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Cancer is among the most life-threatening diseases worldwide. Along with conventional
therapies like chemotherapy, surgery, and radiotherapy, alternative treatment approaches
such as traditional Chinese medicine have attracted considerable public and scientific
interest that could be beneficial for patients diagnosed with cancer. Salvia miltiorrhiza
Bunge is greatly beloved for its roots and is extensively applied for various disease
therapies, including cancers in traditional Chinese medicine. In this review, we intend
to summarize the anti-cancer properties of Cryptotanshinone (CPT), an extract of Danshen
(the root of Salvia miltiorrhiza Bunge), on different types of cancer.
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INTRODUCTION

Salvia miltiorrhiza Bunge, a member of the genus Salvia (Lamiaceae family) and referred to as
Chinese sage or red sage, is a popular traditional Chinese medicinal plant (Tan et al., 2004; Zhou
et al., 2005; Fang et al., 2008). Its dry root is known as Dansam in Korean, Danshen in Chinese, and
Tansen in Japanese (Cheng, 2007). It is a perennial deciduous plant with branched roots, purple
flowers, oval leaves, (Ji et al., 2000). and is commonly distributed in northeastern China, Japan, and
Korea (Ji et al., 2000; Clebsch, 2003). It has been used in traditional Chinese medicine (TCM) for
various conditions such as cerebrovascular disease, cardiovascular disease (Cheng, 2007), hepatitis,
apoplexy, immunological disorders (Wang et al., 2014), liver dysfunction (Wasser et al., 1998), renal
disease (Ahn et al., 2010), diabetic vascular complications (Cheng, 2007), and also used as a dietary
supplement for health improvement (Sung et al., 2015). Moreover, it has anti-inflammatory,
antihypertensive, and anti-neurodegenerative properties (Cheng, 2007; Lin and Hsieh, 2010;
Zhang et al, 2016). The active components of Danshen (the dry root of the plant) mainly
belong to two major groups (Hung et al., 2016). Lipophilic or lipid-soluble compounds (such as
Cryptotanshinone (CPT), isoCPT, tanshinone I and IIA, acetyltanshinone IIA, dihydrotanshinone,
and miltirone) and hydrophilic phenolic acids or water-soluble phenolic acids compounds (such as
salvianolic acids A and B) (Hung et al., 2016). Among the extracts of Danshen, the compounds that
have been studied the most are CPT, dihydrotanshinone I, tanshinones I and, ITA (Sung et al., 2015).
The extracts of Danshen have antioxidant properties and are helpful for the treatment of several
diseases including cancers (Wu and Efferth, 2017). New findings on the anticancer properties of CPT
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showed that it stops cancer through various mechanisms such as
inhibition of cancer cell proliferation, motility and invasion,
promotion of cell death in cancer cells, anti-angiogenic
activity, anti-lymphangiogenesis, anti-oxidant activity and
targeting androgen receptor signaling (Chen et al., 2013).

By 2030, new cases of cancer diagnosed every year around the
world is set to increase to 20 million people (Bray, 2014).
Although chemotherapy is mostly used for cancer, it also has
major side effects such as anemia, hair loss, immunosuppression,
etc. (Wu and Efferth, 2017). Natural products derived from TCM
are valuable resources of anticancer drugs (Swinney and
Anthony, 2011; Newman and Cragg, 2012; Wu and Efferth,
2017) with high therapeutic value and low toxicity or side
effects in long-term use (Wu and Efferth, 2017). Therefore,
the aim of this study was to evaluate the anticancer effect of
CPT and its underlying mechanisms in different types of cancer.

MATERIALS AND METHODS

This study summarized current literature about the anticancer
properties of CPT. The keywords searched in this study included
CPT, cancer, Neoplasm, tumor, melanoma, carcinoma, sarcoma,
malignancy, quinoid diterpene, and Salvia miltiorrhiza Bunge.
Searches were conducted in online data bases including ISI Web
of Science, PubMed, Scopus, and Google scholar. English
reported articles in up to 2020 were searched. Then, we
reviewed the relevant articles.

RESULTS

Anti-Cancer Effect of CPT Through

Regulation of Gene Expression

The anticancer effect of CPT has been investigated in colorectal
cancer. Li et al. (2015) suggested that CPT could have an effect on
treatment and prevention of colorectal cancer by inhibiting the
activation of signal transducer and activator of transcription 3
(Stat3) pathways. Stat3 plays a role in the expression of various
genes, which are in relation to inflammation, cell growth, and
other cellular processes and could promote several cancer types
such as colorectal cancer (Kamran et al.,, 2013).

The cytotoxic and growth inhibitory effect of Tanshinone I
and II extracts from Salvia miltiorrhiza Bunge has been proven
on lung carcinoma. Cryptotanshinon has a homologous
structure with Tanshinon. Cryptotanshinon acts through
different ways to inhibit lung cancer cell growth, as
reported by multiple studies (Chen et al., 2014). It
significantly decreased the STAT3, and regulated some of
the miRNAs, mostly miR-133. Also, a significant reduction
in expression of MMP14 gene (matrix metalloproteinase) was
reported after the use of CPT. MMP14 plays a crucial role in
cell proliferation, migration, apoptosis, and host defense and
may mediate the effect of Cryptotanshinon on cellular
apoptosis (Wang et al., 2019).

Furthermore, as previous studies have shown, Nrf2 is a
transcription factor that is involved in chemoresistance in lung
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and breast cancer, and its high expression was noted in
hepatocellular carcinoma (Zimta et al, 2019). Based on
in vitro study conducted by Chen et al. (Xia et al,, 2015), CPT
could reverse the chemoresistance through downregulation of
p-JNK, p-ERK, p-p38, p-Akt, p-STAT3, and other proteins in
intracellular pathways of Nrf2. Consequently, could increase the
sensitivity of A549 cells to cisplatin [platinum drug, causing
cancer cell death (Dasari and Bernard Tchounwou, 2014)].
Also, CPT increased the amount of keapl, which is a down-
regulator of Nrf2.

The anti-tumor activity of CPT on breast cancer MCF7 cells
has been investigated by two different studies. Zhou et al. (2014)
suggested isolated CPT as an important agent to block the growth
of MCF?7 cells in vivo by up-regulating the phosphorylation of
STAT4 and JAK3 that make CD4" T cells to produce and secrete
more perforin, which can restrict tumor growth. Zhang et al.
(2015) observed the Enhancing anti-tumor activity of CPT on
MCEF_7 cells after combining it with intermediate metabolites of
arsenic (mainly MMA).

Anti-Cancer Effect of CPT Through

Induction of

Kamran et al. (2013) observed that CPT could notably inhibit the
growth and viability of SW480, HCT116, and LOVO cell lines by
inducing apoptosis and can prevent anchorage-dependent
growth on agar.

Ge et al. (2015) Reported anti-tumor impact of CPT on
pancreatic cancer BxPC-3 cells’ proliferation, apoptosis, and
cellular cycle. CPT could cause upregulation of the levels of
cleaved caspase-3, caspase-9, and poly ADP ribose
polymerase (pro-apoptotic proteins in BxPC-3 cells),
whereas c-myc, survivin, and cyclin D1 levels were
downregulated and induced the block of cell cycle at G1-
GO phase. Also, CPT could lower the activities of signal
transducer and activator of transcription 3 (STAT3) and
some upstream regulatory pathways. While CPT blocked
the polyphosphorylation of STAT3 Tyr705 in 30 min, it
had a non-noticeable impact on the other proteins,
suggesting that CPT directly regulated the signaling
pathway of STAT3 in the BxPC-3 cells.

Chang et al. (2018) investigated the corresponding
mechanism of CPT action in PGE2-treated HA22T
hepatocellular carcinoma cells. The results showed that CPT
reduced HA22T cell viability and increased apoptosis in them.
It also inhibited PGE2-treated cell migration by enhancing the
expression of E-cadherin and GSK3-p and by decreasing the
expression of PGE2-induced [-catenin. Along with these
results, CPT suppressed the expression of EP2, EP4, and
their downstream proteins, including p-PI3K and p-Akt in
HA22T cells. Moreover, Zhang et al. (2020) have suggested
anticancer effects for CPT in regard to its time- and dose-
dependent cytotoxicity on human HCC (Human
hepatocellular carcinoma) cells, particularly Huh-7 and
HCCLM3 cells (Zhang et al., 2020). It is reported that CPT
disrupted intracellular homeostasis, suppressed cell
proliferation, and promoted the mitochondrial apoptosis of
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FIGURE 1 | The antitumor effect of Cryptotanshinone. Cryptotanshinone can induce the apoptosis of cancer cells by inhibiting PISK/AKT, STAT3 signaling
pathways, as well as transcription of MMP14, STAT3, and Nrf2 genes. The arrow represents the upregulation, and the T area represents the downregulation.

human HCC cells. This compound also impaired the invasion
and migration of HCC cells by suppressing the expression of
proteins associated with metastasis (Zhang et al., 2020). All
these data suggest that CPT could be used as a new drug to
treat human hepatocellular carcinoma (HCC).

The Anti-Cancer Effect of CPT Through
Regulation of Signaling Pathways and Other

Mechanisms
CPT could also be considered as a potential anticancer agent for
gastric cancer. Liu et al. (2016) reported dose-dependent
suppression of twelve gastric cancer cell lines viability after
treatment with CPT. CPT caused the arrest of cell cycle at the
G2/M phase and mitochondrial cell death through the
accumulation of reactive oxygen species (ROS), ROS-mediated
MAPK (mitogen-activated protein kinase), and AKT signaling
pathways. This compound also elevated p-JNK and p-p38
[mediators of intracellular signals which affect cell growth and
apoptosis (Taylor et al., 2013)].

Moreover, the effect of Cryptotanshinon on lung cancer both
in vivo and ex vivo has been investigated by Chen et al. (2014).
Infiltration of CPT to A549 lung cancer cells significantly
inhibited cancer cell growth and colonogenic survival. A
significant increase in the number of A594 cells in G2/M
phase versus G1/S phase showed growth arrest at G2 and
mitotic phase. Besides that, In vivo analysis of Xenograft
models showed decrease in tumor size and increase in body
weight of animals following the use of CPT.

Oxaliplatin is a platinum anti-tumor drug used for the
treatment of solid tumors. However, there are some challenges
in using it because it induces neuropathic pain (Alian et al., 2012;

Balayssac et al., 2015). Lorenzo et al. (Di Cesare Mannelli et al.,
2018) showed that CPT could significantly reduce OXA
associated pain in a dose-dependent manner. It is presumed
that this effect is due to the inhibition of monoacylglycerol lipase
(MAGL), followed by an increase in the amount of
endocannabinoid. This study also demonstrated that CPT
could induce apoptosis in glioblastoma cells selectively by
interfering with NF«kBp65 expression.

CPT is studied for its ability to perform as an inhibitor of
malignant breast cells through different mechanisms. The key
role of estrogen receptor-a (ERa) and estrogen in the
progression and development of breast cancer is shown in
many studies (Platet et al., 2004; Nadji et al., 2005; Germain,
2011). Today ER-positive breast cancer establishes at least 70
percentages of all kinds of breast malignancies (Osborne
et al., 2001). These patients have to be administered with
some anti-estrogen drugs like Tamoxifen (Klinge, 2001). CPT
showed anti-proliferative effects on both ER-positive breast
cancer cells in several studies and is suggested as anti-
estrogen since it enhanced the sensitivity of ERa +
resistant malignant cells by inhibiting ER-mediated AKT/
mTOR/IGF-1 pathway and has the ability to bind ERa,
causing some effects like Tamoxifen (Pan et al., 2017).
CPT also silenced the G protein-coupled ER-mediated
PI3K/AKT metabolic pathway in SKBR-3 cell and arrested
cell cycle in GI1 as well (Klinge, 2001). Moreover, Xiaoman
Liu et al. (Liu et al., 2016) demonstrated that CPT inhibited
migration and proliferation of ER-negative Bcap37 cells in
breast cancer, and they also observed some post-treatment
features of apoptotic morphological changes in Bcap37 cells,
for instance, fragmentation of DNA and nuclear
condensation.
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Another suggested mechanism is the effects of CPT on
silencing BCRP (breast cancer resistance protein) expression in
breast cells, reported by Wenting ni et al. (Ni et al., 2020). BCRP
plays the main role in causing resistance in malignant cells of
breast (Nakanishi and Ross, 2012). They also observed CPT is
effective in inhibiting the dimerization of BCRP and consequently
performing anti-tumor activities in breast cancer by reversing
resistance based on BCRP.

Moreover, some research investigated the effects of
modified forms of CPT with enhanced anti-tumor activity
and reduced side effects. Recent nanoparticles coloaded
with CPT and Silibinin (SLB) were able to block metastasis
of lung in 4T1 cells of breast cancer in mice models, reported
by Ying Liu et al. (Liu et al., 2020). The architecture of these
nanoparticles increased CPT and SLB penetration, oral
bioavailability, and they also had the ability to enhance
cellular uptake of CPT and SLB. Modified CPT, named
KYZ3, with more anti-tumor activity than CPT and less
effect on normal breast cells like MCF10 cells, were formed
by Zhang et al. (2018). Inhibition of STAT3 phosphorylation
was also observed after testing KYZ3. Results showed the
ability of KYZ3 in reducing the rate of MMP-9, which was
directly balanced by STAT3, and with lessening levels of
MMP-9, the rate of TNBC cell metastasis also decreased.

As reported by Wang et al. (2017), CPT can act in a dose-
dependent manner to prevent migration and proliferation of
TSCC (tongue squamous cell carcinoma) cells and trigger
apoptosis in them by suppressing the expression of p-STAT3,
Bcl-2, CDK?2, Snail, and MMP2 and inducing the expression of
E-cadherin, P53, P21, and B-catenin. Furthermore, the combined
treatment of paclitaxel and CPT has been found to have similar
effects to CPT through inhibiting the STAT3 signaling pathway
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(anticancer potential of Cryptotanshinone is summarized in
Figure 1).

CONCLUSION

Based on research outcomes, the cytotoxic and growth
inhibitory effect of CPT, on cancer patients cannot be
ignored, since cytotoxicity is key inhibitor of cancer cells
proliferation. Indeed, CPT with restrictive activities
arranges G2/M arrest, apoptosis and inhibition of STAT
signaling pathway cellular movement which can be
explained by inhibition of NFkB. Although current
researches indicate its therapeutic effect, performing new
investigations to discover the biosynthetic pathways, specific
reaction sequences, as well as other underlying mechanisms is
necessary.
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