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Pancreatic cancer is a common malignancy of the digestive system. With a high
degree of malignancy and poor prognosis, it is called the "king of cancers.”
Currently, Western medicine treats pancreatic cancer mainly by surgical
resection, radiotherapy, and chemotherapy. However, the curative effect is not
satisfactory. The application of Traditional Chinese Medicine (TCM) in the
treatment of pancreatic cancer has many advantages and is becoming an
important facet of comprehensive clinical treatment. In this paper, we review
current therapeutic approaches for pancreatic cancer. We also review the
protective effects shown by TCM in different models and discuss the potential
molecular mechanisms of these.
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1 Introduction

Pancreatic cancer is a common malignancy of the digestive system. About 90% of
pancreatic cancers are adenocarcinomas. This cancer occurs mainly in older men, aged
between 40 and 85 years. Both the incidence rate and mortality of pancreatic cancer are
increasing and it estimated that by 2030, it will become the second leading cause of cancer-
related deaths (Dhasmana et al,, 2023). The cancer always starts insidiously; as a result,
patients are often in advanced stages when they are diagnosed, leading to poor 5-year
survival rates of 2-9% (McGuigan et al., 2018). In China, the incidence of pancreatic cancer
has increased approximately six-fold in the past 20 years (Shen and Liu, 2009). The
development of pancreatic cancer is associated with many factors, including diet and
environmental factors, such as vitamin D exposure (Altieri et al., 2017). Chronic
pancreatitis resulting from alcohol consumption is also a probable risk factor. Long-term
diabetes can increase the risk of pancreatic cancer while also being an early sign of the disease
(Klein, 2021). Age and smoking have been recognized as consistent risk factors (Sellam et al.,
2015). Traditional Chinese Medicine (TCM) has regarded pancreatic cancer as “fu liang,”
“wan tong,” “jaundice,” and “accumulation,” amongst other classifications. Pancreatic
cancer is known as the “king of cancers” due to its high degree of malignancy, high rate
of recurrence, metastasis, and poor prognosis. The mortality of pancreatic cancer is thus
almost equal to its incidence (Zhang et al., 2020).

The specific mechanisms underlying the pathogenesis of pancreatic cancer are poorly
understood. Several mutations are reported to be involved, including mutations in Kirsten
rat sarcoma (KRAS), Tumor Protein 53 (TP53), cyclin-dependent kinase inhibitor 2A
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(CDKNA2A), transforming growth factor (TGF), the signaling
molecule SMAD4, and cell migration-inducing hyaluronan-
binding protein (CEMIP) (Yao et al, 2020; Periyasamy et al,
2022). According to TCM, Qi stagnation and depression of
spleen dampness are the main pathogenic factors, with an excess
of “dampness, heat, and toxicity” playing a critical role in the onset
of pancreatic cancer. Pancreatic cancer has also been associated with
liver and gallbladder dysfunction, leading to fluctuations in the
functional activity of Qi, and an imbalance between Yin and Yang.
This is followed by specific pathological changes in the zang-fu
organs, leading to the abnormal secretion and excretion of
pancreatic juice, resulting in stagnation and poor eating habits,
and ultimately leading to cancer (Deng et al., 2014; Li and Fan, 2016;
Wang, L.J., et al., 2016). Western medicine believes that mutations in
multiple proto-oncogenes and either the inactivation or deletion of
tumor suppressor genes are responsible for cancer development,
causing faulty signal transduction and uncontrolled division and
proliferation of cells, finally resulting in the formation of a tumor. At
the same time, disorders of the internal environment and immune
dysfunction contribute to cancer development.

In this review, a comprehensive literature search was conducted
using the keywords “Traditional Chinese Medicine (TCM),
pancreatic cancer, mechanism, therapy” using Google Scholar
(http://scholar.google.com/) and searching the PubMed database
(http://www.ncbinlm.nih.gov/pubmed). The Chinese websites
http://acad.cnkinet/Kns55/brief/result.aspx?dbPrefx=CJFQ  from
China National Knowledge Infrastructure (CNKI), http://g.
wanfangdata.com.cn/ from WanFang, and http://qikan.cqvip.com/
from WEIPU, were also searched.

2 Current treatment of pancreatic
cancer

Currently, Western medicine treats pancreatic cancer mainly
by surgical resection, radiotherapy, and chemotherapy. At
present, surgical resection is the only possible cure but, as
most patients are diagnosed in the middle and late stages, the
best time for radical resection is usually missed. Even after
surgery, the prognosis may be poor and postoperative
recurrence and metastasis are common (Maisonneuve, 2019).
Chemotherapy is a systemic treatment and is the most frequently
used therapy for middle and advanced pancreatic cancer.
However, although cancer cells scattered within tissues or
killed to effects of
chemotherapy on pancreatic cancer are relatively poor and
many researchers believe that pancreatic cancer is resistant to

organs can be some extent, the

many chemotherapy drugs. In addition, chemotherapy drugs
tend to have serious side effects. These factors can render
chemotherapy relatively ineffective in treating this cancer.
Pancreatic cancer is insensitive to radiotherapy, and, as it is a
localized therapy, radiotherapy is not able to effectively control
the spread and metastasis of the tumor and improve the patients’
quality of life, so it is rarely used in patients with metastatic
pancreatic cancer (Miller et al, 2020). The efficacy of
immunotherapy and endocrine therapy is also uncertain
(Zhang B et al., 2023). Drugs targeting molecular pathways are
one of the research hotspots of tumor therapy, but the
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combination of the tyrosine kinase inhibitor Erlotinib and the
chemotherapy drug gemcitabine, which has been recommended
for treating pancreatic cancer, has not been found to significantly
improve the quality of life of patients and increases the incidence
of side effects such as rash and diarrhea (Schizas et al., 2020).
Currently, more attention is being paid to methods of reducing
the toxic side-effects of drugs, improving the patients’ quality of
life, and prolonging their survival. Many researchers have begun
to study the effects of TCM on pancreatic cancer and have made
great progress (He et al., 2020; Wang et al., 2022). TCM has many
advantages and is being recognized as an indispensable and
important facet of comprehensive clinical treatment (Li, B,
et al., 2015).

TCM is a medicinal system that has been used for over
2000 years in China, as well as having broad use in other Asian
countries. There is currently widespread research into TCM and it
has inspired many new discoveries in drug development. One of the
basic theories in TCM is that of Yin-Yang balance, which is also
applied as a philosophical term. Therein, Yin represents repressive
and inhibitory factors while Yang stands for active and aggressive
factors. The confrontation, homeostatic balance, and transformation
between Yin and Yang comprise the Yin-Yang balance (Yan et al.,
2020). Another basic tenet of TCM is the theory of Qi-blood balance.
Qi describes the life-force energy and is carried throughout the body
via meridians, acting as the conduits of the body energy. Blood
represents the source of body energy (Wang et al., 2018). In TCM
theory, disturbances in the Yin-Yang balance or Qi deficiency and
blood stasis are the underlying causes of disease.

The unique concepts and theoretical foundations of TCM,
combined with Western medicine, consider both the whole and
the local, host and cancer, and symptoms and disease, with each
drawing on the other’s strengths to make up for shortcomings. TCM
can not only control tumor development and prolong patient
survival but can also improve the immunosuppressant status of
the tumor host and reduce the toxic side effects of radiation and
chemotherapy, as well as having synergistic effects on other
therapies, relieving patients’ pain, and improving their quality of
life. Therefore, the study of the treatment of pancreatic cancer with
TCM has the potential to provide broader ideas and methods for
clinical practice (Li, B., et al., 2015; Yan et al., 2020; Wang et al., 2018;
Zhang et al, 2008; Zhang et al, 2010). Some researchers have
suggested that Traditional Chinese and Western medicine should
be integrated in treating patients with pancreatic cancer that cannot
be removed surgically (Yang et al., 2015; Jiang et al., 2019). At the
beginning of treatment, radiotherapy, and chemotherapy,
supplemented by TCM, should be the main treatment methods,
acting as the “first attack” on the tumor cells, followed by long-term
maintenance treatment with TCM, which can delay the progression
of the tumor and improve the long-term survival rate of the patients
(Schizas et al., 2020).

3 Treatment with Chinese herbs

There has been extensive investigation into the role of Chinese
medicine in the treatment of pancreatic cancer, with many studies
showing that TCM can improve the survival of patients with
pancreatic cancer (Kuo et al,, 2018; Wong et al,, 2019). TCM has
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TABLE 1 The main mechanisms of action of TCM compounds on pancreatic cancer.

Types of TCM Test system Biological effects

Qingyi Huaji (QYH]J) herbal
decoction

Patients, mouse,
SW1990 cells

Patients

Wei Tiao San Hao decoction

Phenolic alkaloids of
Menispermum dauricum

Patients, mouse,
BxPC-3 cells

Ezhukuijian Decoction Mouse, MiaPaCa-2

Inhibits tumor cell growth and metastasis

Promotes tumor apoptosis, enhances immune
function, inhibits tumor cell growth and metastasis

Promotes tumor apoptosis, enhances immune
function, inhibits tumor cell growth and metastasis

Promotes tumor apoptosis, enhances immune

Refs

Ouyang et al. (2010), Wang P et al. (2010), Xu Y L et al.
(2015), Song et al. (2017), Song et al. (2018), Chen et al.
(2019), Qian et al. (2020)

Ni et al. (2006), Ni et al. (2013a), Ni et al. (2013b), Xue et al.
(2016)

Su et al. (2007), Meng et al. (2010), Wei et al. (2015), Zhou Z
G et al. (2015), Wu et al. (2019)

Bu et al. (1999)

cells function, inhibits tumor cell growth and metastasis

Patients, PANC-1
cells

Yin Chen Hao Decoction

Gexia Zhuyu Decoction or Patients Increases overall survival
Liujun Ermu Decoction

Wumei Pill Patients Alleviate symptoms

Aidi Injection Mouse Inhibits tumor cell growth

many advantages, including fewer toxic side-effects, pain relief, and
improvement in the quality of life of patients. In this article, we
summarize some TCM and their mechanisms of action in the
treatment of pancreatic cancer.

3.1 Compound traditional Chinese medicine

TCM focuses on macroscopic and external phenomena, such as
external clinical manifestations and the adjustment of the integrity
of the human internal environment. Western medicine, in contrast,
focuses on microscopic and internal mechanisms, such as precise
targeting and reducing the size of the tumor (Wang et al., 2018). The
composition of TCM is complex, and researchers are attempting to
understand its underlying mechanisms from the perspective of
Western medicine. Table 1 summarizes the effects and possible
mechanisms of several TCM compounds in regulating pancreatic
cancer.

3.1.1 Qingyi Huaji (QYHJ) herbal decoction

The QYHJ formula contains many traditional Chinese
Oldenlandia,
Scutellaria barbata, Gynostemma pentaphyllum, and Amomum

medicines, including Rhizoma Amorphophalli,
cardamomum. The QYH]J herbal decoction reduces heat and
resolves toxicity, regulating the Qi and dispelling dampness, and
can stabilize the focus and inhibit the spread of the tumor. Song LB
et al. reviewed 232 cases of postoperative pancreatic cancer patients
treated with QYH]J combined with Western medicine and found that
taking QYH] for more than 3 months could prolong postoperative
survival and improve long-term survival (Song et al., 2018). It was
found the levels of cytokines, including vascular endothelial growth
factor (VEGF), tumor necrosis factor-a (TNF-«), soluble vascular
cell adhesion molecule (sVCAM-1), transforming growth factor-f1
(TGE-f1), interleukin 6 (IL-6), and interleukin 8 (IL-8), were
significantly increased in the sera of pancreatic cancer patients.
One of the mechanisms responsible for the effects of QYH]J in the
treatment of pancreatic cancer may be to downregulate the levels of
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Promotes tumor apoptosis

Zhou H B et al. (2015)
Li M et al. (2018)

Wan et al. (2019)

Wang H et al. (2023)

TNF-a, sVCAM-1, TGF-p1, IL-6, and IL-8 in the serum, together
with inhibiting several signal transduction pathways, thus
improving the immunity of patients and inhibiting the growth
and metastasis of tumor cells (Ouyang et al, 2010). Previous
studies have shown that QYH] can downregulate the expression
of the Ski gene, restore the functions of Notch-4 and Jagged-1, and
prolong the survival of patients with advanced pancreatic cancer
(Wang P etal., 2010; Xu'Y Let al., 2015; Song et al., 2017). QYH] can
also reverse the drug resistance of pancreatic cancer to gemcitabine,
possibly through inhibiting the differentiation of pancreatic cancer
stem  cells through the IncRNA  AB209630/miR-373/
EphB2 NANOG signaling pathway (Chen et al., 2019). Using
network pharmacology and weighted gene co-expression network
analysis (WGCNA), we found that CDK1, PLD1, MET, F2RL1,
XDH, NEK2, TOP2A, NQOI, CCNDI1, PTK6, CTSE, and
ERBB2 may be reliable immune-related biomarkers for the
prediction of pancreatic cancer prognosis, and may be important
immunotherapeutic targets of QYHJ (Qian et al., 2020).

3.1.2 Wei Tiao San Hao decoction (WD-3)
WD-3  mainly Codonopsis  pilosula,
atractylodes, Macrocephalae, Poria cocos with hostwood, Rhizoma

includes Rhizoma
Pinelliae pericarpium Citri reticulatae, Agaric, caulis perllae, Fructus
Aurantii immaturus, coix seed, Rhizoma dioscoreae, rice-grain
sprout, Fructus hordei germinates, Mongolian snakegourd, Radix
cynanchi panicullati, and Akebia trifoliata Koidz. This method is
based on “Zhao’s fine-tuning balance theory” established by the
oncologist Zhao Jingfang who believes that the development of
cancer is due to dysregulation of the body’s internal environment,
and dysfunction of the viscera, Yin and Yang, Qi, and blood
disorders. To treat tumors, the key point of the imbalance should
be determined, specifically, whether the spleen and stomach in the
middle-jiao are dysfunctional, and make adjustments to restore the
balance of the body to restore immune function, allowing control of
the disease and improvement of the quality of life and long-term
survival of patients. Therefore, the treatment of middle-jiao focuses
on the regulation of the Qi and the blood. This strengthens the
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spleen and moistens and harmonizes the spleen and stomach, while
assisting healthy Qi, regulating Qi, and eliminating accumulation,
balancing Yin and Yang, Qi, and the blood, and, at the same time,
reducing abdominal discomfort, jaundice, poor appetite, fatigue, and
other clinical symptoms. This can not only inhibit tumor
development but can also increase the efficacy of chemotherapy,
reduce toxic side effects, improve the quality of life of patients, and
their

pharmacological

prolong lives. From the perspective of modern

WD-3  mainly
functioning of the immune system and homeostasis in the body,

mechanisms, regulates the
inhibiting the growth and metastasis of the tumor by increasing the
levels of cytokines IL-2, IL-4, and IFN-y in the body and enhancing
the function of immune cells. In addition, some components such as
semen coicis can halt the cancer cell cycle in the G2/M phase,
inhibiting the proliferation and promoting the apoptosis of cancer
cells (Ni et al., 2006; Ni et al., 2013a; Ni et al., 2013b; Xue et al., 2016).

3.1.3 Phenolic alkaloids of Menispermum dauricum
(PAMD)

PAMD is a mixture extracted from Menispermum dauricum,
containing a variety of fat-soluble alkaloids and is mainly composed
of dauricine (Dau) and daurisoline (DS) (Su et al., 2007). PAMD can
inhibit tumor angiogenesis by downregulating the expression of
VEGF and bFGF in tumor tissues of xenografts of the BxPC-3
human pancreatic cell line in nude mice, causing tumor cell necrosis,
growth,
inflammatory response. Previous studies have shown that PAMD

inhibiting  tumor and inducing a corresponding
can significantly inhibit the growth of tumors in BxPC-3 mice and
enhance apoptosis of BXPC-3 cells by promoting the secretion of
TNF-a (Meng et al., 2010; Zhou Z.G et al., 2015). Relevant studies
have shown that imbalances in or abnormal activation of the
Hedgehog signaling pathway are closely related to the occurrence
of pancreatic cancer and its biological characteristics. PAMD may
influence the expression of GlilmRNA, a key molecule in the
Hedgehog signaling pathway, inhibiting the proliferation of the
BxPC-3 cells (Wei et al., 2015; Wu et al., 2019). PAMD can also
regulate the body’s immune function, improve the biological activity
of cytokines, downregulate the expression of K-Ras mRNA,
upregulate the expression of DPC4 mRNA, and activate the
TGF-f signaling pathway, leading to the inhibition of tumor
growth and proliferation (Feng et al., 2010; Wang ] M et al,

2010; Zhong et al.,, 2014; Liu et al., 2015; Qiu et al.,, 2016).

3.1.4 Ezhukuijian decoction

The main components of the Ezhukuijian decoction are
Curcuma  zedoary, Rhizoma corydalis, peach kernel, and
bupleurum. Studies have shown that bupleurum is principally
(Cai et al, 2023).

Saikosaponin (SS) is the main active component of bupleurum,

responsible for the anti-tumor effect

which can significantly inhibit the proliferation of pancreatic cancer
cells. There are nine kinds of SS of which saikosaponin-d (SSd) has
the strongest pharmacological activity. SSd may inhibit the MAPK
signaling pathway and reduce the expression of Dcr3, thus inhibiting
the proliferation and metastasis of pancreatic tumor cells and
promoting their apoptosis. SSd has a glucocorticoid-like steroid
ring structure and has also been found to regulate the immune
function of the body through various mechanisms, significantly
increasing the phagocytic activity of macrophages, increasing the
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activity of T-lymphocytes, and inducing the expression of IL-2 and
its receptor, thereby enhancing the specific and non-specific
immune response of the body (Bu et al., 1999).

3.1.5 Yin Chen Hao Decoction (YCHD)

Yin Chen Hao Decoction (YCHD), a classic Chinese medicinal
formula consisting of three herbal drugs, Rheum officinale Baill,
Artemisia capillaris Thunb, and Gardenia iasminoides Ellis, is a
potent inhibitor of carcinoma. YCHD induces the apoptosis of
PANC-1 cells, mediated in part via upregulation of BAX and
downregulation of Bcl-2 (Zhou H B et al,, 2015).

3.1.6 Gexia Zhuyu Decoction or Liujun Ermu
Decoction

Gexia Zhuyu Decoction is a prominent formula for treating
blood stasis syndrome. Liujun Ermu Decoction is an effective
prescription for treating phlegm dampness syndrome. Both
decoctions have been found to increase the overall survival of
pancreatic tumor patients. In a study (Li M et al, 2018),
174  patients groups that
comprehensive medicine (IM) or TCM, according to whether

were allocated to received
they received treatment with Western medicine. The patients
were treated with Gexia Zhuyu Decoction or Liujun Ermu
Decoction, according to syndrome differentiation, twice a day for
at least 2 months, after which their overall survival (OS) was
compared. In the I/II phase, the median OS was found to be
20.5months in the IM group (95% confidence interval [CI],
12.499-28.501) and 11.17 months in the TCM group (95% CI,
5.160 to 17.180, p = 0.015). The 1-year and 2-year survival rates
were 47.0% and 40.0%, respectively, for the IM group and 21.0% and
21.0%, respectively, for the TCM group. In Phase III/IV, the median
OS was 13.53 months (95% CI, 8.665-18.395) in the IM group and
6.4 months (95% CI, 0.00-15.682) in the TCM group (p = 0.32). The
1-year and 2-year survival rates in the IM group were 27.0% and
7.0%, respectively, while those in the TCM group were 20.0% and
2.0%, respectively. Thus, TCM intervention contributed to the
survival of pancreatic patients at different stages (Li M et al., 2018).

3.1.7 Other herbal formulations

Wumei Pill (WMP) is a well-known herbal formula in China
and has been used in clinical practice for the treatment of digestive
system disorders for hundreds of years. Wan et al. found that WMP
can alleviate symptoms of pancreatic cancer through molecular
mechanisms predicted by network pharmacology (Wan et al,
2019). Aidi Injection (ADI) is an anti-tumor herbal medicine
that is administered by injection, and can inhibit the growth of
pancreatic cancer by acting on VEGFA, P53, CASP3, and JUN in
tumor-bearing animals (Wang G et al., 2023).

3.2 Active components of Chinese
traditional herbs

Many of the active components of TCM are also regarded as
effective for the treatment of pancreatic cancer, including emodin,
triptolide, and curcumin. The structures of these active components
are shown in Figure 1. These active TCM components appear to
benefit the treatment of pancreatic cancer mainly by inhibiting
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FIGURE 1
Structures of identified TCM active components.

proliferation and promoting apoptosis of cancer cells; however, to
date, their effects have only been investigated in animal models or
pancreatic cancer cells in vitro. The details are shown in Table 2.

3.2.1 Emodin

Emodin (EMO, 6-methyl-1, 3, 8-trihydroxy anthraquinone),
derived from rhubarb, Polygonum, Prunus, and folium sennae,
has many biological activities and acts as an inhibitor of tyrosine
kinase Il (Zhang H B et al,, 2022). Emodin significantly inhibits the
proliferation of pancreatic cancer SW1990 cells and induces
apoptosis. Studies have found that emodin induced apoptosis of
pancreatic cancer through inhibiting the activity of NF-«B,
downregulating the expression of Bcl-2 and survivin, and
upregulating the expression of BAX, thus reducing the Bcl-2/
BAX ratio (Tong et al, 2020). In addition, emodin treatment
resulted in the downregulation of NF-xB, together with its
regulatory factors VEGF and MMPs, as well as Survivin,
inhibiting angiogenesis in pancreatic cancer, and thus inhibiting
the growth and metastasis of the cancer. Emodin can also enhance
the anti-tumor effect of gemcitabine on SW1990 transplantation
tumors, possibly by preventing the activation of Akt and NF-«B in
pancreatic cancer tissue, reducing the expression of Bcl-2, and
upregulating the expression of BAX. The resultant decrease in
the Bcl-2/BAX reduced mitochondrial
increased the permeability of the mitochondrial membrane. CytC

ratio damage and
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Curcumin

OH

Resveratrol

Matrine HCPT

was then released from the mitochondria, activating caspase-3 and
caspase-9 and promoting apoptosis (Guo et al., 2009; Guo et al.,
2012; Zhang et al., 2013; Yao et al., 2015). Li found that emodin can
also inhibit the metastasis and invasion of pancreatic cancer
SW1990 cells through various mechanisms (Li N et al, 2018)
while Liu et al. demonstrated that emodin may increase the
expression of Bid in SWI1990 cells and may change the
physiological environment of the mitochondria by reducing the
mitochondrial membrane potential, thus promoting cell apoptosis
and inhibiting cell proliferation (Liu D L, et al., 2020). Pan et al.
found that emodin combined with 5-Aza-CdR enhanced the
demethylation of the tumor suppressor gene pl16, RASSF1A, and
pPENK by reducing the expression of the methyltransferases
DNMT1 and DNMT3a (Pan et al, 2016). Wei et al
demonstrated that EMO reverses gemcitabine resistance in
pancreatic cancer by inhibiting stem cells (Wei et al, 2022).
EMO was also found to enhance immunity by regulating the
ratio of T helper type 1 (TH1), TH2, TH17, and y§ T cells, as
well as interferon y/interleukin 17-producing yd T cells (Zhou et al.,
2021).

3.2.2 Triptolide (TPL)

Triptolide, a diterpene triepoxide, is the main active ingredient
of Tripterygium, which has the functions of expelling wind-damp,
smoothing collaterals, relieving pain, and detoxification (Wang G
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TABLE 2 Mechanisms of TCM active components on pancreatic cancer.

10.3389/fphar.2023.1089245

Types of TCM Pubchem Test system Signaling
monomer ID
EMO 3220 Mouse, pancreatic cancer lines (PANC-1 BxPC-3, | JAK/STAT Guo et al. (2009), Guo et al. (2012), Zhang et al. (2013),
MIAPaCa-2, SW 1990, ASPC-1) Signaling Yao et al. (2015), Li, N.,et al. (2018), Liu, D.L..et al.
(2020), Tong et al. (2020)
PI3K signaling
TGF - signaling
Notch Signaling
Fas/Fasl
signaling
TPL 107,985 Mouse, pancreatic cancer lines (PANC-1, BxPC-3, = NF-kB signaling = Phillips et al. (2007), MacKenzie et al. (2013), Ding et al.
MIAPaCa-2, SW 1990, ASPC-1, Capan-1, Capan- =~ (2015), Zhang et al. (2017), Subramaniam et al. (2018),
2, SNU-213, SNU-410, HPAFII, and Hs766T) Sonic hedgehog  Dai et al. (2019), Feng et al. (2019), Ma J X et al. (2019)
signaling
Fas/Fasl
signaling
Curcumin 969,516 Mouse, pancreatic cancer lines (PANC-1 BxPC-3, = JAK/STAT Glienke et al. (2010), Nagaraju et al. (2015), Cao et al.
MIAPaCa-2, SW 1990, ASPC-1, SNU-410, and Signaling (2016b), Ning et al. (2016), Wang Q,, et al. (2017), Zhu
Hs766T) and Bu (2017), Li W, et al. (2018), Li W, et al. (2019),
PI3K signaling | Nagaraju et al. (2019), Li W., et al. (2020)
TGF -B signaling
NF-kB signaling
Sonic hedgehog
signaling
Fas/Fasl
signaling
Scutellarin 185,617 Mouse, pancreatic cancer line (PANC-1) Hippo-YAP Cai et al. (2017), Wang, L., et al. (2019), Chen et al.
signaling (2022)
Cinnamaldehyde 637,511 Pancreatic cancer line (BxPC-3) Fas/Fasl Lv et al. (2012)
signaling
Ori 5321010 Mouse, pancreatic cancer lines (PANC-1, BxPC-3, | NF-kB signaling = Buetal. (2014), Liu D.L., et al. (2014), Xu B et al. (2015),
SW 1990, MIAPaCa-2, ASPC-1) 1 Chenetal. (2014), Liu Q Qetal. (2016), Gui et al. (2015),
Fas/Fasl Liu, D.L, et al. (2020), Zhao et al. (2021)
signaling
Res 445,154 Mouse, pancreatic cancer lines (PANC-1 BxPC-3, | Hippo-YAP Li, W,, et al. (2013), Hoca et al. (2020), Ma J G et al.
MIAPaCa-2, ASPC-1, Capan-2, Colo357, and signaling (2019), Chowdhury et al. (2018), Duan et al. (2016), Zhu
Hs766T) etal. (2016), Li, W., et al. (2016), Cao et al. (2016a), Jiang
PI3K signaling et al. (2016), Subramaniamet al. (2018), Florio et al.
(2023)
NF-«B signaling
Sonic hedgehog
signaling
DHA 3000518 Mouse, pancreatic cancer lines (PANC-1, BxPC-3, | NF-«B signaling = Chen, H,, et al. (2009), Kong et al. (2012), Wang, S.J.,,
MIAPaCa-2, SW 1990, ASPC-1, CEPAC-1) etal. (2011), Wang S J et al. (2010), Li, Y.L, et al. (2016),
Fas/Fasl Hu et al. (2020), Du et al. (2021), Zhang Q et al. (2022)
signaling
Bufalin 9547215 Mouse, pancreatic cancer lines (PANC-1, BxPC-3, | JAK/STAT Chen, Y., et al. (2012), Li, M.Y., et al. (2014), Liu X et al.
MIAPaCa-2, SW 1990, CFPAC-1, CFPAC-2) Signaling (2016), Ning, Z.Y., et al. (2019), Wang, H.Y,, et al.
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NF-kB signaling

Sonic hedgehog
signaling

Fas/Fasl
signaling

(2016), Liu X et al. (2020), Fu et al. (2021), Yu et al.
(2022)

(Continued on following page)
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TABLE 2 (Continued) Mechanisms of TCM active components on pancreatic cancer.

Types of TCM

Test system
monomer

Signaling

Matrine 91,466 Mouse, pancreatic cancer lines (PANC-1, Wnt/f catenin Liu, T.Y,, et al. (2010), Cho et al. (2018), Huang and Xin
MIAPaCa-2, PaTu 8988t, BxPC-3, Capan-1, signa.ling (2018), Ma, Y.C,, et al. (2015), Zhuang et al. (2020)
HPAC)
Fas/Fasl
signaling
HCPT 97,226 Mouse, pancreatic cancer lines (PANC-1, Capan-1, | NF-«B signaling = Yang et al. (2011), Zhang et al. (2019), Zhong et al.
BxPC-3) (2023)
Fas/Fasl
signaling

et al., 2023). Its chemical properties are stable in vivo, and its titer is
100-200 times higher than that of Tripterygium wilfordii Hook f.
(TWHE). Triptolide has many biological activities, and its anti-
tumor effect has been widely investigated in recent years (Mu et al.,
2022). Triptolide shows broad-spectrum anti-tumor activity.
Triptolide is known to inhibit the growth and proliferation of
more than 60 types of tumor cells. This inhibitory effect may be
achieved by blocking the cell cycle, inducing tumor cell apoptosis,
and inhibiting tumor cell proliferation and metastasis. Triptolide is
also effective for tumor cells that have already developed drug
resistance and has a synergistic effect when combined with
chemotherapy drugs, such as gemcitabine, and radiotherapy. It
can not only reduce the occurrence of drug resistance but can
also significantly enhance tumor cell apoptosis induced by
radiotherapy chemotherapy inhibit cell
proliferation (Zhang et al, 2017). Some of the anti-pancreatic

and and tumor
cancer mechanisms of triptolide may be: (DIncreasing the
production of reactive oxygen species (ROS), thus damaging the
cell’s DNA and mitochondria and upregulating the expression of the
pro-apoptotic protein BAX and NF-xB, which, in turn,
downregulate the expression of Bcl-2, and increasing the
permeability of the mitochondrial membrane to induce apoptosis
(Ma J X et al, 2019). @HSP70 is a heat shock protein and
chaperone, which can protect cells from oxidative stress and
other damage. It is expressed at low levels in normal cells while
showing strong expression in various tumor cells, and has been
shown to inhibit apoptosis through various mechanisms and
participate in the development of tumors. Triptolide can
significantly downregulate the expression of HSP70, leading to
cell death (Phillips et al, 2007; MacKenzie et al, 2013). ®
Inhibiting the ball-forming and tumorigenic ability of pancreatic
cancer stem cells (Liu L et al., 2014; Subramaniam et al., 2018).@
Inhibiting activation of the Hedgehog signaling pathway, thereby
inhibiting the growth of various pancreatic cancer cells and inducing
apoptosis (Feng et al, 2019). ® Activating autophagy via
downregulation of Pumilio RNA-binding family member 1
(PUM1) (Dai et al, 2019).® Suppressing proliferation, through
downregulation of the hypoxia-inducible factor-la and c-myc
expression in pancreatic cancer cells (Ding et al., 2015).

3.2.3 Curcumin

Turmeric is obtained from plants of the genus Curcuma and its
main components are essential oil, fat oil, and curcumin, with the
most active component being curcumin (C,;H,¢O), a ff-diketone
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polyphenolic compound. Curcumin is used as a non-steroidal anti-
inflammatory drug and has the effect of breaking blood, promoting
Qi, and relieving pain through the meridional circulation (Huang
et al., 2022). The anti-pancreatic cancer mechanism of curcumin
may include: @ Inhibiting cell migration (Li, W., et al, 2019; Li W
etal,, 2018; Nagaraju et al.,, 2019); @ Downregulating the expression
of Bcl-2 and upregulating the expression of BAX, decreasing the Bcl-
2/BAX ratio, and thus inducing apoptosis (Zhu and Bu, 2017);
®Inhibiting the epithelial-mesenchymal transformation of
pancreatic cancer PANC-1 cells induced by TGF-f1, thereby
reducing the possibility of invasion and distant metastasis (Wang,
Q. etal,, 2017; Cao etal., 2016b; Li W, et al., 2020); @ Counteracting
angiogenesis through reducing the activity of COX-2, preventing the
synthesis of PGE2 and thus inhibiting tumor formation (Nagaraju
et al., 2015); ® Inhibiting pancreatic cancer stem cells (Ning et al.,
2016); ® Inhibiting the phosphorylation of STAT3 in pancreatic
cancer cell lines, thus blocking STAT3 activation, and promoting
apoptosis by enhancing the cytotoxicity of natural killer (NK) cells
(Glienke et al., 2010; Fiala, 2015; Malhotra et al., 2022); @ Inhibiting
the growth of xenograft tumors and the biological activity of
pancreatic cancer cells by regulating the miR-21-5p/SMAD?7 axis
(Liu et al., 2012; Fang et al., 2022).

3.2.4 Scutellarin

Scutellaria barbata (family Lamiaceae), with its principal active
component scutellarin, has the effect of clearing heat and
detoxification, as well as dissolution of stagnancy and diuresis.
The plant has many pharmacological activities, including anti-
tumor, antioxidant, and anti-bacterial effects, and can induce cell
apoptosis and inhibit tumor angiogenesis. In combination with
other Chinese herbs, it is effective for treating various cancers
including pancreatic cancer (Cai et al, 2017; Wang, L., et al,
2019). Cai Yunyun et al. found that the expression of YAP
protein, a key factor of the Hippo signaling pathway, was
reduced in nude mice treated with S. barbata extract, while the
expression of phosphorylated YAP was increased, inhibiting the
proliferation, invasion, and metastasis of pancreatic cancer cells (Cai
et al,, 2017). Scutellarin and its analogs can be used as adjuvants to
enhance the anti-tumor effect of immunotherapeutic agents by
inhibiting TNFR2+Treg activity (Chen et al., 2022).

3.2.5 Cinnamaldehyde
Cinnamaldehyde is a monomeric component extracted from the
Chinese traditional medicine cassia twig and cinnamon, and has the
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effects of warming and assisting Yang. Cinnamaldehyde has many
effects, including antipyretic, antiviral, and anti-cardiovascular, as
well as anti-tumor properties and promoting fibroblast proliferation.
Studies have shown that cinnamaldehyde can promote the apoptosis
of BxPC-3 pancreatic cancer cells in vitro, inhibiting their growth
and inhibiting metastasis to some extent. It may induce cancer cell
apoptosis by upregulating the expression of Bcl-2 and pro-caspase-
9 proteins and activating the mitochondrial apoptosis signaling
pathway (Lv et al., 2012).

3.2.6 Oridonin

Oridonin (Ori), a kauri diterpene isolated from Rabdosia rubescens,
has many biological effects, including anti-inflammatory, antibacterial,
and anti-tumor properties (Qiu et al,, 2018). The anti-tumor activity is
mainly due to inhibiting the proliferation of tumor cells and inducing
tumor cell apoptosis. The molecular mechanisms underlying the action
of Ori against pancreatic cancer are as follows: D Downregulating the
expression of survivin in cells, thus reducing its inhibitory effects on
caspase-3 and caspase-7, and inducing apoptosis of cancer cells,
together with upregulating the expression of p21, arresting the cell
cycle in the G2/M phase, and inhibiting the proliferation of cancer cells
(Bu et al, 2014); @ Downregulating the expression of Bcl-2 and
upregulating the expression of BAX, followed by activation of the
caspase signaling pathway to induce apoptosis (Liu D L et al., 2014; Liu
D L et al, 2020); ®Inducing DNA damage in pancreatic cancer
SW1900 cells and phosphorylation of H2AX protein, resulting in
increased intracellular y-H2AX content (Xu B et al, 2015); @
Inhibiting the NF-xB and MAPK signaling pathways and silencing
STATS3, thus blocking the STAT3 signal transduction pathway, thereby
inhibiting pancreatic cancer cell growth (Chen et al, 2014);
®Regulating the epithelial-mesenchymal transition (Liu Q Q et al,
2016; Lou et al,, 2019); ®Inducing autophagy-mediated cell death in
pancreatic cancer (Zhao et al,, 2021); @ Regulating microRNAs or
decreasing Treg differentiation (Gui et al., 2015; Guo et al.,, 2020).

3.2.7 Resveratrol (Res)

Res, 3,4, 5-trihydrox-1, 2-distyrene, a non-flavonoid polyphenolic
compound with the molecular formula C,4H;,03, is widely found in
various plants and has antioxidant and anti-tumor effects, as well as
promoting cardiovascular protection (Grau et al., 2023; Xie et al., 2023).
Its anti-tumor activity may be achieved by inhibiting the tumor cell
cycle, promoting apoptosis, and inhibiting invasion, metastasis, and
angiogenesis. Specifically, these effects may be the result of @
Regulation of the epithelial-mesenchymal transition through
suppression of PI3K/AKT/NF-«B (Li, W., et al, 2013; Hoca et al,
2020), @Inhibition of proliferation through inhibition of MAPK/ERK
and HIF-1a (Chowdhury et al,, 2018; Ma ] G et al,, 2019), ® Promotion
of apoptosis through inhibition of VEGF, STAT3, and Bcl-2 (Duan
et al, 2016; Zhu et al., 2016), @ Inhibition of invasion and migration
through inhibition of Up, E-cadherin, and Hedeghog (Li, W., et al,
20165 Cao et al., 2016a), ® Increasing sensitivity to chemotherapy drugs
through upregulation of YAP (Jiang et al., 2016), and ® Inhibition of
pancreatic cancer stem cells (Subramaniamet al., 2018; Florio et al.,
2023). Resveratrol has been found to induce the expression of anti-
cancer cytokines such as IFN-y and TNF- a. It can also stimulate the
polarization of CD4" T cells and macrophages towards anti-cancer cells
and reduce the infiltration and polarization of immunosuppressive cells
(Chen and Musa, 2021).

Frontiers in Pharmacology

10.3389/fphar.2023.1089245

3.2.8 Dihydroartemisinin (DHA)

DHA is a derivative of artemisinin and is the main active metabolite
of artemisinins iz vivo. In addition to its antimalarial effects, DHA also
has anti-tumor effects (Wang Y et al., 2023), which may occur through
@® Promotion of apoptosis through downregulating the expression of
proliferating cell nuclear antigen and cyclin D1, regulating p21 (WAF1/
CIP1), reducing the Bcl-2/BAX ratio, decreasing Mcl-1 expression, and
increasing the activation of caspase-9 or DR5 (Chen, H., et al., 2009;
Kong et al,, 2012; Hu et al., 2020), @ The promotion of angiogenesis
through downregulating the expression of the NEF-«B-targeted
proangiogenic gene products VEGF, IL-8, COX-2, and MMP-9
(Wang, SJ., et al, 2011), ®Inhibition of proliferation through
downregulation of NF-«B (Wang S ] et al, 2010), and
@Suppression of pancreatic cancer cell growth via a microRNA-
mRNA  regulatory network (L, YL, et al, 2016).
@Dihydroartemisinin inhibits the growth of pancreatic cells by
inducing ferroptosis and activating antitumor immunity (Du et al,
2021; Zhang Q et al,, 2022). Zhang et al. found that DHA significantly
decreased the suppressive expansion of M2-type macrophages (M2)
and myeloid-derived suppressor cells (MDSCs). Moreover, DHA
increased the proportions of CD8+T, NK, and NKT cells in the
tumor tissues of tumor-bearing mice (Zhang H B et al., 2022).

3.2.9 Bufalin

Bufalin (C,4H3404 is a bufonterene and is a toxic
compound extracted from toad venom. It has digoxin-like
immune-stimulatory activity and extensive anti-tumor
activity, which may result from @ The induction of
apoptosis through cell cycle arrest, inhibition of the activity
of Hsp27, direct activation of pro-caspase-3, caspase-8, and pro-
caspase-9, as well as increasing the expression of ASKI1/JAK,
NF-«B, and reducing the Bcl-2/BAX ratio (Chen Y., et al., 2012;
Li M.Y., et al,, 2014; Liu X,, et al,, 2016; Ning Z.Y, et al., 2019;
Liu X et al., 2020) and @ Suppression of cancer stem-like cells in
gemcitabine-resistant pancreatic cancer via Hedgehog signaling
(Wangand Lu, 2016). In addition, Bufalin was found to enhance
the killing efficacy of NK cells and to stimulate the anti-tumor
immune response by driving tumor-infiltrating macrophage

toward the M1 phenotype (Fu et al., 2021; Yu et al.,, 2022).

3.2.10 Matrine

Matrine is a tetracyclic quinazine compound with the
molecular formula C15H24N20. It is an active alkaloid widely
found in leguminous plants (Zhang M W et al., 2023). It has
extensive pharmacological effects, including antiviral, anti-
inflammatory, anti-fibrosis, and anti-tumor activities (Xu et al,,
2022). Matrine can play an anti-pancreatic cancer effect through
various mechanisms: MInducing apoptosis by reducing the Bcl-2/
BAX ratio, upregulating Fas, and increasing activation of caspases-
8, -3 and -9, inhibiting mitochondrial energy production (Liu, T.Y.,
et al., 2010; Cho et al., 2018); @Inhibiting pancreatic cancer cell
migration and invasion through the ROS/NF-kB/MMPs pathway
(Huang and Xin, 2018); ® Inhibiting HPAC cellular migration
and invasion through down-regulating the expression of MT1-
MMP via the Wnt signaling pathway (Ma, Y.C,, et al.,, 2015).
Matine suppresses macrophage-mediated immunosuppression
and subsequently upregulates CD8" T cell cytotoxic activities
(Zhuang et al., 2020).
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TCM inhibition of signaling pathways involved in the EMT, migration, metastasis, and apoptosis of pancreatic cancer cells. The schematic diagram

shows the various TCM formulations involved in the inhibition of the nine key signaling processes as follows: @ Via Hippo-YAP signaling, involving
Scutellarin and Res; @ Via JAK/STAT signaling, involving EMO, Curcumin, and Bufalin; ® Via tyrosine kinase receptor signaling, involving EMO, Curcumin,
and Res; @ Via TGF - signaling, involving EMO and Curcumin; ® Via Wnt/p catenin signaling, involving Curcumin and matrine; ® Via NF-«xB
signaling, involving TPL, Curcumin, Ori, Res,DHA, Bufalin, and HCPT; @ Via Notch signaling, involving EMO; ® Via sonic hedgehog signaling, involving
TPL, Curcumin, Res, and Bufalin; ® Via Fas/Fasl signaling, involving EMO,TPL, Curcumin, Cinnamaldehyde, Ori, DHA, Bufalin, matrine, and HPCT.
Abbreviations: DSH- phosphoprotein Dishevelled; ERK- Extracellular signal-regulated kinases; FAK- Focal adhesion kinase; GF- Growth factor; GLI1-
Glioma-associated oncogene homologue 1; GSK3- Glycogen synthase kinase 3; IKK- kB kinase; IL- Interleukin; IxB -Inhibitor of nuclear factor kappa;
JAK- Janus kinase; MAPK- Mitogen-activated protein kinase; MEK- MAPK/Erk kinase; MMP- matrix metalloproteinase; mTOR-mechanistic target of
rapamycin; NF-xB- nuclear factor kappa-light-chain-enhancer of activated B cells; NICD- Notch intracellular domain; PI3K- phosphatidylinositol-3
kinase; PKC- Protein kinase C; PTCH1- Protein patched homolog 1; RAF- Rapidly Accelerated Fibrosarcoma; RAS- Rat sarcoma; RE- Response elements;
RTK- Receptor tyrosine kinases; SHH- Sonic hedgehog; SMO- Smoothened protein; STAT-signal transducers and activators of transcription; TGF-f-
Tumor growth factor-beta; TLR- Toll-like receptor; UPA-urokinase plasminogen activator; ZEB- Zinc finger E-box binding homeobox 1; YAP- Yes
associated protein; TAZ- Transcriptional coactivator with PDZ-binding motif.

3.2.11 Hydroxycamptothecin (HCPT)

HCPT ((S)-4,9-dihydroxy-4-ethyl-1h-pyran [3’,4': 6,7] indene [1.2b]
quinoline-3,14-(4H, 12H)-Dione is a cell cycle-specific drug that induces
apoptosis through cell cycle arrest. It has been found that HCPT has an
inhibitory effect on the growth of pancreatic cancer cells, possibly through
activation of caspase-9/caspase-3 and inhibition of the NF-«B signaling
pathway (Yang et al,, 2011; Zhang et al,, 2019; Zhong et al., 2023).

4 Challenges and future perspectives

In recent years, great progress has been made in the investigation of
TCMs for the treatment of pancreatic cancer. TCM shows unique
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advantages in the treatment of pancreatic cancer, not only by
controlling tumor progression and prolonging the survival of
patients, but also enhancing immunity, reducing the toxic side
effects of radiotherapy and chemotherapy, relieving pain, and
improving the patient’s quality of life. A review of the actions of
TCM (Table 2) shows that these formulations act via different
signaling mechanisms (Figure 2), leading to the inhibition of
migration and metastasis and the promotion of apoptosis in
pancreatic cancer cells. However, TCM formulations function
holistically, as each contains a number of ingredients, which
presents a challenge for the establishment of quality control
standards for the raw materials and the standardization of the final
herbal drugs as no single component is directly responsible for the total
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efficacy (Peng et al., 2018). The concept of TCM chemical fingerprints
aiming to obtain a comprehensive characterization of these complex
chemical matrices is one of the most convincing tools for the quality
assessment of TCM. (Li, Y., et al, 2020; Ma et al,, 2022; Yang et al,
2022). Therefore, adequate clinical studies are required to confirm their
clinical safety and efficacies.
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