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Background. Accumulating evidence has suggested that Nei-like DNA glycosylase 3 (NEIL3) is associated with human tumors.
However, there are few studies on the role of NEIL3 in hepatocellular carcinoma (HCC). The aim of this study was to investigate
the expression profile of NEIL3 and its clinical relevance in HCC. Materials and Methods. A total of 130 HCC and corresponding
nontumor tissues were collected to perform immunohistochemistry (IHC). The clinical relevance and prognostic value of NEIL3
in HCC were analyzed by the chi-square test, Kaplan-Meier analysis, the Cox proportional hazard model, and nomogram. Results.
THC showed that the NEIL3 protein level was remarkably upregulated in tumor tissues compared with nontumor tissues (fold
change =1.24; P <0.001). High NEIL3 expression was significantly correlated with BCLC stage (P = 0.004) and TNM stage
(P = 0.005). Overall survival (OS) and disease-free survival (DFS) rates in the high NEIL3 expression group were significantly
worse than those in the low NEIL3 expression group (P = 0.007 and P = 0.004, respectively). Furthermore, subgroup analysis
showed that high NEIL3 expression predicted worse OS and DFS for HCC patients with advanced TNM stage, poorly dif-
ferentiated tumor, HBsAg positive, or cirrhosis. Multivariate analysis and the prognostic nomograms revealed that tumor NEIL3
level may serve as a promising prognostic indicator for OS and DFS in HCC patients. Conclusion. Our findings suggested that
NEIL3 might be a potential prognosis assessment marker and therapeutic target for HCC patients.

1. Introduction

Hepatocellular carcinoma (HCC) is the dominant histo-
logical type of primary liver cancer and the third most
common cause of cancer-related deaths worldwide [1].
Although early diagnostic modalities and treatment utili-
zation have partially improved prognosis, the long-term

clinical outcome of HCC patients remains poor due to re-
currence and distant metastasis [2-5]. Therefore, novel
prognostic factors for early-stage diagnosis and early re-
currence are still urgently needed.

Nei-like DNA glycosylase 3 (NEIL3) is a member of the
DNA glycosylase family homologous to the bacterial Fpg/
Nei class [6]. A recent study showed that NEIL3 is implicated


mailto:383086040@qq.com
mailto:jiang.xm18@foxmail.com
https://orcid.org/0000-0002-9463-7103
https://orcid.org/0000-0002-3379-1297
https://orcid.org/0000-0001-9672-9418
https://orcid.org/0000-0001-6690-6217
https://orcid.org/0000-0002-5928-738X
https://orcid.org/0000-0003-2512-3157
https://orcid.org/0000-0003-1739-3579
https://orcid.org/0000-0002-0172-3118
https://orcid.org/0000-0002-5851-1554
https://orcid.org/0000-0003-4329-2931
https://orcid.org/0000-0001-9238-2285
https://orcid.org/0000-0003-1571-552X
https://orcid.org/0000-0001-6945-229X
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/1301671

in protecting telomere integrity by repairing oxidative le-
sions of telomeric sequences in proliferating cells [7]. NEIL3
expression is restricted to proliferating cells 8, 9]. For in-
stance, in adult humans, NEIL3 transcripts are only de-
tectable in the thymus and testes [6, 9]. And in mice, NEIL3
has been detected in the thymus, bone marrow, spleen, and
regenerative subregions of the brain [10-12]. Moreover, a
recent study showed that NEIL3 expression is remarkably
upregulated in 16 cancerous tissues [11]. Previous studies
also have indicated that overexpression of NEIL3 is corre-
lated with poor prognosis of astrocytoma and melanoma
patients [13, 14]. Overall, these studies suggest that NEIL3 is
important in actively proliferating cells.

To our knowledge, there are few studies investigating the
role of NEIL3 in HCC. In Zhang’s study, NEIL3 was found to
be associated with the most frequent loss of heterozygosity
using a high-throughput single nucleotide polymorphism
(SNP) array, suggesting a relationship between NEIL3 ge-
netic abnormalities and hepatocarcinogenesis [15]. How-
ever, the study did not further examine the relationship
between NEIL3 expression and patient prognosis in clinical
specimens. In the present study, to better understand the
role of NEIL3 in HCC, we determined NEIL3 expression in
130 pairs of clinical specimens and hepatic cell lines.
Moreover, we confirmed that NEIL3 overexpression is
correlated with poor survival prognosis and could serve as an
independent prognostic factor for HCC patients.

2. Materials and Methods

2.1. Patients and Tissue Specimens. A total of 130 HCC and
corresponding nontumor tissues were collected from
Hainan General Hospital (Haikou, China). All HCC patients
were diagnosed based on pathological examination and
underwent curative hepatectomy between February 2006
and August 2011. None of the patients received adjuvant
therapy, such as radiotherapy or chemotherapy. Our follow-
up data ended in April 2017. The survival time was calculated
from the date of operation to death or the deadline for
follow-up.

The main clinicopathological characteristics of the pa-
tients are summarized in Table 1. Briefly, there were 102
males and 28 females in the patient cohort, with a median
age of 53.0 (range 19-89 years) at the time of surgery. There
were 106 patients with liver cirrhosis and 24 without liver
cirrhosis. Patients were classified according to the eighth
edition of the tumor-node-metastasis (TNM) staging sys-
tem and Barcelona clinic liver cancer (BCLC) staging system.
Of the 130 patients, 94 tumors were in TNM stages I and II;
36 were in stages III and IV; 84 tumors were in BCLC stages
0-A; and 46 were in stages B and C.

2.2. Cell Culture. A human nontransformed hepatic cell line
(L02) and seven human HCC cell lines (BEL-7402, SMCC-
7721, Huh7, PLC/PRF/5, HepG2, Hep3B, SK-Hep-1, and
HepG2) were used in this study. L02 and HepG2 were
purchased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in
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Dulbecco’s modified Eagle’s medium (Gibco, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (Gibco,
Grand Island, NY, USA) and 1% penicillin/streptomycin
(Corning, Lowell, MA, USA) at 37°C in a humidified in-
cubator with 5% CO,.

2.3. Immunohistochemistry. HCC tissue specimens were
paraffin-embedded and sectioned. Following dewaxing,
sections were rehydrated in a descending ethanol gradient.
Subsequently, antigen retrieval was performed by heating
the slides at 95°C in sodium citrate buffer (pH 6.0) for
30 min. After naturally cooling, the sections were blocked
with 3% H,O, in methanol for 20 min for inactivation of the
endogenous peroxidase. Then, the sections were blocked in
10% goat serum at room temperature for 1h to reduce
nonspecific reactions followed by incubation with anti-
NEIL3 antibody (1:50, Thermo Fisher, Waltham, MA, USA)
overnight at 4°C. Following incubation with anti-NEIL3
antibodies, the sections were incubated with secondary
antibodies. Finally, the sections were stained with dia-
minobenzidine, counterstained with hematoxylin, and
mounted with neutral resin [16, 17].

For the assessment of NEIL3, a semiquantitative his-
tochemistry score (H-score) system was adopted and based
on the percentage of positively staining cells (0, 0% positive
cells; 1, 1-25% positive cells; 2, 26-50% positive cells; 3,
51-75% positive cells; and 4, 76-100% positive cells) and the
staining intensity (0, negative; 1, weak; 2, intermediate; and
3, strong). The final expression score was generated by
multiplying the scores of the percentage of positive cells and
staining intensity, which ranged from 0 to 12. Scores >6 were
regarded as high NEIL3 expression, and scores <6 were
regarded as low expression [16-18]. The assessment of each
section was examined by two independent pathologists, who
were blinded to outcomes. If different scores occurred, the
slides were reviewed by the two pathologists at a multi-
headed microscope until consensus was achieved. Duplicate
spots for each tumor showed a good level of homogeneity for
the percentage of cells stained and intensity of staining. If
there were differences between duplicate tissue cores, the
higher score was taken as the final score.

2.4. Western Blotting. Total protein was obtained by lysing
cells with RIPA buffer. Then, protein samples were subjected
to SDS-PAGE and transferred onto PVDF membranes
(Millipore, Bedford, MA, USA). After blocking with 5%
nonfat milk for 1h, the membranes were incubated with
primary antibody (anti-GADPH, 1:1000, Cell Signaling
Technology, Danvers, MA, USA; anti-NEIL3, 1:500, Thermo
Fisher) overnight at 4°C. Subsequently, the membranes were
washed and incubated with secondary antibodies at room
temperature for 1h. After washing, the membranes were
detected with an ECL detection kit (Millipore) [3, 19].

2.5. RNA Isolation and Quantitative Real-Time Polymerase
Chain Reaction (qQRT-PCR). Total RNA was extracted from
tissues and cells with TRIzol reagent (Invitrogen, Carlsbad,
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TaBLE 1: Association of NEIL3 level with clinicopathological parameters of HCC patients.
Parameters All patients . NEIL3 expression Ie P value
(n=130) High (n=68) Low (n=62)

Gender 0.494 0.482
Male 102 55 47
Female 28 13 15

Age (years) 0.226 0.634
<55 79 40 39
>55 51 28 23

HBsAg 1.379 0.240
Negative 22 9 13
Positive 108 59 49

Cirrhosis 1.336 0.248
Negative 24 10 14
Positive 106 58 48

AFP (ng/mL) 1.706 0.192
<20 45 20 25
>20 85 48 37

Tumor size (cm) 2.473 0.116
<5 64 29 35
>5 66 39 27

Tumor number 0.001 0.991
Solitary 88 46 42
Multiple 42 22 20

Tumor differentiation 1.270 0.260
I-1I 73 35 38
II-1v 57 33 24

TNM stage 7.915 0.005
I-1I 94 42 52
II-1v 36 26 10

BCLC stage
0-A 84 36 48 8.499 0.004
B-C 46 32 14

NEIL3, Nei-like DNA glycosylase 3; HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; AFP, serum alpha-fetoprotein; TNM, tumor-nodes-
metastasis; BCLC, Barcelona Clinic Liver Cancer. Bold values represent P < 0.05, which is statistically significant.

CA, USA). Reverse transcription of mRNA was conducted
with the Reverse Transcription Kit (TaKaRa, Tokyo, Japan)
according to the manufacturer’s instructions. QRT-PCR was
performed using an SYBR Green master mix (Toyobo,
Osaka, Japan), using an ABI 7500 system (Applied Bio-
systems, Foster City, CA, USA) [20]. GAPDH was used as an
internal control. The primer sequences for PCR were as

follows: human NEIL3: forward, 5
TCTCCTGTTTTGGAAGTGCAG-3', and reverse, 5'-
CATTAGCACATCACCTAGCATCC-3/, and human

GADPH: forward, 5'-AACAGCCTCAAGATCATCAG-3/,
and reverse, 5'-AGTCCTTCCACGATACCAA-3'. Each
sample was analyzed in triplicate.

2.6. Statistical Analysis. We used SPSS 22 (IBM, Armonk,
NY, USA), GraphPad Prism 7.0 (GraphPad Software, Inc.,
San Diego, CA, USA), and R software (R 3.5.3) for statistical
analyses. The Chi-square test and Student’s ¢-test were used
for evaluating differences between the two categories. For
comparisons of survival times, the Kaplan-Meier method
was used. The Cox proportional hazard model was employed
to identify the prognostic varieties in predicting overall
survival (OS) and disease-free survival (DFS). Nomograms

models were established by R software (rms package) [17].
Calibration curves were applied to evaluating the perfor-
mance features of the predictive nomogram. The concor-
dance index (C-index) was applied to assess the forecast
precision of the constructed nomogram [17]. P <0.05 was
considered statistically significant.

3. Results

3.1. NEIL3 Expression Is Upregulated in HCC. By analyzing
the expression of NEIL3 in our microarray data sets
(GSE101728), we found NEIL3 overexpression in HCC
tissues (fold change =23.81; P <0.001; Figure 1(a)). Subse-
quently, we examined mRNA levels in 12 pairs of HCC
samples. The mRNA expression of NEIL3 was significantly
higher in tumor tissues than that in the corresponding
adjacent tissues (Figure 1(b); fold change =9.73; P=0.002).
Then we expanded the sample size and detected NEIL3
protein levels in 130 pairs of specimens by IHC (Figure 1(c));
the 130 patients consisted of 102 men (78.5%) and 28 women
(21.5%) with a median age of 53.0 (range 19-89 years). The
histopathological scores revealed that NEIL3 protein ex-
pression was remarkably upregulated in tumor tissues
compared with nontumor tissues (Figure 1(d); P <0.001).
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FIGURE 1: Overexpression of NEIL3 in HCC tissues. (a) A heatmap showed differential expression of genes in seven pair of HCC by mRNA
microarray detection. (b) qRT-PCR revealed that the expression of NEIL3 was significantly higher in tumor tissues than that in corre-
sponding adjacent tissues (n=12). (c) NEIL3 protein level was detected in 130 pairs of specimens by immunohistochemistry. (d) His-
topathological score of immunohistochemistry showed that NEIL3 protein levels were remarkably upregulated in tumor tissues compared
with nontumor tissues. (¢) Data from the Cancer Genome Atlas database revealed that the mRNA expression level of NEIL3 was sig-
nificantly upregulated in HCC compared with that in normal tissues (adapted from UALCAN (http://ualcan.path.uab.edu/index.html)).
(f) qRT-PCR revealed that NEIL3 mRNA expression was significantly upregulated in seven HCC cell lines compared with the normal
hepatic cell line L02. (g) Western blotting revealed that the NEIL3 protein level was significantly upregulated in seven HCC cell lines
compared with the normal hepatic cell line L02. NEIL3, Nei-like DNA glycosylase 3; HCC, hepatocellular carcinoma; qRT-PCR, quantitative
real-time polymerase chain reaction. **P <0.01 and ***P <0.001.
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We also determined NEIL3 expression in the Cancer Ge-
nome Atlas (TCGA) database. The results showed that the
mRNA expression level of NEIL3 was significantly upre-
gulated in HCC tissues compared with that of normal tissues
(Figure 1(e); P <0.001).

Finally, we performed qRT-PCR and western blotting to
detect NEIL3 mRNA and protein expression in cell lines,
respectively. The results showed that NEIL3 mRNA ex-
pression was significantly upregulated in seven HCC cell
lines compared with the normal hepatic cell line L02
(Figure 1(f)). Consistent with the PCR results, NEIL3
protein was overexpressed in HCC cell lines (Figure 1(g)).

3.2. Association between NEIL3 Expression and Clinicopath-
ological Features. To investigate correlations between NEIL3
expression and clinicopathological features in patients with
HCC, we divided the patients into high and low NEIL3
expression groups based on the histopathological score. A
chi-square test revealed that high NEIL3 expression was
significantly correlated with BCLC stage (P = 0.004) and
TNM stage (P = 0.005; Table 1). However, no significant
statistical associations were observed between NEIL3 ex-
pression and clinicopathological parameters, such as gender,
age, hepatitis B surface antigen (HBsAg) positivity, cirrhosis,
preoperative serum a-fetoprotein (AFP), tumor size, tumor
number, or tumor differentiation, in either cohort (Table 1).

3.3. Association between NEIL3 Expression and Survival Time.
In general, the range of follow-up of the 130 HCC patients
was 1.4-72.0 months; 1-, 3-, and 5-year OS rates were 78.5%,
59.2%, and 36.9%, respectively, while 1-, 3-, and 5-year DFS
rates were 65.4%, 46.2%, and 27.7%, respectively. To de-
termine the association between NEIL3 expression and
prognosis, Kaplan-Meier survival curves and log-rank test
were applied to analyze OS and DEFS in the high and low
NEIL3 expression groups. As shown in Figures 2(a) and
2(b), OS and DFS rates in the high NEIL3 expression group
were significantly poorer than those in the low NEIL3 ex-
pression group (Figure 2(a), P =0.007; Figure 2(b),
P =0.004). Specifically, 1-, 3- and 5-year OS rates in the high
NEIL3 expression group were 67.6%, 45.6%, and 26.5%,
respectively. In the low NEIL3 expression group, 1-, 3-, and
5-year OS rates were 90.3%, 74.2%, and 48.4%, respectively.
In the high NEIL3 expression group, 1-, 3-, and 5-year DFS
rates were 52.9%, 35.3%, and 14.7%, respectively, while in
the low NEIL3 expression group, 1-, 3-, and 5-year DFS rates
were 79.0%, 58.1%, and 41.9%, respectively. These results
were further confirmed by the TCGA database, which in-
dicated that HCC patients with higher mRNA expression of
NEIL3 had worse OS and DES (Figure 2(c), P <0.0001;
Figure 2(d), P <0.001).

3.4. Correlation of NEIL3 Expression with Prognosis in
Subgroups. As some clinical features are known to be
prognostic factors for HCC, we divided our HCC cohort into
several subgroups to analyze the prognostic role of NEIL3.
We found that for patients with high TNM stage, high

NEIL3 expression indicated worse OS (P =0.019;
Figure 3(a)) and DFS (P = 0.01; Figure 3(b)) compared with
high TNM stage patients with low NEIL3 expression.
However, there was no remarkable difference between low
TNM stage patients with high and low NEIL3 expression in
OS (P =0.101; Figure 3(a)) and DFS (P =0.114;
Figure 3(b)). Similarly, for patients with poor tumor dif-
ferentiation, high NEIL3 expression indicated worse OS
(P = 0.003; Figure 3(c)) and DFS (P <0.001; Figure 3(d))
compared with the patients with low NEIL3 expression.
However, there was no remarkable difference between well
tumor differentiation patients with high and low NEIL3
expression in OS (P =0.168; Figure 3(c)) and DEFS
(P = 0.044; Figure 3(c)). Moreover, we found that HBsAg
positive patients with high NEIL3 expression had worse OS
(P =0.002; Figure 3(e)) compared with HBsAg positive
patients with low NEIL3 expression, and cirrhosis patients
with high NEIL3 expression had worse DFS (P = 0.004;
Figure 3(f)) compared with cirrhosis patients with low
NEIL3 expression. These results indicated that for HCC
patients with advanced TNM stage, poorly differentiated
tumor, HBsAg positive, or cirrhosis, NEIL3 expression
might serve as a prognostic factor.

3.5. Univariate and Multivariate Analyses of Predictive Factors
Associated with OS and DFS in HCC Patients. The rela-
tionship between all clinicopathological parameters and
prognosis was further analyzed by univariate and multi-
variate analyses. For OS, the univariate analysis indicated
that the significant factors that influenced OS rate were
NEIL3 expression (hazard ratio (HR) 2.368; 95% confidence
interval (CI) 1.414-3.968; P = 0.001), TNM stage (HR 3.257;
95% CI 1.982-5.352; P<0.001), AFP (HR 2.550; 95% CI
1.410-4.614; P =0.002), tumor size (HR 2.571; 95% CI
1.531-4.312; P<0.001), tumor differentiation (HR 2.710;
95% CI 1.649-4.451; P <0.001), and BCLC stage (HR 2.012;
95% CI 1.231-3.286; P = 0.005). Multivariate analysis using
the five mentioned factors revealed that NEIL3 expression
(HR 1.980; 95% CI 1.159-3.380; P = 0.012), TNM stage (HR
10.529; 95% CI 1.399-79.261; P = 0.022), AFP (HR 1.967;
95% CI 1.073-3.605; P = 0.029), tumor size (HR 2.171; 95%
CI 1.242-3.796; P = 0.007), and tumor differentiation (HR
2.032; 95% CI 1.223-3.376; P = 0.006) serve as independent
prognostic factors for OS (Table 2). For DFS, univariate
analysis showed that NEIL3 expression (HR 2.172; 95% CI
1.392-2.390; P=0.001), TNM stage (HR 2.873; 95% CI
1.826-4.520; P <0.001), tumor differentiation (HR 1.970;
95% CI 1.284-3.022; P = 0.002), tumor size (HR 1.745; 95%
CI 1.135-2.683; P =0.011), AFP (HR 1.864; 95% CI
1.160-2.995; P = 0.010), and BCLC stage (HR 1.948; 95% CI
1.263-3.004; P = 0.003) were significant variables. These
factors were then selected for DFS multivariate analysis,
which revealed that NEIL3 expression (HR 1.947; 95% CI
1.233-3.074; P =0.004), TNM stage (HR 3.131; 95% CI
1.165-8.416; P =0.024), and tumor differentiation (HR
1.691; 95% CI 1.089-2.625; P =0.019) were significant
factors of DFS (Table 3). In summary, the multivariate Cox
proportional hazards model indicated that NEIL3
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FiGgure 2: Kaplan-Meier survival curves according to NEIL3 expression in HCC patients. (a, ¢) Data from our hospital cohort and the
Cancer Genome Atlas database revealed that overexpression of NEIL3 was significantly correlated with poor OS. (b, d) Data from our
hospital cohort and the Cancer Genome Atlas database revealed that overexpression of NEIL3 was significantly correlated with poor DFS.
Figures (¢) and (d) were adapted from GEPIA (http://gepia.cancer-pku.cn/). NEIL3, Nei-like DNA glycosylase; HCC, hepatocellular

carcinoma; OS, overall survival; DFS, disease-free survival.

expression in HCC serves as an independent prognostic
factor for OS and DFS.

3.6. Validation of the Prognostic Value of NEIL3 in HCC Based
on Nomograms. We further established two nomograms for
OS and DFS, respectively, based on tumor NEIL3 level and
other independent prognostic factors, which were identified
via multivariate analyses (Figures 4(a) and 4(b)). To validate
the accuracy of the two prognostic nomograms, the cali-
bration curves were conducted. As shown in calibration
curves (Figures 4(c)-4(f)), there were excellent agreements
between the prediction by nomogram and the actual ob-
served outcome (3- and 5-year OS and DFS) after surgery.
The C-index (Harrell’s concordance index) of NEIL3-based
nomogram was 0.749 (95% CI 0.697-0.801) for the forecast
of OS, which was superior to that of the TNM staging system
alone (C-index: 0.633 (95% CI 0.577-0.689)). Likewise, the
C-index for DFS was 0.678 (95% CI 0.624-0.732), which was
also superior to that of the TNM staging system (C-index:
0.619 (95% CI 0.571-0.667)). These findings showed that the
NEIL3-based nomogram is a promising prognostic model
for HCC patients after curative hepatectomy.

4. Discussion

Over the past decades, accumulating evidence has suggested
that NEIL3 expression is associated with human tumors
[13, 21-23]. However, few studies have investigated the role
of NEIL3 in HCC. In the present study, we revealed that
NEIL3 expression is significantly upregulated in tumor
tissues and HCC cell lines. Kaplan-Meier survival curves
revealed that NEIL3 overexpression is significantly associ-
ated with worse OS and DEFS rates. Moreover, univariate and
multivariate analyses demonstrated that tumor NEIL3 serves
as an independent prognostic factor for OS and DFS, and the
nomogram further validated the prognostic value.

As for the potential mechanism of NEIL3 in the onset
and progression of the tumor, previous studies have indi-
cated that it may be associated with the dysfunction of
telomere [7, 24]. Telomeres are located in the ends of
mammalian chromosomes, which are susceptible to reactive
oxygen and then result in telomere erosion, DNA bridging,
and chromosomal instability [25, 26]. At present, the dys-
function has also been shown to result in the initiation and
progression of tumor in the colon, prostate, and breast


http://gepia.cancer-pku.cn/

Journal of Oncology

~ 100 -
X
=
2 ]
2 n.s
2 50
= *
b5}
>
o
0 T T T 1
0 20 40 60 80

Months

—— TNM (I-1I)/High NEIL3

—— TNM (I-II)/Low NEIL3

—— TNM (III-1V)/High NEIL3
TNM (III-1V)/Low NEIL3

(a)
g
=
2
Z
2
=
o
>
]
0 T T T |
0 20 40 60 80
Months
—— Tumor differentiation ( I-1T)/
High NEIL3
— Tumor differentiation ( I-1I)/
Low NEIL3
—— Tumor differentiation (II1-1V)/
High NEIL3
Tumor differentiation (III-1V)/
Low NEIL3
O
~ 100
e L
E —\_LL_L._"
2
2 ]~ s
5 50 n.s
=
g
o
0+ : T T .
0 20 40 60 80
Months

—— HBsAg (-)/high NEIL3

—— HBsAg (-)/low NEIL3

—— HBsAg (+)/high NEIL3
HBsAg (+)/low NEIL3

(e)

Disease-free survival (%)

Months

—— TNM (I-II)/High NEIL3

—. TNM (I-II)/Low NEIL3

—— TNM (ITI-1V)/High NEIL3
TNM (III-1V)/Low NEIL3

(b)

100

50

Disease-free survival (%)

0 T T T "
0 20 40 60 80
Months

—— Tumor differentiation ( I-II)/
High NEIL3

—+ Tumor differentiation ( I-1I)/
Low NEIL3

— Tumor differentiation (III-1V)/
High NEIL3
Tumor differentiation (III-1V)/
Low NEIL3

(d)

Disease-free survival (%)

0 20 40 60 80
Months

non-cirrhosis/high NEIL3
—— non-cirrhosis/low NEIL3
cirrhosis/high NEIL3
cirrhosis/low NEIL3

®

F1GURE 3: Kaplan-Meier survival curves according to NEIL3 expression in HCC patients stratified by TNM stage, tumor differentiation,
HBsAg expression, or cirrhosis. (a, b) Advanced TNM stage patients with high NEIL3 expression had a worse OS (P = 0.019) and DFS
(P =0.01) compared with advanced TNM stage patients with low NEIL3 expression. (c, d) Poor tumor differentiation patients with high
NEIL3 expression had a worse OS (P = 0.003) and DFS (P <0.001) compared with the poor tumor differentiation patients with low NEIL3
expression. (e) HBsAg positive patients with high NEIL3 expression had a worse OS (P = 0.002) compared with HBsAg positive patients
with low NEIL3 expression. (f) cirrhosis patients with high NEIL3 expression had a worse DFS (P = 0.004) compared with cirrhosis positive
patients with low NEIL3 expression. NEIL3, Nei-like DNA glycosylase; HCC, hepatocellular carcinoma; OS, overall survival; DFS, disease-

free survival.
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TABLE 2: Univariate and multivariate analyses of prognostic factors of OS.

Factors

Univariate analysis

HR (95% CI)

Multivariate analysis

NEIL3 (high vs. low)

TNM (II-1V vs. I-II)

AFP (ng/mL) (>20 vs. <20)

Tumor size (cm) (>5 vs. <5)

Tumor differentiation (III-IV vs. I-1II)
BCLC (0-A vs. B-C)

Tumor number (multiple vs. solitary)
Gender (male vs. female)

Age, years (255 vs. <55)

HBsAg (positive vs. negative)
Cirrhosis (positive vs. negative)

2.368 (1.414-3.968)
3.257 (1.982-5.352)
2.550(1.410-4.614)
2.571 (1.531-4.312)
2.710 (1.649-4.451)
2.012 (1.231-3.286)
1.032 (0.614-1.736)
0.890 (0.500-1.584)
0.803 (0.474-1.360)
1.115 (0.583-2.133)
0.897 (0.479-1.679)

P value HR (95% CI) P value
0.001 1.980 (1.159-3.380) 0.012
<0.001 10.529 (1.399-79.261) 0.022
0.002 1.967 (1.073-3.605) 0.029
<0.001 2.171 (1.242-3.796) 0.007
<0.001 2.032 (1.223-3.376) 0.006
0.005 0.164 (0.022-1.233) 0.079
0.905 — n.a.
0.691 — n.a.
0.415 — n.a.
0.742 — n.a.
0.734 — n.a.

NEIL3, Nei-like DNA glycosylase 3; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; TNM, tumor-nodes-metastasis; ; BCLC,
Barcelona Clinic Liver Cancer; AFP, serum alpha-fetoprotein; HBsAg, hepatitis B surface antigen; n.a., not applicable. Bold values represent P < 0.05, which is

statistically significant.

TaBLE 3: Univariate and multivariate analyses of prognostic factors of DFS.

Factors

Univariate analysis

HR (95% CI)

Multivariate analysis

NEIL3 (high vs. low)

TNM (III-1V vs. I-II)

Tumor differentiation (III-IV vs. I-1II)
Tumor size, cm (>5 vs. <5)

AFP, ng/mL (>20 vs. <20)

BCLC (0-A vs. B-C)

Tumor number (multiple vs. solitary)
Gender (male vs. female)

Age, years (=55 vs. <55)

HBsAg (positive vs. negative)
Cirrhosis (positive vs. negative)

2.172 (1.392-2.390)
2.873 (1.826-4.520)
1.970 (1.284-3.022)
1.745 (1.135-2.683)
1.864 (1.160-2.995)
1.948 (1.263-3.004)
1.131 (0.719-1.779)
1.043 (0.620-1.756)
0.888 (0.564-1.396)
1.044 (0.597-1.823)
1.045 (0.589-1.854)

P value HR (95% CI) P value
0.001 1.947 (1.233-3.074) 0.004
<0.001 3.131 (1.165-8.416) 0.024
0.002 1.691 (1.089-2.625) 0.019
0.011 1.403 (0.866-2.273) 0.169
0.010 1.443 (0.887-2.349) 0.140
0.003 0.628 (0.236-1.669) 0.350
0.596 — n.a.
0.874 — n.a.
0.606 — n.a.
0.881 — n.a.
0.881 — n.a.

NEIL3, Nei-like DNA glycosylase 3; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; TNM, tumor-nodes-metastasis; BCLC,
Barcelona Clinic Liver Cancer; AFP, serum alpha-fetoprotein; HBsAg, hepatitis B surface antigen; n.a., not applicable.

[27-29]. A previous study revealed that most oxidative le-
sions are restored by the base excision repair pathway [30],
which is initiated by a DNA glycosylase. NEIL3 is a member
of the Nei-like DNA glycosylase family and preferentially
removes oxidative lesions from telomere DNA [7]. However,
in pathological conditions, the abnormally expressed NEIL3
overprotects the integrity of telomeric sequences, which
allows cells to proliferate unrestrictedly, leading to the onset
of tumors. These findings may partially explain why high
tumor NEIL3 expression is correlated with poor outcome in
patients with HCC, but its exact mechanism needs to be
further explored.

At present, hepatectomy and liver transplantation are
major radical treatments for HCC [31]. However, most
patients are diagnosed at advanced stages due to atypical
symptoms and a lack of early diagnosis indexes, which
results in less effective surgery [2, 31, 32]. Promising
prognostic indicators will be significant for the timely ad-
justment of postoperative treatment regimens. In the present

study, Kaplan—Meier analyses revealed that elevated NEIL3
level is correlated with poor OS and DFS. In the subgroup
analysis, we found that for HCC patients with advanced
TNM stage, poorly differentiated tumor, HBsAg positive or
cirrhosis, and NEIL3 expression could serve as a prognostic
factor. The results revealed the prognostic value of NEIL3.
However, the mechanism behind this phenomenon still
needs to be further investigated. Nomograms are widely
used as prognostic models in medicine, which have been
shown to be with higher prognostic accuracy than the TNM
staging system for the majority of cancer types [17, 33]. In
the present study, we established NEIL3-based nomograms
to more accurately predict the long-term outcomes of
postoperative patients by integrating diverse prognostic
variables based on multivariate analyses. It demonstrated
that NEIL3-based nomograms could be a more precise
predictive model for HCC patients. The above results sug-
gested that NEIL3 could serve as a promising prognostic
biomarker for HCC patients.
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FIGURE 4: Prognostic nomogram generation for predicting OS and DFS in patients with HCC. Nomogram-predicted OS (a) and DES (b) for
HCC patients. Calibration curves for predicting OS at 3 years (c) and 5 years (d). Calibration curves for predicting DFS at 3 years (e) and 5
years (f). Actual OS or DFS are plotted on the y-axis; nomogram-predicted probabilities of OS or DFS are plotted on the x-axis. HCC,
hepatocellular carcinoma; OS, overall survival; DFS, disease-free survival.

Additionally, it has been reported that DNA damage
repair determines the response to chemotherapeutics (such
as 5-fluorouracil, capecitabine, and so on) in some tumors
including HCC [34, 35]. A recent study demonstrated that
deficiency of NEIL3 contributes to chemoresistance through
modulating DNA damage repair in prostate cancer [36],
suggesting the potential clinical and therapeutic application
of NEIL3. Our study found that NEIL3 was upregulated in
HCC and associated with poor prognosis of patients. Further
study is needed to evaluate whether NEIL3 expression can be
a prognostic marker for systemic chemotherapy.

5. Conclusions

The present study indicated that NEIL3 expression is sig-
nificantly upregulated in HCC. The tumor NEIL3 level could
serve as a promising prognostic indicator for OS and DES
rates in HCC patients after curative hepatectomy. In the
future, further investigation will be performed to delineate
the mechanism of how NEIL3 contributes to the patho-
physiology of HCC.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

The study was approved by the Ethical Committee of Hainan
General Hospital (Hainan Affiliated Hospital of Hainan
Medical University), and written informed consent was
obtained from individual participants.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this study.

Authors’ Contributions

Dongyu Wu and Guangcong Zhang contributed equally to
this work.



10

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (nos. 81760497 and 81960446) and the
Shanghai Sailing Program (no. 21YF1407200).

References

(1]

(2]

[6

(10]

(11]

(12]

H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: A Cancer
Journal for Clinicians, vol. 71, no. 3, pp. 209-249, 2021.
X.-N. Yu, H. Chen, T.-T. Liu, J. Wu, J.-M. Zhu, and
X.-Z. Shen, “Targeting the mTOR regulatory network in
hepatocellular carcinoma: are we making headway?,” Bio-
chimica et Biophysica Acta (BBA)—Reviews on Cancer,
vol. 1871, no. 2, pp. 379-391, 2019.

X.-N. Yu, Y. Deng, G.-C. Zhang et al., “Sorafenib-conjugated
zinc phthalocyanine based nanocapsule for trimodal therapy
in an orthotopic hepatocellular carcinoma xenograft mouse
model,” ACS Applied Materials and Interfaces, vol. 12, no. 15,
pp- 17193-17206, 2020.

C. Zhou, C. Liu, W. Liu et al., “SLFN11 inhibits hepatocellular
carcinoma tumorigenesis and metastasis by targeting RPS4X
via mTOR pathway,” Theranostics, vol. 10, no. 10,
pp. 4627-4643, 2020.

X. Shi, T.-T. Liu, X.-N. Yu et al., “microRNA-93-5p promotes
hepatocellular carcinoma progression via a microRNA-93-5p/
MAP3K2/c-Jun positive feedback circuit,” Oncogene, vol. 39,
no. 35, pp. 5768-5781, 2020.

I. Morland, V. Rolseth, L. Luna, T. Rognes, M. Bjorés, and
E. Seeberg, “Human DNA glycosylases of the bacterial Fpg/
MutM superfamily: an alternative pathway for the repair of
8-oxoguanine and other oxidation products in DNA,”
Nucleic Acids Research, vol. 30, no. 22, pp. 4926-4936,
2002.

J. Zhou, M. Liu, A. M. Fleming, C. ]. Burrows, and
S. S. Wallace, “Neil3 and NEIL1 DNA glycosylases remove
oxidative damages from quadruplex DNA and exhibit pref-
erences for lesions in the telomeric sequence context,” Journal
of Biological Chemistry, vol. 288, no. 38, pp. 27263-27272,
2013.

A. Reis and O. Hermanson, “The DNA glycosylases OGG1
and NEIL3 influence differentiation potential, proliferation,
and senescence-associated signs in neural stem cells,” Bio-
chemical and Biophysical Research Communications, vol. 423,
no. 4, pp. 621-626, 2012.

K. Torisu, D. Tsuchimoto, Y. Ohnishi, and Y. Nakabeppu,
“Hematopoietic tissue-specific expression of mouse Neil3 for
endonuclease VIII-like protein,” Journal of Biochemistry,
vol. 138, no. 6, pp. 763-772, 2005.

V. Rolseth, E. Rundén-Pran, L. Luna, C. McMurray,
M. Bjoras, and O. P. Ottersen, “Widespread distribution of
DNA glycosylases removing oxidative DNA lesions in human
and rodent brains,” DNA Repair, vol. 7, no. 9, pp. 1578-1588,
2008.

G. A. Hildrestrand, C. G. Neurauter, D. B. Diep et al., “Ex-
pression patterns of Neil3 during embryonic brain develop-
ment and neoplasia,” BMC Neuroscience, vol. 10, no. 1, p. 45,
2009.

M. Takao, Y. Oohata, K. Kitadokoro et al., “Human Nei-like
protein NEIL3 has AP lyase activity specific for single-
stranded DNA and confers oxidative stress resistance in

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

Journal of Oncology

Escherichia coli mutant,” Genes to Cells, vol. 14, no. 2,
pp. 261-270, 2009.

J. F. de Sousa, R. Torrieri, R. B. Serafim et al., “Expression
signatures of DNA repair genes correlate with survival
prognosis of astrocytoma patients,” Tumour biology, vol. 39,
no. 4, Article ID 1010428317694552, 2017.

A. Kauffmann, F. Rosselli, V. Lazar et al., “High expression of
DNA repair pathways is associated with metastasis in mel-
anoma patients,” Oncogene, vol. 27, no. 5, pp. 565-573, 2008.
H. Zhang, H. Ma, Q. Wang et al., “Analysis of loss of het-
erozygosity on chromosome 4q in hepatocellular carcinoma
using high-throughput SNP array,” Oncology Reports, vol. 23,
no. 2, pp. 445-455, 2010.

X.-M. Jiang, X.-N. Yu, R.-Z. Huang et al., “Prognostic sig-
nificance of eukaryotic initiation factor 4E in hepatocellular
carcinoma,” Journal of Cancer Research and Clinical Oncology,
vol. 142, no. 11, pp. 2309-2317, 2016.

X.-N. Yu, G.-C. Zhang, J.-L. Sun et al., “Enhanced mLST8
expression correlates with tumor progression in hepatocel-
lular carcinoma,” Annals of Surgical Oncology, vol. 27, no. 5,
pp. 1546-1557, 2020.

G.-C. Zhang, X.-N. Yu, J.-L. Sun et al., “UBE2M promotes cell
proliferation via the f-catenin/cyclin D1 signaling in hepa-
tocellular carcinoma,” Aging, vol. 12, no. 3, pp. 2373-2392,
2020.

X. N. Yu, H. Y. Guo, T. T. Liu et al., “Upregulated calcium-
binding tyrosine phosphorylation-regulated protein-a/b
regulates cell proliferation and apoptosis and predicts poor
prognosis in hepatocellular carcinoma,” Journal of Cellular
Biochemistry, vol. 121, no. 4, pp. 2938-2949, 2020.

X.-M. Jiang, X.-N. Yu, T.-T. Liu et al., “microRNA-19a-3p
promotes tumor metastasis and chemoresistance through the
PTEN/Akt pathway in hepatocellular carcinoma,” Biomedi-
cine & Pharmacotherapy, vol. 105, pp. 1147-1154, 2018.

Y. S.Kim, Y. Kim, J. W. Choi, H. E. Oh, and J. H. Lee, “Genetic
variants and risk of prostate cancer using pathway analysis of
a genome-wide association study,” Neoplasma, vol. 63, no. 4,
pp. 629-634, 2016.

J. Matta, L. Morales, J. Dutil, M. Bayona, C. Alvarez, and
E. Suarez, “Differential expression of DNA repair genes in
Hispanic women with breast cancer,” Molecular cancer bi-
ology, vol. 1, no. 1, p. 54, 2013.

N. G. Nwani, S. Condello, Y. Wang et al., “A novel ALDH1A1
inhibitor targets cells with stem cell characteristics in ovarian
cancer,” Cancers, vol. 11, no. 4, 2019.

J. Zhou, J. Chan, M. Lambelé et al., “NEIL3 repairs telo-
mere damage during S phase to secure chromosome
segregation at mitosis,” Cell Reports, vol. 20, no. 9,
pp. 2044-2056, 2017.

L. Liu, J. R. Trimarchi, P. J. S. Smith, and D. L. Keefe, “Mi-
tochondrial dysfunction leads to telomere attrition and ge-
nomic instability,” Aging Cell, vol. 1, no. 1, pp. 40-46, 2002.
G. Hewitt, D. Jurk, F. D. M. Marques et al., “Telomeres are
favoured targets of a persistent DNA damage response in
ageing and stress-induced senescence,” Nature Communica-
tions, vol. 3, no. 1, p. 708, 2012.

K. Chin, C. O. de Solorzano, D. Knowles et al., “In situ an-
alyses of genome instability in breast cancer,” Nature Genetics,
vol. 36, no. 9, pp. 984-988, 2004.

A. K. Meeker, J. L. Hicks, E. A. Platz et al., “Telomere
shortening is an early somatic DNA alteration in human
prostate tumorigenesis,” Cancer Research, vol. 62, no. 22,
pp. 6405-6409, 2002.



Journal of Oncology

(29]

(30]

[31

(32

(33]

(34]

(35]

(36]

P. Rudolph, P. Alm, H. Olsson et al., “Concurrent over-
expression of p53 and c-erbB-2 correlates with accelerated
cycling and concomitant poor prognosis in node-negative
breast cancer,” Human Pathology, vol. 32, no. 3, pp. 311-319,
2001.

G. Dianov and T. Lindahl, “Reconstitution of the DNA base
excision-repair pathway,” Current Biology, vol. 4, no. 12,
pp. 1069-1076, 1994.

A. Forner, M. Reig, and J. Bruix, “Hepatocellular carcinoma,”
The Lancet, vol. 391, no. 10127, pp. 1301-1314, 2018.

W. Chen, C. Zhou, W. Zhang et al., “Association of WWOX
1r$9926344 polymorphism with poor prognosis of hepato-
cellular carcinoma,” Journal of Cancer, vol. 9, no. 7,
pp. 1239-1247, 2018.

A. Pinero, M. Canteras, M. Canteras et al., “Multicenter
validation of two nomograms to predict non-sentinel node
involvement in breast cancer,” Clinical and Translational
Oncology, vol. 15, no. 2, pp. 117-123, 2013.

A. Granito, S. Marinelli, E. Terzi et al., “Metronomic cape-
citabine as second-line treatment in hepatocellular carcinoma
after sorafenib failure,” Digestive and Liver Disease, vol. 47,
no. 6, pp. 518-522, 2015.

S. Marinelli, A. Granito, F. Piscaglia, M Renzulli, A Stagni, and
L Bolondi, “Metronomic capecitabine in patients with he-
patocellular carcinoma unresponsive to or ineligible for
sorafenib treatment: report of two cases,” Hepatitis Monthly,
vol. 13, no. 9, Article ID e11721, 2013.

Y. Wang, L. Xu, S. Shi et al., “Deficiency of NEIL3 enhances
the chemotherapy resistance of prostate cancer,” International
Journal of Molecular Sciences, vol. 22, no. 8, 2021.

11



