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Figure 3. Gene ontology analysis for potential target 
genes of the five top up-regulated miRNAs. A. The en-
richment of genes in the five most significant terms of 
biological process; B. The enrichment of genes in the 
five most significant terms of cellular component; C. 
The enrichment of genes in the five most significant 
terms of molecular function. The sizes of the central 
nodes and colors of the peripheral nodes represented 
the number of enriched genes and fold change value.
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Table 1. GO and KEGG analysis for potential target genes of the five top up-regulated miRNAs
ID Description Gene Ratio Bg Ratio P-Value P Adjust Q Value Gene ID Count
GO:0031581 hemidesmosome assembly 3/128 11/17653 5.88848E-05 0.108413995 0.10328206 KRT14/ITGB4/ITGA6 3

GO:0034330 cell junction organization 9/128 270/17653 0.000156605 0.108413995 0.10328206 PLEKHA7/CAMSAP3/LSR/F11R/CLDN1/KRT14/ITGB4/ITGA6/CDH13 9

GO:0072001 renal system development 9/128 280/17653 0.000205479 0.108413995 0.10328206 ADAMTS16/LRRK2/WNK4/NOG/PROX1/MMP17/ITGB4/ITGA6/CALB1 9

GO:0034329 cell junction assembly 8/128 223/17653 0.000223071 0.108413995 0.10328206 CAMSAP3/LSR/F11R/CLDN1/KRT14/ITGB4/ITGA6/CDH13 8

GO:0060457 negative regulation of digestive 
system process

3/128 17/17653 0.000235069 0.108413995 0.10328206 WNK4/PTGER3/OXTR 3

GO:0005913 cell-cell adherens junction 7/134 110/18698 1.42939E-05 0.002074991 0.001781377 PLEKHA7/CAMSAP3/TRIM29/OXTR/KRT18/ITGA6/CDH13 7

GO:0005911 cell-cell junction 13/134 440/18698 1.70081E-05 0.002074991 0.001781377 PLEKHA7/WNK4/CAMSAP3/LSR/F11R/TRIM29/MLC1/CLDN1/OXTR/
KRT18/ITGA6/GJB3/CDH13

13

GO:0031012 extracellular matrix 11/134 479/18698 0.000674451 0.051544312 0.044250725 ADAMTSL5/ADAMTS16/LAMC3/MFAP5/MMP17/LUM/LPL/ITGA6/
GPC5/DMBT1/CDH13

11

GO:0031225 anchored component of  
membrane

6/134 159/18698 0.001008953 0.051544312 0.044250725 RAB3B/MMP17/LPL/GPC5/CD55/CDH13 6

GO:0098793 presynapse 9/134 379/18698 0.001657811 0.051544312 0.044250725 LRRK2/MCTP1/HAP1/BAIAP3/RAB3B/PVALB/GAD1/CNGB1/CALB1 9

GO:0031994 insulin-like growth factor I binding 3/129 13/17548 0.000105182 0.035446166 0.033325928 ITGB4/ITGA6/IGF1R 3

GO:0005520 insulin-like growth factor binding 3/129 29/17548 0.001233175 0.207789967 0.195360862 ITGB4/ITGA6/IGF1R 3

GO:0004177 aminopeptidase activity 3/129 45/17548 0.004396621 0.301461291 0.28342917 PRSS16/MMP17/CTSV 3

GO:0005344 oxygen carrier activity 2/129 14/17548 0.00460554 0.301461291 0.28342917 HBG2/HBB 2

GO:0042562 hormone binding 4/129 94/17548 0.005105336 0.301461291 0.28342917 THRB/OXTR/IGF1R/CDH13 4

hsa05412 Arrhythmogenic right ventricular 
cardiomyopathy (ARVC)

3/57 77/7867 0.018071713 0.624896034 0.620949322 ITGB4/ITGA6/CACNA2D1 3

hsa04514 Cell adhesion molecules (CAMs) 4/57 146/7867 0.021034104 0.624896034 0.620949322 F11R/CLDN1/ITGA6/ALCAM 4

hsa04512 ECM-receptor interaction 3/57 86/7867 0.02415834 0.624896034 0.620949322 LAMC3/ITGB4/ITGA6 3

hsa05410 Hypertrophic cardiomyopathy 
(HCM)

3/57 90/7867 0.027178083 0.624896034 0.620949322 ITGB4/ITGA6/CACNA2D1 3

hsa00250 Alanine, aspartate and glutamate 
metabolism

2/57 36/7867 0.027759351 0.624896034 0.620949322 RIMKLB/GAD1 2

Note: GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes. The top five significant terms (P<0.05) in each category were displayed.
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Figure 4. Chord plot for Kyoto Ency-
clopedia of Genes and Genomes 
analysis of the five top up-regulat-
ed miRNAs. Ribbons of different 
colors symbolize seven significant 
pathways (P<0.05). The seven 
pathways including arrhythmo-
genic right ventricular cardiomy-
opathy, cell adhesion molecules, 
ECM-receptor interaction, hyper-
trophic cardiomyopathy, alanine, 
aspartate and glutamate metabo-
lism, dilated cardiomyopathy and 
leukocyte transendothelial migra-
tion were significantly enriched 
by ITGB4, F11R, LAMC3, RIMKLB, 
ITGA6, CLDN1, GAD1, RAPGEF4, 
CACNA2D1 and ALCAM.
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Figure 5. Gene ontology analysis for potential tar-
get genes of the five top down-regulated miRNAs. 
A. The enrichment of genes in the five most sig-
nificant terms of biological process; B. The enrich-
ment of genes in the five most significant terms of 
cellular component; C. The enrichment of genes in 
the five most significant terms of molecular func-
tion. The sizes of the central nodes and colors of 
the peripheral nodes represented the number of 
enriched genes and fold change value.
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Table 2. GO and KEGG analysis for potential target genes of the five top down-regulated miRNAs
ID Description Gene Ratio Bg Ratio P-Value P Adjust Q Value Gene ID Count
GO:0030324 lung development 5/52 167/17653 0.000129477 0.086509579 0.076367812 CRISPLD2/DLG5/PHEX/PDGFRB/HOXA5 5

GO:0030323 respiratory tube development 5/52 171/17653 0.000144665 0.086509579 0.076367812 CRISPLD2/DLG5/PHEX/PDGFRB/HOXA5 5

GO:0060541 respiratory system development 5/52 193/17653 0.000254071 0.090234337 0.079655905 CRISPLD2/DLG5/PHEX/PDGFRB/HOXA5 5

GO:0035457 cellular response to interferon-alpha 2/52 10/17653 0.000377234 0.090234337 0.079655905 IFIT3/IFIT2 2

GO:0072537 fibroblast activation 2/52 10/17653 0.000377234 0.090234337 0.079655905 RGCC/PDGFRB 2

GO:0043235 receptor complex 6/54 374/18698 0.000706928 0.076385679 0.066604952 CHRNA9/PDGFRB/IL6R/GABRA3/CHRNA4/CD74 6

GO:0005892 acetylcholine-gated channel complex 2/54 18/18698 0.001215951 0.076385679 0.066604952 CHRNA9/CHRNA4 2

GO:0016324 apical plasma membrane 5/54 300/18698 0.001710127 0.076385679 0.066604952 SORBS2/PDGFRB/IL6R/SLC26A2/ABCC6 5

GO:0031012 extracellular matrix 6/54 479/18698 0.002498882 0.083712541 0.072993653 CRISPLD2/SPON2/TGFBI/MUC4/DPT/AMBP 6

GO:0045177 apical part of cell 5/54 366/18698 0.004029599 0.099719836 0.08695131 SORBS2/PDGFRB/IL6R/SLC26A2/ABCC6 5

GO:0099529 neurotransmitter receptor activity involved in 
regulation of postsynaptic membrane potential

3/51 38/17548 0.00018159 0.014755691 0.012039395 CHRNA9/GABRA3/CHRNA4 3

GO:1904315 transmitter-gated ion channel activity involved in 
regulation of postsynaptic membrane potential

3/51 38/17548 0.00018159 0.014755691 0.012039395 CHRNA9/GABRA3/CHRNA4 3

GO:0098960 postsynaptic neurotransmitter receptor activity 3/51 40/17548 0.000211804 0.014755691 0.012039395 CHRNA9/GABRA3/CHRNA4 3

GO:0022824 transmitter-gated ion channel activity 3/51 57/17548 0.000605831 0.025323722 0.020662015 CHRNA9/GABRA3/CHRNA4 3

GO:0022835 transmitter-gated channel activity 3/51 57/17548 0.000605831 0.025323722 0.020662015 CHRNA9/GABRA3/CHRNA4 3

hsa05033 Nicotine addiction 2/21 40/7867 0.004980053 0.33252323 0.314514725 GABRA3/CHRNA4 2

hsa04020 Calcium signaling pathway 3/21 193/7867 0.013962079 0.33252323 0.314514725 CACNA1I/PDGFRB/PDE1A 3

hsa01521 EGFR tyrosine kinase inhibitor resistance 2/21 79/7867 0.018480044 0.33252323 0.314514725 PDGFRB/IL6R 2

hsa04742 Taste transduction 2/21 83/7867 0.020281396 0.33252323 0.314514725 PDE1A/GABRA3 2

hsa05032 Morphine addiction 2/21 91/7867 0.024095886 0.33252323 0.314514725 PDE1A/GABRA3 2
Note: GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes. The top five significant terms (P<0.05) in each category were displayed.



Differential expressed miRNAs and mRNAs related to NC in HCC

7513	 Am J Transl Res 2019;11(12):7503-7522



Differential expressed miRNAs and mRNAs related to NC in HCC

7514	 Am J Transl Res 2019;11(12):7503-7522

Figure 6. Chord plot for Kyoto Encyclopedia of Genes and Genomes analysis of the five top down-regulated miRNAs. Ribbons of different colors symbolize seven 
significant pathways (P<0.05). The seven pathways including nicotine addiction, calcium signaling pathway, EGFR tyrosine kinase inhibitor resistance, taste trans-
duction, morphine addiction, phenylalanine metabolism and nitrogen metabolism were significantly enriched by GABRA3, CACNA1I, PDGFRB, PDE1A, MAOA, CA12, 
CHRNA4 and IL6R.

Figure 7. Interconnected networks of transcription factors (TF), differentially expressed miRNAs (DEmiRNA), and differentially expressed mRNAs (DEmRNAs). A: 
Predicted TFs simultaneously targeting more than four of the five most significantly up-regulated miRNAs, the five most significant up-regulated DEmiRNAs, the 50 
most significant down-regulated DEmRNAs, and selected target genes from online programs are marked in green, red, and blue, respectively. B: Predicted TFs si-
multaneously targeting more than four of five most significantly down-regulated miRNAs, the five most significant down-regulated DEmiRNAs, the 50 most significant 
up-regulated DEmRNAs, and selected target genes from online programs are marked in green, red, and blue, respectively.
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the down-regulated DEmRNAs after the treat-
ment of NC in xenograft tumors of nude mice 
(Supplementary Figure 5I-L and 5R). 

A total of 20 GEO microarray studies contain- 
ing 1836 HCC samples and 1554 normal sam-
ples were included for meta-analysis. Trends of 
increased expression of ITGA6 and decreas- 
ed expression of ESR1 (Figure 9) could be 
observed in the forest plots, corresponding to 
the anticipated oncogenic effect of ITGA6. IHC 
images in the HPA database evidenced higher 
expression of ITGA6, LSR, and LRRK2 in HCC 
cells than in normal hepatocytes and lower 

the malignant progression of HCC [19], which 
evidenced the expected tumor-suppressive 
effect of miR-767-3p. The other four top up-reg-
ulated miRNAs have not been studied in HCC 
by previous researchers. Regarding the top five 
down-regulated miRNAs, two of them (miR-
136-5p and hsa-miR-451a) have documented 
research. However, both studies related to miR-
136-5p and miR-451a in HCC pointed out the 
carcinostatic functions of miR-136-5p and miR-
451a in HCC [20, 21], contradictory with the 
expected oncogenic functions of them. This 
might be attributed to the following causes. 
Firstly, the human HCC xenograft in nude mice 

Figure 8. Correlation diagrams of hub genes and DEmiRNAs. (A) miR-
628-5p-ITGA6 correlation pair; (B) miR-33b-3p-ITGA6 correlation pair; (C)
miR-33b-3p-ITGB4 correlation pair; (D) miR-1257-LRRK2 correlation pair; 
(E) miR-378d-PDGFRB correlation pair; (F) miR-451a-PDGFRB correlation 
pair; (G) miR-144-5p-PDGFRB correlation pair; and (H) miR-378b-PDGFRB 
correlation pair.

expression of IFIT3 in HCC cells 
than in normal hepatocytes 
(Figure 10). Kaplan-Meier sur-
vival curves indicated an im- 
proved survival outcome for 
HCC patients with lower ex- 
pression of ITGA6 and higher 
expression of IFIT2, IFIT3, OASL, 
PDGFRB and CHRNA4 (P<0.05), 
supporting the carcinogenic ef- 
fect of ITGA6 and anti-tumor 
effect of IFIT2, IFIT3, OASL, 
PDGFRB and CHRNA4 for HCC 
(Figures 11 and 12).

Discussion

The regulatory relationship be- 
tween NC and miRNA has rarely 
been reported. Through litera-
ture investigation, we only found 
one study by Liu N et al. that per-
tained to how NC mediated 
c-Myc-activated miRNAs in ch- 
ronic myeloid leukemia (CML) 
[18]. The current work pioneers 
investigation of the miRNA and 
mRNA expression profiles of 
human HCC xenografts in nude 
mice treated with NC.

As shown by the differential ex- 
pression profiles, multiple miR-
NAs were involved with NC in 
HCC. To facilitate the research, 
emphasis was placed on the top 
five up-regulated and down-reg-
ulated miRNAs. Among the five 
top up-regulated miRNAs, miR-
767-3p was reported to be inhib-
ited by hsa_circ_0000673 in 
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originated from a single cell line, SMMC7721. A 
single cell line could not wholly represent the 
biological background of HCC tissues in human. 
Secondly, the molecular mechanism of miR-
136-5p and miR-451a in HCC by the two stud-
ies was unable to reflect the molecular basis of 
miR-136-5p and miR-451a regulated by NC in 
SMMC7721 cell lines. 

A comprehensive study of the molecular mech-
anism of miRNAs in cancer should embrace 
both the upstream and downstream transcrip-
tion. TFs have crucial actions on the transcrip-
tion regulation of genes via binding to the pro-
moters and distal cis-regulatory elements [13]. 
The onset of carcinogenesis in a wide type of 
human cancers could be related to abnormal 

Figure 9. Forest plot of ITGA6 and ESR1 expression in hepatocellular carcinoma (HCC) and normal tissues from mi-
croarray studies. A. Pooled standard mean difference (SMD) of ITGA6 expression between HCC and normal tissues. 
B. Pooled SMD of ESR1 expression between HCC and normal tissues.
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TF-driven proceedings [22-24]. Thus, it is worth-
while to predict TFs that target the ten most 
significant DEmiRNAs. A great number of TFs 
were reaped from the prediction of TransmiR 
and FUNrich. Particularly, several TFs with 
reported tumor-promoting or tumor-suppress-
ing effects in HCC, such as MAZ, CREB1, ESR1, 
CEBPB, and KDM5B, were predicted to target 
four of the five top down-regulated or up-regu-
lated miRNAs [25-29]. We hypothesized that 
these TFs might be engaged in NC-induced 
expression change of the ten most significant 
miRNAs at the transcription level. Specifically, 
one of the TFs, ESR1, was validated by meta-
analysis of microarray studies to be down-regu-
lated in HCC samples, consistent with reported 
research [30]. ESR1 was predicted by TransmiR 
to target four of the five top up-regulated miR-
NAs, which hinted at the positive regulatory 
relationship between ESR1 and the five top up-
regulated miRNAs. 

After prediction of TFs, we devoted attention to 
the downstream target genes of the ten most 
significant DEmiRNAs. It was noted that GO and 
KEGG terms containing key words such as “cell 
junction” and “cell adhesion” were frequently 

clustered by potential target genes of the top 
five up-regulated miRNAs, which implied that 
these target genes were active in epithelial-to-
mesenchymal transition (EMT)-related pro-
grams. In the study of Sun M et al., NC was 
demonstrated to impair the EMT- and cancer 
stem cell-like properties of breast cancer cells 
through interfering with Hedgehog pathway 
[31]. NC also possesses inhibitory effects on 
the EMT of osteosarcoma cells through acting 
on Akt/GSK-3β/Snail signaling pathway [32]. 
We assumed that NC might trigger overexpres-
sion of the top five up-regulated miRNAs to 
restrain the EMT activities participated by tar-
get genes, thus opposing the initiation and de- 
velopment of HCC. We further narrowed down 
the research focus to concentrate on hub 
genes, because these genes, with highest con-
necting degrees in PPI networks, may have key 
functions. In line with our assumptions, two of 
the hub genes of the top five up-regulated miR-
NAs were declared to promote the progression 
of HCC, while two of the hub genes of the top 
five down-regulated miRNAs were found to be 
protective factors in HCC prevention. The in 
vitro experiments led by Lv. et al. showed that 
short hairpin RNA silence-targeting ITGA6 could 

Figure 10. Immunohistochemistry images of ITGA6, LSR, IFIT3, and LRRK2 in hepatocellular carcinoma (HCC) and 
normal tissues from HPA database. A: Intermediate immunostaining of ITGA6 in HCC cells (antibody CAB009009); 
B: Immunostaining of ITGA6 in normal hepatocytes was not detected (antibody CAB009009); C: Intermediate im-
munostaining of LSR in HCC cells (antibody HPA007270); D: Low immunostaining of LSR in normal hepatocytes 
(antibody HPA007270); E: Low immunostaining of IFIT3 in HCC cells (antibody HPA059914); F: Intermediate immu-
nostaining of IFIT3 in normal hepatocytes (antibody HPA059914); G: High immunostaining of LRRK2 in HCC cells 
(antibody CAB037160); H: Intermediate immunostaining of LRRK2 in normal hepatocytes (antibody CAB037160). 
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Figure 11. Kaplan-Meier survival curves for the prognostic significance of ten hub genes on overall survival of liver cancer patients from the Cancer Genome Atlas. 
Liver cancer patients were split by the median expression value of hub genes. HR: hazard ratio. The survival outcome of patients in high expression group was 
marked in red line while the survival outcome of patients in low expression group was marked in black line.
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Figure 12. Kaplan-Meier survival curves for the prognostic significance of ten hub genes on progress free survival of liver cancer patients from the Cancer Genome 
Atlas. Liver cancer patients were split by the median expression value of hub genes. HR: hazard ratio. The survival outcome of patients in high expression group was 
marked in red line while the survival outcome of patients in low expression group was marked in black line.
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attenuate the metastatic ability of HCC cells 
[33]. ITGB4 could cooperate with Slug to foster 
invasion and EMT of HCC cells [34]. Encoura- 
gingly, scatterplots for mRNA expression data 
in TCGA and GTEx suggested up-regulated ex- 
pression levels of mRNA for ITGA6 and ITGB4; 
IHC pictures in the HPA database indicated up-
regulated protein expression of ITGA6, which 
proved to some extent that ITGA6 and ITGB4 
serve as oncogenes targeted by the five top 
NC-induced up-regulated miRNAs in HCC. With 
respect to the hub genes of the top five down-
regulated miRNAs, the coordination of overex-
pressed lncRNA00364 and IFIT2 could dam-
age proliferation of HCC cells [35]; IFIT3 was 
claimed to sensitize HCC patients to inter- 
feron-α (IFN-α) therapy [36]. Both IFIT2 and 
IFIT3 were revealed by Kaplan-Meier survival 
curves in the validation part of the present 
study to be prognostic factors portending a rel-
atively favorable survival rate for HCC patients, 
strengthening the reliability of our results. 

Limitations of this study should be acknowl-
edged. First, we only detected the expression 
profile change of miRNA and mRNA upon treat-
ment of NC in HCC xenografts originating from 
a single cell line, SMMC7721. For a better sim-
ulation of the biological background of HCC, 
more HCC cell lines should be collected for 
sequencing analysis. Second, regulating axes 
of NC-DEmiRNAs-DEmRNAs and TFs-DEmiR- 
NAs-DEmRNAs established in this study were 
based on bioinformatics predictions and com-
putations; as such, further in vitro or in vivo 
experiments should be carried out to verify the 
targeting relationships between NC, TF, DE- 
miRNAs, and DEmRNAs, as well as their func-
tions in HCC. Previous studies have reported 
the cytotoxic effects of NC on healthy tissues 
and cell lines [37]. In the present work, we only 
focused on the anti-tumor function of NC in 
HCC. The side effects of NC in the treatment of 
HCC needed to be explored in future studies to 
judge and weigh the advantages and disadvan-
tages of NC as potential therapeutic regime for 
HCC.

In conclusion, we discovered regulating axes of 
NC-DEmiRNAs-DEmRNAs and TFs-DEmiRNAs-
DEmRNAs in HCC. NC might control expression 
of multiple miRNAs to influence the oncogenic 
or tumor suppressive functions of target genes 
such as ITGA6, ITGB4, IFIT2, and IFIT3, thereby 
playing the tumor-suppressive role in HCC.
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Supplementary Figure 1. Differentially expressed miRNAs (DEmiRNAs) in nitidine chloride (NC)-treated samples. A. Volcano plot. Up-regulated and down-regulated 
DEmiRNAs are represented as red and green dots, respectively. B. Heatmap. The color spectrum ranging from green to red reflect the expression of 83 DEmiRNAs 
from low to high. 



Differential expressed miRNAs and mRNAs related to NC in HCC

2	

Supplementary Figure 2. Violin plots of expression patterns of the ten most significant differentially expressed 
miRNAs (DEmiRNA) in control and nitidine chloride (NC)-treated samples. A: Differential expression of miR-628-5p 
in three NC-treated and two control groups; B: Differential expression of miR-767-5p in three NC-treated and two 
control groups; C: Differential expression of miR-767-3p in three NC-treated and two control groups; D: Differential 
expression of miR-1257 in three NC-treated and two control groups; E: Differential expression of miR-33b-3p in 
three NC-treated and two control groups; F: Differential expression of miR-378d in three NC-treated and two control 
groups; G: Differential expression of miR-136-5p in three NC-treated and two control groups; H: Differential expres-
sion of miR-451a in three NC-treated and two control groups; I: Differential expression of miR-144-5p in three NC-
treated and two control groups; J: Differential expression of miR-378b in three NC-treated and two control groups.
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Supplementary Figure 3. Differentially expressed mRNAs (DEmRNAs) in nitidine chloride (NC)-treated samples. A. Volcano plot. Up-regulated and down-regulated 
DEmRNAs are represented as red and green dots, respectively. B. Heatmap. The color spectrum ranging from green to red reflect the expression of DEmRNAs from 
low to high. DEmRNAs were represented as different bars. Samples in control and NC-treated groups were distinguished by blue and red.
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Supplementary Figure 4. Protein-to-protein interaction (PPI) networks for potential target genes of the five top up-
regulated miRNAs and the five top down-regulated miRNAs. A: The color of the nodes represents the shell of interac-
tors, and the number of edges between two nodes reflects the number of sources of interaction between potential 
target genes of the five top up-regulated miRNAs. B: The color of nodes represents the shell of interactors, and the 
number of edges between two nodes reflects the number of sources of interaction between potential target genes 
of the five top down-regulated miRNAs.
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Supplementary Figure 5. RNA expression difference of hub genes and TFs in hepatocellular carcinoma (HCC) 
and normal tissues from GEPIA. A-R correspond to RNA expression of CEBPB, KDM5B, GATA3, ESR1, BRD4, MAX, 
CREB1, MAZ, ITGA6, LSR, KRT14, ITGB4, IFIT2, IFIT3, OASL, PDGFRB, CHRNA4 and LRRK2 in 369 HCC and 160 
normal tissues. HCC tissues were marked in red while non-cancer tissues were marked in blue.


