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We aimed to investigate the role of FUT1 gene in Taxol resistance and to explore its mechanism in epithelial ovarian 
cancer. Three ovarian cancer cell lines, ES-2, SK-OV-3 and OVCAR-3 were selected from epithelial ovarian cancer in this 
experiment. Western blot was used to validate the protein expression level of FUT1 and the apoptosis proteins. The expres-
sion level of the corresponding carrier was validated by RT-PCR. Transfection and isolation of stable transfectants were 
carried out to establish the cell line models. The different concentrations of Taxol on the inhibition of cell growth rate was 
measured by MTT, in which Taxol resistance profiling in ovarian cancer cells was determined by IC50 data. Flow cytometry 
was conducted to compare cell apoptosis ability. Caspase-3 activity and the apoptosis proteins were measured by colorim-
etry and western blot, respectively, to further compare the cell apoptosis ability in different groups. To demonstrate the 
inhibition of miR-FUT1 combined with Taxol therapy against ovarian cancer, xenograft assay was carried out for the in vivo 
effect. The western blot results indicate that FUT1 is expressed in all of the ovarian cancer cells with different expression 
level: ES-2 > SK-OV-3 > OVCAR-3. Besides, FUT1 siRNA was used in the maximum expression of FUT1 cell line ES-2, or 
over-expression plasmid was used in the minimum expression of FUT1 cell line OVCAR-3, to establish stable expression 
cell lines. After the treatment with Taxol, the inhibition rate of Taxol was obviously decreased with the established cell model 
above, and the IC50 level was significantly increased in the FUT1 over-expression + Taxol group (p<0.05, respectively). 
Additionally, after the treatment with Taxol, the results of flow cytometry demonstrated that the apoptosis rate was increased 
or decreased obviously in the FUT1 low or high expression group compared with the control group (p<0.05, respectively). 
Furthermore, the results of western blot indicated that the expression of the anti-apoptotic proteins such as survivin, XIAP, 
BCL-2 and BCL-xL was significantly decreased or increased in the FUT1 low or high expression group compared with the 
control group (p<0.05, respectively), and the determination of pro-apoptotic protein caspase-3 enzyme activity test demon-
strated that the caspase-3 enzyme activity was increased or decreased obviously in the FUT1 low or high expression group 
compared with the control group (p<0.05, respectively). Finally, we verified the inhibition effect of siRNA-FUT1 combined 
with Taxol therapy against ovarian cancer through xenograft assay in vivo. Our results suggest that FUT1 combined with 
Taxol could promote Taxol resistance and inhibit cell apoptosis by raising the expression of anti-apoptotic proteins such as 
survivin, XIAP, BCL-2, and BCL and inhibiting caspase-3 enzyme activity. Thus, FUT1 might serve as a therapeutic target 
for ovarian cancer. 
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Ovarian cancer is a malignancy with the fifth mortality in 
female malignant tumors and leads to the highest mortality 
rate in gynecological cancers, of which epithelial ovarian 
carcinoma accounts for 85–90% as the most common patho-
logic type. It is estimated that there will be 22,440 Americans 

diagnosed with ovarian cancer in 2017, and 14,080 of them 
will die from the disease [1]. Surgery with chemotherapy is 
still the main treatment for ovarian cancer. However, the high 
mortality rate of ovarian cancer is associated with the difficul-
ties of early detection, and the majority experience relapses 
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within two years [2, 3]. Chemoresistance after chemotherapy 
makes the therapy very challengeable, and has been one of 
the main reasons for the high mortality of ovarian cancer 
[4]. Therefore, it is urgent to discover new treatment strate-
gies for reducing the chemoresistance occurrence to improve 
prognosis.

Tumor related Lewis y antigen is a difucosylated oligosac-
charide containing two fucoses, which is carried by glyco-
proteins and glycolipids on cell surface, and it has been 
widely used in early screening and biological treatment 
[5–8]. Over-expression of Lewis y antigen is usually found in 
human cancers (including breast, ovary, prostate, and colon 
cancers), especially in 75% of ovarian tumors and is associ-
ated with tumors’ pathological staging and poor prognosis 
[5–8]. The studies have reported that Lewis y could stimulate 
the IGF-1R expression to promote the occurrence and devel-
opment of ovarian cancers, regulate the epidermal growth 
factor receptor pathway to stimulate the growth of ovarian 
cancer cells, and promote the proliferation of ovarian cancer 
cells through the PI3K/Akt signaling pathway [5–8]. In our 
previous studies, we found that Lewis y antigen is involved in 
ovarian cancer Taxol resistance, but the possible mechanism 
still remains unknown. Alpha 1,2-fucosyl transferase (FUT1) 
gene, which catalyzes the fucosylation of Lewis y, plays an 
important role in the above mechanism.

In the present study, we evaluated the FUT1 expression 
in three kinds of ovarian cancer cell lines and established 
the stable FUT1 expression cell lines for comparison. Then 
we demonstrated that FUT1 combined with Taxol could 
promote Taxol resistance and inhibit cell apoptosis. Finally, 
we explored the preliminary mechanism: FUT1 could 
promote Taxol resistance by increasing the expression of 
anti-apoptotic proteins such as survivin, XIAP, BCL-2, and 
the BCL and inhibiting the caspase-3 enzyme activity. Thus, 
FUT1 might serve as a therapeutic target for ovarian cancer.

Materials and methods

Cell culture and treatment. Ovarian cancer cells ES-2, 
OVCAR-3, and SK-OV-3 (obtained from Saier Biotech-
nology INC, Tianjin, China) were cultured in RPMI 1640 
supplemented with 10% FBS (GIBCO BRL, USA) at 37 °C in 
5% CO2 atmosphere. Stable transfectants were maintained 
in complete DMEM supplemented with 0.5 mg/mL G418. 
Cells were routinely checked for Mycoplasma contamina-
tion (Stratagene, La Jolla, CA, USA). For western blot assays, 
sub-confluent cell layers were rendered quiescent by serum 
starvation for 12–24 h. Cells were subsequently stimulated 
by addition of medium containing or lacking paclitaxel 
(10 mL/60 mg, H20083956 approved by the state, Hainan 
Sinochem conjointe Pharmaceutical Industry Co., Ltd, 
China) with different concentrations (0 µM, 1 µM, 5 µM, and 
20 µM). Four cell groups were involved in the experiment: 
1) interference group (ES-2-shR-FUT1), 2) interference with 
the control group (ES-2-pSilencer), 3) over-expression of the 

experimental group (OVCAR-3-FUT1), 4) over-expression 
of the control group (OVCAR-3-pcDNA3.1).

Western blot analysis. For western blotting, cells were 
rinsed with PBS and 1 mL of RIPA lysis buffer was added. The 
supernatants were collected and stored at –80 °C after centrif-
ugation. Protein content was measured by the protein assay 
BCA kit (Beyotime Biotechnology, China) and equal amounts 
of protein were loaded on SDS-PAGE gels. Subsequently, 
proteins were transferred to PVDF membranes (Millipore, 
USA), and the condition was 100 mA for 90 min, before 
being detected with anti-FUT1 antibody (Abcam, England, 
1:1,000); HRP-rabbit anti-IgG (Sigma Chemical; 1:10,000). 
Immunoreactive bands were visualized by LabWorksTM gel 
imaging and analysis system (UVP, USA), enhanced Chemi-
luminescence Substrate was used as secondary antibodies.

Transfection and isolation of stable transfectants. 
Lipofectamine2000 Reagent (Invitrogen, USA), Type B 
plasmid small rapid extraction kit (BioDev-Tech. Co.,Ltd, 
Beijing); XL1-Blue (Stratagene, USA); Type restriction 
endonucleases BamHI, EcoRI (Takara, Japan); pcDNA3.1(+)/
FUT1 plasmids were established by Self biotechnology 
(Tianjin), and the primers were as follow: FUT1-S-BamHI: 
5’CGCGGATCCGCCACCATGTGGCTCCGGAGCCATCGT3’; 
FUT1-AS-EcoRI: 5’CCGGAATTCAGGCTTAGCCAATGT; 
pSilencer2.1-U6/shR-FUT1 plasmids establishment and the 
primers:

FUT1-shR1-top 5’-GATCCGCCGGTTTGGTAATCAGATGG-
CTCGAGCCATCTGATTACCAAACCGGCTTTTTGA-3’,
FUT1-shR1-Bot 5’-AGCTTCAAAAAGCCGGTTTGGTAAT-
CAGATGGCTCGAGCCATCTGATTACCAAACCGGCG-3’,
FUT1-shR2-top 5’-GATCCGCGGACTTGAGAGATCCTTTC-
CTCGAGGAAAGGATCTCTCAAGTCCGCTTTTTGA-3’,
FUT1-shR2-Bot 5’-AGCTTCAAAAAGCGGACTTGAGAGA-
TCCTTTCCTCGAGGAAAGGATCTCTCAAGTCCGCG-3’,
FUT1-shR3-top 5’-GATCCGGGACTATCTGCAGGTTATGC-
CTCGAGGCATAACCTGCAGATAGTCCCTTTTTGA-3’,
FUT1-shR3-Bot 5’-AGCTTCAAAAAGGGACTATCTGCAG-
GTTATGCCTCGAGGCATAACCTGCAGATAGTCCCG-3’.
A fragment of the rat FUT1 FTA complementary DNA 

fragment (368 bp, GENB/EMBL accession number L26009) 
was inserted at the unique EcoRI site in the anti-sense orien-
tation as determined by sequencing. The final concentration 
of siRNA control and FUT1 was 100 nM. PROb cells grown 
in 60 mm Petri dishes were then transfected with 10 µg of 
recombinant plasmid using lipofectamine according to the 
instructions (GIBCO, Paisley, UK). Fresh medium was added 
and replaced 24 h and 48 h later, respectively, by selective 
medium containing 0.2 mg/mL G418 (GIBCO). Individual 
colonies were picked, cloned and expanded.

MTT assay. The cells were seeded in a 96-well plate at 
1×104 cells/well (three replicates), incubated at 37 °C for 24 h, 
and then cultured in DMEM (with 10% FCS) containing 
paclitaxel. Cells were cultured in 5% CO2 at 37 °C for 24 h, 
and then 10 µL of 5 mg/mL MTT was added. After 4 h of 
subsequent culture, 100 µL of DMSO was added to terminate 
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the reaction, and the absorbance value was detected at 490 
nm using a microplate reader (Elx808; Bio-Tek Instruments, 
Vermont, USA).

Cell inhibition rate = 1 – (treatment group OD – blank 
hole OD)/(blank control group OD – hole OD) × 100%. 

IC50 calculation method: using GraphPad Prism 5 
software calculation.

Flow cytometry. Cultured cells were trypsinized and 
counted. A total of 5×105 viable cells were incubated for 
30 min at 4 °C with antibodies diluted in phosphate-buffered 
saline (PBS) containing 1% bovine serum albumin (BSA). 
Cells were rinsed in PBS-BSA 1% and incubated with the 
secondary antibody Alexa Fluor 488 (Invitrogen) for 30 min at 
4 °C. After washing, fluorescent analysis was carried out using 
a FACScan (Becton Dickinson, Franklin Lakes, NJ, USA).

Caspase-3 activity was measured by colorimetry. The 
supernatant of cells treated with or without paclitaxel was 
removed and washed with PBS. Pyrolysis liquid was added 
and set on ice. After centrifugation for 5 min at 1,500 r/min 
(r=15 cm), DEVP-PNA was then added to the supernatant. 
After incubation at 37 °C for 1h, the absorbance at 405 nm 
wavelength was measured by microplate reader. Standard 
curve was plotted at 405 nm with standard PNA solutions 
at various concentrations. Caspase-3 activity units (U) were 
calculated using the following equation. The experiment was 
repeated four times.

U(%) = A405(Experimental group)/A405(Control group) 
×100%.

Xenograft assays in vivo. The animal study was carried 
out in accordance with the guidelines approved by the Animal 
Experimentation Ethics Committee of affiliated hospital of 
Shandong Provincial Hospital affiliated to Shandong University. 
The protocol was approved by the committee, all surgeries 
were performed under sodium pentobarbital anesthesia, and 
all efforts were made to minimize the suffering. Athymic 
Balb/c nude mice (aged 6 weeks) were provided by Slac 
Laboratory Animal Co. Ltd. (Shanghai, China), and the 
mice were housed in a pathogen-free animal facility and 
randomly assigned to the control or experimental group 
(four mice per group). 2×106 related cells were suspended in 
0.1 mL of serum-free RPMI 1640 before injecting into the 
right subaxillary. And the mice were divided into 4 groups 
on day 14 (the tumor volume reached about 50–100 mm3): 
control group (pSilence2.1), siR-FUT1, pSilence2.1+Taxol 
and siR-FUT1+Taxol group. The mice were injected with 
siRNA control (transfected with vector), siR-FUT1, siRNA 
control+Taxol, siR-FUT1+Taxol. The final concentration of 
the intratumorally-injected siRNA control or siR-FUT1 was 
100 nM, 0.01 mol each time. Further, Taxol was intraperito-
neally injected at 10 mg/kg into the mice. The tumors were 
measured by vernier caliper, and the following formula was 
used to calculate the tumor volume: tumor volume (mm3) 
= tumor length (mm) × tumor width (mm) × tumor width 
(mm)/2. Mice were killed 21 days upon inoculation, and the 
final volume of tumor tissues was determined.

Statistical analysis. The SPSS 12.0 statistical analysis 
software was used, while the analysis of variance was 
employed. A p<0.05 was regarded as statistically significant.

Results

The protein expression of FUT1 in ovarian cancer 
cell lines, and the establishment of stable cell lines with 
interference-low and over-expression-high expres-
sion of FUT1. To prove the FUT1 protein expression in 
ovarian cancer cells, we employed three types of epithelial 
ovarian cancer cell lines: ES-2, SK-OV-3 and OVCAR-3. 
The western blot results indicate that FUT1 is expressed in 
all the above ovarian cancer cells, and the expression level 
is different: ES-2 > SK-OV-3 > OVCAR-3 (Figure 1A). To 
further compare the FUT1 protein expression in different 
ovarian cancer cell lines, we used FUT1 siRNA (Figure 1B) 
and/or over-expression plasmid (Figure 1C) to establish 
stable expression cell lines. And then we used FUT1 siRNA 
(shR1, 2 and 3 were used and we chose shR3 owing to the 
most effective result: the protein level of FUT1 was signifi-
cantly lower in the shR2/3-FUT1 group than that in the 
control group NC, p<0.05, respectively, Figure 1B) for the 
maximum expression of FUT1 cell line ES-2, and/or over-
expression plasmid pcDNA3.1-FUT1 (the protein level of 
FUT1 was significantly higher in the FUT1 group than that 
in the control group pcDNA3.1(+), p<0.05, Figure1C) for 
the minimum expression of FUT1 cell line OVCAR-3, to 
establish the stable expression cell lines to facilitate compar-
ison, respectively. The results of the western blot for the 
different groups of the above established cell lines indicated 
that the protein level of FUT1 was significantly lower in the 
shR-FUT1 group than that in the control group pSilence2.1 
and/or the protein level of FUT1 was significantly higher 
in the group than that in the control group pcDNA3.1 (+) 
(p<0.05, respectively, Figure 1D). To sum up, we established 
cell model lines of the interference-low and the over-expres-
sion-high expression group for further research.

The loss or the over-expression of FUT1 inhibited or 
promoted Taxol resistance. By using the established cell 
model above, after the treatment with the Taxol, the expres-
sion level of FUT1 was significantly decreased compared with 
the control group pSilence2.1 transfected with the control shR 
(p<0.05, Figure 1D), the inhibition rate of Taxol was obviously 
increased and the IC50 level was significantly decreased in the 
shR3-FUT1 group (p<0.05, respectively, Figure 2A). Besides, 
compared with the control group pcDNA3.1(+) transfected 
with the empty plasmid, the expression level of FUT1 was 
significantly increased (p<0.05, Figure 1D), the inhibition 
rate of Taxol was obviously decreased and the IC50 level was 
significantly increased in the FUT1 group (p<0.05, respec-
tively, Figure 2A). The results demonstrate that the loss or the 
over-expression of FUT1 combined with Taxol inhibited or 
promoted Taxol resistance. In a word, the results proved that 
FUT1 could promote Taxol resistance.
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Taken together, the results demonstrate that siR-FUT1 
combined with Taxol could promote cell apoptosis.

Furthermore, to explore the mechanism of the above 
apoptosis, we tested the expression level of the apoptosis 
related proteins in the different groups. We tested the level 
of pro-apoptotic protein caspase-3, and the determina-
tion of caspase-3 enzyme activity test results showed that 
the caspase-3 enzyme activity was increased or decreased 
obviously in the shR-FUT1 (low expression) or FUT1 (high 
expression) group compared with the control group (p<0.05, 

The siR-FUT1 combined with Taxol promoted cell 
apoptosis by regulating the apoptosis-related proteins. 
Additionally, after the treatment with Taxol, the results of 
flow cytometry demonstrated that the apoptosis rate was 
increased or decreased obviously in the shR-FUT1 or FUT1 
group compared with the control group (p<0.05, respec-
tively, Figure 2B and C). However, without the treatment 
with Taxol, the apoptosis rate was not increased or decreased 
obviously in the shR-FUT1 or FUT1 group compared with 
the control group (p>0.05, respectively, Figure 2B and C). 

Figure 1. The protein expression of FUT1 in ovarian cancer cell lines, and the establishment of stable cell lines with interference-low and over-expres-
sion-high expression of FUT1. A) The western blot results indicate that FUT1 is expressed in the three kinds of epithelial ovarian cancer cell lines, 
and the expression level is different: ES-2 > SK-OV-3 > OVCAR-3. B) The western blot result of FUT1 protein expression in the shR-FUT1 and control 
groups. The FUT1 siRNA (shR1, 2 and 3) was transfected into the cells. And the protein level of FUT1 was significantly lower in the shR2/3-FUT1 
group than that in the control group NC (p<0.05, respectively), while the protein level of FUT1 was not significantly lower in the shR2/3-FUT1 group 
than that in the control group NC (p>0.05), for the maximum expression of FUT1 cell line ES-2. C) The western blot result of FUT1 protein expres-
sion in the FUT1 and control groups. The over-expression plasmid pcDNA3.1-FUT1 was transfected into the cells. And the protein level of FUT1 was 
significantly higher in the FUT1 group than that in the control group pcDNA3.1(+) (p<0.05) for the minimum expression of FUT1 cell line OVCAR-3. 
D) The expression level of FUT1 in the different groups of stable cell line after the treatment with Taxol. Compared with the control group pSilence2.1 
transfected with the control shR, the expression level of FUT1 was significantly decreased (p<0.05), and compared with the control group pcDNA3.1(+) 
transfected with the empty plasmid, the expression level of FUT1 was significantly increased (P<0.05). At least three independent experiments were 
conducted. Data from three experimental determinations and bars indicate the SD. Data are expressed as the mean±standard deviation (* p<0.05, and 
# p>0.05).
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respectively, Figure 2D). And the results of western blot 
indicate that the expression of the anti-apoptotic proteins 
such as survivin, XIAP, BCL-2 and BCL-xL were signifi-
cantly decreased or increased in the shR-FUT1 (low expres-
sion) or FUT1 (high expression) group compared with the 
control group (p<0.05, respectively, Figure 3). In summary, 
our results indicate that FUT1 combined with Taxol could 
promote cell apoptosis by regulating the apoptosis-related 
proteins.

Inhibiting effect of siR-FUT1 combined with Taxol 
against ovarian cancer in vivo. To validate the effect of 
FUT1 in vivo, we injected ES-2 cells subcutaneously into 
the right flank of nude mice. The results were as follows: 
compared to the control group without the Taxol therapy, the 

average tumor volume in shR-FUT1 group was not decreased 
significantly (p>0.05, Figure 4). However, after the treatment 
with Taxol, the in vivo results demonstrated that the tumor 
volume was decreased obviously in the shR-FUT1 group 
compared with the control group (p<0.05, respectively, 
Figure 4). Treatment with siR-FUT1 and/or Taxol resulted in 
no significant difference in the body weight of treated mice, 
none of the tested mice manifested signs of other adverse 
effects as specified in the method section, and no toxicity on 
the blood count or hepatic and renal function was observed 
(data not shown). These results indicate the anti-tumor effect 
and safety of siR-FUT1 and/or Taxol in vivo. To sum up, these 
results suggest that FUT1 could promote development of 
chemoresistance in ovarian cancer reversely in vivo.

Figure 2. The growth ability, inhibition rate and IC50 level and the results of cell apoptosis rate in the four different stable cell lines. A. The inhibition 
rate of Taxol was obviously decreased and the IC50 level was significantly increased in the FUT1 group (p<0.05, respectively). B, C. The results of flow 
cytometry demonstrated that the apoptosis rate was increased or decreased obviously in the shR-FUT1 or FUT1 group compared with the control group 
(p<0.05, respectively). However, without the treatment with Taxol, the apoptosis rate was not increased or decreased in the shR-FUT1 or FUT1 group 
compared with the control group (p>0.05, respectively). D. The result of the pro-apoptotic protein caspas-3 expression in the four different stable cell 
lines. The determination of caspase-3 enzyme activity test results showed that the caspase-3 enzyme activity was increased or decreased obviously in 
the shR-FUT1 (low expression) or FUT1 (high expression) group compared with the control group (p<0.05, respectively). Results are representative 
of at least three separate experiments. Data are expressed as the mean ± standard deviation. Data from three experimental determinations and bars 
indicate the SD (* p<0.05).
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Figure 3. The results of the anti-apoptotic proteins expression in the four different stable cell lines. The results of western blot showed that the expres-
sion of the anti-apoptotic proteins such as survivin, XIAP, BCL-2 and BCL-xL was significantly decreased or increased in the shR-FUT1 (low expres-
sion) or FUT1 (high expression) group compared with the control group (p<0.05, respectively). Results are representative of at least three separate 
experiments. Data are expressed as the mean ± standard deviation. Data from three experimental determinations and bars indicate the SD (* p<0.05).

Figure 4. Inhibiting effect of siR-FUT1 combined with Taxol against ovarian cancer in vivo. The tumor volumes in different groups of mice. After 21 
days of treatment, the siR-FUT1 combined with Taxol therapy decreased the tumor volumes compared to the control group significantly (p<0.05). 
However, compared to the control group, the average tumor volume in siR-FUT1 without Taxol was not decreased significantly (p>0.05).
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As a whole, our results suggest that FUT1 could promote 
Taxol resistance and inhibit cell apoptosis by enhancing the 
expression of anti-apoptotic proteins such as survivin, XIAP, 
BCL-2, and the BCL, and through the inhibition of caspase-3 
enzyme activity.

Discussion

Taxol is one of the first-line drug of ovarian cancer chemo-
therapy, but the occurrence of drug resistance has made it 
challengeable. As a result, exploring the mechanism of drug 
resistance has become an important direction of current 
research. Lewis y antigen was reported to be positively corre-
lated with CD147 in resistance to chemotherapeutic drugs in 
ovarian cancer by using immunohistochemical assays, and 
the results indicated that CD147 and Lewis y antigen expres-
sion were all independent risk factors for chemoresistance 
in ovarian cancer at the pathological stage [9]. Additionally, 
a study demonstrated the co-localization of annexin II and 
Lewis y antigen through the double-labeling immunofluo-
rescence experiments, and that annexin II contained Lewis y 
antigen [10]. The conclusion was in close correlation between 
annexin II and Lewis y, both of which were significantly high 
in ovarian cancer [10]. Besides, another study suggested that 
over-expression of CD44 and Lewis y were positively corre-
lated in ovarian cancer and both of them were strong risk 
factors for resistance to chemotherapy in ovarian cancer 
[11]. Moreover, TGF-β1 and human epididymis protein 4 
were positively correlated with Lewis y in ovarian cancer [12, 
13]. In addition, the over-expression of integrin α5β1 was 
brought by the transfection of FUT1, resulting in enhance-
ment of the adhesion and spreading potential of malignant 
ovarian cells [14–16]. It was also reported that Lewis y could 
regulate cell cycle related factors via ERK and Akt signaling 
pathways in ovarian cancer [17]. And Lewis y could regulate 
the transforming growth factor β pathway and up-regulate 
growth factors in ovarian cancer [18, 19]. However, in our 
previous studies, we demonstrated that the over-expression 
of Lewis y was closely related to the enhancement of the 
proliferation, drug resistance (including docetaxel-resis-
tance) and metastasis of ovarian cancer [18–20]. Besides, we 
proved that Lewis y inhibited the apoptosis of ovarian cancer 
[18, 19]. Even the anti-Lewis-Y monoclonal antibody was 
under a phase II trial in ovarian cancer, and consolidation 
strategies in platinum sensitive disease was currently being 
tested based on the longer PFS. Yet, the way in which Lewis 
y antigen participates in ovarian cancer drug resistance still 
needs further investigation.

It has been well known that FUT1 is one of the key 
enzymes of Lewis y, and FUT1 plays an important role in 
the mechanism of Lewis y participating in ovarian cancer. It 
was also reported that the transfection of FUT1 gene signifi-
cantly increased the expression of Lewis y antigen [22, 23], 
promoted the cell proliferation in vitro and tumorigenesis in 
vivo in ovarian cancer [22]. Consistent with the above results, 

our results indicate that after the treatment with Taxol, the 
increased expression of FUT1 promoted chemoresistance 
and inhibited apoptosis. Moreover, a study indicated that 
the transfection of FUT1 caused the differential expression 
of 88 genes in ovarian cancer RMG-1 cells: 60 genes were 
up-regulated and 28 genes were down-regulated, which 
were involved in protein binding, nucleotide binding, and 
cell proliferation, DNA-dependent regulation of transcrip-
tion, signal transduction, protein amino acid phosphoryla-
tion, transcription, and cell adhesion [24]. Another similar 
study showed the gene expression profile: 215 differentially 
expressed genes according to the selection criteria (122 
up-regulated genes and 93 down-regulated genes). And they 
found that the differentially expressed genes were involved in 
BioCarta mammalian target of rapamycin (mTOR) pathway, 
BioCarta eukaryotic translation initiation factor 4 pathway, 
and Kyoto Encyclopedia of Genes and Genomes pathways 
[25]. At last, the genes such as TRIM46, PCF11, BCL6, 
PTEN, and Lewis Y were further validated [25]. Inspired 
by the literature, we tried to explain the results of apoptosis 
from the apoptosis-related proteins such as survivin, XIAP, 
BCL-2, BCL-xL and caspase-3, which were all mentioned in 
the literature [23–25]. The results demonstrated that FUT1 
could inhibit cell apoptosis by increasing the expression of 
anti-apoptotic proteins such as survivin, XIAP, BCL-2, and 
the BCL, and through the inhibition of caspase-3 enzyme 
activity, which might help to investigate the molecular 
mechanism of FUT1 in ovarian cancer.

Chemotherapy is a double-edged sword, which simulta-
neously leads to the treatment and to the chemoresistance of 
the tumor. This provides a theoretical basis for the therapy, 
which needs chemotherapy in combination with the inhibi-
tion of FUT1. Even so, future studies are needed to explore 
more downstream genes and the mechanism of FUT1 during 
the chemoresistance in ovarian cancer.

In conclusion, our data suggest that FUT1 could promote 
Taxol resistance and inhibit cell apoptosis by enhancing the 
expression of anti-apoptotic proteins such as survivin, XIAP, 
BCL-2, and the BCL, and through the inhibition of caspase-3 
enzyme activity. Thus, FUT1 might serve as a therapeutic 
target for ovarian cancer.
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