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A B S T R A C T

Introduction: Trophoblast proliferation and invasion are essential for embryo implantation and placentation.
Protein glycosylation is one of the most common and vital post-translational modifications, regulates protein
physical and biochemical properties. FUT8 is the only known fucosyltransferase responsible for catalyzing α1,6-
fucosylation in mammals, and α1,6-fucosylated glycoproteins are found to participate in various physiopatho-
logical processes. However, whether FUT8/α1,6-fucosylation modulates the functions of trophoblastic cells
remains elusive.
Methods: FUT8 in human placenta villi during 6-8 gestational weeks and trophoblastic cells were detected by
Western blot and immunofluorescent staining. α1,6-fucosylation in tissues or cells were measured by Lectin LCA
(Lens culinaris) fluorescent staining and Lectin blot. FUT8 expression was down-regulated by siRNA transfection
in JAR and JEG-3 cells, and cell viability, motility and invasiveness ability were detected by the functional
experiments. α1,6-fucosylation of insulin-like growth factor receptor (IGF-1R) was examined by im-
munoprecipitation, and the amount of phosphorylated IGF-1R was detected in FUT8 down-regulated JAR cells.
Results: Human placenta villi and trophoblastic cells expressed FUT8/α1,6-fucosylation. Knockdown FUT8 by
siRNA transfection suppressed the proliferation, epithelial-mesenchymal transition, migration and invasion of
JAR and JEG-3 cells. Furthermore, we found that FUT8 modified the α1,6-fucosylation of IGF-1R, and regulated
IGF-1 dependent activation of IGF-1R, MAPK and PI3K/Akt signaling pathways in JAR cells.
Conclusions: Our results implicate a critical role for FUT8 in maintaining the normal functions of trophoblastic
cells, suggesting manipulating FUT8 may be an effective approach in pregnancy.

1. Introduction

Embryo development, embryo implantation and placental devel-
opment are prerequisites for successful pregnancy in mammals.
Trophoblasts are specialized cells of the placental villi, play vital roles
in regulating these complex biological events [1,2]. Trophoblastic cells
have highly proliferative and invasive properties [3], and insufficient
trophoblast proliferation and invasion are considered as one of the
crucial etiological factors for certain pregnancy-associated diseases,
such as early spontaneous miscarriage (ESM), preeclampsia (PE), fetal
intrauterine growth restriction (FGR) and even infertility [4–6].

During early pregnancy (the first trimester), the extravillous tro-
phoblasts (EVTs) undergo epithelial-mesenchymal transition (EMT), in
which epithelial cells lose the tight junction (reduced E-cadherin ex-
pression), change into a mesenchymal phenotype (enhanced Vimentin
and N-cadherin expression) and as a consequence, gain a highly moti-
lity [7]. In addition, several extracellular matrix (ECM) degradation-
related proteins (MMP-2 and MMP-9) are expressed by the EVTs to
maintain the invasive properties [8]. The EVTs invade to the en-
dometrial decidua cells and the muscular layer of uterine spiral arteries
to provide fetoplacental perfusion and establish the maternal-fetal
blood circulation [9]. Inadequate EVTs migration or invasion leads to
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shallow interstitial invasion and unconverted narrow spiral arteries,
which in turn causes implantation failure and placental dysfunction
[10].

Protein glycosylation is one of the most common and important
post-translational modifications, closely correlates with numerous
psychological and pathological progresses including reproduction, im-
mune response and tumorigenesis [11–13]. According to the glycosy-
lation sites of the polypeptides, glycosylation is classified into two
major forms: N-glycosylation (sequon: Asn-X-Ser/Thr, X represents any
amino acid except Pro) and O-glycosylation (sequon: Ser/Thr) [14].
Fucosylation is an important subtype of glycosylation, in which a fucose
is transferred from GDP-fucose to the N-glycans, O-glycans and lipid-
linked glycans by 11 fucosyltransferases (FUT1-11) to form α1,2-,
α1,3/4-, or α1,6-linkage. Alternatively, fucose can be directly linked to
the Ser/Thr residues within the epidermal growth factor-like or
thrombospondin repeats sequences by 2 specific protein O-linked fu-
cosyltransferases (poFUT1-2) [15]. In mammals, FUT8 is the only fu-
cosyltransferase responsible for the α1,6-fucosylation by adding fucose
to the innermost GlcNAc of N-glycans carried by the glycoproteins.
There is an extensive literature suggests that certain glycoproteins such
as TGF-β receptor, EGF receptor, and PDGF receptor are α1,6-fucosy-
lated, and this specific modification is found to play a crucial role in
mediating the homologous ligands binding ability and ligands-activated
downstream signaling pathways [16,17]. Meanwhile, FUT8 knockout
mice exhibited severe growth retardation, early death during postnatal
development, emphysema-like changes in the lung and a schizophrenia-
like phenotype, suggesting FUT8/α1,6-fucosylatioin is essential for
maintaining the normal physiological homeostasis [18,19]. We have
previously found that poFUT1 significantly promotes proliferation,
migration and invasion of the trophoblastic cells in vitro [20,21].
However, the role of FUT8/α1,6-fucosylation in modulating the pro-
liferative and invasive behaviors of trophoblastic cells is largely un-
known.

The function of trophoblasts is precisely controlled by numerous
factors including hormones, growth factors, cytokines and their relative
receptors during implantation and placentation [22]. Insulin-like
growth facor-1 (IGF-1) is a secreted protein, found to be maternally
produced in the human uterine fluid during the pre-implantation period
[23]. In rat, IGF-1 is strongly expressed in the uterine endometrial
epithelium and also presented in the endometrial basal lamina at the
implantation phase [24]. Despite IGF-1 is not generated by tropho-
blastic cells, accumulating evidence showed that IGF-1 plays a vital role
in stimulating the proliferation, migration and invasion of trophoblastic
cells in a paracrine manner [25–27]. IGF-1 receptor (IGF-1R) is a
transmembrane glycoprotein expressed on cell surface, and it consists
two α subunits located extracellularly and two β subunits span the
membrane [28]. In response to IGF-1 binding, α subunits induce the
tyrosine autophosphorylation of the β subunits, and activates several
intracellular signaling pathways (MAPK, PI3K/Akt), by which to pro-
mote cell survival, viability and motility [29]. It has been reported that
statins (pravastatin or cerivastatin) and N-glycosylation inhibitors

attenuated IGF-induced trophoblast proliferation by restraining the
whole N-glycans of IGF-1R in first trimester villous tissue explants [30].
However, whether α1,6-fucosylated N-glycans of IGF-1R influences the
IGF-1/IGF-1R signaling pathway activation, thus regulates the pro-
liferation and invasion of trophoblasts remains undefined.

In this study, we found that human placenta villi and trophoblastic
cells expressed abundant FUT8 and α1,6-fucosylation. Knockdown
FUT8 by siRNA transfection impaired the proliferation, migration and
invasion of JAR and JEG-3 cells. More importantly, FUT8 modified the
α1,6-fucosylation of IGF-1R, and regulated IGF-1 dependent activation
of IGF-1R, MAPK and PI3K/Akt signaling pathways in JAR cells. Taken
together, our study clearly demonstrated that FUT8/α1,6-fucosylation
drives the competent trophoblastic cells and manipulating FUT8 may be
an effective approach to regulate embryo implantation and placenta-
tion.

2. Materials and methods

2.1. Human placental villi tissue collection

All experimental protocols for human study were in accordance
with the approved guidelines by the Institutional Review Boards of
Dalian Medical University. Written informed consent was obtained
from all subjects prior to sample collection. Tissues were obtained from
the Secondary Affiliated Hospital of Dalian Medical University from
2017 to 2018. The pregnant women at the ages of 25–35 were con-
firmed by ultrasound detection at 6–8 gestational weeks. Human pla-
centa villi from non-drug abortion women were used for im-
munohistochemical fluorescent staining and protein extraction.

2.2. Cell culture

JAR and JEG-3 cell lines were obtained from the American Type
Culture Collection. The cells were maintained in DMEM/F12 (Hyclone)
conditional medium supplemented with 10% FBS (Gibco) and 1% pe-
nicillin-streptomycin. Cells were cultured in a humidified atmosphere
containing 5% CO2 at 37 °C. The medium was renewed every 2–3 days.

2.3. Real-time quantitative PCR

Cells were treated with RNAiso Plus reagent (Takara) for RNA ex-
traction, and the PrimeScript RT reagent Kit with a gDNA Eraser kit
(Takara) was used to synthesize cDNA. SYBR Premix Ex Taq (Takara)
was used for q-PCR. The primers were listed in Table 1.The reactions
were performed using the Applied Biosystems 7500 Fast Real-time PCR
System (Life Technologies, USA). Quantified data were normalized to
those of GAPDH, and the relative quantity was calculated using the
2−ΔΔCT method.

Table 1
The primers used in this study.

Gene Primers

FUT8 5′-TAT GCT TCA GCC TTG ATG-3′ (forward), 5′-TTG GTG ACT GAC AAG AT GG-3′ (reverse);
PCNA 5′-TAA AGA AGA GGA GGC GGT AA-3′ (forward), 5′-TAA GTG TCC CAT GTC AGC AA-3′(reverse);
Cyclin D1 5′-TGT CCT ACT ACC GCC TCA CA-3′ (forward), 5′-CTT GGG GTC CAT GTT CTG CT-3′ (reverse);
Cyclin E1 5′-TGC AGC CAA ACT TGA GGA AA TC-3′ (forward), 5′-TAG TCA GGG GAC TTA AAC GC CA-3′ (reverse);
Vimentin 5′-CGT CTC TGG CAC GTC TTG AC-3′ (forward), 5′-GCT TGG AAA CAT CCA CAT CGA-3′ (reverse);
N-cadherin 5′-AAA GAA CGC CAG GCC AAA C-3′ (forward), 5′-GGC ATC AGG CTC CAC AGT GT-3′ (reverse);
E-cadherin 5′-CAA CGA CCC AAC CCA AGA A-3′ (forward), 5′eCCG AAG AAA CAG CAA GAG CA-3′ (reverse);
MMP-2 5′-TGA TCT TGA CCA GAA TAC CAT CGA-3′ (forward), 5′-GGC TTG CGA GGG AAG AAG TT-3′ (reverse);
MMP-9 5′eCCT GGA GAC CTG AGA ACC AAT C-3′ (forward), 5′eCCA CCC GAG TGT AAC CAT AGC-3′ (reverse);
GAPDH 5′-GCA CCG TCA AGG CTG AGA AC-3′ (forward), 5′-TGG TGA AGA CGC CAG TGGA-3′ (reverse).
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2.4. Transfection

JAR or JEG-3 cells were seeded onto six-well plates or 96-well
plates. When cells reached 70% confluence, scramble or FUT8 siRNA:
5′-GUG GAG UGA UCC UGG AUA UTT-3′ (sense), 5′-AUA UCC AGG
AUC ACU CCA CTT-3′ (antisense) (synthesized from GenePharma) were
transiently transfected into the cells using Lipofectamine 2000 reagent
(Invitrogen) according to the manufacturer's instructions. The trans-
fection reagent was removed 6 h later. Total protein and RNA was
collected after 48 h.

2.5. Western and lectin blot

Equal proteins were loaded onto 10% SDS-PAGE gels, and then were
transferred onto a nitrocellulose membrane (Merck Millipore). After
blocking with 5% non-fat dry milk for 2 h, the membranes were in-
cubated at 4 °C overnight with the primary antibody: FUT8 and IGF-1R
(Santa Cruz); p-IGF-1R(Tyr1161) (Merck Millipore); Erk1/2, p-Erk1/2,
Akt and p-Akt(Tyr308) (Cell Signaling Technology); CK-7, PCNA, Cyclin
D1, Cyclin E1, Vimentin, N-cadherin, E-cadherin, MMP-2, MMP-9 and
GAPDH (Proteintech); biotinylated LCA (Vector Laboratories). Next, the
membranes were incubated with HRP-labeled goat anti-mouse IgG,
HRP-labeled goat anti-rabbit IgG or HRP-labeled streptavidin for 1 h.
An enhanced chemiluminescence (ECL) detection system (Bio-Rad,
USA) was used to visualize immunoreactive bands.

2.6. Immunofluorescent and lectin fluorescent staining

Cover-slips (cells) or frozen slices (tissues) were fixed in 4% paraf-
ormaldehyde or cold acetone for 30min, followed by blocking with 1%
goat serum (Beyotime) for 2 h. Next, the cover-slips or slices were in-
cubated with antibodies: FUT8 (Santa Cruz), CK-7 (Proteintech), IGF-
1R (Santa Cruz) or Rhodamine labeled LCA (Vector Laboratories) at
4 °C overnight followed by incubation with the FITC or TRITC-con-
jugated second antibody for 1 h. After counterstaining with DAPI (blue)
for 5min, anti-fade solution (Beyotime) was added to mount the cover-
slips or slices before imaging under the fluorescent microscope
(Olympus, Japan).

2.7. Cell viability assay

Cells (5000/well) were seeded in 96-well plates, and transfected
with scramble or FUT8 siRNA. 10 μl of the Cell Counting Kit-8 (CCK-8)
reagent (Dojindo Molecular Technologies) was added to 90 μl of the
FBS-free medium in each well, followed by 2 h incubation at 37 °C.
Subsequently, the absorbance value (OD) was measured at 450 nm
using a microplate reader (Thermo Fisher Scientific). Each assay was
conducted in triplicate and repeated at three times.

2.8. Matrigel cell invasion and transwell cell migration assay

For matrigel cell invasion assay, transwell inserts (6.5 mm, Costar)
containing polycarbonate filters with 8 μm pores were precoated with
50 μl of 1 mg/ml matrigel matrix (Becton Dickinson). For cell migration
assay, the inserts were not precoated with matrigel. Cells in serum-free
medium were plated into the upper chamber, whereas medium with
10% FBS was added to the lower chamber. After incubating for 24 h,
the cells on the upper side of the inserts were removed by cotton swab.
The bottom of the inserts were fixed in methanol and stained with
crystal violet. The number of invaded or migrated cells was counted
under a light microscope (Olympus) in five random fields. Three in-
dependent experiments were performed.

2.9. Gelatin zymography assay

The cell supernatants were collected and used as the samples to

detect the MMP-2 and MMP-9 activity. The proteins were electro-
phoresed on 10% SDS-PAGE gels containing 1% gelatin. After electro-
phoresis, the gels were washed in 2.5% Triton X-100 (1 h, RT), followed
by incubating in 50mM Tris-Cl, pH 7.6, and 5mM CaCl2 (18 h, 37 °C).
The gels were stained with 0.1% Coomassie blue R250 and destained in
10% methanol and 10% acetic acid in H2O.

2.10. Immunoprecipitation

Immunoprecipitation was performed with the Dynabeads® Protein G
Kit (Life technologies, USA) by following the standard procedure.
Briefly, total protein lysates were added to the Dynabeads-IGF-1R an-
tibody (Ab) complex for 30min at RT, followed by washing 3 times.
Subsequently, the Dynabeads-Ab-protein complex was mixed with
elution and lysis buffer, and incubated 15min at 70 °C to denature the
proteins.

2.11. Statistical analysis

GraphPad Prism® (GraphPad Software Inc) was used for statistical
analysis. All experiments were performed at least 3 independent times,
and the data were presented as means ± SEM. For the analysis of
difference between groups, independent-samples t-test or one-way
ANOVA was performed, and the statistical significance was indicated as
the follows, *p < 0.05, **p < 0.01 and ***p < 0.001.

3. Results

3.1. Expression of FUT8 and α1,6-fucosylation in human placenta villi and
trophoblastic cells

To detect the expression of FUT8 and α1,6-fucosylation in human
placenta villi from the first trimester of pregnancy, we collected the
tissues from woman at 6–8 weeks of gestation. Immunohistofluorescent
staining and Lectin Lens culinaris (LCA, recognizes the α1,6-fucosylated
N-glycans) fluorescent staining were performed to examine the ex-
pression of FUT8 and α1,6-fucosylation, respectively. The fluorescent
staining images showed that the villi, verified by CK-7, expressed FUT8
and α1,6-fucosylation (Fig. 1 A). Human trophoblastic JAR and JEG-
3 cells, which have an EVT phenotype [31], were also found to express
FUT8 and α1,6-fucosylation (Fig. 1 B). Western blot and Lectin blot
were conducted to further confirm the results (Fig. 1C and D).

3.2. FUT8 knockdown by siRNA transfection reduced the α1,6-fucosylation
level in JAR and JEG-3 cells

To investigate the roles of FUT8/α1,6-fucosylation in trophoblastic
cells, JAR and JEG-3 cells were transiently transfected with FUT8
siRNA, and down-regulated FUT8 expression were confirmed by Q-PCR
(Fig. 2A and B) and Western blot (Fig. 2C and D). Meanwhile, Lectin
LCA fluorescent staining (Fig. 2E and F) and Lectin blot (Fig. 2G and H)
showed that FUT8 knockdown markedly reduced the α1,6-fucosylation
in JAR and JEG-3 cells.

3.3. FUT8 modulated the proliferation, migration and invasion of JAR and
JEG-3 cells

We first detected the effects of FUT8 down-regulation on cell via-
bility. CCK-8 assay (Fig. 3A), EdU incorporation assay (Supplementary
Fig. A) data showed that FUT8 knockdown suppressed the cell pro-
liferation. The mRNA and protein expression of PCNA (marker of cell
proliferation) (Supplementary Fig. B), Cyclin D1 (marker of the early
G1 phase) and Cyclin E1 (function at the G1/S transition) were also
decreased in FUT8 knockdown cells (Fig. 3B and C).

In addition, Q-PCR and Western blot data showed that FUT8 down-
regulation was along with an enhancement of E-cadherin expression,
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whereas a reduction of Vimentin and N-cadherin expression, indicating
that FUT8 knockdown suppressed the EMT (Fig. 3D and E). Transwell
migration assays were performed to further confirm that FUT8 knock-
down markedly inhibited the cell migration (Fig. 3I). Q-PCR, Western
blot and gelatin zymograogy data also showed that FUT8 knockdown
resulted in a reduction of MMP-2 and MMP-9 (involved in the break-
down of extracellular matrix) expression and activity (Fig. 3F-H). Ma-
trigel cell invasion assays were performed to further verify that FUT8
down-regulation impaired the invasiveness capacity of JAR and JEG-3
cells (Fig. 3J). To verify the similar functions of FUT8 on normal human
trophoblasts, placental villous explants were performed. The outgrowth
length of EVT migration was measured at 72 h after FUT8 siRNA
tranfection in the explants. As shown in Supplementary Fig. C, the
outgrowth distance in the FUT8 knockdown group displayed a decrease
compared with that of the control group. Meanwhile, Q-PCR results
confirmed that FUT8 down-regulation was associated with a decreased

mRNA expression of PCNA, N-cadeherin, Vimentin, MMP-2 and MMP-9
in the explanted trophoblastic cells (Supplementary Fig. D). These re-
sults suggest that FUT8 plays a pivotal role in modulating the functions
of trophoblastic cells.

3.4. FUT8 modified α1,6-fucosylated IGF-1R and regulated the IGF-1/IGF-
1R signaling pathway

To determine whether IGF-1R is α1,6-fucosylated and α1,6-fuco-
sylation influences the IGF-1R activation in JAR cells, IGF-1R was im-
munoprecipitated. As shown in Fig. 4A (the top row, lane 1), Western
blot results clearly showed that IGF-1R was recognized by Lectin LCA,
which suggested the α1,6-fucosylation of IGF-1R. As expected, the band
of α1,6-fucosylated IGF-1R was decreased in FUT8 knockdown cells
(Fig. 4A the top row, lane 2). It is also noteworthy that FUT8 knock-
down markedly suppressed the activation of IGF-1R as compared with

Fig. 1. Expression of FUT8 and α1,6-fuco-
sylation in human placenta villi and tro-
phoblastic cells. Representative fluorescent
staining of FUT8 and α1,6-fucosylation in
human placenta villi (A) as well as in JAR
and JEG-3 cells (B). FUT8 expression and
α1,6-fucosylation in tissues and cells were
also detected by Western blot (C) and LCA
Lectin blot (D). CK-7 (green) was stained as
the villi marker. Nuclei were stained with
the DAPI (blue). Bars represent 100 μm in
(A), and 50 μm in (B). GAPDH was used as
an internal control for Western blot.
Coomassie brilliant blue (CBB) staining
showed the equal amounts of protein
loading in each lane for Lectin blot.
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the scramble control (Fig. 4A the moddle row). In addition, results
showed that the total IGF-1R expression (Fig. 4A the bottom row) and
its subcellular localization (Fig. 4B) were not influenced in FUT8 down-
regulated cells.

To assess the effects of α1,6-fucosylation on IGF-1R activation,
transfected cells were treated without or with IGF-1 (50 ng/ml) for 15
min, and Western blot results displayed that knockdown FUT8 sig-
nificantly reduced the level of p-IGF-1R (Tyr1161), p-Erk1/2 and p-Akt
(Tyr308), both basally and post IGF-1 treatment (Fig. 4C). IGF-1/IGF-1R-
activated MAPK and PI3K/Akt signaling pathways was found to play a
critical role in regulating the proliferation and invasion of trophoblastic
cells. Consistently, the data herein demonstrated that AG1024 (in-
hibitor of IGF-1R autophosphorylation) treatment significantly de-
creased the amount of p-IGF-1R (Tyr1161), p-Erk1/2 and p-Akt (Tyr308)
as well as the expression of relevant biomarkers when compared with

the vehicle control in JAR cells (Fig. 4D).
Next, we asked whether FUT8 knockdown attenuated IGF-1 induced

signaling pathways activation and the downstream target biomarkers
expression. Cells were treated with FUT8 siRNA or AG1024 (5 μM) for
24 h, followed by stimulating with the IGF-1 (50 ng/ml) for 48 h.
Western blot results showed that IGF-1 treatment led to an increase in
the p-IGF-1R (Tyr1161), p-Erk1/2 and p-Akt (Tyr308) level, coincident
with an up-regulation in the PCNA, Cyclin D1, Vimentin and MMP-2
level, whereas a down-regulation in the E-cadherin level when com-
pared with the control (Fig. 4E lane 2 versus lane 1). However, both
FUT8 siRNA and AG1024 treatment attenuated IGF-1 induced IGF-1R,
Erk1/2 and Akt activation as well as alleviated IGF-1 mediated PCNA,
Cyclin D1, Vimentin and MMP-2 expression. In contrast, E-cadherin
expression in IGF-1+FUT8 siRNA or IGF-1+AG1024 treated cells was
enhanced as compared with the IGF-1 treated cells (Fig. 4E lane 3 and

Fig. 2. FUT8 knockdown by siRNA trans-
fection reduced the level of α1,6-fucosyla-
tion in JAR and JEG-3 cells. JAR and JEG-
3 cells were transiently transfected with
Scramble siRNA (negative control) and
FUT8 siRNA for 48 h. FUT8 expression were
detected by Q-PCR (A, B) and Western blot
(C, D) in no-treated control, Scramble con-
trol and FUT8 knockdown cells. The α1,6-
fucosylation level was examined by Lectin
fluorescent staining (E, F) and Lectin blot
(G, H). Nuclei were stained with the DAPI
(blue). Bars represent 50 μm. GAPDH was
used as an internal control for Western blot.
CBB staining showed the equal amounts of
protein in each lane for Lectin blot. Data are
presented as mean ± SD from three in-
dependent experiments, *p < 0.05.

M. Yu et al. Placenta 75 (2019) 45–53

49



4). These data obtained above indicates that α1,6-fucosylation of IGF-
1R plays a critical role in modulating the IGF-1/IGF-1R signaling
transduction, thereby regulating the biological functions of tropho-
blastic cells.

4. Discussion

Glycans on cell surface affect multiple reproductive processes in-
cluding sperm-egg binding, embryo development and endometrium-

embryo interactions [32–34]. Glycosylation is a biochemical and en-
zymatic reaction by which a monosaccharide is added to the acceptor
substrate through the specific glycosyltransferase, and over 200 gly-
cosyltransferase genes have been verified to date [35]. Extensive re-
search has been carried out to clarify the roles of certain glycosyl-
transferases and their corresponding glycans carried by specific
glycoprotines in mediating the biological behavior of the trophoblasts.
Huang, M. C. and Shyu, M. K. et al. found two kinds of O-glycosyl-
transferases: polypeptide acetylgalactosaminetransferase-II (GALNT2)

Fig. 3. FUT8 modulated the proliferation,
migration and invasion of JAR and JEG-
3 cells. JAR and JEG-3 cells were transiently
transfected with Scramble siRNA and FUT8
siRNA. Cell viability was analyzed by CCK-8
assays at day 1, day 2 and day 3 (A). mRNA
and protein level of PCNA, Cyclin D1 and
Cyclin E1 were detected by Q-PCR (B) and
Western blot (C). mRNA and protein level of
Vimentin, N-cadherin and E-cadherin were
detected by Q-PCR (D) and Western blot
(E). mRNA and protein level of MMP-2 and
MMP-9 were detected by Q-PCR (F) and
Western blot (G). MMP-2 and MMP-9 ac-
tivity were tested by gelatin zymography
assays (H). Cell motility and invasiveness
ability were examined by transwell migra-
tion (I) and invasion assays (J). Bars re-
present 50 μm. GAPDH was used as an in-
ternal control for Western blot. Data are
presented as mean ± SD from three in-
dependent experiments, *p < 0.05;
**p < 0.005.
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and β1,4-galactosyltransferase-III (B4GALT3) suppressed the invasion
but enhanced the adhesion of EVT cells to extracellular matrix through
modified the O-glycans on integrin β1 in the late stages of pregnancy
[36,37]. Eiko Yamamoto and colleagues' study discovered that knock-
down the expression of N-acetylglucosaminyltransferase V (GnT-V)
enhanced the migratory and invasive ability of EVT cells via dimin-
ishing the β1,6-GlcNAc branching on integrin α5β1 [38]. It is also
noteworthy that aberrant expressions of certain glycosyltransferases in
trophoblasts might be closely associated with early spontaneous abor-
tion (ESM). For instance, placental villi of ESM exhibited decreased
GnT-V and its product, β1,6-GlcNAc branching, together with elevated
GnT-III and its product, bis-GlcNAc branching, on integrin β1 relative
to the normal placental villi [39]. Meanwhile, our previous study
showed that poFUT1 expression was down-regulated in placental villi
from abortion patients, and poFUT1 down-regulation suppressed the
proliferation and invasion of JAR cells through inactivating the MAPK
and PI3K/Akt signaling pathways [21]. Prior study also found that
FUT7, the key enzyme for the biosynthesis of sialy Lewis X oligo-
saccharide, is highly expressed in mouse blastocyst and human villi
tissues. FUT7/sLeX of trophoblasts promoted the adhesion ability to the

endometrial cells in vitro [40]. FUT8 expression silencing by siRNA
transfection abrogated the cell viability, motility and invasiveness
(Fig. 3A, I and J; Supplementary Fig. C), and significantly inhibited the
mRNA and protein expression of the relevant biomarkers in tropho-
blastic cells (Fig. 3B-H; Supplementary Fig. D). Combined with others'
studies, we believe that appropriate expression of certain glycosyl-
transferases in trophoblasts is prerequisite for maintaining the normal
physiological functions of placenta.

It is well elucidated that glycosylation influences glycoprotein
folding, conformation, solubility and stability [41]. Distinct modified
glycans on glycoproteins also play heterogeneous roles in regulating
cell adhesion, proliferation and invasion through altering the adhesion
molecule distribution, receptor activation and protein interactions
[42,43]. Numerous glycoproteins are found to be α1,6-fucosylated, and
this modification is critical for modulating the biological functions in
many physiological processes and diseases. Knockout mice deficient in
FUT8 presented phenotypes of growth retardation, death during post-
natal development, and lung emphysema. These severe phenotypes are
possibly ascribed to the attenuation of TGF-β and EGF signaling path-
ways, and α1,6-fucosylation of TGF-βR and EGFR are shown to be

Fig. 4. FUT8 modified α1,6-fucosylation of
IGF-1R and regulated the IGF-1/IGF-1R
signaling pathway. JAR cells were tran-
siently transfected with Scramble siRNA
and FUT8 siRNA, and the total protein ly-
sates were immunoprecipitated with IGF-1R
antibodies and IgG (Negative control). The
samples were immunoblotted to detect the
amount of α1,6-fucosylated IGF-1R, p-IGF-
1R (Tyr1161) and total IGF-1R (A).
Representative fluorescent staining of IGF-
1R in Scramble siRNA and FUT8 siRNA
treated cells (B). The expression of p-IGF-1R
(Tyr1161), IGF-1R, p-Erk1/2, Erk1/2, p-Akt
(Tyr308) and Akt in JAR cells after different
treatments as mentioned were detected by
Western blot (C). The expression of p-IGF-
1R (Tyr1161), IGF-1R, p-Erk1/2, Erk1/2, p-
Akt (Tyr308), Akt, PCNA, Cyclin D1,
Vimentin, E-cadherin and MMP-2 in JAR
cells after different treatments as mentioned
were detected by Western blot (D, E). MMP-
2 activity was tested by gelatin zymography
assays (D) and (E). Nuclei were stained
with the DAPI (blue). Bar represents 50 μm.
GAPDH was used as an internal control for
Western blot. Data are presented as
mean ± SD from three independent ex-
periments.
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essential for their ligands binding and receptor activation [19,44]. In
addition, aberrant α1,6-fucosylation catalyzed by FUT8 is identified to
be closely associated with tumor EMT, metastasis and drug resistance.
Agrawal, P. et al. revealed that FUT8 was up-regulated in metastatic
melanoma, and increased α1,6-fucosylation of neural cell adhesion
molecule L1 (L1CAM) impacted L1CAM supported melanoma invasion
[45]. It is also reported that FUT8 was up-regulated by TGF-β, which is
a well-known inducer for EMT, in breast cancer and non-small-cell lung
cancer cells. Blockage α1,6-fucosylation of TGF-βR inactivated TGF-β
signaling, thus restricting breast cancer cell metastasis [46]. IGF-1R is
an N-glycosylated protein, which contains 16 predicted N-glycosylation
sites. It is established that restrained general N-glycans of IGF-1R by
statins or N-glycosylation inhibitors altered receptor presentation at the
trophoblastic cell surface and attenuated IGF-1 or IGF-II induced cell
proliferation [30]. Results herein provide evidence that IGF-1R is α1,6-
fucosylated, and down-regulated the FUT8 expression decreased the
α1,6-fucosylation of IGF-1R but not the total protein expression or lo-
calization of IGF-1R in JAR cells (Fig. 4A and B). We further in-
vestigated that decreased α1,6-fucosylated IGF-1R was accompanied
with reduced p-IGF-1R(Tyr1161) expression, both basally and post IGF-1
treatment (Fig. 4A and C). Our data is supported also by a study which
revealed that elevated FUT8 expression and activity could affect the
aging process by altering the IGF-1/IGF-1R signaling pathway in mouse
liver cells [47]. Collectively, these findings highlight that α1,6-fuco-
sylation of IGF-1R is required for the IGF-1R activation in trophoblastic
cells.

IGF-1/IGF-1R axis plays a fundamental role in regulating many
physiological events including embryo implantation, decidualization
and fetal growth [48–50]. Meanwhile, accumulating studies demon-
strated that aberrant IGF-1/IGF-1R axis, or in other word, insufficient
IGF-1R activation leads to endometrial dysfunction, preeclampsia and
even infertility. For instance, IGF-1 knockout female mice were re-
ported to infertile, and exhibited uterine hypoplasia, suggesting that
IGF-1 was crucial for uterine viability and receptivity [51]. It was also
identified that heterozygous IGF-1R mutations within the intracellular
kinase domain were closely associated with the intrauterine and post-
natal growth failure [52,53]. MAPK and PI3K/Akt signaling pathways
are evolutionarily conserved networks that responsible for cell mitosis,
adhesion, EMT, migration and invasion by transmitting signals from
many kinds of growth factors including IGF-1. As reported, IGF-1 fa-
cilitated the attachment of mouse blastocyst to human endometrial
Ishikawa cells by increasing the apical fibronectin on mouse blastocyst,
which this phenomenon was impaired by treating with the PI3K/Akt
inhibitor [54]. IGF-1 was also found to promote proliferation and mi-
gration of porcine trophectoderm cells through MAPK and PI3K/Akt
signaling pathways in vitro [26]. Additionally, a robust literature sug-
gests that IGF-1/IGF-1R axis plays a key role in regulating EMT via
activating the MAPK and PI3K/Akt signaling pathways in breast, gastric
and prostate cancer cells [55,56]. The present results clearly showed
that IGF-1 prompted proliferation (enhanced PCNA and Cyclin D1
protein level), EMT (enhanced Vimentin and decreased E-cadherin
protein level) and invasion (elevated MMP-2 protein level) of JAR cells
(Fig. 4 E). By using the IGF-1R autophosphorylation inhibitor, AG1024,
we confirmed that IGF-1R inactivation attenuated the elements of
MAPK and PI3K/Akt signaling pathways, as well as the relevant bio-
markers for cell proliferation, EMT and invasion, both under normal or
IGF-1 treatment conditions (Fig. 4D and E). As expected, FUT8 knock-
down significantly reduced the amount of IGF-1 mediated p-IGF-1R
(Tyr1161), p-Erk1/2 and p-Akt (Tyr308), coincident with attenuating the
expression of IGF-1 induced PCNA, Cyclin D1, Vimentin and MMP-2
(Fig. 4 E). These results indicate that IGF-1 robustly orchestrates the
physiological functions of trophoblastic cells during pregnancy, and
more importantly, α1,6-fucosylation of IGF-1R plays an imperative role
to maintain the normal operation of IGF-1/IGF-1R signaling pathways.

In conclusion, our study highlights the important roles of FUT8 in
promoting the proliferation, migration and invasion of trophoblastic

cells. The present funding also provides a better understanding of a
glycosylation dependent mechanism, which α1,6-fucosylation of IGF-
1R is required for the IGF-1/IGF-1R signaling activation in tropho-
blastic cells. We believe that manipulating FUT8/α1,6-fucosylation
may be an effective approach to regulate embryo implantation and
placenta development.
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