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Expression of N-Acetylglucosaminyltransferase
III Promotes Trophoblast Invasion and
Migration in Early Human Placenta

Qinyin Deng, MD1, Xiru Liu, MD2, Zhongmei Yang, MD1, and Lan Xie, MD1

Abstract
Introduction: Trophoblast migration and invasion at the maternal–fetal interface are crucial events for normal placentation and
successful pregnancy.This progress iswell controlledbymanyplacenta-specific factors. Inadequate trophoblast invasion results in poor
placenta plantation or even complications such as preeclampsia. It has been shown that N-acetylglucosaminyltransferase III (GnT-III)
participates in tumor invasion and metastasis as a suppressor; however, the expression of GnT-III and its role in normal pregnancy is
unclear. Our objective was to characterize GnT-III expression and function during placental development and identify the underlying
mechanisms. Methods: The expression of GnT-III in human placental tissue from the first trimester was determined by immu-
nohistochemistry. The HTR8/SVneo cell line was used to investigate the effects of GnT-III on proliferation, apoptosis, migration/
invasion, matrix metalloproteinase (MMP) 2/9 activity, and the expression of the tissue inhibitor of metalloproteinase (TIMP) 1/2
using cell 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide assays, flow cytometric analysis, transwell migration/invasion
assays, gelatin zymography, andWestern blot, respectively. Moreover, a placental villous explant model was employed to determine
its functions in placentation. Results: In the first-trimester placental tissue, GnT-III was localized within the cytotrophoblast, the
syncytiotrophoblast and the trophoblast columns of human placental villi, decidual cells, and some extravillous cells in the maternal
decidua. GnT-III silencing significantly inhibited HTR8/SVneo cell invasion and migration as well as extravillous explant outgrowth.
The application of GnT-III siRNA significantly attenuated MMP2/9 activity and increased TIMP1/2 expression. Discussion and
Conclusion:GnT-III is expressed in trophoblasts during normal human pregnancy and is involved in regulating trophoblast function.
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Introduction

The placenta is a transient organ that forms during pregnancy

and contributes to successful pregnancy.1,2 During human pla-

cental development, trophoblast invasion is very important. In

the early stage of pregnancy, cytotrophoblast (CTBs) cells

acquire an invasive phenotype and differentiate into extravillous

trophoblasts (EVTs), which can invade the decidua and a portion

of the myometrium or remodel the maternal vasculature. The

syncytiotrophoblast (STB) is a terminally differentiated cell

layer formed by the fusion of multiple CTBs. The STBs can

cover the floating villi and mediate nutrient and gas exchange

between the fetus and the mother.3 During these processes, both

the maternal uterine epithelium surface and the outer trophoblast

layer of an implanting embryo are heavily glycosylated.4-6 Inad-

equate placental development, trophoblast invasion, and vascu-

lar remodeling as well as abnormal placental angiogenesis have

been reported in pathological pregnancies, such as intrauterine

growth restriction, preeclampsia, and other obstetrics complica-

tions.7 Consequently, a better understanding of the mechanisms

underlying trophoblast invasion may improve our diagnosis and

treatment of gestation-related diseases.

Glycosylation is one of the most abundant posttranslational

modification reactions.8 Changes in glycan expression

affect many cellular functions, including cell differentiation,

transformation, migration, invasion, and immune responses.9

N-glycan processing or remodeling reactions are catalyzed

by several glycosyltransferases, which are highly diverse

N-linked glycans (N-glycans) in mammals.8,10 Among these

glycosyltransferases, the 2 major glycosyltransferases

are N-acetylglucosaminyltransferase III (GnT-III) and

N-acetylglucosaminyltransferase V (GnT-V). GnT-III catalyzes

the formation of a bisecting b1,4-GlcNAc structure. GnT-III is a
key glycosyltransferase in the N-glycan biosynthetic pathway
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because the introduction of the bisecting GlcNAc residue sup-

presses further processing and elongation of the N-glycans cat-

alyzed by GnT-V.11,12 Therefore, in the context of tumors, both

GnT-III and GnT-V generally play opposing roles, where GnT-

III acts as a metastasis suppressor and GnT-V is associated with

increased malignancy and metastasis.13,14 As several similarities

exist between the behavior of placental cells and that of malig-

nant tumor cells,15 we confirmed in a previous study that GnT-V

is highly expressed in the EVT and endothelial cells of the first-

trimester villi. We also found a role for GnT-V in the inhibition

of human trophoblast cell invasion and migration during early

pregnancy via the direct or indirect regulation of matrix metal-

loproteinase (MMP) 2/9 activity;16 however, the role of GnT-III

has not been researched in normal human pregnancy.

In this study, we examined GnT-III expression in tropho-

blast cells and the role of GnT-III in human first-trimester

placenta. Our findings might be valuable for future research

on some obstetrics complications.

Materials and Methods

Tissue Collection

Human decidua and villous tissues from the first trimester

(n ¼ 11, 5-10 weeks of gestation) were obtained from healthy

pregnant women who underwent legal abortions of pregnancy

for nonmedical reasons in an outpatient operating room. All

patients with chronic medical disorders were excluded.

Approval was granted by the Ethics Committee of The First

Affiliated Hospital of Chongqing Medical University.

Informed consent was obtained from all participants.

After surgery, all the tissue samples were immediately trans-

ported to the laboratory. For the immunohistochemistry assay,

the samples were washed with ice-cold, phosphate-buffered sal-

ine (PBS) 3 times and were fixed in 4% neutral paraformalde-

hyde; the tissues were then dehydrated in gradient ethanol

solutions and embedded in paraffin. For theWestern blot experi-

ments, the tissues were washed 3 times with ice-cold PBS and

were stored in liquid nitrogen at�80�Cuntil further use. Finally,

in regard to the explant cultures, the samples were cut into 1- to

5-mm3 sections, washed 3 times with ice-cold 0.9% saline, and

cultured immediately (see details in explants culture method).

Immunohistochemistry and Immunofluorescence

Immunohistochemistrywas performed as previously described.17

Samples from 11 placentaswere used. The sections of villous and

decidual tissues from each placenta were divided into 2 groups as

follows: 1 for GnT-III staining and 1 for cytokeratin 7 (CK7)/

human leukocyte antigenG (HLA-G) staining.The sections (each

5-mm thick) were deparaffinized, rehydrated, and incubatedwith

3% H2O2 for 10 minutes to quench the endogenous peroxidase.

After blocking with 20% normal goat serum for 30 minutes, all

sectionswere incubatedwith primary antibodies to eitherGnT-III

(1:200; Abcam, San Francisco, USA), CK7 (1:200; Abgent, San

Diego, USA), or HLA-G (1:400; Abcam, San Francisco,

USA) for overnight at 4�C. Nonimmune rabbit immunoglobulin

G (IgG) was used as a negative control (NC) instead of the pri-

mary antibody. Then, the sections were incubated with horse

radish peroxidase (HRP)–conjugated goat anti-rabbit IgG anti-

body (1:1000; SantaCruzBiotechnology, Texas, USA) for 1 hour

at 37�C after several washes. The immunohistochemical staining

was developed with 3,3-diaminobenzidine (DakoCytomation,

California) working reagent; the tissue sections were then coun-

terstained with hematoxylin and were observed under a micro-

scope (Olympus IX51, Japan).

To prepare the immunofluorescence samples, the cells were

fixed on the cover slip and blockedwith 5% goat serum for 1 hour

at room temperature. The primary antibody used was the anti-

GnT-III antibody (1:100; Abcam, San Francisco, USA). An NC

was generated by replacement of the primary antibodywith PBS.

The secondary antibody was a fluorescein isothiocyanate–conju-

gated goat anti-rabbit antibody (1:50; Santa Cruz Biotechnology,

Texas, USA). The nuclei were stained with propidium iodide (3

mg/mL). Images were acquired with an Olympus BMX-60

microscope equippedwith a cooled charge-coupled device sensi-

camera (Cooke, AuburnHills,Michigan) and Slidebook software

(Intelligent Imaging Innovations, Denver, Colorado).

Cell Culture and RNA Interference

The human EVT cell line HTR8/SVneo has been widely used

as a model for studying EVT function in the first trimester. The

HTR8/SVneo cells that were used in this study were a kind gift

from Dr Charles Graham (Queen’s University, Kingston,

Ontario, Canada), as previously mentioned.16,18 The cells were

routinely cultured in RPMI-1640 medium (Gibco, Massachu-

setts, USA) supplemented with 10% fetal bovine serum (FBS)

at 37�C in an incubator with 5% CO2.

For GnT-III RNAi, the cells were transfected with 100-nM

GnT-III siRNA (50-CGTCAACCACGAGTTCGACCT-30,
GenePharma, Shanghai, China) or the NC siRNA (a universal

NC; GenePharma) with Lipofectamine™ 2000 (Invitrogen,

Carlsbad, California), and the transfection procedures were

performed according to the manufacturer’s protocol.

Western Blot

The cells from the 2 groups were lysed in radio-immunopreci-

pitation assay (RIPA) lysis buffer (Sigma, Ohio, USA), and

Western blot analyses were conducted as previously

described.19 Primary antibodies against the following proteins

were used: GnT-III (1:500; Abcam, San Francisco, USA),

b-actin (1:1000; Santa Cruz Biotechnology), and tissue inhi-

bitor of metalloproteinase (TIMP) 1/2 (1:1000; Santa Cruz

Biotechnology). The membranes were incubated with the pri-

mary antibody at 4�C overnight and were then incubated with a

rabbit HRP-conjugated secondary antibody (1:2000; Santa

Cruz Biotechnology). Immunoreactive signals were detected

by enhanced chemiluminescence reagents and were analyzed

by a ChemiDoc image analyzer (Bio-Rad).
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Quantitative Real-Time Polymerase Chain Reaction

Total RNA was extracted from the HTR8/SVneo cells with

TRIzol reagent (TaKaRa, Japan), and the RNA concentration

was measured by ultraviolet spectroscopy (NanoDrop 2000;

Thermo, USA). Reverse transcription was performed with a

PrimeScript real-time reagent kit with gDNA Eraser (TaKaRa,

Japan). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

was used as an endogenous control for gene expression analy-

sis. The sequences of the polymerase chain reaction (PCR)

primer pairs for each gene were as follows: GnT-III forward:

50-TCCGCCACAAGGTGCTCTAT-30, reverse: 50-GGATC

TCGTCCGCATCGTCA-30; GAPDH forward: 50-CTTTGG
TATCGTGGAAGGACTC-30, reverse: 50-GTAGAGGCAGG
GATGATGTTCT-30. The PCR conditions were as follows:

94�C for 3 minutes, 35 cycles at 94�C for 20 seconds, 58�C
for 30 seconds, and extension at 72�C for 30 seconds. All

experiments were performed in triplicate.

Cell Invasion and Migration Assay

For the cell invasion assay, transwell inserts (Costar, Cambridge,

Massachusetts) were precoated with matrigel (BD Biosciences,

Figure 1. Expression of GnT-III in human placental tissues. A, GnT-III protein was localized within villous cytotrophoblast (CTB) cells,
syncytiotrophoblast (STB) cells, and trophoblast columns (TCs) in human placental villi. B, Immunostaining for cytokeratin 7 (CK7), which
serves as a marker for CTBs and TCs. C, Negative control (NC) with nonimmune rabbit IgG in villi. D-F, Higher powered images of (A-C). G,
GnT-III protein was localized within the decidual cells (DCs) and extravillous trophoblasts (EVTs) in the maternal decidua. H, Immunostaining
for human leukocyte antigen G (HLA-G), which serves as a marker for EVTs. I, NC with nonimmune rabbit IgG in the maternal decidua. J-L,
Higher powered images of (G-I). Scale bar: 100 mm. GnT-III indicates N-acetylglucosaminyltransferase III.
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San Jose, California; 1:9 dilution), as previously described.16 For

the cell migration assay, the transwell inserts were not precoated

with matrigel. In all, 1.0 � 105 HTR8/SVneo cells (GnT-III

siRNA group or NC siRNA group) in serum-free medium were

placed in the upper chamber, whereas 600 mL of medium sup-

plemented with 10% FBS was added to the lower compartment.

After incubation for 24 hours, the cells in the upper chamber of

the inserts were scrubbed with a cotton swab. Then, the inserts

were fixed in methanol and stained with crystal violet. To esti-

mate the number of cells that had invaded or migrated, the cells

on the other side of the insert in 5 random fields were counted by

light microscopy (Olympus IX51) at a magnification of �200.

The data are shown as the fold change compared with the NC

values. Independent experiments were performed in triplicate to

reduce intraassay variability.

Cell Proliferation Assay

Cell viability was measured by the 3-[4,5-dimethylthiazol-2-yl]-

2,5-diphenyltetrazolium bromide (MTT) assay as previously

described.17 In all, we seeded 5 � 103 HTR8/SVneo cells in

each well in a 96-well plate. After a 20-hour culture, 20 mL of

MTT reagent (5 mg/mL) was added to the medium and was

gently removed 4 hours later. We then added 150 mL of

dimethyl sulfoxide to each well. The optical density of each well

was assessed at a wavelength of 570 nm (Bio-Rad Model 550,

California). The experiment was repeated 3 times in triplicate.

Flow Cytometric Analysis of Apoptosis

To quantify the rate of apoptosis in HTR8/SVneo cells that

were pretreated with siRNA, an annexin V- fluorescein iso-

thiocyanate (FITC) and propidium iodide (PI) apoptosis

detection kit (Key-Gen Biotech, Nanjing, China) was used

as previously described.20,21 Briefly, HTR8/SVneo cells were

grown in a 6-well plate and were incubated for 48 hours. The

cells were then washed twice with ice-cold PBS, collected,

and stained in the annexin V-FITC and PI binding buffer for

20 minutes. The stained cells were analyzed by a FACS

Vantage SE flow cytometer (BD Biosciences). The following

4 different phenotypes were recognized: (a) annexin V�/PI�

(lower left quadrant, Q3), predicted to be viable cells; (b)

annexin Vþ/PI� (lower right quadrant, Q4), usually predicted

to be apoptotic cells; (c) annexin V�/PIþ (upper left quad-

rant, Q1), fragments of damaged cells; and (d) annexin Vþ/
PIþ (upper right quadrant, Q2), late apoptotic cells. There-

fore, the total percentage of apoptotic cells, including those

in the early phases of apoptosis and those in the late phases

of apoptosis, were represented. The experiment was per-

formed in triplicate.

Villous Explant Cultures

Placental villous tissues (1-5 mm3) were dissected from the tips

of the villi and explanted as previously described.16 Serum-free

Dulbecco’s modified Eagle medium/F12 (Gibco,

Figure 2. Expression of GnT-III in the HTR8/SVneo cell line and the GnT-III silencing efficiency in HTR8/SVneo cells. A, Immunofluorescence of
GnT-III expression in the HTR8/SVneo cell line. Fluorescence signals specific to the GnT-III antibody were visualized as green, and the nuclei
were stained with PI (red). NC was generated by replacement of the primary antibody with PBS. Scale bar, 75 mm. B, Representative Western
blot image of GnT-III knockdown. C, Statistical bar graphs of the Western blot results in (B). D, Expression of GnT-III mRNA with the indicated
treatments. GnT-III indicates N-acetylglucosaminyltransferase III; PI, propidium iodide; NC, negative control; PBS, phosphate-buffered saline.
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Massachusetts, USA) medium with 500 nM siRNA targeting

GnT-III or an equal concentration of the NC siRNA was added

into the wells. The outgrowth and migration of EVT cells from

the distal end of the villous tips were recorded daily for up to 3

days. The migration distance (from the villous tip to the distal

edge of the outgrowth sheet) of the EVT cells was measured by

manual tracing using ImageJ software (version1.8.0). For each

explant, 4 villous tips were randomly chosen, and at least 3

distances were measured for each tip. The explant experiment

was performed in quadruplicate and was repeated 5 times.

Gelatin Zymography

Cells (1.0 � 105) were planted in a 24-well chamber and incu-

bated with serum-free medium for 48 hours after siRNA trans-

fection. Zymography was performed as previously

reported.16,17 A total of 10 mL of protein from the conditioned

medium of the HTR8/SVneo cells was subjected to electro-

phoresis. The gels were then washed twice in 2.5% Triton

X-100 in 50 mM Tris–HCl for 30 minutes and incubated in

calcium assay buffer at 37�C overnight. Finally, the gels were

stained with Coomassie Brilliant Blue in 50% methanol and

10% acetic acid and destained in 10% acetic acid. The gels

were scanned by densitometry using a CS Analyzer 3.0.

Statistical Analysis

The data are shown as the mean + standard error of the mean.

All statistical analyses were performed with GraphPad Prism

(GraphPad Software, San Diego, California). The differences

between the 2 groups were analyzed by independent t test

assuming a Gaussian distribution. A P value <.05 was defined

as statistically significant.

Results

GnT-III Was Highly Expressed in Human Placental
Trophoblast Cells From the First Trimester

We first examined the expression of GnT-III proteins in

different types of trophoblast cells in human first-trimester

Figure 3. GnT-III siRNA reduced the cell migration and invasion potential in HTR8/SVneo cells. A, Representative images of the migration and
invasion assays in HTR8/SVneo cells that were transfected with GnT-III siRNA or NC siRNA. Scale bar, 100 mm. B, Statistical bar graphs showing
the summary of 3 independent experiments of the transwell invasion assay. C, Statistical bar graphs showing the summary of 3 independent
experiments of the transwell migration assay. GnT-III indicates N-acetylglucosaminyltransferase III; NC, negative control.
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placenta. Paraffin sections of villous and decidua tissues

from the first-trimester placenta were immunostained with

anti-GnT-III. The CK7 immunostaining was used as a mar-

ker of villous trophoblasts (Figure 1B and E), and HLA-G

served as a marker for EVTs (Figure 1H and K). As shown

in Figure 1, the GnT-III protein was intensively and specif-

ically stained in CTBs, trophoblast columns, and STBs in

the first-trimester villi (Figure 1A and D) and expressed in

the decidual cells and in some EVT cells of the maternal

decidua (Figure 1G and J). Immunofluorescence staining

confirmed that GnT-III protein was present and expressed

in the HTR8/SVneo cell line (Figure 2A).

GnT-III siRNA Significantly Inhibits the Invasion and
Migration Capacities of HTR8/SVneo Cells

It is known that trophoblast invasion and migration capacity

are vital events in the placenta, and the expression of GnT-

III in the trophoblast cell line suggests a regulator role for

GnT-III in cell behavior. To determine whether GnT-III

siRNA effected trophoblast invasion and migration, matrigel

cell invasion and transwell cell migration models were

employed. Transfected cells were cultured in parallel to

examine the silencing efficiency. The transfection effi-

ciency, as evaluated by the fluorescence signal in FITC

siRNA-transfected HTR8/SVneo cells, was almost 90%
(data not shown).

Specific siRNA targeting GnT-III significantly decreased

GnT-III protein and mRNA in HTR8/SVneo cells

(Figure 2B-D, P < .01). Compared with the NC siRNA-

transfected HTR8/SVneo cells, GnT-III siRNA significantly

decreased the percentage of cells that invaded (Figure 3A and

B, ***P < .0001) or migrated (Figure 3A and C, ***P < .0001)

to the other side of the filters.

To rule out the possibility that the decrease in cell numbers

that had migrated and invaded was due to the effects of GnT-

III on cell proliferation and/or viability, we examined the

proliferation and apoptosis of these cells after siRNA trans-

fection. The apoptosis rate and proliferation of HTR8/SVneo

cells were not significantly changed with GnT-III siRNA

treatment based on flow cytometric analysis and MTT assay

(Figure 4, P > .05).

Knockdown of GnT-III Inhibits the Migration Ability
of EVTs in Extravillous Explants

To further confirm the role of GnT-III in trophoblast invasion

and migration in vivo, explants were freshly obtained from 1

placenta and separated into 2 groups. One group was treated

with NC siRNA and the other group with GnT-III siRNA. After

Figure 4. The effect of GnT-III siRNA on apoptosis and proliferation in HTR8/SVneo cells. A-B, Representative images of flow cytometry for
the apoptosis rate in the NC siRNA and GnT-III siRNA groups. Annexin Vþ/PIþ (upper right quadrant, Q2); late apoptotic cells. Annexin Vþ/PI�

(lower right quadrant, Q4); usually predicted to be apoptotic cells; total percentage of apoptotic cells¼Q2þQ4. B, Ratio of apoptotic cells in a
population of HTR8/SVneo cells that was transfected with the indicated siRNA. C, MTT assay of HTR8/SVneo cells transfected with the
indicated siRNA in culture. GnT-III indicates N-acetylglucosaminyltransferase III; NC, negative control; PI, propidium iodide; MTT, 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide.
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a 72-hour culture in vitro, GnT-III siRNA- (319.3 +
11.03 mm) treated explants displayed a significant reduction

in the outgrowth and distance of migration compared with the

NC siRNA group (479.5 + 16.65 mm; Figure 5, P < .001).

Effects of GnT-III Knockdown on Gelatinase Activity

The invasion of trophoblasts and cancer cells is a multistep pro-

cess involving attachment to a basement membrane or extracel-

lular matrix (ECM) components, followed by degradation and

subsequent migration through the degraded components. Type

IV collagenases, such as MMP2 and MMP9, and the specific

inhibitors of TIMP2 and TIMP1 are thought to be the principal

mediators of trophoblast and cancer cell invasion. Hence, we

examinedMMP2/9 and TIMP2/1, respectively, by gelatin zymo-

graphy and Western blot. GnT-III knockdown significantly

decreased MMP9 and MMP2 activity in the supernatants of

HTR8/SVneo cells comparedwith theNC siRNA (Figure 6A and

B,P< .05),while it had a positive relationshipwith the expression

levels of TIMP2 and TIMP1 (Figure 6A and C, P < .05).

Discussion

The glycosylation of glycoprotein plays a key role in a variety

of specific biological interactions.22 In particular, the

branching of N-linked oligosaccharides regulates the meta-

static potential of cancer cells.8 GnT-III is one of the glycosyl-

transferases involved in N-glycan biosynthesis. Although many

studies have confirmed the relevance between GnT-III and

cancers,13,23,24 GnT-III expression and its role in trophoblast

cells are still a puzzle.

In the present study, by use of immunohistochemistry, we

revealed that GnT-III was expressed during normal human

pregnancy. In first-trimester villous, GnT-III was localized in

CTB cells, STB cells, and the trophoblast columns. In the

maternal decidua, GnT-III was expressed in the decidual cells

and in some EVT cells. This finding suggests that GnT-III has a

role in regulating trophoblast function during placentation. The

physiological balance of trophoblast invasion is regulated by a

cross talk between trophoblasts and decidual cells in a para-

crine or autocrine manner. Therefore, the expression of GnT-III

in decidual cells at the maternal–fetal interface is important in

controlling the overinvasion of trophoblast cells.3 We further

showed that the silence of GnT-III decreased the invasion and

migration potential of the trophoblast cell line HTR8/SVneo

but did not affect cell apoptosis and proliferation. Additionally,

the knockdown of GnT-V inhibited the outgrowth and migra-

tion capacities of first-trimester human placental villi in an in

vitro explant culture. An advantage of the villous explant

Figure 5. GnT-III siRNA attenuated trophoblast outgrowth and migration in placental villous explant cultures. A-B, Representative image of
placental villous explants after a 72-hour culture in vitro (magnification �40). The outgrowth distance (indicated by the black arrows) of the
explants under different treatments. Migratory front and villous tips are displayed by a white dotted line; the length of the cellular displacement is
shown by arrows. B, Graphical representation of trophoblast cell migration distance in the placental villous explants. GnT-III indicates
N-acetylglucosaminyltransferase III.
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model, compared with primary trophoblast cells, is that this

model reflects the complicated relationship among the different

types of cells and maintains the integrity of the tissue struc-

ture.25 Finally, the downregulation of MMP2/9 and the upre-

gulation of TIMP1/2 were confirmed in GnT-III siRNA-

transfected cells.

Our results are inconsistent with previous studies in oncol-

ogy, which have noted high expression of GnT-III associated

with decreased malignancy and metastasis of cancer cells. Fur-

ther, our previous study on GnT-V also confirmed that GnT-V

played a crucial role in the inhibition of trophoblast migration

and invasion.16 Such a conflict may have resulted from the

different types of cells or cell lines used in the experi-

ments.13,23,24 In oncology, studies have investigated the role

of GnT-III in the processes of migration and invasion using

cancer cell lines; however, trophoblast cells and cancer cells

share several similarities in cell behavior, but placental

cells are not malignant. The invasion capability of trophoblast

cells is self-limited and is well regulated by placenta-specific

genes.26,27 This regulation ensures that the invasion of EVTs

only occurs during early pregnancy and that it is restricted to

the proximal third of the myometrium.27

In human placenta, EVTs invasion involves degradation of

the ECM. The migratory trophoblasts express MMPs, uroki-

nase plasminogen activator, and cathepsins, whereas decidua

produces TIMPs and plasminogen activator inhibitor to restrict

trophoblast invasion.28,29 In this study, GnT-III siRNA was

shown to be able to decrease the gelatinolytic activity of

MMP2/9 in HTR8/SVneo cells and increase TIMP1/2

expression in GnT-III knockdown cells. The precise mechan-

ism through which pathway GnT-III can regulate the activity of

MMPs, or whether these MMPs are direct targets for GnT-III,

requires further elucidation.

In adhesion molecules, integrin and E-cadherin are major

carriers of N-glycans. The changes of biological functions of

both molecules by N-glycosylation are associated with a carci-

nogenic process and tumorigenesis.8,30 Integrin is a regulator of

the interaction between fibroblasts and ECM components,

including certain collagens and laminin. Numerous studies

have reported that a3b1 integrin (laminin receptor) is a GnT-

III target molecule and changes the biological functions in

cancers by N-glycosylation catalyzed by GnT-III.13,31 Thus, a

future study needs to confirm the relationship between invasion

and glycosylation on a3b1 integrin.

Whether the knockdown of GnT-III can promote trophoblast

function and decrease the secretion of antiangiogenesis factors in

conditions of placental insufficiency, such as preeclampsia or

intrauterine growth restriction, remains to be determined. We

have already determined that GnT-III expression is decreased

in placentas from pregnancies that are complicated by pree-

clampsia compared with placentas from normal pregnancies, and

future studies should clarify the underlying molecular mechan-

ism between GnT-III expression and preeclampsia.

In summary, our results show that GnT-III is expressed in

trophoblast cells and EVTs in the first trimester. We have

provided the first evidence of a functional role for GnT-III in

trophoblast migration and invasion. Therefore, GnT-III may be

an important regulator of placentation.

Figure 6. GnT-III knockdown decreased the activity of MMP2/9 and increased the expression of TIMP1/2. A, Representative image of gelatin
zymography assay in HTR8/SVneo cells. B, Statistical analysis of the gelatin zymographic results in (A). C, Statistical analysis of the Western blot
results in (A). GnT-III indicates N-acetylglucosaminyltransferase III; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinase.

1380 Reproductive Sciences 26(10)



Acknowledgment

This study was supported by the National Natural Science Foundation

of China (no 81741022).

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This study

was supported by the National Natural Science Foundation of China

(no 81741022).

References

1. Lim KH, Zhou Y, Janatpour M, et al. Human cytotrophoblast

differentiation/invasion is abnormal in pre-eclampsia. Am J

Pathol. 1997;151(6):1809-1818.

2. Red-Horse K, Zhou Y, Genbacev O, et al. Trophoblast differen-

tiation during embryo implantation and formation of the mater-

nal–fetal interface. J Clin Invest. 2004;114(6):744-754.

3. Ji L, Brkic J, LiuM, Fu G, Peng C,Wang YL. Placental trophoblast

cell differentiation: physiological regulation and pathological rele-

vance to preeclampsia. Mol Aspects Med. 2013;34(5):981-1023.

4. Robajac D, Masnikosa R, Vanhooren V, Libert C, Mikovic Z,

Nedic O. The N-glycan profile of placental membrane glycopro-

teins alters during gestation and aging. Mech Ageing Dev. 2014;

138:1-9.

5. Aplin JD, Jones CJ. Fucose, placental evolution and the glyco-

code. Glycobiology. 2012;22(4):470-478.

6. Clark GF. Functional glycosylation in the human and mammalian

uterus. Fertil Res Pract. 2015;1:17.

7. Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-

eclampsia. Lancet. 2010;376(9741):631-644.

8. Zhao YY, Takahashi M, Gu JG, et al. Functional roles of N-

glycans in cell signaling and cell adhesion in cancer. Cancer Sci.

2008;99(7):1304-1310.

9. Isaji T, Kariya Y, Xu Q, Fukuda T, Taniguchi N, Gu J. Functional

roles of the bisecting GlcNAc in integrin-mediated cell adhesion.

Methods Enzymol. 2010;480:445-459.

10. Lau KS, Partridge EA, Grigorian A, et al. Complex N-glycan

number and degree of branching cooperate to regulate cell pro-

liferation and differentiation. Cell. 2007;129(1):123-134.

11. ZhaoY,NakagawaT, Itoh S, et al. N-acetylglucosaminyltransferase

III antagonizes the effect of N-acetylglucosaminyltransferase

V on alpha3beta1 integrin-mediated cell migration. J Biol

Chem. 2006;281(43):32122-32130.

12. GuoHB,Lee I,KamarM,PierceM.N-acetylglucosaminyltransferase

V expression levels regulate cadherin-associated homotypic

cell–cell adhesion and intracellular signaling pathways. J Biol

Chem. 2003;278(52):52412-52424.

13. Song Y, Aglipay JA, Bernstein JD, Goswami S, Stanley P. The

bisecting GlcNAc on N-glycans inhibits growth factor signaling

and retards mammary tumor progression. Cancer Res. 2010;

70(8):3361-3371.

14. Li W, Takahashi M, Shibukawa Y, et al. Introduction of bisecting

GlcNAc in N-glycans of adenylyl cyclase III enhances its activity.

Glycobiology. 2007;17(6):655-662.

15. Halasz M, Polgar B, Berta G, Czimbalek L, Szekeres-Bartho J.

Progesterone-induced blocking factor differentially regulates tro-

phoblast and tumor invasion by altering matrix metalloproteinase

activity. Cell Mol Life Sci. 2013;70(23):4617-4630.

16. Deng Q, Chen Y, Yin N, et al. N-acetylglucosaminyltransferase V

inhibits the invasion of trophoblast cells by attenuating MMP2/9

activity in early human pregnancy. Placenta. 2015;36(11):

1291-1219.

17. Liu X, Mu H, Luo X, et al. Expression of Gadd45alpha in human

early placenta and its role in trophoblast invasion. Placenta. 2014;

35(6):370-377.

18. Shan N, Zhang X, Xiao X, et al. Laminin alpha4 (LAMA4)

expression promotes trophoblast cell invasion, migration, and

angiogenesis, and is lowered in preeclamptic placentas. Placenta.

2015;36(8):809-820.

19. Gao L, Qi HB, Kamana KC, Zhang XM, Zhang H, Baker PN.

Excessive autophagy induces the failure of trophoblast invasion

and vasculature: possible relevance to the pathogenesis of pree-

clampsia. J Hypertens. 2015;33(1):106-117.

20. Deng Q, Chen Y, Yin N, et al. The role of MGAT5 in human

umbilical vein endothelial cells. Reprod Sci. 2017;24(2):313-323.

21. Shan N, Zhang X, Xiao X, et al. The role of laminin alpha4 in

human umbilical vein endothelial cells and pathological mechan-

ism of preeclampsia. Reprod Sci. 2015;22(8):969-979.

22. Hakomori S.Aberrant glycosylation in tumors and tumor-associated

carbohydrate antigens. Adv Cancer Res. 1989;52:257-331.

23. Rouwendal GJ, Wuhrer M, Florack DE, et al. Efficient introduction

of a bisecting GlcNAc residue in tobacco N-glycans by expression

of the gene encoding human N-acetylglucosaminyltransferase III.

Glycobiology. 2007;17(3):334-344.

24. Pinho SS, Oliveira P, Cabral J, et al. Loss and recovery of Mgat3

and GnT-III mediated E-cadherin N-glycosylation is a mechan-

ism involved in epithelial–mesenchymal–epithelial transitions.

Plos One. 2012;7(3):e33191.

25. Newby D, Marks L, Cousins F, Duffie E, Lyall F. Villous explant

culture: characterization and evaluation of a model to study tro-

phoblast invasion. Hypertens Pregnancy. 2005;24(1):75-91.

26. Strickland S, Richards WG. Invasion of the trophoblasts. Cell.

1992;71(3):355-357.

27. Staun-Ram E, Shalev E. Human trophoblast function during the

implantation process. Reprod Biol Endocrinol. 2005;3:56.

28. Bischof P, Meisser A, Campana A. Paracrine and autocrine reg-

ulators of trophoblast invasion—a review. Placenta. 2000;

21(suppl A):S55-S60.

29. Varanou A, Withington SL, Lakasing L, Williamson C, Burton GJ,

Hemberger M. The importance of cysteine cathepsin proteases for

placental development. J Mol Med (Berl). 2006;84(4):305-317.

30. Gu J, Isaji T, Sato Y, Kariya Y, Fukuda T. Importance of

N-glycosylation on alpha5beta1 integrin for its biological func-

tions. Biol Pharm Bull. 2009;32(5):780-785.

31. Hakomori S. Glycosylation defining cancer malignancy: new

wine in an old bottle. Proc Natl Acad Sci U S A. 2002;99(16):

10231-10233.

Deng et al 1381




