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Abstract
Background: DNA methylation plays a pivotal role in the development and progression of tumors, but
studies focused on the dynamic changes of DNA methylation in the development of hepatocellular
carcinoma (HCC) are rare. This manuscript is aimed to construct pre- and early DNA methylation maps of
liver cancer of the same genetic background, as well as to reveal the mechanism of epigenetics
regulating gene expression during the development of liver cancer, thus providing new targets and clinical
evidence for early diagnosis and shedding lights on the precise treatment for liver cancer.

Methods: The study includes 5 patients who were chronic hepatitis B virus infected, clinically diagnosed
as primary liver cancer and pathologically diagnosed as early liver cancer with liver dysplastic nodules.
Liver �brosis tissues, dysplastic nodules and early HCC tissues from these patients have been used to
measure DNA methylation.

Results: We report signi�cant differences in the DNA methylation spectrum of three types of tissues. In
the early stage of HCC, DNA hypermethylation of tumor suppressor genes is predominant. Additionally,
DNA hypermethylation in the early stage of HCC changes the binding of transcription factor P53 to the
promoter of tumor suppressor gene ZNF334, and inhibits the expression of ZNF334 at the transcription
level. Furthermore, through a series of in vivo and in vitro experiments, we have clari�ed the exacerbation
effect of tumor suppressor gene ZNF334 deletion in the occurrence of HCC. Combined with clinical data,
we found that the overall survival and disease-free survival of patients with high ZNF334 expression are
longer than the lower one.

Conclusions: We constructed a sequential map of DNA methylation modi�cation during the occurrence of
HCC, and clari�ed the biological function and regulatory mechanism of the tumor suppressor gene
ZNF334, which is regulated by related DNA methylation sites, and also provide new targets and clinical
evidence for the early diagnosis and precise treatment of liver cancer.

Background
Primary liver cancer (PLC) is one of the most common malignant tumors with rapid development, low
surgical resection rate, easy recurrence and metastasis, and high fatality rate[1–3]. Chronic in�ammation
of the liver caused by alcohol, hepatitis virus, metabolic disorders, etc. is generally considered to be the
initiating factor for the occurrence of hepatocellular carcinoma (HCC)[4–7]. The in�ammatory-cancer
transformation of the liver requires a long �brosis process, often from the liver dysplastic nodule (Dn)
through a sequential process that gradually changes from benign to malignant[8]. It can be seen clinically
that in some well-differentiated PLC, the tumor tissue is surrounded by high-grade Dn to form a "nod in
the nodule" structure[9]. Therefore, the liver Dn is generally recognized as precancerous lesions that are
closer to liver cancer than cirrhotic tissue[10]; however, few previous studies focused on the liver Dn,
which is an important period of liver cancer in the early stage. In view of the strong metastatic
characteristics of early liver cancer, research on precancerous lesions of liver cancer can better help �nd
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the driving events or molecules of the HCC, which is a signi�cant premise to realize the early diagnosis
and better treatment of liver cancer.

Epigenetic modi�cations, including histone modi�cation, DNA methylation modi�cation, chromatin
remodeling, and non-coding RNA regulation, are crucial regulatory mechanisms for cells to adapt to
changes in the external environment[11, 12]. Studies have shown that DNA methylation modi�cation
disorder is a common feature in PLC[13, 14]. Genome-wide hypomethylation in HCC can cause genome
instability, which in turn leads to mutations or expression alterations of tumor-related genes[15]. In the
meanwhile, local abnormal methylation of tumor-related genes can inhibit the expression of tumor
suppressor genes (TSGs) or promote the expression of oncogenes, thereby promoting the occurrence and
development of liver cancer[16]. Previous studies have also shown that during the occurrence of hepatitis
B virus-related liver cancer, the abnormality of DNA methylation modi�cation as well as malfunction of
key enzymes can lead to the inactivation of TSG and the activation of oncogenes, accelerating the
development of liver cancer[17, 18]. DNA methylation modi�cation may have different patterns in
different stages of liver cancer. In the comparison of early liver cancer and advanced liver cancer, the
lineage of DNA methylation is the most extensively different, which also indicates the abnormalities of
the methylation modi�cation in HCC are secondary changes after the occurrence of liver cancer[19].

However, previous studies usually prefer the same type of tissue from different patients for research.
Although the tissue types are the same, the genetic background is not completely in common. In the
sequential process from hepatitis to cirrhosis to cancer, the continuous changes in the genome are
ignored and we can only analyze the changes in the process of "in�ammation-to-cancer transformation"
truncated from different time points, which lacks a certain continuity. In addition, animal model research
related to tumorigenesis needs to cross the gap of species. Therefore, it is more reasonable and scienti�c
to search for early events that drive liver cancer in a series of samples with the same background. We
recruited 5 patients who were clinically diagnosed as PLC and were pathologically diagnosed as early
liver cancer with liver Dn. The liver �brosis tissues, Dn tissues and HCC tissues of each patient were taken
as a group and detected by methylation chip. Since the genetic backgrounds of different types of
samples are the same, the heterogeneity within the group is controlled to a minimum, which can better
clarify the sequential changes of epigenetic modi�cations during the "in�ammatory cancer
transformation" process.

Overall, our study systematically reveals the dynamic changes of the DNA methylation in the early stages
of liver cancer, �nds the DNA methylation sites that drive liver cancer, and clari�es the biological
functions and regulatory mechanisms of downstream genes regulated by related DNA methylation sites.
Collectively, these results provide the new target and clinical evidence for early diagnosis and precise
treatment of liver cancer.

Methods
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Mice in vivo limiting dilution assay and DEN-induced
carcinogenesis mice model
Male mice (nude), 6-8 weeks old and male mice (C57BL/6), 1week old were purchased from Animal
Research Center of Naval Medical University. For mice in vivo limiting dilution assay, the 48 nude mice
were divided into 8 groups, 6 in each group. Nude mice in each group were injected under the axilla of the
right forelimb with the ZNF334-OE cells or its control cells (ZNF334-NC) at 5×106, 1×106, 5×105, 1×105

cells/group respectively. Subcutaneous tumors of the mice were collected after two months. The number
and size of tumors were recorded. The website ELDA (http://bioinf.wehi.edu.au/software/elda/) was
used to analyze the proportion of cancer stem cells in the mouse subcutaneous tumors and evaluate its
sphere formation ability. For DEN-induced carcinogenesis mice model, the 30 C57BL/6 mice were divided
into 2 groups, 15 in each group. The chemical HCC was induced by the combination of DEN (25 mg/kg
i.p.) given at week 2 postpartum followed by weekly injections of CCl4 (0.5 mL/kg i.p., dissolved in olive
oil). Mice were sacri�ced at the indicated time for further studies. All animal experiments were approved
by the Animal Care Committee of Naval Medical University, and the investigation complied with the Guide
for the Care and Use of Laboratory Animals of the U.S. National Institutes of Health.

Human liver tissue
A total of 213 specimens of patients with HCC from September 2012 to September 2019 were selected
from the liver tissue specimen bank of Eastern Hepatobiliary Surgery Hospital, of which 5 cases had HBV
infection background and were clinically diagnosed as primary liver cancer and pathologically diagnosed
as early liver cancer with liver dysplasia nodules. HCC tumor tissues (the site where the tumor grows
vigorously) and the matched adjacent tissues (more than 2 cm from the tumor margin) were collected. All
patients who provided liver samples signed an informed consent form before the operation and reported
to the hospital ethics committee for approval.

Cell culture and experimental conditions
Human HCC cell lines (Huh7, HepG2, Hep3B, Sk-Hep1, SNU387) and normal liver cell lines (CCC-HEL-1,
L02) were purchased from Chinese Academy of Sciences Cell Bank. The above-mentioned cells were
cultured in a high-sugar DMEM medium containing 10% FBS at 37°C and 5% CO2.

Detection and analysis of DNA methylation
The liver �brosis tissues, dysplastic nodule tissues, and early liver cancer tissues of 5 patients were
extracted with genomic DNA by QIAamp DNA Kit (QIAGEN), and then treated with sul�te to make
unmethylated C into U, and the methylated C remains unchanged. DNA sample quality inspection and
methylation microarray detection were carried out in accordance with the standard procedures of
In�nium®Methylation EPIC. R package ‘RnBeads’ was used to analyze microarray data and identify
differentially methylated sites (β > 0.1 and p < 0.01). Principal component analysis, k-means clustering
analysis, and heatmap of DNA methylation levels were performed through R platform. Gene function
enrichment analysis were conducted using GSEA (gene set enrichment analysis).
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MassArray methylation quantitative detection
MassARRAY methylation detection technology (Sequenom, USA) performed by CapitalBio Technology
(Shanghai, China) was used to detect the methylation level of ZNF334 promoter (human) in carcinoma
and paracancerous tissues of 25 HCC patients and Zfp334 promoter (mice) in treatment and control
group. For mice Zfp334 promoter, three primers were designed to cover all the CpGs. The primers are as
follows:

Primer names Sequences

ZNF334-5#-F aggaagagagGGTTAGGAGTTTAATTTTGTTTTGGT

ZNF334-5#-R cagtaatacgactcactatagggagaaggctAACTCCTCAAAAATCCCTCAAAATA

Zfp334-6#-F aggaagagagGGGTTTTTTGGGAGTTATAAAAGAA

Zfp334-6#-R cagtaatacgactcactatagggagaaggctAATACAAAAACCTTTTTCTCAACCA

Zfp334-14#-F aggaagagagTTGTTGGTTTGTTTTTTTAGGTTTT

Zfp334-14#-R cagtaatacgactcactatagggagaaggctAATCTACTTCCCTTACTTTCCCTAA

Zfp334-16#-F aggaagagagGAAGGTATTGTTAGATGTGTTGGAG

Zfp334-16#-R cagtaatacgactcactatagggagaaggctAAAAAAAACAACAACAAACACCATT

 

Lentiviral transfection
A stable ZNF334-overexpressing cell line (ZNF334-OE) and a control cell line (ZNF334-NC) were
constructed in the Huh7; A stable ZNF334-knockdown cell line (sh-ZNF334) and its control cell line (sh-
NC) were constructed in the SNU387. The ZNF334 overexpression lentivirus is synthesized and packaged
by Gene Pharma (Shanghai, China). Its overexpression vector is EF1a-CMV-GFP-T2A-puro, and the virus
titer is 1.0E+8. The ZNF334 knockdown lentivirus was synthesized and packaged by Genechem
(Shanghai, China). The shRNA vector was hU6-MCS-Ubiquitin-EGFP-IRES-puromycin, and the virus titer
was 1.0E+9. Its interference fragment was 1#GAGGGCAAUUCUCAUUACATT;
2#UGUAAUGAGAAUUGCCCUCTT. When the cell con�uence is about 60%, virus solution and PolyBrene
(5µg/ml) were added to promote infection. For determination of the infection e�ciency, �uorescence
microscope was used after 72h, and the cells were selected with puromycin.

Dual-Luciferase reporter assay
The dual luciferase reporter plasmid psiCHECKTM-2 was synthesized by Gene Pharma (Shanghai,
China). The promoter region of ZNF334 is de�ned as the transcription start site to the upstream 2000bp.
Dual-Luciferase Reporter Assay System (Promega, E1910) for dual-luciferase reporter gene detection was
used according to the user manual. The 293T cells that had been transfected with dual �uorescence and
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transcription factor plasmids or control plasmids were lysed with lysis buffer, and then �re�y
�uorescence and renilla �uorescence values were detected in a microplate reader, and statistical analysis
was performed to compare the differences between the groups. The primer sequence of ZNF334
promoters are as follows:

ZNF334 Primer names Sequences

promoter-2.0k-F CATGGCTCGACAGATCTTGTTCCCAATTACAAAAG

promoter-2.0k-R TTGGAAGCCATGGTGGCTAGCTGGCGAACCGGAAGGGCG

promoter-1.5k-F CATGGCTCGACAGATCTTGTTCCCAATTACAAAAG

promoter-1.5k-R TTGGAAGCCATGGTGGCTAGCGGAACTCATATAGGTCTAG

promoter-1.0k-F CATGGCTCGACAGATCTTGTTCCCAATTACAAAAG

promoter-1.0k-R TTGGAAGCCATGGTGGCTAGCGAATAAATAGAA CTTTA

promoter-0.5k-F CATGGCTCGACAGATCTTGTTCCCAATTACAAAAG

promoter-0.5k-R TTGGAAGCCATGGTGGCTAGCAGTTCCTGGATGACTTCAG

 

Chromatin immunoprecipitation assay
SimpleChIP® Enzymatic Chromatin IP Kit (CST,Magnetic Beads #9003) was used according to the user
manual. Cells were cross-linked with 35% formaldehyde, immunoprecipitated, de-cross-linked, and DNA
puri�ed, and then subjected to qRT-PCR detection. The antibodies used are as follows: Anti-P53 antibody
(Active Motif, # AB_2793254). The primers are as follows:

Primer names Sequences

Forward (5'~3') Reverse (5'~3')

ZNF-P53-1 TCTCTTTTTCCATGTGGTCTC TTTGCCCTTTGAAGAGTCCTT

ZNF-P53-2 AAGTCAACGTGGGAGGGAAA ATTCCAGAAAAGAACAATTAG

ZNF-P53-3 GTACGTTTACTGCACCTTCCC ACAGGCCTGTGTGGCATGTCA

ZNF-P53-4 GTTACCATTGCATATGGTATTC TCTAGACAATATAGTCTACTAC

ZNF-P53-5 AATAACAAATTACTAGACCTATA TCAGAATATCTCTGAAGAAA

ZNF-P53-6 TTCTGGGGACTGTGGTCCGGAA GTCCAGGTAAAAAACAGGA

Note: The ampli�ed sequence of primer ZNF-P53-6 contains the cg07139762 site of the EPIC chip
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Flow Cytometry
Annexin V: FITC Cell Apoptosis Detection Kit (BD, #556547) was used to determinate the cell apoptosis.
Cells were collected, blocked with non-speci�c antigen, incubated with direct-labeled �ow cytometry
antibody, and then performed in BD LSR .

Cell apoptosis detection (TUNEL)
Cells were seeded on the slide of 6-well plates. When the cell con�uence is about 50%, for determination
of cell apoptosis, a TUNEL Apoptosis Detection Kit (Beyotime, C1086) was used according to the user
manual. The slides were �xed, stained and observed under a microscope to obtain images.

Cell proliferation assay (CCK8 and EdU)
Cells were seeded (2,000/well) and maintained in 96-well plates. For determination of cell proliferation at
indicated time points (0, 12, 24, 48, 60 and 72h after adherence), a Cell-Counting Kit 8 (Beyotime,C0038)
was used according to the user manual. Fluorescence (450 nm) was recorded in a microplate reader.

Cells were seeded on the slide of 6-well plates. When the cell con�uence is about 50%, for determination
of cell proliferation, a Cell-Light EdU Apollo643 In Vitro Kit (100T) (RIBOBIO, C10310-2) was used
according to the user manual. The slides were �xed, stained and observed under a microscope to obtain
images.

Quantitative real-time PCR
Total RNA of the cells was extracted with the Trizol (Invitrogen), and the cDNA synthesis was completed
with the TAKARA reverse transcription kit (TAKARA0360A). Roche LightCycler 96 was used for qRT-PCR
experiments. The primers are as follows:

Gene Forward (5’→3’) Reverse(5’→3’)

ZNF334 AGGGGAGACAGACTGAAAGGA GTGAGGCTTGTCTTCACACG

GAPDH AGCGAGCATCCCCCAAAGTT GGGCACGAAGGCTCATCATT

ACTB CCACCATGTACCCTGGCATTG TCATCTTGTTTTCTGCGCAAGTTA

EpCAM AATCGTCAATGCCAGTGTACTT TCTCATCGCAGTCAGGATCATAA

CD133 AGTCGGAAACTGGCAGATAGC GGTAGTGTTGTACTGGGCCAAT

CD90 ATCGCTCTCCTGCTAACAGTC CTCGTACTGGATGGGTGAACT

CD44 CTGCCGCTTTGCAGGTGTA CATTGTGGGCAAGGTGCTATT

18S GGAGAGGGAGCCTGAGAAACG TTACAGGGCCTCGAAAGAGTCC

CD24 CTCCTACCCACGCAGATTTATTC AGAGTGAGACCACGAAGAGAC



Page 9/25

 

Western blot
Cells were lysed with RIPA Lysis Buffer (Beyotime, P0013C) to obtain total protein and then quanti�ed by
BCA method, and then 20µg of each sample was subjected to SDS-PAGE electrophoresis and transferred
to PVDF membrane for exposure. The antibodies used are as follows: Anti-ZNF334 (Abcam, #ab127712),
Anti-GAPDH (Abcam, # ab8245), IRDye800CW goat anti-rabbit IgG (Licor, #926-3221), IRDye 680LT goat
anti-mouse IgG (Licor, #926-68020).

Plate clone formation assay
Cells were seeded (2,000/well) and maintained in 6-well plates with FBS-free medium for two weeks and
then �xed with formaldehyde, stained with crystal violet. The number of cell clusters in each well was
counted and photographed.

Sphere formation assay
Cells were seeded (2,000/well) and maintained in low-attachment 6-well plates with FBS-free medium for
two weeks. The number of spheroids and the size of cell clumps, were recorded under a microscope.

Extra limiting dilution assay
Cells were resuspended and seeded (100, 200, 400, 800/well for 48, 24, 12, 6 wells respectively) in low-
attachment 6-well plates with FBS-free medium for two weeks. The number of wells containing spheroids
were counted and recorded under a microscope. The website ELDA
(http://bioinf.wehi.edu.au/software/elda/) was used to analyze the proportion of cancer stem cells.

Immuno�uorescence staining
Cells were seeded on the slide of 6-well plates. When the cell con�uence is about 60%, primary antibody
(Abcam, #ab127712), secondary antibody (Licor, #926-3221) and DAPI were used according to the user
manual to stain the cells. Confocal laser microscope was used for taking pictures.

Statistical analysis
All the data were expressed as mean ± SD for at least three independent experiments and were analyzed
by two-sided Student’s t test, one-way ANOVA or two-way ANOVA. Non-parametric test was used when
data does not meet the normal distribution and homogeneity of variance. Log rank test and Cox
regression model were used in the survival analysis. The survival curve was drawn using the Kaplan-
Meier method. All statistical analysis was performed using GraphPad Prism 7.0 and relevant R packages.
Probability (P) values ≤ 0.05 were considered to be statistically signi�cant. *, p < 0.05; **, p < 0.01; ***, p <
0.001; ****, p < 0.0001.

Results
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1. Hypermethylation of TSGs occurs in the early stage of HCC

In the study, we recruited �ve liver cancer patients. Specially, we obtained cirrhosis, liver dysplastic
nodules (dysplasia) and early HCC tissues for each patient (Figure 1A). DNA methylation was measured
in these �fteen liver tissues. Analyzing DNA methylation pro�les, we obtained the methylation levels of all
23638 CpG sites across the whole genome. Principal component analysis indicated that cirrhosis,
dysplasia and HCC have very distinct methylation spectrum (Figure 1B). In the �rst stage from cirrhosis to
dysplasia and the second stage from dysplasia to HCC, we separately identi�ed 6808 and 2956
differentially methylated sites (Figure S1D, S1E). Among differentially methylated sites, 3762 (55.25%)
and 635 (21.48%) are hypermethylated in the �rst and second stages, respectively (Figure S1C).
Analyzing differentially methylated sites, we further identi�ed 108 (18.62%) hypermethylated and 472
(81.38%) hypomethylated regions in the stage from cirrhosis to dysplasia (Figure 1C, 1D, S1A, S1B). In the
stage from dysplasia to HCC, there are 26 (8.23%) hypermethylated and 290 (91.77%) hypomethylated
regions. Most of these differentially methylated regions are from the exonic, intronic and intergenic
regions (Figure S1F). Based on all differentially methylated regions, cirrhosis samples were separated
from dysplasia and HCC and dysplasia was more similar to HCC (Figure 1E). Next, we identi�ed the genes
associated with differentially methylated regions. In the stage from cirrhosis to dysplasia, 76.56%
hypermethylated genes are oncogenes (Figure 1F). In the stage from dysplasia to HCC, the fraction of
hypermethylated oncogenes is 82.35% (Figure 1F). Higher fraction of tumor suppressor genes is
hypermethylated but not hypomethylated in both stages. Using K-means clustering, we separated
hypermethylated genes into two groups according to their methylation levels (Figure 1G). Function
enrichment analysis indicated that the genes with higher methylation levels were signi�cantly regulated
by TP53 transcription factors (Figure1H).

2. Hypermethylation of ZNF334 promoter remains throughout the process of in�ammatory-to-cancer
transformation in DEN-induced carcinogenesis mice model

Next, the differentially methylated sites of the EPIC chip were integrated with the p53 protein ChIP-seq
data (GSE55727) and p53 DNA binding motif from JASPAR database. The results showed that CELF2
and ZNF334 are the p53 target genes shared by the three data (Figure 2A). Analysis of the relationship
between the expression of CELF2 and ZNF334 and patient prognosis showed that CELF2 has no
correlation with patient survival (data not shown). In addition, the LIHC cohort in the TCGA database only
showed that ZNF334 was associated with patient prognosis (Figure S1F). In order to con�rm whether
there is hypermethylation in the ZNF334 promoter in the process of in�ammatory-to-cancer
transformation, we constructed a DEN-induced carcinogenesis mice model (Figure 2B) and examine the
DNA methylation level of ZNF334 (also called Zfp334 in mice) promoter. The results showed that
compared with the control group, the Zfp334 promoter of the treatment group had higher DNA
hypermethylation (Figure 2C, 2D, 2F, S2), and there was no difference in the average degree of
methylation at each time point, indicating hypermethylation of Zfp334 promoter goes all through the
process of in�ammatory-to-cancer transformation in mice liver cancer model (Figure 2E).
3. Hypermethylation of ZNF334 promoter inhibits the expression of ZNF334 in HCC patients
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Firstly, we found a negative correlation between the ZNF334 methylation level and ZNF334 mRNA
expression (Pearson=-0.53, R2=0.28, p=4.95e-28 ; TCGA, Firehose Legacy, 373 samples). For tissues from
patients, the expression of ZNF334 at mRNA and protein levels in the tumor tissues signi�cantly
decreased by detecting the cancer and adjacent tissues of 213 liver cancer patients (Figure 3B,C). In
addition, methylation mass detection primers (Figure 3D) for the ZNF334 promoter region (the 2000bp
region upstream of the transcription start site, TSS) were designed, and used in the DNA methylation
detection in cancer and adjacent tissues of 25 liver cancer patients in our hospital. The results of
MassARRAY methylation detection showed that the degree of methylation in the ZNF334 promoter region
of cancer and adjacent tissues of the same patient was signi�cantly different, and the degree of
methylation of cancer tissue was signi�cantly higher than that of adjacent tissues (Figure 3E, F, G).
4. Transcription factor p53 can regulate the expression of TSG ZNF334

In order to further investigate the relationship between p53 and ZNF334, we used the dual luciferase
reporter plasmid system to construct the full length of the promoter region of ZNF334 (2000bp DNA
fragment, 1500-2000bp upstream of the TSS containing the EPIC chip probe cg07139762) into the
plasmids expressing dual luciferase (Figure 4A up). The results of the dual luciferase reporter experiment
showed that, compared with the control plasmid, the plasmids co-transfected with p53 and ZNF334 can
signi�cantly increase the expression abundance of luciferase in SNU387, which demonstrated that p53
can bind to the promoter region of ZNF334 and promote its transcription. The promoter region of ZNF334
was further truncated (Figure 4A down) for dual luciferase reporter gene experiments. The results showed
that ZNF334 promoters with 1500bp or 1000bp length can still bind to p53, but the luciferase did not
express when ZNF334 promoter region was truncated to 500bp length (Figure 4B). Therefore, we predict
that there may be multiple binding sites between p53 and ZNF334 promoter ranging from 500 to 2000 bp
upstream of the TSS. In order to further verify whether the p53 binds to the ZNF334 promoter, we used
JASPAR (transcription factor binding site prediction website) to predict the binding sites between p53 and
ZNF334 promoter (Figure 4C), where the p53 binding site sequence (GGGGGCCTTTCTGCGCATGT)
contains the EPIC chip probe cg07139762. Subsequently, primers were designed for the predicted sites to
perform chromatin immunoprecipitation (ChIP) experiments. The results of ChIP experiments showed
that in Huh7 cell, the binding of p53 to the ZNF334 promoter region was signi�cantly higher than that of
IgG, which proved that p53 can bind to the ZNF334 promoter region (Figure 4D,E).

5. ZNF334 can promote liver cancer cell apoptosis, inhibit the proliferation and stemness of liver cancer
cells in vitro

To further clarify the biological feature of ZNF334 in HCC, the expression of ZNF334 in different HCC cell
lines (Huh7, HepG2, Hep3B, Sk-Hep1, SNU387) and normal liver cell lines (CCC-HEL-1, L02) were
measured. The results of qRT-PCR and western blot both showed that ZNF334 expressed lower in Huh7,
and higher in SK-Hep1, SNU387 and CCC-HEL-1 (Figure 5A,C). Therefore, based on the expression level of
ZNF334 in different cells, we used lentiviral vectors to construct a stable transgenic Huh7 cell line
overexpressing ZNF334 (ZNF334-OE) and its control cell line (ZNF334-NC); a cell line of which ZNF334
was stably knocked down (sh-ZNF334) and its control cell line (sh-NC) were constructed using SNU387
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cell line (Figure 5B,D). The results of immuno�uorescence showed that in HepG2 and SNU387, ZNF334
was expressed to varying degrees in the nucleus and cytoplasm (Figure 5E). The cell proliferation assay
(CCK8) showed that compared with ZNF334-NC, the proliferation ability of ZNF334-OE was signi�cantly
reduced (Figure 5F), while improved in sh-ZNF334 (Figure 5G). Similarly, the proliferation rate of ZNF334-
OE marked with EdU was much lower than that of the control group in the case of seeding the same
number of cells (Figure 5J, H). In addition, plate clone formation assay also showed that compared with
ZNF334-NC, fewer tumor clumps with smaller size were formed in ZNF334-OE, while the clone formation
ability of sh-ZNF334 was signi�cantly higher than sh-NC, which further proved that overexpression of
ZNF334 can inhibit the proliferation of tumor cells (Figure 5M). Besides, we also found that the
proportion of ZNF334-OE undergoing apoptosis increased signi�cantly when the same number of cells
were inoculated (Figure 5L,I). And compared with the control group, the apoptosis of ZNF334-OE was
mainly due to the increase in early apoptosis level (Figure 5K). We further evaluated the effects of
different expression levels of ZNF334 on the stemness of HCC cell lines. The results of the sphere
formation assay showed that the number of cell clumps formed by ZNF334-OE decreased, while the
spheronization ability of sh-ZNF334 cells was signi�cantly higher than that of sh-NC (Figure 5N). Limiting
dilution assay (LDA) in vitro showed that the proportion of ZNF334-OE tumor stem cells was signi�cantly
lower than that of the control group, while the number of cell clumps formed by sh-ZNF334 was
signi�cantly higher than that of the control group, further indicating that overexpression of ZNF334 can
reduce the stemness of tumor cells (Figure 6B).
6. ZNF334 can inhibit tumor formation in vivo

Limiting dilution assay in vivo showed that under the condition of injecting the same number of tumor
cells, the number of tumors formed under the skin of mice with ZNF334-NC injected is more than that of
the ZNF334-OE group, and a certain number of tumors can still be formed at a low concentration (5×105).
On the other hand, fewer subcutaneous tumors were formed in the mice with ZNF334-OE injected, and
even no tumor formed at 1×105 concentration (Figure 6A). Using Extreme Limiting Dilution Analysis
(ELDA, a website analysis tool), we found that the proportion of stem cells in ZNF334-OE cells was
signi�cantly lower than that of the control group (Figure 6C, D). Further measuring the markers related to
the stemness of tumor cells in tumor tissues of the mice, we found that the expression of stemness
markers such as EpCAM, CD13, CD24, CD44, CD90 and CD133 in ZNF334-OE cells was signi�cantly lower
than that of the control group, which was consistent to the phenotype of the mice model (Figure 6E).

7. The overall survival and relapse-free survival of patients with high expression of ZNF334 are longer

In order to further investigate the relationship between ZNF334 and the prognosis of liver cancer patients,
we collected the tumor tissues from 213 liver cancer patients and detected the expression of ZNF334 at
the RNA level. According to Youden index (OSYouden index = 4.152, RFSYouden index = 4.088, Figure 7G,H),
patients were divided into ZNF334 high expression group (n = 107) and low expression group (n = 106).
Chi-square showed that ZNF334 is related to tumor growth-related indicators-alpha-fetoprotein (AFP),
number of tumors and tumor capsule, and is also concerned with metastasis-related indicators-portal
vein tumor thrombus. Compared with the ZNF334 high expression group, the proportion of people with
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high serum AFP(> 400ng/ml),tumor number and portal vein tumor thrombus is greater, while the
proportion of people with tumor capsule is lower. These results suggest that the ZNF334 level is
negatively correlated with the malignancy of liver cancer (Supplementary table 1).

Cox univariate analysis found that ZNF334, AFP, AST, and MVI were related to overall survival (OS) in
patients with liver cancer (Figure 7A); ZNF334, AFP, MVI, and portal vein tumor thrombus were related to
postoperative relapse-free survival (RFS) (Figure 7A,B). Cox multivariate analysis found that AFP >
400ng/ml, low ZNF334 expression and MVI are independent risk factors that affect the patients’ OS
(Figure 7C); while AFP > 400ng/ml, low ZNF334 expression and portal vein tumor thrombus are the
independent risk factors that affect patients’ RFS (Figure 7D). OS and RFS Kaplan-Meier Curve showed
that the OS and RFS of the ZNF334 high expression group were higher than those of the low expression
group (pOS< 0.001; pRFS <0.001) (Figure 7E, F).

Discussion
Studies have shown that changes in genomic epigenetics are closely related to the occurrence of
cancer[20–22]. In this study, the EPIC methylation chip was used to systematically detect the DNA
methylation conditions in �brosis tissues, Dn tissues and early hepatocarcinoma tissues of the same
patient. The results showed that the DNA methylation lineages in the three tissues were signi�cantly
different. In the early stage of liver cancer (stage 1), the proportion of DNA hypermethylation
modi�cations was higher than that of hypomethylation modi�cations, and the relevant sites were mainly
concentrated in TSGs, which suggests that the hypermethylation modi�cation of TSGs may be the main
epigenetic feature in the early stage of liver cancer, promoting the occurrence of liver cancer to a certain
extent. Studies have reported that in tumor tissues, the increase in hypermethylation of TSGs and the
decrease in methylation of the whole genome are primary causes of cancer[23–27], which is consistent
with our results.

As an important transcription factor in the body, p53 participates in regulating cell growth, maintaining
genome stability, and inhibiting tumor angiogenesis[28]. As a tumor suppressor gene, wild-type p53 can
inhibit the occurrence of tumors[29], while mutant p53 affects the regulation level of downstream
molecules and promotes tumorigenesis. Studies have shown that mutant p53 exists in over 50% of tumor
tissues[30], contributing to the occurrence and development of tumors[31]. In this study, k-means
clustering analysis and gene function enrichment analysis were performed on the DNA hypermethylation
modi�ed regions in the stage 1 process, and it was found that the target gene of p53 was signi�cantly
enriched in the DNA hypermethylation segment.

Additionally, studies have shown that the DNA methylation modi�cations can affect the transcription of
TSGs. Variations in DNA methylation modi�cation status will cause changes in the binding of the key
transcription factors to downstream TSGs[32]. When the promoter of a TSG is modi�ed by
hypermethylation, the transcription factor cannot combine with it, and lead to the silence of the gene with
a decrease in its transcription[33–36], which is recognized as the upstream molecular mechanism of
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some TSGs losing their biological functions. In this study, we compared the differential methylation site
data with the relevant data in the existing database, and screened out the target gene ZNF334
downstream of p53. And in order to further verify the regulation mechanism of the transcription factor
p53 on the gene ZNF334, we performed the dual luciferase reporter gene experiment and ChIP experiment
to prove that the p53 can regulate the expression of ZNF334 by binding to the ZNF334 promoter. And
meanwhile, in clinical samples, we used MassArray Sequenom detection to further verify the DNA
methylation changes of ZNF334 promoter in cancerous tissues and adjacent tissues. The results found
that in tumor tissues, the degree of hypermethylation modi�cation in the ZNF334 promoter increased,
which may be the main reason for the decline binding of p53.

In order to further explore the biological role of ZNF334 in the development of liver cancer, a series of in
vivo and in vitro experiments were designed to explore the function of ZNF334. The results showed that
ZNF334 can signi�cantly promote the apoptosis of liver cancer cells, inhibit the proliferation and
stemness of liver cancer cells in vitro, and can signi�cantly inhibit the occurrence of tumors in the
subcutaneous tumor-bearing mouse model. In addition, combined with clinical samples and follow-up
data, we found that compared with paracancerous tissues, the expression of ZNF334 in tumor tissues of
liver cancer patients was signi�cantly reduced. Patients with high ZNF334 expression had higher
recurrence-free survival and overall survival rates than those with low expression.

As we all know, ZNF334 is a member of the zinc �nger protein family and our immuno�uorescence
results showed that ZNF334 is expressed in both nucleus and cytoplasm. Hence, we guess that ZNF334
is likely to function as a transcription factor and bind to some downstream genes’ promoters, thus
affecting their expression; it may also work as a secreted protein or intracellular protein to interact with
other proteins in the cell and affect its function. Therefore, the molecular mechanism downstream of
ZNF334 needs further research and con�rmation.

In conclusion, our study constructed a sequential map of DNA methylation modi�cation during the
occurrence of hepatocellular carcinoma, clari�ed the temporal and spatial characteristics of DNA
hypermethylation modi�cation and �rstly identi�ed the regulatory mechanism of p53 on its downstream
target gene ZNF334. Furthermore, we explored the biological role of tumor suppressor gene ZNF334 in
the occurrence of liver cancer and provided a new target and clinical evidence for the early diagnosis and
precise treatment of liver cancer.

Conclusions
We constructed a sequential map of DNA methylation modi�cation during the occurrence of HCC, and
clari�ed the biological function and regulatory mechanism of the tumor suppressor gene ZNF334, which
is regulated by related DNA methylation sites, and also provide new targets and clinical evidence for the
early diagnosis and precise treatment of liver cancer.
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ZNF334, Zinc Finger Protein 334; HCC, Hepatocellular carcinoma; PLC, Primary liver cancer; TSGs, Tumor
suppressor genes; Dn, Dysplastic nodules; TSS, Transcription start sites; OS, Overall survival; RFS,
Recurrence-free survival rate; TNF-α, Tumor necrosis factor-α; ROC, Receiver operating characteristic
curve; HBV, Hepatitis virus B; ALT, Alanine aminotransferase; MVI, Microvascular invasion; TACE,
Transcatheter arterial chemoembolization; GSEA ,Gene set enrichment analysis; ELDA, Extreme Limiting
Dilution Analysis; LDA, Limit dilution assay.
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Figure 1

DNA methylation analysis reveals epigenetic changes in the early stage of HCC. A. A diagram of cirrhosis,
dysplasia and HCC from each patient. B. Principal component analysis (PCA) of cirrhosis, dysplasia and
HCC tissues. PC1 and PC2 indicate principal component 1 and 2, respectively. C. Comparison of
differentially methylated regions in the �rst stage from cirrhosis to dysplasia and the second stage from
dysplasia to HCC. D. Fraction of differentially methylated regions in the �rst and second stages of liver
tumorigenesis. E. Clustering analysis of cirrhosis, dysplasia and HCC based on differentially methylated
sites. F. Fraction of oncogenes and tumor suppressor genes (TSG) in differentially methylated sites in the
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�rst and second stages. G. K-means clustering of hypermethylated regions. H. Gene function enrichment
analysis of hypermethylated regions.

Figure 2

DEN-induced carcinogenesis mice model reveals hypermethylation of ZNF334 promoter. A. Venn diagram
of the p53 target genes in three databases. B. Schematic diagram of DEN-induced carcinogenesis mice
model. C. Heat map of methylation level of Zfp334 promoter in treatment and control group at indicated
time. D. The average methylation degree of Zfp334 promoter in treatment and control group. E. The
average methylation degree of Zfp334 promoter in treatment group at indicated time. F. The ratio of
methylation degree of Zfp334 promoter in treatment and control group (Treat/ctrl) at indicated time.
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Figure 3

Promoter hypermethylation and expression of ZNF334 in HCC patients. A. A negative correlation between
ZNF334 methylation level and its mRNA expression (Pearson:-0.53, R2=0.28) B. mRNA expression of
ZNF334 in cancer and adjacent tissues of 213 liver cancer patients. C. Representative western-blot
diagram of ZNF334 expression in cancer and adjacent tissues of 213 liver cancer patients. D. Methylation
mass spectrum primers of ZNF334 promoter region and mass spectrometry detection product sequence
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(green indicates the EPIC chip probe cg07139762 site, which is in the ZNF334 promoter region; yellow
indicates the MassARRAY methylation mass spectrometry detection sites, a total of 29). E. The ratio of
methylation degree of ZNF334 promoter in cancer and adjacent tissues (T/P) of 25 patients with liver
cancer. F. Heat map of methylation level of ZNF334 promoter region in cancer and adjacent tissues of 25
patients with liver cancer. G. The average methylation degree of ZNF334 promoter in cancer and adjacent
tissues of 25 patients with liver cancer. ****, p < 0.0001.

Figure 4

Transcription factor p53 can regulate the expression of TSG ZNF334. A. Diagram of the construction of
dual luciferase plasmid (up) and diagram of truncation of the promoter region (down). B. Fluorescence
intensity expressed by dual luciferin of plasmids with different lengths of ZNF334 promoter region. C.
Prediction of binding sites between p53 and ZNF334 promoter region (p53 binding site sequence
GGGGGCCTTTCTGCGCATGT contains the EPIC chip probe cg07139762). D. Conditions of p53 binding to
different ZNF334 promoter sites. E. Electrophoresis diagram of PCR product by chromatin
immunoprecipitation experiment. ***, p < 0.001; ****, p < 0.0001.
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Figure 5

ZNF334 can promote cell apoptosis, inhibit proliferation and stemness of liver cancer cells in vitro. A.
mRNA expression of ZNF334 in different cell lines. B. mRNA expression of ZNF334 in overexpression cell
line (ZNF334-OE) and interfering cell line(sh-ZNF334). C. Protein expression of ZNF334 in different cell
lines. D. Protein expression of ZNF334 in overexpression cell line (ZNF334-OE) and interfering cell line(sh-
ZNF334). E. Representative images of ZNF334 expression in HepG2, SNU387 (immuno�uorescence
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staining, 200x, blue �uorescence represents nucleus, red �uorescence represents ZNF334). F. Cell
proliferation curve of ZNF334-OE and ZNF334-NC by CCK8. G. Cell proliferation curve of sh-ZNF334 and
sh-NC by CCK8. H. Proliferation ratio of ZNF334-OE and ZNF334-NC by EdU. I. Apoptosis ratio of ZNF334-
OE and ZNF334-NC by TUNEL. J. Representative images of proliferation of ZNF334-OE and ZNF334-NC
by EdU (immuno�uorescence staining, 200x, blue �uorescence represents nucleus, red �uorescence
represents proliferating cells). K. Cell apoptosis of ZNF334-OE and ZNF334-NC by �ow cytometry. L.
Representative images of apoptosis of ZNF334-OE and ZNF334-NC by EdU (immuno�uorescence
staining, 200x, blue �uorescence represents nucleus, green �uorescence represents nucleus undergoing
apoptosis). M. Representative images and statistical analysis of ZNF334-OE, ZNF334-NC, sh-ZNF334,
and sh-NC by plate clone formation assay. N. Representative images and statistical analysis of ZNF334-
OE, ZNF334-NC, sh-ZNF334, and sh-NC by sphere formation assay. ns, not signi�cant; *, p < 0.05; **, p <
0.01; ***, p < 0.001.

Figure 6
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ZNF334 can inhibit tumor formation in vivo. A. The number and size of subcutaneous tumors in nude
mice with varying number of ZNF334-OE and ZNF334-NC. B. Extreme limiting dilution analysis of
ZNF334-OE, ZNF334-NC, sh-ZNF334, and sh-NC. C. Extreme limiting dilution analysis in vivo. D.
Proportion of tumor stem cells in subcutaneous tumor tissues of nude mice with ZNF334-OE and
ZNF334-NC injected. E. Expression of different stem molecules of tumor stem cells in subcutaneous
tumor tissues of nude mice with ZNF334-OE and ZNF334-NC injected. ***, p < 0.001.

Figure 7
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The OS and DFS of patients with high expression of ZNF334 are longer. A. Univariate analysis of factors
associated with overall survival of 213 HCC patients. B. Univariate analysis of factors associated with
relapse-free survival of 213 HCC patients. C. Multivariate analysis of factors associated with overall
survival of 213 HCC patients. D. Multivariate analysis of factors associated with relapse-free survival of
213 HCC patients. E. Kaplan–Meier analysis showing the overall survival of HCC patients with diverse
ZNF334 expression. F. Kaplan–Meier analysis showing the relapse-free survival of HCC patients with
diverse ZNF334 expression. G. Receiver operating characteristics curve showing the ZNF334 cut-off value
associated with overall survival. H. Receiver operating characteristics curve showing the ZNF334 cut-off
value associated with relapse-free survival.
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