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Abstract: Breast cancer is the most common neoplasm in women. Forkhead box-O (FOXO) transcription factors
act as transcriptional regulators in the nucleus by modulating cell differentiation, cell cycle arrest, and apoptosis.
Based on the their ability to control cell cycle and apoptosis, FOXOs may be a useful prognostic biomarker for breast
cancer. Thus, we aimed to investigate the expression patterns of FOXO3a in human breast cancer tissue, immuno-
histochemically and to evaluate the whether a relationship between FOXO3a and the prognostic factors of breast
tumor. FOXO3a expression patterns were examined in thirty tissue specimens from patients with primary operable
breast carcinoma who underwent mastectomy. The score of cytoplasmic staining were ranged from 3 to 4 and the
score of nuclear staining were ranged from 0 to 3. 100% of specimens showed cytoplasmic staining, 80% of speci-
mens showed both cytoplasmic and nuclear staining and 20% of specimens showed no nuclear staining. FOXO3a
nuclear staining scores showed negative correlation with grade, stage, metastatic axillary lymph node, HER2 score,
and Ki-67 proliferative index (P=0.02, P < 0.001, P < 0.001, P < 0.001, P=0.003, respectively) and a positive cor-
relation with estrogen receptor (P=0.012). There was not found a relationship between between clinicopathologi-
cal parameters and cytosplasmic staining scores. Consequently, the nuclear FOXO3a accumulation appears to be
closely associated with the malignancy of breast tumors. Therefore, consideration of the nuclear FOXO3a staining
pattern rather than cytoplasmic staining or total staining pattern will be a more useful prognostic biomarker for
breast cancer.
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Introduction ings. The expression levels of ER, PgR, and

HER2 are used as predictive markers to deter-

Breast cancer is the most common neoplasm
and is the second cause of cancer death in
women. It constitutes 21% of all new cancer
diagnoses. Survival rates have been increas-
ingly extending over the past 50 years due to
improvements in diagnosis and treatment [1].
Clinical-pathological characteristics of tumor
such as size, histological grade, hormone
receptor status, and number of metastatic axil-
lary lymph nodes estimates the breast cancer
prognosis and risk of recurrence. Estrogen
receptor (ER), progesterone receptor (PgR), and
human epidermal growth factor receptor 2
(HER2; Human Genome Organisation, HUGO
nomenclature ERBB2) expression levels can be
determined using immunohistochemical stain-

mine anti-estrogen- or anti-HER2-directed ther-
apies. They are also used to quantify risk of
recurrence. Although any standard test is not
available and any test is not uniformly accept-
ed, many clinicians have preferred gene assays
as an effective tool to make treatment deci-
sions in early stage of breast cancer cases [2].

Forkhead box-O (FOXO) transcription factors are
an important family of proteins that act as tran-
scriptional regulators in the cell nucleus and
they bind to their DNA binding sites. They are
components of signal-transduction pathways
that link growth and stress signals to the con-
trol of gene expression. They modulate the
expression of genes such as cell differentiation,
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resistance to oxidative stress, DNA damage
repair, cell cycle arrest, and apoptosis. To date,
four isoforms of FOXOs are known in humans:
FOX01 (FKHR), FOX03a (FKHRL1), FOX04
(AFX1), and FOXOG6 [3, 4]. While the FOX01 and
FOXO4 are mostly expressed in adipose tissue
and skeletal muscle, FOXO3a is expressed in
various tissues including brain, heart, kidney,
and spleen and FOXO06 is expressed predomi-
nantly in the brain [5]. Subcellular localization
of FOXO proteins plays an essential role in the
regulation of their activity. FOXO proteins acti-
vate or repress transcription of target genes
through their DNA-binding FOX domain in the
nucleus. Subcellular localization and transcrip-
tional functions of FOXO proteins are regulated
by their post-translational modifications, such
as phosphorylation, acetylation, and ubiquiti-
nation via their specific nuclear export and
import signal network. In the absence of growth
and survival factors such as insulin and insulin-
like growth factor 1, FOXO proteins are local-
ized in the nucleus and are transcriptionally
active. On the contrary, phosphorylation of
FOXOs by several kinases in response to grow-
th and survival factors leads to the transloca-
tion of FOXOs from the nucleus into the cyto-
plasm. This nuclear exclusion and translocation
of FOXO into the cytoplasm inhibits FOXO-de-
pendent transcription. Phosphorylation, mon-
oubiqutination, deacetylation of FOXO proteins
in response to increased cellular oxidative
stress leads to retention of FOXOs in the nucle-
us even in the presence of growth and survival
factors [4-7].

Akt-dependent phosphorylation is most impor-
tant mechanism in their regulation and func-
tion. Akt is a serine-threonine kinase regulated
by activation of phosphoinositide kinase (PI3k).
PI3k/Akt pathway has been shown to be acti-
vated in numerous tumours [8]. Phosphorylation
of FOXOs by Akt impairs their DNA binding activ-
ity and promotes their interaction with the
chaperone protein 14-3-3, resulting in nuclear
exclusion, cytoplasmic accumulation, and ubig-
uitin-proteasome pathway-dependent degrada-
tion, thus promoting cell survival. In the pres-
ence of oxidative stress, FOXO proteins are
activated and released from 14-3-3 via Jun
N-terminal kinase (JNK) signalling [9]. In most
cancers, the PI3k pathway is overactivated and
this overactivation leads to inactivation of FOXO
proteins. On the contrary, reduced activation of
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PI3k causes activation of FOXOs, induction of
apoptosis, decrease of cell viability and G1 cell
cycle arrest [10, 11].

Since FOXO proteins can act as tumor suppres-
sors, the loss of FOXO function leads to incr-
eased cellular survival and a predisposition to
neoplasia. Cancer researchs related to FOXO
proteins are increasing each passing day as
their function is directly associated with cell-
cycle arrest and apoptosis. Therefore, based on
the their ability to control cell cycle and pro-
mote apoptosis, FOXO proteins appear to be
potentially key targets for new drug discovery
blocking tumorigenesis [7, 12]. Thus, in this
study, we aimed to investigate the expression
and subcellular localization of FOXO3a protein
in human breast cancer tissue by immunohisto-
chemical staining method. In addition, we also
evaluated the relationship between FOX03a
and the prognostic factors of breast tumor such
as size, stage, histological grade, hormone re-
ceptor status, proliferation index, HER2 expres-
sion levels, and the number of metastatic axil-
lary lymph nodes.

Materials and methods
Sample collection

The study cases consisted of thirty formalin-
fixed paraffin-embedded tissue specimens
from patients with primary operable breast car-
cinoma who underwent mastectomy at the De-
partment of General Surgery, Dumlupinar Uni-
versity Faculty of Medicine between 2013 and
2015. All patients underwent mastectomy with-
out preoperative chemotherapy or radiothera-
py. Formalin-fixed paraffin-embedded tissue
specimens of breast carcinoma were randomly
collected from the database of Department of
Pathology, Dumlupinar University Faculty of
Medicine. The study was in accordance with
the principles outlined in the Declaration of
Helsinki. Ethical approval was received from
the local Human Clinical Research Ethics Com-
mittee. The informed consent was not request-
ed, since the study was retrospective and the
data were analyzed anonymously.

Histopathological examination of breast carci-
noma tissues

Formalin-fixed paraffin-embedded breast carci-
noma tissues were re-examined and pathologi-
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Table 1. Demographic and clinicopathological parameters of

the breast carcinoma cases

stainer and coverslipper (Tissue-
Tek Prisma/Film, Sakura Finetek

Parameters

n=30 Inc., CA, USA). Then, the slides we-

Age (years)

Histological type of the tumor, n (%)
Invasive ductal carcinoma
Invasive lobular carcinoma

Grade (Nottingham histological grade), n (%)
1
2
3

Pathological stage (pTNM), n (%)
1A
2A
2B
3A
3C

Size of the tumor (cm)

The number of metastatic axillary lymph node, n (%)

Lymphovascular invasion, n (%)

Perineural invasion, n (%)

Microcalcification, n (%)

ER positivity, n (%)

PR positivity, n (%)

HER2 positivity, n (%)

FOX03a positivity, n (%)

ER score

PgR score

HER2 score

Ki-67 proliferative index (%)

FOX03a nuclear staining score

FOXO3a cytoplasmic staining score

FOXO3a total staining score

FOXO3a staining intensity score

re examined under a light micro-

59.6+14.8 scope (Olympus BX51, Tokyo,
Japan). The slides were histologi-

28(93) cally graded according to the
2(7) Nottingham (Elston-Ellis) modifi-
cation of the Scarff-Bloom-Ric-

1(3) hardson grading system [13]. Pa-

13 (43) thological staging was performed
16 (54) using the American Joint Com-

mittee on Cancer (AJCC’s) tumor,

2(7) node, metastasis (pTNM) staging
7(23) system [14].
7(23) Immunohistochemical examina-
5(17) tions
9 (30)
3.1(2.5-4.6) Immunohistochemical examina-
2.5 (0.0-11.0) tions were performed through
26 (87) standard routine procedure. Fo-
23 (77) rmalin-fixed paraffin-embedded
blocks were sectioned at 4 um
18 (60) . . .
thickness using a semi-autom-
24.(80) ated rotary microtome (Leica
18 (60) RM2245) for immunohistochemi-
27(90) cal analysis. Antigen retrieval and
30 (100) immunohistochemical stainings
5.0 (2.0-5.0) were performed using an auto-
3.0 (0.0-5.0) mated immunohistochemistry sl-
3.0 (2.0-3.0) ide staining system (Roche Ve-
30.0 (20.0-42.5) ntana BenchMark GX, Ventana
1.0 (1.0-2.0) L\\/Izedlijc;l‘)SéSRtimE,blnc., Tuclsoni
, . rabbit monoclona
4.0(4.0-4.0 antibody, clone SP1, Roche, Tu-
5.0 (4.0-6.0) scon, USA), PgR (rabbit monoclo-
3.0 (2.0-3.0)

nal antibody, clone 1E2, Roche),

Abbrevations: ER: Estrogen receptor, PgR: Progesteron receptor. Data are pre-
sented as mean + standard standart deviation (SD) or median and interquar-

tile ranges (IQRs) or number and %.

cal reports were updated. Microscopic histo-
pathological examinations were performed
using routine Haematoxylin and Eosin (H&E)
stain. Tissue processing procedures were per-
formed with a tissue processor system (Shan-
don Excelsior, Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Tissues were sectioned at
5 um thickness using a semi-automated rotary
microtome (Leica RM2245, Leica Microsystems
Inc., Bannockburn, IL, USA). These sections we-
re stained with H&E using an automated side
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HER2 (rabbit monoclonal anti-
body, clone 4B5, Roche), and Ki-
67 (rabbit monoclonal primary
antibody, clone 30-9, Roche) we-
re analyzed on whole formalin-fixed paraffin-
embedded tissue sections during standard
pathological examination of the tumor. FOX0O3a
immunostaining was performed using the goat
polyclonal antibody (anti-FKHRL1-N-15, sc-34-
897, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA) following the manufacturer’s
instructions. The primary antibodies were omit-
ted For negative controls. The immunohisto-
chemical stainings were evaluated microscopi-
cally under a light microscope (Olympus BX51).

Int J Clin Exp Pathol 2016;9(10):9938-9950
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Figure 1. Corresponding adjacent non-tumorous normal breast tissue (H&E x 100, x 400; FOXO3a x 100, x 400).
In normal breast tissue, FOXO3a was expressed with strong staining in the both nucleus and cytoplasm of epithelial
cells but cytoplasmic staining pattern was more obvious.

Assessment of immunohistochemical staining
results

ER and PgR staining was scored according to
the American Society of Clinical Oncology
(ASCO) andthe College of American Pathologists
(CAP) guidelines. The guidelines recommend
classifying all cases with at least 1% positive
cells as receptor positive [15]. Only nuclear
staining is considered positive. Quantification
of ER and PgR were performed by using the pro-
portion of positive cells and carcinomas were
scored as O (< 1% positive), 1 (1% to 25% posi-
tive), 2 (> 25% to 75% positive), and 3 (> 75%
positive) [16].

HER2 staining was scored according to the
ASCO and the CAP guidelines [17]. This system
included four scores from O to 3: no staining or
incomplete, faint/barely perceptible membrane
staining in < 10% of invasive tumor cells (score
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0), incomplete, faint/barely perceptible mem-
brane staining in > 10% of invasive tumor cells
(score 1), incomplete and/or weak to moderate
circumferential membrane staining in > 10% of
invasive tumor cells or complete, intense, cir-
cumferential membrane staining in < 10% of
invasive tumor cells (score 2), complete, inte-
nse, circumferential membrane staining in >
10% of invasive tumor cells (score 3).

Quantification of Ki-67 were performed by
using the percentage of Ki-67 positive tumor
cells [18].

The expression and subcellular localization of
FOXO3a were evaluated. Corresponding adja-
cent non-tumorous normal breast tissue was
used as positive control. The FOX03a immu-
nostaining was evaluated as both the positively
stained tumor cells and the staining intensity.
The staining intensity was scored as follows: O

Int J Clin Exp Pathol 2016;9(10):9938-9950
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Figure 2. Grade 1 invasive lobular carcinoma (H&E x 100, x 400; FOXO3a x 100, x 400). In tumor tissue, the per-
centages of nuclear positive cells were higher and FOXO3a was mainly localized in the nucleus of positive stained

cells.

(no staining), 1 (weakly stained), 2 (moderately
stained), or 3 (strongly stained) [19]. Positively
staining cases were categorised according to
whether they showed nuclear or cytoplasmic
localization. Each of nuclear and cytoplasmic
stainings were scored separately according to
the percentage of the positive cells as follows:
1<25%, 2 <50%, 3<75%, 4 > 75%. For each
case, a total score was obtained with sum of
the nuclear and cytoplasmic scores [19].

Statistical analysis

Statistical analyses were performed using
GraphPad Prism version 6.05 (GraphPad
Software, Inc., CA, USA). All data sets were test-
ed for normality using Shapiro-Wilk test. Data
were expressed as mean * standard deviation
(SD) or median and interquartile range (IQRs)
according to the distribution of data. The com-
parisons of categorical variables were analyzed
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using two tailed Fisher’s exact or Chi-square
test. The relationships between nuclear, cyto-
plasmic FOX03a scores and clinicopathological
characteristics of the tumor were tested using
the nonparametric Spearman’s rank correla-
tion coefficient, since data were not normally
distributed. A P value < 0.05 was considered
statistically significant.

Results

Demographic and histopathological features of
cases are presented in Table 1. The patients’
ages at diagnosis ranged from 26 to 85 years
old (mean age + SD: 59.6 + 14.8). Histopa-
thological types of tumors included in the study
were invasive ductal carcinoma (93%, n=28)
and invasive lobular carcinoma (7%, n=2).
According to the Nottingham grading system
[13], grades of cases were as follows; grade 1
(3%, n=1), grade 2 (43%, n=13), and grade 3

Int J Clin Exp Pathol 2016;9(10):9938-9950
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Figure 3. Grade 2 invasive ductal carcinoma (H&E x 100, x 400; FOX03a x 100, x 400). In tumor tissue, the per-
centages of nuclear and cytoplasmic positive cells were nearly similar and FOXO3a was mainly localized in the both

cytoplasm and nucleus of positive stained cells.

(54%, n=16). According to the AJCC’'s pTNM
staging system [14], stages of cases at the time
of histopathological diagnosis were as follows;
stage 1A (7%, n=2), stage 2A (23%, n=7), stage
2B (23%, n=7), stage 3A (17%, n=5), and stage
3C (30%, n=9). ER was positive in 24 cases
(80%), PR was positive in 18 cases (60%), and
HER2 was positive in 27 cases (90%). Thirty
percent (30%, n=10) of tumours were less than
2.5 cm in size. Twenty seven percent (27%,
n=8) of patients had no lymph node metastasis
at the time of surgery.

The epithelial cells from control corresponding
adjacent normal breast tissue and the carcino-
ma cells from malignant breast tumors showed
brown cytoplasmic and nuclear staining for
Foxo3a (Figures 1-4). In non-tumorous normal
breast tissue, although FOXO3a showed both
nuclear and cytoplasmic staining patterns,
cytoplasmic staining pattern was dominant in
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the normal mammary epithelial cells (Figure 1).
In the all breast tumor tissues, FOX03a was
expressed at various intensity and all cases
were positively stained for FOXO3a. FOXO3a
staining intensity score was ranged from 1 to 3
(median and IQRs, 3.0; 2.0-3.0). In the malig-
nant tissues, FOXO3a showed both nuclear and
cytoplasmic staining patterns but the percent-
age score of nuclear and cytoplasmic staining
showed differences among the specimens.
When positively staining cases were catego-
rised according to the subcellular localization,
the percentage score of cytoplasmic staining
were ranged from 3 to 4 (median and IQRs, 4.0;
4.0-4.0). Whereas, the percentage score of
nuclear staining were ranged from O to 3 (medi-
an and IQRs, 1.0; 1.0-2.0). Although the per-
centages of cytoplasmic stainings were nearly
similar in all cases, the percentages of nuclear
stainings showed markedly differences among
the cases (Figures 2-4). While 100% of speci-

Int J Clin Exp Pathol 2016;9(10):9938-9950
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Figure 4. Grade 3 invasive ductal carcinoma (H&E x 100, x 400; FOXO3a x 100, x 400). In tumor tissue, the per-
centages of nuclear positive cells were lower and FOXO3a was mainly localized in the cytoplasm of positive stained

cells.

mens showed cytoplasmic staining patterns,
80% of specimens showed both cytoplasmic
and nuclear staining pattern. In 20% of speci-
mens, nuclear staining pattern was negative.

The differences between nuclear staining posi-
tive and negative cases for various clinicopath-
ological characteristics of breast tumors are
demonstrated in Table 2 and Figure 5. Stati-
stically significant differences were found bet-
ween nuclear staining positive and negative
specimens for age (P=0.002), tumor grade (P <
0.001), tumor size (P=0.009), axillary lymph
node involvement (P < 0.001), tumor stage (P <
0.001), HER2 status (P=0.03), and Ki-67 prolif-
erative index (P < 0.001). The percentage of
negative nuclear staining pattern was higher in
low age, high tumor grade, stage, size, prolifera-
tive index, more axillary lymph node involve-
ment, and HER2 positivity.
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The relationships between FOX03a nuclear
staining score, FOX03a cytoplasmic staining
score and clinicopathological characteristics
of the tumor are presented in Table 3. The
Spearman’s correlation analysis revealed that
the nuclear staining score of FOX03a in tumor
tissues was significantly correlated with vari-
ous clinicopathological parameters. FOXO3a
nuclear staining scores showed significant neg-
ative correlation with grade, stage, the number
of metastatic axillary lymph node, HER2 score,
and Ki-67 proliferative index (r=-0.424, P=0.02;
r=-0.679, P < 0.001; r=-0.717, P < 0.001; r=
-0.694, P < 0.001; r=-0.526, P=0.003, respec-
tively). Significant positive correlation was
found between ER and FOX03a nuclear stain-
ing scores (r=0.451, P=0.012). There was not
found a relationship between between clinico-
pathological parameters and FOXO03a cyto-
splasmic staining scores.

Int J Clin Exp Pathol 2016;9(10):9938-9950
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Table 2. The differences between nuclear staining positive and
negative cases for various clinicopathological characteristics of
breast tumors

Nuclear stai- Nuclear stai-

0,
Totaln (%) ing negative ning positive

Total 30 (100) 6 (20) 24 (80)
Age (years)
<50 9(30) 3(33) 6 (66) 0.002
> 50 21 (70) 3(14) 18 (86)
Histological grade
Grade 1, 2 14 (47) 1(7) 13 (93) <0.001
Grade 3 16 (53) 5(31) 11 (69)
Tumor size (cm)
<25 10 (30) 1 (10) 9 (90) 0.009
>25 20 (60) 5 (25) 15 (75)
Axillary lymph node
OLN 8(27) 0 (0) 8 (100) <0.001
1-3 LN 10 (33) 1(10) 9 (90)
>3 LN 12 (40) 5 (42) 7 (58)
pTNM stage
Stage 1A, 2A,2B 16 (53) 0(0) 16 (100) < 0.001
Stage 3A, 3C 14 (47) 6 (43) 8 (57)
ER status
Negative 6 (20) 1(17) 5 (83)
Positive 24 (80) 5(21) 19 (79) 0.590
PR status
Negative 12 (40) 2 (17) 10 (83)
Positive 18 (60) 4 (22) 14 (78) 0.476
HER2 status
Negative 3(10) 1(33) 2 (67)
Positive 27 (90) 5(19) 22 (81) 0.03
Ki-67 index
<20% 15 (50) 1(7) 14 (93)
> 20% 15 (50) 5 (33) 10 (66) <0.001

Abbrevations: ER: Estrogen receptor, PgR: Progesteron receptor, LN: Lymph
node. Data are presented as number and percentage. The comparisons of
categorical variables were analyzed using two tailed Fisher’s exact test or Chi-
square test. A P value < 0.05 was considered statistically significant.

P=0.085; r=0.324, P=0.081). In
addition, total FOX03a staining
score was negatively correlated
with stage of the tumor, meta-
static axillary lymph node sta-
tus, and HER2 score (r=-0.638,
P < 0.001; r=-0.723, P < 0.001;
r=-0.642, P < 0.001, respective-
ly). Total FOXO3a staining score
was positively correlated with
ER status (r=0.464, P=0.01).
Although there was not a statis-
tically significance, a positive
correlation was observed bet-
ween FOXO3a total staining
score and PgR status and a neg-
ative correlation was observed
between FOXO3a total staining
score and Ki-67 proliferative
index (r=0.353, P=0.055; r=
-0.355, P=0.055, respectively).

Discussion

Although various predictive fac-
tors, including age, tumor size,
histological type, axillary node
involvement, histological grade,
hormon receptor status, and
HER2 amplification have been
used, it is still needful clinically
useful, readily available prog-
nostic markers in the manage-
ment of breast cancer. Thus, we
examined immunohistochemi-
cal FOXO3a expression in 30
breast cancer specimens and
compared its association with
clinical significant and prognos-
tic parameters using immuno-
histochemical staining method.
Our results revealed that nucle-

The relationships between FOX03a staining
intensity score, total score and clinicopatholog-
ical characteristics of the tumor are shown in
Table 3. The Spearman’s correlation analysis
revealed that the FOXO3a staining intensity
scores in tumor tissues was negatively corre-
lated with HER2 score (r=-0.531, P=0.003), but
not with the other clinicopathological charac-
teristics of the tumor. Although there was not a
statistically significance, a positive correlation
was observed between FOX03a staining inten-
sity scores and ER, PgR status (r=0.320,
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ar staining of FOXO3a in breast tumor tissue
was a more important prognostic marker rather
than cytoplasmic FOXO3a staining or the inten-
sity of FOX03a staining. FOX03a nuclear stain-
ing was negatively correlated with grade, stage,
the number of metastatic axillary lymph node,
HER2 score, Ki-67 proliferative index and posi-
tively correlated with ER status. The percent-
age of negative nuclear staining was higher in
low age, high tumor grade, stage, size, prolifera-
tive index, more axillary lymph node involve-
ment, and HER2 positivity.

Int J Clin Exp Pathol 2016;9(10):9938-9950
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Figure 5. The differences between nuclear staining positive and negative cases for various clinicopathological char-
acteristics of breast tumors. ER: Estrogen receptor, PgR: Progesteron receptor, LN: Lymph node. Data are presented

as percentage.

Akt-dependent phosphorylation regulates sub-
cellular localization of FOXO3a by preventing
the FOXO3a translocation from cytoplasm to
the nucleus. Activation of PI3k by insulin or
other growth factors induces the Akt protein
kinases. Phosphorylation of FOXO by Akt results
in nuclear exclusion and translocation of FOXO
into the cytoplasm and consecutive FOXO inac-
tivation. When PI3k and Akt are inactive, FOXOs
locate in the nucleus and cause cell cycle arrest
and apoptosis. Whereas, when FOXOs are ph-
osphorylated, they accumulate in the cytopl-
asm and FOXO-mediated transcription is inhib-
ited [20, 21]. While FOXO proteins are mainly
regulated through reversible shuttle in subcel-
lular localization, the degradation of FOXOs by
ubiquitin-proteosome pathway causes irrevers-
ible regulation. Cytoplasmic localization are ne-
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cessary for FOXO ubiquitination and subse-
quent degradation. FOXO degradation enables
increased cell proliferation that can lead to cell
transformation and carcinogenesis involving
FOXO as a player in the carcinogenesis [22]. In
the absence of growth and survival factors or in
the event of phosphorylation of FOXO by JNK in
response to increased cellular oxidative stress,
FOXOs relocate from the cytoplasm to the
nucleus enabling transcription of FOXO target
genes. When FOXO proteins are predominantly
nuclear, FOXOs are active and FOXO-mediated
transcription causes controlled cell cycle arrest
and apoptosis, therefore FOXO proteins can
behave as a tumor suppressor [23, 24]. The
findings of this study also demonstrated an
association between nuclear FOXO3a expres-
sion with better prognostic factors of breast

Int J Clin Exp Pathol 2016;9(10):9938-9950
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Table 3. The relationships between FOXO3a staining patterns and clinicopathological characteristics

of the tumor

FOX03a nuclear

FOX03a cytoplasmic  FOXO3a staining in- FOXO3a staining

staining score (n=30) staining score (n=30) tensity score (n=30) total score (n=30)

r P r P r P r P
Tumor Grade (Nottingham histological grade) -0.424 0.02 0.200 0.288 0.001 0.996 -0.230 0.221
Tumor Pathological Stage (pTNM) -0.679 <0.001 -0.093 0.624 -0.023 0.903 -0.638 < 0.001
The number of metastatic axillary lymph node -0.717 <0.001 -0.241 0.200 -0.103 0.589 -0.723 <0.001
Size of tumor (cm) -0.217 0.249 -0.018 0.929 -0.208 0.271 -0.213 0.259
ER proportion score 0.451 0.012 0.218 0.248 0.320 0.085 0.464 0.01
PgR proportion score 0.254 0.176 0.315 0.09 0.324 0.081 0.353 0.055
HER2 score -0.694 <0.001 0.029 0.878 -0.531 0.003 -0.642 <0.001
Ki-67 proliferative index (%) -0.526 0.003 0.310 0.106 -0.209 0.268 -0.355 0.055

Abbrevations: ER: Estrogen receptor, PgR: Progesteron receptor, r: Spearman’s correlation coefficient. To analyse relationship between FOXO3a cytoplasmic, nuclear score
and stage of the tumor, stage 1A was denoted as 1, stage 2A was denoted as 2, stage 2B was denoted as 3, stage 3A was denoted as 4, stage 3C was denoted as 5.
Data were tested using the Spearman’s correlation analysis. A P value less than 0.05 was considered statistically significant.

tumor including size, stage, grade, hormone re-
ceptor status, proliferation index, HER2 expres-
sion levels, and the number of axillary lymph
node involvement.

A role of FOXO proteins in carcinogenesis was
initially suggested by the studies that FOXO
gene alterations were found in several human
cancers such as rhabdomyosarcomas and
acute myeloid leukemias [25, 26]. A role for
FOXO3a in cancer prognosis has been reported
for colorectal cancer [27], liver cancer [28],
over cancer [29], lung cancer [30], and bladder
cancer [31]. As mentioned above, several stud-
ies executed in various cancer types have
demonstrated that subcellular localization of
FOXO3a is an important marker for tumor prog-
nosis. Karger et al. [32] reported that while sig-
nificant cytoplasmatic accumulation of FOXO3a
was observed in thyroid cancers, an exclusive
nuclear accumulation was observed in normal
thyroid tissue. Shukla et al. [33] reported that
marked cytoplasmic accumulation of FOX03a
correlated with increased Gleason grade, in
contrast to exclusive nuclear accumulation
seen in benign prostate cells. Chen et al. [34]
found that nuclear accumulation of FOX0O3a in
tumor cells was correlated with increased
radiosensitivity and survival rate in patients
with esophageal squamous cell carcinoma. In a
study by He et al. [27], the nuclear expression
of FOX03a in colorectal carcinoma tissue was
significantly lower than that of normal colorec-
tal tissues. Fei et al. [35] found that FOXO3a
immunostaining in ovarian tumor tissues was
mainly located in the nucleus, although some
weak or variable staining remained in the cyto-
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plasm. In addition, the expression of FOXO3a
was decreased from normal ovarian tissues to
benign tumor to malignant tumor.

The role of FOXO3a in breast cancer has been
examined in several studies. In a previous study
by Hu et al. [36], FOXO3a was mostly located in
the cytoplasm of breast tumor tissues with a
high level of Akt, while FOXO3a was largely
located in the nucleus of many tumors with
negative Akt. FOXO3a was positive in 113 of
131 examined breast tumor specimens and
cytoplasmic localization of FOXO3a was
observed in 90% of these 113 tumors with pos-
itive Akt. They also found that while cytoplas-
mic localization of FOXO3a was significantly
correlated with poor survival, nuclear localiza-
tion of FOXO3a were significantly associated
with an increased survival in patients with
breast cancer. These findings are consistent
with those of our study. In agreement with this
study, Habashy et al. [37] found that FOXO3a
predominant nuclear expression was positively
associated with biomarkers of good prognosis
including PgR and p27 expression, longer sur-
vival, and longer distant metastasis free inter-
val. Furthermore, FOXO3a nuclear localisation
was negatively associated with mitotic counts,
MIB1 growth fraction, and C-MYC expression.
In a recent study by Jiang et al. [38], FOXO3a
protein expression correlated with ER positivity,
histological grade, axillary lymph node negativ-
ity, TNM stage, and long-term survival consis-
tent with this study. Furthermore, Smit et al.
[39] reported that patients without FOXO3a
expression had a higher recurrence rate, how-
ever differential FOXO3a expression between
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nucleus or cytoplasm had no influence on
recurrence rate. Furthermore, they also found
that suppression of FOXO3a increased the
number of breast cancer stem cells responsi-
ble for metastasis and recurrence of the tumor
and consequently in therapy resistance in
MCF7 human breast cancer cell lines. In agree-
ment with our study, Sisci et al. [40] found that
in non-invading, well-differentiated ER (+) duc-
tal carcinomas in situ, FOXO3a was strongly
expressed, showing a very high nuclear local-
ization, however nuclear FOXO3a positivity was
gradually lost in invading and less differentiat-
ed cells and cytoplasmic localization was not
as indicative. In addition, FOXO3a nuclear
expression was inversely correlated with tumor
grade and the invasive potential, while cytosol-
ic FOXO3a was not significantly correlated with
any clinicopathological feature.

This study had several limitations. First, we
could not analyse overall survival of patients,
because we could not obtain retrospective fol-
low-up data related to survival, such as distant
metastasis, tumor recurrence, response to
chemotherapy or radiotherapy, and survival
status. Second, the number of cases examined
in the study was relatively small.

Consequently, given the their ability to control
cell cycle and apoptosis, FOXO3a may be a
potential target for novel drug discovery
supressing tumorigenesis via inducing nuclear
translocation of FOXO3a and a useful prognos-
tic marker for the breast cancer management.
Further studies elucidating the molecular biol-
ogy of FOXOs are needed to investigate these
possibilities and to develop more effective ther-
apeutic approaches for treatment of breast
cancer.

In conclusion, the findings of this study sug-
gested that while the nuclear FOXO3a translo-
cation may be closely associated with the
malignancy of breast tumors, the nuclear accu-
mulation of FOXO3a is associated with a better
prognosis for breast cancer patients. Loss of
nuclear translocation of FOXO3a will cause
more aggressive behaviour in breast cancers.
To take into account of nuclear FOXO3 staining
pattern rather than cytoplasmic staining or the
intensity and density of total staining pattern
will be a more useful approach for the breast
cancer management. Therefore, we suggest
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that the nuclear FOXO3a may become a useful
prognostic biomarker for breast cancer.
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