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Abstract: Aim: The aim of this study is to evaluate the prognostic value of β-catenin and LEF-1 expression in patients 
with operable gastric cancer that receive adjuvant treatment and the relationship between demographic and his-
topathological variables. Material and method: In this study, 82 gastric cancer patients treated with adjuvant treat-
ment after surgery and followed in the Medical Oncology Department of Kocaeli University were included. β-catenin 
and LEF-1 expression were examined by immunuhistochemical analysis in paraffin embedded tumor tissues of the 
patients. Results: Median age was 56 (26-81) and follow up was 19 months (4-61). Performance status (ECOG) 
were 0-1 in all patients. Male/female ratio was 53/29 (64.6/35.4%). The median disease free survival (DFS) time 
was 17 months (SE: 3 95% CI: 11-23) and 3 years DFS rate was 39.7%. The median overall survival (OS) time was 
28 months (SE: 4 95% CI: 20-36) and 3 years OS rate was 41.2%. There was no statistical correlation between 
β-catenin and LEF-1 expression and age, gender, performance status, tumor localization, T and N stage, lymphovas-
cular, perinoral invasion, grade and operation type (>0.005). According to univariate analysis, we did not find signifi-
cant effect of age, gender, T stage, lymphovascular, perinoral invasion, grade and operation type on overall survival 
(p>0.005). Good performance status (ECOG 0), tumor infiltration without diffuse type like linitis plastica, and lower 
N stage had positive effect on survival respectively (p=0.04, 0.033 and 0.005). Conclusion: In this study group, 
we found that only N stage was an independent prognostic factor (<0.005). Demographic features of the patients, 
histopathological characteristics other than N stage, β-catenin and LEF-1 prognostic effects have not been shown.
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Introduction

Gastric cancer is the second most common 
cause of cancer-related death in the world. In 
Turkey, gastrointestinal tract cancers are sec-
ond to respiratory tract cancers in males, third 
to breast and urogenital tract cancers in 
females, with gastric cancer having the highest 
incidence in all gastrointestinal tract cancers 
according to Health Ministry data [1]. The fac-
tors of early diagnosis, follow up and prognostic 
evaluation of gastric cancer have been studied. 
The positive and negative lymph node number, 
invasion of tumor depth, histopathological type, 
applied surgery, tumor grade, location of tumor, 
lymphatic and vascular invasion, patient age 
and sex have been detected as prognostic fac-
tors [2, 3]. In addition to these, the importance 
of some genetic alterations such as DNA ploidy, 
S-phase fraction, and P53 mutation have been 

studied [4-6]. Mutation of β-catenin is a fre-
quent cause of the Wnt signaling pathway in 
gastric cancer [7]. β-catenin is translocated to 
the nucleus from cytoplasm by Wnt activation 
and binds to the members of TCF4 (T cell factor) 
and LEF-1 (lymphoid enhancing factor) as cen-
tral mediators of transcription. In the carcino-
genesis process, TCF4-β-catenin complex 
might regulate transcription of LEF-1 and it may 
lead to malign progression [8]. The correlation 
of LEF-1 and TCF4 with nuclear β-catenin and 
their tumoral distribution have been studied in 
colorectal cancers [9]. The Wnt signaling path-
way has a role in the development of organs in 
lots of different species, but if activated abnor-
mally, it is related to carcinogenesis [10].

The Wnt gene family code a group of glycopro-
tein signal molecules activated in different can-
cers. The Wnt signal pathway has an important 
role as its components have been shown to be 
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related to the clinical stage of some tumors and 
so it can be useful for prognostic purposes [11]. 
In addition, targeting of the agents that inhibit 
abnormally activated steps in carcinogenesis 
might be helpful in the development of chemo-
preventive and chemotherapeutic agents [12]. 
We aimed to study the prognostic importance 
of LEF-1 and β-catenin expression and the rela-
tion with histopathological variables in gastric 
cancer patients given adjuvant therapy after 
surgery in our clinic. 

Material and method

Eighty-two patients with gastric cancer referred 
to the oncology clinic after surgery with curative 
intention were evaluated retrospectively. The 
demographic data, such as gender, age, and 
the surgical findings from the surgical reports 
were determined from the files of the patients. 
Pathological data such as histological type, 
tumor invasion depth, lymph node metastasis, 
vascular, lymphatic and perineural invasion sta-
tus, localization and differentiation degree 
were also obtained from the patients records.
The patients were evaluated according to per-
formance status and histopathological findings 
after the operation. Adjuvant chemoradiothera-
py (5FU 425 g/m2 and FA 20 mg/m2/28 day 5 
days 5 cycles) or chemotherapy and radiothera-
py alone were given according to performance 
status of the patients having T3N0 or a higher 
stage of disease by TNM classification with the 
pathological findings. Combined chemotherapy 
(Dosetaksel, Cisplatin, 5FU) 2 to 4 cycles after 
chemoradiotherapy were given to the stage 
four patients having T4 or N3 disease by patho-
logical findings. After the completion of the 
treatment, patients were followed every 3 
months. Palliative chemotherapy, radiotherapy, 
or surgery were administered to the patients 
that developed local recurrence or distant 
metastasis.

The tissue samples obtained from the Pathology 
clinic archives were reevaluated by the patholo-
gist, reclassified according to WHO and Lauren 
classification and the results were confirmed. 
The pathological slides belonging to the cases 
were reexamined and the suitable ones for 
immunohistochemical staining were chosen 
from the paraffin block archives and stained.
The immunohistochemical examination of the 

Table 1. Demographic and clinicopathologic 
features of the patients
Features Patient number %
Sex
    Female 29 35.4
    Male 53 64.6
Age
    >60 34 41.5
    ≤60 48 58.5
Performance status
    ECOG 0 47 57.3
    ECOG 1 35 42.7
Tumor localization
    Cardia 21 25.6
    Corpus 21 25.6
    Antrum 38 46.3
    Diffuse invasion 2 2.4
T stage
    T1 1 1.2
    T2 6 7.3
    T3 69 84.1
    T4 6 7.3
N stage
    N0 12 14.6
    N1 20 24.4
    N2 22 26.8
    N3a 24 29.3
    N3b 4 4.9
Dissection type
    D1 50 61.0
    D2 29 35.4
    D3 3 3.7
Vascular invasion
    Positive 14 17.1
    Negative 68 82.9
Lymphatic invasion
    Positive 13 15.9
    Negative 69 84.1
Perineural invasion
    Positive 2 2.4
    Negative 80 97.6
Grade
    G1 32 39.0
    G2 12 14.6
    G3 38 46.3
Surgery border
    Negative 69 84.1
    Positive 13 15.9
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tissue samples were done in the Pathology 
Department unit. Five micrometer sections of 
the paraffin blocks were used for immunohisto-
chemical staining. After the deparaffinization 
and rehydration process, the prepared sections 
were evaluated by using immunohistochemical 
examination with monoclonal antibody against 
β-catenin in 1/200 and LEF-1 in 1/150 dilution 
(Cell Signaling Technology, Inc, 9582, 2230, 
U.S).

The immunohistochemical antibody staining  
for β-catenin in tumor cells were evaluated  
as membranous, cytoplasmic and nuclear 
staining: (0) no staining, (1) diffuse membra-
nous staining, (2) more than 10% membra- 
nous staining, (3) cytoplasmic staining, or (4) 
nuclear staining. β-catenin staining’s were  
categorized as no staining, membranous stain-
ing, nuclear staining and compared with other 
parameters. The immunohistochemical anti-
body staining for LEF-1 in tumor cells were eval-
uated as (0) no nuclear staining and (1) positive 
nuclear staining.

The staining types of the obtained results were 
compared with the demographical, histopatho-
logical, and clinical characteristics of the 
patients. In addition, the effects of the staining 
pattern of β-catenin and LEF-1 on survival were 
calculated.

The statistical methods used were chi-square 
test for relationship between β-catenin and 
LEF-1 expression and patient features, Kaplan-
Meier test for survival analysis acording 
between β-catenin and LEF-1 expression and 
patient features. In multivariate analysis, Cox 
regression test was used for prognostic fac-
tors. p values were accepted as significant at 
p<0.05.

Results

Eighty-two patients were included in this stu- 
dy. The median age was 56 (26-81). The me- 
dian follow up time was 19 months (4-61). The 
demographic and clinicopathologic features 
are shown in Table 1.

Figure 1. Intranuclear LEF-1 immunoreactivity in a 
tumor with tubular pattern (x400).

Figure 2. Focal membranous β-catenin immunoreac-
tivity in a tumor with intestinal pattern (x100).

Figure 3. Intranuclear partial intracytoplasmic 
β-catenin immunoreactivity in a tumor with solid pat-
tern (x100).

Figure 4. Negative control staining.
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no LEF-1 staining of 79 patients (96.3%) nucle-
ar LEF-1 staining was positive in three patients 
(3.7%) (Figure 1). 

β-catenin membranous staining in 36 (44%) of 
the patients (Figure 2) and β-catenin nuclear 
staining in 21 (26%) of the patients were found 
(Figure 3). There was no β-catenin staining in 
25 (30%) of the patients (Figure 4).

Statistical significance was not found between 
LEF-1 expression and age, sex, performance 
status, tumor localization, T stage, N stage, 
vascular, lymphatic and perineural invasion, 
grade and dissection type (p>0.05). Rela- 
tionship between LEF-1 expression and the 
patient features is summarized in Table 2.

The relationship between β-catenin expression 
and age, sex, performance status, tumor local-
ization, T stage, N stage, lymphatic and peri-
neural invasion, grade and dissection type was 
studied but statistical significance was not 
found (p>0.05). The relationship between 
β-catenin expression and the patient features 
is summarized in Table 3. In addition, there was 
no statistical significance between LEF-1 
expression and β-catenin expression (p=0.180).

In 19 months of follow up, the median progres-
sion free survival period was 17 months (SE: 3 
95% CI: 11-23) in all patient groups. Three 
years progression free survival ratio was 39.7%.
Also in all patient groups, the median overall 
survival period was found to be 28 months (SE: 
4% 95 CI: 20-36). Three years overall survival 
ratio was 41.2%.

In one variable analysis; there was no signifi-
cant effect of age, sex, T stage, vascular, lym-
phatic and perineural invasion, grade and dis-
section type on overall survival (p>0.05).

Good performance status (ECOG 0), no diffuse 
tumor invasion like linitis plastica, low N stage 
of tumor according to TNM classification were 
found as positive factors on survival (respec-
tively p=0.04, 0.033 and 0.005).

When the relationship between LEF-1 and 
β-catenin expression for survival was evaluat-
ed; the median overall survival was not reached 
in patients with LEF-1 expression while the 
median overall survival was found 27 months in 
patients with no LEF-1 expression (p=0.126).

While the median overall survival was found to 
be 28 months in the patients with β-catenin 

Table 2. Relationship between LEF-1 expres-
sion and patient features
Patient features LEF1 (-) n LEF1 (+) n p
Sex 0.284
    Female 27 2
    Male 52 1
Age 0.263
    >60 34 0
    ≤60 445 3
Performance status 0.257
    ECOG 0 44 3
    ECOG 1 35 0
Tumor localization 0.260
    Cardia 13 1
    Corpus 28 2
    Antrum  38 0
T stage 0.899
    T1 1 0
    T2 6 0
    T3 66 3
    T4 6 0
N stage 0.427
    N0 12 0
    N1 18 2
    N2 21 1
    N3a 24 0
    N3b 4 0
Dissection type 0.935
    D1 48 2
    D2 28 1
    D3 3 0
Vascular invasion 0.423
    Positive 14 0
    Negative 65 3
Lymphatic invasion 0.444
    Positive 13 0
    Negative 66 3
Perineural invasion 0.780
    Positive 2 0
    Negative 77 3
Grade 0.059
    G1 32 0
    G2 10 2
    G3 37 1
Surgery border 0.444
    Negative 66 3
    Positive 13 0

As a result of immunohistochemical evaluation 
of the tumor tissue specimens, while there was 
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membranous staining, 25 months 
in the patients with nuclear stain-
ing and 24 months in the patients 
with no staining (p=0.948).
Although there is a positive trend 
on overall survival in the pres-
ence of LEF-1 expression, this 
trend could not reach to statisti-
cal significance (p=0.120).

Only N stage was found as an 
independent prognostic factor in 
multivariable cox regression anal-
ysis (p=0.05). Prognostic effects 
of patient demographic features, 
histopathological features apart 
from N stage, LEF-1 and β-catenin 
expression were not observed in 
our patient group.

Discussion

β-catenin, is a component of 
E-cadherin-catenin complex and 
has a crucial role in epithelial cell 
adhesion and maintenance of tis-
sue structure [13, 14]. The abnor-
malities of this complex expres-
sion or functioning, result with 
adhesion loss between cells and 
may lead to cell transformation 
and cancer development [14, 15]. 
β-catenin expressions and gene 
mutations were investigated in 
many studies [14-18]. In gastroin-
testinal tumors, increased β- 
catenin expression was shown 
75% in colorectal cancers, 56% in 
gastric cancer, 26.9% in hepato-
cellular cancer [19]. β-catenin 
expression is increased by way of 
Wnt signaling activation which 
can be found in about one third of 
gastric cancer cases. Wnt path-
way dysregulation has a pivotal 
role in carcinogenesis. The over-
expressed components of this 
pathway and downregulated or 
loss of Wnt inhibitors were dis-
cussed in development, progres-
sion and metastasis of gastric 
cancer. Different oncogenic sig-
naling pathways might have inter-
actions with Wnt regulators. 

Table 3. Relationship between β-catenin expression and pa-
tient features

Patient features
β-catenin 

Membranous 
Staining (n)

β-catenin 
Nuclear 

Staining (n)

β-catenin 
Staining (-) 

(n)
p

Sex 0.716
    Female 13 6 10
    Male 23 15 15
Age 0.051
    >60 20 5 9
    ≤60 16 16 16
ECOG PS 0.194
    ECOG 0 17 15 15
    ECOG 1 19 6 10
Tumor localization 0.959
    Cardia 7 3 4
    Corpus 12 9 9
    Antrum 17 9 12
T stage 0.816
    T1 1 0 0
    T2 2 1 3
    T3 30 18 21
    T4 3 2 1
N stage 0.446
    N0 3 6 3
    N1 9 3 8
    N2 10 6 6
    N3a 11 5 8
    N3b 3 1 0
Dissection type 0.815
    D1 22 13 15

    D2 12 7 10
    D3 2 1 0
Vascular invasion 0.0870
    Positive 7 3 4
    Negative 29 18 21
Lymphatic invasion 0.972
    Positive 6 3 4
    Negative 30 18 21
Perineural invasion 0.097
    Positive 0 0 2
    Negative 36 21 23
Grade 0.160
    G1 19 6 7
    G2 4 5 3
    G3 13 10 15
Surgery border 0.389
    Negative 32 18 19
    Positive 4 3 6
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Consequently, chemotherapeutic approaches 
targeting Wnt/β-catenin pathway were evaluat-
ed [19].

In gastric cancer studies related to β-catenin 
expression conflicting results have been report-
ed and the role of β-catenin mutations are not 
clear in gastric carcinogenesis [20, 21]. In a 
study of 157 gastric cancer cases by Nabais et 
al., it was reported that β-catenin expression 
decreased in diffuse and mixed type carcino-
mas while cytoplasmic and/or nuclear β-catenin 
expression increased in mixed type carcino-
mas. Nuclear localization of β-catenin was 
seen in 85.7% of the mixed tumors. In this 
study, cytoplasmic and/or nuclear β-catenin 
expression and lymphatic vessel invasion and 
lymph node metastases were associated sig-
nificantly. They suggested that Wnt/β-catenin 
activation may effect this type of gastric cancer 
pathogenesis and this activation may be asso-
ciated with worse outcomes in gastric carcino-
ma. No β-catenin mutation was seen in any of 
the cases. Therefore, the mechanisms underly-
ing Wnt/β-catenin pathway in gastric carcino-
ma are not due to the β-catenin mutations and 
need to be clarified [20].

In another study by Grabsch et al., β-catenin 
expression was immunohistochemically inve- 
stigated in a retrospective series of 401 
R0-resected gastric carcinomas. In this study, 
in a subgroup of gastric carcinoma cases 
(53/401 case 13.2%) abnormal cytoplasmic or 
nuclear β-catenin expression has been shown 
and it was supposed that the Wnt signal path-
way might be activated by β-catenin. But mech-
anisms of activation by β-catenin mediated sig-
nal pathway till now has not been explained. On 
the other hand, with the degree of membra-
nous β-catenin expression or the type of stain-
ing (membranous vs cytoplasmic/nuclear) and 
the tumor grade, the histological tumor type as 
well as with the prognostic parameters pT, pN, 
category and vascular invasion were not signifi-
cantly correlated. Additionally, there was no 
correlation between the presence of cytoplas-
mic/nuclear β-catenin expression and the loss 
of membranous β-catenin expression with 
tumor progression or prognosis [13].

In a study of 40 gastric cancer cases by Ramesh 
et al., membranous expression of β-catenin 
was decreased in 83% diffuse and 29% intesti-
nal tumors (p=0.0014), and was associated 

with poor differentiation (p=0.0015) and short 
survival (p=0.032), but not due to age, sex, 
tumor size or nodal status. Nuclear expression 
of β-catenin was not common and in one third 
of the cases there was cytoplasmic expression 
but there were no correlations between cyto-
plasmic expression and histology, tumor grade 
or survival. Decreased membranous expres-
sion of β-catenin predicts poor prognosis in 
gastric cancer [21]. Ayed-Guerfali et al. investi-
gated the expression of β-Catenin, adenoma-
tous polyposis coli (APC) and E-cadherin in 
tumor tissues of the 80 Tunisian operated gas-
tric cancer patients. In this study, membranous 
staining of tumor cells for β-catenin was accept-
ed as normal expression while cytoplasmic, 
nuclear or no staining was accepted as abnor-
mal expression. β-catenin expression was 
investigated both in combination with APC and 
E-cadherin or alone in gastric tumor cells. 
Membranous expression of β-catenin was 
detected in 61.3% of cases while cytoplasmic 
and or nuclear staining was seen in 38.7%. Only 
three of 80 cases exhibited nuclear expression 
alone. They have shown greater extent of lymph 
node metastasis, poor differentiation, and 
advanced T-stage in patients with abnormal 
β-catenin expression and correlated with a 
worse prognosis alone or in combination with 
loss of E-cadherin and APC expression [22].

In our study, we found β-catenin membranous 
staining in 36 (44%) of the patients while 
β-catenin nuclear and cytoplasmic staining in 
21 (26%) of the patients. In 25 (30%) of the 
patients β-catenin staining was not observed. 
No statistical significance was found between 
β-catenin expression and age, sex, perfor-
mance status, tumor localization, T stage, N 
stage, vascular, lymphatic and perineural inva-
sion, grade or dissection type (p>0.05). With 
the evaluation of the relationship between 
β-catenin expression and overall survival, we 
found that median overall survival was 28 
months in patients that have β-catenin mem-
branous staining, 25 months in those who have 
nuclear staining and 24 months for those who 
have no staining (p=0.948). The factors affect-
ing the results might be an insufficient number 
of patients and the high possibility of the 
selected group of patients. At the same time, 
there are some studies which have proven a 
relationship between β-catenin expression type 
and histopathological variables of the gastric 
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cancer while some studies do not show this 
relationship. So this relationship was not con-
firmed. In our study, β-catenin expression does 
not seem to be an independent prognostic fac-
tor in gastric cancer.

TCF4 and LEF-1 which are DNA binding proteins 
and transcription factors as nuclear β-catenin 
partners play a role in the wnt/β-catenin signal 
pathway in carcinogenesis. β-catenin translo-
cates to the nucleus from the cytoplasm and 
binds to LEF-1 and TCF4 after Wnt signal path-
way activation [15, 19]. In different solid 
tumors, LEF-1 expression was shown as a poor 
prognostic factor and associated with shorter 
survival [23, 24]. In colorectal carcinoma, LEF-1 
expression had conflicting results in different 
studies. While Wang et al. found that LEF-1 
expression was related with poor outcomes in 
colorectal carcinoma [25] and in a study by Lin 
et al., LEF-1 overexpression was shown to be 
associated with poor survival and increased 
risk for liver metastasis in colorectal carcinoma 
[26]. In contrast Kriegl et al. showed that LEF-1 
expression was related with longer survival [9]. 
In a study of 214 patients with colorectal can-
cer, LEF-1, TCF4 and nuclear β-catenin ana-
lyzed immunohistochemically. There were no 
correlations between nuclear expressions of 
TCF4, LEF-1 and β-catenin. While nuclear 
β-catenin was positive in 75% of the cases, in 
contrast LEF-1 expression was positive only in 
26% and TCF4 in 46% of colorectal carcino-
mas. In this study, while TCF4 expression was 
associated with shorter overall survival 
(p=0.02), LEF-1 expression was associated 
with longer overall survival (p=0.015). Com- 
paring LEF-1, TCF4 and β-catenin expression, 
while some cases having nuclear β-catenin 
expression did not express LEF-1, TCF4 or both 
factors, other cases without β-catenin expres-
sion had LEF-1 and TCF4 expression. Therefore 
it was suggested that for the Wnt signal activa-
tion TCF4 or LEF-1 expression did not need to 
be with the nuclear β-catenin expression. 
Additionally, some other mechanisms different 
from Wnt signaling might be necessary for the 
regulation of TCF4 and LEF-1 expression as 
both of these factors were positive even when 
β-catenin expression was negative [9]. In a 
study by Radulescu et al. on mouse colonies, 
they activated the Wnt signaling pathway either 
by glycogen synthase kinase 3 (GSK3) or APC or 
by active β-catenin expression. Although in a 

very short time fundic gland polyp (FGP) forma-
tion and adenomatous change with parietal cell 
loss in the corpus and occurrence of adenomas 
in the antrum occurred, they could not suc-
ceedin displaying conversion to malignant gas-
tric cancer either in the antrum or corpus. This 
suggests that Wnt signaling activation may not 
be enough to drive malignancy [27].

Finally, Kermanshahi et al. studied LEF-1 
expression in 602 colorectal and other gastro-
intestinal tract neoplasms. In this study, only 
seven of 103 gastric carcinoma cases had pos-
itive LEF-1 expression in 15/175 (8%) of upper 
gastrointestinal tract adenocarcinomas while 
LEF-1 expression was detected in more than 
one third (89/241, 37%) of the colorectal carci-
noma cases. Although moderate/strong LEF-1 
expression levels had a trend of poor overall 
survival this could not reach to statistical sig-
nificance (p=0.15) and there was no correlation 
with LEF-1 expression and clinicopathological 
findings in colorectal carcinoma [28].

In our study, we investigated the expression of 
LEF-1 in patients with gastric cancer which was 
not studied alone in gastric cancer as an iso-
lated trial before. By the immunohistochemical 
analysis of tumor tissue specimens, LEF-1 
expression was not found in 79 patients 
(96.3%) but was found only in three patients 
(3.7%). The median overall survival was 27 
months in patients without LEF-1 expression 
while median overall survival time couldn’t be 
reached in patients with LEF-1 expression 
(p=0.126). No relationship was found between 
LEF-1 expression and histopathological vari-
ables like β-catenin. There was no correlation 
found between β-catenin and LEF-1 expression 
as it was shown in colorectal cancers suggest-
ing the presence of different effective mecha-
nisms other than the Wnt signal pathway.

In the presence of LEF-1 expression, although 
there was a positive tendency in overall surviv-
al, it could not be reached to statistical signifi-
cance. Actually, TGF-β/smad signaling pathway-
could activate LEF-1 expression independent 
from the Wnt signaling pathway [29]. In colorec-
tal cancer, tumor progression is mediated by 
inhibition of TGF β signaling [30, 31] and during 
cancer progression induction of growth arrest, 
differentiation and apoptosis being crucial 
events shown to be caused by inactivating 
mutations of the TGFβ pathway [32, 33]. TGFβ 
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signaling activation might be indicated by LEF-1 
expression that inhibits tumor progression and 
development of metastasis. This type of mech-
anism might be effective in gastric cancer as 
well.
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