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Original Research Article

Introduction

Papillary thyroid carcinoma (PTC) is the main type of malig-
nant tumor of the thyroid gland in adults and is most common 
in women aged 30 to 45 years.1 It is characterized by multiple 
early lymph node metastases, yet the 5-year survival rate for 
patients with PTC exceeds 95%.2 However, a small percent-
age of PTCs evolve to an aggressive type that cannot be fully 
cured by available therapies such as surgery and radioactive 
iodine.3 In addition, 5% of patients with PTC will experience 
cancer recurrence and 1.7% to 15% will develop distant 
metastases.4,5 For these patients, reoperation is risky, and drug 
therapies such as tyrosine kinase inhibitors produce a large 
number of adverse effects, including fatigue, weight loss, 
hypertension, and proteinuria.6 These greatly affect the qual-
ity of life of these patients. An effective and low-toxicity drug 
is needed in the treatment of PTC.

Studies have demonstrated that the Mitogen-Activated 
Protein Kinase (MAPK) signaling pathway plays an 
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Abstract
Papillary thyroid carcinoma (PTC) is the main type of malignant tumor of the thyroid gland in adults. Huaier, a traditional 
Chinese medicinal agent, has demonstrated antitumor efficacy across diverse malignant neoplasms. However, the specific 
impact of huaier in PTC remains insufficiently elucidated. In this study, we explored the function of huaier in PTC. We 
treated a PTC cell line (TPC-1) with varying concentration gradients of huaier and we observed that huaier effectively 
inhibited the proliferation of TPC-1 cells with an IC50 of 2.538 mg/ml. Huaier also modulated the cell cycle of the TPC-1 
cell line, and induced apoptosis in TPC-1. Huaier treatment inhibited migration and invasion of TPC-1 cells. Further studies 
showed that in TPC-1 cells, huaier treatment inhibited the expression of the MAPK and HSP27/STAT3/AKT signaling 
pathway. We subsequently demonstrated in a nude mouse model that huaier treatment inhibited the progression of PTC 
tumors. In summary, our data suggest that huaier can inhibit the proliferation, migration, and invasion of PTC cells in vitro 
and the progression of PTC tumors in vivo, and that this effect may be related to the MAPK and HSP27/STAT3/AKT 
signaling pathway; therefore, huaier extract is expected to be a new direction for the treatment of PTC.
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important role in the development of PTC.7 MAPK-
mediated yroid tumorigenesis upregulates numerous 
oncogenic proteins, which promote cancer progression by 
influencing cell proliferation, growth, migration, and sur-
vival, as well as tumor angiogenesis, invasion, and metas-
tasis through various mechanisms.8 Heat shock protein 27 
(Hsp27), a 27-kDa molecular chaperone protein, which is 
induced and activated by phosphorylation in response to 
diverse cytotoxic stressors, including hormones, chemo-
therapy, and radiation.9 HSP27 is recognized as a signifi-
cant molecular target for inhibiting tumor proliferation 
and inducing apoptosis in cancer cells. Previous studies 
have demonstrated that the HSP/STAT3/AKT signaling 
pathway is involved in apoptosis of cervical cancer cells.10 
Phosphorylation ofHSP27 is also catalyzed by the MAPK 
superfamily, including ERK.11,12

The oral MEK1/2 inhibitor trametinib has not been pro-
moted due to significant toxicity.13 Chinese medicine has 
become a direction for the development of new anti-tumor 
drugs in cancer treatment because of its low toxicity, low 
side effects, low cost, and multi-targeting.14 Among them, 
we note that huaier can exert direct anti-tumor effects 
through the MAPK signaling pathway.15,16

Huaier, a medicinal fungus, grows on ancient acacia 
trees and has been part of traditional Chinese medicine for 
over 1600 years. Huaier granules have been approved by the 
State Food and Drug Administration (SFDA) of China for 
the treatment of lung and breast cancer patients.17 There is 
growing evidence that huaier has a wide range of antitumor 
effects, and its extracts can effectively inhibit the prolifera-
tion and invasion of tumors such as liver,18 stomach,19 
colon,20 and ovarian cancers.21 However, the effect of huaier 
on papillary thyroid cancer has not been studied.

In this article, we analyzed the effects of huaier aqueous 
extract on human PTC cells through in vitro and in vivo 
experiments and explored whether the ERK/HSP27/STAT3 
signaling pathway was involved in this effect.

Materials and Methods

Preparation of Huaier Extractum

Huaier (Trametes robiniophila Murr) is a basidiomycete 
fungus that colonizes the trunks of locust trees and vari-
ous other tree species. It falls under the Basidiomycota 
class within the Ascomycota phylum, and is mainly com-
posed of proteoglycans. The extraction procedure was as 
follows: the dried fungus was ground to powder and 
boiled in water 3 times to remove the insoluble parts.18 
Sevag reagent removed the unconjugated protein, and 
dialysis removed other impurities. After ethanol precipi-
tation and dehydrolysis, Huaier extract was obtained 
with approximately 1.5% to 1.8% proteoglycan.22 In this 
study, Huaier extract was provided by Jiangsu Gaitianli 
Medicine Co., Ltd. Huaier extract was dissolved in 

DMEM medium (TransGen Cat# P10413) to obtain 
100 mg/ml huaier.23 The solution was sterilized with 
0.22-µm filter and storage at −4°C.

Cell Culture

TPC-1 cells (Fuheng Cat# FH1039, RRID: CVCL_6298) 
were cultured in DMEM medium supplemented with 10% 
FBS (Gibco Cat# 20210108) and 1% penicillin/streptomy-
cin at 37°C and 5% CO2.

CCK-8 Assay

TPC-1 cells were seeded in 96-well plates at 37°C at a den-
sity of 2 × 104/ml, respectively. The cell proliferation was 
tested at 24 hours using CCK-8 assay. To summarize, the 
cells were incubated with CCK-8 reagent (Beyotime Cat# 
C0037) at 37°C for 1 hours, followed by treatment with a 
series of concentration gradients of huaier for 24 hours. Six 
replicate wells were set up for each concentration, and the 
well without TPC-1 cells and only with culture medium was 
used as the blank well. We also set up a control group con-
taining only TPC-1 cells and DMEM medium, without 
huaier. The absorbance of samples was measured at 450 nm 
using enzyme-labeled instrument (Thermo Fisher Scientific, 
Waltham, MA, USA). The survival rate of this experiment 
was calculated according to the following formula: Cell sur-
vival rate (%) = (absorbance of experimental well − absor-
bance of blank well)/(absorbance of control well − absorbance 
of blank well) × 100%. Subsequently, the survival of cells 
was assessed by CCK-8 assay to calculate the half maximal 
inhibitory concentration (IC50) of huaier on TPC-1 cells.

Effect of Huaier on Cell Morphology

Trypan blue staining assay (Beyotime Cat# C0011) to identify 
nonviable cells was performed as previously described.24 
TPC-1 cells were inoculated into 24-well plates at a density of 
1 × 103/ml per well, 1 ml per well. Different concentrations of 
huaier aqueous extract (0, 1.56, and 6.25 mg/ml) were added 
to each well, and the cell growth was observed after 24 hours. 
The cells were stained with trypan blue at 24 and 48 hours 
after administration, observed under a microscope.

Identification of Apoptosis by Annexin V-FITC/PI 
Staining

TPC-1 cells were inoculated into 6-well plates at a density 
of 1 × 103/ml per well. When the cell confluence reached 
80% to 90%, the medium was replaced with DMEM 
medium containing different concentrations of huaier aque-
ous extract (0, 1.56, and 6.25 mg/ml). The cells were stained 
using Annexin V-FITC (Yuanye Cat# J15N11H131088) and 
PI (Yuanye Cat# D11GR171092) staining solution (1:1) 
after 24 hours of co-culture. After staining, the cells were 
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placed under red and blue excitation light to initially observe 
the apoptotic status. Next, TPC-1 cells were inoculated into 
6-well plates at a density of 1 × 105/ml and co-cultured with 
the previously described concentrations of huaier aqueous 
extract for 24 hours. Cells were collected by centrifugation 
after digestion with 0.25% trypsin (NCM Biotech Cat# 
2277233). Cells were labeled with Annexin V-FITC and PI 
according to the kit instructions (Beyotime Cat# C1052) 
and analyzed by flow cytometry.

Wound-Healing Assay

Wound-healing assay was conducted to assess cell migration 
of TPC-1 cells. TPC-1 cells were seeded in a 6-well plate at a 
density of 1 × 104/ml per well. Then, the cells were scratched 
with a 200-μL pipette tip. The cells were washed with phos-
phate buffered saline (PBS) for 3 times and co-cultured with 
different concentrations of huaier aqueous extract (0, 1.56, 
and 6.25 mg/ml). Images of the wound area are captured at 
initial (T = 0) and at 12 and 24 hours using a microscope. 
Wound areas are quantified using Image J software (RRID: 
SCR_003070) and the percentage of wound closure is calcu-
lated as [1 − (Area at Tx/Area at T0)] × 100%.

Transwell Invasion Assay

Transwell invasion assay was performed using Transwell 
insert system (Labselect Cat# 3460). Matrigel (Nova Cat# 
0827065) was covered on the basolateral Transwell cham-
bers. A cell suspension (0.2 ml, 5 × 104 cells/ml) was intro-
duced into the upper chamber at 37°C with 5% CO2. DMEM 
medium containing 20% FBS was added into the lower 
chamber. After 24 hours of incubation, the invading cells on 
the bottom surface of the chamber were fixed with 4% para-
formaldehyde (Labgic Cat# BL539A) and stained with 
0.1% crystal violet. The number of invasive cells was 
counted and photographed under an inverted microscope 
(XD-202, Jiangnan Yongxin, Jiangsu, China). The data was 
analyzed using Image J software.

Western Blot Analysis

The TPC-1 cells were treated with huaier aqueous extract in 
different concentrations (0, 1.56, and 6.25 mg/ml) for 
24 hours. The quantified protein samples were added to the 
gel wells, separated by SDS-PAGE (Beyotime Cat# 
P0012A), and transferred onto PVDF membranes. The 
membranes were incubated with primary antibody anti-
ERK (Proteintech Cat# A4782, RRID: AB_2863347), anti-
AKT (Proteintech Cat# A18675RRID: AB_2862411), 
anti-P38 MAPK (Proteintech Cat# A5049), anti-STAT3 
(Proteintech Cat# A22434), and anti-HSP27 (Proteintech 
Cat# A11156, RRID: AB_2861510) or anti-β-actin 
(Proteintech Cat# AC038, RRID: AB_2863784) overnight 
at 4°C. After washed with PBST, the membranes were 

incubated with secondary antibody (Proteintech Cat# 
AS014, RRID: AB_2769854). The intensity of each band 
was quantified by Image J software and normalized to that 
of β-actin.

Animal Experiments

All animal protocols were approved by the Animal Care and 
Use Committee of Nanjing Drum Tower Hospital, Nanjing, 
China (Approval No. 2021AE01045). All animal experi-
ments complied with the humane care of the animals during 
implementation to ensure maximum protection of their wel-
fare and rights. Xenograft model was constructed by using 
the 4-5 weeks old male BALB/c nude mice (GemPharmatech 
Cat# SCXK2018-0008, RRID:IMSR_APB:4790; body 
weight, 17 ± 1 g) and was maintained at specific pathogen-
free (SPF) conditions in the Laboratory Animal Center of 
China Pharmaceutical University, Nanjing, China. After 
mice were fed for a week, the TPC-1 human PTC cells were 
inoculated subcutaneously into the armpit of nude mice 
(5 × 106/ml, 125 μL). The longest diameter (a) and shortest 
diameter (b) of subcutaneous grafted tumors were measured 
by vernier calipers. The tumor volume was calculated as 
V = (a × b2)/2. When the tumor volume reached 50 mm3, the 
model was considered successful.

To investigate the effect of the Huaier extract, a total of 
24 mice were evenly divided into 3 groups: the control 
group, the low-dose huaier group, and the high-dose huaier 
group. The control group was intragastric with normal 
saline, the low-dose huaier group was intragastric with 4 g/
kg huaier extract, and the high-dose huaier group was intra-
gastric with 8 g/kg huaier extract. All treatments were per-
formed once a day for 21 days. During the experiment, the 
mice were provided with standard laboratory food and 
water, and the feeding conditions of the mice were consis-
tent with the adaptation period. The survival quality of nude 
mice was observed. The body weight of mice was measured 
every 3 days, and the tumor volume was observed. Mice 
were sacrificed by cervical dislocation the day after the last 
dose. The tumor of each mouse was dissected under aseptic 
conditions. Tumor tissues were rapidly removed, rinsed, 
photographed and weighed. Tumors were paraffin-embed-
ded after formaldehyde fixation. Sections were stained with 
HE and observed microscopically. Three regions of interest 
(ROI) were selected for each section by an experienced 
pathologist who did not know the experimental grouping. 
The criteria were located in the center of the tumor and the 
area size was 4 mm2 (2 mm × 2 mm) . The tumor cells were 
manually calculated within the ROI, and the tumor cell den-
sity = the number of tumor cells/the ROI area.

Statistical Analysis

Measurement data are presented as the mean ± SD. Data 
was normally distributed. GraphPad Prism 10.0 software 
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(RRID:SCR_002798) was used for statistical analyses. The 
data between the experimental group and the control group 
were analyzed using t-test, with P < .05 being considered 
statistically significant.

Results

Huaier Inhibits Cell Viability and Disrupts Cell 
Morphology in TPC-1 Cells

To assess the impact of huaier extract on TPC-1 papillary 
thyroid cancer cells, we measured the survival of cells after 

24 hours of dose-dependent effect of huaier aqueous extract 
by CCK-8 assay. Figure 1A shows that huaier significantly 
inhibited viability of TPC-1 in a dose-dependent manner. At 
a concentration of 0.10 mg/ml, the cell viability was 84.65%, 
and at the highest concentration of 12.50 mg/ml, the cell 
viability was 24.70%. The IC50 of huaier on growth of 
TPC-1 cells were 2.538 mg/ml.

Then we observed the effect of huaier aqueous extract 
on the morphology of TPC-1 cells by trypan blue staining 
experiment. We chose 1.56 and 6.25 mg/ml as the experi-
mental group and set 0 mg/ml as the control group. As 
shown in Figure 1B, the control group had intact cell 

Figure 1.  Huaier inhibits cell viability and disrupts cell morphology in TPC-1 cells. (A) The effect of huaier on the proliferation of 
TPC-1 cells. (B) The effect of huaier on the morphology of TPC-1 cells.
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membranes and almost no trypan blue staining after 
24 hours. After 48 hours, the nuclei of a few cells had 
been stained, although the color was still light. With the 
increase of concentration and time, more TPC cells are 
nonviable, and the nucleus and cytoplasm were stained 
with trypan blue.

Huaier Regulates the Cell Cycle and Induces 
Apoptosis in TPC-1 Cells

To investigate the possible mechanism of huaier aqueous 
extract on the inhibitory effects of PTC cell proliferation, 
we investigated the effect of huaier aqueous extract on cell 
cycle regulation by flow cytometry in TPC-1 lines. As 
shown in Figure 2A and B, the cell population decreased at 
G1 but increased at G2 phases in TPC-1 cell lines treated 
with huaier compared with control group.

We further explored whether this inhibitory effect was 
achieved through the induction of apoptosis. The PI-annexin 
V staining assay demonstrated that, as the concentration of 
huaier aqueous extract increased, the cell membrane became 
incomplete, resulting in the nucleus being stained by PI. At 
the concentration of 6.25 mg/ml, there was more cellular 
debris and most of the cells were in late apoptosis (Figure 2C). 

Then we used flow cytometry to calculate apoptosis rates. As 
shown in Figure 2D, the late-apoptosis or cell death rate (Q2) 
and the early-apoptosis rate (Q3) exhibit a dose-dependent 
increase.

Huaier Inhibits the Migratory and Invasive 
Abilities of TPC-1 Cells

The migratory ability of TPC-1 cells was determined by 
wound healing assay following treatment with huaier aque-
ous extract. Figure 3A shows representative images of the 
wound healing results. Figure 3B shows the wound healing 
rate. At 12 hours, the percentage of wound healing in the 
control group, 1.56 mg/ml huaier group and 6.25 mg/ml 
huaier group was 23.0%, 12.1% (P < .01), and 5.8% 
(P < .01), respectively, and at 24 hours, the percentage of 
wound healing was 30.7%, 16.32% (P < .01), and 7.3% 
(P < .01), respectively. Compared with the control group, 
the percentage of wound healing decreased in the experi-
mental group, and the higher the concentration of huaier, 
the lower the percentage of wound healing. The invasive 
ability of TPC-1 cells was determined by transwell assay 
following treatment with huaier aqueous extract for 
24 hours. Figure 3C shows representative images of the 

Figure 2.  Huaier regulates the cell cycle and induces apoptosis in TPC-1 cells. (A and B) The effect of huaier on the cell circle of 
TPC-1 cells. (C) The representative images of PI-annexin V staining assay of TPC-1 cells. (D) The effect of huaier on the apoptosis 
rate of TPC-1 cells. Quadrant 1 (Q1) represents mechanically damaged/necrotic cells; Q2 corresponds to late-stage apoptotic cells; 
Q3 indicates early-stage apoptotic cells; and Q4 denotes viable cells.
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results of transwell assay. Figure 3D shows the relative ratio 
of the number of migrated cells. With the cell invasion rate 
of the control group set at 100%, the relative cell invasion 
rate was 46.4% (P < .01) for the 1.56 mg/ml huaier group 
and 24.3% (P < .01) for the 6.25 mg/ml huaier group. The 
increase in the concentration of huaier reduced the invasion 
rate of PTC cells.

Huaier Inhibits MAPK and HSP27/STAT3/AKT 
Signaling Pathways in TPC-1

To ascertain whether the MAPK and HSP27/STAT3/AKT 
signaling pathway is involved in the anti-oncogenic effects 
of huaier on PTC cells, we analyzed the expression levels 
of relevant proteins in the control and huaier-treated cells. 
As shown in Figure 4, compared to the control group, the 
expression of ERK1/2 decreased by 12.10% (P < .05) in 
the 1.56 mg/ml huaier group and by 26.59% (P < .01) in 
the 6.25 mg/ml huaier group. In contrast, the expression of 

P38 MAPK increased by 109.90% (P < .05) and 128.29% 
(P < .01), respectively, compared to the control group. 
Meanwhile, the expressions of HSP27, STAT3 and AKT in 
the experimental group containing huaier were down-reg-
ulated compared with the control group, and the higher the 
concentration of huaier, the lower the expression levels. 
These results indicated that huaier targets the MAPK and 
HSP27/STAT3/AKT signaling pathway in human PTC 
cells.

Huaier Extract Inhibited PTC Growth in 
Xenograft Models

We further conducted the in vivo impacts of huaier extract 
on PTC cells. TPC-1 cells were injected subcutaneously in 
male BALB/c athymic nude mice to generate tumors. 
Huaier extract was administrated daily to the animals via 
gavage. The application of huaier extract demonstrated a 
suppressive effect on tumor growth, leading to reduced 

Figure 3.  Huaier inhibits the migratory and invasive abilities of TPC-1 cells. (A) A wound-healing experiment was used to detect the 
effects of different concentrations of huaier on TPC-1 cell migration. (B) Quantification of (A). (C) The Transwell migration assay was 
used to determine the effects of different concentrations of huaier on the migration of TPC-1 cells. (D) Quantification of (C). All data 
are expressed as the mean ± standard deviation (SD) of 3 experiments. **P < .01 compared with the untreated control.
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tumor weights and volumes (Figure 5A-D). Additionally, 
there was no significant disparity observed in the body 
weights of mice between the treated and control groups, 
suggesting that the administered dose of huaier in this study 
did not induce notable toxicity. (Figure 5E). To further 
investigate the effect of huaier on PTC, we performed 
hematoxylin and eosin staining of tumor sections to observe 
the tumor tissue.

The average tumor cell density in ROIs in the control 
group was 68.3 cells/mm2, while in the 4 g/kg Huaier group, 
the average tumor cell density in the ROIs was 56.3 cells/
mm2 (P < .05). In the 8 g/kg Huaier group, the average 
tumor cell density was 50.0 cells/mm2 (P < .01). Compared 
to the control group, tumor tissue in the experimental group 
showed tumor cell regression and a significant reduction in 
tumor cell density (Figure 5E and F).

Discussion

Traditional Chinese Medicine (TCM) has been employed in 
China for a long time to treat tumors. The increasing 
research and high-quality clinical trials in TCM have gar-
nered growing international recognition for the utilization 
of TCM in the treatment of cancer. Many studies have 
shown that huaier extracts exert anti-tumor properties in a 
range of tumors.10,21,23,24 Currently, huaier granules is 
approved by the State Food and Drug Administration 
(SFDA) of China for the treatment of breast cancer, lung 

cancer, rectal cancer, liver cancer, stomach cancer, colon 
cancer, and so on. Recently, huaier aqueous extract has been 
proved to inhibit the development of pancreatic cancer,25 
prostate cancer,26 neuroblastoma, and other tumors.27 This 
suggests that the anti-tumor effect of huaier has a broad 
spectrum. However, there are no studies about huaier on 
PTC until now. Our study provides preliminary evidence 
that huaier aqueous extract inhibits the proliferation, inva-
sion and metastasis of human papillary thyroid carcinoma 
TPC-1 cells in a dose-dependent manner in vitro, and also 
exerts antitumor effects in vivo.

The MAPK pathway plays a pivotal role in regulating 
cell proliferation, survival, and human tumorigenesis, with 
well-established significance in thyroid tumorigenesis, par-
ticularly in PTC.28 The classical MAPK pathway involves 
extracellular mitogenic stimuli activating a receptor tyro-
sine kinase (RTK) in the cell membrane, subsequently sig-
naling through RAS, RAF (depicted as BRAF-V600E), 
MEK, and ERK. ERK undergoes phosphorylation (P) and 
enters to the nucleus, where it upregulates tumor-promoting 
genes and downregulates tumor suppressor genes and thy-
roid iodide-handling genes.29 Previous studies have demon-
strated that the mechanism of anti-tumor effects of huaier 
focuses on direct anti-tumor effects and modulation of 
immunity to suppress tumors.30 There is evidence that 
huaier can play a direct anti-tumor effect in breast cancer,31 
lung cancer,16 and liver cancer cells15 through MAPK sig-
naling pathway.

Figure 4.  Huaier inhibits MAPK and HSP27/STAT3/AKT signaling pathways in TPC-1. (A and B) Immunoblot showing expression 
levels of ERK1/2, P38 MAPK, HSP27, STAT3, and AKT proteins in TPC-1 cells after 24 hours treatment with huaier. The grayscale 
ratio of the target protein/β-actin was calculated. The values are presented as the mean ± SD of 3 independent experiments; *P < .05 
and **P < .01 compared with the untreated control.
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HSP27 is identified as one of the downstream targets of 
ERK, and high levels of HSP27 enhance the malignant 
behavior of tumor cells, including over-proliferation, metas-
tasis and less apoptosis.12 In human papillary thyroid cancer 
cells, upregulation of HSP27 facilitates proliferation and 
confers resistance to apoptosis.32 Recent studies have dem-
onstrated the interaction between HSP27 and STAT3 as 
well as AKT, suggesting enhancement of cellular prolifera-
tion and tumorigenic in human cervical cancers.10 In addi-
tion, previous studies have proved that STAT3/AKT 
signaling is related to the proliferation and invasion of pap-
illary thyroid carcinoma.33 Interestingly, Huaier was found 
to inhibit the proliferation and metastasis of lung cancer 
cells by down-regulating the STAT3-mediated signaling 
pathway, whereas the mechanism in thyroid cancer has not 

yet been investigated.16 Therefore, our study also explored 
whether the anti-tumor mechanism of huaier is related to 
this pathway. The results showed that huaier regulated the 
expression of ERK, HSP27, STAT3 and AKT protein in 
papillary thyroid carcinoma cells, which tentatively sug-
gests that the antitumor effect of huaier may be achieved by 
inhibiting ERK/HSP27/STAT3/AKT signaling pathway.

In the current study, huaier is often combined with che-
motherapy or targeted drugs, which can reduce the dose of 
standard chemotherapy or targeted drugs, decrease their 
adverse effects, and enhance their anti-tumor effects. In the 
study of huaier combined with sorafenib for the treatment 
of hepatocellular carcinoma, the combination treatment 
regimen not only reduced the dosage of sorafenib, but also 
inhibited the growth of hepatocellular carcinoma more 

Figure 5.  Huaier extract inhibited PTC growth in xenograft models. (A) Establishment of macroscopic subcutaneous tumor models 
through tumor cell injection in different groups. (B-D) Compared with the control group, the mice in the Huaier group had smaller 
tumor volume and lighter tumor weight. (E) Tumor tissue in the experimental group showed tumor cell regression and a significant 
reduction in tumor cell density compared to the control group. (F) Tumor cell density in ROIs. For (C-F), the values are presented as 
the mean ± SD; *P < .05 and **P < .01 compared with the untreated control.
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effectively.34 The same is also true in the study of huaier 
combined with gemcitabine in the treatment of cholangio-
carcinoma and pancreatic cancer.35,36 Huaier enhanced the 
efficacy of imatinib in the treatment of Ik6-positive 
Ph-positive acute lymphoblastic leukemia.37 Huaier 
enhanced the therapeutic efficacy efficacy of paclitaxel in 
breast cancer38 and the sensitivity of oxaliplatin in hepato-
cellular carcinoma.39

We compared huaier with doxorubicin and lenvatinib, 
which are commonly used in the standard treatment of 
iodine refractory-PTC. The IC50 of huaier for TPC-1 was 
2.538 mg/ml, while the IC50 of doxorubicin and lenva-
tinib for the same cell line was 0.143 and 0.191 mg/ml,40,41 
respectively. It can be seen that huaier has a relatively 
weak inhibitory effect on thyroid cancer in vitro compared 
with the above drugs. Considering that previous studies 
have proved that huaier can be used as an adjunct to stan-
dard chemotherapy or targeted therapy for other malignant 
tumors to improve the sensitivity of these standard thera-
pies and reduce adverse reactions, we speculated that 
huaier can also play a similar role in iodine-refractory thy-
roid cancer.

There are certain limitations in our study that ought to be 
considered. Firstly, our study was more cursory: we verified 
that huaier inhibited the proliferation, invasion and metasta-
sis of TPC-1 cells in vitro, and in vivo only that huaier 
inhibited the proliferation of TPC-1 cells. Secondly, the 
inhibitory mechanism of Huaier on thyroid cancer needs to 
be further explored and verified.

In summary, our findings provide preliminary evidence 
supporting the proposition that huaier aqueous extract man-
ifests antitumor effects on papillary thyroid cancer cells 
through inhibition of cell growth, induction of apoptosis 
and suppression of cell migration, and this effect may be 
realized through ERK/HSP27/STAT3/AKT pathway. 
Moreover, huaier has a favorable inhibitory effect on thy-
roid tumor growth in vivo. The present study may provide a 
promising therapeutic drug for thyroid cancer.

Acknowledgments

We acknowledge Prof. Liang Feng of China Pharmaceutical 
University for his guidance on the experimental design of this 
study.

ORCID iDs

Fa-Zhan Xu  https://orcid.org/0009-0006-5532-8507
Lu-Lu Zheng  https://orcid.org/0009-0002-7035-9185

Jian-Feng Sang  https://orcid.org/0000-0003-1724-7897

Author Contributions

The manuscript presented here was carried out in collaboration 
between all the authors. Fa-Zhan Xu, Lu-Lu Zheng and Jia-Bo Qin 
conceived and designed the study. Yi-Xuan Li, Ke-Hao Chen and 
Ling-Hui Dai searched the literature, carried out experiments and 

analyzed the data. Fa-Zhan Xu and Lu-Lu Zheng wrote the manu-
script. Jian-Feng Sang and Qiao-Ling Zhu revised the manuscript. 
All authors read and approved the final version of the manuscript.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
work was supported by General Project of Social Development in 
Jiangsu Province, China (Grant No. BE2023657) and the National 
Natural Science Foundation of China (Grant No. 81701810).

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

References

	 1.	 Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 
2023. CA Cancer J Clin. 2023;73(1):17-48. doi:10.3322/
caac.21763

	 2.	 National Cancer Institute. Surveilance, epidemiology, and 
end results program. 2023. Accessed December 18, 2023. 
https://seer.cancer.gov/statfacts/html/thyro.html

	 3.	 Zhang L, Feng Q, Wang J, et  al. Molecular basis and tar-
geted therapy in thyroid cancer: progress and opportunities. 
Biochim Biophys Acta Rev Cancer. 2023;1878(4):188928. 
doi:10.1016/j.bbcan.2023.188928

	 4.	 Dong W, Horiuchi K, Tokumitsu H, et al. Time-varying pat-
tern of mortality and recurrence from papillary thyroid cancer: 
lessons from a long-term follow-up. Thyroid. 2019;29(6):802-
808. doi:10.1089/thy.2018.0128

	 5.	 Lan X, Bao H, Ge X, et al. Genomic landscape of metastatic 
papillary thyroid carcinoma and novel biomarkers for predict-
ing distant metastasis. Cancer Sci. 2020;111(6):2163-2173. 
doi:10.1111/cas.14389

	 6.	 Shyam Sunder S, Sharma UC, Pokharel S. Adverse effects of 
tyrosine kinase inhibitors in cancer therapy: pathophysiology, 
mechanisms and clinical management. Signal Transduct Target 
Ther. 2023;8(1):262. doi:10.1038/s41392-023-01469-6

	 7.	 Lorusso L, Cappagli V, Valerio L, et  al. Thyroid cancers: 
from surgery to current and future systemic therapies through 
their molecular identities. Int J Mol Sci. 2021;22(6):3117. 
doi:10.3390/ijms22063117

	 8.	 Silaghi H, Lozovanu V, Georgescu CE, et  al. State of the 
art in the current management and future directions of tar-
geted therapy for differentiated thyroid cancer. Int J Mol Sci. 
2022;23(7):3470. doi:10.3390/ijms23073470

	 9.	 Shan R, Liu N, Yan Y, Liu B. Apoptosis, autophagy and ath-
erosclerosis: relationships and the role of hsp27. Pharmacol 
Res. 2021;166:105169. doi:10.1016/j.phrs.2020.105169

	10.	 Lee JC, Sim DY, Lee H, et  al. MicroRNA216b mediated 
downregulation of HSP27/STAT3/AKT signaling is criti-
cally involved in lambertianic acid induced apoptosis in 
human cervical cancers. Phytother Res. 2021;35(2):898-907. 
doi:10.1002/ptr.6842

	11.	 Liu L, Xing Y, Cao M, Xu J, Chen J. Exogenous NO induces 
apoptosis of hepatocellular carcinoma cells via positive p38/
JNK signaling pathway and negative ERK signaling pathways. 

https://orcid.org/0009-0006-5532-8507
https://orcid.org/0009-0002-7035-9185
https://orcid.org/0000-0003-1724-7897
https://seer.cancer.gov/statfacts/html/thyro.html


10	 Integrative Cancer Therapies 

Mol Cell Biochem. 2021;476(4):1651-1661. doi:10.1007/
s11010-020-04032-x

	12.	 Lee JH, Lee HJ, Lee CH, et  al. Ethanolic Hwaeumjeon 
induces mitochondrial dependent apoptosis partly via PI3K/
AKT/HSP27/ERK pathways and inhibits PSA and AR in 
LNCaP cells. Environ Toxicol Pharmacol. 2009;28(1):78-85. 
doi:10.1016/j.etap.2009.02.008

	13.	 Torres-Navarro I, de Unamuno-Bustos B, Botella-Estrada R. 
Systematic review of BRAF/MEK inhibitors-induced severe 
cutaneous adverse reactions (SCARs). J Eur Acad Dermatol 
Venereol. 2021;35(3):607-614. doi:10.1111/jdv.16894

	14.	 Wang S, Long S, Deng Z, Wu W. Positive role of Chinese 
herbal medicine in cancer immune regulation. Am J Chin Med. 
2020;48(7):1577-1592. doi:10.1142/S0192415X20500780

	15.	 Yang A, Fan H, Zhao Y, et al. An immune-stimulating pro-
teoglycan from the medicinal mushroom Huaier up-regu-
lates NF-kappab and MAPK signaling via toll-like receptor 
4. J Biol Chem. 2019;294(8):2628-2641. doi:10.1074/jbc.
RA118.005477

	16.	 Chen Y, Wu H, Wang X, et al. Huaier granule extract inhibit 
the proliferation and metastasis of lung cancer cells through 
down-regulation of MTDH, JAK2/STAT3 and MAPK sig-
naling pathways. Biomed Pharmacother. 2018;101:311-321. 
doi:10.1016/j.biopha.2018.02.028

	17.	 Narayanan S, de Mores AR, Cohen L, et al. Medicinal mush-
room supplements in cancer: a systematic review of clinical 
studies. Curr Oncol Rep. 2023;25(6):569-587. doi:10.1007/
s11912-023-01408-2

	18.	 Chen Q, Shu C, Laurence AD, et al. Effect of Huaier granule 
on recurrence after curative resection of HCC: a multicen-
tre, randomised clinical trial. Gut. 2018;67(11):2006-2016. 
doi:10.1136/gutjnl-2018-315983

	19.	 Wang Y, Lv H, Xu Z, et  al. Huaier n-butanol extract sup-
presses proliferation and metastasis of gastric cancer via 
c-Myc-Bmi1 axis. Sci Rep. 2019;9(1):447. doi:10.1038/
s41598-018-36940-w

	20.	 Zou YF, Rong YM, Chen ZX, et al. Effects of huaier extract 
on ameliorating colitis-associated colorectal tumorigenesis in 
mice. Onco Targets Ther. 2020;13:8691-8704. doi:10.2147/
OTT.S253598

	21.	 Yan X, Lyu T, Jia N, et al. Huaier aqueous extract inhibits 
ovarian cancer cell motility via the AKT/GSK3beta/beta-
catenin pathway. PLoS One. 2013;8(5):e63731. doi:10.1371/
journal.pone.0063731

	22.	 Liang Y, Xie P, Chau F. Chromatographic fingerprinting and 
related chemometric techniques for quality control of tradi-
tional Chinese medicines. J Sep Sci. 2010;33(3):410-421. 
doi:10.1002/jssc.200900653

	23.	 Li C, Wang X, Chen T, et al. Huaier induces immunogenic 
cell death via CircCLASP1/PKR/eIF2alpha signaling path-
way in triple negative breast cancer. Front Cell Dev Biol. 
2022;10:913824. doi:10.3389/fcell.2022.913824

	24.	 Rajput PK, Varghese JF, Srivastava AK, Kumar U, Yadav UCS. 
Visfatin-induced upregulation of lipogenesis via EGFR/AKT/
GSK3beta pathway promotes breast cancer cell growth. Cell 
Signal. 2023;107:110686. doi:10.1016/j.cellsig.2023.110686

	25.	 Zhu Z, Wang X, Zhang W, et al. Huaier suppresses pancre-
atic cancer progression via activating cell autophagy induced 
ferroptosis. Front Oncol. 2022;12:960858. doi:10.3389/
fonc.2022.960858

	26.	 Liu Z, Liu C, Yan K, et  al. Huaier extract inhibits prostate 
cancer growth via targeting AR/AR-V7 pathway. Front 
Oncol. 2021;11:615568. doi:10.3389/fonc.2021.615568

	27.	 Xu DQ, Yuan XJ, Toyoda H, Hirayama M. Anti-tumor effect 
of huaier extract against neuroblastoma cells in vitro. Int J 
Med Sci. 2021;18(4):1015-1023. doi:10.7150/ijms.48219

	28.	 Ullah R, Yin Q, Snell AH, Wan L. RAF-MEK-ERK path-
way in cancer evolution and treatment. Semin Cancer Biol. 
2022;85:123-154. doi:10.1016/j.semcancer.2021.05.010

	29.	 Xing M. Molecular pathogenesis and mechanisms of thyroid 
cancer. Nat Rev Cancer. 2013;13(3):184-199. doi:10.1038/
nrc3431

	30.	 Qi T, Dong Y, Gao Z, Xu J. Research progress on the anti-
cancer molecular mechanisms of huaier. Onco Targets Ther. 
2020;13:12587-12599. doi:10.2147/OTT.S281328

	31.	 Pan J, Jiang Z, Wu D, et al. Huaier extractum promotes den-
dritic cells maturation and favors them to induce Th1 immune 
response: one of the mechanisms underlying its anti-tumor 
activity. Integr Cancer Ther. 2020;19:1534735420946830. 
doi:10.1177/1534735420946830

	32.	 Mo XM, Li L, Zhu P, et  al. Up-regulation of hsp27 by 
ERalpha/Sp1 facilitates proliferation and confers resistance to 
apoptosis in human papillary thyroid cancer cells. Mol Cell 
Endocrinol. 2016;431:71-87. doi:10.1016/j.mce.2016.05.010

	33.	 Wang H, Zhang Z, Yan Z, Ma S. CKS1B promotes cell pro-
liferation and invasion by activating STAT3/PD-L1 and phos-
phorylation of Akt signaling in papillary thyroid carcinoma. J 
Clin Lab Anal. 2021;35(1):e23565. doi:10.1002/jcla.23565

	34.	 Zhang Z, Shen C, Zhou F. The natural medicinal fungus Huaier 
promotes the anti-hepatoma efficacy of sorafenib through the 
mammalian target of rapamycin-mediated autophagic cell 
death. Med Oncol. 2022;39:221-221. doi:10.1007/s12032-
022-01797-7

	35.	 Chen T, Li D, Feng C, et al. Huaier increases the antitumor effect 
of gemcitabine on pancreatic cancer in vitro and in vivo. Transl 
Cancer Res. 2021;10(3):1368-1377. doi:10.21037/tcr-20-2627

	36.	 Suo H, Hochnadel I, Petriv N, et al. Elucidating the mecha-
nism behind and investigating the efficacy of traditional 
Chinese medicine and traditional tibetan medicine in com-
bination with standard therapeutics in hepatocellular carci-
noma and cholangiocarcinoma in vitro. Front Pharmacol. 
2022;13:906468. doi:10.3389/fphar.2022.906468

	37.	 Qu P, Han J, Qiu Y, et al. Huaier extract enhances the treat-
ment efficacy of imatinib in Ik6(+) ph(+) acute lympho-
blastic leukemia. Biomed Pharmacother. 2019;117:109071. 
doi:10.1016/j.biopha.2019.109071

	38.	 Yang L, Song Z, Wang X, et  al. Huaier extract enhances 
the treatment efficacy of paclitaxel in breast cancer cells 
via the NF-kappab/Ikappabalpha pathway. Oncol Rep. 
2017;38(6):3455-3464. doi:10.3892/or.2017.6024

	39.	 Tao Y, Shan L, Xu X, et al. Huaier augmented the chemother-
apeutic sensitivity of oxaliplatin via downregulation of YAP 
in hepatocellular carcinoma. Cancer. 2018;9(21):3962-3970. 
doi:10.7150/jca.25909

	40.	 Lin CI, Whang EE, Abramson MA, et al. Autophagy: a new 
target for advanced papillary thyroid cancer therapy. Surgery. 
2009;146(6):1208-1214. doi:10.1016/j.surg.2009.09.019

	41.	 Ohno K, Shibata T, Ito KI. Epidermal growth factor receptor 
activation confers resistance to lenvatinib in thyroid cancer cells. 
Cancer Sci. 2022;113(9):3193-3210. doi:10.1111/cas.15465


