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Abstract

Cancer is a disease caused by the loss of normal cell regulation and excessive
proliferation. At present, there are a lot of anticancer drugs, but most of them
are not ideal, with sereve side effects. Besides, during the treatment, the pa-
tients feel very bad, and they are always in great pain. Emodin is a natural
anthraquinone derivative found in a variety of herbal preparations. Many
studies have shown that emodin has a significant therapeutic effect on lung
cancer, liver cancer, breast cancer, and so on. After reviewing a large amount
of literatures, this paper summarizes the research progresses of emodin anti-
cancer in the past five years, in order to provide theoretical basis for further
development and utilization of emodin and its metabolites.
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1. Introduction

Cancer is a worldwide health problem [1] [2]. GLOBOCAN, 2020 presented
up-to-date estimates of cancer incidence and mortality in late 2020. It is esti-
mated that there were 19.3 million new cases of cancer worldwide, and 10 mil-
lion people died from cancer in 2020 [3]. New cancer cases are expected to in-
crease in the future. Asia, Latin America, the Caribbean and Africa are expected
to experience relatively large increases in morbidity and mortality [4]. At
present, it is very necessary to find effective anti-cancer drugs. In recent decades,
phytochemicals have received more attention due to their mild side effects and
reliable therapeutic effects [5]. Phytochemicals are natural products derived from
herbal medicines [5]. Therefore, this paper summarizes the research progresses of

emodin in anti-cancer in the past five years, hoping to provide a novel insight
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for further development of emodin, also expecting to reveal the anti-tumor po-

tential of emodin and necessity of further studies in this field.

2. Structure and Bioactivity of Emodin

Emodin, a natural anthraquinone compound, is the main active biological com-
ponent of rhubarb [6] [7] [8] [9]. It has a history of more than 2000 years in
China [6]. Emodin (1,3,8-trihydroxy-6-methylanthraquinone, Figure 1), has been
identified in Polygonum multiflorum, Cassia obtusifolia, Aloe, Rhubarb, and
Polygonum cuspidatum [10] [11] [12] [13] [14], and is believed to have a variety
of pharmacological effects. Emodin has a variety of biological functions, such as
anti-inflammatory, anti-cancer, immunosuppressive and antiviral [7] [15] [16]
[18]. Studies have shown that emodin has a significant therapeutic effect on lung
cancer [19], liver cancer [20], cervical cancer [21], breast cancer [22], colon can-
cer [23], and so on. However, emodin is toxic to cancer cells, and may cause
renal, hepatic, and reproductive toxicity, especially at high doses and during

prolonged use [24].

3. Mechanism of Anti-Tumor Activity of Emodin

In the study of thyroid cancer, significant effects of emodin therapy were found,
which was closely related to TRAF6/HIF-1a/VEGF and TRAF6/CD147/MMP9
signaling pathways. Inhibition of the activation of this pathway may be one of
the anti-tumor mechanisms of emodin [25]. In addition, the negative regulation
of emodin on downstream signals of CCR5 may be another mechanism, which
may be related to the suppressed expression of EMT-(epithelial-mesenchymal
transition) and invasion-associated markers, including vimentin, snail, matrix
metalloproteinase (MMP)-2 and MMP-9, and up-regulation of E-cadherin, con-
tributing to the inhibition of invasion [22]. In studies on lung cancer cells, apopto-
sis of lung cancer cells was found to be related to the TRIB3/NF-«B pathway
[19]. In addition, emodin can also reduce lipid metabolism and induce cell
apoptosis through SREBP1-dependent and non-dependent pathways [26]. In
colon cancer cells, the PI3K/Akt signaling pathway, another important anti-
cancer mechanism of emodin, has been identified, which induces apoptosis and
cell cycle arrest [23]. Emodin inhibitions EMT by ILK/GSK-3p pathway [27],
and by emodin activates GSK-3f to inhibit ZEB1, which suppresses EMT [28]
(Figure 2).
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Figure 1. The structural formula of emodin.
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Figure 2. Antitumor mechanism of emodin.

4. Potential Role of Emodin in Human Malignancies

A series of studies have confirmed that the multitargeted compound emodin is
minimally toxic, affordable and effective for the prevention and treatment of
different types of cancers (Table 1). The following part of the review enumerates

the potential anti-neoplastic actions of emodin for different cancers.

4.1. Oral Carcinogenesis

Oral cancer is a malignancy that accounts for 7% of new cancer cases worldwide.
Incidence has increased in the past few years, especially in developing countries
[29]. Emodin also has great chemoprophylaxis potential in fighting cancer [26]
[27] [28] [29] [30]. Hamster buccal pouches carcinoma induced by DMBA sig-
nificantly altered the status of lipid peroxidation, antioxidants, phase I and II
detoxifies, and apoptotic proteins [26] [27] [28] [29] [30]. However, when emo-
din was administered to diseased hamsters, the status of lipid peroxidation, an-
tioxidants, phase I and II detoxifies, and apoptotic proteins were recovered. Stu-
dies have shown that emodin can completely inhibit the formation of DMBA-

induced tumors in the buccal pouches of golden Syrian hamsters [30].

4.2. Thyroid Cancer

Studies have shown that emodin starts to inhibit the proliferation of 8505C and
SW1736 cells at 30 pmol/l, and emodin can also reduce ATC angiogenesis and

metastasis. After emodin treatment, it was found that the activation of TRAF6/
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HIF-1a/VEGF and TRAF6/CD147/MMP?9 signaling pathways in ATC was inhi-
bited, which is closely related to the inhibition of angiogenesis [25].

Table 1. The antitumor activity of emodin in different cancers.

In Vitrol In Vivo

Cancer Model/cell Mechanism/Results References
| Ex Vivo
|Proliferation
. | Metastatic ability
Anaplastic In Vitroand In Vivo 82056, Angi is and metastasi (25]
Ve
thyroid cancer SW1736 | Angiogenesis and metastasis

Emodin exerts anti-angiogenic and anti-metastatic activities
in ATC by affecting TRAF6 mediated pathways.
Proliferation | Metastasis
MDA-MB-231  Emodin inhibits adipocyte secretion of CCL5, inhibits the EMT of TNBC

Breast cancer In Vitro o ) ) ) [22]
MDA-MB-453  cells, and inhibits tumor growth and lung and liver metastasis, suggesting
that emodin has a new role in the prevention of TNBC metastasis.
| Viability
|Proliferation
Lung cancer In Vitro A549 Emodin regulates the cell cycle of non-small cell lung cancer cells (33]
through a HAS2-HACD44/RHAMM interaction-dependent signaling
pathway.
TROS, |autophagy, induced apoptosis
Lung cancer In Vitroand In Vivo HL-60N1 Emodin selectively inhibits N2 neutrophils, thereby preventing (34]
hypercoagulability and the development of lung cancer.
| Viability
A549 Apoptosi
lung cancer In Vitro TApoptosis [19]
H1299 The TRIB3 signal is associated with emodin-induced endoplasmic
reticulum stress-mediated apoptosis of lung cancer cells
|Proliferation
| Viability
lung cancer In Vitro A549 | Migration (32]
Emodin inhibits ATP-induced proliferation, migration, and EMT by
inhibiting P2Y receptor mediated [Ca®*]1 increase and NF-«B signaling in
A549 cells.
| Viability
|Proliferation
Hepatocellular .
. In Vitro HepG2 |Growth [20]
carcinoma
859 DEGs and 5 HUB genes were identified, which may be regarded as
the target of emodin therapy for HCC.
|Proliferation
Apoptosis
Hepatocellular . ! p p. .
) In Vitro Bel-7402 | Viability (26]
carcinoma
Emodin can induce apoptosis of hepatocellular carcinoma cells in SREBP
1-dependent and SREBP 1-independent ways.
Hepatocellul Apoptosis
epatoceuiar In Vitro HepG2 TApop [37]
carcinoma Emodin induces apoptosis by up-regulation of CypD
T Apoptosis
Hepatocellul Proliferati
epatoceTirar In Vitro SMMC-7721 {Proliferation [38]
carcinoma Emodin may be a potentially effective and safe drug to induce apoptosis
in HCC cells
HCT116 |Proliferation
Colon cancer In Vitro SW480 Emodin provides a molecular basis for the treatment of colon cancer by (40]
SNU-C2ASNU-C5 inhibiting FASN-mediated cell growth and apoptosis.

DOI: 10.4236/jbm.2021.97019 210 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.97019

X. L. Yang, J. Y. Qin

Continued

Colon cancer

Colon cancer

Cervical cancer

Cervical cancer

Ovarian cancer

Ovarian cancer

In Vitro

In Vitro

In Vitro

In Vitro

In Vitro

In Vitro

T Apoptosis
| Viability
| Growth [39]
Emodin induces autophagy to induce apoptosis of colon cancer cells, in

HCT116
LOVO

which the production of reactive oxygen species is the key

| Proliferation
T Apoptosis
CACO-2 Emodin has shown effective anticancer effects in Caco-2 human colon [23]
cancer cells by inducing apoptosis, cell cycle arrest and inhibiting
PI3K/Akt signaling pathway.

T Apoptotic cells
| Viability

HeLa
Emodin induces degradation and promotes the death of tumor cells

[21]
through a mechanism that is clearly involved in lysosomal loci.
TApoptotic
| Viability

HeLa cell
ehacels Emodin causes cervical cancer cell death by inducing

(41]

mitotic catastrophes

|Proliferation
| Migration
A2780 |Invasion
SK-OV-3 |EMT
Emodin inhibits EMT in EOC cells through ILK/GSK-3f/slug
signaling pathway.

(27]

|Invasion
A2780 |EMT
SK-OV-3 In Vitro, EMO inhibited epithelial ovarian cancer cell invasion by
regulating the GSK-3/ f-catenin /ZEBI signaling pathway.

(28]

4.3. Breast Cancer

Breast cancer has overtaken lung cancer as the most commonly diagnosed can-
cer in women for the first time, according to the latest cancer statistics [3] [4].
Compared with epirubicin, emodin can inhibit the proliferation and metastasis
of TNBC cells more effectively under the condition of rich adipocytes. Studies
have shown that emodin may inhibit the proliferation and invasion of tumor
necrosis factor-related apoptotic cells by partially down-regulating the secretion
of CCL5. Besides, the inhibition of TNBC invasion and migration was found to
be related to the negative regulation of downstream signaling pathways of CCR5
and EMT-related markers by emodin. Nude mice fed a high-fat, high-sugar diet
were inoculated with TNBC cells in fat pads 20 days later. After 7 days, mice
were treated with 40 mg/mL of emodin oral solution for 21 consecutive days,
which showed that emodin down-regulated CCI5 levels, suggesting that emodin
inhibited tumor cell growth and metastasis of TNBC by reducing serum CCL5
levels in mice fed a high-fat, high-sugar diet [22].

4.4. Lung Cancer

In 2020, lung cancer caused the largest number of death among men and the
second largest number among women. In recent years, the death rate from lung
cancer has been declining in most high-income developed countries, but many
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low-income countries still have high death rates from lung cancer [31]. There-
fore, it is particularly important to study more new drugs for the treatment of
lung cancer. A large number of studies have shown that emodin can treat lung
cancer by inhibiting cell viability, regulating cell cycle, and inhibiting cell proli-
feration and migration [19] [32] [33]. This makes sense for clinical applications.
Some studies show that emodin at 30 uM suppressed the viability of A549, which
has to do with cell cycle regulation [33]. Emodin can reduce the expression of
cyclins A and B, and increase the expression of cyclins C, D, and E, thus in-
creasing the number of cells in Gi/Gy phase, and decreasing the number of cells
in S and G,/M phase, and finally achieving the effect of regulating cell cycle to
inhibit the proliferation of lung cancer cells [33]. Besides, studies have shown
that the apoptosis of lung cancer cells induced by endoplasmic reticulum
stress-induced by emodin is related to the TRIB3/NF-xB pathway. To prove
whether Trib3 regulates emodin-induced apoptosis of A549 and H1299 cells, the
changes before and after knocking out TRIB3 were compared in several experi-
ments, respectively. The results showed that emodin-induced apoptosis of lung
cancer cells was closely related to TRIB3 [19]. In addition to regulating cell
apoptosis and cell cycle, emodin also has an inhibitory effect on cell migration
[32]. These three experiments strongly prove that emodin has a significant effect
on the treatment of lung cancer. In a Urethane-induced lung carcinogenesis
model of one study, emodin was found to prevent Urethane-induced lung cancer
by selectively inhibiting N2 neutrophils [34]. In addition to the direct role of
emodin in the treatment of lung cancer, it can also play a good indirect role in
the treatment of lung cancer. Emodin has been found to have a significant syn-
ergistic effect when used in combination with some drugs for lung cancer that

do not work well because of new drug resistance [35] [36].

4.5. Liver Cancer

Currently, early HCC can be treated with liver transplantation and surgical re-
section, but treatment options for late HCC are very limited, so more treatments
need to be found. After treating with emodin for 72 h, the growth of HCC cells
was significantly inhibited. To investigate the mechanism of emotion, action,
DEGs, and hub genes were identified, and it was found that DEGs were involved
in emotion-mediated proliferation inhibition of liver cancer [20].

HCC cells Bel-7402 were treated with emodin at different concentrations for
12, 24, and 48 h, and cell viability was detected by MTT assay. It was found that
emodin significantly reduced cell viability in a dose-dependent and time-dependent
manner in Bel-7402 cells. After treatment with emodin (100 umol/L) for 24 h,
apoptosis of BEL-7402 cells was increased significantly. Finally, emodin was
found to reduce lipid metabolism and induce apoptosis through SREBP1-de-
pendent and non-dependent pathways [26]. CyPD plays an important role in the
induction of apoptosis of HepG2 cells by emodin [37]. It has also been shown
that emodin inhibits the proliferation and activity of SMMC-7721 cells, and also

induces apoptosis [38]. When the concentration of emodin increased from 10 to
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200 mol/L, the viability of SMMC-7721 cells decreased significantly [38].

4.6. Colon Cancer

Colon cancer is the third most common cancer worldwide. After emodin treat-
ment, the growth and activity of colon cancer cells were inhibited, and emodin
also induced the apoptosis of HCT116 and LoVo cells. Apoptosis was found to
be related to autophagy induced by emodin. The accumulation of ROS in colon
cancer cells was increased after emodin treatment, which promoted autophagy
and apoptosis [39]. HCT116 has treated with 25 and 50 uM emodin, and the
proliferation of HCT116 cells was significantly inhibited by 30.4% and 24.2%,
respectively. This is related to the inhibition of FASN protein level by emodin in
HCT116 cells, and further studies show that the degradation of FASN protein
induced by emodin is caused by the increase of protein ubiquitination activity
[40]. At 60 micron concentration, the apoptotic cell population of CACO-2 sig-
nificantly increased from 1.85% to 42.66% in the control group, and the apopto-
sis induced by emodin followed the mitochondrial pathway. In the study of
CACO-2, it was found that emodin can inhibit cell proliferation and PI3K/ AKT
signaling pathway, and also induce cell apoptosis and cell cycle arrest, which has

a good anti-cancer effect on colon cancer cells [23].

4.7. Ovarian Cancer

The proliferation, migration, and invasion of A2780 and SK-OV-3 Cells treated
with emodin for 48 h were significantly reduced, which has found a link with
Slug [27]. From the past five years of research, it is known that emodin inhibits
EMT by two pathways, one is the ILK/GSK-3f pathway [27], and the other is
that emodin activates GSK-3fto inhibit ZEB1, which can inhibit EMT [28].

4.8. Cervical Cancer

Emodin can promote the death of cervical cancer cells through lysosomal-induced
degradation [21]. With the increase of emodin concentration, the degradation
process increased and the cell activity decreased [21]. The lysosome system was
significantly activated at the concentration of emodin in the range of 15 - 30 uM,
while few lysosomes and vacuoles and a large number of apoptotic cells could be
seen at 100 uM [21]. Besides, emodin can also increase the membrane permea-
bility of lysosomes, decrease the activities of cathepsin D and L in lysosomes, and
increase the activity of proteolytic enzymes [21]. There are also research findings
that emodin can make cervical cancer cell cycle disorder and apoptosis increase
[41]. This is mainly due to the inhibition of mitotic activity by emodin. The in-
hibitory effect of emodin on cell division was highest at 100 M. Besides, emodin
can also damage the cytoskeleton [41].

5. Summary and Perspectives

In conclusion, emodin has significant anti-cancer effects. Emodin mainly inhi-

bits the proliferation and cell viability of cancer cells and induces cell apoptosis.
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So emodin is still worth studying. The anti-cancer potential of emodin is great.

Although emodin has anti-cancer effects in many cancers, its underlying mole-

cular mechanisms remain to be elucidated [27]. In addition, poor water solubili-

ty of emodin increases the difficulty of drug development and researches [42].

Further research on emodin is needed to maximize its clinical use (Table 2).

Table 2. Acronyms.

LDH
VEGF
NF-«B

PCa

KLF6

Bcl-2

ROS

MMP-2
RCC
HCC

MVA pathway
TCTP

PCD

IL-10
NF-«B

IL-18
COX-2

NSCLC

EMT
ESCC

ATC

mTOR

HNC

API
PCa
AR
NF1
MPNST
FIGO
EC

ADM

Lactic dehydrogenase
Vascular endothelial growth factor
Nuclear factor kappa B
Prostatic cancer
Kruppel-like factor 6
B-cell lymphoma-2
Reactive oxygen species
Matrix Metalloproteinase-2
Renal cell carcinoma
Hepatocellular Carcinoma
Mevalonate pathway
Translation-controlled tumor protein
Programmed cell death
Interleukin-10
Nuclear factor «B
Interleukin 15
Cyclooxygenase-2
Non-small cell lung cancer
Epidermal interstitial transformation
Esophageal squamous cell carcinoma
Anaplastic thyroid carcinoma
Mammalian target of rapamycin
Head and neck cancer
Active pharmaceutical ingredient
Prostate cancer
Androgen receptor
Neurofibromatosis typel
Malignant peripheral nerve sheath tumors
International Federation of Gynecology and Obstetrics
Esophageal cancer

Doxorubicin
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