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ovarian cancer and lung adenocarcinoma patients13,18. The 
mechanism of a high expression of CDKN3 may be the 
hypomethylation of its promoter region20 and remains to 
be further studied.

To better understand the biological function of 
CDKN3, we investigated whether depletion of CDKN3 
reduces the malignant phenotypes (such as cell prolifera-
tion, apoptotic resistance, and invasion) in gastric cancer 
cell lines. In the case of hepatocellular carcinoma, it was 
found that overexpression of CDKN3 could dramatically 
promote the proliferation of HepG2 and MHCC-LM3 
cells through the induction of G1/S transition10, suggest-
ing a positive role for CDNK3 in cell proliferation and 
cell cycle. In line with the previous study, depletion of 
CDKN3 showed a significant decrease in cell prolifera-
tion, inhibition of G1/S transition, and induction of apo-
ptosis. However, this was in contrast with our findings 
that overexpression of CDKN3 was sufficient to prevent 
K562 leukemic cells from entering the S phase of the cell 
cycle and promote apoptosis21, suggesting that CDKN3 
may negatively regulate proliferation of leukemic cells.

Invasion and migration are biological characteristics of 
malignant tumors and pose the most problems for clinical 
treatment22,23. The role of CDKN3 in cell invasion and 
migration is rarely reported and prompted us to investi-
gate whether CDKN3 has a relationship with cell inva-
sion and migration. The functional study demonstrated 
that there were no changes in cell invasion after CDKN3 
knockdown or overexpression in epithelial ovarian can-
cer13 and hepatocellular carcinoma cells10. However, we 
found a positive correlation between CDKN3 and gas-
tric cancer invasion and migration, suggesting that cells 
with positive CDKN3 expression may promote gastric 
cancer cell invasion and migration. In addition, CDKN3 
may have a different influence on cancer cells in various 
cancer types. To our knowledge, this is the first report of 

CDKN3 on tumor invasion and migration other than its 
proliferation functions.

Another issue involves the mechanism on how CDKN3 
promotes gastric cancer progression. To further investigate 
the molecular mechanism of CDKN3, Western blot analy-
sis was used to identify possible partners of CDKN3 in gas-
tric cancer cells. We identified that depletion of CDKN3 
significantly reduced the protein expression of CDK2, 
CDC25A, CCNB1, and CCNB2 in gastric cancer cells. 
CDK2 is a key protein running through the G1/S and G2/M 
phase restriction point in the cell cycle24. Overexpression 
of CDK2 is closely related to tumor progression and poor 
prognosis25. CDC25A enhances the activity of cyclin E/A-
CDK2 and thereby facilitates S phase entry and progres-
sion26. In addition, upregulation of CDC25A promotes 
gastric cancer cell proliferation27. Besides, CCNB1 could 
accumulate in the cytoplasm through the S and G2 phases 
and translocate to the nucleus during prophase28. CCNB2 
also binds to transforming growth factor-b RII, and thus 
CCNB2 may play a key role in transforming growth  
factor-b-mediated cell cycle control29. CCNB1 depletion 
or stable gene silencing of CCNB1 inhibits proliferation 
and induce apoptosis in human tumor cells30,31. Elevated 
cytoplasmic CCNB2 protein levels were strongly associ-
ated with short-term disease-specific survival of breast 
cancer patients32. All of these reports show a common 
point, that downregulation of CDK2, CDC25A, CCNB1, 
and CCNB2 inhibits cancer cell proliferation, indicat-
ing that the inhibition of gastric cancer cell viability by 
CDKN3 downregulation may occur via CDK2, CDC25A, 
CCNB1, and CCNB2.

In summary, our results have shown that CDKN3 is 
frequently upregulated in gastric cancer tissues and cell 
lines and is related to advanced clinical stage, recur-
rence, and poor clinical outcome in gastric cancer. The 
functional data strongly suggest that CDKN3 behaves 

Figure 6. Silencing CDKN3 suppresses cell cycle-associated protein expressions. (A, B) The protein levels of CDK2, CDC25A, 
CCNB1, and CCNB were detected by Western blot in SGC-7901 cells. Representative Western blots (A) and quantitative results are 
shown (B). ** p < 0.01, ***p < 0.001 compared with control.
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as an oncogene in gastric cancer, and downregulation of 
CDKN3 could inhibit gastric cancer cell proliferation, 
migration, and invasion, and induce cell cycle arrest and 
apoptosis. Our findings suggest that targeting CDKN3 
could be a novel therapeutic strategy for the prevention 
and treatment of human gastric cancer.
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