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Background: The PI3K family participates in multiple signaling pathways to regulate cellular 

functions. PI3K/Akt signaling pathway plays an important role in tumorigenesis and develop-

ment. O-GlcNAcylation, a posttranslational modification, is thought to modulate a wide range 

of biological processes, such as transcription, cell growth, signal transduction, and cell motility. 

O-GlcNAcylation is catalyzed by the nucleocytoplasmic enzymes, OGT and OGA, which adds 

or removes O-GlcNAc moieties, respectively. Abnormal O-GlcNAcylation has been implicated 

in a variety of human diseases. However, the role of O-GlcNAcylation in tumorigenesis and 

progression of cancer is still under-investigated. Understanding the O-GlcNAc-associated 

molecular mechanism might be significant for diagnosis and therapy of cancer.

Methods: Human thyroid anaplastic cancer 8305C cells were used to evaluate the role of 

O-GlcNAcylation in tumorigenesis and progression of cancer. The global O-GlcNAc level of 

intracellular proteins was up-regulated by OGA inhibitor Thiamet-G treatment or OGT over-

expression. Cell proliferation was assessed by MTT assay. Invasion in vitro was determined 

by Transwell assay, and phosphorylation of Akt1 at Ser473 was assessed by Western blot for 

activity of Akt1. PI3K-specific inhibitor LY294002 and RNA interference of Akt1 were used 

to investigate the impact of PI3K/Akt signaling on the regulation of O-GlcNAcylation during 

tumor progression.

Results: Cell models with remarkably up-regulated O-GlcNAcylation were constructed, and then 

cell proliferation and invasion were determined. The results indicated that the proliferation was 

not affected by OGA inhibition or OGT overexpression, while the invasion of 8305C cells with 

OGA inhibition or OGT overexpression was obviously increased. Akt1 activity was stimulated 

by elevated O-GlcNAcylation by mediating phosphorylation at Ser473. The enhanced invasion of 

thyroid cancer cells by Thiamet-G treatment or OGT overexpression was significantly depressed 

by PI3K inhibitor LY294002. Moreover, silence of Akt1 remarkably attenuated the increase 

of cell invasion induced by Thiamet-G treatment, but the invasion was still higher compared 

to Akt1-silenced only cells. In other words, Thiamet-G restored the invasion of Akt1-silenced 

thyroid cancer cells, but it was still lower relative to Thiamet-G-treated only cells. 

Conclusion: Taken together, our findings suggested that O-GlcNAcylation enhanced the 

invasion of thyroid anaplastic cancer cells partially by PI3K/Akt signaling, which might be a 

potential target for the diagnosis and treatment of thyroid anaplastic cancer.
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Introduction
The PI3K family participates in multiple signaling pathways to regulate cellular func-

tions. The lipid products produced by PI3K activation, PI(3,4)P2 and PI(3,4,5)P3 as 

the second messengers, bind and activate the intracellular target proteins to form a 
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signal transduction cascade, and finally adjust proliferation, 

differentiation, survival, and migration of cells.1 Akt (or 

PKB) is a serine/threonine protein kinase, the downstream 

molecule of PI3K. There are at least three Akt family mem-

bers: Aktl/PKBα, Akt2/PKBβ, and Akt3/PKBγ, which play 

individual roles respectively in the regulation of cell func-

tions. PI3K/Akt signaling pathway plays a significant role in 

tumorigenesis and development. In recent years, the signal 

transduction pathway has attracted a great deal of attention 

and has become an important target for cancer treatment.

There are two ways to activate PI3K. First, interaction 

with growth factor receptor with phosphorylated tyrosine 

residues or junction protein leads to PI3K activation by 

change of the dimer conformation. Second, direct combina-

tion with Ras and P110 contributes to activation of PI3K.2 

PI3K activation generates the second messenger PIP3 in 

plasma membrane interplay with signaling protein Akt 

and PDK1 containing PH structural domain, promoting the 

activation of Akt by Thr308 phosphorylation by PDK1. Akt 

could also be activated by the phosphorylation of Ser473 

induced by PDK2 (such as ILK).3 Activated Akt activates 

or inhibits the downstream target proteins, such as Bad, 

caspase-9, NFκB, GSK-3, FKHR, p21Cip1, and p27 Kip1, 

and further regulates cell proliferation, differentiation, 

apoptosis, and migration.

Invasion is a critical process during tumor metastasis. 

PI3K can deliver integrin-mediated invasion signal, neces-

sary especially for integrin α2β1-, α6β4-, and αVβ3- medi-

ated invasion behavior. For example, PI3K-αVβ3-mediated 

invasion is a characteristic of prostate cancer. In breast 

cancer and ovarian cancer, overexpression of Akt2 could 

up-regulate integrin β1 through Col4 to increase cell invasion 

and metastasis.4 Sustained expression of Akt could induce 

epithelial mesenchymal transition of squamous cancer cell 

lines to enhance cellular motility needed in tissue invasive-

ness and metastasis.5 These results implied that PI3K/Akt 

signaling had a critical impact on tumor cell invasion.

O-GlcNAcylation, a posttranslational modification of 

serine and threonine groups on nuclear and cytoplasmic pro-

teins with O-GlcNAc, is thought to modulate the function and 

activity of proteins in cells.6 Reversible O-GlcNAcylation is 

catalyzed by the nucleocytoplasmic enzymes, OGT and OGA, 

which adds or removes O-GlcNAc moieties, respectively.7 

O-GlcNAcylation is involved in a wide range of biological 

processes, such as transcription, cell growth, signal transduc-

tion, cell motility, and metabolism.8–10 Abnormally regulated 

O-GlcNAcylation has been implicated in diseases such as 

diabetes, Alzheimer’s disease, and cancer.7,11 However, the 

role of O-GlcNAcylation in tumorigenesis and progression 

of cancer is still under-investigated.

In this study, we investigated whether increased 

O-GlcNAcylation of cellular proteins could affect PI3K/

Akt signaling in 8305C thyroid anaplastic cancer cells. Our 

results demonstrated, for the first time, that up-regulation of 

O-GlcNAcylation enhances the invasion of thyroid cancer 

cells partially by promoting PI3K/Akt1 signaling.

Material and methods
cell culture and treatments
The 8305C thyroid anaplastic cancer cells (European Col-

lection of Cell Cultures), were grown in advanced minimum 

essential medium supplemented with 2 mM glutamine 

and 5% fetal bovine serum in a humidified atmosphere 

containing 5% CO
2
 at 37°C. Cells were treated with 5 μM 

of the OGA inhibitor Thiamet-G (Thia-G) for 24 hours 

or the indicated time period. When grown to 80% fusion, 

8305C cells were cultured in medium without serum (if 

treating with Thia-G, 5 μM of Thia-G should be added at 

this time). Cells were treated with 2 μM of LY294002 for  

24 hours (control was treated with the same volume of 

dimethyl sulfoxide) to be used for immunoblotting or were 

counted and prepared for invasion assay. 

pCMV-Flag-OGT, a Flag-tagged human nuclear/

cytoplasmic OGT expression vector was used.12 Cell transfec-

tions were carried out using Lipofectamine™ 2000 (Thermo 

Fisher Scientific, Waltham, MA, USA) according to the 

manufacturer’s instructions.

Small interfering RNA (siRNA) that targets the cod-

ing region of human Akt1 messenger RNA (mRNA) 

sequences was designed and used to suppress Akt1 

expression in the 8305C cells. The targeting sequences 

were: siAkt1-1, GCTACTTCCTCCTCAAGAACG;  

siAkt1-2, GGACGGGCACATCAAGATAAC; control (Ctrl),  

ACGTGACACGTTCGGAGAATT. Small interfering Akt1 

sequences were cloned into pLKO.1 lentivirus vectors. 

Lentiviruses of pLKO.1-based vectors were produced 

by co-transfection with ∆8.2 and VSV-G plasmids into 

HEK293T cells. The infected cells were treated with 8 μg/mL 

puromycin for 2 weeks.

real-time reverse transcription 
polymerase chain reaction (rT-Pcr)
RNA was isolated from the 8305C cells using the Total RNA 

Isolation kit (A&A Biotechnology, Gdynia, Poland) accord-

ing to the manufacturer’s instructions. First strand cDNAs 

were obtained by reverse transcription of 1 μg of total RNA 
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using RevertAid™ First Strand cDNA Synthesis Kit (Thermo 

Fisher Scientific) following the manufacturer’s protocol. 

Real-time amplification of the cDNA was performed using 

TaqMan® Gene Expression Assay (Thermo Fisher Scientific) 

according to the manufacturer’s instructions. The fluoro-

genic, FAM-labeled probes and the sequence-specific primers 

of gene coding Akt1 and the internal control glyceraldehyde 

3-phosphate dehydrogenase (GAPDH) were used. Fold dif-

ferences in Akt1 expression, normalized to GAPDH levels 

were calculated using the formula 2∆∆Ct. Relative amounts of 

mRNA in siRNA-treated cells are indicated as the percentage 

of the amount of mRNA in the untreated cells.

Western blotting
Cells were lysed in cell lysis buffer for Western blot and 

IP (P0013, Beyotime Biotechnology, Jiangsu, People’s 

Republic of China) containing a protease inhibitor cocktail 

(Hoffman-La Roche Ltd., Basel, Switzerland) and 5 μM 

PUGNAc (an OGA inhibitor; Toronto Research Chemicals 

Inc., Toronto, Canada). Protein samples (50 μg) were sepa-

rated by 12% sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) and transferred to Immobilon-P 

membranes (EMD Millipore, Billerica, MA, USA). Antibod-

ies to O-GlcNAc (RL2, Affinity Bio-Reagents, Golden, CO, 

USA; CTD110.6, Abcam plc, Cambridge, UK), OGT (F-12; 

Santa Cruz, CA, USA), Akt1 (Cell Signaling Technology, 

Beverly, MA, USA), phospho-Akt1 (Ser473, Cell Signaling 

Technology), and GAPDH (Santa Cruz, CA, USA) were used 

for detection by ECL detection reagent (GE Healthcare UK 

Ltd, Little Chalfont, UK).

cell proliferation assay
Cell proliferation was assessed by MTT dye conversion. 

Briefly, cells were seeded 104 per well in a 96-well, flat bot-

tom plate after transfection. Cells were allowed to grow in a 

37°C, 5% CO
2
 incubator for 48 hours, followed by another  

4 hours after 20 μL of 5 mg/mL MTT was added to each well. 

Cells were lysed by addition of 200 μL dimethyl sulfoxide. 

Absorbance was measured at 490 nm using an enzyme-linked 

immunosorbent assay (ELISA) reader.

cell invasion assay
Invasion assay was performed using Transwell chambers 

(6.5 mm; Corning Incorporated, Corning, NY, USA) with  

8 μm pore membranes. The upper face of the membrane was 

covered with 70 μL of Matrigel (1 mg/mL; BD Biosciences, 

San Jose, CA, USA). The lower chamber was filled with 

600 μL of NIH-3T3-conditioned medium with or without 

OGA inhibitors. Cells (5×104) were suspended with 100 μL 

of advanced MEM with 1% fetal calf serum and plated into 

the upper chamber with or without OGA inhibitors. After 24 

hours, the number of cells appearing by crystal violet staining 

on the undersurface of the polycarbonate membranes was 

scored visually in six random fields at 100× magnification 

using a light microscope. 

statistical analysis
All of the experiments were repeated at least three times. 

Statistical significance was analyzed using the SPSS 11.0 

software program. The value of P,0.05 was considered 

statistically significant. Data were presented as the 

mean ± standard error of the mean.

Results
Up-regulation of O-glcnacylation level 
To increase the O-GlcNAcylation of proteins, 8305C cells 

were treated with Thia-G which is a highly selective OGA 

inhibitor that potently inhibits activity of OGA in cells. 

Thia-G, by preventing O-GlcNAc cycling of proteins, leads 

to globally elevated levels of this modification. The 8305C 

cells were treated with 5 μM Thia-G for 24 hours. As 

expected, Thia-G effectively increased the O-GlcNAc level 

in treated cells (Figure 1A). Additionally, we used the alter-

native methodological approach to up-regulate O-GlcNAc 

level, ie, OGT protein overexpression. Human nuclear/

cytoplasmic OGT expression plasmid (500 ng) was used to 

transfect into 8305C cells for 24 hours. The result showed 

that OGT overexpression drastically elevated OGT protein 

expression as well as O-GlcNAcylation level in 8305C cells 

(Figure 1B). These approaches enabled us to identify the 

effects of O-GlcNAcylation on the biological properties of 

thyroid anaplastic cancer cells.

O-glcnacylation does not affect the 
proliferation of thyroid anaplastic cancer 
cells
To investigate whether O-GlcNAcylation affects cell prolif-

eration, 8305C cells were treated with 5 μM Thia-G or 500 ng 

OGT plasmid transfection for 24 hours. MTT assay was per-

formed. Surprisingly, Both OGA inhibition and OGT overex-

pression did not affect cellular growth (Figure 2A and B).

O-glcnacylation enhances the invasion 
of thyroid anaplastic cancer cells 
To determine whether the changes in O-GlcNAcylation level 

affect cell invasion in vitro, thyroid anaplastic cancer 8305C 
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Figure 1 O-glcnacylation was up-regulated by Thiamet-g treatment and OgT overexpression. 
Notes: The 8305c cells were treated with 5 μM Thiamet-g (Thia-g) (A) or OgT overexpression (B) for 24 hours. Western blot was used for analysis of changes in the 
O-glcnacylation level of cellular proteins with anti-O-glcnac antibodies (cTD110.6 and rl2). anti-OgT (F-12) antibody was used to detect OgT protein expression.
Abbreviations: ctrl, control; gaPDh, glyceraldehyde 3-phosphate dehydrogenase.

cells were treated with 5 μM Thia-G or 500 ng OGT plasmid 

transfection for 24 hours. Then invasion assay was carried out. 

The result indicated that both OGA inhibition and OGT over-

expression markedly enhanced cell invasion relative to the 

untreated or OGT-unexpressed controls (Figure 3A and B).  

The aforementioned results suggested that the increased 

invasion mediated by O-GlcNAcylation was irrelevant to 

cell proliferation.

Up-regulation of O-glcnacylation 
increases akt1 phosphorylation at ser473
The 8305C cells were treated with 5 μM Thia-G or were trans-

fected with 500 ng OGT plasmid, and then cell lysates were 

resolved by SDS-PAGE, and phospho-Akt1 (Ser473) or Akt1 

were determined with specific antibodies (Figure 4A and B).  

An increase in Ser473 phosphorylation was noted both 

in the cells treated with Thia-G and OGT plasmid in  

comparison to the control cells (untreated or treated 

with empty vector). This result suggested that increased  

O-GlcNAcylation promoted invasion of thyroid cancer cells 

probably by stimulating Akt1 activation.

lY294002 depresses the promotive 
effect of O-glcnacylation on invasion of 
thyroid anaplastic cancer cells 
Considering that Akt1 activity could be strictly controlled 

by the upstream protein PI3K, we speculated that PI3K/Akt 

signaling pathway might play a role in the modulation of  

O-GlcNAcylation in invasion of thyroid anaplastic cancer 

cells. Therefore, PI3K-specific inhibitor LY294002 was used 

Figure 2 Up-regulation of O-glcnacylation does not affect proliferation of thyroid anaplastic cancer cells. 
Notes: MTT assay was used to evaluate cell proliferation. (A) Thiamet-g (Thia-g) treatment and (B) OGT overexpression did not significantly increase the proliferation 
of 8305c cells. 
Abbreviations: NS, no significance; Ctrl, control. 
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to block PI3K/Akt pathway to determine the aforementioned 

hypothesis. First, the impact of LY294002 on Akt1 activity in 

8305C cells was determined. It was shown that LY294002 nota-

bly decreased phosphorylation at Ser473 of Akt1 (Figure 5A).  

Based on the result, invasion assay of thyroid anaplastic 

cancer cells was performed (Figure 5B). We demonstrated 

that LY294002 significantly attenuated the promotive impact 

of O-GlcNAcylation on invasion of thyroid anaplastic cancer 

cells accompanied by reduced Akt1 activity, but the invasion 

was still higher than that of untreated control cells. It was 

implied that PI3K/Akt signaling was involved in the regula-

tion of O-GlcNAcylation in invasion of thyroid cancer cells, 

but was not an exclusive approach.

silence of akt1 protein in thyroid 
anaplastic cancer cells
To verify the aforementioned results, two siRNA duplexes 

(siAkt1-1 and siAlt1-2) were used to down-regulate the 

Figure 3 Up-regulation of O-glcnacylation enhances the invasion of thyroid anaplastic cancer cells in vitro. 
Notes: Transwell assay was used to assess the invasion of thyroid anaplastic cancer cells. (A) Thiamet-g (Thia-g) treatment and (B) OGT overexpression significantly 
promoted the invasion of 8305c cells. **P,0.01 (student’s t-test). error bars represent the mean ± standard error of the mean of three independent experiments.
Abbreviation: ctrl, control. 

Figure 4 Up-regulation of O-glcnacylation increases akt1 phosphorylation. 
Notes: The 8305c cells were treated with (A) 5 μM Thiamet-g (Thia-g) or (B) OgT overexpression for 24 hours. cell lysates were prepared and used for Western 
blots for p-Akt1 (Ser473), Akt1, and GAPDH (loading control) with anti-p-Akt1 (Ser473), anti-Akt1, and anti-GAPDH antibodies. The blots of p-Akt1 were quantified by 
densitometry, and the results were expressed as a ratio relative to the values obtained in untreated control cells. error bars represent the mean ± standard error of the 
mean of three independent experiments, **P,0.01.
Abbreviations: ctrl, control; gaPDh, glyceraldehyde 3-phosphate dehydrogenase.
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expression of Akt1. The control cells were transfected with 

a non-silent scrambled RNA duplex. The effect of RNAi was 

assessed by real-time RT-PCR and Western blot analysis. 

Both siRNAs caused an obvious decrease in the mRNA 

level and protein expression (Figure 6A and B). However, 

siAkt1-2 was more effective in reduction of Akt1 level, thus 

it was chosen for further experiments.

akt1 silencing disrupts the promotion of 
O-glcnacylation on invasion of thyroid 
anaplastic cancer cells
Akt1-silenced 8305C cells were treated with 5 μM 

Thia-G to assess the impact of Akt1 on the process that 

Figure 5 The inhibition of lY294002 on the regulation of O-glcnacylation on invasion of thyroid anaplastic cancer cells. 
Notes: For 24 hours, 5 μM Thiamet-g (Thia-g) treated or untreated and OgT overexpression or underexpressed 8305c cells were treated with 2 μM lY294002. (A) The 
inhibition of LY294002, a specific inhibitor of PI3K, on Akt1 phosphorylation (Ser473) was assessed by Western blot. (B) Transwell assay analyzed the impact of lY294002 
on invasion of Thiamet-g treated (on the left) or OgT overexpression (on the right) in 8305c cells. Western blot analysis showed the corresponding phosphorylation 
(ser473) of akt1, demonstrating the changes of akt1 activity in respectively treated cells with Thiamet-g, OgT overexpression or lY294002. anti-p-akt1 (ser473), anti-
akt1, and anti-gaPDh antibodies were used in the experiments. error bars represent the mean ± standard error of the mean of three independent experiments, *P,0.05, 
**P,0.01.
Abbreviations: ctrl, control; gaPDh, glyceraldehyde 3-phosphate dehydrogenase. 

O-GlcNAcylation enhanced the invasion of thyroid cancer 

cells. The results revealed that Akt1 silencing remarkably 

attenuated the increase of cell invasion induced by Thia-G 

treatment, but the invasion was still higher compared to 

Akt1-silenced only cells. In other words, Thia-G restored 

the invasion of Akt1-silenced thyroid cancer cells, but it was 

still lower relative to Thia-G only-treated cells and higher 

relative to untreated control cells (Figure 7A). Western 

blotting showed the levels of Akt1 protein and its Ser473 

phosphorylation in cells (Figure 7B). These findings further 

suggested that O-GlcNAcylation enhanced the invasion 

of thyroid anaplastic cancer cells partially by stimulating 

Akt1 activation.
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Figure 7 akt1 silencing disrupts the promotion of O-glcnacylation on invasion of thyroid anaplastic cancer cells. 
Notes: (A) akt1-silenced or -non-silenced 8305c cells were treated or untreated with 5 μM Thiamet-g (Thia-g) for 24 hours. invasion assay in vitro was carried out. error 
bars represent the mean ± standard error of the mean of three independent experiments, *P,0.05, **P,0.01. (B) Protein expression of akt1 and its phosphorylation in 
cells was evaluated by Western blotting using anti-akt1 and anti-pser473-akt1 antibodies. These blots are representative of three independent experiments. The blots were 
quantified by densitometry, and the results were expressed as a ratio relative to the values obtained in untreated control (Ctrl) cells. 

Figure 6 rnai-mediated down-regulation of akt1. 
Notes: The 8305c cells were treated with two different small interfering rna duplexes (siakt1-1 and siakt1-2) or control (ctrl) scrambled sirna. (A) relative amount 
of akt1 mrna 48 hours after cells were transfected with 30 nM sirnas (siakt1-1, siakt1-2) as assessed by real-time rT-Pcr. (B) Western blot analysis of changes in akt1 
protein expression level in lysates of 8305c cells treated with 30 nM sirnas for 48 hours. Western blot analysis was performed with akt1 and gaPDh antibodies.
Abbreviations: rT-Pcr, reverse transcription polymerase chain reaction; mrna, messenger rna; gaPDh, glyceraldehyde 3-phosphate dehydrogenase; ctrl, control. 

Discussion
O-GlcNAcylation, a regulatory posttranslational modifica-

tion more analogous to phosphorylation, widely occurs 

in nuclear and cytoplasmic proteins. O-GlcNAcylation is 

implicated in some important cellular processes such as 

regulation of gene expression, protein proteolysis, and 

signal transduction.8–10 Recent research has shown that 

O-GlcNAcylation is closely related to a variety of human 

cancers.13–15 In this study, we up-regulated O-GlcNAcylation 

level in thyroid anaplastic cancer cells by Thia-G treatment 

or overexpression of OGT and found that up-regulation 

of O-GlcNAcylation obviously enhanced cell invasion. 

PI3K/Akt signaling pathway is associated with a variety of 

malignant human tumors, such as breast cancer, lung cancer, 

melanoma, and lymphoma16 and is thought to function in 

a wide range of biological processes, eg, cell adhesion, 

growth, migration, invasion, and angiogenesis.1,4,17–21 Akt 

functions in the anti-apoptosis pathway by phosphoryla-

tion of downstream target protein. Sustained activation 

of Akt could prevent cell apoptosis mediated by PTEN by 

phosphorylating Bcl-2 family members BAD and protease 

caspase-9; Akt could phosphorylate κB kinase to accelerate 
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κB degradation leading to nuclear translocation of NFκB 

to further activate the target genes for cell survival.18 Addi-

tionally, Akt affected cell proliferation through regulation 

of cell cycle. Akt inhibited GSK3 kinase activity by direct 

phosphorylation to prevent the degradation of cyclin D1; 

Akt could also negatively regulate the expression of CKIs, 

such as p27Kip1 and p21Cip1. Akt modulated the activity 

of p21Cip1 by influencing the phosphorylation level and 

the binding with PCNA to increase cell proliferaion;17 Akt 

could also directly phosphorylate p27Kip1 at Thr157 result-

ing in p27Kip1 retention in the cytoplasm, preventing cell 

cycle blockade mediated by p27Kip1.22 However, in this 

study, we have not found a difference in O-GlcNAcylation-

induced proliferation by Akt activation in thyroid anaplastic 

cancer 8305C cells. This result indicates that the biological 

effects of Akt on cell survival and growth might be cell-

type specific. 

Besides, PI3K/Akt signaling involved in the tumor angio-

genesis process is mediated by multiple factors and could 

deliver invasion and metastasis signals by multiple pathways. 

PI3K participated in endothelial signaling mediated by vas-

cular endothelial growth factor (VEGF) by interacting with 

E-cadherin, β-catenin, and vascular endothelial growth factor 

receptor (VEGFR)-2 to stimulate PI3K/Akt pathway, and the 

complex of VEGFR-2- and αVβ3-mediated endothelial cell 

adhesion and migration also by the PI3K-dependent way;1,20,21 

PI3K/Akt could also regulate tumor angiogenesis by promot-

ing endothelial cell migration induced by tumor necrosis 

factor (TNF).19 Furthermore, SEMA3F prevented metastasis 

of colorectal cancer by PI3K/Akt-dependent down-regulation 

of the ASCL2/CXCR4 axis.23 Ginsenoside Rh2 inhibited 

metastasis of glioblastoma multiforme through Akt-regulated 

MMP13.24 MiR-218 inhibited the invasion and migration of 

colon cancer cells by targeting the PI3K/Akt/mTOR signal-

ing pathway.25 High glucose promoted tumor invasion and 

increased metastasis-associated protein expression in human 

lung epithelial cells by up-regulating HO-1 via reactive oxygen 

species or the TGF-β1/PI3K/Akt signaling pathway.26

As expected, our investigation revealed that up-regulation 

of O-GlcNAcylation stimulated activation of Akt1 by phos-

phorylation at Ser473. Moreover, both blocking of PI3K/

Akt pathway by a PI3K-specific inhibitor LY294002 and 

silencing of Akt1 significantly attenuated the positive regula-

tion of O-GlcNAcylation on invasion of thyroid anaplastic 

cancer cells. These results indicated that PI3K/Akt1 signaling 

participated in the regulation of O-GlcNAcylation on inva-

sion of thyroid anaplastic cancer cells. But which molecules 

functioned as the targets of PI3K/Akt1 signaling in the 

regulation process is still unclear. Recently, accumulating 

evidence demonstrates that O-GlcNAcylated target proteins 

and O-GlcNAc-modulated signaling were identified, which 

were associated with development and progression of tumor. 

It was reported that the decrease of cell surface E-cadherin 

and cell adhesion was the molecular mechanism underlying 

O-GlcNAcylation-induced breast cancer metastasis.14 Actin-

binding protein cofilin was O-GlcNAcylated by OGT and 

mainly, if not completely, mediated OGT modulation of 

cell mobility. O-GlcNAcylation at Ser-108 of cofilin was 

required for its proper localization in invadopodia at the 

leading edge of breast cancer cells during three-dimensional 

cell invasion.27 Moreover, we found that the positive impact 

of O-GlcNAcylation on cell invasion had not been com-

pletely abolished by LY294002 or Akt1 silencing. These 

findings implied that there might also be other signaling 

pathways involved in the regulation of O-GlcNAcylation 

on the invasion of thyroid anaplastic cancer cells simulta-

neously. Therefore, the molecular mechanism underlying 

O-GlcNAcylation-induced thyroid anaplastic cancer invasion 

still needs to be further investigated.

A recent study reported that a pyrazolo[3,4-d]pyrimi-

dine compound (CLM3) can inhibit Akt phosphorylation 

and attenuate the migration and invasion of primary cells 

from human anaplastic thyroid cancer and 8305C cells.28 

Therefore, blocking the PI3K/Akt signaling pathway is 

a promising approach to the treatment of thyroid cancer. 

Our study shows that up-regulation of O-GlcNAcylation 

stimulates activation of Akt1 by phosphorylation at Ser473 

and enhances the invasion of 8305C cells. These results sug-

gest that O-GlcNAcylation might play a similar role in the 

primary anaplastic thyroid cancer cells, paving the way to a 

future clinical evaluation. In order to verify the universality 

of O-GlcNAcylation regulation on the invasion, more thyroid 

cancer cell lines need to be investigated. In addition, there are 

at least three Akt family members, Aktl, Akt2, Akt3, which 

function in a distinct manner in regulating cell migration 

and invasion. Activity changes of different Akt isoforms and 

their impacts on the regulation of O-GlcNAcylation in cell 

invasion are still to be addressed.

In conclusion, we present the evidence that O-GlcNAcylation 

promotes the invasion of thyroid anaplastic cancer cells partially 

dependent on PI3K/Akt1 signaling. It is clear that understand-

ing the underlying molecular mechanism might be significant 

and beneficial for diagnosis and treatment of cancer.
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