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Abstract. Neoadjuvant chemotherapy (NAC) followed 
by surgery is the current standard of treatment for locally 
advanced uterine cervical cancer; however, its value and 
outcomes remain contested. Identifying biomarkers that allow 
for the prediction of the effect of NAC efficacy before initia‑
tion of treatment is essential, in order to assist in choosing the 
optimum therapeutic regimen to maximize the beneficial 
outcomes of treatment. In the present retrospective study, 
44 patients with locally advanced uterine cervical squamous 
cell carcinoma who underwent NAC were divided into two 
groups: A NAC successful group and a NAC failure group, 
depending on the efficacy of NAC. Subsequently, the associa‑
tion between Fyn expression, a non‑receptor tyrosine kinase 
that is a member of the Src family kinases, and NAC efficacy 
was determined; Fyn expression was detected by immunohis‑
tochemistry and assessed using a weighted scoring method. 
Additionally, the effect of Fyn knockdown on the sensitivity of 
a uterine cervical cancer cell line to cisplatin was determined. 
Notably, there were no significant differences between the two 
groups of patients regarding their characteristics. Regarding 
overall survival, the NAC successful group had a significantly 
longer survival time than the NAC failure group (P=0.01). 
Furthermore, the expression levels of Fyn in tumor tissues were 
significantly lower in the NAC successful group compared 
with those in the NAC failure group (P=0.003). The patients 
were subsequently divided into two groups (high expression 
group and low expression group) according to a cutoff value 
of 3, which was determined by producing a receiver operating 
characteristic curve from the weighted scores. The low expres‑
sion group was significantly more sensitive to NAC than the 

high expression group (P<0.001). In vitro experiments revealed 
that Fyn knockdown significantly enhanced the sensitivity of 
uterine cancer cells to cisplatin (P<0.05). In conclusion, Fyn 
expression may be a potentially useful biomarker for predicting 
the response to NAC in patients with locally advanced uterine 
cervical squamous cell carcinoma, and may also be a prom‑
ising molecular target for the management of uterine cancer.

Introduction

Uterine cervical cancer has the fourth highest incidence and the 
fourth highest mortality rate of all cancers, with 604,125 new 
cases and 341,831 deaths in 2020 worldwide (1). Screening and 
prevention of cervical cancer have improved through human 
papillomavirus typing and vaccination; however, patients 
with locally advanced stages [Federation of Gynecology 
and Obstetrics (FIGO) stages IB2‑ⅣA] are still commonly 
diagnosed in clinical practice. Currently, for locally advanced 
uterine cervical cancer, especially for stages IIIB‑IVA, concur‑
rent platinum‑based chemoradiotherapy (CCRT) is the standard 
treatment strategy (2). However, the 5‑year relative survival 
rate for patients with stage IIIB‑IVB uterine cervical cancer 
is <60%, which is considerably lower than that for patients 
with early‑stage uterine cervical cancer, for whom survival 
is >90% (3). Neoadjuvant chemotherapy (NAC) followed by 
surgery is considered one of the treatment options for patients 
with locally advanced uterine cervical cancer, even though 
its value remains contested. NAC has the potential to reduce 
the tumor size and allow for a hysterectomy for patients with 
stages  IIIB‑IVA uterine cancer in which hysterectomy is 
normally not possible, and this course can improve a patient's 
prognosis (4‑6). However, if the NAC treatment does not effec‑
tively shrink the tumor size, the patients instead have to undergo 
radiotherapy, and this delays the initiation of the core treatment, 
and thus a worse prognosis. Therefore, if the effectiveness 
of NAC for locally advanced uterine cancer patients can be 
predicted, it may be possible to accurately choose the optimal 
candidate for NAC to improve outcomes. To this end, there is an 
urgent need for the identification of biomarkers that can easily 
be assessed prior to initiation of treatment, which can predict 
the effects of NAC for locally advanced uterine cancer patients.
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The Src family of kinases (SFKs) play crucial roles in regu‑
lating a wide variety of cellular functions such as proliferation, 
migration, invasion, differentiation, survival angiogenesis, and 
motility in several types of cancers (7). Fyn, a non‑receptor 
tyrosine kinase that is a member of the SFKs, is a 59 kDa 
protein, the gene for which is located on chromosome 6q21 (8). 
Fyn has been reported to phosphorylate and prevent the break‑
down of PI3K enhancer‑activating Akt (PIKE‑A), which is an 
inhibitor of apoptosis (9). The overexpression of Fyn leads to the 
promotion of the antiapoptotic activity of Akt (10). Therefore, 
Fyn is considered an important molecule that can confer resis‑
tance to anti‑cancer agents that exert their effects by inducing 
apoptosis. This fact can be applied to the chemotherapy using 
platinum‑based anti‑cancer agents for cervical carcinoma.

However, to the best of our knowledge, there is no research 
on whether Fyn affects the outcomes of chemosensitivity to 
platinum‑based anti‑cancer agents in cervical squamous cell 
carcinoma. The present study is the first to focus on chemo‑
sensitivity to a platinum‑based anti‑cancer agent in cervical 
squamous cell carcinoma based on Fyn expression, and the 
results revealed the value of Fyn expression as a biomarker 
in predicting the efficacy of NAC in patients with locally 
advanced uterine cervical squamous carcinoma.

Materials and methods

Patients. The present study is a retrospective study in which 
a total of 44 patients were enrolled. The inclusion criteria 
were as follows: i) Patients diagnosed with FIGO Stage IIIB 
(FIGO 2008) uterine cervical cancer whose cancer was patho‑
logically confirmed by punch biopsy specimens before the 
initiation of treatment; ii) patients who underwent NAC using 
cisplatin at the Osaka City University Hospital (Osaka, Japan) 
between April 1996 and April 2010; iii) aged 20‑70 years old; 
and iv) the medical records were available to analyze. Patients 
whose medical records were deemed inadequate for analysis 
were excluded. Information on the clinical factors such as 
FIGO stage, age, the effect of NAC, body mass index, serum 
squamous cell carcinoma (SCC) antigen value, and tumor size 
were collected before the initiation of treatment.

To compare which factors contributed to NAC efficacy, the 
patients were grouped depending on the efficacy of NAC into two 
groups: A NAC success group and a NAC failure group. NAC 
success was defined as a decrease in tumor size to that expected 
in stage I or II, and for whom a hysterectomy was made possible, 
and as failure when NAC failed to decrease the tumor size and a 
hysterectomy was not made possible, and thus radiation therapy 
had to be performed. NAC was performed using cisplatin. The 
total amount of cisplatin (Bristol Myers Squibb) administered 
was 50, 75, or 100 mg/m2 (dependent on the renal function). 
Cisplatin was injected intra‑arterially using balloon‑occluded 
arterial infusion over 30 min three times every 4 weeks (4). In 
the NAC success group, a hysterectomy and consecutive radia‑
tion therapy were performed after NAC and in the NAC failure 
group, radiation therapy alone was performed after NAC.

All patients enrolled in this study provided written informed 
consent for the treatment and the use of their samples in this 
research prior to the initiation of NAC and the Institutional 
Review Board of Osaka City University Hospital approved this 
study (approval no. 2019‑01).

Immunohistochemical (IHC) staining and scoring. For IHC, 
4 µm thick sections generated from the paraffin‑embedded 
tissue blocks were used. Before IHC staining, tissues were 
deparaffinized and the endogenous peroxidase activity of 
the samples was quenched using 3% hydrogen peroxide in 
methanol, after which antigen retrieval was performed by 
immersing the samples in Target Retrieval Solution, pH 9.0 
(cat. no. S2367; Agilent Technologies, Inc.) and heating in an 
autoclave at 121˚C for 20 min. The DAKO LSAB2 Peroxidase 
kit (cat. no. K0675; Agilent Technologies, Inc.) was used for IHC 
according to the manufacturer's protocol. A rabbit monoclonal 
anti‑Fyn antibody (cat. no. ab184276; 1:250 dilution) was used 
as the primary antibody at 4˚C overnight and biotinylated goat 
immunoglobulin G antibodies included in the DAKO LSAB2 
Peroxidase kit were used as secondary antibodies at room 
temperature for 10 min. The slides were immersed in DAB 
solution to develop the stain at room temperature for 10 min 
and were counterstained with hematoxylin and 0.3% ammonia 
water at room temperature for 1 min.

Fyn expression was quantified using an established 
weighted scoring method (11). In this method, two indepen‑
dent factors were employed to generate the score, multiplying 
the score of the stained tumor cell percentage and the score 
of the staining intensity to obtain a weighted score for each 
sample. The score of the stained tumor cells was based on 
the average percentage of stained tumor cells and assigned as 
follows, 0 (<5%), 1 (5‑25%), 2 (25‑50%), 3 (50‑75%), 4 (>75%). 
The score of the staining intensity was based on the intensity 
of staining and assigned as follows, 1 (weak), 2 (moderate), and 
3 (intense).

Cell culture. CaSki cells (human papillomavirus‑related 
cervical squamous cell carcinoma, cat. no. IFO50007) were 
incubated in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS and 1% penicillin 
in a humidified incubator at 37˚C with 5% CO2.

Fyn knockdown and cell survival assays. Fyn siRNA trans‑
fections were performed using Lipofectamine® RNAiMax 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. A Fyn‑specific siRNA (Fyn siRNA: 
cat. no. sc‑29321; Santa Cruz Biotechnology, Inc.) or control 
siRNA (control siRNA‑A: cat. no.  sc‑37007; Santa Cruz 
Biotechnology, Inc.) were used. The sense sequence of Fyn 
siRNA is CAU​CGA​GCG​CAU​GAA​UUA​U, and the antisense 
sequence was AUA​AUU​CAU​GCG​CUC​GAU​G which are 
provided in 5'→ 3'orientation. The sequence of control siRNA 
is confidential. CaSki cells were incubated in 96‑well plates 
(2x103  cells/well) and divided into two groups: A treated 
group, in which Fyn siRNA transfection was performed, and a 
control group, in which control siRNA was transfected. After 
cell adhesion, in the treated group, cells were incubated with 
fresh medium containing Fyn siRNA transfection complexes, 
and in the control group, cells were incubated with fresh 
medium containing control siRNA at 37˚C for 24 h. Next, the 
cells in both groups were incubated for 24 h at 37˚C in fresh 
medium containing 10, 25, or 50 µM cisplatin. To determine 
cell viability, 10 µl Cell Counting Kit‑8 solution (Dojindo 
Molecular Technologies, Inc.) and 100 µl RPMI‑1640 medium 
were added to each well of both groups, and the cells were 
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incubated at 37˚C for 2 h. The absorbance of each well was 
measured at a wavelength of 450 nm using a microplate reader 
(Corona Electric Co., Ltd.).

Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR 
was performed to verify the successful knockdown of Fyn 
mRNA expression after transfection of Fyn siRNA. TaqMan 
chemistry was used to perform RT‑qPCR according to the 
manufacturer's protocol with TaqMan primer and probes for 
Fyn (cat. no. Hs00941613_m1) and hypoxanthine phosphori‑
bosyl‑transferase 1 (cat. no. Hs02800695_ml, Thermo Fisher 
Scientific, Inc.) which was used as an internal control (12). 
First, total RNA was extracted from cells using a RNeasy 
Mini kit (Qiagen GmbH). Next, total RNA (1 µg) was reverse 
transcribed into cDNA using a High‑Capacity cDNA Reverse 
Transcription kit (Thermo Fisher Scientific, Inc.). Finally, 
qPCR was performed using TaqMan Fast Universal PCR 
MasterMix (Thermo Fisher Scientific, Inc.). The following 
thermocycling conditions were used for the qPCR: Initial 
denaturation at 95˚C for 20 sec; followed by 40 cycles at 95˚C 
for 3 sec and 60˚C for 30 sec. All procedures were performed 
in accordance with the manufacturer's protocol. The relative 
changes in gene expression were calculated using the 2‑∆∆Cq 
method (13).

Statistical analysis. Values are expressed as the mean ± stan‑
dard deviation. A Fisher's exact test was used for determining 
the association between categorical variables in the two 
different groups, and a Mann‑Whitney U‑test was used for 
comparing the median and mean values between the two 
different groups. A Receiver Operating Characteristic (ROC) 
curve was generated to determine the cutoff value of the Fyn 
score to predict the effect of NAC treatment. The Kaplan‑Meier 
method and log‑rank tests were used to compare the survival 
between the two different groups. Three replicants were 
performed in RT‑qPCR, and ten replicates were performed 
in cell survival assays. P<0.05 was considered to indicate a 
statistically significant difference. GraphPad Prism Version 8 
(GraphPad Software, Inc.) was used for all statistical analyses.

Results

Patient characteristics and overall survival. There were 
23 patients in the NAC success group and 21 patients in the 
NAC failure group. Comparison of the patients' characteristics 

between the two groups showed no significant differences 
in age, BMI, serum SCC value, and tumor size before NAC 
(Table I). Tumor size after NAC was significantly larger in 
the NAC failure group than in the NAC successful group 
(P<0.001; Table I). Regarding the overall survival, the NAC 
success group had significantly better overall survival than the 
NAC failure group (P=0.01; Fig. 1).

Fyn expression and Fyn cutoff values for predicting NAC 
efficacy. The expression of Fyn was compared between the 
two groups using IHC. Fyn protein expression was observed 
primarily at the cell membrane and in the cytoplasm (Fig. 2). 
The difference in expression was evaluated using weighted 
scores, and the results showed that the expression in the NAC 
failure group was significantly higher than in the NAC success 
group (P=0.003; Fig. 3A). Next, we evaluated the cutoff value 
of the weighted score to predict the efficacy of NAC using 
a ROC curve. The ROC curve showed that a cutoff value of 
3 predicted the NAC efficacy with a sensitivity of 82.6% and 
specificity of 71.4%, with an area under the curve of 0.759 and 
a 95% confidence interval of 0.613‑0.905 (Fig. 3B).

Contribution of Fyn expression to NAC efficacy. Based on the 
cut off value of 3, patients were divided into two groups, a 

Table I. Patient characteristics.

Characteristic	 NAC successful group	 NAC failure group	 P‑value

n	 23	 21	
Age, yearsa	 47 (24‑59)	 55 (37‑68)	 0.241b

BMIa	 21.7 (14.6‑29.6)	 21.3 (12.7‑27.1)	 0.891b

SCC antigen, ng/mla	 8.45 (0.7‑187.0)	 11.1 (1.6‑49.3)	 0.539b

Tumor size before NAC, mma	 43.5 (25‑80)	 48.0 (35‑78)	 0.257b

Tumor size after NAC, mma	 0 (0‑45)	 35.5 (5‑51)	 <0.001b

aData are presented as the median (range). bMann‑Whitney U test. NAC, neoadjuvant chemotherapy; SCC, squamous cell carcinoma.

Figure 1. Kaplan‑Meier survival analysis. Comparison of the overall survival 
between the NAC successful group and the NAC failure group. The overall 
survival of the NAC successful group was significantly better than that of the 
NAC failure group (P=0.01). NAC, neoadjuvant chemotherapy.
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low expression group (n=25) in which the weighted score was 
≤3 and a high expression group (n=19) in which the weighted 
score ≥4. The rate of NAC success between the two groups 
was compared. In the low expression group, the success rate 
was 76% and the failure rate was 24%, in the high expres‑
sion group, the success rate was 21.1% and the failure rate 
was 78.9% (Table II). The success rate in the low expression 
group was significantly higher than that in the high expression 
group (P<0.001), which was evaluated with the Fisher's exact 
test determining the association of categories in two group 
variables (NAC successful group and NAC failure group). 
This indicated that high expression of Fyn contributed to 
reduced sensitivity to NAC in local advanced uterine cervical 
cancer patients.

Contribution of Fyn knockdown to the cisplatin sensitivity 
of cervical cancer cells. Next, the effect of Fyn knockdown 
on cisplatin sensitivity was evaluated in vitro using human 
cervical cancer cells. Fyn expression was knocked down by 
transfection of si‑Fyn. The downregulation of Fyn mRNA 
expression was confirmed by RT‑qPCR. As shown in Fig. 4A, 
Fyn mRNA expression was significantly suppressed in the 

treated cells compared with the control cells transfected with 
the control siRNA (P<0.05). After confirmation of knockdown 
of Fyn, the effect of Fyn knockdown on the sensitivity to 
cisplatin in the uterine cervical cancer cells was determined. 
The cell viability of cells in which Fyn was knocked down was 
significantly lower than in the cells transfected with the control 
siRNA when treated with 10, 25, or 50 µM cisplatin (Fig. 4B). 
These results indicate that Fyn knockdown contributed to the 
enhancement of cisplatin sensitivity on uterine cervical cancer 
cells.

Discussion

NAC followed by surgery is considered the standard treatment 
option for patients with locally advanced uterine cervical 
cancer, and there are numerous studies revealing the effective‑
ness of NAC for patients with locally advanced uterine cervical 
cancer. Nguyen et al (5) performed a meta‑analysis that showed 
that dose‑intense cisplatin‑based NAC followed by surgery 
increases survival in stage IB2‑IVA uterine cervical cancer 
patients. Mori et al (14) reported that NAC using paclitaxel 
and carboplatin followed by surgery was a promising mode of 

Figure 2. Immunohistochemical staining of Fyn in uterine cervical squamous cell carcinoma specimens counterstained with hematoxylin. Representative 
images of a weighted score of (A) 0, (B) 6, and (C) 12. Scale bar, 50 µm.

Figure 3. Analysis of the weighted score of Fyn. (A) Comparison of the weighted score of Fyn between the NAC successful group and the NAC failure group. 
The score in the NAC successful group was significantly lower than that in the NAC failure group (P=0.003). (B) Receiver operator characteristic curve for 
determining the Fyn cutoff score for predicting the effectiveness of NAC, indicating a cut off value of 3 with a sensitivity of 82.6% and specificity of 71.4% 
was optimal, with an area under the curve value of 0.759 and a 95% confidence interval of 0.613‑0.905.
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therapy for stage IB2‑IIIB uterine cervical cancer patients with 
a good probability of improving the prognosis. Shoji et al (15) 
reported that NAC using cisplatin and irinotecan followed by 
surgery was a useful therapeutic strategy for management of 
stage IB2‑IIIB uterine cervical cancer with a good probability 
of improving the prognosis. Finally, Sala et al (6) demonstrated 
that NAC followed by surgery improved survival outcomes for 
stage IB2‑IVA uterine cervical cancer patients, and suggested 
that NAC followed by surgery was an effective alternative 
treatment option to CCRT standard treatment strategy.

Currently, for locally advanced uterine cervical cancer, 
especially for patients with stage IIIB‑IVA cancer, CCRT is 
the standard treatment strategy (2); however, the prognostic 
outcomes of these patients have remained poor (3). Therefore, 
there is an urgent need to establish an effective treatment 
strategy for these patients. One candidate strategy to improve 
the prognosis is NAC followed by surgery. However, if NAC 
is not effective, surgery cannot be performed and the only 
treatment option available is radiotherapy, which may result 
in unfavorable treatment outcomes due to the delay before the 
initiation of the core treatment. Therefore, if the efficacy of 
NAC can be predicted in advance, the patients who will benefit 
from NAC effectively can be selected before the initiation of 
treatment. To this end, it is crucial to identify biomarkers that 
can be used in predicting NAC efficacy.

Tyrosine kinases can be divided into two groups, receptor 
tyrosine kinases, and non‑receptor tyrosine kinases. Receptor 
tyrosine kinases include vascular endothelial growth factor 
receptor (VEGFR), epidermal growth factor receptor (EGFR), 
and mesenchymal‑epithelial transition factor, and they receive 
signals via soluble ligands. Non‑receptor tyrosine kinases 
include families such as Src, Abl, focal adhesion kinase, and 
the Janus kinase (16). Dysregulation of the activation of these 
tyrosine kinases causes cancer by altering cellular growth, 
function, and shape which are hallmarks of malignancy (17). 
The SFKs consists of the following members: c‑Src, Fyn, Lck, 
Yes, Lyn, Fgr, Blk, and Hck. Among these, Fyn, c‑Src, and 
Yes are expressed ubiquitously, whereas the others exhibit 
restricted tissue expression (7,18,19). Fyn is a non‑receptor 
tyrosine kinase that is localized to the inner side of the cell 
membrane; however, when activated, it is translocated to other 
cellular components such as the nucleus (20). Fyn has been 
reported to exhibit a wide variety of biological functions, such 
as signal transduction in the nerves thus contributing to the 
regulation of brain function, signal transduction through T cell 
receptors, and adhesion‑mediated signal transduction under 
physiological conditions. Additionally, Fyn has been reported 
to contribute to the development and progression of several 
malignancies through regulation of cell growth, cell death, 
cell motility, morphogenic transformation, and migration, and 

Table II. Association between Fyn expression and NAC efficacy.

Fyn expression	 NAC successful group	 NAC failure group	 P‑value

Low expression, n (%)	 19 (76)	 6 (24)	 <0.001a

High expression, n (%)	 4 (21.1)	 15 (78.9)	

aFisher's exact test; NAC, neoadjuvant chemotherapy.

Figure 4. Effect of Fyn knockdown on the sensitivity to cisplatin in vitro. (A) Relative Fyn mRNA expression levels in the control and Fyn knockdown cells. 
After transfection of si‑Fyn, Fyn mRNA expression levels were significantly lower than that in the control cells (P<0.05). (B) Comparison of cell viability of 
uterine cervical cancer cells between the control siRNA group and Fyn siRNA group after treating cells with several different concentrations of cisplatin. The 
cell viability of the si‑Fyn group was significantly lower than that of the control group when treated with 10, 25, or 50 µM cisplatin. Data are presented as the 
mean ± SD. *P<0.05. siRNA, small interfering RNA.
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is considered an essential factor in the development, progres‑
sion, and metastasis of cancer (8,21). Fyn has been reported to 
be involved in a wide variety of malignancies such as breast 
cancer, prostate cancer, glioma, melanoma, squamous cell 
carcinoma of the head and neck, chronic myeloid leukemia, 
cholangiocarcinoma, gastric cancer, thyroid cancer, and 
esophageal squamous cell carcinoma (8,21‑27).

Fyn has been reported to be involved in the receptor 
tyrosine kinase (EGFR, VEGF, platelet‑derived growth 
factor receptor, fibroblast growth factor) pathway in 
cancer. Fyn transmits signals through Ras‑independent 
pathways (via PIK3/Akt, STAT3, FAK, β‑catenin, VAV1, 
paxillin, and/or SHC) and Ras‑dependent pathways (via 
Ras/MEK/ERK)  (28). Through involvement in these 
pathways, Fyn mediates the growth factor‑induced 
anti‑apoptotic effects of Akt/PKB (8). As a result, there 
are also several reports showing the correlation between 
Fyn expression and sensitivity to anti‑cancer agents due 
to the regulation of apoptosis by Fyn. Knockdown of Fyn 
facilitates doxorubicin‑induced apoptosis and increases 
the sensitivity to doxorubicin in doxorubicin‑resistant 
cells  (29). Additionally, the levels of Fyn expression 
markedly influence the efficacy of PP2, which is an SFK 
inhibitor, by inducing apoptosis (9). Furthermore, there are 
several reports on the correlation between Fyn expression 
and sensitivity to anti‑cancer agents. Fyn was reported to be 
upregulated in tamoxifen‑resistant estrogen receptor‑posi‑
tive breast cancer cell lines, and when Fyn expression was 
knocked down the estrogen receptor‑positive breast cancer 
cell lines became sensitive to tamoxifen (30). Upregulated 
expression of Fyn has been reported to be involved in 
resistance to imatinib in chronic myeloid leukemia  (31). 
Fyn upregulation has also been reported to exert negative 
effects on chemosensitivity to gemcitabine in pancreatic 
ductal adenocarcinoma via regulation of miR‑125a‑3p (32). 
Fyn is considered an important molecule that can confer 
resistance to anti‑cancer agents, and it exerts its effect 
predominantly by inducing apoptosis (9,29).

The antitumor effects of platinum‑based anti‑tumor drugs 
including cisplatin are achieved by covalently binding to the 
DNA of cancer cells (33). There are several mechanisms that 
contribute to the resistance of platinum‑based anti‑tumor drugs 
such as inactivation of apoptotic signaling pathways (34,35), 
enhanced DNA damage repair capacity  (36,37), increased 
cisplatin detoxification  (38), decreased cellular uptake of 
cisplatin (39,40), and other epigenetic modifications that occur 
at the molecular and cellular levels (41,42).

Thus far, several biomarkers that exhibit potential for 
predicting the efficacy of NAC to uterine cervical cancer 
patients, such as uncoupling protein 2, protein arginine 
methyltransferase, and T‑box 2, have been identified (43‑45). 
In the current study, high Fyn expression was shown to be 
negatively associated with the effectiveness of NAC using 
cisplatin for locally advanced uterine cervical cancer, and 
knockdown of Fyn increased the sensitivity to cisplatin in 
uterine cervical cancer cells in vitro. It is hypothesized that 
the accumulation of these findings will allow for a more 
accurate prediction of the effects of NAC treatment. If the 
efficacy of NAC can be predicted using biopsy specimens 
prior to the initiation of treatment, the optimal treatment 

strategy can be predicted for patients. Taking pathological 
samples from the uterine cervix via punch biopsy is a routine 
procedure in the clinic, thus there is no need for further inva‑
sive procedures for the patients.

To the best of our knowledge, this study is the first to show 
the association between Fyn expression and the efficacy of 
NAC for patients with locally advanced uterine cervical squa‑
mous cell carcinoma. In the present study, Fyn was shown to 
contribute to the prognosis of patients; however, as this study 
is a retrospective study with a relatively small number of cases 
from a single institute, further larger prospective studies with 
patients from multiple institutes, ideally from several different 
countries are required to confirm the results presented here.

In conclusion, this study showed that Fyn expression may 
be a potentially useful predictive biomarker of the response 
to NAC for patients with locally advanced uterine cervical 
squamous cell carcinoma that is easy to evaluate using 
biopsy specimens. The results also suggest that Fyn may be 
a promising molecular target for the management of uterine 
cancer.
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