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1 |  INTRODUCTION

Cancer encompasses a group of diseases in which cells harbor 
the ability to exhibit uncontrolled proliferation with the po-
tential to invade and undergo metastasis to other parts of the 
body. Cancer is a chronic health condition whose incidence 
and mortality rate are rapidly increasing in all regions of the 
world. In 2018, it is estimated that 18.1 million new cases 
of cancer and 9.6 million deaths occurred worldwide.1 Lung 
cancer, breast cancer, prostate cancer, and colorectal cancer 
are the cancers that have the highest incidence, whereas lung, 
colorectal, stomach, and liver cancers result in the greatest 
number of deaths due to cancer. The health burden of cancer 
is increasing in China, with approximately 3.6 million new 
cancer cases and 2.2 million deaths per year.2 In summary, 

cancer ranks as the leading cause of death in humans and is 
considered a serious threat to the improvement in life expec-
tancy in every country of the world.

Recent decades have witnessed substantial improvements 
in the management of cancer, including both theoretical re-
search and clinical practice. First of all, cancer is considered 
a genetic illness. As early as the 1990s, studies revealed the 
relationship between mutation of p53 and human cancer.3 
During the past 30 years, the identity of a large number of 
genes giving rise to susceptibility to cancer has been estab-
lished.4 Subsequently, epigenetics has added a great deal of 
complexity to our understanding of the regulation of the can-
cer genome. Increasing evidence has confirmed that genetic 
and epigenetic changes contribute to the initiation of cancer 
and its development and subsequent progression. The cancer 
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stem cell concept was first proposed in the 1800s, but the first 
isolation of cancer stem cells was reported in 1994.5,6 Cancer 
stem cells, with the capability for self‐renewal and potential 
for proliferation, are possibly responsible for tumor initiation, 
progression, migration, invasion, and distant metastases.7,8 
Cancer stem cells account for the resistance to chemothera-
peutic agents during tumor therapy, and/or contribute to can-
cer recurrence. In addition to cancer stem cells, the “tumor 
microenvironment” is an important additional concept for 
cancer initiation and development. Tumors have been rec-
ognized as organs with complex interactions and there are a 
number of cell types that contribute to the biology of tumors.9 
The cross‐talk between tumor cells and their microenviron-
ment is an important target for cancer therapy. In general, the 
failure of chemotherapy to cure patients with a malignancy is 
due to the presence of intratumoral heterogeneity and molec-
ular complexity. Genetic mutations, the presence of cancer 
stem cells, and interactions with the microenvironment are 
considered the major factors accounting for intratumoral het-
erogeneity and acquired chemotherapeutic resistance.8

During recent decades, several forms of complementary 
and alternative medicine have been utilized to defeat cancer 
worldwide. Traditional Chinese medicine (TCM) has been 
widely accepted as a mainstream form of complementary and 
alternative therapy with beneficial effects for cancer patients 
in China.10,11 In fact, TCM has been commonly used in Asia 
for thousands of years. The largest application category of 
TCM is Chinese herbal medicine (CHM) which comprises 
sliced herbal and Chinese patented drugs.12 A large number 
of cancer patients have used CHM as an alternative therapy 
because of its effectiveness and lack of serious side effects. 
For example, in nonsmall‐cell lung cancer (NSCLC) therapy, 
CHM has been shown to have fewer toxic effects, provide 
enhanced quality of life, prolong survival rate, and improve 
immediate tumor response and Karnofsky performance 
score.13-15 Additionally, several representative CHM‐derived 
phytochemicals, namely curcumin, resveratrol, berberine, 
dioscin, baicalein, wogonin, silibinin, quercetin, tanshinone 
IIA, and celastrol have been studied in detail, their admin-
istration demonstrated to exhibit antitumor effects in many 
cancers.16-18

According to the theory of Chinese medicine, the occur-
rence of illness is due to the disturbance of two opposing 
forces of energy, Yin and Yang. To alleviate symptoms of 
disease, Chinese medicine aims to restore the harmony of 
Yin and Yang. Thus, people often have the impression that 
TCM therapy is mysterious. However, several reviews have 
described the application of TCM therapy on cancer treat-
ment,17,19-22 and therefore this review attempts to comprehen-
sively illustrate the underlying mechanisms of TCM‐based 
CHM on cancer therapy from the point of view of applica-
ble genetic and epigenetic theory, cancer stem cells, and the 
tumor microenvironment (Table 1; Figure 1).

2 |  TCM IN CANCER THERAPY

The principal strategies of cancer treatment include surgical 
resection, radiotherapy, and chemotherapy. Other means of 
cancer therapy, such as immunotherapy and targeted ther-
apy, have led to significant breakthroughs in curing cancer 
in recent years. Over recent decades, a number of clinical 
and laboratory studies have been conducted with the aim 
of establishing the effectiveness of TCM in treating cancer. 
Several CHM‐derived compounds have exhibited anticancer 
properties that inhibit the development, proliferation, angio-
genesis, and metastasis of human cancer. In particular, res-
veratrol, curcumin, and berberine have all been evaluated in 
a number of clinical trials for the treatment of many types of 
cancer.153 In most cases, TCM is taken as an adjuvant therapy 
for cancer.

Surgical resection remains the first choice for treatment of 
nonmetastatic cancer. In a recent study of 345 patients who 
had undergone surgical resection for locally advanced colon 
adenocarcinoma, the patients who received the CHM catal-
pol as a treatment had superior outcomes in many respects 
regarding efficacy, safety, and cost of therapy.154 It suggests 
that TCM is an alternative method that improves the survival 
and quality of life of cancer patients.

There have been many reports published that show pa-
tient outcomes after combining TCM with chemotherapy. 
PHY906, formulated using the herbs Scutellaria baicalensis, 
Ziziphus jujuba, Paeonia lactiflora, and Glycyrrhiza glabra, 
has been reported to reduce the adverse effects of capecit-
abine in advanced hepatocellular carcinoma patients in a 
phase I/II clinical study.22,155 It was shown that oral CHM 
improved the outcomes of chemotherapy when consider-
ing quality of life, anemia, and neutropenia in patients with 
NSCLC.13 Curcumin, a polyphenol and bioactive metabolite 
extracted from the rhizomes of Curcuma longa L., is widely 
used in TCM.156 A study of pancreatic cancer demonstrated 
that combination therapy of daily 8 g oral curcumin with 
gemcitabine‐based chemotherapy was both safe and feasible 
for use in patients.157 Cisplatin is considered to be among the 
most effective chemotherapeutic drugs. In human hepatoma 
cells, resveratrol was shown to improve cisplatin toxicity via 
an apoptosis‐dependent mechanism.158 The principal aim of 
chemotherapy was to induce apoptosis in cancer cells, inevi-
tably resulting in various adverse effects, such as gene muta-
tion, cellular toxicity, and drug resistance. TCM can possibly 
perform an important role by reducing the adverse effects 
brought about by chemotherapy, thus improving therapeutic 
outcome and quality of life for patients.

Radiotherapy is an additional important therapeutic 
technique in the fight against cancer. It is reported that ap-
proximately half of women with breast cancer receive radio-
therapy in the most developed countries.159 TCM operates as 
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a radiosensitizing agent for cancer treatment. For example, 
curcumin can sensitize nasopharyngeal carcinoma cells to 
radiation through the regulation of ROS generation, Jab1/
CSN5, and noncoding RNA expression.160 Resveratrol and 
berberine have also been shown to enhance radiosensitiv-
ity in nasopharyngeal carcinoma cells.161,162 Furthermore, 
radiotherapy has the problem that it inevitably involves the 
exposure of noncancerous tissues to radiation, leading to side 
effects such as xerostomia, hepatotoxicity, or pneumonitis. 
TCM is a promising complementary therapy, having been 
used inconsistently in the management of radiotherapy‐in-
duced adverse effects. The results of a systematic review 
indicated that treatment using TCM reduced the incidence 
of radiation xerostomia which is observed in 80% of head 
and neck cancer patients receiving radiotherapy.163 TCM has 
been suggested in an earlier report to be an effective adjunc-
tive therapy for the reduction in the incidence of chronic hep-
atitis in breast cancer patients receiving radiotherapy and/or 
chemotherapy.164 Curcumin has been shown to significantly 
prolong the median survival time of mice bearing esophageal 
squamous cell carcinoma while exposed to radiation ther-
apy.165 In summary, treatment using TCM can be effective in 
enhancing radiosensitization and reducing side effects.

Cancer immunotherapy was ranked as 2013’s Breakthrough 
of the Year by Science.166 Recently, regulation of the im-
mune system to eliminate cancer cells has succeeded in 
clinics through the use of immune checkpoint therapy that 
utilizes blocking antibodies to cytotoxic T lymphocyte an-
tigen‐4 (CTLA‐4) and programmed death‐1 (PD‐1), and via 
chimeric antigen receptor (CAR) T cells.167 TCM can also 
offer a potential immunomodulatory regimen for the treat-
ment of a number of diseases, including cancer. In patients 
with colon cancer, the frequency of T‐helper 1 cells can be 
greatly enhanced after curcumin therapy.168 Combining cur-
cumin‐polyethylene glycol conjugate with a vaccine was 
shown to significantly promote cytotoxic T‐lymphocyte 
response and interferon‐γ release in vivo.169 Resveratrol is 
among the most‐studied natural phytochemicals worldwide 
because its potential therapeutic effects are relevant to the 
treatment of many diseases, including cancer. In a mouse 
renal tumor model, low dose resveratrol administration was 
shown to inhibit tumor growth by modulation of CD8(+) T 
cells.54 Therefore, many TCM compounds may be promising 
candidates for use in combination with immunotherapy as a 
treatment for cancer.

3 |  GENES PARTICIPATE IN 
TREATMENTS USING TCM

Genetic aberrance is a common phenomenon in cancer. For 
example, there are commonly recognized gene mutations in 
KRAS, TP53, and EGFR, and rearrangements in ALK and C
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ROS1 in lung cancers.170 Mutations in oncogenes and tumor 
suppressor genes invariably constitutively activate down-
stream signaling pathways, sustaining carcinogenesis and 
cancer progression together.

3.1 | Impact on tumor suppressor genes
TP53 is a well‐known tumor suppressor gene and mutant p53 
protein is frequently expressed in abundance in numerous 
cancers. p53 can induce cell cycle arrest, apoptosis, or se-
nescence, depending on the specific context, including DNA 
damage, hypoxia, and oncogene activation, etc.171 Several 
studies have demonstrated that curcumin regulates the p53 
signaling pathway. In hepatic stellate cells, curcumin induces 
senescence via modulation of p53 expression.23 In gastric 
cancer, curcumin treatment enhances the expression of p53 
and p21.24 Resveratrol is also reported to induce p53 phos-
phorylation at serine 20 that activates p53‐target genes such 
as PUMA and BAX, thus restoring apoptosis in MCF7 cells 
resistant to cisplatin.46 Furthermore, intracellular aggregation 
of mutant p53 leads to its inactivation. Resveratrol has been 
shown to reduce mutant, but not wild‐type, p53 protein ag-
gregation.47 Berberine induces G2/M phase cell cycle arrest 
via promotion of p53 and p21 expression, and suppression of 
retinoblastoma (Rb), cyclin B1, cyclin‐dependent kinase 1, 
and cdc25c expression in HTB‐94 chondrosarcoma cells.62 
In addition to p53, Rb, PTEN, and APC are also important 
tumor suppressor genes. Curcumin treatment restores the 
expression of the tumor suppressor proteins p53, pRb, and 
PTEN13 in cervical cancer cells.172 Thus, evidence suggests 
that there are TCMs that reactivate the expression of tumor 
suppressor genes that fight cancer.

3.2 | Regulation of oncogene expression
An oncogene, the mutation and/or overexpression of which 
is often observed in cancer, has the potential to cause cancer. 
Chromosomal rearrangements, mutations, and gene amplifi-
cation can activate oncogenes, conferring a growth advantage 
or increased survival to these cells. Studies of the changes in 
Myc, Ras, and Bcl2 oncogenes provided the first wave of evi-
dence that cancer arises from somatic genetic aberrance.173 
Oncogenes can be classified into several categories, com-
prising transcription factors (eg, Myc), growth factors (eg, 
PDGF), growth factor receptors (eg, VEGFR, EGFR), signal 
transducers (eg, PI3K, Akt, mTOR), cytoplasmic tyrosine ki-
nases (eg, Src family), cytoplasmic serine/threonine kinases 
(eg, Raf kinase), or regulators of apoptosis (eg, Bcl2).

Myc is a well‐recognized oncogene, and studies have 
revealed that Myc expression in both BxPC3 and gemcit-
abine‐resistant BxPC3 cells can be suppressed by treatment 
with curcumin.26 Resveratrol has been shown to significantly 
decrease the phosphorylation of Her‐2 and EGFR and the 

expression of Erk in ovarian cancer cell lines.51 A separate 
study demonstrated that resveratrol was able to enhance the 
expression of Caspase 3 and 9 and decrease the expression of 
Bcl2, Ras, Raf, MEK, and ERK1/2 in a dose‐dependent man-
ner in human colon cancer.49 In colon tumor cells, berberine 
treatment was demonstrated to suppress EGFR expression via 
enhancement of Cbl activity.66 As for the regulation of apop-
tosis regulators, curcumin, resveratrol, and berberine have all 
been shown to trigger apoptosis and increase the ratio of Bax/
Bcl‐2 expression.28,49,65 In fact, apoptosis has wide involve-
ment in the antitumor effects of treating with CHM.

4 |  EPIGENETIC BASIS OF TCM

Epigenetics is defined as the study of heritable alterations in 
gene expression that retain the original DNA sequence.174 
Epigenetic modifications play a key role in the regulation of 
the expression of genes related to cell development and dif-
ferentiation. Epigenetic abnormalities are shown to closely 
associate with the process of cancer initiation and progres-
sion.175 In various cancer models, aberrant DNA and histone 
modifications have been shown to silence tumor suppressors 
or promote oncogenes.176 The three major epigenetic modi-
fications, namely DNA methylation, changes to chromatin, 
and noncoding RNA profiles, are discussed in this chapter.

4.1 | DNA methylation and demethylation
The most well‐studied epigenetic marker is DNA methyla-
tion, in which a methyl group is added to the fifth position of 
the six‐membered ring of cytosine which forms 5‐methylcy-
tosine (5‐mC). DNA methylation is mediated by a number of 
enzymes, including cytosine‐5 methyltransferase and DNA 
methyltransferases (DNMT1, DNMT2, DNMT3a, DNMT3b, 
and DNMT3L). DNA methylation participates in numerous 
biological events, including embryonic development, gene 
expression, genomic imprinting, and disease pathogenesis177 
Tumorigenesis is thought to result from the most extreme ab-
errant DNA methylation events, of either tumor suppressor 
gene hypermethylation or oncogene hypomethylation.

Several CHM‐derived phytochemicals have been de-
scribed as regulators of cellular epigenetic events, includ-
ing DNMT activity, in a variety of cancers. In breast cancer, 
curcumin can decrease DNA methylation and DNMT1 ex-
pression, but in particular it can decrease methylation of the 
promoter of ras‐association domain family protein 1A that 
reactivates its expression.29 It appears that resveratrol exerts 
a considerably greater effect on DNA methylation, with treat-
ment of a number of types of cancer cells causing a reduction 
of DNMT enzymatic activity and expression of DNMT1, 
DNMT3A, and DNMT3B in a number of cancer cells.52 
Three hundred and thirty‐eight cancer‐related genes were 
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shown to be hypermethylated and 92 cancer‐related genes 
hypomethylated in MDA‐MB‐231 cells exposed to resvera-
trol for 24 h.178 Berberine has also been shown to change the 
pattern of DNA methylation. In human multiple melanoma 
cell line U266, berberine treatment inhibited the expression 
of DNA methyltransferases DNMT1 and DNMT3B, thus 
triggering hypomethylation of p53 and modifying the p53‐
dependent signaling pathway.67

5‐mC can be deactivated by a family of α‐ketoglutarate‐
dependent dioxygenases, the ten‐eleven translocation (TET) 

proteins (TET1, 2, and 3). The TET proteins are responsible 
for the sequential oxidation of 5‐mC into 5‐hydroxymethyl-
cytosine (5‐hmC), then 5‐formylcytosine (5‐fC), and finally 
5‐carboxylcytosine (5‐caC).179 5‐fC and 5‐caC are short‐
lived intermediates of an active DNA demethylation pathway, 
while 5‐hmC can possibly be regarded as an independent epi-
genetic marker. The global loss of 5‐hmC has recently been 
proposed as a novel candidate biomarker of the presence of 
an aggressive tumor with both diagnostic and prognostic 
implications. Reduced 5‐hmC levels are observed in many 

F I G U R E  1  Schematic diagram demonstrating the application of TCM in cancer therapy based on genetics, epigenetics, tumor 
microenvironment, and cancer stem cells
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cancers, including prostate,179 ovarian,180 melanoma,181 and 
lung 182 cancer. In animal disease models, the growth of ag-
gressive tumors can be thwarted by restoring 5‐hmC levels 
via IDH2 or TET2 overexpression.181 Therefore, modulation 
of the DNA demethylation process could also be an import-
ant target for cancer treatment.

As far as can be ascertained, investigations of the rela-
tionship between TCM and DNA demethylation are limited. 
Dioscin, a natural steroid saponin, has been identified in 
CHM. Dioscin is reported to significantly suppress the pro-
liferation of colon cancer cells via regulation of reactive ox-
ygen species generation, and modulation of the p38 MAPK 
and JNK signaling pathways.183 In breast cancer, dioscin has 
also been shown to suppress cell proliferation, invasion, and 
migration.76 In addition, the expression of TET2 and TET3 
is upregulated, and TET1 downregulated in cells treated with 
dioscin.76 Resveratrol has been shown to enhance the enzy-
matic activities of IDH2.184 It appears that a number of TCM 
phytochemicals are involved in the regulation of 5‐hmC for-
mation and deactivation. In fact, vitamin C, in high abundance 
in fruit and vegetable, has been shown to have wide participa-
tion in the process of DNA hydroxymethylation and so exerts 
antitumor function.185,186 Therefore, it is logical to speculate 
that an important function of TCM in cancer treatment is the 
regulation of TET‐dependent DNA demethylation.

4.2 | Histone modification
Histone modification is the second most important category 
of epigenetic modification. Any chemical reaction, including 
methylation, acetylation, phosphorylation, ubiquitylation, 
or sumoylation, can change the overall structure of chro-
matin, thus affecting gene expression by modulation of the 
condensation of DNA or recruitment of effector molecules 
that regulate the expression of downstream genes.187,188 
Aberrant histone modification can change secondary DNA 
structure leading to abnormal expression of cancer‐related 
genes. Therefore, in many cancer studies, attempts have been 
made to restore the histones to their original state prior to 
modification. Inhibition of DNA and histone methylation 
by decitabine (a potent inhibitor of DNA methylation) and 
3‐Deazaneplanocin‐A (an inhibitor of histone methyltrans-
ferase EZH2) causes a synergistic antineoplastic action and 
activation of many tumor suppressor genes in myeloid leu-
kemic cells.189 Treatment with curcumin has been shown to 
attenuate the expression of PRC2 subunit EZH2 in many can-
cer cells.26,190 Resveratrol can inhibit the activity of lysine‐
specific demethylase‐1, an enzyme that regulates histone 
methylation, and so prevent histone modulation.191 Berberine 
treatment leads to an increase in histone acetyltransferases 
CREBBP and EP300, histone deacetylase SIRT3, histone de-
methylase KDM6A, histone methyltransferase SETD7, and 
a decrease in histone acetyltransferase HDAC8, and histone 

methyltransferases WHSC1I, WHSC1II, and SMYD3 in 
multiple myeloma cells.68 In addition, treatment with berber-
ine results in the downregulation of H3K4me3, H3K27me3, 
and H3K36me3 expression.68 However, as summarized in 
Table 1, reports demonstrating the ability of treatment using 
TCM to influence histone methylation are limited.

Notably, among posttranslational covalent modifications 
of histones, histone acetylation is most extensively studied. 
Histone acetylation is deeply involved in transcriptional 
activation and is regulated by two opposing classes of en-
zymes, histone acetyltransferases (HATs) and deacetylases 
(HDACs).192 HATs perform acetylation of specific lysine 
residues and induce enhanced gene transcription. HDACs 
enable the negatively charged DNA to bind to nucleosome 
proteins by removing acetyl groups from the positively 
charged histone lysine residues, thus performing epigenetic 
regulation of gene expression. The balance between acetyl-
ation and deacetylation through the enzymatic activity of 
HDACs is often dysregulated in numerous diseases, includ-
ing cancer. Therefore, HDACs represent a promising tar-
get for anticancer therapy and HDAC inhibitors are widely 
used clinically as anticancer agents to alter the regulation of 
histone and nonhistone proteins. Curcumin is considered a 
natural pan‐HDAC inhibitor as it can downregulate HDAC 
activity and suppress the expression of HDAC types 1, 2, 3, 
4, 5, 6, 8, and 11 in numerous cancer cell lines.31 Resveratrol 
can also modulate the activity of HDACs both in vitro and 
in vivo. Resveratrol upregulates the acetylation and reactiva-
tion of tumor suppressor gene PTEN via suppression of the 
MTA1/HDAC complex in prostate cancer.53 p53 acetylation 
and so activation occurs as a result of resveratrol's role in 
the inhibition of MTA1 that leads to increased p53 acetyl-
ation.193 Additionally, berberine has been shown to repress 
total HDAC but specifically class I, II, and IV HDAC activity 
via hyperacetylation of histones, downregulation of oncogene 
expression (TNF‐α, COX‐2, MMP‐2, and MMP‐9), and up-
regulation of the expression of tumor suppressor genes (p21 
and p53).65 It appears that histone acetylation and deacetyla-
tion have broad involvement in cancer treatment using TCM.

4.3 | Noncoding RNA regulation
In mammalian cells, the majority of RNAs do not have pro-
tein‐coding function. Transcription eventually produces 
many small mature RNAs, including microRNAs, piRNAs, 
snoRNAs, and tiRNAs, but some transcripts are processed 
into long noncoding RNAs (lncRNAs).194

Gene expression can be regulated at the posttranscrip-
tional level by varieties of microRNA which normally com-
prise 20‐22 nucleotides. MicroRNAs generally block the 
translation of mRNA into protein through their binding to the 
3′‐untranslated region of target mRNAs via imperfect com-
plementary binding. Dysregulation of microRNAs has been 



   | 1965XIANG et Al.

observed throughout various stages of cancer.195 They can 
regulate many signaling pathways involved in cancer initi-
ation, development and progression, therefore, microRNAs 
can be used as an important diagnostic and prognostic bio-
marker. A large number of microRNAs have been shown to 
have involvement in cancer therapy using TCM. The Chinese 
herbal formulation JP‐1 activates p53 and downstream p21 
and BAX proteins in addition to miR‐34a in A549 lung ad-
enocarcinoma cells, leading to inhibition of proliferation, 
induction of apoptosis, a reduction in colony formation, 
and repression of migration.196 It has been suggested that 
miR‐34a is a master p53 downstream tumor suppressor in 
cancer, participating in cell cycle arrest, resistance to apop-
tosis, and progression of epithelial‐mesenchymal transition 
(EMT).197,198 Curcumin induces apoptosis in multiple my-
eloma via modulation of the EZH2‐miR‐101 regulatory feed-
back loop.190 Resveratrol enhances the expression of major 
histocompatibility complex class I chain‐related proteins A 
and B via inhibition of the c‐Myc/miR‐17 pathway in breast 
cancer cells.199 Berberine also regulates the expression of 
microRNAs in various cancers. In SGC‐7901 cells treated 
with berberine, 347 microRNAs were found to be upregu-
lated and 93 downregulated following miRNA sequencing.200 
Regulation of microRNA expression is possibly a mechanism 
underlying many TCM therapies.

lncRNAs, which are defined as having a length of more 
than 200 nucleotides and lacking protein‐coding capability, 
are involved in the regulation of cell proliferation, differen-
tiation, and chromosome modification.201 There is mounting 
evidence confirming that lncRNAs constitute an important 
component of tumor biology (Table 2). It has been found that 
curcumin sensitizes chemoresistant cancer cells by suppress-
ing the expression of the lncRNA PVT1.26 Curcumin inhibits 
the expression of lncRNA H19 in a concentration‐dependent 
manner, and its ectopic expression reverses curcumin‐induced 
cell apoptosis and decreases p53 expression.28 The lncRNA 
MALAT1 serves as a potential marker of survival in stage 
1 NSCLC patients and is downregulated following resvera-
trol treatment.202 It has been reported that the expression of a 
total of 538 lncRNAs can be reversed by treatment with ber-
berine,203 indicating that the global effect of berberine is to 
modulate lncRNA expression. However, published literature 
that documents the involvement of lncRNAs in the antitumor 
effects of berberine is limited. As far as can be ascertained, 
studies of the underlying mechanisms involved in the expres-
sion of lncRNAs for many TCM therapies are sparse.

5 |  TCM MODULATES THE 
TUMOR MICROENVIRONMENT

Tumor microenvironment is described as the cellular 
and physical environment surrounding primary tumors, 

comprising fibroblasts, endothelial, immune, and inflamma-
tory cells, components of the ECM and soluble factors.214 
The tumor microenvironment allows cross‐talk between the 
cancer and host cells, promotes functions such as angiogen-
esis, tumor‐promoting inflammation, and immune escape. 
Modulation of the activity of the immune system, especially 
the immune component of the tumor microenvironment, 
promises considerable potential for the treatment of cancer. 
Over the past decade, it has been shown that multiple fac-
tors within the tumor microenvironment, including immune 
cell infiltration prior to therapy, can influence the outcome 
of immunotherapy.215 As discussed earlier, a large number 
of TCM agents exhibit promising therapeutic effects relat-
ing to immunotherapy, indicating that these TCMs possibly 
contribute to the modulation of the tumor microenviron-
ment. In a mouse renal tumor model, resveratrol was shown 
to enhance the accumulation of activated CD8(+) T cells in 
the tumor microenvironment and increase the expression of 
Fas ligand so as to exert cytotoxicity.54 The regulatory sub-
population of cells (CD4(+)CD25(+)FoxP3(+)Treg cells) is 
among the most potent and well‐studied tumor‐induced im-
munosuppressive phenotype that exists within the tumor mi-
croenvironment. The resveratrol analogue HS‐1793 has been 
shown to modulate this subpopulation.216 Toll‐like receptors 
perform key roles in the host immune system and participate 
in the development of cancer. Curcumin, resveratrol, and 
berberine can suppress activation of the toll‐like receptor 
4 signaling pathway which is closely related to the inflam-
matory response and cancer progression.217 Angiogenesis 
is a fundamental step in tumor proliferation and expansion. 
Curcumin in combination with (−)‐epigallocatechin‐3‐gal-
late markedly reduces tumor growth and microenvironment‐
induced angiogenesis via modulation of the JAK/STAT3/
IL‐8 pathway in colorectal carcinoma.32 Treatment with 
resveratrol can downregulate angiogenesis via decreased 
expression of VEGF in the tumor microenvironment.54 
Berberine has been shown to reduce tumor‐induced angio-
genesis both in vitro and in vivo.69 Cancer‐associated fibro-
blasts, a major component of the tumor microenvironment, 
stimulate tumor progression through cross‐talk. Thus, inhi-
bition of cancer‐associated fibroblasts by curcumin reduces 
the migration and metastasis of pancreatic cancer cells.33 
Resveratrol treatment suppresses proliferation, migration, 
and invasion through downregulation of cyclin D1, c‐Myc, 
MMP‐2, and MMP‐9 expression in human breast cancer 
cells treated with cancer‐associated fibroblast‐conditioned 
media.48 Intervention with berberine is effective in inhibit-
ing cell proliferation and tumorigenicity via suppression of 
STAT3 activation induced by cancer‐associated fibroblasts 
in nasopharyngeal carcinoma cells.70 Composition of the 
intestinal microbiota is closely associated with the devel-
opment of colorectal cancer via their interaction with the 
surrounding environment. Berberine is reported to rescue 
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Fusobacterium nucleatum‐induced colorectal tumorigenesis 
by modulation of tumor microenvironment and interference 
in the activation of tumorigenesis‐related pathways.218 As 
shown in Table 1, there is evidence that all TCM compounds 

summarized differentially exert positive effects against the 
tumor microenvironment. However, it is clear that more 
effort is required to ensure effective and systematic use of 
TCM in controlling the tumor microenvironment.

T A B L E  2  Cross‐talk between lncRNA expression and treatment with curcumin or resveratrol

TCM agent lncRNA Cancer Major findings (reference)

Curcumin UCA1 Lung cancer Curcumin inhibits the expression of lncRNA UCA1; lncRNA 
UCA1 overexpression abolishes the effect of curcumin on cell 
apoptosis204

Curcumin GAS5 Breast cancer Combination of lncRNA GAS5 down‐regulation and dendroso-
mal curcumin treatment shows lower percentages of apoptotic 
cells and a higher level of penetration through membranes 
compared with dendrosomal curcumin treatment alone205

Curcumin PINT Acute lymphoblastic 
leukemia

Curcumin induces the expression of lncRNA PINT206

Curcumin PVT1 Pancreatic cancer PVT1 is the only lncRNA significantly down‐regulated by 
curcumin; curcumin sensitizes chemoresistant cancer cells by 
inhibiting the expression of the PRC2 subunit EZH2 and its 
related lncRNA PVT126

Curcumin ROR Prostate cancer Curcumin induces high miR‐145 expression and inhibits the 
expression of lncRNA ROR207

Curcumin PANDAR Colorectal cancer Curcumin increases lncRNA PANDAR expression; silencing 
lncRNA PANDAR in curcumin‐treated cells induces apoptosis 
and greatly attenuates senescence possibly by stimulating the 
expression of PUMA208

Curcumin MEG3 ovarian cancer Curcumin induces demethylation in the promoter region of 
lncRNA MEG3; lncRNA MEG3 restoration by curcumin 
significantly reduces miR‐214209

Curcumin MEG3, HOTAIR Hepatocellular cancer Curcumin induces lncRNA MEG3 overexpression and lncRNA 
HOTAIR downregulation30

Curcumin HOTAIR Renal cell carcinoma Curcumin inhibits the migration of cells with high lncRNA 
HOTAIR expression210

Curcumin  Nasopharyngeal carcinoma Curcumin significantly reverses irradiation‐induced lncRNAs 
(AF086415, AK095147, RP1‐179N16.3, MUDENG, 
AK056098 and AK294004)211

Curcumin H19 Gastric cancer Curcumin suppresses lncRNA H19 expression in a concentra-
tion‐dependent manner; ectopic expression of lncRNA H19 
reverses curcumin‐induced proliferative inhibition and 
apoptosis, and downregulated p53 expression; curcumin 
decreases the expression of the c‐Myc oncogene and exogenous 
c‐Myc protein reverses curcumin‐induced downregulation of 
lncRNA H19 expression28

Resveratrol NEAT1 Multiple myeloma Resveratrol represses lncRNA NEAT1 expression; resveratrol 
counteracts positive effects of lncRNA NEAT1 overexpression 
on multiple myeloma cell migration and invasion through the 
Wnt/β‐catenin signaling pathway212

Resveratrol AK001796 Lung cancer lncRNA AK001796 is downregulated in resveratrol‐treated lung 
cancer cells213

Resveratrol MALAT1 Colorectal cancer Resveratrol down‐regulates lncRNA MALAT1, resulting in 
decreased nuclear localization of β‐catenin thus attenuated 
Wnt/β‐catenin signaling, which leads to the inhibition of 
colorectal cancer cell invasion and metastasis202
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6 |  TCM AS A TREATMENT FOR 
CANCER STEM CELLS AND EMT 
CELLS

6.1 | TCM against cancer stem cells
Despite the survival of cancer patients improving signifi-
cantly, a large proportion continues to suffer recurrence. 
The failure of many therapeutic agents used to treat cancer 
patients is possibly due to primary or acquired resistance 
to chemotherapeutic or biologic agents. Intratumoral het-
erogeneity of many cancers, considered to be the principle 
reasons for therapeutic resistance include genetic mutation, 
interactions with the microenvironment, and the presence of 
cancer stem cells,8 representing a small population of cells 
within tumors. They have the capacity to self‐renew, prolif-
erate, and differentiate 219 and contribute to the resistance 
to chemotherapeutic agents. They are the source of cells 
that give rise to distant metastases. Phenotypes comprising 
many cell surface markers have been identified for isolating 
cancer stem cells, including CD24, CD44, CD177, CD133, 
CD166, stage‐specific embryonic antigen‐1 (SSEA‐1), 
SSEA‐4, and ALDH1.219,220 Accumulating evidence indi-
cates that TCM is a promising strategy for the elimination 
of cancer stem cells.

As described by Zendehdel et al, curcumin can inhibit 
the viability of cancer stem cells using a variety of mech-
anisms, including prevention of inflammatory cytokine and 
transcription factor activation, inhibition of the activity of 
various protein kinases, suppression of cytokine signaling 
receptors and growth factors, modulation of the activity of 
enzymes participating in inflammation and tumorigenesis, 
and change in the expression of adhesion molecules, apop-
totic proteins, and other targets.222 It has been found that 
curcumin destroys chemoresistant colon cancer stem cells by 
suppressing the expression of the cancer stem cell marker 
genes ALDH, CD44, CD133, and CD166.38 In fact, cur-
cumin has been reported to significantly affect various types 
of cancer stem cell (Table 1).

A study of the effects of exposure to resveratrol in seven 
glioma stem cell lines isolated from glioblastoma multiforme 
patients also found that it inhibited the proliferation of gli-
oma stem cells via modulation of the Wnt signaling pathway 
and c‐Myc expression.57 The effect of resveratrol in cervical 
cancer stem cells is to cause sensitization that induces apop-
tosis by inhibiting RAD51 expression.58 In breast cancer, 
resveratrol prevents cancer stem cell‐like characteristics by 
promoting the expression of a number of tumor‐suppress-
ing miRNAs, including miR‐16, −141, −143, and −200c.59 
Resveratrol has been demonstrated to have efficacy against 
colon cancer stem cells through elevation of p53 levels, the 
Bax/Bcl‐2 ratio, and cleavage of PARP.60 Furthermore, res-
veratrol sensitizes leukemia stem cell‐like KG‐1a cells to 

cytokine‐induced killer cell‐mediated cytolysis through an 
increase in cell surface expression of NKG2D ligands and 
activation of the TRAIL pathway.61 In summary, resveratrol 
is widely used in the treatment of cancer stem cells.

Treatment with berberine has been shown to reduce the 
activity of ALDH1, capability for self‐renewal and metasta-
sis, and the chemosensitivity of oral squamous cell carcinoma 
stem cells in a dose‐dependent manner.71 Berberine‐filled li-
posomes have been reported to cross the cell membrane of 
cancer stem cells, suppressing ABC transporters and regulat-
ing apoptosis‐related signaling pathways.223 However, there 
are fewer reports of treatment of cancer stem cells with ber-
berine than with curcumin or resveratrol.

6.2 | TCM for prevention of 
EMT and metastasis
It has been reported that breast cancer stem cells originate 
from either normal mammary stem cells or mammary epi-
thelial cells via an EMT process.219 EMT is a fundamental 
mechanism that occurs during embryonic development and 
tissue differentiation, referring to the progressive loss of 
epithelial cell characteristics and the acquisition of mesen-
chymal features and stem‐like properties. EMT is an early 
step leading to solid tumor progression and is implicated 
in tumor growth, invasion, metastasis, and resistance to 
therapy. It contributes to the conversion of tumors from 
low‐ to high‐grade malignancy.224,225 EMT, cancer stem 
cells and the microenvironment are closely related. The 
tumor microenvironment can instruct carcinoma cells to 
undergo EMT to initiate local invasion and metastatic dis-
semination.214 It has been suggested that activation of an 
EMT program leads these cells to acquire cancer stem cell 
properties.224 Therefore, targeting the signals involved in 
EMT has been shown to halt tumor progression in various 
human cancers.

Curcumin can block β‐catenin nuclear translocation and 
restore the expression of E‐cadherin and so amplify E‐cad-
herin/β‐catenin complex formation and β‐catenin cytosolic 
retention, thus suppressing EMT and migration of breast 
cancer stem cells.226 In colorectal cancer, curcumin inhibits 
EMT progression by enhancing E‐cadherin expression, de-
creasing vimentin expression, and regulation of the NKD2‐
Wnt‐CXCR4 signaling pathway.227 A large number of studies 
have been published that document the influence of treatment 
with curcumin on the EMT process and metastasis.

Resveratrol has also been shown to inhibit the migra-
tion and invasion of cancer stem cells by downregulation 
of the EMT process. In oral squamous cell carcinoma cells, 
resveratrol can suppress cell invasion and migration by de-
creasing the expression of EMT‐inducing transcription fac-
tors.228 During cancer chemotherapy, acquired Doxorubicin 
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resistance severely impedes the therapeutic effect, invari-
ably leading to poor prognosis. In gastric cancer, resvera-
trol can reverse Doxorubicin resistance by interfering with 
the EMT process via modulation of PTEN/Akt signaling.229 
Resveratrol appears to be a potent inhibitor of EMT and me-
tastasis in cancer.

The transforming growth factor‐β (TGF‐β) signaling path-
way regulates proliferation, invasion, migration, and EMT in 
cancer cells. Berberine is able to reduce the expression of 
TGF‐β1, cell migration, and in vivo tumor growth in breast 
and lung cancer.230 In nasopharyngeal carcinomas, berberine 
inhibits TGF‐β‐induced tumor invasion and the EMT process 
by regulation of E‐cadherin expression and suppression of 
Sp1 expression.162 Additionally, berberine attenuates the ex-
pression of the cancer stemness marker CD133, upregulates 
the mesenchymal markers vimentin and fibronectin, and re-
stores the epithelial marker E‐cadherin in neuroblastoma,231 
indicating that berberine can possibly block the cross‐talk 
between cells undergoing EMT and cancer stem cells, thus 
inhibiting cancer development and recurrence.

7 |  CONCLUSIONS AND 
PERSPECTIVE

In recent decades, increasing numbers of patients have 
been attracted to use TCM as an adjuvant therapy option 
for various diseases. In particular, TCM‐based CHM has 
increasingly been shown to exhibit promising therapeutic 
effects as an adjunctive treatment following surgery, chem-
otherapy, radiotherapy, or other types of therapy for cancer 
patients worldwide. CHM is considered a gift of nature and 
these compounds derived from herbs have the advantage of 
availability, efficacy, and relatively low toxicity compared 
with chemotherapy. Evidence has confirmed that TCM in 
combination with chemotherapy or radiotherapy is capable 
of promoting the efficacy of and diminishing the limita-
tions and drawbacks induced by chemotherapy and radio-
therapy.232 A considerable quantity of research has been 
performed to elucidate the mechanisms underlying the ben-
eficial effects of TCM in cancer treatment. As mentioned 
above, TCM can possibly regulate oncogenes and tumor 
suppressor genes, epigenetic modification, the microenvi-
ronment, and cancer stem cells. The objective of this re-
view was to contribute to a clearer understanding of TCM 
as an adjuvant therapy for cancer. The number of studies 
on curcumin and resveratrol in cancer therapy are in much 
greater abundance than other CHM‐derived phytochemi-
cals, so there is much to learn about those compounds. In 
order to apply the full potential of TCM in cancer therapy 
and broaden its application, the underlying mechanisms 
of many more CHM‐derived compounds must be further 
exploited.

ACKNOWLEDGEMENTS

This work was funded by the National Natural Science 
Foundation of China (Nos. 81502582 and U1603125). Fund 
was also provided by the Program for JLU Science and 
Technology Innovative Research Team (2017TD‐28), and 
the Fundamental Research Funds for the Central Universities 
(N182004002 and N182008004). Project 201810145207 
supported by National Training Program of Innovation and 
Entrepreneurship for Undergraduates.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

ORCID

Yongye Huang  https://orcid.org/0000-0002-9083-250X 

REFERENCES

 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of in-
cidence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018.

 2. Chen W, Zheng R, Zuo T, Zeng H, Zhang S, He J. National can-
cer incidence and mortality in China, 2012. Chin J Cancer Res. 
2016;28:1‐11.

 3. Tiwari B, Jones AE, Abrams JM. Transposons, p53 and genome 
security. Trends Genet. 2018;34:846‐855.

 4. Turnbull C, Sud A, Houlston RS. Cancer genetics, precision pre-
vention and a call to action. Nat Genet. 2018;50:1212‐1218.

 5. Lapidot T, Sirard C, Vormoor J, et al. A cell initiating human 
acute myeloid leukaemia after transplantation into SCID mice. 
Nature. 1994;367:645‐648.

 6. Vlashi E, Pajonk F. Cancer stem cells, cancer cell plasticity and 
radiation therapy. Semin Cancer Biol. 2015;31:28‐35.

 7. Al‐Hajj M, Wicha MS, Benito‐Hernandez A, Morrison SJ, Clarke 
MF. Prospective identification of tumorigenic breast cancer cells. 
Proc Natl Acad Sci U S A. 2003;100:3983‐3988.

 8. Dawood S, Austin L, Cristofanilli M. Cancer stem cells: im-
plications for cancer therapy. Oncology (Williston Park). 
2014;28(1101–1107):1110.

 9. Hanahan D, Weinberg RA. Hallmarks of cancer: the next genera-
tion. Cell. 2011;144:646‐674.

 10. Cui Y, Shu X‐O, Gao Y, et al. Use of complementary and alter-
native medicine by Chinese women with breast cancer. Breast 
Cancer Res Treat. 2004;85:263‐270.

 11. Chen Z, Gu K, Zheng Y, Zheng W, Lu W, Shu XO. The use of com-
plementary and alternative medicine among Chinese women with 
breast cancer. J Altern Complement Med. 2008;14:1049‐1055.

 12. Chen G, Qiao T‐T, Ding H, et al. Use of Chinese herbal medicine 
therapies in comprehensive hospitals in central China: a paral-
lel survey in cancer patients and clinicians. J Huazhong Univ Sci 
Technol Med Sci. 2015;35:808‐814.

 13. Chen S, Flower A, Ritchie A, et al. Oral Chinese herbal medi-
cine (CHM) as an adjuvant treatment during chemotherapy for 

https://orcid.org/0000-0002-9083-250X
https://orcid.org/0000-0002-9083-250X


   | 1969XIANG et Al.

non‐small cell lung cancer: a systematic review. Lung Cancer. 
2010;68:137‐145.

 14. Liu R, He SL, Zhao YC, et al. Chinese herbal decoction based on 
syndrome differentiation as maintenance therapy in patients with 
extensive‐stage small‐cell lung cancer: an exploratory and small 
prospective cohort study. Evid Based Complement Alternat Med. 
2015;2015:601067.

 15. Li SG, Chen HY, Ou‐Yang CS, et al. The efficacy of Chinese 
herbal medicine as an adjunctive therapy for advanced non‐small 
cell lung cancer: a systematic review and meta‐analysis. Plos One. 
2013;8:e57604.

 16. Owen HC, Appiah S, Hasan N, Ghali L, Elayat G, Bell C. 
Phytochemical modulation of apoptosis and autophagy: strat-
egies to overcome chemoresistance in leukemic stem cells 
in the bone marrow microenvironment. Int Rev Neurobiol. 
2017;135:249‐278.

 17. Hu Y, Wang S, Wu Xu, et al. Chinese herbal medicine‐derived 
compounds for cancer therapy: a focus on hepatocellular carci-
noma. J Ethnopharmacol. 2013;149:601‐612.

 18. Xu XH, Li T, Fong CM, et al. Saponins from Chinese medicines 
as anticancer agents. Molecules. 2016;21.

 19. Nie J, Zhao C, Deng Li, et al. Efficacy of traditional Chinese med-
icine in treating cancer. Biomed Rep. 2016;4:3‐14.

 20. Ting CT, Li WC, Chen CY, Tsai TH. Preventive and therapeutic 
role of traditional Chinese herbal medicine in hepatocellular car-
cinoma. J Chin Med Assoc. 2015;78:139‐144.

 21. Wang Z, Qi F, Cui Y, et al. An update on Chinese herbal med-
icines as adjuvant treatment of anticancer therapeutics. Biosci 
Trends. 2018;12:220‐239.

 22. Hsiao WL, Liu L. The role of traditional Chinese herbal med-
icines in cancer therapy–from TCM theory to mechanistic in-
sights. Planta Med. 2010;76:1118‐1131.

 23. Jin H, Lian N, Zhang F, et al. Activation of PPARgamma/P53 
signaling is required for curcumin to induce hepatic stellate cell 
senescence. Cell Death Dis. 2016;7:e2189.

 24. Fu H, Wang C, Yang D, et al. Curcumin regulates proliferation, 
autophagy, and apoptosis in gastric cancer cells by affecting PI3K 
and P53 signaling. J Cell Physiol. 2018;233:4634‐4642.

 25. Kim DH, Suh J, Surh YJ, Na HK. Regulation of the tumor sup-
pressor PTEN by natural anticancer compounds. Ann N Y Acad 
Sci. 2017;1401:136‐149.

 26. Yoshida K, Toden S, Ravindranathan P, Han H, Goel A. Curcumin 
sensitizes pancreatic cancer cells to gemcitabine by attenuat-
ing PRC2 subunit EZH2, and the lncRNA PVT1 expression. 
Carcinogenesis. 2017;38:1036‐1046.

 27. Gao JZ, Du JL, Wang YL, Li J, Wei LX, Guo MZ. Synergistic 
effects of curcumin and bevacizumab on cell signaling pathways 
in hepatocellular carcinoma. Oncol Lett. 2015;9:295‐299.

 28. Liu G, Xiang T, Wu QF, Wang WX. Curcumin suppresses the 
proliferation of gastric cancer cells by downregulating H19. 
Oncol Lett. 2016;12:5156‐5162.

 29. Dammann RH, Richter AM, Jimenez AP, Woods M, Kuster M, 
Witharana C. Impact of natural compounds on DNA methylation 
levels of the tumor suppressor gene RASSF1A in cancer. Int J 
Mol Sci. 2017;18:2160.

 30. Zamani M, Sadeghizadeh M, Behmanesh M, Najafi F. 
Dendrosomal curcumin increases expression of the long non‐cod-
ing RNA gene MEG3 via up‐regulation of epi‐miRs in hepatocel-
lular cancer. Phytomedicine. 2015;22:961‐967.

 31. Soflaei SS, Momtazi‐Borojeni AA, Majeed M, Derosa G, 
Maffioli P, Sahebkar A. Curcumin: a natural pan‐HDAC inhibitor 
in cancer. Curr Pharm Des. 2018;24:123‐129.

 32. Jin G, Yang Y, Liu K, et al. Combination curcumin and (‐)‐epi-
gallocatechin‐3‐gallate inhibits colorectal carcinoma microen-
vironment‐induced angiogenesis by JAK/STAT3/IL‐8 pathway. 
Oncogenesis. 2017;6:e384.

 33. Wang Q, Qu C, Xie F, et al. Curcumin suppresses epithelial‐to‐
mesenchymal transition and metastasis of pancreatic cancer cells 
by inhibiting cancer‐associated fibroblasts. Am J Cancer Res. 
2017;7:125‐133.

 34. Kreutz D, Sinthuvanich C, Bileck A, et al. Curcumin exerts its 
antitumor effects in a context dependent fashion. J Proteomics. 
2018;182:65‐72.

 35. Buhrmann C, Kraehe P, Lueders C, Shayan P, Goel A, Shakibaei 
M. Curcumin suppresses crosstalk between colon cancer stem 
cells and stromal fibroblasts in the tumor microenvironment: po-
tential role of EMT. Plos One. 2014;9:e107514.

 36. Lee HH, Cho H. Improved anti‐cancer effect of curcumin on 
breast cancer cells by increasing the activity of natural killer cells. 
J Microbiol Biotechnol. 2018;28:874‐882.

 37. Liao F, Liu L, Luo E, Hu J. Curcumin enhances anti‐tumor im-
mune response in tongue squamous cell carcinoma. Arch Oral 
Biol. 2018;92:32‐37.

 38. Nautiyal J, Kanwar SS, Yu Y, Majumdar AP. Combination of 
dasatinib and curcumin eliminates chemo‐resistant colon cancer 
cells. J Mol Signal. 2011;6:7.

 39. Li Y, Domina A, Lim G, Chang T, Zhang T. Evaluation of cur-
cumin, a natural product in turmeric, on Burkitt lymphoma and 
acute myeloid leukemia cancer stem cell markers. Future Oncol. 
2018;14:2353‐2360.

 40. Mukherjee S, Fried A, Hussaini R, et al. Phytosomal curcumin 
causes natural killer cell‐dependent repolarization of glioblas-
toma (GBM) tumor‐associated microglia/macrophages and elim-
ination of GBM and GBM stem cells. J Exp Clin Cancer Res. 
2018;37:168.

 41. Wang J, Wang C, Bu G. Curcumin inhibits the growth of liver 
cancer stem cells through the phosphatidylinositol 3‐kinase/pro-
tein kinase B/mammalian target of rapamycin signaling pathway. 
Exp Ther Med. 2018;15:3650‐3658.

 42. Li X, Wang X, Xie C, et al. Sonic hedgehog and Wnt/beta‐catenin 
pathways mediate curcumin inhibition of breast cancer stem cells. 
Anticancer Drugs. 2018;29:208‐215.

 43. Zhou QM, Sun Y, Lu YY, Zhang H, Chen QL, Su SB. Curcumin 
reduces mitomycin C resistance in breast cancer stem cells by 
regulating Bcl‐2 family‐mediated apoptosis. Cancer Cell Int. 
2017;17:84.

 44. Jiang P, Xu C, Zhou M, et al. RXRalpha‐enriched cancer stem 
cell‐like properties triggered by CDDP in head and neck squamous 
cell carcinoma (HNSCC). Carcinogenesis. 2018;39:252‐262.

 45. Zhang H, Zheng J, Shen H, et al. Curcumin suppresses in vitro 
proliferation and invasion of human prostate cancer stem cells 
by modulating DLK1‐DIO3 imprinted gene cluster microRNAs. 
Genet Test Mol Biomarkers. 2018;22:43‐50.

 46. Hernandez‐Valencia J, Garcia‐Villa E, Arenas‐Hernandez A, 
Garcia‐Mena J, Diaz‐Chavez J, Gariglio P. Induction of p53 phos-
phorylation at serine 20 by resveratrol is required to activate p53 
target genes, restoring apoptosis in MCF‐7 cells resistant to cis-
platin. Nutrients. 2018;10.



1970 |   XIANG et Al.

 47. Ferraz da Costa DC, Campos N, Santos RA, et al. Resveratrol 
prevents p53 aggregation in vitro and in breast cancer cells. 
Oncotarget. 2018;9:29112‐29122.

 48. Suh J, Kim DH, Surh YJ. Resveratrol suppresses migration, 
invasion and stemness of human breast cancer cells by inter-
fering with tumor‐stromal cross‐talk. Arch Biochem Biophys. 
2018;643:62‐71.

 49. Chen H, Jin ZL, Xu H. MEK/ERK signaling pathway in apoptosis 
of SW620 cell line and inhibition effect of resveratrol. Asian Pac 
J Trop Med. 2016;9:49‐53.

 50. Saud SM, Li W, Morris NL, et al. Resveratrol prevents tumori-
genesis in mouse model of Kras activated sporadic colorectal can-
cer by suppressing oncogenic Kras expression. Carcinogenesis. 
2014;35:2778‐2786.

 51. Hogg SJ, Chitcholtan K, Hassan W, Sykes PH, Garrill A. 
Resveratrol, acetyl‐resveratrol, and polydatin exhibit antigrowth 
activity against 3D cell aggregates of the SKOV‐3 and OVCAR‐8 
ovarian cancer cell lines. Obstet Gynecol Int. 2015;2015:279591.

 52. Fernandes G, Silva G, Pavan AR, et al. Epigenetic regulatory 
mechanisms induced by resveratrol. Nutrients. 2017;9:1201.

 53. Dhar S, Kumar A, Li K, Tzivion G, Levenson AS. Resveratrol 
regulates PTEN/Akt pathway through inhibition of MTA1/HDAC 
unit of the NuRD complex in prostate cancer. Biochim Biophys 
Acta. 2015;1853:265‐275.

 54. Chen L, Yang S, Liao W, Xiong Y. Modification of antitumor 
immunity and tumor microenvironment by resveratrol in mouse 
renal tumor model. Cell Biochem Biophys. 2015;72:617‐625.

 55. Menicacci B, Laurenzana A, Chillà A, et al. Chronic resvera-
trol treatment inhibits MRC5 fibroblast SASP‐related protu-
moral effects on melanoma cells. J Gerontol A Biol Sci Med Sci. 
2017;72:1187‐1195.

 56. Vancauwenberghe E, Noyer L, Derouiche S, et al. Activation 
of mutated TRPA1 ion channel by resveratrol in human pros-
tate cancer associated fibroblasts (CAF). Mol Carcinog. 
2017;56:1851‐1867.

 57. Cilibrasi C, Riva G, Romano G, et al. Resveratrol impairs glioma 
stem cells proliferation and motility by modulating the Wnt sig-
naling pathway. Plos One. 2017;12:e0169854.

 58. Ruiz G, Valencia‐Gonzalez HA, Leon‐Galicia I, Garcia‐Villa E, 
Garcia‐Carranca A, Gariglio P. Inhibition of RAD51 by siRNA 
and resveratrol sensitizes cancer stem cells derived from HeLa 
cell cultures to apoptosis. Stem Cells Int. 2018;2018:2493869.

 59. Hagiwara K, Kosaka N, Yoshioka Y, Takahashi RU, Takeshita F, 
Ochiya T. Stilbene derivatives promote Ago2‐dependent tumour‐
suppressive microRNA activity. Sci Rep. 2012;2:314.

 60. Reddivari L, Charepalli V, Radhakrishnan S, et al. Grape com-
pounds suppress colon cancer stem cells in vitro and in a rodent 
model of colon carcinogenesis. BMC Complement Alternat Med. 
2016;16:278.

 61. Hu L, Cao D, Li Y, He Y, Guo K. Resveratrol sensitized leukemia 
stem cell‐like KG‐1a cells to cytokine‐induced killer cells‐me-
diated cytolysis through NKG2D ligands and TRAIL receptors. 
Cancer Biol Ther. 2012;13:516‐526.

 62. Eo SH, Kim JH, Kim SJ. Induction of G(2)/M arrest by berber-
ine via activation of PI3K/Akt and p38 in human chondrosarcoma 
cell line. Oncol Res. 2014;22:147‐157.

 63. Chen Q, Qin R, Fang Y, Li H. Berberine sensitizes human ovar-
ian cancer cells to cisplatin through miR‐93/PTEN/Akt signaling 
pathway. Cell Physiol Biochem. 2015;36:956‐965.

 64. Zhang R, Qiao H, Chen S, et al. Berberine reverses lapatinib resis-
tance of HER2‐positive breast cancer cells by increasing the level 
of ROS. Cancer Biol Ther. 2016;17:925‐934.

 65. Kalaiarasi A, Anusha C, Sankar R, et al. Plant Isoquinoline alka-
loid berberine exhibits chromatin remodeling by modulation of 
histone deacetylase to induce growth arrest and apoptosis in the 
A549 cell line. J Agric Food Chem. 2016;64:9542‐9550.

 66. Wang L, Cao H, Lu N, et al. Berberine inhibits proliferation and 
down‐regulates epidermal growth factor receptor through activa-
tion of Cbl in colon tumor cells. Plos One. 2013;8:e56666.

 67. Qing Y, Hu H, Liu Y, et al. Berberine induces apoptosis in human 
multiple myeloma cell line U266 through hypomethylation of p53 
promoter. Cell Biol Int. 2014;38:563‐570.

 68. Wang Z, Liu Y, Xue Y, et al. Berberine acts as a putative epi-
genetic modulator by affecting the histone code. Toxicol In Vitro. 
2016;36:10‐17.

 69. Chu SC, Yu CC, Hsu LS, Chen KS, Su MY, Chen PN. Berberine 
reverses epithelial‐to‐mesenchymal transition and inhibits metas-
tasis and tumor‐induced angiogenesis in human cervical cancer 
cells. Mol Pharmacol. 2014;86:609‐623.

 70. Tsang CM, Cheung YC, Lui V‐Y, et al. Berberine suppresses tu-
morigenicity and growth of nasopharyngeal carcinoma cells by 
inhibiting STAT3 activation induced by tumor associated fibro-
blasts. BMC Cancer. 2013;13:619.

 71. Lin C‐Y, Hsieh P‐L, Liao Y‐W, et al. Berberine‐targeted 
miR‐21 chemosensitizes oral carcinomas stem cells. Oncotarget. 
2017;8:80900‐80908.

 72. Li H, Guo L, Jie S, et al. Berberine inhibits SDF‐1‐induced AML 
cells and leukemic stem cells migration via regulation of SDF‐1 
level in bone marrow stromal cells. Biomed Pharmacother. 
2008;62:573‐578.

 73. Zhang G, Zeng X, Zhang R, et al. Dioscin suppresses hepatocel-
lular carcinoma tumor growth by inducing apoptosis and regula-
tion of TP53, BAX, BCL2 and cleaved CASP3. Phytomedicine. 
2016;23:1329‐1336.

 74. Tao X, Xu L, Yin L, et al. Dioscin induces prostate cancer cell 
apoptosis through activation of estrogen receptor‐beta. Cell Death 
Dis. 2017;8:e2989.

 75. Liu W, Zhao Z, Wang Y, et al. Dioscin inhibits stem‐cell‐like 
properties and tumor growth of osteosarcoma through Akt/GSK3/
beta‐catenin signaling pathway. Cell Death Dis. 2018;9:343.

 76. Aumsuwan P, Khan SI, Khan IA, et al. The anticancer poten-
tial of steroidal saponin, dioscin, isolated from wild yam 
(Dioscorea villosa) root extract in invasive human breast can-
cer cell line MDA‐MB‐231 in vitro. Arch Biochem Biophys. 
2016;591:98‐110.

 77. Kou Yu, Ji L, Wang H, et al. Connexin 43 upregulation by dioscin 
inhibits melanoma progression via suppressing malignancy and 
inducing M1 polarization. Int J Cancer. 2017;141:1690‐1703.

 78. Gong W‐y, Wu J‐F, Liu B‐J, et al. Flavonoid components in 
Scutellaria baicalensis inhibit nicotine‐induced proliferation, me-
tastasis and lung cancer‐associated inflammation in vitro. Int J 
Oncol. 2014;44:1561‐1570.

 79. Ling Y, Chen Y, Chen Pu, et al. Baicalein potently suppresses an-
giogenesis induced by vascular endothelial growth factor through 
the p53/Rb signaling pathway leading to G1/S cell cycle arrest. 
Exp Biol Med (Maywood). 2011;236:851‐858.

 80. Lu C, Wang H, Chen S, Yang R, Li H, Zhang G. Baicalein inhibits 
cell growth and increases cisplatin sensitivity of A549 and H460 



   | 1971XIANG et Al.

cells via miR‐424‐3p and targeting PTEN/PI3K/Akt pathway. J 
Cell Mol Med. 2018;22:2478‐2487.

 81. Han Z, Zhu S, Han X, Wang Z, Wu S, Zheng R. Baicalein inhibits 
hepatocellular carcinoma cells through suppressing the expres-
sion of CD24. Int Immunopharmacol. 2015;29:416‐422.

 82. Zhao X, Qu J, Liu X, et al. Baicalein suppress EMT of breast 
cancer by mediating tumor‐associated macrophages polarization. 
Am J Cancer Res. 2018;8:1528‐1540.

 83. Huang Y, Miao Z, Hu Y, et al. Baicalein reduces angiogenesis in 
the inflammatory microenvironment via inhibiting the expression 
of AP‐1. Oncotarget. 2017;8:883‐899.

 84. Pu W‐L, Luo Y‐Y, Bai R‐Y, et al. Baicalein inhibits acinar‐
to‐ductal metaplasia of pancreatic acinal cell AR42J via im-
proving the inflammatory microenvironment. J Cell Physiol. 
2018;233:5747‐5755.

 85. Wu R, Murali R, Kabe Y, et al. Baicalein targets GTPase‐medi-
ated autophagy to eliminate liver tumor‐initiating stem cell‐like 
cells resistant to mTORC1 inhibition. Hepatology. 2018.

 86. Song L, Chen X, Wang P, Gao S, Qu C, Liu L. Effects of baicalein 
on pancreatic cancer stem cells via modulation of sonic Hedgehog 
pathway. Acta Biochim Biophys Sin (Shanghai). 2018;50:586‐596.

 87. Ruibin J, Bo J, Danying W, Chihong Z, Jianguo F, Linhui G. 
Therapy effects of wogonin on ovarian cancer cells. Biomed Res 
Int. 2017;2017:9381513.

 88. Chen XM, Bai Y, Zhong YJ, et al. Wogonin has multiple anti‐can-
cer effects by regulating c‐Myc/SKP2/Fbw7alpha and HDAC1/
HDAC2 pathways and inducing apoptosis in human lung adeno-
carcinoma cell line A549. Plos One. 2013;8:e79201.

 89. Zhao Y, Yao J, Wu XP, et al. Wogonin suppresses human alveolar 
adenocarcinoma cell A549 migration in inflammatory microenvi-
ronment by modulating the IL‐6/STAT3 signaling pathway. Mol 
Carcinog. 2015;54(Suppl 1):E81‐93.

 90. Huynh DL, Kwon T, Zhang JJ, et al. Wogonin suppresses stem 
cell‐like traits of CD133 positive osteosarcoma cell via inhibiting 
matrix metallopeptidase‐9 expression. BMC Complement Altern 
Med. 2017;17:304.

 91. Liang Z, Yang Y, Wang H, et al. Inhibition of SIRT1 signaling sensi-
tizes the antitumor activity of silybin against human lung adenocarci-
noma cells in vitro and in vivo. Mol Cancer Ther. 2014;13:1860‐1872.

 92. Cui W, Gu F, Hu KQ. Effects and mechanisms of silibinin on 
human hepatocellular carcinoma xenografts in nude mice. World 
J Gastroenterol. 2009;15:1943‐1950.

 93. Chakrabarti M, Ray SK. Synergistic anti‐tumor actions of luteolin 
and silibinin prevented cell migration and invasion and induced 
apoptosis in glioblastoma SNB19 cells and glioblastoma stem 
cells. Brain Res. 2015;1629:85‐93.

 94. Shukla SK, Dasgupta A, Mehla K, et al. Silibinin‐mediated met-
abolic reprogramming attenuates pancreatic cancer‐induced ca-
chexia and tumor growth. Oncotarget. 2015;6:41146‐41161.

 95. Mao J, Yang H, Cui T, et al. Combined treatment with sorafenib 
and silibinin synergistically targets both HCC cells and can-
cer stem cells by enhanced inhibition of the phosphorylation of 
STAT3/ERK/AKT. Eur J Pharmacol. 2018;832:39‐49.

 96. de Oliveira DT, Sávio A, de Castro Marcondes JP, et al. Cytotoxic 
and toxicogenomic effects of silibinin in bladder cancer cells with 
different TP53 status. J Biosci. 2017;42:91‐101.

 97. Anestopoulos I, Sfakianos AP, Franco R, et al. A novel role of 
silibinin as a putative epigenetic modulator in human prostate car-
cinoma. Molecules. 2016;22.

 98. Mateen S, Raina K, Jain AK, Agarwal C, Chan D, Agarwal 
R. Epigenetic modifications and p21‐cyclin B1 nexus in anti-
cancer effect of histone deacetylase inhibitors in combination 
with silibinin on non‐small cell lung cancer cells. Epigenetics. 
2012;7:1161‐1172.

 99. Ting H, Deep G, Kumar S, Jain AK, Agarwal C, Agarwal R. 
Beneficial effects of the naturally occurring flavonoid silibinin 
on the prostate cancer microenvironment: role of monocyte che-
motactic protein‐1 and immune cell recruitment. Carcinogenesis. 
2016;37:589‐599.

 100. Ting HJ, Deep G, Jain AK, et al. Silibinin prevents prostate can-
cer cell‐mediated differentiation of naive fibroblasts into can-
cer‐associated fibroblast phenotype by targeting TGF beta2. Mol 
Carcinog. 2015;54:730‐741.

 101. Forghani P, Khorramizadeh MR, Waller EK. Silibinin inhibits ac-
cumulation of myeloid‐derived suppressor cells and tumor growth 
of murine breast cancer. Cancer Med. 2014;3:215‐224.

 102. Chang YC, Jan CI, Peng CY, Lai YC, Hu FW, Yu CC. Activation 
of microRNA‐494‐targeting Bmi1 and ADAM10 by silibi-
nin ablates cancer stemness and predicts favourable prognostic 
value in head and neck squamous cell carcinomas. Oncotarget. 
2015;6:24002‐24016.

 103. Abdollahi P, Ebrahimi M, Motamed N, Samani FS. Silibinin 
affects tumor cell growth because of reduction of stemness 
properties and induction of apoptosis in 2D and 3D models of 
MDA‐MB‐468. Anticancer Drugs. 2015;26:487‐497.

 104. Kumar S, Raina K, Agarwal C, Agarwal R. Silibinin strongly 
inhibits the growth kinetics of colon cancer stem cell‐enriched 
spheroids by modulating interleukin 4/6‐mediated survival sig-
nals. Oncotarget. 2014;5:4972‐4989.

 105. Corominas‐Faja B, Oliveras‐Ferraros C, Cuyas E, et al. Stem cell‐
like ALDH(bright) cellular states in EGFR‐mutant non‐small cell 
lung cancer: a novel mechanism of acquired resistance to erlo-
tinib targetable with the natural polyphenol silibinin. Cell Cycle. 
2013;12:3390‐3404.

 106. Gong C, Yang Z, Zhang L, Wang Y, Gong W, Liu Y. Quercetin 
suppresses DNA double‐strand break repair and enhances the 
radiosensitivity of human ovarian cancer cells via p53‐depen-
dent endoplasmic reticulum stress pathway. Onco Targets Ther. 
2018;11:17‐27.

 107. Li SZ, Qiao SF, Zhang JH, Li K. quercetin increase the chemo-
sensitivity of breast cancer cells to doxorubicin via PTEN/Akt 
pathway. Anticancer Agents Med Chem. 2015;15:1185‐1189.

 108. Chen K‐C, Hsu W‐H, Ho J‐Y, et al. Flavonoids luteolin and quer-
cetin inhibit RPS19 and contributes to metastasis of cancer cells 
through c‐Myc reduction. J Food Drug Anal. 2018;26:1180‐1191.

 109. Appari M, Babu KR, Kaczorowski A, Gross W, Herr I. 
Sulforaphane, quercetin and catechins complement each other in 
elimination of advanced pancreatic cancer by miR‐let‐7 induction 
and K‐ras inhibition. Int J Oncol. 2014;45:1391‐1400.

 110. Li X, Zhou Na, Wang J, et al. Quercetin suppresses breast can-
cer stem cells (CD44(+)/CD24(‐)) by inhibiting the PI3K/Akt/
mTOR‐signaling pathway. Life Sci. 2018;196:56‐62.

 111. Shen X, Si Y, Wang Z, Wang J, Guo Y, Zhang X. Quercetin inhib-
its the growth of human gastric cancer stem cells by inducing mi-
tochondrial‐dependent apoptosis through the inhibition of PI3K/
Akt signaling. Int J Mol Med. 2016;38:619‐626.

 112. Jia L, Huang S, Yin X, Zan Y, Guo Y, Han L. Quercetin sup-
presses the mobility of breast cancer by suppressing glycolysis 



1972 |   XIANG et Al.

through Akt‐mTOR pathway mediated autophagy induction. Life 
Sci. 2018;208:123‐130.

 113. Zheng NG, Wang JL, Yang SL, Wu JL. Aberrant epigenetic al-
teration in Eca9706 cells modulated by nanoliposomal quercetin 
combined with butyrate mediated via epigenetic‐NF‐kappaB sig-
naling. Asian Pac J Cancer Prev. 2014;15:4539‐4543.

 114. Lee M, Son M, Ryu E, et al. Quercetin‐induced apoptosis prevents 
EBV infection. Oncotarget. 2015;6:12603‐12624.

 115. Lee WJ, Chen YR, Tseng TH. Quercetin induces FasL‐related 
apoptosis, in part, through promotion of histone H3 acetylation in 
human leukemia HL‐60 cells. Oncol Rep. 2011;25:583‐591.

 116. Hu K, Miao L, Goodwin TJ, Li J, Liu Q, Huang L. Quercetin re-
models the tumor microenvironment to improve the permeation, 
retention, and antitumor effects of nanoparticles. ACS Nano. 
2017;11:4916‐4925.

 117. Michaud‐Levesque J, Bousquet‐Gagnon N, Beliveau R. Quercetin 
abrogates IL‐6/STAT3 signaling and inhibits glioblastoma cell 
line growth and migration. Exp Cell Res. 2012;318:925‐935.

 118. Erdogan S, Turkekul K, Dibirdik I, et al. Midkine downregula-
tion increases the efficacy of quercetin on prostate cancer stem 
cell survival and migration through PI3K/AKT and MAPK/ERK 
pathway. Biomed Pharmacother. 2018;107:793‐805.

 119. Tsai P‐H, Cheng C‐H, Lin C‐y, et al. Dietary flavonoids luteolin 
and quercetin suppressed cancer stem cell properties and meta-
static potential of isolated prostate cancer cells. Anticancer Res. 
2016;36:6367‐6380.

 120. Li S, Zhao Q, Wang B, Yuan S, Wang X, Li K. Quercetin reversed 
MDR in breast cancer cells through down‐regulating P‐gp expres-
sion and eliminating cancer stem cells mediated by YB‐1 nuclear 
translocation. Phytother Res. 2018;32:1530‐1536.

 121. Wang R, Yang L, Li S, et al. quercetin inhibits breast cancer 
stem cells via downregulation of aldehyde dehydrogenase 1A1 
(ALDH1A1), chemokine receptor type 4 (CXCR121), mucin 1 
(MUC1), and epithelial cell adhesion molecule (EpCAM). Med 
Sci Monit. 2018;24:412‐420.

 122. Kim B, Jung N, Lee S, Sohng JK, Jung HJ. Apigenin inhibits can-
cer stem cell‐like phenotypes in human glioblastoma cells via sup-
pression of c‐met signaling. Phytother Res. 2016;30:1833‐1840.

 123. Atashpour S, Fouladdel S, Movahhed TK, et al. Quercetin induces 
cell cycle arrest and apoptosis in CD133(+) cancer stem cells of 
human colorectal HT29 cancer cell line and enhances anticancer 
effects of doxorubicin. Iran J Basic Med Sci. 2015;18:635‐643.

 124. Cao C, Sun L, Mo W, et al. Quercetin mediates beta‐catenin in 
pancreatic cancer stem‐like cells. Pancreas. 2015;44:1334‐1339.

 125. Ren X, Wang C, Xie B, et al. Tanshinone IIA induced cell death via 
miR30b‐p53‐PTPN11/SHP2 signaling pathway in human hepato-
cellular carcinoma cells. Eur J Pharmacol. 2017;796:233‐241.

 126. Su CC. Tanshinone IIA can inhibit MiaPaCa2 human pancreatic 
cancer cells by dual blockade of the Ras/Raf/MEK/ERK and 
PI3K/AKT/mTOR pathways. Oncol Rep. 2018;40:3102‐3111.

 127. Bai Y, Zhang L, Fang X, Yang Y. Tanshinone IIA enhances che-
mosensitivity of colon cancer cells by suppressing nuclear factor‐
kappaB. Exp Ther Med. 2016;11:1085‐1089.

 128. Sui H, Zhao J, Zhou L, et al. Tanshinone IIA inhibits beta‐catenin/
VEGF‐mediated angiogenesis by targeting TGF‐beta1 in nor-
moxic and HIF‐1alpha in hypoxic microenvironments in human 
colorectal cancer. Cancer Lett. 2017;403:86‐97.

 129. Tu J, Xing Y, Guo Y, Tang F, Guo L, Xi T. TanshinoneIIA 
ameliorates inflammatory microenvironment of colon cancer 

cells via repression of microRNA‐155. Int Immunopharmacol. 
2012;14:353‐361.

 130. Li K, Lai H. TanshinoneIIA enhances the chemosensitivity 
of breast cancer cells to doxorubicin through down‐regulat-
ing the expression of MDR‐related ABC transporters. Biomed 
Pharmacother. 2017;96:371‐377.

 131. Lin C, Wang L, Wang H, Yang L, Guo H, Wang X. Tanshinone 
IIA inhibits breast cancer stem cells growth in vitro and in vivo 
through attenuation of IL‐6/STAT3/NF‐kB signaling pathways. J 
Cell Biochem. 2013;114:2061‐2070.

 132. Ding X, Cao Y, Yuan Y, et al. Development of APTES‐decorated 
HepG2 cancer stem cell membrane chromatography for screen-
ing active components from salvia miltiorrhiza. Anal Chem. 
2016;88:12081‐12089.

 133. Yang L, Guo H, Dong L, Wang L, Liu C, Wang X. Tanshinone IIA 
inhibits the growth, attenuates the stemness and induces the apop-
tosis of human glioma stem cells. Oncol Rep. 2014;32:1303‐1311.

 134. Kim JH, Lee JO, Lee SK, et al. Celastrol suppresses breast can-
cer MCF‐7 cell viability via the AMP‐activated protein kinase 
(AMPK)‐induced p53‐polo like kinase 2 (PLK‐2) pathway. Cell 
Signal. 2013;25:805‐813.

 135. Wu J, Ding M, Mao N, et al. Celastrol inhibits chondrosarcoma pro-
liferation, migration and invasion through suppression CIP2A/c‐
MYC signaling pathway. J Pharmacol Sci. 2017;134:22‐28.

 136. Han X, Sun S, Zhao M, et al. Celastrol stimulates hypoxia‐in-
ducible factor‐1 activity in tumor cells by initiating the ROS/Akt/
p70S6K signaling pathway and enhancing hypoxia‐inducible fac-
tor‐1alpha protein synthesis. Plos One. 2014;9:e112470.

 137. Kuchta K, Xiang Y, Huang S, et al. Celastrol, an active constit-
uent of the TCM plant Tripterygium wilfordii Hook.f., inhibits 
prostate cancer bone metastasis. Prostate Cancer Prostatic Dis. 
2017;20:250.

 138. Wang Y, Liu Q, Chen H, et al. Celastrol improves the therapeu-
tic efficacy of EGFR‐TKIs for non‐small‐cell lung cancer by 
overcoming EGFR T790M drug resistance. Anticancer Drugs. 
2018;29:748‐755.

 139. Liu Qi, Chen F, Hou L, et al. Nanocarrier‐mediated chemo‐im-
munotherapy arrested cancer progression and induced tumor dor-
mancy in desmoplastic melanoma. ACS Nano. 2018;12:7812‐7825.

 140. Lu L, Shi W, Deshmukh RR, et al. Tumor necrosis factor‐alpha 
sensitizes breast cancer cells to natural products with proteasome‐
inhibitory activity leading to apoptosis. Plos One. 2014;9:e113783.

 141. Moreira H, Szyjka A, Gasiorowski K. Chemopreventive activity 
of celastrol in drug‐resistant human colon carcinoma cell cultures. 
Oncotarget. 2018;9:21211‐21223.

 142. Hassane Dc, Guzman Ml, Corbett C, et al. Discovery of agents 
that eradicate leukemia stem cells using an in silico screen of pub-
lic gene expression data. Blood. 2008;111:5654‐5662.

 143. Chatterjee K, AlSharif D, Mazza C, Syar P, Al Sharif M, Fata JE. 
Resveratrol and pterostilbene exhibit anticancer properties involv-
ing the downregulation of HPV oncoprotein E6 in cervical cancer 
cells. Nutrients. 2018;10: pii: E243.

 144. Qian YY, Liu ZS, Yan HJ, Yuan YF, Levenson AS, Li K. 
Pterostilbene inhibits MTA1/HDAC1 complex leading to PTEN 
acetylation in hepatocellular carcinoma. Biomed Pharmacother. 
2018;101:852‐859.

 145. Wu CH, Hong BH, Ho CT, Yen GC. Targeting cancer stem cells 
in breast cancer: potential anticancer properties of 6‐shogaol and 
pterostilbene. J Agric Food Chem. 2015;63:2432‐2441.



   | 1973XIANG et Al.

 146. Butt NA, Kumar A, Dhar S, et al. Targeting MTA1/HIF‐1alpha 
signaling by pterostilbene in combination with histone deacetyl-
ase inhibitor attenuates prostate cancer progression. Cancer Med. 
2017;6:2673‐2685.

 147. Lubecka K, Kurzava L, Flower K, et al. Stilbenoids remodel 
the DNA methylation patterns in breast cancer cells and in-
hibit oncogenic NOTCH signaling through epigenetic regu-
lation of MAML2 transcriptional activity. Carcinogenesis. 
2016;37:656‐668.

 148. Gan W, Dang Y, Han X, et al. ERK5/HDAC5‐mediated, resvera-
trol‐, and pterostilbene‐induced expression of MnSOD in human 
endothelial cells. Mol Nutr Food Res. 2016;60:266‐277.

 149. Mak KK, Wu AT, Lee WH, et al. Pterostilbene, a bioactive com-
ponent of blueberries, suppresses the generation of breast cancer 
stem cells within tumor microenvironment and metastasis via 
modulating NF‐kappaB/microRNA 448 circuit. Mol Nutr Food 
Res. 2013;57:1123‐1134.

 150. Huang WC, Chan ML, Chen MJ, Tsai TH, Chen YJ. Modulation 
of macrophage polarization and lung cancer cell stemness by 
MUC1 and development of a related small‐molecule inhibitor 
pterostilbene. Oncotarget. 2016;7:39363‐39375.

 151. Huynh T‐T, Lin C‐M, Lee W‐H, et al. Pterostilbene suppressed 
irradiation‐resistant glioma stem cells by modulating GRP78/
miR‐205 axis. J Nutr Biochem. 2015;26:466‐475.

 152. Lee C‐M, Su Y‐H, Huynh T‐T, et al. BlueBerry isolate, pteros-
tilbene, functions as a potential anticancer stem cell agent in sup-
pressing irradiation‐mediated enrichment of hepatoma stem cells. 
Evid Based Complement Alternat Med. 2013;2013:258425.

 153. McCubrey JA, Lertpiriyapong K, Steelman LS, et al. Effects 
of resveratrol, curcumin, berberine and other nutraceuticals on 
aging, cancer development, cancer stem cells and microRNAs. 
Aging (Albany NY). 2017;9:1477‐1536.

 154. Fei B, Dai W, Zhao S. Efficacy, safety, and cost of therapy of the 
traditional chinese medicine, catalpol, in patients following sur-
gical resection for locally advanced colon cancer. Med Sci Monit. 
2018;24:3184‐3192.

 155. Yen Y, So S, Rose M, et al. Phase I/II study of PHY906/capecit-
abine in advanced hepatocellular carcinoma. Anticancer Res. 
2009;29:4083‐4092.

 156. Pulido‐Moran M, Moreno‐Fernandez J, Ramirez‐Tortosa 
C, Ramirez‐Tortosa M. Curcumin and health. Molecules. 
2016;21:264.

 157. Kanai M, Yoshimura K, Asada M, et al. A phase I/II study of 
gemcitabine‐based chemotherapy plus curcumin for patients 
with gemcitabine‐resistant pancreatic cancer. Cancer Chemother 
Pharmacol. 2011;68:157‐164.

 158. Liu Z, Peng Q, Li Y, Gao Y. Resveratrol enhances cisplatin‐in-
duced apoptosis in human hepatoma cells via glutamine metabo-
lism inhibition. BMB Rep. 2018;51:474‐479.

 159. Taylor CW, Kirby AM. Cardiac side‐effects from breast cancer 
radiotherapy. Clin Oncol (R Coll Radiol). 2015;27:621‐629.

 160. Momtazi‐Borojeni AA, Ghasemi F, Hesari A, Majeed M, 
Caraglia M, Sahebkar A. Anti‐cancer and radio‐sensitizing ef-
fects of curcumin in nasopharyngeal carcinoma. Curr Pharm Des. 
2018;24:2121‐2128.

 161. Tan Y, Wei X, Zhang W, et al. Resveratrol enhances the radio-
sensitivity of nasopharyngeal carcinoma cells by downregulating 
E2F1. Oncol Rep. 2017;37:1833‐1841.

 162. Wang J, Kang M, Wen Q, et al. Berberine sensitizes nasopharyn-
geal carcinoma cells to radiation through inhibition of Sp1 and 
EMT. Oncol Rep. 2017;37:2425‐2432.

 163. Nik Nabil WN, Lim RJ, Chan SY, Lai NM, Liew AC. A system-
atic review on Chinese herbal treatment for radiotherapy‐induced 
xerostomia in head and neck cancer patients. Complement Ther 
Clin Pract. 2018;30:6‐13.

 164. Huang K‐C, Yen H‐R, Chiang J‐H, et al. Chinese herbal medi-
cine as an adjunctive therapy ameliorated the incidence of chronic 
hepatitis in patients with breast cancer: a nationwide popula-
tion‐based cohort study. Evid Based Complement Alternat Med. 
2017;2017:1052976.

 165. Liu G, Wang Y, Li M. Curcumin sensitized the antitumour effects 
of irradiation in promoting apoptosis of oesophageal squamous‐
cell carcinoma through NF‐kappaB signalling pathway. J Pharm 
Pharmacol. 2018;70:1340‐1348.

 166. Couzin‐Frankel J. Breakthrough of the year 2013. Cancer immu-
notherapy. Science. 2013;342:1432‐1433.

 167. Yang Y. Cancer immunotherapy: harnessing the immune system 
to battle cancer. J Clin Invest. 2015;125:3335‐3337.

 168. Xu B, Yu L, Zhao LZ. Curcumin up regulates T helper 1 cells in 
patients with colon cancer. Am J Transl Res. 2017;9:1866‐1875.

 169. Lu Y, Miao L, Wang Y, et al. Curcumin micelles remodel tumor 
microenvironment and enhance vaccine activity in an advanced 
melanoma model. Mol Ther. 2016;24:364‐374.

 170. Sholl L. Molecular diagnostics of lung cancer in the clinic. Transl 
Lung Cancer Res. 2017;6:560‐569.

 171. Li XL, Zhou J, Chen ZR, Chng WJ. P53 mutations in colorectal 
cancer – molecular pathogenesis and pharmacological reactiva-
tion. World J Gastroenterol. 2015;21:84‐93.

 172. Maher DM, Bell MC, O'Donnell EA, Gupta BK, Jaggi M, 
Chauhan SC. Curcumin suppresses human papillomavirus on-
coproteins, restores p53, Rb, and PTPN13 proteins and inhibits 
benzo[a]pyrene‐induced upregulation of HPV E7. Mol Carcinog. 
2011;50:47‐57.

 173. Croce CM. Oncogenes and cancer. N Engl J Med. 
2008;358:502‐511.

 174. Kanwal R, Gupta K, Gupta S. Cancer epigenetics: an introduction. 
Methods Mol Biol. 2015;1238:3‐25.

 175. Sharma S, Kelly TK, Jones PA. Epigenetics in cancer. 
Carcinogenesis. 2010;31:27‐36.

 176. Wu Y, Sarkissyan M, Vadgama JV. Epigenetics in breast and pros-
tate cancer. Methods Mol Biol. 2015;1238:425‐466.

 177. Cadet J, Wagner JR. TET enzymatic oxidation of 5‐methylcyto-
sine, 5‐hydroxymethylcytosine and 5‐formylcytosine. Mutat Res 
Genet Toxicol Environ Mutagen. 2014;764–765:18‐35.

 178. Medina‐Aguilar R, Pérez‐Plasencia C, Gariglio P, et al. DNA 
methylation data for identification of epigenetic targets of 
resveratrol in triple negative breast cancer cells. Data Brief. 
2017;11:169‐182.

 179. Storebjerg TM, Strand SH, Høyer S, et al. Dysregulation and prog-
nostic potential of 5‐methylcytosine (5mC), 5‐hydroxymethylcy-
tosine (5hmC), 5‐formylcytosine (5fC), and 5‐carboxylcytosine 
(5caC) levels in prostate cancer. Clin Epigenetics. 2018;10:105.

 180. Tucker DW, Getchell CR, McCarthy ET, et al. Epigenetic repro-
gramming strategies to reverse global loss of 5‐hydroxymethylcy-
tosine, a prognostic factor for poor survival in high‐grade serous 
ovarian cancer. Clin Cancer Res. 2018;24:1389‐1401.



1974 |   XIANG et Al.

 181. Lian C, Xu Y, Ceol C, et al. Loss of 5‐hydroxymethylcytosine is 
an epigenetic hallmark of melanoma. Cell. 2012;150:1135‐1146.

 182. Liao Y, Gu J, Wu Y, et al. Low level of 5‐Hydroxymethylcytosine 
predicts poor prognosis in non‐small cell lung cancer. Oncol Lett. 
2016;11:3753‐3760.

 183. Li S, Cheng B, Hou L, et al. Dioscin inhibits colon cancer cells' 
growth by reactive oxygen species‐mediated mitochondrial 
dysfunction and p38 and JNK pathways. Anticancer Drugs. 
2018;29:234‐242.

 184. Zhou X, Chen M, Zeng X, et al. Resveratrol regulates mitochon-
drial reactive oxygen species homeostasis through Sirt3 signal-
ing pathway in human vascular endothelial cells. Cell Death Dis. 
2014;5:e1576.

 185. Qu K, Ma X‐F, Li G‐H, et al. Vitamin C down‐regulate apo(a) ex-
pression via Tet2‐dependent DNA demethylation in HepG2 cells. 
Int J Biol Macromol. 2017;98:637‐645.

 186. Ge G, Peng D, Xu Z, et al. Restoration of 5‐hydroxymethylcy-
tosine by ascorbate blocks kidney tumour growth. EMBO Rep. 
2018;19.

 187. Williams MJ, Singleton WG, Lowis SP, Malik K, Kurian KM. 
Therapeutic targeting of histone modifications in adult and pedi-
atric high‐grade glioma. Front Oncol. 2017;7:45.

 188. Iwagawa T, Watanabe S. Molecular mechanisms of H3K27me3 
and H3K4me3 in retinal development. Neurosci Res. 2018.

 189. Momparler RL, Cote S, Momparler LF, Idaghdour Y. Inhibition 
of DNA and histone methylation by 5‐Aza‐2'‐deoxycytidine 
(Decitabine) and 3‐deazaneplanocin‐A on antineoplastic action and 
gene expression in myeloid leukemic cells. Front Oncol. 2017;7:19.

 190. Wu C, Ruan T, Liu W, et al. Effect and mechanism of curcumin on 
EZH2 ‐ miR‐101 regulatory feedback loop in multiple myeloma. 
Curr Pharm Des. 2018;24:564‐575.

 191. Abdulla A, Zhao X, Yang F. Natural polyphenols inhibit ly-
sine‐specific demethylase‐1 in vitro. J Biochem Pharmacol Res. 
2013;1:56‐63.

 192. Suraweera A, O'Byrne KJ, Richard DJ. Combination therapy 
with histone deacetylase inhibitors (HDACi) for the treatment of 
cancer: achieving the full therapeutic potential of HDACi. Front 
Oncol. 2018;8:92.

 193. Kai L, Samuel SK, Levenson AS. Resveratrol enhances p53 
acetylation and apoptosis in prostate cancer by inhibiting MTA1/
NuRD complex. Int J Cancer. 2010;126:1538‐1548.

 194. Yoon JH, Abdelmohsen K, Gorospe M. Posttranscriptional 
gene regulation by long noncoding RNA. J Mol Biol. 
2013;425:3723‐3730.

 195. Harrandah AM, Mora RA, Chan E. Emerging microRNAs in can-
cer diagnosis, progression, and immune surveillance. Cancer Lett. 
2018;438:126‐132.

 196. Yao C‐J, Chow J‐M, Lin P‐C, et al. Activation of p53/miR‐34a 
tumor suppressor axis by Chinese herbal formula JP‐1 in A549 
lung adenocarcinoma cells. Evid Based Complement Alternat 
Med. 2016;2016:5989681.

 197. Maroof H, Salajegheh A, Smith RA, Lam AK. Role of mi-
croRNA‐34 family in cancer with particular reference to cancer 
angiogenesis. Exp Mol Pathol. 2014;97:298‐304.

 198. Misso G, Di Martino MT, De Rosa G, et al. Mir‐34: a new weapon 
against cancer? Mol Ther Nucleic Acids. 2014;3:e194.

 199. Pan J, Shen J, Si W, et al. Resveratrol promotes MICA/B expres-
sion and natural killer cell lysis of breast cancer cells by suppress-
ing c‐Myc/miR‐17 pathway. Oncotarget. 2017;8:65743‐65758.

 200. Yang Y, Zhang N, Li K, Chen J, Qiu L, Zhang J. Integration of mi-
croRNA‐mRNA profiles and pathway analysis of plant isoquino-
line alkaloid berberine in SGC‐7901 gastric cancers cells. Drug 
Des Devel Ther. 2018;12:393‐408.

 201. Prensner JR, Chinnaiyan AM. The emergence of lncRNAs in can-
cer biology. Cancer Discov. 2011;1:391‐407.

 202. Ji Q, Liu X, Fu X, et al. Resveratrol inhibits invasion and me-
tastasis of colorectal cancer cells via MALAT1 mediated Wnt/
beta‐catenin signal pathway. Plos One. 2013;8:e78700.

 203. Yuan X, Wang J, Tang X, Li Y, Xia P, Gao X. Berberine amelio-
rates nonalcoholic fatty liver disease by a global modulation of 
hepatic mRNA and lncRNA expression profiles. J Transl Med. 
2015;13:24.

 204. Wang WH, Chen J, Zhang BR, et al. Curcumin inhibits prolifer-
ation and enhances apoptosis in A549 cells by downregulating 
lncRNA UCA1. Pharmazie. 2018;73:402‐407.

 205. Esmatabadi M, Motamedrad M, Sadeghizadeh M. Down‐regula-
tion of lncRNA, GAS5 decreases chemotherapeutic effect of den-
drosomal curcumin (DNC) in breast cancer cells. Phytomedicine. 
2018;42:56‐65.

 206. Garitano‐Trojaola A, Jose‐Eneriz ES, Ezponda T, et al. 
Deregulation of linc‐PINT in acute lymphoblastic leukemia is im-
plicated in abnormal proliferation of leukemic cells. Oncotarget. 
2018;9:12842‐12852.

 207. Liu Te, Chi H, Chen J, et al. Curcumin suppresses proliferation and 
in vitro invasion of human prostate cancer stem cells by ceRNA 
effect of miR‐145 and lncRNA‐ROR. Gene. 2017;631:29‐38.

 208. Chen T, Yang P, Wang H, He ZY. Silence of long noncoding 
RNA PANDAR switches low‐dose curcumin‐induced senes-
cence to apoptosis in colorectal cancer cells. Onco Targets Ther. 
2017;10:483‐491.

 209. Zhang J, Liu J, Xu X, Li L. Curcumin suppresses cisplatin re-
sistance development partly via modulating extracellular vesi-
cle‐mediated transfer of MEG3 and miR‐214 in ovarian cancer. 
Cancer Chemother Pharmacol. 2017;79:479‐487.

 210. Pei CS, Wu HY, Fan FT, Wu Y, Shen CS, Pan LQ. Influence of 
curcumin on HOTAIR‐mediated migration of human renal cell 
carcinoma cells. Asian Pac J Cancer Prev. 2014;15:4239‐4243.

 211. Wang Q, Fan H, Liu Y, et al. Curcumin enhances the radiosen-
sitivity in nasopharyngeal carcinoma cells involving the reversal 
of differentially expressed long non‐coding RNAs. Int J Oncol. 
2014;44:858‐864.

 212. Geng W, Guo X, Zhang L, et al. Resveratrol inhibits prolifer-
ation, migration and invasion of multiple myeloma cells via 
NEAT1‐mediated Wnt/beta‐catenin signaling pathway. Biomed 
Pharmacother. 2018;107:484‐494.

 213. Yang Q, Xu E, Dai J, et al. A novel long noncoding RNA 
AK001796 acts as an oncogene and is involved in cell growth 
inhibition by resveratrol in lung cancer. Toxicol Appl Pharmacol. 
2015;285:79‐88.

 214. Jung HY, Fattet L, Yang J. Molecular pathways: linking tumor 
microenvironment to epithelial‐mesenchymal transition in metas-
tasis. Clin Cancer Res. 2015;21:962‐968.

 215. Nirmal AJ, Regan T, Shih BB, Hume DA, Sims AH, Freeman TC. 
Immune cell gene signatures for profiling the microenvironment 
of solid tumors.. Cancer Immunol Res. 2018;6:1388‐1400.

 216. Choi YJ, Yang Km, Kim SD, et al. Resveratrol analogue HS‐1793 
induces the modulation of tumor‐derived T cells. Exp Ther Med. 
2012;3:592‐598.



   | 1975XIANG et Al.

 217. Chen CY, Kao CL, Liu CM. The cancer prevention, anti‐inflam-
matory and anti‐oxidation of bioactive phytochemicals targeting 
the TLR4 signaling pathway. Int J Mol Sci. 2018;19.

 218. Yu YN, Yu TC, Zhao HJ, et al. Berberine may rescue Fusobacterium 
nucleatum‐induced colorectal tumorigenesis by modulating the 
tumor microenvironment. Oncotarget. 2015;6:32013‐32026.

 219. Hermawan A, Putri H. Current report of natural product devel-
opment against breast cancer stem cells. Int J Biochem Cell Biol. 
2018.

 220. Silva Galbiatti‐Dias AL, Fernandes G, Castanhole‐Nunes M, et 
al. Relationship between CD44(high)/CD133(high)/CD117(high) 
cancer stem cells phenotype and Cetuximab and Paclitaxel treat-
ment response in head and neck cancer cell lines. Am J Cancer 
Res. 2018;8:1633‐1641.

 221. Takaishi S, Okumura T, Tu S, et al. Identification of gastric can-
cer stem cells using the cell surface marker CD44. Stem Cells. 
2009;27:1006‐1020.

 222. Zendehdel E, Abdollahi E, Momtazi‐Borojeni AA, Korani M, 
Alavizadeh SH, Sahebkar A. The molecular mechanisms of cur-
cumin's inhibitory effects on cancer stem cells. J Cell Biochem. 
2018.

 223. Ma Xu, Zhou J, Zhang C‐X, et al. Modulation of drug‐resistant 
membrane and apoptosis proteins of breast cancer stem cells by 
targeting berberine liposomes. Biomaterials. 2013;34:4452‐4465.

 224. Weidenfeld K, Barkan D. EMT and stemness in tumor dormancy 
and outgrowth: are they intertwined processes? Front Oncol. 
2018;8:381.

 225. Lindsey S, Langhans SA. Crosstalk of oncogenic signaling path-
ways during epithelial‐mesenchymal transition. Front Oncol. 
2014;4:358.

 226. Mukherjee S, Mazumdar M, Chakraborty S, et al. Curcumin in-
hibits breast cancer stem cell migration by amplifying the E‐cad-
herin/beta‐catenin negative feedback loop. Stem Cell Res Ther. 
2014;5:116.

 227. Zhang Z, Chen H, Xu C, et al. Curcumin inhibits tumor epithe-
lialmesenchymal transition by downregulating the Wnt signaling 
pathway and upregulating NKD2 expression in colon cancer cells. 
Oncol Rep. 2016;35:2615‐2623.

 228. Kim S‐E, Shin S‐H, Lee J‐Y, et al. Resveratrol induces mito-
chondrial apoptosis and inhibits epithelial‐mesenchymal tran-
sition in oral squamous cell carcinoma cells. Nutr Cancer. 
2018;70:125‐135.

 229. Xu J, Liu D, Niu H, et al. Resveratrol reverses doxorubicin re-
sistance by inhibiting epithelial‐mesenchymal transition (EMT) 
through modulating PTEN/Akt signaling pathway in gastric can-
cer. J Exp Clin Cancer Res. 2017;36:19.

 230. Kim S, Lee J, You D, et al. Berberine suppresses cell motility 
through downregulation of TGF‐beta1 in triple negative breast 
cancer cells. Cell Physiol Biochem. 2018;45:795‐807.

 231. Naveen CR, Gaikwad S, Agrawal‐Rajput R. Berberine induces 
neuronal differentiation through inhibition of cancer stemness 
and epithelial‐mesenchymal transition in neuroblastoma cells. 
Phytomedicine. 2016;23:736‐744.

 232. Qi F, Zhao L, Zhou A, et al. The advantages of using traditional 
Chinese medicine as an adjunctive therapy in the whole course of 
cancer treatment instead of only terminal stage of cancer. Biosci 
Trends. 2015;9:16‐34.

How to cite this article: Xiang Y, Guo Z, Zhu P, Chen 
J, Huang Y. Traditional Chinese medicine as a cancer 
treatment: Modern perspectives of ancient but advanced 
science. Cancer Med. 2019;8:1958–1975. https://doi.
org/10.1002/cam4.2108

https://doi.org/10.1002/cam4.2108
https://doi.org/10.1002/cam4.2108

