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Abstract:
Objective: 14-3-3σ protein is well known for its tumor suppressive function in breast cancer. However, recent evidence has 

raised the possibility that the 14-3-3σ protein may also have an oncogenic function in certain cancer types. The aim of this 

study was to investigate the oncogenic function of 14-3-3σ in adenocarcinoma cell lines of the lung (A549, H358) and colon 

(HT-29). 

Material and Methods: siRNA against 14-3-3σ was used to suppress 14-3-3σ expression. Cell proliferation, cell-cycle 

distribution and expression of related molecules were determined by MTT, flow cytometry, and western blotting, respectively. 

Results: Down-regulation of 14-3-3σ significantly reduced the proliferation of A549 and H358 by 35.0% and 31.0%, 

respectively, and significantly induced cell cycle arrest at the G0/G1 and G2/M phases, respectively. Increased p21 

expression by 43.0% was only observed in si-14-3-3σ-H358 cells. The si-14-3-3σ-HT-29 cells showed no alteration of 

cell proliferation and cell-cycle distribution but harbored reduced p53 expression by 56.0% and p27 expression by 67.0%. 

Conclusion: 14-3-3σ may have an oncogenic function in lung adenocarcinoma but play a different role in colon cancer. 
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Introduction
 14-3-3 proteins are a family of conserved regulatory 

proteins that are expressed in all eukaryotic cells.1 The 

14-3-3 proteins contain a phosphorylated serine, or 

threonine residues that preferentially bind to various 

binding proteins. This, binding of 14-3-3 proteins has 

diverse effects which depends on the binding partners.2,3 

In mammalian cells, the 14-3-3 proteins can be classified 

into 7 isoforms, identified as β, γ, ε, η, σ, τ, and ζ.1,4 

Among these isoforms, 14-3-3σ has been shown to be 

involved in cellular processes such as the deoxyribonucleic 

acid (DNA) damage response, cell proliferation, cell cycle, 

and apoptosis.2,5 Although, much recent evidence has 

indicated an as sociation between 14-3-3σ and cancer 

development, the exact role of this protein are as yet 

unknown.

 Functionally, 14-3-3σ has been reported to act as 

both as a tumor suppressor and an oncogene in various 

cancers. Loss of expression of 14-3-3σ expression has 

been observed in breast cancer6 and ovarian, prostate, 

and endometrial cancer,7 while being found in increased 

levels in colon cancer,8 lung cancer9 and pancreatic cancer.10

A previous studies has demonstrated that 14-3-3σ
functions as a tumor suppressor by exerting positive 

regulation on p53 activity resulting in inhibition of tumor 

growth.11 Elevated expression of 14-3-3σ has been shown 

to arrest the cell cycle at the G2 phase of colon and breast 

cancer cells.12,13 By contrast, in an oncogenic role, ectopic 

expression of 14-3-3σ has been reported to promote 

proliferation of lung cancer cells,14 and motility or invasion 

of colon15 and breast16 cancer cells. These different roles 

have also been demonstrated in a clinical setting. 

Decreased expression of 14-3-3σ has been associated 

with a poor prognosis in cholangiocarcinoma,17 breast 

carcinoma,18 and uterine serous carcinoma19 whereas 

increased expression of 14-3-3σ in colon,8 pancreatic,10 and 

gastric20 cancers has been associated with a poor prognosis.

 Overall, these evidences indicate that 14-3-3σ 
plays different roles in tumorigenesis in different types of 

cancers. In this present study, specifically targeted siRNA 

was used to down-regulate the expression of 14-3-3σ
in lung (A549 and H358) and colon (HT-29) cancer cells 

to investigate the effect of 14-3-3σ on cell proliferation.

Material and Methods
 Cell culture 

 The A549 and H358 human lung cancer cell lines 

were purchased from the American Type Culture Collection 

(Manassas, VA, USA) and cultured in RPMI 1640 medium 

(Gibco, Grand Island, USA). The HT-29 human colon cancer 

cell line was a generous gift from Dr.Potchanapond 

Graidist and maintained in DMEM medium (Gibco, Grand 

Island, USA). All media were supplemented with 10.0% 

fetal bovine serum (FBS), 100 U/ml penicillin, and 100 µg/

ml streptomycin (Gibco, Grand Island, USA). Cells were 

incubated at 37 ˚C in a 5% CO2 humidified atmosphere.

 Silencing of 14-3-3σ expression 

 The 14-3-3σ targeted siRNA (si-14-3-3σ) and 

non-targeting siRNA (si-control) (Thermo Fisher Scientific, 

MA, USA) were diluted separately in Opti-MEM I (Gibco, 

Grand Island, USA) to final concentration of 40 nM. 

Transient transfection of siRNA was performed using 

Lipofectamine transfection reagent 2000 (Invitrogen, CA, 

USA) according to the manufacturer’s protocol. The 

A549 (2×105 cells/well) and H358 (3×105 cells/well) 

cells were suspended in antibiotic-free medium. Then 

the cell suspensions were combined with si-14-3-3σ
or si-control containing transfection reagent and seeded 

in a 6-well plate. For the HT-29, the cells (1×105 cells/

well) were seeded in a 24-well plate and cultured for 

24 hr, until the cells reached 50.0-60.0% confluence. 

Pre-plated cells were incubated with a transfection 

mixture containing si-14-3-3σ or si-control. 
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 The media were replaced at 6 hr for A549 and 

H358 and at 24 hr for HT-29. The cells were grown in a 

5% CO2 humidified atmosphere at 37 ˚C and harvested 

at 48 hr (A549 cells) or 72 hr, (H358 and HT-29 cells) after 

transfection. Cells without treatment (Cells) and trans-

fected cells with only transfection reagent (Mock) were 

assigned as controls.

 Cell proliferation assay 

 The 3-(4, 5-dimethyl thiazol-2-yl)-2, 5-diphenyl 

tetrazolium bromide (MTT) assay was used to determine 

the proliferation of cells. After siRNA transfection as 

mentioned above, the cells were trypsinized and seeded 

in a 96-well plate for 24 hr at density of 2×104, 3×104, 

or 1×104 cells/well for the A549, H358 or HT-29 cells, 

respectively. The cells were washed and treated with 

100 µl of media containing 0.5 mg/ml MTT solution 

(Invitrogen, CA, USA) for 2 hrs at 37 °C. The media were 

removed and reaction was stopped by the addition of 

100 µl DMSO (Amresco, OH, USA). The reaction products 

were quantified by measuring the absorbance at 550 

and 650 nm using a microplate reader (Molecular Devices, 

CA, USA). The optical density value of the cells without 

treatment was considered as 100.0% cell proliferation. Cell 

growth in the other groups was expressed as a percentage 

by comparing them with cells without treatment. 

 Cell cycle analysis

 After siRNA transfection, cells were trypsinized 

and washed with ice-cold phosphate-buffered saline 

(PBS). The cells (2.5-5x105 cells) were fixed in ice-cold 

70.0% ethanol and incubated at -20 °C for at least 3 hr. 

The fixed cells were centrifuged at 300 g for 5 min and 

washed with 200 µl PBS. The cells were then resuspended 

in 200 µl of MuseTM cell cycle reagent containing propidium 

iodide at room temperature in the dark for 30 min and 

analyzed using the Muse® Cell Analyzer (Merck Millipore, 

CA, USA). 

 Western blotting

 Cells were lysed with a radioimmunoprecipitation 

assay (RIPA) buffer (EMD Millipore, CA, USA) containing 

freshly prepared a protease inhibitor cocktail (Roche, 

Beijing, China). Protein concentrations were determined 

using the Bradford assay (Bio-Rad Laboratories, Hercules, 

USA). Total protein (30 µg) was loaded into a 12.0% sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE) gel solution and transferred to a nitrocellulose 

membrane (Bio-Rad Labora-tories, Hercules, USA) which 

was then blocked with 3.0% BSA for 1 hr and probed with 

1:500 of mouse anti-14-3-3σ (Santa Cruz Biotechnology, 

CA, USA), mouse anti-p21/WAF1/Cip1 (MD Millipore, Billerica, 

USA), and rabbit anti-p27 (MD Millipore, Billerica, USA), 

rabbit anti-p53 antibodies and 1:1000 of rabbit anti-β-actin 

(Cell Signal-ing Technology, MA, USA) antibody overnight 

at 4˚C. 

 After washing, the membranes were incubated 

with either horseradish peroxidase conjugated goat 

anti-mouse or rabbit antibodies (1:2,000; MD Millipore, 

Billerica, USA) for 1-2 hr at room temperature. Protein 

expressions were detected with chemiluminescence 

SuperSignal West Pico or Dura chemiluminescent sub-

strate (Thermo Fisher Scientific, MA, USA). Protein bands 

were visualized using a couple-charged device (CCD) 

camera (Vilber Lourmat, Eberhardzell, Germany). Intensities 

of the bands were quantified using CCD software 

(Biogenomed, CA, USA). The relative expression of each 

protein was deter mined by normalization with internal 

control β-actin. 

 Statistical analysis

 Three independent experiments were carried out. 

Data were expressed as mean±standard deviation (S.D.). 
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The differences of outcomes between the si-14-3-3σ group 

and the control groups, (cells, mock, and si-control) were 

analyzed by Student’s independent t-test. A p-value less 

than 0.05 was considered statistically significant. 

Results
 Effect of down-regulation of 14-3-3σ on cell 

proliferation

 14-3-3σ levels following siRNA silencing were 

analyzed by western blotting. Such analysis revealed 

that the 14-3-3σ-targeted siRNA effectively silenced 

14-3-3σ expression in A549, H358, and HT-29 cells by 

59.0%, 51.0%, and 44.0%, respectively (Figure 1A). In A549, 

decreased 14-3-3σ expression resulted in inhibition of 

cell proliferation by 35.0%, 36.0%, and 30.0% compared 

with non-transfected cells (p-value=0.013), mock (p-value=

0.018) and si-control (p-value=0.040), respectively. Similar 

to A549, the si-14-3-3σ-H358 cells revealed a significant 

reduction in cell proliferation by 31.0%, 20.0%, and 44.0% 

compared with the non-transfected cells (p-value=0.013), 

mock (p-value=0.021) and si-control (p-value=0.013), 

respectively. By contrast, down- regulation of the 14-3-3σ 

did not have any effect on cell proliferation in the HT-

29 cells (Figure 1B). 

 Effect of down-regulation of 14-3-3σ on cell 

cycle 

 To elucidate the effect of 14-3-3σ down-regulation 

in mediating cell cycle arrest, cell cycle analysis after 

14-3-3σ knockdown was performed by flow cytometry 

(Figure 2). In A549, the results showed that G0/G1-phase 

DNA content was significantly increased in si-14-3-3σ
transfected cells by approximately 7.0% compared with 

the non-transfected cells (p-value=0.015) and significant 

reductions in S-phase by 3.0% (p-value=0.032) and in 

G2/M-phase by 3.2% (p-value=0.017) compared with 

the non-transfected cells were also found. 

Figure 1 Effects of siRNA against 14-3-3σ in the expression 

 of 14-3-3σ protein by western blot analysis (A) 

 and MTT proliferation assay (B) in A549, H358 

 and HT-29 cells (si-14-3-3σ) compared to 

 untransfected cells (Cell), transfected cells with 

 only transfection reagent (Mock) and transfected 

 cells with non-targeting siRNA (si-control). 

 Untransfected cells are considered as 100.0% 

 cell proliferation. 

*p-value<0.05 is considered as a significant difference 

 from the controls. 
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 By contrast, the si-14-3-3σ-transfected H358 

cells showed a 4.0% decrease in the G0/G1-phase DNA 

content compared with that of the non-transfected cells 

(p-value=0.026) and an increase in DNA content of the 

G2/M-phase by 4.0% when compared with the non-

transfected cells (p-value=0.050). However, siRNA-trans-

fected HT-29 cells did not show significant alteration of 

DNA content compared with the controls. 

 Effect of down-regulation of 14-3-3σ on cell 

cycle regulatory proteins

 To examine the effect of 14-3-3σ down-regulation 

on cell cycle regulatory proteins, expressions of p21, p27, 

and p53 were evaluated by western blotting. In lung cancer 

cells, there were no significant differences of p21 and p27 

expressions in si-14-3-3σ transfected A549 (Figure 3A) 

whereas there was a significant increase of p21 expression 

in si-14-3-3σ transfected H358 by 43.0% compared to 

the non-transfected cells (p-value=0.015) (Figure 3B). 

 For HT-29 colon cancer cells, dramatic reductions 

of p53 and p27 expression in transfected cells compared 

to the controls were observed. The si-14-3-3σ-HT-29 

cells showed decreased p53 expression by 56.0% 

compared to the non-transfected cells (p-value=0.010). 

The p27 expression was also markedly reduced by 67.0% 

in the transfected cells when compared with the non-

transfected cells. The p53 protein was not detected in 

A549 and H358. Similarly, the p27 and p21 proteins were 

not detected in H358 and HT29, respectively (Figure 3C). 

Discussion
 Accumulating data indicated that 14-3-3σ parti-

cipates in tumorigenesis and correlates with the prognosis. 

However, results from different types of cancers are different. 

In this study, we evaluated the role of 14-3-3σ on cell 

Figure 2 Effect of siRNA against 14-3-3σ on cell cycle by 

 flow cytometry in A549 (A), H358 (B) and HT-

 29 (C) compared to untransfected cells (Cell), 

 transfected cells with only transfection reagent 

 (Mock) and transfected cells with non-targeting 

 siRNA (si-control). Data are expressed as mean

 ±S.D. from three independent experiments. 

*p-value<0.05 is considered as a significant different from 

 the controls.
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Figure 3  Effect of siRNA against 14-3-3σ in the expressions of p21, p27 and p53 by western blotting in A549 (A), 

 H358 (B) and HT-29 (C) cells compared to untransfected cells (Cell), transfected cells with only trans-

 fection reagent (Mock) and transfected cells with non-targeting siRNA (si-control). Data are expressed as 

 mean±S.D. from three independent experiments. 

 *p-value<0.05 is considered as a significant different from the controls.
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proliferation in lung and colon cancer cell lines. Our 

results revealed that down-regulation of 14-3-3σ signi-
ficantly reduced proliferation of lung cancer cells and 

induced cell-cycle arrest at the G0/G1 and G2/M phases 

in A549 and H358, respectively, while there was no 

effect on cell proliferation of colon cancer cells. 

 14-3-3σ has been proposed as an oncogene in 

lung cancer. Increased expression of the 14-3-3σ has 

been observed in lung cancer21 and it has also been 

associated with progression from in situ to invasive 

adenocarcinoma of the lung.22 In addition, Shiba-Ishii 

et al.22 found that the expression of 14-3-3σ induced 

proliferation of A549 cells whereas down-regulation 

of this protein significantly decreased their prolife-

ration. Our results are consistent with this report, 

indicating that 14-3-3σ may function as an oncogene 

in lung adenocarcinoma. In colon cancer, oncogenic and 

tumor suppressor functions have been reported. Ide et al.15 

found that migration was activated in colorectal carcinoma 

cells with high expressions of 14-3-3σ. In contrast, other 

studies have shown that 14-3-3σ induces G2 arrest 

and inhibits proliferation of colorectal cancer cells.12,23,24 

Additionally, some studies have found that 14-3-3σ 

negatively regulated the cell cycle through cyclin-

dependent kinase association resulting in preventing 

these proteins from entering the nucleus.24 However, 

this present study found no effect on cell proliferation in 

colon cancer cells after the silencing of 14-3-3σ. 

 Previous studies have also shown that 14-3-3σ 

and p53 are functionally linked. Thus, a reduction of cancer 

cells after the silencing of 14-3-3σ may be associated 

with p53 function. Yang et al.11 have demonstrated that 

14-3-3σ positively regulated p53 resulting in the arrest 

of cells, we expected that phase of the cell cycle would 

be effected after the silencing of 14-3-3σ in human cancer 

cell lines with differing p53 statuses, including A549 

(p53 wild-type), H358 (p53 deleted), and HT-29 (p53 

mutated). However, we could not detect the endogenous 

wide-type p53 expression in A549. It may be that p53 

is naturally unstable and prone to degradation through 

the Mdm2-mediated p53 ubiquitination.25 In contrast, 

the ubiquitinating process of p53 is impaired in mutant-

type p53 cells26 and this result in accumulation of 

mutated p53 protein in HT-29 cells. 

 Interestingly, although the down-regulation of 

14-3-3σ had a significant effect to the reduction of the 

proliferation of lung cancer cells, there were no apparent 

changes in p21 and p27 expressions which are down-

stream molecules of p53 in A549. It may indicate that 

the proliferation of lung cancer cells is not due to the 

p53-associated 14-3-3σ expression and it is possible 

that 14-3-3σ regulates cell proliferation by other 

mechanisms. Chang et al.27 have demonstrated that 

14-3-3σ mogulated the cell proliferation of mouse 

embryonic stem cells through regulation of GSK-3β and 

β-catenin. Furthermore, an increased expression of p21 

in H358 cells harboring a p53 deletion after silencing 

of 14-3-3σ implies p53-independent regulation of p21 

expression. We speculated that 14-3-3σ can directly 

bind to p21 and a decrease of 14-3-3σ may diminish 

binding of 14-3-3σ to p21 contributing to an increase of 

p21 and promoting cell cycle arrest in H358 cells.

 In colon cancer, although we did not observed 

any alteration in cell proliferation, a reduction of p53 and 

p27 expressions was shown. Casalini et al.28 have shown 

that the p53 regulated the expression of p27. Thus, it 

is possibly that the decreased expression of p53 after 

silencing of 14-3-3σ affects the p27 expression. This 

alteration is not related to the cell proliferation of colon 

cancer, but may be involved with other functions. For 

example, Besson et al. have shown that p27 regulated 

cell migration of mouse embryonic fibroblasts via 

modulation of the Rho pathway.29 
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Conclusion
 In conclusion, our results support the hypothesis 

that 14-3-3σ may serve as an oncogene in lung adeno-

carcinoma, and it may play a different role in colon cancer. 
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