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Abstract: Cancer is one of the leading causes of deaths worldwide. Compounds derived from
traditional Chinese medicines have been an important source of anticancer drugs and adjuvant agents
to potentiate the efficacy of chemotherapeutic drugs and improve the side effects of chemotherapy.
Herba Epimedii is one of most popular herbs used in China traditionally for the treatment of multiple
diseases, including osteoporosis, sexual dysfunction, hypertension and common inflammatory
diseases. Studies show Herba Epimedii also possesses anticancer activity. Flavonol glycosides icariin
and icariside II are the main bioactive components of Herba Epimedii. They have been found to
possess anticancer activities against various human cancer cell lines in vitro and mouse tumor
models in vivo via their effects on multiple biological pathways, including cell cycle regulation,
apoptosis, angiogenesis, and metastasis, and a variety of signaling pathways including JAK2-STAT3,
MAPK-ERK, and PI3k-Akt-mTOR. The review is aimed to provide an overview of the current
research results supporting their therapeutic effects and to highlight the molecular targets and
action mechanisms.
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1. Introduction

Cancer is a complex genetic disease involving abnormal cell growth and is continue to be one of
the major causes of deaths in both developed and developing countries [1]. According to statistics,
there are approximately 14.1 million new cancer cases and 8.2 million deaths in 2012 [2]. It is estimated
that new cancer cases will increase to 20 million by 2025. Cancer has been recognized as one of the most
crucial health problems all over the world due to its great increased incidence and significant mortality.

Plants have a long history of use in the treatment of cancer and it is reported that more than
3000 plant species have been used [3,4]. The search for anticancer drugs from plant sources started
as early as the 1950s, and at present over 60% of anticancer drugs currently used are derived directly
or indirectly from natural sources, including plants, marine organisms and micro-organisms [5,6].
One of the successful stories is the discovery and development of the vinca alkaloids, vinblastine and
vincristine, isolated from Catharanthusroseus G. Don (Apocynaceae) [7], which are the first plant-derived
anticancer agents applied to clinical use for the treatment of various cancers [8,9].

Herba Epimedii (Common name: Yin-yang-huo in China, Figure 1) is the dried leaf of Epimedium
brevicornu Maxim., Epimedium sagittatum (Sieb. EtZucc.) Maxim., Epimedium pubescens Maxim. or
Epimedium koreanum Nakaias as recorded in the Chinese Pharmacopoeia (Figure 1) [10]. There are more
than 40 kinds of Epimedium plants all over the world, mainly distributed in the southwest and central
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regions of China, although some are found in the temperate and subtropical regions of Asia, Middle
East as well as Europe [11]. Herba Epimedii has been recorded in the Chinese medical classics Shen Nong
Ben Cao Jing 400 years ago and has been used in various traditional Chinese formulations. The herb
is believed to “nourishing the kidney and reinforcing the Yang” and is proven to have remarkably
therapeutic activities. In China and Japan, Herba Epimedii alone, or in the formulations, have been
widely used for treatment of osteoporosis [12,13], sexual dysfunction [14], hypertension [15] and
common inflammatory diseases, such as chronic obstructive pulmonary disease [16]. In addition,
Herba Epimedii has been shown to exert anticancer effect on cancer cell lines in vitro and also in vivo in
mouse tumor model [17].
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Figure 1. Natural sources and chemical structures of icariin and icariside II [18,19]. Herba Epimedii is
made up of the dried leaves of E. brevicornu, E. sagittatum, E. pubescens or E. koreanum.

More than 260 constituents have been detected from Herba Epimedii with 141 flavonoids,
31 lignins and multiple other kinds of compounds [11], and the flavonoid glycosides have been
confirmed to be the fundamental pharmacologically active constituents [20]. Icariin (Figure 1) is
the major active constituent and has been chosen as the chemical marker for quality control of
Herba Epimedii in Chinese Pharmacopeia. It is specified that the contents of icariin and the total
flavonoids are no less than 0.5% and 5.0%, respectively [10]. Icariin has been found to possess
a variety of pharmacological activities, including anti-osteoporosis [21], anti-inflammatory [22,23],
antioxidant [24], antihepatotoxic [25], antidepressant [26] and neuroprotective effects [27]. It was
also demonstrated to improve sexual disorder and to protect against cardiac ischemia/reperfusion
injury [28,29] and atherosclerosis [30]. Besides, icariin was reported to exhibit anticancer activity
against a series of human cancer cell lines.

Icariside II (Figure 1), another active flavonoid glycoside derived from Herba Epimedii, is the major
pharmacological metabolite of icariin in vivo and has been reported to be obtained from icariin through
enzymatic hydrolysis [31]. Icariside II has been shown to promote osteogenic differentiation of bone
marrow derived stromal cells [32]. It shows protective effects on cognitive deficits [33] and cerebral
ischemia-reperfusion injury [34] at least in part due to the inhibition of NF-kappaB. Additionally,
icariside II has also been demonstrated to possess cytotoxic and cytostatic activities against various
cancer cell lines.

The topic of this review will emphasize on the antitumor activities of Herba Epimudii and its two
main active constituents and the mechanisms of action discovered so far.
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2. Anticancer Effects of Herba Epimedii in Vitro and in Vivo

Recent studies showed that Herba Epimedii could restrain the proliferation of human breast
cancer cell lines in vitro as well as inhibit tumor growth in rat model of bone metastasis from breast
cancer. The antiproliferative activities of the ethanol extracts from Herba Epimedii on two different
types of human breast cancer cells were investigated [35]. The 95% ethanol extract significantly
inhibited the proliferation of human breast cancer MCF-7 cells in the range of 100–800 µg/mL in a dose
dependent manner with an IC50 of 528 µg/mL after 72 h treatment. The 70% ethanol extract exhibited
a certain activity on the growth of MCF-7 cells, whereas the 20% and 40% ethanol extracts showed no
significant antiproliferation activity. The four different ethanol extracts of Herba Epimedii showed no
obvious antiproliferative activity on human breast cancer MDA-MB-231 cells. In the rat model of bone
metastasis from breast cancer, significant increase of 50% Paw withdrawn threshold (50% PWT) and
reduction of tumor sizes were observed after oral administration of the decoction of Herba Epimedii
at a dose of 5 g/kg daily for 20 days. In addition, the bone structural mineral density (BMD) and
bone mineral capacity (BMC) were significantly enhanced [36]. In another study, it was found that
the Epimedium sagittatum extract inhibited the proliferation of various hepatoma and leukemia cell
lines, including SK-Hep1, PLC/PRF/5, K562, U937, P3H1 and Raji, with IC50 values of 15, 57, 74, 221,
40 and 80 µg/mL, respectively, whereas it showed no inhibition effects to HepG2 and Hep3B cell lines
(IC50 > 500 µg/mL). The Hep3B was found to be less sensitive to the extract compared with other cell
lines, consistent with the reported result that cells with the p53 gene deleted, just like Hep3B cell line,
were more resistant to drugs [17].

3. Anticancer Effects of Icariin and Icariside II in Vitro and in Vivo

As for anticancer effects, studies have been performed in various human cancer cell lines. Icariin
and icariside are proved to inhibit the growth of human cancer cells in vitro through intervening with
multiple signaling pathways which are crucial to tumor growth, progression, invasion and apoptosis.
Different concentrations of icariin and icariside II were used in the studies, depending on the types of
cancer cell lines. The anticancer activity of icariin and icariside II and the molecular targets on various
cancer cell lines were summarized in Table 1.
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Table 1. Effects and molecular targets of icariin and icariside II on different cancer cell lines.

Cancer Types Components Cell Lines
Concentrations

Effects and Molecular Targets Reference
Con. Range IC50

Hepatocellular
carcinoma

Icariin
HepG2 10 µM NA G0/G1↑, S↓, Bcl-2↓ [37]

SMMC-7721 5–20 µM around 10 µM cleaved caspase-3/9↑, mitochondria cytochrome c↓, cytosol cytochrome c↑, cleaved
PARP1↑, XIAP↓, MMP↓, Bcl-2↓, Bax↑, p-JNK↑, ROS↑ [38]

Prostate
carcinoma

Icariin PC-3 30 µM NA Cyclin D1↓, CDK4↓ [39]

Icariside II PC-3 0–40 µM around 20 µM MMP↓, cleaved caspase-3/8/9↑, cleaved PARP↑, COX-2↓, iNOS↓, VEGF↓, PGE2↓ [40]

Esophageal
cancer

Icariin

EC109 20–80 µM
106.13 µM (12 h)

cleaved caspase-9↑, ROS↑, NADPH oxidase activity↑, GSH↓, GRP78↑, ATF4↑, CHOP↑,
p-PERK↑, p-eIF2α↑, Bcl2↓, PUMA↑ [41]

73.65 µM (24 h)

38.59 µM (36 h)

TE1 20–80 µM
115.29 µM (12 h)

76.77 µM (24 h)

42.21 µM (36 h)

Ovarian cancer Icariin A2780 13–50 µM NA caspase-3 activity↑, miR-21↓ PTEN↑ RECK↑ Bcl-2↓ [42]

Lung cancer

Icariin A549 25–100 µM

118.25 µM (12 h)
ROS↑, caspase 3 activity↑, GSH↓, ERS-related molecules↑(p-PERK, ATF6, GRP78,

p-eIF2a, and CHOP), Bcl-2↓, PUMA↑ [43]86.21 µM (24 h)

56.8 µM (36 h)

Icariside II
A549 0–20 µM NA

vimentin↓, N-cadherin↓, NF-κB↓, p-IκBα↓, p65/IκB↑, p-Akt↓ p-GSK-3β↓ [44]
H1299 0–20 µM NA

Melanoma

Icariin B16 20–200 µg/mL 84.3µg/mL (72 h) procaspase-9↓ cleaved caspase-9↑ [45]

Icariside II
A375 0–100 µM 10.6 µM G0/G1 phase↑, S↓, G2/M arrest↑, cyclin E↓, CDK2↓, cyclin B1↓, P-CDK1↓, ROS↑,

p-p38↑, p-p53↑, p21↑, cleaved caspase-3↑, survivin↓, p-STAT3↓, p-ERK↓, cleaved PARP↑ [46–48]
SK-MEL-5 0–100 µM 11.1 µM

Leydig cell
tumor Icariin MLTC-1 12.5–100 µg/mL 50 µg/mL (48 h) S↓, Bcl-2↓, Bax↑, cytochrome c↑, cleaved caspase-3/9↑, piwil4↓ [49]

Gastric
adenocarcinoma Icariin BGC-823 20–200 µg/mL 128 µg/mL Rac1↓, VASP↓ [50]

Medulloblastoma Icariin
Daoy NA NA

Cyclin A↓, CDK2↓, Cyclin B1↓, cleaved caspase-3↑, cleaved caspase-9↑, PARP↑, Bcl-2↓ [51]
D341 NA NA

Sarcoma Icariside II

U2OS 0–30 µM NA

4E-BP1↑, mTORC1↓, p-S6K(Thr389)↓, p-S6(Ser235/236)↓, p-4E-BP1 (Ser65)↓ [52]SW1353 0–20 µM NA

S180 0–20 µM NA
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Table 1. Cont.

Cancer Types Components Cell Lines
Concentrations

Effects and Molecular Targets Reference
Con. Range IC50

Hepatoblastoma Icariside II HepG2 0–30 µM NA 4ψm↓, ROS↑, Bax/Bcl-2↑, cleaved-Bid↑, LAMP1↑, LMP↑, cleaved
caspase-8/9/7/3/PARP↑, LC3B-II↑, SQSTM1↑ [53]

Osteosarcoma Icariside II

MG-63 10–35 µM NA p-EGFR↓, p-PI3K↓, p-Akt↓, p-PDK1↓, p-Raf↓, p-mTOR↓, p-PDK1↓, p-PRAS40↓,
p-GSK3β↓, p-ERK↓ [54]

Saos-2 10–35 µM NA

HOS 0–10 µM NA HIF-1α↓, VEGF↓, uPAR↓, ADM↓, MMP2↓, Glut4↓, MCT4↓, aldolase A↓, enolase 1↓ [55]

Epidermoid
carcinoma Icariside II A431 cell

line 0–100 µM NA cleaved caspase 9↑, cleaved PARP↑, caspase 9↓, PARP↓, p-STAT3↓, p-ERK↓,
p-AKT↑, p-EGFR↑↓ [56]

Acute myeloid
leukemia Icariside II U937 0–50 µM NA cleaved PARP↑, procaspase 3↓, Bcl-2↓, Bcl-XL↓, survivin↓, COX-2↓, p-STAT3↓,

p-JAK2↓, p-Src↓ [57]

Breast cancer Icariside II

MCF-7 0–100 µM

72.73 µM (24 h)

MMP↓, cleaved caspase-3/7/8/9↑, cleaved PARP↑,4ψm↓, cytosol cyto c↑, cytosol AIF↑,
mitochondrial cyto c↓, mitochondrial AIF↓, Fas↑, FADD↑, Bcl-xL↑, Bax↑, BimL↑ [58]

57.98 µM (48 h)

50.95 µM (72 h)

37.75 µM (96 h)

MDA-MB-231 0–100 µM

97.14 µM (24 h)

62.75 µM (48 h)

42.40 µM (72 h)

38.65 µM (96 h)

Multiple
myeloma Icariside II U266 0-100 µM NA p-STAT3↓, p-JAK2↓, p-c-Src↓, SHP-1↑, PTEN↑, cyclin D1↓, Bcl-2↓, Bcl-xL↓, survivin↓

VEGF↓, COX-2↓, cleaved caspase-3↑, p-PARP↑ [59]

NA, not applicable; ↑, up-regulation; ↓, down-regulation.
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Icariin and icariside II have been demonstrated to exhibit in vivo suppressive effects both
on tumor weight and tumor volume on a variety of mouse tumor models without obvious side
effects (Table 2). Intraperitoneal administration of icariin at the doses of 15–150 mg/kg significantly
inhibited tumor growth in xenografted mice models with almost no or very low toxicity to animals.
Oral administration of 65 mg/kg icariin was shown to inhibit the growth of melanoma tumor and to
inhibit the metastasis of B16 melanoma cells, and the lifespan was apparently pro-longed [45]. At the
doses of 10–100 mg/kg, icariside II resulted in significant decrease in tumor weight and volume in
cancer cell bearing mice models. All these data suggested that icariin and icariside II indeed have
therapeutic potential against cancers.

Table 2. In vivo evaluation of icariin and icariside II in mouse tumor models.

Components Tumor Models Transplantation Treatment Results Reference

Icariin Esophageal
cancer EC109

Subcutaneous
injection

Given by i.p. 60 and
120 mg/kg every day for

20 days

Significantly inhibit
tumor growth [41]

Icariin
Lung

adenocarcinoma
A549

Subcutaneous
injection

Given by i.p. 100 or
150 mg/kg (5 days/week)

for 4 weeks

Significantly inhibit
tumor growth [43]

Icariin Melanoma B16
Subcutaneous

injection into the
right flank

Given by p.o. 65 mg/kg
every day for 20 days

Apparently inhibit
tumor growth [45]

Icariin
Mammary

carcinoma 4
T1-Neu

Subcutaneous
inoculation tumor

bearing mice

Given by i.p. 100 mg/kg
three times a week starting

on day 7 until day 28

61% reduction of
tumor growth [60]

Icariin Hepatoma
SMMC-7721

Subcutaneous
injectioninto the

armpit

Given by i.p. 15, 30, and
60 mg/kg every day for

20 days

38.7%, 54.7%, and 69.9%
inhibition in tumor

volume, respectively
[38]

Icariin Hepatoma
HepG2

Subcutaneous
injection

Given by i.g. 80 mg/kg for
35 days

55.6% inhibition in tumor
weight; 47.2% inhibition in

tumor volume
[61]

Icariside II Sarcoma S180
Subcutaneous

injection into the
right armpit

Given by i.v. 10, 20,
30 mg/kg everyday for

9 days

33.0%, 51.3%, and 62.6%
reduction in tumor weight,

respectively
[52]

Icariside II Lung cancer
A549

Subcutaneous
injection into the

flank area

Given by i.v. 30 and
60 mg/kg once every

3 days for
24 consecutive days

Strongly suppress
tumor volume [44]

Icariside II Liver
carcinoma H22 Inoculation

Given by i.v.10, 20,
30 mg/kg everyday for

9 days
Inhibit tumor growth [53]

Icariside II Sarcoma S180
Subcutaneous

injection into the
right flanks

Given by i.p. 10, 20 and
30 mg/kg everyday for

10 days
Inhibit tumor proliferation [54]

Icariside II Melanoma B16
Subcutaneous

injection into the
right flank

Given by i.p. 50 mg/kg
and 100 mg/kg 3 times for

a week

41% and 49% decrease in
tumor volume [47]

4. Icariin and Icariside II as Adjuvant Therapy

While icariin and icariside II as single agent exhibited antitumor activities towards diverse human
cancers, their potentials of potentiating the antitumor activity of a variety of chemotherapeutic drugs as
adjuvant agents have shown perspectives in recent years. The combination treatment with the natural
bioactive components and the chemotherapeutic drugs could facilitate chemotherapy for patients with
cancers and provide a higher efficacy remedy.

Icariin has been shown to potentiate the antitumor activity of arsenic trioxide, temozolomide,
doxorubicin, 5-fluorouracil and gemcitabine on a variety of human cancer cell lines, including acute
promyelocytic leukemia, glioblastomamultiforme, hepatocellular carcinoma, osteosarcoma, colorectal
cancer and gallbladder cancer cell lines, as well as in xenograft murine models (Table 3).
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Table 3. Icariin and icariside II used as adjuvant agents in combination with hemotherapeutic drugs.

Component Chemotherapeutic
Drugs Cancer Types Cell Lines Tumor Models Molecular Targets Reference

Icariin Temozolomide Glioblastomamultiforme U87MG NF-κB↓ [62]

Icariin Arsenic Trioxide

Acute promyelocytic
leukemia HL-60

Xenograft murine
model (HepG2)

ROS↑
[63,64]

Hepatocellular
carcinoma

NB4

SMMC-7721 ROS↑ NF-κB↓cyclin D1↓ Bcl-2↓Bcl-xL↓
COX-2↓survivin↓ VEGF↓HepG2

Icariin Doxorubicin Osteosarcoma MG-63/DOX MDR1↓ PI3K/Akt pathway↓ [65]

Icariin 5-Fluorouracil Colorectal cancer
HT29 Xenograft murine

model (HCT116)
NF-κB↓ cyclin D1↓ caspase-8↑ caspase-9↑

caspase-3↑Bax↑ PARP↑Bcl-xL↑ [66]
HCT116

Icariin Gemcitabine Gallbladder cancer
GBC-SD Xenograft murine

model (GBC-SD)
NF-κB↓ caspase-3↑ G0/G1 phase arrest↑

Bcl-2↓Bcl-xL↓ [67]
SGC-996

Icariside II Paclitaxel Melanoma A375 TLR4–MyD88–ERK↓ caspase-3↑ IL-8 ↓ VEGF↓ [48]

Icariside II
Bortezomib

Multiple myeloma
U266 STAT3↓ JAK2↓ c-Src↓ SHP-1↓ PTEN↓

Bcl-2↓Bcl-xL↓survivin↓cyclin D1↓ COX-2↓ VEGF↓ [59]
Thalidomide U266

The empty cells under tumor model indicates the studies are performed on cells (in vitro) rather than on tumor models (in vivo). ↑, up-regulation; ↓, down-regulation.
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Arsenic trioxide (ATO), a traditional Chinese medicine, has been wildly used for the treatment of
acute myeloid leukemia (AML) since 1970s in China and has been recommended as the front-line agent.
In addition, ATO has exhibited antitumor activity against various solid tumor cell lines. Icariin has
demonstrated to potentiate the antitumor activity of ATO in treating AML and hepatocellular
carcinoma, at least partially correlated with the increase in the accumulation of intracellular reactive
oxygen species (ROS). Of note, the sensitivity of APL cell line NB4 to ATO dues to the reduced
glutathione content and the increased ROS production. Adjuvant agent, which promotes the
accumulation of ROS, such as icariin, could potentiate the antitumor activity of ATO against APL [63].
Moreover, co-treatment with ATO and icariin resulted in a significant inhibition of tumor growth in
xenograft murine model of Hep G2 compared to the treatment with either agent alone by promoting
the generation of ROS and suppressing NF-κB without systemic toxicity [64].

Icariin potentiated the anti-tumor activity of temozolimide in glioblastomamultiforme cell line
U87MG [62]. The cytotoxicity of doxorubin was enhanced by icariin via the inhibition of ABC1 and
down regulation of PI3K/Akt pathway [65]. The combination of icariin and 5-fluorouracil led to the
inhibition of tumor growth by suppressing NF-κB activity [66]. Icariin also potentiated the anti-tumor
activity of gemcitabine in the treatment of gallbladder cancer by inhibiting NF-κB [67].

Icariside II has been demonstrated an increased inhibitory effect on human melanoma cells
and multiple myeloma U266 cells when combined with paclitaxel and bortezomib/thalidomide,
respectively (Table 3).

Paclitaxel is a widely used cancer chemotherapeutic drug and exhibits antitumor activity in
a variety of human malignancies. It was revealed to induce the activation of the toll-like receptor
4 (TLR4) signaling pathway, which was functionally associated with tumor growth, invasion and
chemoresistance [68]. Inhibition of the activation of TLR4-MyD88 has been considered as a novel
approach for reversing chemoresistance of paclitaxel. Data from our laboratory demonstrated that
Icariside II enhanced paclitaxel-induced apoptosis in human melanoma cells, which might be due to
its inhibition on paclitaxel-induced activation of TLR4-MyD88-ERK signaling [48].

Bortezomib (a proteasome inhibitor) and thalidomide (an inhibitor of TNF expression) have been
reported to be used for the treatment of multiple myeloma patients. Icariside II has been found to
induce the suppression of survival proteins such as Bcl-xL and surviving as well as cleavages of PARP
and caspase-3. Co-treatment of icariside II with bortezomib or thalidomide significantly improved
the cytotoxic effects of bortezomib and thalidomide from 25% and 20% to 60% and 50% in U266 cells,
respectively, accompanied by the further increase of caspase-3 activation and PARP cleavage [59].

Icariin and icariside II have played an excellent adjuvant effects without causing systemic
toxicity in the chemotherapeutic treatment of several tumors by interfering with multiple molecular
targets in tumor cells. They might be considered as the potential candidates for treating tumors in
combination with common chemotherapeutic drugs, thus contributing to the development of the
successful therapeutic strategies.

5. Molecular Mechanisms of Anticancer Activity of Icariin and Icariside II

Multiple studies have been performed to investigate the mechanisms by which icariin and
icariside II exert their anti-tumor effects. The mechanisms are comprehensive and diverse, involving
the regulation of a variety of targets, which play a particularly important role in the process of tumor
proliferation, invasion, angiogenesis, metastasis and apoptosis. Besides the effects of icariin and
icariside II on numerous signaling proteins and transcription factors, they also regulate the stages of
the tumor cells by inhibiting proliferation and inducing apoptosis. In addition, they could play their
anti-tumor effect through improving the tumor inflammatory microenvironment (Figure 2). Icariin and
icariside II might be considered as potential chemotherapeutic agents for the treatment of various
human cancers due to their multiple targets on the cell growth processes.
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Figure 2. Overview of the anti-cancer effects of icariin and icariside II. Icariin and icariside II stimulate
the cell cycle arrest via upregulation of p38, p53, and p21. Icariin and icariside II are involved in the
induction of apoptosis and inhibit tumor angiogenesis and metastasis via suppression of multiple
signaling pathways. They also have anti-inflammatory effects via downregulation of several factors,
such as IFN-γ, iNOs, and COX-2, (← activation; ⊥ inhibition; ↑, up-regulation; ↓, down-regulation).

5.1. Effect on Cell Cycle Regulation

Cell division is divided into two stages: Mitosis (M) and the interlude between two M phases,
including G1, S, and G2 phases. In addition, cells in G1 can enter a resting state called G0 just
before the DNA replication [69,70]. In normal cells, the cell cycle is a highly regulated event,
which is accurately regulated by cyclin dependent kinases (CDKs). The CDKs interact with various
corresponding cyclins to form active complexes to ensure that the process at each stage is completely
accomplished [71]. Tumor suppressor gene p53 is a vital cell cycle checkpoint regulator at the G1/S and
G2/M checkpoints and serves to monitor the accuracy of vital events [72,73]. p38 MARK activation
leads to the accumulation of p53 and the p53-induced cell cycle arrest is primarily mediated by the
activation of p21 [74].

As shown in Figure 3, there are five active CDKs during the cell cycle, CDK2, CDK4 and CDK6
for G1, CDK2 for S, and CDK1 for both G2 and M. The complexes of cyclin D with CDK4 or CDK6
promote the progression through G1, cyclin E/CDK2 activates G1 into S, cyclin A/CDK2 promotes
S progression, cyclin A/CDK1 activates G2 into M, while cyclin B/CDK1 stimulates the mitotic
phase [75]. Disorders in the regulatory control of cell cycle could lead to the formation of tumors,
characterized by the unlimited cell proliferation and abnormal apoptosis. Overexpression of cyclin D1
has been recognized as one of the distinct features in many types of human tumors [76]. Suppression of
deregulated cell cycle progression in cancer cells by inhibiting the activities of CDKs or the cyclins
have been considered as an effective strategy to inhibit the proliferation of the tumors [77].

Icariin has been reported to arrest the cell cycle at G0/G1 phase on the HepG2 cells.
Icariin treatment for 72 h significantly increased the proportion of cells in G0/G1 phase, while the
proportion of cells in S phases was remarkably lower (21.07%, p < 0.01) than that of the control group
(28.62%) (Figure 3) [37]. Icariin also showed a weak G1 phase arrest accompanied by a mitochondrial
transmembrane potential drop by decreasing cyclin D1 and CDK4 in human prostate carcinoma PC-3
cell line [39]. In another report, icariin stimulated S phase arrest in medulloblastoma cells by regulating
the cell cycle regulators cyclin A, CDK2 and cyclin B1 [51].
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Figure 3. The cell cycle arrest induced by icariin and icariside II. Icariin and icariside II stimulate cell
cycle arrest via suppression of the CDKs and cyclins at different stages, (← activation; ⊥ inhibition).

Our study demonstrated that icariside II induced cell cycle arrest at G0/G1 and G2/M phases in
A375 human melanoma cell line (Figure 3). After treatment with icariside II at a series of concentrations
0, 25, 50 and 100 µM, the percentage of cells in G0/G1 phase significantly increased with the increase
of icariside II concentration and peaked at 100 µM (69.51%), as compared to the control group (44.01%).
The cell cycle arrest of A375 cells at G0/G1 phase was found to be correlated with the decreased
expression of cyclin E and CDK2, and the arrest at G2/M phase was associated with decreased
expression of cyclin B1/CDK1 complex. It was determined that IS inhibits cell proliferation and
induces cell cycle arrest through the generation of reactive oxygen species and activation of p38 and
p53. These findings were further supported by the evidence that pretreatment with N-acetyl-L-cysteine,
SB203580 or pifithrin-α significantly blocked icariside II-induced reduction of cell viability, increase of
cell death and cell cycle arrest. Crucially, it was confirmed that these effects were mediated at least in
part by activating the ROS-p38-p53 pathway [46].

5.2. Effect on Apoptosis

Apoptosis occurs normally during development to maintain the cell population in normal tissues
or occurs as a defense mechanism to selectively eliminate the defective or unwanted cells which are
damaged by disease [78]. It has been recognized as a necessary complementary to proliferation and
plays a vital role in the development and regulation of the immune system, as well as the removal of
damaged cells, and what’s more, the disruption of apoptosis is implicated in tumors development [79].

It is well established that there are two main apoptotic pathways: The extrinsic (receptor mediated)
and the intrinsic (mitochondrial mediated) signaling pathway (Figure 4). The extrinsic signaling
pathway is initiated by the ligation of ligands and corresponding death receptors of the tumor necrosis
factor (TNF) receptor subfamily, such as FasL/FasR and TNF-α/TNFR1 [80]. The formation of
death-inducing signaling complex (DISC) leads to the autocatalytic activation of procaspase-8 [81].
The intrinsic apoptotic pathway is triggered by cellular stress factors including the negative signals
involving the absence of some growth factors, hormones and cytokines and positive signals, including
radiation, toxins, hypoxia, viral infections, and free radicals. These stimuli at on the mitochondrial
membrane and result in change of themitochondrial permeability transition (MPT), loss of the
mitochondrialtransmembrane potential and release of the pro-apopto ticproteins such as cytochrome c
and apoptosis inducing factor (AIF) from mitochondria into the cytosol [82]. The released cytochrome
c activates Apaf-1 and procaspase-9, resulting in the formation of apopto some [83]. The mitochondrial
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mediated apoptotic pathway is regulated by the members of the Bcl-2 family proteins [84], which
are reported to be implicated with the tumor suppressor protein p53 and comprise two groups of
proteins with the opposite function, the anti-apoptotic proteins (e.g., Bcl-2, Bcl-x and Bcl-xL) and the
pro-apoptotic proteins (e.g., Bax, Bid, Bak, Bim and Bik) [85]. The extrinsic pathway can be linked
with the intrinsic pathway through caspase-8 by inducing the activation of Bid, in turn, acting on the
mitochondrial membrane leading to the release of cytochrome c (Figure 4) [86].
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Figure 4. Apoptosis signaling pathways induced by icariin and icariside II. Icariin and icariside II
induce apoptosis of tumor cells through two pathways, extrinsic (receptor-mediated) pathway and
intrinsic (mitochondria-mediated) pathway. The binding of TNF-α with TNFR1 leads to the formation
of TRADD and RIP, then the two factors combine with FADD and procaspase-8, which are resulted
from FasL/FasR pathway, leading to the formation of death inducing signaling complex (DISC) and
activating caspase-8. Activated caspase-8 stimulates the downstream caspase-3 and PARP, resulting
in apoptosis, or cleaves Bid, which is the link between extrinsic pathway and intrinsic pathway,
leading to the activation of intrinsic pathway. The cellular stress, activation of t-Bid, or modulation of
Bax/Bcl-2 result in the downregulation of mitochondrial membrane potential and subsequent release of
cytochrome c. Once released to cytosol, cytochrome c interacts with Apaf-1, resulting in the activation
of caspase-9, which then activates caspase-3 resulting in cell death. Activation of NF-κB leads to the
activation of several anti-apoptotic factors, which subsequently block the mitochondria-mediated
pathway. Tumor cells produce ROS at higher levels, leading to the activation of p38 and p53, and
subsequent apoptosis, (← activation; ⊥ inhibition).

Multiple studies have shown that icariin and icariside II can selectively kill cancer cells
without apparent toxicity on normal cells by inducing apoptosis in many cancers, including
hepatocellular carcinoma, prostate carcinoma, esophageal squamous cell carcinoma, ovarian cancer,
lung cancer, melanoma, leydig cell tumor, gastric adenocarcinoma, promyelocytic leukemia, sarcoma,
hepatoblastoma, medulloblastoma, osteosarcoma, epidermoid carcinoma, acute myeloid leukemia,
breast cancer, and multiple myeloma. It seems that icariin and icariside II induce apoptosis via both
extrinsic (caspase induced) and intrinsic (mitochondrial induced) signaling pathways.

Icariside II has been reported to increase the expression of Fas and the Fas-associated death
domain (FADD) without changing the level of Daxx, which is also an Fas binding protein inducing
apoptosis by activating the JNK pathway, and activate caspase-8 and caspase-3 in MCF-7 breast cancer
cells, indicating the involvement of extrinsic apoptosis pathway [58]. It was speculated that the
apoptosis induced by icariside II might be occurred by stimulating Fas/FADD signaling independently
of FasL and subsequently activating caspase-8. Moreover, the extrinsic signaling pathway might exert
its effects on the icariside II-treated MCF-7 cells independent of the intrinsic pathway for the absence
truncated Bid (tBid), which is the key molecule linking the two apoptosis pathways.
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Several studies have revealed that icariin and icariside II exert their anti-tumor effects by
inducing apoptosis via mitochondrial induced signaling pathway, mainly characterized by the loss
of mithchondrial membrane potential, release of cytochrome c, activation of caspase-9, caspase-3
and PARP, and elevation of intracellular reactive oxygen species (ROS), which played vital role
in cell apoptosis (Table 1). In addition, icariside II has also been shown to induce the release of
the apoptosis-inducing factor (AIF) and cytochrome c, and the activation of caspase-9, which are
characteristic features of intrinsic apoptosis pathway [58].

Nuclear factor-kappaB (NF-κB), an inducible transcription factor, and its downstream genes were
suggested to play an important role in cell proliferation, invasion, apoptosis and chemoresistance [87].
Recent studies have shown that icariin exhibits antitumor activity and potentiates the antitumor
effect of several chemotherapeutic drugs via down-regulation of NF-κB in various human cancer cells,
generally accompanied by the down-regulation of Bcl-2 and Bcl-xL [62,64,66,67]. Icariside II has been
shown to prohibit invasion of lung cancer A549 and H1299 cells through suppression of Akt/NF-κB
pathway [44].

5.3. Effect on Angiogenesis and Metastasis

The formation of new blood vessel is one of the key factors responsible for tumor growth and
metastasis, not only supply nutrients for the metabolic needs of rapidly proliferating cancer cells
but also provide conditions for cancer spread, resulting in malignant tumor growth, invasion and
metastasis. Microvascular density in primary tumors is implicated in the numbers of tumor cells
entered into the circulation in many tumors. Angiogenesis is regulated by multiple pro-angiogenic
genes and signaling molecules including vascular endothelial growth factor (VEGF), basic fibroblast
growth factor (bFGF), epidermal growth factor (EGF), platelet-derived growth factors (PDGF),
angiopoetin (Ang), hypoxia-inducible factors, and matrix metal oproteinases [88].

Icariin has been shown to significantly prohibit the proliferation of vascular smooth muscle cells
(VSMCs) and the activation of ERK1/2. Moreover, icariin also induced G1/S phase cell cycle arrest
and decreased the expression of PCNA in VSMCs [89]. Based on these results, it was proposed that the
inhibitory effect of icariin on the proliferation of VSMCs might be responsible for the suppression of
tumor metastasis.

Effects of icariin and icariside II treatments on the adhesion and metastasis have been investigated
in various human tumor cells, including esophageal carcinoma EC109 and TE1 [41], gastric
adenocarcinoma BGC-823 [50], and lung cancer A549 and H1299 cell lines [44].

The adhesion and migration of icariin-treated EC109 and TE1 cells were evaluated after incubation
in 15 µM ICA for 24 h [41]. The cell adhesion ratio decreased significantly to 47.23% ± 8.97% of that
of the control in EC109 cells and 45.98% ± 6.72% of that of the control in TE1 cells, respectively
(p < 0.05). Similarly, the scratch wound distance significantly increased by 159.23% ± 13.27% in EC109
cells and 179.26% ± 15.14% in TE1 cells, respectively (p < 0.05) [41]. Icariin was also reported to
significantly inhibit tumor cells migration and invasion of human gastric adenocarcinoma cell line
BGC-823 via the down-regulation of Rac1 and VASP [50]. The combination of icariin and the selective
siRNA targeting Rac1 and VASP promoted the inhibitory effects. In addition, transfection with Rac1
plasmids pcDNA3-EGFP-Rac1-Q61L resulted in the improvement of expression levels of both Rac1
and VASP. Based on these results, it could be concluded that icariin inhibit the tumor cell invasion
and migration through the Rac1-dependent VASP pathway [50]. A study has showed that icariside II
prohibited the migration and epithelial-mesenchymal transition (EMT) via the inhibition of N-cadherin
and vimentin up-regulation, and E-cadherin down-regulation induced by THP-1-CM in lung cancer
A549 and H1299 cells [44].

5.4. Effect on Multiple Signaling Pathways

Multiple signaling pathways played vital role in cell survival, apoptosis and metastasis.
Targeting various signaling pathways has been considered as a successful option in the treatment of
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cancer for its potential to avoid drug resistance, which is one of the major drawbacks of most anticancer
drugs. Epidermal growth factor receptor (EGFR) is overexpressed in various types of human cancers
and its expression is implicated with poor clinical prognosis [90]. Several small molecular kinase
inhibitors and antibodies targeting on EGFR have been approved by FDA to treat diverse types of
tumors. Activated EGFR recruits a variety of downstream signaling molecules, leading to the activation
of major signaling pathways such as JAK2-STAT3, MAPK-ERK, and PI3k-Akt-mTOR, which play vital
role in tumor growth, progression, and survival [91].

The inhibitory effects of icariside II on EGFR signaling have been investigated in human
epidermoid carcinoma A431 cells [56] and in human osteosarcoma MG-63 and Saos-2 cells [54]. In our
study, icariside II was found to inhibit the cell viability of A431 cells, accompanied by the decrease of
phosphorylated EGFR. Pretreatment with LY294002 (a phosphatidylinositol 3-kinase (PI3K) inhibitor),
EGF (an EGFR agonist) and AG1478 (an EGFR inhibitor) partially reversed the icariside II-induced
decrease in cell viability, indicating icariside II effectively inhibited the EGF-induced activation of the
EGFR pathway [56]. Icariside II was also found to decrease cell proliferation in MG-63 and Saos-2 cells
by inactivating EGFR/mTOR signaling pathway and the decreased cell viability could be reversed
partially by the pretreatment of EGF [54].

STAT3 is activated in a broad spectrum of human cancers, such as prostate cancers [92], breast
cancer [93], and nasopharyngeal carcinoma [94], and has been implicated as a potential therapeutic
target for multiple human cancers. Icariside II exhibited inhibitory effect on STAT3 signaling pathway
in human melanoma A375 and SK-MEL-5 cells [47], epidermoid carcinoma A431 cells [56], acute
myeloid leukemia U937 cells [57] and multiple myeloma U266 cells [59].

The phosphorylation of STATs is principally mediated via the activation of non-receptor protein
tyrosine kinases called as JAK. Data from our laboratory showed that Icariside II dramatically
inhibited the proliferation of melanoma A375 and SK-MEL-5 cells in vivo and in vitro by inhibiting
the activation of the JAK-STAT3 and MAPK pathways but promoting an unsustained activation peak
of the PI3K-AKT pathway [47]. Moreover, we also found icariside II induced apoptosis through
inhibition of EGF-induced activation of STAT3 in A431 cells [56]. In U937 and U266 cells, Icariside
II decreased the phosphorylation of JAK2 and c-Src, the upstream activators of the STAT pathway,
and increased the expression of PTPs such as PTEN and protein tyrosine phosphatase (PTP) SH2
domain-containing phosphatase (SHP)-1 [57,59]. Sodium pervanadate (a PTP inhibitor) prevented
Icariside II-induced apoptosis as well as STAT3 inactivation in U937 cells. Furthermore, silencing SHP-1
using specific siRNA significantly blocked STAT3 inactivation and apoptosis induced by Icariside
II in U937 cells. All these results support a key role of SHP-1 in the suppression of STAT signaling
pathways. In addition, icariside II was proved to reduce the level of STAT3 in MDA-MB-231 (breast
adenocarcinoma) and DU145 (prostate carcinoma) cells, in which STAT3 is constitutively active [57].

The mitogen-activated protein kinase (MAPK-ERK, also known as Raf-MEK-ERK) pathway
consisted several signal factors and the extracellular signal-regulated kinase-1 and 2 (ERK1/2) are
extremely important in human cancers, which then activate ERK [95]. The importance of MAPK-ERK
pathways in cancer progression and proliferation has been supported by Shield et al. [96]. Icariside II
has been shown to inhibit the activation of ERK in melanoma A375 cells [47,48] and epidermoid
carcinoma A431 cells [56]. Our data showed that icariside II treatment could effectively inhibit
paclitaxel-induced activation of TLR4-MyD88-ERK signaling pathway in human melanoma A375
cells, which is proposed to be a novel target for reversing chemoresistance to paclitaxel. What’s more,
icariside II decreased cell proliferation and inactivated Raf-MEK-ERK signaling in osteosarcoma MG-63
and Saos-2 cells [54].

Phosphatidylinostinositol-3-kinase/protein kinase B (PI3K-AKT) signaling was found to play
a key role in cell proliferation and is overexpressed in multiple human cancers [97]. As the downstream
of PI3K-AKT, the mammalian target of rapamycin (mTOR), is a master growth regulator that
senses the presence of growth factors by regulating p70S6K and 4E-binding protein 1 (4E-BP1) [98].
Icariside II, a natural mTOR inhibitor, was found to decrease the phosphorylation of PI3K-PDK1 and
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dephosphorylated Akt at Thr308 and Ser473 in osteosarcoma MG-63 and Saos-2 cells [54]. Akt activates
mTOR by relieving proline-rich Akt substrate 40 (PRAS40)-mediated inhibition of mTOR. In addition,
icariside II activated GSK3β, the direct target of Akt, by dephosphorylation atSer9, weakening the
stability of transcription factors and cycle-related proteins. The suppression of icariside II on the
phosphorylation of PI3K, Akt, PRAS40 was approved by mice bearing osteosarcoma sarcoma-180 cells.
In conclusion, icariside II treatment moderated EGF-induced activation of PI3K/Akt/PRAS40 pathway
in vitro as well as in vivo [54]. Icariside II was also shown to suppress aberrant energy homeostasis
in osteosarcoma U2OS, fibrosarcoma S180 and chondrosarcoma SW1535 cells via suppression of
mTORC1 by regulating mTORC1-4E-BP1 axis, suggesting a potential application of icariside II in
sarcoma therapy [52]. In addition, icariin was reported to enhance cytotoxicity of doxorubin in the
human osteosarcoma doxorubicin (DOX)-resistant MG-63/DOX cell line through down-regulation of
PI3K-Akt pathway [65].

5.5. Anti-Inflammatory Activity

The hypothesis that chronic inflammation promoted cancer development and progression is
strongly supported by the findings that individuals with chronic inflammation of the specific organ
are significantly more susceptible to some organ-specific cancers [99]. The induction of myeloid
suppressor cells (MDSC), one of the major factors mediating tumor-associated immune suppression,
undermines the immune surveillance, thereby providing an environment favorable for tumor growth
and allowing proliferation of malignant cells [100]. If inflammation facilitates tumor progression
through the induction of more suppressive MDSCby signaling through the toll-like receptor 4 (TLR4)
pathway, then it is possible that a decreased pro-inflammatory microenvironment may reduce the
potency of MDSC. Data from our laboratory showed that icariin treatment reduced the expression
of MRP8/MRP14 and TLR4 on human PBMCs [60]. Administration of icariin inhibited the tumor
growth in 4T1-Neu tumor-bearing mice by reducing splenic MDSC accumulation and activation
restoration of the functionality of effector CD8+ Tcells [60]. Furthermore, icariin significantly decreased
the amounts of nitric oxide and reactive oxygen species in MDSC in vivo. Further, we saw a restoration
of IFN-γ production by CD8+T cells and the drops of nitric oxide and reactive oxygen species in tumor
bearing mice.

Recent findings demonstrated that cyclooxygenzase-2 (COX-2) is over-expressed in various
cancers, including pancreatic cancer [101], gastric carcinoma [102], and prostate cancer [103].
Prostaglandin E2 (PGE2), the proflammatory product of elevated COX-2, has been shown to play
a crucial role in the progression of malignant tumor. Since COX-2 is increased in inflammatory
microenvironment, it is considered as a molecular target for cancer prevention and treatment.

The mechanism of icariside II induced apoptosis in hormone-independent prostate carcinoma
PC-3 cells was studied in association with COX-2 [40]. Data showed that Icariside II exerted cytotoxicity
with IC50 of approximately 20 µM on PC-3 cells. Furthermore, icariside II induced apoptosis via the
suppression of COX-2, inducible NO synthase (iNOS), vascular endothelial growth factor (VEGF) and
mitochondrial membrane potential, release of cytochrome c, and activation of caspase-8, -9 and, -3
expressions, and cleaved PARP. Moreover, exogeneous PGE2 inhibited PARP cleavage and knockdown
of COX-2 enhanced PARP cleavage. These results indicated that icariside II induced mitochondrial
dependent apoptosis by initiating the inhibition of COX-2/PGE2 pathway in PC-3 prostate [40].
The apoptosis induced by icariside II in acute myeloid leukemia U937 and multiple myeloma U266
was also found to be associated with the decrease of COX-2 [57,59].

6. Conclusions

A renewed interest emerges in the study of alternative and less toxic remedies for the treatment of
many diseases, including cancer. Maximizing efficacy and minimizing side-effects has been recognized
as the major goal of the treatment of cancers. Herba Epimedii has been traditionally used in clinical due
to its multi-purpose activity and low toxicity. Collective data indicate that icariin and icariside II are
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the main bioactive components of Herba Epimedii and are potential anticancer agents towards a broad
spectrum of human cancers. They exhibit broad toxicity to various types of human cancer cells by
interfering with multiple mechanisms, inhibiting multiple signaling pathways, as well as regulating
inflammatory microenvironment. Moreover, icariin and icariside II could be used as chemotherapeutic
adjuvant agents in combination with standard drugs to improve the treatment effects and avoid drug
resistance. In view of these demonstrated effects, icariin and icariside II could be potential therapeutic
intervention agents alone or in combination with current chemotherapeutic drugs for cancers.

Acknowledgments: This work was funded by grant from Development Project of Shanghai Peak
Disciplines-Integrative medicine (20150407), The Academy of Integrative Medicine of Fudan University, National
Natural Science Foundation of China (81173390), and Shanghai Health and Family Planning Commission
(ZYSNXD-CC-HPGC-JD-015).

Author Contributions: Jinfeng Wu and Qingli Luo performed the searching strategy, Meixia Chen analyzed the
information and wrote the paper, Shuming Mo and YubaoLv conducted the Figures, Ying Wei revised and proofed
the manuscript, Jingcheng Dong revised the manuscript and approved for submission.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2016. CA Cancer J. Clin. 2016, 66, 7–30. [CrossRef] [PubMed]
2. Ferlay, J.; Soerjomataram, I.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.; Bray, F.

Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012.
Int. J. Cancer 2015, 136, E359–E386. [CrossRef] [PubMed]

3. Graham, J.G.; Quinn, M.L.; Fabricant, D.S.; Farnsworth, N.R. Plants used against cancer-an extension of
Jonathan Hartwell. J. Ethnopharmacol. 2000, 73, 347–377. [CrossRef]

4. Amin, A.R.; Kucuk, O.; Khuri, F.R.; Shin, D.M. Perspectives for cancer prevention with natural compounds.
J. Clin. Oncol. 2009, 27, 2712–2725. [CrossRef] [PubMed]

5. Zhang, X.; Chen, L.X.; Ouyang, L.; Cheng, Y.; Liu, B. Plant natural compounds: Targeting pathways of
autophagy as anti-cancer therapeutic agents. Cell Prolif. 2012, 45, 466–476. [CrossRef] [PubMed]

6. Cragg, G.M.; Newman, D.J. Plants as a source of anti-cancer agents. J. Ethnopharmacol. 2005, 100, 72–79.
[CrossRef] [PubMed]

7. Kumar, A.; Patil, D.; Rajamohanan, P.R.; Ahmad, A. Isolation, purification and characterization of vinblastine
and vincristine from endophytic fungus Fusarium oxysporum isolated from Catharanthus roseus. PLoS ONE
2013, 8, e71805. [CrossRef] [PubMed]

8. Nemeth, L.; Somfai, S.; Gal, F.; Kellner, B. Comparative studies concerning the tumour inhibition and the
toxicology of vinblastine and vincristine. Neoplasma 1970, 17, 345–347. [PubMed]

9. Cipriani, D. Clinical experience with vinblastine and vincristine. Cancro 1968, 21, 185–189. [PubMed]
10. Editorial Committee of China Pharmacopoeia. The Chinese Pharmacopoeia, Part I, 2015 ed.; China Chemical

Industry Press: Beijing, China, 2015; p. 486.
11. Ma, H.; He, X.; Yang, Y.; Li, M.; Hao, D.; Jia, Z. The genus Epimedium: An ethnopharmacological and

phytochemical review. J. Ethnopharmacol. 2011, 134, 519–541. [CrossRef] [PubMed]
12. Xie, F.; Wu, C.F.; Lai, W.P.; Yang, X.J.; Cheung, P.Y.; Yao, X.S.; Leung, P.C.; Wong, M.S. The osteoprotective

effect of Herba epimedii (HEP) extract in vivo and in vitro. Evid. Based Complement. Altern. Med. 2005, 2,
353–361. [CrossRef] [PubMed]

13. Wang, L.; Li, Y.; Guo, Y.; Ma, R.; Fu, M.; Niu, J.; Gao, S.; Zhang, D. Herba Epimedii: An Ancient Chinese
Herbal Medicine in the Prevention and Treatment of Osteoporosis. Curr. Pharm. Des. 2016, 22, 328–349.
[CrossRef] [PubMed]

14. Niu, R. Action of the drug Herba Epimedii on testosterone of the mouse plasma and its accessory sexual
organ before and after processing. China J. Chin. Mater. Med. 1989, 14, 530–574.

15. Yu, L.; Li, H.; Huang, G.; Bai, Y.; Dong, Y. Clinical observations on treatment of 120 cases of coronary heart
disease with herba epimedii. J. Tradit. Chin. Med. 1992, 12, 30–34. [PubMed]

16. Zhao, Y.L.; Song, H.R.; Fei, J.X.; Liang, Y.; Zhang, B.H.; Liu, Q.P.; Wang, J.; Hu, P. The effects of Chinese
yam-epimedium mixture on respiratory function and quality of life in patients with chronic obstructive
pulmonary disease. J. Tradit. Chin. Med. 2012, 32, 203–207. [CrossRef]

http://dx.doi.org/10.3322/caac.21332
http://www.ncbi.nlm.nih.gov/pubmed/26742998
http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://dx.doi.org/10.1016/S0378-8741(00)00341-X
http://dx.doi.org/10.1200/JCO.2008.20.6235
http://www.ncbi.nlm.nih.gov/pubmed/19414669
http://dx.doi.org/10.1111/j.1365-2184.2012.00833.x
http://www.ncbi.nlm.nih.gov/pubmed/22765290
http://dx.doi.org/10.1016/j.jep.2005.05.011
http://www.ncbi.nlm.nih.gov/pubmed/16009521
http://dx.doi.org/10.1371/journal.pone.0071805
http://www.ncbi.nlm.nih.gov/pubmed/24066024
http://www.ncbi.nlm.nih.gov/pubmed/5506441
http://www.ncbi.nlm.nih.gov/pubmed/5264169
http://dx.doi.org/10.1016/j.jep.2011.01.001
http://www.ncbi.nlm.nih.gov/pubmed/21215308
http://dx.doi.org/10.1093/ecam/neh101
http://www.ncbi.nlm.nih.gov/pubmed/16136213
http://dx.doi.org/10.2174/1381612822666151112145907
http://www.ncbi.nlm.nih.gov/pubmed/26561074
http://www.ncbi.nlm.nih.gov/pubmed/1597996
http://dx.doi.org/10.1016/S0254-6272(13)60012-6


Nutrients 2016, 8, 563 16 of 19

17. Lin, C.C.; Ng, L.T.; Hsu, F.F.; Shieh, D.E.; Chiang, L.C. Cytotoxic effects of Coptis chinensis and Epimedium
sagittatum extracts and their major constituents (berberine, coptisine and icariin) on hepatoma and leukaemia
cell growth. Clin. Exp. Pharmacol. Physiol. 2004, 31, 65–69. [CrossRef] [PubMed]

18. Khan, M.; Maryam, A.; Qazi, J.I.; Ma, T. Targeting Apoptosis and Multiple Signaling Pathways with Icariside
II in Cancer Cells. Int. J. Biol. Sci. 2015, 11, 1100–1112. [CrossRef] [PubMed]

19. Huang, H.; Liang, M.; Zhang, X.; Zhang, C.; Shen, Z.; Zhang, W. Simultaneous determination of nine
flavonoids and qualitative evaluation of Herba Epimedii by high performance liquid chromatography with
ultraviolet detection. J. Sep. Sci. 2007, 30, 3207–3213. [CrossRef] [PubMed]

20. Pei, L.K.; Guo, B.L. A review on research of raw material and cut crude drug of Herba epimedii in last
ten years. China J. Chin. Mater. Med. 2007, 32, 466–471.

21. Xie, X.; Pei, F.; Wang, H.; Tan, Z.; Yang, Z.; Kang, P. Icariin: A promising osteoinductive compound for
repairing bone defect and osteonecrosis. J. Biomater. Appl. 2015, 30, 290–299. [CrossRef] [PubMed]

22. Wei, Y.; Liu, B.; Sun, J.; Lv, Y.; Luo, Q.; Liu, F.; Dong, J. Regulation of Th17/Treg function contributes to
the attenuation of chronic airway inflammation by icariin in ovalbumin-induced murine asthma model.
Immunobiology 2015, 220, 789–797. [CrossRef] [PubMed]

23. Chen, S.R.; Xu, X.Z.; Wang, Y.H.; Chen, J.W.; Xu, S.W.; Gu, L.Q.; Liu, P.Q. Icariin derivative
inhibits inflammation through suppression of p38 mitogen-activated protein kinase and nuclear
factor-kappaB pathways. Biol. Pharm. Bull. 2010, 33, 1307–1313. [CrossRef] [PubMed]

24. Xiong, W.; Chen, Y.; Wang, Y.; Liu, J. Roles of the antioxidant properties of icariin and its phosphorylated
derivative in the protection against duck virus hepatitis. BMC Vet. Res. 2014, 10. [CrossRef] [PubMed]

25. Lee, M.K.; Choi, Y.J.; Sung, S.H.; Shin, D.I.; Kim, J.W.; Kim, Y.C. Antihepatotoxic activity of icariin, a major
constituent of Epimedium koreanum. Planta Med. 1995, 61, 523–526. [CrossRef] [PubMed]

26. Liu, B.; Xu, C.; Wu, X.; Liu, F.; Du, Y.; Sun, J.; Tao, J.; Dong, J. Icariin exerts an antidepressant effect in
an unpredictable chronic mild stress model of depression in rats and is associated with the regulation of
hippocampal neuroinflammation. Neuroscience 2015, 294, 193–205. [CrossRef] [PubMed]

27. Liu, B.; Zhang, H.; Xu, C.; Yang, G.; Tao, J.; Huang, J.; Wu, J.; Duan, X.; Cao, Y.; Dong, J. Neuroprotective
effects of icariin on corticosterone-induced apoptosis in primary cultured rat hippocampal neurons. Brain Res.
2011, 1375, 59–67. [CrossRef] [PubMed]

28. Meng, X.; Pei, H.; Lan, C. Icariin Exerts Protective Effect Against Myocardial Ischemia/Reperfusion Injury
in Rats. Cell Biochem. Biophys. 2015, 73, 229–235. [CrossRef] [PubMed]

29. Zhai, M.; He, L.; Ju, X.; Shao, L.; Li, G.; Zhang, Y.; Liu, Y.; Zhao, H. Icariin Acts as a Potential Agent for
Preventing Cardiac Ischemia/Reperfusion Injury. Cell Biochem. Biophys. 2015, 72, 589–597. [CrossRef] [PubMed]

30. Hu, Y.; Liu, K.; Yan, M.; Zhang, Y.; Wang, Y.; Ren, L. Effects and mechanisms of icariin on atherosclerosis.
Int. J. Clin. Exp. Med. 2015, 8, 3585–3589. [PubMed]

31. Xia, Q.; Xu, D.; Huang, Z.; Liu, J.; Wang, X.; Wang, X.; Liu, S. Preparation of icariside II from icariin by
enzymatic hydrolysis method. Fitoterapia 2010, 81, 437–442. [CrossRef] [PubMed]

32. Luo, G.; Gu, F.; Zhang, Y.; Liu, T.; Guo, P.; Huang, Y. Icariside II promotes osteogenic differentiation of bone
marrow stromal cells in beagle canine. Int. J. Clin. Exp. Pathol. 2015, 8, 4367–4377. [PubMed]

33. Yin, C.; Deng, Y.; Gao, J.; Li, X.; Liu, Y.; Gong, Q. Icariside II, a novel phosphodiesterase-5 inhibitor, attenuates
streptozotocin-induced cognitive deficits in rats. Neuroscience 2016, 328, 69–79. [CrossRef] [PubMed]

34. Deng, Y.; Xiong, D.; Yin, C.; Liu, B.; Shi, J.; Gong, Q. Icariside II protects against cerebral ischemia-reperfusion
injury in rats via nuclear factor-kappaB inhibition and peroxisome proliferator-activated receptor
up-regulation. Neurochem. Int. 2016, 96, 56–61. [CrossRef] [PubMed]

35. Chen, X.; Tang, L.; Li, Q. Antiproliferative activities of alcohol extracts of Herba Epimedii and Cortex Fraxini
on breast cancer cell proliferation: In vitro study. China Pharm. 2007, 18, 1124–1127.

36. Yao, X.; Jia, L.Q.; Tan, H.Y.; Gao, F.Y.; Cui, J.; Li, H. Effects of Epimedium on rat tumor growth and bone
destruction of breast cancer rats with bone metastasis. Beijing J. Trad. Chin. Med. 2008, 27, 882–884.

37. Wang, Z.M.; Song, N.; Ren, Y.L. Anti-proliferative and cytoskeleton-disruptive effects of icariin on
HepG2 cells. Mol. Med. Rep. 2015, 12, 6815–6820. [CrossRef] [PubMed]

38. Li, S.; Dong, P.; Wang, J.; Zhang, J.; Gu, J.; Wu, X.; Wu, W.; Fei, X.; Zhang, Z.; Wang, Y.; et al. Icariin, a natural
flavonol glycoside, induces apoptosis in human hepatoma SMMC-7721 cells via a ROS/JNK-dependent
mitochondrial pathway. Cancer Lett. 2010, 298, 222–230. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1440-1681.2004.03951.x
http://www.ncbi.nlm.nih.gov/pubmed/14756686
http://dx.doi.org/10.7150/ijbs.11595
http://www.ncbi.nlm.nih.gov/pubmed/26221076
http://dx.doi.org/10.1002/jssc.200700262
http://www.ncbi.nlm.nih.gov/pubmed/18008281
http://dx.doi.org/10.1177/0885328215581551
http://www.ncbi.nlm.nih.gov/pubmed/25876888
http://dx.doi.org/10.1016/j.imbio.2014.12.015
http://www.ncbi.nlm.nih.gov/pubmed/25613226
http://dx.doi.org/10.1248/bpb.33.1307
http://www.ncbi.nlm.nih.gov/pubmed/20686223
http://dx.doi.org/10.1186/s12917-014-0226-3
http://www.ncbi.nlm.nih.gov/pubmed/25244948
http://dx.doi.org/10.1055/s-2006-959362
http://www.ncbi.nlm.nih.gov/pubmed/8824946
http://dx.doi.org/10.1016/j.neuroscience.2015.02.053
http://www.ncbi.nlm.nih.gov/pubmed/25791226
http://dx.doi.org/10.1016/j.brainres.2010.12.053
http://www.ncbi.nlm.nih.gov/pubmed/21182828
http://dx.doi.org/10.1007/s12013-015-0669-6
http://www.ncbi.nlm.nih.gov/pubmed/25724443
http://dx.doi.org/10.1007/s12013-014-0506-3
http://www.ncbi.nlm.nih.gov/pubmed/25663532
http://www.ncbi.nlm.nih.gov/pubmed/26064253
http://dx.doi.org/10.1016/j.fitote.2009.12.006
http://www.ncbi.nlm.nih.gov/pubmed/20026390
http://www.ncbi.nlm.nih.gov/pubmed/26191128
http://dx.doi.org/10.1016/j.neuroscience.2016.04.022
http://www.ncbi.nlm.nih.gov/pubmed/27109920
http://dx.doi.org/10.1016/j.neuint.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/26939761
http://dx.doi.org/10.3892/mmr.2015.4282
http://www.ncbi.nlm.nih.gov/pubmed/26329131
http://dx.doi.org/10.1016/j.canlet.2010.07.009
http://www.ncbi.nlm.nih.gov/pubmed/20674153


Nutrients 2016, 8, 563 17 of 19

39. Huang, X.; Zhu, D.; Lou, Y. A novel anticancer agent, icaritin, induced cell growth inhibition, G1 arrest and
mitochondrial transmembrane potential drop in human prostate carcinoma PC-3 cells. Eur. J. Pharmacol.
2007, 564, 26–36. [CrossRef] [PubMed]

40. Lee, K.S.; Lee, H.J.; Ahn, K.S.; Kim, S.H.; Nam, D.; Kim, D.K.; Choi, D.Y.; Ahn, K.S.; Lu, J.; Kim, S.H.
Cyclooxygenase-2/prostaglandin E2 pathway mediates icariside II induced apoptosis in human PC-3
prostate cancer cells. Cancer Lett. 2009, 280, 93–100. [CrossRef] [PubMed]

41. Fan, C.; Yang, Y.; Liu, Y.; Jiang, S.; Di, S.; Hu, W.; Ma, Z.; Li, T.; Zhu, Y.; Xin, Z.; et al. Icariin displays anticancer
activity against human esophageal cancer cells via regulating endoplasmic reticulum stress-mediated
apoptotic signaling. Sci. Rep. 2016, 6. [CrossRef] [PubMed]

42. Li, J.; Jiang, K.; Zhao, F. Icariin regulates the proliferation and apoptosis of human ovarian cancer cells
through microRNA-21 by targeting PTEN, RECK and Bcl-2. Oncol. Rep. 2015, 33, 2829–2836. [CrossRef] [PubMed]

43. Di, S.; Fan, C.; Yang, Y.; Jiang, S.; Liang, M.; Wu, G.; Wang, B.; Xin, Z.; Hu, W.; Zhu, Y.; et al. Activation of
endoplasmic reticulum stress is involved in the activity of icariin against human lung adenocarcinoma cells.
Apoptosis 2015, 20, 1229–1241. [CrossRef] [PubMed]

44. Song, J.; Feng, L.; Zhong, R.; Xia, Z.; Zhang, L.; Cui, L.; Yan, H.; Jia, X.; Zhang, Z. Icariside II inhibits
the EMT of NSCLC cells in inflammatory microenvironment via down-regulation of Akt/NF-kappaB
signaling pathway. Mol. Carcinog. 2016. [CrossRef] [PubMed]

45. Li, X.; Sun, J.; Hu, S.; Liu, J. Icariin Induced B16 Melanoma Tumor Cells Apoptosis, Suppressed Tumor
Growth and Metastasis. Iran. J. Public Health 2014, 43, 847–848. [PubMed]

46. Wu, J.; Song, T.; Liu, S.; Li, X.; Li, G.; Xu, J. Icariside II inhibits cell proliferation and induces cell cycle arrest
through the ROS-p38-p53 signaling pathway in A375 human melanoma cells. Mol. Med. Rep. 2015, 11,
410–416. [CrossRef] [PubMed]

47. Wu, J.; Xu, J.; Eksioglu, E.A.; Chen, X.; Zhou, J.; Fortenbery, N.; Wei, S.; Dong, J. Icariside II induces apoptosis
of melanoma cells through the downregulation of survival pathways. Nutr. Cancer 2013, 65, 110–117.
[CrossRef] [PubMed]

48. Wu, J.; Guan, M.; Wong, P.F.; Yu, H.; Dong, J.; Xu, J. Icariside II potentiates paclitaxel-induced apoptosis in
human melanoma A375 cells by inhibiting TLR4 signaling pathway. Food Chem. Toxicol. 2012, 50, 3019–3024.
[CrossRef] [PubMed]

49. Wang, Q.; Hao, J.; Pu, J.; Zhao, L.; Lu, Z.; Hu, J.; Yu, Q.; Wang, Y.; Xie, Y.; Li, G. Icariin induces apoptosis in
mouse MLTC-10 Leydig tumor cells through activation of the mitochondrial pathway and down-regulation
of the expression of piwil4. Int. J. Oncol. 2011, 39, 973–980. [PubMed]

50. Wang, Y.; Dong, H.; Zhu, M.; Ou, Y.; Zhang, J.; Luo, H.; Luo, R.; Wu, J.; Mao, M.; Liu, X.; et al.
Icariin exterts negative effects on human gastric cancer cell invasion and migration by vasodilator-stimulated
phosphoprotein via Rac1 pathway. Eur. J. Pharmacol. 2010, 635, 40–48. [CrossRef] [PubMed]

51. Sun, Y.; Sun, X.H.; Fan, W.J.; Jiang, X.M.; Li, A.W. Icariin induces S-phase arrest and apoptosis in
medulloblastoma cells. Cell Mol. Biol. 2016, 62, 123–129. [PubMed]

52. Zhang, C.; Yang, L.; Geng, Y.D.; An, F.L.; Xia, Y.Z.; Guo, C.; Luo, J.G.; Zhang, L.Y.; Guo, Q.L.;
Kong, L.Y. Icariside II, a natural mTOR inhibitor, disrupts aberrant energy homeostasis via suppressing
mTORC1–4E-BP1 axis in sarcoma cells. Oncotarget 2016. [CrossRef] [PubMed]

53. Geng, Y.D.; Zhang, C.; Shi, Y.M.; Xia, Y.Z.; Guo, C.; Yang, L.; Kong, L.Y. Icariside II-induced mitochondrion
and lysosome mediated apoptosis is counterbalanced by an autophagic salvage response in hepatoblastoma.
Cancer Lett. 2015, 366, 19–31. [CrossRef] [PubMed]

54. Geng, Y.D.; Yang, L.; Zhang, C.; Kong, L.Y. Blockade of epidermal growth factor receptor/mammalian
target of rapamycin pathway by Icariside II results in reduced cell proliferation of osteosarcoma cells.
Food Chem. Toxicol. 2014, 73, 7–16. [CrossRef] [PubMed]

55. Choi, H.J.; Eun, J.S.; Kim, D.K.; Li, R.H.; Shin, T.Y.; Park, H.; Cho, N.P.; Soh, Y. Icariside II from Epimedium
koreanum inhibits hypoxia-inducible factor-1alpha in human osteosarcoma cells. Eur. J. Pharmacol. 2008,
579, 58–65. [CrossRef] [PubMed]

56. Wu, J.; Zuo, F.; Du, J.; Wong, P.F.; Qin, H.; Xu, J. Icariside II induces apoptosis via inhibition of the EGFR
pathways in A431 human epidermoid carcinoma cells. Mol. Med. Rep. 2013, 8, 597–602. [PubMed]

57. Kang, S.H.; Jeong, S.J.; Kim, S.H.; Kim, J.H.; Jung, J.H.; Koh, W.; Kim, J.H.; Kim, D.K.; Chen, C.Y.;
Kim, S.H. Icariside II induces apoptosis in U937 acute myeloid leukemia cells: Role of inactivation of
STAT3-related signaling. PLoS ONE 2012, 7, e28706. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ejphar.2007.02.039
http://www.ncbi.nlm.nih.gov/pubmed/17382317
http://dx.doi.org/10.1016/j.canlet.2009.02.024
http://www.ncbi.nlm.nih.gov/pubmed/19289254
http://dx.doi.org/10.1038/srep21145
http://www.ncbi.nlm.nih.gov/pubmed/26892033
http://dx.doi.org/10.3892/or.2015.3891
http://www.ncbi.nlm.nih.gov/pubmed/25845681
http://dx.doi.org/10.1007/s10495-015-1142-0
http://www.ncbi.nlm.nih.gov/pubmed/26049256
http://dx.doi.org/10.1002/mc.22471
http://www.ncbi.nlm.nih.gov/pubmed/26859114
http://www.ncbi.nlm.nih.gov/pubmed/26110157
http://dx.doi.org/10.3892/mmr.2014.2701
http://www.ncbi.nlm.nih.gov/pubmed/25333296
http://dx.doi.org/10.1080/01635581.2013.741745
http://www.ncbi.nlm.nih.gov/pubmed/23368920
http://dx.doi.org/10.1016/j.fct.2012.06.027
http://www.ncbi.nlm.nih.gov/pubmed/22743248
http://www.ncbi.nlm.nih.gov/pubmed/21687940
http://dx.doi.org/10.1016/j.ejphar.2010.03.017
http://www.ncbi.nlm.nih.gov/pubmed/20307526
http://www.ncbi.nlm.nih.gov/pubmed/27188746
http://dx.doi.org/10.18632/oncotarget.8538
http://www.ncbi.nlm.nih.gov/pubmed/27056897
http://dx.doi.org/10.1016/j.canlet.2015.05.032
http://www.ncbi.nlm.nih.gov/pubmed/26118776
http://dx.doi.org/10.1016/j.fct.2014.08.002
http://www.ncbi.nlm.nih.gov/pubmed/25119583
http://dx.doi.org/10.1016/j.ejphar.2007.10.010
http://www.ncbi.nlm.nih.gov/pubmed/17980359
http://www.ncbi.nlm.nih.gov/pubmed/23807305
http://dx.doi.org/10.1371/journal.pone.0028706
http://www.ncbi.nlm.nih.gov/pubmed/22493659


Nutrients 2016, 8, 563 18 of 19

58. Huang, C.; Chen, X.; Guo, B.; Huang, W.; Shen, T.; Sun, X.; Xiao, P.; Zhou, Q. Induction of apoptosis
by Icariside II through extrinsic and intrinsic signaling pathways in human breast cancer MCF7 cells.
Biosci. Biotechnol. Biochem. 2012, 76, 1322–1328. [CrossRef] [PubMed]

59. Kim, S.H.; Ahn, K.S.; Jeong, S.J.; Kwon, T.R.; Jung, J.H.; Yun, S.M.; Han, I.; Lee, S.G.; Kim, D.K.; Kang, M.; et al.
Janus activated kinase 2/signal transducer and activator of transcription 3 pathway mediates icariside
II-induced apoptosis in U266 multiple myeloma cells. Eur. J. Pharmacol. 2011, 654, 10–16. [CrossRef] [PubMed]

60. Zhou, J.; Wu, J.; Chen, X.; Fortenbery, N.; Eksioglu, E.; Kodumudi, K.N.; Pk, E.B.; Dong, J.; Djeu, J.Y.; Wei, S.
Icariin and its derivative, ICT, exert anti-inflammatory, anti-tumor effects, and modulate myeloid derived
suppressive cells (MDSCs) functions. Int. Immunopharmacol. 2011, 11, 890–898. [CrossRef] [PubMed]

61. Yang, J.X.; Fichtner, I.; Becker, M.; Lemm, M.; Wang, X.M. Anti-proliferative efficacy of icariin on HepG2
hepatoma and its possible mechanism of action. Am. J. Chin. Med. 2009, 37, 1153–1165. [CrossRef] [PubMed]

62. Yang, L.; Wang, Y.; Guo, H.; Guo, M. Synergistic Anti-Cancer Effects of Icariin and Temozolomide
in Glioblastoma. Cell Biochem. Biophys. 2015, 71, 1379–1385. [CrossRef] [PubMed]

63. Wang, Z.; Zhang, H.; Dai, L.; Song, T.; Li, P.; Liu, Y.; Wang, L. Arsenic Trioxide and Icariin Show Synergistic
Anti-leukemic Activity. Cell Biochem. Biophys. 2015, 73, 213–219. [CrossRef] [PubMed]

64. Li, W.; Wang, M.; Wang, L.; Ji, S.; Zhang, J.; Zhang, C. Icariin synergizes with arsenic trioxide to suppress
human hepatocellular carcinoma. Cell Biochem. Biophys. 2014, 68, 427–436. [CrossRef] [PubMed]

65. Wang, Z.; Yang, L.; Xia, Y.; Guo, C.; Kong, L. Icariin enhances cytotoxicity of doxorubicin in human
multidrug-resistant osteosarcoma cells by inhibition of ABCB1 and down-regulation of the PI3K/Akt pathway.
Biol. Pharm. Bull. 2015, 38, 277–284. [CrossRef] [PubMed]

66. Shi, D.B.; Li, X.X.; Zheng, H.T.; Li, D.W.; Cai, G.X.; Peng, J.J.; Gu, W.L.; Guan, Z.Q.; Xu, Y.; Cai, S.J.
Icariin-mediated inhibition of NF-kappaB activity enhances the in vitro and in vivo antitumour effect of
5-fluorouracil in colorectal cancer. Cell Biochem. Biophys. 2014, 69, 523–530. [CrossRef] [PubMed]

67. Zhang, D.C.; Liu, J.L.; Ding, Y.B.; Xia, J.G.; Chen, G.Y. Icariin potentiates the antitumor activity of gemcitabine
in gallbladder cancer by suppressing NF-kappaB. Acta Pharmacol. Sin. 2013, 34, 301–308. [CrossRef] [PubMed]

68. Kelly, M.G.; Alvero, A.B.; Chen, R.; Silasi, D.A.; Abrahams, V.M.; Chan, S.; Visintin, I.; Rutherford, T.; Mor, G.
TLR-4 signaling promotes tumor growth and paclitaxel chemoresistance in ovarian cancer. Cancer Res. 2006,
66, 3859–3868. [CrossRef] [PubMed]

69. Nurse, P.; Masui, Y.; Hartwell, L. Understanding the cell cycle. Nat. Med. 1998, 4, 1103–1106. [CrossRef] [PubMed]
70. Sa, G.; Das, T. Anti cancer effects of curcumin: Cycle of life and death. Cell Div. 2008, 3, 14. [CrossRef] [PubMed]
71. Elledge, S.J. Cell cycle checkpoints: Preventing an identity crisis. Science 1996, 274, 1664–1672. [CrossRef] [PubMed]
72. Leonard, C.J.; Canman, C.E.; Kastan, M.B. The role of p53 in cell-cycle control and apoptosis: Implications

for cancer. Important Adv. Oncol. 1995, 121, 33–42.
73. Kastan, M.B.; Canman, C.E.; Leonard, C.J. P53, cell cycle control and apoptosis: Implications for cancer.

Cancer Metastasis Rev. 1995, 14, 3–15. [CrossRef] [PubMed]
74. Bulavin, D.V.; Saito, S.; Hollander, M.C.; Sakaguchi, K.; Anderson, C.W.; Appella, E.; Fornace, A.J., Jr.

Phosphorylation of human p53 by p38 kinase coordinates N-terminal phosphorylation and apoptosis in
response to UV radiation. EMBO J. 1999, 18, 6845–6854. [CrossRef] [PubMed]

75. Vermeulen, K.; Van Bockstaele, D.R.; Berneman, Z.N. The cell cycle: A review of regulation, deregulation
and therapeutic targets in cancer. Cell Prolif. 2003, 36, 131–149. [CrossRef] [PubMed]

76. Hall, M.; Peters, G. Genetic alterations of cyclins, cyclin-dependent kinases, and Cdk inhibitors in
human cancer. Adv. Cancer Res. 1996, 68, 67–108. [PubMed]

77. Noble, M.; Barrett, P.; Endicott, J.; Johnson, L.; McDonnell, J.; Robertson, G.; Zawaira, A. Exploiting structural
principles to design cyclin-dependent kinase inhibitors. Biochim. Biophys. Acta 2005, 1754, 58–64. [CrossRef]
[PubMed]

78. Elmore, S. Apoptosis: A review of programmed cell death. Toxicol. Pathol. 2007, 35, 495–516. [CrossRef] [PubMed]
79. Cotter, T.G. Apoptosis and cancer: The genesis of a research field. Nat. Rev. Cancer 2009, 9, 501–507.

[CrossRef] [PubMed]
80. Ashkenazi, A.; Dixit, V.M. Death receptors: Signaling and modulation. Science 1998, 281, 1305–1308.

[CrossRef] [PubMed]
81. Kischkel, F.C.; Hellbardt, S.; Behrmann, I.; Germer, M.; Pawlita, M.; Krammer, P.H.; Peter, M.E.

Cytotoxicity-Dependent Apo-1 (Fas/Cd95)-Associated Proteins Form a Death-Inducing Signaling Complex
(Disc) with the Receptor. EMBO. J. 1995, 14, 5579–5588. [PubMed]

http://dx.doi.org/10.1271/bbb.120077
http://www.ncbi.nlm.nih.gov/pubmed/22785466
http://dx.doi.org/10.1016/j.ejphar.2010.11.032
http://www.ncbi.nlm.nih.gov/pubmed/21172343
http://dx.doi.org/10.1016/j.intimp.2011.01.007
http://www.ncbi.nlm.nih.gov/pubmed/21244860
http://dx.doi.org/10.1142/S0192415X09007569
http://www.ncbi.nlm.nih.gov/pubmed/19938223
http://dx.doi.org/10.1007/s12013-014-0360-3
http://www.ncbi.nlm.nih.gov/pubmed/25384619
http://dx.doi.org/10.1007/s12013-015-0660-2
http://www.ncbi.nlm.nih.gov/pubmed/25721870
http://dx.doi.org/10.1007/s12013-013-9724-3
http://www.ncbi.nlm.nih.gov/pubmed/23975599
http://dx.doi.org/10.1248/bpb.b14-00663
http://www.ncbi.nlm.nih.gov/pubmed/25747987
http://dx.doi.org/10.1007/s12013-014-9827-5
http://www.ncbi.nlm.nih.gov/pubmed/24435883
http://dx.doi.org/10.1038/aps.2012.162
http://www.ncbi.nlm.nih.gov/pubmed/23274410
http://dx.doi.org/10.1158/0008-5472.CAN-05-3948
http://www.ncbi.nlm.nih.gov/pubmed/16585214
http://dx.doi.org/10.1038/2594
http://www.ncbi.nlm.nih.gov/pubmed/9771732
http://dx.doi.org/10.1186/1747-1028-3-14
http://www.ncbi.nlm.nih.gov/pubmed/18834508
http://dx.doi.org/10.1126/science.274.5293.1664
http://www.ncbi.nlm.nih.gov/pubmed/8939848
http://dx.doi.org/10.1007/BF00690207
http://www.ncbi.nlm.nih.gov/pubmed/7606818
http://dx.doi.org/10.1093/emboj/18.23.6845
http://www.ncbi.nlm.nih.gov/pubmed/10581258
http://dx.doi.org/10.1046/j.1365-2184.2003.00266.x
http://www.ncbi.nlm.nih.gov/pubmed/12814430
http://www.ncbi.nlm.nih.gov/pubmed/8712071
http://dx.doi.org/10.1016/j.bbapap.2005.08.019
http://www.ncbi.nlm.nih.gov/pubmed/16361058
http://dx.doi.org/10.1080/01926230701320337
http://www.ncbi.nlm.nih.gov/pubmed/17562483
http://dx.doi.org/10.1038/nrc2663
http://www.ncbi.nlm.nih.gov/pubmed/19550425
http://dx.doi.org/10.1126/science.281.5381.1305
http://www.ncbi.nlm.nih.gov/pubmed/9721089
http://www.ncbi.nlm.nih.gov/pubmed/8521815


Nutrients 2016, 8, 563 19 of 19

82. Saelens, X.; Festjens, N.; Vande Walle, L.; van Gurp, M.; van Loo, G.; Vandenabeele, P. Toxic proteins released
from mitochondria in cell death. Oncogene 2004, 23, 2861–2874. [CrossRef] [PubMed]

83. Chinnaiyan, A.M. The apoptosome: Heart and soul of the cell death machine. Neoplasia. 1999, 1, 5–15.
[CrossRef] [PubMed]

84. Cory, S.; Adams, J.M. The Bcl2 family: Regulators of the cellular life-or-death switch. Nat. Rev. Cancer. 2002,
2, 647–656. [CrossRef] [PubMed]

85. Schuler, M.; Green, D.R. Mechanisms of p53-dependent apoptosis. Biochem. Soc. Trans. 2001, 29, 684–688.
[CrossRef] [PubMed]

86. Igney, F.H.; Krammer, P.H. Death and anti-death: Tumour resistance to apoptosis. Nat. Rev. Cancer 2002, 2,
277–288. [CrossRef] [PubMed]

87. Aggarwal, B.B. Nuclear factor-kappaB: The enemy within. Cancer Cell 2004, 6, 203–208. [CrossRef] [PubMed]
88. Cao, Y.; Liu, Q. Therapeutic targets of multiple angiogenic factors for the treatment of cancer and metastasis.

Adv. Cancer Res. 2007, 97, 203–224. [PubMed]
89. Hu, Y.; Liu, K.; Yan, M.; Zhang, Y.; Wang, Y.; Ren, L. Icariin inhibits oxidized low-density lipoprotein-induced

proliferation of vascular smooth muscle cells by suppressing activation of extracellular signal-regulated
kinase 1/2 and expression of proliferating cell nuclear antigen. Mol. Med. Rep. 2016, 13, 2899–2903. [PubMed]

90. Ekstrand, A.J.; Sugawa, N.; James, C.D.; Collins, V.P. Amplified and rearranged epidermal growth factor
receptor genes in human glioblastomas reveal deletions of sequences encoding portions of the N- and/or
C-terminal tails. Proc. Natl. Acad. Sci. USA 1992, 89, 4309–4313. [CrossRef] [PubMed]

91. Han, W.; Lo, H.W. Landscape of EGFR signaling network in human cancers: Biology and therapeutic
response in relation to receptor subcellular locations. Cancer Lett. 2012, 318, 124–134. [CrossRef] [PubMed]

92. Mora, L.B.; Buettner, R.; Seigne, J.; Diaz, J.; Ahmad, N.; Garcia, R.; Bowman, T.; Falcone, R.; Fairclough, R.;
Cantor, A.; et al. Constitutive activation of Stat3 in human prostate tumors and cell lines: Direct inhibition of
Stat3 signaling induces apoptosis of prostate cancer cells. Cancer Res. 2002, 62, 6659–6666. [PubMed]

93. Dolled-Filhart, M.; Camp, R.L.; Kowalski, D.P.; Smith, B.L.; Rimm, D.L. Tissue microarray analysis of signal
transducers and activators of transcription 3 (Stat3) and phospho-Stat3 (Tyr705) in node-negative breast
cancer shows nuclear localization is associated with a better prognosis. Clin. Cancer Res. 2003, 9, 594–600.
[PubMed]

94. Hsiao, J.R.; Jin, Y.T.; Tsai, S.T.; Shiau, A.L.; Wu, C.L.; Su, W.C. Constitutive activation of STAT3 and STAT5 is
present in the majority of nasopharyngeal carcinoma and correlates with better prognosis. Brit. J. Cancer
2003, 89, 344–349. [CrossRef] [PubMed]

95. Santarpia, L.; Lippman, S.M.; El-Naggar, A.K. Targeting the MAPK-RAS-RAF signaling pathway in
cancer therapy. Expert. Opin. Ther. Targets 2012, 16, 103–119. [CrossRef] [PubMed]

96. Shields, J.M.; Pruitt, K.; McFall, A.; Shaub, A.; Der, C.J. Understanding Ras: ‘It ain’t over ‘til it’s over’.
Trends Cell Biol. 2000, 10, 147–154. [CrossRef]

97. Liu, P.; Cheng, H.; Roberts, T.M.; Zhao, J.J. Targeting the phosphoinositide 3-kinase pathway in cancer.
Nat. Rev. Drug Discov. 2009, 8, 627–644. [CrossRef] [PubMed]

98. Guertin, D.A.; Sabatini, D.M. Defining the role of mTOR in cancer. Cancer Cell 2007, 12, 9–22. [CrossRef]
[PubMed]

99. Shacter, E.; Weitzman, S.A. Chronic inflammation and cancer. Oncology 2002, 16, 217–229. [PubMed]
100. Bunt, S.K.; Sinha, P.; Clements, V.K.; Leips, J.; Ostrand-Rosenberg, S. Inflammation induces myeloid-derived

suppressor cells that facilitate tumor progression. J. Immunol. 2006, 176, 284–290. [CrossRef] [PubMed]
101. Armstrong, L.; Davydova, J.; Brown, E.; Han, J.; Yamamoto, M.; Vickers, S.M. Delivery of interferon

alpha using a novel Cox2-controlled adenovirus for pancreatic cancer therapy. Surgery 2012, 152, 114–122.
[CrossRef] [PubMed]

102. Ristimaki, A.; Honkanen, N.; Jankala, H.; Sipponen, P.; Harkonen, M. Expression of cyclooxygenase-2 in
human gastric carcinoma. Cancer Res. 1997, 57, 1276–1280. [PubMed]

103. Basler, J.W.; Piazza, G.A. Nonsteroidal anti-inflammatory drugs and cyclooxygenase-2 selective inhibitors
for prostate cancer chemoprevention. J. Urol. 2004, 171, S59–S63. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/sj.onc.1207523
http://www.ncbi.nlm.nih.gov/pubmed/15077149
http://dx.doi.org/10.1038/sj.neo.7900003
http://www.ncbi.nlm.nih.gov/pubmed/10935465
http://dx.doi.org/10.1038/nrc883
http://www.ncbi.nlm.nih.gov/pubmed/12209154
http://dx.doi.org/10.1042/bst0290684
http://www.ncbi.nlm.nih.gov/pubmed/11709054
http://dx.doi.org/10.1038/nrc776
http://www.ncbi.nlm.nih.gov/pubmed/12001989
http://dx.doi.org/10.1016/j.ccr.2004.09.003
http://www.ncbi.nlm.nih.gov/pubmed/15380510
http://www.ncbi.nlm.nih.gov/pubmed/17419947
http://www.ncbi.nlm.nih.gov/pubmed/26820466
http://dx.doi.org/10.1073/pnas.89.10.4309
http://www.ncbi.nlm.nih.gov/pubmed/1584765
http://dx.doi.org/10.1016/j.canlet.2012.01.011
http://www.ncbi.nlm.nih.gov/pubmed/22261334
http://www.ncbi.nlm.nih.gov/pubmed/12438264
http://www.ncbi.nlm.nih.gov/pubmed/12576423
http://dx.doi.org/10.1038/sj.bjc.6601003
http://www.ncbi.nlm.nih.gov/pubmed/12865928
http://dx.doi.org/10.1517/14728222.2011.645805
http://www.ncbi.nlm.nih.gov/pubmed/22239440
http://dx.doi.org/10.1016/S0962-8924(00)01740-2
http://dx.doi.org/10.1038/nrd2926
http://www.ncbi.nlm.nih.gov/pubmed/19644473
http://dx.doi.org/10.1016/j.ccr.2007.05.008
http://www.ncbi.nlm.nih.gov/pubmed/17613433
http://www.ncbi.nlm.nih.gov/pubmed/11866137
http://dx.doi.org/10.4049/jimmunol.176.1.284
http://www.ncbi.nlm.nih.gov/pubmed/16365420
http://dx.doi.org/10.1016/j.surg.2012.02.017
http://www.ncbi.nlm.nih.gov/pubmed/22503318
http://www.ncbi.nlm.nih.gov/pubmed/9102213
http://dx.doi.org/10.1097/01.ju.0000107839.06670.27
http://www.ncbi.nlm.nih.gov/pubmed/14713756
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Anticancer Effects of Herba Epimedii in Vitro and in Vivo 
	Anticancer Effects of Icariin and Icariside II in Vitro and in Vivo 
	Icariin and Icariside II as Adjuvant Therapy 
	Molecular Mechanisms of Anticancer Activity of Icariin and Icariside II 
	Effect on Cell Cycle Regulation 
	Effect on Apoptosis 
	Effect on Angiogenesis and Metastasis 
	Effect on Multiple Signaling Pathways 
	Anti-Inflammatory Activity 

	Conclusions 

