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RESUMO 

 

Introdução: O Trastuzumab é considerado a terapia standard no tratamento das doentes 

com cancro de mama HER-2 positivo. Independentemente dos benefícios da sua 

utilização, muitas doentes em estadios precoces apresentam, eventualmente, recorrência 

da doença, e progressão em menos de um ano. Dado que uma parte significativa das 

doentes HER-2+ não responde à terapia com Trastuzumab, novos biomarcadores de 

prognóstico e de resposta são necessários para permitir uma melhor estratificação das 

doentes. Estudos anteriores reportaram que o gene ANXA1 contribui para a resistência ao 

Trastuzumab através da ativação do AKT. A existência de uma associação entre a perda 

de ARID1A e a sobre expressão de ANXA1 foi também já sugerida. Por estas razões, 

fomos investigar o valor das proteínas ARID1A e ANXA1 na predição de resposta à terapia 

com Trastuzumab e no prognóstico de doentes de cancro de mama HER-2+. 

 

Métodos: Neste estudo foram analisadas amostras de 215 doentes com cancro de mama 

HER-2+. O status de metilação do promotor do gene ARID1A foi estudado através de PCR 

quantitativo específico de metilação. A expressão proteica de ARID1A e de ANXA1 foi 

avaliada por imunohistoquímica. 

 

Resultados: Na nossa coorte, a hipermetilação do promotor do gene ARID1A não parece 

regular a expressão da proteína. Contrariamente ao esperado, não foi observada uma 

associação negativa entre a expressão de ARID1A e de ANXA1. Os tumores HER-2+ (não-

luminal) exibiam maior expressão de ANXA1 do que os tumores luminal B-like (HER-2+). 

Não foram encontradas diferenças significativas relativamente ao valor preditivo da 

imunoexpressão destas proteínas na resistência ao Trastuzumab. Todavia, foi encontrada 

uma associação entre expressão de ANXA1 e menor tempo livre de recorrência, bem como 

de menor tempo de sobrevivência. 

 

Conclusão: Na globalidade, os nossos resultados sugerem que ANXA1 é um promissor 

biomarcador de prognóstico em doentes HER-2+. Além disso, a sua capacidade de 

discriminação entre os subtipos luminal B-like (HER-2+) e HER-2+ (não- luminal) poderá 

ser útil na estratificação das doentes no que diz respeito à estratégia terapêutica. 
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ABSTRACT 

 

Background: Trastuzumab is considered the standard of care of HER-2+ breast cancer 

patients. Regardless the benefits of its use, many early stage patients eventually recur, and 

usually disease progresses within a year. Since a significant part of HER-2+ patients do not 

respond to Trastuzumab, new prognosis and response predictor biomarkers are warranted 

to allow a better patient stratification. ANXA1 was previously reported to contribute to 

Trastuzumab resistance through AKT activation. Furthermore, an association between 

ARID1A loss and ANXA1 upregulation was also previously suggested. Thereby, we 

investigated the value of ARID1A and ANXA1 protein levels in Trastuzumab response 

prediction and clinical outcome in HER-2+ BrC patients. 

 

Methods: In this study, tissue samples from 215 HER-2+ breast cancer patients were 

examined. Promoter methylation status of ARID1A was evaluated by qMSP and ARID1A 

and ANXA1 protein expression were assessed by immunohistochemistry. 

 

Results: In our cohort, promoter hypermethylation does not seem to regulate ARID1A’s 

expression. Contrarily to what was expected, no negative association was found between 

ARID1A and ANXA1 expression. HER-2+ (non-luminal) tumours displayed higher ANXA1 

expression than luminal B-like (HER-2+) tumours. Concerning Trastuzumab resistance, 

ARID1A and ANXA1 proteins did not demonstrate predictive value as biomarkers. 

Importantly, an association was depicted between ANXA1 expression and early recurrence 

and shorter survival from the disease.  

 

Conclusion: Overall, our results suggest that ANXA1 may be a useful prognostic marker 

in HER-2+ patients. Additionally, its ability to discriminate between HER-2+ (non-luminal) 

and luminal B-like (HER-2+) patients might assist in patient’s stratification regarding 

treatment strategy. 
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BREAST CANCER 

 

Epidemiology 

Breast cancer (BrC) is the most frequent cancer among women, having accounted 

for approximately 2 million new cases in 2018. It was also the major cause of cancer related 

death, being responsible for 15% of all deaths, contributing to high morbidity and mortality 

rates worldwide and constituting a major public health problem1. Nevertheless, BrC 

mortality has been declining due to earlier detection and improved treatments2.  

However, this malignancy’s incidence shows a great disparity between high and low 

income areas, being more frequent in developed regions such as Australia, Western and 

Northern Europe and Northern America (Figure 1)3.  

 

 

Figure 1. Estimated age-standardized breast cancer incidence in women worldwide in 2018. 
Adapted from 1. 

 

The wide geographical variations in BrC incidence are a reflection of differences in 

risk factors patterns, as well as in availability and access to early detection techniques3. 

Several factors contribute to these high incidence rates, namely the high prevalence of 

known risk factors and the implementation of a population based screening1,3. 

In Europe, in 2018, BrC was the most common cancer in females accounting for an 

estimated 26% of all cancers (Figure 2). In Portugal, in the same year, it was also the 

foremost cancer in women, accounting for an estimated 6974 new cases. 
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Figure 2. Estimated number of new cases of breast cancer in Europe (A) and Portugal (B) in women, 
in 2018. Adapted from1. 

 

Despite the improvement in early detection, which greatly helped in the prevention 

of disease progression, BrC still represents a global health care burden, particularly in low 

and middle-income countries, where the women have limited access to quality treatment3,4. 

It is imperative to propel awareness into screening and also to improve access to new and 

better treatments in order to diminish the socioeconomic impact of this disease5. 

 

Risk Factors 

Several risk factors affect a women’s probability of developing BrC, namely age,  

familial and reproductive history, environmental factors and lifestyle choices (alcohol, diet, 

obesity and physical activity), among others6,7. Some risk factors are linked to a hereditary 

component, but most of them are related to the environmental factors to which women are 

exposed8. 

Undeniably, age is a very strong factor in BrC incidence, being responsible for a 

continuously increasing risk beginning from the early reproductive years until the late 

seventies6,9.  

Family history accounts for approximately 10% of BrC incidence in Western 

countries, and the risk further increases if the affected family member was diagnosed at a 

young age6,10. Germline mutations in DNA repair associated 1 (BRCA1) and 2 (BRCA2) 

genes increase a women’s risk in about 40-80%, making these mutations the strongest 

known predictors11. Mutations in tumour protein p53 (TP53) and phosphatase and tensin 

homolog (PTEN) are also involved in familial BrC, however to a lesser extent than the 

mutations previously mentioned. History of benign breast disease, such as atypical 

epithelial hyperplasia, is associated with a 4 to 5 times higher probability of developing 

BrC12,13.  

Hormonal factors play an important role in breast carcinogenesis14. Women with 

early onset menarche, late age at menopause, late age at first delivery and nulliparous are 
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at higher risk of developing BrC14. These risk factors might be explained by their association 

with oestrogen levels exposition. A higher number of ovulatory cycles and, hence, higher 

lifetime exposure to this hormone seems to result in a greater risk7,10,15. In contrast, early 

age at first birth, as well as additional pregnancies and breastfeeding are associated with a 

decreased risk10,16. The use of oral contraceptives and hormone replacement therapy, being 

exogenous sources of oestrogen, are also associated with an increased risk10. 

Obesity emerged as an important risk factor due to the “western lifestyle”, namely 

high intake of saturated fats and lack of physical exercise. However, the relationship 

between obesity and BrC risk seems to be modulated by the menopausal status. In 

premenopausal women, a high body mass index (BMI) seems to act as a protective factor 

whereas in postmenopausal women the opposite is observed10.  

Nevertheless, literature suggests that some lifestyle choices, such as a balanced 

and healthy diet, engagement in physical activity and low alcohol intake, might reduce a 

women’s risk of developing BrC17, 18.  

 

Screening and Diagnosis 

When detected at early stages, BrC represents a highly curable disease, being one 

of the reasons why a population-based screening is established nowadays in some 

countries. In Portugal, as well as in many other European countries, mammography 

screening is recommended every two years in women aged 50-69 since, at this age group, 

screening was proved to be most effective in terms of mortality reduction. Additionally, in 

women with familial breast cancer, annual screening with magnetic resonance imaging 

(MRI) is also recommended concomitantly or alternating with mammography, starting 10 

years younger than the youngest case in the family19.  

Indeed, the population-based screening brought many benefits into the clinical 

practice, such as allowing tumour early detection, with a concomitant decrease in the 

comorbidities associated with treatments, and a decrease in mortality rates. Nevertheless, 

overdiagnosis still represents an important aspect, resulting in the unnecessary treatment 

of approximately 11% of the women invited to the screening20. Additionally, as radiologic 

images might be of difficult interpretation, some women are recalled to perform the exam, 

which causes anxiety and leads to an overall false feeling of security2.   

BrC diagnosis comprises a clinical examination, with bimanual palpation of the 

breasts, in combination with imaging, locoregional lymph nodes assessment and 

confirmation by a pathologist. Biopsy is the gold standard procedure for pathological 

diagnosis of breast lesions. Fine needle biopsy as well as needle core biopsy can be 

performed in palpable lesions, however, in non-palpable lesions an ultrasound-guided 
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biopsy must be performed. If neoadjuvant therapy is required, a core needle biopsy is 

mandatory to ensure a diagnosis of invasive cancer and to assess immunostaining markers.  

 

Histological Subtypes  

BrC is an extremely heterogeneous disease, both morphologically and clinically, 

exhibiting distinct biological features as well as different clinical outcomes. Currently, the 

World Health Organization (WHO) recognizes more than twenty distinct entities. The 

majority of BrC are adenocarcinomas, which means that they arise from mammary 

parenchymal epithelium and can be divided into two main subcategories: in situ and 

invasive carcinomas21. 

In situ carcinomas are neoplastic lesions limited to the ducts or lobules and might 

be further subdivided into ductal carcinoma in situ (DCIS) and lobular carcinoma in situ 

(LCIS)22. These are a potentially malignant proliferation of epithelial cells that have not 

invaded the stroma and, for that reason, do not represent an invasive lesion. Nevertheless, 

they are precursor lesions to the development of invasive carcinoma, greatly increasing the 

risk22. 

Nevertheless, invasive carcinomas account for most of the cases and comprise a 

heterogeneous group classified according to cytoarchitectural characteristics, cell type, type 

of secretion and immunohistochemical profile. This classification allows to distinguish 

between specific histological types (special subtype carcinoma-SSC) and invasive 

carcinoma of no special type (NST), the latter, also regarded as invasive ductal carcinoma 

(IDC), which accounts for approximately 70-80% of all invasive carcinomas19,22,23.  

Invasive lobular carcinoma (ILC) is the second most incident subtype, being 

responsible for approximately 12-15% of invasive cases24. Additionally, tumours that exhibit 

a combined morphology of NST and SSC, are classified as mixed type tumours21. 

 

Staging 

 The stage of each BrC patient is determined in order to understand the extent of 

spread of the disease, which helps defining prognosis and the best treatment to be 

assigned. Currently, the eighth edition of the American Joint Committee on Cancer/ Union 

for International Cancer Control (AJCC-UICC) TNM staging system is the most accepted 

and widely used system in BrC staging19,25,26. This system takes in consideration tumour 

size and extension (T), the spread of cancer to nearby lymph nodes (N) and to other parts 

of the body (M) (APPENDIX I).  

Based on these 3 parameters (T-N-M), patients are staged in one of five categories 

(0, I, II, III and IV), (APPENDIX II) allowing a better stratification, outcome prediction and an 

overview of disease burden19. 
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Prognosis Factors and Predictive Biomarkers 

 Despite the usefulness provided by the anatomic TNM staging, patients with the 

same stage experienced, contrary to the expected, different outcomes which highlighted 

the need of improving prognosis assessment. Thus, nowadays, some biologic factors are 

incorporated in the evaluation to accomplish this task25.  

Tumour differentiation was the first factor to be included and it reflects how close the 

tumour morphology is to the morphology of the tissue of origin. The evaluation is 

accomplished by the incorporation of Nottingham Combined Histologic Grade, which 

considers three parameters: the grade of architectural differentiation, nuclear pleomorphism 

and mitotic index.  

The oestrogen receptor (ER) is a nuclear transcription factor that stimulates normal 

breast cells growth and differentiation, upon oestrogen binding. Approximately 75% of BrC 

overexpress ER, and are characterized by being well differentiated, exhibiting less 

aggressiveness and having a better outcome, after surgery, than ER negative tumours23. 

Age also seems to play a role in ER positivity since older patients display higher rates of 

tumours positive for this receptor27. ER is a predictor of response to endocrine therapy (ET), 

including tamoxifen and aromatase inhibitors, although a small fraction or ER negative 

tumours also benefit from it27,28,29. The progesterone receptor (PR) is also a nuclear 

transcription factor that contributes to cell proliferation and its expression is regulated by ER 

expression28. Accordingly, approximately 60% of ER positive tumours are also PR positive, 

displaying the greatest benefit from ET28. 

Erb-B2 receptor tyrosine kinase 2 (ERBB2) [or human epidermal growth factor 

receptor 2 (HER-2)] is a transmembrane receptor that belongs to the epidermal growth 

factor receptor (EGFR) family and is involved in the regulation of cell growth, survival and 

differentiation30. Approximately 20% of BrC patients tumours’ show gene amplification and 

overexpress the HER-2 protein, which confers these tumours a worse biologic behaviour 

as well as clinical aggressiveness30,31. Nevertheless, HER-2 positivity is predictive of 

favourable response to anti-HER-2 agents, such as Trastuzumab, and to an anthracycline-

based chemotherapy (ChT)31,32. 

Assessment of the proliferation marker Ki67 may provide additional prognostic and 

predictive information in clinical practice, especially in ER+/HER-2- BrC. Nevertheless, 

there are still inconsistencies regarding methodological issues, namely in defining the cut-

off value to be used and in results interpretation, which severely limits its utility33,34.   

Gene expression profiling techniques have also emerged in clinical practice to aid 

in systemic treatment decision, when challenging19. These analysis are able to create 

multivariate prediction models based on the quantification of ER-related and proliferation 

genes assessment35. Oncotype DX® (21‑gene panel), MammaPrint® (70‑gene panel) and 
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PAM50 (Prosigna) (50‑gene panel) are some of such gene panels, however the high cost 

limit their use in clinical routine36. 

 

Molecular Subtypes 

BrC is a very heterogeneous disease, and patients with the same histological type 

or stage may present different outcomes and respond differently to the same treatments, 

as previously referred37. Genomic analysis allowed the recognition of 4 BrC groups (luminal 

A, luminal B, HER-2 enriched and basal-like), also referred to as intrinsic subtypes (Table 

1).  

Table 1. Characterization of Breast Cancer molecular subtypes according to European Society for 
Medical Oncology (ESMO). Adapted from 19. 

Intrinsic subtype Clinicopathological surrogate markers 

Luminal A “Luminal A-like” 
 

ER positive 
HER-2 negative 

Ki-67 low1 

PR high 

Luminal B “Luminal B-like (HER-2 negative)” 
 

ER positive 
HER-2 negative 

Either Ki-67 high or PR low 
 

“Luminal B-like (HER-2 positive)” 
 

ER positive 
HER-2 positive 

Any Ki-67 and any PR 

HER-2 enriched “HER-2 positive (non-luminal)” 
 

ER and PR absent 
HER-2 positive 

“Basal-like” “Triple-negative” 

 
ER and PR absent 

HER-2 negative 

1 Ki-67 scores should be interpreted considering local laboratory values. 
Abbreviations: ER, oestrogen receptor; HER2, human epidermal growth factor receptor 2; PgR, progesterone receptor. 

These entities display significant differences in terms of incidence, prognosis and 

treatment38,39.  

Luminal BrC, mainly distinguished by the expression of higher levels of ER and 

luminal epithelial cytokeratins, accounts for approximately 75% of cases40,39. Luminal 

subtype further subdivides into luminal A and luminal B subtypes. Luminal A: characterised 

by the expression of higher levels of ER and lower levels of genes related to proliferation 

comparing with luminal B tumours, being associated with a rather favourable prognosis41,42. 
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Luminal B gene expression is similar to that of luminal A; however, this subtype displays a 

decreased ER-related genes’ expression and a variable expression of HER-2. Luminal B 

tumours are associated with worse prognosis than their luminal A counterparts40. 

Nevertheless, both subtypes show good responses to ET, but poor to ChT42. 

About 20-30% of BrC tumours are HER-2 enriched43, being characterised by a low 

expression of the luminal clusters and high expression of HER-proliferation genes41, namely 

HER-2. These tumours’ cells display HER-2 protein overexpression which contributes to 

cellular proliferation, growth and survival, as previously stated44,45. This tyrosine kinase is 

expressed in normal human breast cells and is necessary for tissue development, but its 

overexpression leads to an excessive cell proliferation, survival and invasion46. The 

activation of this protein triggers downstream signalling pathways that include the mitogen-

activated protein kinase (MAPK) and the phosphatidylinositol-3-kinase/protein kinase B 

(PI3K/AKT)45. Although HER-2 positive tumours have the second poorest prognosis among 

BrC subtypes, there are available treatments that specifically target HER-2, having a good 

impact in patients’ clinical outcome44,46. Furthermore, these tumours show a greater benefit 

from chemotherapy treatments with anthracyclines and paclitaxel45,47.  

Basal-like tumours are characterized by absence of ER, PR and HER-2 (hence the 

surrogate definition TNBC) and by the expression of basal epithelial genes. Despite having 

worse prognosis than the other intrinsic subtypes, they depict a good response to 

chemotherapy. Furthermore, these tumours also display a high rate of TP53 mutations, 

which contributes to their characteristic aggressiveness and poor prognosis42,48. 

Currently, ER and PR status assessment by immunohistochemistry (IHC) and HER-

2 by IHC or in situ hybridization (ISH) are part of the clinical routine practice and allow the 

recognition of 5 surrogate intrinsic subtypes (Table 1). The acknowledgment of these 

entities aids in prognostication and treatment decision19. 

 

Treatment 

 BrC treatment strategy should be determined by a breast specialized 

multidisciplinary team comprising medical oncologists, surgeons, radiation oncologists, 

breast radiologists, pathologists and nurses19. Treatment may involve various modalities, 

including surgery, ChT, ET, targeted therapies and radiotherapy (RT)19,49.  

 Surgery is the first option in operable tumours, which accounts for approximately 60-

80% of the newly diagnosed cases. Breast-conserving surgery is the preferred approach, 

being associated with better cosmetic results. Mastectomy is considered in larger tumours, 

multicentric disease or when required by the patient19. 

 Adjuvant RT is highly recommended, reducing the 10-year recurrence risk by 15%. 

Other adjuvant modalities, such as ChT, ET and targeted therapies may also be 
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implemented, based on the surrogate intrinsic phenotype, as determined by ER, PR and 

HER-2 assessment49. 

 Neoadjuvant treatment, including the modalities used in adjuvant therapy (ET, ChT 

and targeted therapies), may be considered in locally advanced bulky tumours when 

downstaging is required before surgery. This treatment should begin 2-4 weeks after 

diagnosis and staging19.  

(Neo)adjuvant systemic modalities should be based on the individuals’ risk of 

relapse, predictive sensitivity to certain types of treatment and the cost-benefit of their use. 

ChT is more beneficial in ER-negative tumours, being recommended for TNBC, HER-2+ 

BrC and luminal tumours with high recurrence risk49. Gene expression assays, such as 

Oncotype DX, MammaPrint, Prosigna, may be used to determine the risk of relapse and 

the benefit of ChT, when in doubt19,38. 

 Hormonal receptors (HR) positive BrC benefit from ET, and the prescription of which 

agent to be used should be made based on patients’ menopausal status. In premenopausal 

women, tamoxifen is recommended, whilst in postmenopausal, aromatase inhibitors as 

letrozole are used. 

Anti-HER-2 therapy should be assigned to patients with overexpression of the 

receptor, meaning all HER-2 enriched and luminal B (HER-2+) BrC. Trastuzumab, a 

monoclonal antibody, was the first discovered of such therapies, becoming a standard of 

care in the HER-2+ disease19. Although a study demonstrated a similar benefit with 9 weeks 

of administration, the current recommended treatment duration is 1 year19,50. High risk 

patients (positive lymph nodes or ER-) may also receive the dual blockade with 

Trastuzumab and Pertuzumab, according to ESMO guidelines19. 

TRASTUZUMAB 

 As it was formerly stated, HER-2+ BrC cells display HER-2 protein overexpression 

at the membrane. This protein may form homo or heterodimers with other members of the 

EGFR family, becoming activated upon phosphorylation of its intracellular domain. This, in 

turn, leads to activation of multiple downstream signalling pathways, including Pi3K and 

MAPK, promoting cell growth and proliferation46.  

Trastuzumab is a monoclonal antibody that binds to HER-2 extracellular domain 

(Figure 3)51. Even though it was initially thought to prevent HER-2 dimerization, it is currently 

known that its effectiveness is also attributed to other mechanisms. Such mechanisms 

include antibody-dependent cellular cytotoxicity (ADCC), by attracting immune cells to the 

their binding site and promotion of HER-2 internalization and degradation46,52. Furthermore, 

Trastuzumab inhibits Pi3K and MAPK signalling pathways activation, promoting cyclin-

dependent kinase inhibitor 1B (CDKN1B [or p27Kip1]) induction and concomitant cyclin-
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dependent kinase 2 (CDK2) activity reduction, which leads to cell cycle arrest and 

apoptosis46,53.  

 

 

Figure 3. Mechanisms of action of Trastuzumab. The binding of Trastuzumab to the HER-2 
receptor leads to recruitment of immune cells (namely natural killers [NK]) to the tumour site, 
triggering ADCC. It also blocks hetero/homodimerization of the receptor, preventing activation of 
downstream signalling pathways, consequently suppressing cancer cells growth, proliferation and 
survival. 

 

It was firstly approved in 1998 for HER-2+ metastatic BrC (MBC) showing an 

improvement in survival rates, which encouraged researchers to also assess its efficacy 

and safety in early BrC54,55,56. However, despite the great success brought by Trastuzumab 

to the management of HER-2+ BrC, approximately 15% of patients with early stage disease 

develops metastatic disease and 70% of patients with MBC experience progression within 

a year53,57.  

Despite many more studies are warranted in this subject, some have already 

proposed mechanisms through which cells may be unresponsive to Trastuzumab. One of 

such mechanisms is altered receptor-antibody interaction; Trastuzumab cannot bind to 

HER-2 extracellular domain since other molecule is already bound to the protein. One 

author suggested that the membrane-associated glycoprotein mucin-4 (MUC4) inhibits 

immune recognition of cancer cells, suppresses apoptosis and activates HER-2, being a 

contributor to tumour progression and metastasis57,58. Mutations in the HER-2 gene may 

also inhibit recognition of the receptor by Trastuzumab, affecting its binding and, therefore, 

its efficacy59. Trastuzumab is able to reduce the activation of HER-2 and respective 
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downstream pathways. However, even when the antibody is properly bound to the receptor, 

BrC cells may activate other receptors resulting in the triggering of Pi3K and MAPK 

signalling pathways or other mitogenic pathways59. Furthermore, receptor tyrosine kinases 

that do not belong to this family, such as the insulin-like growth factor 1 receptor (IGF-IR) 

may also trigger Pi3K and MAPK pathways, inhibiting Trastuzumab action57,60. 

PTEN is also known to downregulate Pi3K and AKT signalling. In fact, loss of its 

function and concomitant activation of Pi3K, was found in BrC cell lines and further validated 

in BrC patients’ samples61. Thus, Pi3K upregulation, via mechanisms other than HER-2 

activation, is thought to promote AKT activation, which also renders Trastuzumab 

effectiveness62,63.  

In 2015, annexin A1 (ANXA1) was reported to associate with Trastuzumab 

resistance64. Many cellular processes have been attributed to this protein, namely calcium 

signalling, anti-inflammatory effects, receptor mobilization, cell proliferation, and tumour 

progression. Indeed, ANXA1 was associated with metastasis promotion in basal-like BrC 

through regulation of transforming growth factor beta (TGFβ) signalling, facilitating an 

epithelial-mesenchymal transition (EMT)-like switch65. 

An inverse association between ANXA1 and adenine thymine-rich interactive 

domain 1A (ARID1A) was proposed by Berns and colleagues66 and implicated in 

Trastuzumab resistance. Their results suggested that loss of ARID1A expression is 

responsible for ANXA1 upregulation which, in turn, activates Pi3K signalling pathway and, 

concomitantly, AKT, leading to Trastuzumab resistance66. Nevertheless, the authors have 

only performed in vitro assays and validated their findings in datasets from two clinical trials. 

Additionally, they mainly focused on gene expression evaluation instead of protein, which 

is more relevant in the understanding of a genes’ functional role.  

 Despite the efforts made to understand the mechanisms through which cancer cells 

escape the therapeutic action of Trastuzumab, more research on the topic is required since 

we still lack validated markers of resistance to the antibody. Moreover, in addition to allowing 

a better patient stratification, the identification of these mechanisms and biomolecules may 

also be useful for the development of new drugs that may overcome Trastuzumab 

resistance. 

 

EPIGENETICS 

 In 1942, Conrad Waddington defined epigenetics as “the branch of biology which 

studies the causal interactions between genes and their products which bring the phenotype 

into being” 67,68. Throughout the years, however, the term evolved and refined, being now 

accepted as the heritable changes in gene expression without alteration in DNA sequence. 

Epigenetics are biologically important, taking part in normal cellular processes such as the 
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embryonic development, X-chromosome inactivation and genetic imprinting, also allowing 

for the proper regulation of gene expression69,70. Although being mainly considered a 

genetic disease, epigenetic aberrations play a major role in cancer initiation and 

development71.  

Epigenetic refers to reversible changes that can lead to altered gene function and 

neoplastic transformation72. The major mechanisms involved in these changes are: DNA 

methylation, chromatin remodelling, post translational histone modification and non-coding 

RNAs73.  

 

DNA Methylation 

 DNA methylation is the most widely studied epigenetic mechanism and the first to 

be associated with cancer, playing an important role in maintaining genome stability. It 

consists in the covalent addition of a methyl group to the 5-position carbon of a cytosine 

present in a cytosine-phosphate-guanine (CpG) dinucleotide, resulting in a 5-methyl-

citosine (5mC)73,74. It is a crucial mechanism that regulates many cellular processes, 

including transcription, chromatin structure, X chromosome inactivation, chromosomic 

instability, among others70. 

 Methylation occurs mainly in CpGs within CpG islands (CGIs), which are large 

clusters of approximately 200-500 base pairs with more than 50% of CpG in content, that 

are mostly present in genes’ promoter regions70. This phenomenon can also occur at CpG 

islands’ flanking regions, called CpG shores. These regions are also rich in CpG’s, but to a 

lesser extent than CpG islands, and their methylation is also associated with repression72. 

In normal cells, in transcriptionally active genes, CGIs are unmethylated. On the contrary, 

genes that do not need to be expressed (in that tissue or particular moment) are 

characterized by a methylated promoter region75.  

DNA methylation can induce transcriptional repression through inhibition of binding 

of transcriptional factors to transcription sites or through the recruitment of transcriptional 

repressors. Indeed, methylcitosine binding domain (MBD) family members may be activated 

and, through chromatin remodelling, lead to repression69,75. Nevertheless, mechanisms of 

transcriptional repression are still a subject of intense investigation. 

In cancer cells, both hypo and hypermethylation can occur. A global decrease in 

methylated CpG content may contribute to activation of silenced genes and genomic 

instability with proto-oncogenes activation69,75. Conversely, DNA hypermethylation in 

promoter CpGs, that would otherwise be unmethylated, are associated with transcription 

repression of tumour suppressor genes (TSGs), which leads to impairment in DNA repair, 

cell signalling and cell cycle regulation72,75. 
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DNA methylation is catalysed by DNA methyltransferases (DNMTs), namely 

DNMT1, DNMT3a and DNMT3b. The latter two enzymes are most commonly associated 

with de novo methylation, being highly expressed during embryonic development and 

contributing to the establishment of proper patterns of DNA methylation, whereas DNMT1, 

is responsible for the maintenance of the established DNA methylation patterns72,75.  

Conversely, ten-eleven-translocation (TET) proteins have the ability to revert the 

methylation by converting methylated cytosines into hydroxymethylated cytosines (5hmC), 

which can, then, be excised76. 

 As previously stated, DNA methylation is important in cancer development, as it 

leads to alteration of chromatin conformation, regulating both the silencing of TSG as well 

as the activation of oncogenes72. Indeed, this epigenetic process is emerging in the field of 

biomarkers, since many genes’ promoters have already been identified as methylated and, 

therefore, inactivated77. Methylation patterns can be created with information regarding 

these genes’ alterations, with the purpose of being used as diagnostic, prognostic and 

predictive biomarkers78. Additionally, since these modifications can be reversed, therapeutic 

approaches are an appealing emerging field of research79. 

 

Chromatin remodellers 

The DNA strand, if stretched out, would measure several meters in length. So, the 

strand must be in a highly condensed conformation in order to fit the nucleus of a cell. This 

condensed state is achieved through the formation of a complex named nucleosome, in 

which DNA is tightly packed around proteins called histones80. ARID1A encodes a subunit 

of the SWItch/Sucrose Non-Fermentable (SWI/SNF), a nucleosome remodelling complex 

that uses the energy of ATP to regulate gene expression by altering chromatin conformation 

(Figure 4)81.  

 



INTRODUCTION ǀ 15 

 

Figure 4. Composition of SWI/SNF complex. These complexes comprise conserved core subunits 
(blue) and variant subunits (yellow) (A). Mechanisms of remodelling. These mechanisms include 
binding of the complex, disruption of histone-DNA contact creating a DNA loop (not shown) that 
propagates around the nucleosome, generating sites more accessible to DNA binding factors 
(sliding). It may also happen, although the mechanism is not yet well understood, that adjacent 
nucleosome ejection may occur subsequently to nucleosome repositioning (B). Adapted from81. 

 

ARID1A downregulation might affect the complex function, altering the expression 

of genes that are under its control by disrupting nucleosome sliding activity and recruitment 

of coactivators/corepressors81,82. Mutations in ARID1A, with concomitant downregulation, 

have been reported in several cancers such as ovarian clear cell carcinoma83, uterine84, 

endometrial85 and gastric cancers86, among others. Nevertheless, according to data from 

the cancer genome atlas (TCGA) and the catalogue of somatic mutations in cancer 

(COSMIC), ARID1A mutations occur with a frequency of 4% in BrC. Additionally, copy 

number loss was also implicated in ARID1A downregulation in BrC, however, to a small 

extent (13%)87. Hence, other mechanisms may account for ARID1A downregulation. 

Indeed, recently, Zhang et al.88 reported that promoter hypermethylation was responsible 

for ARID1A downregulation in BrC. Despite also having evaluated the contribution of copy 

number loss and mutations, their results showed that promoter hypermethylation was the 

main responsible for ARID1A reduced mRNA expression levels. Furthermore, H3K27Me3, 

a transcription repressive histone marker, was significantly overexpressed in samples with 

low ARID1A levels. Indeed, gene promoter hypermethylation is often accompanied by this 

repressive marker69, thus suggesting a role of epigenetic mechanisms in ARID1A 
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downregulation. Since Zhang et al.88 only evaluated ARID1A mRNA levels, further studies 

elucidating the role of these mechanisms in protein expression are warranted. 
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 BrC is a heterogeneous disease, comprising tumours with different molecular 

features that are considered for patients’ clinical management. Nevertheless, BrC is still the 

main cause of cancer-related death among women and, so, new biomarkers, able to 

improve prognosis and disease characterization, are required.  

Trastuzumab revolutionized the treatment of HER-2+ BrC, however, many patients 

do not seem to benefit from it, which dampens its effectiveness. Hence, it is important to 

find new biomarkers of prognosis and treatment prediction in order to understand which 

patients are most likely to benefit from Trastuzumab. 

ANXA1 regulation by ARID1A had previously been addressed, but not specifically 

in a cohort of HER-2+ BrC patients. Additionally, the process through which ARID1A exerts 

such modulation is still unknown. Also, to our knowledge, there are no studies that evaluate 

ARID1A and ANXA1 immunoexpression with prognosis and, specifically, Trastuzumab 

resistance in a cohort of HER-2+ BrC treated with a Trastuzumab-based therapy.  

Thus, the main goal of this work is to investigate if ARID1A might be regulated by 

methylation and the value of ANXA1’s and ARID1A’s protein expression in prognosis and 

prediction of Trastuzumab resistance in the HER-2+ disease.  

Thus, the specific tasks of this work were: 

• Assessment of the methylation status of ARID1A promoter in a cohort of 

HER-2+ BrC FFPE specimens 

• Evaluation of ARID1A and ANXA1 protein expression in the same cohort 

• Comparison of ARID1A and ANXA1 immunoexpression with 

clinicopathological parameters, and determination of their prognostic and 

predictive value 
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PATIENTS AND SAMPLES COLLECTION 

The study cohort comprises 215 consecutive HER-2+ BrC patients, diagnosed from 

2008 to 2013 and treated with a Trastuzumab-based therapy at the Portuguese Oncology 

Institute of Porto, Portugal (IPO-PORTO). Formalin-fixed paraffin embedded (FFPE) tissue 

samples analysed were collected before patients’ treatment.  

Hematoxylin and eosin (H&E) slides were reviewed by an experienced pathologist 

according to the World Health Organization (WHO) classification89. Relevant clinical data 

was collected from clinical records and displayed in an anonymized data base for analysis 

purposes. 

This study was approved by the institutional review board (Comissão de Ética para 

a Saúde- CES 125/019) of IPO-PORTO. 

 

DNA EXTRACTION 

Nucleic acids were extracted from histological sections (8 µm of thickness) of FFPE 

blocks using a commercial extraction kit (FFPE RNA/DNA Purification Plus Kit, Norgen 

Biotek, Thorold, Canada) following manufacturer’s instructions.  

FFPE were deparaffinized and digested with proteinase K [20mg/mL (NZYTECH, 

Portugal)] for 15 minutes at 55°C and centrifuged.  Digestion buffer and proteinase K were 

added to the pellets followed by an overnight incubation at 55°C with agitation. In the 

following day, temperature would be increased to 90°C for 2h. Afterwards, buffer RL and 

ethanol were added to the tubes and the DNA purification column was mounted. The DNA-

containing solution was then added to the column and centrifuged enabling the binding of 

DNA to the membrane. The membrane-bound DNA was then washed with the provided 

wash solution and eluted.   

Following, DNA purity ratio and concentration were determined using a NanoDrop 

ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) and then 

stored at or -20°C. 

 

SODIUM BISULPHITE MODIFICATION 

This technique consists on the treatment of denatured DNA with sodium bisulphite, 

which deaminates cytosine residues converting them into uracil residues. This protocol 

allows the distinction between methylated and unmethylated cytosine upon quantitative 

PCR amplification since, following bisulphite treatment, uracil is amplified as thymine 

whereas methylated cytosines remain cytosines.  

One µg of genomic DNA and CpGenome™ Universal Methylated DNA (Millipore, 

USA) were modified using EZ DNA Methylation-Gold™ Kit (Zymo Research, USA) following 

manufacturers’ instructions.  
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CT conversion reagent was added to the tubes containing the samples and 

incubated in the Applied Biosystems Veriti 96-Well Thermal Cycler (Thermo Fisher 

Scientific, USA) at 98°C for 10 minutes and 64°C for 3 hours. Next, the samples were 

transferred to the Zymo-Spin™ IC column with 600µL of M-binding buffer. Samples were 

centrifuged and washed with M-Wash buffer. M-Desulphonation buffer was added to the 

column, followed by a 20-minute incubation at room temperature. Another centrifugation 

was performed, and the columns were washed two more times. 

Genomic DNA samples and CpGenome™ Universal Methylated DNA were eluted 

in 60µL or 30µL of sterile distilled water, respectively. The modified DNA was stored at -

80°C until further use. 

 

QUANTITATIVE METHYLATION-SPECIFIC PCR 

Quantitative real time methylation specific PCR (qMSP) was performed in order to 

assess the methylation levels in all samples. QMSP is a sensitive and specific method that 

allows the assessment of a gene’s promoter methylation status. Methyl Primer Express 

Software v1.0 (Applied Biosystems, Foster City, CA, USA) was used to predict regions 

enriched in CpG dinucleotides (CpG islands) in the ARID1A’s region previously described 

by Zhang et al.90. 

Beta-actin (β-ACT) was used as a reference gene in order to normalize samples for 

DNA input. Additionally, the modified CpGenome™ Universal Methylated DNA was diluted 

in five serial dilutions (5x dilution factor) and used to generate a standard curve. For each 

sample, the mean quantity of ARID1A methylation levels was normalized to the mean 

quantity for the endogenous control β-ACT, according to the following formula:  

Methylation levels = 
𝐴𝑅𝐼𝐷1𝐴

𝛽−𝐴𝐶𝑇
×1000 

Reactions were performed in 384-well plates using a Light Cycler 480 instrument 

(Roche Diagnostics, Manheim, Germany). Triplicates of all samples and two negative 

controls were included in each plate. Briefly 2µL of modified DNA, 5 µL of SYBR Xpert Fast 

SYBR 2X Master Mix (GRiSP, Porto, Portugal) and 0.4µL of primers were added in each 

well up to a volume of 10µL. Primer sequences used and conditions are depicted in Table 

2. 
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Table 2. Primers used in qMSP 

 

IMMUNOHISTOCHEMISTRY 

Briefly, tumour blocks were sectioned at a thickness of 4 µm, deparaffinised in 

xylene and hydrated through a graded alcohol series. Antigen retrieval was achieved by 

microwave or water bath during 20 minutes in ethylenediamine tetra acetic acid (EDTA) 

buffer. Endogenous peroxidases were inactivated by 0.6% hydrogen peroxide (H2O2) and 

blocking of antibody nonspecific binding was achieved through incubation with horse serum 

(Vector Laboratories S-2000 Normal Horse Serum, concentrated; 20 mL) in a 1:50 dilution, 

for 20 minutes each. Slides were then incubated, according to optimized conditions, with 

the primary antibody (Table 3).  

 

Table 3. Primary antibodies used in IHC and conditions. 

 

 

The slides were incubated with post primary block and then with polymer 

(Novocastra Novolink™) for 30 minutes each. Following, diaminobenzidine 

tetrahydrochloride (DAB), diluted in phosphate-buffered saline (PBS), was used as a 

chromogen. Lastly, the slides were counterstained with haematoxylin and mounted with 

Entellan® (Merck-Millipore, Germany).  

Normal oesophagus tissue was used as an external positive control for ANXA1 and 

normal cervix for ARID1A antibody. 

 

IMMUNOHISTOCHEMISTRY SCORING 

In each case, lymphocytes were used as an internal positive control, for the 

evaluation of both antibodies.  

Gene Sequence 
Annealing T/ Primer 

volume 

β-ACTIN 
F-5’TGGTGATGGAGGAGGTTTAGTAAGT 3’ 
R-5’ACCAATAAAACCTACTCCTCCCTTAA 3’ 

60/ 0.4µL 

ARID1A 
F- 5’ CGGCGTAGGTTTTAGAGATGC 3’ 
R- 5’ ACGAAACGAACGCAAACCG 3’ 

60/ 0.4µL 

Antibody 
Antigen retrieval 

method 
Buffer Dilution Incubation time 

DAB 
(min) 

ARID1A 
(sc-32761) Santa 

Cruz Biotechnology 
Microwave 

EDTA 
(pH=8) 

1:800 Overnight at 4°C 10 

ANXA1 (713400) 
Invitrogen 

Water bath 
EDTA 
(pH=8) 

1:1500 
1h at room 

temperature 
7 
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For ANXA1 immunostaining, percentage of cells stained and cytoplasmatic intensity 

of staining were assessed. Intensity was scored from 0 to 3+, representing negative to 

strong staining. A score of 3+ was assigned when the intensity of staining was equivalent 

to that of lymphocytes. The overall score was determined as previously described91: overall 

score= [(%cells with intensity score 1) x 1)] + [(%cells with intensity score 2) x 2)] + [(%cells 

with intensity score 3) x 3)]. 

Concerning ARID1A, since all samples had approximately 90-100% of cells stained, 

only intensity was evaluated. Intensity ranged from score 0 (absence) to 3+, indicative of 

high intensity. A score of 2+ was equivalent to lymphocytes’ staining intensity.  

For the statistical analysis, as no clear cut-off was defined, ANXA1 staining was 

categorized into “negative” and “positive” expression, considering the 75 percentile. On the 

other hand, ARID1A was grouped into two categories: “low intensity”, comprising intensity 

scores 1+ and 2+, and “high intensity” comprising only the 3+ intensity score. 

 

STATISTICAL ANALYSIS 

All data were analysed using SPSS statistical software (version 24.0, Chicago, IL, 

USA). Non-parametric tests were used to compare ARID1A and ANXA1 immunoexpression 

between molecular subtypes and to evaluate associations with other clinicopathological 

features. Associations between proteins’ immunoexpression and molecular subtypes and 

other clinicopathological variables were assessed by Pearson’s chi-square or Fisher’s exact 

tests.  

Disease-specific (DSS), disease-free (DFS) and trastuzumab resistance-free 

survival (TRFS) curves were assessed through the Kaplan–Meier method. The log-rank test 

was computed to analyse differences in survival. Univariable Cox regression was used to 

assess standard clinicopathological variables and proteins’ prognostic value. To understand 

which variables remained independent predictors of survival, a multivariable analysis was 

performed using the Cox proportional hazards model using the backward conditional 

method. A p value of less than 0.05 was considered statistically significant.  

DFS was defined as the time between surgery date and recurrence date and DSS 

was defined as the time between diagnostic date and death from the disease. To perform 

TRFS analysis, a new variable called “resistant” was created. Women that showed 

radiological evidence of recurrence during Trastuzumab therapy or within 6 months after 

cessation, were considered resistant. 

All graphs were constructed using GraphPad Prism version 6.01 for Windows 

(GraphPad Software, La Jolla California USA). 
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CLINICAL AND PATHOLOGICAL DATA 

This study comprised 215 female patients with HER-2+ BrC, whose treatment 

included Trastuzumab (Table 4). Seventy eight percent of tumours were luminal B-like 

(HER-2+) and 22% were HER-2+ (non-luminal), as assessed by IHC assay. Most of the 

tumours were invasive carcinomas of no special type (NST), grade (G) 3 and stage I/II. 

 

Table 4. Clinicopathological features of luminal-B like (HER-2+) and HER-2+ (non-luminal) BrC 
patients enrolled in the study. 

Clinicopathological features Luminal B-like (HER-2+) HER-2+ (non-luminal) 

Patients (n)  167 48 

Age median (range) 51 (24-71) 54.5 (27-69) 

Histological type (%)   

Invasive Carcinoma, no special type (NST) 128 (76.6) 43 (89.6) 

Invasive Lobular Carcinoma 3 (1.8) 1 (2.1) 

Other invasive carcinoma subtypesa 36 (21.7) 4 (8.5) 

Lymphovascular invasion (%)   

No 88 (52.7) 20 (41.7) 

Yes 69 (41.3) 25 (52.1) 

Not determinded 10 (6) 3 (6.7) 

Grade (%)   

G1 & G2 84 (50.3) 13 (27.1) 

G3 83 (49.7) 34 (70.8) 

Not determined - 1 (2.1) 

Estrogen Receptor Status (%)   

Positive 167 (100) - 

Negative - 48 (100) 

Progesterone Receptor Status (%)   

Positive 128 (76.6) - 

Negative 39 (23.4) 48 (100) 

Primary tumour (T) (%)   

T1 & T2 152 (91) 45 (93.8) 

T3 & T4 13 (7.8) 3 (6.3) 

Not determined 2 (1.2)  

Regional lymph node (N) (%)   

N0 67 (40.1) 18 (37.5) 

N+ 99 (59.3) 30 (62.5) 

Not determined 1 (0.6) - 

Stage (%)   

I/II 
III 

121 (72.5) 
45 (26.9) 

37 (77.1) 
11 (22.9) 

Not determined 1 (0.6) - 

a 
Includes medullary, mucinous and mixed type carcinoma (invasive carcinoma, NST and micropapillary carcinoma) 
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ARID1A PROMOTER METHYLATION STATUS 

Since ARID1A’s low expression might be attributable to hypermethylation, according 

to Zhang et. al90, its promoter methylation status in our patients’ cohort was assessed, 

however, no amplification was observed by qMSP (data not shown). 

 

RELATIONSHIP BETWEEN ARID1A AND ANXA1  

Contrarily to what was previously reported66, no inverse association was found 

between ANXA1 and ARID1A immunoexpression (Figure 5B; p=0.183). On the contrary, 

tumours with ANXA1 expression seem to exhibit higher ARID1A protein levels. 

 

 

Figure 5.  Relationship between ARID1A and ANXA1. Proportion of tumours with ARID1A high or 
low intensity and ANXA1 negativity or positivity (A). Association between ARID1A and ANXA1 [Chi-
square: p= 0.183] (B). Illustrative images of the different protein intensity scores (C). 

 

ARID1A AND ANXA1 EXPRESSION BY MOLECULAR SUBTYPE 

Although ARID1A immunoexpression did not associate with BrC molecular subtype, 

HER-2+ (non-luminal) tumours depicted higher ANXA1 protein levels (p<0.001) than 

luminal B-like (HER-2+) (Figure 6). 
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Figure 6. Distribution of ARID1A and ANXA1 immunoexpression by molecular subtype. 
Percentage of cases with low and high ARID1A intensity staining score (1+ & 2+ vs 3+) [Chi-square 
p=0.749] (A). Percentage of cases with or without ANXA1 expression [Chi-square p<0.001] (B). 

 

Additionally, no significant associations were found between both ARID1A and 

ANXA1 proteins’ immunoexpression and any other clinicopathological variable (age, 

histological type, lymphovascular invasion, grade, T stage, N stage and stage).  

 

RESISTANCE TO TRASTUZUMAB 

The value of ARID1A and ANXA1 expression as predictive biomarkers of 

Trastuzumab resistance was assessed using disease recurrence as a surrogate. Therefore, 

patients that showed radiological evidence of disease during Trastuzumab or 6 months after 

Trastuzumab cessation were considered resistant92. Since our cohort is comprised by two 

distinct molecular subtypes, we assessed if luminal B-like (HER-2+) and HER-2+ (non-

luminal) displayed different survival, but no differences were depicted (data not shown). 

Furthermore, since the small number of HER-2+ (non-luminal) patients (n=48) would 

compromise the statistical power, survival analysis was performed for all the patients and 

not stratified by molecular subtype. Only 9 patients presented recurrent tumours within this 

time period and neither ARID1A nor ANXA1 expression predicted Trastuzumab resistance 

in this group of BrC patients (Figure 7).  
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Figure 7.  ARID1A and ANXA1 as predictors of Trastuzumab resistance. Trastuzumab-
resistance free survival curves (Kaplan-Meier with log rank test) of ARID1A (A) and ANXA1 (B) 
immunoexpression, considering patients that recurred during or within 6 months after Trastuzumab 
cessation, as resistant. 

 

HIGH ARID1A AND ANXA1 EXPRESSION IS ASSOCIATED WITH EARLY 

RECURRENCE AND SHORTER SURVIVAL  

Patients’ median follow-up time was 83 months. From the 215 patients included in 

this study, 31 (14.4%) deceased due to BrC, whereas 180 remained alive, 10 of which 

(4.7%) harbouring cancer.  

Due to the reduced number of events and/or cases in some categories, some 

clinicopathologic features were grouped. Grade was grouped as (G1 & G2 vs. G3), T stage 

was grouped as (T1 & T2 vs. T3 & T4), N stage was grouped as (N0 vs. N1) and stage was 

grouped as (I & II vs. III). ANXA1 was grouped as “negative vs. positive” according with p75 

final score, whereas ARID1A protein staining intensity was grouped as “1+ & 2+ vs. 3+”, as 

previously stated.  

DSS and DFS did not differ between luminal B-like (HER-2+) and HER-2+ (non-

luminal) tumours (data not shown), thus survival analysis was performed for all the patients. 

Lymphovascular invasion, larger tumours (T3 and T4), positive lymph nodes and 

stage III disease significantly associated with worse survival and recurrent disease 

(Supplementary Figure 1 and Supplementary Figure 2). Notably, higher expression levels 

of ARID1A and ANXA, not only disclosed shorter DSS, but also earlier disease recurrence 

(Figure 8).  
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Figure 8.  ARID1A and ANXA1 prognostic value. Disease-specific and disease-free survival 
curves (Kaplan-Meier with log rank test) of ANXA1 (A and C, respectively) and ARID1A (B and D, 
respectively) immunoexpression. 

 

Cox regression analysis was also computed to assess the potential of 

clinicopathological variables and ANXA1 immunoexpression as survival predictors. Despite 

disclosing shorter DSS and DFS in univariable analysis, lymphovascular invasion, T stage, 

N stage and ARID1A were not included in the Cox regression analysis due to the reduced 

number of events in each group. 

In the multivariable analysis, along with stage, ANXA1 immunoexpression 

independently predicted patients’ DSS (Table 5). Strikingly, patients with ANXA1 positive 

tumours have, approximately, 3 times more probability of dying from BrC than those without 

expression. 
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 Table 5. Cox regression models assessing the potential of clinical variables and ANXA1 
immunoexpression in the prediction of disease-specific survival. 

 

Additionally, ANXA1 positivity independently predicted shorter time to recurrence 

(Table 6). 

 

Table 6. Cox regression models assessing the potential of clinical variables and ANXA1 
immunoexpression in the prediction of disease-free survival. 

 

Overall, our results indicate that ANXA1 might contribute to adverse outcomes 

related to survival and recurrence in HER-2+ BrC. 

  

Disease -specific 
survival 

Variable Hazard Ratio (HR) 95% CI for HR p value 

Univariable 

Stage 
I&II 
III 

 
1 

4.980 
2.415-10.268 <0.001 

ANXA1 
Negative 
Positive 

 
1 

2.557 
1.259-5.189 0.009 

     

Multivariable 

Stage 
I&II 
III 

 
1 

4.895 
2.374-10.093 <0.001 

ANXA1 
Negative 
Positive 

 
1 

2.658 
1.309-5.393 0.007 

Disease-free 
survival 

Variable Hazard Ratio (HR) 95% CI for HR p value 

Univariable 

Stage 
I&II 
III 

 
1 

4.073 
2.215-7.490 <0.001 

ANXA1 
Negative 
Positive 

 
1 

2.309 
1.239-4.304 0.008 

     

Multivariable 

Stage 
I&II 
III 

 
1 

4.213 
2.270-7.817 <0.001 

ANXA1 
Negative 
Positive 

 
1 

2.415 
1.296-4.499 0.005 
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Regardless of the great efforts made for improving BrC patients’ management, it still 

remains the deadliest cancer among women1. Genomic and expression profiling analysis 

granted an insight of the true molecular features of a tumour, improving the understanding 

of its behaviour93. ESMO distinguishes four intrinsic subtypes (luminal A, luminal B, HER-2 

enriched and “basal-like”) that display different patterns of gene expression, as well as 

different prognosis and outcomes19. Additionally, the recognition of these entities also aids 

clinicians in the choice of treatment to assign to each patient94. Indeed, IHC for ER, PR and 

HER-2 provide a surrogate intrinsic classification of tumours identifying, among others, 

luminal B-like (HER-2+) and HER-2+ (non-luminal) tumours, which are characterized by an 

overexpression of the HER-2 receptor19. The standard of care of these HER-2+ subtype 

patients includes the use of Trastuzumab19,95. However, recurrence and disease 

progression dampen the effectiveness granted by this therapy. Hence, new biomarkers that 

might better identify the BrC patients who are most likely to benefit from Trastuzumab are 

urgently needed61. 

ARID1A and ANXA1 expression were suggested to associate with Trastuzumab 

resistance. Specifically, ANXA1 was also implicated in signalling pathways that impact 

Trastuzumab effectiveness64,65,96.  

In parallel, previous studies associated ARID1A loss with worse prognosis in several 

cancers97,84,98, although its function in BrC is not entirely understood99,100,87. Furthermore, 

those studies have only assessed a limited number of HER-2+ samples87,101. Indeed, most 

statistically significant associations of ARID1A and outcome were established for TNBC 

BrC102.  

Concerning ANXA1, its expression was associated with BrC aggressiveness, 

progression, higher metastatic potential and also with triple-negative phenotype65,103,104. 

Remarkably, ANXA1 was reported to modulate cell adhesion and motility through 

transforming growth factor-β (TGFβ) activation, thus, leading to EMT switch, supporting the 

earlier described BrC features105,59,106,107. Along with this, TGFβ also activates PI3K 

signalling pathway, a mechanism implicated in tumour cells’ unresponsiveness to 

Trastuzumab. Specifically, AKT activation was implicated in such resistance, being 

associated with worse prognosis in some types of cancer, including BrC108,109,110,111.  

In this study we analysed 215 HER-2+ BrC patients’ specimens to investigate the 

value of ARID1A and ANXA1 expression on clinical outcome and prediction of Trastuzumab 

resistance. 

It was previously reported by Zhang et al.88 that ARID1A mRNA loss could be 

attributed to promoter hypermethylation. However, in our cohort, no aberrant methylation 

was found for the same promoter region studied before. Nonetheless, to our knowledge, 

that is the only study reporting that ARID1A downregulation associated with promoter 
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methylation in BrC. The discrepancies observed might result from the different 

methodologies used. In our study qMSP was performed instead of methylated DNA 

immunoprecipitation followed by PCR. Fresh frozen tissue samples, used by the other 

research team, are considered ideal for molecular analysis112, however, FFPE tissues were 

used in our study. FFPE samples are a difficult material to work with in molecular analysis 

since the fixation process leads to DNA fragmentation which can affect the quality of 

downstream applications113. Despite being a gold standard procedure to study DNA 

methylation, bisulphite conversion, also performed in our study, is a harsh chemical reaction 

that further degrades DNA114. Furthermore, the small number of samples included in the 

study (n=38) by the other research team may have also introduced a bias in the analysis. 

Hence, future studies highlighting this topic must be performed. 

Importantly, HER-2+ (non-luminal) tumours depicted higher ANXA1 expression, 

which is consistent with previous studies reporting a correlation between ANXA1 and HR 

negative BrC subtypes105,115. This finding suggests that the oncogenic role of ANXA1 in BrC 

may be attenuated in tumours expressing HR and that its expression may be more relevant 

in HER-2+ (non-luminal) tumours. Nevertheless, the relatively small size of our cohort 

implies that further validation in a larger patient cohort is required. 

Contrarily to what was reported by Berns et al.66, an inverse association between 

ARID1A and ANXA1 was not depicted in our cohort. The authors primarily based their 

findings in results obtained through functional assays in cell lines. Additionally, they resorted 

to a TCGA panel of BrC patients and found the same association between ARID1A and 

ANXA1 protein expression. However, this protein analysis differs from ours since they used 

data from RPPA instead of IHC and the series comprised all subtypes of BrC patients, and 

not only HER-2+. Furthermore, given that ARID1A “high intensity” category, in our study, 

only comprises 13 cases, this may be accountable for the observed results.  

No significant differences were found concerning these proteins’ value as predictors 

of Trastuzumab resistance. Previous studies addressing this subject have used recurrence-

free survival as a surrogate definition of resistance to Trastuzumab66. In our opinion, this is 

not the most accurate definition of resistance since patients may experience recurrence 

many years after receiving Trastuzumab. Given that Trastuzumab is usually administered 

for a relatively short period of time (1 year), we consider that recurrences during this period 

or during a brief period (for instance, 6 months) after cessation should give a more accurate 

meaning of unresponsiveness to Trastuzumab. Indeed, this was the time frame considered 

for patient inclusion in a clinical trial evaluating the value of another treatment for HER-2+ 

patients that either recurred or progressed on Trastuzumab92. Hence, a proper definition of 

“Trastuzumab resistant patients” must be created in order to standardize future studies 

regarding prediction biomarkers evaluation. 
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Our data revealed that patients with higher ARID1A and ANXA1 expressing tumours 

showed increased recurrence risk and higher risk of dying from this disease. Hence, these 

proteins’ expression may be useful as recurrence and survival biomarkers. However, it 

should be considered that, due to the small number of events, ARID1A was not included in 

the multivariable analysis, thus, further studies with larger cohorts must address this issue. 

Moreover, since ARID1A and ANXA1 contribute to poorer prognosis and pre-exist in 

treatment-naïve tumours, they may be important to identify which HER-2+ patients display 

high expression and tailor a different therapeutic approach for them. Since it is proposed 

that ANXA1 render Trastuzumab resistance through activation of AKT, additional 

therapeutics targeting Pi3K/AKT/mTOR pathway should be considered for this subset of 

patients. Indeed, other studies attempted to associate AKT activation and response to 

Trastuzumab. A recent study evaluating the effect of carboxyl-terminal modulator protein 

(CTMP) in Trastuzumab resistance, showed that AKT activation is implicated in tumours’ 

unresponsiveness, in HER-2+ BrC patients110. Moreover, the authors also found that higher 

levels of CTMP were related with worse survival in HER-2 enriched patients. In the same 

line, by functional assays, higher phosphorylated AKT levels were associated with 

resistance to Trastuzumab. Hence, AKT signalling or its downstream effectors inhibition 

may also be used as a therapeutic approach to overcome Trastuzumab resistance. Also, 

notwithstanding these proteins’ role in BrC initiation and progression being far from 

understood, ANXA1’s ability to discriminate luminal B-like (HER-2+) and HER-2+ (non-

luminal) subtypes, contributes to a better patient stratification regarding treatment strategy. 

Despite many studies associate ARID1A loss with worse prognosis, whereas our results 

suggest otherwise, few of them were performed in BrC tissue, especially in HER-2+ 

subtypes. Also, our results are in line with one study that reported high ARID1A expression 

in invasive and mucinous carcinomas in TCGA dataset, thereby suggesting its involvement 

in breast carcinogenesis116. Therefore, this protein role in BrC is not yet established. 

The main limitations of this study were the relatively small number of HER-2+ (non-

luminal) tumours and the limited number of recurrences and deaths observed. It must also 

be stressed that only 13 samples comprised ARID1A’s “high expression group” and, for that 

reason, further studies with a larger number of samples should be performed to increase 

the analysis’ statistical power. Also, it should be recalled, once again, that current guidelines 

that specifically define resistance to Trastuzumab are still lacking. To overcome that 

restraint, we have used the definition reported by the EMILIA clinical trial, which focused on 

the best treatment to be assigned to HER-2+ locally advanced or metastatic BrC patients 

who stopped responding to Trastuzumab92.  
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To our knowledge, this is the first study assessing the prognostic and prediction 

value of ARID1A and ANXA1 proteins’ in HER-2+ BrC patients whose treatment included 

Trastuzumab. 

Nonetheless, large- scale, multicentric and extended follow-up studies are required 

to better understand the prognostic and predictive value of these proteins in identifying BrC 

patients that will develop resistance to Trastuzumab. The need to identify and validate 

molecular predictors of response to Trastuzumab that might allow to better stratify HER-2+ 

patients is a major quest, since new drugs that may be able to overcome resistance already 

exist45,92. 
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The need to identify and validate molecular predictors of response to trastuzumab 

that might allow a better stratification of HER-2+ patients is urgently required, since new 

drugs that may be able to overcome resistance already exist45,117. The identification of the 

patients that are most likely to recur will improve life quality and, additionally, given the high 

cost of Trastuzumab, it will also ease the economic burden on healthcare systems. 

In this study we were able to confirm the value of ANXA1 as a marker of worse 

prognosis in BrC. Indeed, patients whose tumours show ANXA1 protein expression are 

approximately 3 times more likely to recur and die of BrC. Furthermore, we addressed this 

question in a cohort composed of HER-2+ patients treated with a Trastuzumab-based 

therapy, which required elucidation. Large-scale multicentric prospective studies are 

demanded to validate ANXA1 and, specially, ARID1A value in HER-2+ BrC outcome. Since 

ANXA1 showed to be a promising prognostic biomarker, it would also be interesting to 

assess its mRNA levels in fresh-frozen tissue, which provides more reliable results in 

molecular analysis than FFPE tissue. A major goal would be to create a prognostic test 

based on this gene’s expression; however, rigorous validation is mandatory.  

Overall, our results support a prognostic value of ANXA1 in HER-2+ BrC patients 

treated with a Trastuzumab-based therapy. If standardization and validation is achieved, 

ANXA1’s assessment will provide a useful clinical asset for patient stratification and 

prognosis.  
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APPENDIX I 

Breast cancer TNM staging 

 

Supplementary Table 1. TNM classification of BrC according to AJCC/UICC guidelines (adapted 
from27). 

 
T- Primary tumour (Clinical and pathological) 

 

TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis (DCIS) Ductal carcinoma in situ 

T1 Tumour ≤ 20 mm in greatest dimension 

T2 Tumour >20 and ≤ 50 mm in greatest dimension 

T3 Tumour > 50 in greatest dimension 

T4 
Tumour of any size with direct extension to the chest wall and/or to    the 
skin; Inflammatory carcinoma 

 

N – Regional Lymph Nodes (Clinical and Pathological) 
 

NX Regional lymph nodes cannot be assessed 

N0 No regional node metastases 

N1 
cN1* Metastasis to movable ipsilateral Level I, II axillary lymph node(s) 

pN1** Micrometastasis or macrometastasis in 1-3 axillary lymph nodes 

N2 

cN2 Metastasis in ipsilateral level I, II axillary lymph nodes that are 
clinically fixed; or matted or ipsilateral internal mammary nodes in the 
absence of axillary lymph node metastasis 

pN2 Metastasis in 4-9 axillary lymph nodes; or positive ipsilateral internal 
mammary lymph nodes by imaging in the absence of axillary node 
metastasis 

N3 

cN3 Metastasis in ipsilateral infraclavicular lymph node(s), ipsilateral 
internal mammary lymph node metastasis or metastasis in ipsilateral 
supraclavicular lymph node(s) 

pN3 Metastasis in 10 or more axillary lymph nodes or in infraclavicular 
lymph nodes, positive ipsilateral internal mammary lymph nodes by 
imaging in the presence of one or more positive Level I, II axillary nodes, 
more than 3 axillary lymph node metastases by sentinel lymph node 
biopsy in clinically negative ipsilateral internal 
mammary lymph nodes or in ipsilateral supraclavicular lymph nodes 

 

M – Distant Metastasis (Clinical and Pathological) 
 

M0 No clinical or radiographic evidence of distant metastasis 

M1 
Distant metastasis detected by clinical and radiographic means and/or 
histologically proven metastasis larger than 0.2mm 
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APPENDIX II 

 

Supplementary Table 2. Anatomic Stage/Prognostic Groups (adapted from27). 

 

 

  

Anatomic stage 
Prognostic groups 

T N M 

0 is 0 0 

IA 1 0 0 

IB 
0 

1 

1mi 

1mi 

0 

0 

IIA 

0 

1 

2 

1 

1 

0 

0 

0 

0 

IIB 
2 

3 

1 

0 

0 

0 

IIIA 

0, 1, 2 

3 

4 

2 

1, 2 

0, 1, 2 

0 

0 

0 

IIIB 4 0, 1, 2 0 

IIIC Any 3 0 

IV Any Any 1 
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APPENDIX III 

 

 

Supplementary Figure 1. Disease-specific survival curves (Kaplan-Meier with log rank test) of 
clinicopathological parameters. 

 

 

Supplementary Figure 2. Disease-free survival curves (Kaplan-Meier with log rank test) of 
clinicopathological parameters. 

 


