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Abstract. A high expression of O-glycosylated proteins 
is one of the prominent characteristics of ovarian carci-
noma cells associated with cell migration, which would be 
attributed to the upregulated expression of glycosyltransfer-
ases. Therefore, elucidating glycosyltransferases and their 
substrates may improve our understanding of their roles 
in tumor metastasis. In the present study, we reported that 
knockdown of polypeptide N-acetylgalactosaminyltransferase 
14 (GALNT14) by small interfering RNA significantly 
suppressed the cell migration and altered cellular morphology. 
Immunoprecipitation and western blot analyses indicated that 
GALNT14 contributed to the glycosylation of transmembrane 
mucin 13 (MUC13), which was significantly higher in ovarian 
cancer cells compared with the normal/benign ovary tissues. 
Furthermore, interleukin-8 (IL-8), which could regulate the 
migration ability of epithelial ovarian cancer (EOC) cells, 
had no remarkable effect on the expression of GALNT14 
and the tumor-associated carbohydrate epitope Tn antigen. In 
addition, extracellular signal-regulated kinase 1/2 (ERK1/2) 
inhibitor modulated the expression levels of GALNT14. Our 
findings provide evidence that GALNT14 may contribute 

to ovarian carcinogenesis through aberrant glycosylation of 
MUC13, but not through the IL-8 pathway. These data provide 
novel insights into understanding the function of MUC13 on 
neoplasm metastasis and may aid in the development of new 
anticancer drugs for EOC.

Introduction

Epithelial ovarian carcinoma (EOC) is the most aggressive 
tumor among gynecologic malignancies; it can be treated 
effectively with surgery and chemotherapy during the early 
stage (1,2). However, the difficulty of early diagnosis and the 
rapid metastasis represent outstanding clinical challenges 
associated with EOC, which lead to the frequent failure of 
current treatment strategies (3). To date, the mechanism of 
cancer metastasis has yet to be clarified. To improve the 5-year 
survival rate of EOC patients, further investigations into EOC 
pathogenesis and the development of novel treatment agents 
are required.

The mucin-type O-glycosylation is a common post-transla-
tional modification of proteins, which is initiated by the family 
members of polypeptide N-acetylgalactosaminyltransferases 
(GALNTs) that transfer UDP-N-acetylgalactosamine 
(UDP-GalNAc) to the hydroxyl group of serine (S) or threo-
nine (T) residues on the target proteins forming Tn antigen 
(GalNAca-S/T) (4,5). The GALNTs family consists of at least 
20 members in humans, i.e. GALNT1 to 14 and GALNTL1 
to L6 (6). Aberrant glycosylation is a characteristic of most 
types of human cancer and effects several cellular properties, 
such as cell proliferation, apoptosis, differentiation, migration, 
invasion, transformation and immune responses (7). Studies 
have shown that O-glycans and GALNT genes play important 
roles in various tumors. For example, GALNT2 mediates the 
malignant character of hepatocellular carcinoma by modifying 
epidermal growth factor receptor (EGFR) (8). Upregulated 
GALNT3 promotes pancreatic cancer cell growth (9). 
The overexpression of GALNT6 in breast cancer disrupts 
mammary acinar morphogenesis through O-glycosylation of 
fibronectin (10). GALNT14 expression is a potential biomarker 
for breast cancer, and may be involved in modulating the apop-
totic activity of insulin-like growth factor binding protein-3 
(IGFBP-3) (11,12). Death-receptor O-glycosylation by 
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GALNT14 mediates tumor-cell sensitivity to tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) (13).

Mucin 13 (MUC13), a membrane-bound mucin, is normally 
expressed in the large intestine, kidney, trachea, small intes-
tine and gastric epithelium (14). It has a large 151-amino acid 
tandem repeat domain, which is rich in serine and threonine 
residues that act as glycosylation sites, a sea urchin sperm 
protein enterokinase arginine domain, and three epidermal 
growth factor-like domains in the extracellular component, 
followed by a short transmembrane domain and a 69-amino 
acid cytoplasmic domain (15-17). In recent studies, aberrant 
expression of MUC13 has been shown in ovarian, gastric, 
pancreatic and colorectal cancer, and has been involved in 
carcinogenesis and tumor progression (17-20). However, the 
precise molecular mechanisms by which MUC13 regulates 
EOC properties remain largely unknown.

MUC13 is one of the substrates of GALNT14 (21). In EOC 
cells, the expression pattern and function of GALNT14 have 
not been reported, although O-glycosylation can mediate 
multiple cellular properties. In the present study, we reported 
that GALNT14 is frequently upregulated in ovarian cancer 
cells. Moreover, GALNT14 modifies MUC13 O-glycosylation, 
and plays critical roles in migration and cytoskeletal regula-
tion of ovarian cancer cells.

Materials and methods

Cell lines and materials. Human ovarian carcinoma cell lines 
(SKOV-3, OVCAR-3 and HO8910PM) were kindly donated 
by the Institute of Ultrasound of the Chongqing Medical 
University. HO8910 cells were a gift from the Institute of 
the Pathology of Chongqing Medical University. RPMI-1640 
medium was supplied by Gibco (Grand Island, NY, USA). 
Recombinant human IL-8 was purchased from Noroprotein 
(Shanghai, China), Takara Taq™ and PrimeScript® RT Reagent 
kit were supplied by Takara Biotechnology (Dalian, China). 
3-(4,5-dimethylthiazol-2-thiazyl)-2,5-diphenyltetrazolium 
bromide (MTT), dimethylsulfoxide (DMSO), ERK1/2 inhibitor 
(PD98059), p38 MAPK inhibitor (SB203580) and PI3K inhib-
itor (LY294002) were obtained from Sigma (St. Louis, MO, 
USA). Rabbit anti-β-actin and RIPA buffer were purchased 
from Cell Signaling Technology (Danvers, MA, USA). Mouse 
anti-MUC13 was from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Rabbit anti-GALNT14 was purchased from Sigma. 
Biotinylated Vicia villosa agglutinin (VVA) was supplied by 
Vector Laboratories, Inc. (Burlingame, CA, USA). Peroxidase-
conjugated AffiniPure goat anti-rabbit IgG (H+L), goat 
anti-mouse IgG (H+L), horseradish peroxidase streptavidin 
were from Beijing Zhongshan Golden Bridge Biotechnology 
Co., Ltd. (Beijing, China). Effectene Transfection Reagent was 
purchased from Qiagen (Germantown, MD, USA).

Cell culture and siRNA transfection. All cell lines were main-
tained in RPMI-1640 medium containing 10% FBS, 50 IU/ml 
penicillin, 50 µg/ml streptomycin in a cell culture incubator 
at 37˚C, 5% CO2. Cells were tested to have no mycoplasma 
contamination prior to the experiments. Cell transfections were 
performed with Effectene Transfection Reagent according to 
the manufacturer's instructions using 25 nM siRNA targeting 
GALNT14 in a 6-well plate or 50-ml flask. The three GALNT14 

target sequences used were: siRNA1, 5'-GAU CCG GGA AAU 
CAU AUU ATT-3' (sense) and 5'-UAA UAU GAU UUC CCG 
GAU CTT-3' (antisense); siRNA2, 5'-GCC AAC ACG UAU 
AUA AAG ATT-3' (sense) and 5'-UCU UUA UAU ACG UGU 
UGG CTT-3' (antisense); siRNA3, 5'-CCA UCC AGA AGG 
GCA AUA UTT-3' (sense) and 5'-AUA UUG CCC UUC UGG 
AUG GTT-3' (antisense). Negative control (NC) siRNA and 
β-actin siRNA were included. Cells were incubated for 48 h 
after transfection and used for further experiments.

Cell viability assay. Cell viability was evaluated by the MTT 
reduction assay. SKOV-3 cells were seeded in 96-well plates 
with 7.5x103 cells/well. After growing to confluence, the cells 
were treated with or without IL-8 (25, 50, 100 and 500 µg/l). 
Following incubation for 24 h, the medium was discarded, and 
cells were incubated with MTT (5 mg/ml) in culture medium 
at 37˚C for 4 h. Then, culture medium was removed, and 
100 µl of DMSO per well was added for formazan dissolution. 
The absorbance was measured at a wavelength of 490 nm by a 
Sunrise Remote Microplate Reader (Grodig, Austria) and then 
normalized the value to the control group.

Wound healing assay. HO8910PM cells were counted and 
seeded at a density of 1x105 cells/well in 24-well plates to reach 
80-90% confluence. A sterile 10-µl plastic pipette tip was used 
to create three artificial wounds across the cell monolayer per 
well, and the debris was removed by washing the cells three 
times with PBS. Cells that migrated into the wounded area 
were visualized and photographed randomly in each well at 
0 and 24 h with a Nikon TEU 2000 inverted microscope. The 
cell migration ability was estimated by the relative distance of 
wound closure.

In vitro migration assays. A total of 5x104 cells were 
suspended in 100 µl RPMI-1640 medium without serum or 
growth factors, and plated in the upper chamber with the non-
Matrigel-coated polycarbonate membrane (24-well insert; 
8-µm pore size, Corning Life Sciences). RPMI-1640 medium 
(600 µl) containing 10% FBS was added to the lower chamber 
as a chemoattractant. Following incubation for 24 h at 37˚C 
under 5% CO2, cells that had not migrated through the pores 
were removed with a cotton swab, whereas cells on the lower 
surface of the membrane were fixed in 4% paraformaldehyde 
and stained with hematoxylin. The number of stained cells 
was counted by an inverted microscope (Nikon TEU 2000).

RNA extraction and reverse transcription-PCR (RT-PCR) 
analysis. Total RNA was isolated from the ovarian cancer cell 
lines using TRIzol (Takara, Dalian, China) according to the 
manufacturer's specifications. The quantity of RNA samples 
was measured by UV absorbance at 260-280 nm using a 
DNA/RNA GeneQuant Calculator (Amersham Biosciences, 
Piscataway, NJ, USA). Total cDNA was synthesized from 2 µg 
total RNA in 20 µl of reaction mixture containing 50 pmol 
of oligo-dT, 5.0 units of AMV reverse transcriptase, 40 units 
of RNase inhibitor, 40 nmol of dNTP, 4 µl of 5X RT buffer 
(Bioer, Hangzhou, China). One microliter of the resulting 
cDNA samples was taken for the amplification of the different 
transcripts by the different primers. The amplification condi-
tions were: 94˚C for 4 min, followed by 30 cycles of 94˚C for 
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30 sec, 54˚C for 45 sec and 72˚C for 30 sec, and finally 5 min 
at 72˚C. The PCR reactions were performed in 20 µl volumes 
in the presence of 10 µM of each of the sense and the antisense 
primers using 2 units of BioReady rTaq Polymerase (Bioer). 
The following primers for RT-PCR were used: GALNT14 
(474 bp): sense 5'-ACC TGG ACA CCT TCA CCT ACA 
T-3'; antisense 5'-CCA ATC TGC TCT CAA CAT TCC-3'. 
GAPDH (230 bp): sense 5'-CTC TCT GCT CCT CCT GTT 
CGA CAG-3'; antisense 5'-GTG GAA TCA TAT TGG AAC 
ATG T-3'. The PCR products were resolved by electrophoresis 
on 1.5% agarose gel containing 1% Goldview™.

Western blot, Vicia villosa agglutinin (VVA) lectin blot and 
immunoprecipitation. For extraction of total protein, ovarian 
cancer cell lines were harvested and lysed in 1X RIPA (CST) 
lysis buffer supplemented with 5 mM Na fluoride, 1 mM 
PMSF and 1 mM Na orthovanadate protease inhibitors. 
Extracted protein samples were measured by BCA protein 
assay (Pierce Chemical Co., Rockford, IL, USA). Total cell 
lysates containing 1 mg of protein were immunoprecipitated 
with primary antibodies and agarose beads at 4˚C. Then, the 
agarose beads were washed. Prior to western blotting, cell 
lysates or immunoprecipitated protein mixed with 5X SDS 
sample buffer were boiled for 10 min, electrophoresed on a 
10% polyacrylamide minigel with equal amount (20 µg) and 
then transferred onto PVDF membranes. After blocking with 
5% non-fat milk or 3% BSA in TBS for 1 h at room tempera-
ture, membranes blotted with proteins were incubated with 
the biotinylated VVA lectin or primary antibodies overnight 
at 4˚C. After washing three times (for 10 min) in TBST, the 
membranes were incubated with HRP-conjugated anti-mouse 
or anti-rabbit secondary antibodies (dilution 1:4,000) or 

HRP-conjugated streptavidin (dilution 1:500) for 1 h at room 
temperature. After washing three times (for 10 min) in TBST, 
protein bands were visualized using ECL reagents and quanti-
tated with a Fluor-S (Bio-Rad) instrument.

Statistical analysis. Statistical analysis was performed using 
SPSS version 10.0 package (SPSS Inc., Chicago, IL, USA). 
Student's t-test and one-way analysis of variance (ANOVA) 
were used for comparisons between groups. Data are presented 
as the means ± SD of 3 independent experiments. P<0.05 was 
considered to indicate a statistically significant difference.

Results

GALNT14 and Tn antigen expression in ovarian cancer cell 
lines. The mRNA expression profile of GALNT14 has been 
examined in primary normal and malignant tissue samples 
from ovary, skin, lung, pancreas, breast, endometrium, 
bladder and lymphoid cancer. Up to 30% of tissue samples 
from various types of human cancer including ovarian 
carcinomas showed GALNT14 mRNA overexpression (13). 
However, the GALNT14 functions in ovarian cancer remain 
largely unknown. Under these circumstances, we first inves-
tigated the GALNT14 expression in a panel of four EOC cell 
lines at the mRNA and protein levels by RT-PCR and western 
blot analysis to select suitable cell lines for the subsequent 
functional studies. Of these cell lines, SKOV-3 and OVCAR-3 
cells showed a faint-GALNT14 expression, whereas HO8910 
and HO8910PM showed a relatively high expression (Fig. 1A 
and B). Therefore, SKOV-3 and HO8910 were selected as 
representative of high- and low-GALNT14 expressing cell 
lines, respectively. HO8910 and HO8910PM were used to 

Figure 1. Expression of GALNT14 and Tn antigen in ovarian cancer cell lines. (A) Detection of GALNT14 mRNA expression in ovarian cancer cell lines. 
The GALNT14 mRNA expression was measured by RT-PCR analysis. The relative level of GALNT14 mRNA was normalized to GAPDH. n=3; error bars, 
means ± SD. (B) Expression of GALNT14 and Tn antigen were examined by western blotting, and β-actin was used as an internal control. The relative intensity 
of signals is presented as the means ± SD. n=3.
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knock down the endogenous expression of GALNT14. Vicia 
villosa lectin (VVA) blot analysis, which preferentially recog-
nizes terminal N-acetylgalactosamine residue linked to serine 
or threonine in a polypeptide (Tn antigen), was also performed 
to detect the activity of GALNTs (8,22). The expression 
profile of Tn antigen was simultaneously determined in these 
cell lines (Fig. 1B). We found that Tn antigen expression levels 
in each cell line were clearly different, which suggested the 
activities of GALNTs in different ovarian cancer cells were 
discrepant.

Knockdown of endogenous expression of GALNT14 reduces 
O-glycosylation protein expression. To assay the biological 
significance of GALNT14 in ovarian cancer cells, we 
adopted GALNT14 siRNA to transfect into HO8910 cells 
and to make cell mode which was knockdown endogenous 
expression of GALNT14. Results showed that the introduc-
tion of siGALNT14(3) resulted in a significant reduction of 
GALNT14 expression (Fig. 2A). The decreased glycopro-
teins were also observed by VVA lectin blot in cell lysates 
(Fig. 2B). To further confirm the efficiency of siGALNT14(3) 
interference, we measured another GALNT14-positive 
ovarian cancer cell line, HO8910PM, by western blot analysis 
(Fig. 2C). Therefore, siGALNT14(3) was selected for subse-
quent experiments.

GALNT14 knockdown reduces cellular migration and alters 
cellular morphologic characteristics. Increased cellular 
migration capability is required for a cancer cell to be compe-
tent for metastasis. Thus, we evaluated the effect of GALNT14 
on the migration of HO8910 and HO8910PM cells by applying 
Transwell cell migration assay in vitro. As shown in Fig. 3A 
and C, knockdown of GALNT14 significantly suppressed 
cellular migration ability in HO8910 and HO8910PM cells 
(P<0.05). To further verify the role of GALNT14 in cellular 
migration, we performed wound healing assay in 24-well 
plates. Consistent with the above results, the number of cells 
migrating toward the center of the wound area was markedly 
depleted in the GALNT14 siRNA group compared with the 
control and NC siRNA groups (Fig. 3B). Notably, 2 days after 
transfection of siRNA, the clear, bipolar, elongated cell shape 
was converted to a relatively round morphology (Fig. 3D). 
These results suggest that GALNT14 is closely related to 
ovarian cancer metastasis.

MUC13 is a substrate of GALNT14 in ovarian cancer cell 
lines. MUC13, a transmembrane mucin, is highly expressed 
in ovarian cancer tissues compared with the normal/benign 
ovary samples. Moreover, the marked changes in cell-cell 
adhesion, cell motility, proliferation, and tumorigenesis are 
observed upon exogenous MUC13 expression (20), which are 

Figure 2. Knockdown of endogenous expression of GALNT14. (A) The expression of GALNT14 protein in HO8910 cells transfected with three different small 
interference RNAs (siRNAs) against GALNT14 or one negative control siRNA or one β-actin positive control siRNA by western blot analysis. β-actin served 
as an internal control. ***P<0.001; error bars, means ± SD; n=3. (B) The changes in carbohydrates on cellular proteins of HO8910 cells transfected with effective 
small interference RNA against GALNT14 were detected by Vicia villosa agglutinin (VVA), specific for GalNAc-O-Ser/Thr. *P<0.05; error bars, means ± SD; 
n=3. (C) Another type of EOC cell line, HO8910PM, was transfected with effective small interference RNA against GALNT14, and the effectiveness of 
interference was verified again by western blot analysis. ***P<0.001; error bars, means ± SD; n=3.
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partly similar to the function of GALNT14. In addition, a panel 
of mucin-derived peptide substrates such as MUC13, MUC2, 
MUC5AC and MUC7 could be glycosylated by glycosyltrans-
ferase GALNT14, which transfers GalNAc to the Ser/Thr 
residues on the target substrates (21). Moreover, according 
to previous research on the critical roles of MUC1 glycosyl-
ation by polypeptide N-acetylgalactosaminyltransferase 6 
in mammary carcinogenesis (23), we proposed that MUC13 
increased the migration of ovarian cancer cell lines by the 
glycosylating function of GALNT14. To verify this hypothesis, 
we first measured the expression levels of these two molecules 
in ovarian cancer cell lines by western blot analysis, and found 
that GALNT14 and MUC13 proteins were co-expressed in 
ovarian cancer cells (Fig. 4A). This finding indicated that 

GALNT14 might contribute to ovarian carcinogenesis through 
stabilization of the MUC13 protein. To investigate the interac-
tion of GALNT14 and MUC13 in detail, we knocked down 
GALNT14 expression by siRNA and examined its effect on the 
MUC13 protein in HO8910PM cells. The results revealed that 
the knockdown of GALNT14 did not affect the expression of 
MUC13 at the protein level (Fig. 4B). However, compared to the 
control and NC groups, significantly lower levels of terminal 
N-acetylgalactosamine residue modified MUC13 were immu-
noprecipitated from HO8910PM cell lysates in the GALNT14 
siRNA group, without any changes in the total expression of 
MUC13 protein (Fig. 4C). Collectively, these results suggested 
that GALNT14 may influence the post-translational modifica-
tion and stabilization of MUC13 protein in ovarian cancer cells.

Figure 3. Effects of GALNT14 knockdown on cellular migration and cellular morphologic characteristics. (A) HO8910 cells were transfected with small 
interference RNA siGALNT14(3) for 48 h, and the changes of cell migration ability were analyzed by Transwell migration assays. Results are represented as 
means ± SD from 3 independent experiments. (Original magnification, x100 and x200). **P<0.01. (B) The HO8910PM cells treated with GALNT14 siRNA 
for 48 h were grown in a 24-well culture dish. Confluent monolayers were wounded with a 10-µl pipette tip and cultured for 24 h. Wound-healing migration is 
represented by the widths of injury lines. Representative images are shown (magnification, x100). (C) HO8910PM cells were transfected with siGALNT14(3) 
for 48 h, and cell migration ability was analyzed by Transwell migration assays. **P<0.01; error bars, means ± SD; n=3; (original magnification, x100 and x200). 
(D) Effect of GALNT14 knockdown on cellular morphologic characteristics in HO8910PM cells. The clear, bipolar, elongated cell shape was converted to a 
relatively round morphology. Representative images are shown.
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Figure 4. GALNT14 O-glycosylates MUC13 in ovarian cancer cell lines. (A) Western blot analysis revealed co-expression of GALNT14 and MUC13 in ovarian 
cancer cell lines. Representative data are shown. n=3. (B) Effect of GALNT14 knockdown on the expression of MUC13 protein in HO8910PM by western 
blot analysis. Data are expressed as means ± SD from 3 independent experiments. (C) GALNT14 knockdown decreased VVA binding to MUC13 protein. The 
HO8910PM cells treated with GALNT14 siRNA or blank control PBS or negative control siRNA (NC) were grown in a 6-well culture dish for 48 h, and cell 
lysates were immunoprecipitated with anti-MUC13 antibody, followed by immunoblotting analysis with VVA or anti-MUC13 antibody.

Figure 5. Effects of IL-8 on cell migration ability and the expression of GALNT14 and Tn antigen. (A) SKOV-3 cells were treated with various concentrations 
of IL-8 (0, 25, 50, 100 and 500 µg/l) for 24 h, and cell viability was analyzed by MTT analysis (n=5) as described in Materials and methods. *P<0.05. (B) Effects 
of various concentrations of IL-8 (0, 50 and 100 µg/l) on cell migration by Transwell migration assays. SKOV-3 and HO8910 (data not shown) cells were treated 
with various concentrations of IL-8 for 24 h, and cells migrating through the pores were counted in five random images and compared. Results are presented 
as means ± SD from 3 independent experiments. (Original magnification, x100 and x200). **P<0.01; ***P<0.001. (C) Effects of IL-8 (0 and 50 µg/l; 24 h) on 
the expression of GALNT14 and Tn antigen in SKOV-3 and HO8910 cell lines by western blotting. Representative results are shown. The protein bands were 
quantified from 3 separate experiments. Error bars, means ± SD. (D) Effects of IL-8 (50 µg/l; 0, 24, 48 and 72 h) on the expression of GALNT14 in HO8910 cell 
lines by western blot analysis. The relative level of GALNT14 was normalized to β-actin and obtained from 3 separate experiments. Error bars, means ± SD.
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GALNT14 regulation of the migration ability of tumor cells is 
not associated with the IL-8 pathway. It has been demonstrated 
that CXC-chemokine interleukin-8 (IL-8) mediates the metas-
tasis of various tumor cells (24-26). Groux-Degroote et al (27) 
reported that IL-6 and IL-8 contribute to the increased 
expression of some glycosyltransferases and sulfotransfer-
ases participating in the biosynthesis of sialyl-Lewisx and 
6-sulfo-sialyl-Lewisx epitopes in the human bronchial mucosa. 
However, the correlation between IL-8 and GALNT14 has not 
been reported. Thus, we analyzed the expression of GALNT14 
in ovarian cancer cell lines which were stimulated by recombi-
nant human IL-8. First, to select the suitable concentration of 
IL-8, its inhibitory efficiency on the proliferation of SKOV-3 
cells was examined using MTT assay. Treatment with IL-8 did 
not suppress cell proliferation at a low dose (25-100 µg/l) for 
24 h, but it induced marked cytotoxicity at a dose up to 500 µg/l 
compared with the control group (Fig. 5A). Furthermore, 
IL-8 (50-100 µg/l, 24 h) successfully increased the migration 
of SKOV-3 and HO8910 cell lines (Fig. 5B). However, the 
incubation of IL-8 for 24 h in two cell lines did not alter the 
expression of GALNT14 protein and Tn antigen (Fig. 5C). To 
further confirm this result, we extended the stimulation time of 
IL-8 to 72 h, but the expression levels of GALNT14 were not 
markedly different (Fig. 5D). These data suggest the GALNTs 

family including GALNT14 may not be involved in the role of 
IL-8 in cellular migration.

ERK1/2 regulates the expression of GALNT14 and Tn. 
Aberrant glycosylation modification affects the function 
of specific substrates targeted by these enzymes and the 
signaling pathways mediated by these substrates (8,23,28). 
However, the regulation of Golgi glycosyltransferases by 
signaling pathway mechanisms has not been studied exten-
sively. Seales et al (29) recently found that the protein kinase 
C/Ras/ERK signaling pathway activates myeloid fibronectin 
receptors by altering β1 integrin sialylation. Thus, to find the 
relevant signaling pathways involved in regulating GALNT14 
expression, we analyzed potential pathways using inhibitors 
of the p38 MAPK (SB203580), the ERK1/2 (PD98059), and 
the PI3K (LY294002) pathway in HO8910 cell lines. Among 
them, the ERK1/2 (PD98059) was the only compound to effec-
tively attenuate the expression of GALNT14 at the mRNA and 
protein levels (Fig. 6A-D). Furthermore, the expression of 
Tn antigen, which existed in O-glycosylated substrates, was 
accordingly decreased (Fig. 6C). To further demonstrate these 
findings, we repeated the same experiments in another EOC 
cell line, HO8910PM (Fig. 6E). The result was consistent with 
the above findings.

Figure 6. The ERK1/2 inhibitor PD98059 suppresses the expression of GALNT14 and Tn antigen. (A) HO8910 cells were treated with the p38 MAPK inhibitor 
SB203580 (10 µmol/l) for 0, 1, 24 and 48 h, and the expression profile of GALNT14 was detected by western blot analysis. (B) Effect of the PI3K inhibitor 
LY294002 (10 µmol/l; 0, 1, 24 and 48 h) on the expression of GALNT14 in HO8910 cell lines. (C) Effect of the ERK1/2 inhibitor PD98059 (10 µmol/l; 0, 1, 24 
and 48 h) on the expression of GALNT14 protein and Tn antigen in HO8910 cell lines. The relative level of GALNT14 protein and Tn antigen were normalized 
to β-actin. n=3; error bars, means ± SD. **P<0.01; ***P<0.001. (D) Effect of the ERK1/2 inhibitor PD98059 (10 µmol/l; 0, 1, 24 and 48 h) on the expression of 
GALNT14 mRNA in HO8910 cell lines. The relative level of GALNT14 mRNA was normalized to GAPDH. n=3; error bars, means ± SD. (E) Another type 
of EOC cell line, HO8910PM, was treated with the ERK1/2 inhibitor PD98059 (10 µmol/l) for 0, 1, 24 and 48 h, and the expression of GALNT14 protein was 
detected by western blot analysis. Data are expressed as means ± SD. ***P<0.001; n=3. 
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Discussion

Mucin type O-glycosylation is initiated by members belonging 
to the GALNT family present in the Golgi apparatus, and is one 
of the common modifications that have various functions in the 
folding, stability and targeting of multiple glycoproteins (30). 
Accumulating evidence demonstrates that the GALNT family 
members are related to several cellular functions by catalyzing 
their specific substrates. For example, GALNT2 regulates 
the concentrations of plasma lipids by O-glycosylating 
angiopoietin-like protein 3 (31). The O-glycosyltransferase 
pgant3 promotes cell adhesion during eukaryotic development 
by affecting the secretion and localization of the extracel-
lular matrix integrin ligand, Tiggrin (32). Glycosyltransferase 
GALNT2 regulates the malignant character of hepatocel-
lular carcinoma by modifying the epidermal growth factor 
receptor (8). Polypeptide N-acetylgalactosaminyltransferase 
6 modulates mammary carcinogenesis through glycosyl-
ating MUC1 (23). It has been reported that the expression 
of GALNT14 mRNA is markedly higher in tumor tissues of 
the ovary, lung, breast, endometrium and bladder compared 
to these normal tissues (13). Accordingly, we investigated the 
GALNT14 expression in a panel of EOC cell lines by RT-PCR 
and western blot analysis. As expected, varying degrees of 
the expression of GALNT14 were detected in the four types 
of ovarian cancer cells. Subsequent functional analyses of 
GALNT14 revealed that GALNT14 could regulate cellular 
migration and cellular morphologic characteristics in ovarian 
cancer cells. In the present study, we showed for the first time 
that GALNT14 can mediate the malignant behavior of ovarian 
cancer cells.

Altered O-linked oligosaccharides expressed by cancer 
cells have several important functions in malignant transforma-
tion and tumor progression, including cell adhesion, invasion 
and metastasis (33). Short O-glycan Tn antigen is generally 
shielded by covalently bound terminal carbohydrate moieties 
in healthy and benign-diseased tissues, but it is unmasked in 
approximately 90% of human carcinomas, including ovarian 
cancer, due to defective O-glycosylation (34-36). Similarly, we 
showed different degrees of the expression of tumor-associated 
carbohydrate epitope, Tn antigen, in the four types of ovarian 
cancer cells. Tn antigen is rarely expressed in normal tissues, 
but it is widely expressed in human carcinomas (37). Thus, Tn 
antigen has attracted significant interest as a molecule target 
for tumor diagnosis and immunotherapy. A large number 
of anti-Tn IgG and IgM antibodies have been produced and 
analyzed for their potential feasibilities and antitumor activi-
ties (38-40). Although anti-Tn antibodies have been generated, 
some issues such as reduced effectiveness in vivo, immunoge-
nicity and cross-reactivity against type-A blood antigen have 
to be resolved before applying to clinical therapy. Therefore, 
production of available anti-Tn antibodies requires further 
research and considerable clinical significance. It is also the 
focus and the follow-up research points of our laboratory.

Mucin glycosylating enzyme GALNT6 contributes to 
mammary carcinogenesis through abnormal glycosylation 
and stabilization of specific substrate MUC1 (23). GALNT2, 
sharing a high amino acid sequence homology with 
GALNT14, regulates the malignant character of hepatocellular 
carcinoma by modulating the structure of short O-glycan on 

substrate EGFR and the phosphorylation levels of EGFR and 
its downstream signaling molecules (8,21). Similar to other 
N-acetylgalactosaminyltransferases, GALNT14 has specific 
substrates including MUC13 (21,41). MUC13, a transmem-
brane mucin, is overexpressed in ovarian cancer tissues vs. 
the normal/benign ovary samples, and modulates cell-cell 
adhesion, cell motility, proliferation and tumorigenesis (20). 
We found that GALNT14 and MUC13 proteins were almost 
co-expressed in ovarian cancer cells. Accordingly, we hypoth-
esized that GALNT14 contributes to ovarian carcinogenesis 
through aberrant glycosylation of MUC13. Consistent with our 
speculation, knockdown of GALNT14 had no marked influence 
on the expression profile of MUC13 protein, but the structure 
of short O-glycan on MUC13 was clearly attenuated. Moreover, 
the knockdown of GALNT14 was followed by the decrease of 
Tn antigen with different ranges of molecular weights. These 
suggest that GALNT14 may have additional functions through 
glycosylation of its other unidentified substrates in addition to 
MUC13 in EOC cells. Therefore, an in depth investigation of 
novel substrates of GALNT14 is warranted to elucidate unveiled 
pathophysiologic roles of GALNT14 in ovarian cancer.

It has been reported that CXC-chemokine interleukin-8 
(IL-8), a pro-inflammatory cytokine initially described as 
a monocyte and neutrophil chemoattractant, mediates the 
metastasis of various tumor cells (24-26). Moreover, IL-6 and 
IL-8 promote the expression of glycosyltransferases and sulfo-
transferases involved in the biosynthesis of sialyl-Lewisx and 
6-sulfo-sialyl-Lewisx epitopes in the human bronchial mucosa 
(27). Thus, to elucidate the relationship between IL-8 stimula-
tion and the expression of N-acetylgalactosaminyltransferase 
GALNT14 and tumor-associated carbohydrate epitope Tn in 
ovarian cancer cells, we made the corresponding detections. 
Our findings indicated that, although IL-8 could regulate the 
migration ability of EOC cells, it had no marked effect on the 
expression of GALNT14 and Tn antigen. Thus, IL-8 modulates 
the migration ability of EOC cells but not by the GALNTs 
pathway. Considering the common mediating function of IL-8 
and GALNTs in cellular biological behavior, we inferred that 
IL-8 may be the downstream signaling molecule of GALNTs 
pathway, or that IL-8 pathway and GALNTs pathway may be 
completely independent of one another. Therefore, further 
analysis is required.

To investigate the signaling pathways involved in 
GALNT14-induced alterations in cellular biological behavior, 
we determined enzyme activity of GALNT14 after using 
several common signaling pathway inhibitors. Seales et al (29) 
found that the protein kinase C/Ras/ERK signaling pathway 
activates myeloid fibronectin receptors by altering β1 integrin 
sialylation. Similarly, we found that ERK1/2 inhibitor modu-
lated the expression level of GALNT14, which suggested that 
GALNT14 was the downstream signaling molecule of ERK1/2 
in the regulation of cellular biological behavior. Based on the 
above results, we inferred that ERK1/2 inhibitor could also 
mediate the glycosylation of MUC13 and the cellular biolo-
gical behavior of EOC cells. Additional studies are required to 
further verify our findings and our inferences. To our know-
ledge, the present study is the first to show that GALNT14 
is modulated by the ERK pathway, which may provide novel 
insights into the pathophysiologic roles of GALNT14 in 
ovarian cancer progression.
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In conclusion, the results of the present study suggest 
that GALNT14 could modulate MUC13 O-glycosylation and 
stabilization, and thereby mediate the malignant behavior 
of ovarian cancer cells. This study not only verifies a patho-
physiologic role of GALNT14 in EOC cells but also provides 
insight into the significance of the regulation of the ERK 
pathway on GALNT14 expression in EOC tumor progression, 
although further verification tests are required to elucidate the 
exact mechanism of the ERK-GALNT14-MUC13 pathway in 
ovarian cancer cells. Understanding the correlative function 
and further mechanisms of O-glycosylation on the specific 
substrates by GALNT family genes may offer novel insights 
into the development of EOC anticancer drugs. These contain 
anti-microRNAs, carbohydrate mimetics, siRNAs, or small 
molecule compounds that can regulate GALNT gene expres-
sion or enzyme activity.
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