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Abstract
Background: Osteosarcoma is a common pediatric bone malignancy. Huaier, a traditional Chinese medicine, attracts increasing
attention for its antitumor effect. The aim of this study is to investigate the inhibitory effect and molecular mechanisms of Huaier in
osteosarcoma cells.

Methods: Bioinformatics was performed to determine the biological processes and pathways connected to Huaier. The CCK-8
method and �ow cytometry were used to detect the cell viability, cell cycle distribution and apoptosis of osteosarcoma cells (MG-63
and MNNG/HOS). Western blot was applied to assess the expression of proteins involved in apoptosis, cell cycle and the MAPK
pathway.

Results: Huaier could inhibit osteosarcoma cells proliferation by arresting cells in the G0/G1 phase. The extract also suppressed
invasion and migration, while promoting the apoptosis of osteosarcoma cells in a time- and dose-dependent manner. Under Huaier
stimulation, the expression of p-ERK/ERK, Cyclin D1 and Bcl-2 decreased, while the expression of p-JNK/JNK, p-P38/P38, P21, P27,
Bax and Caspase3 increased in osteosarcoma cells.

Conclusions: Our �ndings demonstrated for the �rst time that Huaier extract could inhibit proliferation and promote apoptosis in
osteosarcoma cells via the MAPK pathway in vitro, suggesting that Huaier may be developed as a chemopreventive medicine for the
treatment of osteosarcoma. 

Background
Osteosarcoma (OS) is the most common primary malignant tumor of bone in the young adults and children (Ottaviani and Jaffe
2009). Only 65% of patients who present with localized osteosarcoma can be expected to be cured by surgery and routine
chemotherapy (Miller 1981). Osteosarcoma has a high potential for metastasis. Only 20% of patients with metastasis will be cured.
These survival trends have remained virtually unchanged over the past 20 years. Although conventional chemotherapy drugs are
effective enough to increase survival rate, their current administration suffers from several side effects (Kubo et al. 2015).
Consequently, it is imperative to develop new therapeutic agents, especially chemopreventive medicines produced by less harmful,
natural substances.

Recently, more attention has been attached on the medicinal herbs and plants as a potential source of novel chemotherapy
anticancer drugs for their low-toxic effects but more effectiveness, among that traditional Chinese medicine (TCM) has got more
popularity for its new effect in killing tumor cells more naturally and less intensively. Huaier attracts increasing attention due to its
anti-tumor effects as a traditional Chinese medicine. The active ingredient of Huaier is extracted from the fermented fungus extract
which is considered to be a proteoglycan containing the following components: polysaccharides, 41.53%; water, 8.72%; and amino
acids, 12.93% (Song et al. 2015; Wang et al. 2013). However, the anticancer effect of proteoglycan is less effective than that of the
Huaier extract (Lee et al. 2007; Yang et al. 2017). Huaier has been con�rmed to be effective against various cancers through some
types of mechanisms, such as inhibition of tumor-induced angiogenesis, inhibition of cell growth, induction of apoptosis, and
epithelial-mesenchymal transition (Ji et al. 2017; Pan et al. 2019). However, to the best of our knowledge, research on the effects of
Huaier on OS cells is scarce.

The BATMAN-TCM is a traditional Chinese medicine database that collects detailed information on various drugs
(http://bionet.ncpsb.org/batman-tcm/). The target genes of Huaier were found using Chinese medicine database and they showed
MAPK pathway was involved in the antitumor effect by Huaier. Mitogen-activated protein kinases (MAPKs), which include
extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 MAPK, are signal transduction molecules highly
conserved in all eukaryotic cells (Chang and Karin 2001). Members of the MAPK family regulate many cellular functions, such as
cell proliferation, apoptosis, and transforming signals from upstream extracellular stimulation into downstream effectors which are
located in the nucleus (Dhillon et al. 2007; Wagner and Nebreda 2009). Abnormal expression of MAPK leads to the development and
progression of cancer through various mechanisms (Hobbs et al. 2016; Kroemer et al. 2007; Zhang et al. 2013). As the most
importantly mutated signaling pathway in human cancers, the MAPK pathway has been recognized as a promising target of cancer
therapy for several years.
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In this study, we observed the effects of Huaier extract on two widely used OS cell lines, MG-63 and MNNG/HOS, and demonstrated
for the �rst time that Huaier extract could inhibit proliferation and promote apoptosis in OS cells via the MAPK pathway in vitro.

Methods

Cell culture and reagents
Human �broblast cell line MRC-5 and human MG-63 and MNNG/HOS osteosarcoma cells, were obtained from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). The cells were cultured in Dulbecco's modi�ed Eagle's medium (DMEM) that
supplemented 1% penicillin streptomycin and 15% fetal bovine serum (Gibco, Grand Island, NY, USA) and at a temperature of 37 °C.
The humidity is 5% CO2. The non-essential amino acid (NEAA) was also added to the medium of MG-63. Huaier extract was friendly
gifted by Gaitianli Medicine Co. Ltd. (Jiangsu, China). Two grams of the ointment were dissolved in 20 ml of the complete medium
and sterilized with the 0.22 micron �lter. The 100 mg/ml solution was stored at -20 °C for a long time. Antibodies against Antibodies
to P-JNK(ab76572), JNK(ab179461), P38(ab170099), P-P38(ab178867), ERK(ab184699), P-ERK(ab76299), Bcl-2(ab185002),
Caspase3(ab184787), P21(ab109199), Cleaved Caspase-3(ab2302), Cyclin D1(ab134175), P27(ab32034) were purchased from
Abcam (Shanghai, China). Anti-GAPDH (10494-1-AP) was obtained from Proteintech (Wuhan, Hubei, China).

Colony formation assay
MNNG/HOS cells were plated at a density of 700 cells per well in 6-well plates and MG-63 cells were plated at a density of 1000 cells
per well in triplicate. 24 h later, the cells were treated with various concentrations of Huaier (0, 2 and 4 mg/mL) and then incubated
at 37 °C in a 5% CO2 incubator for 10 days. Washing with PBS was followed, then �xing with methanol and staining with 1% crystal
violet. Finally, we counted the colonies which contained more than 50 cells.

Cell viability assay
Cell Counting Kit‐8 assay was performed to evaluate the cell viability activity according to the manufacturer's instructions.
MNNG/HOS, MG-63 and MRC-5 cells were harvested into 96 - well plates at a density of 5 × 10^3 cells per well with 200 ul culture
medium. After 24 hours of incubation, cells were treated with various concentrations of Huaier for indicated times. Then the cell
viability was measured using cell counting kit – 8(CCK8, solarbio, Beijing, China). Finally, the absorbance of plate was read using the
automated microplate spectrophotometer (Bio‐Rad Laboratories, USA) at 450 nm. The data was repeated three times.

Invasion assay
Transwell invasion assay was performed to detect the effect of Huaier on the invasion ability of MNNG/HOS and MG-63 cells. We
put 8 uM pore-sized Transwell inserts which were covered by matrigel into 24-well plate full of 700 ul of medium including 20% FBS.
We added complete medium without FBS to the upper layer of the well plate. Cells (2 × 10^4) were inoculated with or without Huaier
for 24 h in an incubator that was maintained at 37 °C and 5% CO2. After 24 h, we washed the cells twice with PBS, carefully
detached the cells from the upper layer plate with a cotton swab and then we �xed the cells with 100% methanol for 30 min. Finally
cells were stained with 1% crystal violet for 15 min and were counted by using a light microscope (Olympus BX53, Tokyo, Japan).

Scratch assay
The migration ability of the cells was tested using a scratch test. The MNNG/HOS and MG-63 cells were seeded into 6-well plates at
5 × 10^5 per well. After 12 h, the cells were cultured in complete medium to a con�uent state. Next, the cells were scraped vertically
with a 20 µL pipette tip. Then, the cells were washed three times with PBS. Finally, we treated cells with various concentrations of
Huaier for 24 h in Serum-free medium. After 24 h, the width of the scratches was observed under a microscope (Olympus BX53,
Tokyo, Japan) and statistical analysis was performed.

Cell cycle analysis
MG-63 and MNNG/HOS cells were seeded into 6-well plate at a density of 2 × 10^5/well and treated with different concentrations of
Huaier (0, 2, 4 mg/mL) for 24 h. Osteosarcoma cells were harvested by EDTA-free trypsinization and then washed with pre-chilled
PBS. Then, we placed it overnight at 7 °C in 75% alcohol. The next day, we stained the cells with propidium iodide (PI) and RNase A
according to the instructions of the KGI Biocycle Kit (Nanjing, China). Since the stain is a photosensitizer, we stain in the dark. After
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incubation for 30 min, we analyzed the stained cells by BD Accuri C6 Plus (Becton - Dickinson, San Jose, CA) software. All
experiments were repeated three times.

Apoptosis �ow-cytometry assay
Cell apoptosis was detected by Annexin-V-FITC and PI staining. Osteosarcoma cells were plated at 6-well plate and treated with
various concentration (0, 2, 4 mg/mL) of Huaier for 24 h. Next, we collected cells with EDTA-free trypsin followed by Annexin V FITC
Apoptosis Assay Kit (Hanbio, Shanghai, China) instructions for operation. For the reason phosphatidylserine can bind to Annexin V-
FITC, we determined the proportion of cells that were early apoptotic; PI was a DNA-binding dye which has excitation and emission
wavelengths of 617 nm and 536 nm, respectively. It can produce red �uorescence but no membrane permeability, not through the
living cell membrane. So, we use it to determine the proportion of cells with late apoptosis/death. Annexin V-FITC and PI are
photosensitizers and we use them in the dark. We immediately analyzed stained cells using BD Accuri C6 Plus (Becton - Dickinson,
San Jose, CA) software.

Western blot analysis
We scraped the cells into EP tubes with cell scraping and lysed the supernatant proteins with RIPA lysis buffer (Betotium Institute of
Biotechnology, Beijing, China). All operations were performed on ice. We measured the protein concentration of the sample using the
BCA assay kit (Beyotime Biotechnology Institute). The remaining protein was boiled at 100 ° C for 5 min, and stored at minus 20
degrees. We separated the total protein by 10–15% SDS-PAGE gel electrophoresis then transferred it to the polyvinylidene �uoride
(PVDF) membrane by electrolysis on ice. After blocking the PVDF membrane with 5% BSA in TBST for 45 minutes, the primary
antibody of the target protein was incubated for 2 h, and then the membrane was washed three times with TBST for ten minutes
each time. Next, goat anti-rabbit secondary antibody cultured with horseradish peroxidase were incubated for 1 h. The membrane
was still washed three times with TBST for ten minutes each time. Finally, the immune response zone was detected using an ECL
detection system (SmartChemi 420, Beijing, China). Every experiment was performed three times.

Drug-target search and functional enrichment analysis
The BATMAN-TCM is a traditional Chinese medicine database which contains detailed information on various drugs and their
related information. In this study, the main target genes of Huaier were found using Chinese medicine database. Next, we use
BATMAN-TCM to perform pathway enrichment analysis and gene ontology. BATMAN-TCM provides researchers with a
comprehensive and systematic functional annotation tool to discover the biological implications behind the list of submitted genes.
Gene ontology analysis includes molecular functions (MF), cellular components (CC), and biological processes (BP). P < 0.05 was
considered statistically signi�cant. The terms of GO results were also ranked by P value. We used the same manner to carry out the
KEGG pathway.

Statistical analysis
Statistical analysis was performed using Graghpad prism 7 software and Student's t-test was carried out to analyze statistical
differences. P < 0.05 was considered as a statistically signi�cant difference. The result is shown as the mean ± SD. All experimental
data was repeated at least three times.

Results

Drug-target search, enrichment analysis and Gene Ontology
Huaier was input into the Chinese medicine database BATMAN. Then, the main corresponding target genes of Huaier were detected
(Table 1). Subsequently, we performed enrichment analysis on pathways and GO functions. To assess the functional characteristics
of the Huaier-mediated genome, we carried out GO annotations on all genes. The top 12 items of GO and KEGG enrichment analysis
were then selected based on the P-value ranking (Figs. 1a, b). Among the top 12 KEGG terms and 12 GO terms, we subsequently
selected some terms of interest (Table 2). Functional analysis showed that the genes associated with Huaier are mainly related to
cell growth. In addition, the KEGG results showed that the MAPK signaling pathway is involved in the antitumor effect mediated by
Huaier.
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Table 1
The corresponding target genes of Huaier extract using BATMAN

Predicted targets [Gene Symbol] ranked according to the decreasing score

CACNA2D1 (26.373) SRD5A1 (26.373) CACNA1H (26.373) ESR2 (26.373) ESR1 (26.373) CACNA2D2 (26.373) CACNA1S
(26.373) PGR (26.373) AR (26.373) CACNA1C (26.373) CACNA1D (26.373) NR1I2 (26.373) HSD17B1 (26.373) CACNB2 (26.373)
CACNG1 (26.373) HSD17B1 (26.373) CRYZ (23.000) VKORC1 (23.000) NQO1 (23.000) CRYZ (23.000) VKORC1 (23.000) NQO1
(23.000)

BATMAN-TCM: bioinformatics analysis tool for molecular mechanism of traditional Chinese medicine

Table 2
Notable pathways/gene ontology enrichment terms in 12 top KEGG/GO

KEGG term P-value Count Genes

MAPK
signaling
pathway

0.0000000833 8 CACNA1C;CACNA1D;CACNA1H;CACNA1S;CACNA2D1;CACNA2D2;CACNB2;CACNG1;

GO term P-value Count Genes

GO:0040007~

growth

0.00765 4 AR;CACNA2D2;ESR1;ESR2;

KEGG: "Kyoto Gene and Genomic Encyclopedia", GO: "Gene Ontology".

Huaier inhibits the proliferation of MG-63 and MNNG/HOS cells in a dose-
and time-dependent manner
In order to test the cytotoxicity effects of Huaier on OS cells, MG-63 and MNNG/HOS cells were cultured and treated with various
concentrations of Huaier for 24 h, followed by using CCK-8 assay to analyze the cell viability. The concentration is selected basing
on the concentration of Huaier acting on other tumors. The CCK-8 assay showed Huaier could inhibit the proliferation of MG-63 and
MNNG/HOS cells in a dose- and time-dependent manner. The IC50 (the half maximal inhibitory concentration) of MG-63 and
MNNG/HOS cells treated with Huaier for 24 h were 2.89 mg/mL and 2.48 mg/mL, respectively (Figs. 2a, b). In the subsequent
experiment, we selected 2 mg/mL and 4 mg/mL as representative doses for the in vitro treatment. Next, we determined the cytotoxic
effects of Huaier on normal human �broblast cells in comparison with osteosarcoma cells. As shown in Fig. 2c, the cytotoxicity of
Huaier for the normal cells showed much lower levels than for the osteosarcoma cells tested under the same conditions.

Colony formation assay was carried out to detect the anti-proliferative effect of Huaier on the MG-63 and MNNG/HOS cell lines
(Figs. 2d-g). Similar results from the colony formation assay con�rmed Huaier-treated groups exhibited lower and fewer colonies
compared to the untreated cells.

Huaier induces cell cycle arrest in MG-63 and MNNG/HOS cells
OS cells were treated with 2 and 4 mg/mL Huaier for 24 h and tested by �ow cytometry. As shown in Figs. 3a-d, Huaier induced cell
cycle arrest in both OS cell lines in a dose-dependent manner, as evidenced by the increased percentage of cells in the G0/G1 phase.
MG-63 cells in G0/G1 phases (control 63.6%):79.5% at 2 mg/mL and 86.4% at 4 mg/mL. MNNG/HOS cells in G0/G1 phases (control
58.6%):63.4% at 2 mg/mL and 73.4% at 4 mg/mL. On the other hand, the percentage of OS cells in the G2/M phase was decreased
de�nitely. MG-63 cells in G2/M phases (control 24.2%):12.7% at 2 mg/mL and 7.3% at 4 mg/mL. MNNG/HOS cells in G2/M phases
(control 26.3%):20.5% at 2 mg/mL and 15.2% at 4 mg/mL. In order to gain insight into the underlying mechanisms of the cell cycle
arrest, the expression of cell-cycle-associated proteins were carried out by Western blotting. The Huaier treatment decreased the
expression of Cyclin D1 and increased the expression of P21 and P27 (Figs. 3e-g).

Huaier induces apoptosis in MG-63 and MNNG/HOS cells
Annexin V-FITC/PI staining was carried out to test apoptosis and the death rate of OS cells under treatment with Huaier. Huaier
induced the apoptosis of MG-63 and MNNG/HOS cells in a dose-dependent manner (Figs. 4a, b). Treatment with Huaier for 24 h
resulted in nearly 40% apoptosis and death in MG-63 cells, while the apoptosis and death rate of the control cells was only 18%
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(Fig. 4c). Similar effects were observed for the MNNG/HOS cells (Fig. 4d). To further understand the mechanisms of cell apoptosis,
we examined the changes of apoptosis-associated regulatory proteins using Western blotting. Results showed that Huaier could
increase the expression of Cleaved-Caspase 3 and Bax, and decrease the expression of Bcl-2 (Figs. 4e, f). Similar effects were
observed in the MNNG/HOS cell line (Figs. 4e, g).

Huaier inhibits the migration and invasion of MG-63 and MNNG/HOS cells
The migration and invasion of MG-63 and MNNG/HOS cells under treatment with 2 and 4 mg/mL Huaier for 24 h were respectively
tested by wound-healing detection and the Transwell invasion test in vitro. As shown in Figs. 5a-b, the relative wound closure under
2 mg/mL and 4 mg/mL of Huaier was 38.55% and 10.92%, respectively, in MG-63 cells. In MNNG/HOS cells, the relative wound
closure under 2 mg/mL and 4 mg/mL Huaier was 27.73% and 7.61%, respectively. Moreover, we performed the Transwell invasion
test by adding 20% FBS in the lower wells with or without 2 mg/mL Huaier. As shown in Figs. 5c-d, the number of Huaier-treated OS
cells invading through a Matrigel-coated membrane was obviously lower than that of untreated cells. Since under 2 mg/mL of
Huaier almost no cells passed through the Matrigel, we did not repeat the test with 4 mg/mL Huaier. Collectively, our results showed,
for the �rst time, that Huaier is involved in the migration and invasion of OS cells.

Huaier may suppress OS cells via the MAPK signaling pathway
To determine whether the MAPK signaling pathway is involved in the OS cancer cell proliferation and apoptosis induced by Huaier,
the expression levels of ERK, JNK and P38-MAPK were tested by Western blot. We treated MG-63 and MNNG/HOS cells with Huaier
for 24 hours. The total ERK content was basically unchanged while the P-ERK/ERK content was signi�cantly reduced. Furthermore,
both P-JNK/JNK and P-P38/P38 levels increased, which was consistent in both cell lines (Figs. 6a-c).

Discussion
Huaier extract, a natural, traditional Chinese medicine, has got growing attention in recent years for its anti-tumor effect. Previous
studies on Huaier extract showed that a variety of cancer cells are suppressed by Huaier via inhibition of proliferation and promotion
of apoptosis. In addition, multiple signaling pathways and biological processes were found to be involved in the anticancer effect of
Huaier, such as JAK2/STAT3 (Yang et al. 2016), autophagy (Wang et al. 2015), Wnt signaling (Zhang et al. 2013), and the PIK3/AKT
signaling pathway (Xie et al. 2015), among others. However, the effect of Huaier on OS and the associated mechanisms are yet to
be elucidated. In this study, we observed that Huaier could inhibit OS cell proliferation by blocking G0/G1 into S phase. It could also
suppress invasion and migration and promote apoptosis of OS cells in a time- and dose-dependent manner. The MAPK pathway,
among the most frequently mutated signaling pathway in human cancers, has been recognized as a promising target of cancer
therapy (Bao et al. 2016). Furthermore, we found the MAPK pathway is involved in the anti-OS effect of Huaier.

We analyzed the target genes of Huaier extract using bioinformatics. The results showed that Huaier is closely related to cell growth.
Moreover, the MAPK pathway plays an important role in the biological effects of Huaier. Therefore, we used the CCK-8 and clone
formation assays to show that Huaier can reduce the viability and inhibit the proliferation of OS cells. Previous studies have shown
that numerous anticancer medicines can arrest the cell cycle in the G0/G1, S, and G2/M phases (Lee et al. 2007). Flow cytometry
was performed to detect the cell cycle of MG-63 and MNNG/HOS cells under treatment with Huaier. In contrast to results obtained by
other study (Matsumoto et al. 2008; Yan et al. 2015), Huaier increased the percentage of OS cells in the G0/G1 phase, while
decreasing the cell percentage in the G2/M phase. Similar medicine-induced of G0/G1 arrest has also been detected in other cell
type, such as human breast cancer cells (Zhou et al. 2018), and rheumatoid arthritis �broblast-like synoviocytes (Zhang et al.
2018a). Cyclin D1 is a cell-cycle-associated protein which is involved in the transition from the G1 phase to the S phase (Wang et al.
2018). Overexpression of Cyclin D1 is linked to the progression and development of cancer (Cai et al. 2012). Multiple studies have
shown that the expression of Cyclin D1 is decreased when the cell cycle is arrested (Zhang et al. 2018b). P21 and P27 are Cyclin-
dependent kinase inhibitors, which always increase when cancer cell proliferation is induced (Zhou et al. 2008). To further explore
the mechanism of Huaier-induced cell cycle arrest, Western blotting was performed to examine the expression levels of cell-cycle-
associated proteins. Under treatment with Huaier, the expression of P21 and P27 increased, while Cyclin D1 expression decreased.
This indicates that Huaier suppressed the proliferation of OS cells by regulating the expression of cell-cycle-associated proteins.
However, the underlying mechanism should be explored further.
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Multiple studies have shown that Huaier suppresses tumor development by inducing cell apoptosis. Consequently, �ow cytometry
was used to detect the apoptotic rate of Huaier-treated OS cells. As expected, the rate of apoptosis and death of OS cells increased
signi�cantly after exposure to Huaier. Apoptosis is a crucial biological process in the regulation of cancer development and
treatment response. There are two distinct apoptotic pathways, namely, the extrinsic membrane death-receptor pathway and the
intrinsic mitochondrial pathway. Many chemopreventive medicines promote cancer cell apoptosis through the mitochondrial
pathway (Liu et al. 2012). Bcl-2 and Bax are two key proteins involved in the intrinsic mitochondrial pathway (Li et al. 2009). Bax can
induce mitochondria to release cytochrome C, which enhances cell apoptosis. In contrast, the function of Bcl-2 is to suppress
apoptosis by blocking the release of cytochrome C (Walensky 2006). Cytochrome C activates the down-regulation of the caspase
cascade, while Caspase3 ends this process (Kroemer et al. 2007). By assessing the expression of apoptosis-related proteins, we
showed that Bcl-2 decreased while Cleaved-Caspase3 and Bax increased signi�cantly under treatment with Huaier. These �nding
suggest that Huaier promoted apoptosis in OS cells by triggering the mitochondrial-signaling pathway.

To detect the migration and invasion ability of OS cells under the Huaier treatment, we performed the wound healing test and
Transwell assay. Obtained results showed that Huaier can inhibit the migration and invasion of OS cells. The low �ve-year survival
rate of OS is closely related to its strong metastatic ability. Therefore, Huaier could be a potential drug for the treatment of OS
metastasis. Based on the abovementioned results, Huaier could inhibit the proliferation and promote the apoptosis of OS cells. To
explore the underlying mechanisms, we used Western blotting to detect the expression of major proteins in the MAPK signaling
pathway which was predicted to be involved in the antitumor effect of Huaier by bioinformatics analysis. Results showed that P-
ERK/ERK decreased, while P-JNK/JNK and P-P38/P38 increased. Numerous studies have shown that ERK is involved in cell
proliferation, migration and invasion (Chen et al. 2018; Liu et al. 2018; Reddy et al. 2003). These results illustrated that Huaier can
inhibit the proliferation and motility of OS cells by downregulating P-ERK. The JNK protein kinases include JNK1, JNK2, and JNK3,
of which JNK1 and JNK2 are widely present in various cells (Bode and Dong 2007). P38 is generally divided into four subtypes, of
which the most widely studied is P38α (Ono and Han 2000). Bcl2 is a downstream protein of JNK1 and JNK2, while P38α can affect
Bax expression (Weston and Davis 2007). Therefore, JNK and P38 are closely related to the mitochondrial apoptosis pathway. P38α
can also down-regulate the content of Cyclin family proteins, thereby negatively regulating the cell cycle (Thornton and Rincon
2009). Consequently, it may be considered that Huaier can affect proliferation and apoptosis in OS cells by in�uencing MAPK
pathway.

Conclusions
In this study, we showed that Huaier is a potential drug for the treatment of OS. Huaier inhibited the proliferation, suppressed the
invasion and migration, and promoted the apoptosis of OS cells in a time- and dose-dependent manner. Furthermore, the MAPK
pathway was shown to be involved in the anticancer effect of Huaier (Fig. 7). Further studies should assess the effects of Huaier on
OS in vivo, possibly using a xenograft mouse model of OS.
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Figure 1

The functional enrichment analysis of Huaier BATMAN-TCM was used to analyze the KEGG pathway and GO (biological processes)
annotation of all genes. The top 12 items of GO and KEGG enrichment analysis were selected based on the P-value ranking (Figs.
1a, b). BATMAN-TCM: bioinformatics analysis tool for molecular mechanism of traditional Chinese medicine, KEGG: Kyoto Gene
and Genomic Encyclopedia, GO: Gene Ontology.
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Figure 2

Anti-proliferative effect of Huaier on MG-63 and MNNG/HOS cell lines The cell viability of OS cells and nomal human cells was
determined by cell counting kit 8 assay. Cells were treated with different Huaier for 12-72h. Huaier inhibits cell viability in a dose- and
time- dependent manner. Data are presented as means ± SD of three independent experiments. Set the cell viability of control group
as 100% (Figs. 2a-c). Clone forming assay was performed on MG-63 and MNNG/HOS cell. MG-63 and MNNG/HOS cells were
treated with increasing concentrations of Huaier for 10 days (Figs. 2d, f). The colony formation numbers of MG-63 and MNNG/HOS
was reduced signi�cantly treated with increasing concentration of Huaier. The data analysis was from three independent
experiments (Figs. 2e, g). *P 0.05, **P 0.01 and ***P  0.001.
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Figure 3

Huaier induced cell cycle arrest in MG-63 and MNNG/HOS cells by increasing the percentage of cells in G0/G1 phase
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Figure 4

Huaier induced apoptosis in a dose-dependent manner in MG-63 and MNNG/HOS cells
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Figure 5

Huaier is involved in migration and invasion of MG-63 and MNNG/HOS cells
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Figure 6

Huaier targeted ERK, JNK and P38 kinases in MG-63 and MNNG/HOS cells
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Figure 7

The MAPK pathway is involved in the anticancer effect of Huaier


