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ABSTRACT

Background: Our previous investigations have shown that the variants of X-ray
repair complementing 4 (XRCC4) may be involved in hepatocellular carcinoma
(hepatocarcinoma) tumorigenesis. This study aimed to investigate the possible
prognostic significance of XRCC4 expression for hepatocarcinoma patients and
possible value for the selection of transarterial chemoembolization (TACE) treatment.

Materials and Methods: We conducted a hospital-based retrospective analysis
(including 421 hepatocarcinoma cases) to analyze the effects of XRCC4 on
hepatocarcinoma prognosis and TACE. The levels of XRCC4 expression were tested
using immunohistochemistry. The sensitivity of cancer cells to anti-cancer drug
doxorubicin was evaluated using the half-maximal inhibitory concentration (IC50).

Results: XRCC4 expression was significantly correlated with pathological features
including tumor stage, liver cirrhosis, and micro-vessel density. XRCC4 expression
was an independent prognostic factor of hepatocarcinoma, and TACE treatments had
no effects on prognosis of hepatocarcinoma patients with high XRCC4 expression.
More intriguingly, TACE improved the prognosis of hepatocarcinoma patients with
low XRCC4 expression. Functionally, XRCC4 overexpression increased while XRCC4
knockdown reduced the IC50 of cancer cells to doxorubicin.

Conclusions: These results suggest that XRCC4 may be an independent prognostic
factor for hepatocarcinoma patients, and that decreasing XRCC4 expression may be
beneficial for post-operative adjuvant TACE treatment in hepatocarcinoma.

INTRODUCTION

Hepatocarcinomas, also called liver cell carcinoma
or hepatocellular carcinoma, is very common in the
People’s Republic of China, and the incidence and
mortality of this cancer has increased significantly in
past decades [1, 2]. Although the advances in surgical

techniques, including hepatectomy, liver transplantation,
and perioperative management, make it an important
candidate as curative therapy method for hepatocarcinoma,
long-term survival is still unsatisfactory due to the
high tumor recurrence rate after curative treatment [1-
3]. Recent clinic studies have shown that transarterial
chemoembolization (TACE) enjoys the advantages of
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increasing local anti-cancer drug concentrations and
reducing systemic adverse reaction. This treatment is
determined as an attractive conservative therapy for
hepatocarcinoma cases, especially these with advanced-
stage hepatocarcinoma [4-8]. However, increasing
evidence has proved that hepatocarcinoma patients having
different genetic profiles will exhibit different therapeutic
response to this therapy [8-13]. Therefore, it is crucial
for patients with hepatocarcinoma to need a prognostic
marker identifying whether they are at high recurrence risk
or can display therapeutic response to TACE.

XRCC4, an important non-homologous end-
joining repair gene, can interact directly with Ku70/Ku80
complex and serve as a crucial scaffold protein between
this complex and DNA Ligase IV in the process of DNA
double-strand break repair pathway [14, 15]. Recently,
some studies have reported that the loss of XRCC4
function involves in carcinogenesis of some cancers, and
can modify the sensitivity of cancer cells to chemotherapy
and radiotherapy [16-19]. Our previous reports have also
shown that the genetic variable of this gene is correlated
with increasing risk and poor survival of hepatocarcinoma
[20, 21]. Here, we continue to study association between
XRCC4 expression in cancerous tissues and the survival
of hepatocarcinoma patients, and to explore potential
significance in selecting TACE treatment.

RESULTS

The clinicopathological features of cases with
hepatocarcinoma

The clinicopathological features of the patients
are shown in Table 1. A total of 421 patients with
hepatocarcinoma were included in the present study with
an average age of 47.8 = 10.2 years. The HBV and HCV
infective rates were 73.9% (311 of 421) and 11.6% (49
of 421), respectively. About 40% of hepatocarcinoma
cases were in the 0 —A stage of the Barcelona Clinic Liver
Cancer (BCLC) staging system, and accepted the radical
surgical therapy. At a median follow-up of 60 months,
257 featured tumor recurrence with 30.00 (22.11-37.89)
months of median tumor recurrence-free survival time
(MRT), and 266 died with 45.00 (38.88-51.13) months of
median overall survival time (MST).

XRCCH4 expression correlated with
clinicopathological features of hepatocarcinoma

To investigate the correlation between XRCC4
expression and clinicopathological characteristics
of hepatocarcinoma cases, we detected the
expression of XRCC4 protein in tumor tissues using
immunohistochemistry technique. In this study, the
specificity of anti-XRCC4 was first elucidated, and
results showed this antibody can specifically recognize

XRCC4 protein (Figure 1A). The immunohistochemistry
staining exhibited that a minority of XRCC4 proteins
were expressed in the nucleus of cancer cells, and
most were localized at their cytoplasm. To analyze, the
XRCCH4 protein-expressing levels were separated into
two groups: high XRCC4 expression (HXRE) group and
low XRCC4 expression (LXRE) group, according to the
median expression (Figure 1B). Results from logistic
regression analyses displayed that the XRCC4 protein-
expressing levels were significantly associated with
liver cirrhosis [odds ratio (OR) = 2.01, 95% confidence
interval (CI) = 1.18-3.42], tumor stage (OR = 4.98, 95%
CI = 3.07-8.06), and microvessel density (OR = 2.23,
95% CI = 1.43-3.47), but not to other clinicopathological
characteristics (Table 1).

XRCC4 expression significantly affected the
outcome of cases with hepatocarcinoma

Although our previous reports exhibited that the
genic mutations at coding regions of XRCC4 were
significantly related to poor overall survival (OS) and
tumor recurrence-free survival (RFS) of hepatocarcinoma
cases [20, 21], it is not still clear whether XRCC4
expression is an independent marker for hepatocarcinoma
prognosis. To answer it, we first performed Kaplan-Meier
survival analysis and found these cases with HXRE in
their tumor tissues had a longer MST and MRT compared
to those with low expression (69.00 vs. 19.00 months for
MST; 69.00 vs. 13.00 months for MRT) (Figure 1C). Next,
we accomplished a series of univariate analyses based
on Cox Regression Model (with an Enter Method) and
found these hepatocarcinoma patients with LXRE in their
cancerous tissues featured an increasing death risk [hazard
ratio (HR) = 2.26 and 95% CI = 1.77-2.89] and tumor-
recurrence risk (HR = 2.21 and 95% CI = 1.72-2.83)
compared to those with HXRE in the tumor tissues (Table
2). This was indicative of XRCC4 expression ameliorating
survival of patients with hepatocarcinoma.

To investigate whether predictive value of XRCC4
expression for hepatocarcinoma survival was regulated by
known clinicopathological features (including age, gender,
minority, smoking and drinking status, HBV and HCV
infective status, AFP, liver cirrhosis, tumor size, tumor
differentiation grade, micro-vessel amount, and BCLC
stage), a multivariate survival analysis on the basis of Cox
Regression Model (with an Enter Method) was finished
(Table 3). Like some known predictive markers such as
tumor size, tumor stage, and microvessel density [11, 22],
XRCC4 expression was significantly associated with the
prognosis of hepatocarcinoma, and the corresponding
prognostic values were 1.63 (1.25-2.11) for OS and 1.55
(1.19-2.02) for RFS, respectively (Table 3). All together,
these data indicated that XRCC4 expression in the
cancerous tissues could serve as a significant predictive
marker for cases with hepatocarcinoma, and that this
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Table 1: The association between XRCC4 expression and clinic-pathological features of hepatocarcinoma

XRCC4 expression, n (%)

Variables Cases, n (%) High Low OR (95% CI) rend
Total 421 (100%) 241 (100%) 180 (100%)
Age (yrs)

<48 233 (55.3) 133 (55.2) 100 (55.6) Reference

> 48 188 (44.7) 108 (44.8) 80 (45.4) 1.01 (0.68-1.49) 0.97
Sex

Man 285 (67.7) 161 (66.8) 124 (68.9) Reference

Female 136 (32.3) 80 (33.2) 56 (31.1) 1.10 (0.73-1.67) 0.66
Ethnicity

Han 225 (53.4) 124 (51.5) 101 (56.1) Reference

Zhuang 196 (46.6) 117 (48.5) 79 (43.9) 1.16 (0.75-2.69) 0.51
HBsAg

Negative 110 (26.1) 65 (27.0) 45 (25.0) Reference

Positive 311 (73.9) 176 (73.0) 135 (75.0) 0.91 (0.55-1.50) 0.69
anti-HCV

Negative 372 (88.4) 214 (88.8) 158 (87.8) Reference

Positive 49 (11.6) 27 (11.2) 22 (12.2) 0.75 (0.37-1.50) 0.41
Smoking status

No 309 (73.4) 179 (74.3) 130 (72.2) Reference

Yes 112 (26.6) 62 (25.7) 50 (29.8) 0.90 (0.30-2.69) 0.85
Drinking status

No 298 (70.8) 175 (72.6) 123 (68.3) Reference

Yes 123 (29.2) 66 (27.4) 57 (31.7) 0.90 (0.31-2.61) 0.84
AFP (ng/mL)

<20 154 (36.6) 83 (29.5) 71(39.4) Reference

>20 267 (63.4) 158 (70.5) 109 (60.6) 1.17 (0.75-1.84) 0.42
Liver cirrhosis

No 103 (24.5) 74 (30.7) 29 (16.1) Reference

Yes 318 (75.5) 167 (69.3) 151 (83.9) 2.01(1.18-3.42) 0.01
Tumor size

<3 cm 207 (49.2) 120 (49.8) 87 (48.3) Reference

>3 cm 214 (50.8) 121 (50.2) 93 (51.7) 1.15 (0.74-1.29) 0.54
Tumor grade

Low grade 223 (53.0) 132 (54.8) 91 (50.6) Reference

High grade 198 (47.0) 109 (45.2) 89 (49.4) 0.79 (0.51-1.43) 0.28
BCLC stage

0-A 164 (39.0) 131 (54.4) 33 (18.3) Reference

B-C 257 (61.0) 110 (45.6) 147 (81.7) 4.98 (3.07-8.06) 6i€]lx
MVD

Negative 188 (44.7) 131 (54.4) 57 (31.7) Reference

Positive 233 (55.3) 110 (45.6) 123 (68.3) 2.23(1.43-3.47) 4'P§4X
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Figure 1: The association between XRCC4 expression and hepatocarcinoma prognosis in the 421 cases. (A) Specificity
of anti-XRCC4 antibody for immunohistochemistry (IHC) staining. IHC staining with anti-XRCC4 (Right) and nonrelated IgG (Left)
was used to analyze the specificity of anti-XRCC4. In the tissues with hepatocarcinoma, XRCC4 protein mainly localized at cytoplasm.
(B) The expression levels of XRCC4 protein in the cancerous tissues were elucidated using immunohistochemistry scores of IRS system
(See Materiel and methods). According to the median expression level in cancerous tissues, the levels of XRCC4 expression were divided
into two groups: low expression group (IRS < 4) and high expression group (IRS > 4). Representative images show different expression
levels (Original magnification % 400). (C) The XRCC4 expression significantly modified overall survival (Left) and tumor recurrence-free
survival (Right). Cumulative hazard function was plotted by Kaplan-Meier’s methodology, and P value was calculated with two-sided log-
rank tests. Abbreviation. HXRE, high XRCC4 expression; LXRE, low XRCC4 expression; MST, the median overall survival time; MRT,
the median tumor reoccurrence-free survival time.
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Table 2: Univariate analyses identify XRCC4 expression as one of significant prognostic predictors for survival of

patients with hepatocarcinoma

(0N

Variables HR (95% CI)

Age (48 vs. <48 yrs)
Gender (Female vs. Male)

0.85 (0.67-1.09)
0.89 (0.69-1.16)
0.89 (0.70-1.13)
1.06 (0.81-1.39)
1.16 (0.89-1.51)

Ethnicity (Minority vs. Han)
Smoking (Yes vs. No)
Drinking (Yes vs. No)

HBsAg (Positive vs.

Negative) 1.00 (0.76-1.32)
anti-HCV (Positive vs.

Negative) 0.84 (0.57-1.25)

AFP (<20 vs. > 20 ng/mL) 0.91 (0.71-1.16)
1.45 (1.08-1.94)
2.12 (1.65-2.71)
1.05 (0.83-1.34)
4.26 (3.19-5.69)

1.78 (1.39-2.27)

Liver cirrhosis (Yes vs. No)
tumor size (<3 vs. > 3 cm)
Tumor grade (High vs. Low)
BCLC stage (B-C vs. 0-A)
MVD (Positive vs. Negative)

XRCC4 expression (Low vs.

High) 2.26 (1.77-2.89)

RFS
trend HR (95% CI) trend
0.20 0.81 (0.63-1.23) 0.29
0.39 0.88 (0.68-1.16) 0.38
0.34 0.93 (0.73-1.19) 0.55
0.66 1.05 (0.79-1.38) 0.75
0.27 1.14 (0.87-1.49) 0.34
0.99 1.00 (0.76-1.32) 0.99
0.40 0.88 (0.59-1.30) 0.50
0.44 0.87 (0.67-1.11) 0.26
0.01 1.52 (1.12-2.05) 7.16 <107
3.66x10° 2.15(1.67-2.77) 3.27x10°
0.69 1.06 (0.83-1.36) 0.63
7.54x103 4.24 (3.15-5.72) 2.21x102!
5.00x10°¢ 1.61 (1.26-2.07) 1.83x10*
7.56x101 2.21(1.72-2.83) 4.98x1010

Abbreviations: CI, confidence interval; HR, hazards ratio, OS, overall survival; RFS, tumor reoccurrence-free survival;

MVD, microvessel density.

predictive significance should not be regulated by other
clinicopathological features.

XRCC4 expression differently modified
hepatocarcinomas’ response to TACE treatment

On the basis of our findings that XRCC4 expression
is negatively correlated with microvessel density in the
cancerous tissues, we hypothesized that XRCC4 expression
could modify the response of cases with hepatocarcinoma to
TACE treatment. To address this hypothesis, these patients
with hepatocarcinoma in the BCLC-B stage (n = 119)
were selected to elucidate the association between XRCC4
expression and the therapeutic value of TACE treatment
for hepatocarcinoma (Table 4, Figure 2, and Figure 3). In
this analysis, these selected cases were divided into two
groups: TACE group who underwent partial resection plus
TACE as post-operative adjuvant therapy (n = 65), and
non-TACE control group who only accepted tumor surgical
resection without post-operative adjuvant TACE treatment
(n = 54), according to these patients receiving different
initial treatment. As shown in Table 4, there was not
significant difference between two groups in terms of the

distribution of demographic features (including age, gender,
minority, smoking and drinking status, HBV and HCV
infective status, and AFP) and pathological characteristics
(including liver cirrhosis, tumor size, tumor grade and stage,
microvessel density). This suggested the data from two
groups were comparable. However, results from survival
analyses displayed that TACE treatment as well as XRCC4
expression substantially affected the prognosis of patients
with hepatocarcinoma (P < 0.05) (Figure 2A and 2B).

More interestingly, the stratified analyses on the
basis of different XRCC4 protein levels exhibited that
these hepatocarcinoma patients, if with a decreasing
XRCC4 expression in their cancerous tissues, would
have a relatively better OS and RFS (Figure 3A).
However, TACE treatment did not improve the
survival of hepatocarcinoma patients with HXRE
in their tumor tissues (Figure 3B). Collectively,
these data were indicative of the different XRCC4
expression in cancerous tissues differentially modifying
therapeutic role of TACE intervention in cases with
hepatocarcinoma.
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Table 3: Independent prognostic factors of OS and RFS for patients with hepatocarcinoma by multivariate analyses

oS RFS

Variables HR (95% CI) P, HR (95% CI) »
Age (48 vs. <48 yrs) 0.76 (0.59-1.18) 0.12 0.71 (0.55-1.22) 0.11
Gender (Female vs. Male) 0.89 (0.68-1.16) 0.38 0.89 (0.67-1.17) 0.39
Ethnicity (Minority vs. Han) 1.00 (0.78-1.28) 0.99 1.00 (0.78-1.29) 0.99
Smoking (Yes vs. No) 0.66 (0.35-1.24) 0.20 0.69 (0.36-1.33) 0.27
Drinking (Yes vs. No) 1.64 (0.89-3.03) 0.11 1.46 (0.78-2.75) 0.24
Ef;ﬁigv g ositive vs. 1.07 (0.81-1.43) 0.63 1.05 (0.79-1.40) 0.74
i?;‘gfug;; (Positive vs. 0.80 (0.53-1.20) 0.29 0.89 (0.59-1.35) 0.60
AFP (<20 vs. > 20 ng/mL) 1.08 (0.84-1.40) 0.54 1.03 (0.80-1.34) 0.80
Liver cirrhosis (Yes vs. No) 1.38 (1.02-1.87) 0.04 1.39 (1.02-1.89) 0.04
tumor size (< 3 vs. > 3 cm) 2.27 (1.76-2.94) 4.37x1010 2.18 (1.68-2.82) 4.50x10°
Tumor grade (High vs. Low) 1.13 (0.88-1.45) 0.34 1.17 (0.91-1.51) 0.23
BCLC stage (B-C vs. 0-A) 3.92 (2.90-5.31) 1.06x10°'8 3.77 (2.75-5.17) 1.71x107
MVD (Positive vs. Negative) 1.68 (1.29-2.19) 1.37x10* 1.47 (1.12-1.91) 4.70x10°
XRCC4 expression (Low vs. 1.63 (1.25-2.11) 2.47x10* 1.55 (1.19-2.02) 1.07x10°

High)

Abbreviations: CI, confidence interval; HR, hazards ratio, OS, overall survival; RFS, tumor reoccurrence-free survival;

MVD, microvessel density.

XRCC4 expression significantly modified the
sensitivity of hepatocarcinoma to doxorubicin

On the basis of the aforementioned findings that
the therapeutic effects of TACE therapy were different
among hepatocarcinoma patients with different XRCC4
expression in their tumor tissues, we questioned whether
the XRCC4 expression was associated with the sensitivity
of hepatocarcinoma cells to anti-cancer drugs such as
doxorubicin used in TACE procedure [23]. To approve
this, we accomplished a drug sensitivity analysis in vitro
using anti-cancer drug doxorubicin and hepatocarcinoma
cells SMMC-7721. In this analysis, cancer cells were first
transfected with the vector expressing XRCC4 or its null
vector, and next treated using a series of concentrations
of anti-drug (0.01 to 40 uM). Results showed that the
half-maximal inhibitory concentration (IC50) and its 95%
CIs values of this drug were 1.60 (1.44-1.79) vs. 0.59
(0.55-0.64) uM for these cells with the overexpression
of XRCC4 vs. those without overexpression (Figure 4A).
TUNEL assay further proved that the overexpression
of XRCC4 significantly decreased the death of cancer
cells (Figure 4B). Inversely, cancer cells, when XRCC4
expression was knocked down, would feature increasing
sensitivity to doxorubicin compared with these without

XRCC4 knockdown [IC50s (95% CI), 0.22 (0.18-0.26)
vs. 0.62 (0.58-0.67) uM] (Figure 5A and 5B).

XRCCH4 expression correlated with the mutation
at codon 247 of XRCC4 gene

Considering that recent two studies have shown
that the genic mutation at codon 247 (Ala to Ser,
rs3734091) of XRCC4 affects the protein location [24]
and hepatocarcinoma prognosis [20], we investigated
whether this mutation correlated with XRCC4 expression
(Table 5). Higher expression of XRCC4 was detected in
the cancerous tissues from hepatocarcinoma patients with
wild type of XRCC4 codon 247. Spearman r test further
exhibited XRCC4 protein expression was negatively
related to the mutant type of this gene (» = -0.378 and P
=9.75 x 1071%).

DISCUSSION

In this study, we analyzed the correlation between
XRCC4 expression and hepatocarcinoma prognosis,
and discovered that the downregulation of XRCC4
expression was substantially related to the poor survival of
hepatocarcinoma [HRs (95% ClIs) 1.63 (1.25-2.11) for OS
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Table 4: The clinic-pathological features of hepatocarcinoma cases with or without TACE treatment

TACE treatment, n (%)

Variables Cases, n (%) No Yes e P

Total 119 (100.0) 54 (100.0) 65 (100.0)

Age (yrs) 0.67 041
<48 60 (50.4) 25 (46.3) 35(53.8)
> 48 59 (49.6) 29 (53.7) 30 (46.2)

Sex 0.17  0.68
Man 77 (64.7) 36 (66.7) 41 (63.1)
Female 42 (35.3) 18 (33.3) 24 (36.9)

Ethnicity 0.18  0.67
Han 68 (57.1) 32(59.3) 36 (55.4)
Zhuang 51 (42.9) 22 (40.7) 29 (44.6)

HbsAg 0.66 042
Negative 31 (26.1) 16 (29.6) 15 (23.1)
Positive 88 (73.9) 38 (70.4) 50 (76.9)

anti-HCV - 1.00*
Negative 109 (91.6) 49 (90.7) 60 (92.3)
Positive 10 (9.4) 509.3) 5(7.7)

Smoking status 048 049
No 81 (68.1) 35 (64.8) 46 (70.8)
Yes 38 (31.9) 19 (35.2) 19 (29.2)

Drinking status 033 057
No 76 (63.9) 33 (61.1) 43 (66.1)
Yes 43 (36.1) 21 (38.9) 22 (33.9)

AFP (ng/mL) 025 0.62
<20 47 (39.5) 20 (37.0) 27 (41.5)
>20 72 (60.5) 34 (63.0) 38 (58.5)

Liver cirrhosis 0.00 097
No 20 (16.8) 9 (16.7) 11 (16.9)
Yes 99 (83.2) 45 (83.3) 54 (83.1)

MVD 2.78  0.10
Negative 54 (45.4) 20 (37.0) 34 (52.3)
Positive 65 (54.6) 34 (63.0) 31 (47.7)

Tumor grade 0.15 0.70
Low 65 (54.6) 31(57.4) 35(53.8)
High 53 (55.4) 23 (42.6) 30 (46.2)

XRCC4 expression 0.40 0.53
Low 72 (60.5) 31(57.4) 41 (63.1)
High 47 (39.5) 23 (42.6) 24 (36.9)

 Fisher’s exact test.

and 1.55 (1.19-2.02) for RFS, respectively]. Interestingly, to TACE treatment, but increasing expression of XRCC4

decreasing XRCC4 expression in the cancerous tissues did not. These results indicate XRCC4 expression as a

improved hepatocarcinoma cases’ therapeutic response valuable marker for hepatocarcinoma survival.
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Table 5: The association between XRCC4 expression in hepatocarcinoma tissues and the genic mutation at codon

247 of XRCC4

XRCC4 codon 247 Genotype

Low XRCC4 expression (n=180)

High XRCC4 expression (n=241)

n % n %
AA 103 57.2 215 89.2
AS 43 23.9 21 8.7
SS 34 18.9 5 2.1

Spearman r test: » =-0.378 and P = 9.75 x 10-'°. Abbreviation. AA, the homozygote of XRCC4 codon 247 Ala allele; AS,
the heterozygote of XRCC4 codon 247 Ala and Ser allele; SS, the homozygote of XRCC4 codon 247 Ser allele.
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Figure 2: The effects of XRCC4 expression and TACE on hepatocarcinoma prognosis in 119 cases with BCLC B-stage
hepatocarcinoma. (A) The expression levels of XRCC4 protein in the cancerous tissues were associated with overall survival (Left) and
tumor reoccurrence-free survival (Right) of hepatocarcinoma cases. (B) TACE treatment was related to overall survival (Left) and tumor
reoccurrence-free survival (Right) of hepatocarcinoma cases. Cumulative hazard function was plotted by Kaplan-Meier’s methodology,
and P value was calculated with two-sided log-rank tests. Abbreviations. HXRE, high XRCC4 expression; LXRE, low XRCC4 expression;
MST, the median overall survival time; MRT, the median tumor reoccurrence-free survival time.
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XRCC4, a crucial gene involving in non-
homologous end-joining repair and the completion of
V(D)J recombination, locates at 5q14.2 and consist of 13
exons. The protein encoded by this gene plays an essential
role in DNA double-strand break repair pathway through
its scaffold function coupling Ku70/Ku80 heterodimer
to DNA ligase IV [16, 25-27]. A decreased ability of
repairing damaged DNA due to the dysregulation of
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XRCC4 may result in genomic instability, genic mutation,
and tumor formation [16-19, 28-32]. Recent several
studies have shown that the genetic variants of XRCC4
involve in the process of hepatocarcinoma carcinogenesis
and affects tumor survival [33, 34]. Our previous reports
further displayed that the variants in the C terminal
domain of XRCC4 protein were significantly related to
progression characteristics of hepatocarcinoma such
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Figure 3: Survival analysis of TACE treatment in strata of XRCC4 expression. (A) TACE treatment affected overall
survival (Left) and tumor reoccurrence-free survival (Right) of hepatocarcinoma cases with low XRCC4 expression (n = 72). (B) TACE
treatment did not modify overall survival (Left) and tumor reoccurrence-free survival (Right) of hepatocarcinoma cases with high XRCC4
expression. Cumulative hazard function was plotted by Kaplan-Meier’s methodology, and P value was calculated with two-sided log-rank
tests. Abbreviations. HXRE, high XRCC4 expression; LXRE, low XRCC4 expression; MST, the median overall survival time; MRT, the

median tumor reoccurrence-free survival time.
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Figure 4: XRCC4 overexpression decreasing the sensitivity of hepatocarcinoma cells SMMC-7721 to doxorubicin
treatment in vitro. SMMC-7721 cells were transfected with pcDNA3.0-XRCC4 or its control pcDNA3.0, and followed by the treatment
of doxorubicin. (A) The sensitivity of cells to doxorubicin was evaluated by the half-maximal inhibitory concentration (IC50). (B) TUNEL
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Figure 5: XRCC4 knockdown increasing the sensitivity of hepatocarcinoma cells SMMC-7721 to doxorubicin
treatment in vitro. SMMC-7721 cells were transfected with shRNAs specifically against XRCC4 (shXRCC4, cat#sc-37405) or its
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inhibitory concentration (IC50). (B) TUNEL staining was used to analyze the doxorubicin-induced cell deaths after 36 and 48 hours of
doxorubicin treatment. Data were shown as means = S.D. and analyzed using ¢ test.
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as tumor size, stage, grade, and differentiation [20, 21,
35]. On the basis of the abovementioned early findings,
we collected 421 tissues samples with pathologically
diagnosed hepatocarcinoma in Guangxi Area of the
People’s Republic of China, a known high incidence
area of hepatocarcinoma in the world [1]. Results from
univariate and multivariate analyses on the basis of Cox
Regression Model showed that these hepatocarcinoma
cases with different levels of XRCC4 expression in their
cancerous tissues would feature different prognosis.
Decreasing expression of XRCC4, independent of
the clinicopathological features of hepatocarcinoma,
increased 1.55-times tumor-recurrence risk and 1.63-folds
mortality risk. Collectively, these results implied that
downregulation of XRCC4 in the cancerous tissues may be
a potential marker for poor prognosis of hepatocarcinoma.

Although it was unclear how reduced level of
XRCC4 expression lead to poorer prognosis, our results
exhibited this down-regulation of XRCC4 was affected
by the structure change resulting from genetic variant
at codon 247 of XRCC4, and significantly correlated
with increasing micro-vessel density and higher tumor
stage. This suggests that XRCC4 expression (including
decreasing protein caused by structure change) might
involve in tumor progression and angiogenesis. Supporting
our findings, recent several studies have displayed that
structure change and followed expression change impairs
the DNA damage response via dysregulated nuclear
localization and can promote carcinogenesis of some
tumors such as hepatocarcinoma and breast cancer [20,
21, 24].

Some evidence of XRCC4 expression affecting
microvessel density in cancerous tissues and microvessel
amounts substantially modifying the therapeutic effects of
TACE treatment on hepatocarcinoma [11, 36-38] prompted
us to investigate correlation between XRCC4 expression
and TACE treatment. The analysis in the data stratified
by XRCC4 expression showed that TACE therapy
can ameliorate the survival for these hepatocarcinoma
patients having LXRE, but not for those with HXRE.
Based on these findings, we hypothesized that XRCC4
could change the sensitivity of hepatocarcinoma cells to
chemotherapeutic drugs used in TACE procedure. The
results from in vitro analyses proved this hypothesis.
Thus, XRCC4 should be a potential marker for patients
with hepatocarcinoma whether to receive TACE treatment
or not.

To conclude, this is the first study to describe
XRCC4 expression in hepatocarcinoma tissues and its
correlation with hepatocarcinoma outcome. We identified
XRCC4 could serve as an independent predictor for
the clinic outcome in patients with hepatocarcinoma.
Particularly, XRCC4 can predict therapeutic value of
TACE treatment through modifying the tumor cells’
sensitivity to anti-cancer drugs used in this treatment
procedure. Based on these findings, testing XRCC4

expression in the cancerous tissues may help us to
form therapeutic strategy for hepatocarcinoma cases.
However, the power to elucidate association between
XRCC4 expression and TACE therapy was restricted by
relatively small sample size. Another important limitation
was that we did not do detailed functional analyses for
XRCC4 how to modify carcinogenesis and angiogenesis
of hepatocarcinoma except for in vitro sensitivity
assays. Additionally, we did not analyze the expression
information of XRCC4 in the non-cancerous tissues. Thus,
the molecular mechanism analyses in combination with
prospective studies should improve elucidation on the
basis of large samples.

MATERIALS AND METHODS

Hepatocarcinoma patients

The study protocol was approved by the Institutional
Ethics Committee of Youjiang Medical University for
Nationalities, and was carried out in accordance with
the approved guidelines. This study is a hospital-based
retrospective study from Guangxi area, and the design of
the Guangxi hepatocarcinoma study has been previously
described [11-13]. Briefly, cases were recruited in the
affiliated hospitals of Youjiang Medical University for
Nationalities and Guangxi Medical University from
January 2006 to December 2010. The inclusion criteria
on cases are as follows: (1) cases with histopathology-
confirmed hepatocarcinoma; (2) cases receiving resect
treatment (curative or partial resection) or resect
treatment plus post-operative adjuvant TACE as initial
treatment according to Chinese Manage Criteria of
hepatocarcinoma [39], but not treatment with radiotherapy
or chemotherapy before surgical operative treatment;
(3) cases understanding the objective of the study and
providing informed consent; (4) the ability to complete
the necessary investigations and questionnaires; and (5)
5-year follow-up completed and with available cancerous
tissue specimens and clinical data. The exclusion criteria
consisted of: (1) cases with hepatocarcinoma but not
confirmed by histopathological examination; (2) cases
receiving chemotherapy or radiotherapy treatment before
surgical operative treatment; and (3) cases rejected,
dropped out, or lost information.

According to aforementioned inclusion and
exclusion criteria, a total of 421 hepatocarcinoma cases,
including 228 patients previously studied [20, 21], were
included for the present study. Totally, the response rate
for the cases has been about 96.5%. After written consent
was obtained, the characteristic information of patients,
including sex, age, ethnicity, HBV and HCV infection,
cirrhosis, tumor size, tumor grade and stage, and treatment
information were ascertained as described previously.
At the same time, surgically removed tumor samples
of all patients with hepatocarcinoma were collected
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for analyzing XRCC4 expression levels. In this study,
those anti-HCV positive and hepatitis B surface antigen
(HBsAg) positive in their peripheral serum were defined
as groups infected with HCV and HBV. Liver cirrhosis
was evaluated by pathological examination. Tumor grade
and stage were defined according to Edmondson and
Steiner (ES) grading system [40] and the Barcelona Clinic
Liver Cancer (BCLC) staging system [4], respectively.

TACE information

In this retrospective study, post-operative TACE
treatment was performed as an important part of the initial
treatment for eligible patients with hepatocarcinoma as
previously described [11]. Briefly, the inclusion criteria for
TACE analysis included: (1) cases with a pathologically
diagnosed and BCLC B-stage hepatocarcinoma according to
the criteria of “Management of Hepatocellular Carcinoma”
[4]; (2) cases having good liver function (Child-Pugh stage
A); (3) cases with multiple tumors more than 5 cm or tumor
involving a first or second branch of the portal or hepatic
veins; (4) the tumor with multiple lesions localized in
one lobe of liver, or the main tumor localized in one lobe
only with a small solitary lesion in contralateral lobe, or
tumor involving a first or second branch of the portal or
hepatic vein, which could be safely resected without grossly
remaining tumors, and the patient was judged to have well
preserved liver function to survive the operation; (5) cases
underwent partial hepatectomy, and agreed to post-operative
adjuvant TACE treatment; and (6) no contraindication
for TACE [11]. The exclusion criteria were as follows:
(1) patients with non-hepatocarcinoma on postoperative
histopathological examination, serious concurrent medical
illness, intractable ascites, tumor recurrence within 4 works
after the operation; (2) women cases who were pregnant
or breastfeeding; (3) cases rejected, dropped out, or lost
information; (4) cases with contraindication for TACE;
and (5) cases with history of chemotherapy or radiotherapy
treatment before surgical operative treatment [11]. In this
study, TACE consisted of an injection containing a mixture
of chemotherapeutic agents (doxorubicin at the average
dose of 65 mg/m? and cisplatin at the average dose of 7
mg/m?) and lipiodol followed by embolization with gelatin
foam or polyvinyl alcohol until complete stasis was
achieved in the tumor-feeding vessels [11].

Survival follow-up

For survival analysis, all hepatocarcinoma cases
were followed up as described in our previous studies
[11-13]. The last follow-up day was set on December
31, 2015, and survival status was confirmed by means of
patient or family contact and clinic records. The duration
of OS was defined as from the date of the initial treatment
to the date of death or last known date alive; whereas RFS
was defined as from the date of the initial treatment to the
date of tumor recurrence or last known date alive.

XRCC4 expression assay

The levels of XRCC4 protein in cancerous tissues
were analyzed by immunohistochemistry in tissue slides,
as previously described [20, 21]. The corresponding
anti-XRCC4 polyclonal antibody (dilution 1:500,
catalog#sc-8285) and HRP-conjugated secondary
antibody (catalog#KIT-9705) were obtained from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) and
Maixin Biotechnology, Inc., respectively. In this study,
XRCC4 protein-expressing levels were divided into two
classifications: low (the immunoreactive score (IRS), < 4)
and high (IRS > 4), according to the median value of IRS
systems.

The mutation at codon 247 of XRCC4 analysis

Genomic DNAs were extracted from tumor tissues
of hepatocarcinoma and used to test the genic mutation at
codon 247 of XRCC4 by previously published TagMan-
PCR technique [20].

The micro-vessel density (MVD) evaluation

In the present study, the angiogenesis of cancerous
tissues was assessed by the MVD as previously
ascribed [41]. Briefly, vessels were stained by CD31
(cat#2011101101, Gene Tech (Shanghai) Company
Limited, Shanghai, China) and counted in the cancerous
regions over five fields (at x 200 magnification) in each
slide. The MVD was defined as positive when the average
value of the three readings > 50 [41].

Cells and culture conditions

The SMMC-7721 cells (a kind of hepatocarcinoma
cell line) were purchased from Cell Resource Center of
Shanghai Institute for Biological Sciences, Shanghai,
China. Cells were cultured in Dulbecco’s Modified Eagles
Medium (HyClone, Thermo Fisher Scientific (China) CO.,
Ltd, Shanghai) containing 10% fetal bovine serum (Gibco-
Invitrogen Corp., Carlsbad, CA, USA) in atmosphere of 5%
CO, at 37 °C using standard techniques. All experimental
analyses were done with cells in logarithmic growth. Cells
were determined to be free of Mycoplasma [11].

Plasmid constructs

The full-length XRCC4 expression vector was
constructed as previously ascribed [20, 21]. Briefly, the
longer fragment (containing full-length XRCC4 cDNA
and having terminal Ncol and Xhol linkers) was first
amplified and ligated into the pcDNA3.0 expression
vector (Invitrogen, Grand Island, NY, USA). Escherichia
coli Top 10 cells (Beijing Tiangen Biotech., Co., Ltd.,
China) were transformed with T4 DNA Ligase (TaKaRa),
and colonies were screened for presence of the insert
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fragment. The resulting plasmid was confirmed by
sequencing analysis, and designated as pcDNA3.0-
XRCC4pri. Similarly, pcDNA3.0 expressing full-length
XRCC4 (named as pcDNA3.0-XRCC4) was next
constructed using pcDNA3.0-XRCC4 | as the template
and GGTAC CATGG AGAGA AAAAT AAGC and
CTCGA GTTAA ATCTC ATCAA AGAG as primers. The
pcDNA3.0-XRCC4 expression vectors were ascertained
by sequencing and western blot.

Cell sensitivity assay

The sensitivity of SMMC-7721 cells to doxorubicin
was elucidated by the half-maximal inhibitory
concentration (IC50) using a cell counting kit (CCK-8)
assay (cat# CKO04, DojindoCorp., Japan) according to
our previously published methods [11]. Briefly, a total
of 5000 cells were seeded each well in a 96-well plate
and transfected with pcDNA3.0-XRCC4 or shRNAs
specifically against XRCC4 (shXRCC4, cat#tsc-37405)
using Lipofectamine™ 2000 transfection reagent (Life
Technologies Corporation) following the manufacturer’s
instructions. The cells were next treated with doxorubicin
at 15 different concentrations (0.01-40 uM) (48 hours after
transfection). After 36 h of treatment, the CCK-8 solution
was added to the well and incubated for 2 hours at 37 °C.
Then, the absorbance of optical density (at 450 nm) was
recorded, and IC50 values were calculated by nonlinear
regression analysis using the GraphPad Prism software
with Version 6.0 (GraphPad Software, Inc., San Diego,
CA, USA).

TUNEL assay

Cells were seeded in six-well plates for 24
hours, and then transfected with pcDNA3.0-XRCC4
or shXRCC4 using Lipofectamine™ 2000 transfection
reagent (Life Technologies Corporation) following
the manufacturer’s instructions. After 48 hours, cells
were treated with doxorubicin at final concentrations of
1.25 uM for 36 or 48 hours. After that, the cells were
all harvested and analyzed by TUNEL staining using
an in situ cell death detection kit (Roche, Mannheim,
Germany) in combination with 4,6-diamino-2-phenyl
indole staining. TUNEL-positive cells were counted in at
least 300 cells in randomly chosen fields. The data were
expressed as a percentage of TUNEL positive cells to
total cells [11].

Statistical analysis

The Pearson 2 test or Fisher’s exact test was used
to test differences between groups in the distribution
of gender, age, ethnicity, smoking and drinking status,
HBYV and HCV status, AFP, tumor size, tumor stages and
grades, and MVD. Non-conditional logistic regression was
used to evaluate odds ratios (ORs) and 95% confidence

intervals (Cls) for the effects of XRCC4 expression on
the pathological features of hepatocarcinoma. Kaplan—
Meier survival analysis (with the log-rank test) was used
to evaluate the association between XRCC4 expression
and hepatocarcinoma prognosis. Hazard ratios (HRs) and
95% Cls for XRCC4 expression were calculated from
univariate and multivariate Cox regression model. In this
study, a P-value of < 0.05 was considered statistically
significant. All analyses were performed with the
statistical package for social science (SPSS) version 18
(SPSS Institute, Chicago, IL, USA).
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