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Abstract: Hepatocellular carcinoma (HCC) is one of the most deadly cancers associated with chronic hepatitis.
Inflammatory injury plays a key role in the development of HCC. To investigate the risk of HCC in patients with vary-
ing degrees of inflammation, we followed up a total of 2087 patients in this study and found that the incidence of
hepatocarcinogenesis progressively increased as the stages increased sequentially from G1 to G4 (P<0.001). The
risk of hepatocarcinogenesis was also associated with the age of the patient; the albumin (ALB), glutamyltranspep-
tidase (GGT), and platelet (PLT) levels; and the prothrombin time (PT). Inmunohistochemical analysis demonstrated
that the DNA damage response progressively increased as the inflammation degree progressed (G1-G4) (P<0.05).
Furthermore our results showed y-H2AX was dramatically up-regulated in HCC tissues compared with adjacent
normal tissues (P<0.001) and was closely correlated with poor outcomes (P<0.001). These findings provide patho-
logical evidence that a persistent chronic inflammation-related DNA damage response might be a driving force of
HCC. Based on these findings, the DNA damage response might be considered a promising diagnostic marker for
identifying potential malignant transformation in Hepatitis B at the early stage. Patients with poor liver function
parameters should receive active anti-viral and liver-protective therapy and be closely monitored.

Keywords: DNA damage response (DDR), y-H2AX, hepatocellular carcinoma (HCC), inflammatory, hepatocarcino-
genesis

Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignant tumors with the wor-
st outcomes [1]. Epidemiological studies have
shown that 90% of HCC patients in China are
infected with hepatitis B virus (HBV) [2, 3], and
the incidence of HCC is 100-folder higher in
persistent hepatitis B surface antigen (HBs-
Ag)-positive carriers than in non-carriers. Fur-
thermore, the geographic distribution of HBV
carriers is concordant with the prevalence of
HCC [4, 5], indicating a close relationship be-
tween HCC and hepatitis B [6].

HBV infection may cause chronic liver injury
and necrotic inflammation [7], wherein persis-
tent chronic injury contributes to repeated liver
cell proliferation and repair and ultimately HCC
[8]. Inflammatory injury is one of the important
components of the tumor microenvironment,
which plays an oncogenic role in HCC [9, 10].

The inflammatory injury of HBV can be divided
into four grades (G1-G4) (The guideline of pre-
vention and treatment for chronic hepatitis B)
[11]. Investigation of the relevant mechanisms
of chronic inflammation injury-related tumor
development is needed. However, it is unknown
how the risks of HCC vary with grades of inflam-
mation injury, and the mechanisms are unclear.

Persistent chronic inflammatory injury can
cause DNA damage [12]. DNA damage has dif-
ferent representations, of which DNA double-
strand breaks (DSBs) are considered the most
severe [13]. DSBs induce a series of stress
responses, of which the primary response is
the ataxia telangiectasia mutated (ATM)-initi-
ated signaling cascade that causes cell cycle
arrest until DSB repair. H2AX, a key protein in-
volved in the ATM-initiated signaling cascade,
can be phosphorylated to y-H2AX by ATM [14].
y-H2AX is the key factor that initiates DSB re-
pair; it secures broken DNA, rapidly recruits a


http://www.ijcep.com

Chronic inflammation injury promotes HCC development

large number of repair-related proteins and sig-
naling molecules involved in DNA repair, and
plays an important role in initial injury identifi-
cation, signal transduction, and DNA repair
[15]. An elegant study revealed that changes
in y-H2AX expression reflect DNA damage [16].
However, it is not certain whether HBV-induc-
ed chronic liver inflammatory injury can cause
changes in y-H2AX and whether the severity
of chronic inflammatory injury is related to the
y-H2AX expression level.

Today, the causal relationship between HBV
and HCC is more widely accepted [17, 18].
However, the underlying molecular mecha-
nisms mediating the HBV promotion of HCC
remain to be elucidated [19]. In this study, we
explore the relationship between different
grades of inflammation and the risk of HCC.
We also determined the expression of y-H2AX
in chronic injury tissues and HCC tissues to
evaluate the DNA damage response status.
The present study revealed that the DNA da-
mage response correlated with the severity of
chronic inflammation and may be a driving
force in the development of HCC, suggesting
a pivotal role of the chronic inflammation-re-
lated DNA damage response in hepatocarcino-
genesis.

Materials and methods
Clinical data and specimens

We followed up patients with chronic hepatitis
B infection confirmed and treated at the Third
Affiliated Hospital of Sun Yat-sen University
between January 2004 and October 2014.
Each patient underwent a liver tissue biopsy
during hospitalization. The biopsy specimens
were subjected to hematoxylin and eosin (HE)
staining, and the severity of inflammation was
evaluated by a pathologist. We followed up the
patients via a phone call, outpatient visit, or a
search of the medical records for readmission
information. Information such as patient treat-
ment and HCC was collected and recorded. The
follow-up start time was the time of liver biopsy
after admission, and the end time was the
occurrence of HCC or the study end date. “Lost
to follow-up” was defined as an inability to fol-
low-up due to changes in contact information or
patient death as a result of other illnesses. The
patients were followed up through March 26,
2015. The inclusion criterion was patients with
chronic hepatitis B confirmed by a liver biopsy
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(HBsAg and/or HBV DNA-positive patients with
a history of hepatitis B or HBsAg positivity for
more than 6 months were considered to have
a chronic HBV infection). The exclusion criteria
were as follows: patients infected with a he-
patitis virus infection other than HBV, patients
with alcoholic liver disease, or patients with
autoimmune liver disease. The study was ap-
proved by the Medical Ethics Committee,
and each patient signed the informed con-
sent form prior to inclusion in the study.

Group assignment: The patients were assigned
into one of four groups (G1, G2, G3, or G4)
based on the severity of the liver inflammatory
injury.

Pathological specimens were collected from
patients undergoing radical resection of HCC
at the Third Affiliated Hospital of Sun Yat-sen
University between February 2008 and Dece-
mber 2010, including HCC tissue, correspond-
ing paracancerous tissue (<2 cm away from
the HCC tissue), and normal tissue specimens
(>5 cm away from the HCC tissue). This study
was approved by the Medical Ethics Commit-
tee, and each patient signed the informed con-
sent form prior to the study. The pathological
specimens were subjected to HE staining, and
the severity of inflammation of the non-can-
cerous liver tissues (including the normal and
paracancerous tissues) was evaluated by a
pathologist.

Liver biopsy

Under the guidance of ultrasound B, a Bard
biopsy needle (HS 18G) was used to perform
the percutaneous biopsy and remove 1.0 t0 2.5
cm of liver tissue. The liver tissue was fixed in
10% neutral formalin, routinely dehydrated and
embedded in paraffin, sectioned, HE stained,
and then evaluated by a pathologist to classi-
fy the severity of liver inflammation according
to the Guidelines for the Prevention and Treat-
ment of Chronic Hepatitis B [11].

HE staining

Paraffin-embedded human liver tissue speci-
mens were serially sectioned into 4-um-thick
sections, which were attached to slides in
cold water and placed in a 60°C oven for 3
hours. Next, the slides were dewaxed in xy-
lene and hydrated in a continuous ethanol gra-
dient (100%, 95%, 80%, and 65% ethanol, suc-
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Table 1. Clinical characteristics of patients in different group

gels. Proteins were separat-
ed using SDS-polyacrylami-

Variable No HCC HCC P value .

Age (years)* 35.3£9.2  40.0¢88  0.002 frzni‘feérgg"ttrgp';‘;:jji'rslyl‘i"‘d”;

ALB (g/L) 43.7+4.0 41.6+4.8 0.002 ne difluoride (PVDF) mem-

GGT (IU/L)* 68.3199.1 144.4+174.2  0.011 branes. This membrane was

ALP (IU/L)* 75.5426.9 106.3+99.4 0.064 immunoblotted with antibod-

AST (1U/L) (%) 93.3+173.4  77.4%79.2 0.575 ies against y-H2AX (1:1000,

ALT (IU/L) (%)* 140.84282.3 107.0+115.8 0.461 Cell Signaling) and GAPDH

WBC (10°%/L)* 5.8+1.7 5.6+2.3 0.415 (1:12000, Sigma-Aldrich). Im-

Hb (g/L)* 143.9+15.4 140.3124.3 0.369 munoreactive proteins were

PLT (10%/L)* 185.8451.9 156.2+63.2  0.001 visualized using ECL rea-

PT (sec)* 13412  140#19  0.003 gents (Roche) following the

HBeAg (%)? 0.087 manufacturer’s instructions.
Negative 730 (46.5%) 23 (60.5%) Immunohistochemistry
Positive 840 (53.5%) 15 (39.5%)

HBVDNA (%)? 0.369 Paraffin-embedded human
<2000 IU/mL 389 (24.8%) 7 (18.4%) liver tissue specimens were
>2000 IU/mL 1181 (75.2%) 31 (81.6%) serially sectioned into 4-uym-

The degree of inflammation (%)2 <0.001 thick sections, which were
G1 592 (37.7%) 2 attached to slides in cold
G2 504 (32.4%) 12 water and then placed in a
63 346 (22.0%) 21 60°C gven for 3 hours. Nex.t,
G4 128 (8.2%) 3 the slides were d.ewaxed |.n

xylene, hydrated in a conti-

Gender (%)* 0.065 nuous ethanol gradient, and
Male 1257 (80.1%) 35 (92.1%) plaCed in 3% hydrogen per-
Female 313 (19.9%) 3 (7.9%) oxide to deactivate endoge-

1Continuous variables are presented as mean and standard deviation as examined
by Independent Samples t-test. 2Categorical variables are expressed as counts
and percentages as examined by Chi-square test. P value <0.05 was considered to

indicate statistical significance.

cessively). After a rinse with tap water, the
slides were stained with hematoxylin for 4 min-
utes and then with eosin for 90 seconds, dehy-
drated in a continuous ethanol gradient (65%,
80%, 95%, and 100% ethanol, successively),
rendered transparent with xylene, and mount-
ed with neutral resin. The finished slides were
observed and photographed under a micro-
scope. The nuclei were stained bright blue by
hematoxylin, and the cytoplasm was stained
varying shades of pink to peach red by eosin.

Western blotting

Liver tissues were lysed in RIPA buffer in the
presence of 10 ug/mL protease inhibitors, 1
ug/mL aprotinin, 1 yg/mL leupeptin, and 1 ug/
mL pepstatin. Lysates were cleared by centri-
fugation, and the supernatants containing 35
ug of protein were electrophoresed on 15%
sodium dodecyl sulfate (SDS)-polyacrylamide
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nous peroxidase. The slides
were transferred to 10 mmol
citrate buffer (pH=6.0) and
placed in a microwave for
antigen retrieval at low heat
for 20 minutes. After the slides were cooled for
30 minutes, rabbit anti-human y-H2AX mono-
clonal antibody (ab81299, 1:150) was added
to the slides for incubation at 4°C overnight.
The next day, the slides were placed at room
temperature for approximately 1 hour, followed
by a phosphate-buffered saline with Tween 20
(PBST) wash (three washes, 5 minutes each).
Next, a horseradish peroxidase (HRP)-labeled
secondary antibody (Dako) was added, and the
slides were incubated at 37°C for 30 minutes.
After a PBS wash, 3,3’-diaminobenzidine (DAB)
was added for staining (8-12 minutes). Finally,
after hematoxylin restaining for 1 minute and
PBS destaining, the slides were dried, mounted
with neutral resin, and observed and photo-
graphed under a microscope. The brown cells
observed under the microscope were consid-
ered positive. The Image-Pro Plus 6.0 software
was used to calculate the number of positive
cells and the total number of nuclei (cells) in the
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image. Positive percentage = the number of
positive cells/total number of cells x100%.

Statistical analysis

The SPSS 20.0 statistical package was used
for the statistical analysis. Continuous vari-
ables are expressed as the mean % stand-
ard deviation and were analyzed with one-
way analysis of variance (ANOVA), the Kruskal-
Wallis rank sum test, and the Bonferroni me-
thod (for multiple comparisons). Categorical
variables were analyzed with the Chi-square
test. Multivariate analysis was performed us-
ing Cox’s proportional hazard model. Survival
curves were estimated by applying the Ka-
plan-Meier analysis, and the log-rank test was
used to compare survival between the two
groups. P<0.05 was considered statistically
significant. All P values were two-sided.

Results

Risk of HCC is associated with the severity of
chronic inflammation

We followed up 2,087 patients with chronic
hepatitis B for 4 to 135 months (median 52
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Figure 1. The composition of different liver in-
flammatory injury in patients with HBV and the
incidence of HCC. A. Different degrees of chron-
ic hepatic pathology (G1-G4). B. The proportion
of HCC and Hepatitis in varying degrees of liver
inflammatory injury. C. The incidence of HCC in
varying degrees of liver inflammatory injury.

months), of whom 479 patients were lost to
follow-up or had an unknown diagnosis. Thus,
complete follow-up data were available for
1,608 patients (Table 1). Representative ima-
ges of varying degrees of liver inflammatory
injury diagnosed by liver biopsy are shown in
Figure 1A. At the end of follow-up, a total of
38 patients (2.4%) developed HCC. The degree
of inflammatory damage in liver cancer and he-
patitis causes a substantial difference in this
percent (Figure 1B). A significant difference in
the HCC incidence was observed among the
four groups (P<0.05) (Figure 1C), suggesting
that more severe liver inflammatory injury was
associated with a higher risk of HCC.

Clinical characteristics in patients with varying
degrees of liver inflammatory injury

The patients’ characteristics are shown in
Table 2. More severe liver inflammatory injury
was associated with higher gamma-glutamyl
transferase (GGT), alkaline phosphatase (ALP),
aspartate aminotransferase (AST), and alani-
ne aminotransferase (ALT) levels (indicators of
liver injury); a lower albumin (ALB) level and
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Variable G1 G2 G3 G4 P value
Age (years)* 34.849.2 35.24+9.3 36.1+9.1 37.319.8 0.017
ALB (g/L)* 45.4+3.1 43.9+3.8 42.1+4.3 40.1+4.6 <0.001
GGT (lu/L)* 37.6+82.3 57.0£79.1 116.0+£130.3 140.3+95.3 <0.001
ALP (IU/L)? 68.3+22.2 71.6+21.6 88.1+44.8 96.91+29.6 <0.001
AST (IU/L) (%)* 39.0+58.1 74.0£136.1 160.8+237.9 221.4+268.8 <0.001
ALT (IU/L) (%)* 60.0+137.3 117.8+239.5 244.0+381.6 299.24395.1 <0.001
WBC (10°%/L)* 6.0+1.6 5.9+1.6 5.6+1.7 5.7+2.1 0.002
Hb (g/L)* 145.5+15.0 144.3+15.0 142.3+17.3 138.7+15.4 <0.001
PLT (10%/L)* 202.4+48.3 186.9+50.4 167.2+51.5 149.3+46.3 <0.001
PT (sec)* 13.0+0.8 13.3+1.0 13.8+1.4 14.6+1.6 <0.001
Gender (%)? 0.001
Male 460 (77.4%) 402 (77.9%) 314 (85.6%) 116 (88.5%)
Female 134 (22.6%) 114 (22.1%) 53 (14.4%) 15 (11.5%)
HBeAg (%)? 0.001
Negative 316 (53.2%) 220 (42.6%) 160 (43.6%) 57 (43.5%)
Positive 278 (46.8%) 296 (57.4%) 207 (56.4%) 74 (56.5%)
HBV (%)? <0.001
<2000 IU/mL 220 (37.0%) 106 (20.5%) 50 (13.6%) 20 (15.3%)
>2000 IU/mL 374 (63.0%) 410 (79.5%) 317 (86.4%) 111 (84.7%)

Continuous variables are presented as mean and standard deviation as examined by Independent Samples t-test. 2Categori-
cal variables are expressed as counts and percentages as examined by Chi-square test. P value <0.05 was considered to

indicate statistical significance.
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Figure 2. The expression of y-H2AX in varying degrees of liver inflammatory injury. A. Representative images of
y-H2AX staining in tissues with different stage of information (G1-G4). B. Quantification of y-H2AX positive cells in
tissues with different stage of information (G1-G4) from 60 HCC patients (two non-malignant samples from each

patient).

longer prothrombin time (PT) (indicators of the
synthesis function of liver cells); and a higher
HBV DNA concentration.

y-H2AX expression is positively correlated with
the severity of chronic inflammation

We examined the y-H2AX expression in chronic
hepatitis B liver tissues (including 120 normal
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or paracancerous tissue specimens) with vary-
ing degrees of inflammatory injury. The stron-
gest and most abundant immunostaining for
y-H2AX was observed in epithelial cells corre-
sponding to high-grade chronic inflammation. A
less intense y-H2AX signal was found in sam-
ples with low-grade inflammation (Figure 2A).
Intriguingly, semiquantification analysis for y-
H2AX revealed a significant increase in y-H2AX

Int J Clin Exp Pathol 2017;10(4):4431-4440
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staining in tissues with severe chronic inflam-
mation than in mild inflammation tissues (G1:
1.8+1.7, G2: 7.0+4.7, G3: 9.0+5.2, and G4:
20.3+7.9) (Figure 2B), suggesting that elevat-
ed DNA damage might be induced by inflam-
matory injury, which eventually proceeds to
carcinogenesis through genomic instability.

y-H2AX expression is increased in human HCC
tissue samples

We examined the y-H2AX expression in HCC
tissues and the matched distant non-malig-
nant tissues taken from 60 HCC patients. Both
Western blotting and immunohistochemical
staining showed significantly higher y-H2AX ex-
pression in the HCC tissues than in the distant
non-malignant tissues (Figure 3A, 3B). The rel-
ative expression levels were 24.7+15.6 in the
HCC tissues and 7.4+6.2 in the distant non-
malignant tissues, which were standardized by
endogenous GAPDH (P<0.0001) (Figure 3C).

Relationship between y-H2AX expression and
clinicopathological factors in patients with HCC

The histological findings for the HCC samples
in the 60 studied patients are shown in Table
3. The patients were classified into two groups
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Figure 3. The expression of y-H2AX in tumor tis-
sues and non-malignant tissues. A. Representa-
tive western blot analysis of y-H2AX and GADPH
in 4 paired tissue samples from HCC patients. B.
Representative images of y-H2AX immunostaining
in tumor tissues and the matched distant non-ma-
lignant tissues. C. Quantification of y-H2AX positive
cells in 60 paired tissue samples from HCC pa-
tients. T: tumor tissues; N: distant non-malignant
tissues.

according to the ratio of the mean levels of
y-H2AX expression in tumor tissues compared
with the matched distant non-malignant tis-
sues: a high y-H2AX group (n=30) and a low y-
H2AX group (n=30) (Figure 4A). Clinicopatho-
logical features were compared between the
two groups (Table 3). Compared to the lowy-
H2AX group, the high y-H2AX group had a sig-
nificantly larger tumor size (P=0.001), a higher
Child-Pugh class (P=0.008), more macrovascu-
lar invasion (P=0.015), and poorer differentia-
tion (P=0.042). However, the y-H2AX expres-
sion levels were not associated with other clini-
cal parameters such as gender (P=0.421) and
age (P=0.795) (Table 3).

y-H2AX expression is an independent risk fac-
tor for patient survival

Univariate analysis for Overall survival (OS) was
performed with the following factors: y-H2AX,
age, sex, alpha-fetoprotein (AFP) level, Child-
Pugh class, number of nodules, largest tumor
size, histological differentiation, and macrovas-
cular invasion. The survival features are sum-
marized in Table 4. Patients with high y-H2AX
expression levels had a shorter OS than those
with low y-H2AX expression (P=0.001). OS cur-
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Table 3. Correlation between y-H2AX expression and clinicopathological characteristics in patients

with HCC
y-H2AX
- Number of - - -
Parameter clinica cases (%) High-expression Low-expression P value
group no. of cases group no. of cases

Total number 60 30 30

Age (years) 0.795
<50 33 (55.0) 16 17
>50 27 (45.0) 14 13

Gender 0.421
Male 53 (88.3) 25 28
Female 7(11.7) 5 2

HBeAg 0.598
Negative 46 (76.7) 24 22
Positive 14 (23.3) 6 8

HBVDNA (IU/mL) 0.292
<2000 36 (58.3) 17 19
22000 24 (41.7) 13 11

Number of nodules 1.000
Single 50 (83.3) 25 25
>2 10 (16.7) 5 5

Largest tumor size 0.001
<3cm 23(38.3) 6 17
3-5¢cm 19 (31.7) 9 10
>5cm 18 (30.0) 15 3

Macrovascular invasion 0.015
No 46 (76.7) 19 27
Yes 14 (23.3) 11 3

Child-Pugh class 0.008
A 52 (86.7) 22 30
B 8(13.3) 8 0

Differentiation 0.042
Well 12 (20.0) 4 8
Moderately 43 (71.7) 21 22
Poorly 5(8.3) 5 0

AFP 0.260
<400 ng/ml 42 (70.0) 19 23
>400 ng/ml 18 (30.0) 11 7

Categorical variables are expressed as counts and percentages as examined by Chi-square test. P value <0.05 was considered

to indicate statistical significance.

ves were evaluated with the y-H2AX express-
ion level by the Kaplan-Meier analysis and log-
rank test; the results are presented in Figure
4B. Multivariate analysis using the Cox pro-
portional-hazards model showed that y-H2AX
expression was an independent prognostic fac-
tor associated with OS time after surgery (haz-
ard ratio, 3.674; 95% confidence interval (Cl),
1.426-9.471; P=0.007; Table 4).
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Discussion

HCC is one of the most prevalent and lethal
cancers with the worst prognosis worldwide
[20]. Most HCC patients have persistent HBV
infection [21, 22]. Numerous studies have sh-
own that HBV-induced liver inflammatory in-
jury is closely related to HCC [23], but how the
HBV-induced damage to liver cells is related to

Int J Clin Exp Pathol 2017;10(4):4431-4440
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Figure 4. Relative expression of y-H2AX in human HCC tissues (n=60) compared with corresponding normal ad-
jacent tissues (n=60) and its clinical significance. A. The expression of y-H2AX was examined by immunostaining.
Data are presented as fold change in tumor tissues relative to normal tissues. The blue and red as y-H2AX expres-
sion in 60 tumor tissue samples. According to the median ratio of relative y-H2AX expression in tumor tissues,
y-H2AX expression was classified into two groups: relatively high-y-H2AX group (n=30, red column) and relatively
low-y-H2AX group (n=30, blue column). B. Kaplan-Meier disease-free survival and overall survival (OS) curves ac-
cording to y-H2AX expression level.

Table 4. Univariate and multivariate analysis of the factors associated with overall survival

Univariate analysis Multivariate analysis (Cox)

Factors -
P value P value Hazaed ratio 95% ClI

y-H2AX 0.001 0.007 3.674 1.426 9.471
Age 0.012 0.142 0.507 0.205 1.256
Gender 0.664 0.182 0.330 0.065 1.682
HBeAg 0.439 0.971 1.018 0.390 2.656
HBVDNA 0.621 0.667 1.202 0.520 2.783
Number of nodules 0.616 0.214 2.054 0.660 6.394
Largest tumor size 0.154 0.320 0.747 0.420 1.328
Macrovascular invasion 0.02 0.013 4.450 1.373 14.430
Child-Pugh class 0.005 0.544 1.484 0.414 5.316
Differentiation 0.09 0.281 1.667 0.659 4.219
AFP 0.647 0.818 0.879 0.292 2.645

inflammation damage degree is unclear [24].
Not all HBV infection can cause HCC. In this
study, our follow-up data showed a significant
difference in the HCC incidence was among
the four groups and was significantly higher in
HBV patients with severe liver inflammatory in-
juries than in patients with mild liver inflamma-
tory injuries. The results provide a new avenue
for studying HCC. Additionally, we followed up
the clinical parameters of patients. The results
showed that more severe liver inflammatory
injury was associated with higher GGT, ALP,
AST, and ALT levels (indicators of liver injury);
a lower ALB level and longer PT (indicators of
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the synthesis function of liver cells); and a high-
er HBV DNA concentration. It is suggested that
patients with poor liver function parameters
should receive active anti-viral and liver-protec-
tive therapy and be closely monitored to enable
early detection of HCC [25]. The results prompt
us to seek the underlying mechanisms con-
necting chronic inflammation injury and HCC.

We determined the expression of y-H2AX in
chronic injury tissues and HCC tissues to eva-
luate the DNA damage response status (the
emergence of DNA damage response is likely
to be induced by chronic inflammation [26]).

Int J Clin Exp Pathol 2017;10(4):4431-4440
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This study showed that HBV-induced chronic
liver inflammatory injury can cause the DNA da-
mage response. Furthermore, the level of the
DNA damage response was associated with
the severity of chronic inflammation. These re-
sults suggest that DNA damage beyond a cer-
tain level of severity may cause cancer. More-
over, the y-H2AX expression was significantly
higher in HCC tissues than in paracancerous
tissues, and closely correlated with patient
outcomes. The clinical data suggest a signifi-
cant correlation between y-H2AX and tumor
size, Child-Pugh class, differentiation, and mac-
rovascular invasion. Additionally HCC tissues
with high y-H2AX expression had worse over-
all or tumor-free survival than those with low
expression.

The inflammation-related NF-KB pathway can
activate the mTOR pathway and thus regulate
the DNA damage response [27], supporting our
observations of a higher level of DNA dama-
ge response in inflamed tissues [28]. Genetic
changes related to DNA damage can promote
the DNA repair response [29], but inappropri-
ate injury repair can drive endless cycles of cell
apoptosis and regeneration [30]. Our results
showed that DNA damage response levels were
associated with hepatocarcinogenesis, and the
y-H2AX expression was significantly higher in
HCC tissues than in paracancerous tissues, in-
dicating that increased chronic inflammatory
injury can cause more certain genetic changes,
ultimately leading to abnormal proliferation and
the development of nodules and HCC [31]. Fur-
thermore, the result clearly demonstrates the
prognostic value of y-H2AX expression in HCC
patients. These results provide the first evi-
dence supporting that y-H2AX could be a no-
vel marker in the prognosis of HCC after sur-
gery and a potential therapeutic target.

In summary, the DNA damage response corre-
lated with the severity of chronic inflamma-
tion and plays a critical role in the develop-
ment of HCC, Moreover the incidence of HCC
progressively increased in the sequential stag-
es. Therefore, we supposed that DNA dama-
ge serves as the intermediate to connect ch-
ronic inflammation injury and HCC, and it may
be a driving force. Therefore, the DNA damage
response might be considered a promising
diagnostic marker for identifying potential ma-
lighant transformation in Hepatitis B at the
early stage, and patients with poor liver func-
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tion parameters should receive active anti-viral
and liver-protective therapy and be closely
monitored.
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