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Marsdenia tenacissima (MT), a traditional Chinese herbal medicine, has long been used

for thousands of years to treat asthma, tracheitis, rheumatism, etc. An increasing number

of recent studies have focused on the antitumor effects of MT. The effects of MT on

cancer are the result of various activated signaling pathways and inhibiting factors and

the high expression levels of regulatory proteins. MT can inhibit different cancer types

including non-small cell lung cancer (NSCLC), malignant tumors, hepatic carcinoma, and

so on. This article mainly focuses on the activities and mechanisms of MT. In addition,

the efficacy and toxicity of MT are also discussed. Further studies of MT are required for

improved medicinal utilization.
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INTRODUCTION

Cancer is a growing class of diseases that could influence any part of the body and is becoming the
primary cause of death in the world (1, 2). Radiation, surgery and drugs are effective approaches
for the treatment of cancer. Chemotherapy drugs can improve the quality life of cancer patients,
but drug resistance and severe adverse side effects, such as damage to liver function, bone marrow
suppression, and neurotoxicity, are significant obstacles that decrease treatment-related tolerance
and compliance leading to therapeutic failure (3, 4). Thus, there is an urgent need to develop
novel drugs that have the advantages of being more effective, causing fewer side effects and
simultaneously overcoming drug resistance in a variety of cancers. In recent years, there has been
increased interest in the natural products from plants that play important roles in research and
development of therapeutics agents for cancer. For example, many antitumor drugs in clinical used,
such as podophyllotoxins (5), diosmetins (6), and taxanes (7) are taken from plants.

Marsdenia tenacissima (Family Asclepiadaceae) is a perennial climber that is extensive
distributed in tropical to subtropical areas in Asia, primarily in the Yunnan and Guizhou Provinces
of China (8). The dried stems of Marsdenia tenacissima (MT), known as “Tong-guang-san” or
“Tong-guang-teng,” recorded in the 2010 edition of “pharmacopeia of the People’s Republic of
China” (9), have been used in Chinese folk medicine for thousands of years. The medicinal use of
this plant can be traced back to theMing Dynasty and is primarily recorded in “Dian Nan Ben Cao”
byMao Lan (1397–1470) (10).MT, with a bitter taste and slightly cold, has a wide range of biological
activities, including asthma and cough relief, anti-inflammatory and anticancer functions (11).
Modern pharmacological studies have revealed that MT has obvious antitumor, hepato protective,
diuretic, and immunomodulatory effects and it has a specific effect on various tumors including
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ovarian cancer (12), liver cancer (13), adenoid cystic carcinoma
(14), etc.Marsdenia tenacissima extract (MTE, trade name: Xiao-
Ai-Ping injection) improves quality of life, strengthens immune
function and effectively prolongs the viable period of cancer
patients (15). Xiao-Ai-Ping (XAP) injection, of which the main
constituent is MT, has been authorized in the Chinese market
for decades to be used alone or combined with radiotherapy or
chemotherapy for cancer treatment (16).

So far, more than 50 C21 steroidal glycosides have been
isolated and identified from MT (Figure 1, Table 1), including
tenacissoside A–P, marsdenoside A–M, tenacigenoside A–L,

tenacigenin A–D, and their derivatives (18, 32, 33). Most
are derived from tenacigenin B, the steroidal skeleton of
polyoxypregnane (POP) glycosides (8). The differences in
their chemical structure are the various substituted groups
connected to C-11 and/ or C-12, acylated groups such
as acetyl, 2-methylbutyryl and benzoyl (18). The major
bioactive constituents of C21 steroids are POP glycosides
or aglycones and these are abundant in the stems of
MT. Studies have found that C21 steroidal glycosides, the
substances isolated from plants, have various effects such as
antitumor, immunomodulatory, and liver protection (14). MT
contains steroidal glycosides, polysaccharides, organic acids,
and other chemical components, of which C21 steroidal
glycosides are known as the major antitumor substances via
multiple mechanisms, such as disrupting cancer cell proliferation
and metastasis, regulating signaling pathways, and reversing
multidrug resistance (18, 34).

In this review, we mainly discuss the findings for the
antitumor activities of MT and mechanisms relevant to
antitumor effects (Figure 2, Table 1). Furthermore, as a
promising natural product that may be widely used in future

FIGURE 1 | The substances associated with Marsdenia tenacissima. The main components of the Xiao-Ai-Ping (XAP) injection is Marsdenia tenacissima (MT).

clinical applications, the toxic side effects and application value
of MT will also be discussed.

Marsdenia tenacissima EFFECTS AGAINST
LUNG CANCER

Lung cancer is one of the most frequent malignant tumors and
the leading cause of cancer-related deaths in the world. Studies
indicated that non-small cell lung cancer (NSCLC) accounts for
∼ 85% of all lung cancer cases (35). Radiotherapy, chemotherapy,
and surgical resection are the major treatments for lung cancer
patients, whereas the results are often not satisfactory. In
recent years, a number of traditional Chinese medicines (TCM),
such as MT, has been added, as an adjuvant therapy with
significant effects on the treatment of lung cancer through
enhanced sensitivity of the radiotherapy and chemotherapy,
decreased adverse reactions and improved quality of life (36).
Results of one meta-analysis have indicated XAP injection
together with chemotherapy increased the effective rate and
quality of life improvement rate and reduced the toxicities
of chemotherapy in relation to chemotherapy alone used in
the treatment of NSCLC. It has also been shown that XAP
injection could restore gefitinib sensitivity in chemoresistant lung
cancer cells (37). It is well known that the epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) are
used to treat NSCLC patients clinically through blocking of
intracellular receptor phosphorylation (38). However, multiple
factors could result in resistance to TKIs, such as EGFR
mutations, c-Met gene amplification and K-Ras mutations. The
PI3K/AKT/mTOR pathway is an intracellular signaling pathway
important in cell cycle regulation that is overactive in many
cancers, promoting proliferation and reducing apoptosis (39).
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Studies have demonstrated that MTE administration could
restore the gefitinib sensitivity in gefitinib-resistant NSCLC cells
H460 and H1975 in vivo and in vitro through downregulating
the ERK1/2, c-Met, and PI3K/AKT/mTOR pathways (19, 20).
Moreover, MTE could also improve gefitinib efficacy in NSCLC
cells regardless of EGFR status (21). Tenacigenin D, a compound
identified from MT, strengthened the activity of erlotinib and
gefitinib in two resistant NSCLC cell lines H292 and H460,
through reversing both K-Ras mutation and P-glycoprotein
(P-gp) overexpression mediated multidrug resistance (MDR)
mechanisms (18). It was well known that bypass pathways
driven by Axl and c-Met share the same downstream signaling
cascade as EGFR. Research has indicated that MTE could restore
erlotinib and gefitinib efficacy in the resistant NSCLC cell line
HCC827/ER, with Axl and c-Met activation in vitro and in vivo,
through suppression of EGFR downstream molecules (17). In
addition to the effects on these signaling pathways, MTE could
inhibit gefitinibmetabolism by disturbing themajor CYP enzyme
activities of CYP2D6 and CYP3A4, lowering gefitinib metabolic
clearance and increasing gefitinib concentration in the HepG2
human hepatoma cell line (26). Metastasis is the leading cause of
death in cancer patients. The CCR5-CCL5 axis has been shown to
be a potential markers for metastatic cancer, and their interaction
leads to increased cancer cell invasion (40). XAP injection could
inhibit migration and invasion in A549 lung cancer cells by
downregulating the CCR5-CCL5 signaling pathway (41).

Marsdenia tenacissima EFFECTS AGAINST
HEPATIC CARCINOMA

Hepatic carcinoma (HCC) is the fifth most common cancer,
ranking as the third most common cause of cancer-related death
worldwide (42). It is difficult to remove surgically as it is typically
diagnosed at an advanced stage, accompanied by frequent
intrahepatic spread and extrahepaticmetastasis (43). Studies have
shown that MT has promising anti-hepatoma effects when used
alone or combined with chemotherapeutics. One water-soluble
polysaccharide, Marsdenia tenacissima polysaccharide (MTP),
can improve immune function in normal mice and inhibit tumor
growth in H22 hepatic carcinoma cells in tumor-bearing mice
by significantly enhancing the activities of certain substances,
such as GSH-Px, SOD, and CAT (11). YAP, a direct downstream
effector of the tumor suppressive Hippo pathway, has been
reported to modulate the downstream target genes that inhibit
apoptosis andmediate cell proliferation (44). Acting as a potential
tumor promoter, YAP overexpression has been connected with
the progress of various tumors (45). Research has found that C21
steroids isolated from MTE can effectively induce apoptosis and
inhibit the proliferation of HCC cells through inhibition of the
PI3K/AKT/mTOR and YAP pathways together (28).

Marsdenia tenacissima EFFECTS AGAINST
HEMATOLOGICAL MALIGNANCY

Leukemia, also known as blood cancer, is a kind of malignant
tumor in the hematopoietic system. Generally, it can be divided
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FIGURE 2 | The mechanisms and biological effects of Marsdenia tenacissima in cancer research.

into several types, such as acute lymphoblastic leukemia (46),
acutemyeloid leukemia (AML), and chronicmyelocytic leukemia
(CML) (47). Recent studies have demonstrated that the crude
ethanolic extract of Marsdenia tenacissima (CME) exhibited
strong cytotoxicity against CML cell lines K562 in vitro and
in vivo, and this cytotoxicity was related to inducing cell cycle
(G0/G1) arrest through upregulating cyclin D1 and cell apoptosis
through upregulating pro-apoptosis proteins caspase-3, caspase-
9 and Bax (3). Specifically, tenacissoside C, another compound
isolated fromMT, had strong suppressive effects on CML cell line
K562 cell-bearing nudemice through promoting G0/G1 cell cycle
arrest and apoptosis (25). Similarly, another report showed that
MTE also suppressed cell proliferation and induced apoptosis
in Jurkat leukemia cells by inactivating the PI3K/AKT/mTOR
signaling pathway (22).

Lymphoma is a large group of lymphoid hematopoietic
malignancies including Hodgkin’s lymphoma and non-
Hodgkin’s lymphoma. With advances in understanding the
biology and genetics of lymphoma, many new agents, including
natural agents, are being used in the treatment of lymphoma
(48). According to the studies, vascular endothelial growth factor
(VEGF) is one of the most effective and specific facilitators
of angiogenesis and it forms new blood vessels by stimulating
endothelial cell (EC) proliferation. Matrix metalloproteinases
(MMPs), a family of at least 24 zinc-dependent endopeptidases

that degrade the basement membrane and all protein
components of the extracellular matrix, are presumed to
play an important role in angiogenesis. MMP-2 and MMP-9
play essential roles in cancer cell metastasis and invasion and
are abundantly expressed in diverse malignant cells (49). One
study revealed that MTE inhibited tumor growth and decreased
angiogenesis in A20 lymphoma cells through reduction of the
expression of VEGF, MMP-2, and MMP-9 in the serum (23).
Meanwhile, MT, with its major constituents tenacigenoside A
(TGTA) and 11α-O-benzoyl-12β-O-acetyltenacigenin B (TGTB),
could significantly induce apoptosis in Raji lymphoma cells (24).

Marsdenia tenacissima EFFECTS AGAINST
OTHER TUMORS

MT also has cytotoxic effects on other tumors other than those
described above. For example, Fas cell surface death receptor
(Fas), which belongs to the tumor necrosis factor receptor super
family, is a trans-membrane protein that is widely expressed on
the cytoplasmic membrane. After interacting with its ligand, Fas
can promote the apoptotic signal in cells (46, 50). MTE was
able to enhance the curative effect of doxorubicin chemotherapy
in MG63 osteosarcoma cells, through upregulation of Fas
expression in tumor cells (30). MAPK (mitogen-activated protein
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kinase) signaling pathways play a leading role during transfer of
an extracellular signal into the cytoplasm and nucleus, inducing
a variety of cellular biological functions, such as cell immunity,
development, and apoptosis (51–53). Studies showed that MTE
had a good inhibitory influence on esophageal cancer cells
KYSE150 and Eca-109 through inhibiting the MAPK signal
transduction pathway (9).

ISOLATION AND STRUCTURAL
CHARACTERIZATION OF COMPOUNDS
FROM MT

In order to isolate novel products from MT, particularly
those with potential bioactivity, it is important to firstly
perform a dereplication process (54), distinguishing the novel
compounds from previously reported compounds. Techniques
capable of quickly and accurately identifying previously isolated
compounds are therefore of great value. One approach to
dereplication is to use high-performance liquid chromatography
(HPLC) coupled to electrospray ionization-multiple stage
tandem mass spectrometry (ESI-MS/MS) to efficiently identify
known or novel pregnane glycosides from MT extracts (55).
Recently, a sodium and ammonium adduct ion-targeted product
ion scans (PIS) system has been developed to elucidate the
structural difference of novel POPs in herbal samples (56). Wang
et al. developed a novel homologs prediction strategy for effective
discovery of unreported chemical components from TM extracts
(57). In addition, employing a capillary electrophoresis method,
Zhao et al. could separate the reported components from the TM
extracts quickly and accurately (18). Clearly, all these methods
can readily provide information useful for dereplication and
preparation of complex mixtures isolated fromMT.

Based on these dereplication measures, several systematic
phytochemical studies have been performed to elucidate the C21
steroid derivatives identified from MT. From the findings of
Pang’s group, 23 C21 steroidal glycosides (marstenacisside
C1–C10, D1–D7, and E1–E6), and four C21 steroids,
11a,12b-O-ditigloyl-tenacigenin C, 11a-O-benzoyl-12b-O-
tigloyltenacigenin C, 11a-O-tigloyl-12b-O-benzoyl-tenacigenin
C, and 11a-O-tigloyl-12b-O-benzoyl-marsdenin, were obtained
from the 95% alcoholic extract of the MT roots. The chemical
structures analysis by spectroscopic techniques, such as NMR
spectroscopy, indicated a C21 steroidal skeleton for all these
27 compounds. Further 13C-NMR data suggested that these
compounds had the same sugar moieties located at the C-3
hydroxyl group (58). This same group has also isolated 16 new
POP glycosides, marstenacissides A1–A7 and marstenacissides
B1–B9, from MT roots. All the compounds are steroidal
glycosides with 2-deoxysugar moieties. And the spectrographic
analyses of NMR suggested that these 16 compounds have the
structural patterns of C21-steroid diester derivatives with the
oligosaccharide sugar moiety consisting three or four units (34).
From the MT stems, Xia et al. have identified five new pregnane
glycosides, namely marstenacissides E, F, G, H, and I. Though
differed in the sugar moiety, these 5 compounds had the same
aglycon, which was a pregnane highly oxidized at C-3, C-8,

C-12, C-14, C-17, and C-20 (59). Apart from these constituent
above-mentioned, to data, much more other extracts with the
similar steroidal structures have been isolated from different
research groups (55, 60). Furthermore, these newly-reported
compounds have been proved to have potential tumor-killing
effects (18, 61) or antiviral functions (62). Taken together, these
findings mainly study on the isolation and structure features
of POP glycosides from MT, and their biological activities, as
an aid to understanding the constituents of this herb medicine,
which will benefit the development of this medicine as well as its
preparation.

SAFETY AND EFFICACY

MT extracts have long been applied to anti-tumor therapy as an
adjuvant medicine. As potential anti-tumor agents, MT extracts
have a broader spectrum of activity against a large number
of tumors both in vivo and in vitro. As to the significant
cytotoxicity of MT extracts, evaluating their clinical safety is
very important. A recent study indicated that MTE induced
aging and cytotoxicity in erythrocytes in a dose-depend manner
through increasing calcium and ROS levels, elevating the ratio of
erythrocyte shrinking and fragmentation (15). This result implied
the potential damage on cancer patients’ circulating erythrocytes
when MTE was used as an anti-tumor medicine. However, in
the experiment on albino rats to evaluate the acute and subacute
toxicity induced by MTE leaves, the result revealed that MTE
leaves caused no obvious celluar toxicity (63). In general, the
study give a brief description of the safety of MT. Obviously,
more surveys on the clinical applications of MT are required to
evaluate the safety and effectiveness. Above all, these observations
will help direct treatment while avoiding the side effects of MT.

From another perspective, the accurate identification and
pharmacokinetics evaluation of herb medicine extracts is highly
necessary to ensure their safety and efficacy (64). Considering
that structures of steroidal glycosides are similar, evaluating the
pharmacokinetic properties of the MT extracts will be useful to
ensure the efficacy and safety of this herbal medicine in medicine
markets and clinical application. A sensitive and specific
liquid chromatography–ESI-MS/MS assay, LC–ESI-MS/MS, was
developed to quantify the plasma concentration of Tenacissoside
A, the major active constituent of MT, in rats after intravenous
route at 0.1 mg/kg or intragastric administration at 1 mg/kg. The
concentration range validated by this method was 1–250 ng/mL
for Tenacissoside A (65). Another more sensitive analytical
LC-MS/MS method with one-step protein precipitation was
proposed to simultaneously determine the plasma concentration
of two steroidal glycosides, tenacissoside H, and tenacissoside I,
in rat after oral gavage. The lower limits of quantification was
0.9 ng/mL for these two MT extracts (66). Recently, Yu et al.
developed a new evaluation model combining DNA barcoding
techniques with thin-layer chromatography (TLC) and HPLC.
This effective strategy could facilitate pharmacologist to identify
and quantify of MT extracts in the medicine market (67). In
addition, given biotransformation in vivo may influence the
chemical structure of a compound and change its activity (68),
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identification of metabolic characteristics could provide valuable
information for further understanding the anti-tumor activity
of MT. Using the ultra-HPLC coupled with high-resolution MS
assay, Zhao et al. identified the metabolic profile of C-21 steroids
from MT for the first time. The fragmentation data from human
liver microsomes indicated that hydroxylation reactions were the
major metabolic pathway of Tenacissoside H and Tenacissoside
I, whereas the metabolic pathway of Tenacigenin B mainly
involved dehydrogenation reactions. Meanwhile, about 14 novel
metabolites yielded from these C-21 steroids was characterized
and identified precisely and quickly (33).

DISCUSSION

MT is a well-known medicinal plant possessing antitumor
effects. For example, ATP-binding cassette (ABC) transporters
could remove substrates from the cell against a concentration
gradient, leading to MDR (69). POPs, the main constituents
of MT, can inhibit different ATP-binding cassette (ABC)
transporters, including P-gp, multidrug resistance associated
protein-1 (MRP1) and breast cancer resistance protein (BCRP
or ABCG2), contributing to MDR reversal as well as improving
effectiveness of traditional anticancer drugs in tumors (10).
More specifically, tenacissimoside A and 11α-O-benzoyl-12β-
O-acetyltenacigenin B, two compounds identified from MT,
reversed P-gp mediated MDR in HepG2/Dox cells and enhanced
the sensitivity of antitumor drugs, such as vinblastine, paclitaxel,
doxorubicin, and puromycin (29). It is well known that VEGF
is vital in regulating angiogenesis mediated through VEGF
receptor (VEGFR), a tyrosine kinase receptor expressed at
high levels in cancerous and endothelial cells (70, 71). In a
recent report, MTE was able to suppress tumor angiogenesis
in vivo and in vitro through decreasing VEGF-A and VEGFR-2
expression in human umbilical vein endothelial cells (HUVECs)
and VEGF-A expression in HepG2 (13). Protein kinase C
(PKC), which belongs to the serine/threonine kinases family
and has at least 10 isoforms, also plays an essential role in
the regulation of angiogenesis. P53 is a tumor inhibitor that
induces cell apoptosis. MTE can accelerate apoptosis by
the PKCδ-inducing p53-dependent mitochondrial pathway
and inhibit proliferation through reducing CCL-2-mediated
VEGF/VEGFR2 interactions in HUVECs (27). Furthermore,
the Hedgehog signaling pathway plays prominent roles in the
tumorigenesis and developmental processes of various types
of cancer and regulates the self-renewal and proliferation of
cancer stem cells. Steroidal aglycones, such as tenacigenin
A, 12-O-tigloyltenacigenin A, 12-O-benzoyl-tenacigenin A,
11-O-tigloyl-12-O-acetyltenacigenin B, 11-O-tigloyl-12-O-
tigloyltenacigenin B, and 11-O-acetyl-12-O-tigloyltenacigenin
B, which are manufactured from MT, suppressed the Hedgehog
signaling pathway in Shh-LIGHT2 cells (72). Total aglycones
from MT Caulis (ETA) exhibit the ability to strengthen the
antitumor activity of paclitaxel both in vivo and in vitro as a
chemo-sensitizer (31). All of these findings implied that MT
may have other unknown functions requiring further study for
additional clinical uses.

In addition, POP glycosides are the major bioactive
constituents of MT. Thus, understanding the biosynthesis
of steroidal derivatives, especially pregnane and their
glycosides, is very important for marker-assisted breeding
of the plant. A recent study showed that a great number of
gene encoding enzymes related to pregnane and cholestenol
backbone biosynthesis were discovered, including EBP
(cholestenol 1-isomerase), DHCR24 (124-sterol reductase),
DHCR7 (7-dehydrocholesterol reductase), LAS (lanosterol
synthase), 4-MSO (C4-methylsterol oxidase), 14-SDM(sterol-
14α-demethylase), 14SR (114-sterol reductase), 3β-HSD
(3β-hydroxysteroiddehydrogenase), SC5DL (sterol C5
desaturase/lathosterol oxidase), and 5β-POR (progesterone
5β-reductase), as well as several candidate genes CAS, SQS,
SQLE, 3β-HSD, 4-MSO, and 5β-POR (8). Those results
could promote functional studies to produce an abundance
of these compounds for cancer treatment. It is well known
that biotransformation in vivo or in vitro can impact the
structure of a compound and change its activity. Therefore,
understanding their metabolites and fragmentation behaviors
is helpful for optimal utilization. Research has indicated
that tenacissoside I and tenacissoside H, two compounds
isolated from MT, were mainly metabolized through
hydroxylation reactions, while dehydrogenation reactions
were the principal metabolic pathway for tenacigenin B (33).
As a promising TCM, further study can provide us with
valuable new information for understanding the activity
of MT.

Marsdenia condurango (Family Asclepiadaceae), which is
similar to MT and commonly called condurango, primarily
comes from the northwestern part of South America.
Condurango contains pregnane glycosides and shows antitumor
effects. For example, the ethanolic extract of Marsdenia
condurango could relieve BaP-induced lung cancer in rats
through a caspase-3-dependent pathway to induce apoptosis
(73). Condurangogenin A, an isolated active ingredient, has
anticancer effects against several lung cancer cell types in vitro
by DNA damage-induced apoptosis and p21/p53 mediated cell
cycle regulation (74). Moreover, condurango glycoside-rich
components (CGS) exhibited suppression of cell-proliferation
in lung cancer, in vivo and in vitro, via ROS-mediated
caspase-3 dependent apoptosis and DNA damage-induced
cell cycle arrest (75). Condurango 30C could induce epigenetic
modification in lung cancer through regulation of DNA
hypermethylation (76). Marsdenia condurango and MT belong
to the same family and reveal similar effects through various
mechanisms. As a result, these findings could provide a clue to
finding more active substances for enriching our clinical drug
species.

CONCLUSIONS

In conclusion, searching for active ingredients from plants
to treat diseases is a promising research direction for
creating novel drugs both at home and abroad. MT has
significant antitumor effects as demonstrated by clinical
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practice and has significant clinical potential due to its
as yet undiscovered activities. Nevertheless, investigations
into the mechanisms of antitumor activity of MT have
only just begun, and clinical research is lacking the high-
level of evidence required for evidence-based medicine.
Thus, to further clarify the effectiveness and mechanisms
of its antitumor effects, conduct a multicenter randomized
controlled trial in clinical settings will be the direction of future
research.

AUTHOR CONTRIBUTIONS

YY, ZG, and ZX conception and design. XW, SZ, LQ, XY, XC,
JW, XR, and YZ wrote the manuscript. YY and ZX revised the
manuscript. All authors reviewed and approved the final version
of the manuscript.

FUNDING

This work is supported by the China Postdoctoral Science
Foundation (No. 2017M610510), the National Natural Science
Foundation of China (No. 81703036, 81803035, 81572946), the
Science and Technology Program of Hunan (No. 2015SK2035),
the Youth Fund of Xiangya Hospital (No. 2017Q17), and the
Postdoctoral Science Foundation of Central South University
(No. 185702).

ACKNOWLEDGMENTS

We thank Elsevier’s English Language Editing Service for
assistance with language editing. ZX is currently a Postdoctoral
Fellow in the Department of Pharmacy of Xiangya Hospital,
Central South University.

REFERENCES

1. Cumsille P, Coronel A, Conca C, Quininao C, Escudero C. Proposal

of a hybrid approach for tumor progression and tumor-induced

angiogenesis. Theor Biol Med Model (2015) 12:13. doi: 10.1186/s12976-015-

0009-y

2. Ferlay J, Colombet M, Soerjomataram I, Dyba T, Randi G, Bettio M,

et al. Cancer incidence and mortality patterns in Europe: estimates

for 40 countries and 25 major cancers in 2018. Eur J Cancer (2018).

doi: 10.1016/j.ejca.2018.07.005. [Epub ahead of print].

3. Ye B, Li J, Li Z, Yang J, Niu T, Wang S. Anti-tumor activity and relative

mechanism of ethanolic extract of Marsdenia tenacissima (Asclepiadaceae)

against human hematologic neoplasm in vitro and in vivo. J Ethnopharmacol.

(2014a) 153:258–67. doi: 10.1016/j.jep.2014.02.035

4. Yan Y, Xu Z, Dai S, Qian L, Sun L, Gong Z. Targeting autophagy to sensitive

glioma to temozolomide treatment. J Exp Clin Cancer Res. (2016) 35:23.

doi: 10.1186/s13046-016-0303-5

5. Zhi X, Zhang Y, Huang J, Xu H. Seven-membered lactam derivatives

of podophyllotoxins as new pesticidal agents. Sci Rep. (2017) 7:3917.

doi: 10.1038/s41598-017-04136-3

6. Xu Z, Yan Y, Xiao L, Dai S, Zeng S, Qian L, et al. Radiosensitizing effect of

diosmetin on radioresistant lung cancer cells via Akt signaling pathway. PLoS

ONE (2017) 12:e0175977. doi: 10.1371/journal.pone.0175977

7. Henry ML, Niu J, Zhang N, Giordano SH, Chavez-MacGregor M.

Cardiotoxicity and cardiac monitoring among chemotherapy-treated

breast cancer patients. JACC Cardiovasc Imaging (2018) 11:1084–93.

doi: 10.1016/j.jcmg.2018.06.005

8. Zheng K, Zhang G, Jiang N, Yang S, Li C, Meng Z, et al. Analysis of the

transcriptome of Marsdenia tenacissima discovers putative polyoxypregnane

glycoside biosynthetic genes and genetic markers. Genomics (2014) 104:186–

93. doi: 10.1016/j.ygeno.2014.07.013

9. Fan W, Sun L, Zhou JQ, Zhang C, Qin S, Tang Y, et al.Marsdenia tenacissima

extract induces G0/G1 cell cycle arrest in human esophageal carcinoma cells

by inhibiting mitogen-activated protein kinase (MAPK) signaling pathway.

Chin J Nat Med. (2015) 13:428–37. doi: 10.1016/S1875-5364(15)30036-4

10. To KKW, Wu X, Yin C, Chai S, Yao S, Kadioglu O, et al. Reversal of

multidrug resistance by Marsdenia tenacissima and its main active

ingredients polyoxypregnanes. J Ethnopharmacol. (2017) 203:110–9.

doi: 10.1016/j.jep.2017.03.051

11. Jiang S, Qiu L, Li Y, Li L, Wang X, Liu Z, et al. Effects of

Marsdenia tenacissima polysaccharide on the immune regulation and tumor

growth in H22 tumor-bearing mice. Carbohydr Polym. (2016) 137:52–8.

doi: 10.1016/j.carbpol.2015.10.056

12. Zhang Y, Zhang Y. Marsdenia tenacissima extract inhibits proliferation and

promotes apoptosis in human ovarian cancer cells. Med Sci Monit. (2018)

24:6289–97. doi: 10.12659/MSM.909726

13. Huang Z, Lin H, Wang Y, Cao Z, Lin W, Chen Q. Studies on the anti-

angiogenic effect of Marsdenia tenacissima extract in vitro and in vivo. Oncol

Lett. (2013a) 5:917–22. doi: 10.3892/ol.2013.1105

14. Wang Q, Cao J, Wang P, Ge M. Antitumor effect of C21 steroidal glycosides

on adenoid cystic carcinoma cell line SACC83. Clin Lab. (2015a) 61:1553–60.

doi: 10.7754/Clin.Lab.2015.141218

15. Hao K, Chen BY, Li KQ, Zhang Y, Li CX, Wang Y, et al. Cytotoxicity of

anti-tumor herbalMarsdeniae tenacissimae extract on erythrocytes. J Zhejiang

Univ Sci B (2017) 18:597–604. doi: 10.1631/jzus.B1600228

16. Huang Z, Wang Y, Chen J, Wang R, Chen Q. Effect of Xiaoaiping injection

on advanced hepatocellular carcinoma in patients. J Tradit Chin Med. (2013b)

33:34–8. doi: 10.1016/S0254-6272(13)60097-7

17. Han SY, ZhaoW,HanHB, SunH, Xue D, Jiao YN, et al.Marsdenia tenacissima

extract overcomes Axl- and Met-mediated erlotinib and gefitinib cross-

resistance in non-small cell lung cancer cells. Oncotarget (2017) 8:56893–905.

doi: 10.18632/oncotarget.18137

18. Yao S, To KK,Wang YZ, Yin C, Tang C, Chai S, et al. Polyoxypregnane steroids

from the stems of Marsdenia tenacissima. J Nat Prod. (2014) 77:2044–53.

doi: 10.1021/np500385b

19. Han SY, Zhao W, Sun H, Zhou N, Zhou F, An G, et al.Marsdenia tenacissima

extract enhances gefitinib efficacy in non-small cell lung cancer xenografts.

Phytomedicine (2015) 22:560–7. doi: 10.1016/j.phymed.2015.03.001

20. Han SY, Zhao MB, Zhuang GB, Li PP.Marsdenia tenacissima extract restored

gefitinib sensitivity in resistant non-small cell lung cancer cells. Lung Cancer

(2012) 75:30–7. doi: 10.1016/j.lungcan.2011.06.001

21. Han SY, Ding HR, Zhao W, Teng F, Li PP. Enhancement of gefitinib-induced

growth inhibition by Marsdenia tenacissima extract in non-small cell lung

cancer cells expressing wild or mutant EGFR. BMC Complement Altern Med.

(2014a) 14:165. doi: 10.1186/1472-6882-14-165

22. Wang Y, Chen B, Wang Z, Zhang W, Hao K, Chen Y, et al. Marsdenia

tenacissimae extraction (MTE) inhibits the proliferation and induces the

apoptosis of human acute T cell leukemia cells through inactivating

PI3K/AKT/mTOR signaling pathway via PTEN enhancement. Oncotarget

(2016) 7:82851–63. doi: 10.18632/oncotarget.12654

23. Dai X, Ji Y, Jiang P, Sun X. Marsdenia tenacissima extract suppresses tumor

growth and angiogenesis in A20 mouse lymphoma. Oncol Lett. (2017)

13:2897–902. doi: 10.3892/ol.2017.5831

24. Li D, Li C, Song Y, Zhou M, Sun X, Zhu X, et al. Marsdenia tenacssima

extract and its functional components inhibits proliferation and induces

apoptosis of human Burkitt leukemia/lymphoma cells in vitro and in vivo.

Leuk Lymphoma. (2016) 57:419–28. doi: 10.3109/10428194.2015.1043546

25. Ye B, Yang J, Li J, Niu T, Wang S. In vitro and in vivo antitumor activities of

tenacissoside C from Marsdenia tenacissima. Planta Med. (2014b) 80:29–38.

doi: 10.1055/s-0033-1360128

26. Han SY, Zhao HY, Zhou N, Zhou F, Li PP. Marsdenia tenacissima extract

inhibits gefitinib metabolism in vitro by interfering with human hepatic

Frontiers in Oncology | www.frontiersin.org 8 October 2018 | Volume 8 | Article 473

https://doi.org/10.1186/s12976-015-0009-y
https://doi.org/10.1016/j.ejca.2018.07.005
https://doi.org/10.1016/j.jep.2014.02.035
https://doi.org/10.1186/s13046-016-0303-5
https://doi.org/10.1038/s41598-017-04136-3
https://doi.org/10.1371/journal.pone.0175977
https://doi.org/10.1016/j.jcmg.2018.06.005
https://doi.org/10.1016/j.ygeno.2014.07.013
https://doi.org/10.1016/S1875-5364(15)30036-4
https://doi.org/10.1016/j.jep.2017.03.051
https://doi.org/10.1016/j.carbpol.2015.10.056
https://doi.org/10.12659/MSM.909726
https://doi.org/10.3892/ol.2013.1105
https://doi.org/10.7754/Clin.Lab.2015.141218
https://doi.org/10.1631/jzus.B1600228
https://doi.org/10.1016/S0254-6272(13)60097-7
https://doi.org/10.18632/oncotarget.18137
https://doi.org/10.1021/np500385b
https://doi.org/10.1016/j.phymed.2015.03.001
https://doi.org/10.1016/j.lungcan.2011.06.001
https://doi.org/10.1186/1472-6882-14-165
https://doi.org/10.18632/oncotarget.12654
https://doi.org/10.3892/ol.2017.5831
https://doi.org/10.3109/10428194.2015.1043546
https://doi.org/10.1055/s-0033-1360128
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Antitumor Activities of Marsdenia tenacissima

CYP3A4 and CYP2D6 enzymes. J Ethnopharmacol. (2014b) 151:210–7.

doi: 10.1016/j.jep.2013.10.021

27. Chen BY, Chen D, Lyu JX, Li KQ, Jiang MM, Zeng JJ, et al. Marsdeniae

tenacissimae extract (MTE) suppresses cell proliferation by attenuating

VEGF/VEGFR2 interactions and promotes apoptosis through regulating PKC

pathway in human umbilical vein endothelial cells. Chin J Nat Med. (2016)

14:922–30. doi: 10.1016/S1875-5364(17)30017-1

28. Zhang Y, Li K, Ying Y, Chen B, Hao K, Chen B, et al. C21 steroid-

enriched fraction refined from Marsdenia tenacissima inhibits

hepatocellular carcinoma through the coordination of Hippo-Yap and

PTEN-PI3K/AKT signaling pathways. Oncotarget (2017) 8:110576–91.

doi: 10.18632/oncotarget.22833

29. Hu YJ, Shen XL, Lu HL, Zhang YH, Huang XA, Fu LC, et al. Tenacigenin

B derivatives reverse P-glycoprotein-mediated multidrug resistance

inHepG2/Dox cells. J Nat Prod. (2008) 71:1049–51. doi: 10.1021/np070458f

30. Huang T, Gong WH, Zou CP, Li XC, Jiang GJ, Li XH, et al. Marsdenia

tenacissima extract sensitizes MG63 cells to doxorubicin-induced apoptosis.

Genet Mol Res. (2014) 13:354–62. doi: 10.4238/2014.January.21.3

31. Zhu RJ, Shen XL, Dai LL, Ai XY, Tian RH, Tang R, et al. Total aglycones from

Marsdenia tenacissima increases antitumor efficacy of paclitaxel in nude mice.

Molecules (2014) 19:13965–75. doi: 10.3390/molecules190913965

32. Zhang H, Tan AM, Zhang AY, Chen R, Yang SB, Huang X. Five new C21

steroidal glycosides from the stems of Marsdenia tenacissima. Steroids (2010)

75:176–83. doi: 10.1016/j.steroids.2009.11.003

33. Zhao C, Han LY, Ren W, Zhao HY, Han SY, Zheng WX, et al. Metabolic

profiling of tenacigenin B, tenacissoside H and tenacissoside I using

UHPLC-ESI-Orbitrap MS/MS. Biomed Chromatogr. (2016) 30:1757–65.

doi: 10.1002/bmc.3750

34. Pang X, Kang LP, Yu HS, Zhao Y, Han LF, Zhang J, et al. New polyoxypregnane

glycosides from the roots ofMarsdenia tenacissima. Steroids (2015) 93:68–76.

doi: 10.1016/j.steroids.2014.11.004

35. Yan Y, Xu Z, Hu X, Qian L, Li Z, Zhou Y, et al. SNCA is a

functionally low-expressed gene in lung adenocarcinoma. Genes (2018) 9:E16.

doi: 10.3390/genes9010016

36. Wang Z, Qi F, Cui Y, Zhao L, Sun X, Tang W, et al. An update on Chinese

herbal medicines as adjuvant treatment of anticancer therapeutics. Biosci

Trends (2018b) 12:220–39. doi: 10.5582/bst.2018.01144

37. Zhang H, Zhang J, Ding H, Chen R, Liang F. [Clinical value of

Tongguanteng (Radix seu Herba Marsdeniae tenacissimae) extract

combined with chemotherapy in the treatment of advanced non-small

cell lung cancer: a meta-analysis]. J Tradit Chin Med. (2016) 36:261–70.

doi: 10.1016/S0254-6272(16)30037-1

38. Zang H, Wang W, Fan S. The role of microRNAs in resistance to targeted

treatments of non-small cell lung cancer. Cancer Chemother Pharmacol.

(2017) 79:227–31. doi: 10.1007/s00280-016-3130-7

39. Xu Z, Yan Y, Li Z, Qian L, Gong Z. The antibiotic drug tigecycline: a

focus on its promising anticancer properties. Front Pharmacol. (2016) 7:473.

doi: 10.3389/fphar.2016.00473

40. Singh SK, Mishra MK, Eltoum IA, Bae S, Lillard JW Jr, Singh R. CCR5/CCL5

axis interaction promotes migratory and invasiveness of pancreatic cancer

cells. Sci Rep. (2018) 8:1323. doi: 10.1038/s41598-018-19643-0

41. Lin SS, Li FF, Sun L, Fan W, Gu M, Zhang LY, et al. Marsdenia tenacissima

extract suppresses A549 cell migration through regulation of CCR5-CCL5

axis, Rho C, and phosphorylated FAK. Chin J Nat Med. (2016) 14:203–9.

doi: 10.1016/S1875-5364(16)30017-6

42. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer

statistics, 2012. CA Cancer J Clin. (2015) 65:87–108. doi: 10.3322/caac.21262

43. Llovet JM, Villanueva A, Lachenmayer A, Finn RS. Advances in targeted

therapies for hepatocellular carcinoma in the genomic era.Nat Rev Clin Oncol.

(2015) 12:436. doi: 10.1038/nrclinonc.2015.121

44. Huang J, Wu S, Barrera J, Matthews K, Pan D. The Hippo signaling pathway

coordinately regulates cell proliferation and apoptosis by inactivating

Yorkie, the Drosophila Homolog of YAP. Cell (2005) 122:421–34.

doi: 10.1016/j.cell.2005.06.007

45. Hayashi H, Higashi T, Yokoyama N, Kaida T, Sakamoto K, Fukushima Y, et al.

An imbalance in TAZ andYAP expression in hepatocellular carcinoma confers

cancer stem cell-like behaviors contributing to disease progression. Cancer

Res. (2015) 75:4985–97. doi: 10.1158/0008-5472.CAN-15-0291

46. Item F, Wueest S, Lemos V, Stein S, Lucchini FC, Denzler R, et al.

Fas cell surface death receptor controls hepatic lipid metabolism

by regulating mitochondrial function. Nat Commun. (2017) 8:480.

doi: 10.1038/s41467-017-00566-9

47. Greaves M. Leukaemia ’firsts’ in cancer research and treatment. Nat Rev

Cancer (2016) 16:163–72. doi: 10.1038/nrc.2016.3

48. Shi Y. Current status and progress of lymphoma management in China. Int J

Hematol. (2018) 107:405–12. doi: 10.1007/s12185-018-2404-8

49. Zou J, Wang N, Liu M, Bai Y, Wang H, Liu K, et al. Nucleolin mediated pro-

angiogenic role of Hydroxysafflor Yellow A in ischaemic cardiac dysfunction:

post-transcriptional regulation of VEGF-A and MMP-9. J Cell Mol Med.

(2018) 22:2692–705. doi: 10.1111/jcmm.13552

50. Headen DM, Woodward KB, Coronel MM, Shrestha P, Weaver JD, Zhao

H, et al. Local immunomodulation with Fas ligand-engineered biomaterials

achieves allogeneic islet graft acceptance. Nat Mater. (2018) 17:732–9.

doi: 10.1038/s41563-018-0099-0

51. Arthur JS, Ley SC. Mitogen-activated protein kinases in innate immunity.Nat

Rev Immunol. (2013) 13:679–92. doi: 10.1038/nri3495

52. Xu J, Zhang S. Mitogen-activated protein kinase cascades in signaling

plant growth and development. Trends Plant Sci. (2015) 20:56–64.

doi: 10.1016/j.tplants.2014.10.001

53. Lu H, Liu S, Zhang G, BinW, Zhu Y, Frederick DT, et al. PAK signalling drives

acquired drug resistance to MAPK inhibitors in BRAF-mutant melanomas.

Nature (2017) 550:133–6. doi: 10.1038/nature24040

54. Mohamed A, Nguyen CH, Mamitsuka H. Current status and prospects of

computational resources for natural product dereplication: a review. Brief

Bioinform. (2016) 17:309–21. doi: 10.1093/bib/bbv042

55. McGarvey BD, Liao H, Ding K, Wang X. Dereplication of known pregnane

glycosides and structural characterization of novel pregnanes in Marsdenia

tenacissima by high-performance liquid chromatography and electrospray

ionization-tandem mass spectrometry. J Mass Spectrom. (2012) 47:687–93.

doi: 10.1002/jms.2991

56. Wu X, Zhu L, Ma J, Ye Y, Lin G. Adduct ion-targeted qualitative and

quantitative analysis of polyoxypregnanes by ultra-high pressure liquid

chromatography coupled with triple quadrupole mass spectrometry. J Pharm

Biomed Anal. (2017) 145:127–36. doi: 10.1016/j.jpba.2017.06.038

57. Wang PL, Sun Z, Lv XJ, Xu TY, Jia QQ, Liu X, et al. A homologues

prediction strategy for comprehensive screening and characterization of

C21 steroids from Xiao-ai-ping injection by using ultra high performance

liquid chromatography coupled with high resolution hybrid quadrupole-

orbitrap mass spectrometry. J Pharm Biomed Anal. (2018a) 148:80–8.

doi: 10.1016/j.jpba.2017.09.024

58. Pang X, Kang LP, Fang XM, Yu HS, Han LF, Zhao Y, et al. C21 steroid

derivatives from the Dai herbal medicine Dai-Bai-Jie, the dried roots of

Marsdenia tenacissima, and their screening for anti-HIV activity. J Nat Med.

(2018) 72:166–80. doi: 10.1007/s11418-017-1126-1

59. Xia ZH, Mao SL, Lao AN, Uzawa J, Yoshida S, Fujimoto Y. Five new pregnane

glycosides from the stems of Marsdenia tenacissima. J Asian Nat Prod Res.

(2011) 13:477–85. doi: 10.1080/10286020.2011.570263

60. Wang XL, Peng SL, Ding LS. Further polyoxypregnane glycosides

from Marsdenia tenacissima. J Asian Nat Prod Res. (2010) 12:654–61.

doi: 10.1080/10286020.2010.495330

61. Yao S, To KK, Ma L, Yin C, Tang C, Chai S, et al. Polyoxypregnane

steroids with an open-chain sugar moiety from Marsdenia tenacissima and

their chemoresistance reversal activity. Phytochemistry (2016) 126:47–58.

doi: 10.1016/j.phytochem.2016.03.006

62. Pang X, Kang LP, Fang XM, Zhao Y, Yu HS, Han LF, et al. Polyoxypregnane

glycosides from the roots of Marsdenia tenacissima and their anti-HIV

activities. Planta Med. (2017) 83:126–34. doi: 10.1055/s-0042-108057

63. Porwal M, Khan NA, Maheshwari KK. Evaluation of acute and subacute

oral toxicity induced by ethanolic extract of Marsdenia tenacissima leaves in

experimental rats. Sci Pharm. (2017) 85:E29. doi: 10.3390/scipharm85030029

64. Shi J, Cao B, Wang XW, Aa JY, Duan JA, Zhu XX, et al. Metabolomics and

its application to the evaluation of the efficacy and toxicity of traditional

Chinese herb medicines. J Chromatogr B Analyt Technol Biomed Life Sci.

(2016) 1026:204–16. doi: 10.1016/j.jchromb.2015.10.014

65. Zhao L, Xiang B, Chen J, Tan X, Wang D, Chen D. Determination

of Tenacissoside A in rat plasma by liquid chromatography-tandem

Frontiers in Oncology | www.frontiersin.org 9 October 2018 | Volume 8 | Article 473

https://doi.org/10.1016/j.jep.2013.10.021
https://doi.org/10.1016/S1875-5364(17)30017-1
https://doi.org/10.18632/oncotarget.22833
https://doi.org/10.1021/np070458f
https://doi.org/10.4238/2014.January.21.3
https://doi.org/10.3390/molecules190913965
https://doi.org/10.1016/j.steroids.2009.11.003
https://doi.org/10.1002/bmc.3750
https://doi.org/10.1016/j.steroids.2014.11.004
https://doi.org/10.3390/genes9010016
https://doi.org/10.5582/bst.2018.01144
https://doi.org/10.1016/S0254-6272(16)30037-1
https://doi.org/10.1007/s00280-016-3130-7
https://doi.org/10.3389/fphar.2016.00473
https://doi.org/10.1038/s41598-018-19643-0
https://doi.org/10.1016/S1875-5364(16)30017-6
https://doi.org/10.3322/caac.21262
https://doi.org/10.1038/nrclinonc.2015.121
https://doi.org/10.1016/j.cell.2005.06.007
https://doi.org/10.1158/0008-5472.CAN-15-0291
https://doi.org/10.1038/s41467-017-00566-9
https://doi.org/10.1038/nrc.2016.3
https://doi.org/10.1007/s12185-018-2404-8
https://doi.org/10.1111/jcmm.13552
https://doi.org/10.1038/s41563-018-0099-0
https://doi.org/10.1038/nri3495
https://doi.org/10.1016/j.tplants.2014.10.001
https://doi.org/10.1038/nature24040
https://doi.org/10.1093/bib/bbv042
https://doi.org/10.1002/jms.2991
https://doi.org/10.1016/j.jpba.2017.06.038
https://doi.org/10.1016/j.jpba.2017.09.024
https://doi.org/10.1007/s11418-017-1126-1
https://doi.org/10.1080/10286020.2011.570263
https://doi.org/10.1080/10286020.2010.495330
https://doi.org/10.1016/j.phytochem.2016.03.006
https://doi.org/10.1055/s-0042-108057
https://doi.org/10.3390/scipharm85030029
https://doi.org/10.1016/j.jchromb.2015.10.014
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Antitumor Activities of Marsdenia tenacissima

mass spectrometry method and its application to pharmacokinetic study.

J Chromatogr B Analyt Technol Biomed Life Sci. (2009) 877:1799–804.

doi: 10.1016/j.jchromb.2009.04.026

66. WangW, SunW, Dong L, Qu X, Shi J, Li KJ, et al. Simultaneous quantification

of two steroidal glycosides after oral gavage of Marsdenia tenacissima extract

in rats using a LC-MS/MS method. Biomed Chromatogr. (2015b) 29:633–40.

doi: 10.1002/bmc.3326

67. Yu N, Wei YL, Zhu Y, Zhu N, Wang YL, Zhang HP, et al. Integrated

approach for identifying and evaluating the quality of Marsdenia

tenacissima in the medicine market. PLoS ONE (2018) 13:e0195240.

doi: 10.1371/journal.pone.0195240

68. Sultana N. Microbial biotransformation of bioactive and clinically useful

steroids and some salient features of steroids and biotransformation. Steroids

(2018) 136:76–92. doi: 10.1016/j.steroids.2018.01.007

69. Tiash S, Chowdhury EH. siRNAs targeting multidrug transporter genes

sensitize breast tumor to doxorubicin in a syngeneic mouse model. J Drug

Target. (2018) 17:1–49. doi: 10.1080/1061186X.2018.1525388

70. Yang L, Liu L, Xu Z, Liao W, Feng D, Dong X, et al. EBV-LMP1 targeted

DNAzyme enhances radiosensitivity by inhibiting tumor angiogenesis via

the JNKs/HIF-1 pathway in nasopharyngeal carcinoma. Oncotarget (2015)

6:5804–17. doi: 10.18632/oncotarget.3331

71. Ilson DH. Targeting the vascular endothelial growth factor pathway

in gastric cancer: a hit or a miss? J Clin Oncol. (2016) 34:1431–2.

doi: 10.1200/JCO.2015.65.8666

72. Zhang L, Chen FY, Xu SF, Ye YP, Li XY. Steroidal aglycones from stems of

Marsdenia tenacissima that inhibited the hedgehog signaling pathway. Nat

Prod Commun. (2014) 9:155–6.

73. Sikdar S, Mukherjee A, Khuda-Bukhsh AR. Ethanolic extract of Marsdenia

condurango ameliorates benzo[a]pyrene-induced lung cancer of rats:

condurango ameliorates BaP-induced lung cancer in rats. J Pharmacopuncture

(2014b) 17:7–17. doi: 10.3831/KPI.2014.17.011

74. Sikdar S, Mukherjee A, Khuda-Bukhsh AR. Anti-lung cancer

potential of pure esteric-glycoside condurangogenin A against

nonsmall-cell lung cancer cells in vitro via p21/p53 mediated

cell cycle modulation and DNA damage-induced apoptosis.

Pharmacogn Mag. (2015) 11(Suppl. 1):S73–85. doi: 10.4103/0973-1296.

157698

75. Sikdar S, Mukherjee A, Ghosh S, Khuda-Bukhsh AR. Condurango glycoside-

rich components stimulate DNA damage-induced cell cycle arrest and

ROS-mediated caspase-3 dependent apoptosis through inhibition of cell-

proliferation in lung cancer, in vitro and in vivo. Environ Toxicol Pharmacol.

(2014a) 37:300–14. doi: 10.1016/j.etap.2013.12.004

76. Khuda-Bukhsh AR, Sikdar S. Condurango 30C induces epigenetic

modification of lung cancer-specific tumour suppressor genes

via demethylation. Forsch Komplementmed. (2015) 22:172–9.

doi: 10.1159/000433485

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2018 Wang, Yan, Chen, Zeng, Qian, Ren, Wei, Yang, Zhou, Gong

and Xu. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 10 October 2018 | Volume 8 | Article 473

https://doi.org/10.1016/j.jchromb.2009.04.026
https://doi.org/10.1002/bmc.3326
https://doi.org/10.1371/journal.pone.0195240
https://doi.org/10.1016/j.steroids.2018.01.007
https://doi.org/10.1080/1061186X.2018.1525388
https://doi.org/10.18632/oncotarget.3331
https://doi.org/10.1200/JCO.2015.65.8666
https://doi.org/10.3831/KPI.2014.17.011
https://doi.org/10.4103/0973-1296.157698
https://doi.org/10.1016/j.etap.2013.12.004
https://doi.org/10.1159/000433485
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	The Antitumor Activities of Marsdenia tenacissima
	Introduction
	Marsdenia tenacissima Effects Against Lung Cancer
	Marsdenia tenacissima Effects Against Hepatic Carcinoma
	Marsdenia tenacissima Effects Against Hematological Malignancy
	Marsdenia tenacissima Effects Against Other Tumors
	Isolation and Structural Characterization of Compounds From MT
	Safety and Efficacy
	Discussion
	Conclusions
	Author Contributions
	Funding
	Acknowledgments
	References


