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Abstract: FOXP3 is a transcription factor and well-known hallmark of immune suppressive T regulatory cells (Tregs).
Recent studies indicate that, in addition to its association with Treg function in the immune system, FOXP3 plays
an important role in tumor development. And important tumor suppressor relay between the FOXP3 and Hippo
pathways was found in human cancer. Thus, we investigated tumoral FOXP3, infiltrated Tregs count, Lats2, and YAP
expression in gastric adenocarcinoma, and the relationships between expression of these three proteins and p53,
Ki67, and other clinicopathological variables. We used 118 gastric adenocarcinoma tissues via immunohistochemi-
cal analysis, using a tissue microarray, in relation to survival and other clinicopathological factors. We report the sev-
eral novel observations about the relationship between tumoral FOXP3 and Hippo pathway components in gastric
adenocarcinoma. Positive tumoral FOXP3 expression was significantly related with smaller tumor size, tubular tumor
type, lower histological grade, lower T stage, lower recurrence rate, less lymphatic invasion, and less neural invasion.
Furthermore, patients with positive tumoral FOXP3 experienced significantly better disease-free and overall survival
compared to patients with negative tumoral FOXP3. These findings show that tumoral FOXP3 expression is associ-
ated with favorable clinicopathological variables in gastric adenocarcinoma. And we report the novel observation of
a relationship between tumoral FOXP3 and Hippo pathway components in gastric adenocarcinoma. Tumoral FOXP3
expression, infiltrated Tregs count, and Lats2 expression were all positively correlated with YAP expression. These
findings suggest that the Hippo pathway in gastric adenocarcinoma might be influenced by both tumoral FOXP3 and
infiltrated Tregs. In conclusion, the loss of FOXP3 expression in cancer cells is thought to contribute to tumorigenesis
and progression of gastric adenocarcinoma. The expression of FOXP3 in gastric adenocarcinoma is related with
Lats2 and YAP expression of the Hippo pathway.
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Introduction

Globally, gastric cancer is the fourth most com-
mon cancer and second leading cause of can-
cer-related deaths [1]. Gastric cancers are
characterized by genetic and epigenetic chang-
es that affect oncogenes, tumor suppressor
genes, and DNA mismatch repair. Consequently,
deregulation of cellular proliferation, adhesion,
differentiation, and signal transduction are
related to tumorigenesis and progression of
gastric adenocarcinoma [2].

FOXP3 is a transcription factor and well-known
hallmark of immune suppressive T regulatory
cells (Tregs) [3]. Relatively well conserved in
mammals [4], the FOXP3 gene is located on the
short arm of the X chromosome at Xp.11.23 [5].

Recent studies indicate that, in addition to its
association with Treg function in the immune
system, FOXP3 plays an important role in tumor
development [6, 7]. FOXP3 expression in tumor
cells has been reported in pancreatic cancer
[6], melanoma, and other tumor cell lines [8].
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Tumoral FOXP3 and Hippo pathway in gastric adenocarcinoma

There is great interest in the role of the FOXP3
gene in tumor development and the mecha-
nisms that regulate FOXP3 expression. Merlo et
al. demonstrated that FOXP3 expression level
in breast carcinoma cells is associated with
patient survival [9], and suggest that tumoral
FOXP3 might be related to metastatic potential.
Both the general mechanism by which FOXP3
expression in tumor cells affects prognosis as
well as the role and function of tumoral FOXP3
in gastric adenocarcinoma remains largely
unknown.

Genetic studies in Drosophila have established
an important role for the Hippo pathway in the
regulation of cell proliferation and apoptosis
[10, 11]. Li et al. revealed an important tumor
suppressor relay between the FOXP3 and Hippo
pathways that has been widely implicated in
human cancer [12]. Lats2 (large tumor sup-
pressor), an important enzyme of the Hippo
pathway [12], is dysregulated in several cancer
types [13]. This pathway largely contributes to
regulation of cell cycle proliferation and apopto-
sis of cells by repressing expression of the
oncogene YAP (Yes-associated protein) [12].
YAP is thought to regulate the balance between
cell proliferation and apoptosis to maintain
homeostasis [14]. FOXP3 is a direct transcrip-
tional activator of Lats2 in epithelial cells of the
prostate and breast where mutations in FOXP3
often result in decreased levels of Lats2 and an
increase in YAP expression [12]. In the present
study, we investigated tumoral FOXP3, Lats2,
and YAP expression related to the Hippo path-
way in gastric adenocarcinoma, and the rela-
tionships between expression of these three
proteins and p53, Ki67, and other clinicopatho-
logical variables.

Materials and methods
Patients and tissue samples

Tissue samples were acquired from 118 cases
of gastric adenocarcinoma surgically resected
at Kyung Hee University Hospital at Gangdong
from 2006 to 2009. For each case, two investi-
gators (K.Y. Won and G.Y. Kim) reviewed all of
the original hematoxylin and eosin-stained sec-
tions. Clinicopathological variables including
age, sex, tumor type, histologic grade, tumor
size, primary tumor (pT), nodal (pN) metastasis,
recurrence, lymphatic invasion, vascular inva-
sion, and neural invasion were evaluated. The
mean patient follow-up duration was 30.8
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months (range, 3-51 months). Among a total of
118 patients, 23 (19.5%) died of disease and
95 (80.5%) remained alive on the day when the
study was initiated. Patient age ranged from 39
to 88 years (median age, 64.6 years). This study
was approved by the Institutional Review Board
at Kyung Hee University Hospital at Gangdong
(IRB 2014-11-021-001).

Tissue microarray (TMA) construction

The H&E-stained sections of formalin-fixed par-
affin embedded tumor tissue blocks were
screened to identify representative, viable
areas of gastric adenocarcinoma. The corre-
sponding areas on the block were marked for
tissue core punches. The TMAs were assem-
bled using a commercially available manual tis-
sue microarrayer (Quick-Ray; UNITMA Co., Ltd,
Seoul, Korea). Briefly, three representative
tumor cores with diameters of 2.0 mm were
punched from each tumor tissue block, and
arrayed into three recipient paraffin blocks,
respectively. We arrayed three cores per case
to increase the concordance rate between the
immunohistochemistry results of the TMAs and
the whole sections. Each of the tissue microar-
ray blocks also contained four normal gastric
tissue cores. H&E staining was performed for
each block to verify tumor cell content. Cases
with stromal tissue only or insufficient carcino-
ma tissue in the cores were excluded from anal-
ysis. Serial sectioned slides were produced,
and H&E staining was performed.

Immunohistochemical staining

Immunohistochemistry was performed on 4 ym
tissue sections from each TMA block using the
Bond Polymer Intense Detection system (Vision
BioSystems, Victoria, Australia) according to
the manufacturer’s instructions with minor
modifications. In brief, 4 um sections of forma-
lin-fixed, paraffin-embedded tissue were depar-
affinized with Bond Dewax Solution (Vision
BioSystems), and an antigen retrieval proce-
dure was performed using Bond ER Solution
(Vision BioSystems) for 30 minutes at 100°C.
Endogenous peroxidases were quenched by
incubating the tissue with hydrogen peroxide
for 5 minutes. Sections were incubated for 15
minutes at ambient temperature with primary
polyclonal antibodies to FOXP3 (1:100,
PCH101, eBioscience, Cambridge, UK), YAP
(1:100, Cell Signaling Technology, MA, USA),
Lats2 (1:1000, Proteintech, Chicago, IL, USA),
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Figure 1. Representative photographs of FOXP3 expression in gastric adenocarcinomas. (A) Strong tumoral FOXP3
expression in nucleus and cytoplasm of gastric adenocarcinomas (original magnification, x100). (B) Magnified view
of (A) (original magnification, x200). The carcinoma cells show granular cytoplasmic with focal nuclear tumoral
FOXP3 expression. The tumor stroma also shows some FOXP3 positive Tregs (red arrows). (C) Another case of gas-
tric adenocarcinoma shows strong tumoral FOXP3 (original magnification, x100). (D) Magnified view of (C) (original
maghnification, x200). Many carcinoma cells show strong nuclear tumoral FOXP3 expression. The tumor stroma also

shows some FOXP3 positive Tregs (red arrows).

Ki-67 (1:200, M 7240; Dako, Glostrup,
Denmark), and p53 (1:500, DO-7, Dako,
Novocastra, Newcastle, UK) using a biotin-free
polymeric horseradish peroxidase-linker anti-
body conjugate system in a Bond-max automat-
ic slide stainer (Vision BioSystems). Nuclei were
counterstained with hematoxylin. The negative
control was treated in an identical manner
using mouse IgG instead of primary antibody.

Evaluation of imnmunohistochemical staining

Tumoral FOXP3 expression was observed in the
nuclei and cytoplasm of carcinoma cells.
Staining of at least 20% of the cells was consid-
ered as positive FOXP3 expression [15]. FOXP3
expression in Tregs appeared as nuclear stain-
ing. The number of FOXP3-expressing Tregs in
tumoral epithelium and stroma was counted in
three high power fields (HPF, x400 magnifica-
tion), and the average scores were correlated
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with clinicopathological variables. We defined
cases with 215 FOXP3 positive cells/HPF as
positive expression [16]. YAP expression was
observed in the nuclei and cytoplasm of carci-
noma cells. Staining of at least 10% of the cells
was considered as positive YAP expression
[47]. Lats2 expression was observed in the
nuclei and cytoplasm. Staining of at least 20%
of the cells was considered as positive Lats2
expression. All slides were evaluated indepen-
dently by two investigators (W.K.Y. and K.G.Y)
without knowledge of patient identity or clinical
outcome. Ki67 and p53 were considered posi-
tive if there was >10% positive average nuclear
staining of strong intensity.

Statistical analysis

Pearson’s chi-square test was used to evaluate
the association between tumoral FOXP3, Lats2,
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Figure 2. Representative photographs of Lats2 and YAP expression in gastric adenocarcinomas. A. Carcinoma cells
show strong cytoplasmic and membranous Lats2 expression (original magnification, x40). B. Another case of gas-
tric adenocarcinoma shows cytoplasmic and membranous Lats2 expression (original magnification, x100). C. Carci-
noma cells show strong cytoplasmic and some nuclear YAP expression (original magnification, x200). D. Carcinoma
cells show cytoplasmic and many nuclear YAP expression (original magnification, x200).

YAP, p53, Ki67 expression and several clinico-
pathological variables. The Kaplan-Meier meth-
od was used to determine the probability of
disease-free and overall survival, and the data
were analyzed by the log-rank test. A P-value
<0.05 was considered significant. Statistical
analyses were performed using the SPSS soft-
ware package (version 15.0; SPSS, Inc.,
Chicago, IL, USA). Overall survival was defined
as survival from the date of surgery to the date
of death due to cancer.

Results

Relationship between tumoral FOXP3, Tregs,
Lats2, and YAP expression and clinicopatho-
logical variables

Positive tumoral FOXP3 expression was
observed in 63.2% (74/117) of the gastric ade-
nocarcinomas (Figure 1). The cases of infiltrat-
ed FOXP3-expressing Tregs (=15 FOXP3 posi-
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tive cells/HPF) were observed in 62.1%
(72/116) (Figure 1B, 1D), positive Lats2
expression in 25.2% (28/111) (Figure 2A, 2B),
and positive YAP expression in 43.1% (50/116)
of the gastric adenocarcinomas (Figure 2C,
2D). Normal gastric mucosal epithelial cells
were negative for FOXP3 expression. As shown
in Tables 1 and 2, positive tumoral FOXP3
expression was significantly related with small-
er tumor size, tubular tumor type, lower histo-
logical grade, lower T stage, lower recurrence
rate, less lymphatic invasion, and less neural
invasion. The cases of infiltrated FOXP3-
expressing Tregs (=15 FOXP3 positive cells/
HPF) were significantly related with smaller
tumor size, lower T stage, negative lymph node
metastasis, lower recurrence rate, less lym-
phatic invasion, less vascular invasion, less
neural invasion, and higher Ki67 expression.
Positive Lats2 expression was significantly
related with less neural invasion. Positive YAP
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Table 1. Correlation between Tumoral FOXP3 expression, Treg and clinicopathological variables in

gastric adenocarcinoma

Tumoral Foxp3 Treg count
Positive Negative P value >15/HPFs <15/HPFs P value
Tumor size
<3cm 38 (76.0) 12 (24.0) 0.011~* 36 (73.5) 13 (26.5) 0.024*
>3 cm 36 (53.7) 31(46.3) 36 (53.7) 31 (46.3)
Histologic type
Mixed 6 (33.3) 12 (66.7) 0.005* 12 (66.7) 6 (33.3) 0.437
Tubular 68 (68.7) 31(31.3) 60 (61.2) 38 (38.8)
Histologic grade
Well/moderately 45 (73.8) 16 (26.2) 0.027* 38 (63.3) 22 (36.7) 0.531
Poorly 29 (54.7) 45 (73.8) 33(62.3) 20 (37.7)
Primary tumor (T)
/1 52 (71.2) 21 (28.8) 0.018* 51 (70.8) 21 (29.2) 0.011*
/v 22 (50.0) 22 (50.0) 21 (47.7) 23 (52.3)
Lymph node metastasis (N)
Absent 48 (69.6) 21 (30.4) 0.067 49 (72.1) 19 (27.9) 0.007*
Present 26 (54.2) 22 (45.8) 23 (47.9) 25 (52.1)
Recurrence
Absent 66 (69.5) 29 (30.5) 0.004* 65 (69.1) 29 (30.9) 0.001*
Present 8(36.4) 14 (63.6) 7 (31.8) 15 (68.2)
Lymphatic invasion
Absent 46 (70.8) 19 (29.2) 0.045* 46 (71.9) 18 (28.1) 0.013*
Present 28 (53.8) 24 (46.2) 26 (50.0) 26 (50.0)
Vascular invasion
Absent 72 (64.9) 39(35.1) 0.131 71 (64.5) 39 (35.5) 0.029*
Present 2(33.3) 4 (66.7) 1(16.7) 5(83.3)
Neural invasion
Absent 68 (67.3) 33(32.7) 0.023* 67 (67.0) 33(33.0) 0.008*
Present 6 (37.5) 10 (62.5) 5(31.3) 11 (68.8)
Ki67 expression
Low 8(33.3) 16 (66.7) 0.001~* 10 (41.7) 14 (58.3) 0.018*
High 65 (71.4) 26 (28.6) 61 (67.8) 29 (32.2)
p53 expression
Low 25 (65.8) 13 (34.2) 0.414 26 (68.4) 12 (31.6) 0.204
High 45 (61.6) 28 (38.4) 42 (58.3) 30 (41.7)

NOTE. Values are n (%). *Significantly different by the chi-squared test.

expression was significantly related with small-
er tumor size, tubular tumor type, lower histo-
logic grade, lower T stage, lower recurrence
rate, and higher Ki67 expression.

Interrelationship between tumoral FOXP3,
Tregs, Lats2, and YAP expression in gastric
adenocarcinoma

As shown in Table 3, positive tumoral FOXP3
expression was significantly related with Treg
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count (P=0.005) and YAP expression (P=0.025).
YAP expression was significantly related with
Treg count (P=0.021) and Lats2 expression
(P=0.043). Tumoral FOXP3 expression was not
significantly correlated with Lats2 expression.

Tumoral FOXP3, Tregs, Lats2, and YAP expres-
sion and disease-free and overall survival rate

Adequate clinical follow-up information was
available for all 118 patients with gastric ade-
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Table 2. Correlation between Lats2, and YAP expression and clinicopathological variables in gastric

adenocarcinoma

Lats2 YAP
Positive Negative  Pvalue Positive Negative P value

Tumor size
<3cm 10 (22.7) 34 (77.3) 0.397 27 (65.1) 22 (44.9) 0.021~*
>3 cm 18 (26.9) 49 (73.1) 23(34.3) 44 (65.7)

Histologic type
Mixed 5(27.8) 13(72.2) 0.496 4 (22.2) 14 (77.8) 0.043*
Tubular 23 (24.7) 70 (75.3) 46 (46.9) 52 (53.1)

Histologic grade
Well/moderately 17 (29.8) 40 (70.2) 0.158 32 (52.5) 29 (47.5) 0.027*
Poorly 10 (19.6) 41 (80.4) 17 (32.7) 35 (67.3)

Primary tumor (T)
/1 17 (25.4) 50 (74.6) 0.574 37 (51.4) 35 (48.6) 0.017%*
/v 11 (25.0) 33(75.0) 13 (29.5) 31 (70.5)

Lymph node metastasis (N)
Absent 15 (23.4) 49 (76.6) 0.386 34 (49.3) 35 (50.7) 0.075
Present 13 (27.7) 34 (72.3) 16 (34.0) 31(66.0)

Recurrence
Absent 23 (25.8) 66 (74.2) 0.5 46 (48.9) 48 (51.1) 0.007*
Present 5(22.7) 17 (77.3) 4(18.2) 18 (81.8)

Lymphatic invasion
Absent 14 (23.3) 46 (76.7) 0.389 31 (47.7) 34 (52.3) 0.174
Present 14 (27.5) 37 (72.5) 19 (37.3) 32 (62.7)

Vascular invasion
Absent 27 (25.7) 78 (74.3) 0.526 49 (44.5) 61 (55.5) 0.181
Present 1(16.7) 5(83.3) 1(16.7) 5(83.3)

Neural invasion
Absent 27 (28.4) 68 (71.6) 0.048* 46 (46.0) 54 (54.0) 0.095
Present 1(6.3) 15 (93.8) 4 (25.0) 12 (75.0)

Ki67 expression
Low 5(21.7) 18 (78.3) 0.435 5(21.7) 18 (78.3) 0.017*
High 23(26.4) 64 (73.6) 44 (48.4) 47 (51.6)

p53 expression
Low 9 (25.0) 27 (75.0) 0.427 17 (44.7) 21 (55.3) 0.401
High 15 (21.4) 55 (78.6) 29 (40.3) 43 (59.7)

Note: Values are n (%). *Significantly different by the chi-squared test.

nocarcinomas. As shown in Table 4, univariate
analyses for disease-free survival revealed an
association with larger tumor size (P=0.0010),
higher histologic grade (P=0.0380), higher pri-
mary tumor stage (P<0.00001), lymph node
metastasis (P<0.00001), lymphatic invasion
(P=0.0041), neural invasion (P=0.0367),
tumoral FOXP3 expression (P=0.0019), Treg
count (P=0.0009), YAP expression (P=0.0098),
and Ki67 expression (P<0.00001). In univari-
ate analyses, overall survival was related to
larger tumor size (P=0.0163), higher primary
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tumor stage (P<0.00001), lymph node metas-
tasis (P=0.0003), lymphatic invasion (P=
0.0040), tumoral FOXP3 expression (P=
0.0040), Treg count (P=0.0027), YAP expres-
sion (P=0.0105), and Ki67 expression (P=
0.0013) (Figure 3).

Discussion
FOXP3 is a member of the forkhead family of

transcription factors and plays a key role in reg-
ulatory T cell function [18]. FOXP3 expression

Int J Clin Exp Pathol 2015;8(11):14608-14618
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Table 3. Correlation among Tumoral FOXP3, Treg, Lats2, and YAP in gastric adenocarcinoma

Tumoral FOXP3

Lats2 YAP

Positive Negative  Pvalue  Positive

Negative Pvalue Positive Negative P value

Treg count

<15/HPFs 21 (28.4) 23(54.8) 0.005* 8(28.6)
20 (71.4)

>15/HPFs 53 (71.6) 19 (45.2)
Lats2
Positive 20(29.0) 8(19.0) 0.173
Negative 49 (71.0) 34 (81.0)
YAP
Positive 37 (50.7) 13(30.2) 0.025*

Negative 36 (49.3) 30(69.8)

33(40.2) 0.191 13(26.0) 30(46.2) 0.021*
49 (59.8) 37 (74.0) 35 (53.8)

16 (34.8) 12 (18.5) 0.043*
30(65.2) 53(81.5)

Note: Values are n (%). *Significantly different by the chi-squared test.

Table 4. Univariate analysis of clinicopathological variables for over- es an immunosuppressive

all survival rate in gastric adenocarcinomas

environment in stomach can-

Disease-free
survival (P value) survival (P value)

Variables

cer [29] and is associated
with a high risk of hepatocel-

Overall

Tumor size (<3.0 cm vs. 23.0 cm) 0.0010*
Tumor type (tubular vs. mixed) 0.2419

Histologic grade (well to mod vs. poor) 0.0380*
Primary tumor (T) (I, Il vs. llI, V) <0.00001~*
Lymph node metastasis <0.00001*
Recurrence N.A
Lymphatic invasion 0.0041*
Vascular invasion 0.6434
Neural invasion 0.0367*
Tumoral FOXP3 expression 0.0019*
Treg count 0.0009*
Lats2 expression 0.9872
YAP expression 0.0098*
Ki 67 expression (<20% vs. 220%) <0.00001*

p53 expression (<10% vs. 210%) 0.8686

lular carcinoma [30]. These

0.0163* o .
0.3431 indicate that the funotpns of
tumoral FOXP3 are diverse
0.1868 and controversial.
<0.00001*
0.0003* In present study about gas-
<0.00001* tric adenocarcinoma, we ob-
0.0040%* served that positive tumoral
0.6211 FOXP3 expression was sig-
nificantly related with an
0.0953 increase in the number of
0.004* infiltrated FOXP3-expressing
0.0027*

Tregs. Hinz et al. showed an
0.6338 inhibitory influence of FOXP3-
0.0105* expressing pancreatic can-
0.0013* cer cells on T cell prolifera-
0.7132 tion in vitro and suggested

*Statistically significant, N. A: not applicable.

had been thought to be restricted to the T cell
lineage [19]. Increased infiltrated FOXP3-
positive Tregs in stroma of tumor have been
reported as a poor prognostic factor in several
carcinomas, including breast, pancreas, stom-
ach, liver, and lung cancers [20-25]. Recently,
various studies have shown that FOXP3 is
expressed in tumor cells such as breast cancer
cells, melanoma cells, and cell lines derived
from a variety of solid tumors [6, 26, 27]. Some
studies report that the FOXP3 gene functions
as a tumor suppressor gene for breast [26],
prostate [28], and non-small cell lung cancer
[15]. Other studies show that FOXP3 expressed
by tumors has an oncogenic feature that induc-
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that FOXP3-positive cancer
cells acquire an immune eva-
sion system [6]. Yoshii et al.
reported that FOXP3 positive tumor cells occur
at a much higher frequency in signet ring cell
carcinoma than in carcinomas of other histo-
logic types, suggesting that signet ring cell car-
cinoma itself might induce immune tolerance
through FOXP3 gene expression [29].

Our observations led to some new findings
about the role of tumoral FOXP3 in gastric ade-
nocarcinoma. Positive tumoral FOXP3 expres-
sion was significantly related with smaller
tumor size, tubular tumor type, lower histologi-
cal grade, lower T stage, lower recurrence rate,
less lymphatic invasion, and less neural inva-
sion. Furthermore, patients with positive tumor-

Int J Clin Exp Pathol 2015;8(11):14608-14618
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Figure 3. Analysis of disease-free survival and overall survival according to each protein expression.
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al FOXP3 experienced significantly better dis-
ease-free and overall survival compared to
patients with negative tumoral FOXP3. These
findings show that tumoral FOXP3 expression is
associated with favorable clinicopathological
variables in gastric adenocarcinoma. The loss
of FOXP3 expression in cancer cells is thought
to contribute to tumorigenesis and progression
of gastric adenocarcinoma. These results are
similar to findings in breast cancer, where loss
of FOXP3 expression contributes to tumorigen-
esis by allowing enhanced expression of the
HER-2/ErbB2 oncogene, which plays a key role
in breast cancer progression [31].

In present study, the cases of stromal infiltrat-
ed FOXP3-expressing Tregs (=15 FOXP3 posi-
tive cells/HPF) were significantly related with
smaller tumor size, lower T stage, negative
lymph node metastasis, lower recurrence rate,
less lymphatic invasion, less vascular invasion,
less neural invasion, and higher Ki67 expres-
sion. Recent studies have revealed that the
accumulation of Tregs is associated with
advanced tumor growth and poor prognosis in
several types of malignant tumors [24, 32, 33].
However, Tao et al. reported that tumoral FOXP3
expression attenuates the negative influence
of Treg accumulation on survival, suggesting
that in NSCLC (non-small cell lung cancer),
tumoral FOXP3 functions as a tumor suppres-
sor gene and exerts an inhibitory influence on
the progression of Tregs. They further reported
that tumoral FOXP3 expression seems to have
a substantial prognostic impact on NSCLC
patients when assessed in combination with
Treg count, and speculated that FOXP3-
expressing lung cancer cells have suppressive
effects on Treg functions [15]. Interestingly,
Hinz et al. has shown in human pancreatic car-
cinoma cells that down-regulation of FOXP3
results in up-regulation of proinflammatory
cytokines IL-6 and IL-8 [6]. IL-6 plays important
roles in T cell differentiation and homeostasis
such as inhibiting Treg function and expansion
[34]. Taken together, these data suggest that
tumoral FOXP3 expression, which has an tumor
suppressive role, attenuates the negative influ-
ence of Treg accumulation on survival in gastric
adenocarcinoma patients, as in NSCLC
patients.

Furthermore, we investigated the mechanisms
of tumoral FOXP3 in connection with the Hippo
pathway, which contributes to regulating cell
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cycle proliferation and apoptosis of cells by
repressing expression of the oncogene YAP
[12]. The components of the Hippo pathway
include YAP and Lats2. Recently, tumoral
FOXP3 was shown to relate to the Hippo path-
way. FOXP3 is a direct transcriptional activator
of Lats2 in epithelial cells of the prostate and
breast [12]. Thus, we studied the functions of
tumoral FOXP3 in relation with Lats2 and YAP
expression in gastric adenocarcinomas. YAP
expression in gastric adenocarcinoma correlat-
ed with smaller tumor size, tubular tumor type,
lower histologic grade, lower T stage, lower
recurrence rate, and higher Ki67 expression.
Patients with positive YAP expression experi-
enced significantly better disease-free and
overall survival compared to patients with neg-
ative YAP expression. These observations favor
that YAP expression has a tumor suppressor
function in gastric adenocarcinoma. Yuan et al.
reported that up-regulation of YAP correlated
with better survival in a cohort of breast cancer
patients [35]. YAP activity is thought to favor
tumor suppression, although whether YAP is
anti- or pro-tumorigenic may depend on cell
context and type of stimuli [17].

Additionally, we discovered the novel observa-
tion of a relationship between tumoral FOXP3
and Hippo pathway components in gastric ade-
nocarcinoma. Tumoral FOXP3 expression, infil-
trated Tregs count, and Lats2 expression were
all positively correlated with YAP expression.
The Hippo pathway in gastric adenocarcinoma
was influenced by both tumoral FOXP3 and infil-
trated Tregs. In prostate and breast cancer,
tumoral FOXP3 is a direct transcriptional activa-
tor of Lats2. Reduced expression and somatic
mutations of FOXP3 correlate strongly with
defective Lats2 expression in micro-dissected
prostate cancer tissues [12]. They identified a
tumor suppressor relay between FOXP3 and
the Hippo pathway in breast and prostate can-
cers [12]. Although we did not find a direct con-
nection between tumoral FOXP3 and Lats2
expression, we had the evidence to support a
relationship between tumoral FOXP3 and Lats2
expression via YAP expression in gastric adeno-
carcinoma. Taken together, the data suggest
the possibility that the tumor suppressor func-
tion of FOXP3 in gastric adenocarcinomas is
related to the Hippo pathway.

FOXP3 has been studied as a therapeutic tar-
get, and vaccination to eradicate FOXP3-
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expressing Tregs enhances tumor immunity
[36]. The finding that FOXP3 can be expressed
not only by tumor-infiltrating Tregs but also by
tumor cells has important implications. Our
findings provide new insight that may help
develop more effective therapeutic appro-
aches.

In conclusion, tumoral FOXP3 expression is
associated with favorable clinicopathological
variables in gastric adenocarcinoma. The loss
of FOXP3 expression in cancer cells is thought
to contribute to tumorigenesis and progression
of gastric adenocarcinoma. The expression of
FOXP3 in gastric adenocarcinoma is related
with Lats2 and YAP expression of the Hippo
pathway.
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