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Original Article
Activation of FOX03a suggests good prognosis
of patients with radically resected gastric cancer
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Abstract: Objective: This study sought to investigate the role of the forkhead transcription factor FOXO3a in the
prognosis of stage II/Ill gastric cancer patients. Materials and methods: A single-institution cohort of 289 patients
with stage II/Ill gastric cancer was studied. Formalin-fixed paraffin-embedded tumor and adjacent normal speci-
mens were used for tissue microarray construction. Tissue sections were immunostained with FOXO3a. Microscopic
evaluation to assess the presence and localization of FOXO3a in tumor and adjacent normal tissues was performed.
Results were analyzed for association with clinicopathological characters and overall survival (OS). Results: FOXO3a
expression was significantly higher in tumor tissues compared with adjacent normal tissues, and nuclear FOXO3a
staining was observed to be more common in tumor samples than adjacent normal tissues. Poorer prognosis was
seen in patients with tumors harboring lower expression of FOXO3a and also patients with adjacent normal tissues
harboring higher expression of FOXO3a. High expression of FOXO3a in tumor tissues served as a good prognostic
marker with multivariate hazard ratio (HR) of 0.737 (95% Cl, 0.574 to 0.947; P = 0.017) for OS. Conclusion: The
expression of FOXO3a was upregulated and activated in gastric cancer tissues, and was significantly associated with
a favorable prognosis in stage Il/Ill gastric cancer patients.
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Introduction stream target of the PIBK/AKT pathway. When
FOXO3a is unphosphorylated, it locates in the
nuclear and can activate or repress multiple
target genes throughout its transcriptional
activity. Once phosphorylated by Akt, FOXO3a

rapidly relocates from the nucleus to the cyto-

Gastric cancer is one of the most common
human malignant diseases and remains the
second leading cause of cancer-related death
worldwide [1]. Despite improvements in surgi-

cal approaches and chemoradiotherapy, sur-
vival of patients with advanced stage remains
poor, with only around 15% of all patients
reaching 5 years [2, 3]. After the success of
trastuzumab in patients with HER2-positive
gastric cancer [4], there is an increasing inter-
est in identifying new molecular targets for
treatment. However, an adequate knowledge of
the target and the potential clinical effects
from its inhibition are required before consider-
ing systemic therapy.

FOX03a, a member of the Forkhead box O
(FoxO) transcription factor family, is a down-

plasm, where the phosphorylated FOXO3a is
then be ubiquitylated, undergoing degradation
[5]. FOXO3a can also be phosphorylated by IKK
and ERK in response to growth factor and insu-
lin stimulation, leading to suppression of its
activity [6].

FOX0O3a has been demonstrated to be a tumor
suppressor in various cancers. FOXO3a overex-
pression has been shown to inhibit breast
tumor growth and tumor size [7, 8]. Furthermore,
the patients with FOXO3a-high breast tumors
showed significantly increased survival com-
pared with patients with FOXO3a-low tumors
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Figure 1. Expression of Foxo3a in gastric cancer tissues and adjacent normal tissues. Immunohistochemical (IHC)
staining with antibody to Foxo3a was performed on 289 gastric cancer specimens. Images of representative stain-
ing are shown. IgG was control. Magnification, x200, x400.

[9]. Downregulation of FOXO3a is reported to
promote tumor metastasis and is associated
with metastasis-free survival of patients with
clear cell renal cell carcinoma [10], while upreg-
ulation of FOXO3a results in suppression of
bladder cancer proliferation [11]. These studies
suggest that FOX03a function as a tumor sup-
pressor and, therefore, may serve as a direct or
indirect therapeutic target. However, emerging
evidence also has shown that FOXO3a pro-
motes tumor cell survival under stress condi-
tions, such as oxidative stress [12] and serum
deprivation [13]. A recent publication has
revealed FOX03a, with a nuclear interaction of
B-catenin, as a promoter of metastatic progres-
sion in colon cancer [14]. Therefore, the role of
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FOXO3a has yet to be definitively elucidated in
a specific cancer before it is employed as a tar-
get for cancer therapy.

In the present study, we investigated the
expression of FOXO3a in both gastric carcino-
mas and its adjacent normal tissues, and ana-
lyzed correlations of the protein expression
with patient characteristics, clinical and patho-
logical variables as well as patient outcome.

Methods
Clinical samples
289 patients with histologically confirmed gas-

tric cancer seen at Zhongshan Hospital, Fudan
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Table 1. Expression pattern of FOXO3a in tumor and adjacent normal University between Janu-
tissues ary 2004 and December
2008 were recruited for
this study. All patients
underwent D2 radical

Tumor tissues (%) Adjacent normal tissues (%) P value

FOX03a expression

Low 176 (60.9) 224 (77.5) <0.01 resection without preop-
Moderate 65 (22.5) 58 (20.1) erative chemotherapy or
High 48 (16.6) 7(2.4) radiotherapy. Their diag-
FOX03a location noses were independent-
Nuclear 78 (27.0) 30 (10.4) <0.01 ly re-reviewed by two
Cytoplasm 49 (17.0) 50 (17.3) gastrointestinal patholo-
None 162 (56.0) 209 (72.3) gists, classified by using
WHO criteria, and were
staged Il or lll according
Table 2. Association between FOXO3a expression in tumor tissues and to updated 2011 Ameri-
clinicopathological variables of the studied gastric cancer patients can Joint Committee on
Variables FOXO3a expression in tumor tissues p g:g;::é -'lt—is(';/lly Cr:l‘lansaﬁg:
Low (n=176) Moderate (n=65) High (n=48) ; ’ A
Age (years) >0.05 nt§ tumor, along - with
<65 113 39 2 adjacent normal tissue
e 63 6 6 samples Yvere Collec‘Fed
after radical resection
Sex >005  and fixed in 10% buff-
Male 121 a7 35 ered formalin and rou-
Female 55 18 13 tinely processed for par-
Primary tumor >0.05 affin embedding.
Noncardia 151 55 42
Cardia 24 10 6 For each patient recruit-
Histologic subtype > 0.05 ed for this study, informa-
Intestinal 112 a1 36 tion was collected throu-
Nonintestinal 64 24 12 gh reading mgdical cha-
Grading > 0.05 r'ts and fo!lowmg up pa-
w4 Tt
\ y -
Moderate 30 12 13 earch Ethics Committee
Poor 134 49 33 of Zhongshan Hospital,
Tumor invasion <0.05 Fudan University.
T1/2 10 4 10
T3 71 22 17 Histological and immu-
T4 95 39 21 nohistochemical analysis
Lymph nodes > 0.05
pNO 28 12 9 20 blocks of tissue micr-
N1 33 10 15 oarray containipg gastric
N2 36 17 11 cancers and a_dJacent no-
ON3 79 26 13 ncancerous t|s§ues werg
stage 50.05 constructed u5|.ng a mi-
croarrayer. Serial 4-um
I1A 20 9 10 . .
sections were obtained
B 28 9 14 from each block, with the
A 36 14 7 first resultant slide being
B 42 12 9 stained for HE to confi-
e 50 21 8 rm pathologic diagnosis,
Lymph vascular invasion > 0.05 and the subsequent sli-
Absence 121 40 33 des stained for further
Presence 55 25 15 immunohistochemistry.
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Table 3. Uni- and multi-variate analysis of OS for the studied gas-

tric cancer patients

Immunoreactive staining
was characterized quan-

titatively according to the

Univariate  Multivariate
Variables analysis analysis percentage of positive
P (Log-rank) P (Log-rank) gells gnd stain.ing inten-
FOXO3a expression in tumor tissues sity without prior k_n(.)wl-
Low 0.006 0.017 edge of a'ny of the clln!co-
pathological information.
Moderate We assigned the follow-
High ing proportion scores: O
FOXO3a expression in adjacent normal tissues if 0% of the tumor cells
Low 0.011 0.475 showed positive staining,
Moderate 1if 0% to 10% stained, 2
High if 11% to 50% stained, 3
Age (years) if 51% to 75% stained,
<65 0.451 and 4 if 75% to 100%
>65 stained. We rated the
Sex intensity of staining on a
Male 0.742 spale of 0 to 3: O, nega-
Female tive; 1, weak; 2, moder-
) ate; and 3, strong. We
Tumour location then combined the pro-
Noncardia 0.114 portion and intensity sc-
Cardia ores to obtain a total sc-
Lauren’s classification ore (range 1-6). All pati-
Intestinal 0.173 ents were designated in-
Nonintestinal to low (score 1-2), moder-
Tumour differentiation ate (score 3-4) and high
Well 0.165 (score 5-6) groups based
Moderate on FOX03a expression.
Poor The test x? was used to
TNM stage determine the associa-
tion of FOXO3a staining
. 0.000 0.000 with tumor and adjacent
i normal tissues.
Lymph vascular invasion
Absence 0.001 0.017 Statistical analysis

Presence

Tissue microarray slides were routine deparaf-
finization and rehydrated; The rabbit polyclonal
antibody against FOXO3a (CST 12829), diluted
1:100, was used as primary antibody. For anti-
gen retrieval, the slides were heated at 98°C in
an ethylene diamine tetra-acetic acid buffer
(pH 9.0) for a total of 25 min and cooled natu-
rally to room temperature. The slides were incu-
bated with the primary antibody overnight at
4°C, then stained using a highly sensitive stre-
pavidin-biotin-peroxidase detection system
and counterstained with hematoxylin. A nega-
tive control was also incorporated using pre-
immune IgG instead of the primary antibody.
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Survival was calculated
starting from the date of
surgery to date of death or last follow-up.
Survival curves for FOXO3a were plotted using
the Kaplan-Meier and compared using the log-
rank test. Cox proportional hazard models were
used for univariate and multivariate analysis to
test clinical and genetic features for their asso-
ciations with overall survival (OS). In the multi-
variate Cox model, variables with P < 0.1 from
the univariate model were included. In addition
to FOXO3a expression, the following variables
were considered: age, sex, grading, histologic
subtype according to Lauren’s classification,
tumor location, American Joint Committee on
Cancer tumor stage (7th edition), and presence

Int J Clin Exp Pathol 2015;8(3):2963-2970
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FOXO3a expression in tumor tissues

cancer were divided into low
FOXO3a expression group (n =
176), moderate FOXO3a exp-
ression group (n = 65), and
high FOXO3a expression gro-
up (n = 48). The expression of
FOX0O3a in cancer tissues

showed strong negative corre-
lation with tumor invasion (T
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stage, P < 0.05), although no
associations were found be-
tween FOXO3a expression
and other clinicopathological
features (Table 2).

Univariate analysis of prog-
nostic factors in stage Il and
Il CRC patients

T T T T T T
0 12 24 36 48 60

months after surgery

Figure 2. Kaplan-Meier curves of FOXO3a expression in tumor tissues for
stage II/1ll gastric cancer patients in relation to OS (P = 0.006).

of lymphovascular invasion. All statistical analy-
ses were performed using SPSS for Windows
v.17.0 (SPSS, Chicago, IL). All results were con-
sidered significant at two-sided P < 0.05 value.

Results

FOX03a immunohistochemistry in gastric can-
cer tissues and adjacent normal tissues

We studied the expression pattern of FOXO3a
using immunohistochemical staining on a panel
of gastric cancer samples and their adjacent
normal tissues. Representative expression pat-
terns in both cancer and noncancerous sam-
ples were shown in Figure 1. The staining of
FOXO3a revealed both nuclear and cytoplasmic
localization in tumor and adjacent normal tis-
sues. FOXO3a expression was significantly
higher in tumor tissues compared with adja-
cent normal tissues (P < 0.01), and nuclear
FOXO3a staining was observed to be more
common in tumor samples than adjacent nor-
mal tissues (P < 0.01, Table 1).

Relationship between FOXO3a expression and
the clinicopathological features of gastric can-
cer patients

According to the expression of FOXO3a in can-
cer samples, all cases of stage Il and Il gastric
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The median follow-up period
for the patients studied was
47 months, with a range of 2
to 91 months. FOXO3a expres-
sion in both tumor and adja-
cent normal tissues, lymph
vascular invasion and TNM stage were signifi-
cantly correlated with OS (Table 3). In particu-
lar, patients with a low level of FOXO3a expres-
sion in tumor tissues showed significantly
shorter OS (P = 0.006, Figure 2) than patients
with high FOXO3a expression, while patients
with a high level of FOXO3a expression in adja-
cent normal tissues showed significantly short-
er OS (P = 0.011, Figure 3) than patients with
low FOXO3a expression.

Multivariate analysis of prognostic factors in
stage Il and Ill CRC patients

Further multivariate COX regression analysis
indicated that FOXO3a expression in tumor tis-
sues served as a predictor of good prognosis
regarding OS (HR = 0.737, 95% Cl: 0.574-0.947,
P = 0.017) in stage Il and Il gastric cancer
patients, while TNM stage and lymph vascular
invasion served as poor prognhostic marker
regarding OS (TNM stage: HR = 3.197, 95% Cl:
1.990-5.137, P = 0.000; lymph vascular inva-
sion: HR = 1.509, 95% CI: 1.075-2.118, P =
0.017) in these gastric cancer patients (Table
3).

Discussion

A number of receptors and downstream path-
ways are known to be aberrantly activated in

Int J Clin Exp Pathol 2015;8(3):2963-2970
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FOXO3a expression in adjacent normal tissues
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immunostaining in the nucleus of
breast cancer than benign breast
tissues [27]. Our results are in
agreement with the second notion.
We speculate that in normal tis-
sues, FOXO3a conducts genetic
transcription in a minimum quan-
tity of expression and is degraded
before long. While in cancerous
tissues, as a crucial tumor sup-
pressor, either the expression of
FOX03a is up-regulated or the
degradation is slowed down so as
to gather more activated FOXO3a
inside the nucleus to induce cell
cycle arrest and apoptosis and
eventually restrain tumor progre-

months after surgery

Figure 3. Kaplan-Meier curves of FOXO3a expression in adjacent nor-
mal tissues for stage Il/Ill gastric cancer patients in relation to OS (P =

0.011).

gastric cancer. One of the important pathways
that have been implicated in the pathogenesis
of gastric cancer is the PI3K/Akt pathway and
its related genes [15-18]. FOX03a is a key
downstream target in this pathway which
prompted us to study its expression and asso-
ciations in gastric cancer. Our data reveals that
the expression of FOXO3a is up-regulated in
gastric cancer tissues as compared with the
adjacent normal tissues. In addition, as the
presence of nuclear FOXO3a expression in a
tumor indicates unphosphorylation by Akt, our
data also suggests that the transcriptional
activity of FOXO3a is more common in tumor
tissues than adjacent normal tissues.

As a transcription factor, FOXO3a regulates
multiple genes involved in cell cycle regulation,
apoptosis, stress response, and DNA damage
repair in normal tissues [12, 19-23]. In cancer,
FOX03a has been shown to be deregulated in
several tumor types and defined as a tumor
suppressor in most studies [24, 25]. However,
the expression pattern of FOXO3a in cancer
and normal tissues is not clear. On one hand, it
is reported that the expression of FOX03a
MRNA and protein was lower in gastric cancer
tissues compared with their adjacent non-
tumorous tissues [9]. On the other hand,
FOX03a has been revealed to have a stronger
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ssion.

Our subsequent analysis results
confirmed our suspicions. High
expression of FOXO3a in cancer
tissues was significantly correlat-
ed with light tumor invasion, and
patients with a low level of FOXO3a
expression in tumor tissues showed evidently
shorter OS than patients with high FOXO3a
expression. Previous publications have shown
that FOXO3a nuclear localization is associated
with good prognosis in luminal-like breast can-
cer [9], while decreased expression of FOXO3a
gene is associated with poor prognosis in pri-
mary gastric adenocarcinoma [26]. Our results
are consistent with the previous reports and
give a strong support to the notion that FOXO3a
functions as a tumor suppressor in gastric
cancetr.

The reasons why patients harboring higher
expression of FOX03a in gastric cancer tissues
showed longer OS may be explained as follows:
firstly, as a tumor suppressor, FOX0O3a induces
tumor apoptosis as well as inhibits tumor pro-
gression and angiogenesis [7, 24, 27, 28],
which controls the development of primary
tumor. Secondly, FOXO3a may serve as a thera-
peutic target by mediating the cytostatic and
cytotoxic effects of chemotherapeutic drugs.
For example, the chemotherapeutic drugs cis-
platin and paclitaxel, currently used in adjuvant
or palliative treatment of gastric cancer, induce
FOX0O3a dephosphorylation and activation,
which ultimately dictate the overall cellular
response to chemotherapy in breast and colon
cancer cells [29, 30]. To date, however, there

Int J Clin Exp Pathol 2015;8(3):2963-2970
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are few studies regarding FOX03a as a media-
tor of chemotherapeutic drugs in gastric can-
cer. Further researches are required to reveal
the underlying mechanisms by which FOX03a
prolongs the overall survival of gastric cancer
patients.

We also evaluated the relationship between
FOX03a expression in adjacent normal tissues
and OS. Interestingly, patients harboring higher
expression of FOX0O3a in adjacent normal tis-
sues, though only 7 cases, showed significantly
poorer OS than those with low and moderate
FOX0O3a expression. As we have speculated
before, the expression of FOXO3a ought to be
extremely low in normal tissues and over
expression may disturb regular cell functions.
Besides, high expression of FOXO3a in normal
tissues enhances sensitivity to chemothera-
peutics and may lead to severe side effects
which reduce patients’ tolerance to treatments.
However, the concrete mechanisms still need
to be verified.

In conclusion, strong FOXO3a staining in nucle-
ar is found to be more common in gastric can-
cer tissues compared with adjacent normal tis-
sues. In addition, FOXO3a expression in the
cancer specimens negatively correlates with
tumor invasion. High expression of FOXO3a in
tumor tissues and low expression of FOXO3a in
adjacent normal tissues predict longer OS of
gastric cancer patients. FOXO3a expression in
gastric cancer is an independent risk factor of
0S. While the exact mechanisms underlying
gastric caner still await more research, our
study seems to suggest that FOXO3a may be a
good prognostic marker in gastric caner. More
importantly, therapeutics based on targeting
FOX0O3a may hold promises in the management
of gastric cancer.
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