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Objective: To investigate the correlation between the ERCC1 and XPF expression and the

clinicopathological parameters of hepatocellular carcinoma (HCC) patients through assess-

ment of the expression of the DNA repair genes ERCC1 and XPF.

Methods: ERCC1 and XPF mRNA expression in HCC (n= 177) and adjacent para-cancer

tissues (n=21) were assessed by RT-PCR. The correlation between ERCC1 and XPF expres-

sion, clinicopathological features and HCC prognosis were compared.

Results: ERCC1 expression in liver cancer tissues was significantly lower than that of

adjacent tissues (9.5% (2/21) vs 38.1% (8/21); P<0.05). The positive expression rates of

XPF in liver cancer tissues was lower than that of adjacent tissues (14.3% (3/21) vs 71.4%

(15/21); P<0.05). ERCC1 and XPF expression were associated with hepatic capsular invasion

and microvascular invasion. HCC patients with hepatic capsular invasion and microvascular

tumor embolus formation had significantly lower levels of ERCC1 and XPF mRNA than those

without hepatic capsular invasion and microvascular tumor embolus formation (P<0.05). In

addition, ERCC1 expression was associated with TNM staging of HCC. The expression of

ERCC1 mRNA in patients with stage II and III HCC were lower than that of patients with

stage I HCC (P<0.05). The low levels of ERCC1 and XPF mRNA significantly correlated with

relapse-free survival times (RFS) in HCC patients. The median RFS of the low ERCC1

expression group and low XPF expression group were shorter than those of the high expression

group (15.0 months vs 32.0 months, P<0.05) and (19.0 months vs 33.0 months, P<0.05). The

decrease in XPF mRNA expression was significantly associated with the overall survival (OS)

of HCC patients. The median OS in the low XPF expression group was shorter than that of the

high expression group (46.0 months vs 78.0 months, P<0.05). However, no significant

difference in OS between the low ERCC1 expression group and the high ERCC1 expression

groups were observed (63.0 months vs 64.0 months, P>0.05). Multivariate analysis showed

that tumor size and the extent of differentiation were independent factors affecting the RFS in

HCC patients (P<0.05). The extent of differentiation and XPF were independent factors

affecting the OS in HCC (P<0.05).

Conclusion: The expression in ERCC1 and XPF were low in HCC and associated with early

relapse after HCC surgery. LowXPF expressionmay be a potential indicator of a high risk of death.
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Liver cancer is the 6th most common malignant tumor, ranking 4th for global

mortality amongst all human cancers.1 Early postoperative relapse is associated

with the prognosis of patients with surgically resectable HCC. Therefore, the

identification of molecular markers associated with the risk of HCC relapse is of

great clinical significance for effective monitoring of the progression of the tumor

and assessment of the prognosis.
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Liver cancer results from the interaction of the environ-

ment and genes. Effective DNA repair systems exist in

normal cells, enabling quick recovery in response to DNA

damage to maintain normal cell function and genetic stabi-

lity. DNA damage in human cells leads to a series of cellular

responses, including signal transmission, damage and repair,

and the induction of cell death. Liver cancer results from

a failure of the DNA damage repair system promoting malig-

nant transformation and liver cancer. Nucleotide excision

repair (NER) is the most important pathway of DNA damage

repair associated with HCC.2,3 The process of NER consists

of the identification of the damage site, unwinding of DNA

strands, excision of a DNA fragment, and DNA strand filling

and connection.4,5 The excision of the damaged DNA frag-

ment mediated by the ERCC1/XPF complex is a key regu-

latory element of NER.6 Therefore, defect or mutation of the

genes coding for ERCC1 and XPF may lead to a severe

disorder in NER function, resulting in genomic instability,

which is closely associated with carcinogenesis.

Excision repair cross-complementing 1 (ERCC1) gene is

a critical gene in the entire process of DNA damage repair;7–9

its function is to cleave the 5ʹ end of the damaged DNA

strand. The xeroderma pigmentosum group F (XPF) protein

represents another crucial component of the NER mechan-

ism, playing the same role with endonuclease at the DNA 5ʹ

end. ERCC1 and XPF are located on chromosome 19q13.2 to

13.3 and p13.1, respectively. The XPF-ERCC1 complex of

proteins encoded by these two genes acts as a structurally

selective heterodimeric endonuclease. The XPF protein has

a catalytic function, while ERCC1 participates in the binding

of DNA strands. Together, the complex is involved in the 5ʹ

incision of the damaged DNA strand in the NER pathway.9 It

has been well-documented that the expression of ERCC1 and

XPF is associated with the initiation, development, prog-

nosis, and chemoresistance of diverse malignancies.9

Limited information is available regarding the relation-

ship between the ERCC1 and XPF expression and the

tumor relapse and prognosis after the HCC surgery.

Therefore, in the present study, the levels of ERCC1 and

XPF mRNA were detected by RT-PCR in 177 HCC

patients who had undergone radical surgery, with the

objective of elucidation the relationship between the

expression of these two genes and the clinicopathological

features of the tumor and postoperative survival of HCC

patients. The expected results could identify novel mole-

cular markers for the prediction of the relapse, metastasis,

and patient survival after the HCC surgery.

Materials and Methods
Patients and Specimens
HCC tissue samples were harvested from 177 patients who

had the tumor surgically removed at the Department of

Hepatobiliary Surgery of the Affiliated Cancer Hospital of

Guangxi Medical University. The patients were treated

from January 2008 to December 2013, and the diagnosis

of HCC was confirmed by histopathology. The para-

carcinoma tissue samples were collected from 21 patients.

For all patients, complete clinical and pathological data,

and follow-up documentation was collected. The patients

did not undergo any anticancer treatment prior to the

surgery. All tissue specimens were frozen in liquid nitro-

gen within 30 mins after being harvested and transferred

stored at −80 °C until use. The collection and use of the

specimens were approved by the Ethics Committee of the

Affiliated Cancer Hospital of Guangxi Medical University,

and all patients provided written informed consent, in

accordance with the Declaration of Helsinki.

Clinical Pathological Data
The age of the patients ranged from 19 to 77 years

(median: 51 years; mean: 50.6 years). Eighty-three of

them were younger than 50 years, and 94 patients were

older than 50. There were 160 males and 17 females.

HbsAg was positive in 156 patients and negative in 21,

119 patients had an AFP<400 ng/mL, and 58 had an

AFP≥400 ng/mL, 145 had a solitary tumor, and 32 had

multiple tumors. The tumor size was ≤5 cm in 80 patients

and > 5 cm in 97. Moderate/high differentiation was

found in 118 cases, and poor differentiation in 59 cases.

Cirrhosis was present in 147 patients and absent in 30.

Thirty patients had microvascular tumor embolus that

was absent in the remaining 147 patients. Evaluation of

the tumor stage according to the TNM staging system for

hepatocarcinoma (2010 AJCC Cancer Staging, 7th

Edition) revealed that there were 117 cases of stage I,

37 cases of stage II, and 23 cases of stage III. Staging

using the Barcelona-Clínic hepatocarcinoma (BCLC)

system identified 67 cases of stage A and 110 cases of

stage B (Table 1).

Patient Follow-Up
Regular postoperative rechecks to monitor relapse included

serumAFP, ultrasound, CTscan, magnetic resonance imaging,

or hepatic angiography. Relapse-free survival (RFS) was

defined as the time interval from the HCC surgery to the
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diagnosis of intrahepatic relapse or distant metastasis. Overall

survival (OS) was defined as the time from the HCC surgery to

all-causes death.

Quality Control of Total RNA
Due to the prolonged storage of the specimens at −80 °C,

the quality control of total RNA was performed. For this

purpose, total RNAwas extracted from 50 mg of fresh HCC

tissue and tissue adjacent to the tumor, and a part of DNA

from both aliquots was subjected to agarose gel electro-

phoresis, respectively. The absence of three RNA bands

corresponding to 28S, 18S, and 5S rRNA indicated that

the sample was too degraded to be used for RT-PCR and

should be discarded. Electrophoresis results demonstrated

that although all samples were degraded to a varying extent,

they could still be used in RT-PCR assays.

Real-Time Quantitative Polymerase Chain

Reaction
The retroviral reverse transcriptase kit was used to synthe-

size cDNA under the reaction conditions of 37 °C for 15

min, 85 °C for 5 sec, and 4 °C. The primers for the PCR

were designed using Premier 5.0 software, and the

sequences as follows:

ERCC1 forward 5´-TGCCCATTCACTGCCTCCT-3´,

ERCC1 reverse 5´-GCCTCGGTTCTGTGCCTTT-3´,

XPF forward 5´-GAGAAATAAGCAGTAGCCCAGA

AA-3´,

XPF reverse 5´- GAAGCGGATGGATGATAGTGAG-3´,

GAPDH forward 5´-GTCAGCCGCATCTTCTTT-3´, and

GAPDH reverse 5´-CGCCCCGCCCAATACGACCA

AAT-3´.

Multiplex PCR reactions were performed using the

Roche FastStart Universal SYBR Green Master (ROX)

kit and according to the ABl7500 fluorescent PCR system

operating guideline. The thermocycling conditions were

included denaturation at 95 °C for 15 sec, and annealing

and extension at 60 °C for 1 min, for a total of 40 cycles.

GAPDH was used as an internal standard to normalize the

expression of each gene, and the relative expression level

of XPC, ERCC1, and XPF gene was obtained by the

comparative 2−△△Ct method.

Western Blotting Study
Tissues from 10 HCC cases were collected and the total

proteins were extracted using RIPA lysates. The protein

concentration of each extract was determined using

a Modified Bradford Protein Assay kit. Aliquots of total

protein (25 µg per lane) were boiled at 100°C in loading

buffer, and then separated via 10% SDS-PAGE. The

Table 1 Primary Clinicopathological Features of 177 Patients

with HCC

Pathological Features Number of

Patients (n)

Age <50 years 83

≥50 years 94

Sex Male 160

Female 17

HBsAg Negative 21

Positive 156

History of smoking No 106

Yes 71

History of alcohol abuse No 113

Yes 64

ALT < twice 153

≥ twice 24

AST < twice 155

≥ twice 22

AFP < 400ng/mL 119

≥ 400ng/mL 58

Differentiation degree High moderate

differentiation

118

Low differentiation 59

Hepatic cirrhosis No 30

Yes 147

Tumor size ≤ 5 cm 80

> 5 cm 97

Number of tumors Solitary 145

Multiple 32

Tumor capsule Whole 121

Incomplete 56

Hepaticcapsular invasion No 152

Yes 25

Microvascular tumor embolus No 147

Yes 30

TNM staging Stage I 117

Stage II–III 60

BCLC staging Stage A 67

Phase B 110
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separated proteins were transferred onto a PVDF mem-

brane that was then blocked with a 5% lipid-free milk

solution for 2h at room temperature with gentle rotation.

The membrane was incubated with the appropriate pri-

mary antibodies diluted in TBST for 1–2h at room tem-

perature, after which it was washed three times with

TBST, and then incubated with goat anti-rabbit horserad-

ish peroxidase (HRP)-conjugated secondary antibody and

goat anti-mouse HRP-conjugated secondary antibody at

room temperature for 1 h. The independent experiments

were performed with GAPDH as the internal standard.

Protein expression was quantified using Image J2X soft-

ware with GAPDH as the loading control. Each experi-

ment was performed in triplicate.

Statistical Analysis
SPSS 21.0 software was used for all data analysis. ROC

curves were plotted to determine the threshold values of

the relative expression of ERCC1 and XPF mRNA.

According to the critical value, values above were consid-

ered as positive expression. ERCC1 and XPF expression

between cancer and adjacent tissues were compared by

McNemar tests. The ERCC1 and XPF expression levels

were compared across the groups using the χ2 tests. The

correlation between genes was established using the

Spearman correlation analysis. Relapse-free survival and

overall survival analyses were performed using the

Kaplan-Meier method, and the comparison was performed

using the logrank test. Cox proportional hazards regression

models were adopted for the univariate and multivariate

analyses. P<0.05 was considered to indicate the presence

of a statistically significant difference.

Results
Determination of the Optimal Threshold

of the Level of Expression of ERCC1 and

XPF mRNA
When the cutoffs of the relative expression of ERCC1 and

XPF mRNA were 0.89 and 0.27, the [sensitivity + specifi-

city - 1] was the largest, and the two cutoff values were

considered to represent the optimal threshold. The sensitiv-

ity of ERCC1 and XPF in the evaluation of an early (≤12
months) postoperative relapse in HCC patients was 61.3%

and 34.5%, respectively; the corresponding specificity was

64.4% and 63.5%, respectively. The area under curve

(AUC) for ERCC1 and XPF was 0.615 and 0.653, respec-

tively (P<0.05). The sensitivity and specificity of

combination of ERCC1 and XPF was 77.4% and 70.4%,

respectively. The area under curve (AUC) for the combina-

tion of ERCC1 and XPF was 0.784 (P<0.001). Statistics

showed that prediction performance of combination of two

genes was better than individual prediction performance

(P<0.05). However this study showed that AFP≥400ng/
mL (Chinese liver cancer guideline) or AFP≥20ng/mL

(European liver cancer guideline) as the standard had no

predictive effect on early recurrence of HCC (AUC = 0.583,

P>0.05; AUC = 0.503, P>0.05) (Figure 1A). There were 79

HCC patients with low expression of ERCC1 (≤0.89), 98
HCC patients with high expression of XPC (>0.89), 85

HCC patients with low expression of XPF (≤0.27), and 92

HCC patients with high expression of XPC (>0.27).

Expression of ERCC1 and XPF in

Hepatocellular Carcinoma
The positive expression rates of ERCC1 in liver cancer

tissues were significantly lower than those of adjacent

tissues [9.5% (2/21) vs 38.1% (8/21); P<0.05]. Similarly,

the expression of XPF in liver cancer tissue was signifi-

cantly lower than that of adjacent tissues. The positive

expression rates of XPF in cancer and adjacent tissues

were 14.3% (3/21) and 71.4% (15/21), respectively, sug-

gesting significant differences between the groups

(P<0.05). To determine whether the changes in mRNA

levels altered protein expression, 10 pairs of cancerous

and paracancerous tissues were randomly harvested from

21 HCC patients and ERCC1 and XPF expression was

assessed by Western blot. The protein expression levels of

ERCC1 and XPF in tumor tissues was 0.24 ± 0.23, 0.32 ±

0.22, respectively. The protein expression levels of

ERCC1 and XPF in adjacent tissues was 0.31 ± 0.28,

0.58 ± 0.35, respectively. The protein expression levels

of XPF in tumor tissues was lower than that in adjacent

tissues (P <0.05). But there was no expression difference

of ERCC1 protein between tumor tissue and adjacent

tissues (P>0.05) (Figure 1B).

Correlation Between ERCC1 and XPF

Levels and the Clinicopathological

Features of Patients with Hepatocellular

Carcinoma
The correlation between the expression in HCC and the

common clinicopathological features of 177 HCC patients

were analyzed. ERCC1 and XPF expression in cancer

tissues was associated with the invasion of hepatic
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capsules and microvascular tumor embolus. The positive

expression rates of ERCC1 in HCC patients with or with-

out hepatic capsular invasion were 2.8% (5/177) and

46.3% (82/177), respectively, showing significant differ-

ences across the groups (P<0.05). The positive expression

rates of ERCC1 in HCC patients with and without micro-

vascular tumor embolus were 5.1% (9/177) and 44.1%

(78/177), respectively, showing significant differences

across the groups (P<0.05). The positive expression rates

of XPF in HCC patients with and without hepatic capsular

invasion were 2.3% (4/177) and 47.5% (84/177), respec-

tively, showing significant differences across the groups

(P<0.05). The positive expression rates of XPF in HCC

patients with microvascular tumor embolus with and with-

out microvascular tumor embolus were 4.5% (8/177) and

45.2% (80/177), respectively, showing significant differ-

ences across the groups (P<0.05). The positive expression

rates of ERCC1 in patients with stage II-III liver cancer

were significantly lower than those of stage I patients

[12.4% (22/177) vs 36.7% (65/177); P<0.05]. XPF was

not associated with TNM staging [13.5% (24/177) vs

36.2% (64/177); P>0.05]. The expression of ERCC1 and

XPF mRNA in hepatocarcinoma tissues did not correlate

with age, gender, smoking history, tobacco and alcohol

abuse history, HBsAg, ALT, AST, AFP, the extent of

differentiation, liver cirrhosis, tumor size, number of

tumors, or BCLC staging (P>0.05). (Tables 2–3).

Correlation Among the Expression of

ERCC1 and XPF mRNA in HCC
Spearman correlation analysis determined that the

expression of ERCC1 and XPF mRNA in 177 samples

of HCC tissues was positively correlated (γ>0, P<0.001)
(Figure 1C), indicating that the reduction in the expres-

sion levels of ERCCl and XPF mRNA similarly regulated

in HCC tissues.

Correlation of ERCC1, and XPF

Expression with HCC Prognosis
The follow-up ended on October 30, 2018.

The median follow-up time of HCC patients was

63.0 months (range: 2.0 to 135.0 months). By the end

of the follow-up period, 151 of the 177 HCC patients

had a relapse, accounting for 85.6%. Fifty-one patients

survived, 109 (62.4%) died, and 17 (9.4%) were lost to

Figure 1 Receiver operating characteristic curve of ERCC1, XPF, combination of two genes, AFP≥400ng/mL and AFP≥20ng/mL (A). Protein expression levels of ERCC1 and

XPF in 10 HCC cancer tissues and 10 matched paracancerous tissues(B). Correlation between ERCC1 expression and XPF expression in HCC (C).
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follow-up. Lower levels of ERCC1 and XPF mRNA

were significantly associated with RFS in HCC patients.

The median RFS in the low ERCC1 expression group

and the low XPF expression group was shorter than in

the corresponding high expression groups (ERCC1: 15.0

vs 32.0 months, P<0.05; XFP: 19.0 vs 31.0 months,

P<0.05) (Figure 2A and B). Additionally, the decrease

in XPF mRNA expression was significantly associated

with OS. The median OS in the low XPF expression

group was shorter than in the high expression group

Table 2 Correlation Between ERCC1 Expression and Clinicopathological Features in 177 Patients with HCC

Parameter Number of Cases ERCC1 (%) χ2 P

+ –

Age <50 Y 83 22.6 (40) 24.4 (43) 0.058 0.810

≥50 Y 94 26.5 (47) 26.5 (47)

Sex Male 160 45.2 (80) 45.2 (80) 0.479 0.489

Female 17 4.0 (7) 5.6 (10)

HBsAg Negative 21 7.3 (13) 4.5 (8) 1.550 0.213

Positive 156 41.8 (74) 46.3 (82)

History of smoking: No 106 28.2 (50) 31.6 (56) 0.416 0.519

Yes 71 21.0 (37) 19.2 (34)

History of alcohol: No 113 30.5 (54) 33.3 (59) 0.233 0.629

Yes 64 18.7 (33) 17.5 (31)

ALT < twice 153 41.8 (74) 44.6 (79) 0.279 0.597

≥ twice 24 7.3 (13) 6.2 (11)

AST < twice 155 42.9 (76) 44.7 (79) 0.007 0.932

≥ twice 22 6.2 (11) 6.2 (11)

FP < 400ng/mL 119 31.0 (55) 36.2 (64) 1.251 0.263

≥ 400ng/mL 58 18.1 (32) 14.7 (26)

Differentiation degree High moderate differentiation 118 31.1 (55) 36.6 (63) 0.916 0.339

Low differentiation 59 18.1 (32) 15.3 (27)

Hepatic cirrhosis No 30 6.2 (11) 10.7 (19) 2.253 0.133

Yes 147 42.9 (76) 40.1 (71)

Tumor size ≤ 5 cm 80 20.9 (37) 24.3 (43) 0.492 0.483

> 5 cm 97 28.2 (50) 26.6 (47)

Number of tumors Solitary 145 40.7 (72) 41.2 (73) 0.081 0.776

Multiple 32 8.5 (15) 9.6 (17)

Tumor capsule Whole 121 32.2 (57) 36.2 (64) 0.640 0.424

Incomplete 56 16.9 (30) 14.7 (26)

Hepatic capsule invasion No 152 46.3(82) 39.5 (70) 9.899 0.002

Yes 25 2.8 (5) 11.4 (20)

Microvascular infiltration No 147 44.1 (78) 40.0 (69) 5.302 0.021

Yes 30 5.1 (9) 11.8 (21)

TNM staging Stage Ⅰ 117 36.7 (65) 29.4 (52) 3.429 0.064

Stage Ⅱ–Ⅲ 60 12.4 (22) 21.5 (38)

BCLC staging Stage A 67 18.1 (32) 19.8 (35) 0.084 0.773

Stage B 110 31.1 (55) 31.1 (55)
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(46.0 vs 78.0 months, P<0.05). However, OS was simi-

lar in the low and high ERCC1 expression groups (63.0

vs 64.0 months, P>0.05) (Figure 2C and D).

Univariate analysis showed that tumor size, extent of

differentiation, and expression of ERCC1 and XPF were

associated with RFS (Figure 3).

Univariate analysis demonstrated that tumor size, the

extent of differentiation, and expression of ERCC1 and

XPF were associated with RFS (Figure 3). With larger

tumor and low degree of differentiation, the RFS was

shorter (ERCC1: HR=1.48, 95% CI=1.07 to 2.05,

P<0.05; XPF: HR=2.79, 95% CI=1.96 to 3.95, P<0.05).

Table 3 Correlation Between XPF Expression and Clinicopathological Features in HCC Patients

Parameter Number of Cases XPF (%) χ2 P

+ –

Age <50 Y 83 24.3 (43) 22.6 (40) 0.273 0.601

≥50 Y 94 25.4 (45) 27.7 (49)

Sex Male 160 46.9 (83) 43.5 (77) 3.102 0.078

Female 17 2.8 (5) 6.8 (12)

HBsAg Negative 21 6.2 (11) 5.6 (10) 0.068 0.795

Positive 156 43.5 (77) 44.6 (79)

History of smoking: No 106 28.2 (50) 31.6 (56) 0.686 0.407

Yes 71 21.5 (38) 18.6 (33)

History of alcohol No 113 28.9 (51) 35.0 (62) 2.628 0.105

Yes 64 20.9 (37) 15.3 (27)

ALT < twice 153 41.8 (74) 44.6 (79) 0.824 0.364

≥ twice 24 7.9 (14) 5.6 (10)

AST < twice 155 43.5 (77) 44.1 (78) 0.001 0.977

≥ twice 22 6.2 (11) 6.2 (11)

AFP < 400ng/mL 119 35.0 (62) 32.2 (57) 0.825 0.364

≥ 400ng/mL 58 14.7 (26) 18.1 (32)

Differentiation degree High - moderate differentiation 118 31.1 (55) 35.6 (63) 1.367 0.242

Low - moderate differentiation 59 18.6 (33) 14.7 (26)

Hepatic cirrhosis No 30 9.0 (16) 7.9 (14) 0.189 0.664

Yes 147 40.7 (72) 42.4 (75)

Tumor size ≤ 5 cm 80 22.6 (40) 22.6 (40) 0.005 0.964

> 5 cm 97 27.1 (48) 27.7 (49)

Number of tumors Solitary 145 39.5 (70) 42.4 (75) 0.667 0.414

Multiple 32 10.1 (18) 7.9 (14)

Tumor capsule Whole 121 35.6 (63) 32.8 (58) 0.844 0.358

Incomplete 56 14.1 (25) 17.5 (31)

Hepatic capsule invasion No 152 47.5 (84) 38.4 (68) 13.239 0.000

Yes 25 2.3 (4) 11.9 (21)

Microvascular infiltration No 147 45.2 (80) 37.9 (67) 7.678 0.006

Yes 30 4.5 (8) 12.4 (22)

TNM staging Stage Ⅰ 117 36.2 (64) 29.9 (53) 3.429 0.064

Stage Ⅱ–Ⅲ 60 13.6 (24) 20.3 (36)

BCLC staging Stage A 67 16.4 (29) 21.5 (38) 1.785 0.182

Stage B 110 33.3 (59) 28.8 (51)
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Moreover, the RFS in the groups with low ERCC1 and

XPF expression was shorter than the high expression

groups (ERCC1: HR=1.49, 95% CI=1.08 to 2.06,

P<0.05; XPF: HR=1.51, 95% CI: 1.09–2.08, P<0.05).

The number of tumors, degree of differentiation, and

XPF expression were associated with OS (Figure 4).

Larger number of tumors and worse degree of differentia-

tion correlated with a shorter OS (number of tumors:

HR=1.63, 95% CI=1.03 to 2.57, P<0.05; degree off differ-

entiation: HR=2.08, 95% CI=1.41 to 3.08, P<0.05). The

OS of the low XPF expression group was shorter than in

the high XPF expression group (HR=1.48, 95% CI=1.01 to

2.17, P<0.05).

Multivariate analysis showed that tumor size and the

degree of differentiation were independent factors affect-

ing RFS in HCC patients. The risk of relapse in HCC

patients with tumors >5 cm and poorly differentiated

tumors was 2.20 and 2.84 times higher than in patients

with tumors with ≤5 cm and moderately or highly differ-

entiated tumors, respectively (tumor size: HR=2.20, 95%

CI=1.33 to 3.63, P<0.05; degree of differentiation:

HR=2.84, 95% CI=1.98 to 4.06; P<0.05) (Figure 5). The

degree of differentiation and the level of XPF expression

were independent factors affecting OS in HCC patients

with HCC. The risk of death in patients with poorly

differentiated tumors and low expression of XPF was

2.16 times and 2.00 times higher than in patients with

highly differentiated tumor and high expression of XPF,

respectively (degree of differentiation: HR=2.16, 95%

CI=1.42 to 3.28, P<0.05; XPF expression: HR=2.00,

95% CI=1.25 to 3.20; P<0.05) (Figure 6).

Discussion
Primary HCC continues to be one of the most common

malignant tumors posing a serious problem to humans.

After a radical resection of HCC, new tumors may relapse

due to the growth factors present in the microenvironment

of liver cancer, and the persistence of HBV and HCV

infection and other cancer-promoting factors. Additionally,

cancer cells from the originally resected lesion may become

disseminated pre-operatively and intraoperatively through

the portal vein, giving rise to intrahepatic recurrence and

extrahepatic metastasis. At present, the commonly used

indicators for the prediction of the relapse of HCC have

limitations. Further research is required to identify new

effective, sensitive, and specific biomarkers that could

serve as predictors of HCC relapse and metastasis. Such

markers would be invaluable in the prognosis of HCC,

guiding the clinical treatment, and monitoring its results.

Genes responsible for the repair of DNA damage have

become a central focus of cancer research. The loss of

function of the DNA repair machinery is closely

Figure 2 Survival analysis stratifed by ERCC1 and XPF expression levels in HCC tissues. RFS analysis stratifed by ERCC1 expression (A); RFS analysis stratifed by XPF

expression (B); OS analysis stratifed by ERCC1 expression (C); OS analysis stratifed by XPF expression (D).
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associated with the initiation and development of tumors,

including HCC.10 NER is a complicated system involving

multiple enzymes. The NER pathway involves at least 20

repair genes, including ERCC1 and XPF. The XPF-

ERCC1 complex is a structurally selective heterodimeric

endonuclease. The XPF has primarily catalytic function,

while ERCC1 binds the DNA strands. Together, these

proteins are involved in the incision of the damaged

DNA at the 5ʹ end strand and are rate-limiting factors in

the NER pathway.9

ERCC1 was the first discovered human DNA repair

gene. It has a critical function in the NER pathway, and its

activity is closely related to the ability of cells to repair

damaged DNA. Numerous studies have demonstrated that

the level of ERCC1 expression correlates tightly with the

curative effect on treating a variety of tumors and the

prognosises, in particular in non-small cell lung cancer

(NSCLC),11–14 but the role of ERCC1 in HCC is less

frequently studied. There is no consensus regarding the

relationship between the ERCC1 expression and HCC

Figure 3 Forest plot for subgroup univariate analysis of recurrence-free survival.
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prognosis. The present study indicated that ERCC1 was

expressed at a low level in HCC, and was associated with

early relapse of the tumor. The work by Li suggested that

the downregulation of ERCC1 might be associated with

early relapse,15 but reports published by Fautrel16 and

Bassullu et al17 demonstrated high expression of ERCC1

in HSS. Bassullu’s study determined that the biological

characteristics of malignant tumors, including ERCC1

overexpression and vascular lymphatic invasion by HCC,

are associated with the poor prognosis, a finding that is

inconsistent with the results of this present study. This

discrepancy can be explained by different levels of expres-

sion of ERCC1 at different developmental stages of var-

ious solid tumors such as lung cancer and colorectal

cancer. The study from the group of Olaussen found that

in patients with early NSCLC, the prognosis was better

when the expression of ERCC1 was high, while the

patients with low ERCC1 expression were more likely to

benefit from platinum-based adjuvant chemotherapy.11

However, a Phase III clinical study conducted by

Figure 4 Forest plot for subgroup univariate analysis of overall survival.
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Vilmar et al14 suggested that patients with advanced

NSCLC and high expression of ERCC1 were resistant to

platinum-based chemotherapy, and their prognosis was

poor. The same is true in colorectal cancer. Shirot et al18

measured by RT-PCR the expression of ERCC1 mRNA in

advanced colorectal cancer tissues of patients treated with

an oxaliplatin-based regimen. They found that the OS in

patients with low expression of ERCC1 was significantly

longer than in patients with high expression. Liang Jing

et al19 demonstrated that patients with stage II colorectal

cancer characterized by low ERCC1 expression had a poor

prognosis, but could benefit from adjuvant chemotherapy

based on an oxaliplatin-based regimen. Thus, in a manner

similar to NSCLC and colorectal cancer, ERCC1 appears

to be expressed at distinct levels during different stages of

HCC development. In the early stage, the amount of DNA

damage is relatively limited, and ERCC1 expressed at

a low level. At this time, the ability to repair DNA damage

Figure 5 Forest plot for subgroup multivariate analysis of recurrence-free survival.

Figure 6 Forest plot for subgroup multivariate analysis of overall survival.
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is reduced; failure to repair the damage completely results

in an ongoing accumulation of DNA lesions resulting in

the continuous growth of tumor cells. However, as the

tumor progresses, the NER repair capacity becomes

enhanced as a compensatory reaction, and the expression

of DNA repair genes is also increased. This possibility

explains the low expression of ERCC1 at the early stage of

HCC and high expression at the advanced stages.

Additionally, the aforementioned works of Fautrel and

Bassullu16,17 were performed on patients of an ethnicity

different from those included in the present study. Since

genetic variability among human populations and different

liver backgrounds may affect the expression of genetic

information, the levels of ERCC1 may be impacted as

well, further affecting the biological properties of HCC

and prognosis of the disease. Numerous investigations

have demonstrated that abnormal expression of the XPF

gene was associated with the tumorigenesis of a variety of

tumors, including lung, bladder, and gastric cancers.20–22

However, there is no agreement between the studies

regarding the relationship between the expression of XPF

in various tumors and tumorprognosis. In NSCLC and

gastric cancer, XPF is expressed at high levels,20,21 and

XPF overexpression was shown to be an independent risk

factor for poor prognosis of gastric cancer. Conversely,

a study by Zhao et al22 demonstrated low expression of

XPF in bladder cancer. The current investigation also

showed that XPF mRNA was expressed at a low level in

HCC, and this characteristic was associated with poor

prognosis. Similarly, Li’s findings also documented the

low level of XPF mRNA in HCC. By immunohistochem-

istry, Zhao23 established that XPF protein was highly

expressed in HCC tissues, and this upregulation was asso-

ciated with the formation of portal vein tumor embolus.

Additionally, high expression of XPF protein was indica-

tive of a poor prognosis, a finding inconsistent with the

results of the present study. Two major causes underlying

this discrepancy can be hypothesized. First, Zhao used

immunohistochemistry to determine the protein product

encoded by the XPF gene, and the current work utilized

RT-PCR to determine the transcription level of XPF. After

transcription, a variety of distinct mRNAs can be formed,

producing different proteins in the process of translation.

However, not all of the encoded products necessarily have

the function of nucleotide excision repair. Therefore,

changes in the transcription level and translation level of

the genes may have a different impact on DNA repair

machinery. Moreover, immunohistochemistry has its own

limitations. This methodology is greatly influenced by

human factors, including the quality of the prepared sec-

tions, the quality of staining, and the subjectivity in the

evaluation of the results. Therefore, when a study is per-

formed on the differences in XPF expression in hepato-

carcinoma tissues and adjacent tissues, the detection of

XPF protein content by immunohistochemistry may not

serve as a direct indicator of the mRNA expression level

of ERCCl gene; The quantitative detection of mature

mRNA by RT-PCR is highly specific and sensitive, and

the results obtained may be more convincing. Second,

since XPF and ERCC1 cooperate in DNA fragment exci-

sion in NER, and both are expressed at a low level in

HCC, XPF may have a low expression at the early stage of

tumor development and be upregulated at a more. In this

regard, the present study enrolled patients with stage I–III

HCC, with stage I being the predominant type, while the

patients included in Zhao’s investigation had stage I-IV

HCC. The discrepancy in the proportion of patients with

different stages of tumor staging between the two studies

might be one of the reasons for the divergence in the

obtained results.

In this study we found that ERCC1 and XPF both had

predictive effect on recurrence of HCC, further more we

also found the combination of two genes had better pre-

dictive effect on recurrence of HCC than alone. However

neither AFP≥400ng/mL (Chinese liver cancer guideline)

nor AFP≥20ng/mL (European liver cancer guideline) can

effectively predict recurrence of HCC. The possible causes

of negative predictive effect of AFP as followed: (1) Only

177 patients were enrolled in this study, and the lost

follow-up rate was 9%. So the negative results may be

related to insufficient sample size. (2) The patients

included in this study were almost from Guangxi, China,

and most of them had HBV infection or cirrhosis. It is

possible that AFP has no predictive effect on postoperative

recurrence in this cohort, which needs to be verified by

further expanding the sample size.

The present study only detected two of the multiple

genes in the NER pathway of DNA repair. However, there

are more than 20 genes implicated in the NER pathway, and

all of them form complex regulatory networks with the

genes and their regulatory factors of other DNA repair

pathways. Given the complexity of the upstream and down-

stream regulatory systems, future investigations should not

only focus on several individual genes, but also on the

numerous networked mechanisms functioning in vivo.

A growing number of studies has revealed that XPC,
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ERCC1, and XPF are closely associated with the initiation

and development of various types of tumors and their

prognosis. The present study also suggested that the down-

regulation of the two genes might affect the progression and

prognosis of HCC, but the underlying mechanism of this

process is not been fully understood, necessitating more

stringent investigations and analyses involving rigorously

designed, high-quality, large-sample, multi-center studies.

Some limitations of the present study have to be

acknowledged. (1) The current investigation is a single-

center retrospective study. The enrolled patients reflect the

population of Guangxi Zhuang Autonomous Region, and

the limited representativeness may generate bias in popu-

lation and regional data (2) A small number of HCC

patients were treated with prophylactic TACE, and the

differences in the number of treatments and the treatment

after tumor relapse might have had some impact on the

prognosis. This variable was not subject to further strati-

fied analysis in the present study.

In conclusion, the present study suggests that ERCC1

and XPF may serve as biomarkers for predicting early

relapse of HCC, and low expression of XPF may be

indicative of poor survival prognosis in HCC patients.
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