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A B S T R A C T

Endometrial cancer is the most common gynecologic malignancy and is associated with increased morbidity
each year, including young people. However, its mechanisms of proliferation and progression are not fully
elucidated. It is well known that abnormal glycosylation is involved in oncogenesis, and fucosylation is one of
the most important types of glycosylation. In particular, fucosyltransferase 8 (FUT8) is the only FUT responsible
for α1, 6-linked fucosylation (core fucosylation), and it is involved in various physiological as well as patho-
physiological processes, including cancer biology. Therefore, we aimed to identify the expression of FUT8 in
endometrial endometrioid carcinoma and investigate the effect of the partial silencing of the FUT8 gene on the
cell proliferation of Ishikawa cells, an epithelial-like endometrial cancer cell line. Quantitative real-time PCR
analysis showed that FUT8 gene expression was significantly elevated in the endometrial endometrioid carci-
noma, compared to the normal endometrium. The immunostaining of FUT8 and Ulex europaeus Agglutinin 1
(UEA-1), a kind of lectin family specifically binding to fucose, was detected endometrial endometrioid carci-
noma. The proliferation assay showed FUT8 partial knockdown by transfection of siRNA significantly suppressed
the proliferation of Ishikawa cells, concomitant with the upregulation in the gene expressions associated with the
interesting pathways associated with de-ubiquitination, aspirin trigger, mesenchymal-epithelial transition (MET)
et al. It was suggested that the core fucosylation brought about by FUT8 might be involved in the proliferation of
endometrial endometrioid carcinoma cells.

1. Introduction

Endometrial cancer is one of the most common gynecologic malig-
nancies. In the United States, there were an estimated 54,870 newly
diagnosed cases and 10,170 deaths in 2016 [1]. The associated mor-
bidity, including among young people, increases each year. En-
dometrial endometrioid carcinoma is the most common histologic type
of endometrial cancer and comprises 80% of all cases [2,3]. The main
risk factor for endometrial endometrioid carcinoma is long-term ex-
posure to excess endogenous or exogenous estrogen without adequate
opposition by a progestin [4]. However, its mechanism of proliferation
is not fully elucidated; in particular.

Carbohydrate antigens, such as CA19-9 and CA125, are established
tumor markers for diagnosing and treating various kinds of cancers,

including endometrial cancer because the structure of the carbohydrate
chain usually changes in cancer cells [5]. Indeed, abnormalities of
glycosylation, the process by which carbohydrate chains are synthe-
sized, are frequently observed in cancer cells and cancer tissues [6–9].
Furthermore, glycosylation and the resultant changes of the carbohy-
drate chain occur as a result of cellular oncogenesis and are involved in
cancer cell progression, metastasis, intercellular contact, epithelial-
mesenchymal transition, and more [10–12].

Among the numerous kinds of glycosylation, fucosylation is one of
the most physiologically pivotal types and is controlled by fucosyl-
transferase (FUT). FUT transfers fucose from GDP-fucose to glyco-
conjugates, such as glycoproteins and glycolipids. Among the FUT fa-
milies, FUT8 is the only enzyme responsible for α1, 6-linked
fucosylation (core fucosylation) by adding fucose to the innermost
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GlcNAc residue of an N-linked glycan. Recently, increasing evidence
has supported the crucial involvement of core fucosylation by FUT8 in
carcinogenesis and cancer progression [13–15].

Human protein atlas described that gene and protein expression of
FUT8 was elevated in endometrial endometrioid carcinoma and its high
expression was associated with increased mortality [16] Wang et al.
also reported that fucosyltransferase activity was significantly increased
in endometrial endometrioid carcinoma compared to normal en-
dometrium [17].

In the present study, we hypothesized that FUT8 was upregulated in
endometrial endometrioid carcinoma and regulated its proliferation.
The specific objectives of the present study were to investigate 1) gene
expression of FUT families in the tissues of a normal endometrium and
endometrial endometrioid carcinoma, 2) tissue localization of FUT8
and Ulex europaeus Agglutinin 1 (UEA-1), a kind of lectin family spe-
cifically binding to fucose, in a normal endometrium and endometrial
endometrioid carcinoma, 3) expression of FUT8 in Ishikawa cells, an
endometrial cancer cell line, 4) the effects of partial silencing of the
FUT8 gene on the proliferation of Ishikawa cells, and 5) the effects of
partial silencing of the FUT8 gene on gene expression patterns by mi-
croarray analysis.

2. Materials and methods

2.1. Patients and resources

Normal endometrial tissues and endometrial endometrioid carci-
noma were obtained from patients who underwent hysterectomy at the
Department of Obstetrics and Gynecology, Hamamatsu University
Hospital between 2016 and 2017 due to gynecological diseases or en-
dometrial endometrioid carcinoma. Written informed consent was ob-
tained from each patient after a full explanation of the study. Patients’
backgrounds are summarized in Table 1. We excluded patients who
received radiation therapy or neoadjuvant chemotherapy before sur-
gery.

2.2. Quantitative real-time PCR

The total RNA of tissues and cells were extracted using RNeasy Lipid
Tissue Mini Kit (QIAGEN, Hilden, Germany) Then, cDNA was synthe-
sized using ReverTra Ace® qPCR RT Master Mix (TOYOBO CO., LTD,
Japan). The resultant cDNA was amplified using THUNDERB-
IRD®SYBR® qPCR Mix (TOYOBO CO., LTD, Japan). Quantitative real-
time PCR reactions were performed using the StepOnePlus ™ real-time
PCR system (Thermo Fisher Scientific, MA, USA) and SYBR Green
Method. ACTB acted as the endogenous control. The primer sequences
(Fasmac Co., Ltd, Japan) for quantitative real-time PCR are listed in
Table 2. The sizes of PCR products were confirmed by electrophoresis
using 2% agarose gels.

2.3. Immunohistochemistry of FUT8 and UEA-1

Tissue sections were deparaffinized and rehydrated using a graded
series of xylene and alcohol solutions. After incubation in 3% hydrogen
peroxide for 5 min to block endogenous peroxidase, they were in-
cubated with the anti-FUT8 rabbit polyclonal antibody (Proteintech
Group, Inc, IL, USA) or biotinylated UEA-1 (J-chemical, INC, Japan).
After washing, they were incubated with the secondary antibody
(Nichirei Histofine® Simple Stain MAX PO MULTI; NICHIREI CO.,
Japan; for anti-FUT8 rabbit polyclonal antibody) or Peroxidase-labeled
streptavidin (NICHIREI CO., Japan; for biotinylated UEA-1) and DAB
was used to acquire color development. Poorly differentiated lung
squamous cell carcinoma and human branchial epithelium were used as
a positive control for FUT8 and UEA-1, respectively.

The sections were imaged using a NanoZoomer 2.0 HT slide scanner
and NDP.Viewer (Hamamatsu Photonics K. K., Japan). The images were
presented at 25 × and 400 × magnification. The expression of UEA-1
in normal endometrium and endometrial endometrioid carcinoma was
quantified by the image analysis software WinROOF ver 7.4 (MITANI
CORPORATION, JAPAN) in the 4 area (each 3.88 mm2) of interest per
slide.

2.4. Western blotting

Samples were collected and lysed in RIPA buffer, with the addition
of 0.1% protease inhibitors. Protein concentration was quantitated
using Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific, MA,
USA). These proteins were separated by SDS-PAGE and electro-
transferred onto polyvinylidene difluoride membranes (Immobilon-P,

Table 1
Patients’ backgrounds.

Characteristic All patients with endometrioid carcinoma (EC) (n = 13)

n %

Age at diagnosis (years)
< 65 6 46.2
≧65 7 53.8

Para (times)
0 3 23.1
1 3 23.1
2 7 53.8

FIGO stage
Stage I + II 9 69.2
Stage III + IV 4 30.8

Grade
G1 6 46.1
G2 5 38.5
G3 2 15.4

Myometrial invasion
≤1/2 7 53.8
> 1/2 6 46.2

Lymph node metastasis
N0 10 76.9
N1-3 3 23.1

ER expression
Positive 13 100
Negative 0 0

PgR expression
Positive 12 92.3
Negative 1 7.7

G1–Less than 5% solid growth patterns; G2–6 to 50% solid growth patterns.
G3–Greater than 50% solid growth patterns.

Table 2
List of primers for quantitative real-time PCR.

Primer Sequence

FUT1-F 5′-ACGAAAAGCGGACTGTGG-3′
FUT1-R 5′-AGGCAGAGCTGACGATGG-3′
FUT2-F 5′-AGACCTTTTCTCCTTCTCTGCC-3′
FUT2-R 5′-CTGTTACTTGCAGCCCAACG-3′
FUT3-F 5′-ATCACCGAGAAGCTGTGGAG-3′
FUR3-R 5′-TGGCAGGAACCTCTCGTAGT-3′
FUR4-F 5′-AAGGCTAAATCTGCGCTTCTC-3′
FUT5-F 5′-GTGGAACCTGTCACCGGG-3′
FUT5-R 5′-GGGTGTGTTAAAAGGCCACG-3′
FUT6-F 5′-CCCTCTAGCATCTCCCAGAA-3′
FUT6-R 5′-GGGATCCATGGGTCAGAGT-3′
FUT7-F 5′-CCTATGAGGCCTTCGTGCCG-3′
FUT7-R 5′-CCTGTCACGCCAGGCAAAGA-3′
FUT8-F 5′-GCTTGGCTTCAAACATCCAG-3′
FUT8-R 5′-AATGTTCTTCAACATGCACCA-3′
FUT9-F 5′-CCATGTGGCCATGTCACTAC-3′
FUT9-R 5′-GAGCTCCTGAAGCAATTACACA-3′
ACTB-F 5′-AGTACTCCGTGTGGATCGGC-3′
ACTB-R 5′-GCTGATCCACATCTGCTGGA -3′

F, Forward primer; R, Reverse primer.
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Millipore Merck Corporation, MA, USA). After blocking with 4% Block
Ace (KAC Co., Ltd, Japan), membranes were incubated overnight at 4 °C
with anti-FUT8 rabbit polyclonal antibody (Proteintech Group, Inc, IL,
USA). Then, the membranes were incubated with secondary antibody
(Anti-rabbit IgG HRP-linked antibody; Cell Signaling Technology,
Danvers, MA). After adding ECL™ Select Western Blotting Detection
Reagent (GE Healthcare UK Ltd, England), the signals were detected
using ChemiDoc™ Touch Imaging System (BIO-RAD, CA, USA). GAPDH
(GAPDH Rabbit Polyclonal antibody) (Proteintech Group, Inc, IL, USA)
was used as an endogenous control.

2.5. Immunocytochemistry

First, we placed autoclaved coverslips on the 24-well plate and the
Ishikawa cells were seeded into each well at a density of
1.0 × 105 cells/well. After 24 h, we removed the medium and washed
the coverslips with PBS. The slides were fixed with 4% formaldehyde
phosphate on ice for 5 min. Then, they were blocked with 4% normal
goat serum and 0.2% triton-X at room temperature for 20 min. They
were incubated with the anti-FUT8 rabbit polyclonal antibody
(Proteintech Group, Inc, IL, USA) at 4 °C overnight. After washing with
PBS, they were incubated with the secondary antibody (Goat Anti-
Rabbit IgG H&L Alexa Fluor® 594) (Abcam, UK) at room temperature
for 1 h. The samples were mounted using VECTASHIELD Antifade
Mounting Medium with DAPI (Vector Laboratories, INC., CA, USA) and
imaged using an OLYMPUS IX83 inverted microscope (OLYMPUS CO.,
Japan). The images were taken at 400 × and 1000 × magnification.
FUT8 was dyed fluorescent bright red and the nucleus was dyed
fluorescent blue.

2.6. FUT8-expression plasmid transfection into Ishikawa cells

The human FUT8 cDNA was obtained from Riken (Japan) and
subcloned into the pCAGneo (Wako, Japan), using the KpnI and SpeI
sites. Ishikawa cells were seeded into a 12-well plate at a density of
1.5 × 105 cells/well. After 24 h, 188 ng/well of FUT8-expression
plasmids were transfected into Ishikawa cells using Lipofectamine® LTX
(Thermo Fisher Scientific, MA, USA). After 48 h, the expression of FUT8
was determined by Western blotting.

2.7. siRNA transfection into Ishikawa cells

FUT8 siRNAs (Silencer® Select Pre-designed siRNA) (siFUT8#1 and
siFUT8#2) and negative control siRNA (Silencer® Select Negative
Control No.1 siRNA) (siCont) were synthesized by applied Biosystems
(Thermo Fisher Scientific, MA, USA). The sequences of FUT8 siRNA are
as follows: SiFUT8#1 sense (5′-GAGUGAUCCUGGAUAUACAtt-3′), an-
tisense (5′-UGUAUAUCCAGGAUCACUCca-3′), SiFUT8#2 sense (
5′-CGAGUUGCUUAUGAAAUUAtt-3′), antisense (5′-UAAUUUCAUAAG
CAACUCGac-3′).

Ishikawa cells were seeded into a 12-well plate at a density of
1.5 × 105 cells/well. After 24 h, the siFUT8#1, siFUT8#2 or siCont (50
pmol/well) was transfected using Lipofectamine™ RNAiMAX
Transfection Reagent (Thermo Fisher Scientific, MA, USA). The re-
sultant gene and protein expression of FUT8 was determined by
quantitative real-time PCR and Western blotting, respectively.

2.8. Cell proliferation assay using the xCELLigence Real-Time Cell Analyzer
system

Cell proliferation was assessed by using the xCELLigence Real-Time
Cell Analyzer (SCRUM Inc, Japan). The xCELLigence instrument uses
noninvasive electrical impedance monitoring to quantify cell pro-
liferation, morphological changes, and attachment quality in a label-
free, real-time manner. In this system, impedance is converted to a
parameter called the cell index (CI) and used as a monitoring index. 24

h after transfection of siFUT8#1, siFUT8#2, and siCont into Ishikawa
cells, they were seeded in the chamber of E-Plate16 (SCRUM Inc,
Japan) at a count of 5 × 103 cells/well in triplicate. Similarly, 24 h
after transfection of FUT8-expression plasmids into Ishikawa cells, they
were seeded in the chamber of E-Plate16 (SCRUM Inc, Japan) at a count
of 5 × 103 cells/well in duplicate. After that, cell proliferation was
monitored every 15 min for 160 h. Doubling time was analyzed by Real-
Time Cell Analyzer software.

2.9. Cell invasion assay

Cell invasion assay was performed using CytoSelectTM 24-well cell
invasion assay system (CELL BIOLABS, INC., CA, USA). 48 h after
transfection of siFUT8#1, siFUT8#2 and siCont into Ishikawa cells,
siCont, siFUT8#1 and siFUT8#2 cells suspending (2.5 × 105 cells/ml)
in the serum-free medium were placed in the Insert with Matrigel-
coated membrane. And the lower plate was loaded with 500 μL medium
containing 10% fetal bovine serum. After incubation for 24 h in a cell
culture incubator, the medium was aspirated from the inside of the
Insert. Cells that had not invaded the membrane were wiped out with
wet swabs. On the other hand, cells that had invaded to the lower
membrane were stained with Cell Stain Solution (CELL BIOLABS, INC.,
CA, USA), counted with a light microscope under high magnification
objective, with at least three individual fields per insert.

2.10. Microarray analysis

After checking RNA quality, total cDNA was synthesized and pur-
ified using GeneChipTM WT PLUS Reagent Kit (Thermo Fisher
Scientific, MA, USA). Then in vitro transcription and T7 RNA amplifi-
cation were performed. The fragmentation and labeling of cDNA were
performed using GeneChipTM Hybridization, Wash, and Stain Kit
(Thermo Fisher Scientific, MA, USA). The prepared sample was hy-
bridized, washed and stained using an automated system (GeneChipTM
Scanner 3000 7G System; Thermo Fisher Scientific, MA, USA). DNA
microarray experiments were performed using GeneChip Human Gene
2.0 ST Array (Thermo Fisher Scientific, MA, USA). The hybridization
signal on the chip was scanned using a GeneChip 30007G scanner
(Thermo Fisher Scientific, MA, USA) and processed by microarray data
analysis tool in consideration of NCBI data base, which was analyzed by
a software from Filgen Inc., Nagoya, Japan. The DNA microarray ex-
pression profiles were compared between siCont (n = 3) and siFUT8#2
(n = 3).

2.11. Statistical analysis

Data are expressed as means ± standard deviations. Significant
differences between two mean values were assessed using Student's t-
test or the Mann–Whitney U test, as appropriate. Significant differences
among three mean values were assessed with Turkey–Kramer test. A P
value less than 0.05 was regarded as significant.

2.12. Approval

The Ethics Committee of Hamamatsu University School of Medicine
approved all procedures (approval number RI 15–309). Written in-
formed consent was obtained from each patient after a full explanation
of the study.

3. Results

3.1. FUT8 gene expression was elevated in the tissues of endometrial
endometrioid carcinoma

The gene expression of FUT7 and FUT8 was significantly increased
in endometrial endometrioid carcinoma tissues, compared to those of
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the normal endometrium (P < 0.05, Fig. 1F and Fig. 1G). The FUT5
gene expression was below detection sensitivity in both normal en-
dometrial and endometrial endometrioid carcinoma tissues (data not
shown). The other 6 FUT genes were expressed in both normal en-
dometrial and endometrial endometrioid carcinoma, but there was no
statistically significant difference between them (Fig. 1A, B, C, D, E, and
H). The size of each PCR product was confirmed by electrophoresis with
2% agarose gel (data not shown).

3.2. FUT8 protein was specifically detected in the gland of endometrial
endometrioid carcinoma

In the normal endometrium, FUT8 protein was slightly stained in
the gland of the proliferation (Fig. 2A), but not secretory (Fig. 2B)

phase. In contrast, FUT8 protein was strongly and extensively stained in
the gland of the endometrial endometrioid carcinoma (Fig. 2C). FUT8
immunostaining was localized in the cytoplasm of glandular epithelial
cells, especially in the luminal side, and the staining patterns were dot-
like, as well as diffused (Fig. 2C). FUT8 was not stained in the stromal
part in either normal endometrial or endometrial endometrioid carci-
noma tissues. Poorly differentiated lung squamous cell carcinoma tissue
was used as a positive control for FUT8 immunostaining (Fig. 2D).

3.3. UEA-1 lectin expression was elevated in the tissues of endometrial
endometrioid carcinoma

UEA-1 was slightly stained in the gland of the normal endometrium
(Fig. 3A and Fig. 3B). In contrast, UEA-1 was strongly and extensively

Fig. 1. The gene expression of FUT families in normal endometrial (EM) and endometrial endometrioid carcinoma (EC) tissues. G1, G2, and G3 indicate histological
classifications of EC. *; P < 0.05.
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stained in the glandular part (Fig. 3C) as well as solid part (data not
shown) of the endometrial endometrioid carcinoma. Bronchial epithe-
lial cells were used as a positive control for UEA-1 immunostaining
(Fig. 2D). The relative expression of UEA-1 was significantly increased
in endometrial endometrioid carcinoma (P < 0.01; Fig. 3E).

3.4. The gene and protein expressions of FUT8 in Ishikawa cells

Quantitative real-time PCR and Western blot analysis detected gene
and protein expression of FUT8 in Ishikawa cells, respectively (Fig. 4A).
Immunocytochemistry also confirmed the protein expression of FUT8 in
Ishikawa cells (Fig. 4B).

3.5. FUT8 partial knock down suppressed the proliferation of Ishikawa cells

Quantitative real-time PCR showed that transfection of siFUT8#1 or
siFUT8#2 into Ishikawa cells significantly downregulated the gene
expression of FUT8, compared with siCont (Fig. 4C). Knockdown effi-
ciency of siFUT8#1 and siFUT8#2 was further confirmed by Western
blot analysis (P < 0.01, Fig. 4D).

FUT8 partial knockdown by the transfection of either siFUT8#1 or
siFUT8#2 suppressed proliferation of Ishikawa cells, as indicated as CI,
compared with that of siCont (Fig. 5A). Transfection of either siFUT8#1
or siFUT8#2 significantly extended the doubling time of Ishikawa cells
from the start of measurement to 20 h–30 h, compared with that of

siCont (P < 0.01, Fig. 5B).
On the other hand, overexpression of FUT8 by transfection of

plasmid, confirmed by Western blot analysis (Supplementary Fig. S1A)
did not affect the proliferation of Ishikawa cells (Supplementary Fig.
S1B).

3.6. The effect of FUT8 partial knock down on the invasiveness of Ishikawa
cells

We confirmed that transfection of siFUT8#1 or siFUT8#2 into
Ishikawa cells significantly downregulated the gene expression of
FUT8, compared with siCont in quantitative real-time PCR (data not
shown). Knockdown efficiency of siFUT8#1 and siFUT8#2 was further
confirmed by Western blot analysis (P < 0.01, Supplementary Fig.
S2A).

Since lower and upper sides of chambers were filled with culture
media with or without serum. We confirmed the changes of cell num-
bers by siFUT8#1 and siFUT8#2 transfection in both conditions. The

Fig. 2. The immunohistochemical localization of FUT8 in normal endometrial
tissue (EM; A, B), endometrial endometrioid carcinoma tissue (EC; C), and
poorly differentiated squamous cell carcinoma lung tissue as a positive control
(D). Original magnification were × 25 (left panels) and × 400 (right panels).
Red squares indicate magnified areas ( × 400).

Fig. 3. The immunohistochemical localization of UEA-1 in normal endometrial
tissue (EM; A, B), endometrial endometrioid carcinoma tissue (EC; C) and
bronchial epithelium as a positive control (D). Original magnification
were × 25 (left panels) and × 400 (right panels). Red squares indicate mag-
nified areas ( × 400). **; P < 0.01.
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transfection of siFUT8#1 and siFUT8#2 significantly decreased cell
numbers of Ishikawa cell in the media with serum (P < 0.01;
Supplementary Fig. S2B), but not without serum (Supplementary Fig.
S2C). The net numbers of invaded cells were significantly decreased by
siFUT8#1 and siFUT8#2 (P < 0.01; Supplementary Fig. S2D). How-
ever, there were no statistically significant differences after adjustment
by cell numbers of with (Supplementary Fig. S2E) or without serum
(Supplementary Fig. S2F).

3.7. Microarray analysis of Ishikawa cells with FUT8 partial knock down

To figure out the downstream molecular events in response to the
alteration of core fucosylation, microarray analysis was performed to
investigate the changes in gene expression following FUT8 silencing.

The genes significantly (P < 0.01) upregulated compared to control
were shown in Table3A. On the other hand, the genes significantly
(P < 0.05) downregulated compared to control were shown in
Table3B.

4. Discussion

The gene expression of FUT families was identified in the normal
endometrium and endometrial endometrioid carcinoma tissues. FUT8
gene expression was significantly increased in the tissues of en-
dometrial endometrioid carcinoma compared with those of the normal
endometrium (Fig. 1G), which coincided with the description of Human
protein atlas [16] and the previous report [17].

FUTs enable transfer of fucose from GDP-fucose to glycoconjugates,

Fig. 4. The gene and protein expression (A, B) and knockdown efficiency (C, D) of FUT8 in Ishikawa cells. Original magnification were×400 and × 1000 (B). **;
P < 0.01. PCR products of upper panel of A and C were obtained after 28 cycles of Thermal Cycler PCR.
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such as glycoproteins and glycolipids. So, far, 11 kinds of FUTs of FUT1
to 11 are known, and the functions of FUT1 to 9 were previously elu-
cidated [18]. Depending on the site of fucosylation, the FUTs are
classified into α1,2 (FUT1 and FUT2), α1,3/4 (FUT3, FUT4, FUT5,
FUT6, FUT7, FUT9), and α1,6 (FUT8) [19]. Among the 11 kinds of
FUTs, FUT8 is the only fucosyltransferase responsible for α1,6-linked
fucosylation (core fucosylation) which adds fucose to the innermost
GlcNAc residue of an N-glycan [20]. Core fucosylation by FUT8 is in-
volved in various physiological, as well as pathophysiological pro-
cesses, including cancer biology [21–23].

Slight immunostaining of FUT8 was detected in the granular por-
tion, on the luminal side of the gland during the proliferation phase in
the normal endometrial tissue (Fig. 2A). On the other hand, it was
hardly detected during the secretory phase (Fig. 2B). However, quan-
titative real-time PCR analysis did not show statistically significant
differences in FUT8 gene expression levels between the proliferation
and secretory phases of the normal endometrium (data not shown),
which is probably due to very low basal levels of gene expression.

Endometrial endometrioid carcinoma consists of a glandular part
and a solid part. A poorer prognosis is associated with fewer glandular
parts relative to the solid parts [24,25]. Interestingly, immunostaining
of FUT8 was detected in the glandular part, but not the solid part
(Fig. 2C). The specific expression of FUT8 in the glandular part is also
reported in cases of ovarian serous carcinoma [13]. Thyroid papillary
carcinoma, which maintains a relatively glandular structure, highly
expresses FUT8; however, anaplastic transformation reduces its ex-
pression [26].

UEA-1 is a lection that specifically binds fucose and positive cor-
relation between the UEA-1 staining and myometrial and vascular in-
vasion has been reported in endometrial carcinoma [27]. The expres-
sion of UEA-1 was significantly increased in endometrial endometrioid

carcinoma compared to normal endometrium, which coincided with the
previous reports [28]. Since UEA-1 expression patterns did not exactly
identify the core fucosilation, we carried out immunohistochemistry of
Lens culinaris Agglutinin (LCA), Aleuria aurantia lectin (AAL) and Pho-
liota squarrosa lectin (PhoSL); however, we could not obtain specific
staining due to our technical limitations (data not shown).

FUT8 greatly changes the carbohydrate chain structure. For ex-
ample, it was reported that the bisecting GlcNAc was added to N-glycan
chain by the absence of FUT8 [29]. Bisecting GlcNAc is a GlcNAc re-
sidue in the central part of N-glycan [30], which suppresses the ex-
tension of the complicated branching of N-glycan [31,32]. Therefore,
significant augmentation of FUT8 gene expression in endometrial en-
dometrioid carcinoma strongly suggests a pivotal involvement in its
biology.

Indeed, a partial knockdown of FUT8 significantly suppressed the
proliferation of Ishikawa cells (Fig. 5), which was an epithelial-like
endometrial cancer cell line [33], indicating a crucial role of FUT8 in
their proliferation.

The present findings and evidence obtained from examining other
cancers lead us to speculate that FUT8 may be involved in the regula-
tion of cancer proliferation, specifically in the rather differentiated
portions characterized by an epithelial-like glandular structure.

Increasing evidence supports the theory that core fucosylation by
FUT8 influences cancer biology by regulating growth factor functions
[34]. In particular, there are several reports that the abnormal fuco-
sylation increases followed by the upregulation of TGF-β signaling
[15,35]. However, our pilot study showed that partial silencing of FUT8
gene expression did not cause the significant changes in the gene ex-
pressions of TGF-β (Supplementary Fig. S3) and that microarray ana-
lysis did not detect any significant changes in the gene expressions of
downstream markers of TGF-β signaling pathways, such as E-cadherin,
Claudin-1, N-cadherin, α-smooth muscle actin, etc. after partial silen-
cing of FUT8 gene expression (data not shown).

Wang X et al. reported that embryonic fibroblasts derived from
FUT8-null mice significantly suppressed cell proliferation by inhibiting
core fucosylation of EGFR [36] and Wang Y et al. reported that a FUT8
gene deficiency resulted in the attenuation of responses to epidermal
growth factor and hepatocyte growth factor in a human liver cancer-
derived cell line HepG2 [37].

Pathway analysis of microarray detected 39 activation and 20 in-
hibition of signaling pathways by partial silencing of FUT8 based on
NCBI data base (Table 3A and 3B). The most apparent activations were
observed in 2 de-ubiquitination pathways by partial silencing of FUT8,
both of which was highly associated with ubiquitin specific protease 17
(USP17) families (Table3A). Shin et al. reported that overexpression of
USP17 led to cell apoptosis [38]. Ramakrishna et al. demonstrated an
anti-tumor activity of USP17 [39]. There have been no reports the in-
volvement of core fucosylation in the regulation of USP17-associated
pathways, as far as we know. Nevertheless, the present findings suggest
a possibility that partial silencing of FUT8 may suppress cell pro-
liferation of Ishikawa cells, at least partly, via activation of USP 17-
associated pathways.

Partial silencing of FUT8 significantly elevated 3 aspirin triggered
pathways (Table3A). Matsuo et al. reported that low-dose aspirin use
was associated with improved survival outcomes in women with en-
dometrial cancer [40]. Similar evidences were also reported in other
cancers [41,42], although the exact mechanism has not been clarified.
It is interesting to speculate that decrease of core fuosylation by partial
silencing FUT8 may affect aspirin triggered pathways. There were 8
activated pathways associated with mesenchymal epithelial transition
(MET) (Table3A). As far as we know, there have been no reports de-
monstrating a direct involvement of MET in the suppression of the
progression of endometrial cancer, although it was reported that MET
inhibitor suppressed the progression of several other cancers [43,44].

Decrease of FUT8 and resultant addition of bisecting GlcNAc to N-
glycan may influence cancer cell proliferation. Miwa et al., reported

Fig. 5. Partial knock down of FUT8 suppressed the proliferation cell index (A)
and doubling time (B) of Ishikawa cells. **; P < 0.01.
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that the presence of the bisecting GlcNAc on mammary glycoproteins
reduced mammary tumor cell progression [45]. GnT-III and the bi-
secting GlcNAc affects cell growth and proliferation in cancer cells by
suppressing the extension and the complicated branching of N-glycan
[21]. Future studies will investigate the possible contribution of the
changes linking carbohydrate chain structure to the FUT8-associated
regulation of Ishikawa cell proliferation, especially associated with the
upregulation of USP17 and/or aspirin triggered pathways.

Several investigators reported the involvement of FUT8 in the in-
vasiveness of cancer cells [14,15]. Partial silencing of FUT8 sig-
nificantly, but slightly, suppressed the net numbers of invaded Ishikawa
cells (P < 0.01; Supplementary Fig. S2D). However, there were no
statistically significant differences after adjustment of the concomitant
suppression of cell proliferation (Supplementary Figs. S2E and S2F).
More investigation would be necessary to clarify a possible relationship
between FUT8 and cell invasiveness of Ishikawa cells.

Some investigators reported possible involvement of FUT8 in cancer
adhesion, migration, invasion, and metastasis [46,47]. However, the
present study featured a small patient cohort, and we could not identify
any association of the levels of FUT8 expression with clinical stages of
endometrial endometrioid carcinoma (data not shown). Future multi-
center studies should investigate the relationship of FUT8 with clinical
stage, prognosis, and prognostic factors such as myometrial invasion,
lymph node metastasis, and multiple metastases, in a large cohort of
patients with endometrial endometrioid carcinoma. In particular, at-
tention should be paid to the ratio of the glandular and solid parts of
tumor tissues. Care should be taken when interpreting this study's
findings because the results of in vitro investigations using Ishikawa
cells do not always represent the in vivo biology of endometrial en-
dometrioid carcinoma.

5. Conclusion

In conclusion, FUT8 was expressed in endometrial endometrioid
carcinoma especially in the glandular part. Partial knockdown of the
FUT8 gene significantly suppresses Ishikawa cell proliferation.
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