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Abstract: Several studies have demonstrated that YWHAZ (14-3-3ζ), included in the 14-3-3 family of proteins, is
implicated in the initiation and progression of cancers. To detect a novel treatment target for adenocarcinoma of
the esophagogastric junction (AEG), we tested whether YWHAZ acted as a cancer-promoting gene through its overexpression in AEG. We analyzed YWHAZ protein expression in 92 consecutive primary AEG tumors, which had been
curatively resected in our institution between 2000 and 2010. Overexpression of the YWHAZ protein was frequently
detected in primary AEG tumor samples (46% (42/92)). Overexpression of YWHAZ was significantly correlated with
Siewert type III tumor, larger tumor size (≥40 mm) and higher rates of lymph node metastasis and recurrence.
Patients with YWHAZ-overexpressing tumors had a worse overall rate of survival than those with non-expressing
tumors (P = 0.011, log-rank test) in an intensity expression-dependent manner. Patients with YWHAZ-overexpression
tumors had worse overall survival rates than those with lower-expression tumors. YWHAZ positivity was independently associated with a worse outcome in the multivariate analysis (P = 0.0015, hazard ratio 4.49 [1.736-13.06]).
In conclusion, YWHAZ plays a crucial role in poor outcomes of patients with AEG through its overexpression, which
highlights its usefulness as a prognosticator and potential therapeutic target and indicator in AEG.
Keywords: YWHAZ (14-3-3), adenocarcinoma of the esophago-gastric junction, malignant outcome, prognostic
factor

Over the past few decades, adenocarcinoma of
the esophago-gastric junction (AEG) has noticeably increased in Western and Eastern countries [1-5]. In spite of the improvement of diagnosis and treatment technologies such as
extended radical resection and chemo and/or
chemoradiotherapy, many AEG patients frequently develop metastasis and experience
recurrence, and the long-term survival remains
poor because of the aggressive and systemic
nature of this disease [6].

genesis and improve clinical outcomes for adenocarcinoma of the esophagus and esophagogastric junction. Various genes with frequent
alterations and molecular functions have been
identified [7] such as amplification/overexpression of EGFR and ERBB2 [8], hypermethylation or mutation of p16, APC and TP53 [9, 10]
and overexpression/activation of c-Met and
β-catenin [11]. However, in clinical settings, only
a few genes have been used as diagnostic biomarkers and/or therapeutic targets [12]. We,
therefore, wished to identify novel genes associated with the progression of AEG.

Various genes have been analyzed to understand the molecular mechanisms of carcino-

The YWHAZ gene, which encodes the 14-3-3ζ
protein, is located on chromosome 8q22.3, and
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Table 1. Association between clinicopathologic characteristics and
YWHAZ expression
YWHAZ
immunoreactivity
N
High exLow expression pression
Total
92
42
50
Sex
Male
71
31 (74%) 40 (80%)
Female
21
11 (26%) 10 (20%)
Age (y)
Mean
67 (range:37-83)
<65
38
18 (43%) 20 (40%)
> 65
54
24 (57%) 30 (60%)
Siewert type
Type II
65
25 (60%) 40 (80%)
Type III
27
17 (40%) 10 (20%)
Histology
Differentiated
50
23 (55%) 27 (54%)
Undifferentiated
42
19 (45%) 23 (46%)
Tumor size (mm)
<40
35
11 (26%) 24 (48%)
≥40
57
31 (74%) 26 (52%)
Venous invasion
v0
44
17 (40%) 27 (54%)
v1-3
48
25 (60%) 23 (46%)
Lymphatic invasion
ly0
39
17 (40%) 22 (44%)
ly1-3
53
25 (60%) 28 (56%)
TNM classification
PT categories
pT1
28
8 (19%) 20 (20%)
pT2
11
4 (10%) 7 (14%)
pT3
27
14 (33%) 13 (26%)
pT4
26
16 (38%) 10 (20%)
PN categories
pN0
51
18 (43%) 33 (66%)
pN1
9
4 (10%) 5 (10%)
pN2
11
9 (21%)
2 (4%)
pN3
21
11 (26%) 10 (20%)
PStage
I
34
10 (24%) 24 (48%)
II
23
9 (21%) 14 (28%)
III
35
23 (55%) 12 (24%)
Rucurrence
Absent
62
22 (52%) 40 (80%)
Present
30
20 (48%) 10 (20%)

*
Pvalue

0.4810

0.7816
0.0317
0.9417
0.0319
0.1958
0.7333

0.0807

lower expression of miR375 and highlighted its
usefulness as a prognostic factor and potential
therapeutic target in gastric cancer [20]. These
findings prompted us to
determine the clinicopathological and prognostic
significance of YWHAZ overexpression/activation in
primary AEG. However, to
date, there has been no
report on the clinical significance of YWHAZ in
patients with primary AEG.
In this study, we tested
whether YWHAZ acted as
a cancer-promoting gene
through its activation/overexpression in AEG. Our
results provided evidence
that YWHAZ could be an
important molecular marker for determining the
malignant properties and
a target for molecular
therapy in patients with
AEG.
Materials and methods

0.0386

Primary AEG tissue
samples

Primary tumor samples of
AEG were obtained from
92 consecutive AEG patients, who had undergone
0.0049
curative resection at the
*
2
Note: Statistically significant values are in boldface type. P-values are from χ or
Division of Digestive SurgFisher’s exact test and were statistically significant at <0.05.
ery, Department of Surgery, Kyoto Prefectural Unithis area is frequently amplified in breast and
versity of Medicine (Kyoto, Japan) between
other cancers [13, 14]. YWHAZ has been identi2000 and 2010. Samples were embedded in
fied as a clinically relevant prognostic marker
paraffin after 24 h of formalin fixation. Relevant
for breast cancer, lung cancer, head and neck
clinical and survival data were available for all
cancer and hepatocellular carcinoma [15-19]
patients. Written consent was always obtained
and may allow for the identification of patients
in the formal style and after approval by the
with a potentially poor prognosis to receive
local ethics committee. None of these patients
more aggressive treatment. Recently, we
underwent endoscopic mucosal resection, palreported that YWHAZ has a crucial role in tumor
liative resection, preoperative chemotherapy or
cell proliferation, migration and invasion
radiotherapy, and none of them had synchrothrough its overexpression associated with the
nous or metachronous multiple cancers in
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Table 2. Association between recurrence type and YWHAZ expression

Total

YWHAZ immunoreactivity
N
Low exHigh expression pression
Absent 62 22 (52%) 40 (80%)
Present 30 20 (48%) 10 (20%)

*

P-value

0.0049

Hematogenous
Absent 85 38 (90%)
Present 7 4 (10%)

47 (94%)
3 (6%)

0.5254

Absent 84 35 (83%)
Present 8 7 (17%)

49 (98%)
1 (2%)

0.0129

Absent 83 35 (83%)
Present 9 7 (17%)

48 (96%)
2 (4%)

0.0416

Distant orlocal lymph node

Peritoneal

and the 18 patients without
(P = 0.3044). None of the
patients received neoadjuvant chemotherapy, adjuvant
radiotherapy or chemoradiotherapy. All patients were
examined in the outpatient
clinic, in which abdominal
ultrasound, computed tomography (CT) and measurements of carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9)
levels were performed every
3-6 months after surgery.
Immunohistochemistry

Tumor samples were fixed
with 10% formaldehyde in
Absent 91 41 (98%) 50 (100%)
PBS, embedded in paraffin,
Present 1
1 (2%)
0 (0%)
0.2726
sectioned into 5-µm thick slicOther
es and subjected to immunoAbsent 86 41 (98%) 46 (92%)
histochemical staining of the
Present 5
1 (2%)
4 (8%)
0.2363
YWHAZ protein with the aviNote: Statistically significant values are in boldface type; *P-values are from χ2 or
din-biotin-peroxidase method
Fisher’s exact test and were statistically significant at <0.05.
as described by Naoi et al
[23, 24]. In brief, after deparother organs. Disease stage was defined in
affinization, endogenous peroxidases were
accordance with the International Union
quenched by incubating the sections for 20 min
Against Cancer tumor-lymph node-metastases
in 3% H2O2. Antigen retrieval was performed by
(TNM) classification (7th edition) [21]. The
heating the samples in 10 mmol/L citrate bufmean follow-up period for surviving patients
fer (pH 6.0) at 95°C for 60 min. After treatment
was 46.1 months. In Japanese and Asian
with Block Ace (Dainippon Sumitomo Pharpatients with AEG defined by the Siewert clasmaceutical, Osaka, Japan) for 30 min at room
sification [22], most AEG tumors were classified
temperature, sections were incubated at 4°C
as a Siewert type II or III [3, 4]. Therefore, in this
overnight with an anti-YWHAZ (1:500) antibody.
study, we examined these tumors.
The avidin-biotin-peroxidase complex system
(Vectastain Elite ABC universal kit; Vector
Treatments following curative gastrectomy
Laboratories Inc., Burlingame, CA) was used for
color development with diaminobenzidine tetraOf all Stage II or more AEG patients, 37 patients
hydrochloride. Slides were counterstained with
(63% (37/58) received adjuvant chemotherapy
Mayer’s hematoxylin. A formalin-fixed gastric
while 18 patients (31% (18/58) did not.
cancer cell line overexpressing YWHAZ (MKNEighteen patients received S-1 alone or S-1
28), in which >50% of cells showed staining of
based chemotherapy such as S-1 plus cisplatin, S-1 plus taxane or S-1 plus Krestin; five
each protein, was used as a positive control,
patients received methotrexate plus 5-fluorowhereas a formalin-fixed gastric cancer cell line
uracil; four patients received cisplatin plus
with low expression of YWHAZ (HGC27) and
5-fluorouracil; four patients received doxifluriMKN28 staining without the YWHAZ antibody
dine; three patients received uracil-tegafur; two
was included as a negative control [20].
patients received 5-fluorouracil and one patient
received taxane as adjuvant chemotherapy. In
To evaluate YWHAZ expression, in the percentpatients with pStage II or more AEG, there was
age of tumor cells showing YWHAZ immunoposno significant prognostic difference between
itivity, primary tumors with at least 10% or more
the 37 patients with adjuvant chemotherapy
of the total cell population was judged positive,
Local
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Figure 1. Immunohistochemical-staining analyses and postoperative overall and disease-free survival curves according
to the expression of YWHAZ. (A) Specific immunostaining of
the YWHAZ protein in primary samples was confirmed. Expression of the DTL protein was observed in both the cytoplasm and nucleus of cancer cells. For scoring YWHAZ expression, the intensity score was defined as 0 = negative, 1
= weak, 2 = moderate, 3 = strong. The YWHAZ high expression group had a significantly poorer prognosis than the low
expression group in overall survival (P = 0.011, log-rank test)
(B) and disease-free survival (P = 0.0075, log-rank test) (C).

and less than 10% was judged negative. For
the intensity of YWHAZ expression, the intensity score (0 = negative, 1 = weak, 2 = moderate,
3 = strong) was examined. Namely, primary
tumors with non-detectable YWHAZ expression, which was similar to that of non-tumorous
mucosa and stroma, were given an intensity
score of 0, whereas those with the greatest
YWHAZ expression were given an intensity
score of 3. The remaining tumors were categorized with intensity scores of 1 or 2 according to
the intensity of immunohistochemical staining
for YWHAZ. The expression of YWHAZ was
regarded as high expression if both intensity
scores were ≥2 and ≥10% of tumor cells
showed immunopositivity or low expression if
intensity scores ≤1 were and/or <10% using
high-powered (×200) microscopy [25, 26]. The
expression of YWHAZ was evaluated by considering the status of both cytoplasmic and nuclear expression. If YWHAZ protein expression was
recognized in both the cytoplasm and nucleus,
the highest level of expression in the cytoplasm
and nucleus was employed. Also, if YWHAZ protein expression was recognized in either the
cytoplasm or nucleus, the level of expression
was employed.
Statistical analysis
Clinicopathological variables pertaining to the
corresponding patients were analyzed for sta-
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tistical significance using the chi-squared test
or Fisher’s exact test (Tables 1 and 2). Survival
curves were estimated using the Kaplan-Meier
method, and statistical differences were examined using the log-rank test (Figure 1B and 1C).
Univariate and multivariate survival analyses
were performed using the likelihood ratio test
of the stratified Cox proportional hazards
model. The data were stratified for multivariate
analysis using both forward and backward
stepwise Cox regression procedures (Table 3).
Differences were assessed with a two-sided
test and were considered statistically significant at P <0.05.
Results
Clinicopathological characteristics of AEG patients
The clinical characteristics in 92 consecutive
patients with AEG were as follows. Of 92
patients, 65 patients were defined as Siewert
type II and 27 patients as Siewert type III based
on the tumor location. The study group consisted of 71 male and 21 female patients with a
median age of 67 years (range 37-83 years).
The median number of retrieved lymph nodes
was 29 (range: 2-93). Seventy three patients
(79% (73/92)) had more than 15 retrieved
lymph nodes. Of 92 patients, 34 patients were
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Table 3. Result of a survival analysis with Cox’s proportional hazard model
Univariatea
P-value
HRc
Sex
Male vs Female
Age
≥65 vs <65
Siewert type
Type2 vs Type3
Histological type
Undiffe. vs Diffe.
Tumor size (mm)
≥40 vs <40
Venous invasion
Positive vs Negative
Lymphatic invastion
Positive vs Negative
PT-stage
T4 vs T1-3
PN-stage
N3 vs N0-2
YWHAZ expression
High vs Low

0.9427
0.7749

Multivariateb
95% CId
P-value
-

2.74 1.134-6.967 0.0250

0.8131

-

0.0486

-

0.0185

-

showing immunopositivity (n = 50
(54%)) according to the intensity of
YWHAZ staining among tumor cells
(Figure 1A). The high expression
group had a significantly poorer prognosis than the low expression group
for overall survival (P = 0.011, logrank test) (Figure 1B) and diseasefree survival (P = 0.0075, log-rank
test) (Figure 1C).
Association between YWHAZ protein
levels and clinicopathological characteristics in primary AEG

The relationship between the expression of the YWHAZ protein and clinico<0.0001
pathological characteristics is summarized in Table 1. The protein
expression of YWHAZ was associated
<0.0001 5.28 1.431-25.51 0.0116
with a higher incidence of Siewert
type III (P = 0.0317), a larger tumor
<0.0001 4.74 2.004-12.21 0.0003
(≥40 mm) (P = 0.0319), a deeper
depth of invasion (P = 0.0807) and
<0.0001 3.28 1.354-8.607 0.0081
higher rates of lymph node metastasis (P = 0.0386) and recurrence (P =
0.0108 4.49 1.736-13.06 0.0015
0.0049), whereas the other charactera
Kaplan and Meier method, and the statistical significance was deteristics including histological grade
mined by log-rank test; bMultivariate survival analysis was performed
were not. Recurrences were evident in
using Cox’s proportional hazard model; cHR: hazard ratio; dCI: confidence
30 (33%) of 92 patients. All 30 recurinterval.
rent patients belonged to pStage II or
more. Distant or local lymph node
staged as pStage I, 23 patients as pStage II
recurrence (YWHAZ high vs. low, 17% (7/42) vs.
and 35 patients as pStage III.
2% (1/50), P = 0.0129) and peritoneal recurrence (YWHAZ high vs. low; 17% (7/42) vs. 4%
Immunohistochemical analysis of YWHAZ ex(2/50), P = 0.0416) was found more frequently
pression in the primary AEG tumors
in YWHAZ high expression cancer. In contrast,
there was no significant difference in the rate of
The clinicopathological significance of YWHAZ
hematogenous recurrence between patients
expression in primary tumor samples of AEG
with YWHAZ high and low expression (YWHAZ
based on the immunohistochemical staining
high vs. low; 10% (4/42) vs. 6% (3/50), P =
pattern of this protein was examined. YWHAZ
0.5254) (Table 2).
expression was detected in the cytoplasm of
AEG cells. We classiﬁed 92 AEG tumors into
In the Cox proportional hazard regression
positive and negative groups according to the
model (Table 3), univariate analyses demonintensity of YWHAZ staining among tumor cells,
strated that YWHAZ protein expression, venous
as described in materials and methods. In priinvasion, lymphatic invasion, pT category and
mary cases, YWHAZ protein expression was
pN category were significantly associated with
negative in most of the non-tumorous esophaoverall survival. When the data were stratified
go-gastric mucosal cell population. We divided
for multivariate analysis using the Cox-pro92 AEG tumors into a high expression group
portional hazards analysis procedures, YWHAZ
with both intensity scores ≥2 and ≥10% of
immunoreactivity in tumor cells remained sigtumor cells showing immunopositivity (n = 42
nificant at P = 0.0015 (hazard ratio, 4.49
(46%)) and a low expression group with inten(1.736-13.06)) for overall survival in all patients,
sity scores ≤1 and/or <10% of tumor cells
suggesting that YWHAZ immunoreactivity can
2733
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be an independent predictor of overall survival.

was correlated to the intensity of YWHAZ activity in an expression-dependent manner.

Discussion

The most striking finding in this study was that
the AEG patients with a high YWHAZ expression
tumor had a significantly higher rate of lymph
node metastasis and distant and/or local
lymph node recurrence than those without.
These results strongly suggested that patients
with advanced AEG need a further treatment
strategy to achieve better local tumor clearance and to improve prognosis. Recently, the
multi-institutional phase II trial of neoadjuvant
chemotherapy consisting of 4-weekly S-1plus
cisplatin followed by surgery with para-aortic
lymph node (PAN) dissection (JCOG0405)
achieved safe results and much higher 3- and
5-year survival rates in some patients such as
bulky clinical N2 (≥3 cm, or at least two adjacent tumors ≥1.5 cm) or PAN (≥1 cm) metastasis [37]. Mediastinal and/or para-aortic lymph
node metastasis of advanced AEG is an important clinical issue [38, 39], and a reliable indicator of prognosis and local tumor control for
advanced AEG is needed [40]. By evaluating
the tumor expression status of YWHAZ in biopsy specimens as an indicator of lymphatic
spreading, neoadjuvant therapy potentially
leads to downsizing or downstaging of the
tumor. This may facilitate its complete resection, which is the cornerstone of cure in oncological surgery.

YWHAZ is included in the 14-3-3 family of proteins, which are a family of evolutionarily highly
conserved acidic proteins expressed in all
eukaryotic organisms [27]. Moore and Perez
first discovered 14-3-3 in 1967 in fractionated
soluble proteins from brain tissue [28]. In mammals, there are seven distinct isoforms, β, γ, ε,
ζ, η, σ and τ, which are encoded by seven different genes. 14-3-3 proteins have been found to
interact with target proteins involved in the
regulation of multiple cellular processes, such
as cell cycle control, protein trafficking, antiapoptosis, metabolism, signal transduction,
inflammation and cell adhesion/motility [29,
30]. YWHAZ (14-3-3ζ) has been identified as a
clinically relevant prognostic marker for breast
cancer [16, 18], lung cancer [15], head and
neck cancer [17], hepatocellular carcinoma
[19] and may allow for the identification of
patients to receive more aggressive treatments
because their tumors are resistant to standard
chemotherapies [31, 32]. YWHAZ has been
implicated in the initiation and progression of
cancer and has been shown to be overexpressed in multiple cancer tissues and cell
lines such as esophageal cancer [33], pancreatic cancer [34], colon cancer [35], oral cancer
[36] and gastric cancer [20] even if gene amplification was not always detected. Mechanisms
independent of the increased gene copy number, such as the modulation of gene transcription, protein translation or RNA and protein stability may also contribute to increased protein
expression.
In the present study, it was hypothesized that
the overexpression/activation of YWHAZ may
be related to tumor cell proliferation and/or
lower survival rate in patients with AEG. To test
this hypothesis, we examined the expression
status of YWHAZ in primary tumors of AEG.
Consequently, it was demonstrated that YWHAZ
was frequently overexpressed in 46% (42/92)
of AEG patients, and overexpression of YWHAZ
was significantly correlated with larger tumor
size (≥40 mm), suggesting cell proliferation.
Moreover, overexpression of YWHAZ was a
poor prognosticator independent of other prognostic factors. The prognosis of AEG patients
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In conclusion, this is the first report to show
that YWHAZ has a crucial oncogenic role and
may be a potential therapeutic target and indicator in AEG. We demonstrated the frequent
overexpression of the YWHAZ protein and its
prognostic value in patients with AEG. Our study
has a limitation because its results were retrospectively demonstrated using a single institutional cohort. The long accrual period of the
retrospective analysis may reflect possible variations of the treatment. Therefore, studies of
larger cohorts are needed to validate these
findings before moving to a clinical setting.
However, our results provide evidence that
YWHAZ is an important molecular marker for
determining malignant properties and is a target for molecular therapy in patients with this
lethal disease.
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