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Abstract: Thyroid cancer (TC) stands out as the most prevalent endocrine malignancy globally, with a steadily in-
creasing incidence. Its clinical manifestations include enlarged thyroid nodules, dysphagia, enophthalmos, and vari-
ous other symptoms. While standard treatments such as thyroidectomy and radioiodine therapy effectively manage
most cases of differentiated thyroid cancers (DTC), some recurrent cases of DTC or those involving poorly differenti-
ated thyroid cancers (PDTC) require specialized interventions. However, existing drugs primarily address symptom
management without offering a curative solution. Therefore, the development of a new therapeutic agent for these
challenging cases is of utmost importance. Flavopereirine, derived from Geissospermum vellosii, has demonstrated
promise as a potential anti-cancer agent across various human cancers. However, its specific anti-cancer effects on
human thyroid cancer (TC) have remained unclear. Therefore, this study aims to investigate the anti-cancer activity
of flavopereirine in human TC. The research findings revealed that flavopereirine effectively hinders the growth of hu-
man TC cells, induces cell cycle arrest, promotes apoptosis, and modulates autophagy. Moreover, the study delved
into the underlying mechanisms by which flavopereirine influenced signaling pathways. To validate these anti-cancer
effects, an in vivo zebrafish model was utilized, confirming the efficacy of flavopereirine against human TC cells. In
summary, this study establishes that flavopereirine exhibits notable anti-human TC activities, positioning it as a
promising therapeutic candidate for the treatment of human thyroid cancer.
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Introduction

Among endocrine tumors, thyroid cancer is
the most common cancer, and the incidence
rate is increasing [1]. Thyroid cancer can be
derived as follicular epithelial cells and neuro-
endocrine cells (parafollicular or C cells) accord-
ing to histopathology. Cancer with follicular epi-
thelial cells include papillary thyroid carcinoma
(PTC), follicular thyroid carcinoma (FTC) and
anaplastic thyroid carcinoma (ATC). PTC and
FTC are collectively called differentiated can-
cers, and ATC is classified as undifferentiated

cancers. In addition, TC generated from neuro-
endocrine cells is medullary thyroid carcinoma
(MTC). The incidence rate in women is about
twice than men [2]. The Risk factors for TC
include age, family history, and radiation expo-
sure in childhood [2]. Among TC, PTC ac-
counts for the vast majority, accounting for
approximately 70-75%, and FTC accounts for
the second highest rate, about 10% [2].
Moreover, Papillary cancer occurs more fre-
quently in iodine-rich areas. In addition, undif-
ferentiated cancer accounts for the least, about
2-5% [2].
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Currently, patients with PTC or FTC can be treat-
ed through total thyroidectomy and local lymph
node dissection, followed by additional atomic
iodine therapy, and the prognosis is very good.
The more difficult aspects of clinical treatment
are metastasized or recurrence PTC or FTC, as
well as ATC. These patients show very poor
effect of either chemotherapy or radiotherapy.
Especially patients with ATC is extremely
aggressive and lethal. It is one of the most
malignant tumors in humans. Although its inci-
dence rate is not high, unfortunately, the cur-
rent therapeutic effect of ATC is still very poor,
and most studies show that the average sur-
vival time is only 3 to 9 months [3]. Therefore, it
is urgent to develop an effective therapeutic
drug against ATC or patients with metastasized
or recurrent PTA and FTC.

Flavopereirine, a B-carboline alkaloid which is
isolated from the bark of Geissospermum vel-
losii [4]. Flavopereirine has antiplasmodial,
antileishmanial activity and can selectively
inhibit DNA synthesis of cancer cells [4-6].
Moreover, it also has been suggested for
benign prostatic hyperplasia treatment [7].
Recent studies demonstrate that flavopereir-
ine exerts anti-human cancer activity in glio-
blastoma, hepatoma, breast, colorectal and
oral cancer cells through inhibition of cell prolif-
eration, and induction of cell cycle arrest, cell
apoptosis and autophagy [8-13]. The mecha-
nisms including DNA synthesis inhibition and
modulation of JAK-STAT, p53, Akt, p38, and Erk
pathways have been reported to involve in
flavopereirine mediated anti-cancer effects
[8-10, 12, 13]. However, the detail mechanisms
of flavopereirine regarding anti-cancer effect
are still unclear, especially on human thyroid
cancer cells. Therefore, in the present study, we
aim to address whether flavopereirine can sup-
press human thyroid cancer cells and the
underling mechanisms.

In this study, we demonstrate that flavopereir-
ine administration could reduce cell prolifera-
tion in both ATC and ATC cells. It also showed
more safety in skin normal fibroblast cell line.
Moreover, a GO/G1 cell cycle arrest was deter-
mined in the cells with flavopereirine treat-
ment. In addition, cells with flavopereirine treat-
ment elevated a cellular apoptosis through
both extrinsic and intrinsic caspase-dependent
apoptosis pathways in both PTC and ATC cells.
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The activation of signaling pathways includ-
ing Erk and p38, and the inhibition of Akt path-
way were determined in the cells under flavo-
pereirine treatment. Finally, the anti-thyroid
cancer activity of flavopereirine was verified
in vivo with a zebrafish model. Our results dem-
onstrated that flavopereirine is a safe com-
pound and exerts a potential anti-TC activity in
vitro and in vivo.

Materials and methods
Cell lines and cell culture

Human multidrug-resistant PTC cell line (IHH-4)
and ATC cell lines (KMH-2 and 8505c) were
purchased from Japan Collection of Research
Bioresources Cell Bank (JCRB), Japan. Human
PDTC cell line (SW579) was purchased from
Bioresource Collection and Research Center
(BCRC), Taiwan. The FTC cell line (WRO) was
provided by Prof. Jen-Der Lin [1]. IHH-4 and
KMH-2 cells were incubated with Dulbecco’s
minimal essential medium (DMEM) + Roswell
Park Memorial Institute (RPMI) (1:1) medium
(Gibco, Gaithersburg, MD, USA); 8505c cells
were cultured with MEM (Gibco); and SW579
and WRO cells were maintained in RPMI 1640
medium (Gibco) supplemented with 10% fetal
bovine serum (Biological Industries, Kibbutz
Beit Haemek, lIsrael), at 37°C in a 5% CO,
incubator. The passage ranges for the cell
lines used in this study were p05-p20
post-purchase.

Cell viability assay

The cells (5 x 102 cells/well) were cultured with
the previous medium in a 96-well cell culture
dish; after overnight incubation, the cells were
maintained with the control medium (contain-
ing 0.01% DMSO) or flavopereirine (Chroma-
Dex, Irvine, California, USA). After incubation
for 24, 48 and 72 h, the cell survival was
detected with a CCK-8 assay kit (Enzo Life
Sciences, Farmingdale, NY, USA). Three inde-
pendent assays were performed.

Colony formation assay

The cells were cultured with the previous medi-
um in 6-well plates (102 cells/well), and the
plates were incubated at 37°C incubator. And
the cells were cultured with DMSO or flavo-
pereirine. The colony formation of the cells and
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the colony morphology were detected under
10% crystal violet (Sigma-Aldrich, St. Louis,
MO, USA) staining after 12 days incubation.
The colony size and the colony number were
examined.

Cell cycle examination

Cells were incubated with the previous me-
dium containing either flavopereirine or DMSO
for 6 and 18 h, and the cells were harvested
and fixed in 70% ethanol overnight. After dou-
ble washing with PBS, cells were labeled with
propidium iodide (PI; Sigma-Aldrich) and incu-
bated at room temperature in the dark for
30 min. DNA content was analyzed using
FACScan (Becton Dickinson, San Diego, CA,
USA) with Modfit. LT 3.3 software. Three inde-
pendent assays were performed.

Cell apoptosis determination

Cells were incubated with the previous me-
dium containing either flavopereirine or DMSO
for various durations. Annexin-V (Sigma-Aldrich)
and PI double staining was performed to de-
tect apoptotic cells as our previous reports
[14-17]. The cells were washed with PBS twice
and centrifuged at 1500x g for 10 min. The cell
pellets were resuspended with staining solu-
tion (2 yl Annexin-V-FITC and 2 ul Pl in 100 ul
binding buffer) and incubated at room tem-
perature in darkness for 15 min. Annexin-V or
Pl fluorescent intensities were analyzed by
FACScan (Becton Dickinson), and 10,000 cells
were assessed in each sample. Three indepen-
dent assays were performed.

Western blotting

To verify the mechanisms involving in flavo-
pereirine mediated cellular apoptosis, cells
were incubated with DMSO or flavopereirine,
and the total cell lysate was collected and the
proteins were separated with a sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis.
The proteins were then transferred on a polyvi-
nylidene fluoride membrane, and the expres-
sions of the proteins were examined after
blocking with a primary antibody and with a
secondary antibody. The experimental process
could refer to our previous paper [17].

The primary antibodies used in this study
including caspase-3, -8, -9 (#9662, #9746,
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#9502, Cell Signaling, Danvers, MA, USA), Bid
(GTX60429, GeneTex, Hsinchu City, Taiwan),
Bel-xL (#2762, Cell Signaling), LC3 (PMO036,
Medical and Biological Laboratories, Nagoya,
Japan), p62 (AP2183b, Abgent, San Diego, CA,
USA), BNIP3 (GeneTex), Akt (sc-8312, Santa
Cruz Biotechnology, Santa Cruz, CA, USA),
phosphor-Akt (sc-7985R, Santa Cruz Bio-
technology), mTOR (#5562, Cell Signaling),
phosphor-mTOR (#2475, Cell signaling), Erk
(#4696, Cell Signaling), phosphor-Erk (#9106,
Cell Signaling), p38 (#9212, Cell Signaling),
phosphor-p38 (#9211, Cell Signaling), JNK
(#9252, Cell Signaling), phosphor-JNK (#9251,
Cell Signaling) and poly (ADP-ribose) poly-
merase (PARP; #9542, Cell Signaling) were
assessed with Western blotting. The expres-
sion of GAPDH (GTX100118, GeneTex) was de-
termined as a loading control in the Western
blotting. To verify whether caspase activation
was participated in flavopereirine-mediated
cellular apoptosis, the pan-caspase inhibitor,
Z-VAD-fmk (BioVision, Mountain View, CA, USA),
was used and the cellular apoptosis was
assessed using FACScan after double staining
with FITC-labeled Annexin-V and PI.

Cellular autophagosome determination

The cells were cultured on a cover slip in a 10
cm culture dish, after overnight incubation in a
37°C incubator. The cells were incubated with
medium containing DMSO or flavopereirine for
24 h, and the cellular autophagosomes were
examined with immunostaining with LC3 anti-
body (Medical and Biological Laboratories) and
fluorescein isothiocyanate-conjugated second-
ary antibodies (GeneTex) at 4°C overnight.
The nucleus was labeled with 4’,6-diamidino-
2-phenylindole  (Sigma-Aldrich). Autophago-
some determination was performed as previ-
ously reported with laser confocal scanning
microscopy (LSM800, ZEISS, Oberkochen,
Germany) [1, 18].

Zebrafish xenograft assay

Zebrafish (Danio rerio) was purchased from
Academia Sinica (TZCAS, Taipei) for this study.
Adult and larval zebrafish were cared for and
maintained according to the animal care regu-
lations and standard protocols at the animal
center (Kaohsiung Medical University Hos-
pital, Kaohsiung, Taiwan). Kaohsiung Medical
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University Hospital’s Institutional Animal Care
and Use Committee approved the use of ze-
brafish (IACUC Approval No. 111090) in accor-
dance with the principles of 3Rs (Reduction,
Replacement, and Refinement). Dil dye was
used to label human thyroid cancer cells (IHH-4
and KMH-2) for injection into zebrafish to track
with fluorescence microscopy. Minor modifica-
tions were made to the procedure based on a
previous study [19].

Statistical analysis

Data analysis was carried out through Graph-
Pad Prism 8 software package. Data was
expressed as mean + standard deviation.
Differences between the control group and
experimental groups were determined by one-
way analysis of variance (ANOVA) with Fisher’s
least significant difference test. In the in vivo
study, the Mann-Whitney U-test was used. P <
0.05, P < 0.01 or P < 0.001 are considered to
indicate statistical significance.

Results

Flavopereirine suppresses cell proliferation in
various human thyroid cancer cells

To evaluate the antitumor capability of flavo-
pereirine in human thyroid cancers, four types
of human thyroid cancer cells including PTC,
FTC, PDTC, and ATC cell lines were used, and
the cell viability assay was performed with
CCK-8 assay. These cells were incubated with
control medium or with flavopereirine contain-
ing medium, and the data showed that growth
inhibition of these cells with flavopereirine
treatment with a dosage- and time-depend-
ent manner (Figure 1 and Supplementary
Figure 1). The IC,, values of flavopereirine in
these cells were showed in Table 1. The grow-
th inhibition effect of flavopereirine showed
IHH-4 > KMH-2 > 8505¢ > WRO > SW579 cells
(Table 1), suggesting that PTC and ATC cells
were more sensitive for flavopereirine treat-
ment. To further investigate the growth inhibi-
tion activity of flavopereirine in PTC and ATC
cells, IHH-4, 8505¢c and KMH-2 cells were
incubated with flavopereirine, and the colony
formation assay was performed. The data illus-
trated that both PTC and ATC cells show a
growth inhibition with a dosage-dependent
manner after flavopereirine treatment (Figure
2). These results demonstrated that flavo-
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pereirine exerts an anti-cancer property in
human thyroid cancers especially on multiple
drugs resistance PTC and ATC cells.

Flavopereirine modulates cell cycle in human
thyroid cancer cells

Because flavopereirine inhibits tumor growth in
PTC and ATC cells (Figures 1 and 2), therefore,
whether flavopereirine could regulate cell cycle
in these cells was further investigated. IHH-4,
8505¢ and KMH-2 cells were incubated with
flavopereirine, and the cell cycle was examined
with flowcytometry. Figure 3 showed that flavo-
pereirine treatment induced GO/G1 phase
arrest in IHH-4 cells, and caused S phase ar-
rest in both 8505¢ and KMH-2 cells. Here, we
demonstrated that incubation with flavo-
pereirine could assist cell cycle arrest in PTC
and ATC cells.

Flavopereirine actuates cellular apoptosis in
human PTC and ATC cells

To address whether flavopereirine exerted anti-
human thyroid cancer activity was through cel-
lular apoptosis induction, IHH-4, 8505¢ and
KMH-2 cells were incubated with flavopereirine
and the Pl/Annexin-V double staining and flow-
cytometry analysis was conducted to evaluate
apoptotic cells. The result showed that flavo-
pereirine could induce cellular apoptosis with a
dose- and time-dependent manner in these
cells (Figure 4). Moreover, flavopereirine medi-
ated apoptosis in these cells was IHH-4 >
KMH-2 > 8505c, suggesting the sensitive rank-
ing of flavopereirine treatment in these cells.
This data was consistence with the growth inhi-
bition result (Table 1).

Because flavopereirine actuated apoptosis in
PTC and ATC cells (Figure 4), a Western blott-
ing was conducted to evaluate the underling
mechanisms involving in flavopereirine mediat-
ed apoptosis. IHH-4, 8505KMH-2 cells were
incubated with flavopereirine, and the expres-
sions of caspase-8, caspase-9, caspase-3
and PARP were determined. The result demon-
strated that flavopereirine could cause cas-
pase-8, -9, and -3 activation as well as induce
PARP activation (Figure 5). Further investiga-
tion demonstrated that blocking caspase acti-
vation with ZVAD-FMK could reduce flavo-
pereirine mediated activation of aspase-8, -9,
-3 and further activation of PARP (Figure 5).

Am J Cancer Res 2024;14(7):3317-3334



Flavopereirine against human thyroid cancer

Cell viability (%)

0 2.5 5 7.5 10 15
Flavopereirine (puM)

8

—— 24h
-O— 48 h
¥ 72h

Cell viability (%)
$ 8§ 8

8

o

0 5 10 20 a0 60
Flavopereirine (uM)

&8 8 8 8

Cell viability (%)
2

¥ v

0 2.5 5 7.5 10 15
Flavopereirine (uM)

100 ¢ —— 24h
3 ~0— 48h
E - —¥— 72h
8
8
>
— ‘o )
@
O 2]
° T T T T hd
0 5 10 20 40 60
Flavopereirine (uM)

100 —o— 24h
<3 —0— 48h
E - -¥— 72h
3 “
S
> ..
@
O =

° v v v v y
0 2.5 5 7.5 10 15

Flavopereirine (uM)

Figure 1. Flavopereirine inhibits cell proliferation in
various human thyroid cancer cells. Human thyroid
cancer cells lines, (A) IHH-4, (B) WRO, (C) SW579,
(D) 8505¢, and (E) KMH-2 cells, were treated with
flavopereirine, and the cellular survival was exam-
ined with CCK-8 assay. DMSO was used as a nega-
tive control. Three independent experiments were
conducted.

Table 1. IC_, values of flavopereirine in human thyroid cancer cells

. Cell line
Time (h)
IHH-4 WRO SW579 8505¢ KMH-2
Flavopereirine (uM) 24 5.6 24.4 26.2 12.8 6.1
48 4.4 12.4 25.2 8.7 5.5
72 4.3 10.0 17.7 7.5 5.0

This result suggested that flavopereirine could
activate a caspase-dependent apoptosis in
PTC and ATC cells (Figure 4). Moreover, flavo-
pereirine induced cellular apoptosis was
through both extrinsic and intrinsic caspase-
dependent pathway.

3321

To verify whether flavopereirine mediated anti-
TC effect was through apoptosis induction,
cells were incubated with flavopereirine; Z-VAD-
FMK was used to block flavopereirine mediat-
ed caspase activation, and the cellular phe-
nomena and apoptotic cells were determined

Am J Cancer Res 2024;14(7):3317-3334
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with microscopy and flowcytometry. The data
showed that blocking of caspase activation
with Z-VAD-FMK could partially reverse flavo-
pereirine mediated cell number lose, cell mor-
phological change as well as apoptosis in IHH-
4, 8505¢, and KMH-2 cells (Figure 6). Alto-
gether, we demonstrated that flavopereirine
treatment exerts anti-human TC activity through
induction of intrinsic and extrinsic caspase-
dependent apoptosis.

Flavopereirine interferes cellular autophagy in
human thyroid cancer cells

We also further investigation whether flavo-
pereirine could modulate cellular autophagy in
human PTC and ATC cells. IHH-4, 8505c, and
KMH-2 cells were incubation with flavopereir-
ine, and the expression of LC3-Il (a biomarker
of autophagosome) and p62 (a marker of
autophagic flux) was examined with Western
blotting. The data showed that LC3-Il was ele-
vated in all the cells under flavopereirine treat-
ment with a dosage- and time-dependent
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Figure 2. Flavopereirine suppresses colony
formation of human PTC and ATC cells. (A) IHH-
4, (B) 8505¢, and (C) KMH-2 cells were incu-
bated with flavopereirine for 12 days, and the
colony formation was determined after 10%
crystal violet staining. Three independent ex-
periments were conducted.

manner (Figure 7). Importantly, the expression
of p62 was decreased in the cells with autoph-
agy induction after flavopereirine treatment
(Figure 7). These data suggesting that flavo-
pereirine might elevate autophagy through
autophagosome formation as well as autopha-
gic flux driving.

To confirm whether autophagosome formation
was elevated in the cells with flavopereirine
treatment, cells were incubation with flavo-
pereirine, and the cells were immunostaining
with LC3 antibody and the autophagosome for-
mation was determined with confocal micros-
copy. The rapamycin was used to induce cellu-
lar autophagy, and the autophagy inhibitor,
3-MA, was used to suppress autophagy. Figure
8A demonstrated an autophagosome increas-
ing in IHH-4, 8505¢c and KMH-2 cells with
rapamycin as well as flavopereirine treatment.
Moreover, the autophagosome formation was
inhibited in the cells with 3-MA coincubation
(Figure 8A). The data demonstrated that treat-
ment with flavopereirine could induce auto-
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Figure 3. Flavopereirine modulates cell cycle in human PTC and ATC cells.
(A) IHH-4, (B) 8505c, and (C) KMH-2 cells were administrated with flavo-
pereirine, and the cell cycle regulation was investigated with flowcytometry

analysis.

phagosome formation in PTC and ATC cells.
increasing might

However,
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autophagosome

cause with autophagosome
accumulation under autopha-
gic flux blocking. Therefore, we
further to evaluate whether
autophagic flux was happen in
the cells with flavopereirine
treatment. IHH-4 cells were
incubated with flavopereirine,
and the expression of LC3-II
and p62 were examined with
Western blotting (Figure 8B).
Moreover, rapamycin was used
as an autophagy inducer, 3-MA
was used as an autophagy
inhibitor, and bafilomycin was
used as an autophagic flux
blocker. The data showed that
bafilomycin could block autoph-
agic flux and cause LC3-Il as
well as p62 accumulation; how-
ever, cells with flavopereirine
treatment could increase LC3-
Il level, but decrease the ex-
pression of p62 (Figure 8B).
Moreover, cells with coincuba-
tion with flavopereirine and
bafilomycin, the expressions of
both LC3-Il and p62 were accu-
mulated (Figure 8B). Altogether,
these results demonstrated
that treatment with flavoperei-
rine in human PTC and ATC
cells could elevate cellular
autophagy.

Flavopereirine modulates ERK,
p38 and AKT/mTOR signaling
pathways in human thyroid
cancer cells

In our previous study, flavo-
pereirine regulates AKT, p38
and ERK signaling pathways in
human breast cancer cells has
been demonstrated. Here, we
evaluated the expressions and
the activations of ERK, JNK,
p38, AKT, and mTOR in IHH-4,
8505¢ and KMH-2 cells under
flavopereirine treatment. The
result showed that phospho-
ERK and phospho-p38 were
increased but the expression
of phospho-AKT and phosphor-

mMTOR were decreased in all the cells under fla-
vopereirine treatment (Figure 9A). However, the
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activation of JNK pathway was not affected in
the cells with flavopereirine incubation (Figure
9A). Moreover, the total protein of ERK was ele-
vated, but decreased of AKT and mTOR pro-
teins in the cells with flavopereirine treatment,
suggested that incubation of flavopereirine
might modulate protein synthesis of ERK, AKT
and mTOR (Figure 9A). Further investigation
using PD98059 and SB203589 to suppress
flavopereirine mediated ERK and p38 activa-
tion in KMH-2 cells, showed reducing ERK acti-
vation in KMH-2 cell under flavopereirine treat-
ment could reduce flavopereirine mediated cel-
lular apoptosis (Figure 9B). However, inhibition
p38 activation in KMH-2 cells with flavo-
pereirine treatment didn't reverse cellular
apoptosis (Figure 9C). In addition, elevation of
AKT activity with a constitutive active form con-
struction in KMH-2 cell [14] with flavopereirine
treatment could significantly reduce flavo-
pereirine mediated cellular apoptosis (Figure
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Figure 5. Flavopereirine induces intrinsic and ex-
trinsic caspase-dependent apoptosis in human
PTC and ATC cells. (A) IHH-4, (B) 8505c, and (C)
KMH-2 cells were incubated with flavopereirine
(10, 15, and 7.5 uM) for 48 h, and the cellular
lysate was collected and the proteins in the pro-
tein lysate were determined with Western blot-
ting. DMSO was used as a negative control, and
Z-VAD-FMK (20 uM) was preincubated for 2 h
before flavopereirine treatment.

9D). These results demonstrated that incuba-
tion with flavopereirine in human PTC and ATC
cells might regulate the expressions and/or
activations of ERK, p38, and AKT/mTOR signal-
ing pathways. Moreover, the activation of ERK
pathway and the inhibition of AKT pathway
might be the upstream mechanisms in flavo-
pereirine mediated cellular apoptosis.

Flavopereirine inhibits the growth of thyroid
cancer cells in vivo

To further verify the anti-cancer activity of flavo-
pereirine in human PTC and ATC cells, a in vivo
zebrafish xenotransplantation model was con-
ducted. The IHH-4 and KMH-2 cells were
labeled with Dil, and the in vivo cancer growth
was monitored to illustrate the response of fla-
vopereirine treatment (Figure 10). Zebrafish
larvae were randomly divided into several
groups that received flavopereirine at indicated

Am J Cancer Res 2024;14(7):3317-3334



Flavopereirine against human thyroid cancer

Flavopereirine
+ Z-VAD-FMK

Apoptosis (%)

w

O & & &
@ g &
K\ R °Q§
N N & A
& <y

Flavopereirine

+ Z-VAD-FMK

Apoptosis (%)

3327 Am J Cancer Res 2024;14(7):3317-3334



Flavopereirine against human thyroid cancer

Z-VAD-FMK

Flavopereirine

Flavopereirine
+ Z-VAD-FMK

30 -

~N
w

~
o

Apoptosis (%)

wv

concentrations, and a control group (untreated
xenografted zebrafish larvae) was present.
There was no developmental toxicity observed
with flavopereirine throughout the experiment
(Figure 10A). Compared with the control, flavo-
pereirine inhibited tumor growth in vivo signifi-
cantly (Figure 10B and 10C), indicating that
flavopereirine could be an effective and safe
treatment for thyroid cancer cells in vivo.

Discussion

Flavopereirine is a natural alkaloid isolated
from the plant Geissospermum vellosii [4].
Moreover, Geissospermum vellosii has long
been used by oncologic patients and integra-
tive medicine practitioners in South America
[20]. Steele et al. is the first to isolate a
B-carboline alkaloid flavopereirine from the
bark of Geissospermum sericeum and report-
ed its anti-plasmodial activity [4]. Moreover, fla-
vopereirine also exerts anti-leishmania in the
previous report [6]. In addition, flavopereirine
can suppress the expressions of androgen
receptor (AR), and androgen-associated pro-
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Figure 6. Blocking caspases activa-
tion in human PTC and ATC cells res-
cues flavopereirine mediated cellu-
lar apoptosis. (A) IHH-4, (B) 8505c,
and (C) KMH-2 cells were incubated
with flavopereirine along (10, 15,
and 7.5 pM) or combination treat-
ment with Z-VAD-FMK (20 puM) for
48 h, and the cellular morphology
was determined with microscopy
(200x), and the apoptotic cells were
examined with flowcytometry assay
after Pl/Annexin-V staining. DMSO
was used as a negative control, and
Z-VAD-FMK was preincubation for 2
h before flavopereirine administra-
tion. Representative result of three
independent experiments.

teins such as steroid 5 alpha-reductase 1
(SRD5A1) and prostate specific antigen (PSA),
suggesting that flavopereirine can be used to
reduce testosterone-induced BPH develop-
ment [7]. Furthermore, we and others reported
that flavopereirine has an anti-tumor property
in human glioblastoma, colon, hepatoma, br-
east, and oral cancer cells [8-13]. In the pres-
ent study, we demonstrated that flavopereirine
exerts an anti-human thyroid cancer activity in
various types of human TC cells. This study is
particularly significant as it demonstrates that
flavopereirine exhibits optimal therapeutic
effects against PTC cells with multidrug resis-
tance and the most malignant ATC cells in
vitro and in vivo, suggesting that flavopereirine
could be a good therapeutic candidate for the
patients with TC that are clinically challenging
to treat.

Although flavopereirine inhibits AR, SRD5A1,
and PSA to suppress testosterone-induced
BPH has been demonstrated [7], the activa-
tion of AR in thyroid cancer cells could decrease
cellular proliferation and induce senescence

Am J Cancer Res 2024;14(7):3317-3334
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Figure 7. Flavopereirine induces cellular autophagy in human PTC and ATC cells. (A and B) IHH-4, (C and D) 8505c,
and (E and F) KMH-2 cells were treated with flavopereirine (A, C and E) for 24 h or the indicated condition. The total
cell lysate was collected and the proteins in the lysate were assessed with Western blotting. DMSO was used as the

negative control.

[21, 22]. Therefore, the androgen receptor
pathway is not indicated as the mediator for
the anti-thyroid cancer properties of flavo-
pereirine. In the current study, we further dem-
onstrating that flavopereirine modulated acti-
vation of Erk and p38, as well as suppression
of Akt pathways are illustrated (Figure 9).
Further investigation demonstrated that flavo-
pereirine induced caspase-dependnet apopto-
sis in KMH-2 cells could be suppressed with
manipulation of Erk and Akt pathways (Figure
9B and 9D). These finding was similar with our
previous study [10, 13], suggesting that flavo-
pereirine may modulate these pathways to
cause anti-TC activity. However, the biological
effect of p38 signaling pathway modulation in
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the cells with flavopereirine treatment should
be further investigation.

Furthermore, our earlier research illustrated
that the augmentation of p53 activation dur-
ing flavopereirine treatment in human colon
cancer is responsible for the anti-colon cancer
activity of flavopereirine [9]. However, inactivat-
ing mutations of p53 have been identified in
merely 10% of thyroid carcinomas, predomi-
nantly in poorly differentiated and aggressive
histotypes. In addition, the p53 gene has been
identified in IHH-4 and KMH-2 cells with wild-
type, and is missence mutation in 8505c cells.
Therefore, whether flavopereirine can achieve
its anti-thyroid cancer effects through the

Am J Cancer Res 2024;14(7):3317-3334
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Figure 8. Flavopereirine induces autophagy as well as autophagosome formation in human PTC and ATC cells. IHH-

4,8505c and

KMH-2 cells were incubated with flavopereirine (10, 15, and 7.5 uM) for 24 h, and (A) the autophago-

somes in these cells were evaluated with immunofluorescence staining, and (B) the protein expressions were exam-
ined with Western blotting. DMSO was used as the negative control. 3-MA (5 yM) was the autophagy inhibitor, and

the rapamycin

activation of pb3

investigated.

(30 uM) was a autophagy inducer. Bafilomycin (50 nM) was used to be an autophagic flux blocker.

prevalence of 35-40% in anaplastic thyroid car-
cinoma [23]. The presence of BRAF mutations
activates the mitogen-activated protein (MAP)

remains to be further

In addition, BRAF mutations are frequently
identified in thyroid carcinoma, with a reported

3330

Kinase pathway, involving downstream proteins
such as MEK and ERK. ERK activation ultimate-
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Figure 9. Flavopereirine modulating signaling pathways in human PTC and ATC cells. (A) IHH-4, 8505¢ and KHM-2
cells were administrated with flavopereirine for 48 h, and the total cell lysate was collected and the proteins in the
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without constitutively active AKT construct, and the expression and the activation of AKT, caspase-3, and PARP were
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GAPDH was a loading control.

ly promotes cell proliferation and contributes
to the oncogenesis of thyroid tumors [24].
Tyrosine kinase inhibitors (TKIs) targeting
BRAF V60OOE, such as dabrafenib, and MEK1/2,
such as trametinib, have been developed. The
combined use of dabrafenib and trametinib has
shown promising effects in various cancers
with  BRAF mutations, including melanoma,
lung cancer, and ATC [25-27]. However, the
impact of this combination on clinical practice
on ATC and recurrence PTC needs thoroughly
evaluated. Because flavopereirine treatment
could suppress AKT/mTOR signaling pathway,
and elevate ERK and p38 signaling pathways in
both PTC and ATC cells (Figure 9). Therefore,
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whether flavopereirine combination with dab-
rafenib and trametinib can elevate therapeutic
effect in recurrent PTC and ATC need further
investigation.

Furthermore, our earlier research illustrated
that the augmentation of p53 activation during
flavopereirine treatment in human colon cancer
is responsible for the anti-colon cancer activity
of flavopereirine [9]. However, inactivating mu-
tations of p53 have been identified in merely
10% of thyroid carcinomas, predominantly in
poorly differentiated and aggressive histotypes
[28]. In addition, the p53 gene has been identi-
fied in IHH-4 and KMH-2 cells with wildtype,

Am J Cancer Res 2024;14(7):3317-3334
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Figure 10. Flavopereirine inhibits tumor growth in a zebrafish xenograft model. (A) The toxicity effect of flavopereirine
for zebrafish larvae at the indicated concentrations and time. *P < 0.05 compared with the control. (B) IHH-4 and
(C) KMH-2 cells labeled with a red fluorescent dye (CM-Dil) were injected into zebrafish yolk sacs. The intensity of
red fluorescence is proportional to the tumor size. Thyroid cancer xenograft zebrafish treated with flavopereirine
and observed at 24 and 48 h post-treatment. Quantitative analysis of the tumor cell proliferation with or without
flavopereirine treatment. *P < 0.05; **P < 0.01 compared with control cells. Data represent means + SD.

and is missence mutation in 8505c cells [29].
Therefore, whether flavopereirine can achieve
its anti-thyroid cancer effects through the
activation of pb53 remains to be further
investigated.

Autophagy serves as a self-degradation mech-
anism responsible for eliminating surplus intra-
cellular organelles and proteins, thereby con-
tributing significantly to cellular homeostasis
[30, 31]. Various compounds, including clinical
chemotherapeutic agents and/or natural prod-
ucts, have the capacity to trigger autophagy
[32]. Nonetheless, the induction of autophagy
can manifest as either cytotoxic or cytoprotec-
tive [32], underscoring the intricate nature of
autophagy induction in cancer cells.

The induction of autophagy by natural pro-
ducts is recognized as a dual-edged mecha-
nism influencing the cellular destiny of human
cancers [33, 34]. The intricate interplay
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between autophagy and apoptosis has gar-
nered recent attention [33]. Various proteins
and signaling pathways, such as p53, Bcl-2,
DAPK, Akt/mTOR, and JNK pathways, serve as
essential mediators facilitating the cross-talk
between autophagy and apoptosis [33, 35].

In our earlier study, we provided evidence sup-
porting the role of flavopereirine in inhibiting
cellular autophagic flux through the AKT/p38
signaling pathway, thereby contributing to its
anti-human breast cancer activity [13]. How-
ever, in our current research, we have demon-
strated a contrasting effect, wherein flavo-
pereirine is shown to enhance autophagy and
autophagic flux in PTC and ATC cells (see
Figures 7 and 8). Consequently, additional
investigation is required to determine whether
the modulation of autophagy by flavopereirine
plays a role in its anti-properties against PTC
and ATC.

Am J Cancer Res 2024;14(7):3317-3334
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In conclusion, we validated the anti-PTC and
-ATC efficacy of flavopereirine using a zebrafish
model. Our findings demonstrate that flavope-
reirine exhibits both safety and effectiveness
as an in vivo anti-cancer agent. Consequently,
further exploration of flavopereirine as a poten-
tial therapeutic agent for highly aggressive PTC
and ATC cases is warranted.
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Supplementary Figure 1. Flavopereirine suppresses cell growth and modulates cellular morphology in human thy-
roid cancer cells. (A) IHH-4, (B) WRO, (C) SW579, (D) 8505¢, and (E) KMH-2 cells were incubated with flavopereirine,
and the cellular morphology was determined in the microscopy (100x).



