiple mechanisms of action of ARTs suggest a
possible synergism between ARTs and chemotherapy.
A previous study showed that low levels of artesunate
or arsenic trioxide had no impact on cell growth.
However, the combination of these two drugs,
even at low dosage, drastically induced apoptotic
and necrotic cell death, implying a synergistic
effect of these two drugs.®® Budhrjara, et al®®
used mouse and human leukaemic cell lines
and primary patient-derived xenografts to test the
effects of DHA and ABT-263 on survival. They
found that the therapeutic response in BCR/ABL(+)
B-ALL can be improved by combining DHA with

Chin J Integr Med 2020 Dec;26(12):947-955

ABT-263. Upon investigation of its mechanisms,
they found DHA triggered a cellular stress response
and repressed translation, ultimately causing
downregulation of MCL-1 expression. Consequently,
this caused leukaemia cells to be highly sensitive
to ABT-263-induced synergistic cell death, both in
vitro and in vivo. Kim, et al® demonstrated that
IFN- @ combined with artemisinin can not only
inhibit the growth of HL-60 leukaemia cells but
also increase differentiation. These effects were
significantly suppressed by inhibitors of protein
kinase C (PKC), extracellular signal-regulated kinase
(ERK), and c-Jun N-terminal kinase (JNK). These results
indicate that activation of the PKC «/ERK signalling
pathway by IFN-«a can enhance artemisinin-induced
differentiation in HL-60 cells. This evidence suggests
that the anti-leukaemia effects of artemisinin can be
enhanced by acting synergistically with other drugs.

Synergistical effects of ARTs with other drugs are
also observed in other haematological malignancies.
Sieber, et al® used the anti-CD20 antibody rituximab
and artesunate to treat malignant B cells, and a
synergistic effect was observed. They found that
artesunate induced apoptosis and Fas/CD95 expression,
and resulted in a breakdown of mitochondrial membrane
potential. This demonstrated that the receptor-driven
extrinsic and mitochondria intrinsic routes are involved
in cell apoptosis. Rituximab increased Fas/CD95
expression and decreased mitochondrial membrane
potential, eventually resulting in an increase in the
rate of apoptosis. This implies that rituximab may
affect molecular mechanisms relevant for the action of
artesunate. They have a synergistic effect, which might
be explained by an interaction of both agents at the level
of apoptosis or upstream. Future clinical trials will be
anticipated, allowing further evaluation of combination
therapy in relapsed and refractory hematological
malignancies.

Conclusions and Perspectives

ARTs, known as effective antimalarial drugs,
have excellent safety in clinical applications. There are
already a large number of studies that have applied
ARTs to various types of tumours treatment. This review
summarizes the recent progress of ARTs in the study
of hematological malignancies. Various studies have
shown that ARTs can act via several mechanisms,
inducing cell cycle arrest, induction autophagy and
apoptosis, inhibition of angiogenesis, production of
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ROS, and induction of differentiation. Additionally, ARTs
also showed anticancer effects in many drug-resistant
hematological malignancies and synergistic effects with
other drugs. At present, clinical trials of patients with solid
tumours have been completed, and the results have
been published, while ongoing and unpublished clinical
trials continue to be run. However, clinical trials currently
registered on ClinicalTrialsgov have not yet been
targeted at hematological malignancies; this will be the
direction of our further efforts. After years of research,
ARTs may become a new promising anti-hematological
malignancy drug.
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