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Abstract : Lung cancer is one of the most common malignancies worldwide and remains the leading cause of cancer-

related deaths. Exonuclease 1 (EXOL1) is involved in several critical biological processes, including mismatch repair,

double-strand break repair, and nucleotide excision repair. However, its precise role and association with lung cancer

(LC) have not been fully elucidated. In this study, we investigated the clinicopathological and prognostic significance

of EXO1 mRNA expression in 102 patients with LC. No statistically significant associations were observed between

EXO1 expression and clinicopathological variables. However, survival analysis revealed that low EXO1 expression

was significantly associated with poorer overall survival. Notably, among patients with squamous cell carcinoma (SCC),

those with low EXO1 expression had significantly shorter overall survival compared to those with high expression

levels. Our findings suggest that EXO1 may serve as a potential prognostic biomarker, particularly in SCC.
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BACKGROUND

Lung cancer is one of the most common diseases world-
wide and the leading cause of cancer-related deaths. Accord-
ing to Global Cancer Statistics 2022, lung cancer was esti-
mated to account for approximately 2.5 million new cases
and over 1.8 million deaths worldwide, representing near-
ly one in eight (12.4%) cancer diagnoses and one in five
(18.7%) cancer-related deaths globally. In terms of both in-
cidence and mortality, the disease ranks first in men and sec-
ond in women. The five-year survival rate for lung cancer
is typically below 20% in most countries, primarily attribu-
ted to factors such as late diagnosis, frequent recurrence,
and metastasis [1]. Several risk factors for lung cancer have
been identified, including smoking, occupational exposures,
genetic component, radiation, and environmental pollut-
ants. Among these factors, smoking history is the pre-

dominant risk factor for lung cancer development [2]. In
recent years, a diversity of innovative treatment methods,
including surgery, chemotherapy, radiation therapy, targeted
therapy, and immunotherapy, have been progressively util-
ized in clinics [3-5]. However, despite these advances, lung
cancer continues to be the leading cause of cancer-related
mortality and has one of the lowest five-year survival rates
across all cancer types. This underscores the urgent need for
reliable prognostic biomarkers to facilitate early diagnosis
and guide more effective treatment strategies.

Exonuclease 1 (EXO1), located on chromosome 1q42-43,
comprises a non-coding exon and 13 coding exons that en-
code a protein of 846 amino acids [6,7]. EXO1 is a member
of the Rad2/XPG family of exonucleases and includes an
N-terminal nuclease domain and an interaction domain [8,9].
The nuclease region is composed of two subdomains: the
N-terminal (‘N”) domain, which mediates DNA binding,
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and the internal (‘I”) domain, which contains multiple cys-
teine and glutamate residues essential for Mg2+ binding [10].
The EXO1 gene product exhibits 5’ — 3’ exonuclease acti-
vity, 5’-endonuclease activity and RNase H activity. It also
interacts directly with key mismatch repair proteins, includ-
ing MLH1 and MSH2, forming ternary complexes such as
EXO1-MLHI1-PMS2 and EXO1-MSH2-MSH6 [11-16].
Functionally, EXO1 plays critical roles in multiple biolog-
ical processes, including DNA mismatch repair (MMR),
double-strand break repair (DSBR), nucleotide excision
repair (NER), immunoglobulin maturation, and telomere
maintenance [17-22]. Additionally, EXO1 has been impli-
cated in the regulation of telomerase activity and cell survi-
val. Knockdown of EXO1 has been shown to reduce telo-
merase activity and cell viability, suggesting its significant
involvement in cancer cell growth and survival [23]. Dele-
tion of the EXO1 gene leads to genomic instability, impaired
DNA damage repair, and meiotic defects [24-27].

Numerous studies have demonstrated that aberrantly high
expression of EXOL1 is closely associated with the develop-
ment, progression, metastasis, and prognosis of various ma-
lignancies. For instance, in hepatocellular carcinoma, high
EXO1 expression correlates with several clinical parameters
and contributes to poor prognosis [28]. Bioinformatics anal-
yses have also revealed a positive correlation between EXO1
and FOXP3 expression, supporting its role in tumor pro-
gression [29]. Similarly, elevated EXO1 levels are linked
to reduced overall survival in breast cancer [30] and are
associated with various clinicopathological features, further
validating its potential as a biomarker for disease progres-
sion [31]. High EXO1 expression has also been associa-
ted with poor prognosis in prostate cancer [32] and astrocy-
toma [33].

In this study, we investigated the clinical and prognostic
significance of EXO1 mRNA expression in lung cancer tis-
sues. Our findings provide important insights into the role of
EXO1 in lung cancer pathogenesis and may contribute to the
development of novel prognostic and therapeutic strategies.

METHODS

1. Patients and samples

A total of 102 patients diagnosed with lung cancer were
included in this study. Samples were obtained from the
Keimyung Human Bioresource Bank, Korea. Data were ob-

tained from patients who underwent surgery at the Dongsan
Medical Center (Daegu, Korea) between April 2010 and
January 2016. Our study complied with the Declaration of
Helsinki. All patients were informed of the study purpose
and informed consent was obtained from each participant
before the research was conducted. Clinicopathological data
of each patient were re-evaluated during a review of their
medical records. TNM staging of lung cancer was used
according to the 8th AJCC staging system. This study was
approved by the Institutional Review Board of Keimyung
University Dongsan Medical Center (No. 2020-07-027).

2. RNA isolation and mRNA expression analysis

RNA was extracted from samples using TRIzol reagent
(Molecular Research Center Inc., Cincinnati, OH, USA) ac-
cording to the manufacturer’s protocol. RNA quantity and
quality were measured using a NanoDrop 1000 spectropho-
tometer (Thermo Scientific, Wilmington, Denmark). The
expression levels of EXO1 were measured using RT-qPCR
(Bio-Rad, Hercules, CA, USA). Each experiment was per-
formed in duplicate. The PCR amplification cycles were as
follows: 95°C for 10 min, 134 followed by 40 cycles of
95°C for 60 s and 72°C for 30 s. The sequences of the
EXO1 primers were forward, 5'-TCGGATCTCCTAGC
TTTTGGCTG-3' and reverse, 5'-AGCTGTCTGCACATTC
CTAGCC-3'.

3. Statistical analysis

All statistical analyses were performed using The Statisti-
cal Package for the Social Sciences (SPSS), version 24.0, for
Windows (IBM, Armonk, NY, USA). Chi-square was used
to analyze the relationships between variables. The mean
gene expression level was used as a cutoff to stratify patients
into high- and low-expression groups for survival analysis.
The Kaplan-Meier method was used for survival analysis,
and the log rank test was performed to evaluate statistically
significant differences between the two groups. Statistical
significance was defined as a two-tailed P value <0.05.

RESULTS

The median value of EXO1 expression was 2.68 £2.78
in a cohort of 102 patients and they were stratified into two
groups based on the median expression level of EXO1. The
associ-ations between EXO1 expression and various clini-



Table 1.Clinical significance of EXO1 expression in lung cancers

EXOl1
Low High P-value
Total 74(72.5) 28(27.5)
Age
<65 27(36.5) 14 (50)
0214
>65 47(63.5) 14 (50)
Gender
Female 16(21.6) 6(21.4)
0.983
Male 58(78.4) 22(78.6)
Smoking
No 16(21.6) 6(21.4) 0.983
Yes 58(78.4) 22(78.6)
Location
LLL 16 (21.6) 5(17.85)
LUL 15(20.3) 5(17.85)
RLL 14 (18.9) 7(25) 0.603
RML 5(6.8) 0(0)
RUL 24(32.4) 11(39.3)
Histology
AD 35(47.3) 11(39.3)
SCC 31(41.9) 11(39.3) 0.370
Others 8(10.8) 6(214)
Differentiation
Poorly 14(25.5) 6(33.3) 0515
Well/Moderate 41(74.5) 12 (66.7)
T stage
T1 25(33.8) 4(14.3)
T2 31(41.9) 19(67.9) 0117
T3 11(14.9) 3(10.7)
T4 7094) 2(7.1)
N stage
NO 51(68.9) 25(89.3)
N1 14 (18.9) 2(7.1) 0.108
N2 9(12.2) 1(3.6)
M stage
MO 74 (100) 28 (100)
M 0(0) 0(0) -
Pathological stage
I 33(44.6) 18(64.3)
I 27(36.5) 7(25) 0.202
1 14(18.9) 3(10.7)
EGFR mutation
(+) 13(68.4) 1(16.7) 0.260
(=) 6(31.6) 5(83.3)

copathological parameters —including age, gender, smoking
history, tumor location, histological type, tumor differenti-
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Table 2. Correlation analysis of EXO1 expression according to age,
tumor size, and overall survival

EXOl  Age ' S‘g;’;:al

EXO1 r 1

P-value
Age r —.130 1

P-value 192
Tumor size r 042 043 1

P-value 677 595
Survival days r 029 -—.181 -—.162 1

P-value 773 026 046

084

EXO1 (+) (n=28)

o
S
1

Overall survival

EXO1 (-) (n=74)

ool P=0.014

T T
a 50 100 150 200

Time (Months)

Fig. 1. Survival analysis in lung cancer according to EXO1 expres-
sion.

ation, TNM stage, pathological stage, and EGFR mutation
status—are summarized in Table 1. There were no statis-
tically significant differences in EXO1 expression with
respect to age (P=0.214), gender (P =0.983), smoking
history (P =0.983), or tumor location (P =0.603). Although
EXO1 expression appeared to be slightly associated with
T stage, the difference did not reach statistical significance
(P=0.117). Similarly, no significant correlations were ob-
served between EXO1 expression and other parameters,
including histology (P=0.370), tumor differentiation (P =
0.515), pathological stage (P =0.202), or EGFR mutation
status (P =0.260).

Quantitative correlation analysis further confirmed that
EXOI1 expression was not significantly associated with age
(P=0.192), tumor size (P=0.677), or survival duration
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Fig. 2. Survival analysis in lung cancer according to histological classification. (A) adenocarcinoma and (B) squamous cell carcinoma.

(P=0.773). However, age and tumor size were both nega-
tively correlated with overall survival (P=0.026 and P=
0.046, respectively), as shown in Table 2.

To evaluate the prognostic value of EXO1 expression,
Kaplan-Meier survival analysis was performed. Patients with
low EXOI1 expression exhibited significantly poorer over-
all survival compared to those with high expression levels
(P=0.014; Fig. 1). When stratified by histological subtype,
survival analysis revealed that low EXO1 expression was
significantly associated with reduced overall survival in
patients with squamous cell carcinoma (SCC) (P =0.020;
Fig. 2). In contrast, no significant prognostic value was ob-
served for EXO1 expression in adenocarcinoma (P =0.206)
or other subtypes (P =0.586).

DISCUSSION

In this study, we analyzed the expression of EXO1 to ex-
plore its clinical relevance in lung cancer by using patient-
derived tissue samples. Our findings provide valuable in-
sights into the potential role of EXO1 in lung cancer progres-
sion and prognosis. EXO1 has been reported to play a pivotal
role in various biological processes, including DNA mis-
match repair (MMR), double-stranded break repair (DSBR),
and telomere maintenance [34,35]. Loss of EXO1 function
has been associated with genomic instability and tumor pro-
gression, factors that are linked to poor survival outcomes in
lung cancer [36,37]. Despite this, the precise role of EXO1

in lung cancer pathogenesis remains largely unclear.

To address this gap, we conducted a comprehensive anal-
ysis of the clinicopathological characteristics and prognostic
implications of EXO1 expression in lung cancer patients.
While previous studies have established EXO1 as a key
component of DNA repair mechanisms and a potential bio-
marker in various malignancies [15,21,22], this study aims
to specifically elucidate its prognostic significance in lung
cancer.

We assessed EXO1 expression levels through RT-qPCR
analysis of clinical samples. Our clinical data revealed that
EXOL1 expression did not significantly differ across vari-
ous clinicopathological parameters, including age, gender,
smoking history, tumor location, TNM stage, pathological
stage, and EGFR mutation status. Although a minor associa-
tion was observed between EXO1 expression and T stage, it
did not reach statistical significance. Notably, a previous
study in lung adenocarcinoma (AD) demonstrated significant
correlations between EXO1 expression and T, N, and M
stages [38]. Another study reported that overexpression of
EXO1 was linked to advanced T stage and reduced overall
survival (OS) in AD patients [39]. These findings suggest
that overexpressed EXO1, a key regulator of DNA repair
and replication stress responses, may promote tumor pro-
liferation and invasiveness, contributing to disease progres-
sion.

Interestingly, survival analysis showed that low EXOI
expression was significantly associated with poorer overall
survival, where EXO1 overexpression typically correlated



with worse prognosis [39,40]. In patients with squamous
cell carcinoma (SCC), low EXO1 expression was signifi-
cantly linked to poorer survival outcomes. However, in AD
and other subtypes, EXO1 expression did not show a sta-
tistically significant correlation with survival. These results
highlight the biological heterogeneity of lung cancer, which
encompasses diverse histological subtypes and molecular
profiles [41]. Given that SCC and AD originate from distinct
cell types and exhibit different biomarker landscapes, the
functional role of EXO1 may vary accordingly. Our find-
ings suggest that EXO1 may be particularly relevant in the
pathogenesis of SCC.

EXO1 may influence lung tumorigenesis through its
involvement in DNA replication and other critical cellular
processes. Previous studies have shown that EXO1 may reg-
ulate tumor immune escape mechanisms. However, EXO1
has also demonstrated a positive correlation with multiple
immune activators, promoting immune responses [42,43].
These findings, along with our results, suggest that the immu-
nomodulatory effect of EXO1 is highly cancer-specific, indi-
cating its potential dual role. This discrepancy highlights
the need for a deeper understanding of the mechanisms by
which EXO1 functions in cancer, providing an important
biological basis for future cancer treatment strategies.

However, this study has several limitations. The findings
have been only partially validated using clinical tissue sam-
ples, and the relatively small sample size may have intro-
duced bias. Furthermore, the detailed molecular mecha-
nisms by which EXOI1 contributes to lung cancer develop-
ment remain to be elucidated. Future studies involving larger
patient cohorts and functional assays are warranted to fur-
ther clarify the role of EXO1 in lung cancer.

Given the potential dual role of EXO1 in tumor immu-
nity —both promoting immune responses and contributing
to immune evasion—a more comprehensive investigation
is required to better understand its cancer-specific immuno-
modulatory functions. Such insights will provide a stronger
biological basis for the development of EXO1-targeted
therapeutic strategies.
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