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Background: The oncogenic role of excision repair cross-complementation group 6-like (ERCC6L) 
has been revealed in several cancers recently, but little is known about its expression and function in 
hepatocellular carcinoma (HCC).
Methods: Utilizing public data from Human Protein Atlas (HPA) and The Cancer Genome Atlas (TCGA) 
databases, ERCC6L dysregulation in HCC and its clinical significance were determined by t-test and Chi-
square test. Comprehensive survival analyses (such as nomogram, Cox regression model and Kaplan-Meier 
analysis) were performed to assess prognostic value of ERCC6L for HCC patients. Integrated bioinformatics 
analyses [including copy number alterations (CNA), DNA methylation, miRNA prediction and gene set 
enrichment analysis (GSEA)] were conducted to explore the mechanisms and biological roles underlying 
ERCC6L dysregulation in HCC. 
Results: ERCC6L upregulation was identified in HCC tissues compared to normal controls (P<0.05). In 
addition, overexpression of ERCC6L not only correlated with elevated alpha fetoprotein (AFP), vascular 
invasion (VI), and advanced histologic grade and TNM stage, but also had an independent prognostic value 
for the poorer overall survival (OS) and recurrence-free survival (RFS) of HCC patients (all P<0.05). Besides, 
nomogram integrating ERCC6L expression and TNM stage showed superior prognostic ability than that 
of TNM stage (P<0.05). Moreover, ERCC6L promoter hypomethylation and miR-5589 downregulation in 
HCC might result in ERCC6L overexpression (all P<0.05). Furthermore, eight biological pathways (including 
the DNA replication, cell cycle and p53 pathways) related to ERCC6L upregulation in HCC were found to 
be enriched by GSEA, and ERCC6L upregulation was positively correlated with PLK1 (polo-like kinase 1) 
expression and TP53 mutation in HCC, which preliminarily shed light on the roles of ERCC6L in HCC. 
Conclusions: ERCC6L may serve as a promising prognostic indicator and therapeutic target for HCC 
patients.
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Introduction

Despite the progress achieved in the precaution, diagnosis 
and treatment for hepatocellular carcinoma (HCC), its 
incidence and mortality remain high in the world, with 
over 841,000 new cases and 781,000 HCC-related deaths 
in 2018 (1,2). The still unresolved clinical problems in 
terms of its distinct characteristics (such as insidious onset, 
frequent relapse and poor prognosis) pose great challenges 
for clinicians and researchers (3). In the context of precision 
medicine, deeper understanding of the biological features 
and molecular pathogenesis of HCC will contribute to 
improvements in the early diagnosis, targeted therapy and 
long-term outcome for HCC patients (4). 

ERCC6L (excision repair cross-complementation 
group 6-like), also known as PICH (Plk1-interacting 
checkpoint helicase), belongs to the family of SNF2 
helicase-like ATPases, which are closely related to cell 
mitosis and remodeling of chromatin structures (5,6). 
Previous studies have reported that knocking out ERCC6L 
in human or animal (such as chicken and mouse) cells can 
lead to obvious chromosomal abnormities, DNA damage, 
embryonic lethality, apoptosis, and TP53 activation (7,8). 
In view of the crucial role of ERCC6L in preserving 
chromosomal integrity in fast-growing mammalian 
cells, it is tempting to explore the correlation between 
ERCC6L and tumorigenesis (8). In the last few years, 
ERCC6L dysregulation and its role in several cancers have 
been studied. For example, Pu et al. demonstrated that 
overexpression of ERCC6L in breast and kidney cancers 
correlated with the progression of disease and poorer 
survival of cancer patients (9). Huang et al. showed that 
silencing ERCC6L in cancer cells (such as liver, breast, 
colorectal and kidney cancers) resulted in cell cycle arrest, 
proliferation inhibition, invasion reduction and apoptosis 
(5,7,10-12). The above studies undoubtedly indicate the key 
implications of ERCC6L dysregulation in tumorigenesis. 
Nevertheless, its expression and role in HCC remain to be 
investigated. 

In this study, utilizing public data from Human Protein 
Atlas (HPA) and The Cancer Genome Atlas (TCGA), 
ERCC6L upregulation in HCC and its clinical significance 
were identified. In addition, the mechanisms and biological 
roles underlying ERCC6L dysregulation in HCC were 
also preliminarily elucidated by performing comprehensive 
bioinformatics analyses. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at http://dx.doi.org/10.21037/jgo-20-192). 

Methods

Data mining in the TCGA and HPA databases

According to the inclusion criteria described previously, 
the level-3 data (sequencing and clinical data) of HCC 
patients (n=298) undergoing surgical resection plus the 
sequencing data of normal controls (n=50) in the TCGA 
dataset were ultimately included in this study (13). The 
raw counts of RNA-seq data were normalized by TMM 
methods implemented in R package “edgeR” and then log2-
transformed. In addition, several online analysis platforms 
based on TCGA data (including UALCAN, GEPIA, 
cBioPortal and UCSC-Xena) were utilized for reviewing 
ERCC6L expression across TCGA cancers, assessing 
copy number alterations (CNA) and DNA methylation of 
ERCC6L, exploring the potential coexpression of PLK1 
(polo-like kinase 1) and ERCC6L, and evaluating the 
impact of ERCC6L dysregulation on TP53 mutations in 
HCC (14-17). In particular, the Tumor Immune Estimation 
Resource (TIMER), an online platform for the systematic 
estimation of tumor-infiltrating immune cells according to 
the gene expression profiles of TCGA datasets, was used to 
determine the impact of tumor purity and immune infiltrates 
on the ERCC6L expression level and its prognostic value in 
HCC (18). Furthermore, the immunohistochemistry (IHC) 
data of ERCC6L (antibody: HPA050492) in normal liver 
and HCC tissues were obtained from the HPA database to 
evaluate ERCC6L protein levels (19). 

Predicting the upstream miRNAs of ERCC6L

Of the 298 HCC patients, 296 samples had intact miRNA-
seq data. The differentially expressed miRNAs in HCC 
tissues (n=296) compared to normal controls (n=50) were 
identified by the R package “edgeR”. A fold change >2 
with a P value <0.05 was regarded as the threshold. Thus, 
the downregulated miRNAs in HCC were included in 
the TCGA cohort. In addition, the potential regulatory 
miRNAs of ERCC6L were obtained by three prediction 
databases (DIANA-microT, TargetScan v7.2 and miRWalk) 
and two validation databases (TarBase v.8 and miRTarBase) 
(20-24). The common miRNAs predicted by the three 
prediction databases plus all validated miRNAs in the two 
validation databases were considered the prediction cohort. 
Moreover, the overlapping miRNAs between the TCGA 
cohort and prediction cohort were considered underlying 
upstream miRNAs in HCC. Finally, the correlations 
between miRNA expression and ERCC6L mRNA 
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expression and their prognostic values were verified by 
linear regression analysis and survival analyses.

Gene set enrichment analysis (GSEA)

GSEA using “c2.cp.kegg.v6.0.symbols.gmt” as a reference 
was used to recognize the possible biological pathways 
relevant to ERCC6L dysregulation in HCC. The gene 
sets with both P values and q-values less than 0.05 were 
regarded as significantly enriched, and their normalized 
enrichment scores were computed.

Construction of predictive nomograms

To facilitate prognosis evaluation of HCC patients, the 
visual, convenient and effective nomograms were constructed 
using the R package “rms”. The independent prognostic 
factors for overall survival (OS) or recurrence-free survival 
(RFS) prediction in HCC were determined by multivariate 
Cox analyses and included in the nomograms. Then, the 
predictive power of the nomogram was systematically assessed 
by concordance index (C-index) and calibration curves. The 
calibration curves visualized the consistency between the 
nomogram-predicted probability of 1-, 3- and 5-year OS 
(or RFS) and the actual probability of 1-, 3- and 5-year OS 
(or RFS). The discrimination ability of the nomogram was 
mathematically evaluated by calculating the C-index. 

Statistical analyses

Student’s t-test or Mann-Whitney test was performed to 
assess gene expression levels between different groups. To 
measure the discrimination ability of ERCC6L for HCC, 
a receiver operating characteristic (ROC) analysis was 
utilized. X-tile 3.6.1 software was used for calculating the 
optimal threshold to divide patients into high- and low-
expression groups. Pearson’s χ2 test was used to assess the 
clinical correlations of ERCC6L dysregulation in HCC. 
Survival analyses for OS and RFS were conducted by joint 
use of KM analysis and Cox regression analysis. Statistical 
analyses were performed by R-3.4.2 and SPSS-22.0, and a P 
value <0.05 was deemed as statistical significance.

Results

ERCC6L upregulation was identified in HCC tissues 

Consistent with the ERCC6L upregulation generally 

observed in most cancers, ERCC6L was significantly 
upregulated at the mRNA level in HCC tissues compared 
to normal controls (P<0.0001) (Figure 1A,B). By performing 
ROC analysis, the excellent discrimination ability of 
ERCC6L mRNA for HCC was further identified (AUC 
=0.9518, P<0.0001) (Figure 1C). In addition, we found that 
ERCC6L expression was positively correlated with tumor 
purity in HCC (r=0.171, P=0.00139), which partly indicated 
that ERCC6L was indeed upregulated in hepatoma cells 
(Figure S1A). Highly consistent with its dysregulation 
at the mRNA level, upregulation of ERCC6L protein 
in HCC was also verified according to the IHC data of 
ERCC6L from the HPA database. Different from the 
ERCC6L staining level in three normal liver samples (not 
detected), moderate (7/10) or low (3/10) ERCC6L staining 
levels were usually observed in HCC tissues, in which 
staining was mainly localized in the cytoplasm and nucleus  
(Figure 1D,E). 

ERCC6L upregulation correlated with tumor progression 
and unfavorable prognosis of HCC patients

To s tudy  the  c l in i ca l  imp l i c a t ions  o f  ERCC6L 
dysregulation, high and low expression groups were 
firstly divided among the 298 patients according to the 
optimal cutoff value of OS. As shown in Table 1, ERCC6L 
upregulation was significantly related to female sex, 
vascular invasion (VI), elevated alpha fetoprotein (AFP), 
advanced histologic grade and TNM stage, and clinical 
outcomes (all P<0.05), and no significant correlation was 
found with other characteristics. 

In addition, by performing KM survival analyses, 
worse outcomes (including OS and RFS) were observed 
in HCC patients with high ERCC6L expression (all 
P<0.05) (Figure 2A,B). Moreover, univariate Cox regression 
analysis indicated that ERCC6L, VI and TNM stage were 
related to the prognosis of HCC patients (all P<0.05). 
And ERCC6L upregulation was subsequently confirmed 
as an independent predictive factor for the poorer OS 
[HR =2.549 (1.327, 4.895), P=0.005] and RFS [HR =1.841 
(1.324, 2.560), P<0.001] of HCC patients by multivariate 
analyses (Tables 2,3). In view of the significant correlation 
between ERCC6L expression and TNM stage, subgroup 
analyses were further conducted and confirmed that 
the prognostic value of ERCC6L did not rely on TNM 
stage in HCC patients (all P<0.05) (Figure 2C,D,E,F). 
Furthermore, the moderate correlations between ERCC6L 
expression and six immune cell infiltrates (B cells, CD4+T 
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Figure 1 ERCC6L is significantly upregulated in HCC tissues both at the mRNA and protein levels. (A) Overview of ERCC6L mRNA 
expression in different normal human tissues and cancer tissues based on TCGA datasets (http://ualcan.path.uab.edu). (B) Comparison 
of the ERCC6L mRNA expression between HCC tissues and normal liver tissues. (C) ROC analysis for evaluating the diagnostic value 
of ERCC6L expression for HCC. (D,E) Representative IHC images of ERCC6L in normal liver tissues (“https://www.proteinatlas.
org/ENSG00000186871-ERCC6L/tissue/liver#img”) and HCC tissues (“https://www.proteinatlas.org/ENSG00000186871-ERCC6L/
pathology/liver+cancer#img” and “https://www.proteinatlas.org/ENSG00000186871-ERCC6L/pathology/liver+cancer#img”). ****, 
P<0.0001. NT, normal liver tissues; ROC, receiver operating characteristic; AUC, area under the curve; IHC, immunohistochemistry. 
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Table 1 Association between ERCC6L expression and the clinical features of HCC patients in TCGA dataset

Variables
ERCC6L expression

χ2 P
Low (n=111) (%) High (n=187) (%)

Age (year) 3.184 0.074

<65 64 (57.7) 127 (67.9)

≥65 47 (42.3) 60 (32.1)

Gender 6.177 0.013*

Male 87 (78.4) 121 (64.7)

Female 24 (21.6) 66 (35.3)

Family history of cancer 5.994 0.050

No 54 (48.6) 118 (63.1)

Yes 38 (34.2) 47 (25.1)

Unknown 19 (17.1) 22 (11.8)

TNM stage 16.664 0.001*

I 72 (64.9) 78 (41.7)

II 21 (18.9) 51 (27.3)

III 16 (14.4) 56 (29.9)

IV 2 (1.8) 2 (1.1)

Histologic grade 16.698 <0.001*

G1-G2 85 (76.6) 99 (52.9)

G3-G4 26 (23.4) 87 (46.5)

Unknown 0 (0.0) 1 (0.5)

Ishak score 4.012 0.135

0–4 44 (39.6) 64 (34.2)

5–6 30 (27.0) 39 (20.9)

Unknown 37 (33.3) 84 (44.9)

Child-Pugh grade 3.449 0.178

A 76 (68.5) 108 (57.8)

B-C 6 (5.4) 12 (6.4)

Unknown 29 (26.1) 67 (35.8)

Vascular invasion 10.354 0.016*

None 75 (67.6) 92 (49.2)

Micro 22 (19.8) 51 (27.3)

Macro 4 (3.6) 9 (4.8)

Unknown 10 (9.0) 35 (18.7)

Table 1 (Continued)
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Table 1 (Continued)

Variables
ERCC6L expression

χ2 P
Low (n=111) (%) High (n=187) (%)

Alpha fetoprotein 10.065 0.007*

Negative 62 (55.9) 70 (37.4)

Positive 28 (25.2) 74 (39.6)

Unknown 21 (18.9) 43 (23.0)

Residual tumor 0.219 0.896

R0 101 (91.0) 167 (89.3)

R1-R2 4 (3.6) 8 (4.3)

RX-unknown 6 (5.4) 12 (6.4)

Recurrence status 10.676 0.001*

No 65 (58.6) 73 (39.0)

Yes 46 (41.4) 114 (61.0)

Living status 14.482 <0.001*

Alive 99 (89.2) 131 (70.1)

Dead 12 (10.8) 56 (29.9)

P values calculated by Pearson’s Chi-squared testing. *, statistically significant values, P<0.05. HCC, hepatocellular carcinoma.

cells, CD8+T cells, neutrophils, macrophages, and 
dendritic cells) in HCC tissues attracted our attention 
and prompted us to determine the impact of immune cell 
infiltrates on the prognostic value of ERCC6L in HCC  
(Figure S1B,C,D,E,F,G). By performing KM survival 
analyses and multivariate Cox regression on the TIMER 
online platform, we found that the six immune cell 
infiltrates were not related to the survival of HCC patients 
(Figure S1H,I,J,K,L,M) and that ERCC6L upregulation was 
still an independent prognostic factor for HCC patients 
[HR =2.300 (1.411, 3.749), P=0.001] after comprehensively 
adjusting for patient clinical features (including age, gender, 
stage and race), tumor purity and immune cell infiltrates.

Based on the multivariate Cox regression analyses, a 
novel genomic-clinicopathologic nomogram integrating 
ERCC6L expression and TNM stage was constructed 
to better evaluate the prognostic and clinical application 
value of ERCC6L for HCC patients undergoing hepatic 
resection. First, calibration plots showed good consistency 
between the nomogram-predicted probability of survival 
(including OS and RFS) and the actual rate of survival. 
Besides, the C-index of the combined model [0.774 (0.722–
0.826)] for OS prediction was clearly better than that of the 

TNM stage [0.698 (0.634–0.762)] (P=0.009). The C-index 
for RFS prediction was also improved from 0.649 (0.608–
0.690) for the TNM staging system to 0.685 (0.647–0.723) 
for the combined model, although there was no significant 
difference (P=0.070) (Figure 3). 

DNA hypomethylation and miR-5589 downregulation in 
HCC might result in ERCC6L overexpression

The genetic and epigenetic changes of ERCC6L in HCC 
were analyzed to explore the mechanisms underlying 
its dysregulation. First, the CNA of ERCC6L in HCC 
was evaluated based on the cBioPortal platform, and no 
significant association between ERCC6L upregulation and 
CNA was found (Figure 4A). In addition, by generating 
heatmaps on the UCSC-Xena platform, we observed a 
negative correlation between ERCC6L expression and 
DNA methylation. Linear regression analyses indicated that 
ERCC6L mRNA expression was negatively correlated with 
the methylation level of its specific CpG site (cg10462174, 
r=−0.1749, P=0.0007), which was located in the promoter 
of the ERCC6L gene (Figure 4B,C). Furthermore, after 
strict screening according to the process mentioned above  
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Figure 2 Kaplan-Meier survival analyses. (A,B) Survival curves of OS and RFS based on the optimal thresholds of ERCC6L expression 
calculated by X-tile software. (C,D,E,F) Subgroup analyses of OS and RFS based on TNM stage. OS, overall survival; RFS, recurrence-free 
survival.

(Figure S2 and Table S1), miR-5589 was identified as a 
potential upstream miRNA of ERCC6L. MiR-5589 was 
not only significantly downregulated in HCC compared 
to normal controls (P<0.0001), but was also significantly 
negatively correlated with ERCC6L mRNA level 
(r=−0.2362, P<0.0001) (Figure 4D,E). Importantly, survival 
analyses suggested that miR-5589 downregulation was 
related to the unfavorable prognoses of HCC patients (all 
P<0.05) (Figure 4F,G). But the prognostic value of ERCC6L 
was independent of miR-5589, as revealed by multivariate 
Cox regression analyses (all P<0.05) (Table S2). The putative 
binding site of miR-5589 on the ERCC6L 3'UTR is 
displayed in Figure 4H. 

Biological roles underlying ERCC6L upregulation in HCC

In GSEA, eight pathways associated with ERCC6L 
dysregulation in HCC were found to be enriched, 
namely “cell cycle”, “homologous recombination”, “p53”, 
“DNA replication”, “mismatch repair”, “excision repair”, 
“nucleotide excision repair” and “spliceosome” pathways (all 
P<0.05) (Figure 5A,B,C,D,E,F,G,H).

As a key interaction partner of ERCC6L, PLK1 was 
also upregulated in HCC tissues (P<0.05), which was 
positively related to ERCC6L expression (r=0.89, P<0.05)  
(Figure 5I,J). In addition, PLK1 upregulation correlated 
with worse survival outcomes in HCC patients (all P<0.05) 
(Figure 5K,L). 
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Table 3 Cox proportional hazards regression model analysis of recurrence-free survival

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

ERCC6L (high vs. low) 2.113 (1.531, 2.917) <0.001* 1.841 (1.324, 2.560) <0.001*

Age (≥65 vs. <65) 0.922 (0.668, 1.274) 0.624 – –

Gender (female vs. male) 1.204 (0.866, 1.674) 0.270 – –

Family history of cancer (yes vs. no) 0.833 (0.584, 1.189) 0.314 – –

TNM stage (II vs. I) 2.134 (1.443, 3.156) <0.001* 1.678 (1.074, 2.622) 0.023*

III vs. I 2.924 (2.014, 4.246) <0.001* 2.253 (1.480, 3.430) <0.001*

IV vs. I 8.767 (2.705, 28.413) <0.001* 9.136 (2.803, 29.785) <0.001*

Histologic grade (G3-G4 vs. G1-G2) 1.117 (0.813, 1.535) 0.493 – –

Ishak score (5–6 vs. 0–4) 1.134 (0.764, 1.684) 0.533 – –

Child-Pugh grade (B-C vs. A) 1.261 (0.655, 2.427) 0.488 – –

Vascular invasion

Micro vs. none 1.786 (1.221, 2.613) 0.003* 1.294 (0.841, 1.990) 0.240

Macro vs. none 2.407 (1.201, 4.824) 0.013* 1.668 (0.806, 3.450) 0.168

Alpha fetoprotein (positive vs. negative) 1.375 (0.963, 1.965) 0.080 – –

Residual tumor (R1-R2 vs. R0) 1.727 (0.846, 3.525) 0.134 – –

*, statistically significant P values, P<0.05. HR, hazard ratio; CI, confidence interval.

Table 2 Cox proportional hazards regression model analysis of overall survival

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

ERCC6L (high vs. low) 3.512 (1.881, 6.556) <0.001* 2.549 (1.327, 4.895) 0.005*

Age (≥65 vs. <65) 0.959 (0.584, 1.572) 0.867 – –

Gender (female vs. male) 1.210 (0.737, 1.988) 0.451 – –

Family history of cancer (yes vs. no) 1.149 (0.695, 1.899) 0.589 – –

TNM stage (II vs. I) 1.608 (0.804, 3.216) 0.179 1.290 (0.596, 2.789) 0.518

III vs. I 4.337 (2.494, 7.542) <0.001* 2.696 (1.453, 5.002) 0.002*

IV vs. I 8.827 (2.049, 38.020) 0.003* 11.979 (2.740, 52.370) 0.001*

Histologic grade (G3-G4 vs. G1-G2) 1.261 (0.776, 2.048) 0.349 – –

Ishak score (5–6 vs. 0–4) 0.960 (0.487, 1.892) 0.907 – –

Child-Pugh grade (B-C vs. A) 2.006 (0.839, 4.797) 0.117 – –

Vascular invasion

Micro vs. none 1.248 (0.618, 2.520) 0.537 1.086 (0.495, 2.383) 0.837

Macro vs. none 3.199 (1.225, 8.356) 0.018* 1.621 (0.583, 4.505) 0.354

Alpha fetoprotein (positive vs. negative) 1.199 (0.668, 2.150) 0.544 – –

Residual tumor (R1-R2 vs. R0) 1.359 (0.426, 4.339) 0.604 – –

*, statistically significant P values, P<0.05. HR, hazard ratio; CI, confidence interval.
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Figure 3 Establishment and validation of prognostic nomograms for the OS and RFS of HCC patients. (A,B) The nomograms for 
predicting the OS and RFS of HCC patients. (C,D,E,F,G,H) The calibration curves of the nomograms for predicting OS and RFS at 1-, 3- 
and 5-year. OS, overall survival; RFS, recurrence-free survival; HCC, hepatocellular carcinoma.

Given the results of GSEA in terms of the “p53 signaling 
pathway”, we attempted to analyze the potential impact 
of ERCC6L dysregulation on TP53 mutation using the 
cBioPortal platform. We surprisingly found that ERCC6L 

expression in the TP53 mutated groups were higher than 
that in the TP53 wild-type group (P<0.05), suggesting that 
ERCC6L upregulation might be associated with the high rate 
of TP53 mutation in HCC (31%, n=360) (Figure 5M,N,O). 
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Discussion

Considering the phenotypic heterogeneity of HCC, 
exploring its complicated genetic alterations and identifying 
potential biomarkers is crucial for molecular subtyping, 
early diagnosis, personalized therapy and prognosis 
evaluation of HCC patients. With the accumulation 
of evidence suggesting the involvement of ERCC6L 
dysregulation in several cancers, we investigated the 
previously unknown expression and role of ERCC6L in 
HCC. In line with the expression profiles of ERCC6L in 
most cancers, the significant upregulation of ERCC6L 
mRNA in HCC tissues was identified in this study, which 
showed good discrimination ability for HCC compared to 
normal liver tissues by ROC assessment. Consistent with 
the RNA data, ERCC6L upregulation at the protein level in 
HCC was further confirmed according to public IHC data. 
Importantly, a recent study published by Zhang et al. also 
demonstrated that ERCC6L protein was highly expressed 
in HCC tissues based on IHC results of 90 paired clinical 
specimens (12). The significant ERCC6L upregulation in 
HCC tissues suggests that it could be a valuable biomarker 
for HCC molecular diagnosis, and ERCC6L expression in 
the serum of HCC patients and its value as a noninvasive 
marker for HCC diagnosis (such as AFP) are worthy of 
future study (25). 

In addition, the correlation of ERCC6L upregulation with 
clinicopathological characteristics (such as AFP, VI, advanced 
histologic grade, TNM stage and survival) in HCC strongly 
indicated its oncogenic role and close involvement in the 
development of HCC. By comprehensive survival analyses, 
the independent predictive value of ERCC6L was confirmed 
with regard to the OS and RFS of HCC patients. Relatively 
in line with our results, Zhang et al. reported that ERCC6L 
upregulation was associated with larger tumor size and worse 
survival in 90 HCC patients, while no correlation was found 
between ERCC6L upregulation and other clinicopathological 
features (such as AFP, VI, tumor differentiation and TNM 
stage) (12). We speculate that the slight differences between 
Zhang et al.’s study and our study may be caused by their 
certain limitations, including small sample size (n=90), 
insufficient sensitivity and discrimination of semiquantitative 
histochemistry score for evaluating ERCC6L expression, 
and improper cut-off value of ERCC6L expression for 
grouping (low/high). Additional larger-scale and better 
designed studies are warranted to validate the hypothesis 
in the future. Furthermore, by constructing a nomogram 
integrating ERCC6L expression and TNM stage that were 

the independent risk factors for the survival of HCC patients, 
the superior predictive ability of the combined model 
undoubtedly further supported the excellent prognostic value 
of ERCC6L for predicting the survival outcomes of HCC 
patients. Considering the still unsatisfactory predictive power 
of existing clinical staging systems (including the TNM 
staging system), ERCC6L could be a promising biomarker 
to establish more precise genomic-clinicopathologic staging 
system for HCC patients in the future, which may improve 
the prognosis evaluation and pre- or postoperative decision-
making for HCC patients (26,27).

Genetic and epigenetic alterations of ERCC6L in HCC 
were also analyzed to explore the potential mechanisms 
underlying its upregulation. First, no significant correlation 
between CNA and ERCC6L expression in HCC was 
observed in this study. In addition, it has been confirmed 
that DNA methylation regulates the expression and 
repression of genes, and promoter-specific hypomethylation 
is responsible for chromosomal instability and oncogene 
activation in cancers (28). Hence, the impact of DNA 
hypomethylation on ERCC6L expression in HCC 
was explored in this study. By generating a heatmap 
and performing linear regression analysis, we found a 
negative association between ERCC6L expression and the 
methylation level of one specific CpG site in its promoter 
(cg10462174), which might contribute to ERCC6L 
upregulation in HCC. In addition, given the regulatory role 
of miRNAs in mRNA degradation, the possible miRNAs 
controlling ERCC6L expression were further investigated 
in this study (29). By integrated analyses, miR-5589 was 
identified as a potential upstream miRNA of ERCC6L in 
HCC, in view of the miR-5589 downregulation in HCC 
and its negative correlation with ERCC6L mRNA level, 
the putative binding site of ERCC6L by miR-5589 and 
the significant prognostic value of miR-5589 in HCC. In 
line with our results, miR-5589 downregulation in several 
cancers (including HCC) has been reported in previous 
studies (30,31). Thus, our findings initially demonstrated 
that both ERCC6L promoter hypomethylation and miR-
5589 downregulation could be the mechanisms underlying 
ERCC6L upregulation in HCC. Additional  basic 
experiments are necessary to further verify them in the 
future. 

In light of the close involvement of ERCC6L in HCC, 
its potential biological functions in the development of 
HCC were explored in this study by enrichment analysis, 
which suggested that ERCC6L was implicated in the “DNA 
replication”, “cell cycle”, “p53” and DNA repair-related 
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pathways. Consistent with this, ERCC6L is a known key 
interaction partner of PLK1 (a key controller of M phase 
and mitotic progression) and a DNA translocase that is 
responsible for the fidelity and rapid sister chromatid 
segregation during mitosis via proper chromosome 
compaction and timely resolution of ultrafine DNA 
bridges (8,32,33). ERCC6L deletion in mammalian cells 
can lead to cell cycle arrest, DNA damage, chromosomal 
abnormities, TP53 activation and apoptosis (8,33). 
Importantly, upregulation of ERCC6L has been identified 
in several cancers and is related to cancer progression and 
poorer prognosis of patients (5,7,9-11). Huang et al. found 
that ERCC6L was indispensable for the chromosome 
stability of cancer cells, and silencing ERCC6L could 
lead to apoptosis induction and proliferation inhibition of 
triple-negative breast cancer cells in vivo and in vitro by 
inducing the formation of chromatin bridges and mitotic 
catastrophe (7). Cytoplasmic and nuclear immunostaining 
of ERCC6L in HCC cells supports previous findings 
that ERCC6L is mostly located in the cytoplasm during 
interphase and moves to chromatin in prometaphase (8). 
Thus, there is a possibility that ERCC6L upregulation in 
HCC may contribute to the maintenance of chromosomal 
integrity and accelerated cell cycle progression, finally 
leading to unrestricted cell proliferation and tumor 
progression. Strongly consistent with our hypothesis, 
Zhang et al. demonstrated that ERCC6L upregulation in 
HCC could accelerate the G1/S transition of HCC cells 
and promote tumor proliferation via in vitro and in vivo 
experiments (12). In addition, the dynamic localization of 
ERCC6L has been reported to be regulated by PLK1, and 
their colocalization at kinetochores coordinately maintains 
chromosome architecture and genomic stability during 
mitosis (34,35). In line with this, PLK1 upregulation and 
coexpression of PLK1 and ERCC6L in HCC were also 
observed in this study. Given that both ERCC6L and 
PLK1 are prognostic indicators for HCC patients, the 
ERCC6L-PLK1 complex may play a crucial role during 
HCC progression. Furthermore, in view of the emerging 
evidence suggesting the correlation between ERCC6L 
and TP53, it is tempting to explore their relationship in 
HCC (8). TP53 has been identified as a classical tumor 
suppressor and a high rate of TP53 mutation is common 
in cancers (including HCC, approximately 31% in the 
TCGA dataset) (36). It has been demonstrated that TP53 
mutations not only cause TP53 to lose its anticancer 
role, but also serve to protect cancer cells from DNA 
damage and facilitate their proliferation and tumor  

progression (37). In line with this, previous study showed 
that TP53 mutation in HCC was significantly associated 
with worse clinical outcomes in HCC patients (13). 
Considering the high level of ERCC6L in the TP53 
mutated group in HCC, it is possible that ERCC6L may 
help to preserve the stabilization of TP53 genetic mutations 
after oncogenic transformation, thereby promoting tumor 
progression in HCC. Interestingly, Zhang et al. also noted 
a potential correlation between ERCC6L and the p53 
pathway in HCC and attempted to shed light on their 
relationship from the perspective of the negative regulatory 
effects of ERCC6L upregulation on p53 expression levels 
in HCC (12). The above evidence strongly indicates that 
ERCC6L may be a promising therapeutic target in HCC, 
which deserves further researches in the future.  

In conclusion, ERCC6L upregulation in HCC and its 
correlations with tumor progression and worse clinical 
prognosis of HCC patients were demonstrated in this 
study. ERCC6L promoter hypomethylation and miR-5589 
downregulation might result in ERCC6L overexpression 
in HCC. ERCC6L upregulation in HCC was significantly 
related to the “p53”, “DNA replication” and “cell cycle” 
pathways, which preliminarily shed light on its biological 
functions in HCC. Further studies are urgently needed to 
elucidate the exact role of ERCC6L in HCC. 
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Figure S1 Exploring the impact of tumor purity and immune infiltrates on ERCC6L expression level and its prognostic value in HCC 
using TIMER platform (https://cistrome.shinyapps.io/timer/). (A) Correlation between ERCC6L expression and tumor purity in HCC. 
(B,C,D,E,F,G) Correlations between ERCC6L and six immune infiltrates (B cells, CD4+T cells, CD8+T cells, Neutrophils, Macrophages, 
and Dendritic cells) in HCC. (H,I,J,K,L,M) Survival curves of six immune cell infiltrates in HCC. HCC, hepatocellular carcinoma.

Figure S2 Venn diagrams describing the process of screening the potential upstream regulatory miRNAs of ERCC6L. (A) Selecting the 
common miRNAs predicted by three prediction databases (DIANA-microT, TargetScan v7.2 and miRwalk). (B) Selecting all the miRNAs 
in two validation databases (Tarbase v.8 and miRTarbase). (C) The common miRNAs predicted by the three prediction databases plus the 
all validated miRNAs in two validation databases were considered prediction cohort. (D) Selecting the overlapping miRNAs between the 
prediction cohort and TCGA cohort that was defined as all the downregulated miRNAs in HCC. HCC, hepatocellular carcinoma.
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Table S1 Validating the correlation between miRNAs expression and ERCC6L mRNA expression and the prognostic values of miRNAs in HCC

miRNAs
Linear regression Cox regression (OS) Cox regression (RFS)

Pearson’s r P HR (95% CI) P HR (95% CI) P

miR-5589 −0.2362 <0.0001* 0.883 (0.795, 0.980) 0.020* 0.929 (0.868, 0.996) 0.038*

miR-214 −0.2212 0.0001* 0.890 (0.783, 1.010) 0.072 0.947 (0.872, 1.029) 0.198

miR-326 0.08381 0.1504 1.140 (0.930, 1.397) 0.207 1.057 (0.923, 1.211) 0.422

miR-4433b −0.06579 0.2592 0.952 (0.694, 1.307) 0.762 0.951 (0.774, 1.170) 0.637

miR-3182 0.01221 0.8343 1.672 (0.847, 3.303) 0.139 1.372 (0.827, 2.276) 0.221

miR-4686 −0.3086 <0.0001* 0.817 (0.477, 1.400) 0.463 1.006 (0.757, 1.337) 0.966

miR-1275 −0.02568 0.6599 0.828 (0.632, 1.083) 0.169 0.920 (0.775, 1.093) 0.343

miR-199b −0.2028 0.0004* 0.866 (0.757, 0.990) 0.035* 0.925 (0.848, 1.008) 0.076

miR-195 −0.2869 <0.0001* 0.755 (0.618, 0.921) 0.006* 0.885 (0.778, 1.007) 0.063

*, statistically significant P values, P<0.05. HR, hazard ratio; CI, confidence interval; OS, overall survival; RFS, recurrence-free survival; 
HCC, hepatocellular carcinoma.

Table S2 Multivariate Cox regression analysis of overall survival (OS) and recurrence-free survival (RFS)

Variables
OS RFS

HR (95% CI) P HR (95% CI) P

ERCC6L 1.482 (1.220, 1.802) <0.001* 1.245 (1.107, 1.399) <0.001*

miR-5589 0.912 (0.824, 1.010) 0.078 0.955 (0.891, 1.022) 0.185

*, statistically significant P values, P<0.05. HR, hazard ratio; CI, confidence interval.


