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Introduction
Breast cancer is a heterogeneous disease characterized by a 

wide range of pathological features, diverse clinical behavior and 
variable response to treatment based on a complex interplay between 
characteristics of the tumor and the host [1]. In 2013, approximately 1 
in 8 (12%) women in the USA will develop invasive breast cancer. Breast 
cancer is the second cause of death after lung cancer among American 
women. The American Cancer Society’s estimated 39,620 deaths from 
breast cancer patients to occur this year [2]. The high mortality rate 
from breast cancer results mainly from metastasis due to spread of 
cancer cells to distant organs such as the liver, lungs, brain and bones 
[3]. In selective subtypes of breast cancer, therapies targeting specific 
signaling pathways are well known and many of them are now widely 
used in the clinics  [4]. For instance, hormonal therapy (Tamoxifen 
and aromatase inhibitors) can inhibit the effect of estrogen or decrease 
estrogen levels in patients with hormonally responsive tumors. In 
HER2-positive patients, Trastuzumab can prolong survival and lower 
the risk of relapse. Unfortunately, patients whose tumor fail to express 
hormonal receptors or lack HER2 overexpression will not benefit from 
those types of treatment and hence must rely mainly on chemotherapy. 
There is now a large body of evidence to suggest that cancer treatment 
must be tailored to individual tumor characteristics [5]. Despite the 
success of current therapies, we still need to uncover unique genetic 
alterations or tumor characteristics that might be translated into 
prognostic and predictive biomarkers or pharmacologically amenable 
targets Annexin A1 (ANXA1), the first characterized member of the 
annexin superfamily, is a calcium and phosopholipid binding protein 
known to mediate the anti-inflammatory actions of glucocorticoids 
[6]. However, it possesses many other functions that impact on key 
cellular processes such as proliferation [7], differentiation, cytoskeletal 
organization, cell migration [8], and apoptosis [9]. Expression of 
ANXA1 has been associated with the development and progression of 
different types of cancer. On the one hand, ANXA1 has been shown 
to be down-regulated in esophageal cancer [10], head and neck cancer 

[11], and prostate cancer [12]. On the other, ANXA1 was found to be 
up-regulated in other types of malignancies such as pancreatic cancer 
[13], hepatocellular carcinoma  [14] and stomach cancer [15]. 

We became interested in the status of ANXA1 gene expression in 
breast carcinomas following the seminal work by Perou et al. [16] on 
the molecular classes of breast cancer. Although the authors did not 
expand specifically on the putative role of ANXA1 in breast cancer, 
molecular profiling of tumors clearly indicated that ANXA1 was related 
to the basal-like subtype of breast cancer. Upon carefully reviewing the 
literature we found that the status of ANXA1 expression and its role in 
initiation and progression of breast cancer was still an unresolved issue. 
It was reported that a lower expression of ANXA1 was significantly 
associated with advanced stage of breast cancer and poor overall 
survival when compared to patients with high ANXA1 expression [17]. 
Likewise, it has also been shown that expression of ANXA1 is down-
regulated in metastatic tumors suggesting that ANXA1 functions as 
an Epithelial-Mesenchymal Transition (EMT) /metastatic suppressor 
[18]. These observations are hard to reconcile though with the findings 
by Yi and Schnitzer [19] who reported that ANXA1 null mice had 
impaired tumor growth and a lower propensity to develop metastasis. 
Furthermore, it was reported by others that ANXA1 promotes 
metastasis formation of basal-like breast cancer through its regulation 
of TGF-β [20]. Indeed, Yom et al. [21] demonstrated that high ANXA1 
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we found that ANXA1 expression is severely deregulated in high-grade breast cancers that comprise clinically 
aggressive tumors such as triple-negative and, to some extent, HER2-positive breast cancers.
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expression was significantly correlated with unfavorable prognostic 
factors such as hormone receptor negativity, HER2 overexpression and 
triple-negative breast cancer. 

In this study, we investigated ANXA1 expression using in-silico 
analysis on available DNA microarray and RNA sequencing data of both 
normal human breast tissue and in a variety of human breast cancers. 
We also carried out immunohistochemical analyses on a large number 
of normal breast tissue and breast carcinoma using Cell Microarrays 
(CMA) and Tissue Microarrays (TMA). This allowed us to compare 
ANXA1 expression at the protein level with that of other available breast 
biomarkers. Here we show that ANXA1 is differentially expressed in 
normal human breast tissue and in breast tumors. Moreover, we found 
that ANXA1 expression is severely deregulated in high-grade breast 
cancers that comprise clinically aggressive tumors such as triple-
negative and to some extent HER2-positive breast cancers. Our results 
suggest that ANXA1 is a valuable breast cancer biomarker whose 
deregulated pattern of expression may help to segregate subsets of high 
histological grade breast cancers such as triple-negative category and 
HER2-positive breast tumors into clinically meaningful categories. 

Materials and Methods
In-silico analysis

The web application bc-GenExMiner [22] was used for correlation 
analysis of ANXA1 gene expression on a dataset comprising over 
3400 microarrays. The “aov” and “TukeyHSD” functions were carried 
out to compare the mRNA levels within each breast cancer molecular 
subtypes for the ANOVA and Tukey multiple comparisons of means. 
The ANOVA was applied to check for an overall difference of expression 
level between molecular subtypes. The Tukey multiple comparisons 
of means were used to test for a significant difference between two 
subtypes (e.g. Luminal A vs. Basal). For both tests, a p-value<0.05 
was considered significant. The mRNA levels of ANXA1, Vimentin 
(VIM), ESR1 and FOXA1 were compared using publically available 
microarrays and mRNA sequencing breast cancer patients datasets. 
The former included 51 breast cancer cell lines [23] and 247 patients 
[24]. The mRNA sequencing dataset from the Cancer Genome Atlas 
Network [25] included 844 patients. Moreover, MiSTIC dataset was 
also used to correlate ANXA1 with a different set of genes in normal 
breast tissue (102 cases) and breast cancer (756 patients) based on RNA-
sequencing data derived from The Cancer Genome Atlas (TCGA). 
Pearson correlation coefficient between set of genes was calculated with 
the “cor.test” function of the R language and environment for statistical 
computing (http://www.R-project.org/). 

Cell culture 
All cell lines were purchased from the American Type Culture 

Collection (ATCC). MCF10F and MDA-MB-231 cells were maintained 
at 37°C in Dulbecco’s modified Eagle’s medium Nutrient Mixture 
F-12 (DMEM/F12) (Wisent) supplemented with 10% fetal bovine 
serum (FBS) (Sigma), 0.5 μg/ml hydrocortisone, 10 ng/ml EGF, 10 μg/
ml insulin, 1% penicillin-streptomycin and 100 ng/ml choleratoxin 
(Wisent). 184-B5 cell line was maintained in the same medium except 
that 1 ng/ml of choleratoxin was used instead of 100 ng/ml. MCF-7 cell 
line was maintained in Dulbecco’s modified Eagle’s medium Nutrient 
Mixture (DMEM) supplemented with 10% FBS and 1% penicillin-
streptomycin. ZR-75-1 cell line was maintained in RPMI with 10% 
FBS and 1% penicillin-streptomycin. MDA-MB-361 was maintained 
in L15+2 mM Glutamine+15% FBS. MDA-MB-468 was maintained 
in Ham’s-F12 medium (1:1 mixture) supplemented with 2 mM 
L-glutamine and 5% FBS.

Preparation of paraffin-embedded cell pellets 

All cell lines were maintained in culture until they reached 80% 
confluence. Petri dishes were then washed with PBS followed by 
trypsinization of the cell layer until they completely detached from 
the bottom of the dish, then media specific for each cell line was 
added to inactivate trypsin. Cells and media were collected in 15 ml 
tube and centrifuged at 1000 rpm for 5 minutes. The supernatant was 
aspirated and the pellets were resuspended in 10% neutral buffered 
formalin and kept at 4°C for 24 hours to allow proper fixation. After 
24 hours, the cells were centrifuged at 1,800 rpm for 10 minutes and 
the supernatant was aspirated and the pellets resuspended in melted 
HistoGel (thermoscientific). Cell pellets were maintained in HistoGel 
at 4°C for 20 minutes until the gel solidified. Pellets were then removed 
from the eppendorf tubes and placed in embedding cassettes for 
further fixation in 10% neutral buffered formalin. Cell pellets were next 
processed in SAKURA Tissue-Tek VIP (Vacuum infiltration processor) 
then embedded in paraffin blocks. 3 μm section from each block 
was prepared and stained with Haematoxylin and Eosin (HandE) to 
evaluate the relative position of each cell cluster in each block and to 
determine cellularity.

Cell microarray (CMA) construction

CMA was prepared as follows: two punches (2mm) from each cell 
line were plucked and inserted into recipient blocks according to the 
intended design of the map using a Manual Tissue Arrayer I (Beecher 
Instruments). Blocks were next inverted and incubated overnight in the 
oven over a glass slide. The blocks were allowed to cool off until they 
could be detached from the glass slide. 3 μm sections were prepared 
from the CMA and stained with HandE or submitted to automated 
immunohistochemical reactions (IHC). 

Patient samples and tissue microarray (TMA) construction

This study was conducted on 300 archived Formalin-Fixed, Paraffin-
Embedded (FFPE) samples containing both normal and tumor tissues 
obtained from female patients. All samples were obtained from Centre 
Hospitalier de l’Université de Montréal (CHUM) after obtaining the 
approval of the research ethical committee (SL 05.019). The collected 
blocks contained both invasive and in situ carcinoma of the breast 
obtained at surgery (lumpectomy or mastectomy). Normal breast 
tissues were obtained from healthy women undergoing plastic surgery 
(Table 1). A number of extraneous tissues such as colon, thyroid and 
placenta were included in each TMA to serve as external controls.

Variables No. of cores %
Organs used in TMA 643
Colon 4 0.7
Lymph node 26 4.0
Mammary gland 596 92.7
Rectum 11 1.7
Thyroid 6 0.9
Grade 570
I 54 9.5
II 116 20.3
III 400 70.2
Molecular subtypes 488
Luminal A 143 29.3
Luminal B 54 11.1
HER2-positive 68 13.9
Triple-negative 223 45.7

Table 1: Clinico-pathological data of tissues used in TMAs.
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To construct TMAs, 4 µm sections from each paraffin donor block 
were stained with HandE. These sections were microscopically examined 
by two independent pathologists to select the most representative 
fields. Areas from each corresponding paraffin blocks were plucked in 
duplicate or triplicate and 1 mm core punches realigned into recipient 
blocks using a Manual Tissue Arrayer I (Beecher Instruments). Tissue 
sections from each TMA were prepared and one slide from each block 
was stained with HandE to review the diagnoses and histological grades 
on all tissue samples.

Histological grading of breast cancer

Modified Scarff-Bloom-Richardson-Ellis-Elston grading system 
(SBR-EE) [26] was used to score invasive breast cancers. The patients 
were classified into one of three different histological grades (Grade I, II 
and III). Briefly, tumor grade is determined based on three parameters:- 
extent of tubule formation, mitotic rate and nuclear size. Each of these 
features is assigned a score ranging from 1-3. Next, the scores for each 
criterion are added together with a cumulative figure ranging from 3 to 
9. Grade I tumors are well differentiated (low grade) with a total score 
of 3 to 5. Grade II tumors are moderately differentiated (intermediate 
grade) with a total score of 6 to 7. Grade III are poorly differentiated 
(high grade) with a total score of 8 to 9. 

Immunohistochemistry

Immunohistochemistry was carried out according to manufacturer 
recommendations on an automated immunostainer (Discovery XT 
system, Ventana Medical Systems, Tucson, AZ). Antigen retrieval 
was performed with proprietary reagents followed by incubation 
with the primary antibody. Antibodies used are listed in (Table 2). 
Sections were then incubated with a specific secondary biotinylated 
antibody for 32 minutes. Streptavidin horseradish peroxidase, and 
3,3-diaminobenzidine were used according to the manufacturer’s 
instructions (DABmap detection kit, Ventana Medical Systems). 
Finally, sections were counterstained with Gill hematoxylin and 
sodium bicarbonate. For ANXA1, MDA-MB-231 cell line and thyroid 
carcinomas were used as positive controls while MCF-7 and ZR-75-1 
cell lines served as negative controls. Each section was scanned at a high 
resolution (40X) using the Nanozoomer Digital Pathology equipment 
(Hamamatsu, Bridgewater, NJ).

Scoring of stained slides

Estrogen receptor (ER) and Progesterone Receptor (PR) status 
was determined using Allred’s method [27]. Scoring of HER-2 was 
carried out according to the College of American Pathologists (CAP)-
approved scoring system [28]. Scoring of ANXA1, Ki-67, FOXA1 and 
VIM expression on each core was carried out using two tier scoring 
system. We first determined the percentage of immunoreactive cells 
(quantity score) which was estimated as follows (no staining was scored 
as 0, 1-10% of cells with positive staining were scored as 1, 10-50% 
as 2, 50-70% as 3, and 70-100% as 4). Next, we assessed the second 
parameter corresponding to the staining intensity (staining intensity 
score). The latter was rated as follows (No staining (negative)→ 0, weak 
staining →1, moderate staining →2, and strong staining→ 3). The 
immunohistochemical score was calculated by multiplying the quantity 
and staining intensity scores; the combined score could therefore 
range from 0 to 12. An IHS score of 0 to 4 was considered to represent 
low expression while scores more than 4 to 12 were considered high 
expression [13]. The criteria used to define molecular subgroups of 
breast cancer are listed in (Table 3) [29].

Immunofluorescence and confocal microscopy

Direct immunofluorescence staining was carried out using Ventana 
automated immunostainer. Dylights 550 and 650 fluorophores from 
Thermo Scientific Pierce protein biology products were used to label 
primary antibodies against p63 (p63 Ab-1; IgG clone 4A4, Thermo-
scientific) and ANXA1 (ANXA1; IgG1 clone29/Annexin I, BD 
transduction laboratory). The slides were incubated with the labeled 
antibodies for six hours. The slides were next washed and DAPI was 
applied. Sections were cover slipped and kept at -20°C.

Fluorescent images were captured using Zeiss LSM 510 laser 
scanning confocal microscope equipped with 63x oil immersion 
objective lens. META detector was used for spectral separation of 
fluorochromes with overlapping spectra. Images were cropped, resized, 
and brightness and contrast over the whole image adjusted where 
necessary, using AxioVision and ImageJ softwares.

Statistical analyses

All statistical analyses were carried out using different packages 
of language R. The distribution of ANXA1 in different histological 
grades and molecular subtypes is shown using box plots and bar 
charts. Non-parametric tests are used due to the nature of ordinal 
and categorical data. The overall relationship between ANXA1 scores 
and other characteristics (i.e. histological grades, and molecular 
subtypes) was evaluated by chi-square test. Correlation analysis for 
immunohistochemical expression levels was carried out using the 
Spearman’s rho correlation coefficient. Statistical significance was 
considered, with a p-value<0.05. 

Results
ANXA1 is highly expressed in basal-like breast cancer- in-
silico analysis

Comparison of mRNA levels within breast cancer molecular 
subtypes using the bc-GenExMiner database comprising over 3400 
microarrays and the mRNA sequencing dataset from the Cancer 

Molecular subtypes ER PR HER-2 Ki-67
Luminal A + + - <14%
Luminal B (1) + + +
Luminal B (2) + + - ≥ 14%
HER-2 positive - - +
Triple negative - - -

Table 3: Criteria used to define molecular subtypes of breast cancer.

Antibody Clone Dilution Provider Retrieval 
method

Positive score

ER SP1 Ready to use Ventana HIER pH 6 Allred score ≥ 3
PR 1E2 Ready to use Ventana HIER pH 6 Allred score ≥ 3
HER2 4B5 Ready to use Ventana HIER pH 6 3+
Ki-67 SP6 1/100 BioCare HIER pH 6 >14%
ANXA1 Clone29 1/500 BD HIER pH 9 0-4 low expression

6-12 high expression
FOXA1 Poly-

clonal
1/500 Abcam HIER pH 6 0-4 low expression

6-12 high expression
VIM 3B4 1/100 Dako HIER pH 6 0-4 low expression

5-12 high expression

ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epidermal 
growth factor receptor 2; ANXA1, Annexin A1; FOXA1: Forkhead box protein A1; 
VIM: Vimentin; HIER: Heat-induced epitope retrieval

Table 2: Antibodies used for immunohistochemistry.
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Genome Atlas (TCGA) dataset that included 844 patients were carried 
out. In patient microarray data sets, 59% of the basal-like and 70% 
of normal-like breast cancer subtypes showed high level of ANXA1 
expression. In contrast, 21% of luminal A and only 7% of luminal B 
subtypes demonstrated high expression of ANXA1. For the HER2-
positive subtype, the percentage of patients with high or low expression 
of ANXA1 was nearly identical (32% vs. 29%, Figure 1A). Similarly, 
in the patient sequenced transcriptomes, ANXA1 mRNA levels were 
found to be significantly overexpressed in the basal-like subtype 
where compared to both luminal A (p-value<0.001) and B subtypes 
(p-value<0.001) (Figure 1B). 

ANXA1 is overexpressed in triple-negative breast cancer cell 
lines

To validate the results obtained from our in-silico analysis, ANXA1 
expression was studied in a panel of human breast cancer cell lines with 
varying degree of expression of ESR1, PR and HER2 (Table 4). ANXA1 

expression was detected in all basal-like cell lines 184-B5, MCF10F, 
MDA-MB-468 and MDB-MB-231 [30]. Intense membrane staining 
was present in all triple-negative cell lines. However, cytoplasmic and 
nuclear staining intensity somewhat varied in these cell lines (Figure 
2A-D). In sharp contrast, ANXA1 was absent from MCF7, ZR-75-1 
and MDA-MB-361 cell lines (Figure 2A-F) which are all considered 
to belong to the luminal subtype categories [30,31]. Taken together, 
our findings in breast cancer cell lines support our in-silico analysis 
showing higher expression of ANXA1 in triple-negative breast cancer.

ANXA1 is strictly confined to myoepithelial cells in both 
normal breast tissue and in-situ breast cancers

In normal breast tissue and in-situ carcinoma, we found ANXA1 
to be strongly expressed in myoepithelial cells and in a few adjacent 
stromal cells (Figure 3A and B). Myoepithelial cell identity was 
confirmed by their typical localization around the luminal cells, their 
characteristic flattened morphology and more directly by the co-
expression of ANXA1 with the specific myoepithelial cell marker p63 
using confocal microscopy. ANXA1 and p63 were co-localized in the 
very same myoepithelial cells either in normal mammary gland or in 
ductal carcinoma in situ (Figure 3C and D). 

ANXA1 is overexpressed in subsets of triple-negative and 
HER2-positive breast cancers

Variation in the levels of ANXA1 expression according to molecular 

Figure 1:  ANXA1 mRNA expression in PAM50 molecular subtypes of breast 
cancer using bc-GenExMiner database v3.0. A. The figure and table show the 
patients with low, intermediate and high ANXA1 expression in each molecular 
subtype. The basal-like and normal-like subtypes contain more patients with 
high expression of ANXA1. In contrast, luminal A and B subtypes comprise more 
patients with low expression of ANXA1. B. TCGA mRNA sequencing dataset 
including 844 patients showing that ANXA1 is highly expressed in basal-like 
subtype. *** p-value < 0.001, Tukey’s test. 

Cell Lines ER PR HER2 Molecular Subtypes ANXA1
184B5 - - - Basal +
MDA-MB-468 - - - Basal +
MCF10F - - - Basal +
MDAMB231 - - - Basal +
ZR-75-1 + + - Luminal -
MDA-MB-361 + - + Luminal _
MCF7 + + - Luminal -

ER: Estrogen receptor; PR: Progesterone Receptor; HER2: Human Epidermal 
Growth Factor Receptor 2; ANXA1: Annexin A1
Table 4:  Expression of ER, PR, HER2 and ANXA1 in different types of breast 
cancer cell lines.

 Figure 2: Expression of ANXA1 in different types of breast cancer cell lines. All 
basal-like breast cancer cell lines are positive for ANXA1 expression such as A. 
184 B5, B. MDA-MB-468, C. MDA-MB-231. In contrast, in all luminal subtype 
cell lines ANXA1 is lacking such as D. ZR-75-1, E. MDA-MB-361 and F. MCF-7. 
Magnification: 40X (A-F).
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subtypes of breast cancer was assessed. All samples collected from 
patients with luminal A and luminal B breast cancer lacked detectable 
expression of ANXA1 (Figure 4A and B). In contrast, almost half of 
the samples collected from patients with triple-negative breast cancers 
had strikingly elevated levels of ANXA1 expression (Figure 4C and 
D). Moreover, the association of ANXA1 with basal-like breast cancer, 
which is considered to be a subset of triple-negative breast cancer, was 
further substantiated by a positive correlation with basal cytokeratin 
CK5/6 (r=0.72, p-value<0.001) (data not included). Notably, most but 
not all HER2-positive samples (approx. 90%) were found to be negative 
for ANXA1 (Figure 4E,F and G). 

Altered pattern of ANXA1 expression correlates with a subset 
of high-grade breast cancers.

In Grade I, Grade II and 70.4 % of Grade III breast cancer, 
ANXA1 expression could not be detected in tumor cells (Figure 5A-
C). However, 29.6% of Grade III breast cancer patients showed ectopic 
expression of ANXA1 in tumor cells (Figure 5D-G). Another key 
finding was the disordered cellular distribution of ANXA1 labeling in 
high-grade breast cancers. Whereas ANXA1 expression is normally 
restricted to the myoepithelial cells in a typically uniform fashion, the 
pattern observed in tumor cells markedly departed from that of normal 
cognate cells. Indeed, the staining pattern in tumors is at odds with that 
observed in normal myoepithelial cells. Some tumors exhibited ANXA1 
staining mainly in the cytoplasm with only a few cells harboring nuclear 
staining. Other tumors demonstrated predominantly nuclear staining 
with only very faint cytoplasmic staining. On occasion, we have 
observed an intense nuclear and cytoplasmic staining. Lastly, strong 
membranous staining along with weak cytoplasmic staining was found 
in few high-grade breast cancers (Figure 5D-G). Taken together, our 
results indicated that not only ANXA1 was aberrantly accumulating in 

a significant minority of high grade tumor cells but also that there was 
an accompanying defect in its cellular translocation, distribution and 
compartmentalization

Positive correlation between ANXA1 and vimentin and 
negative correlation between ANXA1, ESR1 and FOXA1.

The RNA-sequencing data derived from TCGA dataset [23,32] was 
analysed using the MiSTIC visualization tool to identify genes that are 
positively or negatively correlated with ANXA1 in normal breast tissue 

Figure 3: Expression of ANXA1 in normal breast tissue and in-situ carcinoma. 
A. Normal lobules displaying ANXA1 expression in myoepithelial cells and in a 
few stromal cells while luminal cells lack ANXA1 expression. B. DCIS shows a 
similar distribution of ANXA1 as that present in normal lobules. C. Co-localization 
of ANXA1 (cytoplasmic) and p63 (nuclear) in myoepithelial cells lining normal 
breast ducts using direct immunofluorescence and confocal microscopy. D. Co-
localization of ANXA1 and p63 in myoepithelial cells of DCIS. Magnification: 20X 
(A & B), 40X inset in Figure A, 63X (C & D).

Figure 4: Expression of ANXA1 in different molecular subtypes of breast cancer. 
A. Luminal A B. luminal B breast cancer fail to express ANXA1 in cancer cells. C 
and D. Triple-negative breast cancer. Some patients display negative or low level 
of ANXA1 expression (C) others showed high ANXA1 expression (D). E and F. 
HER2-positive breast cancers with either negative (E) or positive expression (F) 
of ANXA1. E. Histogram displaying the percentage of patients with high and low 
expression of ANXA1 in each molecular subtype of breast cancer. Magnification: 
20X (A-F).
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(102 cases) and in breast cancer (756 patients). A positive correlation 
was observed between ANXA1 and VIM, one of the EMT markers 
in breast cancers (r=0.73). In the same group of tumors, ANXA1 was 

negatively correlated with several luminal markers such as FOXA1 
(r=0.66), ESR1 (r=0.46), GATA3 (r=-0.47) and XBP1 (r=-0.47) (Figure 
6). To substantiate these observations, we next assessed the mRNA 

Figure 5: ANXA1 expression of breast cancer of different histological grades; A, B, C. Expression of ANXA1 is absent in Grade I, Grade II and some of Grade III breast 
cancer cells. Stromal cells are faintly positive for ANXA1. D-G. 29.6% of Grade III breast cancers have an altered pattern of ANXA1 expression along with varied 
subcellular localization. ANXA1 staining could be found in the cytoplasm (D), in the nuclei with only very faint cytoplasmic staining (E), in both cytoplasm and nuclei 
(F), or in the membrane (G) of breast cancer cells. 

Figure 6: Genes that are positively or negatively correlated with ANXA1 in 756 breast cancer patients based on RNA-sequencing data derived from TCGA dataset. The 
list on the left side depicts the genes which are positively correlated with ANXA1 while those that appear on the right side are the genes that are negatively correlated 
with ANXA1.
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levels of ANXA1, VIM, ESR1 and FOXA1 using publically available 
microarrays and mRNA sequencing breast cancer patients datasets 
which included 51 breast cancer cell lines [23] and 247 patients [24]. 
Similar correlations could be established using mRNA in sequenced 
transcriptome datasets strengthening the above mentioned association. 
Specifically, a positive correlation between ANXA1 and VIM was 
detected (r=0.75 Figure 7A) while a negative correlation was established 
between ANXA1 and ESR1 (r=-0.47 Figure 7B) and between ANXA1 
and FOXA1 (r=-0.46 Figure 7C). 

In order to expand on the data obtained from the in-silico analyses, 
we used additional sections of our human breast cancer TMAs to 
ascertain the expression of VIM, ESR1 and FOXA1 at the protein 
level. Again, a positive correlation between ANXA1 and VIM was 
confirmed (r=0.48, p-value<0.001). In triple-negative breast cancer, 
62% of patients had a high expression of both proteins. In contrast, 100 
% of luminal A patients and 95.6 % of luminal B had low expression 
of ANXA1 and VIM. Similarly, 77.3% of HER2-positive patients also 
had low expression of ANXA1 and VIM with only 4.6 % showed high 
expression of both proteins.

We were also able to confirm the negative correlation between 
ANXA1 and ESR1 (r =-0.45, p-value < 0.001) and between ANXA1 
and FOXA1 (r=-0.51, p-value <0.001) using TMAs. Specifically, in 
luminal AandB breast cancer, 100% of the patients had a high degree 

of expression of ESR1 and FOXA1 and no detectable levels of ANXA1 
expression (Figure 8A). In triple-negative breast cancer where ESR1 
and FOXA1 are negative, 45.5% of patients had high levels of ANXA1 
(Figure 8B).

Discussion
ANXA1 belongs to a family of calcium and phospholipid binding 

proteins initially considered to have an anti-inflammatory function. 
However, many recent publications also stressed its role in key 
cellular processes such as proliferation, differentiation, cytoskeletal 
organization, cell migration and apoptosis. Although ANXA1 
expression has been studied in different types of cancer, so far results 
have been rather conflicting, with reports in the literature describing 
variable levels of expression in normal and breast cancer tissue. This 
also holds true for breast cancer where the status of ANXA1 expression 
in normal mammary gland and breast cancers is currently unsettled. 
In the present work, we have investigated the expression of ANXA1 
in human breast cancer tissues. We found that deregulated ANXA1 
expression is observed only in high-grade breast cancers that comprise 
clinically aggressive tumors such as triple-negative and HER2-positive 
breast cancers supporting the view that ANXA1 is a valuable marker for 
a subset of aggressive breast tumors.

Using TMAs comprising normal breast tissue and breast carcinomas 
of various histological grades, we conclusively demonstrated that 

Figure 7: Correlation between ANXA1 and VIM, ESR1 and FOXA1 using RNA sequencing data of 844 breast cancer patients. A. Scatter plot of ANXA1 and VIM mRNA 
expression. There is a positive correlation between ANXA1 and VIM mRNA transcripts levels (Pearson’s correlation analysis n = 844, r = 0.749, p-value = 2.2e-16 
two-sided). B. Scatter plot of ANXA1 and ESR1 mRNA expression. There is a negative correlation between ANXA1 and ESR1 mRNA transcripts levels (Pearson’s 
correlation analysis n = 844, r = -0.468, p-value = 4.6014e-47 two-sided). C. Scatter plot of ANXA1 and FOXA1 mRNA expression. There is a negative correlation 
between ANXA1 and FOXA1 mRNA transcripts levels (Pearson’s correlation analysis n = 844, r = -0.459, p-value = 3.5175e-45 two-sided).
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ANXA1 expression is confined to the myoepithelial cell layer and to 
a few adjacent stromal cells of normal breast tissue. Myoepithelial cell 
identity was confirmed by their typical localization around the luminal 
cells, their characteristic flattened morphology and more directly by the 
co-expression of ANXA1 with the specific myoepithelial cell marker 
p63 using confocal microscopy. This constitutive pattern of ANXA1 
expression is also highly conserved in the myoepithelial cell layer 
surrounding the ducts and lobules of in-situ carcinomas. Notably, there 
is a complete absence of ANXA1 in malignant epithelial cells where 
the normal regulatory pathways continue to operate. These results are 
consistent with those of Ang et al. [7] who reported similar pattern of 
expression of ANXA1 in myoepithelial cells. However, they are clearly 
at odds with the observations of Elshimali and Lui [33] who found 
that ANXA1 is expressed in both epithelial and myoepithelial cells of 
normal breast tissue. 

Since there is complete disappearance of the myoepithelial cells layer 
during stromal infiltration, the lack of ANXA1 positive myoepithelial 
cells was an expected finding. This is consistent with the inability to 
detect ANXA1 in low-grade (Grade I) and intermediate-grade (Grade 
II) and 70.4 % of high-grade (Grade III) breast cancer. Strikingly 
however, 29.6% of Grade III breast cancer patients showed ectopic 
expression of ANXA1 in tumor cells. The morphology of tumor cells 
and the failure to express any of the other myoepithelial cell markers 
are inconsistent with the possibility that those cells represent a residual 
myoepithelial population. Although it is tempting to hypothesize that 
positive tumor cells are derived from a progenitor cell endowed with 
both luminal and myoepithelial features, this view nevertheless fails 
to explain the absence of ANXA1 positive tumor cells in both grade 

I and grade II tumors. In our opinion, ANXA1 expression in tumor 
cells more likely represents an abnormal, deregulated cellular process 
due to a failure of the checks and balances that operates under normal 
conditions in the breast tissue.

Our results on human breast cancer cell lines indicate that triple-
negative cell lines expressed ANXA1 at significantly higher levels 
than those observed in both luminal A or B cell lines. This result is 
also consistent with the observations of Kang et al. [34] that breast 
cancer cell lines with high expression of ANXA1 are invasive by nature, 
whereas lines with low or undetectable expression of ANXA1 had a poor 
capacity for migration. Additionally, we found that enhanced expression 
of ANXA1 is a characteristic of a subset of triple-negative and, to a 
lower extent, HER2-positive breast cancers. It is also worth noting that 
we were able to relate ANXA1 expression to basal-like breast cancer as 
shown by a positive correlation with basal cytokeratin CK5/6. Again, 
this supports a similar finding by Yom et al. [21] who demonstrated 
that ANXA1 expression was significantly correlated with unfavorable 
prognostic factors such as hormone receptor negativity, HER2-positive 
tumors and triple-negative breast cancer. To our surprise though, 
Wang et al. [17] found that low ANXA1 expression was significantly 
associated with advanced stage breast cancer and a worse overall 
survival when compared to patients with high ANXA1 expression. The 
fact that an enhanced expression of ANXA1 was found in the so-called 
normal-like breast cancer subtype supports the view that this molecular 
category may simply reflect the high degree of contaminating normal 
breast tissue [35] and hence residual myoepithelial cells in the tumor 
samples. Future experiments with preclinical models will help solving 
this issue and/or this apparent contradiction

Figure 8: Correlation between ANXA1, ESR1 and FOXA1 in different molecular subtypes of breast cancer. A) Luminal breast cancers which have high expression of 
both ESR1 and FOXA1 fail to express ANAX1 B) 43% of triple-negative breast cancer that are ESR1 and FOXA1 negative, display high levels of ANXA1. Magnification: 
10X (A-C),.
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Concerning the putative role of ANXA1 in the EMT, in this study 
we found a positive correlation between ANXA1 and VIM, one of EMT 
markers. Supporting data came from both the mRNA level using in-
silico analysis and from ANXA1 cell labeling on the TMAs. This may 
suggest that ANXA1 exerts a positive effect in EMT, consistent with 
reports indicating that ANXA1 promotes metastasis formation in 
basal-like breast cancer cells by enhancing TGFβ/smad signaling and 
actin reorganization [20]. Likewise, ANXA1-null mice were found 
to develop fewer metastases than wild type littermates [19]. However 
tantalizing this hypothesis might be, it is severely challenged in view 
of the findings by Maschler et al. [18] who demonstrated that forced 
ANXA1 expression in metastatic mouse and human mammary 
carcinoma cells reversed EMT and abolished metastasis. Clearly, 
more work is needed to sort out the exact role of ANXA1 in tumor 
progression and metastasis. The use of a comprehensive panel of EMT 
markers on human breast tumors expressing ANXA1 could help 
clarifying the issue. Of note, MSN and LYN that are known to play roles 
in EMT [36,37] have also positive correlation with ANXA1 (For MSN 
r=0.69, for LYN r=0.54) (Figure 6)

Lastly, a negative correlation between ANXA1 and both ESR1 and 
FOXA1 has been uncovered using in-silico study. This was further 
substantiated using a large cohort of breast cancer patients tissues 
and cell lines. 100% of patients with luminal breast cancer subtypes 
had positive expression of ESR1 and FOXA1 while they completely 
lack ANXA1 expression. In contrast, 43% of triple negative breast 
cancers that are ESR1 and FOXA1 negative, display high levels of 
ANXA1. Recently, FOXA1 was reported to be necessary not only for 
maintaining luminal-specific gene expression, but also for repressing 
numerous genes specific to basal breast cancer cells including ANXA1 
[38]. Interestingly, our in-silico study confirmed that ANXA1 promoter 
contains FOXA1 responsive element (two regions within 5kb of ANXA1 
transcription start site) but none for ESR1. Given the suppressive roles 
of FOXA1 [39-41], it would be of great interest to determine how 
FOXA1 suppresses ANXA1 expression.

Lastly, one has to remind that ANXA1 is only one member of a 
broad family of annexins many of which have been reported to be 
directly or indirectly involved in breast cancer tumorigenesis such 
as Annexin A2, A4, A5 [23], A6 [32], A7 [2], A8 [42]. At present, 
the degree of functional overlap and crosstalk between each annexin 
variant has not been addressed. 

To conclude, ANXA1 expression is restricted to high-grade breast 
cancers, mostly triple-negative breast tumors that are notoriously 
known for their aggressive clinical behavior. We propose that ANXA1 
is deregulated in a significant proportion of high histological grade 
breast cancers, thereby underlining the complexity and heterogeneity 
of breast cancers especially those that belong to the triple-negative 
category. Developing new biomarkers will help dissect out subsets 
of triple-negative tumors and facilitate the identification and further 
characterization of unique and specific regulatory pathways paving the 
way to targeted therapy. A better understanding of the complex cross-
regulatory networks between ANXA1, Vimentin, ESR1 and FOXA1 
signaling pathways is clearly needed to pinpoint and identify subsets 
of tumors with non-overlapping and unique mechanisms leading to 
tumor progression and metastasis.
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