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Inflammation is a protective response of the body to an irritant. When an inflammatory
response occurs, immune cells are recruited to the injury, eliminating the irritation. The
excessive inflammatory response can cause harm to the organism. Inflammation has been
found to contribute to cervical cancer if there is a problem with the regulation of
inflammatory response. Cervical cancer is one of the most common malignant tumors
globally, and the incidence tends to be younger. The harm of cervical cancer cannot be
ignored. The standard treatments for cervical cancer include surgery, radiotherapy and
chemotherapy. However, the prognosis for this treatment is poor, so it is urgent to find a
safer and more effective treatment. Natural products are considered excellent candidates
for the treatment of cervical cancer. In this review, we first describe the mechanisms by
which inflammation induces cervical cancer. Subsequently, we highlight natural products
that can treat cervical cancer through inflammatory pathways. We also introduce natural
products for the treatment of cervical cancer in clinical trials. Finally, methods to improve
the anticancer properties of natural products were added, and the development status of
natural products was discussed.
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1 INTRODUCTION

Inflammation is the organism’s protective response to a pathogen or irritant. When an inflammatory
response occurs, chemokines and cytokines are released, which activate innate immunity. Various
immune cells are summoned to the site of injury. When the danger signal is removed, inflammation
is programmed to be disabled. Inflammation could hurt the body if the original stimulus persists or if
it cannot be controlled autonomously (Medzhitov, 2008; Fernandes et al, 2015). In short,
inflammation is a double-edged sword. The organism needs to be able to regulate inflammatory
responses according to actual conditions flexibly. Inflammation is one of the principal determinants
of cancer, and the inflammatory response is also a dominant feature of cancer (Hanahan and
Weinberg, 2011). Inflammatory cells are the prominent members of the tumor microenvironment,
including macrophages, dendritic cells, neutrophils. Cancer cells could also release large amounts of
cytokines and chemokines, which call in immune cells and aggravate inflammation again (Hemmat
and Bannazadeh Baghi, 2019). And this demonstrates the vital link between inflammation and
cancer. It has been found that chronic inflammation could increase the risk of cancer. For example,
chronic bronchitis can increase the risk of lung cancer; the occurrence of pancreatic cancer can be
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induced by chronic pancreatitis; the number of helicobacter
pylori is a principal determining factor of gastric cancer
(Schetter et al., 2009; Sadri Nahand et al., 2020). Inflammation
also plays a crucial role in the mechanism leading to cervical
cancer.

Cervical cancer is the third leading cause of cancer-related
death in women worldwide. The onset of cervical cancer is
starting to get younger. It is a matter that cannot be ignored
(Freddie et al., 2018; Olusola et al., 2019). As the leading cause of
cervical cancer, HPV infects the epithelial cells of the cervix
through contact. The term “persistent human
papillomavirus (HPV) infection” can be traced to two causes:
an imbalance of the cervical-vaginal microbiome and an
inflammatory response. It is the best condition for HPV
infection (Zhou et al, 2021). In addition, as research
continues, other microorganisms may also contribute to
cervical cancer, such as fusobacterium spp., mycoplasma
genitalium, chlamydia trachomatis and herpes simplex virus
(HSV). They induce local inflammatory processes, but they also
increase the chances of persistent HPV infection (Golais and
Mrazova, 2020; Sudomova et al.,, 2021; Zhou et al., 2021).
Although the immune system could clear most HPV
infections, it will lead to an unfortunate beginning once HPV
has completed its life cycle in the host cell (Kemp et al., 2010;
Shafabakhsh et al., 2019). Immune cell infiltration can be caused
by persistent HPV infection, contributing to cervical cancer if
not diagnosed and treated correctly (Zheng et al., 2015). Patients
with early-stage cervical cancer are commonly treated with
surgical resection, while patients with advanced cervical
cancer are treated with cisplatin-based chemotherapy and
brachytherapy, both of which are usually administered
simultaneously (Small et al., 2017). Neoadjuvant therapy
needs further research. However, chemotherapy resistance
and severe toxicity are also worrisome due to the poor
prognosis (Kamran et al, 2022). Effective novel treatments
need to be discovered in clinical settings. Plant-derived
natural products might be used as candidates for new cancer
medicines.

Natural products are considered a promising substitute for
chemotherapy drugs or be used in combination with
chemotherapy agents. Their wide range of sources, typical side
effects, and diverse biological activities make them a popular
target for researchers. There are ongoing studies demonstrating
the non-negligible role of natural products in inhibiting cancer
occurrence, development and spread (Mann, 2002; Ouyang et al.,
2014; Thazin et al., 2017; Kikuchi et al., 2019). Therefore, this
review first summarizes the relationship between inflammation
and cancer, and a comprehensive description of cancer initiation,
development and dissemination is provided. Next, we highlight
the natural products for the treatment of cervical cancer based on
inflammatory pathways, which can be divided into five categories:
alkaloids, flavonoids, terpenoids, phenolic compounds, and
others. We also focus on some natural products that have
been treated before clinical treatment. We also discuss current
approaches to improving the anticancer properties of natural
products. Finally, we discuss the challenges and future directions
of natural product development.

sexual

Cervical Cancer and Natural Product

2 LITURATURE SEARCH STRATEGY

We conducted a keyword search on articles published in the
PubMed and Google Scholar database. The mechanism between
cervical cancer and inflammation utilizes keywords such as
“cervical cancer”, “inflammation”, “HPV” and “microbiome”.
The drug summary section makes use of “flavonoids”,
“alkaloids”, “phenols”, “terpenoids”, “natural products”,
“paclitaxel”, “curcumin” or other related keywords. Most of
the data cited in the 2010-2021 time frame for the most

recent published study.

3 INFLAMMATION IS LINKED TO CERVICAL
CANCER

3.1 The Role of Inflammation in the Initiation
of Cervical Cancer

Tumorigenesis is an outcome controlled by many factors.
Inflammation helps the organism fight off pathogens, but
persistent inflammation could bring adverse effects, such as
tissue damage. Repeated tissue repair and tissue damage can
easily lead to DNA damage. The unstable mechanism is apt to be
a promoter of tumorigenesis (Yamanishi et al., 2002). Neoplasms
are characterized by epigenetic changes or mutations in
oncogenic/tumor  suppressor genes, as well as the
transformation of normal cells. These two features are easily
facilitated by persistent inflammation (Anuja et al.,, 2017). The
complexity of the tumor approaches that of normal tissue. Tumor
microenvironment (TME) refers to the environment surrounding
tumor cells (Liu et al., 2020). TME consists of various cell
populations, such as stromal cells, cancer cells, cancer stem
cells (CSC), fat cells etc. In addition to cellular components,
the extracellular matrix (ECM) contains a variety of signaling
molecules. Immune inflammatory cells (ICs) also play an
essential role in TME. One noteworthy phenomenon in TME
is that immune cells are recruited due to the heterogeneity of the
tumor microenvironment. At the same time, various pro-tumor
and anti-tumor inflammatory cells fight each other (Hanahan
and Weinberg, 2011). These cells are capable of releasing pro-
inflammatory cytokines, chemokines and growth factors. DNA
damage pathways can be activated by accumulating these
molecules over time. Interleukin-1 (IL-1), IL-6, and IL-8 are
involved in inflammatory processes, among which IL-1 and IL-6
play an important role in tumor cell growth and metastasis
(Zhang et al, 2007). IL-1B is a common pro-inflammatory
cytokine that can turn on immunosuppressive mechanisms
and promote cancer development. It is also a marker molecule
for identifying early cancer (Voronov and Apte, 2017). Notably,
nuclear factor-kappa B (NF-kB) can be activated by both immune
and cancer cells. 11-1B also activates NF-kB pathways (Lu et al.,
20165 Yasuda et al., 2019). NF-kB is a nuclear transcription factor,
and NF-kB signaling pathway plays a crucial driving role in
innate and acquired immunity (Taniguchi and Karin, 2018). NF-
kB may lead to chromosome instability and changes in
epigenetics. NF-kB can induce mutations associated with
mutations and increase the likelihood of genetic mutations. A

Frontiers in Pharmacology | www.frontiersin.org

May 2022 | Volume 13 | Article 899208


https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

study has identified that NF-xB could be able to induce cytidyl
deaminase (CDA), which leads to the conversion of cytosine to
thymine (Shimizu et al, 2012). At the same time, NF-xB and
other transcription factors such as signal transducer and activator
of transcription (STAT3) express chemokines that induce more
aggregation of inflammatory cells, further increasing the severity
of inflammation (Karin and Lin, 2002; Sparmann and Bar-Sagi,
2004).

Among the contributing factors to cancer development,
oxidative damage is a non-negligible factor in cancer
promotion. Various inflammatory cells clustered in the
inflammatory site can cause the accumulation of reactive
oxygen species (ROS) and nitrogen oxides while releasing pro-
inflammatory cytokines. Neutrophils are one of the main sources
of ROS (Nicolas-avila et al., 2017). Oxygen nitrification stress is
positively related to chronic inflammation. ROS and nitrogen
oxides have genotoxic effects, inducing DNA damage. Genetic
aberrations could be caused by this change in DNA (To et al,
20205 Liskova et al., 2021b). The likelihood of important genetic
mutations is increased by the presence of these factors, which are
the occurrence of inflammatory cytokines and chemokines, the
occurrence of oxygen nitrification and the repeated damage and
repair of the tissue. P53 is a common and vital gene that plays an
important role in associated tumors caused by chronic
inflammation (Yamanishi et al., 2002). Persistent HPV
infection is an essential factor of cervical cancer. When the
balance of the reproductive tract microbiota is disturbed, local
inflammatory responses are activated. The endometrial epithelial
barrier of the cervix is disrupted due to changes in the products of
the reproductive tract and the persistence of inflammation. It
makes HPV infection much more accessible. The invasion of
specific pathogens could also lead to this trend. For example,
HSV-2 can be a cofactor of HPV. There is localized ulceration of
the cervix, which in the case of HSV-2 infection facilitates the
entry of HPV into the basal cells. As expected, HSV-2 induces
inflammation, leading to cytotoxic effects that promote DNA
mutations (Golais and Mrazova, 2020). During infection, HPV
integrates its genetic information into the DNA of the host cell,
causing a series of effects that are conducive to its survival and
promote cancer in the host cell. HPV attaches to the plasma
membrane of keratinocytes as it travels through the host
(Adefuye and Sales, 2012). It cannot be detected by the innate
immune system and is one of the mechanisms HPV evades
detection. When infection occurs, cytotoxic mechanisms are
activated. Some immune receptors such as major
histocompatibility complex | (MHC 1) and MHC Il intervene
and are recognized by NK cells (Benyue et al., 2003; Ashrafi et al.,
2006; Miura et al., 2010). HPV E5 oncoprotein interferes with the
expression and transport of these key immune receptors, thus
preventing the immune system from recognizing infected cells
(Dimaio and Petti, 2013). It affects antigen presentation and
contributes to the persistence of viral infection. Furthermore, the
HPV18 E5 protein is also required for viral DNA synthesis in
basal cells (Wasson et al., 2017). In addition, pattern-recognition
receptors (such as Toll-like receptor 9) are downgraded by HPV,
turning off the interferon pathway. At this point, the chance of
integrating the host cell DNA of HPV is significantly increased.
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FIGURE 1 | The process by which HPV infected cells becomes
cancerous. The process by which HPV infected cells becomes cancerous.
HPV virus particles are released when HPV infected cells undergo lysis. At this
point, immune cells are recruited by virus particles and release pro-
inflammatory cytokines. Inflammation will persists if the virus particles are not
completely removed in time. This could cause HPV infected cells to become
cancerous.

When the viral oncogenes are successfully integrated into the host
cell DNA, the host cell automatically synthesizes the viral DNA
and releases more viral particles as the cell matures, migrates and
apoptosis (Adefuye and Sales, 2012). Innate and acquired
immunity is activated. However, there are also cases where
inflammation is exacerbated by untimely pathogen clearance
and contributes to malignant lesions (Tindle, 2002). The
carcinogenesis of infected cells is shown in Figure 1. After
keratinocytes are successfully infected with HPV, the viral E1
and E2 proteins begin to play, which leads to the formation of
viral DNA loops (Kadaja et al, 2009). At the same time,
oncogenes E6 and E7 come into play, prompting the release of
pro-inflammatory  cytokines and inducing persistent
inflammation (Liu et al, 2015). After persistent infection
caused by HPV, immune cells are activated and aggregated,
and the accumulation of cytokines and ROS causes tissue
damage. High expression of IL-10 and transforming growth

factor Pl (TGF-B1) also causes the entire tumor
microenvironment to receive immunosuppression (Wang
et al., 2018).

Interestingly, E2 oncoprotein is lost when the HPV gene is
integrated, which can be used as a marker for cervical cancer. E6
and E7 oncoprotein are activated when E2 oncoprotein is lost. In
the study by Prabhavathy et al. E2 inhibited the expression of the
E6 gene, suggesting that E2 oncoprotein plays a significant role in
tumor suppression (Prabhavathy et al., 2015). Oxidative damage
can be caused by persistent infection with HPV. The damaged
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antioxidant mechanism is unable to strike a balance with a large
amount of oxynitrogen compounds. The chances of cancer cells
appearing in this imbalance are greatly increased. Oncogene E6
activates glutathione (GSH) and catalase (CAT), so the
appearance of damage and mutation of normal cellular DNA
becomes reasonable (Hemmat and Bannazadeh Baghi, 2019;
Preci et al, 2021). Notably, nitric oxide (NO) also induces
transcription of oncogenes E6 and E7, suggesting a mutually
reinforcing mechanism between HPV infection, inflammatory
response and oxygen nitration response (Bogdan, 2001). The
signaling pathways of the initial stage of cervical cancer cells can
be referred to in Figure 2.

3.2 The Role of Inflammation in the

Development of Cervical Cancer

In addition to immune cells, tumor cells are capable of producing
their own pro-inflammatory cytokines and growth factors after
formation, which further drive large numbers of immune cells
together, such as neutrophils and monocytes. Monocytes in the
tumor inflammatory microenvironment are able to differentiate
into tumor-associated macrophages (TAMs) (Adefuye and Sales,
2012). TAMs can produce proteases such as cysteine cathepsin
and activate cytokines, undoubtedly contributing to tumor
development (Quail and Joyce, 2013). Macrophages can be
divided into M1 and M2. In early-stage tumors, Ml
macrophages predominate and recruit natural killer cells,
whereas in advanced tumors, macrophages transform into M2
phenotype capable of remodeling tissue and angiogenesis. As a

result, TAMs are beneficial to the proliferation and survival of
tumor cells (Biswas and Mantovani, 2010; Liu et al., 2020).

Hypoxia is a common phenomenon in the inflammatory
microenvironment of tumors due to the transformation of
monocytes into macrophages, massive infiltration of immune
cells, and vascular structure disorder. Hypoxia-inducible factor-
la (HIF-1a) is activated, and the survival of tumor cells is
guaranteed to some extent. Cytokines like tumor necrosis
factor-a (TNF-a) and IL-1P can also promote the proliferation
of cancer cells (Gilkes and Semenza, 2013; Zhang et al,, 2021).
Moreover, NF-«kB not only blocks tumor cell apoptosis induced
by oncogene Ras and regulates the transcription of anti-apoptotic
genes (Zhang et al., 2003).

In the process of cervical lesions, the role of various cytokines
still should not be underestimated. In the presence of ROS, the
HPV16 E5 protein can promote the degradation of the
proteasome of Bax, thereby inhibiting the apoptosis of cervical
cancer cells (Oh et al., 2010). E5 also inhibits Fas ligand (FasL)
and tumor necrosis factor-associated regulation to ligand
(TRAIL) (Kabsch and Alonso, 2003). In addition, The high
levels of E6 and E7 oncoproteins overexpress IL-16, which
activates the NF-kB pathway and promotes the proliferation of
cancer cells (Qiongying et al., 2018). By binding to p53, E6
oncoprotein promote DNA mutations in normal cells, thus
inhibiting apoptosis of cancer cells (Hemmat and Bannazadeh
Baghi, 2019). Dysregulation of JAK/STAT signaling has also been
shown to contribute to cancer progression. The STAT pathway is
activated when cytokines (such as IL-6) and growth factors bind
to transmembrane receptors. This leads to JAK actication,
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FIGURE 3 | Signaling pathways in the development stage of cervical
cancer cells. E7 oncoproteins binds to the PRB-E2F complex, a step that
separates E2F from pRb. In the case of high E2F expression, cells will pass the
G1/S phase and pRb will eventually be degraded by the proteasome.

The STAT3 signaling pathway can be activated by IL-6 to promote cell
proliferation which can also be induced by HIF-1a, E5 can inhibit the
expression of p21"WA™! thus promoting the separation of E2F from pRb, and
regulate STAT3 by regulating EGFR.

followed by recruitment, phosphorylation, and activation of
STAT proteins. Subsequently, the STAT dimer is transferred
to the nucleus and binds to target genes (Scarth et al,, 2021).
In fact, E5 oncoprotein also induces phosphorylation of STAT in
cervical cancer cells and may be regulated by activated EGFR
(Akerman et al., 2001; Spangle et al., 2013).

Processes such as cell cycle arrest, apoptosis and DNA damage
responses can be regulated by p53. HPV induces p53
ubiquitination by forming a complex between p53, E6
oncoprotein, and E6-associated protein (E6AP). P53 is
degraded, contributing to chromosome instability. This is one
of the mechanisms of cervical cancer cells to avoid their apoptosis
and cycle arrest (Medda et al., 2021). E6, one of the culprits in
transforming normal cells into tumor cells, degrades and inhibits
p53 via promoting ubiquitination. E7 binds to retinoblastoma
protein (pRb) (Parida and Mandal, 2014). PRb is a tumor
suppressor protein that works with P107 and P130 to form a
“pocket protein” that regulates the cell cycle. Additionally, pRb
can also bind to E2F transcription factors to form a complex,
promoting cell arrest in the G1/S phase, thus regulating the
rhythm of cell growth and division cycle. In cervical cancer
cells, E7 oncoproteins bind to the pRb-E2F complex, a step
that separates E2F from pRb. In the case of high E2F
expression, cells will pass the GI/S phase and pRb will
eventually be degraded by the proteasome (Scarth et al., 2020).
On the other hand, p21"V**! protein controls phosphorylation of
PRB-E2F complex and transcription of genes that regulate cell
proliferation (Lim and Kaldis, 2013). E5 protein can inhibit
p21"VAF! gene expression (Tsao et al, 1996), which activates
the cyclin D/CDK4 complex, which in turn promotes the release

Cervical Cancer and Natural Product

of transcription factors that release E2F, leading to cell cycle
changes. Collectively, pRb is the guard that ensures average cell
growth and differentiation (Hanahan and Weinberg, 2011). Due
to the inactivation of tumor suppressor genes P53 and pRb, cells
caused by HPV have a much higher chance of becoming
cancerous. Furthermore, E6 and E7 oncoproteins inhibit CDKs
inhibitors and disrupt the control of cell cycle checkpoints. The
signaling pathways of the development stage of cervical cancer
cells can be referred to in Figure 3.

3.3 The Role of Inflammation in the Metastis

of Cervical Cancer

Tumor metastasis involves two aspects: the invasion and invasion
of cancer cells to surrounding tissues, and the other is an
epithelial-mesenchymal transition (EMT) (Varga and Greten,
2017; Greten and Grivennikov, 2019). As the main force of
tumor metastasis, cancer stem cells (CSCs) play a crucial role.
CSCs bind to various cytokines and chemokines, such as IL-6, IL-
8, TGF-p, and vascular growth factors. These molecules regulate
the metastasis of tumor cells. The complex regulatory network
between different cells can be interfered with by CSCs. At the
same time, CSCs had a closer transcription behavior with
mesenchymal cells than with normal epithelial cells (Babashah,
2015; Hong et al, 2018; Powell et al, 2020). Further,
inflammatory cells likewise play a role in tumor invasion and
spread. Endoosmosis and extravasation are characteristic features
of tumor diffusion in blood vessels and lymphatics, which are
regulated by specific adhesion molecules and integrins.
Coincidentally, pro-inflammatory cytokines can induce the
expression of adhesion molecules and integrins. Due to a
series of abnormal biological effects of tumor cell regulation,
adhesion between cells also becomes extremely smooth (Fu et al.,
2020). NF-«B regulates some EMT molecules (such as Smad-
interacting proteinl) which initiate EMT and enhance cancer cell
migration (Scheel and Weinberg, 2012; Pires et al, 2017).
Furthermore, NF-kB and inflammatory cells directly regulate
the expression of transfer-related genes (Malki et al, 2021).
NF-kB could also induce self-renewal and metastasis in CSCs
(Rinkenbaugh and Baldwin, 2016). TGF-p also plays a significant
role in tumor metastasis, where it can be produced by cancer cells
and affects the differentiation of Treg and TH17 cells. Some
studies have found that TGF-{ has an effect in tumor metastasis
and invasion (Meulmeester and Dijke, 2011). Hypoxia is known
to be a characteristic feature of the tumor microenvironment, and
HIF-la is activated in the presence of both hypoxia and
inflammation, which leads to the activation of vascular
endothelial growth factor (Kamura et al., 1999). Inflammatory
media and proteases can also be triggered by HIF (Agnieszka and
Maciej, 2015).

The development and spread of cervical cancer also follow
these typical cancer development rules. IL-1 adhesion to vascular
endothelial cells promotes extravasation and tumor invasion
(Hemmat and Bannazadeh Baghi, 2019). IL-6 phosphorylates
STAT3 and induces STAT3 to promote the invasion of cervical
cancer cells by activating the transcription of matrix
metalloproteinase (MMPs) (Xie et al., 2004). Besides, STAT3
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directly binds to focal adhesion kinases (FAK) and paxillin,
promoting cancer cell invasion. It has been shown that a high
expression of FAK exists in HPV-infected patients. Interestingly,
E6 oncoprotein binds to paxillin and fibulinl (Du et al., 2002;
Deivendran et al., 2014). COX-PG pathway is one of the key
signaling pathways between inflammation and cancer. E5
oncoprotein regulates the COX-PG pathway (Sales et al., 2002;
Libra, 2009; Adefuye et al., 2014). Some studies have found that
COX-2 expression is positively correlated with MMPs (Liu et al.,
2015). Meanwhile, activation of EGFR signaling pathway can
increase COX-2 expression (Hemmat and Bannazadeh Baghi,
2019). Coincidentally, remodeling of the extracellular matrix
(ECM) can be induced by MMP, which promotes
angiogenesis. HPV E5 protein can up-regulate the expression
of COX-2 and MMP-7, and it has been proved that E5 protein can
promote the invasion and spread of cervical cancer by activating
the NF-kB and EGFR pathways (Kemp et al., 2010; Gutierrez-
Xicotencatl et al., 2021).

4 THE RAPEUTIC POTENTIAL OF NATURAL
PRODUCTS THROUGH INFLAMMATION
PATHWAYS

Human beings have never stopped the exploration of cancer.
With the continuous in-depth exploration of cancer, more
possibilities have been brought to treatment. Finding better
drugs with fewer side effects has been the goal of many
researchers over the years. Concurrently, with the gradual
deepening of biochemistry and pharmacology, scholars have
gradually paid attention to natural products. More and more
research has begun to be carried out in the direction of natural
products in the treatment of cervical cancer. Nature, a treasure
trove of medicines, is a source of many natural medicines that can
be used to treat and prevent disease, especially in the field of
cancer (Dias et al., 2012). In addition, natural products are also
considered to be evolutionarily optimized ligands for biological
targets and receptors (Grigalunas et al., 2020). We described 30
natural products that have the potential to treat cervical cancer by
influencing a range of inflammatory effects.

4.1 Alkaloids

A study explores the ability of piperine (PP) to reverse the
resistance of cervical cancer cells. PP is a pepper and alkali
compound extracted from Piper longum L. It inhibits oxidative
stress, inflammatory response, and even tumor growth. The
expression of p65 was significantly reduced after the low
concentration of PP treated Hela cells. PP decreased the
expression of p-STAT3, NF-kB, and Bcl-2 in HeLa cells, while
the activities of Bax, Bid, Caspase and PARP were increased (Han
et al., 2017). In addition, in Dasari’s study, they used an in vitro
model to study the effects of neptoline on HeLa and SiHa cells.
The results show that neptoline inhibited the activity of HeLa and
SiHa cells and increased the intracellular ROS, which in turn
promoted autophagy and apoptosis of cervical cancer cells in a
dose-response manner. Meanwhile, Nephrine, as a lotus seed
alkaloid, is also very toxic to normal cells (Dasari et al., 2020).

Cervical Cancer and Natural Product

In addition to influencing the growth of cervical cancer cells by
affecting signaling pathways and oxidative stress, some alkaloids
can directly affect gene transcription and protein synthesis of
HPV. After berberine is absorbed by HelLa cells, the tubulin
network of HeLa cells is destroyed. Berberine is destroyed by
the microtubule protein network of Hela cells absorbed by HeLa
cells. In addition, the E6/E7 expression of Hela cells that
absorbed berberine is also significantly suppressed. The
mechanism is that berberine can further adjust the expression
of the cancer gene p53 and further regulate the HPV 18 E6/E7
virus carcinoma. Via western blot analysis, the expression of
Cyclin and NF-kB were also decreased, suggesting that berberine
may also be involved in the treatment of cervical cancer through
the signal transduction pathway (Saha and Khuda-Bukhsh, 2014).
Another study also found that berberine can selectively inhibit
AP-1 group activation, thereby down-regulating HPV oncogene
expression (Mahata et al, 2011). Colchicine, a plant-derived
alkaloid, could significantly reduce the expression of HPV 16
E6/E7 mRNA and protein in CaSki and HeLa cells. This effect
results in up-regulation of tumor suppressor proteins p53 and Rb
and down-regulation of phosphorylated Rb (pRb) proteins (Yan
et al,, 2020).

4.2 Flavoniods

Flavonoids are widely found in plants in nature. Studies have
found that flavonoids have antimicrobial, antioxidant, anti-
inflammatory and anti-tumor effects. Flavonoids are also an
essential dietary component of human beings (Serafini et al.,
2010; Panche et al., 2016; Choy et al., 2019; Maleki et al., 2019).
Icaritin can increase the ROS expression in the Hela cells,
increasing the number of DNA fractures in the HeLa cells,
raising the expression of Bax and Caspase 3 and 9 (Xin et al,
2018). In another study, morusin decreased the expression of NF-
kB, p65, and Bcl-2 and increased the levels of Bax and Caspase-3
(Wang et al., 2013). Wogonin had cytotoxic effects on both SiHa
and CaSki cells. The oncogenes of E6 and E7 virus were
significantly inhibited in wogonin-treated SiHa and CaSki cells.
Besides, wogonin can cleave poly ADP ribose polymerase (Kim
et al., 2013). Kaempferol-7-O-b-D-glucoside (KG) can reduce the
nuclear translocation of NF-kB in a dose-response manner. At the
same time, KG can also up-regulate the expression of Bax and
down-regulate Bcl-2 (Xu et al., 2008). Similarly, fisetin could
inhibit the p38MAPK-dependent NF-kB signaling pathway in a
concentration-dependent manner. fisetin can also down-
regulating the expression of urokinase-type plasminogen
activators (Chou et al., 2013). Baicalein, extracted from the
root of Scutellaria baicalensis Georgi, promotes HeLa cell
apoptosis by inhibiting the phosphorylation of NF-kB and
I-kBa, thereby blocking the TNF-a induced nuclear ectopia of
P65. In addition, baicalein was found to reduce the expression of
pro-inflammatory cytokines such as IL-8 and monocyte
chemoattractant protein 1 (MCP1) (Xiaolan et al., 2014; Yong
et al,, 2015). Fisetin is widely found in various vegetables and
fruits, and nuts are no exception (Kashyap et al., 2019). The
evidence from a study suggests that fisetin inhibits the invasion of
SiHa and CaSki cells by inhibiting the phosphorylation of P38/
MAPK, affecting NF-kB and inhibiting nuclear translocation
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(Chou et al., 2013). Luteolin has been found to have a variety of
therapeutic effects. Luteolin could inhibit the activation of NF-«kB
by inhibiting TNF-a, and enhance the activity of JNK, thus
promoting the apoptosis of HeLa cells (Shi et al, 2004).
Similarly, as reported, naringin also promoted the apoptosis of
HeLa cells by decreasing the expression of NF-kB and COX-2
(Zeng et al., 2014). Puerarin can be extracted from Pueraria
alopecuroides Craib, and its anti-inflammatory effects have been
demonstrated in various disease models. Puerarin increases the
activity of IL-2 and superoxide dismutase (SOD) in plasma of
U14 cervical cancer mice. Excess free radicals were removed in
certain doses. Puerarin as reported improved the tissue damage
induced via ROS, then increased the ability to fight tumors (He
et al,, 2021).

4.3 Terpenoids

Terpenoids are the most extensive group of plant components.
These compounds have been reported to possess a variety of
pharmacological activities, such as anticancer activity (Cox-
Georgian et al, 2019; Kamran et al., 2022). Triphala inhibits
the phosphorylation of NF-«B, decreases the expression of cyclin
D1, and increases the expression of p53 at doses. The result is that
the proliferation of HeLa cells is inhibited (Zhao et al., 2018). TNF
related apoptosis inducing ligand (TRAIL) plays an essential role
in apoptosis. On the one hand, artesunate inhibits NF-«xB
activation, thereby reducing the expression of pro-survival
proteins such as XIAP. This can enhance the pro-apoptotic
effect of TRAIL and promote the apoptosis of HeLa cells
(Thanaketpaisarn et al., 2011). On the other hand, artesunate
also inhibit the expression of COX-2, which inhibits the
proliferation of HeLa and CaSki cells. The percentage of
T cells is also decreased due to the absorption of artesunate
(Zhang LX. et al.,, 2014).

4.4 Phenols

The research of Manickam et al. has shown that Curcumin has the
ability to regulate apoptosis, proliferation and angiogenesis. They
suggest that curcumin does this by regulating the expression of
kinases and gene factors that inhibit the expression of NF-«B.
This speculation was finally confirmed in Hela cells (Manickam
et al., 2005). In addition, Curcumin has attracted much attention
because of its extensive anti-cancer, anti-oxidation, anti-
inflammatory, anti-bacterial and other therapeutic -effects
(Vecchione et al, 2016). curcumin has excellent anti-
inflammatory activity because it could inhibit the proliferation
of HeLa, CaSki and Siha cells by inhibiting the expression of
COX-2 and inducible nitric oxide synthase (INOS) (Singh and
Singh, 2009). Camellia sinensis (L.) Kuntze is a popular herb with
many biologically active natural products, such as (-)
Epigallocatechin gallate (EGCG), (-) EpigalLocatechin 3-gallate
(ECG), (-) Epigallocatechin (EGC), and (+)catechin. Among them,
EGCQG is well known for its various pharmacological activities.
Being a catechin compound, on the one hand, EGCG inhibits the
activation of NF-kB in HeLa cells and SiHa cells, thereby
inhibiting the expression of COX-2 (Singh et al., 2011; Mp
et al, 2021). On the other hand, EGCG can regulate the
number of ROS, indicating that EGCG can play an anti-tumor
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role through the antioxidant pathway (Min and Kwon, 2014).
Quercetin is a dietary compound that is often found in vegetables
and fruits as a secondary plant metabolite. It has a variety of
biological activities (Andres et al, 2018). A finding of a study
suggests that quercetin can target the NF-«kB pathway and inhibit
HelLa cells proliferation. Furthermore, quercetin also inhibits the
binding of the oncoprotein E6 to E6AP, which removes the fear of
p53 being unused, thereby, inducing apoptosis of HeLa and SiHa
cells (Vidya Priyadarsini et al., 2010; Clemente-Soto et al., 2019).
Resveratrol is a dietary polyphenol derived from grapes, berries
and other plants. Resveratrol has been shown to inhibit the
migration of HeLa cells by inhibiting NF-kB and MMP9
expression (Tang et al, 2007; Zhao et al, 2019). Further,
Zhang et al’s research team treated different cervical cancer
cell lines with resveratrol to explore the effects of Resveratrol
on STATS3, Notch and Wnt pathways. It was concluded that
resveratrol could simultaneously inhibit the action of three
signaling pathways, thereby promoting the apoptosis of HeLa
and SiHa cells (Zhang P. et al., 2014). Kaempferol is found in
various fruits and vegetables, such as onions, parsley and oranges.
In vitro studies, it can inhibit nuclear heterotopic of NF-kB in
C33A, CaSki, HeLa and SiHa cells, and then promote cell cycle
arrest in G2/M phase (Marius et al.,, 2016; Souza et al., 2017;
Wozniak et al., 2021). Morin is widely derived from a variety of
fruits and vegetables (Osage orange, apple guava, strawberry,
almond shell, sweet chestnut, onion, and jackfruit). Morin
decreases NF-kB mRNA expression and promotes HeLa cell
apoptosis. In addition, morin could increase ROS expression
in cancer cells (Zhang et al., 2018; Solairaja et al., 2020). Rutin
is an active substance in asparagus, buckwheat, apricot, apple,
cherry, grape and other plants. Several lines of evidence suggest
that rutin can reduce the expression of COX-2 and the leukocytes
invasion when rutin is injected into K14-HPV16 mice according
to the prescribed dosage (Deepika et al., 2018; Moutinho et al,,
2018; Nouri et al., 2020). Derived from the dry root of scutellaria
baicalensis. Salvianolic Acid B can reduce the expression level of
tumor necrosis factor TGF in Hela cells, thus promoting cell
apoptosis (Jing et al., 2016).

4.5 Others

It has been reported that E6-associated E3 ubiquitin ligase E6GAP
targets p53 degradation and E7-associated transcription factor
E2F1 is also decreased by tanshinone IIA in a dose-dependent
manner (Munagala et al., 2015). After emodin treatment of SiHa
and C33A cells, intracellular HOCI/OCI™ was decreased, p-Akt
activation was also inhibited as well as NO~, O, in a dose-
response manner (Moreira et al., 2018). Eugenol could regulate
cell viability. After eugenol treatment, the expressions of PARP,
Bax, Caspase-3 and ROS were up-regulated, while the expression
of Bcl-2 was down-regulated in HeLa and SiHa cells (Das et al,,
2018). The ethyl acetate extracts isolated from pistacia vera L
could induce apoptosis and inhibit angiogenesis. Studies have
found that it can down-regulate the expressions of TNF, Bcl-2,
IAP and TRAF in a dose-response manner (Seifaddinipour et al.,
2018). Praeruptorin-B has been reported to have excellent
antitumor activity. Praeruptorin-B can down-regulate NF-xB,
MMP-2 and -9 in HeLa and SiHa cells. Interestingly,
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TABLE 1 | Therapeutic potential of natural products based on inflammation in cervical cancer.

Name

Colchicine
Piperine
Neferine
Berberine
Icaritin

Morusin
Wogonin
Kaempferol-7-O-b-D-
glucoside
Fisetin
Tanshinone IIA

Emodin
Eugenol

Ethyl acetate extracts isolated
from Pistacia vera L
Praeruptorin B

Baicalein

Fisetin

Luteolin

Naringin

Puerarin

Triphala

Artesunate

Curcumin

EGCG

Quercetin

Resveratrol
Kaempferol

Morin

Rutin

Salvianolic Acid B

Praeruptorin-B

In-vitro/vivo odels

CaSKi and Hela cells

Hela cells, mice
xenograft models

Hela and SiHa cells

Hela cells

Hela cells

Human cervical CSCs

SiHa and CaSki cells

Hela cells

SiHa and CaSki cells
CaSki cells

SiHa cells, C33A
Hela and SiHa cells

CaSki cells

Hela and SiHa cells
Hela cells

SiHa and CaSki

Hela cells

Hela cells

U14 cervical cancer
mice

Hela cells

Hela cells

HelLa and CaSki cells
Hela, CaSki and SiHa

cells
Hela and Siha cells

SiHa and Hela cells

Hela cells
C33A,CaSki, HelLa and
SiHa cells
Hela cells

K14-HPV16 mice

Hela cells

Hela and Siha cells

Mechanism

Decrease the expression of HPV 16 E6/E7 mRNA and protein,
increase

Reduce the expression of p65, decreased the expression of
p-STAT3, NF-xB, and Bcl-2 in Hel a cells, while the activities of
Bax, Bid, Caspase and PARP were increased

Increase the intracellular reactive oxygen species (ROS)
Decrease the express of HPV 18 E6/E7, cyclin and NF-«p. inhibit
AP-1 group activation

Increase the expression of ROS, the number of DNA fractures,
raise the expression of Bax and Caspase 3 and 9

Decrease the expression of NF-kB, p65, and Bcl-2, and increased
the levels of Bax and Caspase-3

Decrease the express of HPV 18 E6/E7, cleave poly ADP ribose
polymerase

Reduce the nuclear translocation of NF-«xB, upregulate the
expression of Bax and down-regulate Bcl-2

Inhibit the p38MAPK-dependent NF-kB signaling pathway
Decrease in HPV16 E6 and E7 protein levels

Inhibit the NO-,02- and p-Akt activation, decrease HOCI/OCL"
Up-regulate the expression of PARP, Bax, Caspase-3 and ROS,
down-regulate the expression of Bcl-2

Down-regulate the expressions of TNF, Bcl-2, IAP and TRAF

Down-regulate NF-kB, MMP-2 and -9

Inhibit the IL-8, phosphorylation of NF-kB and I-kBa, blocking the
TNF-a induced nuclear ectopia of p65

Inhibit the phosphorylation of P38/MAPK, affecting NF-kB and
inhibiting nuclear translocation

Inhibit the activation of NF-kB by inhibiting TNF-a, and enhance
the activity of JNK

Decrease NF-kB and COX-2

Increase the activity of IL-2 and superoxide dismutase (SOD)
Inhibit the phosphorylation of NF-xB, decrease the expression of
cyclin D1, and increased the expression of p53

Inhibit NF-«xB

Inhibit the expression of COX-2
Inhibit the expression of NF-kB, COX-2 and INOS

Inhibit the activation of NF-kB, the expression of COX-2
Regulate the number of ROS

Inhibits the binding of the oncoprotein E6 to EGAP

Inhibiting NF-xB and MMP9 expression

Inhibit nuclear heterotopic of NF-kB, promote cell cycle arrest in
G2/M phase

Decrease NF-kB mRNA expression, increases ROS expression

Reduce the expression of COX-2 and the leukocytes invasion

Reduce the expression level of TGF

Down-regulated the expression of NF-kB, MMP-2 and MMP-9
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Dose/time-
effect

Dose-effect

Dose-effect

Dose-effect
Dose-effect

Dose-effect

Dose-effect

Dose-effect

Time-effect,
dose-effect
Dose-effect
Time-effect,
dose-effect
Dose-effect
Time-effect

Time-effect,
dose-effect
Dose-effect
Dose-effect

Dose-effect

Time-effect,
dose-effect
Time-effect,
dose-effect
Time-effect

Dose-effect

Time-effect,
dose-effect
Dose-effect
Dose-effect

Dose-effect
Time-effect.

dose-effect
Dose-effect

Dese-effect
Time-effect

Dose-effect

Time-effect,
dose-effect

Time-effect,
dose-effect
Dose-effect

Ref

Yan et al. (2020)

Han et al. (2017)

Dasari et al. (2020)
(Mahata et al., 2011
Saha and
Khuda-Bukhsh, (2014)
Xin et al. (2018)

Wang et al. (2013)
Kim et al. (2013)
Xu et al. (2008)

Chou et al. (2013)
Munagala et al. (2015)

Moreira et al. (2018)
Das et al. (2018)

Seifaddinipour et al.
(2018)

Hung et al. (2019)
(Xiaolan et al., 2014
Yong et al. (2015)
Chou et al. (2013)

Shi et al. (2004)
Zeng et al. (2014)
He et al. (2021)
Zhao et al. (2018)

Thanaketpaisarn et al.
(2011)
Zhang et al. (2014a)
Manickam et al. (2005)

(Singh et al., 2011
Mp et al. (2021)
Manohar et al. (2013)

(Vidhya Priyadarsini
et al., 2010
Clemente-Soto et al.
(2019)

Tang et al. (2007)
Xu et al. (2008)

(Zhang et al., 2018
Solairaja et al. (2020)
(Deepika et al., 2018
Moutinho et al., 2018

Nouri et al. (2020)

Jing et al. (2016)

Hung et al. (2019)
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praeruptorin-B  could block Akt phosphorylation without
affecting the MAPK pathway (Hung et al, 2019). Similarly,
Praeruptorin-B would down-regulated the expression of NEF-
kB, MMP-2 and MMP-9, which affected the proliferation of
Hela and SiHa cells. In addition, praeruptorin-B inhibits Akt
phosphorylation, thus inhibiting cell invasion (Hung et al., 2019).

Up to now, the anti-tumor mechanism of natural products
mainly involves multiple molecular mechanisms, such as
promoting cell apoptosis, regulating gene transcription and
protein synthesis, and regulating cell signal transduction
pathways, which can also contribute to the treatment of
inflammation-related cancers, indicating the direction. As for
microbiota regulation, most of the current literature mainly
directly affects the dynamic balance of microbiota through
probiotics. Consequently, we believe that natural products
might be an emerging therapeutic direction. Whether natural
products can directly affect the entire cervix vaginal microbiota
remains to be investigated. We summarized the experimental cell,
time/dose development and mechanism in natural product
research in Table 1, providing a reference for readers.

5 NATURAL PRODUCTS FOR CERVICAL
CANCER IN CLINICAL TRAILS

5.1 Paclitaxel

To date, Neoadjuvant chemotherapy has been tried to treat
patients with advanced cervical cancer (Benedetti-Panici et al,
2002). Paclitaxel, a terpenoid compound, has become a
commonly used chemotherapeutic agent and is usually used
with cisplatin (Sofias et al., 2017). Regarding response rate
(RR) and progression-free survival (PFS), numerous data
indicate that cisplatin combined with paclitaxel has better
efficacy and safety than cisplatin alone. Unsurprisingly,
cisplatin combined with paclitaxel and bevacizumab has
become the first-line treatment for metastatic cervical cancer
(Marth et al., 2017). Some studies have also investigated the effect
of paclitaxel in neoadjuvant therapy.

Tambaro et al. performed surgery on 42 patients with cervical
cancer, 32 of whom were treated with paclitaxel, cisplatin, and
epirubicin (CEP) as adjuvant therapy. The results found complete
remission in 8 cases (25%), partial remission in 17 cases (53%),
and stable disease in 9 cases (28%). Similarly, the RR was 78.5% at
the end of chemotherapy (Tambaro et al., 2004).

Moreover, other chemotherapeutic agents in combination
with paclitaxel are also being studied. For example,
carboplatin combined with paclitaxel also had better
tolerability and higher RR (Meletios et al., 2002). Pectaside
et al. studied 51 patients with advanced cervical cancer, and
when they were treated with paclitaxel and carboplatin, 16
percent had complete remission and 37 percent had partial
remission. Further, the relative risk for patients who received
only radiotherapy was 68%, while the relative risk for
chemotherapy patients was only 28% (Pectasides et al,
2008). The British Columbia (BC) Cancer Institute in
Vancouver stated that the combination of carboplatin and
paclitaxel is the standard treatment for advanced cervical
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cancer, The combination of carboplatin and paclitaxel has a
higher RR and better PFS than cisplatin alone (Meletios et al.,
2002). Takekuma et al. also studied the combination of
paclitaxel and nedaplatin in treating patients with
advanced cervical cancer. Takekuma et al. evaluated the
efficacy of paclitaxel combined with nedaplatin intreating
50 patients with cervical cancer. Discontinue co-therapy
when disease progression changes or adverse reactions
occur (Sutton et al.,, 1993; Monk et al., 2009; Takekuma
et al., 2011). A phase II trial study also investigated the
role of paclitaxel as monotherapy to treat patients with
advanced cervical cancer. After treatment, the RR was 17
percent (Mcguire et al., 1996).

Collectively, the combination of paclitaxel with some
chemotherapeutic agents such as platinum has a better effect
(Della Corte et al., 2020). However, given the primary and
acquired resistance to paclitaxel, molecules that increase the
sensitivity of cancer cells to paclitaxel, like transmembrane-
associated multidrug resistance proteins (P-GP, MRP-1 and
ABCG2), could be selected. This also indicates that paclitaxel
still has value in clinical application.

5.2 Curcumin

Paclitaxel has the function of inducing radiosensitization. When these
natural products are combined with chemotherapeutic agents such as
platinum drugs, the effect of radiotherapy can be better played - the
ability to control the growth and metastasis of cancer cells is greatly
enhanced. It is important to note that the enhancement of
chemotherapy effect has a severe challenge to focus on: the
amplification of cytotoxicity of chemotherapy. It is necessary to
introduce a product that can induce chemotherapeutic agents
without harming normal tissue as much as possible and increase
sensitivity to chemotherapeutics. Curcumin is a classic example (Lao
et al., 2006; Javvadi et al., 2008; Li et al., 2017).

According to a study by Javvadi et al., curcumin enhances the
antioxidant effect of normal cells by increasing ROS production
in cancer cells and down-regulates the NF-kB and AKT signaling
pathways, thereby enhancing the re-sensitization of
radiotherapy-resistant cells (Javvadi et al., 2008). Another
finding was that thioredoxin reductase 1 (TxnRdl) could be
induced by curcumin, and the sensitivity of cancer cells to
radiation therapy is increased. TxnRdl, an antioxidant
enzyme, may remove the concentration of intracellular ROS
produced by infrared radiation. Overexpression of TxnRdl
could enhance the anti-sensitivity effect of cancer cells
(Javvadi et al, 2010). Curcumin could increase the
sensitization of cancer cells to radiation drugs and radiation.

In addition, a Phase I clinical study conducted by Cheng et al.
(2001) in which 4 patients with cervical intraepithelial neoplasia
were treated with a dose of curcumin, biopsies and analysis were
performed after 3 months. The results showed that histological
improvement in two patients. The main weakness of the research
is that there were few patients involved, and one patient’s
condition worsened. The clinical effects of curcumin are still of
great value and potential. At present, curcumin tends to be used
with other chemotherapeutic agents in order to achieve a better
therapeutic effect.
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6 TECHNOLOGIES TO IMPROVE THE
ANTICANCER PROPERTIES OF NATURAL
PRODUCTS

Currently, radiotherapy and chemotherapy are commonly used
for cancer treatment (Falzone et al., 2018), but they have specific
negative effects. Targeted cancer therapy enables the precise
treatment of molecules unique to particular cancer (Troy, 2015).
However, this represents a high degree of dependence of
targeted therapies on cancer-related mutant proteins and
signaling pathways. Suppose the targeted gene mutation or
signal pathway changes, the efficacy of targeted therapy will
be greatly reduced. It shows that due to the abnormal
physiological mechanism of cancer cells, the drug resistance
of cancer cells to anti-cancer drugs is a problem that cannot be
ignored. Cancer cells have the ability to adapt flexibly to various
mechanisms to increase resistance to anti-cancer drugs, such as
increased evasion, increased gene mutations,
reactivation of drug targets, and altered metabolism (Ma and
Zong, 2020). As a result, most anticancer drugs have a good
effect in the initial treatment, but the efficacy is weakened after
drug resistance or even relapse after chemotherapy. At present,
the anticancer application of natural products is mainly
reflected in the use of natural products to improve the
resistance of cancer cells to cancer treatment, so it is
necessary to consider improving the bioavailability of natural
products (Liskova et al., 2021a).

immune

6.1 Combined Use of a Variety of Natural

Products

At present, there are few natural chemotherapeutic drugs directly
used in the clinic, but the resistance of cancer cells to
chemotherapeutic drugs is a problem that must be faced. The
current study found that natural products can increase the
efficacy of natural chemotherapeutic drugs by sensitizing
cancer cells to them again.

Paclitaxel has become a commonly used chemotherapy drug,
and some studies have proved that the combination of curcumin
and paclitaxel can improve the efficacy of paclitaxel. Combined
treatment with liposome curcumin and paclitaxel synergistically
reduced the size and incidence of squamous cervical cancer
models in mice compared with monotherapy (Sreekanth and
Bava, 2011). Further studies have shown that curcumin regulates
NF-«kB pathway related proteins and genes and regulates the
activities of c-Jun N-terminal kinase (JNK) and extracellular
regulated protein kinases (ERK), thus synergistically improving
the efficacy of combination therapy with paclitaxel. In addition,
another report showed that the combination of paclitaxel and
curcumin had a more potent anticancer response than paclitaxel
alone, targeting HeLa cells (Bava et al, 2004). Similar to
curcumin, the combination of quercetin and docetaxel
effectively slowed tumor growth. Quercetin can also induce
ROS production, thereby promoting the effect of paclitaxel on
prostate cancer PC-3 cells (Zhang et al, 2020). These
undoubtedly show that the combination of natural products
can increase the sensitization of cancer cells.
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6.2 Using Nanotechnology to Promote the

Anticancer Effects of Natural Products
Although natural products have sound anti-cancer and
sensitizing effects, the premise of maximizing the effects of
natural products is to improve the bioavailability of natural
products. At present, nanotechnology can be used to optimize
the rigid limitations such as the bioavailability of natural products
to improve their therapeutic efficacy and pharmacokinetic
characteristics (Masashi et al., 2011; Prasad et al, 2014;
Sahebkar and Momtazi, 2016; Ahmed al., 2017a).
Nanotechnology can be used to modify and encapsulate
natural products, thus giving natural products a longer half-
life and enhancing their targeting ability. Different types of
nanotechnology have been widely used to compensate for the
shortcomings of natural products.

et

6.2.1. Polymeric Nanopatrticles

PNPs are nanospheres and nanocapsules that exist in a solid
phase and have different structures and compositions (Ahmed
et al,, 2021). The nanocapsules have an oily core encased in a
polymer film on which natural products can be adsorbed and
dissolved. Nanospheres are a matrix system on which natural
products can be directly retained (Alexis et al., 2008). PNPs could
control drug release and targeted therapy and act on the cell
surface to enhance the therapeutic index (Fonseca-Santos and
Chorilli, 2020). Typical polymer nanoparticles include chitosan,
poly (lactic-coglycolic acid) (PLGA) nanospheres, and poly (butyl
cyanoacrylate) (PBCA).

Chitosan is a linear polysaccharide with good
biocompatibility, low toxicity and biodegradability. At present,
chitosan has been widely used in nanomedicine and has great
potential in cancer treatment (Dev et al., 2010; Jin et al., 2016;
Kaur et al., 2020). Studies have found that the combination of
gambogic acid and chlorthalidone retinoic acid supported
ethylene glycol chitosan nanoparticles can effectively inhibit
the growth of osteosarcoma MG63 cancer cells (Liu et al,
2016). In addition, in another study of metastatic melanoma
in the lungs, chitosan nanoparticles loaded with curcumin
inhibited tumor nodules three times more than free curcumin
did (Havel et al., 2016). PLGA is a biodegradable functional
polymer organic compound synthesized by the polymerization of
lactic acid and glycolic acid. PLGA nanoparticles are widely used
in pharmaceutical, medical engineering materials and modern
industry due to their excellent biocompatibility, non-toxicity and
exemplary performance in forming capsules and films (Ahmed
et al., 2021). PLGA could also enhance the anticancer effect of
natural products. Mukherjee et al. found that curcumin-PLGA
nanospheres produced a more significant anticancer effect on
prostate cancer cells (Mukerjee and Vishwanatha, 2009). Yallapu
et al. also demonstrated that curcumin-PLGA nanoparticles were
more effectively internalized into prostate cancer cells than free
curcumin (Yallapu et al., 2014; A.; Aljuffali et al., 2016). PBCA
nanoparticles are also ideal for transporting natural products
(Rempe et al., 2014). PBCA nanoparticles can effectively prevent
the degradation of natural products. One study found that the
half-life of PBCA nanoparticles loaded with curcumin was
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52 times increased by intravenous administration, while the final
scavenging amount of curcumin was reduced by 2.5 times (Duan
et al,, 2010). In addition, PEGylated nanoparticles coated with
curcumin have a slower release rate. Compared with free
curcumin, the size of the tumor treated with PEGylated
nanoparticles coated with curcumin was 2.7 times smaller (A.
Aljuffali et al,, 2016), and PEGylated nanoparticles did not cause
significant toxicity.

6.2.2. Lipid Nanoparticles

PNPs are a typical drug transport carrier, but polymer toxicity
and solvent residues after synthesis are the problems we have to
face when using PNPs (Blomberg et al, 2001). LNPs can
effectively avoid these problems (Muller and Keck, 2004).
Solid lipid nanoparticles (SLNs) are nanospheres composed of
Solid lipid cores that can control drug release, avoid drug
degradation or leakage, and have good targeting properties. At
present, SLNs can be mass-produced by the high-pressure milk
homogenization method. Other preparation methods are the
emulsification precipitation method and microemulsion
method (Kumar et al., 2012; Kashyap et al., 2021). It has been
confirmed that SLNs can improve the anticancer activity of
natural products. Vandita et al’s study concluded that SLNs
coated with curcumin significantly reduced ICs, against human
cancer cells compared to capcurcumin (Vandita et al., 2012).

6.2.3. Protein Nanoparticles

Protein is one of the best materials for the synthesis of
nanoparticles (Figueiré et al, 2013). The surface of protein
nanoparticles can be well modified and connected to natural
products (Mukherjee et al, 2011). At the same time, protein
nanoparticles are biodegradable, which makes protein
nanoparticles be considered for various drug therapy.

Gelatin nanoparticles are widely used in drug delivery due to
their high biocompatibility. It has been found that gelatin
nanoparticles loaded with resveratrol are more likely to be
taken up by cells (Signorelli and Ghidoni, 2005). Similarly,
paclitaxel-gelatin nanoparticles have good anti-bladder cancer
activity (Lu et al, 2004). As protein nanoparticles, albumin
nanoparticles can be modified with resveratrol. In a study for
ovarian cancer, using resveratrol -albumin nanoparticles
significantly increased the drug’s accumulation in the ovaries
and reduced the drug’s concentration in the blood compared with
free resveratrol injections. It also highlights the excellent role of
albumin nanoparticles in drug encapsulation and targeted
transport (Guo et al, 2010). In addition, an albumin
nanoparticle formulation containing paclitaxel has been
approved for the treatment of patients with metastatic breast
cancer (Desai et al., 2006).

6.2.4. Metal Nanoparticles

In the past, the synthesis of metal and metal oxide nanoparticles
has been extensively studied by researchers, and there have been
continuous attempts to apply metal nanoparticles to biomedicine,
and particular achievements have been achieved (Ahmed et al.,
2016b). However, the process of synthesizing metal nanoparticles
through physical and chemical synthesis is cumbersome and has
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the potential to pose risks to the environment, as the synthesis
requires a variety of hazardous chemicals and hazardous
substances. Direct use of these metal nanoparticles on humans
may also have negative effects such as toxicity. Biosynthesis of
metal nanoparticles is a simple, safe and green way of synthesis. In
biosynthesis, various parts of plants and fungi can synthesize
metal nanoparticles (Ahmed et al., 2016a; Ahmed et al., 2016b)
and adjust the size and shape of nanoparticles because
biologically active compounds in plants can accelerate the
conversion of metal ions into biologically active nanoparticles
(Munir et al., 2021). The researchers took note of biosynthesis
and investigated the effects of plant-based metal nanoparticles.

Plant-synthesized gold nanoparticles have unique
physicochemical properties and biocompatibility, and are
widely used in antibacterial therapy, drug delivery and
photothermal therapy (Begum et al, 2022; Habeeb
Rahuman et al.,, 2022). (Shukla et al., 2012) treated prostate
cancer with EGCG as a carrier of gold nanoparticles and found
that gold nanoparticles loaded with EGCG reduced tumor size
by 80% without toxicity after injection of the drug in xenograft
mice (R. et al.,, 2012). In addition, compared with free EGCG,
the ICsq value of nano-EGCG for bladder cancer cell lines was
6-7 times higher than that of free EGCG (Hsich et al,, 2011).
Silver nanoparticles are a good antibacterial agent, and it has
been found that modified plant silver nanoparticles can be used
in cancer treatment (Habeeb Rahuman et al., 2022). The leaf of
Taraxacum abietifolium Saarsoo extract used in conjunction
with silver nanoparticles showed good anticancer activity
against liver cancer cells, and it is worth noting that this
anticancer activity is comparable to commercial anticancer
drugs (Gauthami et al., 2015). Similar to most metal
nanoparticles, zinc oxide nanoparticles have good
antibacterial effects (Begum et al., 2022). Biosynthesized
ZnO nanoparticles have more advantages than physical and
chemical synthesized ZnO nanoparticles (Ahmed et al,
2017b). Doxorubicin combined with ZnO nanoparticles
synthesized from fruit extracts is more cytotoxic than
doxorubicin alone in the treatment of breast and colon
cancer cells (Guo et al.,, 2010).

6.2.5. Other Nanotechnologies

In addition to nanoparticles, other nanotechnologies such as
liposomes and dendrimers are also frequently used to diagnose
and treat cancer. Liposomes are tiny spherical vesicles with
bilayer phospholipids and cholesterol and are amphiphilic
(Temidayo et al, 2018). Liposomes provide excellent
protection against drugs and reduce the nonspecific toxicity
associated with natural products. It is noteworthy that
liposomes are capable of delivering packaged drugs directly
into cells, and these characteristics make liposomes frequently
used for targeted drug delivery (Barazza et al., 2005; Parhi et al.,
2012; Hwang et al, 2022). Dendrimers are composed of
degradable monomers. Dendrimers are not by
themselves, and their internal cavities and binding sites are
capable of carrying drugs. In addition, there are a lot of
functional groups on the surface of Dendrimers, and the
modified dendrimers have a good targeting effect (Kaur et al,
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2020). Many research teams have begun to use dendrimers to
wrap natural products and study the anticancer effects of the
complex. For example, Babaei et al. have tried to wrap curcumin
into dendrimers and use the complex to treat fibrosarcoma
(Babaei et al., 2012).

7 CONCLUSION AND FUTURE
PERSPECTIVES

HPYV is a necessary factor contributing to the occurrence of cervical
cancer. So blocking the oncogene expression of HPV from the
beginning is a treatment idea. Many abnormal mechanisms,
including further amplification of inflammation, are driven by
oncoprotein expression. This review illustrates the view that
inflammation plays an important role inregulating both the onset
and end of cancer. Immunotherapy has become a hot topic in cancer
treatment today because of a broad understanding of the relationship
between inflammation and cancer. Further study of these
mechanisms may contribute to the application of immunotherapy.
However, this process is lengthy. In addition to selecting typical
biomarkers, clinical trials and retrospective studies of these
biomarkers are also required. It should not be ignored that
attention should also be paid to matching the selected models
with human tumors when selecting preclinical models.

Plants and animals, marine life and even microbes are a
treasure trove of natural products notable for their diversity and
low toxicity. At present, natural products are mainly used as

sensitizers in cancer treatment. However, the anticancer
potential of natural products should not be ignored,
considering their limitations and whether there is a

possibility to solve the drug resistance of cancer cells. In
addition, it is worth thinking that the microbiota is closely
related to inflammation. Intestinal microbes can also indirectly
affect the microbiota and hormone changes in the reproductive
tract, thereby regulating inflammation and affecting the
occurrence of cervical cancer. So the link between natural
products and the gut microbiome may be an emerging field.
Fortunately, it has been found that berberine can directly
interact with intestinal microorganisms to improve metabolic
disorders and inhibit oxidation and inflammatory mediators.
Further studies combining pharmacodynamics,
pharmacokinetics, microbiome and metabonomics are
recommended to develop new therapies for the prevention
and treatment of cervical cancer.

However, there are still disadvantages to developing and
using natural products. The characteristics of low absorption,
extensive metabolism and metabolic elimination need to be
addressed. Besides, some natural products require sufficiently
high concentrations to reach the target tissue effectively.
Toxicity is also a fact that cannot be ignored. In the face of
these limitations, screening and optimization methods are
needed. At present, the value of natural products can be
developed by optimizing the solubility and bioavailability
of natural products. Firstly, the lead compound is modified
and modified by means of medicinal chemistry. Secondly,
choose a suitable carrier to optimize the delivery of natural
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products. Nanoparticles are a good example, and more
attempts have been made. Nanoparticles are carriers with
great potential. It is worth considering that although
nanoparticles have the ability to improve drug
bioavailability significantly, there are too few cases that
have entered clinical trials. Different delivery systems have
different advantages and disadvantages. In addition to
choosing a delivery carrier that better matches the
designated natural product, biocompatibility and safety
should also be considered. Researchers may need to spend
more effort exploring the ways and mechanisms of drug
delivery. We believe that in addition to improving the
delivery mode of the carrier itself, we may also start from
external media to improve the conditions of the surrounding
environment to improve the accuracy of the delivery of
natural products. In addition, combination with other
drugs is a way to increase the sensitivity of cancer cells.
However, due to the multi-effect characteristics of natural
products, drug combinations may have interaction effects, so
the possible risks and benefits derived from the combined use
of natural products need to be grasped. Another interesting
approach is taking food and ysing natural products as dietary
supplements to achieve therapeutic effects. Phenolic
compounds, for example, are found in vegetables, fruits
and nuts. This method could also effectively avoid the toxic
effects caused by high concentrations. However, the effect of
this method is limited, and the daily nutrition for the body can
be used in this way, while the treatment of cancer still has to
rely on radiotherapy and chemotherapy. Bioavailability needs
to be rethought. The effectiveness and safety of long-term use
also need to be demonstrated. It is worth noting that the
efficiency of absorption, distribution, kidney excretion and
liver elimination of the active ingredients in natural products
is usually unknown in the human body, and only the
conclusions and experience of in vitro and animal
experiments are insufficient to infer the detailed effects of
natural products in vivo accurately.

Collectively, detailed information on the pharmacology,
formulation, potential toxicity and side effects of a drug needs to
be available before it can be used. Although this review aims to
demonstrate that natural products are a promising anti-cervical
cancer drug, cancer is an extremely complex disease and
treatment with natural products alone may not be sufficient to
cure cancer completely. It is recommended that combination
therapies and delivery systems be used simultaneously, with
detailed information, to overcome the challenges of drug
resistance and side effects. In addition to pre-clinical studies,
clinical studies are also necessary for continuous validation. It
takes a combined effort of cancer researchers, chemists and
clinical researchers.

As discussed above, many natural products suffer from two major
drawbacks: low bioavailability and toxicity, both of which require
researchers to find further solutions. Natural products not only have
effects that are relatively easy to obtain and low toxicity, but more
importantly as a gold mine, which could bring great exploration value
because of diversity and complexity. It is still of excellent significance
to study the role of natural products in treating cancer.

Frontiers in Pharmacology | www.frontiersin.org

May 2022 | Volume 13 | Article 899208


https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

AUTHOR CONTRIBUTIONS

Z-WZ contributed conception and overall idea of the study,
completed the manuscript. YC, H-ZL, S-GX, F-JL and H-YL
helped in searching for related articles. The revision of the
manuscript was collaboratively finished by H-ZL, YC and
L-CG. All authors contributed to the article and finally the
submitted version is approved by L-CG.

REFERENCES

Adefuye, A., Katz, A. A., and Sales, K. J. (2014). The Regulation of Inflammatory
Pathways and Infectious Disease of the Cervix by Seminal Fluid. Pathol. Res. Int.
2014, 748740. doi:10.1155/2014/748740

Adefuye, A., and Sales, K. (2012). Regulation of Inflammatory Pathways in Cancer
and Infectious Disease of the Cervix. Sci. (Cairo) 2012, 548150. doi:10.6064/
2012/548150

Ahmed, H. M., Nabavi, S., and Behzad, S. (2021). Herbal Drugs and Natural
Products in the Light of Nanotechnology and Nanomedicine for Developing
Drug Formulations. Mini Rev. Med. Chem. 21, 302-313. doi:10.2174/
1389557520666200916143240

Ahmed, S., Ahmad, M., Swami, B. L., and Ikram, S. (2016a). A Review on Plants
Extract Mediated Synthesis of Silver Nanoparticles for Antimicrobial
Applications: A Green Expertise. J. Adv. Res. 7, 17-28. doi:10.1016/j.jare.
2015.02.007

Ahmed, S., Annu, Ikram, S., and Yudha S, S. (2016b). Biosynthesis of Gold
Nanoparticles: A Green Approach. J. Photochem Photobiol. B 161, 141-153.
d0i:10.1016/j.jphotobiol. 2016.04.034

Ahmed, S., AnnuChaudhry, S. A, Chaudhry, S. A, and Ikram, S. (2017b). A Review
on Biogenic Synthesis of ZnO Nanoparticles Using Plant Extracts and
Microbes: A Prospect towards Green Chemistry. J. Photochem Photobiol. B
166, 272-284. doi:10.1016/j.jphotobiol.2016.12.011

Akerman, G. S, Tolleson, W. H., Brown, K. L., Zyzak, L. L., Mourateva, E., Engin,
T. S., et al. (2001). Human Papillomavirus Type 16 E6 and E7 Cooperate to
Increase Epidermal Growth Factor Receptor (EGFR) mRNA Levels,
Overcoming Mechanisms by Which Excessive EGFR Signaling Shortens the
Life Span of Normal Human Keratinocytes. Cancer Res. 61, 3837-3843. doi:10.
1046/j.1523-5394.2001.009003155.x

Alexis, F., Pridgen, E., Molnar, L. K., and Farokhzad, O. C. (2008). Factors Affecting
the Clearance and Biodistribution of Polymeric Nanoparticles. Mol. Pharm. 5,
505-515. doi:10.1021/mp800051m

Aljuffali, I, Chen, C.-H., Fang, J.-Y., and Fang, J. Y. (2016). Nanomedicine as a
Strategy for Natural Compound Delivery to Prevent and Treat Cancers. Cpd 22,
4219-4231. doi:10.2174/1381612822666160620072539

Andres, S., Pevny, S., Ziegenhagen, R., Bakhiya, N., Schifer, K. I, and Lampen, A.
(2018). Safety Aspects of the Use of Quercetin as a Dietary Supplement. Mol.
Nutr. Food Res. 62, 1700447. doi:10.1002/mnfr.201700447

Anuja, K., Roy, S., Ghosh, C., Gupta, P., Bhattacharjee, S., and Banerjee, B. (2017).
Prolonged Inflammatory Microenvironment Is Crucial for Pro-neoplastic
Growth and Genome Instability: a Detailed Review. Inflamm. Res. 66,
119-128. doi:10.1007/s00011-016-0985-3

Ashrafi, G. H., Haghshenas, M., Marchetti, B., and Campo, M. S. (2006). E5 Protein
of Human Papillomavirus 16 Downregulates HLA Class I and Interacts with the
Heavy Chain via its First Hydrophobic Domain. Int. J. Cancer 119, 2105-2112.
doi:10.1002/ijc.22089

Aung, T., Qu, Z., Kortschak, R., and Adelson, D. (2017). Understanding the
Effectiveness of Natural Compound Mixtures in Cancer through Their
Molecular Mode of Action. Ijms 18, 656. doi:10.3390/ijms18030656

Babaei, E., Sadeghizadeh, M., Hassan, Z. M., Feizi, M. A., Najafi, F., and Hashemi, S.
M. (2012). Dendrosomal Curcumin Significantly Suppresses Cancer Cell
Proliferation In Vitro and In Vivo. Int. Immunopharmacol. 12, 226-234.
doi:10.1016/j.intimp.2011.11.015

Babashah, S. (2015). Cancer Stem Cells: Emerging Concepts and Future Perspectives
in Translational Oncology. Springer International Publishing. doi:10.1007/978-
3-319-21030-8

Cervical Cancer and Natural Product

FINDING

This work was supported by the Changsha Central Hospital
Affiliated to University of South China Foundation of key
Program (YNKY201901), Hunan Province Foundation of High-
level Health Talent (225 Program), and Science and Technology
Key Program of Hunan Provincial Health Committee (20201904),
Natural Science Foundation of Hunan Province (2021]]J30753).

Baudino, T. (2015). Targeted Cancer Therapy: The Next Generation of Cancer
Treatment. Cddt 12, 3-20. doi:10.2174/1570163812666150602144310

Bava, S. V., Puliappadamba, V. T., Deepti, A., Nair, A., Karunagaran, D., and Anto,
R. J. (2005). Sensitization of Taxol-Induced Apoptosis by Curcumin Involves
Down-Regulation of Nuclear Factor-Kb and the Serine/Threonine Kinase Akt
and Is Independent of Tubulin Polymerization. J. Biol. Chem. 280, 6301-6308.
doi:10.1074/jbc.m410647200

Begum, S. J. P., Pratibha, S., Rawat, J. M., Venugopal, D., Sahu, P., Gowda, A., et al.
(2022). Recent Advances in Green Synthesis, Characterization,
Applications of Bioactive Metallic Nanoparticles. Pharm. (Basel) 15, 455.
doi:10.3390/ph15040455

Benedetti-Panici, P., Greggi, S., Colombo, A., Amoroso, M., Smaniotto, D., and
Giannarelli, D. (2002). Neoadjuvant Chemotherapy and Radical Surgery versus
Exclusive Radiotherapy in Locally Advanced Squamous Cell Cervical Cancer:
Results from the Italian Multicenter Randomized Study. J. Clin. Oncol. 20 (1),
179-188. doi:10.1200/JC0O.2002.20.1.179

Biswas, S. K., and Mantovani, A. (2010). Macrophage Plasticity and Interaction
with Lymphocyte Subsets: Cancer as a Paradigm. Nat. Immunol. 11, 889-896.
do0i:10.1038/ni.1937

Blomberg, B., Spinaci, S., Fourie, B., and Laing, R. (2001). The Rationale for
Recommending Fixed-Dose Combination Tablets for Treatment of
Tuberculosis. Bull. World Health Organ 79, 61-68.

Bogdan, C. (2001). Nitric Oxide and the Immune Response. Nat. Immunol. 2,
907-916. doi:10.1038/ni1001-907

Bray, F., Ferlay, J., Soerjomataram, I, Siegel, R. L., Torre, L. A., and Jemal, A.
(2018). Global Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA a cancer J. Clin. 68,
394-424. doi:10.3322/caac.21492

Chen, X., SongSong, L., Hou, Y., and Li, F. (2018). Reactive Oxygen Species
Induced by Icaritin Promote DNA Strand Breaks and Apoptosis in Human
Cervical Cancer Cells. Oncol. Rep. 41 (2), 765-778. d0i:10.3892/0r.2018.
6864

Cheng, A. L., Hsu, C. H,, Lin, J. K, Hsu, M. M., Ho, Y. E,, Shen, T. S,, et al. (2001).
Phase I Clinical Trial of Curcumin, a Chemopreventive Agent, in Patients with
High-Risk or Pre-malignant Lesions. Anticancer Res. 21, 2895-2900.

Chou, R.-H., Hsieh, S.-C., Yu, Y.-L., Huang, M.-H., Huang, Y.-C., and Hsieh, Y.-H.
(2013). Fisetin Inhibits Migration and Invasion of Human Cervical Cancer Cells
by Down-Regulating Urokinase Plasminogen Activator Expression through
Suppressing the P38 MAPK-dependent NF-Kb Signaling Pathway. Plos One 8,
€71983-600. doi:10.1371/journal.pone.0071983

Choy, K. W., Murugan, D., Leong, X. F., Abas, R., Alias, A., and Mustafa, M. R.
(2019). Flavonoids as Natural Anti-inflammatory Agents Targeting Nuclear
Factor-Kappa B (NFxB) Signaling in Cardiovascular Diseases: A Mini Review.
Front. Pharmacol. 10, 1295. doi:10.3389/fphar.2019.01295

Clemente-Soto, A., Salas-Vidal, E., Milan-Pacheco, C., Snchez-Carranza, J.,
Peralta-Zaragoza, O., and Gonzlez-Maya, L. (2019). Quercetin Induces G2
Phase Arrest and Apoptosis with the Activation of P53 in an
E6 Expression-independent M-anner in HPV-positive H-uman
C-ervical C-ancer-derived C-ells. Mol. Med. Rep. 19 (3), 2097-2106.
doi:10.3892/mmr.2019.9850

Cox-Georgian, D., Ramadoss, N., Dona, C., and Basu, C. (2019). “Therapeutic and
Medicinal Uses of Terpenes,” in Medicinal Plants, 333-359. doi:10.1007/978-3-
030-31269-5_15

Das, A, K, H,, S K, D. K, K, H. R, and Jayaprakash, B. (2018). Evaluation of
Therapeutic Potential of Eugenol-A Natural Derivative of Syzygium
Aromaticum on Cervical Cancer. Asian Pac J. Cancer Prev. 19, 1977-1985.
doi:10.22034/APJCP.2018.19.7.1977

and

Frontiers in Pharmacology | www.frontiersin.org

May 2022 | Volume 13 | Article 899208


https://doi.org/10.1155/2014/748740
https://doi.org/10.6064/2012/548150
https://doi.org/10.6064/2012/548150
https://doi.org/10.2174/1389557520666200916143240
https://doi.org/10.2174/1389557520666200916143240
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1016/j.jphotobiol.2016.04.034
https://doi.org/10.1016/j.jphotobiol.2016.12.011
https://doi.org/10.1046/j.1523-5394.2001.009003155.x
https://doi.org/10.1046/j.1523-5394.2001.009003155.x
https://doi.org/10.1021/mp800051m
https://doi.org/10.2174/1381612822666160620072539
https://doi.org/10.1002/mnfr.201700447
https://doi.org/10.1007/s00011-016-0985-3
https://doi.org/10.1002/ijc.22089
https://doi.org/10.3390/ijms18030656
https://doi.org/10.1016/j.intimp.2011.11.015
https://doi.org/10.1007/978-3-319-21030-8
https://doi.org/10.1007/978-3-319-21030-8
https://doi.org/10.2174/1570163812666150602144310
https://doi.org/10.1074/jbc.m410647200
https://doi.org/10.3390/ph15040455
https://doi.org/10.1200/JCO.2002.20.1.179
https://doi.org/10.1038/ni.1937
https://doi.org/10.1038/ni1001-907
https://doi.org/10.3322/caac.21492
https://doi.org/10.3892/or.2018.6864
https://doi.org/10.3892/or.2018.6864
https://doi.org/10.1371/journal.pone.0071983
https://doi.org/10.3389/fphar.2019.01295
https://doi.org/10.3892/mmr.2019.9850
https://doi.org/10.1007/978-3-030-31269-5_15
https://doi.org/10.1007/978-3-030-31269-5_15
https://doi.org/10.22034/APJCP.2018.19.7.1977
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

Das, S., Roy, P., Auddy, R. G., and Mukherjee, A. (2011). Silymarin Nanoparticle
Prevents Paracetamol-Induced Hepatotoxicity. Int. J. Nanomedicine 6,
1291-1301. doi:10.2147/IJN.S15160

Dasari, S., Bakthavachalam, V., Chinnapaka, S., Venkatesan, R., Samy, A. L. P. A,,
and Munirathinam, G. (2020). Neferine, an Alkaloid from lotus Seed Embryo
Targets HeLa and SiHa Cervical Cancer Cells via Pro-oxidant Anticancer
Mechanismxidant Anticancer Mechanism. Phytother. Res. 34, 2366-2384.
doi:10.1002/ptr.6687

Deepika, M. S., Thangam, R., Sheena, T. S., Sasirekha, R., Sivasubramanian, S.,
Babu, M. D, et al. (2018). A Novel Rutin-Fucoidan Complex Based
Phytotherapy for Cervical Cancer through Achieving Enhanced
Bioavailability and Cancer Cell Apoptosis. Biomed. Pharmacother. 109,
1181-1195. doi:10.1016/j.biopha.2018.10.178

Deivendran, S., Marzook, K. H., and Radhakrishna Pillai, M. (2014). The Role of
Inflammation in Cervical Cancer. Adv. Exp. Med. Biol. 816, 377-399. doi:10.
1007/978-3-0348-0837-8_15

Della Corte, L., Barra, F., Foreste, V., Giampaolino, P., Evangelisti, G., Ferrero, S.,
et al. (2020). Advances in Paclitaxel Combinations for Treating Cervical
Cancer. Expert Opin. Pharmacother. 21, 663-677. doi:10.1080/14656566.
2020.1724284

Desai, N., Trieu, V., Yao, Z., Louie, L., Ci, S., Yang, A., et al. (2006). Increased
Antitumor Activity, Intratumor Paclitaxel Concentrations, and Endothelial Cell
Transport of Cremophor-free, Albumin-Bound Paclitaxel, ABI-007, Compared
with Cremophor-Based Paclitaxel. Clin. Cancer Res. 12, 1317-1324. doi:10.
1158/1078-0432.CCR-05-1634

Dev, A., Mohan, J. C, Sreeja, V., Tamura, H., Patzke, G. R,, Hussain, F,, et al.
(2010). Novel Carboxymethyl Chitin Nanoparticles for Cancer Drug Delivery
Applications. Carbohydr. Polym. 79, 1073-1079. doi:10.1016/j.carbpol.2009.
10.038

Dias, D. A., Urban, S., and Roessner, U. (2012). A Historical Overview of Natural

Products in Drug Discovery. Metabolites 2, 303-336. doi:10.3390/
metabo2020303

Dimaio, D., and Petti, L. M. (2013). The E5 Proteins. Virology 445, 99-114. doi:10.
1016/j.virol.2013.05.006

Dimopoulos, M. A., Papadimitriou, C. A., Sarris, K., Aravantinos, G., Kalofonos,
C., Gika, D,, et al. (2002). Combination of Ifosfamide, Paclitaxel, and Cisplatin
for the Treatment of Metastatic and Recurrent Carcinoma of the Uterine
Cervix: A Phase II Study of the Hellenic Cooperative Oncology Group. Gynecol.
Oncol. 85, 476-482. doi:10.1006/gyno.2002.6649

Du, M., Fan, X, Hong, E.,, and Chen, J. J. (2002). Interaction of Oncogenic
Papillomavirus E6 Proteins with Fibulin-1. Biochem. Biophys. Res. Commun.
296, 962-969. doi:10.1016/S0006-291X(02)02041-7

Duan, J., Zhang, Y., Han, S., Chen, Y., Li, B., Liao, M., et al. (2010). Synthesis and In
Vitro/In Vivo Anti-cancer Evaluation of Curcumin-Loaded Chitosan/
poly(butyl Cyanoacrylate) Nanoparticles. Int. J. Pharm. 400, 211-220.
doi:10.1016/j.ijpharm.2010.08.033

Falzone, L. S., Salomone, S., and Libra, M. (2018). Evolution of Cancer
Pharmacological Treatments at the Turn of the Third Millennium. Front.
Pharmacol. 9, 1300. doi:10.3389/fphar.2018.01300

Fernandes, J. V., De Medeiros Fernandes, T. A. A., De Azevedo, J. C. V., Cobucci, R.
N. O., De Carvalho, M. G. F., Andrade, V. S., et al. (2015). Link between Chronic
Inflammation and Human Papillomavirus-Induced Carcinogenesis (Review).
Oncol. Lett. 9, 1015-1026. doi:10.3892/01.2015.2884

Figueird, F., Bernardi, A., Frozza, R. L., Terroso, T., Zanotto-Filho, A., Jandrey, E.
H., et al. (2013). Resveratrol-loaded Lipid-Core Nanocapsules Treatment
Reduces In Vitro and In Vivo Glioma Growth. J. Biomed. Nanotechnol. 9,
516-526. doi:10.1166/jbn.2013.1547

Fonseca-Santos, B., and Chorilli, M. (2020). The Uses of Resveratrol for
Neurological Diseases Treatment and Insights for Nanotechnology Based-
Drug Delivery Systems. Int. J. Pharm. 589, 119832. doi:10.1016/j.ijpharm.
2020.119832

Fu, L. Q.,, Du, W. L., Cai, M. H,, Yao, J. Y., Zhao, Y. Y., and Mou, X. Z. (2020). The
Roles of Tumor-Associated Macrophages in Tumor Angiogenesis and
Metastasis. Cell Immunol. 353, 104119. doi:10.1016/j.cellimm.2020.104119

Gauthami, M., Srinivasan, N., Goud, N. M., and Boopalan, K. (2015). Synthesis of
Silver Nanoparticles Using Cinnamomum Zeylanicum Bark Extract and its
Antioxidant Activity. Nanosci. Nanotechnology-Asia 5, 1. doi:10.2174/
221068120501150728103209

Cervical Cancer and Natural Product

Gilkes, D. M., and Semenza, G. L. (2013). Role of Hypoxia-Inducible Factors in
Breast Cancer Metastasis. Future Oncol. 9, 1623-1636. doi:10.2217/fon.
13.92

Golais, F., and Mrézova, V. (2020). Human Alpha and Beta Herpesviruses and
Cancer: Passengers or Foes? Folia Microbiol. (Praha) 65, 439-449. doi:10.1007/
$12223-020-00780-x

Greten, F. R,, and Grivennikov, S. I. (2019). Inflammation and Cancer: Triggers,
Mechanisms, and Consequences. Immunity 51, 27-41. doi:10.1016/j.immuni.
2019.06.025

Grigalunas, M., Burhop, A., Christoforow, A., and Waldmann, H. (2020). Pseudo-
natural Products and Natural Product-Inspired Methods in Chemical Biology
and Drug Discovery. Curr. Opin. Chem. Biol. 56, 111-118. doi:10.1016/j.cbpa.
2019.10.005

Guo, L., Peng, Y., Yao, J., Sui, L., Gu, A., and Wang, J. (2010). Anticancer Activity
and Molecular Mechanism of Resveratrol-Bovine Serum Albumin
Nanoparticles on Subcutaneously Implanted Human Primary Ovarian
Carcinoma Cells in Nude Mice. Cancer Biother Radiopharm. 25, 471-477.
doi:10.1089/cbr.2009.0724

Gutierrez-Xicotencatl, L., Pedroza-Saavedra, A., Chihu-Amparan, L., Salazar-Pifa,
A., Maldonado-Gama, M., and Esquivel-Guadarrama, F. (2021). Cellular
Functions of HPV16 E5 Oncoprotein during Oncogenic Transformation.
Mol. Cancer Res. 19, 167-179. doi:10.1158/1541-7786.MCR-20-0491

Habeeb Rahuman, H. B., Dhandapani, R., Narayanan, S., Palanivel, V.,
Paramasivam, R., Subbarayalu, R., et al. (2022). Medicinal Plants Mediated
the Green Synthesis of Silver Nanoparticles and Their Biomedical Applications.
IET Nanobiotechnology 1, 1. doi:10.1049/nbt2.12078

Han, S. Z,, Liu, H. X,, Yang, L. Q., Cui, L. D., and Xu, Y. (2017). Piperine (PP)
Enhanced Mitomycin-C (MMC) Therapy of Human Cervical Cancer through
Suppressing Bcl-2 Signaling Pathway via Inactivating STAT3/NF-Kb. Biomed.
Pharmacother. 96, 1403-1410. doi:10.1016/j.biopha.2017.11.022

Hanahan, D., and Weinberg, R. A. (2011). Hallmarks of Cancer: the Next
Generation. Cell 144, 646-674. doi:10.1016/j.cell.2011.02.013

Havel, H., Finch, G., Strode, P., Wolfgang, M., Zale, S., Bobe, I, et al. (2016).
Nanomedicines: From Bench to Bedside and beyond. AAPS J. 18, 1373-1378.
doi:10.1208/s12248-016-9961-7

He, M., Xia, L., and Li, J. (2021). Potential Mechanisms of Plant-Derived Natural
Products in the Treatment of Cervical Cancer. Biomolecules 11, 1539. doi:10.
3390/biom11101539

Hemmat, N., and Bannazadeh Baghi, H. (2019). Association of Human
Papillomavirus Infection and Inflammation in Cervical Cancer. Pathog. Dis.
77, £tz048. doi:10.1093/femspd/ftz048

Hong, D,, Fritz, A. ], Zaidi, S. K., van Wijnen, A. J., Nickerson, J. A., Imbalzano, A.
N., et al. (2018). Epithelial-to-mesenchymal Transition and Cancer Stem Cells
Contribute to Breast Cancer Heterogeneity. J. Cell Physiol. 233, 9136-9144.
doi:10.1002/jcp.26847

Hsieh, D. S, Wang, H,, Tan, S. W., Huang, Y. H,, Yeh, C. Y., and Wy, C. J. (2011).
The Treatment of Bladder Cancer in a Mouse Model by Epigallocatechin-3-
Gallate-Gold Nanoparticles. Biomaterials 32, 7633-7640. doi:10.1016/j.
biomaterials.2011.06.073

Hu, Z., Zhu, D., Wang, W., Li, W,, Jia, W., Zeng, X,, et al. (2015). Genome-wide
Profiling of HPV Integration in Cervical Cancer Identifies Clustered Genomic
Hot Spots and a Potential Microhomology-Mediated Integration Mechanism.
Nat. Genet. 47, 158-163. doi:10.1038/ng.3178

Hung, C. Y., Lee, C. H., Chiou, H. L, Lin, C. L., Chen, P. N, Lin, M. T,, et al. (2019).
Praeruptorin-B Inhibits 12-O-Tetradecanoylphorbol-13-Acetate-Induced Cell
Invasion by Targeting AKT/NF-xB via Matrix Metalloproteinase-2/-9
Expression in Human Cervical Cancer Cells. Cell Physiol. Biochem. 52,
1255-1266. doi:10.33594/000000088

Hwang, J., Yadav, D., Lee, P. C., and Jin, J. O. (2022). Inmunomodulatory Effects of
Polysaccharides from Marine Algae for Treating Cancer, Infectious Disease,
and Inflammation. Phytother. Res. 36, 761-777. doi:10.1002/ptr.7348

Hyeon Jin, J., Minyoung, J., and Kuen Yong, L. (2016). Polysaccharide-based
Nanoparticles for Potential Theranostic Applications. Front. Bioeng.
Biotechnol. 4, 70-84. doi:10.3389/conf.FBIOE.2016.01.00277

Javvadi, P., Hertan, L., Kosoff, R., Datta, T., Kolev, J., Mick, R., et al. (2010).
Thioredoxin Reductase-1 Mediates Curcumin-Induced Radiosensitization of
Squamous Carcinoma Cells. Cancer Res. 70, 1941-1950. doi:10.1158/0008-
5472.CAN-09-3025

Frontiers in Pharmacology | www.frontiersin.org

14

May 2022 | Volume 13 | Article 899208


https://doi.org/10.2147/IJN.S15160
https://doi.org/10.1002/ptr.6687
https://doi.org/10.1016/j.biopha.2018.10.178
https://doi.org/10.1007/978-3-0348-0837-8_15
https://doi.org/10.1007/978-3-0348-0837-8_15
https://doi.org/10.1080/14656566.2020.1724284
https://doi.org/10.1080/14656566.2020.1724284
https://doi.org/10.1158/1078-0432.CCR-05-1634
https://doi.org/10.1158/1078-0432.CCR-05-1634
https://doi.org/10.1016/j.carbpol.2009.10.038
https://doi.org/10.1016/j.carbpol.2009.10.038
https://doi.org/10.3390/metabo2020303
https://doi.org/10.3390/metabo2020303
https://doi.org/10.1016/j.virol.2013.05.006
https://doi.org/10.1016/j.virol.2013.05.006
https://doi.org/10.1006/gyno.2002.6649
https://doi.org/10.1016/S0006-291X(02)02041-7
https://doi.org/10.1016/j.ijpharm.2010.08.033
https://doi.org/10.3389/fphar.2018.01300
https://doi.org/10.3892/ol.2015.2884
https://doi.org/10.1166/jbn.2013.1547
https://doi.org/10.1016/j.ijpharm.2020.119832
https://doi.org/10.1016/j.ijpharm.2020.119832
https://doi.org/10.1016/j.cellimm.2020.104119
https://doi.org/10.2174/221068120501150728103209
https://doi.org/10.2174/221068120501150728103209
https://doi.org/10.2217/fon.13.92
https://doi.org/10.2217/fon.13.92
https://doi.org/10.1007/s12223-020-00780-x
https://doi.org/10.1007/s12223-020-00780-x
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1016/j.cbpa.2019.10.005
https://doi.org/10.1016/j.cbpa.2019.10.005
https://doi.org/10.1089/cbr.2009.0724
https://doi.org/10.1158/1541-7786.MCR-20-0491
https://doi.org/10.1049/nbt2.12078
https://doi.org/10.1016/j.biopha.2017.11.022
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1208/s12248-016-9961-7
https://doi.org/10.3390/biom11101539
https://doi.org/10.3390/biom11101539
https://doi.org/10.1093/femspd/ftz048
https://doi.org/10.1002/jcp.26847
https://doi.org/10.1016/j.biomaterials.2011.06.073
https://doi.org/10.1016/j.biomaterials.2011.06.073
https://doi.org/10.1038/ng.3178
https://doi.org/10.33594/000000088
https://doi.org/10.1002/ptr.7348
https://doi.org/10.3389/conf.FBIOE.2016.01.00277
https://doi.org/10.1158/0008-5472.CAN-09-3025
https://doi.org/10.1158/0008-5472.CAN-09-3025
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

Javvadi, P., Segan, A. T. Tuttle, S. W.,, and Koumenis, C. (2008). The
Chemopreventive Agent Curcumin Is a Potent Radiosensitizer of Human
Cervical Tumor Cells via Increased Reactive Oxygen Species Production and
Overactivation of the Mitogen-Activated Protein Kinase Pathway. Mol.
Pharmacol. 73, 1491-1501. doi:10.1124/mol.107.043554

Jing, Z., Fei, W., Zhou, J., Zhang, L., Chen, L., Zhang, X,, et al. (2016). Salvianolic
Acid B, a Novel Autophagy Inducer, Exerts Antitumor Activity as a Single
Agent in Colorectal Cancer Cells. Oncotarget 7, 61509-61519. doi:10.18632/
oncotarget.11385

Kabsch, K., and Alonso, A. (2003). The Human Papillomavirus Type 16 E5 Protein
Impairs TRAIL- and FasL-Mediated Apoptosis in HaCaT Cells by Different
Mechanisms. J. Virol. 76, 12162-12172. doi:10.1128/JV1.76.23.12162-12172.
2002

Kadaja, M., Silla, T., Ustav, E., and Ustav, M. (2009). Papillomavirus DNA
Replication - from Initiation to Genomic Instability. Virology 384, 360-368.
doi:10.1016/j.virol.2008.11.032

Kamran, S., Sinniah, A., Abdulghani, M. A. M., and Alshawsh, M. A. (2022).
Therapeutic Potential of Certain Terpenoids as Anticancer Agents: A Scoping
Review. Cancers (Basel) 14, 1100. doi:10.3390/cancers14051100

Kamura, T, Sato, S., Haque, D., Liu, L., Kaelin, W. G., Conaway, R. C,, et al. (1999).
The Elongin BC Complex Interacts with the Conserved SOCS-Box Motif
Present in Members of the SOCS, Ras, WD-40 Repeat, and Ankyrin Repeat
Families. Genes Dev. 12, 3872-3881. doi:10.1101/gad.12.24.3872

Kanai, M., Imaizumi, A., Otsuka, Y., Sasaki, H., Hashiguchi, M., Tsujiko, K., et al.
(2011). Dose-escalation and Pharmacokinetic Study of Nanoparticle Curcumin,
a Potential Anticancer Agent with Improved Bioavailability, in Healthy Human
Volunteers. Cancer Chemother. Pharmacol. 69, 65-70. doi:10.1007/s00280-011-
1673-1

Karin, M., and Lin, A. (2002). NF-kappaB at the Crossroads of Life and Death. Nat.
Immunol. 3, 221-227. doi:10.1038/ni0302-221

Kashyap, D., Garg, V. K, Tuli, H. S, Yerer, M. B, Sak, K., Sharma, A. K, et al.
(2019). Fisetin and Quercetin: Promising Flavonoids with Chemopreventive
Potential. Biomolecules 9, 174. doi:10.3390/biom9050174

Kashyap, D., Tuli, H. S., Yerer, M. B., Sharma, A., Sak, K., Srivastava, S., et al.
(2021). Natural Product-Based Nanoformulations for Cancer Therapy:
Opportunities and Challenges. Semin. Cancer Biol. 69, 5-23. doi:10.1016/j.
semcancer.2019.08.014

Kaur, L., Sohal, H. S., Kaur, M., Malhi, D. S., and Garg, S. (2020). A Mini-Review on
Nano Technology in the Tumour Targeting Strategies: Drug Delivery to Cancer
Cells. Anticancer Agents Med. Chem. 20, 2012-2024. doi:10.2174/
1871520620666200804103714

Kemp, T. J., Hildesheim, A., Garcia-Pifieres, A., Williams, M. C., Shearer, G. M.,
Rodriguez, A. C,, et al. (2010). Elevated Systemic Levels of Inflammatory
Cytokines in Older Women with Persistent Cervical Human Papillomavirus
Infection. Cancer Epidemiol. Biomarkers Prev. 19, 1954-1959. doi:10.1158/
1055-9965

Kikuchi, H., Yuan, B, Hu, X,, and Okazaki, M. (2019). Chemopreventive and
Anticancer Activity of Flavonoids and its Possibility for Clinical Use by
Combining with Conventional Chemotherapeutic Agents. Am. J. Cancer
Res. 9, 1517-1535.

Kim, M. S,, Bak, Y., Park, Y. S, Lee, D. H,, Kim, J. H., Kang, ]. W,, et al. (2013).
Wogonin Induces Apoptosis by Suppressing E6 and E7 Expressions and
Activating Intrinsic Signaling Pathways in HPV-16 Cervical Cancer Cells.
Cell Biol. Toxicol. 29, 259-272. doi:10.1007/s10565-013-9251-4

Kumar, S., Dilbaghi, N., Saharan, R., and Bhanjana, G. (2012). Nanotechnology as
Emerging Tool for Enhancing Solubility of Poorly Water-Soluble Drugs.
BioNanoSci. 2, 227-250. doi:10.1007/s12668-012-0060-7

Lao, C. D., Ruffin, M. T., Normolle, D., Heath, D. D., Murray, S. I, Bailey, J. M.,
et al. (2006). Dose Escalation of a Curcuminoid Formulation. BMC
Complement. Altern. Med. 6, 10. doi:10.1186/1472-6882-6-10

Li, C, Ge, X,, and Wang, L. (2017). Construction and Comparison of Different
Nanocarriers for Co-delivery of Cisplatin and Curcumin: A Synergistic
Combination Nanotherapy for Cervical Cancer. Biomed. Pharmacother. 86,
628-636. doi:10.1016/j.biopha.2016.12.042

Libra, M., Scalisi, A., Vella, N., Clementi, S., Sorio, R., Stivala, F., et al. (2009).
Uterine Cervical Carcinoma: Role of Matrix Metalloproteinases (Review). Int.
J. Oncol. 34, 897-903. doi:10.3892/ijo_00000215

Cervical Cancer and Natural Product

Lim, S., and Kaldis, P. (2013). Cdks, Cyclins and CKlIs: Roles beyond Cell Cycle
Regulation. Development 140, 3079-3093. doi:10.1242/dev.091744

Liskova, A., Samec, M., Koklesova, L., Brockmueller, A., Zhai, K., Abdellatif, B.,
et al. (2021a). Flavonoids as an Effective Sensitizer for Anti-cancer Therapy:
Insights into Multi-Faceted Mechanisms and Applicability towards
Individualized Patient Profiles. EPMA J. 12, 155-176. doi:10.1007/s13167-
021-00242-5

Liskova, A., Samec, M., Koklesova, L., Kudela, E., Kubatka, P., and Golubnitschaja,
0. (2021b). Mitochondriopathies as a Clue to Systemic Disorders-Analytical
Tools and Mitigating Measures in Context of Predictive, Preventive, and
Personalized (3P) Medicine. Ijms 22, 2007. doi:10.3390/ijms22042007

Liu, L, Qi, X. J., Zhong, Z. K,, and Zhang, E. N. (2016). Nanomedicine-based
Combination of Gambogic Acid and Retinoic Acid Chlorochalcone for
Enhanced Anticancer Efficacy in Osteosarcoma. Biomed. Pharmacother. 83,
79-84. doi:10.1016/j.biopha.2016.06.001

Liu, N., Huang, J., Sun, S., Zhou, Z., Zhang, J., Gao, F., et al. (2015). Expression of
Matrix Metalloproteinase-9, Cyclooxygenase-2 and Vascular Endothelial
Growth Factor Are Increased in Gastrointestinal Stromal Tumors. Int.
J. Clin. Exp. Med. 8, 6495-6501.

Liu, Y., Li, L, Li, Y., and Zhao, X. (2020). Research Progress on Tumor-Associated
Macrophages and Inflammation in Cervical Cancer. Biomed. Res. Int. 2020,
6842963. doi:10.1155/2020/6842963

Lu, B,, Yang, M., and Wang, Q. (2016). Interleukin-33 in Tumorigenesis, Tumor
Immune Evasion, and Cancer Immunotherapy. J. Mol. Med. Berl. 94, 535-543.
doi:10.1007/s00109-016-1397-0

Lu, Z,, Yeh, T. K., Tsai, M., Au, J. L., and Wientjes, M. G. (2004). Paclitaxel-Loaded
Gelatin Nanoparticles for Intravesical Bladder Cancer Therapy. Clin. Cancer
Res. 10, 7677-7684. doi:10.1158/1078-0432.CCR-04-1443

Lv, Q., Wu, K,, Liu, F., Wu, W,, Chen, Y., and Zhang, W. (2018). Interleukin-17A
and H-eparanase P-romote A-ngiogenesis and C-ell P-roliferation and
I-nvasion in C-ervical C-ancer. Int. . Oncol. 53 (4), 1809-1817. doi:10.3892/
1j0.2018.4503

Ma, L., and Zong, X. (2020). Metabolic Symbiosis in Chemoresistance: Refocusing
the Role of Aerobic Glycolysis. Front. Oncol. 10, 5. doi:10.3389/fonc.2020.00005

Mahal, A, Wu, P, Jiang, Z.-H., and Wei, X. (2017a). Synthesis and Cytotoxic
Activity of Novel Tetrahydrocurcumin Derivatives Bearing Pyrazole Moiety.
Nat. Prod. Bioprospect. 7, 461-469. doi:10.1007/s13659-017-0143-9

Mabhata, S., Bharti, A. C., Shukla, S., Tyagi, A., Husain, S. A., and Das, B. C. (2011).
Berberine Modulates AP-1 Activity to Suppress HPV Transcription and
Downstream Signaling to Induce Growth Arrest and Apoptosis in Cervical
Cancer Cells. Mol. Cancer 10, 39-52. doi:10.1186/1476-4598-10-39

Maleki, S. J., Crespo, J. F., and Cabanillas, B. (2019). Anti-inflammatory Effects
of Flavonoids. Food Chem. 299, 125124. doi:10.1016/j.foodchem.2019.
125124

Malki, A., EIRuz, R. A, Gupta, L, Allouch, A., Vranic, S., and Al Moustafa, A.-E.
(2021). Molecular Mechanisms of Colon Cancer Progression and Metastasis:
Recent Insights and Advancements. Ijms 22, 130. doi:10.3390/ijms22010130

Mann, J. (2002). Natural Products in Cancer Chemotherapy: Past, Present and
Future. Nat. Rev. Cancer 2 (2), 143-148. doi:10.1038/nrc723

Manohar, M., Fatima, L, Saxena, R, Chandra, V., Sankhwar, P. L., and Dwivedi, A.
(2013).  (-)-Epigallocatechin-3-gallate Induces Apoptosis in Human
Endometrial Adenocarcinoma Cells via ROS Generation and P38 MAP
Kinase activationEpigallocatechin-3-Gallate Induces Apoptosis in Human
Endometrial Adenocarcinoma Cells via ROS Generation and P38 MAP
Kinase Activation. J. Nutr. Biochem. 24, 940-947. doi:10.1016/j.jnutbio.2012.
06.013

Marius, M., Oana, D., Cristian, A., Aurel, M., Laura, D., and Liana, P. (2016). The
Role of Natural Polyphenols in the Prevention and Treatment of Cervical
Cancer—An Overview. Molecules 21, 1055. doi:10.3390/molecules21081055

Marth, C., Landoni, F., Mahner, S., McCormack, M., Gonzalez-Martin, A.,
Colombo, N., et al. (2017). Cervical Cancer: ESMO Clinical Practice
Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol. 28,
iv72-iv83. doi:10.1093/annonc/mdx220

Mcguire, W. P., Blessing, J. A., Moore, D., Lentz, S. S., and Photopulos, G. (1996).
Paclitaxel Has Moderate Activity in Squamous Cervix Cancer. A Gynecologic
Oncology Group Study. J. Clin. Oncol. 14, 792-795. doi:10.1200/JCO.1996.14.
3.792

Frontiers in Pharmacology | www.frontiersin.org

May 2022 | Volume 13 | Article 899208


https://doi.org/10.1124/mol.107.043554
https://doi.org/10.18632/oncotarget.11385
https://doi.org/10.18632/oncotarget.11385
https://doi.org/10.1128/JVI.76.23.12162-12172.2002
https://doi.org/10.1128/JVI.76.23.12162-12172.2002
https://doi.org/10.1016/j.virol.2008.11.032
https://doi.org/10.3390/cancers14051100
https://doi.org/10.1101/gad.12.24.3872
https://doi.org/10.1007/s00280-011-1673-1
https://doi.org/10.1007/s00280-011-1673-1
https://doi.org/10.1038/ni0302-221
https://doi.org/10.3390/biom9050174
https://doi.org/10.1016/j.semcancer.2019.08.014
https://doi.org/10.1016/j.semcancer.2019.08.014
https://doi.org/10.2174/1871520620666200804103714
https://doi.org/10.2174/1871520620666200804103714
https://doi.org/10.1158/1055-9965
https://doi.org/10.1158/1055-9965
https://doi.org/10.1007/s10565-013-9251-4
https://doi.org/10.1007/s12668-012-0060-7
https://doi.org/10.1186/1472-6882-6-10
https://doi.org/10.1016/j.biopha.2016.12.042
https://doi.org/10.3892/ijo_00000215
https://doi.org/10.1242/dev.091744
https://doi.org/10.1007/s13167-021-00242-5
https://doi.org/10.1007/s13167-021-00242-5
https://doi.org/10.3390/ijms22042007
https://doi.org/10.1016/j.biopha.2016.06.001
https://doi.org/10.1155/2020/6842963
https://doi.org/10.1007/s00109-016-1397-0
https://doi.org/10.1158/1078-0432.CCR-04-1443
https://doi.org/10.3892/ijo.2018.4503
https://doi.org/10.3892/ijo.2018.4503
https://doi.org/10.3389/fonc.2020.00005
https://doi.org/10.1007/s13659-017-0143-9
https://doi.org/10.1186/1476-4598-10-39
https://doi.org/10.1016/j.foodchem.2019.125124
https://doi.org/10.1016/j.foodchem.2019.125124
https://doi.org/10.3390/ijms22010130
https://doi.org/10.1038/nrc723
https://doi.org/10.1016/j.jnutbio.2012.06.013
https://doi.org/10.1016/j.jnutbio.2012.06.013
https://doi.org/10.3390/molecules21081055
https://doi.org/10.1093/annonc/mdx220
https://doi.org/10.1200/JCO.1996.14.3.792
https://doi.org/10.1200/JCO.1996.14.3.792
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

Medda, A., Duca, D., and Chiocca, S. (2021). Human Papillomavirus and Cellular
Pathways: Hits and Targets. Pathogens 10, 262. doi:10.3390/
pathogens10030262

Medzhitov, R. (2008). Origin and Physiological Roles of Inflammation. Nature 454,
428-435. doi:10.1038/nature07201

Meulmeester, E., and Ten Dijke, P. (2011). The Dynamic Roles of TGF-f in Cancer.
J. Pathol. 223, 205-218. doi:10.1002/path.2785

Min, K.-J., and Kwon, T. K. (2014). Anticancer Effects and Molecular Mechanisms
of Epigallocatechin-3-Gallate. Integr. Med. Res. 3, 16-24. doi:10.1016/j.imr.
2013.12.001

Miura, S., Kawana, K., Schust, D. J., Fujii, T., Yokoyama, T., Iwasawa, Y., et al.
(2010). CD1d, a Sentinel Molecule Bridging Innate and Adaptive Immunity, Is
Downregulated by the Human Papillomavirus (HPV) E5 Protein: a Possible
Mechanism for Immune Evasion by HPV. J. Virol. 84, 11614-11623. doi:10.
1128/JV1.01053-10

Momtazi, A. A., and Sahebkar, A. (2016). Difluorinated Curcumin: A Promising
Curcumin Analogue with Improved Anti-tumor Activity and Pharmacokinetic
Profile.  Curr.  Pharm.  Des. 22,  4386-4397.  doi:10.2174/
1381612822666160527113501

Monk, B. J., Sil, M. W., Mcmeekin, D. S., Cohn, D. E., Ramondetta, L. M.,
Boardman, C. H,, et al. (2009). Phase III Trial of Four Cisplatin-Containing
Doublet Combinations in Stage IVB, Recurrent, or Persistent Cervical
Carcinoma: A Gynecologic Oncology Group Study. J. Clin. Oncol. 27,
4649-4655. doi:10.1200/JC0O.2009.21.8909

Moreira, T. F., Sorbo, J. M., Souza, F. O., Fernandes, B. C., Ocampos, F. M. M., de
Oliveira, D. M. S., et al. (2018). Emodin, Physcion, and Crude Extract of
Rhamnus Sphaerosperma Var. Pubescens Induce Mixed Cell Death, Increase in
Oxidative Stress, DNA Damage, and Inhibition of AKT in Cervical and Oral
Squamous Carcinoma Cell Lines. Oxid. Med. Cell Longev. 2018, 2390234.
doi:10.1155/2018/2390234

Moutinho, M. S. S., Aragio, S., Carmo, D., Casaca, F,, Silva, S., Ribeiro, J., et al.
(2018). Curcumin and Rutin Down-Regulate Cyclooxygenase-2 and Reduce
Tumor-Associated Inflammation in HPV16-Transgenic Mice. Anticancer Res.
38, 1461-1466. doi:10.21873/anticanres.12371

Mukerjee, A., and Vishwanatha, J. K. (2009). Formulation, Characterization and
Evaluation of Curcumin-Loaded PLGA Nanospheres for Cancer Therapy.
Anticancer Res. 29, 3867-3875.

Muller, R. H., and Keck, C. M. (2004). Challenges and Solutions for the Delivery of
Biotech Drugs-Aa Review of Drug Nanocrystal Technology and Lipid
Nanoparticles. J. Biotechnol. 113, 151-170. doi:10.1016/j.jbiotec.2004.06.007

Munagala, R., Aqil, F., Jeyabalan, J., and Gupta, R. C. (2015). Tanshinone IIA
Inhibits Viral Oncogene Expression Leading to Apoptosis and Inhibition of
Cervical Cancer. Cancer Lett. 356, 536-546. doi:10.1016/j.canlet.2014.09.037

Munir, H., Bilal, M., Mulla, S. I., Abbas Khan, H., and Igbal, H. M. N. (2021). Plant-
Mediated Green Synthesis of Nanoparticles, 75, 89. doi:10.1007/978-3-030-
67884-5_4

Nicolds-Avila, J. A., Adrover, J. M., and Hidalgo, A. (2017). Neutrophils in
Homeostasis, Immunity, and Cancer. Immunity 46, 15-28. doi:10.1016/j.
immuni.2016.12.012

Nouri, Z., Fakhri, S., Nouri, K., Wallace, C. E., Farzaei, M. H., and Bishayee, A.
(2020). Targeting Multiple Signaling Pathways in Cancer: The Rutin
Therapeutic Approach. Cancers (Basel) 12, 2276. doi:10.3390/cancers12082276

Oh, J.-M., Kim, S.-H., Cho, E.-A,, Song, Y.-S., Kim, W.-H., and Juhnn, Y.-S. (2010).
Human Papillomavirus Type 16 E5 Protein Inhibits Hydrogen Peroxide-
Induced Apoptosis by Stimulating  Ubiquitin-Proteasome-Mediated
Degradation of Bax in Human Cervical Cancer Cells. Carcinogenesis 31,
402-410. doi:10.1093/carcin/bgp318

Olusanya, T., Haj Ahmad, R., Ibegbu, D., Smith, J., and Elkordy, A. (2018).
Liposomal Drug Delivery Systems and Anticancer Drugs. Molecules 23, 907.
doi:10.3390/molecules23040907

Olusola, P., Banerjee, H. N., Philley, J. V., and Dasgupta, S. (2019). Human
Papilloma Virus-Associated Cervical Cancer and Health Disparities. Cells 8,
622. doi:10.3390/cells8060622

Ouyang, L., Luo, Y., Tian, M., Zhang, S. Y., Lu, R,, Wang, J. H,, et al. (2014). Plant
Natural Products: from Traditional Compounds to New Emerging Drugs in
Cancer Therapy. Cell Prolif. 47 (6), 506-515. doi:10.1111/cpr.12143

Panche, A. N,, Diwan, A. D., and Chandra, S. R. (2016). Flavonoids: an Overview.
J. Nutr. Sci. 5, e47. doi:10.1017/jns.2016.41

Cervical Cancer and Natural Product

Panji, M., Behmard, V., Zare, Z., Malekpour, M., Nejadbiglari, H., Yavari, S., et al.
(2021). Suppressing Effects of Green Tea Extract and Epigallocatechin-3-
Gallate (EGCG) on TGF-B- Induced Epithelial-To-Mesenchymal Transition
via ROS/Smad Signaling in Human Cervical Cancer Cells. Gene 794, 145774.
doi:10.1016/j.gene.2021.145774

Parhi, P, Mohanty, C., and Sahoo, S. K. (2012). Nanotechnology-based
Combinational Drug Delivery: an Emerging Approach for Cancer Therapy.
Drug Discov. Today 17, 1044-1052. doi:10.1016/j.drudis.2012.05.010

Parida, S., and Mandal, M. (2014). Inflammation Induced by Human
Papillomavirus in Cervical Cancer and its Implication in Prevention. Eur.
J. Cancer Prev. 23, 432-448. doi:10.1097/CEJ.0000000000000023

Pectasides, D., Kamposioras, K., Papaxoinis, G., and Pectasides, E. (2008).
Chemotherapy for Recurrent Cervical Cancer. Cancer Treat. Rev. 34,
603-613. doi:10.1016/j.ctrv.2008.05.006

Peng, Y., Guo, C, Yang, Y., Li, F.,, Zhang, Y., Jiang, B., et al. (2015). Baicalein
Induces Apoptosis of Human Cervical Cancer HeLa Cells In Vitro. Mol. Med.
Rep. 11, 2129-2134. doi:10.3892/mmr.2014.2885

Pires, B. R. B., Mencalha, A. L., Ferreira, G. M., De Souza, W. F., Morgado-Diaz,
J. A., Maia, A. M,, et al. (2017). NF-kappaB Is Involved in the Regulation of
EMT Genes in Breast Cancer Cells. PLoS ONE 12, €0169622. doi:10.1371/
journal.pone.0169622

Powell, I. J., Chinni, S. R., Reddy, S. S., Zaslavsky, A. Z., and Gavande, N. (2020).
Pro-inflammatory Cytokines and Chemokines Initiate Multiple Prostate
Cancer Biologic Pathways of Cellular Proliferation, Heterogeneity and
Metastasis in a Racially Diverse Population and Underlie the Genetic/
biologic Mechanism of Racial Disparity: Update - ScienceDirect. Urologic
Oncol. Seminars Orig. Investigations 39, 34-40. doi:10.1016/j.urolonc.2020.
08.019

Prabhavathy, D., Subramanian, C. K., and Karunagaran, D. (2015). Re-expression
of HPV16 E2 in SiHa (Human Cervical Cancer) Cells Potentiates NF-Kb
Activation Induced by TNF-a Concurrently Increasing Senescence and
Survival. Biosci. Rep. 35, 389-396. doi:10.1042/BSR20140160

Prasad, S., Tyagi, A. K,, and Aggarwal, B. B. (2014). Recent Developments in
Delivery, Bioavailability, Absorption and Metabolism of Curcumin: the Golden
Pigment from Golden Spice. Cancer Res. Treat. 46, 2-18. doi:10.4143/crt.2014.
46.1.2

Preci, D. P., Almeida, A., Weiler, A. L., Mukai Franciosi, M. L., and Cardoso, A. M.
(2021). Oxidative Damage and Antioxidants in Cervical Cancer. Int. J. Gynecol.
Cancer 31, 265-271. doi:10.1136/ijgc-2020-001587

Quail, D. F., and Joyce, J. A. (2013). Microenvironmental Regulation of Tumor
Progression and Metastasis. Nat. Med. 19, 1423-1437. doi:10.1038/nm.3394

Rempe, R., Cramer, S., Qiao, R., and Galla, H. J. (2014). Strategies to Overcome the
Barrier: Use of Nanoparticles as Carriers and Modulators of Barrier Properties.
Cell Tissue Res. 355, 717-726. doi:10.1007/s00441-014-1819-7

Rinkenbaugh, A. L., and Baldwin, A. S. (2016). The NF-Kb Pathway and Cancer
Stem Cells. Cells 5, 16. doi:10.3390/cells5020016

Sadri Nahand, J., Moghoofei, M., Salmaninejad, A., Bahmanpour, Z., Karimzadeh,
M., Nasiri, M., et al. (2020). Pathogenic Role of Exosomes and microRNAs in
HPV-Mediated Inflammation and Cervical Cancer: A Review. Int. . Cancer
146, 305-320. doi:10.1002/ijc.32688

Saha, S. K., and Khuda-Bukhsh, A. R. (2014). Berberine Alters Epigenetic
Modifications, Disrupts Microtubule Network, and Modulates HPV-18 E6-
E7 Oncoproteins by Targeting P53 in Cervical Cancer Cell HeLa: a Mechanistic
Study Including Molecular Docking. Eur. J. Pharmacol. 744, 132-146. doi:10.
1016/j.ejphar.2014.09.048

Sales, K. J., Katz, A. A., Howard, B., Soeters, R. P., Millar, R. P., Jabbour, H. N., et al.
(2002). Cyclooxygenase-1 is up-regulated in cervical carcinomas: autocrine/
paracrine regulation of cyclooxygenase-2, prostaglandin e receptors, and
angiogenic factors by cyclooxygenase-1. Cancer Res. 62, 424-432. doi:10.
1109/POLYAKHOV .2015.7106744

Scarth, J. A., Patterson, M. R,, Morgan, E. L., and Macdonald, A. (2021). The
Human Papillomavirus Oncoproteins: a Review of the Host Pathways Targeted
on the Road to Transformation. J. Gen. Virol. 102, 001540. doi:10.1099/jgv.0.
001540

Scarth, J. A., Patterson, M. R,, Morgan, E. L., and Macdonald, A. (2020). The
Human Papillomavirus (HPV) Oncoproteins: a Review of the Host Pathways
Targeted on the Road to Transformation. J. General Virology 102, 001540.
doi:10.1099/jgv.0.001540

Frontiers in Pharmacology | www.frontiersin.org

16

May 2022 | Volume 13 | Article 899208


https://doi.org/10.3390/pathogens10030262
https://doi.org/10.3390/pathogens10030262
https://doi.org/10.1038/nature07201
https://doi.org/10.1002/path.2785
https://doi.org/10.1016/j.imr.2013.12.001
https://doi.org/10.1016/j.imr.2013.12.001
https://doi.org/10.1128/JVI.01053-10
https://doi.org/10.1128/JVI.01053-10
https://doi.org/10.2174/1381612822666160527113501
https://doi.org/10.2174/1381612822666160527113501
https://doi.org/10.1200/JCO.2009.21.8909
https://doi.org/10.1155/2018/2390234
https://doi.org/10.21873/anticanres.12371
https://doi.org/10.1016/j.jbiotec.2004.06.007
https://doi.org/10.1016/j.canlet.2014.09.037
https://doi.org/10.1007/978-3-030-67884-5_4
https://doi.org/10.1007/978-3-030-67884-5_4
https://doi.org/10.1016/j.immuni.2016.12.012
https://doi.org/10.1016/j.immuni.2016.12.012
https://doi.org/10.3390/cancers12082276
https://doi.org/10.1093/carcin/bgp318
https://doi.org/10.3390/molecules23040907
https://doi.org/10.3390/cells8060622
https://doi.org/10.1111/cpr.12143
https://doi.org/10.1017/jns.2016.41
https://doi.org/10.1016/j.gene.2021.145774
https://doi.org/10.1016/j.drudis.2012.05.010
https://doi.org/10.1097/CEJ.0000000000000023
https://doi.org/10.1016/j.ctrv.2008.05.006
https://doi.org/10.3892/mmr.2014.2885
https://doi.org/10.1371/journal.pone.0169622
https://doi.org/10.1371/journal.pone.0169622
https://doi.org/10.1016/j.urolonc.2020.08.019
https://doi.org/10.1016/j.urolonc.2020.08.019
https://doi.org/10.1042/BSR20140160
https://doi.org/10.4143/crt.2014.46.1.2
https://doi.org/10.4143/crt.2014.46.1.2
https://doi.org/10.1136/ijgc-2020-001587
https://doi.org/10.1038/nm.3394
https://doi.org/10.1007/s00441-014-1819-7
https://doi.org/10.3390/cells5020016
https://doi.org/10.1002/ijc.32688
https://doi.org/10.1016/j.ejphar.2014.09.048
https://doi.org/10.1016/j.ejphar.2014.09.048
https://doi.org/10.1109/POLYAKHOV.2015.7106744
https://doi.org/10.1109/POLYAKHOV.2015.7106744
https://doi.org/10.1099/jgv.0.001540
https://doi.org/10.1099/jgv.0.001540
https://doi.org/10.1099/jgv.0.001540
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

Scheel, C., and Weinberg, R. A. (2012). Cancer Stem Cells and Epithelial-
Mesenchymal Transition: Concepts and Molecular Links. Semin. Cancer
Biol. 22, 396-403. doi:10.1016/j.semcancer.2012.04.001

Schetter, A. J., Heegaard, N. H. H., and Harris, C. C. (2009). Inflammation and
Cancer: Interweaving microRNA, Free Radical, Cytokine and P53 Pathways.
Carcinogenesis 31, 37-49. doi:10.1093/carcin/bgp272

Seifaddinipour, M., Farghadani, R., Namvar, F., Mohamad, J., and Abdul Kadir, H.
(2018). Cytotoxic Effects and Anti-angiogenesis Potential of Pistachio (Pistacia
Vera L.) Hulls against MCF-7 Human Breast Cancer Cells. Molecules 23, 110.
doi:10.3390/molecules23010110

Serafini, M., Peluso, I., and Raguzzini, A. (2010). Flavonoids as Anti-inflammatory
Agents. Proc. Nutr. Soc. 69, 273-278. doi:10.1017/5S002966511000162X

Shafabakhsh, R., Pourhanifeh, M. H., Mirzaei, H. R., Sahebkar, A., Asemi, Z., and
Mirzaei, H. (2019). Targeting Regulatory T Cells by Curcumin: A Potential for
Cancer Immunotherapy. Pharmacol. Res. 147, 104353. doi:10.1016/j.phrs.2019.
104353

Shi, R. X,, Ong, C. N, and Shen, H. M. (2004). Luteolin Sensitizes Tumor Necrosis
Factor-Alpha-Induced Apoptosis in Human Tumor Cells. Oncogene 23,
7712-7721. doi:10.1038/sj.0nc.1208046

Shimizu, T., Marusawa, H., Endo, Y., and Chiba, T. (2012). Inflammation-
mediated Genomic Instability: Roles of Activation-Induced Cytidine
Deaminase in Carcinogenesis. Cancer Sci. 103, 1201-1206. doi:10.1111/j.
1349-7006.2012.02293.x

Shukla, R., Chanda, N., Zambre, A., Upendran, A., Katti, K., Kulkarni, R. R, et al.
(2012). Laminin Receptor Specific Therapeutic Gold Nanoparticles (198 AuNP-
EGCg) Show Efficacy in Treating Prostate Cancer. Proc. Natl. Acad. Sci. 109
(31), 12426-12431. doi:10.1073/pnas.1121174109

Signorelli, P., and Ghidoni, R. (2005). Resveratrol as an Anticancer Nutrient:
Molecular Basis, Open Questions and Promises. J. Nutr. Biochem. 16, 449-466.
doi:10.1016/j.jnutbio.2005.01.017

Singh, M., and Singh, N. (2009). Molecular Mechanism of Curcumin Induced
Cytotoxicity in Human Cervical Carcinoma Cells. Mol. Cell Biochem. 325,
107-119. doi:10.1007/s11010-009-0025-5

Singh, M, Singh, R., Bhui, K,, Tyagi, S., Mahmood, Z., and Shukla, Y. (2011). Tea
Polyphenols Induce Apoptosis through Mitochondrial Pathway and by
Inhibiting Nuclear Factor-kappaB and Akt Activation in Human Cervical
Cancer Cells. Oncol. Res. 19, 245-257. doi:10.3727/
096504011X13021877989711

Sinico, C., De Logu, A., Lai, F., Valenti, D., Manconi, M., Loy, G., et al. (2005).
Liposomal Incorporation of Artemisia Arborescens L. Essential Oil and In Vitro
Antiviral Activity. Eur. J. Pharm. Biopharm. 59, 161-168. doi:10.1016/j.ejpb.
2004.06.005

Small, W., Jr., Bacon, M. A., Bajaj, A., Chuang, L. T., Fisher, B. J., Harkenrider, M.
M., et al. (2017). Cervical Cancer: A Global Health Crisis. Cancer 123,
2404-2412. doi:10.1002/cncr.30667

Sofias, A. M., Dunne, M., Storm, G., and Allen, C. (2017). The Battle of "nano"
Paclitaxel. Adv. Drug Deliv. Rev. 122, 20-30. doi:10.1016/j.addr.2017.02.003

Solairaja, S., Andrabi, M. Q., Dunna, N. R, and Venkatabalasubramanian, S.
(2020). Overview of Morin and its Complementary Role as an Adjuvant for
Anticancer Agents. Nutr. Cancer 73, 927-942. doi:10.1080/01635581.2020.
1778747

Souza, R. P., Bonfim-Mendonga, P. S., Gimenes, F., Ratti, B. A., Kaplum, V.,
Bruschi, M. L., et al. (2017). Oxidative Stress Triggered by Apigenin
Induces Apoptosis in a Comprehensive Panel of Human Cervical
Cancer-Derived Cell Lines. Oxid. Med. Cell Longev. 2017, 1512745.
doi:10.1155/2017/1512745

Spangle, J. M., Munger, K., and Roman, A. (2013). The HPV16 E6 Oncoprotein
Causes Prolonged Receptor Protein Tyrosine Kinase Signaling and Enhances
Internalization of Phosphorylated Receptor Species. PLoS Pathog. 9, e1003237.
doi:10.1371/journal.ppat.1003237

Sparmann, A., and Bar-Sagi, D. (2004). Ras-induced Interleukin-8 Expression
Plays a Critical Role in Tumor Growth and Angiogenesis. Cancer Cell 6,
447-458. doi:10.1016/j.ccr.2004.09.028

Sreekanth, C. N., Bava, S. V., Sreekumar, E., and Anto, R. J. (2011). Molecular
Evidences for the Chemosensitizing Efficacy of Liposomal Curcumin in
Paclitaxel Chemotherapy in Mouse Models of Cervical Cancer. Oncogene
30, 3139-3152. doi:10.1038/0nc.2011.23

Cervical Cancer and Natural Product

Sudomovd, M., Berchova-Bimovd, K., Marzocco, S., Liskova, A., Kubatka, P., and
Hassan, S. T. S. (2021). Berberine in Human Oncogenic Herpesvirus Infections
and Their Linked Cancers. Viruses 13, 1014. doi:10.3390/v13061014

Sutton, G. P., Blessing, J. A., McGuire, W. P., Patton, T., and Look, K. Y. (1993).
Phase \{II\} Trial of Ifosfamide and Mesna in Patients with Advanced or
Recurrent Squamous Carcinoma of the Cervix Who Had Never Received
Chemotherapy: A Gynecologic Oncology Group Study. Am. J. Obstetrics
Gynecol. 168 (3 Pt 1), 805-807. doi:10.1016/S0002-9378(12)90824-8

Takekuma, M., Hirashima, Y., Ito, K., Tsubamoto, H., Tabata, T., Arakawa, A., et al.
(2011). Phase II Trial of Paclitaxel and Nedaplatin in Patients with Advanced/
recurrent Uterine Cervical Cancer: A Kansai Clinical Oncology Group Study.
Jco 29, 5102. doi:10.1200/jco.2011.29.15_suppl.5102

Tambaro, R., Scambia, G., Di Maio, M., Pisano, C., Barletta, E., Iaffaioli, V. R,, et al.
(2004). The Role of Chemotherapy in Locally Advanced, Metastatic and
Recurrent Cervical Cancer. Crit. Rev. Oncol. Hematol. 52, 33-44. doi:10.
1016/j.critrevonc.2004.05.003

Tang, X., Zhang, Q., Nishitani, J., Brown, J., Shi, S., and Le, A. D. (2007).
Overexpression of Human Papillomavirus Type 16 Oncoproteins Enhances
Hypoxia-Inducible Factor 1 Alpha Protein Accumulation and Vascular
Endothelial Growth Factor Expression in Human Cervical Carcinoma Cells.
Clin. Cancer Res. 13, 2568-2576. doi:10.1158/1078-0432.CCR-06-2704

Taniguchi, K., and Karin, M. (2018). NF-kB, Inflammation, Immunity and
Cancer: Coming of Age. Nat. Rev. Immunol. 18 (5), 309-324. doi:10.1038/
nri.2017.142

Thanaketpaisarn, O., Waiwut, P., Sakurai, H., and Saiki, I. (2011). Artesunate
Enhances TRAIL-Induced Apoptosis in Human Cervical Carcinoma Cells
through Inhibition of the NF-Kb and PI3K/Akt Signaling Pathways. Int.
J. Oncol. 39, 279-285. doi:10.3892/ij0.2011.1017

Tindle, R. W. (2002). Immune Evasion in Human Papillomavirus-Associated
Cervical Cancer. Nat. Rev. Cancer 2, 59-65. doi:10.1038/nrc700

To, E. E,, Erlich, J. R, Liong, F., Liong, S., Luong, R., Oseghale, O., et al. (2020).
Spatial Properties of Reactive Oxygen Species Govern Pathogen-specific
Immune System Responses. Antioxid. Redox Signal 32 (13), 982-992. doi:10.
1089/ars.2020.8027

Tsao, Y. P, Li, L. Y., Tsai, T. C., and Chen, S. L. (1996). Human Papillomavirus
Type 11 and 16 E5 Represses p21(Wafl/Sdil/CipI) Gene Expression in
Fibroblasts and Keratinocytes. J. Virol. 70, 7535-7539. doi:10.1128/JV1.70.11.
7535-7539.1996

Vandita, K., Shashi, B., Santosh, K. G., and Pal, K. I. (2012). Enhanced Apoptotic
Effect of Curcumin Loaded Solid Lipid Nanoparticles. Mol. Pharm. 9,
3411-3421. doi:10.1021/mp300209k

Varga, J., and Greten, F. R. (2017). Cell Plasticity in Epithelial Homeostasis and
Tumorigenesis. Nat. Cell Biol. 19, 1133-1141. doi:10.1038/ncb3611

Vecchione, R., Quagliariello, V., Calabria, D., Calcagno, V., De Luca, E., Iaffaioli, R.
V., etal. (2016). Curcumin Bioavailability from Oil in Water Nano-Emulsions:
In Vitro and In Vivo Study on the Dimensional, Compositional and
Interactional Dependence. J. Control Release 233, 88-100. doi:10.1016/j.
jeonrel.2016.05.004

Venkatraman, M., Anto, R. J., Nair, A., Varghese, M., and Karunagaran, D.
(2005). Biological and Chemical Inhibitors of NF-kappaB Sensitize SiHa Cells
to Cisplatin-Induced Apoptosis. Mol. Carcinog. 44, 51-59. doi:10.1002/mc.
20116

Vidya Priyadarsini, R, Senthil Murugan, R.,, Maitreyi, S., Ramalingam, K,
Karunagaran, D., and Nagini, S. (2010). The Flavonoid Quercetin Induces
Cell Cycle Arrest and Mitochondria-Mediated Apoptosis in Human Cervical
Cancer (HeLa) Cells through P53 Induction and NF-Kb Inhibition. Eur.
J. Pharmacol. 649, 84-91. doi:10.1016/j.ejphar.2010.09.020

Voronov, E., and Apte, R. N. (2017). Targeting the Tumor Microenvironment by
Intervention in Interleukin-1 Biology. Curr. Pharm. Des. 23, 4893-4905. doi:10.
2174/1381612823666170613080919

Wang, L., Guo, H,, Yang, L., Dong, L., Lin, C., Zhang, J., et al. (2013). Morusin
Inhibits Human Cervical Cancer Stem Cell Growth and Migration through
Attenuation of NF-Kb Activity and Apoptosis Induction. Mol. Cell Biochem.
379, 7-18. do0i:10.1007/s11010-013-1621-y

Wang, X, Huang, X, and Zhang, Y. (2018). Involvement of Human
Papillomaviruses in Cervical Cancer. Front. Microbiol. 9, 2896. doi:10.3389/
fmicb.2018.02896

Frontiers in Pharmacology | www.frontiersin.org

17

May 2022 | Volume 13 | Article 899208


https://doi.org/10.1016/j.semcancer.2012.04.001
https://doi.org/10.1093/carcin/bgp272
https://doi.org/10.3390/molecules23010110
https://doi.org/10.1017/S002966511000162X
https://doi.org/10.1016/j.phrs.2019.104353
https://doi.org/10.1016/j.phrs.2019.104353
https://doi.org/10.1038/sj.onc.1208046
https://doi.org/10.1111/j.1349-7006.2012.02293.x
https://doi.org/10.1111/j.1349-7006.2012.02293.x
https://doi.org/10.1073/pnas.1121174109
https://doi.org/10.1016/j.jnutbio.2005.01.017
https://doi.org/10.1007/s11010-009-0025-5
https://doi.org/10.3727/096504011X13021877989711
https://doi.org/10.3727/096504011X13021877989711
https://doi.org/10.1016/j.ejpb.2004.06.005
https://doi.org/10.1016/j.ejpb.2004.06.005
https://doi.org/10.1002/cncr.30667
https://doi.org/10.1016/j.addr.2017.02.003
https://doi.org/10.1080/01635581.2020.1778747
https://doi.org/10.1080/01635581.2020.1778747
https://doi.org/10.1155/2017/1512745
https://doi.org/10.1371/journal.ppat.1003237
https://doi.org/10.1016/j.ccr.2004.09.028
https://doi.org/10.1038/onc.2011.23
https://doi.org/10.3390/v13061014
https://doi.org/10.1016/S0002-9378(12)90824-8
https://doi.org/10.1200/jco.2011.29.15_suppl.5102
https://doi.org/10.1016/j.critrevonc.2004.05.003
https://doi.org/10.1016/j.critrevonc.2004.05.003
https://doi.org/10.1158/1078-0432.CCR-06-2704
https://doi.org/10.1038/nri.2017.142
https://doi.org/10.1038/nri.2017.142
https://doi.org/10.3892/ijo.2011.1017
https://doi.org/10.1038/nrc700
https://doi.org/10.1089/ars.2020.8027
https://doi.org/10.1089/ars.2020.8027
https://doi.org/10.1128/JVI.70.11.7535-7539.1996
https://doi.org/10.1128/JVI.70.11.7535-7539.1996
https://doi.org/10.1021/mp300209k
https://doi.org/10.1038/ncb3611
https://doi.org/10.1016/j.jconrel.2016.05.004
https://doi.org/10.1016/j.jconrel.2016.05.004
https://doi.org/10.1002/mc.20116
https://doi.org/10.1002/mc.20116
https://doi.org/10.1016/j.ejphar.2010.09.020
https://doi.org/10.2174/1381612823666170613080919
https://doi.org/10.2174/1381612823666170613080919
https://doi.org/10.1007/s11010-013-1621-y
https://doi.org/10.3389/fmicb.2018.02896
https://doi.org/10.3389/fmicb.2018.02896
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

Wasson, C. W., Morgan, E. L., Miiller, M., Ross, R. L., Hartley, M., Roberts, S., et al.
(2017). Human Papillomavirus Type 18 E5 Oncogene Supports Cell Cycle
Progression and Impairs Epithelial Differentiation by Modulating Growth
Factor Receptor Signalling during the Virus Life Cycle. Oncotarget 8,
103581-103600. doi:10.18632/oncotarget.21658

Wozniak, M., Krajewski, R., Makuch, S., and Agrawal, S. (2021). Phytochemicals in
Gynecological Cancer Prevention. Ijms 22, 1219. doi:10.3390/ijms22031219

Xiaolan, Y. U., Kelian, L. U,, Jiyi, X., and Xiguang, M. (2014). Baicalein Induces
HeLa Cell Growth Inhibition by Down-Regulation of Matrix
Metalloproteinases and Activating Extracellular Signal-Regulated Kinase.
Chin. ]. Cell. Mol. Immunol. 30 (8), 798-801.

Xie, T. X., Wei, D, Liu, M., Gao, A. C,, Ali-Osman, F., Sawaya, R,, et al. (2004). Stat3
Activation Regulates the Expression of Matrix Metalloproteinase-2 and Tumor
Invasion and Metastasis. Oncogene 23, 3550-3560. doi:10.1038/sj.onc.1207383

Xu, W,, Liu, J., Li, C., Wu, H. Z,, and Liu, Y. W. (2008). Kaempferol-7-O-beta-D-
glucoside (KG) Isolated from Smilax china L. Rhizome Induces G2/M Phase
Arrest and Apoptosis on HeLa Cells in a P53-independent Manner. Cancer Lett.
264, 229-240. doi:10.1016/j.canlet.2008.01.044

Yallapu, M. M., Khan, S., Maher, D. M,, Ebeling, M. C,, Sundram, V., Chauhan, N.,
et al. (2014). Anti-cancer Activity of Curcumin Loaded Nanoparticles in Prostate
Cancer. Biomaterials 35, 8635-8648. doi:10.1016/j.biomaterials.2014.06.040

Yamanishi, Y., Boyle, D. L., Rosengren, S., Green, D. R., Zvaifler, N. J., and
Firestein, G. S. (2002). Regional Analysis of P53 Mutations in Rheumatoid
Arthritis Synovium. Proc. Natl. Acad. Sci. U. S. A. 99, 10025-10030. doi:10.
1073/pnas.152333199

Yan, L., Huang, H., Zhang, Y., Yuan, X,, Yan, Z., Cao, C,, et al. (2020). Involvement
of P53-dependent Apoptosis Signal in Antitumor Effect of Colchicine on
Human Papilloma Virus (HPV)-positive Human Cervical Cancer Cells.
Biosci. Rep. 40, BSR20194065. doi:10.1042/BSR20194065

Yasuda, K., Nakanishi, K., and Tsutsui, H. (2019). Interleukin-18 in Health and
Disease. Int. ]. Mol. Sci. 20, 649. doi:10.3390/ijms20030649

Zeng, L., Zhen, Y., Chen, Y., Zou, L., Zhang, Y., Hu, F,, et al. (2014). Naringin
Inhibits Growth and Induces Apoptosis by a Mechanism Dependent on
Reduced Activation of NF-Kb/cox-2-Caspase-1 Pathway in HeLa Cervical
Cancer Cells. Int. J. Oncol. 45, 1929-1936. doi:10.3892/ij0.2014.2617

Zhang, B., Li, P., Wang, E., Brahmi, Z., Dunn, K. W., Blum, J. S,, et al. (2003). The
E5 Protein of Human Papillomavirus Type 16 Perturbs MHC Class II Antigen
Maturation in Human Foreskin Keratinocytes Treated with Interferon-y.
Virology 310 (1), 100-108. doi:10.1016/S0042-6822(03)00103-X

Zhang, J. M., An, J., and Kshash, Q. H. (2007). Cytokines, Inflammation, and Pain.
Int. Anesthesiol. Clin. 45, 27-37. doi:10.1097/AIA.0b013¢318034194¢

Zhang, L. X,, Liu, Z. N,, Ye, J., Sha, M, Qian, H., Bu, X. H,, et al. (2014a). Artesunate Exerts
an Anti-immunosuppressive Effect on Cervical Cancer by Inhibiting PGE2
Production and Foxp3 Expression. Cell Biol. Int. 38, 639-646. doi:10.1002/cbin.10244

Zhang, P., Li, H, Yang, B, Yang, F.,, Zhang, L. L., Kong, Q. Y., et al. (2014b).
Biological Significance and Therapeutic Implication of Resveratrol-Inhibited

Cervical Cancer and Natural Product

Wnt, Notch and STAT3 Signaling in Cervical Cancer Cells. Genes Cancer 5,
154-164. doi:10.18632/genesandcancer.15

Zhang, Q., Zhang, F., Thakur, K, Wang, J., Wang, H., Hu, F,, et al. (2018).
Molecular Mechanism of Anti-cancerous Potential of Morin Extracted from
Mulberry in Hela Cells. Food Chem. Toxicol. 112, 466-475. doi:10.1016/j.fct.
2017.07.002

Zhang, T., Ma, C,, Zhang, Z., Zhang, H., and Hu, H. (2021). NF-kB Signaling in
Inflammation and Cancer. MedComm (2020) 2, 618-653. doi:10.1002/
mco2.104

Zhang, X., Huang, J., Yu, C,, Xiang, L., Li, L., Shi, D., et al. (2020). Quercetin
Enhanced Paclitaxel Therapeutic Effects towards PC-3 Prostate Cancer through
ER Stress Induction and ROS Production. Onco Targets Ther. 13, 513-523.
doi:10.2147/0OTT.S228453

Zhao, Y., Wang, M., Tsering, J., Li, H,, Li, S, Li, Y., et al. (2018). An Integrated
Study on the Antitumor Effect and Mechanism of Triphala against
Gynecological Cancers Based on Network Pharmacological Prediction and
In Vitro Experimental Validation. Integr. Cancer Ther. 17, 894-901. doi:10.
1177/1534735418774410

Zhao, Y., Yuan, X,, Li, X,, and Zhang, Y. (2019). Resveratrol Significantly Inhibits
the Occurrence and Development of Cervical Cancer by Regulating
Phospholipid Scramblase 1. J. Cell Biochem. 120, 1527-1531. doi:10.1002/
jcb.27335

Zhou, Z. W., Long, H. Z., Cheng, Y., Luo, H. Y., Wen, D. D., and Gao, L. C. (2021).
From Microbiome to Inflammation: The Key Drivers of Cervical Cancer. Front.
Microbiol. 12, 767931. doi:10.3389/fmicb.2021.767931

Zimna, A., and Kurpisz, M. (2015). Hypoxia-Inducible Factor-1 in Physiological
and Pathophysiological Angiogenesis: Applications and Therapies. BioMed Res.
Int. 2015, 1-13. doi:10.1155/2015/549412

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhou, Long, Xu, Li, Cheng, Luo and Gao. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org

18

May 2022 | Volume 13 | Article 899208


https://doi.org/10.18632/oncotarget.21658
https://doi.org/10.3390/ijms22031219
https://doi.org/10.1038/sj.onc.1207383
https://doi.org/10.1016/j.canlet.2008.01.044
https://doi.org/10.1016/j.biomaterials.2014.06.040
https://doi.org/10.1073/pnas.152333199
https://doi.org/10.1073/pnas.152333199
https://doi.org/10.1042/BSR20194065
https://doi.org/10.3390/ijms20030649
https://doi.org/10.3892/ijo.2014.2617
https://doi.org/10.1016/S0042-6822(03)00103-X
https://doi.org/10.1097/AIA.0b013e318034194e
https://doi.org/10.1002/cbin.10244
https://doi.org/10.18632/genesandcancer.15
https://doi.org/10.1016/j.fct.2017.07.002
https://doi.org/10.1016/j.fct.2017.07.002
https://doi.org/10.1002/mco2.104
https://doi.org/10.1002/mco2.104
https://doi.org/10.2147/OTT.S228453
https://doi.org/10.1177/1534735418774410
https://doi.org/10.1177/1534735418774410
https://doi.org/10.1002/jcb.27335
https://doi.org/10.1002/jcb.27335
https://doi.org/10.3389/fmicb.2021.767931
https://doi.org/10.1155/2015/549412
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Zhou et al.

GLOSSARY

ADP adenosine diphosphate

CSCs cancer stem cells

CAT catalase

CDA cytidyl deaminase

COX-2 cyclooxygenase-2

E6AP E6-associated proteinE6-associated protein
EMT epithelial-mesenchymal transition

E6AP E6-associated proteinE6-associated protein
EGCG Epigallocatechin gallate

ERK extracellular regulated protein kinases
FAK focal adhesion kinases

GSH glutathione

HPYV human papilloma virus

HIF-1a hypoxia inducible factor-1a

HSV herpes simplex virus

IL Interleukin

JNK c-Jun N-terminal kinase

Cervical Cancer and Natural Product

LNPs Lipid nanoparticles

MMP matrix metalloproteinase
NO nitric oxidenitric oxide
NF-kB nuclearfactor-kappaB

NO nitric oxidenitric oxide

PNPs Polymeric Nanoparticles
PLGA poly (lactic-coglycolic acid)

PBCA poly (butyl cyanoacrylate)

ROS reactive oxygen species

RD retinoblastoma protein

SOD superoxide dismutase

STATS3 signal transducer and activator of transcription
SLNSs Solid lipid nanoparticles.

TAMS tumor-associated macrophages

TNF-a tumor necrosis factor-a

TGF transforming growth factor

TME tumor microenvironment

TxnRd1 thioredoxin reductase 1
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