
Cite as
Li Z, Zhao J, Lu L, et al. Small RNA sequencing highlights 
a potential regulatory network mediated by Gecko miRNA 
affecting the prognosis of hepatocellular carcinoma.  
Adv Clin Exp Med. 2025;34(2):227–242.  
doi:10.17219/acem/185253

DOI
10.17219/acem/185253

Copyright
Copyright by Author(s) 
This is an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CC BY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Address for correspondence
XueFei Tian
E-mail: 003640@hnucm.edu.cn

Funding sources
This study was supported by the Key Project of National 
Natural Science Foundation of China for Regional Innovation 
(No. U20A20408); National Natural Science Foundation of China 
Grant (No. 82074450); Natural Science Foundation of Hunan 
Province (No. 2020JJ4066); Hunan Province “Domestic First-
class Cultivation Discipline” Integrated Traditional Chinese 
and Western Medicine Open Fund Project (No. 2020ZXIJH35); 
Hunan Graduate Scientific Research Innovation Project 
(No. CX20210730); and Hunan Provincial Education Department 
Scientific Research Key Project (No. 21A0243).

Conflict of interest
None declared

Received on September 4, 2023
Reviewed on October 17, 2023
Accepted on February 22, 2024

Published online on April 29, 2024

Abstract
Background. Gecko has been widely documented in Chinese scientific literature as an anti-tumor agent 
for various illnesses for thousands of years, and more recently, it has been examined for its anti-tumor ef-
fects on several cancers. The effect of Gecko microRNAs (miRNAs) on hepatocellular carcinoma (HCC) has 
not yet been reported.

Objectives. This study was designed to identify miRNAs in Gecko through small RNA sequencing and utilize 
bioinformatics techniques to construct a potential regulatory network and explore the possible mechanisms 
of exogenous miRNAs involved in HCC.

Materials and methods. RNA was extracted from Gecko tablets, and we screened the Gecko miRNA 
expression dataset after high-throughput sequencing. Bioinformatics analysis was used to identify novel 
Gecko and HCC survival-related miRNA-mRNA cross-species regulation networks.

Results. miR-100-5p, miR-99a-5p and miR-101-3p were identified as critical for the role of Geckos in HCC. 
Nine downstream mRNAs (EZH2, KPNA2, LMNB1, LRRC1, MRGBP, SMARCD1, STMN1, SUB1, and UBE2A) were 
identified as target genes for critical miRNAs. A miRNA-mRNA regulatory network was constructed, and Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis showed these key 
mRNAs might be associated with both the suppression and progression of HCC. The novel network significantly 
correlated with the abundance of multiple immune cells, as determined with immune infiltration analysis.

Conclusions. These findings suggest that Gecko may inhibit progression and exert a therapeutic effect 
on HCC by targeting critical miRNA-mRNA networks for cross-species regulation. It also provides a reference 
for future research and development of traditional Chinese medicine (TCM).
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Background

MicroRNAs (miRNAs) are small, endogenous noncoding 
RNAs approx. 22 bases in length that primarily exert nega-
tive regulation on target protein-coding genes. They exhibit 
specific complementary binding to their targets, enabling 
a single miRNA to target numerous genes. The mechanism 
of this multi-target regulation coincides with the therapeutic 
theory of traditional Chinese medicine (TCM).1 As tumor 
suppressors, miRNAs are associated with various biological 
processes, including cell proliferation, differentiation and 
apoptosis. Meanwhile, research on using miRNAs for tumor 
therapeutics is proliferating and has received extensive at-
tention and investigation.2 Recent studies have revealed that 
miRNAs derived from herbal medicines can enter mamma-
lian cells upon ingestion, where they stabilize and modulate 
gene expression, thereby influencing the functions of tissues 
and cells.3–5

In recent years, most of the anti-tumor studies of ex-
ogenous miRNAs have originated from medicinal plant 
miRNAs or compounds, while relatively few studies have 
been conducted on the effects of animal-based miRNAs 
on  tumors.6 Gecko is  commonly used in  TCM, and 
numerous clinical studies have shown that it exhibits 
good efficacy against cancers of the digestive tract, es-
pecially esophageal, liver and gastric cancers, inhibiting 
tumor development and improving patient immunity.7,8 
The aqueous Gecko extract can inhibit the growth of liver 
cancer cells, and the Gecko protein can induce apoptosis 
of cancer cells without adversely affecting normal cells.9,10 
Current studies have focused only on Gecko protein crude 
extracts and clinical efficacy, but there has been no ex-
traction and identification of Gecko miRNAs and explo-
ration of their molecular anti-tumor mechanisms. Herein, 
we acquired the miRNA sequences of Gecko through 
small RNA sequencing, and we used bioinformatics data 
integration analysis to construct a potential regulatory 
network of Gecko miRNAs affecting the prognosis of he-
patocellular carcinoma (HCC), which was validated using 
multi-pathway enrichment analysis and immune infiltra-
tion correlation.

Objectives

The aim of the study was to screen the prognostic core 
miRNAs of  Gecko and to  establish a  model of  Gecko 
miRNA regulatory network by combining the survival 
analysis, differential expression and immune infiltra-
tion analysis, in order to better explore the mechanism 
of Gecko miRNAs in HCC.

Materials and methods

Gecko miRNA sequencing

Chinese medicinal geckos were purchased from the First 
Hospital of the Hunan University of Chinese Medicine 
(Changsha, China), dried after removing the viscera and 
processed by powdering. The total RNA of Gecko powder 
was extracted with the TRIzol method to estimate RNA 
concentration and integrity, and sRNA libraries were con-
structed using the Truseq Small RNA Library Prep Kit 
tool. The library was tested for quality and then sequenced 
using the Illumina HiSeq 2500 high-throughput sequenc-
ing platform (Beijing Novogene Technology Co., Beijing, 
China). The miRNAs with a read count value higher than 
105 and a Transcripts per million (TPM) value higher 
than 7,000 were included in the miRNA sequencing data 
of Gecko in descending order of expression. The selected 
miRNA base sequences were compared with human 
miRNAs to obtain co-expressed miRNAs for subsequent 
studies.

Data collection

To screen out differential miRNAs in HCC, we down-
loaded human miRNA expression profiles GSE147889 
(including 2565  miRNAs from 97  cancer samples and 
97 adjacent standard samples) from the Gene Expression 
Omnibus database (GEO; http://www.ncbi.nlm.nih.gov/
geo),11 which is  based on  the  GPL21263 platform (3D-
Gene Human miRNA V21_1.0.0).12 Furthermore, miRNA 
expression profiles of HCC patients (including 374 cancer 
and 50 normal samples) and clinical information of tumor 
samples (including 374 samples) were also obtained from 
The Cancer Genome Atlas (TCGA; https://portal.gdc.can-
cer.gov) database to improve the reliability of the results.13

Identification of key miRNAs

Gecko and human identically expressed miRNAs were 
intersected with prognostically relevant differential 
miRNAs in HCC patients to obtain Gecko and human 
co-expressed key miRNAs for follow-up studies. In addi-
tion, we further validated the expression patterns of key 
miRNAs in multiple cancers using the CancerMIRNone 
(CancerMIRNone; http://bioinfo.jialab-ucr.org/Cancer-
MIRNome/) database.14 This database is a web-based tool 
that encapsulates a range of cutting-edge bioinformatics 
tools and machine learning algorithms that allow analysis 
of miRNAs of interest in multiple cancer types to identify 
divergent miRNAs and develop diagnostics, prognostic 
signatures, comparisons, and visualizations.

http://www.ncbi.nlm.nih.gov/geo
http://www.ncbi.nlm.nih.gov/geo
https://portal.gdc.cancer.gov
https://portal.gdc.cancer.gov
http://bioinfo.jialab-ucr.org/CancerMIRNome/
http://bioinfo.jialab-ucr.org/CancerMIRNome/
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Enrichment analysis

The obtained miRNAs were enriched using miRTarBase 
(https://mirtarbase.cuhk.edu.cn),15 miRDB (http://www.
mirdb.org) and TargetScan (http://www.targetscan.org)16 
databases for downstream target gene prediction, while 
the predicted downstream target genes from the 2 data-
bases were compared with the dataset and the intersection 
of target genes was obtained. The regulatory interactions 
between miRNAs and mRNAs helped to form a basic regu-
latory network of miRNA-targeting mRNAs. The miRNA-
mRNA targeting network was viewed using Cytoscape 
(v. 3.8.2) software (https://cytoscape.org).17 To better un-
derstand the roles of key Gecko miRNAs, we analyzed 
these miRNAs for Gene Ontology (GO) function and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway en-
richment using the R package (R Foundation for Statistical 
Computing, Vienna, Austria).

Validation of gene expression and survival 
analyses

Utilizing gene expression and clinical data from the TCGA  
database, we performed univariate Cox regression analy-
sis using the “survival” package to screen for target genes 
significantly associated with prognosis. Subsequently, 
we  assessed the  downstream mRNA expression levels 
targeted by miRNAs in HCC to identify prognostically 
relevant upregulated target genes for further analysis. 
The expression differences of these genes were illustrated 
with boxplot, and the clinical prognostic significance be-
tween high and low expression groups was depicted with 
Kaplan–Meier (KM) survival curves, with the hazard ra-
tio outlined in a forest plot. All figures were generated 
using RStudio software (v.2023.12.1+402; https://posit.co/
products/open-source/rstudio).

Survival-related miRNA network 
identification and annotation

Based on the aforementioned predictions and assess-
ments, we constructed and visualized a novel miRNA-
mRNA regulatory network associated with Gecko and 
HCC patient prognosis using Cytoscape. By  further 
analyzing the role of Gecko miRNAs in this regulatory 
network, KEGG and GO enrichment analysis of down-
stream mRNAs were explored through the SangerBox 
database (http://sangerbox.com/Tool). The  DisGeNET 
database (http://www.disgenet.org/) was utilized to in-
vestigate the molecular underpinnings of human diseases 
and their complications, analyze the features of disease-
related genes, and evaluate the associations between genes 
and diseases.18

Immune infiltration analyses

In this study, we utilized CIBERSORT (https://ciber-
sortx.stanford.edu/) to investigate the association between 
Gecko miRNA regulatory networks and immune cell in-
filtration in HCC. CIBERSORT is a deconvolution algo-
rithm to predict the proportion of 22 tumor-infiltrating 
immune cells in each sample based on gene expression 
data.19 The immune cell infiltration matrix was divided 
into 2 groups according to the median expression of key 
genes, and thus, the association between key genes and 
tumor-infiltrating immune cells was analyzed using Spear-
man’s correlation analysis.

Statistical analyses

R software (v. 4.3.0; http://www.r-project.org/) was used 
to convert miRNA probe IDs into mature miRNA names, 
based on the platform annotation file. Adjusted p-values 
for differential expression of miRNAs and genes were 
computed as false discovery rate (FDR) using the “limma” 
package.20 Wilcoxon test was employed to compare differ-
ences between 2 groups containing non-parametric data. 
The KM method and a log-rank test were used to measure 
overall survival (OS) employing the “survival” package 
of R. Univariate Cox regression analysis was applied to test 
the risk factors. Martingale residuals were used for the lin-
earity assumption testing. The proportionality of the haz-
ard function was checked based on the Schoenfeld re-
siduals using the R function “cox.zph”.21 The results of all 
hypotheses are presented in Supplementary Table 1 and 
Supplementary Fig. 1. The correlation between target gene 
expression and immune infiltration was analyzed using 
Spearman’s method. The ranked data from the Spearman’s 
correlation analysis are detailed in Supplementary Table 4, 
and the results of the Spearman correlation analysis are 
provided in  Supplementary Table  5. Only enrichment 
terms with p < 0.05 were deemed statistically significant 
and reported in our analysis.

Results

Sequencing and screening of Gecko 
miRNAs

By sequencing Gecko miRNAs and comparing them 
with the same miRNA bases in human, a total of 19 co-ex-
pressed miRNAs were obtained after taking into account 
the miRNAs with read count values greater than or equal 
to 105 and TPM values greater than 7000 in the study, 
including miR-1a-3p, miR-143-3p, miR-148a-3p, miR-
21-5p, miR-26-5p, miR-203-3p, let-7f-5p, miR-100-5p, 
miR-206-3p, miR-184-3p, miR-10b-5p, miR-99a-5p, 
miR-140-3p, let-7e-5p, miR-122-5p, miR-9-5p, let-7i-5p, 

https://mirtarbase.cuhk.edu.cn
http://www.mirdb.org/
http://www.mirdb.org/
http://www.targetscan.org
https://cytoscape.org
https://posit.co/products/open-source/rstudio
https://posit.co/products/open-source/rstudio
http://sangerbox.com/Tool
http://www.disgenet.org/
https://cibersortx.stanford.edu/
https://cibersortx.stanford.edu/
http://www.r-project.org/
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miR-101-3p, and miR-200a-3p. The whole read counts, 
TPM values and sequence numbers are shown in Table 1.

Certification of DE-miRNAs in HCC

Differentially expressed miRNAs in the GEO and TCGA 
datasets were identified using empirical Bayes modera-
tion in the “limma” package with adjusted p < 0.05 and 
|log2 FC| > 0.5, as depicted in the heat maps (Fig. 1,2) and 
volcano plots (Fig. 3A). In the TCGA dataset, 394 differential 

miRNAs were selected, while the GEO database identified 
189 differential miRNAs. Using the Venn diagram inter-
section (Fig. 3B), 92 miRNAs were differentially expressed 
in both datasets and were selected for subsequent analysis.

Key miRNA identification

To assess the prognostic value of differential miRNAs 
on the OS of HCC, clinical information of corresponding 
patients, including the survival status and survival time 

Fig. 1. Heatmap of differentially expressed miRNAs in GSE147889 dataset of Gene Expression Omnibus (GEO). Upregulation is indicated by red, while 
downregulation is represented by blue. The columns and rows respectively correspond to samples and miRNAs
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of 373 HCC patients, was gathered from the TCGA da-
tabase. Survival-related univariate Cox analysis and KM 
survival analysis were performed, and 24 miRNAs out 
of 92 differentially expressed miRNAs were significantly 
associated with the prognosis of HCC patients (Fig. 4A). 
Taking the  intersection of  the above 24 miRNAs with 
the 19 co-expressed miRNAs of Gecko showed that 4 dif-
ferential miRNAs were most likely to be significantly as-
sociated with the prognosis of HCC patients (miR-9-5p: 
p = 0.008, miR-99a-5p: p = 0.001, miR-100-5p: p < 0.001, 
and miR-101-3p: p  =  0.032). Meanwhile, we  further 

compared the expression levels of these survival-related 
miRNAs between cancer and normal samples in the TCGA 
dataset (Fig. 4B). Among them, miR-100-5p, miR-99a-5p 
and miR-101-3p exhibited low expression and were as-
sociated with poor prognosis in human HCC (p < 0.001) 
(Fig. 4C). To enhance the reliability of the screening results, 
we performed a pan-cancer analysis in the CancerMIR-
Nome database to validate these 3 differential miRNAs 
(Fig. 4D). miR-100-5p, miR-99a-5p and miR-101-3p differed 
in multiple cancer types, including liver cancer. Therefore, 
these 3 miRNAs were selected for subsequent analysis.

Fig. 2. Heatmap of differentially expressed miRNAs in The Cancer Genome Atlas (TCGA) database. Upregulation is indicated by red, while downregulation 
is represented by blue. The columns and rows respectively correspond to samples and miRNAs



Table 1. Gecko miRNA sequencing values and screening table (n = 19)

Gecko mature miRNA ReadCount TPM Mature sequences Human Identical Sequences miRNA

aca-miR-1a-3p 5254 351602.7571 UGGAAUGUAAAGAAGUAUGUAU miR-1a-3p

aca-miR-143-3p 2357 157732.7177 UGAGAUGAAGCACUGUAGCUC miR-143-3p

aca-miR-148a-3p 546 36538.84762 UCAGUGCACUACAGAACUUUGU miR-148a-3p

aca-miR-21-5p 492 32925.11544 UAGCUUAUCAGACUGAUGUUGA miR-21-5p

aca-miR-26-5p 440 29445.22519 UUCAAGUAAUCCAGGAUAGG miR-26-5p

aca-miR-203-3p 369 24693.83658 GUGAAAUGUUUAGGACCACUUG miR-203-3p

aca-let-7f-5p 346 23154.65435 UGAGGUAGUAGAUUGUAUAGUU let-7f-5p

aca-miR-100 324 21682.39309 AACCCGUAGAUCCGAACUUGUG miR-100-5p

aca-miR-206-3p 223 14923.37549 UGGAAUGUAAGGAAGUGUGUG miR-206-3p

aca-miR-184-3p 204 13651.87713 UGGACGGAGAACUGAUAAGGGU miR-184-3p

aca-miR-10b-5p 203 13584.95617 UACCCUGUAGAACCGAAUUUGU miR-10b-5p

aca-miR-99a-5p 178 11911.93201 AACCCGUAGAUCCGAACUUGCGG miR-99a-5p

aca-miR-140-3p 177 11845.01104 UACCACAGGGUAGAACCACGG miR-140-3p

aca-let-7e-5p 127 8498.962725 UGAGGUAGUAGAUUGAAUAGUU let-7e-5p

aca-miR-122-5p 117 7829.753062 UGGAGUGUGACAAUGGUGUUUG miR-122-5p

aca-miR-9-5p 116 7762.832095 UCUUUGGUUAUCUAGCUGUA miR-9-5p

aca-let-7i-5p 113 7562.069196 UGAGGUAGUAGUUUGUGCUGUU let-7i-5p

aca-miR-101-3p 107 7160.543398 UACAGUACUGUGAUAACUGA miR-101-3p

aca-miR-200a-3p 105 7026.701466 UAACACUGUCUGGUAACGAUGU miR-200a-3p

Both Gecko miRNAs and human miRNAs were derived from the mature sequences that ranked in the top 19 of sequencing results compared with 
the comprehensive database.  TPM – transcripts per million.

Fig. 3. Identification of differentially expressed miRNAs in human hepatocellular 
carcinoma (HCC). A. The volcano plot display differentially expressed (DE)-
miRNAs between tumor and normal groups. Blue dots (fold change < –0.5; 
adj-p-value < 0.05) signify downregulated miRNAs, while red dots (fold 
change > 0.5; adj-p-value < 0.05) denote upregulated ones. Gray dots respresent 
nonsignificant differences; B. Venn plot of GSE147889 and TCGA datasets taking 
intersection. RStudio software was used to generate the volcano plot and Venn 
plot



Fig. 4. Identification of crucial Gecko miRNAs in hepatocellular carcinoma (HCC). A. Forest plot demonstrated the correlations between the prognostic 
miRNAs and survival. The p-value was calculated using univariate Cox regression analysis; B. Expression of Gecko key miRNAs. The boxplot whiskers connect 
the minimum and maximum values of the overall data (excluding outliers), with a middle horizontal line inside representing the median. The upper and 
lower horizontal lines indicate the maximum and minimum values, while the dots denote outliers; C. Kaplan–Meier curves of key miRNAs. The log-rank test 
was used for statistical analysis; D. Expression boxplots in multiple cancer types of has-miR-100-5p, has-miR-99a- 5p and has-miR-101-3p. Wilcoxon rank-sum 
test was used to analyze the data

ns – no significance; ***p < 0.001; **0.001 < p < 0.01; *0.01 < p < 0.05.
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Construction of miRNA regulatory network

To identify the downstream mRNAs that these 3 key 
miRNAs might target, we  applied miRTarBase, tar-
getScan and miRDB databases to improve the confidence 
of the predictive results. The 3 databases intersected a total 
of 198 mRNAs, of which 35 downstream mRNAs were 
targeted by miR-99a-5p, while there were 195 downstream 
mRNAs likely to be targeted by miR-101-3p and 68 down-
stream mRNAs likely to be targeted by miR-100-5p. Based 
on the above predictions, the miRNA regulatory network 
consisting of 3 miRNAs and 198 target mRNAs were estab-
lished and visualized using Cytoscape (Fig. 5A). The inter-
section targets of the databases are presented using a Venn 
diagram (Fig. 5B).

Further enrichment analysis

To better understand these candidate target genes, GO 
function, and KEGG pathway enrichment analysis were 
performed using R software. A total of 33 KEGG pathways 
and 234 GO terms were enriched, showing each group’s 
top 10 GO-enriched terms and the top 10 KEGG-enriched 
pathways in terms of p-value. In the biological process 
(BP), the miRNA regulatory network was mainly enriched 
for regulating transmembrane receptor protein serine/
threonine kinase signaling pathways, cellular response 
to transforming growth factor β stimulation, glycerolipid 
biosynthesis process, and regulation of the Wnt signaling 
pathway. In the cellular component (CC), the network was 
mainly enriched in ribonucleoprotein granules, fiber cen-
ters and cytoplasmic stress granules. It demonstrated sig-
nificant enrichment in molecular functions (MF), including 
phosphatase activity, transcriptional co-regulatory activity, 
activin binding, and ubiquitin-protein transferase regula-
tory activity. These findings suggested that the miRNA 
network play a crucial role in cell apoptosic, migration 
and proliferation (Fig. 5C). Furthermore, KEGG enrich-
ment analysis revealed significant enrichment of miRNA 
regulatory networks in various cancer-related pathways, 
including the MAPK and PI3K-Akt signaling pathways, 
miRNA in cancer, HCC, Th17 cell differentiation, and 
transcriptional dysregulation in cancer pathways (Fig. 5D).

Identification of key mRNAs

Based on miRNA regulation theory, miRNAs may be ad-
versely correlated with downstream mRNAs. Consequently, 
we collected the expression profiles of 198 target mRNAs 
in the regulatory network from The Cancer Genome Atlas 
Liver Hepatocellular Carcinoma (TCGA-LIHC) database 
and assessed the expression levels of these mRNAs using 
the “limma” package. Additionally, the prognostic value 
of these mRNAs on OS was evaluated using the “survival” 
package. Among them, 15 target genes were found to be 
significantly upregulated in LIHC (Supplementary Table 2). 

Additionally, 38 target genes were found to be significantly 
associated with HCC prognosis using univariate Cox sur-
vival model analysis (Supplementary Table 3). We finally 
took the intersection to obtain 9 upregulated genes (EZH2, 
KPNA2, LMNB1, LRRC1, MRGBP, SMARCD1, STMN1, 
SUB1, and UBE2A). The KM survival curves and forest plots 
indicated that 9 genes were significantly correlated with 
the prognosis of patients with HCC (Fig. 6A,B). The boxplot 
showed differential expressions (Fig. 6C).

Survival-related miRNA regulatory 
network and enrichment analysis

Based on the above validation, a survival-related miRNA 
regulatory network of Gecko was established, including 
3 miRNAs and 9 target genes (Fig. 7A). This regulatory 
network showed significant prognostic value, consistent 
with the miRNA hypothesis. Additionally, we investigated 
biological functions of the target genes using the Sanger-
box database. Kyoto Encyclopedia of Genes and Genomes 
enrichment analysis revealed significant enhancement 
in cancer-related pathways, including miRNA in cancer 
signaling, MAPK pathway signaling and apoptosis signal-
ing pathways. Gene Ontology enrichment in BP was sup-
plemented in the regulation of the thrombin-activated re-
ceptor signaling pathway, multi-organism nuclear import 
and hepatocyte growth factor receptor signaling pathway. 
The CC pathway was enriched in a nuclear lumen, chro-
matin, nuclear part, and nucleoplasm, and the MF pathway 
was enriched in transcription coregulator activity, histone 
methyltransferase activity and primary miRNA binding 
(Fig. 7B). In the DisGeNET database, the miRNA regula-
tory network was considerably enriched for several can-
cer diseases, including follicular lymphoma, solid tumors, 
small cell carcinoma, and gallbladder cancer. The Gecko 
miRNA regulatory network significantly affects both tu-
mor pathways and diseases (Fig. 7C).

Correlation of Gecko miRNA regulatory 
network with immune infiltration level 
in HCC

CIBERSORT analysis quantified immune cell propor-
tions in tumor samples. Tumor specimens were catego-
rized based on median gene expression, and the impact 
of differential gene expression on immune cell abundance 
was analyzed. The results indicated a significant influ-
ence on immune cell infiltration, including memory B cells, 
CD4+ memory-activated T cells, T follicular helper cells, 
M0 macrophages, and others on high and low expres-
sion of 4 core target genes (KPNA2, STMN1, EZH2, and 
LMNB1) when compared to other genes (Fig. 8,9). Fur-
thermore, we evaluated the correlation between the Gecko 
miRNA regulatory network and immune cell infiltration 
using Spearman’s correlation analysis in the HCC microen-
vironment. As expected, we observed a negative monotonic 



Fig. 5. Gecko miRNA target gene network construction and enrichment analysis. A. Network of Gecko key miRNA target genes constructed using 
Cytoscape software. The dark red rectangles in the network represent miRNAs, the yellow triangles represent genes targeted by 3 miRNAs together, 
the cyan circles represent genes targeted by 2 of the miRNAs, and the pink ovals represent genes targeted by 1 miRNA; B. Intersection of downstream 
mRNAs targeted by miR-99a-5p, miR-101-3p and miR-100-5p in miRDB, miRTarBase and Targetscan databases; C. Gene Ontology (GO) analysis of the Gecko 
miRNA network analysis: D. Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of the Gecko miRNA network



Fig. 6. Identification of Gecko-targeted key mRNAs in hepatocellular carcinoma (HCC). A. Downstream mRNAs’ survival curves. The log-rank test was used 
for statistical analysis; B. Forest plot demonstrated the correlations between the 9 upregulated key mRNAs and survival. The p-value was calculated using 
univariate Cox regression analysis; C. The boxplot of downstream mRNA differential expression levels. Wilcoxon rank-sum test was used to analyze the data. 
The whiskers represent the range from the minimum and maximum values of the expression data, connected to the box. The middle horizontal line 
denotes the median, while the dots indicate outliers

ns – no significance; ***p < 0.001; **0.001 < p < 0.01; *0.01 < p < 0.05.



Fig. 7. Construction of Gecko survival-related miRNA-mRNA regulatory network in human hepatocellular carcinoma (HCC). A. Targeted regulatory network 
is associated with the prognosis of HCC patients; B. Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) enrichment analysis 
of mRNAs in the regulatory network; C. Disease enrichment analysis of mRNAs in the regulatory network



Fig. 8. Association of Gecko miRNA regulatory network expression with the level of immune infiltration. A. Violin plot of the correlation between core 
mRNA expression downstream KPNA2 and EZH2 of the Gecko regulatory network and the level of immune infiltration in hepatocellular carcinoma (HCC); 
p-values for expression differences were calculated using the Wilcoxon rank-sum test. Red indicates high expression, while green denotes low expression 

ns – no significance; ***p < 0.001; **0.001 < p < 0.01; *0.01 < p < 0.05.



Fig. 9. Violin plot of the correlation between core mRNA STMN1 and LMNB1 of the Gecko regulatory network and the level of immune infiltration 
in hepatocellalar carcinoma (HCC); p-values for expression differences were calculated using the Wilcoxon rank-sum test. Red indicates high expression, 
while green denotes low expression

ns – no significance; ***p < 0.001; **0.001 < p < 0.01; *0.01 < p < 0.05.
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component of correlation with naïve B cells, monocytes, 
M2 macrophages, and resting mast cells, and a positive 
monotonic component with memory B cells, CD4 memory 
activated T cells, T follicular helper cells, T regulatory cells, 
and M0 macrophages (Fig. 10). This suggested a close link 
between the Gecko miRNA regulatory network and im-
mune infiltration in HCC, potentially influencing immune 
cell function to inhibit HCC progression and development.

Discussion

Recent studies have demonstrated the potential of miRNA 
to therapeutically target cancer-related genes. Better tar-
geting is provided by miRNA-based medicines, which can 
also be combined with other treatment methods, includ-
ing chemotherapy, radiation therapy and immunotherapy, 
to increase their efficacy.22,23 However, addressing several 
downstream targets and identifying harmful side effects 
are still difficult tasks. The construction and delivery of en-
dogenous miRNA mimics are required to increase clinical 
usability,24 while exogenous miRNAs derived from dietary 
sources exhibit potential as gene expression regulators with 
fewer negative consequences.25 The role of exogenous miR-
NAs in tumor regulation has, however, received relatively 
little research, and there is still potential for further investi-
gation. Moreover, various etiologies may also affect the role 
of systemic therapies and response markers such as miR-
NAs, thereby limiting their effect in a clinical setting.26

As a traditional animal-based Chinese medicine, Gecko 
has clear effects in inhibiting tumor proliferation and me-
tastases and promoting tumor apoptosis, especially in di-
gestive system tumors such as esophageal, liver and gastric 
cancers.27 While current research on Gecko is mainly fo-
cused on herbal prescriptions and the utility of proteins, 
there is a lack of studies focusing on the extraction of small 
molecules such as miRNA. Furthermore, there are few 
studies on the mechanism of Gecko as an ingestible exog-
enous miRNA heterologous regulator of anti-tumor effects 
in humans. Therefore, exploring the regulatory network 

Fig. 10. Correlation heatmap 
analysis between core miRNA 
expression and 22 immune cells 
in hepatocellular carcinoma 
(HCC). The correlation analysis 
was conducted using Spearman’s 
method. Positive correlations 
were depicted in orange, while 
negative in blue

ns – no significance; 
***p < 0.001; **0.001 < p < 0.01; 
*0.01 < p < 0.05.

of Gecko-related miRNAs will aid our comprehensive un-
derstanding of the molecular mechanisms of gene interac-
tions and regulation in human HCC, response to complex 
HCC and treatment through the multi-targeting effect 
of exogenous miRNAs in cells. It will also screen effec-
tive novel anti-tumor miRNA components, find alterna-
tive ways to synthesize the active ingredients of animal 
drugs, and provide new ideas for the inhibition mechanism 
of HCC. Finally, discovering circulating prognostic mark-
ers and predictive miRNAs in conjunction with efficacious 
drugs such as sorafenib is a future direction in the explora-
tion of TCM.28,29

In this investigation, we discovered that Gecko miRNA 
components such as miR-100-5p, miR-99a-5p and miR-
101-3p are associated with HCC prognosis. These miR-
NAs may serve as biomarkers for the anti-HCC actions 
of Gecko. By targeting Polo-like kinase 1 (PLK1), miR-100 
overexpression slows the growth of HCC and causes apop-
tosis.30 Moreover, by preventing lamellipodia and matrix 
metalloproteinase 2 (MMP2) activation, it also prevents 
HCC metastasis.31 Additionally, miR-100 regulates mTOR 
and insulin-like growth factor-1 receptor (IGF-1R) to pro-
mote autophagy and prevent the growth of HCC.32 MiR-
99a, the 6th most abundant microRNA in normal human 
liver, is markedly reduced in HCC. Cholesterol-bound 
miR-99a mimics efficiently suppressed tumor growth and 
reduced α-fetoprotein levels in HCC-bearing mice upon 
intra-tumor injection.33 Moreover, miR-99a overexpres-
sion inhibited Argonaute 2 (AGO2) upregulation in HCC, 
suggesting that targeting AGO2 could significantly in-
hibit HCC growth in vivo.34 Furthermore, miR-101 func-
tions as a liver tumor suppressor by regulating abnormal 
Nemo-like kinase (NLK) activity.35 Additionally, miR-101 
overexpression inhibits proliferation, invasion, colony for-
mation, and HCC progression in humans by directly tar-
geting the EZH2 oncogene.36 The identified Gecko miRNA 
regulatory network is reliable, and potentially facilitates 
the regulation of HCC proliferation, metastasis and inva-
sion, with therapeutic implications. Further exploration 
is needed as the focus on these 3 networks remains limited.
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Although 9 critical prognostic downstream mRNAs regu-
lated by miR-100-5p, miR-99a-5p and miR-101-3p were iden-
tified in HCC, only KPNA2, STMN1, EZH2, and LMNB1 
were further related to progression as well as immunity 
in HCC. For instance, KPNA2 knockdown has been shown 
to reduce HCC cell migration and proliferation, while its 
overexpression increased malignancy of hepatoma carci-
noma cell.37 The expression of STMN1 is significantly cor-
related with E2F1/TFPD1 and KPNA2 expression, as well 
as poor prognosis in HCC patients.38 EZH2, an epigenetic 
modifier, reduces the  expression of  the  immunological 
checkpoint inhibitor PD-L1.39 Furthermore, LMNB1 pro-
motes HCC progression by regulating the PI3K and MAPK 
signaling pathways.40 We constructed a Gecko miRNA net-
work that is enriched in important tumorigenic pathways, 
such as PI3K-Akt41 and MAPK signaling pathways.42,43 Ad-
ditionally, it is associated with HCC, gallbladder cancer and 
other closely related oncological diseases. In addition, we ob-
served a significant association between the above core tar-
gets of the Gecko miRNA regulatory network and immune 
cell infiltration, including B cells, T cells, macrophages, NK 
cells, and monocytes. The heterogeneous nature of immune 
cells in the tumor microenvironment compared to normal 
tissues highlights their importance in improving patient sur-
vival and the efficacy of immunotherapy for HCC.44 These 
reports improve the credibility of our study and further 
indicate the value of studying the effects of novel Gecko 
miRNA regulatory networks on HCC and immunotherapy.

Limitations

There is currently a lack of in vivo experimental evi-
dence supporting the role of Gecko miRNAs. Furthermore, 
it is necessary to conduct further in-depth studies to de-
termine whether Gecko have novel non-human miRNAs 
that also have anti-tumor effects.

Conclusions

We have constructed a miRNA-mRNA regulatory net-
work of Gecko in HCC. This network exhibits significant 
correlations with patient prognosis and immune regula-
tion in the tumor microenvironment. Our findings have 
opened up new insights into the use of herbal medicine 
to  improve targeted therapy and immunotherapy for 
human HCC. In addition, this study provides a new di-
rection for understanding the subsequent mechanism 
of tumor suppression by small molecules of TCM.
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