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Abstract. Nitidine chloride (NC), an inartificial bioactive 
alkaloid present in the root of Zanthoxylum nitidum 
(Roxb.) DC, is known for its versatile anti-inflammation 
and anticancer capabilities. The molecular mechanisms 
underlying its anticancer properties, however, remain obscure. 
The authors of the present study demonstrated the tumor 
suppressive effects of NC in a human liver cancer cell line 
using an MTT assay. The tumor suppressive capacity of NC 
was also analysed in a tumor xenograft nude mouse model. 
Changes in tumor cell gene expression profiles following 
NC treatment were detected by microarray; bioinformatics 
analysis demonstrated that differentially expressed genes 
were enriched in several cancer-associated pathways, 
including those initiated by transforming growth factor-β 
and phosphatidylinositol 4,5-bisphosphate 3-kinase/RAC-α 
serine/threonine-protein kinase signaling. A Connectivity 
Map revealed that parthenolide, which has been identified 
previously as possessing anti‑inflammatory and anticancer 
functions, was potentially extremely similar in molecular 
function to NC. By screening the data from The Cancer 
Genome Atlas project, eight genes that were upregulated in 
liver cancer and significantly suppressed by NC treatment 
were identified. Overexpression of these genes was closely 
associated with advanced tumor stage and poor differentiation 

status. This combination of upregulated genes enabled 
successful identification and prediction of prognosis for liver 
cancer. The findings of the present study suggest that NC 
could inhibit the growth of liver cancer cells through several 
potential molecular targets and signaling pathways.

Introduction

Liver cancer is a serious global health problem, and it accounts 
for 4% of all new cancer cases and 6% of cancer-associated 
mortalities in men (1-3). Over 600,000 individuals succumb 
to liver cancer annually worldwide despite advances in treat-
ment approaches like hepatic resection, image-guided tumor 
ablation and liver transplantation (4-6). The poor prognosis 
of liver cancer is due to its complex molecular mechanisms 
and limited molecular treatment targets (7). To date, few treat-
ments with proven survival benefits exist for patients advanced 
liver cancer (8-10). The first drug approved for systemic 
therapy was a multiple kinase inhibitor termed sorafenib (11). 
Sorafenib has been plagued with toxic side-effects and limited 
efficacy (12,13), therefore an urgent need for alternative liver 
cancer treatments persists (14-16). Doctors and medical 
scientists have gradually begun to recognize the anticancer 
therapeutic potential of natural compounds with their rela-
tively few side-effects and curative effects for other diseases, 
including other types of cancer (17).

Nitidine chloride (NC), an ingredient well-known in tradi-
tional Chinese medicine, is present in the root of Zanthoxylum 
nitidum (Roxb.) DC (18). Previous studies revealed that NC 
could mediate a variety of physiological and pathological 
processes, including inflammation modulation (19), analgesia 
and tumor suppression (20,21). Previous studies on NC have 
focused on its antitumor effects in liver cancer. Liao et al (22) 
reported that NC inhibited the cell growth of liver cancer cells 
via the Janus-activated kinase 1/signal transducer and activator 
of transcription 3 (JAK1/STAT3) signaling pathway. NC also 
induced the apoptosis of liver cancer cells via pathways associ-
ated with p53, p21, Bax and Bcl‑2 oncogenes (23). Research on 
the precise mechanisms by which NC functions remains in its 
early stages, with studies emphasizing the function of NC in 
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tumor growth suppression (24-26). While NC is predicted to 
be of pivotal therapeutic significance, it may be challenging to 
uncover its mechanisms at the molecular level as well as from 
a systemic viewpoint.

To address these challenges, the cell growth inhibi-
tory effect of NC on HepG2 cells was assessed in vitro; the 
tumor suppressive capacity of NC was also analysed in vivo 
in a murine model. A series of bioinformatic analyses were 
performed to uncover potential NC regulatory mechanisms 
based on the change in expression profiles following NC treat-
ment on xenografted liver tumors. The clinical significance of 
several key genes associated with the function of NC in liver 
cancer were also analyzed. In doing so, the authors of the 
present study attempted to identify potential mechanisms of 
NC for the treatment of liver cancer.

Materials and methods

Preparation of NC and cell culture. NC with a purity >95% 
was provided by Guangxi Traditional Chinese Medicine 
Institute (Nanning, China). NC was dissolved in dimethyl 
sulfoxide at a concentration of 10 mM for subsequent testing. 
Human HepG2 cells were obtained from the Shanghai Cell 
Bank of the Chinese Academy of Sciences (Shanghai, China). 
HepG2 cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) in a stable humidified atmosphere of 5% 
CO2 at 37˚C. Authentication of the HepG2 cell line performed 
using short tandem repeat profiling.

Inhibitory effect of NC on HepG2 cells based on in vitro 
and in vivo models. The MTT method was performed to 
examine the inhibitory effect of NC on HepG2. Dimethyl 
sulfoxide was used to dissolve the purple formazan, the 
supernatant collected and then the absorbance of formazan 
was measured at a wavelength of 570 nm. The inhibition rate 
was detected at 24, 48 and 72 h. A total of 32 six-week-old 
nude specific-pathogen-free BALB/c mice (16 males and 
16 females; weighing 18-20 g) were purchased from the 
Shanghai Laboratory Animal Co., Ltd. (Shanghai, China) 
and housed in the Experimental Animal Center of Guangxi 
Medical University (Nanning, China). The mice were housed in 
specific‑pathogen‑free conditions in a controlled temperature 
of 24˚C, food and water were provided ad libitum. Mice were 
fed a sterile diet with a 12/12 h light/dark cycle. All procedures 
associated with the animal experiments were approved by the 
Animal Ethics Committee of Guangxi Medical University. 
The immunodeficient nude BALB/c mice were randomly 
assigned into four treatment groups, including a low-NC 
group (2.5 mg/kg/day), a medium-NC group (5 mg/kg/day), 
a high-NC group (10 mg/kg/day) and a saline-only control 
group (0.2 ml saline/day). Then, 0.2 ml HepG2 cells was 
subcutaneously injected into the right axilla of these mice at 
a density of 1x1010 cells/ml. A total of 7 days after the cells 
were injected, mice were intraperitoneally administered with 
NC (2.5, 5 or 10 mg/kg/day) or 0.2 ml saline/day for 14 days. 
When the xenografted tumors reached 150-300 mm3, mice 
were transferred for further experimentation. On the day 
after tumor implantation, NC or saline was administered 
via intraperitoneal injection once per day for 14 days. The 

length and width of the xenografted tumors were measured 
at 7-day intervals using a caliper, and xenografted tumor size 
was calculated. Following the sacrifice of the animals, tumors 
were resected and weighed. Samples were fixed with 10% 
methanol at room temperature for 24 h. Samples were cut into 
0.5-µm-thick sections, prepared on 1 mm3 slides, and stained 
with hematoxylin and eosin at 37˚C for 4 min. The sections 
were then observed under a light microscope (magnifica-
tion, x100 and x200) to examine morphology changes.

Gene profiling detected by microarray. The high-NC group 
and the saline group were used to microarray analysis. Human 
OneArray was provided by Aksomics, Inc. (Shanghai, China). 
The sample preparation, array hybridization and data analysis 
procedures were performed as previously reported (27,28). 
Genes with a fold change (FC) of ≥1.5 were considered differ-
entially expressed genes (DEGs).

Gene enrichment analysis and network construction of DEGs 
following NC treatment. DEGs determined by the microarray 
analysis were further submitted for Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analyses using the Database for Annotation, Visualization, and 
Integrated Discovery tool (version 6.8; https://david.ncifcrf.
gov/). Functional enrichment terms at P<0.05 were selected for 
further evaluation. To provide an intuitionistic and full-scale 
comprehension of the interaction network, the Search Tool 
for the Retrieval of Interacting Genes/Proteins database 
(https://string-db.org/; version 10.0) was utilized to construct a 
protein-protein interaction (PPI) network. Interactions among 
genes were calculated by setting a confidence threshold of >0.9.

Connectivity Map (cMap). To further elucidate potential regula-
tory mechanisms of the tumor suppressive function of NC, a list 
of DEGs was submitted to the cMap database (https://portals.
broadinstitute.org/cmap/; version, build 02) (29). Each imported 
query was compared with the predefined signatures of 
therapeutic compounds and ranked by the connectivity score 
(from ‑1 to 1), indicating the relative similarity of DEG profiles 
produced following NC treatment and the compound's treat-
ment. A high positive connectivity score indicated compounds 
with functions similar to that of NC. Compounds with negative 
connectivity scores were dissimilar.

DEGs in liver cancer based on The Cancer Genome Atlas 
(TCGA). A list of DEGs in hepatocellular carcinoma, a type 
of liver cancer, and non-tumor samples was obtained from 
the online database, Gene Expression Profiling Interactive 
Analysis (GEPIA), to reveal potential mechanisms by which 
NC suppresses liver cancer (30). The set of DEGs met the 
following criteria: |Log2FC| >1 and q<0.05. Considering the 
significant anti‑proliferation effects of NC in liver cancer cells, 
targets of NC are likely to be involved in the initiation and 
progression of liver cancer (23). Genes that were simultane-
ously upregulated in liver cancer and downregulated in the 
NC-treated groups were selected as key genes, as such genes 
that may be effective inhibitory targets of NC treatment for 
liver cancer. NC could exert its significant effects via these 
targets. Among the DEGs identified in the in‑house microarray, 
the authors of the present study proposed that the key genes 
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Figure 1. The tumor growth inhibitory effect of NC. Tumor excised from (A) untreated mice and (B) mice treated with NC. (C) Quantification of tumor weights 
from untreated mice and mice treated with NC. Hematoxylin and eosin staining images of (D) non-necrotic tumor cells in the control group and (E) necrotic 
tumor cells in the NC-treated group. The arrows indicate the stage of karyolysis where cells do not have nuclei. (F) A heat map of the differentially expressed 
genes between the control and NC-treated groups. The scale beside the heat map demonstrates that the color of each gene in the heat map corresponds with 
the expression level. NC, nitidine chloride.
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involved in liver cancer initiation and progression may be the 
effective targets of NC.

The Cancer Cell Line Encyclopedia (CCLE). The CCLE 
(version 2018; https://portals.broadinstitute.org/ccle), a 
database with detailed and comprehensive genetic character-
izations, provides 28 publicly accessible liver cancer cell lines 
(namely SNU449, C3A, JHH7, HUH6, SNU761, LI7, HLF, 
JHH4, JHH1, JHH5, HUH7, SNU182, SNU398, SNU423, 
SNU387, SNU475, JHH6, SKHEP1, SNU886, SNU878, 
NCI-H684, PLC/PRF/5, Hep 3B2.1-7, HLE, PLCPRF5, 
HEPG2, HUH1 and JHH2 cell lines) with mRNA expression 
data. The expression levels of the aforementioned key genes 
were also validated using the data for liver cancer cell lines 
downloaded from the CCLE.

Development of diagnostic and prognostic signatures. Key 
genes were subjected to logistic regression analysis to develop 
a diagnostic index, which was more powerful than a single gene 
for distinguishing liver cancer from non-tumor samples. A 
prognostic risk score was constructed using the online database 
SurvExpress (version 2.0) (31) to validate the performance of 
multi-gene biomarkers for clinical outcomes in human cancers.

Determination of alteration status of key genes. To explore 
the underlying mechanisms relevant to genetic alterations in 
key genes, their alteration status was analyzed using the cBio-
Portal database (http://www.cbioportal.org/index.do) (32). The 
proportions of liver cancer patients with alterations to each 
gene and their survival status were obtained.

Statistical analysis. All statistical analyses were conducted 
using SPSS 24.0 (IBM Corp., Armonk, NY, USA). Asso-
ciations between gene expression level and clinicopathological 
parameters of liver cancer patients were calculated using 
independent sample t-tests. One-way analysis of variance 
(ANOVA) followed by Bonferroni post hoc analysis was 
conducted to compare the difference of tumor weight when the 
control group was compared with low-NC, medium-NC and 
high-NC groups. The RNA-seq data obtained from TCGA and 
then log2-transformed for further analysis. A differentially 
expressed gene list was downloaded from GEPIA database. To 
explore the clinical significance of key genes, an independent 
t-test was used to compare the difference between HCC and 
non-tumor tissues. Receiver operating characteristic (ROC) 
curves and corresponding area under the ROC curves (AUC) 
were calculated for each gene to reveal the utility of genes 
for distinguishing liver cancer from non-tumor samples. 
Kaplan-Meier (K-M) plots of key genes were obtained from 
the GEPIA database. For all tests, P<0.05 indicated that the 
difference between groups was statistically significant.

Results

Inhibitory effect of NC on HepG2 cells based on in vitro and 
in vivo models. The tumor growth inhibitory effect of NC 
indicated that the xenografts of untreated mice were signifi-
cant heavier that of NC-treated mice (Fig. 1A and B). Tumor 
weight in the high‑NC group was significantly lower compared 
with the saline group (Fig. 1C). Furthermore, there were many 

necrotic tumor cells in NC-treated group compared with 
control group (Fig. 1D and E). Microarray analysis revealed 
that 280 genes were altered post-NC treatment, including 
138 upregulated and 142 downregulated genes (Fig. 1F). These 
genes were sent for further pathway and cMap inquiries. The 
cell growth inhibitory effect of NC on HepG2 cells in  vitro 
was also confirmed. The higher NC concentrations markedly 
increased the inhibition rate of HepG2 cells (Fig. 2A). The 
body weight of nude mice was markedly changed following NC 
treatments (Fig. 2B). Tumor weights were significantly higher 
in the saline group compared with the medium-NC (P=0.012) 
and high-NC groups (P<0.001; Fig. 2C). The inhibition rate 
of NC increased in what appeared to be a dose dependent 
manner (Fig. 2D).

GO term enrichment and KEGG pathways. Results of gene 
functional enrichment analysis are summarized in Table I. 
Results of GO term enrichment analysis demonstrated that 
DEGs were most significantly associated with the biological 
process terms ‘leukocyte migration’, ‘embryonic foregut 
morphogenesis’ and ‘response to antibiotic’. Unsurprisingly, 
an inflammation-associated term ranked first on the list. 
DEGs were also most significantly associated with the 
cellular component terms ‘nucleus’, ‘nucleoplasm’ and 
‘cytosol’ (Fig. 3B). The top three most significant terms asso-
ciated with molecular function were ‘protein kinase binding’, 
‘DNA binding’ and ‘protein binding’. The results of the KEGG 
enrichment analysis indicated that the transforming growth 
factor (TGF)-β signaling pathway, the phosphatidylinositol 
4,5-bisphosphate 3-kinase/RAC-α serine/threonine-protein 
kinase (PI3K-Akt) signaling pathway, and several tumor-asso-
ciated signalling pathways were associated with the DEGs. 
These results depict the functional terms of DEGs. Using 
gene functional enrichment analysis, the potential molecular 
functions of NC were elucidated. NC may exert antitumor 
function via these pathways. ‘TGF-beta signaling pathway’, 
‘PI3K-Akt signaling pathway’ and ‘Arrhythmogenic right 
ventricular cardiomyopathy (ARVC)’ were the three most 
significant KEGG pathways. The TGF‑β signaling pathway, 
which is involved in regulating biological processes, 
including cell growth, proliferation, differentiation, migra-
tion and apoptosis (33), was the top result of the enrichment 
analysis. Another important signaling pathway, PI3K-Akt, 
which has been demonstrated to significantly stimulate cell 
proliferation while inhibiting apoptosis (34), was suppressed 
by NC treatment.

Network analysis. The PPI network was constructed according 
to gene interactions with a confidence threshold >0.9. In total, 
84 PPI associations in 61 nodes were identified. RBX1 was the 
core gene in the network, suggesting it may be central to the 
action of NC on HepG2 cells (Fig. 3).

Analysis of NC by cMap. The results of the cMap analysis 
revealed a series of compounds with either similar or opposite 
effects to that of NC. The top ten results were parthenolide, 
trichostatin A, thapsigargin, disulfiram, vorinostat, ciclopirox, 
antimycin A, scriptaid, hycanthone and phenoxybenzamine, as 
presented in Table II. Among them, antimycin A may exhibit 
opposite effects to NC. The remaining compounds may have 
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similar functions to that of NC. These findings suggest that 
NC's efficacy may be based on activities similar or opposite to 
those of known compounds.

Key genes influenced by NC in liver cancer. By screening 
TCGA data from the GEPIA database, 2,218 DEGs were 
identified. Among them, 1,485 genes were upregulated and 

Figure 2. The tumor suppression ability of NC. (A) The proliferation ability was measured by MTT assays in HepG2 cells treated with NC. (B) Changes in 
body weight of nude mice prior to and following NC treatment. (C) Tumor weight and (D) inhibition rate of different groups. NC, nitidine chloride; low-NC, 
2.5 mg/kg/day; medium-NC, 5 mg/kg/day; high-NC, 10 mg/kg/day. *P<0.05 and **P<0.01, indicating significant difference.

Figure 3. Protein association networks of differentially expressed genes. Interaction data obtained from the online database Search Tool for the Retrieval of 
Interacting Genes/Proteins. The size and brightness of the circle represent the degree of connection. The thickness of the lines represents the combined score.
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Table I. Gene functional enrichment analysis of differentially expressed genes.

Category Term Count Gene ratio (%) P-value

Biological process GO:0050900-leukocyte migration 7 2.702703 0.004638
Biological process GO:0048617-embryonic foregut morphogenesis 3 1.158301 0.005437
Biological process GO:0046677-response to antibiotic 4 1.544402 0.007613
Biological process GO:0016337-single organismal cell-cell adhesion 6 2.316602 0.009284
Biological process GO:0006355-regulation of transcription, DNA-templated 30 11.58301 0.015146
Biological process GO:0060021-palate development 5 1.930502 0.015870
Biological process GO:1903959-regulation of anion transmembrane transport 3 1.158301 0.019216
Biological process GO:0031016-pancreas development 3 1.158301 0.028706
Biological process GO:0050821-protein stabilization 6 2.316602 0.029689
Biological process GO:0030335-positive regulation of cell migration 7 2.702703 0.030093
Cellular component GO:0005634-nucleus 90 34.749030 0.001786
Cellular component GO:0005654-nucleoplasm 53 20.463320 0.001803
Cellular component GO:0005829-cytosol 56 21.621620 0.015614
Cellular component GO:0005801-cis-Golgi network 4 1.544402 0.015682
Cellular component GO:0005737-cytoplasm 81 31.27413 0.022047
Cellular component GO:0030425-dendrite 10 3.861004 0.026234
Cellular component GO:0031012-extracellular matrix 9 3.474903 0.034230
Cellular component GO:0005913-cell-cell adherens junction 9 3.474903 0.051794
Cellular component GO:0005925-focal adhesion 10 3.861004 0.059138
Cellular component GO:0005667-transcription factor complex 6 2.316602 0.096043
Molecular function GO:0019901-protein kinase binding 14 5.405405 0.001355
Molecular function GO:0003677-DNA binding 35 13.513510 0.006048
Molecular function GO:0005515-protein binding 134 51.737450 0.007031
Molecular function GO:0042826-histone deacetylase binding 6 2.316602 0.010778
Molecular function GO:0044822-polyadenylated RNA binding 24 9.266409 0.022243
Molecular function GO:0046872-metal ion binding 37 14.285710 0.042665
Molecular function GO:0050660‑flavin adenine dinucleotide binding 4 1.544402 0.050953
Molecular function GO:0061631-ubiquitin conjugating enzyme activity 3 1.158301 0.054528
Molecular function GO:0003682-chromatin binding 10 3.861004 0.070868
Molecular function GO:0042393-histone binding 5 1.930502 0.075467
KEGG pathway hsa04350-transforming growth factor-β signaling pathway 5 1.930502 0.030985
KEGG pathway hsa04151-PI3K-Akt signaling pathway 10 3.861004 0.055178
KEGG pathway hsa05412-arrhythmogenic right ventricular cardiomyopathy 4 1.544402 0.079302
KEGG pathway hsa04022-cGMP-protein kinase G signaling pathway 6 2.316602 0.086341
KEGG pathway hsa04141-protein processing in endoplasmic reticulum 6 2.316602 0.091529
KEGG pathway hsa03013-RNA transport 6 2.316602 0.096875 

PI3K-Akt, phosphatidylinositol 4,5-bisphosphate 3-kinase/RAC-α serine/threonine-protein kinase; KEGG, Kyoto Encyclopedia of Genes and 
Genomes; GO, Gene Ontology; hsa, Homo sapiens.

Table II. cMap analysis of the top 10 molecules similar to nitidine chloride.

Rank cMap name Mean n Enrichment P‑value Specificity

  1 Parthenolide 0.684 4 0.944 <0.00001 0.0359
  2 Trichostatin A 0.376 182 0.526 <0.00001 0.2417
  3 Thapsigargin 0.632 3 0.940 0.00030 0.1019
  4 Disulfiram 0.556 5 0.817 0.00046 0.0116
  5 Vorinostat 0.319 12 0.536 0.00084 0.3970
  6 Ciclopirox 0.539 4 0.828 0.00133 0.0386
  7 Antimycin A -0.379 5 -0.763 0.00142 0.0000
  8 Scriptaid 0.587 3 0.906 0.00174 0.0833
  9 Hycanthone 0.618 4 0.793 0.00362 0.0622
10 Phenoxybenzamine 0.559 4 0.792 0.00364 0.2822 

cMap, Connectivity Map.
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733 downregulated. In the list of upregulated genes, it was 
determined that eight genes were significantly suppressed 
by NC treatment, including LSM4, CDKN2AIPNL, MFSD5, 
ITGA6, HMGN1, ZCRB1, RTN2 and C1ORF54 (Fig. 4A). 
However, no genes that are differentially downregulated in liver 
cancer were overexpressed in the NC-treated groups (Fig. 4B). 
A heat map demonstrated the expression profiles of the eight 
genes; it revealed that the eight genes were upregulated in 
HCC tissues (Fig. 4C).

Clinical significance of the eight key genes. Revealing the 
clinical significance of these eight key genes could illuminate 

how NC suppresses tumors in HepG2 cells. The AUC values 
of these genes in the diagnosis of liver cancer, as well as the 
prediction of progress and prognosis of liver cancer were 
comprehensively analyzed. As presented in Fig. 5, these genes 
were overall significantly elevated in liver cancer compared 
with non-tumor tissues, although C1ORF54 expression levels 
only revealed a trend toward statistical significance. AUC 
values for the expression levels of the other seven genes were 
>0.7, illustrating a moderate potential for distinguishing liver 
cancer from non-tumor liver samples.

The patients with liver cancer were divided into different 
groups based on clinical parameters to analyze differences in 

Figure 4. Intersection of DEGs of TCGA and DEGs of the in-house microarray. Venn diagrams of (A) genes that were differentially upregulated in liver cancer 
and inhibited in the NC-treated groups, and (B) genes that were differentially downregulated in liver cancer and overexpressed in the NC-treated groups. 
(C) A heat map presenting the expression profiles of the eight key genes. TCGA, The Cancer Genome Atlas; DEG, differentially expressed gene. LSM4, U6 
snRNA-associated Sm-like protein LSm4; MFSD5, molybdate-anion transporter; HMGN1, non-histone chromosomal protein HMG-14; RTN2, reticulon-2; 
CDKN2AIPNL, CDKN2AIP N-terminal-like protein; ITGA6, integrin α‑6; ZCRB1, zinc finger CCHC‑type and RNA‑binding motif‑containing protein 1; 
C1orf54, uncharacterized protein C1orf54.
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gene expression. Clinicopathological relevance analyses were 
performed for several variables, including age (≥60 years old 
vs. <60 years old; Fig. 6A), sex (male vs. female; Fig. 6B), 
pathologic stage (stage III/IV vs. stage I/II; Fig. 6C) and histo-
logic grade (grade III/IV vs. grade I/II; Fig. 6D). HMGN1 was 
significantly overexpressed in younger patients. No noteworthy 
differences were observed between female and male patients 
with respect to the eight key genes. With respect to patho-
logical stage, LSM4, MFSD5, ITGA6, HMGN1 and ZCRB1 
were significantly upregulated in patients at advanced stages. 
As for histological grade, LSM4, CDKN2AIPNL, MFSD5 and 
HMGN1 were significantly overexpressed in poorly differenti-
ated tumor samples.

Survival curves were drawn using K-M analysis and a 
log-rank test was used to evaluate the prognostic values of 
these genes. Inferior overall survival was associated with high 
expression levels of LSM4, CDKN2AIPNL, MFSD5 or ZCRB; 
however, no difference in overall survival was observed when 
the expression levels of ITGA6, HMGN1, RTN2 and C1ORF54 
were assessed (Fig. 6E‑L). These findings indicated that these 
genes exerted an indispensable function in the initiation and 
progression of liver cancer. More importantly, these genes were 
significantly reduced in the NC‑treated groups (Fig. 4A). These 

results suggest that NC may act as a tumor suppressor in liver 
cancer progression by inhibiting the activities of these genes.

Expression profiles in liver cancer cell lines. The authors of 
the present study analyzed gene expression values in the cell 
lines and found that all key genes had high expression levels 
with the exception of C1ORF54 (Fig. 7A).

Development of diagnostic index and prognostic index. A 
diagnostic index according to the following formula was 
constructed: Expression value of LSM4x2.305 + expres-
sion value of CDKN2AIPNLx2.738 + expression value of 
ITGA6x2.336-expression value of ZCRB1x2.433-expression 
value of C1ORF54x1.336. The resulting diagnostic index 
significantly improved the ability of the authors to distinguish 
liver cancer from non‑tumor tissues [AUC=0.985; 95% confi-
dence interval (CI)=0.975-0.994; P<0.001; Fig. 7B]. These 
eight genes were also used to construct a prognostic signature 
using SurvExpress. The prognostic signature based on these 
genes was able to separate patients with liver cancer into two 
groups with significantly different prognostic statuses (hazard 
ratio=1.66; 95% CI=1.16-2.36; P=0.005; Fig. 7C and D). 
Patients in the high-risk group exhibited a worse prognosis.

Figure 5. Expression levels and receiver operating characteristic curves of eight key genes between liver cancer and non-tumor samples. Gene expression was 
assessed in liver cancer and non-tumor samples. (A) Scatter plot and (B) ROC curve of LSM4 expression. (C) Scatter plot and (D) ROC curve of CDKN2AIPNL 
expression. (E) Scatter plot and (F) ROC curve of MFSD5 expression. (G) Scatter plot and (H) ROC curve of ITGA6 expression. (I) Scatter plot and (J) ROC 
curve of HMGN1 expression. (K) Scatter plot and (L) ROC curve of ZCRB1 expression. (M) Scatter plot and (N) ROC curve of RTN2 expression. (O) Scatter 
plot and (P) ROC curve of C1ORF54 expression. ROC, receiver operating characteristic; HCC, hepatocellular carcinoma; AUC, area under the ROC curves; CI, 
confidence interval; LSM4, U6 snRNA‑associated Sm‑like protein LSm4; MFSD5, molybdate‑anion transporter; HMGN1, non‑histone chromosomal protein 
HMG-14; RTN2, reticulon-2; CDKN2AIPNL, CDKN2AIP N-terminal-like protein; ITGA6, integrin α‑6; ZCRB1, zinc finger CCHC‑type and RNA‑binding 
motif-containing protein 1; C1orf54, uncharacterized protein C1orf54.
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Genetic mutation status. Out of 440 patients with liver cancer, 
genetic alterations in the key genes was detected in 149 (34%) 
of them using the online database cBioPortal (Fig. 8A). 
Among them, C1ORF54 was the gene with the highest 
alteration rate. However, K-M analysis yielded no differences 
between cases with and without alterations (Fig. 8B and 8C).

Discussion

Healthy cells carefully control cell proliferation, thereby 
ensuring homeostasis of the cell cycle, and uncontrolled 
proliferation is considered a fundamental trait of cancerous 

cells (35). It is crucial to understand the underlying mecha-
nisms of proliferation and apoptosis to seek out and develop 
effective agents for combating the proliferation of cancer cells. 
In the present study, the authors identified DEGs between the 
high-NC and saline groups using microarray technology on 
HepG2 cell xenografts in nude mice. Next, functional annota-
tion was conducted and functional connections between drugs 
to reveal the molecular characteristics of NC function were 
identified. TCGA database was mined and eight key genes with 
potential significant clinical value in modulating proliferation 
were uncovered. These eight genes may be the effectors upon 
which NC applies its antitumor function. These findings could 

Figure 6. The clinical significance of eight key genes in liver cancer. Gene expression levels between (A) patients <60 and ≤60 years old, (B) female and male, 
(C) tumor stages I-II and III-IV, and (D) tumor grades I-II and III-IV. Kaplan-Meier plots of (E) LSM4, (F) MFSD5, (G) HMGN1, (H) RTN2, (I) CDKN2AIPNL, 
(J) ITGA6, (K) ZCRB1 and (L) C1ORF54. HR, hazard ratio; LSM4, U6 snRNA-associated Sm-like protein LSm4; MFSD5, molybdate-anion transporter; 
HMGN1, non-histone chromosomal protein HMG-14; RTN2, reticulon-2; CDKN2AIPNL, CDKN2AIP N-terminal-like protein; ITGA6, integrin α-6; ZCRB1, 
zinc finger CCHC‑type and RNA‑binding motif‑containing protein 1; C1orf54, uncharacterized protein C1orf54; TPM, transcripts per million kilobases. 
*P<0.05, **P<0.01 and ***P<0.001, indicating significant difference.
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help identify novel potential targets for the treatment of liver 
cancer by NC.

Recent studies have demonstrated that NC is an important 
antitumor compound (24,36). Of all the functions in which NC 
has been implicated, the authors of the present study consider 
inhibiting proliferation and inducing apoptosis are the most 
important. The process of liver cancer treatment by NC may 
involve multiple genes. Thus, DEGs (identified by analyzing 
gene expression prior to and after NC treatment) were studied 
to provide a theoretical basis for delineating the mechanism 
by which NC inhibits proliferation and tumor cell cycles, 
and induces apoptosis. GO and KEGG pathway analyses 
predicted that the downregulated and upregulated genes were 
associated with inflammation‑ or cancer‑associated terms. The 
first biological process term, ‘leukocyte migration,’ indicated 
that the immunologic microenvironment was significantly 
influenced by NC. Indeed, NC is a well‑known inhibitor of 
inflammation (18,19).

The PI3K-Akt signaling pathway, which regulates cell 
growth, survival, metabolism and apoptosis, was also impli-
cated (37,38). A growing body of research has indicated 
that inhibiting PI3K/Akt signaling could contribute to the 
suppression of liver cancer development (39-41). Of interest, 

inflammation- and tumor-progression-associated pathways 
were prominent in the results. The leading enriched KEGG 
pathway, TGF-β, has also been considered to act as a pro- 
tumorigenic factor in liver cancer by remodeling chronic 
inflammation‑mediated hepatocarcinogenesis, and promoting 
liver cancer growth, metastasis and angiogenesis (42-44). The 
findings of the present study suggest that NC acts against liver 
cancer molecular targets and the tumor growth environment.

In addition to interfering with signaling pathways, NC may 
also have molecular functions similar to those of established 
compounds. Based on the results of validation experiments 
using cMap, NC was considered to exert a similar function 
to parthenolide, which could explain the molecular function 
of NC. Parthenolide has been revealed to possess anti‑inflam-
matory and anticancer activities (45-47). Carlisi et al (48) 
reported that parthenolide sensitizes liver cancer cells to 
tumor necrosis factor-associated, apoptosis-inducing ligands 
through the inhibition of STAT3 activation. Of note, NC 
also inhibited the activation of the JAK1/STAT3 signaling 
pathway in liver cancer (22). This comparison further supports 
an anti‑inflammatory and antitumor capacity of NC on liver 
cancer cells. The results of the present study also provide clues 
to other biological NC mechanisms against liver cancer.

Figure 7. The overall clinical value of key genes. (A) Relative expression levels of key genes in liver cancer cells. (B) ROC of diagnostic index. (C) The expres-
sion levels of the eight key genes and (D) the Kaplan-Meier plot in the high- and low-risk groups. ROC, receiver operating characteristic; AUC, area under the 
ROC curves; CI, confidence interval; LSM4, U6 snRNA‑associated Sm‑like protein LSm4; MFSD5, molybdate‑anion transporter; HMGN1, non‑histone chro-
mosomal protein HMG-14; RTN2, reticulon-2; CDKN2AIPNL, CDKN2AIP N-terminal-like protein; ITGA6, integrin α‑6; ZCRB1, zinc finger CCHC‑type 
and RNA-binding motif-containing protein 1; C1orf54, uncharacterized protein C1orf54.
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Among the DEGs identified in the in‑house microarray, 
key liver cancer initiation and progression genes suspected of 
being targeted by NC were processed. NC was observed to 
suppress a total of eight overexpressed genes in liver cancer. 
Consistent with the hypothesis of the present study, high 
expression levels of certain genes were significantly associated 
with advanced stage and grade of liver cancer, and could serve 
as potential biomarkers for predicting the overall survival of 
patients with liver cancer. NC may enact its anti-proliferative 
function through these genes. A study by our group also 
provided certain clues as to NC functional mechanisms (49). 
Ou et al (23) demonstrated that NC induced apoptosis in 
ovarian cancer cells by activating the Fas signaling pathway. 
Kim et al (46) reported that NC suppressed the growth of 
acute myeloid leukemia cells by inhibiting the phosphoryla-
tion of AKT and ERK. A study has also proposed that the 
upregulation of p53, p21 and Bax, and the downregulation 
of Bcl‑2 mediate NC apoptotic function in liver cancer (23). 
Many studies have addressed different targets for NC anti-
tumor function (25,26,50-52). The present study integrated the 
classical functional experiments and big data mining, which 
could provide novel insights into the molecular characteristics 
of NC. Generally, cancer can be regarded as a disorder in the 
equilibrium between cell growth and death, and these genes are 

frequently involved in cancer disorders (49,3). In recent years, 
the research and development of new drugs have been based 
on the pharmacological action of drugs on multiple targets and 
through multiple pathways to achieve long-term low toxicity 
and to reduce drug resistance (53,54). Clinical significance 
was also explored by treating the eight key genes as a set. 
Additional survival analysis revealed that the gene set was 
highly correlated with a reduced overall survival. This result 
provides a useful conceptual framework for understanding the 
complex biology of NC effects on liver cancer.

However, there are several limitations of the present study. 
First, only two cell plates used for the microarray. Hence, the 
preliminary study is required a confirmation in the future. 
Second, several bioinformatics analyses were performed based 
on prediction algorithms, future in vitro or in vivo experiments 
are needed to explore the exact regulatory mechanisms.

In conclusion, the present study determined that NC exhib-
ited tumor growth inhibitory effects in vitro and in vivo. It 
was also demonstrated that different key genes are potentially 
involved in NC-mediated antitumor function, implicating 
several prospective proliferative signaling pathways. The 
present study demonstrates the antitumor function of NC and 
provides insights into the potential complex molecular func-
tions of NC against liver cancer. In brief, NC has the potential 

Figure 8. Alteration status of eight key genes. (A) Overview of the alterations status of key genes. The overall percentage (34%) represents patients with 
one or more genetic mutation, while individual percentages represent patients with a mutation in one gene. (B) Overall and (C) disease-free survival of 
cases with alterations and cases without alterations. LSM4, U6 snRNA-associated Sm-like protein LSm4; MFSD5, molybdate-anion transporter; HMGN1, 
non-histone chromosomal protein HMG-14; RTN2, reticulon-2; CDKN2AIPNL, CDKN2AIP N-terminal-like protein; ITGA6, integrin α-6; ZCRB1, zinc 
finger CCHC‑type and RNA‑binding motif‑containing protein 1; C1orf54, uncharacterized protein C1orf54.
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for future clinical application when its in-depth molecular 
mechanisms have been fully explored.
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