
Abstract. Background/Aim: Flap endonuclease 1 (FEN1) is a
critical protein in DNA repair, genomic stability, and
carcinogenesis. Functional polymorphisms in FEN1 promoter -
69G>A (rs174538) and 3’UTR 4150G>T (rs4246215), have
been associated with the susceptibility to several cancers,
including lung, breast, esophageal, gastric, liver, colorectal, and
gallbladder cancer, as well as glioma, endometriosis, and
leukemia. However, the contribution of FEN1 variant genotypes
to oral cancer has never been examined. Thus, we aimed to
evaluate the contribution of FEN1 rs174538 and rs4246215
genotypes to oral cancer risk in Taiwan. Materials and
Methods: The contribution of FEN1 genotypes to oral cancer
risk was examined in 958 oral cancer patients and 958 age- and
sex-matched healthy controls by polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP).
Results: The percentages of GG, AG, and AA genotypes at
FEN1 rs174538 were 34.8%, 46.0%, and 19.2% among oral
cancer patients and 37.8%, 45.2%, and 17.0% among healthy
controls (p for trend=0.2788). The genotypic percentages of
FEN1 rs4246215 were 35.9%, 45.9%, and 18.2% among oral
cancer patients and 37.6%, 45.1%, and 17.3% among healthy
controls (p for trend=0.7315). Overall, FEN1 rs174538 and
rs4246215 were not differently distributed between the oral
cancer patient and healthy control groups. The allele frequency
analysis confirmed that FEN1 rs174538 and rs4246215 were
non-differentially distributed among case and control groups
(OR=1.11 and 1.05, 95%CI=0.98-1.27 and 0.93-1.20,
p=0.1074 and 0.4491, respectively). Conclusion: FEN1 may
contribute to oral cancer risk determination via protein
expression and/or post-transcription modification, but may not
be a practical genetic marker.

Oral cancer is the fourth most prevalent and the fourth death-
causing cancer among males in Taiwan, where the incidence
density of oral cancer is higher worldwide (1-3). In literature,
several factors are revealed to contribute to the etiology of oral
cancer in Taiwan, such as betel quid chewing, tobacco
smoking, alcohol drinking, bad tooth brushing habits, and virus
infection (4, 5). Interestingly, in recent years, specific inherited
genotypes have been reported to contribute to personal oral
cancer susceptibility (6-13). A better understanding of genomic,
environmental and behavioral factors can contribute to precise
and personalized oral cancer prediction and therapy.
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The DNA repair machinery represents a network of proteins,
which is responsible for detecting and removing DNA adducts,
thereby maintaining the genomic integrity and preventing the
transmission of inherited mutations to offspring cells. Among
the DNA repair proteins, Flap endonuclease 1 (FEN1) is an
endonuclease specifically responsible for repairing DNA
damages induced by alkylating drugs and UV irradiation (14).
FEN1 has been localized in the cell nucleus in a cell cycle-
dependent manner, implicating FEN1 in both DNA replication
and repair processes (15). In addition, FEN1 has been shown to
accumulate in cell nucleolus, where it acted as the tandem
repeated ribosomal DNA gatekeeper (16). Furthermore, FEN1
has been also found in mitochondria, indicating its critical role
in maintaining mitochondrial DNA integrity (17). However, the
functions and regulations of FEN1 are complicated that its
activity can be regulated by multiple mechanisms including
acetylation, phosphorylation and methylation. These post-
translational modifications on FEN1 have been shown to
regulate not only its nuclease activities, but also its selective
binding to numerous protein partners (18-20). In addition to its
role in DNA replication and repair, FEN1 could also act as
inducer of DNA fragmentation during apoptosis (21, 22).
Knockout of FEN1 can elevate microsatellite instability and
promote cancer progression in mice (23). In human cancer cell
models, FEN1 mutations reduced its nuclease activity, and
resulted in chronic inflammation and cancers, especially lung
cancer (24). Thus, genetic variations of FEN1 could be
associated with an elevation risk for carcinogenesis.

Most studies of FEN1 genotypic variations have been
focused on the two common sites, promoter -69G>A
(rs174538) and 3’UTR 4150G>T (rs4246215), which have
been found to alter both the levels of FEN1 and its enzyme
activity (25). The FEN1 genotypes rs174538 and/or rs4246215
have been reported to associate with the risk of several cancers
including esophageal (26, 27), lung (25), breast (28-30),
gastrointestinal (27, 31), and gallbladder cancer (32), as well
as glioma (33), endometriosis (34) and childhood leukemia
(35). However, the associations of FEN1 genotypes with oral
cancer have never been examined. Thus, the purpose of the
present study was to identify the genotypic patterns of FEN1
promoter rs174538 and 3’UTR rs4246215 in a representative
oral cancer population consisting of 958 cases and 958
controls, and to evaluate the association of these two FEN1
genotypes and oral cancer risk. The FEN1 polymorphic sites
rs174538 and rs4246215 are shown in Figure 1.

Materials and Methods 
Oral cancer cases recruiting methodology. Oral cancer cases were
recruited in China Medical University Hospital by a group of
surgeons. Patients with history of any malignancy, metastasized
cancer from other (even those unknown) origins, any genetic
inherited diseases (especially those with family history), or cancer-
like diseases, such as pterygium and endometriosis, were all

excluded. Finally, 958 cases agreed to sign an inform consent. All
participants were Taiwanese. At the same time, 958 of healthy
volunteers matched for age and sex from the Health Examination
Cohort of China Medical University Hospital were selected as
healthy controls. The study was approved by IRB of China Medical
University Hospital (DMR101-IRB1-306). All protocols were
conducted following the principles documented in the Helsinki
Declaration. The detail sampling of the cases and controls has been
published in our previous studies (12, 13). The demographics of
participants are summarized in Table I.

FEN1 rs174538 and rs4246215 genotyping methodology. DNA was
extracted applying QIAamp Blood Mini Kit (Blossom, Taipei,
Taiwan, ROC) and further processed according to our previous
studies (36-38). The sequences of primers for FEN1 rs174538 were:
forward 5’-CCTAAGGAGTTCATGGCAAG-3’ and reverse 5’-
AATCGCAGGACTACAAGTCC-3’. For FEN1 rs4246215, the
sequences of primers were: forward 5’-GGTGGAGAGA
GGATTCTAAG-3’ and reverse 5’-CATCTGCTAAGATGCGCCTT-
3’. Following the polymerase chain reaction (PCR) processes, the
PCR adducts for FEN1 rs174538 and rs4246215 were subject to the
digestion with Sal I and BcoD I (New England BioLabs, Ipswich,
MA, USA). As for FEN1 rs174538, the digestible A-allele adducts
were cut into fragments of 223 and 84 base pairs, while the
indigestible G-allele adducts were left as intact 307 base pairs. As
for FEN1 rs4246215, the digestible G-allele adducts were cut into
fragments of 234 and 148 base pairs, while the indigestible T-allele
adducts were left as intact 382 base pairs.

Statistical analysis. To examine the representativeness, the percentages
of FEN1 genotypes for the control group under Hardy-Weinberg
Equilibrium were examined using the goodness-of-fit test. To compare
the distribution of age between the two groups, the unpaired Student’s
t-test was conducted. To compare the FEN1 rs174538 and rs4246215
genotypic distributions, Pearson’s Chi-square test was applied. The
associations between FEN1 rs174538 and rs4246215 genotypes with
oral cancer risk were estimated by odds ratios (ORs) and 95%
confidence intervals (CIs). Trend analysis was performed using the
chi-square test without Yates’ correction. Any analysis outcome with
p<0.05 was considered statistically significant.

Results

Demographic data comparison between oral cancer patients
and healthy controls. First, since we matched the case and
control groups by age and sex there are no differences
between the oral cancer case and control groups (p=0.3755
and 1.0000, respectively) (Table I, top panel). Second, there
are more smokers (p=0.0107), alcohol drinkers (p=0.0377)
and betel quid chewers (p=0.0001) in the oral cancer than in
the control group, indicating that cigarette smoking, alcohol
drinking and betel quid chewing behaviors are oral cancer
risk factors in Taiwan (Table I, middle panel). Third, among
Taiwanese oral cancer cases, the most common primary
tumor sites were the tongue (41.4%) and buccal mucosa
(37.2%) (Table I, bottom panel). As for oral cancer subtypes,
93.1% of the oral cancer patients belonged to the subtype of
squamous cell carcinoma (Table I, bottom panel).
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FEN1 rs174538 and rs4246215 genotypic comparison
between oral cancer patients and healthy controls. First, the
genotypic frequencies for FEN1 rs174538 in the control
group fitted well under the Hardy–Weinberg equilibrium
(p=0.0871). Second, there was no significant difference in the
distribution of FEN1 rs174538 genotypes between the oral
cancer and control groups (p for trend=0.2788). In detail, the
frequencies of the wild-type GG, heterozygous variant AG
and homozygous variant AA of FEN1 rs174538 were 37.8%,
45.2% and 17.0% in the healthy control group, and 34.8%,
46.0% and 19.2% in the oral cancer patient group. These
results indicated that neither AG (OR=1.11, 95%CI=0.91-
1.35, p=0.3419) nor AA (OR=1.23, 95%CI=0.95-1.59,
p=0.1363) genotypes at FEN1 rs174538 can serve as a good
marker for oral cancer early detection (Table II, top panel).
In the recessive model, the AA genotype at FEN1 rs174538
was not associated with altered cancer risk, compared to
GG+AG genotypes (OR=1.16, 95%CI=0.92-1.46, p=0.2354)
(Table II, middle panel). In the dominant model, AG+AA
genotypes at FEN1 rs174538 were not associated with altered
oral cancer risk, compared to GG genotype (OR=1.14,
95%CI=0.95-1.37, p=0.1834) (Table II, bottom panel).

Similarly, the FEN1 rs4246215 genotypic frequency was
examined for its association with oral cancer in each model.
However, no difference was found in either codominant,
recessive or dominant models (Table III).

FEN1 rs174538 and rs4246215 genotypic comparison
between oral cancer patients and healthy controls. To confirm
these associations for FEN1 rs174538 and rs4246215
genotypes, the allelic frequency analysis was also performed.
The results showed that neither the wild-type G allele nor
variant A allele of FEN1 rs174538 was associated with an

altered risk of oral cancer (OR=1.11, 95%CI=0.98-1.27,
p=0.1074, Table IV, top panel). At the same time, neither the
wild-type G allele nor variant T of FEN1 rs4246215 was
associated with an altered risk for oral cancer (OR=1.05,
95%CI=0.93-1.20, p=0.4491, Table IV, bottom panel).
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Figure 1. FEN1 polymorphic sites at the promoter rs174538, and 3’UTR rs4246215, in human chromosome 11.

Table I. Characteristics of 958 oral cancer patients and 958 healthy
subjects.

Index                                          Controls,             Cases,           p-Value
                                                     n=958                n=958

Age (years)                                56.8±8.7            56.4±7.5            0.3755a
Sex, n (%)                                                                                       1.0000b
  Male                                     728 (76.0%)      728 (76.0%)           
  Female                                  230 (24.0%)      230 (24.0%)           
Behavior status, n (%)                                                                      
  Cigarette smoking               668 (69.7%)      718 (74.9%)         0.0107b
  Alcohol drinking                  642 (67.0%)      684 (71.4%)         0.0377b
  Betel quid chewing              508 (53.0%)      773 (80.7%)       <0.0001b
Primary tumor site, n (%)                                                                
  Tongue                                                            397 (41.4%)           
  Buccal mucosa                                               356 (37.2%)           
  Mouth floor                                                       39 (4.1%)             
  Lip                                                                     39 (4.1%)             
  Retromolar trigone                                           33 (3.4%)             
  Alveolar ridge                                                   29 (3.0%)             
Palate                                                                   27 (2.8%)             
  Other                                                                 38 (4.0%)             
Subtype                                                                                             
  SCC                                                                 892 (93.1%)           
  Non-SCC                                                          66 (6.9%)             

SD: Standard deviation; SCC: squamous cell carcinoma. aBased on
unpaired Student’s t-test; bBased on chi-square test without Yates’
correction; Significant p-values are shown in bold.



Discussion

In the present study, we first examined the contribution of
FEN1 genotypes to oral cancer susceptibility. FEN1 has been

reported to exert multiple functions in DNA replication, DNA
repair, cell cycle and programmed cell death, which made us
to hypothesized that subtle genomic variations like SNPs may
determine differential personal risk in oral cancer. The
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Table II. Distribution of FEN1 rs174538 genotypes among the oral cancer patients and healthy subjects.

Genetic model             Genotype                                Controls                                               Cases                                   OR (95%CI)                p-Valuea

                                                                          n                            %                           n                           %                                                                    

rs174538                                                                                                                                                                                                                            
Codominant                 GG                              362                      37.8%                      333                      34.8%                1.00 (reference)                     
                                     AG                              433                      45.2%                      441                      46.0%                1.11 (0.91-1.35)               0.3419
                                     AA                              163                      17.0%                      184                      19.2%                1.23 (0.95-1.59)               0.1363
                                     Ptrend                                                                                                                                                                                       0.2788
                                     PHWE                                                                                                                                                                                      0.0871
Recessive                     GG+AG                      795                      83.0%                      774                      80.8%                1.00 (reference)                     
                                     AA                              163                      17.0%                      184                      19.2%                1.16 (0.92-1.46)               0.2354
Dominant                     GG                              362                      37.8%                      333                      34.8%                1.00 (reference)                     
                                     AG+ AA                     596                      62.2%                      625                      65.2%                1.14 (0.95-1.37)               0.1834

aBased on chi-square test without Yates’ correction; Ptrend: p-value for trend; PHWE: p-value for Hardy-Weinberg equilibrium; OR: odds ratio; CI:
confidence interval.

Table III. Distribution of FEN1 rs4246215 genotypes among the oral cancer patients and healthy subjects.

Genetic Model             Genotype                                Controls                                               Cases                                   OR (95%CI)                p-Valuea

                                                                          n                            %                           n                           %                   

rs4246215                                                                                                                                                                                                                          
Codominant                 GG                              360                      37.6%                      344                      35.9%                1.00 (reference)                     
                                     GT                               432                      45.1%                      440                      45.9%                1.07 (0.87-1.30)               0.5626
                                     TT                               166                      17.3%                      174                      18.2%                1.10 (0.85-1.42)               0.5258
                                     Ptrend                                                                                                                                                                                       0.7315
                                     PHWE                                                                                                                                                                                      0.0653
Recessive                     GG+GT                      792                      82.7%                      784                      81.8%                1.00 (reference)                     
                                     TT                               166                      17.3%                      174                      18.2%                1.06 (0.84-1.34)               0.6755
Dominant                     GG                              360                      37.6%                      344                      35.9%                1.00 (reference)                     
                                     GT+TT                       598                      62.4%                      614                      54.1%                1.07 (0.89-1.29)               0.4772

aBased on chi-square test without Yates’ correction; Ptrend: p-value for trend; PHWE: p-Value for Hardy-Weinberg equilibrium; OR: odds ratio; CI:
confidence interval.

Table IV. Distribution of FEN1 rs174538 and rs4246215 allelic frequencies among the oral cancer patients and healthy subjects.

                                          Controls                         %                              Cases                         %                           OR (95%CI)                        p-Valuea

rs174538                                                                                                                                                                                                                           
Allele G                             1157                          60.4%                           1107                       57.8%                     1.00 (reference)                            
Allele A                                759                          39.6%                             809                       42.2%                     1.11 (0.98-1.27)                       0.1074

rs4246215                                                                                                                                                                                                                         
Allele G                             1152                          60.1%                           1128                       58.9%                     1.00 (reference)                            
Allele T                                764                          39.9%                             788                       41.1%                     1.05 (0.93-1.20)                       0.4491

aBased on chi-square test; OR: odds ratio; CI: confidence interval.



polymorphic FEN1 rs174538 and rs4246215 genotypes have
been reported to differentially affect enzymatic activity and
determine the rate of tumorigenesis (23, 24). However, our data
showed that FEN1 rs174538 or rs4246215 genotype was not
associated with altered susceptibility to oral cancer among
Taiwanese (Table III). These findings are in conflict with
studies showing that the A allele of FEN1 rs174538 can serve
as a protective factor for the risk of lung (25), gastrointestinal
(31), esophageal (27), and breast cancer (28), as well as glioma
(33) and childhood leukemia (35). The inconstancy may
suggest that the association of FEN1 genotypes with cancer
susceptibility is cancer-specific, and population-dependent. The
results of our study should be validated in other populations.
To the best of our knowledge, the current study was the first
to provide evidence that FEN1 rs174538 and rs4246215 are not
associated with oral cancer risk (Table II and Table III).

It is of our interest to reveal the combinatorial effects of
FEN1 rs174538 and rs4246215 genotypes with sex, age, and
personal behaviors. First, the oral cancer prevalence among
Taiwanese is of the highest in the world and the male versus
female ratio is about 9 to 1 (39). We determined the
distribution of FEN1 rs174538 and rs4246215 among oral
cancer patients and controls according to the sex status and
found that there was no significant difference in the
distribution among oral cancer patients and controls (data not
shown). Second, we also determined the distribution of FEN1
rs174538 and rs4246215 among oral cancer patients and
controls with age less than 45 or larger than 45 and found that
there was no significant difference in the distribution among
oral cancer patients and controls (data not shown). Third, since
betel quid chewing, smoking and alcohol drinking behaviors
are the top three environmental contributors to oral cancer risk
(40, 41), we also evaluated the combinatorial effects of the
FEN1 rs174538 and rs4246215 genotypes and these personal
behaviors on oral cancer susceptibility. There were no obvious
combined effects of FEN1 genotypes with any of these risk-
conferring behaviors (data not shown).

In summary, the current study provides solid evidence, in
a representative population, that the FEN1 genotypes are not
sensitive biomarkers for early detection of oral cancer in
Taiwan. The contribution of FEN1 genotypes should be
validated in different populations with different genetic
background and lifestyle to understand the role of FEN1 in
oral carcinogenesis.

Conflicts of Interest
The Authors declare no conflicts of interest with any company or
individual.

Authors’ Contributions
Research design was performed by PSH, CWT and JLH. Patient and
questionnaire collections were conducted by LCS and CLH.

Experimental work was performed by WCC, TCH, PSH and YCW.
Statistical analysis was conducted by WCC, HYT and JLH. DTB
and WSC wrote the manuscript, whereas DTB, CWS, and WSC
reviewed it and were responsible for the revision.

Acknowledgements
The Authors are grateful to China Medical University Hospital
Tissuebank and doctors/nurses for their help in sample collection
and inform consent assistance. This study was supported mainly by
China Medical University, Taichung, Taiwan and Asia University,
Taichung, Taiwan (CMU111-ASIA-01) and Chang Bing Show
Chwan Memorial Hospital, Changhua, Taiwan (BRD-109025).

References
1 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,

Jemal A and Bray F: Global Cancer Statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin 71(3): 209-
249, 2021. PMID: 33538338. DOI: 10.3322/caac.21660

2 Siegel RL, Miller KD, Fuchs HE and Jemal A: Cancer statistics,
2022. CA Cancer J Clin 72(1): 7-33, 2022. PMID: 35020204.
DOI: 10.3322/caac.21708

3 Taiwan Ministry of Health and Welfare Clinical Trial and Research
Center of Excellence: Cancer Registration Annual Report.
Available at: https://www.hpa.gov.tw/Pages/List.aspx?nodeid=269
[Last accessed on July 18, 2022]

4 Chen PC, Kuo C, Pan CC and Chou MY: Risk of oral cancer
associated with human papillomavirus infection, betel quid
chewing, and cigarette smoking in Taiwan—an integrated
molecular and epidemiological study of 58 cases. J Oral Pathol
Med 31(6): 317-322, 2002. PMID: 12190813. DOI:
10.1034/j.1600-0714.2002.00129.x

5 Yu HL, Chiang CT, Lin SD and Chang TK: Spatiotemporal
analysis and mapping of oral cancer risk in changhua county
(taiwan): an application of generalized bayesian maximum
entropy method. Ann Epidemiol 20(2): 99-107, 2010. PMID:
20123160. DOI: 10.1016/j.annepidem.2009.10.005

6 Shih LC, Li CH, Sun KT, Chen LY, Hsu CL, Hung YW, Wu CN,
Hsia TC, Shen TC, Chang WS, Shih TC, Tsai CW and Bau DT:
Association of matrix metalloproteinase-7 genotypes to the risk
of oral cancer in Taiwan. Anticancer Res 38(4): 2087-2092,
2018. PMID: 29599326. DOI: 10.21873/anticanres.12448

7 Shih LC, Tsai CW, Sun KT, Hsu HM, Shen TC, Tsai YT, Chang
WS, Lin ML, Wang YC, Gong CL and Bau DT: Association of
caspase-8 genotypes with oral cancer risk in Taiwan. In Vivo
33(4): 1151-1156, 2019. PMID: 31280204. DOI: 10.21873/
invivo.11585

8 Tsai CW, Hsu HM, Wang YC, Chang WS, Shih LC, Sun KT, Hung
YW, Yang YC, Gong CL and Bau DT: Contribution of MMP2
promoter genotypes to oral cancer susceptibility, recurrence and
metastasis in Taiwan. Anticancer Res 38(12): 6821-6826, 2018.
PMID: 30504396. DOI: 10.21873/anticanres.13055

9 Tsai CW, Hsu CF, Tsai MH, Tsou YA, Hua CH, Chang WS, Lin
CC and Bau DT: Methylenetetrahydrofolate reductase (MTHFR)
genotype, smoking habit, metastasis and oral cancer in Taiwan.
Anticancer Res 31(6): 2395-2399, 2011. PMID: 21737671.

10 Hung YW, Tsai CW, Wu CN, Shih LC, Chen YY, Liu YF, Hung
HS, Shen MY, Chang WS and Bau DT: The contribution of

Pan et al: FEN1 Genotypes in Oral Cancer

4333



matrix metalloproteinase-8 promoter polymorphism to oral
cancer susceptibility. In Vivo 31(4): 585-590, 2017. PMID:
28652424. DOI: 10.21873/invivo.11098

11 Bau DT, Chang CH, Tsai MH, Chiu CF, Tsou YA, Wang RF, Tsai
CW and Tsai RY: Association between DNA repair gene ATM
polymorphisms and oral cancer susceptibility. Laryngoscope
120(12): 2417-2422, 2010. PMID: 21108427. DOI: 10.1002/
lary.21009

12 Shih LC, He JL, Chang WS, Hsu CL, Hsia TC, Wang YC, Yang
JS, Mong MC, Tsai CW and Bau DT: The contribution of
PDCD6 polymorphisms to oral cancer risk. Cancer Genomics
Proteomics 19(4): 456-463, 2022. PMID: 35732318. DOI:
10.21873/cgp.20332

13 Wu CN, Chang WS, Shih LC, Wang YC, Lee HT, Yu CC, Wang
ZH, Mong MC, Hsia TC, Tsai CW and Bau DT: Interaction of
DNA repair gene XPC with smoking and betel quid chewing
behaviors of oral cancer. Cancer Genomics Proteomics 18(3
Suppl): 441-449, 2021. PMID: 33994366. DOI: 10.21873/
cgp.20270

14 Murray JM, Tavassoli M, al-Harithy R, Sheldrick KS, Lehmann
AR, Carr AM and Watts FZ: Structural and functional
conservation of the human homolog of the Schizosaccharomyces
pombe rad2 gene, which is required for chromosome segregation
and recovery from DNA damage. Mol Cell Biol 14(7): 4878-
4888, 1994. PMID: 8007985. DOI: 10.1128/mcb.14.7.4878-
4888.1994

15 Qiu J, Li X, Frank G and Shen B: Cell cycle-dependent and
DNA damage-inducible nuclear localization of FEN-1 nuclease
is consistent with its dual functions in DNA replication and
repair. J Biol Chem 276(7): 4901-4908, 2001. PMID: 11053418.
DOI: 10.1074/jbc.M007825200

16 Guo Z, Qian L, Liu R, Dai H, Zhou M, Zheng L and Shen B:
Nucleolar localization and dynamic roles of flap endonuclease 1
in ribosomal DNA replication and damage repair. Mol Cell Biol
28(13): 4310-4319, 2008. PMID: 18443037. DOI: 10.1128
MCB.00200-08

17 Liu P, Qian L, Sung JS, de Souza-Pinto NC, Zheng L,
Bogenhagen DF, Bohr VA, Wilson DM 3rd, Shen B and Demple
B: Removal of oxidative DNA damage via FEN1-dependent
long-patch base excision repair in human cell mitochondria. Mol
Cell Biol 28(16): 4975-4987, 2008. PMID: 18541666. DOI:
10.1128/MCB.00457-08

18 Hasan S, Stucki M, Hassa PO, Imhof R, Gehrig P, Hunziker P,
Hübscher U and Hottiger MO: Regulation of human flap
endonuclease-1 activity by acetylation through the
transcriptional coactivator p300. Mol Cell 7(6): 1221-1231,
2001. PMID: 11430825. DOI: 10.1016/s1097-2765(01)00272-6

19 Henneke G, Koundrioukoff S and Hübscher U: Phosphorylation
of human Fen1 by cyclin-dependent kinase modulates its role in
replication fork regulation. Oncogene 22(28): 4301-4313, 2003.
PMID: 12853968. DOI: 10.1038/sj.onc.1206606

20 Guo Z, Zheng L, Xu H, Dai H, Zhou M, Pascua MR, Chen QM
and Shen B: Methylation of FEN1 suppresses nearby
phosphorylation and facilitates PCNA binding. Nat Chem Biol
6(10): 766-773, 2010. PMID: 20729856. DOI: 10.1038/nchem
bio.422

21 Liu Y, Kao HI and Bambara RA: Flap endonuclease 1: a central
component of DNA metabolism. Annu Rev Biochem 73: 589-615,
2004. PMID: 15189154. DOI: 10.1146/annurev.biochem.
73.012803.092453

22 Zheng L, Zhou M, Chai Q, Parrish J, Xue D, Patrick SM, Turchi
JJ, Yannone SM, Chen D and Shen B: Novel function of the flap
endonuclease 1 complex in processing stalled DNA replication
forks. EMBO Rep 6(1): 83-89, 2005. PMID: 15592449. DOI:
10.1038/sj.embor.7400313

23 Kucherlapati M, Yang K, Kuraguchi M, Zhao J, Lia M, Heyer J,
Kane MF, Fan K, Russell R, Brown AM, Kneitz B, Edelmann
W, Kolodner RD, Lipkin M and Kucherlapati R:
Haploinsufficiency of Flap endonuclease (Fen1) leads to rapid
tumor progression. Proc Natl Acad Sci USA 99(15): 9924-9929,
2002. PMID: 12119409. DOI: 10.1073/pnas.152321699

24 Zheng L, Dai H, Zhou M, Li M, Singh P, Qiu J, Tsark W, Huang
Q, Kernstine K, Zhang X, Lin D and Shen B: Fen1 mutations
result in autoimmunity, chronic inflammation and cancers. Nat
Med 13(7): 812-819, 2007. PMID: 17589521. DOI: 10.1038/
nm1599

25 Yang M, Guo H, Wu C, He Y, Yu D, Zhou L, Wang F, Xu J, Tan
W, Wang G, Shen B, Yuan J, Wu T and Lin D: Functional FEN1
polymorphisms are associated with DNA damage levels and lung
cancer risk. Hum Mutat 30(9): 1320-1328, 2009. PMID:
19618370. DOI: 10.1002/humu.21060

26 Sang Y, Bo L, Gu H, Yang W and Chen Y: Flap endonuclease-1
rs174538 G>A polymorphisms are associated with the risk of
esophageal cancer in a Chinese population. Thorac Cancer 8(3):
192-196, 2017. PMID: 28319330. DOI: 10.1111/1759-7714.
12422

27 Li WQ, Hu N, Hyland PL, Gao Y, Wang ZM, Yu K, Su H, Wang
CY, Wang LM, Chanock SJ, Burdett L, Ding T, Qiao YL, Fan JH,
Wang Y, Xu Y, Shi JX, Gu F, Wheeler W, Xiong XQ, Giffen C,
Tucker MA, Dawsey SM, Freedman ND, Abnet CC, Goldstein
AM and Taylor PR: Genetic variants in DNA repair pathway
genes and risk of esophageal squamous cell carcinoma and gastric
adenocarcinoma in a Chinese population. Carcinogenesis 34(7):
1536-1542, 2013. PMID: 23504502. DOI: 10.1093/carcin/bgt094

28 Lv Z, Liu W, Li D, Liu L, Wei J, Zhang J, Ge Y, Wang Z, Chen
H, Zhou C, Yuan Q, Zhou L and Yang M: Association of
functional FEN1 genetic variants and haplotypes and breast
cancer risk. Gene 538(1): 42-45, 2014. PMID: 24440783. DOI:
10.1016/j.gene.2014.01.025

29 Mitra AK, Singh N, Singh A, Garg VK, Agarwal A, Sharma M,
Chaturvedi R and Rath SK: Association of polymorphisms in
base excision repair genes with the risk of breast cancer: a case-
control study in North Indian women. Oncol Res 17(3): 127-135,
2008. PMID: 18669164. DOI: 10.3727/096504008785055567

30 Lin S, Wang M, Liu X, Lu Y, Gong Z, Guo Y, Yang P, Tian T,
Dai C, Zheng Y, Xu P, Li S, Zhu Y and Dai Z: FEN1 gene
variants confer reduced risk of breast cancer in chinese women:
A case-control study. Oncotarget 7(47): 78110-78118, 2016.
PMID: 27801669. DOI: 10.18632/oncotarget.12948

31 Liu L, Zhou C, Zhou L, Peng L, Li D, Zhang X, Zhou M, Kuang
P, Yuan Q, Song X and Yang M: Functional FEN1 genetic
variants contribute to risk of hepatocellular carcinoma,
esophageal cancer, gastric cancer and colorectal cancer.
Carcinogenesis 33(1): 119-123, 2012. PMID: 22072618. DOI:
10.1093/carcin/bgr250

32 Jiao X, Wu Y, Zhou L, He J, Yang C, Zhang P, Hu R, Luo C, Du
J, Fu J, Shi J, He R, Li D and Jun W: Variants and haplotypes
in Flap endonuclease 1 and risk of gallbladder cancer and
gallstones: a population-based study in China. Sci Rep 5: 18160,
2015. PMID: 26668074. DOI: 10.1038/srep18160

ANTICANCER RESEARCH 42: 4329-4335 (2022)

4334



33 Chen YD, Zhang X, Qiu XG, Li J, Yuan Q, Jiang T and Yang
M: Functional FEN1 genetic variants and haplotypes are
associated with glioma risk. J Neurooncol 111(2): 145-151,
2013. PMID: 23184144. DOI: 10.1007/s11060-012-1007-0

34 Chou AK, Shen MY, Chen FY, Hsiao CL, Shih LC, Chang WS,
Tsai CW, Ying TH, Wu MH, Huang CY and Bau DT: The
association of flap endonuclease 1 genotypes with the
susceptibility of endometriosis. Cancer Genomics Proteomics
14(6): 455-460, 2017. PMID: 29109095. DOI: 10.21873/
cgp.20055

35 Pei JS, Chang WS, Hsu PC, Tsai CW, Hsu CM, Ji HX, Hsiao
CL, Hsu YN and Bau DT: The association of flap endonuclease
1 genotypes with the risk of childhood leukemia. Cancer
Genomics Proteomics 13(1): 69-74, 2016. PMID: 26708601.

36 Chang WS, Liu LC, Hsiao CL, Su CH, Wang HC, Ji HX, Tsai
CW, Maa MC and Bau DT: The contributions of the tissue
inhibitor of metalloproteinase-1 genotypes to triple negative
breast cancer risk. Biomedicine (Taipei) 6(1): 4, 2016. PMID:
26872812. DOI: 10.7603/s40681-016-0004-6

37 Li CH, Yang YC, Hsia TC, Shen TC, Shen YC, Chang WS,
Wang YC, Tsai CW and Bau DT: Association of Interleukin-8
promoter genotypes with Taiwan lung cancer risk. Anticancer
Res 42(3): 1229-1236, 2022. PMID: 35220213. DOI:
10.21873/anticanres.15590

38 Pei JS, Chang WS, Chen CC, Mong MC, Hsu SW, Hsu PC, Hsu
YN, Wang YC, Tsai CW and Bau DT: Novel contribution of
long non-coding RNA MEG3 genotype to prediction of
childhood leukemia risk. Cancer Genomics Proteomics 19(1):
27-34, 2022. PMID: 34949657. DOI: 10.21873/cgp.20301

39 Chiang CT, Lian IeB, Su CC, Tsai KY, Lin YP and Chang TK:
Spatiotemporal trends in oral cancer mortality and potential risks
associated with heavy metal content in Taiwan soil. Int J Environ
Res Public Health 7(11): 3916-3928, 2010. PMID: 21139868.
DOI: 10.3390/ijerph7113916

40 Su SY, Chen WT, Chiang CJ, Yang YW and Lee WC: Oral
cancer incidence rates from 1997 to 2016 among men in Taiwan:
Association between birth cohort trends and betel nut
consumption. Oral Oncol 107: 104798, 2020. PMID: 32434121.
DOI: 10.1016/j.oraloncology.2020.104798

41 Liu SY, Lu CL, Chiou CT, Yen CY, Liaw GA, Chen YC, Liu YC
and Chiang WF: Surgical outcomes and prognostic factors of
oral cancer associated with betel quid chewing and tobacco
smoking in Taiwan. Oral Oncol 46(4): 276-282, 2010. PMID:
20138564. DOI: 10.1016/j.oraloncology.2010.01.008

Received July 18, 2022
Revised July 27, 2022

Accepted July 28, 2022

Pan et al: FEN1 Genotypes in Oral Cancer

4335


