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A B S T R A C T   

Aspongopus chinensis Dallas is a traditional Chinese medicinal insect with several anticancer 
properties can inhibit cancer cell growth, by inhibiting cell division, autophagy and cell cycle. 
However, the precise therapeutics effects and mechanisms of this insect on liver cancer are still 
unknown. This study examined the inhibitory influence of A. chinensis on the proliferation of 
hepatocellular carcinoma (HCC) cells and explore the underlying mechanism using high- 
throughput sequencing. The results showed that A. chinensis substantially reduced the viability 
of Hep G2 cells. A total of 33 miRNAs were found to be upregulated, while 43 miRNAs were 
downregulated. Additionally, 754 mRNAs were upregulated and 863 mRNAs were down-
regulated. Significant enrichment of differentially expressed genes was observed in signaling 
pathways related to tumor cell growth, cell cycle regulation, and apoptosis. Differentially 
expressed miRNAs exhibited a targeting relationship with various target genes, including ARC, 
HSPA6, C11orf86, and others. Hence, cell cycle and apoptosis were identified by flow cytometry. 
These findings indicate that A. chinensis impeded cell cycle advancement, halted the cell cycle in 
the G0/G1 and S stages, and stimulated apoptosis. Finally, mouse experiments confirmed that 
A. chinensis significantly inhibits tumor growth in vivo. Therefore, our findings indicate that 
A. chinensis has a notable suppressive impact on the proliferation of HCC cells. The potential 
mechanism of action could involve the regulation of mRNA expression via miRNA, ultimately 
leading to cell cycle arrest and apoptosis. The results offer a scientific foundation for the 
advancement and application of A. chinensis in the management of HCC.   

1. Introduction 

Aspongopus chinensis Dallas (Hemiptera: Dinidoridae), traditional medical insect, has several nutritional and medicinal properties 
with high level of different amino acids [1]. This insect has several anticancer qualities and is often found in China and Southeast Asia 
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[2]. In earlier studies, evidence has been presented to support several health advantages associated with the use of this insect, 
particularly in relation to its anti-cancer, anti-bacterial, and anti-clotting properties [3–6]. Thus, its diverse properties highlight the 
crucial role of this valuable insect as a cultural, medicinal, and economic resource. The demand for this insect has increased 
dramatically over the last several years. Moreover, A. chinensis presents anticancer properties and has been identified as a herbal 
remedy to treat tumours. A. chinensis is principally used in the treatment of kidney diseases, the removal of blood stasis, and 
improvement of fatigue [7,8]. Generally, it is converted into a chemically stable decoction for use in TCM [9]. A. chinensis decoction 
(ACD) can inhibit cancer cell growth, including breast and liver cancer, by inhibiting cell division, autophagy, and apoptosis [10,11]. 
Several Chinese studies demonstrated that this insect partially protects mice from manganese-induced reproductive harm by activating 
antioxidant enzymes and inhibiting apoptosis-related gene expression levels [12,13]. Recent studies have shown that A. chinensis 
represents an essential anticancer component of TCM [14,15]. In addition, multiple non-peptide small compounds represent possible 
therapeutic candidates for reducing renal fibrosis and preventing extracellular matrix production in mesangial cells in patients with 
diabetes. These molecules also function as powerful inhibitors of Smad3 phosphorylation [16,17]. 

Liver cancer is a significant worldwide health concern, since its prevalence is on the rise. GLOBOCAN 2020 predicts 1.4 million new 
cases and 1.3 million deaths from liver cancer by 2040, a 56.4% increase from 2020 [18]. Hepatocellular carcinoma (HCC) is the most 
common type of liver cancer [19]. However, due to the complexity of the HCC tumour microenvironment, its chemotherapeutic ef-
ficacy is very low [20,21]. Traditional Chinese medicine (TCM) provides several benefits over other related medical practises for HCC 
[22], especially its effect on multiple cancer-related signalling pathways and molecular targets [7]. TCM has several anticancer 
properties, including inhibiting proliferation, regulating immunological response, and inducing apoptosis [23]. These positive aspects 
of TCM implies that it could be a potential therapeutic strategy for treating cases with a range of malignancies [24,25]. However, the 
mechanisms of action have not been fully investigated and require further research. 

MicroRNAs (miRNAs) are small endogenous RNAs consisting of 19–22 nucleotides. miRNAs serve as a critical regulator of post- 
transcriptional genes [26] by destabilising target mRNAs and preventing their translation by binding to their 3′-untranslated re-
gions [27]. The dysregulated function of these RNAs is connected to numerous diseases, such as cancer and autoimmune disorders [28, 
29]. Recent studies have made considerable advancements in investigating small RNAs, with special focus on miRNA functions, 
including development, metabolism, and reproductive pathways [30–32]. In human diseases, the aberrant regulation of microRNAs 
influences their normal function. A correlation has been observed between cancer prognosis and alterations in cellular miRNA 
expression in malignant tissues and extracellular miRNA expression in exosomes. Hence, miRNAs can be employed in numerous 
clinical applications as cancer biomarkers and therapeutic targets [33]. Moreover, aberrant regulation of these miRNAs may possibly 
promote the initiation of cancers [34,35]. Several miRNA–mRNA interaction network analyses have revealed that miRNAs can target 
multiple target genes and may be regulated by multiple miRNAs [36]. Thus, miRNAs are potential therapeutic targets as well as 
biomarkers. 

Although A. chinensis is considered a promising anti-HCC therapy, extensive experimental studies on A. chinensis are lacking owing 
to its complex chemical composition and unknown mechanisms of action. To investigate the molecular mechanism by which 
A. chinensis inhibits the proliferation of HCC cells, the expression profiles of miRNA and mRNA were analysed. 

2. Materials and methods 

2.1. Cell culture 

In Minimum Essential Medium and Eagle’s modified Dulbecco’s medium, Hep G2 and Hepa 1–6 cells (Chinese Academy of Sci-
ences) were cultured separately, including 10% (v/v) foetal bovine serum (GE HealthCare, Chicago, IL, USA) and 1% (v/v) pen-
icillin–streptomycin solution, in an incubator Aat 37 ◦C and 5% CO2. 

2.2. Aspongopus chinensis decoction (ACD) preparation 

Adult A. chinensis specimens were collected from Kaili City, Guizhou Province, China, The specimens were authenticated by Prof. 
Zizhong Li (Institute of Entomology, Guizhou University, Guiyang, China) and the genome was sequenced (the accession number 
PRJNA729875) [37]. and maintained at − 80 ◦C. The preparation of ACD was conducted using the methodology outlined by Tian et al., 
and the primary compound composition was identified through GC-MS technology [38]. Samples were dried, rinsed in deionized H2O 
thrice, and powdered. Subsequently, they were mixed in a ratio of 100 mL of deionized water and 50 g of insect powder and then 
soaked for 30 min. The powdered insect specimens were first decocted for 1 h and then further decocted at low heat to achieve a 
concentration of 1 g/mL. The resultant liquid was filtered through gauze and then filter paper before being centrifuged at 6000 g for 10 
min and sterilised using a 0.22 μm filter (Burlington, Massachusetts, USA). The decoction was maintained at 20 ◦C until use. 

2.3. Cell viability assay 

A Cell Counting Kit 8 assay (HB-CCK-8-500, Hanbio, Shanghai, China) was used to measure Hep G2 cells viability. Briefly, 8 × 104 

cells/well were inoculated into 96-well plates. Then, various concentrations of ACD (20, 30, or 40 mg/mL) were added in six replicate 
wells (100 μL/well). The control wells included complete medium solution. After incubating the cells for 24 h, 48, or 72 h, 90 μL of 
medium was added to each well followed by 10 μL of CCK-8 reagent. After 2 h incubation, the absorbance at 450 nm was measured 
using an automated microplate reader. The formula used for cell viability was as follows: 
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Cell viability (%) = (A2 − A1) / (A3 − A1)) × 100% [39],                                                                                                                     

where A1, A2, and A3 represent the OD values of the blank, experimental, and control wells, respectively. 

2.4. Cell cycle phase assessment 

In 6-well dishes, 2 × 105 cells Hep G2 cells were seeded for 24 h. Various ACD concentrations (20, 30, or 40 mg/mL) were applied to 
incubate these cells. Trypsinisation with EDTA-free trypsin (Promega, Madison, WI, USA) was used to extract these cells, which were 
then fixated for 12 h at 4 ◦C with 70% ice-cold ethanol and centrifuged for 5 min at 1000×g. Next, the collected pellet was washed 
twice with ice-cold PBS and 200 L of cell cycle detection reagent was added. After staining cells in the dark for 30 min at 37 ◦C, flow 
cytometry was used to analyze cell cycle. 

2.5. Cell apoptosis assay 

The apoptosis rate was further analysed via the Annexin V-FITC Apoptosis Detection Kit (KGA1101-100, Nanjing KeyGen Biotech, 
China). Cells were inoculated in 6-well plates for 24 h before being treated with ACD at concentrations of 20, 30, or 40 mg/mL. 

The cells were subsequently extracted, rinsed twice with ice-cold PBS, and suspended in 500 μL buffer. A 5 μL Annexin V-FITC 
solution was added to the cell suspension along with 5 μL propidium iodide. Fluorescence was measured by flow cytometry after 15 
min at 25 ◦C in the dark. 

2.6. RNA extraction 

We treated Hep G2 cells with the IC50 concentration of ACD for 24 h, and the contents of the control cells were harvested. Three 
replications were performed. Cells in the control group were only cultured in complete culture media. RNA was isolated and purified 
using TRIzol reagent. 

2.7. Small RNA library construction and sequencing 

Using polyacrylamide gel electrophoresis, small RNAs (18–30 nucleotides) were extracted from total RNA. After ligation of the 5′ 
and 3′ adapters, reverse transcription and amplification of RNA were performed. The libraries were analysed for size and purity on a 
2100 Bioanalyzer, sequenced on a BGISEQ-500 platform, and processed using MGISEQ-2000RS sequencing technology (MGI Tech, 
Shenzhen, China). 

2.8. RNA sequencing 

BGISEQ-500 sequencing technology was used for miRNA sequencing. The original data were contaminated and contained 
numerous readings with a high proportion of unknown bases N, which were eliminated prior analysis to ensure the results’ validity. 
After obtaining clean reads, Bowtie 2 was utilized to compare them to the human genome (GCF_000001405.38_GRCh38.p12) [40]. 

2.9. Sequencing data analysis 

The sequence of miRNA from samples and results predicted by the existing miRNA database were compared, and the expression of 
miRNA was determined. To compare the sample expression, and identify the differentially expressed miRNAs, we utilized DESeq2 
[41]. The filtering criteria were specified as |log2FC| ≥ 2 and q-value ≤ 0.05. 

2.10. MiRNA-target gene prediction 

To predict target genes, RNAhybrid [42], miRanda [43], and TargetScan [44] were applied. By combining free energy and score 
values, target genes were then filtered. 

2.11. Gene Ontology (GO) and Kyoto Encyclopaedia of Genes and Genomes (KEGG) analyses of target genes 

Using the GO database (http://geneontology.org), target genes of differentially expressed miRNAs were assigned GO functional 
annotations. In addition, the signalling pathways associated with target genes were also annotated based on the KEGG database 
(https://www.genome.jp/kegg/). 

2.12. Construction of differentially expressed miRNA and target gene networks 

Target mRNAs were predicted based on the differential expression of miRNAs (|log2FC| ≥ 3, q-value ≤0.001). The miRNA–mRNA 
interaction network was then visualized. 
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2.13. qRT-PCR 

The poly(A)-tailed RT-PCR was used to validated four differentially expressed miRNAs [45]. A miRcute Plus miRNA First-Strand 
cDNA Kit (KR211, Tiangen, Beijing, China) was used to reverse-transcribe total RNA extracted from cells by adding poly(A) tail to the 3 
’end of the miRNA. Subsequently, PCR was performed using miRcute Plus miRNA qPCR Kit (FP411, Tiangen, Beijing, China) with a 
miRNA-specific forward primer and a universal primer. The subsequent procedures were carried out according to the manufacturer’s 
instructions. The miRNA-specific forward primer used were as follows: hsa-miR-4485-3p: 5′-GCTAACGGCCGCGGTACCCTAA-3′; 
hsa-miR-214-3p: 5′-ACAGCAGGCACAGACAGG-3′; hsa-miR-26a-1-3p: 5′-GCGCCAGGCCTATTCTTGGTTACTTGC-3′; 
hsa-miR-92a-1-5p: 5′-GCAGGTTGGGATCGGTTGCAATGCT-3′; U6: 5′-TGCTCGCTTCGGCAGCACATATACT-3′. U6 was used as the 
reference gene, and all reactions were repeated three times. The 2− ΔΔCq method was used to compute the relative expression. 

2.14. Animal experiments 

Twenty-four male BALB/c mice (6–7 weeks age and 18 ± 2 g weight) from Byrness Weil Biotech (Chongqing, China) were housed at 
20 ± 2 ◦C. The Animal Care and Use Institutional Committee of Guizhou University approved animal procedures under approval 
number EVE-GZU-2022-E044. 

2.15. Anti-tumour activity of A. chinensis in vivo 

The construction of the tumor model followed the methods described by Chen et al. [46]. A Hepa 1–6 cell suspension (1 × 107 

cells/mL) was prepared. Subsequently, 200 μL of the suspension was subcutaneously injected into the axillary region of the animals. 
After 10 d, tumours (approximately 40 mm3) were observed in the injected area. The mice were categorized into 4 groups (n =
6/group): positive control (sorafenib, 30 mg/kg), negative control (normal saline), ACD (ACD, 20 mg/mL), and combination group 
(ACD, 20 mg/mL; sorafenib, 30 mg/mL). The method and dose of sorafenib gavage were based on those commonly used in mice 
models [47]. Mice in each group received the corresponding drug via gavage daily for 14 days. At 2-d intervals, body weight (BW) and 
tumour volume were measured, and changes in tumour volume were computed. The tumour length and width were measured, and 
tumour volumes were determined using the following formula:  

V = (L × W2) / 2 [48],                                                                                                                                                                     

where V, L, and W represent the tumour volume, length, and width, respectively. Subsequently, on the 15th day, the mice were 
euthanized through cervical dislocation [49]. Tumour masses were determined. 

2.16. Statistical analysis 

The data were displayed as the mean standard deviation (mean SD) and analysed with one-way ANOVA plus Tukey’s multiple 
comparisons test using GraphPad Prism 8.0 software. Statistical significance was determined at P < 0.05. 

Fig. 1. Determination of HepG2 cell viability after exposure to various concentrations of ACD using a Cell Counting Kit 8 assay; (***P < 0.001).  
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3. Results 

3.1. HepG2 cell viability 

Hep G2 cells were treated with different concentrations of ACD (20, 30, or 40 mg/mL) to determine its effect on cell viability 
(Fig. 1). A significant reduction in the cell viability relative to the control group was observed (P < 0.001). A substantial reduction in 
cell viability was also observed over time after ACD treatment. An IC50 of 31.65 mg/mL was determined, and this concentration was 
used for all subsequent tests. 

3.2. Differentially expression of miRNAs and mRNAs 

We identified 76 differentially expressed miRNAs following ACD treatment of Hep G2 cells, including 33 upregulated and 43 
downregulated miRNAs (|log2FC| ≥ 2; q-value ≤0.05; Fig. 2a). The outcomes of the gene clustering analysis results are displayed in 
Fig. 2b. Similarly, a significant alteration in expression of 17 miRNAs occurred after ACD treatment. These include hsa-miR-4485-3p, 
hsa-miR-214-3p, hsa-miR-4732-3p, hsa-miR-12136, hsa-miR-1307-5p, hsa-miR-4484, has-miR-26a-1-3p, hsa-miR-191-3p, hsa-miR- 
486-5p, hsa-miR-92a-1-5p, hsa-miR-133a-3p, hsa-miR-4488, and hsa-miR-26a-2-3p (Table 1). Based on these results, it was clear 

Fig. 2. Libraries analysed for the expression of miRNAs and mRNAs. (a) Volcano plot of differentially expressed mature miRNAs. The vertical lines 
represent the threshold for a relative expression fold-change of 2 or -2 relative to levels in the control group. The horizontal line represents the 
threshold q-value of 0.05. In HepG2 cells treated with ACD (|log2FC| ≥ 2; q-value ≤ 0.05), the red spots in the top right sectors are considerably 
upregulated while the blue points in the top left sectors are significantly downregulated. (b) Heat map of differential expression of miRNAs in the 
experimental groups (c) Validation of a subset of miRNA sequencing results by qRT PCR. U6 was used as a control for normalisation. Data represent 
the mean ± standard deviation (***P < 0.001, **P < 0.01). (d) Volcano plot of differentially expressed mRNAs. (For interpretation of the references 
to colour in this figure legend, the reader is referred to the Web version of this article.) 
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Table 1 
Differentially expressed miRNAs between treated group cells and controls (|log2FC| ≥ 3; q-value ≤0.001).  

miRNA q-value |log2FC| Type of regulation 

hsa-miR-4485-3p 2.23E-18 14.96510786 Up 
hsa-miR-214-3p 7.06E-04 9.579315938 Up 
hsa-miR-4732-3p 7.96E-04 6.47438196 Down 
hsa-miR-12136 4.26E-112 4.97724974 Up 
novel-hsa-miR131-3p 1.12E-04 4.696588862 Up 
hsa-miR-1307-5p 5.26E-10 4.372731829 Up 
hsa-miR-4484 2.25E-30 4.199079984 Up 
hsa-miR-26a-1-3p 3.86E-26 3.972967589 Down 
hsa-miR-191-3p 1.94E-22 3.91230643 Down 
hsa-miR-486-5p 2.74E-08 3.85395163 Down 
hsa-miR-92a-1-5p 1.06E-26 3.808533639 Down 
hsa-miR-133a-3p 4.60E-08 3.563718276 Down 
hsa-miR-4488 8.53E-06 3.555879676 Up 
novel-hsa-miR281-3p 1.44E-04 3.512731826 Down 
hsa-miR-26a-2-3p 4.68E-15 3.404368422 Down 
novel-hsa-miR209-3p 3.66E-05 3.110931991 Up 
novel-hsa-miR121-5p 1.09E-10 3.087927141 Up  

Fig. 3. Enrichment analysis of differentially expressed target genes. (a) Kyoto Encyclopaedia of Genes and Genomes pathway enrichment analysis of 
differentially expressed target genes. (b) Gene Ontology analysis based on the predicted targets of the differentially expressed miRNAs. 

R. Cai et al.                                                                                                                                                                                                             



Heliyon 10 (2024) e27525

7

that the A. chinensis regulates miRNA expression in Hep G2 cells. However, further studies are needed to further confirm this. A total of 
4 types of novel miRNAs with unknown function were also identified. To validate the outcomes of the sequencing data, qPCR was 
conducted to quantify the expression of miRNAs showing differential expression. For example, hsa-miR-4485-3p and hsa-miR-214-3p 
(Fig. 2c) were significantly upregulated in Hep G2 cells treated with ACD (P < 0.001), whereas hsa-miR-26a-1-3p and hsa-miR-92a-1- 
5p were downregulated. These outcomes confirmed the results of miRNA sequencing. 

To assess the effects of miRNA changes on mRNA, variations in mRNA expression in the control and treatment groups were also 
analysed. A total of 1617 differentially expressed mRNAs were identified, which included 754 upregulated and 863 downregulated 
mRNAs (|log2FC| ≥ 2; q-value ≤0.05; Fig. 2d). 

3.3. Target gene prediction and enrichment analysis 

Among them, 17 miRNAs were found to have the most significant differential expression (|log2FC| ≥ 3, q-value ≤0.001). 
Therefore, we predicted the target genes of 17 significantly differentially expressed miRNAs, and 212 target genes were differentially 
expressed in the control and treatment groups (|log2FC| ≥ 1, q-value ≤ 0.05). Analysis of the KEGG pathways of the differentially 
target genes showed a close link with differentially enriched signalling pathways related to growth, cell cycle, and apoptosis of tumour 
cells. These include the axon guidance, Hippo, mitogen-activated protein kinase (MAPK), repressor/activator protein 1 (Rap1), and 
Ras signalling pathways (Fig. 3a). Apoptosis and cell cycle regulation are intimately associated with these signaling pathways. 

The differentially expressed target genes underwent GO enrichment analysis (Fig. 3b). Diverse functional signalling pathways were 
enriched, such as those involved in protein binding, nucleotide binding, and transferase activity. Similarly, for biological processes and 
cellular components, transcription regulation by RNA polymerase II and cytoplasm were the most enriched GO terms, respectively. 

3.4. Construction of a differentially expressed miRNA and target gene network 

To clarify the targeting relationship between differentially expressed miRNAs and mRNA, a network map of 17 miRNAs and 212 
mRNA was constructed to determine the targeted interactions. As shown in Fig. 4, among the miRNAs that target multiple genes, hsa- 
miR-4488 targeted the most significantly differentially expressed genes, including ARC, HSPA6, C11orf86, PIP5KL1, GADD45B, 

Fig. 4. Network representation of differentially expressed miRNAs and their target genes. Different shapes indicate different RNAs, and a deeper 
colour indicates a more significant difference in target gene expression. The yellow line indicates stronger targeting of miRNA. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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KRT17, and NRG1; and hsa-miR-4732-3p targeted HSPA6, HMOX1, PIP5KL1, and KRT17. In turn, certain genes are targeted by 
multiple miRNAs. For example, the ARC gene is targeted by hsa-miR-1307-5p and hsa-miR-4488. Similarly, HSPA6 is targeted by hsa- 
miR-4732-3p, hsa-miR-486-5p, and hsa-miR-4488, while C11orf86 is targeted by hsa-miR-214-3p, hsa-miR-4732-3p, hsa-miR-191-3p, 
and hsa-miR-4488. Moreover, these target genes were significantly enriched in the axon guidance, Hippo, MAPK, Rap1, and Ras 
signalling pathways. Therefore, miRNAs possibly regulate target gene expression, thereby regulating the axon guidance, Hippo, MAPK, 
Rap1, and Ras signalling pathways to inhibit tumour cell growth. 

3.5. Cell cycle phase effects of A. chinensis 

The A. chinensis effect on the Hep G2 cell cycle revealed a substantially greater cell number in the G0/G1 phase of the ACD group 
than the control (P < 0.001). An increase in the cell number was also observed in the S phase (P < 0.001). In contrast, the quantity of 
cells in the G2/M phase was drastically reduced. These findings suggest that A. chinensis arrested the Hep G2 cell cycle at the G0/G1 
and S phases (Fig. 5 a, b). 

3.6. Effect of A. chinensis on the apoptosis rate 

The apoptosis rate (including early and late apoptosis) of Hep G2 cells treated with different concentrations of ACD was signifi-
cantly increased by flow cytometry analysis (P < 0.001) compared to control cells (Fig. 6 a, b). These results suggest that A. chinensis 
promotes apoptosis in Hep G2 cells. 

3.7. Effect of A. chinensis on tumour growth in vivo 

We further constructed a subcutaneously transplanted cancer model to examine the antitumor effects of A. chinensis (Fig. 7a and b). 
The ACD treatment significantly reduced the growth rate of tumour tissue compared to the control (P < 0.001). The growth rates of 
tumour tissue were lower in both the positive control and combination groups than the ACD group. These findings indicate that 

Fig. 5. In HepG2 cells, ACD influences the distribution of the cell cycle. (a) HepG2 cells were incubated with various concentrations of ACD (20–40 
mg/mL) to analyze the cell cycle and (b) ACD-induced cell cycle arrest (***P 0.001). 
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A. chinensis has potent antitumor effects in vivo. Furthermore, no variation in BW was observed, indicating that A. chinensis had no 
effect on the mice BW (Fig. 7c). 

4. Discussion 

A. chinensis, a TCM-based insect with multiple medicinal properties, including anticancer activity, is of significant scientific and 
commercial interest. This insect has been applied to treat cancers due to its antibacterial, anticancer, and anticoagulant properties. 
However, the mechanisms underlying its inhibitory effects on HCC cells remain unknown. Our findings showed that A. chinensis 
profoundly inhibited of the proliferation of Hep G2 cells and ultimately promoted apoptosis through cell cycle arrest. In addition, we 
confirmed that A. chinensis inhibited the growth of mouse Hepa 1–6 cells in vivo. Further, changes in miRNA and mRNA expression 
profiles and their interactions in ACD-treated Hep G2 cells revealed the possible underlying molecular mechanisms of A. chinensis 
induced cell cycle arrest and apoptosis. Thus, the findings presented here establish a scientific foundation for the use and development 
of antitumor drugs including A. chinensis. 

miRNAs regulate tumour growth by mediating the expression of target mRNAs and inhibiting protein translation [50]. The active 
ingredients used in TCM exert anticancer effects by regulating the expression of miRNA [51–53]. In Hep G2 cells treated with ACD, we 
identified 76 miRNAs with differentially expression, including 33 and 43 miRNAs with upregulated and downregulated expression, 
respectively. Among them, several miRNAs were found to be directly involved in the regulation of tumour growth. Similarly, breast 
cancer (MDA-MB-231) cells are inhibited by hsa-miR-4485-3p by inhibiting the expression of cell cycle factors cyclin B1 and D1 [54]. 
Also, hsa-miR-214-3p showed the same inhibitory effect on MDA-MB-231 cell growth, and its targets include VDR, TSC22D1, 
ST6GAL1, CSF1, CDC73, and ARL2 [55]. miR-1307 binds to hsa_circ_0091570 and directly targets ISM1 to promote HCC cell prolif-
eration and migration while inhibiting HCC cell apoptosis [56]. hsa-miR-4488 targets genes closely associated to the cell cycle control, 
endoplasmic reticulum stress, and lipid signalling pathways [57]. Studies have found that the potential involvement of miR-4484 in 
the TGF signalling pathway increases the susceptibility of early cancer cells to apoptosis and cell cycle arrest [58,59]. However, some 
downregulated miRNAs also play regulatory roles in tumour growth. Among them, hsa-miR-4732-3p, which is the most down-
regulated miRNA, may synergistically regulate the cell cycle of oesophageal cancer [60]. Furthermore, hsa-miR-486-5p might regulate 
tumour progression through the epigenetic regulation of the MAPK signalling pathway [61]. These miRNAs inhibit tumour growth by 

Fig. 6. ACD induces apoptosis in HepG2 cells. (a) HepG2 cells were treated for 24 h with the indicated concentrations (20–40 mg/mL) of ACD, and 
apoptosis was detected by Annexin V-FITC/propidium iodide double staining followed by flow cytometry. (b) Percentage of apoptotic cells (***P 
< 0.001). 
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targeting tumour cell proliferation and modulating the cell cycle, apoptosis, and target gene expression. Therefore, we hypothesised 
that A. chinensis might regulate the expression of target genes by acting on these differentially expressed miRNAs to regulate cell cycle- 
and apoptosis-related signalling pathways, thereby inhibiting the growth of Hep G2 cells. 

The mRNA expression patterns of ACD-treated cells were compared with those of control cells to detect differential expressed 
genes. In total, 1617 genes were identified, comprising 754 upregulated and 863 downregulated mRNAs. The axon guidance, Hippo, 
MAPK, Rap1, and Ras signalling pathways showed a high enrichment of differentially expressed genes according to the KEGG pathway 
analysis. These pathways are closely related to the regulation of tumour cell proliferation, cell cycle, and apoptosis [62,63]. 
Furthermore, the local network diagram showed that multiple miRNAs regulated the expression of ACR, HSPA6, HMOX1, C11orf86, 
and GADD45B. There is evidence that these genes regulate tumour cell proliferation, cycle, and apoptosis-related signaling pathways 
[57,64,65]. Additionally, flow cytometry results confirmed that A. chinensis arrests the G0/G1 and S phases of Hep G2 cell cycle and 
induces apoptosis. Finally, we confirmed that ACD-treated HCC cells could not form robust tumours in vivo. In conclusion, A. chinensis 
might regulate the expression of ACR, HSPA6, HMOX1, C11orf86, GADD45B, and other target genes via hsa-miR-4485-3p, hsa--
miR-214-3p, and hsa-miR-4732-3p, thereby inducing Hep G2 cell cycle arrest and activating apoptosis-related signalling pathways, 
resulting in HCC cell growth inhibition. 

We demonstrated variations in miRNA and mRNA expression profiles and targeting between them in ACD-treated Hep G2 cells and 
further verified that A. chinensis has an inhibiting impact on the proliferation of Hep G2 cells. However, we have only predicted the 
possible molecular mechanisms involved. Future studies should verify the interactions among miRNA, mRNA, and related signalling 
pathways and clarify the molecular mechanisms by which A. chinensis inhibits tumour growth through miRNA-mediated regulation of 
mRNA. 
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