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Hepatocellular carcinoma (HCC) is one of the most common malignancies in the world. The unclear underlying molec-
ular mechanisms could provide important theoretical basis for prevention and control of HCC. In this study, chromatin
immunoprecipitation-sequencing (ChIP-seq) was performed to analyze the binding sites of zinc fingers and homeoboxes 2
(ZHX2) and its genome-wide target genes, and bioinformatics was used to analyze their gene transcription regulation
network. Immunohistochemistry detected the ZHX2 expression in HCC, and its association with clinicopathological charac-
teristics of HCC. Results of RT-PCR and western blot showed that the ZHX2 expression in HepG2 cells was obviously lower
compared to normal liver cells. ZHX2 could be amplified in ChIP products and ChIP-seq revealed there were 232 genes
binding in promoter regions. GO function analysis revealed these genes were mainly associated with biological processes
(BP), cellular components (CC), and molecular functions (MF). In addition, PTEN was found enriched in certain biological
functions in BP analysis. Then, four pathways of these genes based on Kyoto Encyclopedia of Genes and Genomes (KEGG)
were found p<0.05. Last immunohistochemistry analysis showed the rates of ZHX2 and PTEN expression in paracancerous
tissues were both significantly higher than in the HCC tissues (p=0.042; p<0.001), with negative correlations with AFP
values (r=-0.246, p=0.040; r=-0.263, p=0.028). Further, PTEN expression was positively correlated with the differentiation
level in HCC tissues (r=0.267, p=0.025). Spearman correlation analysis revealed that the expression profiles of ZHX2 and
PTEN were positively correlated in HCC tissues (r=0.258, p=0.031). This study is the first to use ChIP-seq technology to
analyze the specific regulatory mechanisms of the transcription suppressor ZHX2 in the context of HCC at the genome level.
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Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world. On average, approxi-
mately 316 000 people die of HCC in China every year; there-
fore, it poses a great threat to human health [1-6]. To provide
an important theoretical basis for the prevention and control
of HCC, increasing numbers of scholars are investigating
the molecular mechanisms underlying the development and
progression of HCC [7-11]. ZHX2 is a member of the ZHX
protein family and is a transcriptional suppressor localized
to cell nuclei. The target genes negatively regulated by ZHX2
include alpha fetoprotein (AFP) and glypican-3 (GPC3) [12,
13]. It has been shown that ZHX2 regulates the cell cycle
proteins cyclin E and cyclin A to play a tumor suppressor role

in HCC [14]. A recent study showed that ZHX2 can inhibit
the expression of the MDR1 gene, which exerts a drug resis-
tance function in HCC treatment [15]. These studies have all
indicated that the transcription factor ZHX2 might interact
with many genes in HCC and participate in the development
and progression of HCC. In addition, many ZHX2 target
genes are still unknown. To target the regulatory mechanisms
of the transcriptional suppressor ZHX2 in HCC, this study
first performed chromatin immunoprecipitation-sequencing
(ChIP-seq) to analyze the binding sites between ZHX2 and
its genome-wide target genes and used bioinformatics to
analyze their gene transcription regulation network. Next,
ZHX2 expression in HCC was detected using immunohis-
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tochemistry, and its association with the clinicopathological
characteristics and significance of the disease were analyzed
to provide a basis for the pathogenic mechanism of HCC.

Materials and methods

Materials. Three liver cancer cells HepG2, SMMC7721,
Bel7402 and one normal liver cell LO2 were purchased from
the Shanghai Cell Bank of the Chinese Academy of Sciences
and was passaged and cryopreserved in our laboratory.
The ChIP-seq reagent kit was purchased from Merck Milli-
pore (Germany). The rabbit anti-human ZHX2 antibody
was purchased from Gene Tex (USA). The PTEN antibody
(ready-to-use) was purchased from Beijing Zhongshanjin-
qiao Biological Technology Co., Ltd. And the anti-mouse and
anti-rabbit universal secondary antibodies were purchased
from Shanghai Long Island Biotec (China).

Patient samples. A total of 70 cases of stored paraffin
blocks from HCC tissues and the corresponding normal
paracancerous tissues after surgery were collected from the
Department of Pathology in the First Affiliated Hospital of
Guangxi Medical University between December 2013 and
January 2015. There were 60 male patients and 10 female
patients, ranging in age from 20-77 years, with a mean age of
49.27 years. The tumor histological grading was performed
based on the Edmondson standard [16]. No patients received
radiotherapy and chemotherapy before surgery, and complete
clinical and pathological data, including gender, age, tumor
diameter, tumor differentiation, the value of serum HBsAg
and AFP were collected. The study was approved by the
Ethics Committee of the First Affiliated Hospital of Guangxi
Medical of University. And informed consents were obtained
from all patients.

RT-PCR. RNA were purified from four cell lines after lysis
using TRIzol Reagent kit. First strand cDNA was synthesized
on the base of HiScript® 1st Strand cDNA Synthesis Kit. The
resulting cDNAs were used as templates for PCR reactions.
The primers used were listed in Table 1. Standard PCR condi-
tions consisted of initial denaturation at 95°C for 5 min,
followed by 35 cycles at 95°C (45 s), 58°C (45 s) and 72°C
(60 s) and final elongation at 72°C (10 min). The products
were visualized by agarose gel electrophoresis.

Western blot. HepG2 cells were lysed by protein lysate.
After cell fragments and lysates were centrifuged, the super-
natant was removed to SDS buffer solution and boiled for
5min; the proteins were isolated by SDS-PAGE and electrob-
lotted onto a nitrocellulose membrane. After blocked with

Table 1. Primer sequences of ZHX2 and GAPDH

Primer Sequence

ZHX2 Forward primer GGTAGCGACGAGAACGAG
ZHX2 Reverse primer AGGACTTTGGCACTATGAAC
GAPDH Forward primer TGAGTACGTCGTGGAGTCCA
GAPDH Reverse primer CAAAGTTGTCATGGATGACC

non-fat milk, ZHX2 antibody and B-actin were added for
incubation overnight. The next day, membrane was washed
by TBST, and horseradish peroxidase was added to mark
secondary antibody incubating for 1 hour. ECL lumines-
cence solution was added after washing, and protein bands
were visualized by chemiluminescence.

Chromatin immunoprecipitation (ChIP) assay. (1) The
culture medium of the HepG2 cells was supplemented with
37% formaldehyde for fixation. The cross-linking was termi-
nated by adding glycine. The cells were washed twice with
pre-cooled phosphate-buffered saline (PBS), resuspended in
a mixture of PBS and protease inhibitors, and centrifuged for
five min. The supernatant was discarded. (2) Prepared lysis
buffer was added to resuspend and lyse the collected cells.
The cells were sonicated for 10 min using a sonicator set at the
middle range (“Mid” (M)) in ice-cold H,O, and a 25ul sample
was directly cross-linked and purified. (3) The sonicated
specimen was divided into three samples. One sample (25 pl)
was used as the input and was stored at 4°C. One sample
(250 pl) was used for the experiments. The experimental tube
was filled with 555 pl of Dilution Buffer containing protease
inhibitors, and 50 ul of magnetic bead-coupled anti-mouse
IgG was added; the solution was mixed for 30 min at 4°C.
The magnetic beads were absorbed for two min at 4°C using
a magnetic separation rack. The supernatant was collected
and aliquoted into two copies (425 pl each) and labelled with
IP and neg of the corresponding cells; the original magnetic
bead was removed; ZHX2 antibody was added to IP tube
mixed, with neg tube spied for night at 4 °C; 50 pl of magnetic
bead was added to IP tube and neg tube, and mixed for 1h
at 4°C. The magnetic beads were absorbed for two min at
4°C using a magnetic separation rack, and the supernatant
was discarded. The magnetic beads were sequentially washed
with low-salt, high-salt, and LiCl wash buffers. The magnetic
beads were then washed with TE wash buffer twice; the
sample was mixed for five min at 4°C each time. After the
washes were complete, the magnetic beads were absorbed at
4°C for two min using a magnetic separation rack, and the
supernatant was discarded. (4) Samples were eluted using
CHIP elution buffer, then mixture phenol, chloroform and
isoamyl alcohol was added to each reaction tube vibrating for
15 seconds. After samples were centrifuged, upper aqueous
phase were transferred to new EP tubes; NaCl with glycogen
and anhydrous ethanol were added to EP tubes, then EP
tubes were placed at -80°C for at least 30 minutes; After
precipitation of DNA by centrifuging, the precipitation were
washed with 70% ethanol solution. Then precipitation were
dried at room temperature; Tris-HCl in pH 8.0 dissolved the
precipitate; Finally, DNA concentration was determined.

Validation of ChIP products using quantitative
polymerase chain reaction (qPCR). Promoter primer
design: The primer used was CHIP anti-ZHX2. The three
sample tubes included the negative IgG group, the ZHX2
IP group, and the input group. H,0O, Taq PCR Master Mix,
template, and primers were sequentially added. The PCR
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system mixture consisted of 1 pl of cDNA template, 0.5 ul of
upstream primer, 0.5 pl of downstream primer, 10 pl of Light-
Cycler 480 SYBR Green Master, and 8 pl of ddH,O. PCR cycle
conditions were as follows: 94°C pre-denaturation for five
min, 35 cycles of 95°C for 45 s, 58°C for 45 s, and 95 °C for
5, 72°C for 60 s, and 40°C for 30 s. For the qPCR analysis,
the percentage of positive target DNA fragments among the
ChIP input was calculated.

Construction of the ChIP-seq library. The DNA quality
in the ChIP samples was controlled. The termini of the DNA
fragments were repaired, and an A base was added to the
3" end. The sequencing apparatus was connected, and the
machine was operated according to the instructions. The
DNA fragment size was selected at 300-700 bp. After cluster
amplification, the samples were sequenced. Data collection
and analysis were then performed. MACS software (specific
for ChIP-seq analysis) was used for the analysis and detec-
tion of peak values obtained from ChIP-seq data. The poten-
tial regulatory sites of the ZHX2 transcription factor were
obtained using MACS analyses.

GO and pathway analysis. The Gene Ontology database
(gene ontology, GO) (http://www.geneontology.org/) was
used for the classification and functional analysis of genes
with ZHX2 binding sites [17-22]. Genes with ZHX2 binding
sites were used for pathway enrichment analyses based on
the Kyoto Encyclopedia of Genes and Genomes (KEGG,
http://www.genome.jp) [20, 23-29]. A p<0.05 was set as the
threshold value of significant gene enrichment.

Immunohistochemistry (Envision two-step method).
(1) Paraffin sections were deparaffinised, and antigen
retrieval was performed using the EDTA high-pressure
thermal method. Sections were incubated with 3% H,O, at
37°C for 10 min to eliminate endogenous peroxidase activi-
ties. Sections were stained with ZHX2 antibody (dilution
1:100) and incubated at 37 °C for 1 h. After they were washed
with PBS, sections were stained with the secondary antibody
and incubated at 37°C for 30 min. After diaminobenzi-
dine (DAB) development, sections were washed with PBS,
counter-stained with haematoxylin, dehydrated, cleared, and
mounted with neutral balsam. The negative control used PBS
to replace the primary antibody. Normal lymph node sections

GAPDH 230bp

Figure 1. ZHX2 expression in three liver cancer cell lines and one normal
hepatic cells.

were used as the positive control. (2) Determination of ZHX2
results: According to the darkness of positive cell staining,
the results were classified into four levels: (1) no staining (0
point), light yellow (1 point), yellow-brown (2 points), and
brown (3 points). According to the percentage of positive
cells, the results were classified into five levels: the percentage
of positive cells <10% (0 points), 10-25% (1 point), 26-50%
(2 points), 51-75% (3 points), and >75% (4 points) [30] .The
sums of the scores of these two items were classified into
two levels: 0-3 points belonged to the negative group, and
4-7 points belonged to the positive group[14]. Determina-
tion of PTEN results: positive cells <5% obtained 0 points,
6-25% obtained 1 point, 26-50% obtained 2 points, 51-75%
obtained 3 points, and >75% obtained 4 points; positive inten-
sity showing yellow was 1 point, yellow-brown was 2 points,
and brown was 3 points. The score of the cell positive rate
was multiplied with the score of the staining intensity [31],
with scores of 0-4 points belonging to the negative group and
scores of 5-12 points belonging to the positive group.

Data analyses. All results were statistically analyzed using
SPSS 17.0 statistical software. The associations between
ZHX2 expression and the clinicopathological characteristics
were analyzed using the x* test or Fisher’s exact probability
test. A p<0.05 indicated statistical significance.

Results

Expression of ZHX2 in liver cancer cells compared with
normal liver cell. The results of RT-PCR showed ZHX2
mRNA could amplify in four cell lines. The expression of
ZHX2 mRNA in HepG2 cells was obviously lower compared
with normal liver cells (Figure 1). The protein level of ZHX2
by western blot was corresponding to the result of PCR,
lower in HepG2 cells than in LO2 cells (Figure 2).

Validation of ZHX2 ChIP products in HepG2 cells
using qPCR. Input and ZHX2 ChIP products were used as
templates for amplification. The results showed that ZHX2
could be amplified in ChIP products with the addition of the
ZHX?2 antibody in HepG2 cells (Suppl. Figure 1).

Identification of ZHX2 binding sites. Linkers,
repeated copies, contaminated sequences, and low-quality

blank normal

HepG2

ZHX2

p-actin

Figure 2. The level of ZHX2 protein expression in HepG2 cells and nor-
mal hepatic cells.
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sequences were removed from the raw ChIP-seq data. A
total of 31,051,731 reads were obtained, and the results
were compared to the human genome (UCSC hgl9) using
BOWTIE software to obtain approximately 21,086,492 reads.
Next, MACS v2 software was used to discover 3,093 potential
binding sites (p<0.05).

Distribution of genes with ZHX2 binding sites. The
sample peaks obtaining from ChIP-seq reflected the distri-
bution of ZHX2 binding sites in the genome. The newest
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Figure 3. Genomic distribution of the five types of peaks identified by
ChIP-seq analysis.
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Figure 4. Distribution of ZHX2 binding sites in the functional elements
of the genome. The sites were mainly distributed in intergenic regions,
followed by introns, upstream regions of promoters, and promoter re-
gions.

Table 2. Localisation of some genes in ZHX2 binding peaks in the ge-
nome-wide range of HepG2 cells

Fold -LOG10 Peak Peak

Gene . . .

enrichment (q value) classification name
HFM1 16.765 151.787 intron peak_70
ECT2 3.964 6.482 exon peak_1206
PTEN 3.052 4.095 promoter peak_324
CMAS 4.121 2.679 upstream peak_439
TP53TG3 3.681 2.822 intergenic peak_664

Table 3. Examples of genes bound to the ZHX2 promoter region

-LOG10
Gene Chr Name Peak to TSS

(p-value)
HBB chrll peak 372 812 6.75035
PC chrll peak 394 -1504 5.55275
MYOC chrl peak 193 -1888 4.70085
PTEN chr10 peak 324 -1726 4.0956
CD14 chr5 peak 1425 1217 4.1539

RefSeq database in the University of California Santa Cruz
(UCSC) Genome Browser was used for reference. According
to their locations, the peak regions were divided into
transcription start sites (TSSs), promoter peaks, upstream
peaks, intron peaks, and exon peaks. In addition, intergenic
peaks indicated peaks that were not localized to the above
four peak regions (Figure 3). There were approximately 1,981
ZHX?2 binding peaks in the genome of the HepG2 HCC
cell line. Among these binding sites, approximately 59.32%
were localized in intergenic regions, 20.97% were in introns,
12.78% were in the upstream regions of TSSs, 5.76% were in
promoters, and 1.16% were in exons (Table 2). Analysis of the
locations between ZHX2 binding sites and TSSs showed that
the majority of binding sites were distributed within 1,000
5,000 bp of TSSs (Figure 4). Comparisons of the chromo-
some locations of potential ZHX2 binding sites showed that
these sites were mainly localized on chromosomes 1, 2, 3, 5,
and 7, followed by chromosomes 6, 9, X, 15, and 16. The Y
chromosome had the fewest binding sites (Suppl. Figure 2).

Analysis of ZHX2 binding sites in promoter regions.
Analysis of 1981 ZHX2 binding peaks within the range of
2kb from a TSS, i.e., analysis of binding sites in promoter
regions, revealed that there were 232 genes with ZHX2
binding sites in promoter regions (Table 3).

Functional classification of ZHX2-binding genes. Classi-
fication and functional analysis of target genes with ZHX2
binding sites were performed using the GO database. GO
analysis on genes with ZHX2 binding sites in their promoter
regions revealed that 61 genes were enriched in Biological
Process (BP), 64 genes were enriched in Cellular Component
(CC), and 61 genes were enriched in Molecular Function
(MF). According to the significance (p-value) of enrich-
ment, the top five GO items are shown in the following tables
(Table 4). Analysis of functions of these genes revealed that
they were mainly associated with biological processes (such
as biological regulation, metabolic process, and molecular
regulation functions), cellular components (such as blood
microparticle and pericentric heterochromatin), and molec-
ular functions (such as GTPase activity and activation of
other enzymes). In addition, the results of BP analysis showed
that PTEN was enriched in certain biological functions, such
as negative regulation of cell-matrix adhesion, intracellular
connective tissue, and adhesion connective tissues.

KEGG pathway enrichment analyses of ZHX2-regulated
genes. To further study the influences of ZHX2 in the devel-
opment of HCC, the enrichment conditions of differentially
expressed genes in the KEGG pathway level were investi-
gated. Four KEGG pathways had p<0.05 (Table 5).

Differential ZHX2 expression between HCC tissues and
paracancerous tissues. The ZHX2 protein was positively
localized in cell nuclei, with yellow-brown- or brown-colored
staining in cell nuclei (Figures 5A, B). The ZHX2 positive
expression rates were 57.1% (40/70) in paracancerous tissues
and 40.0% (28/70) in HCC tissues. The rate of ZHX2 expres-
sion in paracancerous tissues was significantly higher than
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Table 4. Partial results of GO enrichment analysis of target genes.

Term Ontology Genes
GO:0043547 positive regulation of GTPase activity Biological process ~ TBCID3G; TBC1D3K; TBC1D3E; TBC1D3I; TBC1D3B etc.
GO:0043087 regulation of GTPase activity Biological process ~ TBCID3G; TBC1D3K; TBC1D3E; TBC1D3I; TBC1D3B etc.
GO:0051345 positive regulation of hydrolase activity Biological process ~ TBCID3G; TBC1D3K; TBC1D3E; TBC1D3I; TBC1D3B etc.
GO:0043085 positive regulation of catalytic activity Biological process ~ GRIN2B; PTEN; TBC1D3G; TBC1D3K; TBC1D3E etc.
GO:0007342 fusion of sperm to egg plasma membrane Biological process ~ NOX5; SPESP1
GO:0005833 hemoglobin complex Cellular component HBA2; HBB
GO:0005721 pericentric heterochromatin Cellular component  IKZF1; HELLS
GO:0071682 endocytic vesicle lumen Cellular component HBA2; HBB
GO:0001533 cornified envelope Cellular component  DSP; LCE3E
GO:0072562 blood microparticle Cellular component  CFHR3; HBA2; HBB
GO:0005096 GTPase activator activity Molecular function ~ TBC1D3G; TBC1D3K; TBC1D3E; TBC1D3I; TBC1D3B etc.
GO:0030695 GTPase regulator activity Molecular function TBC1D3G; TBC1D3K; TBC1D3E; TBC1D3I; TBC1D3B etc.
GO:0060589 nucleoside-triphosphatase regulator activity Molecular function TBC1D3G; TBC1D3K; TBC1D3E; TBC1D3I; TBC1D3B etc.
GO:0008047 enzyme activator activity Molecular function TBC1D3G; TBC1D3K; TBC1D3E; TBC1D3I; TBC1D3B etc.
GO:0005344 oxygen transporter activity Molecular function ~ HBA2; HBB

Table 5. Results of KEGG pathway enrichment analyses on target genes.

Term Count  p-value Genes
hsa05143: Adrican 2 0.00354 HBA2/HBB
trypanosom1a31s

hsa04145: Phagosome 0.00671 CDI14/HLAE/TUBB2A
hsa05144: Malaria 2 0.00686 HBA2/HBB
hsa05130: Pathogenic 2 0.00858 CD14/TUBB2A

Escherichia coli infection

that in HCC tissues, with a statistically significant difference
(p=0.042).

Association between ZHX2 expression and the clini-
copathological characteristics of HCC. ZHX2 expression
in HCC tissues was negatively correlated with serum AFP
values, with a statistically significant difference (r=-0.246,
p=0.040). ZHX2 expression was not associated with patient
gender, age, tumor diameter, tumor differentiation, or serum
HBsAg value (p>0.05, Table 6).

Difference in PTEN expression between HCC tissues
and paracancerous tissues. PTEN was positively expressed
in the cytoplasm, with yellow-brown- or brown-colored
staining in the cytoplasm (Figures 5C, D). The PTEN positive
expression rates were 100% (70/70) in paracancerous tissues
and 71.4% (50/70) in HCC tissues. The rate of PTEN expres-
sion in paracancerous tissues was significantly higher than
that in HCC tissues, with a statistically significant difference
(p<0.001).

Association between PTEN expression and the clini-
copathological characteristics of HCC. The expression
of PTEN in HCC tissues was associated with the differen-
tiation level of tumors, with a statistically significant differ-
ence (p=0.040). PTEN expression was positively correlated
with the tumor differentiation (r=0.267, p=0.025); in other
words, when the tumor differentiation level was higher, the

rate of PTEN expression was higher. PTEN expression was
negatively correlated with the serum AFP value (r=-0.263,
p=0.028) but did not correlate with patient gender, age,
tumor diameter, or serum HBsAg value (p>0.05, Table 7).

Correlation analyses between ZHX2 and PTEN expres-
sion. In HCC tissues, the majority of cases with positive
ZHX2 expression also had positive PTEN expression.
Spearman correlation analysis revealed that the expression
profiles of ZHX2 and PTEN were positively correlated in
HCC tissues (r=0.258, p=0.031).

Discussion

ZHX2, a member of the zinc finger and homeobox family
[32], is localized on 8q13.24 and contains two zinc fingers and
five homeobox domains. ZHX2 regulates various biological
pathways and some disease-related genes as a transcriptional
suppressor. It has been shown that ZHX2 can regulate AFP
expression in HCC and bind to the eukaryotic nuclear factor
NEF-YA to regulate downstream gene expression [15, 33].
This study analyzed the clinicopathological characteristics of
ZHX2 in HCC and showed that ZHX2 expression negatively
correlated with AFP, indicating ZHX2 could reduce AFP
expression in HCC. Previous study had manifested AFP
association with HCC tumor size and tumor differentia-
tion. However, neither tumor differentiation nor tumor size
was related to ZHX2 expression in this study, which demon-
strated that these two clinicopathological characteristics
were not only affected by AFP but other factors excluding
ZHX2. This study used ChIP-seq technology to detect and
investigate ZHX2-binding target genes in HCC. Associa-
tion analysis between ZHX2 target genes and TSSs showed
that ZHX2 binding sites were mainly localized in the intron
and intergenic regions of target genes. The enrichment of
ZHX2 binding sites in introns indicated that introns play a
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Figure 5. Inmunohistochemical results of ZHX2 and PTEN expression in HCC and paracancerous tissues. A) ZHX2 expression with weakly positive
staining in nucleus from HCC tissues; B) ZHX2 expression with strong positive staining in nucleus from paracancerous tissues; C) PTEN expression
with weakly positive staining in cytoplasm from HCC tissues; D) PTEN expression with strong positive staining in cytoplasm from paracancerous

tissues.

Table 6. Associations between ZHX2 expression and clinicopathological

parameters in HCC.

Table 7. Associations between PTEN expression and clinicopathological

parameters in HCC.

ZHX2 PTEN
Group - — X p-value Group n ———— X p-value
negative positive negative positive
Tissue Tissue
C 70 42 28
ancerous a1l 0.042 Cancerous 70 20 23.333 0.000
Paracancerous 70 30 40 Paracancerous 70 0
Gender Gender
Male 60 37 23 / 0,506 Male 60 18 42 / 0.713
Female 10 5 5 ' Female 10 2 8 ’
Age (year) Age (year)
<=50 39 23 16 =50 39 12 27
0.039 0.844 < 0.208 0.648
>50 31 19 12 >50 31 8 23
Tumor diameter (cm) Tumor diameter (cm)
<=5 40 22 18 <=5 40 11 29
0.972 0.324 0.053 0.819
>5 30 20 10 >5 30 9 21
Differentiation level Differentiation level
High grade 13 10 3 High grade 13 7 6
1.905 0.168 / 0.040
Low grade 57 32 25 Low grade 57 13 44
Serum HBsAg Serum HBsAg
Negative 15 9 6 Negative 15 7 8
. 0.000 1.000 . / 0.109
Positive 55 33 22 Positive 55 13 42
Serum AFP (ng/mL) Serum AFP (ng/mL)
<=11 32 15 17 <=11 32 5 27
4.231 0.040 4.831 0.028
>11 38 27 11 >11 38 15 23

When the theoretical frequency <5, Fisher’s exact probability test was

performed.

When the theoretical frequency <5, Fisher’s exact probability test was

performed.
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very important role in the developmental process of HCC.
However, the specific mechanisms of this relationship still
require further studies. ZHX2 binding sites were mainly
enriched in the intergenic regions, indicating that ZHX2
might be a transcriptional suppressor that regulates gene
expression from a long distance. The long-distance regula-
tion of target genes is more favorable for transcription factors
to support their own structures to ensure the interactions
among transcription factors during expression regulation.
Particularly for gene regulatory steps required in the process
of growth and development, these genes mainly have similar
structures and are under long-distance regulation. It is gener-
ally accepted that ZHX2 regulates target genes mainly in the
form of binding to the promoter regions of genes. A total of
232 genes have ZHX2 binding sites in their promoter regions,
including the PTEN gene. The PTEN gene has been confirmed
to be associated with HCC development and progression.
PTEN is a recognized tumor-suppressor gene and can inhibit
HCC development and progression. Loss of PTEN or reduc-
tion of its tumor-suppression function in HCC will cause
excessive cell division of tumor cells [34]. Immunohisto-
chemistry analysis showed that PTEN expression in HCC
tissues was significantly lower than that in paracancerous
tissues. In addition, with the reduction of the histopatho-
logical HCC cell differentiation level, the positive expression
rate of PTEN significantly decreased. Therefore, it is hypoth-
esized that the PTEN gene might participate in the regulation
of HCC infiltration and metastasis. Inactivation of the PTEN
gene influences HCC progression. The potential regulations
between ZHX2 and PTEN in HCC have been demonstrated
in previous studies. It was reported that ZHX2 could bind
to NF-YA to repress the downstream gene including P53
[15]. And it is known that phosphorylating p53 can regulate
PTEN expression in the inhibition of IGF-1/mTOR pathway.
Further, the Co-IP technique confirmed that AFP could bind
to PTEN and reduce the expression of PTEN, and ZHX2
could repress the expression of AFP indicating the underlying
relation between PTEN and ZHX2 [35, 36]. PTEN might be a
target gene regulated by ZHX2. Correlation analysis of ZHX2
and PTEN showed a positive relationship between their
expression profiles, and ChIP-seq analysis revealed that the
PTEN gene was bound to the ZHX2promoter region. This
result confirmed that these two genes interact with each other
to jointly regulate HCC development and progression. Target
genes that bound to the promoter region also included HBB,
PC, MYOC, and CD14. However, the regulatory functions of
these genes in HCC have been only rarely studied or reported.

GO and KEGG pathway analyses were then performed
on target genes which bound in the promoter regions. GO
analysis indicated that differentially expressed target genes,
including PTEN, HBA2, NOXS5, and CD14, were mainly
associated with biological regulation, metabolic process, and
management of biological processes, suggesting that ZHX2
could collaborate with transcription regulation functions to
influence downstream signals to further regulate the biolog-

ical behavior of HCC. In biological regulation and manage-
ment of biological processes, the enriched target genes
included PTEN, IKZF1, GRIN2B, HLA-E, and CD14 genes.
The target genes enriched in metabolic processes were similar
to the genes enriched in the above two biological processes.
However, these genes and their interactive functions in HCC
have been rarely studied or reported. In addition, the results
also showed that target genes might be enriched in biological
processes associated with tumor development and progres-
sion, including negative regulation of cell-matrix adhesion
(PTEN and MYOC), adhesion connective tissues (PTEN and
MYOC), and positive regulation produced by tumor necrosis
factors (HLA-E and CD14). Among these genes, only PTEN
has been reported to be involved in malignant tumor growth
processes, such as cell proliferation in HCC. The functions of
the other genes in HCC have been rarely reported, suggesting
that the mechanisms underlying their interactive functions
with ZHX2 in the regulation of HCC are worth of further
analysis. KEGG pathway analyses indicated that these target
genes were mainly enriched in the African trypanosomiasis
pathway, the phagosome pathway, the malaria pathway, and
the pathogenic Escherichia coli infection pathway. Most
of these pathways are associated with human infectious
diseases; only one pathway, the phagosome pathway, was
associated with biological processes. The functions of some
of the target genes involved in these pathways, such as HBA2,
HBB, and CD14, are still unknown in the context of HCC
and are worth of further investigation.

This study is the first to use ChIP-seq technology to
analyze transcriptionally regulated target genes of ZHX2 in
HCC at the genome level. In addition to interactions with
promoter regions, ZHX2 also interacted with intergenic
regions to regulate target genes from long distances. Enrich-
ment analyses of the target genes of these promoter regions
revealed that the interacted target genes are associated with
metabolic processes and biological regulatory processes. The
pathway enrichment results suggest that the target genes
might be involved in three infectious disease pathways and
one phagosome pathway. One target gene, PTEN, bound
to the promoter region of ZHX2, suggesting that the two
genes might interact with each other and jointly regulate
downstream genes to exert inhibitory functions. ZHX2 and
PTEN may be involved in HCC development and progres-
sion, a finding that provides a basis for further studies of
the specific regulatory mechanisms of the transcription
suppressor ZHX2 in the context of HCC.

Supplementary information is available in the online version
of the paper.
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