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Abstract. One of the factors limiting the survival rate of 
patients with lung cancer is the high risk for recurrence 
following surgical resection. Previous studies indicate 
that 14-3-3ζ is a central cellular hub protein that regulates 
multiple signaling pathways involved in cancer progression. 
The present study evaluated the prognostic significance of 
14-3-3ζ in patients with lung adenocarcinoma. The expres-
sion of 14-3-3ζ and E-cadherin, an important protein involved 
in the epithelial-mesenchymal transition, was evaluated by 
immunohistochemistry in lung tumor tissues and adjacent 
normal lung tissues resected from 123 patients with lung 
adenocarcinoma. The correlation between the two proteins, 
their association with clinicopathological features and 
their prognostic significance were subsequently analyzed. 
Within these parameters, an overall survival (OS) prediction 
model was constructed using multivariate Cox proportional 
hazards regression. The expression of 14‑3‑3ζ was upregu-
lated in lung adenocarcinoma, in contrast to E-cadherin, 
which was downregulated in lung adenocarcinoma tissues 
compared with normal tissues. In addition, the expression 
of 14-3-3ζ was positively correlated with that of E-cadherin 
(r=0.256, P=0.012) and differentiation (P<0.001). Increased 

E‑cadherin expression was indicative of smaller tumor size 
and greater differentiation, and the overexpression of 14-3-3ζ 
and E-cadherin were associated with longer OS (P=0.010 
and P=0.006, respectively). Finally, a multivariate analysis 
revealed that TNM stage and 14-3-3ζ were independent 
prognostic indicators (P<0.001 and P=0.026, respectively). 
14-3-3ζ may function as a tumor suppressor associated with 
E-cadherin upregulation and could be used as a prognostic 
biomarker for resected lung adenocarcinoma. These findings 
provide a novel insight on potential intervention strategies for 
patients with lung cancer.

Introduction

Lung cancer is one of the most common causes of cancer-asso-
ciated mortality worldwide (1). As the most common histology 
of non-small cell lung cancer (NSCLC), lung adenocarcinoma 
has a poorer prognosis compared with squamous cell carci-
noma due to its more rapid development and higher recurrence 
rate (2). Following surgical resection, even very early stage 
patients should be followed closely due to the high risk of 
recurrence (3). Molecular prognostic markers for recurrence 
have been extensively investigated (4). Novel prognostic gene 
expression signatures in lung adenocarcinoma should be 
confirmed using data sets containing information regarding 
patients divided into high- and low-risk groups with distinct 
overall survival rates. 14-3-3ζ, a subtype of the 14-3-3 protein 
family, is widely expressed in a number of types of cancer (5), 
and serves a critical role in tumorigenesis and tumor progres-
sion by interacting with ~100 key cellular proteins involved 
in numerous physiological processes, including intracellular 
signaling, cell cycle control, apoptosis and transcriptional 
regulation (6). Further evidence suggests that 14-3-3ζ may be 
specifically dysregulated in tumors (7). A number of cellular 
proteins targeted by 14-3-3ζ are involved in tumor development 
and progression; however, the specific molecular mechanisms 
underlying these associations remain unclear. Lu et al (8) 
suggested that 14-3-3ζ overexpression promotes the activa-
tion of the transforming growth factor-β/Smad (TGFβ/Smad) 
signaling pathway via the upregulation of Zinc finger 
homeobox 1B (ZFHX1B). Chen et al (9) identified 14‑3‑3ζ in 
complex with β-catenin as a potential promoter of metastasis 
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in lung cancer. In addition, downregulation of 14-3-3ζ has 
been reported to suppress anchorage-independent growth of 
lung cancer cells through the activation of anoikis via the 
upregulation of Bcl-2-associated agonist of cell death (Bad) 
and Bcl-2-like protein 11 coupled with a decrease of Mcl-1, 
resulting in the subsequent activation of Bcl‑2‑associated 
X protein (10). Additional studies have demonstrated that 
the phosphorylation of 14-3-3ζ by c-Jun N-terminal kinase 
releases the pro-apoptotic proteins Bad and Forkhead box 
protein O3a from 14-3-3ζ, promoting apoptosis via the mito-
chondrial apoptotic pathway and antagonizing the effects of 
RAC-alpha serine/threonine-protein kinase signaling (11,12).

Reduced 14-3-3ζ levels have been demonstrated to increase 
the G1/G0-phase ratio, and decrease the S-phase fraction 
and the rate of DNA synthesis in cell cycle (13). However, 
increasing evidence challenges its putative malignant potential. 
Clark et al (14) reported that 14-3-3ζ interaction with the Raf-1 
cysteine-rich domain (Raf-CRD) may serve in the negative 
regulation of Raf-1 function. In addition, 14-3-3ζ was demon-
strated to lead to the cytoplasmic enrichment of β-catenin, 
caused by a novel mechanism through which chibby (CBY) 
acts with 14-3-3ζ proteins to facilitate the nuclear export of 
β‑catenin, and subsequently repressing the β-catenin-mediated 
Wnt signaling pathway (15). Zhu et al (16) demonstrated that 
the binding of 14-3-3ζ and a disintegrin and metalloproteinase 
(ADAM) 22cyt enhanced cell adhesion by increasing the 
affinity of ADAM22 disintegrin to its receptor. Therefore 
14-3-3ζ interacts with a number of target proteins ranging from 
transcription factors to intracellular signaling molecules.

The present study focused on the potential role of 14-3-3ζ 
as a candidate proto‑oncogene, specifically in lung adeno-
carcinoma. Epithelial-cadherin (E-cadherin; encoded by 
CDH1) is a classical cadherin that is necessary for effective 
cell-cell adhesion (17). Loss of E-cadherin expression is a 
hallmark of the epithelial-mesenchymal transition (EMT), a 
process responsible for the increased invasiveness of tumor 
cells during tumorigenesis (18). Its downregulation during 
EMT can be due to promoter methylation or upregulation of 
transcriptional repressors, including snail, slug, twist, E12, 
E47, ZFHX1B and deltaEF1 (19). E-cadherin, traditionally 
known as a tumor suppressor gene, also regulates β-catenin 
signaling in the canonical Wnt signaling pathway (20) and its 
reduced expression has been observed in the majority of types 
of epithelial cancer, promoting tumor invasiveness and leading 
to poor patient prognosis (21). 14-3-3ζ has been proposed to be 
a metastatic factor in lung cancer (22); however, the molecular 
mechanisms underlying this effect remain unknown. In the 
present study, the association between 14-3-3ζ and E-cadherin 
was investigated in lung adenocarcinoma.

Materials and methods

Patients and samples. The current retrospective study 
included 123 patients (67 males and 56 females) with lung 
adenocarcinoma who underwent surgical resection between 
January 2009 and October 2010 in Harbin Medical University 
Cancer Hospital (Harbin, China). Clinicopathological data 
were obtained by reviewing the relevant medical charts. 
None of patients received preoperative chemotherapy or 
radiotherapy. Primary cancers were classified according to 

the TNM staging system (23,24) for lung cancer (American 
Joint Committee on Cancer Staging System, 7th Edition). 
Tumor and normal alveolar tissue specimens were collected 
in 10% formalin at room temperature for 24-48 h and 
embedded in paraffin for use in all experiments. The present 
study was approved by the Hospital Ethics Committee at the 
Harbin Medical University Cancer Hospital (Harbin, China). 
All investigators involved in the study, apart from the study 
statistician, were blinded to patient outcome throughout all 
laboratory analyses.

Immunohistochemical staining for 14‑3‑3ζ and E‑cadherin. 
Immunohistochemical staining was performed using the strep-
tavidin-peroxidase (S-P) method. The dewaxed sections (4 µm) 
were baked in an oven (70˚C) for 3 h. Endogenous peroxide 
was blocked using 3% hydrogen peroxide for 10 min at room 
temperature. Following three washes with PBS, the sections 
were incubated with blocking serum (OriGene Technologies, 
Inc., Rockville, MD, USA) for between 10 and 20 min at 
room temperature. Sections were washed and then incubated 
overnight at 4˚C with rabbit polyclonal antibodies against 
14-3-3ζ (dilution, 1:30; sc‑732; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) and rabbit polyclonal antibodies 
against E‑cadherin (dilution, 1:30; sc‑7,870; Santa Cruz 
Biotechnology, Inc.). Following another wash step, the sections 
were incubated with horseradish peroxidase-conjugated 
secondary antibody (PV-6,000; OriGene Technologies, Inc.) 
for 30 min at room temperature and the reaction products 
were visualized with diaminobenzidine. The sections were 
then counterstained with hematoxylin for 7-10 sec at room 
temperature. Immunohistochemical evaluation was performed 
independently by two pathologists using an Olympus micro-
scope (BX51; Olympus Corporation, Tokyo, Japan) and 
immunohistochemical staining was scored according to the 
following criterion: -, 0-5% of the cells stained; +, 6-25% of 
the cells stained; ++, 26-50% of the cells stained; +++, 51-75% 
of the cells stained; and ++++, 76-100% of the cells stained. 
Immunohistochemistry expression scores of 0≤ score ≤1+; and 
2+≤ score ≤4+ were classified as low expression and strong 
expression, respectively.

Statistical analysis. The data were subjected to statistical anal-
ysis using SPSS software (version 21.0; IBM Corp., Armonk, 
NY, USA). P<0.05 was considered to indicate a statistically 
significant difference. The χ2 test was used to compare patient 
clinicopathological characteristics with the expression of 
14-3-3ζ and E-cadherin. Correlation between expression levels 
was studied using Kendall's tau-b (K). Survival analysis was 
performed using the Kaplan-Meier estimator method and 
Log-rank test. Independent risk factors of prognosis were 
analyzed using the multivariate Cox proportional hazards 
model. Variables were adopted for their prognostic signifi-
cance (P<0.05) in univariate analysis using forward, stepwise 
selection (forward likelihood ratio).

Results

Expression of 14‑3‑3ζ and E‑cadherin in lung adenocar‑
cinoma tissues. The expression of 14-3-3ζ protein in lung 
adenocarcinoma samples (Fig. 1A and B; magnification, x400) 
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and adjacent normal alveolar tissues (Fig. 1C and D; magnifi-
cation, x200) was analyzed by immunohistochemistry. A total 
of 18 14-3-3ζ and 21 E-cadherin samples were excluded due 
to damage or cytolysis of the paraffin block. Positive immu-
nohistochemical staining for 14-3-3ζ was primarily observed 
in the cytoplasm and membrane (Fig. 1A), but certain tissues 
also exhibited nuclear localization of 14‑3‑3ζ. Cytoplasmic 
and nuclear expression were observed concurrently in one 
specimen. Strong expression of 14-3-3ζ was observed in 
55.24% (58/105) of lung adenocarcinoma tissues, compared 
with only 31.33% (26/83) of adjacent normal alveolar tissues 
(P=0.001). On the contrary, strong expression of E-cadherin 
was more prevalent in normal tissues compared with lung 
adenocarcinoma tissues (72.44 vs. 67.65%, respectively, 
P=0.537; Table I).

Correlation between clinicopathological features and 
the expression of 14‑3‑3ζ and E‑cadherin. Data from the 

correlative analysis of 14-3-3ζ expression and the clinicopath-
ological characteristics of patients with lung adenocarcinoma 
are summarized in Table II. Comparisons of 14‑3‑3ζ expres-
sion with clinicopathological characteristics demonstrated 
that 14-3-3ζ overexpression correlated with differentiation 
(P<0.001) but not with any other included clinical parameter. 
Increased E-cadherin expression was indicative of smaller 
tumor size (P=0.018) and greater differentiation (P=0.028). In 
addition, the expression of 14-3-3ζ was positively correlated 
with that of E-cadherin (P=0.012).

Prediction of survival in lung adenocarcinoma patients by 
14‑3‑3ζ and E‑cadherin. To elucidate the prognostic role 
of 14-3-3ζ in patients with lung adenocarcinoma, overall 
survival (OS) rates were estimated using Kaplan-Meier 
survival curves. Patients with high expression of 14-3-3ζ 
were observed to have a longer OS period compared with 
those with low expression (P=0.010; Fig. 2). Similarly, 

Figure 1. Immunohistochemical staining for 14-3-3ζ and E-cadherin in lung adenocarcinoma tissues. (A) Representative picture of lung adenocarcinoma tissue 
showing positive 14-3-3ζ staining. Scale bar, 20 µm. (B) Representative picture of lung adenocarcinoma tissue showing positive E-cadherin staining. Scale 
bar, 20 µm. (C) Representative picture of lung normal tissue showing negative 14-3-3ζ staining. Scale bar, 50 µm. (D) Representative picture of lung normal 
tissue showing positive E-cadherin staining. Scale bar, 50 µm.

Table I. Expression of 14-3-3ζ and E-cadherin in lung adenocarcinoma tissues. 

 14-3-3ζ E-cadherin
 -------------------------------------------------- --------------------------------------------------
Tissue Low (n) High (n) P-value Low (n) High (n) P-value

Normal 57 26 0.001 27 71 0.537
Lung adenocarcinoma 47 58  33 69 

High expression rate of 14-3-3ζ or E-cadherin between normal tissue and lung adenocarcinoma was compared using the χ2 test.
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Table II. Correlation between clinicopathological characteristics and the expression of 14-3-3ζ and E-cadherin.

 14-3-3ζ (n=105)c E-cadherin (n=102)c

 --------------------------------------------------- ----------------------------------------------------
Characteristics Low (n) Strong (n) P-value Low (n) Strong (n) P-value

Sex   0.249   0.077
  Male 28 28  21 31 
  Female 19 30  12 38 
Age   0.421   0.627
  ≤55 19 28  16 37 
  >55 28 30  17 32 
Tumor size   0.213   0.018b

  ≤3 17 28    9 36 
  >3 30 30  24 33 
Node status   0.555   0.300
  Negative 29 39  17 43 
  Positive 18 19  16 26 
Differentiation   <0.001a   0.028b

  Good/moderate 17 43  11 39 
  Poor 30 15  22 30 
TNM Stage   0.805   0.954
  I 15 21  10 23 
  II 13 13    7 14 
  III 19 24  16 32 
Chemotherapy   0.296   0.106
  No 18 16  14 17 
  Yes 29 42  19 52 
E-cadherin expressiond   0.012e   
  Low or negative 22 14    
  Strong 25 44    

aP<0.001 and bP<0.05. cA total of 18 14-3-3ζ and 21 E‑cadherin samples were excluded due to damage or cytolysis of the paraffin block. 
d[0 (negative) ≤ score ≤1+] and [2+≤ score ≤3+] represent low positive or negative and strong positive scores, respectively, for 14‑3‑3ζ. 
[0 (negative) ≤ score ≤1+] and [2+≤ score ≤3+] represent low positive or negative and strong positive scores, respectively, for E‑cadherin. All 
of the cut‑off points contributed to acquiring the optimum balance ratio between negative and positive. eKendall's tau-b (K) correlation analysis.

Figure 2. Kaplan-Meier survival curves of patients with lung adenocarcinoma. Overall survival rate of patients with low or high expression of (A) 14-3-3ζ and 
(B) E-cadherin.
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increased E-cadherin was indicative of an improved 
prognosis  P=0.006).

14‑3‑3ζ expression as an independent prognostic factor in 
resected lung adenocarcinoma patients. Univariate and multi-
variate analyses were performed using the Cox proportional 
hazards model to evaluate the impact of 14‑3‑3ζ expression 
and pathological factors on the prognosis of patients with 
lung adenocarcinoma (Table III). Multivariate analyses 
demonstrated that 14-3-3ζ expression (P=0.026) and TNM 
stage (P<0.001) were associated with OS, which suggests that 
14-3-3ζ may act as a prognostic indicator for OS of patients 
with lung adenocarcinoma (Table IV).

Discussion

E-cadherin is a tumor suppressor protein that is used as a 
prognostic marker for cancer. Downregulation of E-cadherin 
during cancer progression correlates with aggressive tumor 
behavior and a poor prognosis (25,26). Conversely, high 

expression of E-cadherin has been demonstrated to reduce 
tumor progression and invasiveness in addition to the forma-
tion of metastases (21,27-30). The results from the present 
study demonstrated that the overexpression of 14-3-3ζ was 
significantly associated with positive E‑cadherin expression 
in tissue specimens from patients with lung adenocarcinoma 
and was a prognostic factor, which is in agreement with a 
number of previous studies that have suggested this associa-
tion (14,15,31,32). Notably, Raf-1 is a critical effector of Ras 
signaling and transformation. Activating Rac1 and the subse-
quent phosphorylation of Raf and mitogen‑activated protein 
kinase kinase results in constitutive, anchorage-independent 
activation of the Ras/mitogen-activated protein kinase/extra-
cellular signal-regulated kinase signaling pathway, which 
elevates the expression of the master regulator Snail 1, thereby 
inducing transcriptional repression of E-cadherin mRNA (33). 
Clark et al (14) indicated that 14-3-3ζ interaction with the 
Raf-CRD may serve a role in the negative regulation of Raf-1 
function by facilitating the dissociation of 14-3-3ζ from the 
NH2 terminus of Raf-1, thus leading to enhanced E-cadherin 
expression. Additionally, when β-catenin translocates into the 
nucleus, it interacts with the Tcf/Lef family to activate the 
canonical Wnt signaling pathway, switching on the transcrip-
tion of certain target genes and resulting in the proliferation 
and metastasis of tumor cells (34,35). Previously, 14-3-3ζ 
was demonstrated to cause the cytoplasmic enrichment of 
β-catenin, potentially through interaction with CBY1, and to 
subsequently repress the β-catenin-mediated Wnt signaling 
pathway, which is responsible for activating EMT and is char-
acteristic of E-cadherin loss (15). Therefore, 14-3-3ζ appears 
to inhibit tumor cell invasion and metastasis indirectly (15). 
In addition, 14-3-3ζ overexpression has been demonstrated 
to promote TGFβ/Smad signaling pathway activation (8), 
although a reduction of E-cadherin expression and induc-
tion of EMT is not always observed, according to certain 
studies (36,37). Ahn et al (38) indicated that Smad3 regulates, 
at the transcriptional level, miR-200 family members, which 
themselves regulate ZEB1 and ZEB2, transcriptional repressors 
of E-cadherin, at the posttranscriptional level. Mise et al (39) 
identified that Smad3‑mediated TGF‑β signaling targeted the 
zyxin gene, mediating cancer cell motility and EMT during 
lung cancer progression by regulating cell-cell junctions, 
integrin 5 expression and cell-extracellular matrix adhe-
sion. Therefore, data from the present study provides novel 
insights into the indirect regulation of E-cadherin by 14-3-3ζ 
via TGFβ/Smad-mediated cancer cell adhesion and motility. 
Notably, Snail 1, one of the major transcriptional suppressors of 
E-cadherin mRNA, exhibits a repressive effect on the expres-
sion of 14‑3‑3 family members, including the zeta form (31), 
which is in agreement with the previously suggested role of 
14-3-3ζ in promoting E-cadherin expression (32). Therefore, 
the positive correlation of 14-3-3ζ with E-cadherin observed 
in the present study implies a role for 14-3-3ζ as a metastatic 
inhibitor.

Nevertheless, contradictory reports do exist. Zhao et al (40) 
demonstrated that that 14-3-3ζ and Hsp27 negatively correlate 
with E-cadherin expression in NSCLC. In addition, 14-3-3ζ 
overexpression has been observed to reduce cell adhesion 
by activating the TGFβ/Smad signaling pathway, leading 
to ZFHX1B/SIP-1 upregulation, E-cadherin loss and EMT 

Table III. Univariate analysis of overall survival in patients 
with lung adenocarcinoma.

Characteristics HR (95% CI)a P-value

Age 0.694 (0.415, 1.163) 0.165
Gender 0.550 (0.322, 0.938) 0.028
TNM stage 1.733 (1.259, 2.386) 0.001
Node status 3.552 (1.938, 6.510) <0.001
Tumor size 1.430 (0.829, 2.468) 0.199
Differentiation 0.692 (0.481, 0.996) 0.048
14-3-3ζ expression 0.754 (0.575, 0.990) 0.042
E-cadherin expression 0.729 (0.546, 0.974) 0.032
Chemotherapy 0.651 (0.388, 1.091) 0.103

aVariables were adopted for their prognostic significance (P<0.05) in 
univariate analysis using forward, stepwise selection (forward likeli-
hood ratio). CI, confidence interval; HR, hazard ratio; OS, overall 
survival. 

Table IV. Multivariate analysis of overall survival in patients 
with lung adenocarcinoma.

Characteristics HR (95% CI)a P-value

Gender  0.146
TNM stage 2.209 (1.469, 3.320) <0.001
Node status  0.151
Differentiation  0.057
14-3-3ζ expression 0.692 (0.500, 0.956) 0.026
E-cadherin expression  0.598

aCox proportional hazards regression model was used for multivariate 
analysis. CI, confidence interval; HR, hazard ratio; OS, overall 
survival. 
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in breast cancer (8). In accordance with the presumed role 
of 14-3-3ζ as a metastatic inhibitor, western blot analysis of 
human lung giant cell carcinoma cells revealed that 14-3-3ζ 
expression was more prevalent in poorly metastatic cells than 
in highly metastatic cells, and that cells that overexpress 
14-3-3ζ were reported to exhibit a lower proliferative ability, 
higher adhesive ability and lower migratory ability compared 
with cells transfected with control vector (41). In addition, 
14-3-3ζ expression was observed to be increased in lung 
cancer cells treated with Rg3, a metastasis suppressor, leading 
to the inhibition of cell invasiveness and metastasis (42). 
Metastasis is not the only malignant characteristic of lung 
cancer, but it is the primary cause of worsening prognosis and 
high mortality rate (43).

The results from the present study demonstrated 
that strong 14-3-3ζ staining was associated with greater 
differentiation and longer OS, and was determined to be 
an independent prognostic factor for OS according to 
multivariate analysis. Supporting the data from the present 
study, the positive interaction between 14-3-3ζ and another 
metastasis-associated adhesion molecule ADAM22 has 
been reported (16). Zhu et al (16) identified, for the first 
time, a novel interaction between 14-3-3ζ and ADAM22, 
a transmembrane protein containing disintegrin-like and 
metalloproteinase-like domains (44) and demonstrated that 
the binding of 14-3-3ζ to ADAM22cyt enhances cell adhe-
sion by increasing the affinity of ADAM22 disintegrin to its 
receptor, therefore implying a potential role of the 14-3-3ζ 
protein in the ADAM22-associated regulation of cell adhe-
sion. Kobayashi et al (45) demonstrated that 14-3-3ζ secreted 
by ascite monocytes/macrophages, which characteristically 
release a number of inflammatory cytokines and chemokines, 
is present in the malignant ascites of patients with epithelial 
ovarian carcinoma and could be taken up by tumor cells, 
implying a potential role for secreted 14-3-3ζ in the inhibition 
of tumor growth and proliferation. While these reports are 
in accordance with the data from the present study, much of 
the current literature proposes that the upregulated expres-
sion of 14-3-3ζ is associated with high histological grade, 
lymph node metastasis and poor clinical outcome in certain 
types of cancer. Fan et al (46) suggested that increased 
14-3-3ζ expression is positively correlated with a more 
advanced pathologic stage and grade of NSCLC, and was 
associated with worse overall and cancer‑specific survival. 
Niemantsverdriet et al (7) reported that strong 14-3-3ζ 
staining was associated with reduced OS and was determined 
to be an independent prognostic factor for disease-free 
survival by multivariate analysis. Further studies are required 
to explain why contradictory data exists regarding 14-3-3ζ 
in tumorigenesis and tumor progression. The present study 
specifically focused on the metastatic impact of 14‑3‑3ζ in 
relatively early stages of resectable lung adenocarcinoma 
without distant metastasis, which is unlike the majority of the 
previous studies performed in lung cancer, which included a 
number of pathologies and advanced stage cancers (46,47). 
14-3-3ζ overexpression exerts complex biological effects via 
its interaction with a number of different proteins in a spatial 
and a temporal fashion, emphasizing individual functions in 
diverse signaling pathways in various tumor types (48,49). In 
addition, 14-3-3ζ exhibits multiple, opposing roles, making 

the analysis of its effects in complex systems challenging. It 
should therefore be studied with a focus on controlled study 
parameters.

In conclusion, the increased expression of 14-3-3ζ was 
observed more frequently in patients with resectable lung 
adenocarcinoma with an improved prognosis and was posi-
tively associated with E-cadherin. Therefore, 14-3-3ζ may 
be a novel marker for predicting the prognosis of resectable 
lung adenocarcinoma. To identify the molecular mechanisms 
underlying this observation, a longitudinal study of a large 
population is required.
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