
 

 

Introduction 
 
Breast cancer survival has improved signifi-
cantly over the last 30 years [1]; however, it still 
ranks second among cancer deaths in women. 
Therapeutic failure and distant metastasis has 
been a major challenge in the treatment of 
breast cancer. The expression of receptors 
status in tumor tissue at the time of diagnosis 
affects prognosis and treatment options. About 
60% to 70% of breast cancers are ER and/or PR 
positive and those tumor cells grow in response 
to the estrogen. Additionally, 20% to 25% of 
breast cancers overexpress HER2 (HER2/neu or 
ErbB2) receptors and these breast cancers tend 
to be much more aggressive and fast-growing 
[2, 3]. For decades, treatment protocols for 
breast cancer have been reliant on expression 

of those receptors. Patients with ER and/or PR 
expressing tumors will receive hormonal ther-
apy, such as tamoxifen, and tumors with HER2 
overexpressing will be treated with trastuzumab, 
in addition to chemotherapy. However, the re-
sponsiveness for both trastuzumab and ta-
moxifen has not been satisfactory. Approxi-
mately 30% of ER positive tumors do not re-
spond to the treatment [4] and greater than 
70% of patients with HER2 overexpressing tu-
mors show poor response to trastuzumab [5, 6]. 
In these patients, the overall survival (OS) and 
the time to relapse are significantly shorter. Fur-
thermore, 10% to 20% of breast cancers testing 
negative for both ER and PR and HER2 are clas-
sified as triple-negative tumors. This type of 
breast cancer tends to be more aggressive than 
other types of breast cancer and lacks targets 
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for treatment. These patients are more likely to 
have poor disease outcome [7, 8]. Therefore, 
exploring more markers to predict responsive-
ness of treatment, tumor progression and po-
tential target therapies is becoming more and 
more important.  
 
Forkhead box protein O1 (FOXO1) is a member 
of the subfamily of mammalian FOXO (forkhead 
box O; forkhead members of the O subclass) 
transcription factors. In mammals this family 
consists of FOXO1, FOXO3a, FOXO4 and FOXO6 
and regulates a variety of biological processes 
[9]. FOXO is known to be a direct phosphoryla-
tion target of the protein kinase Akt [10, 11]. 
The activation of Akt with subsequent functional 
loss of FOXO family of transcription factors has 
been observed to promote tumorigenesis and 
cancer progression in different cancers; there-
fore it has become a major target in preventing 
tumorigenesis [12, 13]. Recently, we reported 
that increased activity of the PI3K/Akt pathway 
in HER2 overexpressing breast cancer cells re-
sults in down-regulation of FOXO1 and inhibition 
of trastuzumab induced cell apoptosis [14]. 
Furthermore, blocking active Akt signaling sig-
nificantly increased FOXO1 expression and ren-
dered the cells more responsive to trastuzumab 
induced growth inhibition. Breast cancer pa-
tients with HER2 overexpressing tumors are 
more likely to increase phosphorylation of Akt 
(pAkt) in their tumor tissue and have poor dis-
ease outcome [15]. It is possible that those pa-
tients who had increased pAkt in tumors may 
have deregulated FOXO1.  
 
FOXO1 phosphorylation and inactivation has 
been reported to be inversely correlated with OS 
or DFS in patients with prostate cancer [16], 
ovarian cancer [17] and bladder cancer [18]. 
The association of FOXO1 expression and dis-
ease outcome in breast cancer patients still 
remains unknown. We have hypothesized that 
the increased pAkt in breast tumor tissues will 
result in inactive FOXO1 and that, patients with 
increased pAkt and decreased FOXO1 in their 
tumor tissue cells would become resistant to 
treatment and will have decreased DFS.  
 
Since breast cancer occurs in the luminal epi-
thelium, it is well known that the maintenance 
of the luminal epithelium cell differentiation 
requires GATA3, a zinc-finger transcription fac-
tor [19]. Recent studies have showed that GA-
TA3 is an important luminal marker and inter-

twined in the ER pathway [20, 21]. GATA3 has 
been found to be inversely associated with his-
tological grade and HER2 expression in breast 
cancer [22]. Loss of expression of GATA3 in 
breast cancer has been associated with aggres-
sive tumors and poor survival rates [22]. GATA3 
may also functionally link to activation of Akt 
[23]. This evidence implies that GATA3 may as-
sociate with FOXO1 in predicting response to 
treatment and survival in breast cancer.  
 
Gene array analysis recently performed in our 
laboratory showed that Annexin-1, from the An-
nexin family of Ca2+-dependent phospholipid-
binding proteins, was decreased more than 2 
fold in HER2 overexpressing trastuzumab resis-
tant cells compared to trastuzumab responsive 
cells. Differential expression of Annexin-1 has 
been reported in different human cancers. An-
nexin-1 has been reported to be decreased in 
prostate, head and neck as well as esophageal 
cancers [24-26]; however, it is increased in pan-
creatic cancer [27]. Reduced expression of An-
nexin-1 was also seen in both ductal and inva-
sive breast carcinoma [28]. In vitro Annexin-1 
has been shown to be involved in proliferation, 
differentiation and apoptosis in cancer cells 
[29, 30].  
 
Based on the connections among FOXO1, GA-
TA3, Annexin-1, HER2 and ER/PR, as well as 
their functional complex in breast cancer biol-
ogy, we decided not only to examine FOXO1, but 
also to examine GATA3 and Annexin-1 expres-
sion in this study. We used tissue microarray 
and an immunohistochemical (IHC) approach to 
determine the clinical significance of FOXO1, 
GATA3 and Annexin-1 and their association in 
breast cancer. The cohort of patients used for 
the current study was the same as the patients 
used in our previous study to examine the clini-
cal association of pAkt and HER2 [15]. We 
found that decreasing FOXO1 expression pre-
dicts shorter DFS independently in breast can-
cer. Unlike FOXO1, GATA3 and Annexin-1 do not 
significantly predicted DFS in this cohort of pa-
tients. Interestingly, both GATA3 and Annexin-1 
expression were significantly associated with 
FOXO1 expression.  
 
Materials and methods 
 
Patients 
 
Approval from the institution review board was 
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obtained before initiating the study. As men-
tioned above, this is the same cohort of patients 
that had been examined by us for pAkt expres-
sion [15]. Briefly, a series of 131 patients (53% 
African American and 47% Latina) was included 
in this study. At the time of diagnosis with 
breast cancer, 48.1% of our subjects were un-
der 50 years of age, and the remaining 51.9% 
were above 50 years of age. The mean age was 
50.7 years old. The patients had undergone 
breast surgery and were treated with chemo-
therapy or adjuvant chemotherapy at King/Drew 
Medical Center from 1999 to 2005. Tumor pa-
thology, histology, treatment protocols and dis-
ease outcomes were compiled for patients from 
our retrospective database.  
 
The ER/PR status and HER2 status reported in 
patient pathology reports were determined by 
IHC and provided by Impath, the Cancer Infor-
mation Company (Los Angeles, CA, USA) [15]. 
The IHC for HER2 was performed with the DAKO 
HERCEPTest as described previously [15, 31]. 
We excluded those cases for which breast can-
cer was not the primary cancer, had no detailed 
information on their tumor pathology, or had not 
completed their treatment protocols for non-
clinical reasons. To compare the expression of 
FOXO1, GATA3 and Annexin-1 in breast cancer 
tissue and non-cancer tissue, uninvolved tumor 
tissue from 48 breast cancer patients were also 
included in the study.  
 
Tissue microarray (TMA) construction and IHC 
 
The breast TMA was constructed similarly to the 
array previously described [32]. Histology of 
each specimen on haematoxylin and eosin 
(H&E) stained sections was carefully reviewed 
and marked on corresponding individual paraf-
fin block by clinical pathologist. Three 0.6 mm 
tissue cores were taken from each selected 
specimen and placed in one receiver arrayed 
paraffin block. Non-neoplastic breast tissue 
cores were also included in each tissue microar-
ray block.  
 
IHC was performed on both tissue microarray 
and paraffin tissue section from individual sam-
ples by using antibodies for the detection of 
FOXO1 (ab39659; Abcam), GATA3 (clone HG3-
31, sc-268; Santa Cruze), Annexin-1 (610066; 
BD Transduction Laboratories). The positive 
staining was detected using diaminobenzidene 
(DAB) (Vector Lab, CA) according to the manu-
facturer's instructions. 

Evaluation of IHC results 
 
The scoring method used for FOXO1, GATA3 and 
Annexin-1 expression was based on semi-
quantitative score system [33]. The intensity 
and percentage of cells with positive staining 
were both scored. Light microscopy and digital 
computer software (DigiPro, Labomed, Inc., 
Culver City, CA, USA) were used to identify the 
protein staining intensity level and quantify the 
proportion of positive cells. Each tissue section 
was evaluated and scored by two clinical pa-
thologists who were blinded to the origin of the 
tissue. In only 3% to 5% cases did the patholo-
gists disagreed. For those cases, we discussed 
them with the pathologists and then objectively 
re-scored them by the two pathologists.  
 
The intensity of positive staining in tissue sam-
ples were scored using three pluses (+++) for 
high intensity staining, two pluses (++) for mod-
erate staining, one plus (+) for low intensity and 
negative (no staining). The percentage of stain-
ing was categorized as: 0=negative; 1=1% to 
10% positive tumor cells; 2=11% to 20%; and 
so on. The maximum score was 10=91% to 
100% positive tumor cells. The final quantifica-
tion of IHC results for both variables (the inten-
sity of the staining and the percentage cells with 
posit ive staining) were considered 
(score=intensity × positive). The range of score 
was from 0 (negative staining) to 30. The cutoff 
value for each marker was according to its ex-
pression level in non-cancer sections. The ex-
pression level for the marker was considered 
reduced or negative if its score in tumor cells 
was less than 50 quartiles below that in non-
cancer sections.  
 
In this cohort of patients the FOXO1 expression 
remained mainly in the nucleus and fewer sec-
tions showed cytoplasm positive in non tumor 
cells. However, FOXO1 expression was observed 
in both the nuclear and cytoplasmic sections of 
tumor cells. The score system for FOXO1, there-
fore, has been separated as nuclear positive 
only and/or nuclear/cytoplasm positive (total 
FOXO1 expression score). Based on the scoring 
method mentioned above, the nuclear staining 
score more than 25 was defined as nuclear 
FOXO1 positive; and total expression score 
more than 12 was characterized as FOXO1 posi-
tive in nuclear and cytoplasmic regions. GATA3 
positive was defined as nuclear score more 
than 7; and Annexin-1 positive was defined as 
the score more than 14.  
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Statistical analysis 
 
All of the analysis was performed with a statisti-
cal package, SPSS (SPSS Inc., Chicago, IL, USA). 
DFS was defined as the time of tumor removal 
to the development of either local recurrence or 
distant metastases. Kaplan-Meier survival 
curves with log-rank testing were used to assess 
the DFS. The RR of shorter DFS was determined 
by Cox proportional hazard regression with mul-
tivariate analysis. The association of FOXO1, 
GATA3, Annexin-1 and pAkt was determined by 
Logistic regression. The personal chi-square test 
was used to examine the statistically significant 
differences between FOXO1, GATA3, Annexin-1 
expression and other known predictive markers 
(tumor size, node involvement, staging, ER/PR 
status and HER2 status). A p-value of less than 
0.05 was considered statistically significant. If 
the frequency in any category was less than 5, 
Fisher’s exact test was compared; 2-side exact 
p-value less than 0.05 was considerate statisti-
cally significant. 
 
Results 
 
FOXO1, GATA3 and Annexin-1 expression in 
breast cancer and non-cancer tissues 
 
From the total 131 cases, we selected those 
tissue sections with clear and integer nuclear 
structure after staining for IHC scoring only. As 
shown in Table 1, positive nuclear expression of 
FOXO1 protein was detected in ~ 91% normal 
breast tissue and ~ 51% breast cancer tissues. 
We observed that about 80% FOXO1 nuclear 
positive breast cancer tissues also had positive 
cytoplasm expression. GATA3 was 100% posi-
tive in all normal breast tissues and 73.7% posi-
tive in breast cancer tissues (Table 1). Our data 
showed that 83% normal breast tissue myoepi-
thelila cells were positive for Annexin-1; while 
Annexin-1 was lost in more than 75% breast 
cancer tissues (Table 1). Figure 1A-1 and 1A-5 
showed H&E staining of normal breast tissue 
from a non-cancer subject and Figure 1A-2 to 
1A-4 and Figure 1A-6 to 1A-8 demonstrated an 
expressing pattern of FOXO1, GATA3 and An-
nexin-1 in the normal tissue. Both FOXO1 
(Figure 1A-2 and 1A-6) and GATA3 (Figure 1A-3 
and 1A-7) were expressed in the nuclear regions 
of epithelial cells and Annexin-1 (Figure 1A-4 
and 1A-8) was expressed primarily in the 
myoepithelila cells. Figure 1B-1 and 1B-5 
showed H&E staining of an invasive ductal car-

cinoma from a breast cancer patient with ER/
PR negative and HER2 positive tumor. The nu-
clear expression of FOXO1 and GATA3 were sig-
nificantly reduced and the myoepithelial expres-
sion of Annexin-1 was also lost in the cancer 
tissue (Figure 1B-2 to 1B-4 and Figure 1B-6 to 
1B-8).  
 
Association of FOXO1, GATA3 and Annexin-1 
expression with clinicopathological features of 
breast cancer  
 
The correlations between the expression of 
FOXO1, GATA3, Annexin-1 and the clinicopa-
thological features of breast cancer are summa-
rized in Table 2. An inverse correlation between 
the expression of FOXO1 and positive lymph 
node was observed (p=0.038). There was no 
difference in FOXO1 expression between differ-
ent tumor size, stage and ER status in this co-
hort’s samples. At the same time, the lower nu-
clear expression of FOXO1 was observed in PR-
negative tumors (p=0.031) and HER2 positive 
tumors (p=0.01). As shown in Figure 1B-2 and 
1B-6, FOXO1 expression was more likely to be in 
the cytoplasm in the ER/PR negative and HER2 
overexpressing tumors. 
 
The GATA3 expression also showed an inverse 
association with positive lymph node (p=0.007). 
There was no difference in GATA3 expression 
with tumor size, staging and HER2 status. In 
contrast to FOXO1, the GATA3 expression was 
more positive in ER-positive tumors than ER-
negative tumors (p=0.049), whereas there was 
no difference between PR-positive and PR-
negative tumors. 
 
Similar to FOXO1 and GATA3, the Annexin-1 was 
also inversely associated with positive lymph 

Table 1. FOXO1, GATA3 and Annexin-1 expres-
sion in cancer and non-cancer tissue 
  Cancer 

N(%) 
Non-Cancer 

N(%) 
p 

FOXO1 
Nuclei+ 
Nuclei- 

GATA3 
Positive 
Negative 

Annexin-1 
Positive 
Negative 

      
60(51.3) 30(90.9)   
57(48.7) 3(9.1) 0.01 

      
73(73.3) 30(100)   
26(26.3) 0 0.001 

      
15(24.6) 10(83.3)   
46(75.4) 2(16.7) <0.001 
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node (p=0.004) and there was no difference 
between tumor size and staging. Annexin-1 also 
showed an inverse association with HER2 posi-
tive tumors (p=0.051). As shown in Figure 1B-4 
and 1B-8, Annexin-1 was more likely to be ex-
pressed in stromal tissue than tumor cells. How-
ever, the positive expression of Annexin-1 was 
more associated with both ER and PR negative 
tumors in this cohort of patients (p=0.001 for 
both). 
 
We further evaluated the association of FOXO1 
GATA3, and Annexin-1 expression and their ex-

pression in relation with pAkt status in tumors. 
Increased pAkt in breast cancer was signifi-
cantly associated with reduced nuclear and cy-
toplasmic expression of FOXO1 (Table 3). GATA3 
and Annexin-1 expression were significantly 
associated with FOXO1 expression (Table 3). In 
particular, the decrease in expression of GATA3 
or Annexin-1 was more related to decrease nu-
clear expression of FOXO1. There was no asso-
ciation in expression of GATA3 and Annexin-1 
(Table 3). The GATA3 and Annexin-1 expression 
were also not associated with pAkt status in this 
cohort of patients (Table 3).  

Figure 1. FOXO1, GATA3 and Annexin-1 expression in non-cancer and cancer tissues. A-1 and A-8 were normal breast 
tissue from a non-cancer subject and B-1 and B-8 were invasive ductal carcinoma from a breast cancer patient with 
ER/PR negative and HER2 positive tumor. A-1 to A-4 and B-1 to B4 were low-power and A-5 to A-8 and B-5 to B-8 
were high-power. The red arrows indicated positive expression of FOXO1 and GATA3 in nuclear of epithelial cells and 
Annexin-1 in the myoepithelila cells. The black arrows indicated membrane and cytoplasm expression of FOXO1 and 
GATA3 and the storm tissue expression of Annexin-1.  



FOXO1, GATA3, Annexin1 and clinical outcome in breast cancer  

 
 
109                                                                                                            Am J Cancer Res 2012;2(1):104-115 

Expression of FOXO1, GATA3 and Annexin-1 for 
predicting DFS 
 
We examined the expression of FOXO1, GATA3 
and Annexin-1 in relation to DFS in all breast 
cancer patients. Kaplan-Meier survival analysis 
showed that patients with positive expression of 
FOXO1 had longer DFS (p=0.044, Figure 2). 
Interestingly, when we stratified according to 
the ER/PR and HER2 status of their tumors, the 
more significant difference towards longer DFS 
was observed in those patients with PR-negative 

or HER2 overexpressing tumors (data not 
shown).  
 
In accordance with the results shown by Kaplan-
Meier analysis the univariate Cox proportional 
hazard analysis also demonstrated that FOXO1 
was a significant predictor for DFS (Table 4).  
 
Next, we compared the RR of shorter DFS 
among patients expressing different levels of 
pAkt and FOXO1 in both HER2-positive and 
negative tumors. Figure 2B shows that in the 

Table 2. Association of FOXO1, GATA3 and Annexin-1 expression with clinicopathological features of 
breast cancer 
Variables          FOXO1 

Positive     Negative 
N   (%)        N   (%) 

          GATA3 
Positive     Negative 
N   (%)        N   (%) 

       Annexin-1 
Positive     Negative 
N   (%)        N   (%) 

Tumor size 
< 5cm 
> 5cm 
  
Lymph nodes 
Negative 
Positive 
  
Stage 
I/II 
III/IV 
  
ER 
Positive 
Negative 
  
PR 
Positive 
Negative 
  
HER2 
Positive 
Negative 
  

  
38(53.5)    33(46.5) 
16(41.0)    23(59.0) 
N=110, p=0.093 
  
30(63.8)    17(36.2) 
30(42.9)    40(57.1) 
N=117, p=0.038 
  
43(57.3)    32(42.7) 
17(40.5)    25(59.5) 
N=117, p=0.087 
  
23(57.5)    17 (42.5) 
25(41.7)    35 (58.3) 
N=100, p=0.122 
  
23(62.2)    14 (37.8) 
25(39.7)    38 (60.3) 
N=100, p=0.031 
  
12(33.3)    24 (66.7) 
48(59.3)    33 (40.7) 
N=117, p=0.01 

  
41(78.8)    11(21.2) 
27(65.9)    14(34.1) 
N=93, p=0.163 
  
35(87.5)    5(12.5) 
33(62.3)    20(37.7) 
N=93, p=0.007 
  
44(80.0)    11(20.0) 
24(63.2)    14(36.8) 
N=93, p=0.073 
  
33(84.6)     6(15.4) 
40(66.7)    20(33.3) 
N=99, p=0.049 
  
27(79.4)     7(20.6) 
46(70.8)    19(29.2) 
N=99, p=0.356 
  
13(68.4)     6(31.6) 
60(75.0)    20(25.0) 
N=99, p=0.560 

  
10(32.3)    21(67.7) 
5(16.7)      25(83.3) 
N=61, p=0.161 
  
11(44.0)    14(56.0) 
4(11.1)      32(88.9) 
N=61, p=0.004 
  
10(29.4)    24(70.6) 
 5(18.5)      22(81.5) 
N=61, p=0.330 
  
1(3.7)         26(96.3) 
14(41.2)    20(58.8) 
N=61, p=0.001 
  
 0                  22 (100) 
15 (38.5)     24(61.5) 
N=61, p=0.001 
  
 0                11(100) 
11(22.0)    39(78.0) 
N=61, p=0.051 

HER2 positive: 3+ positive tested by immunohistochemistry, ER: estrogen receptor, PR: progesterone receptor 

 

Table 3. Association of reducing FOXO1, GATA3, Annexin-1 and pAkt expression 
  FOXO1 

OR (95% CI) 
  

p 
GATA3 

OR (95% CI) 
  

p 
Annexin-1 

OR (95%  CI) 
  
p 

pAkt 
Positive vs. Negative 
GATA3 
Negative vs. Positive 
Annexin-1 
Negative vs. positive 
FOXO1 
Negative vs. positive 

  
10.7(4.2-27) 

  
2.8(1.1-7.3) 

  
5.8(2.0-16.8) 

  
- 

  
<0.001 

  
0.033 

  
0.001 

  
  

  
1.8 (0.4-9.7) 

  
- 
  

0.7 (0.2-2.1) 
  

2.8 (1.1-7.3) 

  
0.47 

  
  

  
0.524 

  
0.033 

  
2.1 (0.3-17.6) 

  
0.7 (0.2-2.1) 

  
- 
  

5.8 (2.0-16.8) 

  
0.49 

  
0.524 

  
  
  

0.001 
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HER2 negative group the RR of shorter DFS in-
creased by 1.5 fold in patients with elevated 
pAkt and reduced FOXO1 compared to those 
with normal pAkt and positive expression of 
FOXO1. The RR was further increased to 3.15 
fold (p=0.03) in patients whose tumors had 
HER2 overexpression, increased pAkt and de-
creased FOXO1 (Figure 2B). There were no sig-
nificant differences in DFS based on different 
GATA3 and Annexin-1 in this cohort of patients 
(data not shown). However, patients who had 
reduced GATA3 expression in the tumor tissue 
tend to have increased risk to reduce DFS 
(Figure 2C). As shown in Figure 2C, a greater 
increase in RR (RR=2.6) by reducing GATA3 was 
observed in patients with FOXO1 positive tu-
mors. An increased RR of shorter DFS was also 

shown in patients with reduced Annexin-1 ex-
pression in their tumor tissues. In contrast to 
GATA3, the increased RR by decreased Annexin-
1 was seen in those with FOXO1 negative tu-
mors only (RR=3.06, Figure 2D). This data sug-
gested that the both GATA3 and Annexin-1 may 
interact with FOXO1 to influence the DFS.  
 
As previous data from the same cohort of pa-
tients showed, the tumor size, lymph node, ER/
PR and HER2 status were all significantly affect-
ing DFS [15]. We next performed multivariate 
analysis adjusted for those factors and found 
that patients with reduced FOXO1 expression in 
either nuclear or cytoplasm had significantly 
increased risk to reduce DFS (RR=1.9, 
p=0.029; Table 4). The data presented here 

Figure 2. DFS and FOXO1 expression. (A) Kaplan-Meier survival curves were used to compare the 5-year DFS between 
the FOXO1 positive and negative tumors. The differences between the curves were estimated by log-rank test and 
p<0.05 was considered statistically significant. (B to D), The RR of shorter DFS was determined by univariate Cox 
regression analysis. (B) The patients were grouped as (I) HER2-/pAkt+/FOXO1-, (II) HER2+/pAkt+/FOXO1- and (III) 
HER2-/pAkt-/FOXO1+ tumors. The RR was compared to (III) HER2-/pAkt-/FOXO1+ group. (C and D), The patients were 
first grouped as FOXO1-positive and FOXO1-negative and then RR of shorter DFS in GATA3-negative tumor was com-
pared with that in GATA3-positive tumor in each group (C); or Annexin-1-negative tumor was compared with Annexin-1
-positive tumor (D) in each group. p<0.05 was considered statistically significant only. 
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confirm that FOXO1 is an independent predictor 
for DFS in breast cancer.  
 
GATA3 and Annexin-1 alone were not shown to 
be significant in both univariate and multivari-
ate analysis.  
 
Discussion 
 
Activation of PI3K/Akt pathway and cytoplasmic 
localization are necessary for inhibiting the tu-
mor suppressor properties of FOXOs, including 
FOXO1 ubiquitination and subsequent deregula-
tion [9, 12, 34]. The deregulation of FOXO1 has 
been shown to promote cell proliferation and 
tumorgenesis in prostate, breast and endo-
metrial cancer cells [35-37]. Regression of 
FOXO1 function in prostate cancer cells has 
been shown in both androgen receptor depend-
ent and independent pathways [35, 38, 39]. 
The phosphorylation and nuclear exclusion of 
FOXO1 in breast cancer cells have been re-
ported to be stimulated by growth factors in-
cluding ErbB family receptors [36]. The altered 
FOXO1 regulation has been closely linked to 
drug resistance in both prostate and breast can-
cer cells [38, 40, 41]. We have recently demon-
strated that HER2 overexpressing breast cancer 
cells, SKBR3 transfected with myr-Akt1 
(activated Akt) have decreased nuclear expres-
sion of FOXO1 and the cells were less respon-
sive to trastuzumab [14]. 
 
The nuclear FOXO1 expression is significantly 
decreased in primary prostate cancer compared 
to normal prostate tissue [17]. An increased 
phosphorylated FOXO1 (pFOXO1) in cytoplasm 
was associated with shorter DFS and OS in soft 
tissue sarcoma [42]. The pFOXO1 was reported 
to be lower in metastatic colon cancer than in 
primary tumors [43]. The clinical significance of 

FOXO1 expression and localization in breast 
cancer has not been established yet.  
 
In this study we showed that FOXO1 expression 
in normal breast tissue mainly remained in the 
nucleus, while in breast cancer tissue the 
FOXO1 was expressed in both nucleus and cyto-
plasm. Breast cancer patients who had in-
creased pAkt had lower expression of FOXO1. In 
correlation with pAkt levels [15], the expression 
of FOXO1 in both nucleus and cytoplasm was 
significantly reduced in Lymph node positive 
and HER2 overexpressing tumors. In contrast 
only nuclear expression of FOXO1 was associ-
ated with PR status. A low expression of nuclear 
FOXO1 was observed in PR negative tumors. 
The two nuclear proteins, FOXO1 and PR regu-
late each other’s transactivation function in 
endometrial cells [44]. The correlation of FOXO1 
and PR in the same cellular localization in 
breast cancer tissue from our current study pro-
vided further evidence supporting the data from 
endometrial cells. It will require more functional 
studies to understand that if the same localiza-
tion leads to the interaction between FOXO1 
and PR in different cancer cells.  
 
Overall, reduced FOXO1 expression in both nu-
cleus and cytoplasm predicted poor DFS in this 
cohort of patients (p=0.05), especially in HER2 
overexpressing tumors. In HER2 overexpressing 
tumors with elevated pAkt and decreased 
FOXO1 expression significantly increased RR of 
shorter DFS. These data suggest that the 
FOXO1 mediated by Akt pathway plays a signifi-
cant role in disease outcome of HER2 positive 
tumors. The multivariate analysis further con-
firmed the independent predicting value of 
FOXO1.  
 
In the present study we also examined clinical 

Table 4. Cox proportional hazard analysis for disease-free survival 
Variables Univariate analysis *Multivariate analysis 
  RR    95% CI p-value RR    95% CI p-value 
FOXO1 

Positive 
Negative 

GATA3 
Positive 
Negative 

Annexin-1 
Positive 
Negative 

  
1 
1.8(1.0-3.1) 
  
1 
1.2(0.5-3.1) 
  
1 
1.35(0.3-5.4) 

  
  

0.05 
  
  

0.714 
  
  

0.670 

  
1 
1.9 (1.0-3.5) 
  
1 
1.1  (0.4-3.1) 
  
1 
0.989 (0.5-5.5) 

  
  
0.039 
  
  
0.796 
  
  
0.990 

* Adjusted for ER, PR, HER2, Tumor size and node stage 
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significance of GATA3 and Annexin-1 protein 
expression. We observed the positive staining of 
GATA3 in both nucleus and cytoplasm. Consis-
tent with its function, the clinical significance of 
GATA3 was related only with nuclear expression 
in our study. The nuclear expression of GATA3 
has been considered to be a prognostic indica-
tor of breast cancer [22]. The low expression of 
nuclear GATA3 was more associated with larger 
tumor size, positive lymph node, ER/PR nega-
tive and HER2 positive tumors [22]. Our data 
from the current study partially supported those 
observations and showed that the expression of 
GATA3 was inversely correlated with lymph node 
stage significantly. High expression of GATA3 
was more associated with ER-positive status 
(p=0.049). We observed only slightly more GA-
TA3 positive expression in PR-positive, small 
size and early stage tumors, although the differ-
ences were not significant. It could become 
more significant if the sample size was larger.  
 
Currently the expression of Annexin-1 in breast 
cancer is still under investigation. An earlier 
study reported an increased Annexin-1 expres-
sion in various types of breast cancers, includ-
ing noninvasive ductal carcinoma in situ and 
invasive and metastatic breast tumors, although 
the sample size (n=33) was relatively small 
[45]. A recent report on tissue microarray analy-
ses showed that decreased Annexin-1 expres-
sion in myoepithelial cells in breast ductal carci-
noma and the decreased expression of Annexin-
1 in breast cancer tissue could be correlated 
with breast cancer progression [28]. Our data 
was in agreement with the finding from microar-
ray analysis that Annexin-1 was highly ex-
pressed in cytoplasm and nuclei of normal 
myoepithelial and ductal breast cells, but de-
creased significantly in malignant cells. In our 
study, the reduced Annexin-1 expression in ma-
lignant cells was most likely due to the absence 
of the myoepithelial cells. In addition, we found 
that Annexin-1 expression was decreased in 
lymph node positive and HER2 overexpressing 
breast cancer. In HER2 overexpressing tumors, 
Annexin-1 was more frequently expressed in 
stromal tissues. We also observed more positive 
Annexin-1 expression in ER/PR negative tumors. 
These results need to be further validated by a 
larger sample size. In this cohort of patients, 
even though the expression of GATA3 and An-
nexin-1 did not predict DFS in multivariate 
analysis, both GATA3 and Annexin-1 expression 
were significantly associated with nuclear ex-

pression of FOXO1. The reduced GATA3 expres-
sion increased RR of shorter DFS, especially in 
the FOXO1 positive group, and the reduced An-
nexin-1 were able to increase RR of shorter DFS 
in the FOXO1 negative group. Although the in-
creased RR was not shown to be statistically 
significant, the evidence suggests that there are 
correlated roles between FOXO1 and GATA3 
and/or FOXO1 and Annexin-1 in regulation of 
DFS. We postulate that a larger sample size 
may increase RR and reach statistical signifi-
cance. 
 
We did not find differences in FOXO1, GATA3 
and Annexin-1 levels between African-American 
and Latina women in this cohort of patient. 
 
The uniqueness of this study is that we used the 
same cohort of patients that had been exam-
ined for pAkt and further investigated the clini-
cal significance of FOXO1, GATA3 and Annexin-
1. The information from this study elicited the 
Akt pathway in relation to tumor pathology and 
in predicting breast cancer progression. The 
findings from this study confirmed our previous 
study in vitro that expression and localization of 
FOXO1 is strongly associated with disease out-
come of HER2 overexpressing tumors. Using 
tissue microarray approach, our study also re-
ported for the first time that FOXO1 expression 
and localization is related to GATA3 and Annexin
-1 in breast cancer. The association of nuclear 
expression of FOXO1 and GATA3 or FOXO1 and 
Annexin-1 seem likely to have an important role 
in predicting disease outcome for breast cancer. 
 
The limitation of this study was that this cohort 
of patients was not prospective and had a lim-
ited sample size. Therefore, it was not able to 
evaluate the value of FOXO1 in response to tras-
tuzumab or other specific chemo/hormonal 
therapy directly. Nonetheless, based on the in-
dependent role of FOXO1 in predicting DFS, es-
pecially in HER2 overexpressing tumors, we can 
consider expression of FOXO1 may be important 
to the trastuzumab response phenotype of 
breast cancer.  
 
Conclusion 
 
Overall data from this study in addition to cur-
rent knowledge suggest that the overexpression 
of HER2 receptor in breast cancer could deregu-
late PI3K/Akt pathway and then inhibit or de-
regulate FOXO1 expression. Assessment of 
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FOXO1 expression in clinical samples can pre-
dict the recurrence and metastatic behavior of 
breast cancer, especially for HER2 overexpress-
ing tumors. Although the expression of GATA3 or 
Annexin-1 alone did not independently predict 
DFS, the expression and localization of FOXO1 
was strongly associated with GATA3 and An-
nexin-1 expression. The intrinsic high correlation 
of FOXO1 with GATA3 and Annexin-1 may pro-
vide a new option for designing target therapy. 
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