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Purpose: The aim of this research was to investigate the clinical significance of the 
expression of flap structure-specific endonuclease 1 (FEN1) in primary osteosarcoma.
Methods: The expression of FEN1 was detected by immunohistochemistry analysis. The 
association of the expression of FEN1 in osteosarcoma with clinicopathological parameters 
was analyzed by using χ2 test or Fisher’s exact test. Survival analyses were performed by 
Kaplan–Meier method and Cox proportional hazards regression model.
Results: Of the 40 osteosarcoma patients, 19 (47.5%) patients presented with FEN1 high 
expression, while in the non-neoplastic bone specimens, the FEN1 high expression was 
observed in 10% (3/30), the positive expression rate in osteosarcoma patients was signifi
cantly higher than that of non-neoplastic bone specimens (P< 0.01). Univariate analysis 
indicated that the progression-free survival (PFS) and overall survival (OS) were correlated 
with the expression level of FEN1 (PFS, P < 0.001; OS, P = 0.002), Enneking staging (PFS, 
P = 0.026; OS, P = 0.044) and chemotherapy response (PFS, P = 0.019; OS, P = 0.031). 
Multivariate analysis demonstrated that FEN1 expression was an independent prognostic 
factor for the PFS (HR = 4.73, P = 0.002) and OS (HR = 4.01, P = 0.038) of osteosarcoma 
patients.
Conclusion: This study showed that FEN1 was overexpressed in osteosarcoma patients and 
positively associated with poor prognosis of osteosarcoma patients. Further studies should 
focus on the relative mechanisms and the targeted FEN1 therapies for osteosarcoma.
Keywords: osteosarcoma, flap endonuclease 1, immunohistochemistry, prognosis

Background
Osteosarcoma, derived from bone-forming mesenchymal cells, is the most common 
primary bone cancer which usually affects the children and adolescents.1–3 The 
standard treatment for osteosarcoma consisting of surgery and chemotherapy.4 With 
the introduction of neoadjuvant chemotherapy, the 5-year survival rate has 
improved to 60–70%.5 However, there is still an approximately 30% mortality in 
osteosarcoma patients due to the metastasis and chemotherapy resistance.6,7 

Therefore, it is great significance to investigate some potential prognostic biomar
kers which could be used as the targets in the development of effective agents for 
the osteosarcoma treatment.

Flap structure-specific endonuclease 1 (FEN1) is a member of the Rad2 
structure-specific nuclease family, which plays an important role in Okazaki 
fragment maturation, stalled replication fork rescue, telomere maintenance, long- 
patch base excision repair, and apoptotic DNA fragmentation.8–10 Several stu
dies have reported that overexpressed FEN1 was associated with cancer 
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progression and chemotherapy resistance, and it was 
considered to be a marker for metastasis and poor prog
nosis in multiple cancers.11–14 For example, Zeng et al 
reported that FEN1 mediated miR-200a methylation and 
promoted breast cancer cell growth via MET and EGFR 
signaling pathways.15 Lam et al demonstrated that FEN1 
was overexpressed in prostate cancer and was associated 
with a high Gleason score.16 Zhao et al demonstrated 
that miR-134-3p could inhibit the progression of ovarian 
cancer by modulating the overexpressed FEN1 in ovar
ian cancer.17 Dong et al considered miR-193b/FEN1 as 
a potential new target for OS treatment with the main 
purpose of inducing apoptosis.18 However, the relation
ship between the FEN1 and the clinicopathological and 
prognostic values of osteosarcoma was still limitedly 
investigated.

In the present study, the immunohistochemistry was 
employed to evaluate the expression levels of FEN1 in 
osteosarcoma, and the associations of FEN1 expression 
with clinicopathological parameters, progression-free sur
vival (PFS) and overall survival (OS) time in osteosar
coma patients were further investigated, which hope to 
explore a new biomarker for predicting the prognosis of 
osteosarcoma.

Materials and Methods
Patients
A total of 40 patients who underwent neoadjuvant che
motherapy, surgical resection and postoperative che
motherapy with doxorubicin, cisplatin and ifosfamide at 
the Department of Orthopedics, the First Affiliated 
Hospital of Fujian Medical University (Fuzhou, China) 
between 1 January 2014, and 31 December 2017, were 
selected retrospectively. The general information of the 
collected patients was obtained from hospital records, 
including sex, age, tumor size and location, Enneking 
stage, chemotherapy response, follow-up duration and sur
vival outcome. Forty tumor formalin-fixed paraffin- 
embedded (FFPE) tumor samples undergoing neoadjuvant 
chemotherapy were obtained from the Department of 
Pathology for protein detection, with 30 non-neoplastic 
bone specimens selected between 2015 and 2016 were 
used as controls.

After surgical resection, all patients were monitored by 
using X-ray, lung CT scans and/or bone scanning every 3 
months in the first 3 years and every 6 months thereafter, 
in order to evaluate local recurrence and distant metastasis 

status. PFS and OS time were defined as the interval 
between the date of diagnosis and the date of first tumor 
progression and death, respectively. Patients were cen
sored at the date of the last follow-up if tumor progression 
or death had not occurred.

All participants involved in our study were informed 
of the aims of the study and signed informed consent 
forms (patients under 18 years of age were signed by 
their parents or legal guardian). The study protocol fol
lowed the ethical guidelines of the Declaration of 
Helsinki and was approved by the Ethics Committee of 
our institution.

Immunohistochemistry (IHC) Analysis
Osteosarcoma and non-neoplastic bone samples were 
examined for the expression levels of FEN1 by IHC 
analysis. Firstly, the paraffin-embedded tissue sections 
(4-μm thick) were mounted on charged glass slides for 
deparaffinage in xylene, rehydration in a graded alco
hol series and incubation with 3% hydrogen peroxide 
for 10 min at room temperature to block endogenous 
peroxidase activity. Then the sections were micro
waved in citrate buffer (pH 6.0) for 2 min and then 
naturally cooled to room temperature for antigen retrie
val. After that, the sections were incubated with rabbit 
polyclonal anti-FEN1 antibody (ab133311, 1:250 dilu
tion, Abcam, USA) overnight at 4°C. After two washes 
in phosphate-buffered saline (PBS), the sections were 
incubated with poly peroxidase-anti-mouse/rabbit IgG 
for 30 min at room temperature and then diaminoben
zidine (DAB) for 5 min at room temperature. The 
immunohistochemical signals of sections were assessed 
by two pathologists under a light microscope 
(Axioskop 40; Zeiss GmbH, Jena, Germany) at five 
random fields independently. The FEN1 expression 
was scored according to the mean signal intensity (0, 
negative; 1, weak staining; 2, moderate staining; and 3, 
strong staining) and the positively stained percentage 
of tumor cells (0, 0–5%; 1, 6–25%; 2, 26–50%; 3, 51– 
75%; and 4, 76–100%). Patients with immunohisto
chemical scores ≤4 was considered as non-expression 
or low-expression, scores >4 were defined as the high- 
expression group.19

Statistical Analysis
The difference of FEN1 expression between osteosarcoma 
and non-neoplastic bone tissues, as well as the correlation 
between FEN1 expression and clinicopathological 
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parameters, including sex, age, tumor size, tumor location, 
Enneking stage and chemotherapy response, were ana
lyzed by the χ2 test or Fisher’s exact test. Survival analysis 
was performed by the Kaplan–Meier method, and the 
differences in survival distributions were compared by 
the log-rank test. The Cox proportional hazards regression 
model was used to analyze multivariate survival for the 
parameters which were found to be significant in the uni
variate analysis.20 All statistical analyses were performed 
using GraphPad Prism 7.0 (Graph-Pad Software Inc., San 
Diego, CA, USA) and SPSS 19.0 software (IBM Corp., 
Armonk, NY, USA). P < 0.05 was considered to be 
significant.

Results
Clinicopathologic Characteristics of 
Osteosarcoma Patients
The clinicopathologic characteristics of osteosarcoma 
patients are shown in Table 1. A total of 25 males 
and 15 females with a mean age of 40 years old 
(range, 5–73 years) were included in this study. Of 
these patients, twenty-seven patients presented with 
a tumor size less than 8 cm and thirteen patients with 
tumor size more than 8 cm. The location of the tumor 
included the femur and tibia in 31 patients, and others 
in 9 patients. According to the Enneking staging sys
tem, there were 10 patients classified as stage IIA, and 
30 patients classified as stage IIB. Good chemotherapy 
response could be observed in 14 patients and poor 
response to chemotherapy could be observed in 26 
patients. The mean patient follow-up period was 
41.63 months (range, 5–70 months). By the end of 
the follow-up time, 40% (16/40) of patients survived 
with no evidence of disease, 22.5% (9/40) of patients 
remained alive with disease and 37.5% (15/40) of 
patients succumbed to osteosarcoma.

Immunohistochemical Expression of 
FEN1 in Osteosarcoma
As shown in Figure 1A, the FEN1 was mainly expressed 
in the cytoplasm of osteosarcoma cells. Of the 40 osteo
sarcoma patients, 19 (47.5%) patients presented with 
FEN1 high expression, while in the non-neoplastic bone 
specimens, the FEN1 high expression was observed in 
10% (3/30), the positive expression rate in osteosarcoma 
patients was significantly higher than that of non- 
neoplastic bone specimens (Figure 1B and Table 2, P< 

0.01). Therefore, FEN1 was overexpressed in osteosar
coma specimens.

Correlation Between FEN1 Expression in 
Osteosarcoma and Clinicopathological 
Characteristics
The correlations between the expression of FEN1 with 
clinicopathological parameters, including sex, age, tumor 
size, tumor location, Enneking stage and chemotherapy 
response are summarized in Table 3. No significant corre
lations between the high expression of FEN1 with sex, 
age, tumor size, tumor location, Enneking stage and 

Table 1 Clinicopathological Characteristics of Osteosarcoma

Clinicopathologic Data n (%)

Sex

Male 25 (62.5)

Female 15 (37.5)

Age (years), mean (range) 40 (5–73)

>18 26 (65.0)

≤18 14 (35.0)

Tumor size (cm)

>8 13 (32.5)

≤8 27 (67.5)

Tumor location

Femur or tibia 31 (77.5)

Other location 9 (22.5)

Enneking staging

IIA 10 (25.0)

IIB 30 (75.0)

Response to chemotherapy*

Good 14 (35.0)

Poor 26 (65.0)

Follow-up duration (month), mean (range) 41.63 (5–70)

Survival outcome

Disease-free 16 (40.0)

Alive with disease 9 (22.5)

Succumbed to disease 15 (37.5)

Notes: *Good: tumor necrosis ≥ 90%; poor: tumor necrosis < 90%.
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Figure 1 Immunohistochemical expression of FEN1 in osteosarcoma and non-neoplastic bone specimens. (A) The different intensities of positive expression in specimens. 
Scale bars, 100 μm (upper) and 25 μm (down). (B) The difference of immunohistochemical scores between osteosarcoma group and non-neoplastic bone group. ***P<0.001.

Table 2 FEN1 Expression in Osteosarcoma and Non-Neoplastic Bone Tissues

Osteosarcoma, n (%) Non-Neoplastic Bone Tissue, n (%) P value

FEN1

High expression 19 (47.5) 3 (10.0) 0.001
Low expression 21 (52.5) 27 (90.0)

Table 3 Association Between FEN1 Expression and Clinicopathological Characteristics of Osteosarcoma

Case Number High (n = 19) Low (n = 21) P value

Sex

Male 25 11 14 0.567
Female 15 8 7

Age (years)

>18 26 13 13 0.666

≤18 14 6 8

Tumor size (cm)

>8 13 6 7 0.906

≤8 27 13 14

Tumor location

Tibia or femur 31 12 19 0.092
Other location 9 7 2

Enneking staging

IIA 10 2 8 0.100

IIB 30 17 13

Response to chemotherapy*

Good 14 5 9 0.273

Poor 26 14 12

Notes: *Good: tumor necrosis ≥ 90%; poor: tumor necrosis < 90%.
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chemotherapy response were observed in this study 
(P > 0.05).

Correlation Between FEN1 Expression in 
Osteosarcoma Patient with Clinical 
Outcome
To evaluate the independent prognostic ability of FEN1, 
univariate and multivariate analyses were performed by 
analyzing the relationship of FEN1 expression with PFS 
and OS in osteosarcoma patients. Univariate analysis of 
patient survival as a function of FEN1 expression level is 
shown at Table 4 and Figure 2. Patients with high FEN1 
expression showed shorter mean PFS (12.16 months vs 
51.33 months; P < 0.001, Figure 2E) and OS time (39.04 
months vs 61.33 months; P = 0.002, Figure 2F) when 
compared with those with low FEN1 expression. In addi
tion to FEN1 expression, Enneking stage (PFS, P = 0.026, 
Figure 2A; OS, P = 0.044, Figure 2B) and chemotherapy 
response (PFS, P = 0.019, Figure 2C; OS, P = 0.031, 
Figure 2D) were also associated with shorter PFS and 
OS time upon univariate analysis (Table 4).

Upon multivariate analysis, three clinicopathologi
cal factors (FEN1, Enneking stage and chemotherapy 
response) that were associated with survival time were 
evaluated. The results showed that high expression of 
FEN1 independently predicted poor PFS (HR = 4.73, 
P = 0.002) and OS (HR = 4.01, P = 0.038) of patients 
with osteosarcoma (Table 5). Collectively, these find
ings demonstrated that FEN1 expression was an inde
pendent prognostic factor for osteosarcoma patients.

Discussion
Previous studies have reported that FEN1, as a pivotal 
factor in DNA replication, long-patch excision repair, 
and telomere maintenance, has a dual function in DNA 
replication and repair, and its expression levels and 
functional disorder can induce genomic instability, 
leading to cancer development.21–23 Some reports 
have also been reported that overexpression of FEN1 
was positively correlated with poor prognosis in sev
eral cancers such as breast cancer,24 non-small-cell 
lung,25 prostate cancer26 and lung adenocarcinoma,27 

and the high expression of FEN1 was considered to be 
a prognostic biomarker for these cancers. It is worth 
mentioning that Liu et al have concluded that FEN1, 
identified as a key gene associated with OS develop
ment, might be a potential biomarker for diagnosis and 

treatment of this tumor by systematically tracking the 
altered modules in the reweighted normal and OS PPI 
networks.28 In the present study, we found that osteo
sarcoma patients, who showed high expression of 
FEN1, had shorter OS time and PFS time. 
Meanwhile, multivariate analysis indicated that FEN1 
expression was an independent prognostic factor for 
osteosarcoma patients. Thus, the FEN1 inhibitors, 
may be considered as the potential target drugs for 
osteosarcoma treatment.

The relative molecular mechanisms about the role of 
FEN1 in the progression of several cancers have also been 
reported by some studies. For example, Zhang et al demon
strated that in hepatocellular carcinoma, FEN1 expression 
was positively correlated with cell cycle and DNA replica
tion pathway-related genes such as c-Myc, survivin, and 
cyclin D1, silencing FEN1 could inhibit cell proliferation 
and migration by regulating expression of these genes.29 

Becker et al reported that flap endonuclease overexpression 
was a driver of genome instability in yeast and human cells 
that impairs DNA replication in a manner dependent on its 
interaction with PCNA.22 Wang et al demonstrated that the 
FEN1 protein level was tightly controlled by sequential 
phosphorylation, SUMOylation, and ubiquitination in 
a cell cycle-dependent manner in breast cancer. Failure of 
these regulation processes might result in high FEN1 protein 
level, which was associated with abnormal cell cycle pro
gression and genome instability.30 Dong et al indicated that 
inhibition of IGF-1/miR-610/FEN1 axis could induce OS 
cells apoptosis.31 Therefore, we predicted that the mechan
ism of FEN1 to affect osteosarcoma progression was 
achieved by regulating cell cycle and DNA replication of 
osteosarcoma cells.

Due to the relatively small sample size and short fol
low-up time in this study, the association of FEN1 protein 
overexpression with poor prognosis may be bias. 
Moreover, preoperative neoadjuvant chemotherapy may 
have influence on the immunohistochemical fidelity of 
FEN1. Further studies should be focus on the relative 
molecular mechanism in vivo and in vitro of 
osteosarcoma.

Conclusion
In summary, the present study demonstrated that FEN1 
was overexpressed in osteosarcoma patients and posi
tively associated with the poor prognosis of osteosar
coma patients. FEN1 could be a promising target for 
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the survival of osteosarcoma patients if verified in the 
future. Further study should be focus on the molecular 
mechanism of FEN1 in the progression of osteosar
coma and exploring the therapeutic value of FEN1 for 
osteosarcoma.

Ethics Approval and Consent to 
Participate
Human Research Committee of the first Affiliated 
Hospital of Fujian Medical University approved the 

study. All procedures were performed in accordance 
with ethical standards laid out in the Declaration of 
Helsinki. All of the patients were informed of the aims 
of the study, and written informed consent was 
obtained.

Consent for Publication
All authors have read and approved the content, and they 
agree to submit it for consideration for publication in the 
journal.

Figure 2 Kaplan–Meier analysis of PFS and OS time by expression of FEN1 in osteosarcoma patients. Significant differences in PFS (A, P = 0.026) and OS (B, P =0.044) time 
were observed between patients with Stage IIA and Stage IIB. Significant differences in PFS (C, P = 0.019) and OS (D, P = 0.031) time were observed between patients with 
good chemotherapy response and poor chemotherapy response. Significant differences in PFS (E, P < 0.001) and OS (F, P = 0.002) time were observed between patients 
with high FEN1 expression and low FEN1 expression. 
Abbreviations: PFS, progression-free survival; OS, overall survival.

Table 5 Multivariate Analysis Regarding the Value of FEN1 for Osteosarcoma Patient Survival

Characteristics Comparison Progression-Free Survival (Months) Overall Survival (Months)

HR 95% CI P value HR 95% CI P value

FEN1 High vs low 4.73 1.76~12.69 0.002 4.01 1.08~14.83 0.038

Enneking staging IIB vs IIA 2.38 0.67~8.47 0.178 3.67 0.45~29.72 0.223
Response to chemotherapy Good vs poor 0.34 0.12~0.92 0.034 0.26 0.06~1.15 0.075

Abbreviations: HR, hazard ratio; CI, confidence interval.
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