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Abstract
Background

Thyroid cancer is the most common endocrine tumor and typically has a good prognosis; however, some
patients still present with local or distant metastases. Huaier is a traditional Chinese medicine reported as
effective in treating certain types of tumor, but the effect of Huaier on thyroid cancer has not yet been
reported. 

Methods

The thyroid cancer cell lines, B-CPAP and C643, were treated with increasing concentrations of Huaier
extract and the therapeutic effect was measured using a cell counting kit 8 (CCK-8) and �ow cytometry.
High-throughput sequencing was further performed to identify differentially expressed genes (DEGs) in
Huaier-treated B-CPAP cells. Moreover, quantitative real-time PCR (RT-qPCR) was carried out to verify the
selected RNAs. Finally, the dual luciferase detection kit was used to detect gene activity.

Results

Proliferation of B-CPAP and C643 cells was signi�cantly suppressed by treatment with Huaier extract in a
concentration- and time-dependent manner. Huaier extract also induced cell cycle arrest and apoptosis
according to �ow cytometry (p < 0.05).

High-throughput sequencing observed 7,979 signi�cantly altered transcripts. Gene Ontology (GO)
analysis showed that 270 genes were enriched in upregulated terms, while 171 genes were enriched in
downregulated terms (p < 0.05). Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis
indicated that there were 47 enriched pathways associated with DEGs (p < 0.05). The expression levels of
chosen lncRNAs (SNHG7, MIR181A2HG, ILF3-AS1, and CTA-29F11.1) and their corresponding mRNAs
(BBC3, CTSL, GADD45A, and DDIT3) were veri�ed to be overexpressed in Huaier-treated B-CPAP cells by
RT-qPCR (p < 0.05).

Following transduction, the CCK-8 results showed that the proliferative capacity was increased in the
shRNA group as compared with that in the Ctrl and Scr groups. According to �ow cytometry, the number
of cells in the G0/G1 phase was decreased in the shRNA group (p < 0.01) and the apoptosis rate was
lower (p < 0.05). The shRNA-treated group had signi�cantly reduced Huaier-induced apoptosis as
compared with the Scr-treated group (p < 0.05). Moreover, the number of cells in the G0/G1 phase in the
shRNA-treated group was signi�cantly lower than that in the Scr-treated group (p < 0.05). The results of
the dual luciferase reporter gene experiment showed that the activity in the GADD45A WT + miR-301a-
3p(+) group was signi�cantly reduced as compared with that in the GADD45A WT + miR-301a-3p(+) NC
group (p < 0.01). Further, the activity in the ILF3-AS1 WT + miR-301a-3p(+) group was signi�cantly lower
than that in the ILF3-AS1 WT + miR-301a-3p(+) NC group (p < 0.05).

Conclusions
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The present study demonstrates that Huaier extract inhibits the proliferation of thyroid cancer cells via
changes in the expression levels of a multitude of genes. In particular, a decrease in GADD45A expression
enhances the proliferative ability of thyroid cancer cells, the levels of which can be increased by Huaier
treatment, thus regulating the cell cycle and apoptosis. Huaier can inhibit the proliferation of thyroid
cancer cells through the ILF3-AS1/hsa-miR-301a-3p/GADD45A ceRNA axis.

Highlights
Huaier extract inhibits the proliferation of thyroid cancer cells via changes in the expression levels of
a multitude of genes

a decrease in GADD45A expression enhances the proliferative ability of thyroid cancer cells, the
levels of which can be increased by Huaier treatment, thus regulating the cell cycle and apoptosis

Huaier can inhibit the proliferation of thyroid cancer cells through the ILF3-AS1/hsa-miR-301a-
3p/GADD45A ceRNA axis

1. Background
Thyroid cancer (TC) is a common malignant tumor, accounting for 94.5% of all malignant endocrine
tumors [1]. The incidence rate of TC ranks �rst among the various types of head and neck cancers [2],
and an increasing prevalence has been demonstrated recently [3]. Following systematic treatment, such
as thyroidectomy, radioiodine ablation, and thyroid hormone suppressive therapy [4], individuals
diagnosed with TC typically have an excellent prognosis, with an overall 10-year survival rate greater than
97% [5]. However, 5 − 20% of patients still experience local recurrence, disease progression, and
metastasis [6]; thus, it is of great importance to discover appropriate adjuvant therapies for TC.

Trametes robiniophila Murr (Huaier), a traditional Chinese medicinal herb, has been used as an adjuvant
anti-tumor therapy for 1600 years. Moreover, Huaier particles have been used clinically to treat patients
with malignant tumors (China Food and Drug Administration approval number, Z20000109;
http://app1.sfda.gov.cn/datasearch/face3/base.jsp). It has been reported that Huaier is effective in
treating diverse cancers such as hepatocellular carcinoma, breast cancer, lung cancer, gastric cancer, and
cervical cancer [7–11], but the effect of Huaier on TC remains unknown. A large number of novel RNAs
have been found based on the human genome project, and there is increasing interest in the mechanisms
by which these RNAs participate in cellular regulation and transcription [12, 13]. Therefore, we explored
the role of RNA in the anti-tumor effect of Huaier in TC.

2. Materials And Methods

2.1. Cell lines and reagents
The TC cell lines, B-CPAP and C643, were purchased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China), and were routinely cultured in RMPI-1640 medium (Gibco, USA)



Page 4/19

supplemented with 10% FBS (Gibco, USA), 100 U/mL penicillin, and 100 µg/mL streptomycin (Gibco,
USA) in an atmosphere of 5% CO 2 at 37℃.

An electuary ointment of Huaier extract was donated by Qidong Gaitianli Pharmaceutical Co., Ltd.
(Jiangsu, China). Huaier extract contained four monosaccharides and 18 amino acids; its main active
ingredients were polysaccharides, named TP-1 (fucose, arabinose, galactose, glucose, xylopyranose,
mannose, at molar ratios of 3.2:2.0:33.5:5.5:1.2:50.4), TP-2 (arabinose, galactose, glucose, xylopyranose,
mannose, at molar ratios of 7.4:4.5:2.7:9.4:1.9), TP-3 (fucose, arabinose, galactose, glucose,
xylopyranose, mannose, at molar ratios of 0.1:1.0:5.4:4.4:2.1: 7.0), and TP-4 (arabinose, galactose,
glucose, xylopyranose, mannose, at molar ratios of 8.9:1.6:3.4:7.4:1.3).

2.2. Preparation of Huaier aqueous extract
A mass of 2 g Huaier ointment was dissolved in 20 mL complete medium, passed through a 22-µm �lter,
and stored at -20℃ for future use.

2.3. Determination of cell viability
The viability of B-CPAP and C643 cells in the presence of increasing concentrations of Huaier was
measured using a cell counting kit-8 (CCK-8) kit (DOJINDO, Japan). An experimental group, control group,
and blank group consisted of �ve replicate wells each. B-CPAP and C643 cells were seeded on 96-well
plates at a density of 2 × 103 cells/well. Following synchronization, 200 µL medium containing 1, 2, 4, 8,
12, or 16 mg/mL Huaier was added, and the cells were cultured for 24 h, 48 h, or 72 h. Subsequently,
100 µL medium containing 10% CCK-8 was added to the cells and incubated for 3 h, following which the
absorbance was measured at 450 nm using a microplate reader (Bio Tek, USA). The experiment was
repeated three times.

2.4. Evaluation of apoptosis and the cell cycle
Cell apoptosis assay (Propidium iodide (PI)-Annexin V staining): The proportion of apoptotic cells was
assessed using a BD Pharmingen™ PE Annexin V apoptosis detection kit (DOJINDO, Japan). Brie�y, after
treatment with 8 mg/mL Huaier extract for 48 h, B-CPAP and C643 cells were harvested, washed twice
with PBS, and centrifuged at 1000 rpm for 3 min. Subsequently, 5 µL Annexin V-FITC and 5 µL PI solution
were mixed with 1 × Annexin V binding solution (100 µL) containing cells at a density of 1 × 10 5/mL.
Following incubation for 15 min in the dark at room temperature, another 400 µL 1 × Annexin V binding
solution was added prior to analysis by FACScan �ow cytometry (Becton-Dickinson, USA). The
experiment was repeated three times.

Cell cycle assay: The cell cycle phases were evaluated using a cell cycle detection kit (KeyGen China).
The experimental group was treated with 8 mg/mL Huaier extract, while the control group was incubated
with complete medium. Cells were harvested after 48 h, rinsed twice with PBS, and centrifuged at
1000 rpm for 5 min. Subsequently, cells were �xed in cold 70% ethanol overnight, washed once with PBS
the following day, resuspended in 100 µL RNaseA, and placed in water at 37℃ for 30 min. A volume of
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400 µL PI staining solution was added and cells were analyzed by FACScan �ow cytometry after
incubation for 30 min at 4℃ in the dark. Data were analyzed using the ModFitLT V2.0 software (Becton-
Dickinson). The experiment was repeated three times.

2.5. RNA extraction, library preparation, sequencing, and
data processing
Following treatment with 8 mg/mL Huaier extract for 48 h, B-CPAP cells were harvested for high-
throughput sequencing. Total RNA was isolated according to the manufacturer’s instructions. The quality
and quantity of extracted RNA were examined using an Agilent 2100 Bioanalyzer (Agilent Technologies,
USA) and an RNA 6000 Nano LabChip kit (Agilent Technologies, USA). The preparation of whole
transcriptome libraries and deep sequencing were performed by Beijing Ori-Gene Science and Technology
Corp., Ltd. (Beijing, China). The libraries were constructed using the Ribo-Zero Magnetic Gold kit (Illumina,
USA) and the NEBNext® Ultra™ RNA Library Prep kit for Illumina (New England Biolabs) according to the
manufacturer’s manual. Sequence reads were aligned to the human genome (GRCh38) using the TopHat
2.0 program, and the resulting alignment �les were reconstructed by Cu�inks.

Following prediction of mRNAs and ncRNAs, histograms and box plots were used to represent the
transcripts. A Pearson heat map was drawn to represent the difference between the two groups of
samples. The differential genes were plotted using volcanoes and cluster analysis. GO and KEGG
analyses were performed, and the co-expression network and ceRNA mechanistic diagram were
constructed.

Total RNA was extracted, and cDNA was synthesized using a PrimeScriptTMRT reagent kit with gDNA
Eraser (TaKaRa, Japan) according to the manufacturer's instructions. Subsequently, RT-qPCR was
performed in three independent wells using SYBR Premix Ex Taq (TaKaRa, Japan), and relative RNA
expression was calculated using the 2−ΔΔCt method. The primer sequences are shown in Supplementary
Table 1.

2.6. shRNA lentiviral vector transduction and veri�cation
The lentiviral vector was constructed by Shanghai Hanheng Technology Co., Ltd. A total of 30,000
cells/well were inoculated with lentiviral infection solution (MOI = 25), culturing to a fusion degree of 60 − 
70%. After successful transduction, cells were screened to establish stable cell lines.

RT-qPCR was used to verify the expression of GADD45A. The speci�c primer sequences were as follows:
human GADD45A forward: 5'-ACTGTCGGGGTGTACGAAG-3'; human GADD45A reverse: 5'-
ATCAGGGTGAAGTGGATCTGC-3'; human GAPDH forward: 5'-GAAGGTGAAGGTCGGAGTC-3'; and human
GAPDH reverse: 5'-GAAGATGGTGATGGGATTTC-3'.

Protein expression was veri�ed by western blotting. Total cellular protein was extracted and quantitated
using the Coomassie brilliant blue method. A 20-µL protein sample was separated by SDS-PAGE and
transferred to PVDF membrane at 80 V for 1.5 h. The membrane was sequentially incubated in skimmed
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milk, speci�c primary antibody, and corresponding secondary antibody. Protein bands were visualized
using C300ECL luminaire.

2.7. Evaluation of cell proliferation
B-CPAP cells were divided into control, B-CPAP-Scr (Scr), and B-CPAP-sh-GADD45A (shRNA) groups. Cell
proliferation was evaluated using a CCK-8 assay, and PI single-staining and Annexin V-PE/7-AAD double-
staining were used to assess the cell cycle and apoptosis, respectively, by �ow cytometry.

For treatment with Huaier extract, B-CPAP cells were divided into B-CPAP-Scr (Scr), B-CPAP-Scr treated
with 8 mg/mL Huaier extract (Scr-treated), and B-CPAP-sh-GADD45A treated with 8 mg/mL Huaier extract
(shRNA-treated) groups. Cell cycle and apoptosis were evaluated as described above.

2.8. Dual-luciferase assay
GADD45A and ILF3-AS1 WT and mutant dual-luciferase plasmids were constructed. The dual-luciferase
detection kit (Promega, USA) was used to measure gene activity according to the manufacturer’s
instructions. Both the Fire�y and Renilla values were measured and the Fire�y/Renilla ratio was
calculated. Each experiment was repeated three times.

2.9. Statistical analysis
Statistical analysis was performed using the SPSS 19.0 (SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 7.0 (GraphPad Software Inc., San Diego, CA, USA) software. The results are expressed as the mean 
± standard deviation of at least three independent experiments in at least triplicate. One-way analysis of
variance was used to assess signi�cant differences between the groups; p < 0.05 was considered
statistically signi�cant.

3. Results

3.1. Huaier extract inhibits B-CPAP and C643 cell
proliferation
B-CPAP and C643 cells were treated with increasing concentrations of Huaier extract for 24 h, 48 h, or
72 h and subjected to the CCK-8 assay to assess the effect on cell proliferation. As shown in Fig. 1A, a
low concentration of Huaier extract may have slightly promoted cell proliferation; however, concentrations
of 8 mg/mL and higher markedly inhibited cell proliferation in a concentration- and time-dependent
manner. The IC50 of Huaier extract in B-CPAP and C643 cells was 5.604 mg/mL and 8.330 mg/mL,
respectively, following a 48-h incubation (Fig. 1B), showing the most marked inhibitory effect on cell
proliferation and suggesting optimal conditions for further experiments. To explore the potential anti-
proliferative mechanism of Huaier extract in depth, the apoptotic rate and cell cycle distribution were
assessed by �ow cytometry following treatment. As shown in Fig. 1C, the apoptotic ratio was 8.64 ± 
1.60% in B-CPAP cells and 5.37 ± 0.35% in C643 cells following treatment with Huaier extract (8 mg/mL)
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for 48 h, which was signi�cantly different from that in the control group (p < 0.05). In addition, as shown
in Fig. 1D, the proportion of B-CPAP cells in the G0/G1 phase was increased from 63.50 ± 0.96% in the
control group to 72.67 ± 1.07% (p < 0.01) following incubation with Huaier extract for 48 h, while the
proportion of C643 cells was increased from 47.77 ± 4.23% to 64.20 ± 3.34% (p < 0.01). Moreover, the
number of cells in the S and G2/M phases decreased (p < 0.05).

3.2. Whole genome RNA-sequencing data and pathway
analysis results
A total of 65.38 − 103.71 million raw data reads were obtained for each sample. After �ltering, 89.1 − 
91.8% quality control data reads were obtained with an average length of 145.87 nucleotides, which
corresponded to the reference human genome (Ensembl GRCh38 main assembly). As shown in Fig. 2A,
16,159 known transcripts and 54,772 novel transcripts were acquired. A total of 7,979 differentially
expressed transcripts were found, of which 2,185 were upregulated and 5,794 were downregulated. A
total of 5,717 genes were differentially expressed, among which 869 lncRNAs, 1 circRNA, and 1,179
mRNAs were upregulated and 3,781 lncRNAs, 1 circRNA, and 921 mRNAs were downregulated (Fig. 2B).
The box plot shows the distribution of the expression of various transcripts (Fig. 2C). The heat map
demonstrates the expression levels of total transcripts among the different groups; the difference was
signi�cant among groups but not within groups (Fig. 2D). The volcano map (Fig. 2E) displays all the
differentially expressed transcripts and cluster analysis (Fig. 2F) shows the difference in expression of
each transcript in the sample. These differentially expressed genes (DEGs) are valuable for elucidating
the mechanism of action of Huaier in thyroid carcinoma cells. To further understand the DEGs, GO and
KEGG analyses were performed. The signi�cantly enriched GO terms are shown in Fig. 2G; a total of 270
genes were enriched in upregulated terms, while 171 genes were enriched in downregulated terms (p < 
0.05). The top three enriched GO biological terms were integrin binding (GO: 0005178), coenzyme binding
(GO: 0050662), and endoplasmic reticulum lumen (GO: 0005788). According to KEGG analysis, a total of
47 signi�cantly enriched pathway terms were associated with the DEGs (p < 0.05), the top 20 of which are
presented in Fig. 2H.

3.3. Gene relationship analysis and RNA validation
Next, proliferation-related DEGs were chosen to build a coding − noncoding co-expression network
(Fig. 3A). Four lncRNAs (SNHG7, MIR181A2HG, ILF3-AS1, CTA-29F11.1) were selected from the
proliferation-related pathways for the construction of the ceRNA network (Fig. 3B). According to the
selected lncRNAs, the corresponding mRNAs were determined and RT-qPCR was performed to verify the
expression levels. As shown in Fig. 3C, lncRNAs (SNHG7, MIR181A2HG, ILF3-AS1, CTA-29F11.1) and
mRNAs (BBC3, CTSL, GADD45A, DDIT3) were over-expressed in the Huaier-treated group (p < 0.05), which
is consistent with the RNA-sequencing results.

3.4. Effect of GADD45A knockdown on the proliferation of
human thyroid cancer cells
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The transduction e�ciency was 90% according to �uorescent microscopy (Fig. 4A), and the mRNA and
protein expression of GADD45A was decreased in the shRNA group (Fig. 4B) (p < 0.01). With respect to
proliferation, the shRNA group showed a time-dependent increase as compared with the Ctrl and Scr
groups (Fig. 4C). Moreover, �ow cytometry revealed that the number of cells in the G0/G1 phase was
decreased in the shRNA group as compared with that in the Scr group (47.77 ± 4.23% vs. 67.20 ± 4.28%, p 
< 0.01). The number of cells in the S phase was increased in the shRNA group (39.44 ± 1.56% vs. 22.49 ± 
3.42%, p < 0.01), but there was no signi�cant difference in the G2/M phase (12.79 ± 2.81% vs. 11.30 ± 
4.07%, p = 0.6306) (Fig. 4D). Further, the shRNA group had a lower apoptotic rate (3.97 ± 0.34% vs. 5.56 ± 
0.18%, p = 0.0218) and a higher survival rate (81.46 ± 0.86% vs. 78.63 ± 1.08%, p = 0.0495) than those in
the Scr group (Fig. 4E).

3.5. Effect of GADD45A on the Huaier-induced reduction in
proliferation of human thyroid cancer cells
Following downregulation of GADD45A, the number of cells in the G0/G1 phase was signi�cantly lower in
the shRNA-treated group than that in the Scr-treated group (p < 0.05), and the number of cells in the S
phase was increased (p = 0.049); however, the number of cells in the G2/M phase did not change
signi�cantly (p = 0.9572) (Fig. 5A,B). The shRNA-treated group had a signi�cantly reduced apoptotic rate
as compared with that in the Scr-treated group (Fig. 5C,D, p < 0.05).

3.6. ILF3-AS1 and GADD45A competitively inhibit hsa-miR-
301a-3p to exert the anti-proliferative effect of Huaier on
human thyroid cancer cells
The ceRNA network predicts that ILF3-AS1 and GADD45A may exert their effects through the competitive
inhibition of miRNA. Starbase predicts that ILF3-AS1 and GADD45A may have binding sites within hsa-
miR-301a-3p (Fig. 6A). The results of the dual luciferase reporter gene assay (Fig. 6B,C) show that the
GADD45A WT + miR-301a-3p(+) group had signi�cantly reduced gene activity as compared with the
GADD45A WT + miR-301a-3p(+) NC group (p < 0.01), while the gene activity in the GADD45A Mut + miR-
301a-3p(+) and GADD45A Mut + miR-301a-3p(+) NC groups was not signi�cantly different (p = 0.5352).
The gene activity in the ILF3-AS1 WT + miR-301a-3p (+) group was signi�cantly lower than that in the
ILF3-AS1 WT + miR-301a-3p(+) NC group (p < 0.05), while the gene activity in the ILF3-AS1 Mut + miR − 
301a-3p(+) and ILF3-AS1 Mut + miR-301a-3p(+) NC groups was not signi�cantly different (p = 0.3694).

4. Discussion
Thyroid cancer (TC) is the most common endocrine tumor; papillary thyroid cancer (PTC) and follicular
thyroid cancer (FTC), collectively referred to as differentiated thyroid cancer (DTC), account for 80% of
TC. In recent years, the incidence of DTC has increased [14–17], with PTC constituting greater than 90%
of cases. PTC typically has a good prognosis; however, patients with locally invasive and/or distant



Page 9/19

metastases have a markedly lower overall survival (OS) rate [18]. The mean OS duration in patients with
advanced PTC ranges from less than 6 months to approximately 5 years; therefore, it is imperative that
an effective treatment is found.

The Huaier ointment used in the present study was a hot water extraction product of Huaier fungi
fermentation, the main active ingredients of which are polysaccharides. Huaier extract has been used in
China for approximately 1600 years [19] and the anti-tumor effects have been recently con�rmed.
Previous studies have noted that Huaier exerts anti-tumor effects by inhibiting tumor cell proliferation and
reducing metastasis and angiogenesis. It has been reported that Huaier granules can decrease the rate of
recurrence following curative resection of hepatic cell carcinoma [20]. Another study demonstrated that
Huaier extract inhibits the growth and metastasis of gastric cancer through the c-Myc-Bmi1 axis [9].
Moreover, Huaier polysaccharide (HP-1) in combination with sunitinib can regulate the PI3K/Akt/VEGFR
pathway by reducing the overexpression of certain proteins involved in clear cell renal cell carcinoma (cc
RCC) [21]. Nevertheless, the effect of Huaier on TC remains unknown. Our experimental data
demonstrates for the �rst time that Huaier extract inhibited the proliferation of TC cells.

An increasing number of studies have revealed that RNAs participate in carcinogenesis and tumor
progression [22]. Accordingly, our high-throughput sequencing results reveal thousands of DEGs in
Huaier-treated TC cells. Speci�cally, DMBT1 was the most downregulated transcript, with a 133.4784-fold
reduction, and ZNF780B was the most upregulated transcript, with the greatest fold change of 1657.641.
Additionally, it has been reported that the overexpression of DMBT1 is related to biliary carcinoma [23]
and colorectal cancer [24]. Moreover, ZNF780B expression has been correlated with hepatocellular
carcinoma [25] and primary osteoarthritis [26]. Here, the DEGs involved in the proliferation pathway were
chosen for veri�cation and construction of ceRNA regulatory networks. SNHG7 has been demonstrated to
promote the proliferation, migration, and invasion of lung cancer along with the inhibition of apoptosis;
additionally, it is documented to promote the progression and growth of glioblastoma via the inhibition of
miR-5095 [27, 28]. CTA-29F11.1 is involved in recurrent myocardial infarction events [29]. ILF3-AS1 has
been shown to play a role in the proliferation, invasion, and metastasis of many tumors, such as gastric
cancer [30], prostate cancer [31], cervical cancer [32], and colon cancer [33] through the ceRNA
mechanism. Our RT-qPCR results con�rm that following Huaier treatment, the expression levels of these
lncRNAs and corresponding mRNAs were upregulated, which is consistent with the high-throughput
sequencing results.

Our experiments con�rm an inhibitory effect of Huaier on the proliferation of the PTC cell line, B-CPAP,
and show that the expression of GADD45A was simultaneously increased. In humans, the family of
growth-arrest and DNA damage-inducible proteins (GADD45 family) is composed of three 18-kD highly
acidic proteins that are widely expressed in the nucleus and cytoplasm: GADD45A, GADD45B, and
GADD45G [34]. The expression of GADD45 is involved in regulation of the cell cycle, apoptosis, and DNA
repair processes [35]. Previous studies have also con�rmed that GADD45A is involved in the regulatory
mechanism of proliferation and metastasis in various tumors. Upregulation of GADD45A leads to cycle
inhibition in human bladder cancer cells [36]. The interaction between BRCA1 and GADD45 may stimulate



Page 10/19

NER, increase genomic stability, and thus play a role in the pathogenesis of breast cancer [37]. Our data
show that knockdown of GADD45A increased the proliferative capacity of cells in a time-dependent
manner, indicating that increased expression of GADD45A may inhibit the proliferation of TC cells. At the
same time, the number of cells in the G0/G1 phase of the shRNA group was decreased and the number of
cells in the S phase was increased. Following knockdown of GADD45A, more cells entered the synthesis
phase to complete subsequent mitosis, increasing proliferation. Moreover, knockdown of GADD45A
weakened the effect of Huaier on apoptosis, suggesting that Huaier may inhibit the proliferation of TC
cells by upregulating GADD45A, which may serve as a novel target for the treatment of TC.

Through Starbase, ILF3-AS1 and GADD45A were predicted to possess binding sites for many miRNAs.
The dual-luciferase reporter assay detected the binding of ILF3-AS1 and GADD45A to hsa-miR-301a-3p
and con�rmed the ceRNA mechanism. Huaier may play a role in inhibiting cell proliferation via the ILF3-
AS1/hsa-miR-301a-3p/GADD45A axis. Previous studies have shown that upregulated ILF3-AS1 binds to
miR-212 and promotes the progression of osteosarcoma by regulating SOX5 [38], which is not completely
concordant with our experimental results. We demonstrate that Huaier treatment upregulated the
expression of ILF3-AS1, which is consistent with the trend of GADD45A. Follow-up experiments are
required to verify the effect of ILF3-AS1 in TC, in addition to elucidating whether GADD45A is directly
related to ILF3-AS1.

5. Conclusions
In summary, this is the �rst study to comprehensively identify the potential mechanism of Huaier extract
in the treatment of TC in vitro. The present study provides evidence that Huaier extract inhibits cell
proliferation and induces apoptosis and cell cycle arrest. Moreover, high-throughput sequencing
demonstrates alterations in the expression levels of novel lncRNAs and related mRNAs. Our �ndings
suggest that Huaier extract may improve TC via regulation of the ILF3-AS1/hsa-miR-301a-3p/GADD45A
axis.
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Figures

Figure 1

Huaier inhibits the proliferation of TC cells. (A−B) CCK-8 assays were performed to analyze the viability of
B-CPAP and C643 cells. The inhibitory rates represent the percentage of cells with impaired growth. The
histogram represents the absorbance of B-CPAP and C643 cells at OD450 following treatment with
increasing concentrations of Huaier for 24 h, 48 h, or 72 h. (C) Apoptosis was analyzed using PI-Annexin
V staining following incubation with Huaier for 48 h. The histogram represents apoptotic rates. (D) Cell
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cycle distribution was analyzed by �ow cytometry in B-CPAP and C643 cells following treatment with
Huaier for 48 h. The histogram represents the number of cells in different phases of the cell cycle. Results
are presented as the mean ±SD. *p < 0.05 and **p < 0.01.

Figure 2

Results of high-throughput sequencing. (A) Comparison of all RNA transcripts. The known transcripts are
highlighted in blue and the novel transcripts in red. The Y axis represents the number of transcripts. (B)
Comparison of differentially expressed transcripts. The upregulated transcripts are highlighted in blue
and the downregulated transcripts in red. The Y axis represents the number of transcripts. (C) Box plot
displaying the distribution of transcript expression in the normal and treated groups. (D) Heat map
showing the correlation within samples. Numbers in the diagram represent Pearson’s correlation
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coe�cient. (E) Volcano plots indicating transcripts that were differently expressed between the normal
and treated groups. Blue points refer to signi�cantly differentially expressed transcripts (p < 0.05). (F)
Cluster diagram showing the top 100 transcripts with distinguishable differences among six samples.
Red represents increased expression and blue represents decreased expression. (G) Results of GO
analysis. The X axis represents the percentage of DEGs and the Y axis represents GO classi�cation. (H)
KEGG bubble diagram containing the top 20 pathways. The X axis represents the gene ratio and the Y
axis represents the related pathways. The size of the bubble represents the number of DEGs and the color
represents the p value. T: treated group, N: normal group.

Figure 3
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Analysis of potential lncRNAs and mRNAs. (A) The co-expression network demonstrates a correlation
between lncRNAs and mRNAs based on the expression of DEGs. (B) The ceRNA network demonstrates a
relationship among lncRNAs, mRNAs, and miRNAs. (C) The expression levels of lncRNAs (SNHG7,
MIR181A2HG, ILF3-AS1, CTA-29F11.1) and mRNAs (BBC3, CTSL, GADD45A, DDIT3). The histogram
represents the expression of RNA. Results are presented as the mean ± SD. *p < 0.05, **p < 0.01.

Figure 4

The effect of GADD45A knockdown on the function of human thyroid cancer cells. (A) The effect of
lentiviral transduction in B-CPAP. B: bright �eld; G: �uorescence �eld. (B) Changes in the mRNA and
protein expression levels of GADD45A following lentiviral transduction. Scr: blank transduction group,
shRNA: transduction group. #p < 0.01. (C) The absorbance and proliferation curves of CCK-8 at different
time points. Cell proliferation is most obvious in the shRNA group. (D) Comparison of the cell cycle
phases according to �ow cytometry. (E) Comparison of apoptosis according to �ow cytometry. #p < 0.05,
##p < 0.01.
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Figure 5

GADD45A participates in the inhibition of human thyroid cancer cell proliferation by Huaier. (A) Cell
apoptosis results according to �ow cytometry. (B) Comparison of apoptosis among the different groups.
#p < 0.05, ##p < 0.01. (C) Cell cycle results according to �ow cytometry. (D) Comparison of cell number at
each cell stage. Scr group: blank transfection group, Scr-treated group: blank treated group, shRNA-
treated group: transfection group. #p < 0.05, ##p < 0.01.
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Figure 6

ILF3-AS1 and GADD45A competitively inhibit hsa-miR-301a-3p. (A) Prediction of the binding sites of ILF3-
AS1 and GADD45A with hsa-miR-301a-3p. (B) Luciferase activity is signi�cantly reduced in the GADD45A
WT + miR-301a-3p(+) group as compared with that in the GADD45A WT + miR-301a-3p(+) NC group (p <
0.01). (C) Luciferase activity is signi�cantly reduced in the ILF3-AS1 WT + miR-301a-3p(+) group as
compared with that in the ILF3-AS1 WT + miR-301a-3p(+) NC group (p < 0.05). #p < 0.05, ##p < 0.01.
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