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Abstract. Anaplastic thyroid cancer (ATC) is an aggressive and 
lethal malignancy having a dismal prognosis. Phytochemicals 
are bioactive components obtained from plants that have been 
proven useful to treat numerous diseases. Phytochemicals 
are also an important source of novel anticancer drugs and 
an important area of research due to the numerous avail‑
able candidates that can potentially treat cancers. This 
review discusses naturally occurring phytochemicals and 
their derivatives that show promising anticancer effects in 
anaplastic thyroid cancer. Anticancer effects include cell 
growth inhibition, induction of apoptosis, promoting cell 
cycle arrest, suppressing angiogenesis, modulating autophagy, 
and increasing the production of reactive oxygen species. 
Phytochemicals are not only prospective candidates in the 
therapy of anaplastic thyroid cancer but also exhibit potential 
as adjuvants to improve the anticancer effects of other drugs. 
Although some phytochemicals have excellent anticancer 
properties, drug resistance observed during the use of resvera‑
trol and artemisinin in different anaplastic thyroid cancer cell 
lines is still a problem. Anaplastic thyroid cancer cells have 
several biological, clinical, and drug‑resistance features that 
differ from differentiated thyroid cancer cells. Phytochemicals 
such as resveratrol and quercetin exhibit different biological 
effects in anaplastic thyroid cancer and differentiated thyroid 
cancer. Tumor cells depend on increased aerobic glycolysis by 
mitochondrial oxidative phosphorylation to provide energy 
for their rapid growth, invasiveness, and drug resistance. 
Phytochemicals can alter signaling cascades, modulate the 
metabolic properties of cancer cells, and influence the mito‑
chondrial membrane potential of anaplastic thyroid cancer 
cells. These findings enrich our knowledge of the anticancer 

effects of phytochemicals and highlight alternative therapies 
to prevent drug resistance in anaplastic thyroid cancer.
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1. Introduction

Anaplastic thyroid cancer (ATC) constitutes 1‑2% of all 
thyroid cancers and has a poor prognosis with a median 
survival time of 6 months in 50% of patients and only a 1‑year 
survival time in 20% of patients (1). The comprehensive treat‑
ment for ATC includes surgery and systematic chemotherapy 
combined with radioiodine therapy; however, the therapeutic 
outcomes are not promising owing to its rapid prolifera‑
tion and aggressive nature and the lack of thyroid‑specific 
role of iodine intake (2,3). Systemic chemotherapies based 
on combining paclitaxel or docetaxel with carboplatin or 
doxorubicin are adopted for patients with metastases (2,4,5). 
However, clinical data has revealed that serious adverse effects 
and drug resistance hinder combination treatment, posing 
difficulties in completing the course (5‑7). A lack of reliable 
treatment for ATC due to resistance to chemotherapy leads to 
unlimited local growth and distal metastases in patients with 
ATC (8). All‑trans‑retinoic acid (ATRA) has been used to 
impel ATC cell redifferentiation with increased iodine uptake 
and improved radiosensitivity (9); however, the results are 
not promising and even exhibit the opposite effects in other 
ATC cell lines. Therefore, there is an urgent need to identify 
novel and safe drugs or redifferentiation agents with fewer side 
effects for ATC therapy.

Phytochemicals are effective in the management of inflam‑
mation and cancer (10). Dietary phytochemicals are potential 
modulators of immunological status and possess various 
pharmacological properties including anticancer, antioxidant, 
and anti‑inflammatory effects (11). The therapeutic efficacy of 
phytochemicals shows promise in the management of several 
cancers (12). However, certain studies on the use of phyto‑
chemicals to treat ATC have exhibited some special features, 
which are presented in detail below. For example, ATRA 
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induced redifferentiation in ATC cells (SW1736) and inhibited 
cell growth (9) but was ineffective in THJ‑11T, THJ‑16T, and 
THJ‑21T cells (13). However, resveratrol reversed ATRA resis‑
tance in THJ‑11T cells that were resistant to treatment only 
with resveratrol. These findings suggest that phytochemicals 
not only show promising antitumor effects in ATC cells but 
also exhibit the possibility to induce ATC cell redifferentia‑
tion in vivo. Further preclinical or clinical studies focusing on 
the treatment of ATC may face challenges of drug resistance. 
Phytochemicals may serve as prospective adjuvants to prevent 
drug resistance in ATC.

In the present review, some of the natural phytochemicals 
used to treat ATC were summarized and similar anticancer 
effects of other phytochemicals were listed. The references 
are mainly derived from searching internet databases such as 
Google Scholar, PubMed, and ScienceDirect. The search was 
restricted to studies published in English and those conducted 
on humans. Only articles and reviews were selected and 
symposium or conference papers were excluded. The present 
review focused on agents obtained from plants that exhibit a 
potential role in the treatment of ATC. Compounds obtained 
from other organisms were excluded.

2. Phytochemicals effective in ATC cells

Aloperine. Aloperine is a quinolizidine alkaloid extracted 
from Sophora alopecuroides L., commonly used to treat 
infections, rheumatism, heart disorders, and gastrointestinal 
diseases  (14). To date, the anticancer effects of aloperine 
include inhibition of cell growth, induction of apoptosis, 
activation of reactive oxygen species (ROS), and modulation 
of autophagy in several cancers, such as breast, prostate, 
ovarian, and thyroid cancer (15‑18). Aloperine was revealed 
to inhibit the proliferation of ATC cells (8505C and KMH‑2) 
and tumorigenesis in vivo. It also promoted caspase‑dependent 
apoptosis in 8505C and KMH‑2 cells by intrinsic or extrinsic 
pathways (19). Moreover, aloperine promoted the activation of 
autophagy in KMH‑2 ATC cells by suppressing the activation 
of the Akt/mammalian target of rapamycin (mTOR) pathway. 
The cytotoxic effect of aloperine in KMH‑2 ATC cells resulted 
from aloperine‑mediated autophagy (18).

Apigenin (APG). APG is a flavone widely found in fruit, 
vegetables, and seasoning herbs, such as artichoke, onions, 
and dried chamomile flowers  (20). APG exerts anticancer 
effects by altering cell viability, migration and invasion poten‑
tial, dendrite morphology, G2/M phase arrest, and apoptosis 
by inactivation of the extracellular signal‑regulated protein 
kinase (ERK) and the Akt/mTOR signaling pathway  (21). 
In 1999, it was reported that APG exerted anticancer effects 
on ATC cells (ARO) that lack antiestrogen binding sites or 
estrogen receptors (22). APG also induced apoptosis in ATC 
cells (FRO) by increasing c‑Myc levels and phosphorylation 
of both p38 and p53. c‑Myc may act as a core regulator in 
the progression of APG‑induced apoptosis of ATC cells (23). 
In addition, APG exerted growth‑inhibition effects in ATC 
cells (ARO), inhibited both autophosphorylation of epidermal 
growth factor receptor (EGFR) tyrosine and phosphoryla‑
tion of its downstream effector mitogen‑activated protein 
kinase (MAPK) and decreased c‑Myc phosphorylation (24). 

PLX4032 is a BRAFV600E inhibitor that can enhance the 
effects of APG in ATC cells (8505C and FRO) harboring 
BRAFV600E (25). The outcomes of using APG and PLX4032 
include the decreasing of cell viability, increasing the 
dead cell percentage, promoting the expression of cleaved 
poly‑ADP ribose polymerase (PARP)‑1 and cleaved caspase‑3 
protein, and decreasing phosphorylated (p)‑ERK expression. 
However, treatment with APG and PLX4032 failed to alter 
the protein levels of p‑ERK in FRO cells. Additionally, treat‑
ment with APG and tumor necrosis factor (TNF)‑related 
apoptosis‑inducing ligand (TRAIL) decreased the viability of 
ATC cells (8505C and CAL‑62) and Bcl‑2 protein levels, and 
increased the protein levels of cleaved PARP and p‑ERK1/2. 
Suppression of Akt signaling enhanced the effects of APG and 
TRAIL treatment by modulation of Bcl‑2 family protein levels 
in 8505C and CAL‑62 cells (26).

Artemisinin (ART). ART is a sesquiterpene isolated from 
Artemisia annua L. It is known as qinghao (a herb with a 
long history of use in China), and as a sesquiterpene with a 
unique peroxide structure, ART exhibits excellent activity 
against malaria (27). ART and its derivatives are potential 
candidates that have been demonstrated to increase the 
apoptosis and autophagy of cancer cells, promote cell cycle 
arrest, suppress the invasion and migration of cancer cells, 
and induce ferroptosis in cancer cells (28). It was revealed that 
ART could suppress cell growth, induce arrest in the G2/M 
phase, and increase cyclin D1 in BHT‑101 ATC cells but not 
in CAL‑62 ATC cells. Using RNA‑seq, it was determined that 
ART‑resistant CAL‑62 cells were associated to the abnormal 
activation of WNT signaling. Lastly, the issue of ART 
resistance was overcome by co‑treating cells with ART and 
pyrvinium pamoate, which is a WNT signaling inhibitor (29).

Baicalein. Baicalein is a flavone extracted from Scutellaria 
(S.) baicalensis Georgi or S. lateriflora L. It has several 
anticancer properties including the inhibition of cell prolif‑
eration, invasiveness, migration, and EMT progression; 
and an increase in apoptosis and autophagy (30‑32). Some 
studies have demonstrated that treatment with baicalein (50 or 
100 µM) and docetaxel (10 nM) can significantly enhance the 
anticancer effects of docetaxel by the suppression of prolifera‑
tion and induction of apoptosis, and by significantly inhibiting 
the expression of transforming growth factor (TGF)‑β1, 
vascular endothelial growth factor (VEGF), caspase‑3, Bax, 
E‑cadherin, N‑cadherin, and mTOR. Moreover, baicalein 
and docetaxel significantly reduced Bcl‑2 expression and the 
phosphorylation of ERK and Akt in 8505C ATC cells (33). 
Furthermore, baicalein treatment inhibited the proliferation of 
FRO ATC cells and induced apoptosis with increased DNA 
fragmentation. Baicalein at concentrations of 50 and 100 µM 
was demonstrated to decrease the expression of Bax, PARP, 
cytochrome c, cleaved caspase‑3, and Cox‑2, and increase 
Bcl‑2 expression. Baicalein exerted anticancer effects in FRO 
ATC cells mainly by promoting the phosphorylation of ERK, 
p38, MAPK, and Akt (34). Additionally, baicalein decreased 
cell viability and the number of cell colonies, and increased 
cell apoptosis, cell cycle arrest, and autophagy in FRO ATC 
cells. It significantly increased the expression of Beclin‑1, 
Atg5, p62, Atg12, caspase‑3, and caspase‑8. Furthermore, it 
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significantly decreased the ratios of caspase‑3 and caspase‑8, 
p‑ERK/ERK, and p‑Akt/Akt, suggesting its potential in 
suppressing ERK and phosphatidylinositol 3‑kinase/protein 
kinase B (PI3K/Akt) signaling (32).

Chrysin. Chrysin is a phytochemical widely present in 
Matricaria chamomilla L., Oroxylum Indicum (L.) Kurz, 
Passiflora edulis Sims, and P. caerulea L. It is also found 
in honey, passion fruit, and mushrooms  (35,36). Chrysin 
has been demonstrated to inhibit the growth of cancer cells 
through the induction of apoptosis, cell cycle arrest, suppres‑
sion of angiogenesis, and inhibition of invasion and metastasis, 
without causing toxicity or undesirable side effects to normal 
cells both in vivo and in vitro. Chrysin exerts these effects by 
selectively modulating multiple cell signaling pathways related 
to inflammation, proliferation, angiogenesis, invasion and 
metastasis, and survival of cancer cells (37). Chrysin exerted 
anticancer effects in ATC cells (HTH7 and KAT18) such 
as inhibition of cell growth, alteration of protein levels, and 
increasing the ratio of Bax to Bcl‑2 expression (38). Changes 
in protein levels included a decrease in the expression of cyclin 
D1, Mcl‑1, and XIAP, and a significant increase in the expres‑
sion of cleaved caspase‑3 and cleaved PARP. In addition, 
chrysin was revealed as a potential Notch activator in ATC 
cells (HTh7 and KAT18) (39). Chrysin treatment resulted in 
cell growth inhibition and increased the protein and mRNA 
expression of Notch 1 and hairy/enhancer of split 1 (Hes1). The 
proliferation‑inhibition effect of chrysin in ATC cells was due 
to apoptosis resulting from Notch1 activation and an increase 
in cleaved PARP protein in vivo. Moreover, chrysin suppressed 
the growth of ATC xenografts and delayed the calculated 
median time to tumor progression in vivo (39).

Curcumin. Curcumin is a polyphenol obtained from the 
rhizomes of Curcuma longa. It is one of the most prom‑
ising naturally occurring compounds used to treat cancers, 
including breast, lung, gastric, colorectal, pancreatic, and 
hepatic cancers  (40). Curcumin intervention was demon‑
strated to result in a decrease in cell viability, suppression 
of aggressiveness, and an increase in apoptosis in the ATC 
cell lines SW1736 and 8505C. It also decreased the mRNA 
expression of PAX8, TTF1, TTF2, and TPO in SW1736 cells 
while decreasing the miRNA expression of hsa‑miR‑221, 
hsa‑miR‑222, hsa‑miR‑21, and hsa‑miR‑146b in both SW1736 
and 8505C (41). Curcumin was revealed to significantly reduce 
the oxidative stress index in ATC cells (CAL‑62) accumu‑
lating in the G0/1 phase, and also suppress spheroid formation 
and cellular motility in Matrigel (42). Moreover, curcumin 
increased the therapeutic efficacy of drugs used to treat ATC. 
Curcumin combined with docetaxel decreased the viability of 
ATC cells and induced apoptosis. It improved the anticancer 
effect of docetaxel in ATC cells by inhibiting p65 activation 
and COX2 expression and decreasing the threshold of cell 
apoptosis by docetaxel (43). Thus, the role of curcumin as an 
adjuvant in ATC chemotherapy should be further explored.

Deguelin. Deguelin is one of the four natural rotenoids 
obtained from the bark, roots, and leaves of plants from the 
Leguminosae family. It is an NADH:ubiquinone oxidoreduc‑
tase (complex I) inhibitor (44,45). Low doses of deguelin have 

been demonstrated to result in cell cycle arrest, induction of 
tumor apoptosis, and suppression of angiogenesis and metas‑
tasis. Its anticancer effects are related to the protein levels 
of PI3K, MAPK, Akt, mTOR, NF‑κB, caspase‑3/8/9, matrix 
metalloproteinase (MMP)‑2, and MMP‑9  (45). Deguelin 
enhanced superoxide dismutase (SOD) activity and effectively 
induced apoptosis (similar to docetaxel) in CAL‑62 ATC cells. 
It has been shown to play similar roles as that of curcumin, 
such as blocking spheroid formation and cellular motility in 
Matrigel and cell cycle arrest (42).

Epigallocatechin‑3‑gallate (EGCG). EGCG is one of the 
most abundant ingredients in green tea that has been widely 
studied as a phytochemical and nutraceutical (46). EGCG has 
been demonstrated to induce ROS generation and upregulate 
AMPK. Through the increase in liver kinase B1 (LKB1) and 
Ca2+/calmodulin‑dependent protein kinase kinase (CaMKK), 
it caused a decrease in mTOR expression, which finally led to 
anticancer effects (47). A previous study revealed that EGCG 
inhibited the proliferation, viability, cell cycle progression, 
migration, and invasion of ARO ATC cells, and induced 
apoptosis in ARO cells by reducing the protein levels of 
H‑RAS, p‑RAF, p‑MEK1/2, p‑EGFR, and p‑ERK1/2. In vivo, 
EGCG inhibited the growth of ARO cell carcinoma xeno‑
grafts by increasing apoptosis and blocking angiogenesis (48). 
Furthermore, EGCG significantly inhibited epithelial‑mesen‑
chymal transition (EMT), invasion, and migration in 8505C 
ATC cells by regulating the TGF‑β/Smad signaling pathways 
in vivo. The regulatory mechanism of TGF‑β/Smad signaling 
pathways includes E‑cadherin reduction and vimentin 
induction, and the inhibition of Smad2/3 phosphorylation and 
Smad4 translocation (49).

Evodiamine (EVO). EVO is an important alkaloid isolated 
from the fruit of Tetradium ruticarpum (A.Juss.) T.G.Hartley, 
and is one of the most important components of the Chinese 
herb ‘Wu‑Zhu‑Yu’ (50). EVO has been revealed to exert its 
anticancer effects by inhibiting cell growth, invasion, and 
metastasis, and inducing apoptosis in cancer cells in colon 
cancer, lung cancer, hepatocellular carcinoma, and mela‑
noma (51). Mechanisms of the anticancer effects of EVO in 
ARO ATC cells include the inhibition of cell proliferation, 
increase in DNA fragmentation, induction of apoptosis, and 
G2/M phase arrest. Moreover, EVO was demonstrated to 
change the protein levels and activity in ARO ATC cells, 
which included increasing the levels of cdc25C, cyclin B1, and 
cdc2‑p161; decreasing the level of cdc2‑p15; and promoting 
caspase‑3/8/9 activation and PARP cleavage  (52). Results 
from a proteomic strategy indicated that the anticancer effects 
of EVO in ARO ATC cells were due to the differentially 
expressed proteins involved in transcription control, signal 
transduction/calcium regulation, protein folding, and lipid 
metabolism (53). Furthermore, EVO was shown to decrease 
cell viability and the protein levels of Bcl‑2 and p‑Akt, and 
increase cytotoxicity and the percentage of apoptotic cells in 
SW1736 ATC cells. EVO exhibited synergistic effects when 
used with other anticancer agents such as wortmannin, TGF‑β, 
and PXD101 (a histone deacetylase inhibitor). Co‑treatment 
with EVO and wortmannin decreased cell viability and 
the levels of p‑Akt and Bcl‑2, and promoted cytotoxicity. 
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Additionally, following treatment with TGF‑β, EVO decreased 
variations in morphology, growth, and migration by increasing 
p21 and p53, and decreasing the protein levels of β‑catenin, 
N‑cadherin, vimentin, p‑Akt, and MMP‑2/9 (54). A previous 
study demonstrated that co‑treatment of SW1736 ATC cells 
with EVO and PXD101 decreased cell viability, the percentage 
of viable cells, and Bcl‑2 expression, while increasing cyto‑
toxicity, the percentage of apoptotic cells, and the expression 
of γH2AX, acetyl histone H3, and cleaved PARP. Moreover, 
EVO increased PXD101 cytotoxicity, ROS production, the 
expression of γH2AX and cleaved PARP, and the Bcl‑2/Bax 
ratio (55). Different ATC cell lines (SW1736 and KAT4B) have 
different sensitivities to EVO (56). Previous research revealed 
that EVO treatment induced a higher apoptotic percentage in 
SW1736 cells than in KAT4B cells (56). Mechanistic studies 
demonstrated that the activation of p53 and its downstream 
proteins, the blockage of MMP, and an increase in intracellular 
peroxide production leads to EVO‑induced G2/M arrest and 
apoptosis in SW1736 cells. However, in KAT4B cells, EVO 
induced only a few apoptotic events and only cell accumu‑
lation in the G2/M phase. Notably, the alkylation of EVO at 
position 14 may be crucial in inducing apoptosis in SW1736 
cells (56).

Indirubin. Indirubin is a bis‑indole alkaloid and the main 
active constituent of Danggui Longhui Wan, a Chinese 
traditional medicine used to treat chronic myeloid leukemia 
treatment  (57). It has been reported that indirubin and 
its derivatives compete with ATP binding and suppress 
cyclin‑dependent kinases (CDKs), resulting in apoptosis and 
G2/M arrest in cancer cells (58). A previous has shown that 
7‑bromoindirubin‑3'‑oxime (7BIO; an indirubin derivative) 
can impel DNA fragmentation and lactate dehydrogenase 
liberation in ATC cells (BHT‑101, SW1736, HTh7, and C643). 
However, 7BIO failed to promote caspase activation in these 
ATC cell lines and increased cleaved PARP fragments only 
in C643 cells. Moreover, all ATC cell lines except for C643 
exhibited a significant increase in the proportion of cells in 
the G1 phase after treatment with 7BIO. Notably, caspase 
suppression did not affect the viability of cells after incubation 
with 7BIO. The authors of the study suggest that 7BIO may 
be a potential candidate to treat ATC treatment; however, the 
mechanisms of 7BIO in exerting an effect in different ATC 
cells require further research (59).

Isoflavones [genistein (Gen) and daidzein]. Gen is an isoflavone 
that is abundantly present in legumes, lupine, coffee, soybeans, 
fava bean, and kudzu. Gen exerts its antitumor effects through 
cell growth inhibition, alteration of the cell cycle, apoptosis 
induction, angiogenesis suppression, invasion and metastasis 
suppression, and modulation of epigenetic changes (60). The 
anticancer effect of Gen in ATC cells (UCLA RO‑81‑A‑1) has 
been shown as early as 1999 (22). The concurrent treatment of 
Gen and photodynamic therapy (PDT) mediated by photofrin 
revealed promising antitumor effects in SUN‑80 ATC cells. 
Treatment using this combination led to antitumor effects 
including cell growth inhibition, mitochondrial membrane 
depolarization, apoptosis induction, promotion of ROS produc‑
tion, and alterations in the protein levels of caspase‑3/8/9/12, 
cytochrome c, and other apoptosis‑related proteins (61). In 

addition, it has been reported that Gen suppresses cell viability 
and promotes apoptosis in ATC cells (SW1736 and 8505C). 
Additionally, Gen was demonstrated to increase the expression 
of genes related to the thyroid‑differentiated phenotype, such 
as TG, sodium‑iodine symporter (NIS), TPO, TSHR, and TTF2 
in both SW1736 and 8505C cells. Notably, Gen reduced colony 
formation only in 8505C cells but not in SW1736 cells (41). 
Moreover, co‑treatment with thymoquinone and Gen suggests 
promising anticancer effects in ATC cells. Co‑treatment using 
thymoquinone and Gen is detailed in a subsequent section.

Myricetin. Numerous studies have confirmed the potent 
anticancer effects of myricetin on cancers such as those of 
the breast, liver, ovary, colon, and thyroid (62‑66). Myricetin 
has been demonstrated to decrease the growth of ATC cells 
(SNU‑80 HATC) and induce a significant increase in DNA 
condensation and the proportion of cells in the sub‑G1 
phase (66). Myricetin was shown to induce ATC cell death 
by an increase in the activation of caspase cascades and the 
Bax:Bcl‑2 ratio (66). Myricetin was also revealed to alter the 
mitochondrial membrane potential and increase the release 
of apoptosis‑inducing factor (AIF) from mitochondria to the 
cytosol (66).

Quercetin. Quercetin is a natural flavonoid that is abundant in 
the daily diet. Several in vivo and in vitro studies have revealed 
that quercetin exerts anticancer effects by inhibiting cell prolif‑
eration, affecting cell cycle progression, promoting apoptosis, 
inhibiting angiogenesis and metastasis, and even affecting 
autophagy (67). Quercetin has been shown to suppress the 
growth of ATC cells (FRO and ARO) and reduce CD97 
expression (68). CD97 is a dedifferentiation marker relevant to 
cancer progression and metastasis. It was decreased by certain 
redifferentiating agents such as ATRA in CD97‑positive 
human follicular thyroid carcinoma (FTC‑133) cells  (69). 
Quercetin has been demonstrated to increase or induce NIS 
in FRO cells, but it failed to increase NIS expression in ARO 
cells (68).

Resveratrol. Resveratrol (trans‑3,5,4¢‑trihydroxystilbene) 
was first isolated from the roots of Veratrum album (white 
hellebore) and Polygonum cuspidatum (Japanese knotweed) 
and is abundantly present in grapes, berries, and peanuts (70). 
Resveratrol exhibits potential in the treatment of cancers, such 
as those of the head and neck, thyroid, breast, lung, stomach, 
colon, kidney, cervix, bladder, ovary, and skin in humans (71). 
Resveratrol treatment was demonstrated to suppress the 
growth of ATC cells (HTh7 and 8505C) by apoptosis induction 
and S‑phase cell cycle arrest. It also increased Notch1 protein 
expression and activated the Notch1 pathway and upregulated 
the protein levels of thyroid‑specific genes, such as Pax8, NIS, 
TTF1, and TTF2 (72). A previous study by the authors revealed 
that resveratrol decreased the total ATC cell count (THJ‑16T 
and THJ‑21T) by decreasing cyclin D1 expression, increasing 
the apoptotic cell fractions, and activation of caspase‑3. 
Resveratrol was not able to suppress the growth of THJ‑11T 
ATC cells; however, it promoted ATRA sensitivity in THJ‑11T 
ATC cells by suppressing peroxisome proliferator‑activated 
receptor‑β/δ and increasing cellular retinoic acid receptor‑β 
and cellular retinoic acid‑binding protein (CRABP)2. In addi‑
tion, the efficacy of resveratrol in increasing thyroglobulin 
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and E‑cadherin levels was manifested by the appearance of 
membranous E‑cadherin in THJ‑11T ATC cells (13). Liu et al 
researched the ability of resveratrol in improving ATRA sensi‑
tivity in THJ‑11T ATC cells. Resveratrol abolished CRABP2 
methylation through demethylation of three CpG methylation 
sites on the promoter of CRABP2 and due to its suppressive 
effect on DNA methyltransferase (DNMT1 and DNMT3A) 
protein levels (73). Wu et al explored the association between 
the activation of STAT3 signaling and the antitumor effect of 
resveratrol in ATC cells (THJ‑11T, THJ‑16T, and THJ‑21T). 
In this study it was revealed that resveratrol suppressed LIF 
and STAT3 expression and inhibited p‑STAT3 nuclear trans‑
location in THJ‑16T and THJ‑21T cells but not in THJ‑11T 
cells, indicating LIF upregulation and more frequent p‑STAT3 
nuclear translocation. A STAT3 inhibitor, AG490, which 
significantly prevents p‑STAT3 nuclear translocation, reversed 
the resveratrol toleration of THJ‑11T cells  (74). Another 
study by Zheng et al demonstrated that the molecular mecha‑
nisms of the anticancer effects of resveratrol are associated 
to resveratrol‑induced oxidative damage due to increased 
ROS and oxidative stress‑induced mitochondrial swelling. 
Compared with untreated THJ‑11T cells, resveratrol‑treated 
THJ‑16T cells exhibited a marked increase in ROS genera‑
tion, a decrease in catalase (CAT) and SOD2 levels, stronger 
activation of caspase‑9/caspase‑3, and more impaired mito‑
chondrial function. In addition, co‑treatment with antioxidants 
such as N‑acetylcysteine attenuated the antitumor effects 
of resveratrol in THJ‑16T cells  (75). Xiong et al explored 
the redifferentiating effect of resveratrol in THJ‑16T and 
THJ‑21T ATC cells and determined that resveratrol increased 
phosphatase and tensin homolog (PTEN) levels, resulting in 
distinct NIS and PTEN nuclear co‑translocation in THJ‑16T 
and THJ‑21T ATC cells. However, NIS did not appear on the 
ATC cell membrane (76). In addition, resveratrol in different 
delivery systems has also exhibited potential in treating 
ATC. Resveratrol sustained‑release targeting nanoparticles 
successfully suppressed ATC cell growth in vivo. Resveratrol 
overcame the side effects and secondary drug resistance of 
docetaxel/doxorubicin in treating ATC xenograft models (77).

Thymoquinone (TQ). TQ (2‑isopropyl‑5‑methyl‑1,4‑benzo‑
quinone) is a bioactive substance isolated from Nigella sativa 
seeds (78). TQ exerts anticancer effects on several types of 
cancers, such as skin cancer, glioblastoma, breast cancer, 
pancreatic cancer, colorectal carcinoma, bladder cancer, and 
cervical squamous carcinoma (79). The combined interven‑
tion of TQ and Gen has been demonstrated to suppress cell 
survival, angiogenesis, telomerase activation, and increase 
pro‑apoptotic protein expression in ATC cells (CAL‑62 and 
ACC 448). The anticancer effects of the combination of TQ 
and Gen were attributed to a reduction of NF‑κB, VEGF, and 
human telomerase reverse transcriptase (hTERT) and suppres‑
sion of p21 and PTEN. Moreover, co‑treatment with TQ and 
Gen was more effective in ATC cells than in FTC cells (80).

Triptolide (TPL). TPL is a diterpenoid trioxide isolated from 
a perennial vine‑like Chinese herb Tripterygium wilfordii 
Hook. f.  (81). TPL inhibits cancer cell growth and shows 
promising antitumor effects in cancers such as prostate 
cancer, ovarian cancer, breast cancer, neuroblastoma, lung 

cancer, acute myeloid leukemia, and multiple gastrointestinal 
cancers in preclinical studies (82). Previous research revealed 
the anticancer effects of TPL in ATC cells (TA‑K), including 
the inhibition of cell growth and induction of apoptosis by 
suppression of the NF‑κB pathway but not the p53 signaling 
pathway (83). Inhibition of the transcriptional activation of 
NF‑κB by TPL in TA‑K cells was due to the blocking between 
the p65 subunit and CREB‑binding protein (CBP)/p300 in the 
early stages and a decrease in p65 expression in the later stage. 
In addition, TPL decreased the protein levels of proliferation, 
angiogenesis, and invasion targets such as cyclin D1, VEGF, 
and urokinase‑type plasminogen activator in ATC cells (TA‑K 
and 8505C) (84). A previous study revealed that TPL has an 
angiogenesis‑suppressive effect in both TK‑A cells and human 
umbilical vein endothelial cells; these findings were also 
reported in vivo studies (85). Furthermore, TPL may be consid‑
ered an adjuvant in the treatment of 8505C ATC cells. When 
used as an adjuvant, BIIB021, a novel heat shock protein 90 
inhibitor, exhibited improved anticancer effects in decreasing 
cell viability and dead cell percentage and increasing cytotox‑
icity compared with BIIB021 treatment alone. Co‑treatment 
with BIIB021 and TPL increased cytotoxicity in 8505C ATC 
cells through activation of DNA damage response, suppression 
of the NF‑κB and PI3K/Akt/mTOR pathways, and a decrease 
in surviving (86).

3. Discussion

Phytochemicals have five broad unique aspects and limitations. 
First, some phytochemicals promote the activation of ROS in 
ATC cells. The anticancer effects of phytochemicals in ATC 
cells, including cell growth inhibition, suppression of angio‑
genesis, and autophagy modulation, promotion of apoptosis 
cell cycle arrest, and ROS activation are presented in Table I. 
Phytochemicals are generally considered to have the ability to 
reduce ROS activity in other cancers (87‑89). It is unusual for 
phytochemicals to have the capacity to increase the activation 
of ROS in ATC cells. Second, unlike other anticancer agents, 
phytochemicals exert therapeutic effects on numerous cancers 
and are associated only with a few side effects (90). Third, 
phytochemicals exhibit promise as adjuvants in enhancing 
the sensitivities of other anticancer agents such as PLX4032, 
TRAIL, docetaxel, TGF‑β, wortmannin, PXD101, ATRA, 
and BIIB021 (25,26,43,54,55,73,86). However, the varying 
sensitivities of different ATC cell lines often restrict phyto‑
chemical use (13,59,68). Moreover, drug resistance exhibited 
by ATC cells continues to pose a serious challenge. Fourth, 
the active metabolites of phytochemicals cannot always reach 
the target tissue at therapeutic concentrations. Furthermore, 
urinary excretion, short elimination half‑life, and water 
solubility decrease the bioavailability of phytochemicals (91). 
Some research groups have improved the bioavailability of 
phytochemicals (92), thereby increasing the possibility of their 
use as biomedicine. Fifth, clinical trials are seldom conducted 
on phytochemicals; therefore, data on their efficacy in treating 
patients with ATC are lacking. The majority of references 
presented in this review are studies on the anticancer effects 
of phytochemicals in ATC cells. In animal models, daidzein, 
evodiamine, and resveratrol have been demonstrated to be 
effective as anticancer or chemopreventive agents  (93,94). 
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Only a few studies have reported that curcumin decreases 
the genotoxicity of 131I therapy in patients with differentiated 
thyroid cancer (DTC) (95). A supplement containing spirulina, 
curcumin, and Boswellia has been shown to reduce the size 
of thyroid nodules in euthyroid patients with benign thyroid 
nodules (96).

There are five types of thyroid cancer including ATC, 
medullary thyroid carcinoma DTC, poorly differentiated 
thyroid carcinoma, and Hurthle cell thyroid carcinoma (97). 
ATC is one of the most aggressive human carcinomas, which 
arises from the follicular cells in the thyroid gland. Although 
both ATC and DTC originate from thyroid follicular cells, 
their clinical and biological features vary considerably. The 
primary differences are shown in Table II. i) Incidence: ATC 
only accounts for <1% of the total cases of thyroid tumors (98), 
whereas DTC accounts for >95% of cases (99). ii) Gender ratio: 
DTC patients have a female:male ratio of 3:1 (100), whereas 
this ratio in ATC is 1.5:2 (101). iii) Mortality: Although the 
incidence of ATC is quite low (3.6% of all cases of thyroid 
cancer in different areas) (102), deaths due to ATC account 
for 14‑39% of all deaths due to thyroid cancer. The average 
survival time of patients with ATC was 5‑6 months (101). iv) 

Migration and invasiveness: ATC is more prone to aggressive 
local disease and distant metastasis than DTC. Approximately 
97% of patients with ATC present with a rapidly enlarging 
thyroid mass (103). Almost 50% of patients with ATC were 
found to have distant metastasis at diagnosis. Metastasis also 
occurred in approximately 25% of patients during their disease 
course (104). Metastases mainly involve the cervical lymph 
nodes in patients with DTC. v) Biological features: ATC cells 
lose some biological features such as iodine‑uptake capacity 
and TSH dependence, which are characteristic features of 
normal follicular cells (101). These features are still present 
in DTC, and radioiodine ablation and TSH suppression are 
necessary components of DTC treatment (98). vi) Sensitivity 
to chemotherapy drugs: ATC is resistant to numerous first‑line 
anticancer drugs such as sorafenib and lenvatinib used in a 
clinical setting to treat DTC (98,105).

The anticancer effects of phytochemicals in DTC and ATC 
differ. In DTC cells, resveratrol treatment led to cell growth 
suppression, induction of apoptosis, cell cycle arrest, and redif‑
ferentiation (68,106). Treatment with resveratrol (1‑10 µM), 
was demonstrated to increase the activation of MAPK and the 
protein levels of nuclear p53 protein, c‑Fos, c‑Jun, and p21 in 

Table II. Differences between ATC and DTC.

Type of	 Incidence	 Sex ratio	 Lethality	 Migration and	 Thyroid‑specific	 Sensitivity to
cancer	 (of total cases)	 (F:M)	 rate	 invasiveness	 features	 chemotherapy drugs

DTC	 >95%	    3:1	 Normal	 Normal	 Partly	 Normal
ATC	   <1%	 1.5:2	 High	 Easily appearing	 None	 Poor

ATC, anaplastic thyroid cancer; DTC, differentiated thyroid cancer.

Table I. Anticancer effects of different phytochemicals in ATC cells.

	 Cell growth	 Apoptosis	 Cell cycle	 Angiogenesis	 Autophagy	 ROS
Phytochemicals	 inhibition	 induction	 arrest	 suppression	 modulation	 activation

Aloperine	 √	 √	 0	 0	 √	 0
Apigenin	 √	 √	 0	 0	 0	 0
Artemisinin	 √	 0	 √	 0	 0	 0
Baicalein	 √	 √	 √	 0	 √	 0
Chrysin	 √	 √	 0	 0	 0	 0
Curcumin	 √	 √	 √	 0	 0	 0
Deguelin	 √	 √	 √	 √	 0	 0
Epigallocatechin‑3‑gallate	 √	 √	 √	 √	 0	
Evodiamine	 √	 √	 √	 0	 0	 √
Indirubin	 √	 √	 √	 0	 0	 0
Isoflavones (genistein and daidzein)	 √	 √	 0	 0	 0	 √
Myricetin	 √	 √	 √	 0	 0	 0
Quercetin	 √	 √	 √	 √	 √	 0
Resveratrol	 √	 √	 √	 0	 0	 √
Thymoquinone	 √	 √	 0	 √	 0	 0
Triptolide	 √	 √	 0	 √	 0	 0

ATC, anaplastic thyroid cancer; ROS, reactive oxygen species. 
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DTC cells (107). Moreover, resveratrol enhanced the activation 
of Notch1, which is considered a regulator of thyroid‑specific 
gene expression (99) and the cause of autophagic flux in DTC 
cells (108,109). However, this effect of resveratrol was not 
observed in ATC cells. For example, resveratrol promoted the 
apoptosis of ATC cells but did not increase MAPK activation 
and p53 expression. Resveratrol also increased the activation of 
Notch1 signaling and the protein expression of thyroid‑specific 
genes. Unfortunately, the location of important thyroid‑specific 
proteins, such as NIS, differs from that in normal thyroid cells 
and is accompanied by a loss of function (72,76). Quercetin 
was revealed to impel NIS protein expression and decrease 
CD97 protein levels, a de‑differentiation marker, in DTC 
cells (68). However, while quercetin decreased CD expression 
in both FRO and ARO ATC cells, it only induced NIS protein 
expression in FRO ATC cells (68). These studies suggest that 
ATC, but not DTC, may have unique drug‑resistance mecha‑
nisms. Therefore, effective drugs and therapies are urgently 
required for undifferentiated thyroid cancer.

The mechanisms of drug resistance in ATC are poorly 
understood. Some studies have hypothesized and found 
evidence for the following aspects: i) STAT3 activation: 
Wu et al reported that activation of STAT3 signaling is asso‑
ciated with the resistance of ATC cells to resveratrol (74). 
Wang et al established the connection between STAT3 and 
ATC resistance to BRAF inhibition (110). ii) Drug‑ efflux 
pumps: Abbasifarid et al suggested that ATP‑binding 
cassette (ABC) transporters ABCC1, ABCG2, and ABCB1 
are the key determinants of the resistance of ATC to chemo‑
therapy (8). ABC transporters efflux anticancer drugs and 
play a role in the development of drug resistance in cancer 
cells (111). In addition, signal transduction pathways such as 
PI3K/Akt (112), MAPK (113) and Notch (114) not only regu‑
late the expression of ABCC1, ABCG2, and ABCB1 but also 
participate in the development of drug resistance. iii) Energy 
metabolism: Ma and Cheng demonstrated that metabolic 
reprogramming in ATC cells confers upon them a capacity 
of resistance to doxorubicin. Targeting 6‑phosphogluconate 
dehydrogenase overcame this drug resistance  (115). A 
previous study by one of the authors determined that PDH 
activity plays a role in the transient resistance of ATC to 
artemisinin (116).

Phytochemicals such as resveratrol affect the phosphoryla‑
tion and nuclear translocation of STAT3 (74). Furthermore, 
they regulate some signaling pathways that participate in 
drug resistance in ATC. For example, aloperine, APG and 
baicalein were demonstrated to suppress Akt activation in 
ATC cells (19,26,32). Baicalein inhibited MAPK phosphoryla‑
tion (34) and chysin increased Notch1 expression. Cancer is 
a metabolic disease with a special metabolic profile in tumor 
cells (117). Tumor cells depend on increased aerobic glycolysis 
by mitochondrial oxidative phosphorylation to provide energy 
for their rapid growth, invasion, and drug resistance. There are 
three major interferences in tumor therapy, namely, dynamic 
cancer ecosystems, profitable temporal and spatial diversity of 
environmental conditions, and heritable cell phenotypes (118). 
The evolution phenomenon known as competitive release 
explains how drug‑resistant cells attain a better opportunity 
to rapidly proliferate by eliminating the drug‑sensitive 
cells (118). It reveals that traditional anticancer therapy to kill 

the majority of tumor cells as a strategy to treat metastatic 
cancer is unreasonable from the point of evolution. However, 
some alternative strategies have focused on evolution‑based 
methods that yield more benefits in the long‑term control 
compared with traditional therapy by only eliminating 
tumor cells. Treatment with phytochemicals can alter several 
signaling cascades and the modulation of the metabolic 
properties of cancer cells (119). However, they also influence 
the mitochondrial membrane potential and regulate the mito‑
chondrial metabolic pathways (120). For example, resveratrol 
not only exerts its antitumor effects on ATC cells alone but 
can also reverse drug resistance in these cells. Treatment of 
resveratrol‑sensitive ATC cells with resveratrol alone, leads to 
changes in the morphological characteristics of mitochondria 
and an increase in ROS production (75). These results indi‑
cate that resveratrol suppresses ATC cell growth and drug 
resistance through an impaired effect on mitochondria. In a 
previous study by one of the authors, it was determined that 
treatment with ART significantly changed mitochondrial 
protein levels including the downregulation of COX7A2 and 
COX2 and the upregulation of YEM1L1, ALAS1, COX14, and 
OAT after 48 h of treatment. CAL‑62 cells showed a transient 
and reversible resistance to ART (only at 48 h), which was 
correlated to the time‑dependent changes in PDK1, HIF1a, 
and PDHA levels (117). These results suggest that improved 
mitochondrial function may strongly be associated to drug 
resistance in ATC cells. The inhibitory effect of phytochemi‑
cals of ATC cells is important in overcoming drug resistance. 
The findings of the present review (Table III) may improve the 
utility of phytochemicals as adjuvants in the therapy of ATC, 
help prevent drug resistance, and provide a novel perspective 
for further research on ATC therapy.
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