
Abstract. Background: The 14-3-3 sigma gene is
transcriptionally activated by p53 after DNA damage and
facilitates DNA repair during G2 arrest. The present study
analyzed the clinical significance of 14-3-3 sigma expression
in esophageal squamous cell carcinoma. Patients and Methods:
The relationship between 14-3-3 sigma and p53 expressions
was investigated immunohistochemically in surgical specimens
of primary tumors from 248 patients with esophageal
squamous cell carcinoma. Results: The positive expression
rates of cytoplasmic and nuclear14-3-3 sigma were 61.7% and
41.9%, respectively. There was no correlation between 14-3-3
sigma and p53 expression. Positive expression of nuclear 14-
3-3 sigma was significantly correlated with depth of invasion,
stage, lymphatic invasion, and poor prognosis. Multivariate
analysis indicated that negative expression of nuclear 14-3-3
sigma was an independent prognostic factor. Conclusion:
Evaluation of the expression of nuclear 14-3-3 sigma proteins
may be useful in predicting the outcome in patients with
esophageal squamous cell carcinoma.

Esophageal squamous cell carcinoma (ESCC) is one of the
most aggressive carcinomas of the gastrointestinal tract. There
have been many studies into the effects of various biological
factors on the malignant potential of ESCC. 14-3-3 sigma
(also called stratifin or HEM1, human epithelial marker)
belongs to the 14-3-3 protein family, which comprises seven
isoforms of highly conserved proteins involved in regulating
signal transduction pathways, apoptosis, adhesion, cellular
proliferation, differentiation and survival (1-4). Of the 14-3-3
proteins, 14-3-3 sigma is the isoform linked most directly to

cancer (5). The 14-3-3 sigma gene is transcriptionally
activated by p53 after DNA damage; 14-3-3 sigma blocks
cells in the G2 phase, facilitating DNA repair before mitosis
(6-7). Thus, cells in which 14-3-3 sigma is disrupted
contribute to malignant transformation (7). 

Recently, there have been reports of a correlation between
14-3-3 sigma expression and clinical outcome in some
carcinomas including gastrointestinal tract carcinoma. 14-3-
3 Sigma protein has been detected in colorectal carcinomas
(38.8%), oral squamous cell carcinomas (44.2%), squamous
cell carcinomas of the cervix (66.7%), and vulvar squamous
cell carcinomas (cytoplasm 72.2%, nucleus 58.6%) (8-12).
However, no connection between 14-3-3 sigma protein and
ESCC prognosis has yet been reported. The aims of this
retrospective study were to examine the expression of 14-3-3
sigma protein in surgical specimens of ESCC and to evaluate
whether such expression is useful for predicting the outcome.

Patients and Methods
Study groups. The study included 248 consecutive patients with
ESCC who underwent curative surgery at the Kagoshima University
Hospital between 1992 and 2002. The patients ranged in age from 36
to 92 years (mean 63.7 years). All patients underwent esophagectomy
with lymph node dissection. None underwent endoscopic mucosal
resection, palliative resection, preoperative chemotherapy, or
radiotherapy, and none of them had synchronous or metachronous
cancer in other organs. Specimens of cancer tissues and non-
cancerous adjustment tissue were collected from the patients after
informed consent had been obtained, in accordance with the
institutional guidelines of the host hospital. The specimens were
classified according to the International Union against Cancer tumor-
node-metastasis (TNM) system (13). All M1 classifications were due
to distant lymph node metastases. All patients were followed up after
discharge with a radiographic examination every one to three months,
computed tomography every three to six months, and ultrasonography
every six months. Follow-up data were available for all patients, with
a median follow-up period of 43 months (range 2-181 months). 

Immunohistochemistry. Tumor samples were fixed with 10%
formaldehyde in phosphate-buffered saline (PBS), embedded in
paraffin, and sectioned into 4-μm-thick slices. After deparaffinization
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of the sections, endogenous peroxidase was blocked by immersing the
slides in a 0.3% hydrogen peroxidase-methanol solution for 30
minutes at room temperature. For staining with 14-3-3 sigma and p53
antibodies, sections were pretreated with citrate buffer for ten minutes
at 100˚C in a microwave oven. The sections were washed three times
with PBS for five minutes, and then blocked by treatment with PBS
containing 3% skim milk for 30 minutes at room temperature. The
blocked sections were incubated overnight at 4˚C with primary
antibody: 14-3-3 sigma (sc-7683; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) or p53 (DO7; Novocastra Laboratories,
Newcastle upon Tyne, UK), diluted with PBS 1:100 or 1:50,
respectively, before staining with a streptavidin-biotin peroxidase kit
(Nichirei, Tokyo, Japan). The sections were washed three times in PBS
for five minutes, and the immune complex was visualized by
incubating the sections with diaminobenzidine tetrahydrochloride.
They were rinsed briefly in water, counterstained with hematoxylin,

and mounted. The normal esophageal epithelium tissues were used as
positive control and negative controls were performed by replacing the
primary antibodies with PBS. 

Immunohistochemistry was independently evaluated by two
investigators (H.O. and Y.K.). To evaluate expression of 14-3-3 sigma
and p53, ten fields (within the tumor and at the invasive front) were
selected, and expression was evaluated in 1000 tumor cells (100
cells/field) using high-power (×200) microscopy. For cytoplasmic
expression of 14-3-3 sigma, immunostaining was scored on a 3-
tiered scale for both intensity (absent/weak, 1; moderate, 2; strong, 3)
and percentage (<10%, 1; 10-50%, 2; >50%, 3) then the two scores
were multiplied to give a combination score ranging from 1 to 9 for
each section. Cytoplasmic protein expression was defined as positive
when the combination scores were ≥6 and low when combination
scores were <6, whereas nuclear protein expression was classified as
positive when any 14-3-3 sigma staining was observed in the nucleus
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Table I. Relationship between 14-3-3 sigma expression and clinicopathological findings.

Cytoplasmic  14-3-3 sigma Nuclear 14-3-3 sigma

Total (n=248) Positive   Negative Positive  Negative 
n=151 (61.7%)  n=97 (38.3%) p-Value n=104 (41.9%) n=144 (58.1%) p-Value

Age (years) 63.8±8.7 63.7±9.1 63.8±8.5 0.91 63.9±8.0 63.6±9.2 0.80
Gender 

Male 230 141 89 0.81 98 132 0.62
Female 18 10 8 6 12

Tumor location
Upper 34 21 13 0.95 11 23 0.43
Middle 130 78 52 58 72 
Lower 84 52 32 35 49

Histology
Well 89 60 29 0.45 40 49 0.52
Moderate  108  62 46 46 62 
Poor 51 29 22 18 33 

pT
pT1 64 45 19   0.19 13 51 <0.0001
pT2 33 22 11 13 20 
pT3 96 53 43 43 53 
pT4 55 31 24 35 20 

pN
pN0 103 58 39 0.84 36 67 0.06 
pN1 145 87 64 68 77 

pM
pM0 180 26 71   0.97 72 108   0.31
pM1 68 42 109 32 36 

Stage
I 46 32 14 0.47 10 36 0.002
II 72 43 29 27 45
III 62 34 28 35 27
IV 68 42 26 32 36

Lymphatic invasion
Negative 162 101 61 0.61 23 63 0.04
Positive 86 50 36 81 81

Venous invasion
Negative 97 65 32 56 95 0.06
Positive 151 86 65 48 49

p53 expression
Negative 128 78 50 0.99 54 66 0.37
Positive 120 73 47 50 78 



of the tumor and negative when no staining was seen (12). P53
expression was considered positive when a distinct nuclear
immunoreaction was seen in more than 10% of the cancer cells, as
previously described (14).

Statistical analysis. Statistical analysis of group differences was
performed using the χ2 test and the Student’s t-test. The Kaplan-
Meier method was used for survival analysis, and differences in
survival were estimated using the log-rank test. The prognostic
factors were examined by univariate and multivariate analyses (Cox
proportional hazards regression model). The p-values in this study
were two-sided and a p-value of <0.05 was considered to indicate
statistical significance. All statistical analyses were performed using
the software package StatView™ version 5.0 (Abacus Concepts,
Berkeley, CA, USA).

Results 

Expression of 14-3-3 sigma and p53 in ESCC. Positive
expression of 14-3-3 sigma was detectable in cytoplasmic
and nuclear regions in 61.7% and 41.9% of all patients,
respectively (Figure 1A and B). Normal esophageal

epithelium had both negative cytoplasmic and nuclear
expression of 14-3-3 sigma, as previously reported (5)
(Figure 1C). The expression of p53 was detected as nuclear
staining in 51.6% of all patients, as previously reported (14).

Relationships between 14-3-3 sigma and clinicopathological
findings, including p53 expression. Cytoplasmic expression
of 14-3-3 sigma had no association with clinicopathological
factors, whereas nuclear expression of 14-3-3 sigma was
associated with depth of tumor invasion (pT), stage, and
lymphatic invasion (Table I). Expression of neither
cytoplasmic nor nuclear 14-3-3 sigma correlated with
expression of p53 (Table I). Those tumors that were positive
for expression of nuclear 14-3-3 sigma invaded deeper and
had more advanced stage (p<0.0001 and 0.002, respectively)
than those that were negative for 14-3-3 sigma expression. 

Relationship between prognosis and expression of 14-3-3
sigma and p53. No significant difference was found in overall
survival rates between patients with and without cytoplasmic
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Figure 1. Expression of cytoplasmic and nuclear 14-3-3 sigma proteins in esophageal squamous cell carcinoma. A: Positive expression of cytoplasmic
14-3-3 sigma (×200). B: Positive expression of nuclear 14-3-3 sigma (×200). C: Negative expression of nuclear and cytoplasmic 14-3-3 sigma
(×200). D: Expression of 14-3-3 sigma in normal esophageal epithelium (×100).



14-3-3 sigma expression (Figure 2A). However, there was a
significant difference for patients with and without expression
of nuclear 14-3-3 sigma (p<0.0001; Figure 2B). There also
was a significant difference for patients with negative and
positive expression of p53 (p=0.005; Figure 2C).

Univariate and multivariate analyses of survival. Univariate
analysis showed the following factors to be significantly
related to postoperative survival: gender, depth of tumor
invasion, lymph node metastasis, stage, lymphatic invasion,
venous invasion, p53 expression, and nuclear 14-3-3 sigma
expression. Multivariate regression analysis indicated that
stage, expression of p53 and expression of nuclear 14-3-3
sigma were independent prognostic factors (Table II).

Discussion

The expression of 14-3-3 sigma protein and its clinical
significance was examined in ESCC. In this series, positive
expression of cytoplasmic and nuclear 14-3-3 sigma was
observed in 61.7% and 41.9% of patients, respectively.
Interestingly, different correlations were found with
clinicopathological factors depending on the subcellular
distribution of 14-3-3 Sigma protein: cytoplasmic expression
had no association with clinicopathological factors, whereas
nuclear expression was strongly associated with depth of tumor
invasion and stage. 14-3-3 sigma is seen in both the cytoplasm
and the nucleus of normal tissue, and is able to shuttle in and
out of the nucleus as needed (5). It blocks cells in the G2 phase,
facilitating DNA repair before mitosis. Normally, 14-3-3 sigma
sequesters cdc2-cyclin B1 complexes in the cytoplasm during
G2 arrest. Absence or disability of 14-3-3 sigma allows cdc2-
cyclin B1 complexes to enter the nucleus without DNA repair.
Thus, cells in which 14-3-3 sigma is disrupted contribute to
malignant transformation (6, 7). These results suggest that if
14-3-3 sigma is translocated to the nucleus, there is less
available in the cytoplasm to sequester cdc2-cyclin B1
complexes, which causes a failure of cell-cycle arrest at the G2
phase, reducing the efficiency of the DNA repair function.

Thus, nuclear expression of 14-3-3 sigma may be related to
tumorigenesis of ESCC. In patients with vulvar squamous-cell
carcinoma, nuclear 14-3-3 sigma expression was found to be
related to tumor size and tumor invasion (12); the current
results are in agreement with this. 

14-3-3 Sigma is a p53-regulated inhibitor of G2/M
progression, but, as has been previously reported, no
correlation was found in this study between its expression and
that of p53 (10, 12, 15). Mhawech reported no association
between p53 mutation and 14-3-3 sigma expression in human
tissue, which indicates that constitutive expression of 14-3-3
sigma might depend on factors other than p53 (5).

Concerning survival analysis, for all patients in the current
study, gender, depth of tumor invasion, lymph node metastasis,
stage, and expression of p53 and nuclear 14-3-3 sigma were
prognostic factors. Multivariate analysis revealed expression
of nuclear 14-3-3 sigma and p53, as well as stage, to be
independent prognostic factors. In patients with colorectal and
oral squamous cell carcinomas, multivariate analysis revealed
increased expression of 14-3-3 sigma protein to be associated
with poor survival (8, 10). In contrast to the results of the
current study, 14-3-3 sigma down-regulation by CpG
methylation has been reported in many carcinomas: loss of 14-
3-3 sigma protein expression was correlated with poor
prognosis in breast cancer, ovarian cancer, endometrial
adenocarcinoma, and cholangiocarcinoma (16-19). Thus, the
role of 14-3-3 sigma is cancer specific and further studies
should be carried out to clarify the underlying mechanisms. 

In conclusion, this study clearly demonstrated that nuclear
expression of 14-3-3 sigma has prognostic value in patients
with ESCC. Thus, examination of nuclear 14-3-3 sigma
expression will be useful for determining malignant
properties, including clinical outcome, in patients with ESCC.
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Figure 2. Overall postoperative survival curves according to expression
of cytoplasmic 14-3-3 sigma (A), nuclear 14-3-3 sigma (B) or p53 (C)
proteins. There was a significant difference in survival between patients
with positive (+) and negative (–) expressions of nuclear 14-3-3 sigma
(p<0.0001), and p53 (p=0.005). There was no difference in survival
between patients with cytoplasmic 14-3-3 sigma (–) and (+) expression. 


