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Abstract: As a rate-limiting enzyme of the hexosamine biosynthesis pathway (HBP), which is responsible for glyco-
sylation, Glutamine fructose-6-phosphate amidotransferase 2 (GFPT2) is involved in human breast and lung tumori-
genesis. However, whether GFTP2 is associated with tumor metastasis remains unclear. Here, we found that GFPT2 
promoted the proliferation, migration, invasion and metastasis of colorectal cancer (CRC) cells. Mechanically, p65 
acted as an upstream transcription factor of GFPT2 and regulated its expression and function. In turn, GFPT2 en-
hanced the glycosylation of p65, which led to the nuclear translocation of p65 and then activated NF-κB pathway. 
Thus, GFTP2 and p65 formed a positive feedback loop to promote the progression of CRC. In addition, GFPT2 was 
up-regulated in CRC tissues and closely related with liver metastasis (P<0.0001) and tumor stage (P=0.0184). High 
expression of GFPT2 predicted poor prognosis for CRC patients. Moreover, GFTP2 expression was positively linked 
with O-linked N-acetylglucosamine transferase in CRC tissues. Our study reveals a new mechanism of GFPT2 in CRC 
metastasis and provides a new target therapeutic target to deter metastasis. 

Keywords: GFPT2, NF-κB pathway, p-65 glycosylation, metastasis, colorectal cancer

Introduction 

Colorectal cancer (CRC) has become the third 
of the most common malignancies and its mor-
bidity and mortality are rising [1]. Ample evi-
dence indicate that metastasis is the main 
cause for CRC patients’ deaths. Although the 
development of medical technology has been 
distinctly improved, 90% patients with malig-
nant tumors will die of complications related to 
tumor metastasis [2]. Thus, it is necessary to 
clarify the molecular mechanisms during meta- 
stasis and discover novel treatment strategy 
for CRC patients. 

Glutamine-fructose-6-phosphate transamina- 
se (GFPT) is a rate-limiting enzyme of the hex-
osamine biosynthesis pathway (HBP), which is 
one of the most common and important ways in 

glucose metabolism and responsible for glyco-
sylation [3]. GFPT can catalyze the formation of 
glucosamine-6-phosphate from glucosamine 
and fructose-6-phosphate, which is bypassed 
by glucosamine infusions [4]. GFPT is encoded 
by the unlinked highly homologous genes 
GFPT1 and GFPT2. Recent studies have sug-
gested that the alteration of GFPT expression 
may result in hyperinsulinemia, obesity and 
insulin resistance [5-7]. GFPT2 is highly ex- 
pressed in more aggressive breast cancer cell 
lines [8]. High expression of GFPT2 in cancer-
associated fibroblasts increases the glucose 
uptake of human lung adenocarcinoma [9]. 
However, the function of GFPT2 in tumor metas-
tasis remains still unclear. Our study shows that 
GFPT2 acts as an oncogene in proliferation and 
metastasis of CRC by activating the NF-κB path-
way through positive feedback. 

http://www.ajcr.us
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Materials and methods

Human specimens and cell lines 

Paraffin-embedded CRC samples and fresh 
CRC tissues were collected from 85 patients 
who underwent CRC resection without prior ra- 
diotherapy and chemotherapy at the Depart- 
ment of General Surgery in Nanfang Hospital in 
2011 year. Fresh CRC samples were collected 
immediately after resection, snap-frozen in liq-
uid nitrogen, and then stored at -80°C. All 
patients were followed up for 5 years. 

Human normal colon mucosal epithelial cell 
line SW460 and CRC cell lines SW480, SW620, 
HCT116, RKO, HT29 and LOVO were purchased 
from American Type Culture Collection (ATCC). 
All cell lines were cultured in 1640 medium 
(GIBCO, Gaithersburg, MD, USA) with 10% fetal 
bovine serum (HyClone, Logan, USA) at 37°C 
under 5% CO2. 

Construction of plasmids and transfection

For depletion of GFPT2, the lentivirus vectors 
carrying human shRNA (Genechen, Shanghai, 
China) was transfected into lentiviral packaging 
cell lines 293T cells. The shRNA sequence was 
follows: shRNA1 5’-GACCGAATTTCACTACAAA-3’, 
shRNA2 5’-GGTTGAACTTGCTAGTGAT-3’. A sc- 
ramble shRNA (5’-AAT CGC ATA GCG TAT GCC 
GTT-3’), which has no homology with the mam-
malian mRNA sequences, was inserted into 
empty lentivirus vector as described above. 
Then 1 mL of viral supernatant containing 4Ag 
of polybrene was added into GC cell lines for 
stable transduction. After 14 days, puromycin-
resistant cell pools were established. After 72 
h, the protein level of GFPT2 was detected by 
western blotting. 

Subcutaneous tumor implantation and metas-
tasis assays

Four-to-six-week-old male athymic BALB/c-nu/
nu mice were purchased from the Central La- 
boratory of Animal Science at Southern Medical 
University (Guangzhou, China). All protocols for 
animal studies were reviewed and approved by 
the Institutional Animal Care and Use Com- 
mittee in our University. Cells (1.5 million) were 
injected into the left and right flanks of nude 
mice for subcutaneous tumor implantation and 
allowed to grow for 28 days before mice were 
sacrificed. For metastasis assay, cells (0.5 mil-

lion) were injected into cecum serosa and mice 
were sacrificed in 40 days. All tissues were 
embedded in paraffin, sectioned, stained with 
hematoxylin and eosin, or subjected to immu-
nohistochemistry staining.

Co-Immunoprecipitation (Co-IP) 

Cell lysis was incubated 2 h at 4°C with IgG and 
protein A+G Agarose to get rid of unspecific 
binding. NF-κB -p65 and O-GlcNAc antibodies 
were then added at 4°C overnight. The protein 
A/G-agarose was collected by centrifugation. 
Immuno-precipitated proteins were analyzed by 
SDS-PAGE (10%, Minigel) at 100 V for 1.5 h. 
NF-κB-p65 and O-GlcNAc antibodies were di- 
luted, respectively and incubated with mem-
branes at 4°C overnight. The secondary anti-
bodies were then incubated for 1 h at room 
temperature. Protein bands were visualized us- 
ing enhanced chemiluminescence (PerkinEl- 
mer Life Sciences). 

Cell proliferation assay 

1×103 cells were seeded into 96-well plates. 
The number of viable cells was determined by 
cell counting kit-8 (CCK-8) (Dojindo, Kumamoto, 
Japan) for 6 days. Briefly, 10 μL CCK-8 solution 
was added, and absorbance at 490 nm was 
measured after 2 h of incubation at 37°C. For 
plate colony assay, 800 cells were seeded into 
6-well plates and cultured at 5% CO2, 37°C for 
2 weeks. Then we counted the number of colo-
nies (each colony >50 cells) which were stained 
with hematoxylin. Each cell group was plated in 
3 duplicate wells.

In vitro invasion assay 

Boyden invasion chambers were rehydrated 
with RPMI 1640 (serum-free) for 2 hours at 
37°C. RPMI 1640 with 100 ml/L fetal bovine 
serum was added to the lower compartments 
the chemotactic factor. Then 1.5×105 tumor 
cells in serum-free Dulbecco’s modified Eagle 
medium were added to the upper compartment 
of the chamber. After incubation for 48 hours, 
the noninvasive cells were removed with a cot-
ton swab. Cells that had migrated through the 
membrane and stuck to the lower surface of 
the membrane were stained with hematoxylin 
and counted under a light microscope in 5 ran-
dom visual fields (200×). Each experiment was 
repeated 3 times.
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Immunohistochemistry (IHC) 

In brief, paraffin-embedded specimens were 
cut into 4 μm sections. The sections were depa-
raffinized with xylenes and rehydrated. Sections 
were submerged into EDTA antigenic retrieval 
buffer and microwaved for antigenic retrieval. 
The sections were treated with 3% hydrogen 
peroxide in methanol to quench the endoge-
nous peroxidase activity, followed by incubation 
with 1% bovine serum albumin to block the 
nonspecific binding. Antibodies against GFPT2 
(1:200), Ki-67 (1:1000) were incubated with 
the sections overnight at 4°C, respectively. 
After incubation with secondary antibody, the 
visualization signal was developed with 3,3’- 
diaminobenzidine tetrachloride (DAB). The st- 
ained tissue sections were reviewed and scored 
separately by two pathologists blinded to the 
clinical parameters. The total GFPT2 or Ki67 
immunostaining score was calculated as the 
sum of the percent positivity of stained tumor 
cells and the staining intensity. The percent 
positivity was scored as “0,” 0%; “1” 1-25%; “2” 
26-50%; “3” 51-75% and “4” >75%. The stain-
ing intensity was scored as “0” (no staining), “1” 
(weakly stained), “2” (moderately stained) and 
“3” (strongly stained). Both percent positivity of 
cells and staining intensity were decided in a 
double blinded manner. The staining of gene 
was assessed as follows: (-) means a final stain-
ing score of <3; (+) a final staining score of 3; (+ 
+) a final staining score of 4; and (+ + +) a final 
staining score of ≥5. This relatively simple, 
reproducible scoring method gives highly con-
cordant results between independent evalua-
tors. An optimal cut off value was identified: 
Tumors with a final staining score 0~+ were 
classified as those with low expression of 
GFPT2, and tumors with a final staining score 
++~+++ were classified as those with high 
expression of GFPT2.

RNA extraction and real-time RT-PCR 

Total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) and cDNA was 
synthesized by using an access reverse tran-
scription system (Promega, Madison, WI, USA). 
The PCR primers for GFPT2 were as follows: 
Forward: 5’-ATG TGC GGA ATC TTT GCC TAC-3’; 
Reverse: 5’-ATC GAG AGC CTT GAC TTT CC C-3’. 
The first-strand cDNA was synthesized us- 
ing the Prime Script RT reagent Kit (TaKaRa, 
Dalian, China). Real-time PCR was performed 

using SYBR Premix Ex Taq II (TaKaRa) and mea-
sured in a LightCycler 480 system (Roche, 
Basel, Switzerland). Expression of GAPDH was 
used as internal control. All the reactions were 
run in triplicate.

Western blotting 

Protein lysates were prepared, subjected to 
SDS/PAGE, transferred onto PVDF membranes 
and blotted according to standard methods 
using anti-GFPT2 polyclonal antibody (1:500, 
Abcam, Cambridge, UK), NF-κB -p65 (1:500, 
Proteintech), O-GlcNAcase (OGA) (1:500, Pro- 
teintech), O-linked N-acetylglucosamine (Glc- 
NAc) transferase (OGT) (1:500, Proteintech), 
p-IKB-α (1:300, abcam) and O-GlcNAc (1:200, 
Proteintech). A mouse monoclonal anti-GAPDH 
(1:1000) (Sigma-Aldrich, St. Louis, USA) or 
β-actin antibody (1:1000) (Sigma-Aldrich, St. 
Louis, USA) or Histone H3 (1:500, Sigma-
Aldrich, St. Louis, USA) was used as inner con-
trol to confirm equal loading of proteins.

Statistical analysis 

Expression of GFPT2 in CRC tissues was ana-
lyzed with Wilcoxon Signed Ranks Test. The cor-
relation of GFPT2 expression to various clinico-
pathological parameters was evaluated with 
chi-suqare test. Survival analyses were per-
formed according to the Kaplan-Meier method 
and compared by the log-rank test. Cell prolif-
eration and in vitro invasion assay were tested 
using one-way ANOVA. All statistical analyses 
were analyzed using the SPSS 20.0 software 
and P<0.05 was considered significant.

Results

GFPT2 promotes the proliferation, migration, 
invasion and metastasis of CRC cells 

To explore the function of GFPT2 in CRC pro-
gression, gain-of and loss-of-function experi-
ments of GFPT2 were performed using ectopic 
plasmids or shRNA fragments. Based on the 
endogenous GFPT2 expression in CRC cell lines 
(Figure S1A, S1B), we over-expressed GFPT2 in 
SW480 cells and down-regulated GFPT2 in 
SW620 cells (Figure S1C, S1D). Results of 
CCK-8 assays exhibited that ectopic GFTP2 
increased the proliferative abilities of SW480 
cells (Figure 1A). Conversely, knockdown of 
GFPT2 in SW620 cells showed decreased pro-
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Figure 1. GFPT2 promoted proliferation, migration and invasion of CRC cells in vitro. A, B. Effect of GFPT2 overex-
pression or down regulation on cell proliferation of SW480 or SW620 cells detected by CCK-8 assay. C, D. Effect of 
GFPT2 overexpression or inhibition on cell clone formation ability of SW480 and SW620 cells. E. Effect of GFPT2 
overexpression or inhibition on cell migration of SW480 and SW620 cells. F. Effect of GFPT2 overexpression or 
inhibition on cell invasion of SW480 and SW620 cells. Error bars represent mean ± SD from three independent 
experiments. *P<0.05.

liferative abilities (Figure 1B). Similarly, en- 
hanced GFPT2 in SW480 cells obviously in- 

creased the colony number compared with  
control group (Figure 1C, P<0.05), while inhibi-
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tion of GFPT2 in SW620 cells showed the op- 
posite results (Figure 1D, P<0.05). Moreover, 
over-expression of GFPT2 displayed a marked 
increase of migratory and invasive abilities in 
SW480 cells, while depletion of GFPT2 had the 
opposite effect (Figure 1E, 1F, P<0.05). In addi-
tion, we implanted GFPT2-expressing cells and 
control cells subcutaneously into nude mice 
respectively, and then monitored the growth of 
the resultant primary tumors. Tumors in mice 
injected with GFPT2-expressing cells grew 
more rapidly than control group (Figure 2A, 2B). 
We selected five obviously different paired 
groups of tumors for Ki-67 detection. IHC stain-
ing confirmed that GFPT2 expressing tumors 

displayed much higher positive Ki-67 percent-
ages than control group (Figure 2C). Anymore, 
we also knocked down the expression of GFPT2 
in SW620 cell line in vivo assays and results 
showed that tumors in GFPT2 knock-down 
group displayed larger volume and lower posi-
tive Ki-67 percentages than NC group (Figure 
S2A, S2B). We also examined the effect of 
GFPT2 on CRC metastasis in vivo. Cells were 
transplanted into the cecum of nude mice, with 
the results that the number of liver metastases 
in SW480/GFPT2 group was obviously increa- 
sed (Figure 2D, 2E, P<0.05). These results 
make it evident that GFPT2 is a positive regula-
tor of CRC progression. 

Figure 2. GFPT2 promoted proliferation and metastasis of CRC cells in vivo. A. Images and statistical analysis of 
subcutaneous tumor formed by SW480/Mock or SW480/GFPT2 cells. B. Qualification of tumor weight in SW480/
Mock or SW480/GFPT2 groups. C. Representative images of Ki67 staining in subcutaneous tumor sections by 
immunohistochemistry. D. The effect of GFPT2 overexpression on metastasis in SW480 cells. E. Qualification of 
metastatic nodes in mice liver in SW480/Mock or SW480/GFPT2 groups. Scale bars: 100 μm or 20 μm. Error bars 
represent mean ± SD from three independent experiments. *P<0.05.
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P65 transcriptionally regulates GFPT2 to pro-
mote proliferation and invasion in CRC cells

Having confirmed the tumor promoting role of 
GFPT2 in CRC, we set out to explore the molec-
ular mechanisms of its function. Both Gene Set 
Enrichment Analysis (GSEA) and JASPAR online 
biotechnology tool predicted the transcription 
factor NF-κB-p65 as a potential interacting fac-
tor with GFPT2 (Figure 3A). Transient transfec-
tion of both p65 and GFPT2 promoter could 
significantly increase the luciferase activity of 
SW480 cells. On the contrary, transfection of 
p65 or GFPT2 promoter alone or both p65 and 
the mutant of GFPT2 promoter did not affect 
the luciferase activity (Figure 3B, P<0.05). 
Moreover, ectopic p65 increased both mRNA 
and protein levels of GFPT2, depletion of p65 
presented the adverse effects (Figures 3C, S1E 
and S1F, P<0.05). Over-expression of p65 
accelerated the proliferation and invasion of 
SW480 cells, while simultaneous depletion of 
GFPT2 at least partially reversed p65-induced 
cell proliferation and invasion in vitro (Figure 
3D, 3F). Contrarily, knockdown of p65 reduced 
the proliferation and invasion of SW620 cells, 
while reintroduction of GFPT2 rescued the sup-
pression induced by p65 knockdown (Figure 
3E, 3G). These results indicate that p65 acts as 
a upstream transcriptional factor of GFPT2 to 
promote the proliferation and invasion of CRC 
cells.

GFPT2 activates NF-κB pathway via up-regu-
lation of the glycosylation of p65 to promote 
invasion and metastasis of CRC

Recent evidence shows that HBP is strongly 
linked with aberrant glycosylation in tumors. 
Alterations of UDP-GlcNAc and its derivates, 
the substrate donors such as O-GlcNAcylation, 
proteoglycan produced by HBP way can lead to 
abnormal glycosylation [3, 10, 11]. Although as 
a key rate-limiting enzyme of HBP, the role of 
GFPT2 in glycosylation of CRC seldom reported. 
Our results showed that up-regulation of GFPT2 
in SW480 cells enhanced the levels of O-GlcNAc 
and OGT, not O-GlcNAcase (OGA). While deple-
tion of GFPT2 in SW620 cells showed the oppo-
site effect (Figure 4A). HBP is responsible for 
the glycosylation and NF-κB pathway can be 
activated by O-GlcNAc glycosylation [12-15]. 
But whether GFPT2 regulates the glucosylation 
of p65 is still unknown. Co-IP assays showed 

that exogenous p65 bound with O-GlcNAcyla- 
tion in SW480 cells (Figure 4B). Enforced 
expression of GFPT2 promoted the binding of 
p65 with O-GlcNAcylation (Figure 4B). Mean- 
while, up-regulation of GFPT2 did not change 
the total level of p65, but significantly acceler-
ated the nuclear translocation of p65 (Figure 
4C), while the treatment of O-GlcNAcylation 
inhibitor Benzyl-d-GlcNAc reversed the effect 
(Figure 4D, 4E). Furthermore, Benzyl-d-GlcNAc 
treatment decreased the proliferation, migra-
tion and invasion of SW480 cells induced by 
GFPT2 (Figure 4F-I). These data demonstrate 
that GFPT2 activates NF-κB pathway via O-Glc- 
NAcylation of p65 in CRC cells, hence forming a 
positive feedback loop between GFTP2 and 
p65.  

GFPT2 is up-regulated in CRC and predicts 
poor prognosis for CRC patients

To assess the expression pattern of GFTP2  
and its clinicopathologic value in CRC, we 
detected the mRNA level of GFTP2 in 30 cases 
of fresh CRC tissues. The mRNA level of GFPT2 
was significantly higher in CRC tissues than  
the matched normal mucosa (Figure 5A, 5B). 
And the expression of GFPT2 in CRC tissues 
with metastasis was higher than those with- 
out metastasis (Figure 5C). We then analyzed 
GFPT2 expression in 85 cases of paraffin-
embedded archived CRC tissues by IHC. Strong 
staining for GFPT2 protein was frequently 
observed in CRC tumors, especially in lymphat-
ic and liver metastases (Figure 5D). The expres-
sion of GFPT2 was up-regulated in CRC tissues 
compared with normal mucosa and significant-
ly gradually increased in primary tumor, lym-
phatic and liver metastasis (Figure 5E). Mo- 
reover, GFTP2 expression was closely related 
with tumor stage (Figure 5F). Clinicopath- 
ological analyses showed that GFPT2 expres-
sion was correlated strongly with liver metasta-
sis and tumor stage (P<0.0001, P=0.0184, 
respectively, Table 1). Kaplan Meier survival 
analysis showed a significant poorer survival in 
CRC patients with GFPT2 high expression 
(Figure 5G, P<0.001). The above results indi-
cate that up-regulation of GFPT2 is associated 
with CRC metastasis and can be an indepen-
dent prognostic marker for survival of CRC 
patients. 
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Figure 3. Up-stream transcription factor NF-κB-P65 regulates GFPT2 to promote proliferation, migration and inva-
sion in CRC cells. A. Signal pathway enrichment in the condition of GFPT2 overexpression using gene set enrichment 
analysis in GSEA13294. B. Detection of combination of NF-κB-P65 and GFPT2 promoter by dual-luciferase report 
assay. C. The effect of NF-κB-P65 on the regulation of GFPT2 protein levels by Western blot. GAPDH was used as 
internal control. D-G. The rescue effect of GFPT2 in SW480/NF-κB-P65 or SW620/NF-κB-P65 siRNA cells on prolif-
eration, migration or invasion by CCK8 and transwell assays. Scale bars: 20 μm. Error bars represent mean ± SD 
from three independent experiments. *P<0.05.
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Expression of GFPT2 and OGT is highly linked 
in CRC tissues 

Finally, we analyzed the expression correlations 
of GFPT2 with OGT in CRC tissues. IHC results 

displayed that there was positive relationship 
between GFPT2 and OGT in 30 paraffin sam-
ples (r=0.5794, P=0.0024, Figure 6A). In 21 
cases fresh CRC tissues, there was a signifi-
cant correlation between GFPT2 and OGT 

Figure 5. GFPT2 is up-regulated in CRC and predicts poor prognosis for CRC patients. A, B. Qualification of GFPT2 
mRNA level in 30 cases of fresh CRC tissues and corresponding normal mucosa by qPCR. C. Relative mRNA level 
of GFPT2 in CRC tissues with or without metastasis. D. Representative images of GFPT2 proteins in 85 cases of 
paraffin-embedded CRC specimens by immunohistochemistry. E. Analyses of GFPT2 expression in normal tissue, 
primary tissue, lymphatic metastases or liver metastases by IHC. F. Analyses of GFPT2 expression in CRC tissues 
with different clinical stages. G. High expression of GFPT2 associated with shorter survival of CRC patients by 
Kaplan-Meier analysis. Error bars represent mean ± SD from three independent experiments. *P<0.05.

Figure 4. GFPT2 positively feedback activates NF-κB pathway via up-regulation of the glycosylation of p65 to pro-
mote invasion and metastasis of colorectal cancer. A. The effect of GFPT2 on glycosylation relative proteins: OGA, 
OGT, O-GlcNAc by Western blot. B. Combination between NF-κB-P65 and O-GlcNAc in SW480 cells by CoIP assay. C. 
The effect of GFPT2 on activating NF-κB pathway in SW480 and SW620 cells by Western blot. D. The rescue effect 
of Benzyl-d-GlcNAc on NF-κB-P65 nuclear translocation in SW480/GFPT2 cells. E. The rescue effect of Benzyl-d-
GlcNAc on NF-κB-P65 glycosylation in SW480/GFPT2 cells. F-I. The rescue effect of Benzyl-d-GlcNAc on proliferation, 
migration or invasion by CCK8, plate clone and transwell assays in SW480/GFPT2 cells. Scale bars: 20 μm. Error 
bars represent mean ± SD from three independent experiments. *P<0.05.
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(R2=0.2428, P=0.0232, Figure 6B, 6C). More- 
over, GFTP2 expression was positively correlat-
ed with OGT in GTFP2 expressing subcutane-
ous tumors (Figure 6D). These results indicate 
that GFPT2 and OGT expression is highly linked 
in CRC tissues. 

Discussion 

As a rate-limiting enzyme of HBP, there is no 
doubt that GFPT2 plays important roles in cell 
life activities, especially in cell glucose metabo-
lism [4]. Some studies have shown that GFPT2 
might be associated with cancers including 
lung adenocarcinoma [9], breast cancer [8]. 
However, relatively little is known about the 
function of GFPT2 in tumorigenesis of CRC. Our 
data showed that high expression of GFPT2 in 
CRC tissues was closely related to poor progno-
sis of patients. Consistent with that, GFPT2 pro-
moted the proliferation, invasion and metasta-
sis of CRC cells, indicating that GFPT2 plays a 
promoting role in CRC progression. 

O-GlcNAcylation, protein polysaccharide, glyco-
lipid complex can induce abnormal glycosyl-
ation [24, 25]. In our study, we observed that 
up-regulation of GFPT2 could increase the 
expression of OGT and O-GlcNAcylation, not 
OGA. OGT plays an important role during the 
transfer of GlcNAc to the serine or threonine 
residues. On the contrary, O-GlcNAcase (OGA) 
removes O-GlcNAc from proteins [21, 26]. All 
the above data verify that GFPT2 is involved in 
the regulation of glycosylation in CRC.

When the canonical NF-κB signaling pathway is 
activated, phosphorylation of two important 
Serine site in IκB protein induces IκB phosphor-
ylation and degradation. And then NF-κB pro-
teins entered nuclear to bind with target genes 
such as TNF-α, IL-6 and initiate their transcrip-
tion [27]. NF-κB signaling pathway can also be 
activated by O-GlcNAcylation. O-GlcNAcylation 
mediates NF-κB-p65 to affect the activity of 
NF-κB signal pathway [28]. It also activates the 
transcriptional function of NF-κB-c-Rel [29]. A 

Table 1. Relationship between GFPT2 expressions and clini-
copathologic features of CRC patients

Features Total 
no.

High  
expression

Low  
expression P value

All cases 85 36 49
    Age (y) 0.3953
        ≥50 58 28 24
        <50 27 9 12
    Sex 0.1715
        Male 63 29 23
        Female 22 8 13
    Differentiation 0.3852
        Well 39 14 17
        Moderate 34 21 14
        poor 12 2 5
    Tumor stage 0.0184
        T1-3 48 21 40
        T4 24 15 9
    Liver Metastasis <0.0001
        Yes 34 25 9
        No 51 11 40
    Lymph node metastasis 0.1394
        Yes 41 14 27
        No 44 22 22
    Tumor size (cm) 0.0852
        <5 56 20 36
        ≥5 29 16 13

NF-κB signaling pathway is involved 
in many tumors’ proliferation, inva-
sion and metastasis. As a member 
of NF-κB family, p65 can up-regulate 
the transactivation of target genes 
of diverse activities such as the  
cellular proliferation, inflammatory 
cytokines, chemokines, mediators 
of apoptosis and immunity [16-19]. 
Here, we verified that NF-κB-p65 
acted as an upstream transcription 
factor of GFPT2 and promoted CRC 
cells proliferation, invasion and me- 
tastasis by regulating the expres-
sion of GFPT2. 

Glycosylation is one of the major 
ways of protein modification after 
translation and plays an important 
role in life activities such as cellu- 
lar immune regulation, protein trans-
lation and degradation [20]. Glyco- 
sylation modification is also involv- 
ed in a variety of metabolic diseases 
and tumor development. In different 
tumor, abnormal glycosylation can 
affect tumor growth [21], epitheli- 
al to mesenchymal transition [22], 
tumor metastasis [23]. HBP is close-
ly related to tumor glycosylation 
modification. Alterations of metabo-
lites in HBP such as UDP-GlcNAc, 
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series of studies have reported that NF-κB- p65 
is usually O-GlcNAcylated on the serine or thre-
onine residue such as Thr-352, Thr-322 or Ser 
536 [30, 31]. High level of O-GlcNAcylation and 
NF-κB sustained activation are closely associ-
ated with pancreatic cancer [32]. But whether 
GFPT2 regulates O-GlcNAcylation of NF-κB in 
CRC is unknown. Our study revealed that GF- 
PT2 mediated the glycosylation of NF-κB-p65. 
Benzyl-d-GlcNAc, an O-GlcNAcylation inhibitor, 
effectively blocked the influence of GFPT2 in 
glycosylation of NF-κB-p65.  

Finally, we explored the expression associa-
tions between GFPT2 and OGT in CRC tissues. 
We found that the expression of GFPT2 was 
highly associated with OGT in CRC tissues. OGT 
was highly expressed in the human breast can-
cer, lung cancer, liver cancer, colorectal cancer, 
prostate cancer, etc. It is also involved in epi-
thelial-mesenchymal transition (EMT) [33], me- 
tastasis, proliferation [34], drug resistance [35] 
of tumors. Our clinical data further validated 
the high links between GFTP2 and O-GlcNA- 
cylation of P65 in CRC. 

Figure 6. Expression of GFPT2 and OGT are highly linked in CRC tissues. A. Analyses of GFPT2 and OGT in 30 cases 
of paraffin-embedded CRC specimens by immunohistochemistry. B. Detection of OGT in 21 paired fresh CRC tissues 
by Western blot. C. The relationship of protein levels between GFPT2 and OGT in 21 cases of fresh CRC tissues. D. 
Detection of OGT expression in subcutaneous tumor sections. 
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In conclusion, we present that NF-κB-p65 tran-
scriptionally up-regulates GFPT2, in turn, GFPT2 
enhances the glycosylation of NF-κB-p65, thus 
forming a positively feedback with p65, to pro-
mote CRC proliferation and metastasis. Our 
study reveals a new mechanism of GFPT2 in 
the progress of CRC.
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Figure S1. Endogenous expression and efficiency of GFPT2 transfection in CRC cells. (A, B) Endogenous expres-
sion of GFPT2 mRNA (A) and protein (B) in human CRC cells by qPCR and Western blot. (C, D) Relative mRNA (C) 
and protein (D) expressions of GFPT2 in SW480 and SW620 cells by qPCR and Western blot. (E, F) Relative mRNA 
expressions of GFPT2 and NF-κB-P65 in SW480 and SW620 cells transiently transfected with NF-κB-P65 vector or 
shRNAs by qPCR.
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Figure S2. Down-regulation of GFPT2 inhibit proliferation of CRC cells in vivo. A. Images and statistical analysis of 
subcutaneous tumor formed by SW620/NC or SW620/GFPT2 shRNA1 or SW480/GFPT2 shRNA2 cells. Qualifica-
tion of tumor weight in SW620/NC or SW620/GFPT2 shRNA1 or SW620/GFPT2 shRNA2 groups. B. Representative 
images of Ki67 staining in subcutaneous tumor sections by immunohistochemistry. Scale bars: 20 μm. Error bars 
represent mean ± SD from three independent experiments. *P<0.05.


