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Purpose: Hepatocellular carcinoma (HCC) is a common malignant tumor with limited 
treatment. Our previous studies demonstrated that Huaier enhanced chemotherapy sensitivity 
and restrained HCC proliferation. This study aimed to identify differentially expressed 
proteins with Huaier treatment in HCC cells, providing molecular targets for future targeted 
therapy of HCC.
Materials and Methods: The effects of Huaier on the cell cycle were determined by flow 
cytometry and Western blot (WB). Xenograft models were used to verify the effects of 
Huaier on tumor growth. Then, proteomics was performed to identify the potential proteins 
regulated by Huaier. The enrichment analysis of GO and KEGG was performed for the 
differentially expressed proteins. Western blot (WB) and immunohistochemistry (IHC) were 
used to detect the levels of proteins after Huaier treatment. After that the correlation of 
differentially expressed proteins with pathological stages was analyzed via the GEPIA 
database. We also analyzed candidate expression after Huaier treatment in HCC cells by 
WB and qRT-PCR. Furthermore, siRNA was performed to verify the targeted regulation of 
Huaier on candidate proteins.
Results: First, the proteomics data showed that a total of 160 proteins were identified as 
differentially expressed proteins, among which six minichromosome maintenance (MCM) 
family members were enriched in the tumor-associated pathways after Huaier treatment. 
Moreover, MCM proteins were highly expressed in HCC and closely correlated with the 
survival of HCC patients. Finally, we confirmed that MCM proteins were targets of Huaier 
treatment in HCC cells.
Conclusion: Huaier treatment was closely associated with the activation and inhibition of 
cancer-related pathways, and the MCM family was identified as a potential target in the 
antitumor process of Huaier. This study is helpful in understanding the molecular alterations 
and clinical relevance of HCC after Huaier treatment, which is beneficial for finding new 
targets and designing effective chemotherapy regimens for the future treatment of HCC.
Keywords: MCM proteins, proteomics, cell cycle, Huaier, HCC

Introduction
Hepatocellular carcinoma (HCC) is one of the most common types of malignant 
tumors, and it is the third leading cause of cancer death.1 The therapeutic options 
for HCC patients are extremely limited, and one of the important reasons is that 
effective chemotherapy drugs are still lacking. Chemotherapeutic drugs commonly 
used in HCC clinically include fluorouracil, doxorubicin, cisplatin, and mitomycin.2 
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Recently, some new drugs have also achieved effective 
programs in HCC, including gemcitabine, capecitabine, 
and irinotecan. The combined chemotherapy regimens for 
HCC are oxaliplatin plus 5-fluorouracil (5Fu), gemcitabine 
plus oxaliplatin, capecitabine plus oxaliplatin, capecitabine 
plus cisplatin, and adriamycin plus oxaliplatin.3,4 

However, the efficacy of chemotherapy regimens is not 
ideal, and toxic effects are large. Sorafenib, as a new 
targeted therapy, has a better survival rate for HCC 
patients, but the overall efficacy is still not satisfactory.5 

In addition, regorafenib optimizes the efficacy of sorafenib 
by adding a fluorine atom to the central benzene ring of 
sorafenib. At present, research on the combination treat
ment protocol based on regorafenib is still in the in vitro 
experimental stage, and further basic and clinical studies 
are needed for the clinical efficacy of regorafenib.5

In China, adjuvant chemotherapy based on traditional 
Chinese medicine (TCM) has emerged as an increasing 
method in the systemic treatment of HCC patients.6 

Trametes robiniophila murr (Huaier), a traditional 
Chinese herbal medicine, has been confirmed to have 
successful antitumor effects in clinical trials and is 
widely used in adjuvant therapies of HCC.7 

Accumulating evidence has reported that Huaier is able 
to induce HCC cell apoptosis, inhibit angiogenesis, and 
enhance immunity.8 In addition, our previous study also 
found that Huaier effectively inhibited the biological 
functions and enhanced the chemotherapeutic sensitivity 
of HCC cells by targeting the Yes-associated protein 
(YAP)-Cyr61 axis.9,10 However, Huaier has multiple tar
gets in vivo, and its antitumor mechanisms are not fully 
understood, which greatly limits the clinical application 
and promotion of drugs. Thus, there is an urgent need to 
explain the mechanisms by which Huaier enhances che
mosensitivity and to predict more molecular targets in 
this antitumor process.

Bioinformatics analysis based on proteomics has been 
widely used to identify differential proteins after che
motherapy in cancers.11,12 The present study aimed to 
further screen differential proteins before and after 
Huaier treatment and to predict their underlying functions 
by bioinformatics analysis. We then explored the clinico
pathologic correlation of the differential proteins. 
Moreover, our data indicated that Huaier could effectively 
inhibit the expression of these differentially expressed 
proteins, thus laying a foundation for the development of 
targeted therapy strategies based on Huaier.

Materials and Methods
HCC Tissue Specimens
Ten pairs of HCC tissues and adjacent normal tissues were 
collected from patients with HCC in our previous 
study.13,14 Patients with other comorbidities, such as liver 
cirrhosis or hepatitis, were excluded from that study; only 
those with primary liver cancer alone were included. The 
specimens were frozen immediately after surgery in liquid 
nitrogen. None of the patients received radiotherapy, che
motherapy, or other treatments before surgery. All patients 
provided written informed consent for use of the samples 
during their hospitalization. This study was approved by 
the Ethics Committee of Shanghai Municipal Hospital of 
Traditional Chinese Medicine and conducted in accor
dance with the Declaration of Helsinki.

Cell Culture and Transfection
HL-02 cell lines were obtained from the Chinese Academy 
of Sciences (Shanghai, China), Bel-7404, SK-Hep1, Bel- 
7402, SMMC-7721, and HepG2 were obtained from 
American Type Culture Collection (ATCC, USA), which 
also used in our previous studies.15,16 Cells were cultured 
in DMEM (HyClone, USA) with 10% fetal bovine serum 
and 1% penicillin-streptomycin in a 37°C cell culture 
incubator with 5% CO2. Short interfering RNAs 
(siRNAs) were synthesized by GenePharma (Shanghai, 
China). Lipofectamine 2000 (Invitrogen, USA) was used 
to transfect the MCM and negative control siRNAs into 
the cells according to the manufacturer’s suggestions. The 
specific siRNA primers are listed in Table S1.

Huaier
The granules of Huaier were obtained from Qidong 
Gaitianli Medicine Co., Ltd. The drug was dissolved in 
enzyme-free water to a final concentration of 300 mg/mL. 
Then, the supernatant was collected after centrifugation at 
1000 rpm for 1 min and stored at 4°C for short-term use.

Flow Cytometry and qRT-PCR
For flow cytometry, the cell cycle was detected by 
a detection kit (KeyGen, KGA512) and was analyzed by 
ModFit LT 5.0 software.

For qRT-PCR, total RNA was extracted using TRIzol 
Reagent, and cDNA was synthetized with All-in-One cDNA 
Synthesis SuperMix (Biotool, B24403). Then, qPCR was 
performed using 2×SYBR Green qPCR Master Mix 
(Biotool, B21202). The specific primers are listed in Table S2.
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Western Blot (WB) and 
Immunohistochemistry (IHC)
For WB, the detailed procedures were performed as 
described previously [8] using the following primary anti
bodies: anti-MCM2 (Abcam, ab4461), anti-MCM3 (Abcam, 
ab128923), anti-MCM4 (Abcam, ab4459), anti-MCM5 
(Abcam, ab75975), anti-MCM6 (Abcam, ab201683), anti- 
MCM7 (Abcam, ab2360), anti-CDK9 (Abcam, ab76320), 
anti-CyclinD1 (Abcam, ab16663), anti-CyclinE1 (Abcam, 
ab33911), anti-p53 (Abcam, ab241566), anti-p21 (Abcam, 
ab109502), anti-p27 (Abcam, ab32034), and anti-GAPDH 
(Abcam, ab181602).

For IHC, the standard method was described previously.14 

Slides were incubated with primary antibodies (Abs) against 
MCM2 (Immuway, YM6642), MCM3 (Abcam, ab128923), 
MCM4 (Immuway, YT2681), MCM5 (Abcam, ab75975), 
MCM6 (Abcam, ab190948), and MCM7 (Abcam, ab2360).

Xenograft Mouse Model
A total of 5×106 Bel-7404 cells were subcutaneously 
injected into the left armpit of athymic nude mice 
(SLAC, Shanghai, China). One week after injection, 
Huaier (100 μL of solution containing 50 mg) was admi
nistered via gavage daily for 35 days. The control group 
received normal saline in the same volume by the same 
route. Inhaled carbon dioxide was used to kill the animals 
while under deep anesthesia with sodium pentobarbital 
(250 mg/kg, intraperitoneally) at 35 days. All animal 
experiments were conducted in the Experimental Center 
of Shanghai Municipal Hospital of Traditional Chinese 
Medicine and approved by the Ethics Committee of 
Shanghai Municipal Hospital of Traditional Chinese 
Medicine and performed according to the NIH Guide for 
the Care and Use of Laboratory Animals.

Bioinformatics Analysis
The expression levels of MCM2, MCM3, MCM4, MCM5, 
MCM6 and MCM7 in normal and liver cancer tissues, overall 
survival curves with high or low MCM2, MCM3, MCM4, 
MCM5, MCM6 and MCM7 expression, and correlations with 
pathological stages were analyzed from the GEPIA database.

Proteomics, GO and KEGG Enrichment 
Analysis
The differentially expressed proteins were analyzed using 
iTRAQ proteomics. The expression profiles are provided 
for HCC Bel-7404 cells, which were divided into the 

control group and Huaier group (15 mg/mL). For the 
iTRAQ proteomic analysis, lysis buffer (2% SDS, 7 
M urea, 1x Protease Inhibitor Cocktail (Roche Ltd. 
Basel, Switzerland) was added to the samples. The lysis 
was performed by sonication on ice for 3 min (5 min for 
bacteria) and kept on ice for 30 min. After centrifugation 
at 15,000 rpm for 15 min at 4°C, the supernatant was 
collected and transferred to a new Eppendorf tube. 
Proteins were redissolved in 500 mM TEAB (triethylam
monium bicarbonate). The protein concentration of the 
supernatant was determined using the BCA protein assay, 
and then100 µg proteins per condition were transferred 
into a new tube and adjusted to a final volume of 100 µL 
with 8 M urea. Then, 11 µL of 1 M DTT was added, the 
sample was incubated at 37°C for 1 hour, and then it was 
transferred into a 10K ultrafiltration tube (Millipore). To 
remove urea, samples were centrifuged by adding 100 mM 
TEAB three times. Then, 120 µL of 55 mM iodoacetamide 
was added to the sample and incubated for 20 min pro
tected from light at room temperature. Then, proteins were 
tryptically digested with sequence-grade modified trypsin 
(Promega, Madison, WI). Each sample was labeled with 
the corresponding iTRAQ reagents from the 8plex kit 
according to the manufacturer’s protocol. Then, the 
labeled samples of each iTRAQ analysis were pooled 
and mixed in equal proportions, dried by vacuum centri
fugation, and prepared for fractionation by IEF separation. 
Then, liquid chromatography and tandem mass spectro
metry (LC-MS/MS) analysis was performed according to 
the manufacturer’s protocol. Different expressed proteins 
were filtered if their fold change was over 1.5-fold and 
contained 2 unique peptides with −10 lgP.

For GO, we performed enrichment analysis on biolo
gical processes (BP), molecular functions (MF), and cell 
components (CC). Significance level was p < 0.05.

Pathway enrichment analysis used the KEGG pathway 
as a unit and applied a hypergeometric test to find path
ways that compared to the entire proteomic background, 
were significantly enriched in candidate target proteins. 
Significance level was considered p < 0.05.

Statistical Analysis
All data and error bars are presented as the mean ± SD 
from at least three independent experiments. All differ
ences between two groups were analyzed with Student’s 
t-test using IBM SPSS Statistics 21. Significance level was 
considered p < 0.05.
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Results
Identify Differentially Expressed Proteins 
After Huaier Treatment in HCC Cells
Huaier has significant inhibitory effects on tumors. The results 
from flow cytometry indicated that Huaier inhibited the G1 to 
S phase transition in Bel-7402 and SK-Hep1 cells, suggesting 
that Huaier could inhibit the cell cycle of HCC cells (Figure 
1A). WB analysis was also consistent with the results of flow 
cytometry. As shown in Figure 1B, the cell cycle-associated 
proteins, CDK9, CyclinD1, and CyclinE1, were significantly 
decreased, but the CDK inhibitors, p53, p21, and p27, were 
increased after Huaier treatment in both SK-Hep1 and Bel- 
7404 cells (Figure 1B). Then, in vivo experiments showed that 
Huaier was able to inhibit the growth of xenografts effectively 
(Figure 1C). To explore the targets of Huaier, we then per
formed proteomics analysis with or without Huaier treatment. 
According to the proteomics results, we performed 
a hierarchical cluster analysis on the protein expression profile. 
A large number of differentially expressed proteins were 
observed between the control group and Huaier group in 

Bel-7404 cells (Figure 1D). As shown in Figure 1E, the 
volcano map indicated that differentially expressed proteins 
had a significant effect between the control group and Huaier 
group. According to the statistical analysis, there were 160 
differentially expressed proteins before and after Huaier treat
ment, among which 12 were upregulated and 148 were down
regulated (Figure 1F). Therefore, these results demonstrated 
that Huaier can inhibit the HCC cell cycle.

Bioinformatics Analysis After Huaier 
Treatment in HCC Cells
First, we performed GO enrichment analysis on BP, MF, and 
CC for the 160 differentially expressed proteins. The results 
showed that the BP of differentially expressed proteins was 
mainly enriched in nitrogen compound metabolic process 
(19%), single-organism developmental process (8%), circa
dian rhythm (8%), and response to an endogenous stimulus 
(8%) (Figure 2A). In MF analysis, differentially expressed 
proteins were mainly enriched in organic cyclic compound 
binding (20%), oxygen binding (19%), protein binding 

Figure 1 Identification of proteins regulated by Huaier in HCC cells. (A) Cell cycle of Bel-7404 and SK-Hep1 cells was determined by flow cytometry in the control group 
and Huaier group (15 mg/mL). (B) The expression levels of CDK9, CyclinD1, CyclinE1, p53, p21, and p27 in SK-Hep1 and Bel-7404 cells treated with or without Huaier 
(15 mg/mL) for 24 h measured by WB assay. (C) Representative tumor pictures and tumor volume with or without Huaier (100μL of solution containing 50 mg) treatment. 
Pictures were captured 35 days after subcutaneous injection of Bel-7404 cells. N=6/group. (D) Heat map showing the differentially expressed proteins between the control 
group (n = 3) and Huaier group (n = 3) detected using proteomics. (E) Volcano map showing the down-regulated, up-regulated and unchanged proteins after Huaier 
treatment. (F) Histograms showing the number of differentially expressed proteins after Huaier treatment.
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(19%), and ion binding (11%) (Figure 2B). In addition, in CC 
analysis, differentially expressed proteins were mainly 
enriched in virion part (19%), ribonucleoprotein complex 
(18%), catalytic complex (16%), and anchoring junction 
(10%) (Supplementary Fig. S1A).

KEGG enrichment revealed that these differentially 
expressed proteins were significantly enriched in ribosome, 
spliceosome, viral carcinogenesis, vitamin B6 metabolism, 
cell cycle, and DNA replication pathways (Figure 2C). 
Figure 2D shows the bubble maps of the top 15 of the pathway 
enrichment analysis of differentially expressed proteins (stan
dard cutoff p < 0.05). Significant changes were observed in the 
cell cycle and DNA replication pathways, which were closely 
related to tumorigenesis, after Huaier treatment (Figure 2D). 
Notably, differential expression levels of MCM family mem
bers, such as MCM2, MCM3, MCM4, MCM5, MCM6, and 
MCM7, were also enriched in the cell cycle and DNA replica
tion pathways, suggesting the importance of the MCM family 
in the cell cycle and DNA replication processing with Huaier 
treatment (Table 1).

MCM Family Members are Highly 
Expressed in HCC Cells and Tissues
The above results suggested that the MCM family might be 
involved in the process of the cell cycle and DNA replication 

in HCC cell lines. Unexpectedly, the results from WB 
revealed that all MCM family members were obviously 
upregulated in HCC cell lines, especially in BeL-7404, SK- 
Hep1, and HepG2 cells, whereas their expression levels were 
low in normal liver epithelial HL-02 cell lines (Figure 3A). 
IHC results also revealed that compared with normal tissues, 
MCM family members were highly expressed in HCC tis
sues (Figure 3B, Supplementary Fig. S1B). Next, we tested 
HCC samples from 10 patients and matched adjacent tissues 
and found that the expression of MCM family members was 
aberrantly elevated at the mRNA level (Figure 3C). In addi
tion, compared with paired adjacent tissues, the protein 
expression levels of MCM2, MCM3, MCM4, MCM5, 
MCM6, and MCM7 were also enhanced in HCC tissues 
(Figure 3D). Therefore, these findings indicated that the 
expression of the MCM family was increased in HCC tissues 
and cell lines.

The MCM Family is Crucial for HCC 
Patient Survival and is Inhibited by Huaier
To further investigate the correlation of MCM levels with the 
survival of HCC patients, we searched the GEPIA database 
that contained 160 normal liver tissue samples and 369 HCC 
tissue samples. First, the results indicated that MCM2, 
MCM3, MCM4, MCM5, MCM6, and MCM7 were 

Figure 2 Bioinformatics analysis of differentially expressed proteins after Huaier treatment. (A and B) Pie diagram of GO enrichment of differential proteins. The three 
basic classifications of GO term are biological process (BP) (A), molecular function (MF) (B) and cellular component (CC) (Data shown in Figure S1). (C) Histograms 
showing KEGG enrichment of differentially expressed proteins. *p < 0.05, **p < 0.01, ***p < 0.001. (D) Top 15 of pathway enrichment.
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expressed at higher levels in HCC tissues than in normal liver 
tissues (Figure 4A, Supplementary Fig. S2A). Additionally, 
we found that high expression levels of these MCM family 
members were associated with shorter overall survival of 
HCC patients (Figure 4B, Supplementary Fig. S2B), and 
their expression levels were significantly associated with 
higher tumor stage (Figure 4C, Supplementary Fig. S2C).

Furthermore, we also found that MCM protein (Figure 4D) 
and mRNA expression (Figure 4E) were inhibited by Huaier 
in Bel-7404 and SK-Hep1 cells. These results strongly sug
gested that MCM family members were upregulated in HCC 
cells, and that they might be potential targets of Huaier.

Huaier Suppressed the HCC Cell Cycle 
by Regulating MCM Proteins
To further explore whether Huaier targeted MCM to inhibit the 
cell cycle and exerted its antitumor effects, specific siRNAs 
were used to mediate the downregulation of MCM proteins in 
Bel-7404 and SK-Hep1 cells (Supplementary Fig. S3). As 
shown in Figure 5 and Supplementary Fig. S4, Huaier 

effectively inhibited the cycle-related proteins, CDK19, 
CyclinD1, and CyclinE1, and enhanced p53, p21, and p27 
levels. However, after knocking down MCM proteins, the 
effects of Huaier on these proteins were significantly reversed, 
indicating that Huaier suppressed the HCC cell cycle in an 
MCM-dependent manner.

Discussion
According to global cancer statistics from Globocan, there 
were 841,080 cases of liver cancer worldwide (HCC 
accounted for 85%) in 2018, accounting for 4.7% of the 
total cancer incidence in the same period. At the same 
time, the number of deaths attributable to liver cancer 
worldwide was 781,631, thus accounting for 8.2% of the 
total cancer deaths in the same period.17 In China, adju
vant chemotherapy based on TCM is a new direction for 
HCC therapy. A large number of randomized trials have 
continuously confirmed the clinical efficiency of tradi
tional herbal medicine.18 Of these, Huaier has been widely 
used for HCC treatment. Recent studies recommended that 
Huaier was able to prevent intrahepatic metastasis (IM) or 

Table 1 KEGG Enrichment Top 11 Signaling Pathway

Pathway Description NO. P value GENE ID

Ribosome 13 1.54787E-10 RPLP2/RPL17/RPL3/RPL27/RPS6/RPL19/RPL21/RPL13/RPS8/RPL18/RPL35/RPS2/RPL8

Spliceosome 11 1.88672E-08 HNRNPK/HNRNPU/HNRNPA3/DDX46/PCBP1/HNRNPA1/SRSF3/HNRNPC/DDX5/HNRNPM/ 
SRSF2

Cell cycle 8 1.99324E-05 MCM5/MCM7/MCM4/CDK1/MCM6/YWHAG/MCM2/PRKDCa

DNA replication 5 2.23215E-05 MCM5/MCM7/MCM4/MCM6/MCM2b

Viral carcinogenesis 9 0.000326665 CDK1/PSMC1/HNRNPK/YWHAG/DDX3X/SND1/CHD4/RANBP1/HIST1H4A;HIST1H4B; 
HIST1H4C;

HISTIH4D/HISTIH4E/HISTIH4F/HIST1H4H/HISTIH4J;HISTIH4K;HIST1H4L;HIST2HA;HIST2H4B; 
HIST4H4

Biosynthesis of amino 

acids

5 0.000848813 PYCR1/IDH3A/CPS1/PFKP/PHGDH

Epstein-Barr virus 

infection

8 0.003970254 CDK1/PSMD12/PSMC1/PSMC3/YWHAG/SND1/XPO1/HSPB1

Carbon metabolism 5 0.004100065 CPS1/IDH3A/PHGDH/PFKP/HK2

RNA transport 6 0.007360002 EIF4G1/EEF1A1/EIF4G2/XPO1/RANGAP1/EIF4A1

HIF-1 signaling pathway 4 0.016269678 HMOX1/ELOC/RPS6/HK2

Proteoglycans in cancer 5 0.044286847 CTTN/DDX5/PDCD4/FLNA/RPS6

Notes: aDifferential expression levels of MCM family members were enriched in the cell cycle. bDifferential expression levels of MCM family members were enriched in 
DNA replication pathways.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 12020

Niu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=279723.docx
https://www.dovepress.com/get_supplementary_file.php?f=279723.docx
https://www.dovepress.com/get_supplementary_file.php?f=279723.docx
https://www.dovepress.com/get_supplementary_file.php?f=279723.docx
https://www.dovepress.com/get_supplementary_file.php?f=279723.docx
http://www.dovepress.com
http://www.dovepress.com


multicentric occurrence (MO) to improve survival 
in patients with multifocal HCC.19 Additionally, 
a nationwide multicenter study involving 1044 patients 
proved that Huaier could improve recurrence-free survival 
(RFS) and reduce extrahepatic recurrence after curative 
liver resection.7 Our study also reported that the combina
tion treatment of Huaier and oxaliplatin could improve the 
intrinsic or acquired resistance of oxaliplatin in HCC.10 

Although related clinical research has made promising 

progress, the molecular mechanisms of Huaier treatment 
for HCC remain unclear. One of the pivotal reasons is that 
the effective ingredients of herbal medicine are relatively 
complex and have multiple mechanisms of action in vivo.20 

The active ingredient of Huaier is a polysaccharide com
posed of 6 kinds of monosaccharides, namely, L-fucose, 
L-arabinose, D-xylose, D-mannose, D-galactose, and 
D-glucose combined with 18 amino acids.21 Related stu
dies have revealed that Huaier could inhibit the initiation 

Figure 3 MCM proteins were up-regulated in HCC cell lines and tissues. (A) Western blots assay showed the expression levels of MCM2, MCM3, MCM4, MCM5, MCM6, 
and MCM7 in HL-02, Bel-7404, SK-Hep1, Bel-7402, SMMC-7721, and HepG2 cell lines. (B) Representative IHC images of MCM2, MCM3, and MCM4 staining from normal 
liver and HCC tissues, scar bar 100μm. (C) The heat-map exhibits the differentially expressed MCM between 10 pairs of HCC tissues and adjacent normal tissues measured 
by RT-qPCR assay. (D) Western blots of the expression levels of MCM proteins between 6 pairs of HCC tissues and adjacent normal tissues.
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and progression of HCC by regulating the PI3K/AKT,22 

YAP/CREB,8 c-Myc/Bmi1,23 JAK/STAT3,24 and tumor- 
associated miRNA signaling pathways.22 Hence, Huaier 
also has multiple targets in the antitumor process.

Our previous studies and other more recent studies 
have shown that the Bel-7404 cell line is highly malignant 
and has multidrug resistance.9,10 Here, this study identified 
160 differentially expressed proteins before and after 
Huaier treatment in Bel-7404 cells. Notably, all the 
MCM family members (MCM2/3/4/5/6/7) were differen
tially expressed after Huaier treatment via bioinformatics 
analysis. KEGG pathway enrichment analysis showed that 
these differentially expressed MCM proteins are mainly 
enriched in tumor-associated pathways, suggesting that the 
MCM family might be important targets in the treatment 
of HCC by Huaier. The six subunits of the MCM family 
are essential for DNA replication and extension.23 In 

eukaryotic cells and mammals, the MCM family belongs 
to a class of replication licensing factors (RLFs) that can 
bind to the origin of replication. In the early G1 phase, the 
six proteins (MCM2/3/4/5/6/7) are involved in the forma
tion of the preinitiation complex (PIC) of replication. In 
this process, MCM proteins can interact with each other to 
form different complexes. MCM4/6/7 has helicase activity 
and DNA-dependent ATPase activity, which is the cataly
tic core of MCM complexes. MCM3/5 can inhibit the 
activity of MCM4/6/7 helicase, while MCM2 stabilizes 
the interaction between MCM3/5 and MCM4/6/7.23,24 In 
addition to participating in DNA replication, MCM pro
teins also play an important role in RNA transcription, 
chromatin reconstruction, and maintaining gene 
homeostasis.25,26 In the clinic, MCM proteins have been 
identified as diagnostic markers of cancers. Liu et al,27 

found that MCM2/3/4/5/6/7 mRNAs were significantly 

Figure 4 Up-regulated of MCM proteins were closely correlated with shorter survival time and inhibited by Huaier. (A) Relative expression levels of MCM2, MCM3, and 
MCM4 in 369 HCC tissues and 160 normal tissues got form GEPIA database. (B) Kaplan-Meier survival curves for HCC patients with low (n = 182) or high (n = 182) MCM 
expressions (MCM2, MCM3, and MCM4) which extracted from GEPIA database. (C) The correlations of MCM2, MCM3 and MCM4 proteins with clinicopathologic stages 
got from GEPIA database. (D) The expression levels of MCM2, MCM3, MCM4, MCM5, MCM6, and MCM7 in SK-Hep1 and Bel-7404 cell lines treated with Huaier (15 mg/ 
mL) for 24 h measured by WB assay. (E) Relative mRNA levels of MCM2, MCM3, MCM4, MCM5, MCM6, and MCM7 in SK-Hep1 and Bel-7404 cell lines treated with Huaier 
(15 mg/mL) for 24h (Student’s t-test, n = 3).
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upregulated in HCC patients. Overexpression of MCM2, 
MCM6, and MCM7 was closely associated with adverse 
tumor features and poorer outcomes. Additionally, the 
results of other similar studies were basically consistent 
with ours. This study also found that MCM proteins were 
upregulated in HCC cells and tissues and that overexpres
sion of MCM proteins was crucial for the overall survival 
of HCC patients. At the cellular level, Huaier decreased 
the protein and mRNA levels of all MCM family mem
bers. Hence, given the important role of the MCM family 
in tumorigenesis, we suggest that MCM proteins are the 
key targets of Huaier treatment for HCC. A related study 
reported that knockdown of MCM proteins could induce 
a delay in S/G2-phase progression by restraining the 
expression levels of CDK4, CyclinD1, and CyclinE in 
HCC cells.28,29 Additionally, MCMs are regulated in the 
cell cycle through phosphorylation by ATM (ataxia telan
giectasia mutated), and phosphorylation of MCM proteins 
is closely associated with oncogenesis and cancer 
progression.30 Importantly, recent studies also demon
strated that both CDK and ATM were regulated by 
Huaier and finally inhibited cancer cell proliferation.31 

Furthermore, Huaier plus 5-Fu had significant inhibitory 
effects on the cell cycle by targeting CDK9, CyclinD1, and 
CyclinE1.10 This study also demonstrated that Huaier 

suppressed the MCM-dependent HCC cell cycle. 
Therefore, we suggest that there may be a molecular net
work between Huaier and cell cycle-related proteins, 
which is mediated by MCM proteins.

In conclusion, this study demonstrated alterations in 
expression after Huaier treatment in HCC cells. Huaier treat
ment was closely correlated with the activation and inhibition 
of cancer-related molecular pathways, and MCM family mem
bers were identified as potential targets in the antitumor pro
cess of Huaier. These findings will also be beneficial for the 
clinical application of Huaier and related therapeutic targets.

Highlights
1. Identifying differentially expressed proteins before 

and after Huaier treatment in HCC cells via proteomics 
data.

2. Minichromosome maintenance (MCM) family mem
bers are highly expressed in HCC and closely correlated 
with the survival of HCC patients.

3. MCM proteins are targets of Huaier treatment in 
HCC cells.
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