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Abstract. Hepatitis B virus (HBV) integration into human 
genome causes hepatocellular carcinoma (HCC). The present 
study used inverse nested PCR; the full sequence of HBV 
DNA fragments of the chrX: 111009033 integration site was 
detected (987 bp), containing two fragments of double‑stranded 
linear DNA with the same orientation (1,744‑1,094 and 
1,565‑1,228 nt). By reverse transcription‑quantitative PCR, 
HBV‑cell fusion transcript was observed in HepG2.2.15 cells. 
The mean copy number of this site in cells with H2O2 treatment 
(8.73x10‑2±1.65x10‑2 copies/cell) was significantly higher than 
that in the cells without H2O2 treatment (3.02x10‑2±2.33x10‑2 
copies/cell; P<0.0001). The mean levels of P21‑activated 
kinase 3 (PAK3) were 15.67±5.65 copies/cell in HepG2.2.15 
cells with H2O2 treatment, significantly higher than in the cells 
without H2O2 treatment (11.34±4.58 copies/cell, P=0.0076) and 
in HepG2 cells (5.92±1.54 copies/cell, P<0.0001). Significant 
difference of PAK3 levels was also found between HepG2.2.15 
cells without H2O2 treatment and HepG2 cells (11.34±4.58 vs. 
5.92±1.54 copies/cell, P<0.0001). The average copy numbers 
of the integration site chrX: 111009033 were positively 
correlated with the average levels of PAK3 (P=0.0013). The 
overall trend of PAK3 expression was significantly increased 
in HepG2.2.15 cells with H2O2 treatment compared with that 
in HepG2.2.15 cells without H2O2 treatment (37.63±8.16 and 
31.38±7.94, P=0.008) and HepG2 cells (21.67±7.88, P<0.0001). 
In summary, the chrX: 11009033 integration site may origi‑
nate from primary human hepatocytes, occurrence and clonal 
expansion of which may upregulate PAK3 expression, which 
may contribute to hepatocarcinogenesis.

Introduction

Hepatitis B virus (HBV) infection is a serious global public 
health problem especially in Africa and Asia, and is the cause 
of nearly 1 million deaths from liver disease each year (1). 
HBV is a small, enveloped, dsDNA virus with a full length 
of 3,200 bp. HBV covalently closed circular DNA (cccDNA) 
acts as the key intracellular replication template of the virus. 
Following infection of hepatocytes, HBV relaxed cDNA 
(rcDNA) enters the nucleus to form cccDNA pool using host 
proteins. During this period, HBV ds linear DNA (dslDNA) 
can integrate into the host genome when DNA strand breaks 
(DSBs) occur (2). HBV integration is one of the major patho‑
genic causes of HBV‑associated hepatocellular carcinoma 
(HCC) and the second leading cause of cancer‑associated 
death worldwide (3). The mechanisms may include chromo‑
somal instability, dysfunction of cell cycle progression, host 
genes and apoptosis and increasing cell proliferation (4). 
However, due to the lack of in vitro infection models with 
detectable integration events, the molecular mechanism of the 
formation of HBV integration and its carcinogenic effects are 
not well‑understood (5).

Traditional methods, such as Southern blotting and 
Alu‑PCR, which are either time‑consuming or laborious, have 
demonstrated that HBV DNA can randomly integrate into the 
host genome (6). Next generation sequencing (NGS) assay of 
HBV integration detection identified a large group of hotspots 
among the inserted host genes, for example, myeloid/lymphoid 
or mixed‑lineage leukemia 4, telomerase reverse tranase 
(TERT), cyclin E1 (CCNE1) and lysine‑specific methyltrans‑
ferase 2B (KMT2B) (7‑9). To the best of our knowledge, 
however, there remains a paucity of in vitro studies of these 
integration sites. P21‑activated kinase 3 (PAK3) is an impor‑
tant oncogene in HCC (10); our previous study reported the 
HBV integration site chrX: 111009033, which inserted into 
PAK3 gene in HepG2.2.15 cells (11). The present study aimed 
to detect the full sequence of HBV DNA fragments of this site 
using an improved inverse nested PCR (invPCR), its genetic 
regulation and the expression of PAK3 protein in HepG2 and 
HepG2.2.15 cells with and without H2O2 treatment, which 
exacerbates HBV integration (12). The present study may 
help to elucidate the pathogenesis and carcinogenesis of chrX: 
111009033 integration site.
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Materials and methods

Cell culture. HepG2.2.15 and HepG2 liver cancer cells were 
purchased from China Center for Type Culture Collection 
(Wuhan, China). Cell lines were authenticated by STR iden‑
tification and cultured with DMEM with 10% FBS (Sangon 
Biotech Co., Ltd.) and 200 µg/ml G418 (Sangon Biotech Co., 
Ltd.) at 37˚C with 5% CO2. Subclones (termed C1‑4) were 
transferred from parental cells to 4‑well plates and expanded 
in culture to 5.0x106‑1.0x107 cells before collecting. Nuclear 
RNA and DNA from cells were extracted using the Genomic 
RNA and DNA Mini kits according to the manufacturer's 
instructions, respectively (both Sangon Biotech Co., Ltd.). 
For quantitative analysis of HBV integration and PAK3 gene, 
HepG2 and HepG2.2.15 cells (control group) were collected in 
24‑well plates at a density of 3.5x103 cells/well. Additionally, 
as the treatment group, 24‑well culture plates with HepG2.2.15 
cells and H2O2 at 20 µmol/l were cultured, as previously 
described (12).

PCR and sequencing validation. The chrX: 111009033 inte‑
gration site was detected by conventional PCR in HepG2.2.15 
cells, with the primers forward (F)1 (5'‑AGA GCC CCT GAG 
GGT TTT‑3') and reverse (R)1 (5'‑CCC GTC TGT GCC TTC 
TCA‑3'). PCR mix was prepared with 10 µM F and R primers 
(1 µl each), 20 ng DNA (1 µl), 22 µl H2O and 25 µl 2X Taq 
Buffer (Sangon Biotech Co., Ltd.), and thermocycling condi‑
tions were conducted as follows: Initial denaturation for 5 min 
at 95˚C followed by 40 cycles of denaturation for 10 sec at 
95˚C, annealing for 10 sec at 54˚C and extension for 3 min 
at 72˚C and final extension for 10 min at 72˚C (11). The PCR 
products were electrophoresed (10 µg/lane) using a 1.3% 
agarose gel, extracted and sequenced by Sanger sequencing 
(Sangon Biotech Co., Ltd.). Finally, HBV‑cell DNA junction 
was confirmed using Basic Local Alignment Search Tool 
(BLAST; https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr).

InvPCR. For verification of the full inserted HBV fragment 
of the chrX: 111009033 integration site, an improved invPCR 
(Fig. 1) was designed as described previously (13). Firstly, to 
amplify a chimeric fragment which partially aligned to host 
gene including Alu repeats and unknown integrated HBV 
gene, primer chimeric R (5'‑AGC TTT TAA TAC CCA ACT CCT 
CCC‑3'), which included integrated HBV (1,732‑1,744 nt) and 
PAK3 sequence (chrX111009033‑111009027) and an Alu site 
(AGCT) at its 5' end, was designed. Because the orientation of 
the nearest Alu sequence is unknown, primers Alu F1 (5'‑CGG 
ATC ACC TGA GGT CAG‑3') and Alu R1 (5'‑ACG GAG TCT 
CGC TCT GTC‑3') with opposite orientations were designed 
and added to two reaction mixes with primer chimeric R. The 
primer mix was prepared as aforementioned. Thermocycling 
conditions were as follows: Initial denaturation for 5 min at 
95˚C followed by 40 cycles of denaturation for 10 sec at 95˚C, 
annealing for 10 sec at 56˚C and extension for 3 min at 72˚C 
and final extension for 10 min at 72˚C.

Secondly, the specific amplification product (1 µg) was 
digested with 1 µl Alu restriction enzyme [(New England 
BioLabs, Inc. (NEB)] for 1 h at 37˚C then inactivated for 
20 min at 80˚C, followed by addition of 500 U T4 DNA ligase 
(NEB). The mixture was incubated at room temperature for 

2 h, after which ligase was inactivated for 20 min at 80˚C, 
followed by purification using PCR Purification kit according 
to the manufacturer's protocol (Sangon Biotech Co., Ltd.). The 
DNA was divided into two parts for either double digestion 
with 5 U BsiHKAI (1 h, 65˚C) and 5 U SphI (1 h, 37˚C) or 
single digestion with 5 U BsiHKAI (both NEB).

The digested DNA was serially subjected to nested PCR. 
The first round of PCR was performed with the primers F1 
(5'‑TTC GCT TCA CCT CTG CAC G‑3') and R1 (5'‑AAA GGA 
CGT CCC GCG CAG‑3') for 25 cycles, the products of which 
were diluted with double distilled water to 1:10, 1:100 and 
1:1,000 and used as the template for the second round of PCR 
with the primers F2 (5'‑CGC ATG GAG ACC ACC GTG A‑3') 
and R2 (5'‑CAC AGC CTA GCA GCC ATG G‑3'). The nested 
PCR conditions were as described previously (13) and the 
products were extracted and sequenced as aforementioned.

According to the sequencing outcome of invPCR 
conducted above, PCR primers IN F2 (5'‑AGG CTG CCT TCC 
TGT CTG‑3') and Alu R2 (5'‑CCA CGC CCG GCT AAT TTT‑3') 
were designed to obtain the left end of the viral‑host junc‑
tion. The primer mix and reaction conditions in PCR were as 
aforementioned, with extension for 14 sec. The products were 
extracted and sequenced as aforementioned. As a control, PCR 
was conducted in both HepG2 and HepG2.2.15 cells.

Reverse transcription‑quantitative (RT‑q)PCR. RT‑qPCR was 
performed with an OneStep RT‑PCR system (Sangon Biotech 
Co., Ltd.) in HepG2.2.15 cells. The cDNA was synthesized 
using Sangon cDNA Synthesis kit according to the manufac‑
turer's protocol (Sangon Biotech, Co., Ltd.) using the following 
reaction conditions: 42˚C for 15 min and 85˚C for 5 min. The 
expression of HBV‑PAK3 fusion transcript was detected 
using primers IN F1 and IN R1. PCR and sequencing were 
performed as previously described (11).

Total RNA was extracted from HepG2.2.15 cells with 
and without H2O2 treatment and HepG2 cells and then 
reverse‑transcribed into cDNA as aforementioned. To detect 
the copy numbers of the chX: 11009033 integration site in 
HepG2.2.15 cells with and without H2O2 treatment, RT‑qPCR 
with the primers IN F1 and IN R1 was performed as described 
previously (11). PAK3 PCR F (5'‑CAA CCG GG ATT CTT 
CAG CAC T‑3') and R primer (5'‑CAC ATG AAT CGT ATG 
CTC AAA GTC TG‑3') were designed and SYBR Green I 
(Sangon Biotech Co., Ltd.) was used for RT‑qPCR as reported 
previously (10).

Western blot analysis. Proteins were extracted from 
HepG2.2.15 cells with and without H2O2 treatment and 
HepG2 cells using Cell Protein Extraction kit according to 
the manufacturer's instruction (Sangon Biotech Co., Ltd.). 
GAPDH, (cat. No. AF7021; 1:1,000, Affinity Biosciences) 
was used as the loading control. Following determination 
using a Bicinchoninic Acid (BCA) kit according to the manu‑
facturer's instruction (Beyotime Institute of Biotechnology), 
the cellular proteins (20 µg/lane) were loaded onto 8% 
SDS‑PAGE gels and transferred to PVDF membranes (both 
Sangon Biotech Co., Ltd.). The membranes were blocked 
with 5% non‑fat milk at 25˚C for 1 h, then incubated with 
primary antibodies against PAK3 (cat. no. AF7659; 1:1,000, 
Affinity Biosciences) overnight at 4˚C. Following primary 
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antibody incubation, the membranes were incubated with 
secondary antibodies (cat. no. ZB‑2305; 1:20,000; OriGene 
Technologies, Inc.) for 1 h at 25˚C. Finally, protein bands 
were visualized using ECL Western Blotting Substrate kit 
according to the manufacturer's protocol (Thermo Fisher 
Scientific, Inc.), and images were captured for densitometry 
using ImageJ software (version 1.46; National Institutes 
of Health).

Statistical analysis. Continuous variables are expressed as the 
mean ± standard deviation and analyzed by SPSS 20 (IBM 
Corp.). Student's t test (unpaired) was used to assess differ‑
ences between two groups; one‑way ANOVA followed by 
Tukey's post hoc test was used for comparison of multiple 
groups. Correlations were analyzed using Pearson's correlation 
coefficient. Two‑sided P<0.05 was considered to indicate a 
statistically significant difference.

Results

HBV integration site chrX: 111009033 is detected in 
HepG2.2.15 cells. A fragment of 227 bp was acquired by 
conventional PCR in DNA extracted from HepG2.2.15 cells 
(Fig. 2A). BLAST analysis indicated that this was the right end 
of the junction of the chrX: 111009033 integration site (11).

Full sequence of HBV fragments are detected in the 
integration site chrX: 111009033. To detect the full HBV 
integration sequence, improved invPCR was used. Using 
the primers Chimeric R and Alu R1, a chimeric fragment 
of 1,255 bp was amplified by conventional PCR (Fig. 2B), 
which partially contained the Alu repeats. The second round 
of invPCR specifically amplified a fragment of 900 bp using 
the product of double digestion diluted 1,000 times (Fig. 2C), 
as shown by Sanger sequencing (Fig. 3A); the product of the 
first round of invPCR yielded no product following single 
digestion (Fig. 2C). To obtain the left end of the HBV‑human 
junction, a pair of PCR primers were designed (IN F2 and Alu 
R2), by which a fragment of 223 bp was found in HepG2.2.15 
but not in HepG2 cells (Fig. 2D). Sanger sequencing indi‑
cated that the left HBV‑human junction located in 1,228 nt, 
belonging to HBV P region, and inserted into the Alu repeats 
with 3 bp (CTG) of shared sequences (Fig. 3B). As a result, 
it was concluded that the full length of inserted HBV frag‑
ment of the chrX: 11009033 integration site was 987 bp, which 
contained two fragments of dslDNA with the same orientation 
(1,744‑1,094 and 1,565‑1,228 nt; Fig. 3C).

Transcription of the chrX: 11009033 integration site and 
quantitative detection with that of PAK3. HBV‑PAK3 
chimeric transcript of the chrX: 11009033 integration site 

Figure 1. Schematic figure of improved inverse nested PCR assay to detect the full inserted hepatitis B virus genome of the chrX: 11009033 integration site. 
DNA extracted from HepG2.2.15 cells was amplified by PCR using the primers Cmeric R and Alu F or R. The specific amplificated fragment was digested 
with Alu, ligated with T4, double digested by BsiHKAI and SphI‑HF, then amplified by nested PCR. R, reverse; F, forward; nt, nucleotide; PAK3, P21‑activated 
kinase 3.
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was successfully observed in HepG2.2.15 cells by RT‑qPCR 
(Fig. 2A). As H2O2 can exacerbate HBV integration (12), 
copy number of this integration site in cDNA was detected 
in HepG2.2.15 cells with and without H2O2 treatment. Its 
average level was 3.02x10‑2±2.33x10‑2 copies/cell (range, 
1.36x10‑3‑8.30x10‑2 copies/cell) in cells without H2O2 treat‑
ment and 8.73x10‑2±1.65x10‑2 copies/cell (5.87x10‑2‑1.24x10‑1 
copies/cell) in the cells with H2O2 treatment with significant 
difference between them (P<0.0001; Fig. 4A). The level of 
PAK3 was 15.67±5.65 copies/cell (7.88‑26.70 copies/cell) in 
HepG2.2.15 cells with H2O2 treatment, significantly higher 
than that in the cells without H2O2 treatment, 11.34±4.58 
copies/cell (4.68‑21.30 copies/cell, P=0.0076), and that in 
HepG2 cells, 5.92±1.54 copies/cell (3.90‑9.50 copies/cell, 
P<0.0001). Significant difference was also found between 
HepG2.2.15 cells without H2O2 treatment and HepG2 cells 
(P<0.0001, Fig. 4B). The copy numbers of chrX: 11009033 
integration site were positively correlated with those of PAK3 
(P=0.0013, Fig. 4C).

PAK3 expression is high in HepG2.2.15 cells. To detect 
protein expression of PAK3, western blotting was performed 
on HepG2 and HepG2.2.15 cells with and without H2O2 
treatment (Fig. 5). The overall PAK3 expression was signifi‑
cantly increased in HepG2.2.15 cells with H2O2 treatment 
compared with that in HepG2.2.15 cells without H2O2 treat‑
ment (37.63±8.16 and 31.38±7.94, P=0.008) and HepG2 cells 

(21.67±7.88, P<0.0001), while a significant difference was also 
found between HepG2.2.15 cells without H2O2 treatment and 
HepG2 cells (31.38±7.94 and 21.67±7.88, P=0.0002, Fig. 4D).

Discussion

HepG2.2.15 cells are derived from HepG2 with stable HBV 
expression (14). Although the HepG2.2.15 cell line may not be 
used to study the process of HBV infection, it is an ideal tool 
to study the role of ubiquitination modification on HBV repli‑
cation, HCC progression and immune tolerance (15). Using 
HepG2 and HepG2.2.15 cells, molecular mechanisms in hepa‑
tocarcinogenesis have been found to cause HBV integration, 
such as increased apoptosis, DNA hypermethylation and ubiq‑
uitylome and proteome modification in host cells (4,15,16). We 
previously reported the chrX: 11009033 integration site located 
in the intron of PAK3 gene in HepG2.2.15 cells cultivated in 
INSERM U1052 (10). Studies have indicated that HBV inte‑
gration sites are preferentially enriched in the intron of human 
gene, which may result in host gene dysfunction (17,18). PAKs 
are serine/threonine protein kinases that are overactivated or 
overexpressed in many types of tumor including breast cancer, 
pancreatic melanoma, thyroid cancer (19). PAK3 is a human 
member of the PAK gene family mapping on chromosome 
X, which is closely associated with tumor invasion, migration 
and proliferation (20). The aberrant activation and expres‑
sion of PAK3 occurs during tumor pathogenesis in gastric 

Figure 2. Agarose gel (1.3%) electrophoresis. (A) PCR for the right end of HBV‑cell junction in HepG2.2.15 cells. (B) PCR using the primer Chimeric R and 
Alu R in HepG2.2.15 cells. (C) Inverse nested PCR of DNA extracted from HepG2.2.15 cells double digested by BsiHKAI and SphI‑HF (1‑4) or single digested 
by BsiHKAI (5‑8). (D) PCR for the left end of HBV‑cell junction. 1, HepG2; 2, HepG2.2.15 cells. M, DNA marker (DL 100 bp in A, C, D; DL 1,000 bp in B); 
HBV, hepatitis B virus; R, reverse; DL, DNA Ladder.
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and pancreatic cancer, causing it to be considered a tumor 
enhancer protein (21,22). Epithelial‑mesenchymal transition 
(EMT), a cellular reprogramming process, is key for tumor 
metastasis and serves a key role in hepatocarcinogenesis by 
which epithelial cells alter their shape (23). PAK3 serves as an 
oncogene in HCC by enhancing EMT (10).

In the present study the chrX: 11009033 integration site 
was detected in HepG2.2.15 cells, indicating this site origi‑
nated from primary human hepatocyte (PHH) but not from 
clone hepatocyte and may be an ideal integration event for 
in vitro study (12). Because PAK3 may contribute to HCC, this 
finding also provides an opportunity to evaluate molecular 

Figure 3. Sanger sequencing and two fragments of HBV DNA in the chrX: 111009033 integration site. (A) Sanger sequencing of the improved inverse nested 
PCR product. (B) Sanger sequencing of PCR for the left end of HBV‑cell junction. (C) Full sequence of HBV DNA fragments of the chrX: 111009033 integra‑
tion site. HBV, hepatitis B virus; PAK3, P21‑activated kinase 3; HBX, HBV X; HBP, HBV P.
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mechanisms of tumorigenesis of HBV integration. Detection 
of the full sequence of inserted HBV DNA fragments of this 
site is difficult by conventional methods. Firstly, the integrated 
HBV fragments, ranging in size from 28 to 3,215 bp, exist 
different kinds of rearrangements, such as forward simple 
junction, reverse simple junction, forward and reverse compli‑
cated junctions. Secondly, according to Illumina long‑reads 
sequencing, the presence of structural abnormity of the host 
genome containing HBV integration results in host genome 
instability (24‑27).

The present study used an improved invPCR technology 
using AluI instead of NcoI restriction enzyme. The invPCR 
technology can amplify single copies of DNA template with 
high specificity and sensitivity. An Alu‑repeated sequence 

is interspersed at the average interval of ~4 kb in the human 
genome, which is often used to amplify unknown flanking 
sequences (6). To amplify the chimeric fragments, the sequence 
of which partially aligned to Alu repeats and the unknown 
integrated HBV genome, two Alu primers with opposite orien‑
tation and one chimeric primer were designed, which may 
be beneficial for Alu digestion and T4 ligation from the two 
sides of the amplified fragment. Furthermore, double digestion 
(BsiHKAI and SphI‑HF) was performed to avoid non‑specific 
PCR amplification. Dilution step may be key for successful 
specific amplification in the second round of invPCR. While 
HBV X region had more integration opportunities than other 
parts of HBV, the left junction of inserted viral fragments 
of this site was located in 1,228 nt, providing a novel viral 
inserting region (HBV P region). On the other hand, 3 bp (CTG) 
of microhomology homologous (MH) was found, indicating 
the host chromosomal DNA DSB in this junction was repaired 
by microhomology‑mediated end joining (MMEJ) (28,29). 
MMEJ is an alternative DNA DSB repair system in mito‑
chondrial DNA lesions (30). As there is enriched MH between 
HBV and human genome sequences, MMEJ may also be an 
important mechanism mediating virus integration besides 
non‑homologous end joining (31). Additionally, the presence 
of HBV‑PAK3 chimeric transcripts suggested this integration 
site may regulate PAK3 gene expression.

E‑cadherin is an epithelial marker gene. During HCC 
progression, hepatocytes lose cell‑to‑cell contact and acquire 
migration abilities to spread to distant or surrounding tissue 

Figure 4. Copies numbers of the integration site chrX: 111009033, PAK3 mRNA and their correlation analysis and protein expression of PAK3. (A) Copy 
numbers of the integration site chrX: 111009033. (B) Copy numbers of PAK3 mRNA. (C) Correlation analysis between copy numbers of chrX: 111009033 
integration sites and PAK3 mRNA. (D) Protein expression of PAK3. PAK3, P21‑activated kinase 3. **P<0.01; ***P<0.001.

Figure 5. Protein expression of PAK3 in HgpG2.2.15 compared with HepG2 
cells, without and with H2O2 treatment. PAK3, P21‑activated kinase 3.
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due to the loss of E‑cadherin, thus promoting the invasion and 
migration of cancer cells (32). The occurrence and promo‑
tion of EMT decreases expression of E‑cadherin, chiefly via 
cellular transcription processes involving three transcription 
factor families: Twist, ZEB and Snail (33). Once activated, 
these transcription factors can inhibit the expression of 
epithelial marker genes such as E‑cadherin and promote the 
expression of stromal genes simultaneously (34).

During HCC progression and migration, increased TGF‑β 
signaling is critical for promotion of EMT (35). Smad proteins 
are downstream targets of TGF‑β signaling, which may serve 
critical roles in proliferation and regulation of transcription and 
cell differentiation (36). Recent research indicated that in hepa‑
toma cells, PAK3 gene acts through the Smad‑dependent TGF‑β 
pathway to enhance EMT (10). In the present study, RT‑qPCR and 
western blot analysis demonstrated that PAK3 was significantly 
upregulated in HepG2.2.15 cells compared with HepG2 cells, 
suggesting that the occurrence of HBV integration in HepG2.2.15 
cells may affect gene functions such as that of PAK3 (4).

Persistent HBV infection can increase the production of 
reactive oxygen species in hepatocytes, leading to oxidative 
damage, host DNA mutation and exacerbating HBV infec‑
tion (37). This provides opportunity for the selected clonal 
expansion of HBV‑integrated hepatocytes, which may contribute 
to HCC progression. While H2O2 may induce DSB in hepatoma 
cells (38,39), treating HepG2.2.15 cells with H2O2 may mimic 
ROS production and promote HBV integration (40). Here, the 
average levels of the chrX: 11009033 integration site and PAK3 
expression, which were positively correlated, were significantly 
higher in HepG2.2.15 cells with H2O2 treatment compared with 
the cells without treatment. Multiple factors may contribute to 
upregulation of PAK3 expression in HepG2.2.15 cells, including 
occurrence and clonal expansion of chrX: 11009033 integration 
site, as shown by the significant difference in levels of PAK3 
between HepG2 and HepG2.2.15 cells and its positive correla‑
tion with chrX: 11009033 integration site in the latter. The 
mechanism at the molecular level underlying the functions of 
EMT and TGF‑β/Smad signaling need to be further investigated.

In summary, the chrX: 11009033 integration site, originated 
from PHH and may be an ideal integration event for in vitro 
study. The full length of inserted HBV fragment of this site was 
987 bp, containing two fragments of dslDNA with the same 
orientation. The occurrence of the chrX: 11009033 integration 
site and its clonal expansion may upregulate PAK3 expression 
and serve a role in hepatocarcinogenesis. Further investigation 
is required to determine its molecular mechanisms.
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