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Abstract: Colorectal cancer (CRC) is one of the most common malignant tumors in the world. Invasion and me-
tastasis are the main cause of mortality in most CRC patients. Polypeptide N-acetylgalactosaminyltransferase 6 
(GALNT6) regulated glycosylation, which is frequently altered in cancers, and play an important role in cancer devel-
opment. However, the role of GALNT6 in CRC remains unknown. To investigate the role of GALNT6 in CRC, first we 
studied correlation of GALNT6 expression levels with outcomes of CRC patients and found CRC patients with higher 
expression of GALNT6 had a better overall survival than those with lower expression. In addition, GALNT6 expres-
sion were significantly associated with tumor size, histological differentiation and lymph node metastasis. In vitro, 
GALNT6 overexpression dramatically inhibited cellular colony formation, migration, and invasion, and promoted the 
apoptosis of CRC cells. In vivo, CRC with GALNT6 overexpression showed reduced pulmonary metastasis in recipi-
ent mice compared with the controls. GALNT6 expression was significantly increased in SW480 and SW1116 cells 
cultured in hypoxic condition, and decreased in HT29 and LOVO cells with oxidative stress. Affimetrix microarray 
analysis showed that GALNT6 overexpression induced 279 genes up-regulated and 215 genes down-regulated 
in CRC. GALNT6 overexpression dramatically suppressed AKT and activated CD28 signaling pathway in CRC. AKT 
rescue experiment found that AKT was involved in GALNT6-induced CRC cell migration and invasion. In conclusion, 
our results first suggest that GALNT6 plays an important role in development and progression of CRC as a tumor 
suppressor gene.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors in the world. The inci-
dence of CRC is also increasing over the past 
few decades in China. For most patients with 
CRC, metastasis is the main cause of mortality. 
The high mortality is related to the difficulty of 
CRC early diagnosis, a lack of effective chemo-
therapeutic treatment, and a tendency of CRC 
to infiltrate locally and metastasize into other 
organs, rendering surgical resection ineffec-
tive. Therefore, it is critical to understand the 
mechanisms underlying the invasive pheno-
type of CRC.

Glycosylation is frequently altered in cancers 
and may contribute to the progression of malig-
nant tumors [1]. Some of the most common 
and striking characteristics of malignant tu- 
mors are perturbations to the O-glycosylation 

pathway and the altered expression of short 
O-glycans [2]. For instance, there is a marked 
increase in polypeptide alpha-linked terminal 
GalNAc in about 90% of solid breast cancers 
[3]. This single sugar glycan forms the Tn anti-
gen [4], which can be detected by lectins, such 
as Vicia villosa lectin (VVL) and Helix pomatia 
lectin [5]. Tn is produced by the polypeptide 
N-acetylgalactosaminyltransferases (GALNTs) 
family of enzymes, transmembrane Golgi-resi- 
dent proteins that catalyze the addition of 
GalNAc to Ser or Thr residues.

GALNT6 is derived from the polypeptide N-ace- 
tyltransferase family, which play an important 
role in the human tumors (need ref). GALNT6 is 
a new prognostic indicator for breast cancer 
and endometrial cancer [6-9]. Overexpression 
of GALNT6 might contribute to mammary carci-
nogenesis through aberrant glycosylation and 
stabilization of mucin-1 (MUC1) [10]. At the sa- 
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me time, fibronectin was O-glycosylated in vivo 
and thereby stabilized by GALNT6. GALNT6-
fibronectin pathway could be a critical compo-
nent for breast cancer development and pro-
gression [11]. Recently, GALNT6 overexpres-
sion has also been found in pancreatic cancer 
[12], ovarian carcinoma and associates with 
prognosis of these patients [13]. However, the 
role of GALNT6 in CRC remains unknown. Our 
current study is to investigate the role of GA- 
LNT6 in CRC and the mechanism underlying its 
function.

Material and method

Patient information and tissue specimens

A total of 84 samples of paraffin-embedded 
CRC tissues and 77 samples of paraffin-embe- 
dded adjacent non-tumor mucosa (ANM) tis-
sues collected between 1990 and 2009, and  
8 pairs of fresh CRC tissues and their respec-
tive ANM samples collected in 2016 were all 
from Department of Pathology, the first Affiliat- 
ed Hospital, Sun Yat-sen University, Guangzhou, 
China. Prior patient consent and approval from 
the Institutional Research Ethics Committee 
were obtained. No patients had received che-
motherapy or radiotherapy before operation. 
The histopathology of the disease was deter-
mined according to the criteria of WHO. Clini- 
cal staging was evaluated according to Dukes 
classification.

Cell lines and small interfering RNA (siRNA) 
sequences

The human CRC cell lines SW480 and SW620 
were maintained in Leibovitz’s L-15 Medium 
(Invitrogen, Carlsbad, CA), HCT116 was grown 
in McCoy’s 5A Medium (Invitrogen). LOVO and 
SW1116 were cultured in RPMI-1640 medium 
(Invitrogen). HT29 was maintained in Dulbec- 
co’s modified Eagle’s medium (Invitrogen). The 
human colonic epithelial cell line NCM460 was 
cultured in RPMI-1640 medium. All medium 
were supplemented with 10% (v/v) fetal bovine 
serum (Invitrogen), 1× antibiotic/antimycotic 
(100 units/mL streptomycin, 100 units/mL 
penicillin, and 0.25 mg/mL amphotericin B). All 
cell lines were cultured in humidified incubator 
at 37°C with 5% CO2.

The sequences of GALNT6 siRNA were: sense 
5’-GAG AAA UCC UUC GGU GAC ATT-3’, anti-
sense 5’-UGU CAC CGA AGG AUU UCU CTT-3’. 

The siRNA duplexes were chemically synthe-
sized and purified by Sangon Biotech (Shanghai, 
China) Co., Ltd. The siRNA was transfected us- 
ing Lipofectamine RNAiMAX transfection rea- 
gent (Invitrogen) according to the manufactur-
er’s instructions. NC-siRNA (Sangon Biotech) 
were used as negative control.

Quantitative real-time PCR analysis

Quantitative real-time PCR was run on ABI Step 
One Plus PCR system (Applied Biosystems). The 
primer sequences used for GALNT6 were fol-
lowed. Forward primer: 5’-GAC AAG ACA GTG 
GTG GTG AG. Reverse primer: 5’ GAA GGT CAG 
GCT CCA GTC A. The geometric mean of hou- 
sekeeping gene glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH, Takara bio, Dalian, 
China) was used as internal controls. In hypoxia 
and oxidative stress assay, β-actin (Sangon bio-
tech, Shanghai, China) was used as internal 
controls. All experiments were performed in 
triplicate.

Immunohistochemistry staining and evaluation

The working concentrations of primary antibody 
for the detection of GALNT6 (Abcam) were 
1:500. The immunostaining of GALNT6 was 
defined as the proportion score multiplied by 
the staining intensity score. The percentage  
of GALNT6-positive tumor cells was calculated 
by counting at least 1,000 carcinoma cells. 
Staining intensity was graded according to the 
following criteria: 0 (no staining); 1 (weak stain-
ing = light yellow), 2 (moderate staining = yellow 
brown), and 3 (strong staining = brown). Each 
tissue section was evalusated in 5 different 
areas and an average score was used for sub-
sequent analyses. Based on mean staining 
score of GALNT6 expression, the samples were 
further divided into two groups: GALNT6high and 
GALNT6low.

Western blot analysis

20 μg of total proteins were loaded onto 10% 
sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred 
onto polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Billerico, MA) that were sub-
sequently blocked in 5% non-fat milk in TBST 
(20 mmol/L Tris, pH 7.6, 137 mmol/L NaCl, 
0.1% Tween-20). The membranes were incu-
bated with primary antibodies including rabbit 
GALNT6 (Abcam, dilution 1:1000) at 4°C over- 
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night. Rabbit anti-glyceraldehyde-3-Phosphate 
dehydrogenase (GAPDH) (Cell Signaling Tech- 
nology, dilution 1:1000) was used as the load-
ing control. After washing, the membranes 
were incubated with HRP-conjugated goat  
anti-rabbit (Cell Signalling Technology, dilution 
1:4000) secondary antibody for 1 h at room 
temperature and visualized by enhanced che-
miluminescence detection kit (Millipore). All 
experiments were performed three times using 
3 individual samples.

Migration and invasion assays

Migration and invasion assays were carried out 
in Transwell chambers containing polycarbon-
ate filters (8 μm pore size; Corning Incorpora- 
ted, Life Sciences, NY). 1×105 cells were diluted 
in a 200 μl volume of serum-free medium and 
placed in the upper chambers of a 24-well 
plate, while a 600 μl volume of medium con-
taining 10% FBS was added to the lower cham-
ber as chemoattractant. For invasion assay, the 
upper chambers were pre-loaded with matrigel. 
Cells could migrate or invade through the matri-
gel (BD Biosciences) for 48 to 72 h at 37°C with 
5% CO2. Following invasion or migration, cells in 
the upper chamber were fixed with 4% formal-
dehyde and stained with 1% crystal violet. Cells 
on the upper surface of the filters were removed 
by wiping with a cotton swab. We counted the 
cells on the lower surface of the filters and get 
the mean number of cells in three fields of the 
view. Three independent experiments were per-
formed and the data were presented as mean 
± standard deviation (SD).

Scratch wound assay

Cells were plated in 6-well plates and incubat-
ed overnight until 70%-90% confluent, then ver-
tical scratches were then made using a 100 μl 
plastic filter tip to create a ‘wound’ of approxi-
mately 100 μm in diameter. To eliminate dis-
lodged cells, culture medium was removed and 
wells were washed with phosphate buffered 
saline (PBS). ‘Wound closure’ was observed at 
0, 12, 24, 48 hours and digital images were 
taken under an inverted microscope.

CCK8 assay

Cells (5×103) were plated onto 96-well plates 
with medium containing 10% FBS and incubat-
ed overnight. Cell proliferation was determined 

at 0, 24, 48, 72, and 96 hours using CCK8 
(Jiangsu KeyGEN BioTECH Corp., Ltd, China). 
The absorbance (OD) was measured at a wave-
length of 450 nm using Spectrum Max M5 
(Molecular Devices). This experiment was per-
formed in triplicate.

Colony formation assay

For SW1116, HT29, LOVO cells, a total of 100 
cells were plated onto 6-well plates, as for 
SW480 cells, the cell number was 400, and 
cells were incubated at 37°C in a 5% CO2 incu-
bator for 2 weeks. At the end-point, the cells 
were washed with cold PBS twice, fixed with 4% 
paraformaldehyde for 30 minutes and stained 
with 1% crystal violet solution for 20 minutes at 
room temperature. The visible colony numbers 
were counted. This experiment was performed 
in triplicate.

Cell cycle and apoptosis assay

Stably transfected cells were seeded in 6-well 
plates and incubated overnight until 50%-60% 
confluent. The cells were digested from the 
plates and washed with PBS, collected and 
adjusted to a cell concentration of 1×106 /ml, 
taking 1 ml single cell suspension. After cen-
trifugation, the supernatant was removed and 
the cells were added to the volume fraction of 
70% cold ethanol 500 ul fixed 2 hours, washed 
with PBS to remove the fixative before staining, 
added 500 μL propidium iodide (PI)/RNase A 
(Jiangsu KeyGEN BioTECH Corp, Ltd, Cell Cycle 
Detection Kit, China) staining, protected from 
light 30-60 min at room temperature, detected 
on the Cytoflex machine (Beckman).

As for apoptosis assay, the cells were digested 
from the plates with Trypsin without EDTA and 
washed with PBS, collected for 1×105, then 
stained with Annexin V-APC (Jiangsu KeyGEN 
BioTECH Corp., Ltd, China) binding buffer and PI 
buffer for 15 minutes at room temperature pro-
tected from light.

3×104 cells were analyzed for cell cycle and 
apoptosis using Flow cytometry analysis (CYT- 
OFLEX, BECHMAN COULTER). The percentage 
of cells in each phase of the cell cycle and 
apoptotic cells were quantified using Modfit 
and Flow jow software, respectively. This ex- 
periment was performed in triplicate.
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Figure 1. (A, B) GALNT6 expression in CRC cell lines and normal colonic mucosa epithelial cell (NCM460) by real-
time PCR (A) and western blot analysis (B); (C) GALNT6 expression in 8 pairs of fresh CRC and adjacent non-tumor 
colorectal mucosa (ANM) tissues by western blot analysis; (D) GALNT6 expression in normal colorectal mucosa and 
different differentiated CRC tissues by immunohistochemistry staining ×200; (E) GALNT6 expression decreased 
with the increased histological grade of CRC; (F) GALNT6 expression was significantly higher in CRC without lymph 
node metastasis than that with lymph node metastasis; (G) CRC patients with high GALNT6 expression had a signifi-
cantly better OS rate compared with that with low GALNT6 expression.
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Table 1. The relationship between GALNT6 expression and the 
clinicopathological features of CRC

Characteristics
GALNT6 expression

Low (%) High (%) p value
Gender Male 13 (27.7) 34 (72.3) 0.138

Female 13 (35.1) 24 (64.9)
Age (years) ≥ 60 17 (34.7) 32 (65.3) 0.187

< 60 9 (25.7) 26 (74.3)
Tumor size (cm) ≥ 5 15 (37.5) 25 (62.5) 0.041

< 5 11 (25.0) 33 (75.0)
Histological differentiation Well 3 (16.7) 15 (83.3) 0.002

Moderately 8 (21.1) 30 (78.9)
Poorly 15 (53.6) 13 (46.4)

Dukes Staging A 0 (0.0) 5 (100.0) 0.126
B 8 (20.5) 31 (79.5)
C 14 (46.7) 16 (53.3)
D 4 (40.0) 6 (60.0)

T classification T1 0 (0.0) 2 (100.0) 0.430
T2 3 (23.1) 10 (76.9)
T3+T4 23 (33.3) 46 (66.7)

N classification No 16 (45.7) 19 (54.3) 0.013
N1+N2 10 (20.4) 39 (79.6)

M classification M0 4 (33.3) 8 (66.7) 0.917
M1 22 (30.6) 50 (69.4)

Hypoxia and oxidative stress assay

2×106 cells were plated onto a 3.5 cm2 diame-
ter dish and cultured in 1% oxygen and 37°C 
incubator. Cells were collected at 12 h, 24 h, 36 
h, and 48 h and stored in Trizol at -80°C.

Oxidative stress assay was performed using a 
complete medium containing 100 μmol/L H2O2 
to culture the cells. Cells were collected at 12 
h, 24 h, 36 h, and 48 h after cultured in com-
plete medium containing 100 μmol/L H2O2, and 
stored in trizol at -80°C.

Xenograft tumor model

We used female BALB/c-nude mice (4-5 weeks 
old and weighing 15-16 g) which were housed 
under pathogen-free conditions. The mice were 
randomly assigned into two groups. GALNT6-
transfected SW1116 cell lines were injected 
into one group and empty vector-transfected 
(controls) SW1116 cell lines were injected into 
the other BALB/c-nude mice group by tail vein 
(5×106/mouse). The mice were treated with xx 
or vehicle for 4 weeks. At the end of the experi-
ment, all mice were euthanized and xx were 

cell lines after extraction. This assays used 
49,395 probes, therefore covering 36,000 
transcripts and their variants. GALNT6 overex-
pression and Vector control groups were test-
ed. Three technical replicates were analysed 
per extract per cell line, resulting in a total of 6 
samples submitted for Affymetrix analysis.

Statistical analyses

The Kaplan-Meier survival curves were used to 
estimate overall survival (OS). The significance 
of predictor variables for OS was evaluated by 
the long-rank test. Prognostic factors associat-
ed with OS were investigated according to the 
Cox proportional hazards regression model in  
a stepwise manner. Only those factors that 
were statistically significant (P < 0.05) in the 
univariate survival analysis were included in 
the multivariate analyses. Statistical analyses 
were performed using SPSS 16.0 statistical 
software. P < 0.05 was considered to be statis-
tically significant. Results from cell culture and 
PCR were compared using an unpaired, two-
tailed Student’s tests and results were present-
ed as mean ± SD.

analyzed. All the experiments we- 
re performed following the Guide 
for the Care and Use of Labora- 
tory Animals (National Institutes 
of Health publication).

Microarray hybridization and 
gene expression analysis

After performing RNA quality tests 
with the Thermo NanoDrop2000 
and Agilent 2100, aRNA (am- 
plified RNA) was prepared using 
the GeneChip 3’IVT Express Kit. 
aRNAs were purified and then 
fragmented and hybridized to a 
chip probe (Affymetrix GeneChip 
Hybridization Wash and Stain Kit). 
After hybridization, the chips were 
dyed and finally the images and 
raw data were scanned using a 
GeneChip Scanner 3000 (Affyme- 
trix).

The Affymetrix GeneChip® Prime- 
ViewTM Human Gene Expression 
Arrays were used to measure the 
gene expression profile of cancer 
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Figure 2. (A, B) GALNT6 mRNA and protein expression increased in SW480 and SW1116 cells stably transfected 
with GALNT6 expression virus by real-time PCR (A) and western blot analysis (B), respectively; (C, D) GALNT6 mRNA 
and protein expression decreased in HT29 and LOVO cells transfected with GALNT6-siRNA by real-time PCR (C) and 
western blot analysis (D), respectively. GAPDH was used as loading control; (E, F) GALNT6 overexpression had no 
effect on cell proliferation (E) and cell cycle (F) of SW480 and SW1116, respectively; (G) Cell apoptosis was signifi-
cantly increased in GALNT6 over-expression group compared with the vector-transfected control group. **P < 0.01.
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Figure 3. A, B. GALNT6 overexpression dramatically suppressed colony formation of SW480 and SW1116 cells 
compared with the control group, respectively; C, D. GALNT6 overexpression dramatically inhibited the migration of 
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Result

GALNT6 expression in CRC cell lines and fresh 
CRC tissues

GALNT6 mRNA and protein expressions were 
higher in CRC cell lines including LOVO, HT29, 
and SW620, but lower in SW480 and SW1116 
compared with human colonic epithelial cell 
line NCM460 by Q-RT PCR and western blot 
analysis (Figure 1A, 1B). In addition, GALNT6 
expression were significantly higher in all 8 
samples of fresh CRC tissues compared with 
their respective ANM tissues by western blot 
analysis (Figure 1C).

GALNT6 expression in paraffin-embedded CRC 
tissues and its relationship with clinicopatho-
logical features of CRC

In our studies, GALNT6 positive signals which 
present as “sand dots” were mostly located in 
the cytoplasm of CRC cells by immunohisto-
chemistry staining (Figure 1D). 69% (58 out of 
84 samples of paraffin-embedded CRC tissues) 
versus 14% (11 out of 77 samples of ANM tis-
sues) were GALNT6high (P < 0.001). In addition, 
GALNT6 expression were significantly associat-
ed with tumor size (P = 0.041, Table 1), histo-
logical differentiation (P = 0.002, Table 1) and 
lymph node metastasis (P = 0.013, Figure 3B). 
GALNT6 expression was significantly higher in 
well differentiated CRC than that in moderately 
or poorly differentiated CRC (Figure 1E). In 
addition, GALNT6 expression was higher in  
CRC without lymph node metastasis than that 
in CRC with lymph node metastasis (P < 0.05) 
(Figure 1F). However, there is no significant  
correlation between GALNT6 expression and 
patients’ gender, age, tumor clinical stage, the 
depth of cancer invasion and tumor metastasis 
after operation (Table 1).

Prognostic significance of GALNT6 expression 
in CRC

Kaplan-Meier analysis showed that high GAL- 
NT6 expression CRC patients had a significant-
ly higher OS rate compared with low GALNT6 
expression patients (LOG RANK P = 0.007, BR- 
ESLOW P = 0.004) (Figure 1G). The OS rate for 
high GALNT6 expression patients at 5-year fol-

low up was 76.4% versus 49.3% for low GALNT6 
expression patients. univariate Cox regression 
analysis indicated that high GALNT6 expres-
sion was significantly associated with increased 
OS (P = 0.023) in CRC patients, indicating 
GALNT6 expression was an independent prog-
nostic factor for CRC patients. In addition, other 
clinical parameters including tumor size, histo-
logical differentiation, clinical stage and metas-
tasis after operation were also significant prog-
nostic indicators for CRC patients’ OS (Table 2). 
Furthermore, multivariate Cox regression anal-
ysis demonstrated that high GALNT6 expres-
sion and clinical stage was an independent pro- 
gnostic indicator for CRC patients’ OS, respec-
tively (P = 0.047 and P = 0.044) (Table 3).

GALNT6 had no effect on proliferation and cell 
cycle but induced apoptosis and inhibited cell 
colony formation in CRC cells

GALNT6 mRNA and protein levels in SW480 
and SW1116 cells transfected with GALNT6 
overexpressing vector were significantly higher 
than those in the untreated and vector-trans-
fected control cells using Q-RT PCR and west-
ern blot analysis, respectively (Figure 2A, 2B). 
GALNT6 mRNA and protein levels in LOVO and 
HT29 transfected with GALNT6 siRNA were sig-
nificantly lower than those in the untreated and 
control siRNA-transfected cells using quantita-
tive real-time PCR and western blot analysis, 
respectively (Figure 2C, 2D).

CCK8 assay showed that there was no signifi-
cant difference on cell proliferation between 
GALNT6-overexpressing SW480 and SW1116 
cells and the vector-transfected control coun-
terparts (Figure 2E). In addition, no significant 
difference on cell proliferation was observed 
between GALNT6 knockdown (KD) HT29 and 
LOVO cells compared with control cells. Flow 
cytometry analysis showed that there was no 
significant difference on cell cycling rate betw- 
een GALNT6 overexpressing and control SW- 
480 and SW1116 cells (Figure 2F) and betw- 
een GALNT6 KD and control HT29 and LOVO 
cells. However, cell apoptosis was significantly 
increased in GALNT6-overexpressing SW480  
(P = 0.0020) and SW1116 (P = 0.0047) cells 
compared with the control counterparts (Figure 

SW480 and SW1116 cells by transwell analysis; E. GALNT6 overexpression dramatically inhibited the migration of 
SW480 and SW1116 by wound healing experiment; F, G. GALNT6 overexpression dramatically inhibited the invasion 
of SW480 and SW1116 cells by Boyden experiment. **P < 0.01, ***P < 0.001.
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2G). GALNT6 overexpression (OE) significantly 
suppressed the cell colony formation capacity 
in SW480 and SW1116 cells (Figure 3A, 3B).

GALNT6 expression inhibited migration and 
invasion capacity of CRC cells

Two different experiments were carried out to 
clarify the effect of GALNT6 on migration of 

migration measured at 12, 24, and 48 hours 
was inhibited in SW480 and SW1116 cells with 
GALNT6 OE compared with the control cells 
(Figure 3E).

Transwell matrix penetration assay (Boyden) 
showed that the mean number of migrated 
cells per field of view (SW480 mean number = 
3, SW1116 mean number = 3) was significantly 

Table 2. Univariate Cox regression analysis for the prognostic value of GALNT6 expression and clinico-
pathological features in CRC

Characteristics
GALNT6 expression

Hazard ratio 95% CI P value
Low (%) High (%)

Gender Male 13 (27.7) 34 (72.3) 0.623
Female 13 (35.1) 24 (64.9)

Age (years) ≥ 60 17 (34.7) 32 (65.3) 0.822
< 60 9 (25.7) 26 (74.3)

Tumor size (cm) ≥ 5 15 (37.5) 25 (62.5) 1.317 1.115~1.555 0.001
< 5 11 (25.0) 33 (75.0)

Histological differentiation Well 3 (16.7) 15 (83.3) 0.384 0.201~0.735 0.004
Moderately 8 (21.1) 30 (78.9)
Poorly 15 (53.6) 13 (46.4)

Dukes Staging A 0 (0.0) 5 (100.0) 3.722 2.114~6.553 0.000
B 8 (20.5) 31 (79.5)
C 14 (46.7) 16 (53.3)
D 4 (40.0) 6 (60.0)

T classification T1 0 (0.0) 2 (100.0) 0.227
T2 3 (23.1) 10 (76.9)
T3+T4 23 (33.3) 46 (66.7)

N classification No 16 (45.7) 19 (54.3) 2.372 1.026 ~5.484 0.043
N1+N2 10 (20.4) 39 (79.6)

M classification M0 4 (33.3) 8 (66.7) 6.971 2.941~16.519 0.000
M1 22 (30.6) 50 (69.4)

GALNT6 expression Low 0.846 0.733~0.977 0.023
High

Table 3. Multivariate Cox regression analysis for the prognostic value 
of GALNT6 expression and clinicopathological feature of CRC

Characteristics
GALNT6 expression Hazard 

ratio 95% CI P 
valueLow (%) High (%)

Dukes staging A 0 (0.0) 5 (100.0) 2.230 1.023~4.860 0.044
B 8 (20.5) 31 (79.5)
C 14 (46.7) 16 (53.3)
D 4 (40.0) 6 (60.0)

M classification M0 4 (33.3) 8 (66.7) 2.963 0.814~10.783 0.099
M1 22 (30.6) 50 (69.4)

GALNT6 expression Low 0.844 0.713~0.998 0.047
High

CRC cells. Transwell migra-
tion assay showed that the 
mean number of migrated 
cells per field of view (SW- 
480: mean number = 4, 
SW1116: mean number = 
19) was significantly lower 
in GALNT6 OE cells than 
that (SW480: mean num-
ber = 52, SW1116: mean 
number = 103) in control 
cells (SW480: P < 0.0001, 
SW1116: P = 0.0007) (Fig- 
ure 3C, 3D). Scratch wound 
assay showed that cell 



GALNT6 suppresses colorectal cancer

2428	 Am J Cancer Res 2018;8(12):2419-2435

lower in GALNT6 overexpression cells than that 
(SW480 mean number = 17, SW1116 mean 
number = 25) in the control cells (SW480 P < 
0.001, SW1116 P < 0.001), (Figure 3F, 3G). The 
mean number of migrated cells per field of  
view (HT29 mean number = 22, LOVO mean 
number = 66) was significantly higher in GAL- 
NT6 KD cells than that (HT29 mean number = 
7, LOVO mean number = 39) in control cells 
(HT29 P < 0.001, LOVO P < 0.001, Figure 4A). 
The mean number of invasive cells (HT29 mean 
number = 12, LOVO mean number = 74) was 
significantly higher in GALNT6 KD cells than 
that (HT29 mean number = 4, LOVO mean  
number = 15) in control cells (HT29 P < 0.001, 
LOVO P < 0.001), respectively (Figure 4B).

GALNT6 inhibit the metastasis of CRC cells in 
vivo

To determine the role of GALNT6 levels in CRC 
metastasis in vivo, we transplanted SW1116 
cells with or without GALNT6 OE into nude mice. 
After 4 weeks’ follow-up, the mice were eutha-
nized and autopsy was performed. The result 
showed that metastatic CRC tumor was found 
in the lung (2/6 mice) in the recipient mice 
transplanted with control cells, but not in the 
recipient mice transplanted with GALNT6 OE 
cells (Figure 4C, 4D).

Hypoxia increased GALNT6 expression and 
oxidative stress inhibited GALNT6 expression 
in CRC cells

To determine the effect of hypoxia on GALNT6 
expression in CRC cells, SW480 and SW1116 
cells were cultured in hypoxia (1% oxygen con-
centration) for 12, 24, 36, and 48 hours and 
then GALNT6 expression was detected by real-
time PCR analysis. The result showed that GA- 
LNT6 mRNA expression was significantly incre- 
ased at 24 h in SW480 cells (P = 0.0133) and 
at 36 h in SW1116 cells compared with the 
control cells (P = 0.0228) (Figure 4E).

To further determine the effect of oxidative 
stress on GALNT6 expression in CRC cells, we 
cultured HT29 and LOVO cells which is high in 
GALNT6 expression with 100 umol/L H2O2 to 
cause oxidative stress. We found expression 
level of GALNT6 mRNA was significantly decre- 
ased in HT29 and LOVO cells at 12 h and 24 h 
with oxidative stress compared with the control 

cells without oxidative stress (HT29 P=0.0048, 
LOVO P=0.0377) (Figure 4F).

GeneChip analysis and ingenuity pathway 
analysis (IPA)

As the cluster analysis map showed in Figure 
5A, the Affymetrix GeneChip analysis using 
SW480 cells with or without GALNT6 overex-
pression revealed that GALNT6 overexpression 
induced up-regulation of 279 genes and down-
regulation of 215 genes (fold change > 1.5, P < 
0.05). IPA analysis showed that GALNT6 over- 
expression resulted in some disease and func-
tion change dramatically (Figure 5B). Overex- 
pression of GALNT6 significantly increased apo- 
ptosis (Z-score = 2.426) and cell death related 
genes (Z-score = 2.266), and significantly sup-
pressed tumor invasion related pathways in 
CRC cell lines (Z-score = -3.121).

The regulatory network in the regulatory effect 
analysis suggested that Akt might inhibit the 
migration, invasion of carcinoma, and vasculo-
genesis through regulating ALOX5AP, AMOT, etc 
(data not shown). We verified the changes of 
AKT and p-AKT in SW480 and SW1116 cells 
with GALNT6 overexpression and found that 
AKT and p-AKT expression were significantly 
decreased in CRC cells with GALNT6 overex-
pression by western blot analysis (Figure 5C). 
Using Kyoto Encyclopedia of Genes and Ge- 
nomes (KEGG) and Gene Ontology (GO) analy-
sis, we found that the CD28 signaling pathway 
was activated. Furthermore, we found that 
CD28 signaling pathway related genes includ-
ing PAK1, LCK, SYK, and NFAT4 were signifi-
cantly upregulated in SW480 cells with GALNT6 
overexpression compared with the control cells 
by Genechip analysis (Figure 5D). We also veri-
fied that PAK1, LCK and SYK protein expression 
were elevated in 8 pairs of fresh CRC tissues 
compared with their respective ANM tissues 
using western blot analysis (Figure 5E).

The AKT agonist reversed the inhibitory effect 
of GALNT6 on AKT in CRC cells

In order to detect whether AKT activator could 
rescue inhibition of GALNT6 on p-AKT in CRC 
cells, SW480 and SW1116 with GALNT6 OE 
were treated with SC79 (AKT agonist, Selleck- 
chem No. S7863, TX, USA) at the concentra-
tions of 4 ug/ml and 8 ug/ml for 30 minutes 
and 5 hours, respectively. Western blot showed 
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that SC79 treatment significantly increased 
p-AKT expression in GALNT6 OE SW480 and 
SW1116 cells at 30 minutes and 5 h. No signifi-
cant difference on p-AKT expression level was 
observed in SW480 and SW1116 cells, regard-
less of SC79 treatment (Figure 6A, 6B).

To clarify the involvement of AKT on GALNT6-
induced decreased migration and invasion of 
CRC cells, we performed transwell migration 
analysis and showed that SC79 treatment at 
the concentration of 4 ug/ml for 30 minutes 
dramatically rescued migration suppression in 
SW480 and SW1116 cells caused by GALNT6 
overexpression (SW480 P = 0.02; SW1116 P = 
0.003) (Figure 6C, 6D). Invasion assay also 
showed that SC79 treatment (4 ug/ml) for 30 
minutes dramatically reversed invasion sup-
pression in SW480 and SW1116 cells resulted 
from GALNT6 overexpression (SW480 P = 
0.001; SW1116 P = 0.013) (Figure 6E, 6F). 
However, SC79 treatment fail to reverse the 
increased apoptosis of SW480 and SW1116 
induced by GALNT6 overexpression by flow 
cytometry analysis (data not shown).

Discussion

In this study, our results showed that GALNT6 
was highly expressed in CRC. GALNT6 expres-
sion was closely related to histological differen-
tiation, tumor size, and lymph node metastasis. 
Emerging evidence have demonstrated that 
GALNT6 is highly expressed in various type of 
cancers. The positive expression of GALNT6 is 
associated with low-grade breast cancer (6). 
Additionally, GALNT6 expression is associated 
with recurrence of ovarian cancer, lymph node 
metastasis, and increased resistance to che-
motherapy. The higher GALNT6 level is signifi-
cantly associated with poorer patient survival 
(13). However, GALNT6-positive pancreatic can- 
cer patients have a good prognosis [14], and 
GALNT6-positive endometrial cancer patients 
also have a higher survival rate (8). These con-
tradictory findings suggest that the role of 
GALNT6 is related to the type of cancer. Our 

data showed that GALNT6 expression is associ-
ated with histological differentiation of CRC, 
with higher levels seen in the less differentiat-
ed CRC. CRC Patients with higher GALNT6 ex- 
pression had a better prognosis than those 
with lower GALNT6 expression, suggesting GA- 
LNT6 expression is an independent prognostic 
factor for CRC patients.

As for the biological role of GALNT6 in cancers, 
overexpression of GALNT6 may be accompa-
nied by abnormal glycosylation of mucin-1 
(MUC1), which stabilize it and promote the 
development of breast cancer. Fibronectin can 
also be stabilized by O-glycosylation, affecting 
the evolution of breast cancer (10). Over- 
expression of GALNT6 reduces cell adhesion 
and destroys mammary acinar (11). Upregula- 
tion of GALNT6 expression in pancreatic cancer 
results in a high O-glycosylation of mucins. 
Knockdown of GALNT6 expression in pancreat-
ic cancer cells by siRNA reduces the amount of 
Mucin 4 and decreases the levels of human 
epidermal growth factor receptor 2 (EGFR2) 
and extracellular signal-regulated kinase, and 
significantly reduces the proliferation of pan-
creatic cancer cells. GALNT6 knock-down also 
causes changes in the morphology of pancre-
atic cells, accompanied by a shift from P- 
cadherin to E-cadherin (12). GALNT6 knock-
down significantly inhibited the viability, migra-
tion, and invasiveness of ovarian cancer cells 
while reducing the phosphorylation of EGFR. 
Experiments with Vicia villosa lectin (VVA) have 
shown that GALNT6 can modify O-glycans on 
EGFR. The EGFR inhibitor erlotinib significantly 
reversed the high invasiveness of GALNT6-
induced ovarian cancer cells (13). GALNT6 is 
highly expressed in up to 79% of gastric cancer 
tissues, and its expression level is significantly 
correlated with the venous invasiveness of can-
cer cells [15]. The results suggest that GALNT6 
as an oncogene promotes the development of 
these malignancies and is associated with a 
poor prognosis in patients. However, studies 
have shown that GALNT6 expression is low in 

Figure 4. (A, B) GALNT6 knockdown dramatically promoted the migration (A) and invasion (B) of HT29 and LOVO, 
respectively; (C, D) Nude mice with GALNT6 expression group and vector group (C); Histological staining showed the 
pulmonary metastatic CRC in the vector group but no CRC metastasis in GALNT6 over-expression group. Haematoxy-
lin & eosin staining ×200. (E) GALNT6 expression significantly increased under hypoxia culture condition for SW480 
at 24 hours and SW1116 cells at 36 hours compared with the control group, respectively by real-time PCR. (F) H2O2 
treatment dramatically inhibited GALNT6 expression in HT29 and LOVO cells at 12 and 24 hours compared with the 
control group, respectively by real-time PCR.
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Figure 5. A. The graph of GALNT6 overexpression group and Vector control group which were clustered by using 
the expression profile of differential genes screened with Fold Change > 1.5 and FDR < 0.05 as standard. In the 
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Figure 6. A, B. p-AKT expression was significantly reversed the suppression 
in SW480 and SW1116 with GALNT6 overexpression by SC79 (AKT agonist) 
treatment at the concentration of 4 ug/ml and 8 ug/ml for 30 minutes and 
5 hours using western blot ananlysis, respectively. C, D. SC79 treatment at 
the concentration of 4 ug/ml for 30 minutes dramatically reversed migra-
tion suppression in SW480 and SW1116 with GALNT6 overexpression by 
transwell analysis, respectively. E, F. SC79 treatment at the concentration 
of 4 ug/ml for 30 minutes dramatically reversed invasion suppression in 
SW480 and SW1116 with GALNT6 overexpression by transwell matrix pen-
etration assay, respectively.

cluster analysis graph, each column represented a sample (A1964-1966 represented the three replicate groups 
of vector, A1967-1969 represented the three replicate groups of GALNT6 overexpression), each row represented a 
differential gene; the upper tree structure was based on the expression profile of the differential genes, aggregation 
or classification of all samples; the left tree structure represented the difference of genes. Red color indicates the 
relative increase of gene expression, green color indicates that gene expression is relatively down-regulated, black 
color indicates no significant change of gene expression, and gray color indicates that the signal intensity of the 
gene is not detected; B. The significant enrichment of the differentially expressed genes in disease and function. 
The abscissa is the path name and the ordinate is the level of significance of enrichment (base 10 negative logarith-
mic transformation); C. GALNT6 overexpression inhibited AKT and p-AKT expression in SW480 and SW1116 cells 
by western blot analysis; D. SYK, PAK1, NFAT4, and LCK expression were significantly upregulated in SW480 stably 
transfected with GALNT6 overexpression virus compared with the vector control group by real-time PCR analysis; E. 
LCK, PAK1, and SYK expression were elevated in 8 pairs of fresh CRC tissues compared with their respective ANM 
tissues by western blot analysis.

endometrial cancer cell lines, 
and there is a significant corre-
lation with well-differentiated 
endometrial cancer (P = 0.002) 
and non-muscle infiltration (P 
= 0.017). Overexpression of 
GALNT6 significantly reduced 
the invasiveness of endometri-
al cancer cells (8). The results 
suggest that GALNT6 may play 
a tumor suppressor gene role 
in endometrial cancer. The role 
of GALNT6 in CRC remains un- 
known. Lavrsen et al. have re- 
ported that GALNT6 inhibits 
the differentiation and proli- 
feration of colon cancer cells 
[16]. Their study used the well-
differentiated human LS174T 
colon adenocarcinoma cell line 
to evaluate colon cell growth. 
Our study has found that up-
regulation of GALNT6 inhibits 
the ability of CRC cell colony 
formation, migration and inva-
sion, but promotes the apopto-
sis of CRC cells, although the 
effect of GALNT6 on the prolif-
eration and cell cycle of CRC 
cells was not significant. O-Glc- 
NAc level was elevated in res- 
ponse to numerous forms of 
cell stress and tissue injury 
including heat stress, oxidative 
stress, ethanolic stress, geno-
toxic stress, reductive stress, 
ER stress, hypoxia reoxygen-
ation, osmotic stress, ATP dep- 
letion, ischemia reperfusion in- 
jury, and trauma hemorrhage 
[17]. Studies have shown that 
oxidative stress can lead to 
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genetic changes in cells and changes in the 
level of DNA methylation eventually lead to  
carcinogenesis. Genetic changes caused by 
reactive oxygen species include DNA base 
modifications, DNA strand damage, and DNA-
protein cross-linking, all of which increase gene 
mutation rates. In addition, changes in DNA 
methylation induced by reactive oxygen spe-
cies can lead to silencing of tumor suppre- 
ssor genes or activation of oncogenes, thereby 
promoting malignant transformation of cells 
[18]. Therefore, the change of GALNT6 expres-
sion may be related to the regulation of promot-
er methylation or demethylation. Gene chip 
results suggest that DNA demethylation can 
upregulate GALNT6 expression in colorectal 
cancer cells, and our result showed that GAL- 
NT6 expression significantly increased under 
hypoxia culture condition for SW480 at 24 
hours and SW1116 cells at 36 hours. H2O2 
treatment dramatically inhibited GALNT6 ex- 
pression in HT29 and LOVO cells at 12 and 24 
hours. Then we hypothesized that the GALNT6 
promoter may be demethylated and result in 
up-regulation of GALNT6 expression due to a 
decrease in intracellular oxygen levels during 
hypoxia. Based on the above data, GALNT6 
plays an important role in CRC as tumor sup-
pressor gene. Hypoxia could induce GALNT6 
expression in CRC.

Through the microarray IPA, we have found that 
overexpression of GALNT6 inhibits tumor-asso-
ciated genes, regulates differential genes by 
inhibiting AKT expression, and activates CD28 
signaling pathways to affect the function of 
colorectal cancer cells. We verified the changes 
of AKT and p-AKT in SW480 and SW1116 cells 
stably transfected with GALNT6 overexpression 
virus, and found that AKT and p-AKT expression 
were significantly decreased upon GALNT6 up-
regulation by Western blot analysis. Activation 
of PI3K/Akt signaling pathway leads to de- 
creased apoptosis and stimulates cell growth 
and proliferation (or your own data?). Under 
normal conditions, the activation of PI3K/Akt is 
tightly controlled and depends on extracellular 
growth signals as well as the supply of amino 
acids and glucose. The PI3K/Akt signaling path-
way is continuously activated in the develop-
ment of most tumors, including lung cancer 
[19-23], gastric cancer [24-27], and colorectal 
cancer (10, 15, 16). Studies have shown that 
phosphorylation and glycosylation may be mu- 
tually antagonistic at some protein modification 

sites [28, 29]. Moreover, up-regulation of 
GALNT6 significantly activates the CD28 signal-
ing pathway, we found that PAK1, LCK, SYK, 
and NFAT4 were significantly upregulated in 
SW480 cells with GALNT6 OE. We also verified 
that expression of PAK1, LCK and SYK were 
elevated in fresh CRC tissues compared to their 
respective ANM tissues. CD28 signaling path-
way promotes the maturation of naive CD8+ T 
cells and kills tumor cells [30]. Furthermore, 
AKT rescue experiment showed that AKT medi-
ated GALNT6-induced reduction of CRC cell 
migration and invasion. The mechanism of AKT 
regulating CRC metastasis through GALNT6 
needs further study.
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