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Resumo 

 
 
Murillo Carrasco AG. Heterogeneidade relacionada ao câncer de mama 

representada em miRNAs circulantes e vesiculares: resultados de ensaios de alto 

rendimento e prova de conceito para seleção de vesículas extracelulares derivadas 

de tumor [tese]. São Paulo: Faculdade de Medicina da Universidade de São Paulo; 

2023. 

 

O câncer de mama conquistou recentemente o título de tipo de câncer mais 

diagnosticado em todo o mundo, com destaque para as mulheres diagnosticadas 

antes dos 40 anos (câncer de mama jovem). Independentemente da idade, embora 

a classificação baseada em perfis imunohistoquímicos seja um amplo sistema de 

triagem, prognóstico e predição de tratamento, os pacientes com CM necessitam de 

informações adicionais para receber tratamento mais adequado. Então, foi proposto 

que as características do tumor pudessem ser coletadas a partir de amostras de 

sangue (biópsias líquidas sistêmicas). No plasma sanguíneo, os microRNAs 

(miRNAs) são ferramentas reguladoras que podem ser coletadas e medidas como 

material circulante livre de células ou em vesículas extracelulares (VEs). Nesta tese, 

exploramos o miRNoma do conteúdo circulante (cf-miRNA) e vesicular (EV-miRNA) 

de pacientes com CM classificados nos principais grupos imuno-histoquímicos 

(Luminal A, Luminal B, Luminal HER2, HER2+ e Triplo-negativo). Investigamos duas 

coortes diferentes de amostras de CM em experimentos de EV-miRNA para avaliar 

protocolos técnicos e descobertas consistentes. Percebemos que o cf-miRNA é 

suscetível à contaminação com outras fontes circulantes, como a hemólise. No 

entanto, tanto o cf-miRNA quanto o EV-miRNA, são fontes informativas para 

determinar diferenças de expressão de miRNA entre os subtipos de BC. Os níveis 

circulante e vesicular dos microRNAs hsa-miR-197-3p e hsa-miR-5001-5p 

diferenciam pacientes Triplo-negativo e Luminal HER2, respetivamente. Somente na 

carga vesicular, hsa-miR-411-5p caracteriza pacientes Luminal HER2, enquanto 

hsa-miR-1266-5p, hsa-miR-584-5p, hsa-miR-2053, hsa-miR-525-5p e hsa-miR-642a-

5p distinguem pacientes jovens com câncer de mama Triplo-negativo. Junto com 

esses experimentos, encontramos diversos miRNAs desregulados, alguns 

associados a vias associadas a tumores, mas outros relacionados a processos 

antitumorais. Então, realizamos também experimentos com uma proteína ligante de 



xi 

glicanos produzida em jaca (Artocarpus integrifolia) para demonstrar que esta lectina 

pode marcar seus alvos, o antígeno Tn relacionado ao tumor e seus derivados, em 

tecidos fixados em formalina e embebidos em parafina (FFPE) e linhagens celulares 

de CM, bem como VEs isoladas de pacientes com CM. Observamos que 10% do 

total de VEs circulantes são Tn+, demonstrando assim ser possível selecionar 

frações de VEs plasmáticas por proteínas em sua superfície usando estratégias de 

afinidade. 

 
Palavras-chave: miRNA, câncer de mama, biópsia líquida, vesículas extracelulares, 

proteínas de ligação a glicanos, ensaios de triagem em larga escala. 
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Abstract 

 
 
Murillo Carrasco AG. Breast cancer-related heterogeneity reflected on circulating and 

vesicular miRNAs: high-throughput results and proof-of-concept for selecting tumor-

derived extracellular vesicles [thesis]. Sao Paulo: Faculdade de Medicina, 

Universidade de São Paulo; 2023.  

 

Breast cancer has recently become the most frequently diagnosed cancer type 

worldwide, with a particular emphasis on women diagnosed before age 40, known as 

early-onset (young diagnosed) breast cancer. While classification based on 

immunohistochemical profiles serves as a broad screening, prognosis, and treatment 

prediction system, BC patients often require additional information for precise 

treatment. Clinical routines also demand minimally invasive methods to obtain 

patients' data and monitor their treatment response. In light of these challenges, this 

study proposed the collection of tumor characteristics from blood samples (liquid 

biopsies), with emphasis on the accumulation of microRNAs (miRNAs) – regulatory 

molecules that are found in the cell-free circulating material, such as extracellular 

vesicles (EVs). In this thesis, we explored the miRNome of both circulating (cf-

miRNA) and vesicular (EV-miRNA) content of BC patients classified into main 

immunohistochemical groups (Luminal A, Luminal B, Luminal HER2, HER2+, and 

TNBC). Two separate cohorts of BC samples were run in EV-miRNA experiments to 

assess technical protocols to ensure consistent results.  

Upon analyzing miRNA expression data, it became evident that cf-miRNA is 

susceptible to contamination from other circulating sources, such as hemolysis. 

However, both cf-miRNA and EV-miRNA proved to be informative sources for 

discerning miRNA expression differences between BC subtypes. For instance, hsa-

miR-197-3p distinguished TNBC patients, and hsa-miR-5001-5p differentiated 

Luminal HER2 patients, as observed in both cf-miRNA and EV-miRNA datasets. 

Among vesicular cargo, hsa-miR-411-5p characterizes Luminal HER2 patients, 

whereas hsa-miR-1266-5p, hsa-miR-584-5p, hsa-miR-2053, hsa-miR-525-5p, and 

hsa-miR-642a-5p were indicative of young TNBC patients. In addition to these 

specific markers, various deregulated miRNAs were identified, some associated with 

tumor-related pathways and others linked to anti-tumor processes. This discovery led 

to the hypothesis that different EV subpopulations might exist in the bloodstream. We 
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then performed experiments using a glycan-binding protein derived from jackfruit 

(Artocarpus integrifolia) to identify specific targets (tumor-related Tn antigen and its 

derivatives) in formalin-fixed paraffin-embedded tissues and in plasma. BC cell lines, 

and EVs isolated from BC tumors were tested using Jacalin and recovered through 

incubation with D-galactose (the monosaccharide which binds in the carbohydrate 

recognition domain of Jacalin). This approach successfully separated 10% of total 

EVs, demonstrating the feasibility of selecting plasma EV fractions using surface 

glycoproteins and affinity strategies.  

 

Keywords: miRNA, breast cancer, liquid biopsy, extracellular vesicles, glycan-binding 

proteins, high-throughput screening assays. 
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1. INTRODUCTION 

 

1.1 Breast cancer: incidence and mortality 

Breast cancer has recently conquered the title of the most commonly 

diagnosed cancer type around the world. In 2020, this disease recorded an 

incidence of 25.5% and a mortality rate of 15.5% among all women diagnosed 

with cancer [1]. According to information provided by the Global Cancer 

Observatory (GCO) from the International Agency for Research on Cancer 

(IARC) through the Cancer Today website [2], breast cancer is the top 

malignancy diagnosed in 2020 (last update), even when including males and 

females in the analysis (Figure 1A), despite only 0.5-1% of breast cancer cases 

are reported in men [3].  

In this cohort, breast cancer is the first diagnosed cancer in 141 countries, 

accounting for 685 000 deaths globally [3]. It represents more age-standardized 

cases than prostate in many countries. Indeed, prostate cancer ranks first in 

some Latin American, Caribbean, and Central-Southern African countries, 

including Brazil. However, if we focus only on women, we observe that breast 

cancer is the first cancer-related health concern in 160 countries (Figure 1B), 

followed by cervix uterine cancer (top in 23 countries).  

In women diagnosed with cancer before 40 years old (young diagnosed or 

early onset), the world map shows a similar pattern (Figure 1C). Breast cancer 

ranks first in 141 countries despite a higher incidence of thyroid and cervix uteri 

tumors in countries such as China, Italy, Kazakhstan, Papua New Guinea, 

Paraguay, Costa Rica, and others. Nevertheless, malignancies of the thyroid 

and cervix showed lower mortality rates, different from breast cancer and 

leukemia, which represent the first cancer-related death caused for patients 

diagnosed before 40 years old (elderly diagnosed or late onset) in 80 and 38 

countries, respectively. Previous research identified that patients diagnosed 

with breast cancer before 40 years old used to show more aggressive tumors 

leading to lymph node invasion and metastasis, which gives them a poor 

prognosis [4–6]. Recently, Silva et al. (2021) demonstrated that mortality rates 

of young Brazilian women diagnosed with breast cancer have increased by 2.2-

4.6% a year between 1996-2017 [7]. 



2 

 

Figure 1. Top diagnosed cancer per country according to the Global Cancer Observatory. 

(A) World map showing the top diagnosed tumors in males and females (all ages) in 2020.  

(B) World map showing the top diagnosed tumors in females (all ages) in 2020. (C) World 

map showing the top diagnosed tumors in females (with 0-39 years old at diagnosis) in 2020. 

Information from the Global Cancer Observatory (GCO) through the Cancer Today tool 

(accessed on August 11, 2023). NMSC: Non-melanoma Skin Cancer. 
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In addition, it was found that age-related groups of breast cancer (BC) 

patients with specific expression of markers can give poor prognoses. For 

example, elderly BC patients (diagnosed after 40 years old) with higher 

expression of the HER2 receptor in their tumors, young BC patients (diagnosed 

before 40 years old) with lower expression of the estrogen receptor (ER) in their 

tumors, young BC patients with a high TNM stage [4], or young BC patients with 

a positive lymph-node [6]. 

As shown in Figure 2, records of our biobank institutional cohort (Academic 

Biobank of Research on Cancer from the University of São Paulo) allow us to 

check the potential association between the estrogen receptor status in young 

diagnosed BC patients and poor prognosis. Furthermore, these findings 

suggest that the expression of immunohistochemical biomarkers (p.e. ER or 

HER2) could be biomarkers of the modulation of aggressiveness of BC tumors. 

However, breast cancer still accounts for a highly spatiotemporal 

heterogeneous tumor [8]. 

 

Figure 2. Overall Survival in Young diagnosed BC patients. This Kaplan-Meier plot shows 

the percent survival of BC patients diagnosed before 40 years old using data from the 

institutional record of the Academic Biobank of Research on Cancer from the University of 

São Paulo located at Instituto do Cancer do Estado de São Paulo (ICESP). Data was 

retrieved using the Research Electronic Data Capture (REDCap) application and plotted 

using GraphPad Prism v8 for Windows. ER: Estrogen Receptor, BC: Breast Cancer. 
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1.2 Traditional Classification Systems and Prognosis Assessment 

Along with the research in breast cancer, some classification systems were 

proposed to improve the prognosis assessment of these patients. Traditionally, 

70-80% of breast malignancies are classified as invasive breast cancer 

because these tumors originate in ducts or lobules but spread in surrounding 

breast regions [9–11]. The remaining cases include in situ lobular or duct 

carcinomas. Due to the low incidence of in situ and special-type invasive 

tumors, such as inflammatory breast cancer and Paget’s disease [11], many 

classification systems are based on the expression of specific biomarkers 

beyond the anatomic localization.  

Considering the prognosis features of ER and HER2 expression, these 

biomarkers, in combination with the progesterone receptor (PR), were used to 

classify breast cancer patients into main subtypes based on their 

immunohistochemistry-detected expression [8–10,12–16], directly evaluated on 

biopsy or surgery pieces. Interestingly, these three biomarkers (ER, PR, and 

HER2) are informative and support decisions to administrate hormonal or 

targeted therapy. Then, cancer biology research allows us to understand how 

they participate in tumor growth. 

Initially, breast tumors were categorized according to their ER expression. 

Subsequently, further research found a differential molecular profile (gene 

expression dysregulation) in breast luminal cells, which coined the “Luminal” 

term for these patients [17]. Regarding that PR is partially regulated by ER, the 

expression of at least one of these biomarkers signs the luminal subtype 

[10,14]. Then, this group of patients is suggested to be treated with tamoxifen or 

aromatase inhibitors [10]. Nevertheless, it is known that not all Luminal patients 

get a complete response to these therapies [18–20]. Some resistance factors to 

this treatment are because ER levels do not necessarily correlate to PR levels, 

which suggests novel tumor-leading pathways involving ER [10] or the 

confluence of many clonal types in the same tumor [8]. 

Besides Luminal groups, currently sub-classified in Luminal A, Luminal B, 

and Luminal HER2 [13,21], breast cancer tumors can be classified as 

overexpressing HER2 receptor (or just HER2+, 13–20 % of all cases) or Triple-
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negative tumors (TNBC, 10-15% of all cases). Remarkably, the two latter 

groups show lower survival times in breast cancer patients [12]. It opens new 

research questions about the putative biomarkers to anticipate these tumors 

and the biology behind these more aggressive malignancies. 

For HER2+ patients, research-based initiatives have studied, produced, and 

distributed Trastuzumab (Herceptin), a humanized monoclonal antibody able to 

block HER2 receptors (binding to the subdomain IV, located extracellularly) 

affecting their function and reducing growth rates [8,10,14,16]. Although 

Trastuzumab is the gold-standard treatment for HER2+ patients, a review 

published in 2022 commented that 23% to 40% of patients get a complete 

response to this treatment [14]. These values stimulated the research in 

targeted alternatives, such as Pertuzumab [8,16], but not limited to. Recent 

studies also aimed to evaluate potential concerns surrounding patient 

classification. The overexpression of HER2 receptors is routinely determined by 

immunohistochemistry or fluorescence hybridization in situ (FISH) procedures, 

which evaluate the protein accumulation or gene amplification, respectively [15]. 

Nevertheless, each method technically has different detection limits able to alter 

the classification of breast cancer patients [22]. Further, in a biological aspect, 

the amplification of HER2 is not conclusive to induce overexpression of the 

protein in 100% of cases [23], especially in a tumor context with aberrant 

patterns. 

Despite the above-described considerations, the expression of ER, PR, or 

HER2 receptors can be used to determine the treatment scheme and predict 

the overall survival of patients. Patients whose tumors do not express these 

markers usually show poor prognosis.  For example, the Gruvberger-Saal 

cohort (n=3207) represents one large-population study involving breast cancer 

patients [24]. Herein patients not expressing ER nor HER2 receptors showed a 

worse survival prognosis (Figure 3A). Though this cohort includes a low 

percentage of patients diagnosed before 40 years old (3.13%), it is possible to 

observe the same trend (Figure 3B). Moreover, it is possible to differentiate the 

survival of BC patients not expressing any of these three biomarkers. According 

to our biobank cohort, we observed differences between TNBC patients and 

non-TNBC for the entire cohort (n=589, Figure 3C) and a similar pattern in the 
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young diagnosed group (n=302, Figure 3D). For this thesis, we will consider the 

Cirqueira et al. (2011) classification [21] as it is considered in the hospital 

systems. This system classifies patients into five categories as it follows: 

Luminal A (expression of estrogen and/or progesterone receptors, absence of 

HER2 receptors, and Ki-67 <14%), Luminal B (expression of estrogen and/or 

progesterone receptors, absence of HER2 receptors, and Ki-67 ≥14%), Luminal 

HER2 (expression of HER2 and estrogen or progesterone receptors), HER2+ 

(expression of HER2 with absence of estrogen or progesterone receptors), and 

TNBC (no expression of HER2, estrogen, or progesterone receptors). 

Then, the TNBC subtype is confirmed as the BC group with poor survival 

[25,26]. Gonçalves et al. (2021) have evidenced a reduced 5-year overall 

survival percentage in TNBC from Southeastern Brazil compared with non-

TNBC individuals (62.1% vs. 80.8%, p<0.001) [25], while the large-scale study 

of Li et al. (2017) evaluated over 150 000 individuals demonstrating the same 

outcome in every stage and sub-stage including univariate and multivariate 

analyses [26]. 

In addition, the TNBC cohort was proven to be a heterogeneous group [27]. 

It demonstrates that the classification based on immunohistochemical profiles is 

a broad screening, prognostic, and treatment prediction system, but it could 

require additional information for giving proper treatments. By analyzing over 

500 TNBC cases from 21 different datasets, Lehman et al. (2011) proposed a 

classification of TNBC patients into six groups that includes: two basal-like (BL1 

and BL2), an immunomodulatory (IM), a mesenchymal (M), a mesenchymal 

stem-like (MSL), and a luminal androgen receptor (LAR) groups [27].  

Since then, molecular tests to characterize TNBC tumors have been 

proposed [28–30]. However, there is a need to balance the number of markers 

required to classify patients and the number of groups that could be determined 

for suggesting therapies and prognostic evaluation in the context of precision 

medicine [29]. Therefore, these concepts could also be applied to all BC 

patients beyond TNBC. It stimulated the research of scores based on gene 

expression and gene mutational profiles in large-scale cohorts.  
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Figure 3. Overall survival of BC patients according to immunohistochemical subtypes. (A-B) 

Kaplan-Meier curves for BC patients of the Gruvberger-Saal cohort according to the 

expression of ER and HER2 receptors. Plot obtained using the R2 tool. Accessed on August 

10, 2023. (A) Includes all BC patients, while (B) includes only BC patients diagnosed before 

40 years old. (C-D) Kaplan-Meier curves for BC patients of the biobank cohort were 

dichotomized as Triple-negative BC (TNBC) subtype or non-TNBC patients. Data was 

retrieved using the Research Electronic Data Capture (REDCap) application and plotted 

using GraphPad Prism v8 for Windows. (C) Includes all BC patients, while (D) includes only 

BC patients diagnosed before 40 years old. 
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Among them, we found (i) the Oncotype DX 21-gene score to predict distant 

recurrence in tamoxifen-treated BC patients [31], (ii) the Prediction Analysis of 

Microarray data using 50 genes (PAM50) to add prognostic and predictive value 

to traditional pathologic, histologic, and clinical staging of BC patients [32], (iii) 

the MammaPrint test that requires expression levels of 70 genes to estimate the 

prognosis of node-negative BC patients [33], and (iv) the BluePrint test to 

determine BC molecular subtypes (Luminal-type, HER2-type, Basal-type) based 

on the expression of 80 genes with high accuracy [34]. 

Therefore, with the advent of high-throughput technologies, some datasets 

have published their multi-omics data for interested researchers to focus on 

specific gene sets and evaluate new molecular combinations. Between the most 

popular cancer-related omic datasets, we found The Cancer Genome Atlas for 

Breast Cancer (TCGA-BRCA) cohort [35] and the Molecular Taxonomy of 

Breast Cancer International Consortium (METABRIC) project [36]. 

In parallel to these research questions arose the need to improve the 

screening of candidates for patients before image evaluations such as 

mammography. 

1.3 Circulating biomarkers of Breast Cancer 

With all the knowledge accumulated (and still growing) about breast cancer 

tumors, the idea was proposed that it would be possible to collect tumor 

characteristics from blood samples (later known as systemic liquid biopsies) or 

other types of local fluids, for example, milk (in the case of breast cancer) [37]. 

Thus, liquid biopsies are a new tool for cancer detection and aid in 

treatment decisions [38]. The concept has been applied for the detection of 

different cancer-derived targets (cell-free DNA, cell-free miRNA, circulating 

tumor cells, platelet RNA, extracellular vesicles, etc.) in a variety of body fluids 

(plasma, pleura liquid, urine, etc.) [37,39–41]. Some potential liquid biopsy 

sources of biomarkers are presented in Figure 4. 

 



9 

 

1.3.1 cell-free DNA (cfDNA) 

Circulating material was target of different studies in the context of BC. The 

DNA was the first molecule analyzed in circulating sources (cell-free DNA, 

cfDNA) of patients with cancer. Originally, cfDNA was measured by length to 

differentiate patients with pancreatic cancer [42]. Regarding BC specimens, 

cfDNA was used to classify patients and determine their prognosis based on the 

expression of specific markers [43,44], epigenetic modifications such as 

methylation [45–47], or the presence of somatic mutations derived from the 

tumor (coined as circulating tumor DNA, ctDNA) [48,49]. Nevertheless, the 

study of cfDNA presented some concerns mainly related to the integrity of this 

material. As cfDNA is usually found as fragments, it becomes a challenge to 

determine whether their degradation is associated with a biological or technical 

condition [50]. Then, the scientific community has not determined the proper 

length of these fragments. In addition, the presence of copy number alterations 

in cancer samples and the limited lifetime of cfDNA complicated the detection of 

specific probes, which suggests a paired test between tumor and circulating 

samples to improve the utility of this liquid biopsy source [50,51]. 

Figure 4. Sources of biomarkers in liquid biopsies. Representative image showing known 

sources of biomarker in an example of liquid biopsy (blood tube).  Image created on 

BioRender.com. cfDNA: cell-free DNA; cfRNA: cell-free RNA. 
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1.3.2 cell-free RNA (cfRNA) and miRNA (cf-miRNA) 

Regarding molecular stability of nucleic acids, RNA based are more 

unstable than DNA, and it is reflected on circulating material [52]. Then, some 

reports realized that RNA carried by apoptotic bodies, more present in cancer 

patients [53], was more stable [52]. It suggests that protected RNAs could be 

considered good sources of information as they can provide unequivocal 

information on specific transcripts, overcoming technical challenges of 

analyzing methylation profiles in DNA-based analytes.  

Among all types of RNA, we know two main groups: coding (messenger, 

mRNA) and non-coding RNA (ncRNA) [54,55]. In this sense, the relevance of 

RNA-based biomarkers relies on their ability to get a functional status related to 

tumor growth. In addition, RNA in circulation is sensitive to nucleases [56], 

which limits their effect in potential receipt cells. However, microRNAs 

(miRNAs) are a group of well-described non-coding RNAs with small lengths 

(18-24 nucleotides) that account for several regulatory processes by 

complementarity with mRNA (coding regions) to induce their repression [57–

59].  

miRNAs are produced in the cell nucleus by transcription from DNA regions 

by RNA polymerase II to generate primary microRNAs (pri-miRNAs) that are 

then processed to become small sequences ranging from 60-110 nucleotides 

called miRNA precursors (pre-miRNAs). In the cytoplasm, pre-miRNAs are 

cleaved by the enzyme DICER RNAse III to produce a double-strand mature 

miRNA. Then, the RNA-induced silencing complex (RISC) will select one strand 

to exert its regulatory effect in complementary sequences [60]. 

More interestingly, Letelier et al. (2016) have described different ways for 

miRNA exporting to the extracellular media [61]. Among them, we recognize 

two main groups: circulating (cell-free) miRNAs and vesicular miRNAs. 

Canonically, cell-free miRNA (cf-miRNA) will include all miRNA outside cells, 

including soluble miRNAs, miRNAs bound to protein or lipoprotein complexes, 

and miRNAs encapsulated in microvesicles, exosomes, and other membranous 

nanocompartments (extracellular vesicles) [61]. In addition, researchers are 

refining this source to explore only vesicular miRNA (EV-miRNA), miRNAs 

found inside these membranous partitions (extracellular vesicles) secreted by 

all human cells with no regard for their biogenesis. 
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The latest version of the most accurated miRNA database (miRBase v.22) 

reported 2654 mature miRNA sequences for the human [62], which supports a 

large dataset of possibilities for gene regulation. Then, miRNAs have been 

demonstrated to be deregulated in tumors, especially in carcinogenesis 

processes [59,63,64]. Therefore, it reinforces their evaluation as a relevant 

target in liquid biopsies. 

Nevertheless, cf-miRNA and EV-miRNA are known to be low-concentrated 

sources. Then, their analysis requires high-throughput, high-resolution, and 

high-fidelity technologies such as quantification by digital barcoding 

hybridization. 

 

Then, Nanostring® offers an option to run this analysis, the nCounter® 

system [65]. With this system, researchers can save time and process up to 800 

targets per sample using a multiplex analysis based on three main steps. As 

shown in Figure 5, miRNA samples are first hybridized with a reporter and a 

capture probe (one of each type per target). Second, the mix is loaded into the 

Figure 5. Mechanism of miRNA detection by digital barcoding hybridization using nCounter® from 

Nanostring®. (A) Probes (capture and reporter) participating in the detection of target molecules in 

input sample. (B-D) Steps for detection of miRNA targets by digital barcoding hybridization: Solution 

phase hybridization (B), Purification and immobilization of linked probes (C), and Barcode quantification 

(D). Image adapted from the nCounter® brochure for Translational Research (Nanostring 2018). 
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nCounter equipment to be washed (all excess probes discarded) and 

immobilized in the cartridge (using biotin ligation). Third, the cartridge is 

analyzed by a fluorescence microscope able to recognize barcodes (reporter 

probes) and export results as a comma-separated value (CSV) file. 

Importantly, this technique can quantify miRNA targets directly to the RNA 

strand without conversion to complementary DNA (cDNA) or predictive 

alignment with previously described miRNA sequences. Once reliable features 

are crucial in exploratory phases, we used this technique to explore these 

miRNAs in their circulating form, but also protected by extracellular vesicles, as 

these forms are attracting the attention of researchers [38,66,67] for their 

potential applications in the field of theranostics. 

 

1.4 Extracellular vesicles in Breast Cancer 

Herein, we decided to focus on extracellular vesicles (EVs) because their 

biogenesis allows showing a preserved cargo (DNA, RNA, miRNA, and 

proteins) [67] that could be analyzed further. However, EVs are also 

characterized by their smaller size (30 nm-5 µm) and the ability of any cell to 

produce them [38,66–68]. EVs can be obtained from saliva, urine, blood, and 

tears for human research [69].   

According to the up-to-date knowledge about EVs, they are divided into at 

least four main groups related to their notable differences in biogenesis [68]: 

exosomes, ectosomes, apoptotic bodies, and others (not classified). Exosomes 

(30-150 nm in size) are packaged in multivesicular bodies (cell membrane buds, 

MVB), whereas ectosomes (200 nm-5 µm) are generated from cell membrane 

protrusions. Then, apoptotic bodies are produced by cell fragmentation during 

programmed cell death [68,70]. Finally, not-classified particles refer to a broad 

spectrum of EVs that do not share biogenesis characteristics with any of the 

first groups, and they are material of further (and recent) research, like 

migrasomes [71], for example. 

The study of EVs and their applications for diagnosis, prognosis, or 

treatment proposals for several diseases is a research field in development. As 

a quality parameter in the EVs research (according to the Minimal information 

for studies of extracellular vesicles, MISEV) [72], these particles must be 

characterized using membrane markers (CD9, CD81, ALIX, and TSG101), 
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electronic microscopy, and nanoparticle tracking analysis (NTA). Although these 

requirements are extremely necessary to define nanostructures as vesicles [72], 

there are still no specific markers for subpopulations of these EVs. 

In cancer, these characteristics establish a recent research field intending to 

classify patients and estimate prognosis factors using minimally invasive 

methods. Recently, our group published a scientific review approaching the 

state-of-art about the diversity of extracellular vesicles studied from BC samples 

[70]. In this review, we associated elements of the EV cargo from BC cell lines 

or liquid biopsies of BC patients with tumor-related processes. Figure 6 

presents a summary of these findings. In a nutshell, we analyzed different cargo 

types previously found in EVs, which include miRNA, long non-coding RNA 

(lncRNA), mRNA, and proteins. Then, these data were compared with 

functional studies to understand their participation in tumor processes. Thus, we 

associated EV cargo with four main events: modulation of tumor 

aggressiveness and growth, preparation of pre-metastatic niche, epithelial-to-

mesenchymal transition (EMT), and drug-resistant phenotype. 

Figure 6. Putative BC biomarkers in Extracellular vesicles from BC-related samples. As BC 

cells are heterogeneous, this diversity can be translated into vesicles, which could contribute 

to different BC-related functions depending on their cargo. Image created on BioRender.com  

and adapted from the review of Murillo Carrasco et al. (2023). 
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In addition to the security offered by EVs to transport cargo to a receipt cell 

[67], these particles may participate in biodistribution once some specific 

biomarkers are projected in their membrane. Then, these proteins can 

determine which cell must receive their cargo. 

Due to this reason, the presence of a lncRNA such as SNHG16 was not 

limited to one function. This lncRNA was associated with the formation of a pre-

metastatic niche as it was demonstrated that this lncRNA suppresses the 

expression of hsa-miR-16-5p in γδT1 lymphocytes, which indirectly upregulates 

CD73 to favor the immune evasion [73]. However, this lncRNA can suppress 

another miRNA (hsa-miR-892) in BC cells. Vesicular SNHG16 can “educate” 

neighbor cancer cells to become more aggressive and affect EMT, migration, 

and BC invasion processes [74].  

In this sense, EVs proved to be skillful in the dependence of their capacity 

of carrying different analytes in different subpopulations. Though there is no 

consensus about informative vesicular miRNA for BC patients, the 

implementation of exploratory and high-throughput technologies such as the 

RNA sequencing and RNA microarrays allow the discovery of new RNA 

subtypes in EVs from BC cell lines [75] and patient samples [76]. Among all 

RNA subtypes, miRNAs represent the group with more available information for 

cancer. Then, the small size of miRNAs makes them more likely to be 

transported by EVs when compared with other RNA types. 

As an example of this versatility, the hsa-miR-21 has been studied in breast 

cancer [64,77,78], and this miRNA was found in EVs. In Figure 6, we described 

the participation of this miRNA in three out of four BC-related processes. The 

hsa-miR-21 was successfully detected in EVs from plasma, serum, and tears 

from BC patients [70,79]. In addition, this sequence was described to regulate 

different targets depending on their context. It was demonstrated that hsa-miR-

21 can facilitate the BC expansion and EMT process by suppressing Wnt-11 

[80], support the bone metastasis by repressing PDCD4 [81,82], and produce 

cancer-related thrombosis by inhibiting IL6R in progenitor cells [83]. 

Some studies have proposed the use of let-7a-5p, miR-222-3p, miR-142-

5p, miR-4448, miR-2392, miR-2467-3p, miR-4800-3p, miR-150-5p, miR-1246 

and miR-155 expression levels in vesicles from plasma as prognosis, 

classification or prediction markers in BC (AUC>0.7) [84–88]. For our study, we 
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decided to use a digital barcode hybridization platform as a high-resolution and 

high-throughput tool for obtaining exploratory data of circulating and vesicular 

miRNA expression in BC samples 

After observing this diversity and regarding recent knowledge from the 

International Society of Extracellular Vesicles (ISEV), partial selections of 

extracellular vesicle subtypes (eventually called exosomes, microvesicles, small 

or large EVs, etc.) can be obtained by applying different isolation protocols 

[89,90]. Once there are different strategies for the selective capture and 

isolation of smaller particles, we propose to evaluate three of the principal 

methods for EV isolation from plasma (sedimentation by density, precipitation, 

and size exclusion). Although vesicular microRNAs have been reported as 

promising molecules for cancer diagnosis due to their protection from RNAse 

degradation. Their amount inside vesicles is predicted to be low and appropriate 

pipelines for analysis are still elusive.  

After that, our proposal is to evaluate the miRNA cargo, observe differences 

between cf-miRNA and vesicular miRNA cargos, and learn about EV 

subpopulations. 

 

1.5 The Tn antigen in cancer and their potential segregation on EV 

surface  

According to our literature review, proteins can be isolated from EVs, and 

these vesicular proteins participate in the modulation of tumor processes in the 

BC environment (Figure 6). Regarding the EV heterogeneity in liquid biopsies 

[70], it would be interesting to focus on tumor-derived EVs. In this sense, 

proteins, different from nucleic acids, can be found anchored in the membrane 

of these EVs [91,92], which allow us to use them for selecting EV 

subpopulations. In addition, it was described that EVs can carry protein in their 

corona [93,94], and these proteins are usually modified with glycosylation 

patterns [70,93]. 

Then, cancer cells are been demonstrated to induce aberrant glycosylation 

profiles [95] (Figure 7). For example, derivatives of the Tn (GalNAcα1-Ser/Thr) 

antigen (p.e. Sialyl-Tn, T, and Tn antigens) are representations of aberrant 

glycosylation on the surface of cancer cells, including breast cancer [95,96]. In 

normal cells, a base residue of Serine or Threonine of surface proteins is 
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modified by the COSMC protein to produce complex glycans on the cell 

surface. However, in cancer cells occur a dysregulation of the function of 

COSMC leading to Tn (GalNAcα1-Ser/Thr) and sialyl-Tn (STn, 

Neu5Acα2,6GalNAcα1-Ser/Thr) formation. Thus, derivatives of Tn antigen were 

described for different stages of cancer as well as other human disorders, such 

as IgA nephropathy and Tn syndrome [96–99]. 

In this way, derivatives of Tn antigen (STn/Tn) might act as potential targets 

to select cancer cells by lectin affinity. To select cells or EVs that express these 

aberrant proteins, we can use glycan-binding proteins (GBPs) such as 

antibodies or lectins.  Commonly, GBPs were used to detect and quantify their 

targets in breast (CA15-3/CA27-9), prostate (PSA), ovarian (CA125, HE4), 

colorectal (CEA), hepatocellular (AFP), Thyroid (Tg) and pancreatic (CA19-9) 

cancers [100,101]. 

GBPs were proposed as linkage to capture and quantify vesicles carrying 

their targets in breast cancer; this approach was previously used in prostate 

cancer to isolate EVs using affinity properties of Concanavalin A lectin and 

CD9/CD81/CD63 antibodies [102,103]. Then, this approach could be improved 

Figure 7. Common aberrant glycans found in tumors. These pathologic glycans are 

considered a hallmark of cancer cells. Aberrant glycosylation in cancer used to involve higher 

expression of sialyl Lewis x (SLex) and SLea antigens, as well as α2,6-sialylated structures, 

both in truncated O-linked glycans (for example, sialyl Tn -STn) and in N-linked glycans. 

Image adapted from the review of Pinho and Reis (2015). Gal, galactose; GalNAc, N-

acetylgalactosamine; Man, mannose. 
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by establishing an antibody-lectin sandwich to treat the same target, as 

suggested by Tang et al. (2015) [104]. 

The antibodies are produced such as defense tools against pathogen 

infection, whereas lectins are non-immune proteins capable of interacting with 

different sugars for molecular or cellular recognition. Thus, specific lectins and 

antibodies could select derivatives of Tn antigen but with some differences; the 

main is related to multivalent links [105].  

Then, lectins look more feasible to select targets with high efficiency and 

strength but less specificity than antibodies. For breast cancer and Tn 

derivatives, some vegetable lectins have been described such as Artocarpus 

integrifólia (jackfruit) “Jacalin” and Arachis hypogaea (peanut) “PNA” [106]. 

Among these two species, it is important to add that Jacalin can be separated 

from jackfruit seeds following a well-standardized protocol [107]. Briefly, this 

protocol takes advantage of Jacalin's ability to link IgA1 using sepharose 

columns. On the other hand, PNA lectin is directly purified from peanuts using 

epoxy-activated Sepharose 6B columns [108]. 

In addition, jackfruit is one of the products of the colonization process in 

Brazil that has been adapted to climatic conditions and accepted by the 

population [109]. Brazilians used to eat the pulp of this fruit and discard the 

seeds, raw sources for the production of Jacalin. Then, researchers described 

different healthy properties in Jackfruit extracts from sections of the plant [110–

112]. About jackfruit seeds, we know that they have the potential to stimulate 

selected phenotypes of B or T cells [113], and are rich in protease inhibitors 

[114] and antioxidants [115].  

Unfortunately, jackfruit is one of the world's biggest fruits (4-50 Kgs), with a 

limited time of consumption due to its high water content [116], which reduces 

the industrial potential to culture this fruit. Due to these reasons, it is usual to 

find jackfruits in popular markets but not in commercial supermarkets, as it 

occurs with the top 5 fruits produced in Brazil (orange, banana, grape, apple, 

and pineapple) [117]. Making jackfruit less perishable is possible by drying 

protocols [116], but it requires high investment to render a large-scale 

production. In this opportunity, we evaluated Jacalin lectin as a strategy to 

increase their added value and offer new opportunities for these GBPs.  
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For this study, we hypothesized that the presence of aberrant surface 

proteins (including Tn derivatives) in the membrane of tumor-derived EVs can 

be used to specifically select EVs secreted by tumor cells. Then, we propose to 

use Jacalin lectin to select tumor-derived EVs. Figure 8 shows our hypothesis 

for using Jacalin for selecting tumor-derived EVs and then recovering them by 

incubating them with Jacalin’s primary sugar (D-galactose). 

Regarding the cellular heterogeneity in tumors and circulating fluids, we 

aim to identify and select tumor-derived EVs by targeting aberrant glycosylation 

on their surface proteins. Once a specific subpopulation of EVs is selected, 

researchers could use these particles to analyze further characteristics as their 

miRNA cargo. It is important to note that classification features of vesicular 

miRNAs would be enhanced if we conduct these expression analyses 

exclusively on tumor-derived EVs. However, there is still no consensus 

concerning a specific marker of breast cancer-derived EVs. 

Figure 8. Schematic representation of Jacalin-Tn ligation. Reactions involving glycan-binding 

proteins (GBP) are performed based on this hypothesis. Tn antigens on the surface of EVs or 

BC cells will link to biotinylated Jacalin. Then, biotin will combine with streptavidin-bound 

molecules (magnetic beads for separation or horseradish peroxidase for labeling).  Therefore, 

this reaction can be removed by incubation with the primary sugar of Jacalin, D-galactose. This 

reaction is possible since Jacalin molecules react with N-acetylgalactosamine or D-galactose by 

linking oxygens in positions 3,4, and 5 as shown in black arrows. The Jacalin 3D structure was 

provided by Protein Data Bank (https://www.rcsb.org/), accession 1KU8. HRP: horseradish 

peroxidase. 
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2. OBJECTIVES 

 

 To standardize the protocol for isolating miRNA from plasma. 

 

 To standardize the protocol for isolating EVs and their miRNA from 

plasma. 

 

 To standardize the protocol for labeling tissue and liquid biopsy samples 

from BC patients with Jacalin. 

 

 To evaluate whether cell-free (cf-miRNA) and vesicular (EV-miRNA) 

miRNA cargo differs between BC subtypes and age-related groups 

focusing on TNBC and young diagnosed (early onset) patients. 

 

 To compare cf-miRNA and EV-miRNA profiles between BC patients. 

 

 To test the ability of Jacalin to separate EVs potentially produced by the 

tumor of BC patients. 

 



20 

3. MATERIAL AND METHODS 

 

3.1 Analyses with external data 

Informative data presented in the Introduction of this thesis were provided 

by secondary analysis of data deposited in public repositories. For Kaplan-

Meier curves with external data, we used the R2 tool [118]. We selected the 

appropriate dataset, excluded samples with no available information and plotted 

the overall survival curves based on the combination of two parameters 

(Estrogen receptor and HER2 receptor). 

 

3.2 Experimental Design for cf-miRNA experiments 

Initially, we evaluated the cf-miRNA content in the plasma of breast cancer 

patients (green section in Figure 9). According to sample availability for each 

immunohistochemical subtype, we selected 30 samples from Cohort A 

(Appendix 1) classified into 12 sample tubes: Elderly HER2 (one individual 

sample), Elderly Luminal A (one pool of three samples), Elderly Luminal B (one 

pool of three samples), Elderly Luminal HER2 (one pool of three samples), 

Elderly TNBC (two pools of three samples each), Young HER2 (two individual 

samples), Young Luminal B (one pool of three samples), Young Luminal HER2 

(one pool of three samples), Young TNBC (two pools of three samples each). 

We isolated cf-miRNA from individual samples by following the steps described 

in the section “miRNA isolation” starting with 200 µL for each sample. For 

pooled samples, we combined 200 µL of each participant sample to obtain 

pools of 600 µL. Then, we ran the standard protocol thrice collecting all miRNA 

fractions in the same tube. After collecting the 12 cf-miRNA tubes, we quantify 

them by spectrophotometry and follow the “cf-miRNA profiling by digital barcode 

hybridization” and “nCounter raw data preprocessing for total cf-miRNA” 

sections to obtain cf-miRNA normalized counts. 
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3.3 Experimental Design for vesicular miRNA experiments 

After observing the cf-miRNA results, we evaluated the vesicular miRNA 

profile (purple section in Figure 9). To do this, we evaluated the three best-

known strategies to obtain vesicles apart from human plasma: 

ultracentrifugation, precipitation by chemical reagent, and size exclusion 

chromatography.  

After evaluating the EV profile from samples of cohort B (Appendix 2), we 

extracted vesicular miRNA to assess its quality by spectrophotometry (section 

“miRNA quantification by spectrophotometry”) and capillary electrophoresis 

(section “Vesicular miRNA quantification by capillary electrophoresis”). Next, we 

quantified specific vesicular miRNAs using the nCounter (Nanostring) platform 

by inputting the total vesicular miRNA mass extracted from 600 µL of plasma. 

For cohort A (Appendix 1), we performed miRNA isolation according to the 

strategy (individual or pool) of all samples. We isolated vesicular miRNA from 

individual samples by following the steps described in the section “miRNA 

isolation” starting with ~630 µL for each sample.  

For pooled samples, we combined 600 µL of each participant sample to 

obtain pools of 1800 µL. Then, we ran the standard protocol thrice to collect all 

miRNA fractions in the same tube. After collecting all vesicular miRNA tubes, 

we quantified them by spectrophotometry/capillary electrophoresis. Then, we 

followed the “Vesicular miRNA profiling by digital barcode hybridization” step 

with ~65 ng of vesicular miRNA mass. Finally, we followed the “nCounter raw 

data preprocessing for vesicular miRNA” section to obtain normalized counts of 

vesicular miRNA. 
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Figure 9. Visual outline for the experimental design of this thesis. This study is divided into 

three main groups of experiments: cf-miRNA profile (green), EV-miRNA profile (purple), and 

Tumor-derived EV separation (red). For each section, the main details of the experimental 

design are shown. Relevant information was stressed with the corresponding color of each 

section. For miRNA profiles, referential volume corresponds to one individual sample. Image 

created on BioRender.com. BC: breast cancer; SEC: Size-exclusion chromatography; EV: 

extracellular vesicles. 
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3.4 Experimental Design for evaluating tumor-derived EVs 

After evaluating cf-miRNA and EV-miRNAs, we tested the hypothesis of 

selecting tumor-derived EVs using Jacalin as a glycan-binding protein (red 

section in Figure 9). We started evaluating levels of Jacalin targets in tissues of 

BC patients from Cohort B (Appendix 2). These observations are obtained by 

the interaction between Tn derivatives, biotinylated Jacalin, streptavidin-bound 

HRP, and chemiluminescent reagents described in the “Lectin histochemistry of 

FFPE tissues” section.  

Then, we evaluated the ability of Jacalin to select BC cells using an indirect 

interaction mediated by Tn derivatives, biotinylated Jacalin, and streptavidin-

bound magnetic beads following the “Selection of Jacalin lectin-positive cells” 

and “Removal of Jacalin lectin labeling in cells” sections. 

To confirm that EVs can carry Tn signals on their surface, we run dot blot 

experiments with a similar rationale to lectin histochemistry, following steps of 

the “Dot blot of plasma and EV samples with Jacalin”. 

Finally, we tested Jacalin and their primary sugar (D-galactose) to separate 

EVs based on the expression of the Tn antigen and their derivatives using the 

same interaction previously performed in cells. Herein we followed the methods 

described in the “Selection of Jacalin lectin-positive EVs”. 

 

3.5 Breast Cancer patients 

This study used plasma samples from BC patients and healthy individuals 

and Formalin Fixed Paraffin Embedded (FFPE) tissue samples of BC patients. 

All samples were used as a part of the sample collection from the Academic 

Biobank of Research on Cancer from the University of São Paulo, 

complemented by the cohort participant of the “Retratos da Mama” project.  

The “Retratos da Mama” project is an observational study that aims to 

characterize genetic profiles by whole exome sequencing of BC patients 

classified as TNBC and diagnosed before 40 years old (young diagnosed, early 

onset BC). Then, genetic variations will be evaluated to determine their 

association with clinical outcomes and quality of life of these patients. 

For this thesis, we included patients diagnosed with invasive breast cancer 

after 18 years old, classified as C50 according to the International Classification 
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of Diseases (ICD). Samples were classified into five groups according to their 

immunohistochemical subtype in agreement with the classification of Cirqueira 

et al. (2011) [21]: Luminal A, Luminal B, Luminal HER2, HER2+, and Triple-

negative breast cancer (TNBC). Written informed consent and epidemiological 

questionnaire of Biobank and the project “Retratos da Mama” (Certificado de 

Apresentação de Apreciação Ética, CAAE nº 99542818.0.0000.0065, Comitê 

de Ética em Pesquisa, CEP nº 3.007.737/18) were obtained from all patients 

enrolled in the study. Ethical approval and written informed consent can be 

reviewed in Attachment 1, Attachment 2, and Attachment 3. For each sample, 

available information about age, sex, self-declared race, education level, Body-

Mass Index (BMI), nutritional status, physical activity, drugs use, smoking, 

alcohol use, comorbidities, cancer familial history (known hereditary cancer 

syndrome criteria), previous surgeries,  diabetes, high blood pressure, chronic 

obstructive pulmonary disease, chronic gastritis, presence of malign or benign 

tumors, tissue pathologic status, expression of receptors (estrogen, 

progesterone, and HER2) in the tissue, tumor stage, tumor relapse, treatment, 

survival/follow-up data, and the number of available plasma tubes were 

retrieved from the clinical records deposited on the Research Electronic Data 

Capture (REDCap) application. 

 

3.6 Plasma samples 

The patients' blood was collected in Ethylenediaminetetraacetic acid (EDTA) 

tubes at diagnosis (before surgery or adjuvant treatments). In agreement with 

previous studies, we obtained six EDTA tubes per patient. To reduce potential 

epithelial, platelet, or immune cell contamination [119,120], we used one of the 

2nd-6th tubes for processing plasma for EV-related downstream analysis. Blood 

samples were processed using the protocol for plasma separation of the 

“Retratos da Mama” project (PRONON 25000.069252/2015-79). Briefly, blood 

tubes were centrifuged at 800xg for 10 min; the supernatant was separated and 

centrifuged at 11 000xg for 10 min. All centrifugation steps were performed at 4 

°C. Finally, the second supernatant was preserved as debris and platelets-free 

plasma and frozen in 2mL tubes at -80 °C. 
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3.7 FFPE samples 

Formalin-Fixed Paraffin-Embedded (FFPE) tissue blocks from breast cancer 

patients were used as a part of the sample collection from Academic Biobank of 

Research on Cancer from the University of São Paulo, located in Centro de 

Investigação Translacional em Oncologia, Instituto do Câncer do Estado de 

São Paulo (ICESP), São Paulo, Brazil. This Biobank protocol was approved by 

the Local Ethics Committee (CEP n° 031/12), and National Ethics Committee 

(CONEP n° 023/2014). For this study, we included tumor samples having more 

than 80% of tumor viable cells. 

 

3.8 EV isolation by size-exclusion chromatography 

Extracellular vesicles were isolated using qEV original columns (cat. 

100666, IZON). For this step, we followed the manufacturer's recommendations 

starting with 1 mL of plasma. After rinsing the columns with filtered phosphate-

buffered saline (PBS), pH 7.4, we loaded the plasma sample and immediately 

collected 1 mL fractions into 1.5 mL Eppendorf® tubes. The first three fractions 

(void volume) were discarded. The fourth and fifth fractions containing EVs 

were collected and stored at -80°C until the next procedure. 

 

3.9 EV isolation by ultracentrifugation 

Here, we diluted 1mL of human plasma up to 10mL with a filtered PBS pH 

7.4 solution and set the ultracentrifuge with 28 500 rpm (~100 000xg in SW41Ti 

rotor, Optima XE-90 ultracentrifuge, Beckman Coulter) for two hours at 4 °C. 

Then, we resuspended the pellet in 300 μL of filtered PBS pH 7.4. 

 

3.10 EV isolation by chemical precipitation 

For this step, we used the miRCURY Exosome Serum/Plasma Kit (cat. 

76603, Qiagen) with a starting volume input of 1mL of human plasma and 

following the manufacturer's recommendations. 
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3.11 EV quantification by NTA 

We used a Nanoparticle Tracking Analysis (NTA) in the Nanosight® NS300 

equipment (Malvern) to quantify EVs. For each sample, five measurements of 

60 s each were taken using 50 μL per time. We also run the PBS pH 7.4 

solutions as the negative control for checking quantification values. 

 

3.12 Quantification of proteins  

We performed a modification of the Lowry assay [121] to quantify proteins. 

We treated 40 μL of eluted EVs with 40 μL of RIPA detergent (cat. S8830. 

Sigma) and incubated the mix at 4 °C for 15 minutes. Then, we centrifuged the 

samples at 16000xg for 15 minutes and collected the supernatant in a new 

tube.  After we put five microliters of each sample in a 96-well plate and stained 

with a copper solution diluted in bicinchoninic acid (1:50). The GloMax® reader 

(Promega) was used for the estimation of protein concentration by absorbance 

spectra at wavelengths ranging from 560 to 600 nm. Later, protein 

concentrations were estimated using a standard curve previously elaborated 

with 1:2 serial dilutions of BSA 5 μg/μL.  

 

3.13 Protein gel electrophoresis  

Proteins from each sample were separated using a polyacrylamide gel 

(SDS/PAGE). The gel was composed of two phases: stacking gel (4% 

polyacrylamide) and separating phase (12% polyacrylamide). Six micrograms of 

each sample were diluted in the Laemmli buffer [122] and loaded onto the 

stacking gel. An additional well was used to load 5 µL of the PageRuler Plus 

Stained Protein Ladder (ThermoFisher). The stacking gel was run for 15 

minutes at 80v and the separating gel for 80 minutes at 120v. Subsequently, the 

gel was stained for 6 hours with a Coomassie blue solution: 0.05% Coomassie 

Brilliant Blue R-250 (w/v), 50% methanol (v/v), and 10% acetic acid (v/v) in 

distilled water. Finally, the gel was destained overnight by incubation with a 

solution composed of 5% methanol (v/v) and 7.5% acetic acid solution. 
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3.14 EV characterization by western blot 

We sonicated EV samples (~5x107 particles) using the FisherbrandTM Sonic 

Dismembrator device (cat. FB50, Fisher Scientific) by three pulses of one 

second each at low amplitude. Proteins were obtained using the RIPA buffer 

(Sigma) containing protease and phosphatase inhibitors and incubated for 15 

min at 4 °C. Then, vesicular proteins were loaded onto 12% SDS-PAGE: 0.375 

M Tris, pH 8.8, 0.1% SDS, 10% acrylamide, 0.03% ammonium persulfate 

(APS), and 0.06% N, N, N′, N′-tetramethyl ethylenediamine (TEMED). After the 

electrophoretic run, samples were transferred using the Mini Trans-Blot® Cell 

system (cat. 1703930, Bio-Rad) to polyvinylidene difluoride (PVDF) 

membranes. These membranes were then blocked with 5% BSA in 0.1% TBS-

Tween for one hour at room temperature, followed by incubation with primary 

antibodies overnight at 4 °C and secondary antibodies for one hour at room 

temperature For this thesis, we used anti-CD9 (1:500, cat. PA5-85955, 

Invitrogen), anti-apoAI (1:500, cat. sc-376818, Santa Cruz Biotechnology), anti-

rabbit IgG peroxidase (1:7000, cat. A9169, Sigma), and anti-mouse IgG 

peroxidase (1:4000, cat. NXA931, GE Healthcare). Protein bands were 

visualized with Amersham ECL Western Blotting Detection Reagent (cat. 

RPN2109. GE Healthcare) and Amersham ECL Prime Western Blotting 

Detection Reagent (cat. RPN2232, GE Healthcare). Chemiluminescent figures 

were acquired using the ImageQuant™ LAS 4000 equipment (GE Healthcare). 

 

3.15 EV characterization by transmission electron microscopy 

We used previously a previously published protocol [123] for performing the 

transmission electron microscopy (TEM). Briefly, EVs were fixed in a 2% 

paraformaldehyde and 2% glutaraldehyde solution (1:1) in sodium cacodylate 

buffer (pH 7.4) for 30 min at 4 °C. Next, we washed EVs with PBS and 

ultracentrifuged at 100 000× g. 10 µL of EV-containing solution were mounted in 

TEM grids, contrasted with uranyl acetate 2% for 15 min, and washed in 

distilled water. Fluid excess was blotted in filter paper, air-dried, and examined 

using a ZEISS Leo 906 electron microscope (Carl Zeiss, Jena, Germany). 
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3.16 miRNA isolation  

For plasma total cell-free miRNA (cf-miRNA) performed in samples from 

Cohort A (Appendix 1), we followed the miRNeasy Serum/plasma kit 

manufacturer's recommendations starting with 200 µL of human plasma. For 

vesicular miRNA, this procedure was performed in agreement with the 

recommendations from the International Society of Extracellular Vesicles (ISEV-

MISEV2018) [72]. 30 µL of proteinase K (20mg/mL, cat. P2308, Sigma-Aldrich) 

were added to 600 µL of EVs (fourth fraction of the isolation step) and incubated 

for 10 minutes at 37 °C. Then the mixture was added with 3 µL of RNAse A 

(20mg/mL, cat. 12091021, ThermoFisher) and then incubated for 30 minutes at 

37 °C. Afterward, the total volume (~ 630 µL) was processed with the miRNeasy 

Serum/plasma kit (cat. 217184, Qiagen) according to the manufacturer's 

recommendations. 

 

3.17 miRNA quantification by spectrophotometry 

Vesicular miRNA and cf-miRNA were quantified using spectrophotometry in 

Nanodrop 4.0 equipment (ThermoFisher). 1.5 µL of each sample was used to 

estimate their optical density (OD) at 230, 260, and 280 nm wavelengths.  

 

3.18 Vesicular miRNA quantification by capillary electrophoresis 

Vesicular miRNA was quantified using small RNA chips (cat. 5067-1548, 

Agilent). Each chip can analyze up to 11 samples using one µL of each sample. 

Chips were loaded according to the manufacturer’s recommendations and then 

read in the 2100 Bioanalyzer equipment (Agilent) using the recommended 

settings for miRNA samples.  

 

3.19 cf-miRNA profiling by digital barcode hybridization 

40 (individual samples) or 120 (pooled samples) µL of each tube were 

concentrated up to 4 µL using the Eppendorf® 5301 concentrator for 20 or 35 

minutes at 45 °C following the manufacturer’s recommendations. After 

concentration, 0.5 µL of each sample was loaded into the NanoDrop™ 8000 

Spectrophotometer (ThermoFisher) to verify the miRNA mass. Then, ~25 ng of 
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cf-miRNA were hybridized for 16.5 hours with molecular barcoding for 827 

experimentally validated human miRNAs (from miRBase v21) using the 

nCounter Master Mix (NanoString® Technologies, cat. NAA-AKIT-012). 

Subsequently, miRNAv3 NanoString® cartridges (NanoString® Technologies, 

cat. CSO-MIR3-12) were loaded with the mix per sample, sealed, and 

transferred to an nCounter® Digital Analyzer device (NanoString® Technologies) 

for data collection.  

 

3.20 Vesicular miRNA profiling by digital barcode hybridization 

We used two approaches for this step. In the first one (Cohort B, Appendix 

2), 20 µL of each sample were concentrated up to 4 µL using the Eppendorf® 

5301 concentrator for 10 minutes at 45 °C following the manufacturer’s 

recommendations. Then, all samples were hybridized for 16.5 hours with 

molecular barcoding for 827 experimentally validated human miRNAs (from 

miRBase v21) using the nCounter Master Mix (NanoString® Technologies, cat. 

NAA-AKIT-012). While the second approach (Cohort A, Appendix 1) starts 

concentrating 40 µL of each sample using the Eppendorf® 5301 concentrator for 

20 minutes at 45 °C. After concentration, 0.5 µL of each sample was loaded into 

the NanoDrop™ 8000 Spectrophotometer (ThermoFisher) to verify the miRNA 

mass. Then, ~65ng of EV-miRNA were hybridized for 16.5 hours with molecular 

barcoding for 827 experimentally validated human miRNAs (from miRBase v21) 

using the nCounter Master Mix (NanoString® Technologies, cat. NAA-AKIT-

012). After hybridization, all samples from the two approaches were loaded into 

miRNAv3 NanoString® cartridges (NanoString® Technologies, cat. CSO-MIR3-

12), sealed, and transferred to an nCounter® Digital Analyzer device 

(NanoString® Technologies) for data collection.  

 

3.21 nCounter raw data preprocessing for total cf-miRNA 

miRNA expression data were analyzed in the nSolver™ Data Analysis v.4.0 

software (NanoString® Technologies) with the default protocol by the 

manufacturer. For cf-miRNA, we normalize the expression of human miRNAs 

by the geometric mean of all negative (negative normalization) and positive 

(positive normalization) probes. Then, we used the top 15 more stable regions 
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(up to 15% of the coefficient of variation) to normalize the content set data. Data 

were exported in comma-separated value (*.csv) format for further analysis. 

 

3.22 nCounter raw data preprocessing for vesicular miRNA 

miRNA expression data were analyzed in the nSolver™ Data Analysis v.4.0 

software (NanoString® Tech.). Herein, we tested the following normalization 

parameters: (i) Negative normalization by the maximum value of any probe, 

Positive normalization by the geometric mean of all probes, and Content set 

normalization adjusted by EVs concentration; (ii) Negative normalization by the 

geometric mean of all probes, Positive normalization by the geometric mean of 

all probes, and Content set normalization adjusted by EVs concentration 

(obtained by NTA); and (iii) Negative normalization by the geometric mean of all 

probes, Positive normalization by the geometric mean of all probes, and 

Content set normalization adjusted for miRNAs with the lowest coefficient of 

variation (top15 stable regions). Data were exported in comma-separated value 

(*.csv) format for further analysis. The classification characteristics of these 

preprocessing protocols were evaluated using principal component analysis 

(PCA). 

 

3.23 Breast cancer cell lines 

We cultured cell lines for four main subtypes of breast cancer (Luminal A, 

Luminal B, HER2+, and Triple-negative) using standard conditions (37 °C in an 

atmosphere of 5% CO2) up to obtain at least 7.9 x 105 cells. T-47D, HCC70, 

MDA-MB-468, MDA-MB-231, ZR-75, and SK-BR-3 cell lines were grown and 

maintained in RPMI-1640 medium (ThermoFischer Scientific) containing 10% 

fetal bovine serum (FBS, ThermoFischer Scientific). Hs578T cell line was grown 

and maintained in Dulbecco’s modified Eagle medium (DMEM, Thermo Fischer 

Scientific) containing 10% fetal bovine serum (FBS). MCF-7 cell line was grown 

and maintained in Dulbecco’s modified Eagle medium/Nutrient mixture F12 

(DMEM/F12, ThermoFischer Scientific) containing 10% fetal bovine serum 

(FBS). We monitored cell grown by microscopy observation and use a sterile 

cell scraper (cat. 3010, StemCell) to harvest cells when required. For subculture 

and further experiments, cells were collected by centrifugation at 180xg for five 
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minutes and resuspend in proper medium (for subculture) or Phosphate-

Buffered Saline (PBS) free of Ca2+ and Mg2+ pH 7.4 for further experiments. 

The quantification of breast cancer cells was performed using a Neubauer 

chamber with cells previously stained with Trypan blue 1:1. All cell lines were 

frequently tested for mycoplasma infection. Only aliquots with negative results 

for the mycoplasma infection were used in experiments. 

 

3.24 Selection of Jacalin lectin-positive cells 

Breast cancer cells (~8x105 cells/mL) were combined with 10 μg of 

biotinylated Jacalin lectin (cat. B-1155-5. Vector Labs) and incubated in a cold 

room at 4 °C for 10 minutes, under gentle agitation (Tube Shaker, LabQuake®). 

Cells were centrifuged at 400xg and added to 1x107streptavidin-coupled 

magnetic beads (cat. 11047. ThermoFisher Scientific) previously resuspended 

in the standard isolation buffer composed by Bovine Serum Albumin (BSA) 

0.1% and 2mM EDTA in PBS pH 7.4. The mix was incubated in a cold room at 

4 °C for 20 minutes with gentle agitation. Then, we used a magnetic stand to 

attract Jacalin-bound magnetic beads with cells and wash twice them with the 

isolation buffer. Jacalin-positive cells were recuperated in PBS pH 7.4 to be 

quantified using a Neubauer chamber. 

 

3.25 Removal of Jacalin lectin labeling in cells 

Once Jacalin-positive cells were selected using magnetic beads, we use D-

galactose (a primary sugar for Jacalin) to elute these cells. We added galactose 

to Jacalin-bound cells to obtain final concentrations of 50, 100, or 200 mM. 

Then, each mix was incubated in a cold room at 4 °C for 1 hour with gentle 

agitation. After, we used the magnetic stand to attract the beads and recuperate 

the selected cells from the supernatant. Selected cells were quantified again by 

Neubauer’s cytometry. 

 

3.26 Lectin histochemistry of FFPE tissues  

FFPE tissue was sliced (3 µm thick), heated in dry at 60 °C for one hour, 

and deparaffinized. Then, we treated tumor slices with hydrogen peroxide 3% in 
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methanol to blockade endogenous peroxidase for 25 minutes at room 

temperature, and then we washed three times with PBS pH 7.4. No antigen 

retrieval was performed. We treated the slices with Tris-buffered saline (TBS) 

solution added with 5% or 10% of BSA for one hour to blockade nonspecific 

proteins with posterior washing with PBS pH 7.4. We have tested two 

concentrations of biotinylated Jacalin lectin: 4 ng/ μL (1:1250), 20 ng/ μL 

(1:250), and 100 ng/μL (1:50) by incubation for one and a half hours at room 

temperature and washed with PBS pH7.4. After, we incubated samples with 

1:250 streptavidin-HRP (horseradish peroxidase) reagent (cat. SA1007, 

ThermoFisher Scientific) for one hour at 37 °C, and washed them with a PBS 

pH 7.4 solution. The slices were treated with a DAB (3, 3 –diaminobenzidine) 

substrate kit (cat. 550880, BD Biosciences) according to the manufacturer 

conditions (incubation at room temperature for 30 seconds). Finally, we 

performed a hematoxylin staining for one and a half minutes and mounted the 

slice on a glass slide properly identified. 

 

3.27 Dot blot of plasma and EV samples with Jacalin 

A section of a nitrocellulose membrane 0.45 μm (cat. 88018. ThermoFisher 

Scientific) was hydrated with PBS pH 7.4 and mounted in a Hybri-dot manifold 

(cat. 1050MM. Bethesda Research). Then we washed all wells with 200 μL of 

Tris-buffered saline (TBS) pH 7.4 solution. After that, we loaded up to 5 µL of 

serial dilutions of human plasma (Pl), EV-depleted plasma, EVs (ePl), TBS 

(Tris-buffered saline solution as negative control), and asialofetuin (AS, positive 

control for Jacalin) (cat. 11210238001. Roche) in the membrane. Then proteins 

were transferred to the membrane by the gravity principle for one hour. Later, 

we incubated the membrane with TBS with 0.1% Tween® 20 detergent (TBST) 

supplemented with 2.5% Bovine Serum Albumin (BSA) for 40 minutes with 

gentle agitation in a rocking shaker (cat. OSC12, ARSEC). We washed the 

membrane with TBST three times and then incubated it with 20 ng/μL of 

biotinylated Jacalin in TBST for 40 minutes under gentle agitation. Again, we 

washed the membrane and incubated it with streptavidin-HRPO 1:5000 (cat. 

SA1007, ThermoFisher Scientific) for 40 minutes with gentle agitation. Finally, 

we washed the membrane and used Amersham ECL Western Blotting 
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Detection Reagent (cat. RPN2109. GE Healthcare) and/or Amersham ECL 

Prime Western Blotting Detection Reagent (cat. RPN2232. GE Healthcare) for 

jacalin detection according to the manufacturer's recommendations. 

Chemiluminescent figures were acquired using the ImageQuant™ LAS 4000 

equipment (GE Healthcare). 

 

3.28 Selection of Jacalin lectin-positive EVs  

Plasma EVs were combined with 10 μg of biotinylated Jacalin lectin (cat. B-

1155-5. Vector Labs) and incubated at 4 °C for 1 hour, under gentle agitation 

(Tube Shaker, LabQuake®). Then, 1x107 streptavidin-coupled magnetic beads 

(cat. 11047. ThermoFisher Scientific) were added. The mix was incubated at 4 

°C for 40 minutes with gentle agitation. Next, we used a MagnaRack magnetic 

stand (cat. CS15000, ThermoFisher) for the recovery of jacalin positive EVs or 

cells. Samples were washed twice with PBS and, afterward, we tested D-

galactose as a primary sugar for Jacalin to dissolve the interaction between 

Jacalin and derivatives of the Tn antigen. We added galactose to Jacalin-bound 

EVs up to 30 or 300 mM of D-galactose. Each mix was incubated at 4 °C for 1 

hour with gentle agitation (Tube Shaker, LabQuake®). Finally, we used the 

magnetic stand to attach the magnetic beads releasing the previously selected 

EVs on the supernatant.  

 

3.29 Statistical Analyses 

Regarding the sample size and statistical power, we defined two cohorts 

based on convenience sampling that intend to include all immunohistochemical 

BC subtypes reported in our Institute using the biobank cohort. Due to the 

nature of the study, regarding their exploratory aim to analyze miRNAs and the 

proof-of-concept of selecting tumor-derived EVs, we defined at least one of 

these two cohorts to run specific experiments, as shown in Figure 9. 

We used the Kruskal-Wallis test to evaluate the distribution of our data. After 

finding that our data did not follow a normal distribution, the Wilcoxon test was 

used to analyze mean differences between two paired groups, the Mann-

Whitney test was used to evaluate mean differences between two unpaired 

groups, the Kruskal-Wallis test was used to analyze differences between more 
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than two groups, and Spearman’s test was used to assess the correlation 

between values. For multiple comparisons, we used the False Discovery Rate 

(FDR) method to adjust p-values. Regarding the exploratory nature of this 

study, no region was excluded from the analysis, not even due to its low 

expression. All significant comparisons were p<0.05. For the p-based 

determination of putative markers, a fold change (FC) greater than two was set 

for choosing relevant regions. 

Heatmaps with grouped data from nCounter experiments were plotted using 

the nSolver™ Data Analysis v.4.0 software (NanoString® Technologies). To 

calculate the distance between two samples (or two groups of samples) in 

dendrograms, we estimated the Euclidean distance by calculating the square 

root of the sum of squared differences of their count values. Other statistical 

analyses, heatmaps, survival plots, scatter plots, and violin plots were built on 

the R software v.4.3.1 and GraphPad Prism v8 for Windows. 

 

3.30 Data Availability and Transparent Reporting 

Regarding high-throughput experiments, raw and pre-processed data of cf-

miRNA samples were deposited to the Gene Expression Omnibus (GEO) 

database under accession GSE240872 (Appendix 3), whereas vesicular miRNA 

data was submitted under accessions GSE241784 (Appendix 4) and 

GSE241785 (Appendix 5). All videos for NTA analysis of Jacalin-positive EVs 

and 3D representations of density plots for selection of relevant miRNAs 

between BC subtypes and age-related groups are stored in the figshare 

repository: https://figshare.com/projects/cf-miRNA_EV-

miRNA_and_EVs_from_BC_patients/176259. Individual DOI links are given in 

each corresponding 2D snapshot. 

We have submitted all relevant data of our experiments to the EV-TRACK 

knowledgebase (EV-TRACK ID: EV230978) [124]. This thesis is in agreement 

with the European Society for Medical Oncology (ESMO) Guidance for 

Reporting Oncology real-World evidence (GROW) [125] by the checklist in 

Appendix 6 and the Minimal Information for Blood EV research (MIBlood-EV) 

[126] by the Appendix 7. 

  

https://figshare.com/projects/cf-miRNA_EV-miRNA_and_EVs_from_BC_patients/176259
https://figshare.com/projects/cf-miRNA_EV-miRNA_and_EVs_from_BC_patients/176259
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4. RESULTS AND DISCUSSION 

 

4.1 Study cohorts 

We selected groups of patients to be independently analyzed according to 

specific questions during this thesis. We avoided including any sample in the 

two cohorts to reduce potential bias in experimental observations. For cohorts A 

and B, patients were classified according to their age at diagnosis as young 

(diagnosed before 40 years old) or elderly (diagnosed after 40 years old) 

patients. 

Table 1 shows a summary of the clinical and self-reported characteristics of 

patients in cohorts A and B. A detailed description of these cohorts is provided 

in Appendix 1and Appendix 2. 

 

Table 1. Summary of patient characteristics for Cohorts A and B. 

Characteristic 
Cohort A,  

N = 30
1
 

Cohort B,  
N = 24

1
 p-value

2
 

Group (IHC and age at diagnosis)     0.042 

    Elderly (late onset) HER2 1 / 30 (3.3%) 0 / 24 (0%)   

    Elderly (late onset) Luminal A 3 / 30 (10%) 0 / 24 (0%)   

    Elderly (late onset) Luminal B 3 / 30 (10%) 0 / 24 (0%)   

    Elderly (late onset) Luminal HER2 3 / 30 (10%) 0 / 24 (0%)   

    Elderly (late onset) TNBC 6 / 30 (20%) 6 / 24 (25%)   

    Young (early onset) HER2 2 / 30 (6.7%) 0 / 24 (0%)   

    Young (early onset) Luminal A 0 / 30 (0%) 4 / 24 (17%)   

    Young (early onset) Luminal B 3 / 30 (10%) 6 / 24 (25%)   

    Young (early onset) Luminal HER2 3 / 30 (10%) 4 / 24 (17%)   

    Young (early onset) TNBC 6 / 30 (20%) 4 / 24 (17%)   

Age at admission to the biobank 47 (25-79) 40 (26-67) 0.3 

Self-reported race     0.14 

    White 13 / 30 (43%) 10 / 24 (42%)   

    Black 2 / 30 (6.7%) 6 / 24 (25%)   

    Other 1 / 30 (3.3%) 2 / 24 (8.3%)   

    Brown 14 / 30 (47%) 6 / 24 (25%)   
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BMI 28 (18-40) 38 (19-80) 0.2 

T     0.7 

    T1 4 / 26 (15%) 5 / 22 (23%)   

    T2 8 / 26 (31%) 8 / 22 (36%)   

    T3 8 / 26 (31%) 7 / 22 (32%)   

    T4 5 / 26 (19%) 1 / 22 (4.5%)   

    Tis 1 / 26 (3.8%) 1 / 22 (4.5%)   

    Unknown 4 2   

N     0.2 

    N0 8 / 26 (31%) 11 / 22 (50%)   

    N1 14 / 26 (54%) 6 / 22 (27%)   

    N2 2 / 26 (7.7%) 4 / 22 (18%)   

    N3 2 / 26 (7.7%) 1 / 22 (4.5%)   

    Unknown 4 2   

M     0.2 

    M0 25 / 25 (100%) 20 / 22 (91%)   

    M1 0 / 25 (0%) 2 / 22 (9.1%)   

    Unknown 5 2   

Tumor Relapse     0.5 

    No 14 / 19 (74%) 20 / 24 (83%)   

    Yes 5 / 19 (26%) 4 / 24 (17%)   

    Unknown 11 0   

1
 n / N (%); Mean (Minimum-Maximum) 

2
 Fisher’s exact test; Wilcoxon rank sum test; Wilcoxon rank sum exact test; Pearson’s Chi-

squared test 
BMI: Body-Mass Index, IHC: Immunohistochemistry, TNM Classification 8th edition. 
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4.1.1 Cohort A 

This cohort was used for comparing miRNA expression levels in both forms 

(cf-miRNA and EV-miRNA) between BC immunohistochemical subtypes and 

age-related groups. It is composed by 30 samples distributed between the 

following immunohistochemical subtypes: Luminal A (n=3), Luminal B (n=6), 

Luminal HER2 (n=6), HER2 (n=3), and Triple-negative Breast Cancer (TNBC, 

n=12). A summary of their clinical and pathological features is described in 

Appendix 1. 

We aimed to use this group of samples as a discovery cohort involving a 

pooling strategy. Due to this, we selected patients with similar characteristics for 

sex, self-reported race, education levels, body mass index (BMI), nutritional 

status, physical activity, drug use, smoking, alcohol use, Diabetes Mellitus, High 

Blood Pressure (HBP), Chronic Obstructive Pulmonary Disease (COPD), and 

Chronic Gastritis (p>0.05), since many of these conditions have been indicated 

as potential modulators of the cell-free or vesicular miRNAs [119,127–133]. 

Then, we aimed to avoid potential biological or clinical interferences in our 

results. In addition, none of these patients received any treatment before blood 

collection. 

Regarding the family history of cancer, though potential genetic contributions 

(i.e., contribution of hereditary genes) are associated with patients diagnosed 

before 40 years [134–136], we focused on patients with less genetic impact 

(known hereditary cancer syndrome criteria). Furthermore, we selected a cohort 

of patients with no family history of breast and ovarian cancer in the first degree 

of kinship. 

Regarding pathologic features, we intended to collect a group of patients 

with similar stages of the disease. As shown in Appendix 1, this selection was 

primarily diagnosed with early stages of the disease. Also, most of these cases 

have not presented tumor relapse during the follow-up of this study (1.4-87.4 

months). 

 

 

 



38 

4.1.2 Cohort B 

This cohort was used to (i) evaluate vesicular miRNA quantification profiles, 

(ii) test strategies for isolating extracellular vesicles, and (iii) test labeling of Tn 

antigen derivatives in plasma and tissue sections. It is composed by 24 samples 

distributed between the following immunohistochemical subtypes: Luminal A 

(n=4), Luminal B (n=6), Luminal HER2 (n=4), and Triple-negative Breast 

Cancer (TNBC, n=10). A summary of their clinical and pathological features is 

described in Appendix 2. 

Our goal was to use this group of samples as a cohort to compare one 

individual per sample (not in a pooling strategy). Though we do not have control 

of many clinical and pathological factors, we selected patients with similar 

characteristics for self-reported race, education level, body mass index (BMI), 

nutritional status, physical activity, drug use, smoking, alcohol use, Diabetes 

Mellitus, High Blood Pressure (HBP), Chronic Obstructive Pulmonary Disease 

(COPD), and Chronic Gastritis (p>0.05), and reduced the number of missing 

(unknown) data in comparison with Cohort A.  

For Cohort B, we did not include the HER2+ subtype. Though the high 

relevance of HER2+ BC patients as poor-prognosis individuals, cohort B aims 

to analyze the TNBC group in the context of young diagnosed BC patients. Due 

to this, cohort B includes young BC patients of all luminal subtypes (n=14) and 

TNBC patients (four young TNBC individuals and six elderly TNBC individuals). 

In addition, this cohort has different profiles for family history of cancer and 

reports of treatments before blood collection (Appendix 2). As this cohort 

involves independent samples, we can include patients with more diverse 

features since these factors have no statistical differences between groups 

(p>0.05). 
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4.2 cf-miRNA levels in breast cancer patients 

After concentrating cf-miRNA samples for the twelve tubes described for 

Cohort A, we obtained 4 µL of each sample with a mean cf-miRNA total 

concentration of 31.11 ng/µL (7.1-61.6 ng/µL, Figure 10A) and quality ratios of 

1.37 (1.23-1.76) and 0.16 (0.02-0.93) for 260/280 and 260/230, respectively. 

 

 

Figure 10. Profile of cf-miRNA in breast cancer patients according to molecular subtypes. (A) 

Histogram of cf-miRNA total concentration measured by spectrophotometry. Figure built on 

GraphPad Prism v8 for Windows. (B) Heatmap comparing miRNA levels from five main 

molecular subtypes included in this study. This panel shows the preliminary profile obtained 

in the nSolver software. (C) Histogram showing median level expression of evaluated 

miRNAs. (D) Heatmap showing the top 15 miRNAs expressed in all samples. Black arrows 

indicate samples from patients diagnosed with breast cancer before 40 years old (Young 

groups). Figures C and D were built on the R software v.4.3.1. H2: HER2+ subtype, LA: 

Luminal A subtype, LB: Luminal B subtype, LH2: Luminal HER2 subtype, TN: Triple-Negative 

subtype. 
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Though the concentration and quality features of the cf-miRNA isolated from 

our samples are comparable with previous studies in human plasma 

[64,137,138], we have a limited concentration in one of the samples (7.1 ng/µL). 

Then, we used it to determine the input mass (~25ng) of miRNA for this 

nCounter assay. 

 

4.2.1 Top abundant cf-miRNA regions in plasma of BC patients 

After verifying that all samples passed the quality parameters of the nSolver 

system, we ran a heatmap to observe the landscape of cf-miRNA expression 

between immunohistochemical subtypes (Figure 10B). It is possible to observe 

different patterns representing all probes in the nCounter system. Nevertheless, 

it is unlikely that all miRNAs are circulating in a cell-free form in blood of BC 

patients [139]. Raw and pre-processed data of these samples were deposited to 

the Gene Expression Omnibus (GEO) database under accession GSE240872 

(Appendix 3). 

Based on that, by observing the histogram of the mean expression of each 

miRNA (Figure 10C), we realized that almost 500 (out of 798 probes) have a 

low expression level (10 or fewer relative units). Then, we plotted the top 15 

most highly expressed cf-miRNAs (Figure 10D), which includes  hsa-miR-451a, 

hsa-miR-23a-3p, hsa-miR-16-5p, hsa-let-7b-5p, hsa-miR-223-3p, hsa-miR-25-

3p, hsa-miR-150-5p, hsa-miR-873-3p, hsa-miR-122-5p, hsa-miR-126-3p, hsa-

miR-302d-3p, hsa-miR-4454/miR-7975, hsa-miR-212-3p, hsa-let-7g-5p, and 

hsa-miR-93-5p. 

Interestingly, almost all samples presented higher levels of hsa-miR-451a in 

their plasma. This miRNA presented controversial information in the literature 

regarding their pro- or anti-tumor effect. In cell culture, it was demonstrated that 

hsa-miR-451a sensitizes breast cancer cells to tamoxifen or carboplatin therapy 

[140,141] or suppress cancer growth by blocking tumor-promoting genes 

[142,143]. Nevertheless, some studies have described the presence of higher 

hsa-miR-451a levels in the plasma of breast or ovarian cancer patients [144–

146]. In particular, the study of Emmenegger et al. (2014) used the same 

platform as this study (nCounter® miRNA expression assay) with further 

validation by qRT-PCR [142]. Then, Chang et al. (2015) evaluated miRNA 
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levels in peripheral blood mononuclear cells (PBMC) of breast cancer patients 

and controls and found the hsa-mir-451a was overexpressed in the patient 

groups [147]. 

In addition, the hsa-miR-451a (alone or combined with hsa-miR-23a) has 

also been indicated as an indicator of hemolysis in plasma samples [148,149]. 

Plasma samples are sensitive to carrying RNA from other circulating sources, 

for example, red blood cells and PBMCs. According to Shkurnikov et al. (2016), 

the hemolysis of ~0.05% of erythrocytes could be enough to alter the levels of 

hsa-miR-451a [148]. In this study, we took all appropriate care for processing 

samples, as indicated in the "Plasma samples" and “miRNA isolation” sections. 

Nevertheless, other factors can potentially participate to get this outcome [150]. 

We collected six EDTA tubes per patient and used one of the 2nd-6th tubes for 

this step. Some authors have demonstrated that delayed processing, excessive 

suction, and prolonged tourniquet could affect hemolysis ratios [150–153]. 

Then, our protocol is susceptible to this condition, despite this protocol reduces 

potential contamination with platelets and immune cells [119,120].  

Though this potential contamination suggests focusing future research on 

enveloped circulating structures (p.e. EVs), other cf-miRNAs were most related 

to cancer-related processes. The hsa-miR-23a-3p was associated with tumor 

cell motility [154] and G1/S cell cycle transition [155]. The hsa-miR-16-5p was 

also found in the plasma of lung cancer patients [156] and the milk of mothers 

of preterm children [157]. Our results found the hsa-let-7b-5p consistently 

expressed in the plasma of BC patients, independent of their 

immunohistochemical subtype. This finding is consistent with a previous report 

on Saudi [158] and Chinese [76] breast cancer females. Interestingly, the hsa-

let-7b-5p was included in a logistic regression model to evaluate the presence 

of elderly breast cancer in pre-diagnostic women by combining miRNA ratios 

with common characteristics being assessed as body mass index (BMI), 

menopausal status (MS), the interaction term BMI * MS, lifestyle score and 

breast density [159]. 

Moreover, the hsa-miR-223-3p presents some cancer-related features [160–

162], indicating that this miRNA could be a candidate to be evaluated in liquid 

biopsies. It has been demonstrated that this miRNA can be exported in high-

density lipoproteins (HDLs), one of the components of plasma cf-miRNA, of 
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Brazilian breast cancer patients [163]. Also consistent with our results, 

circulating levels of hsa-miR-25-3p were overexpressed in samples of cancer 

patients [158,164–166]. In addition, Zhao et al. (2021) determined that this 

miRNA contributes to breast cancer progression by targeting TOB1, a tumor 

suppressor, transducer of ERBB2 [167].  

Other miRNAs abundantly expressed in the plasma of the BC cohort of this 

thesis have been related to tumor-related features. For example, hsa-miR-150-

5p was upregulated in plasma samples of cancer patients [144,168,169]. The 

hsa- miR-122-5p was included in minimally invasive panels for early detection 

of breast and gastric cancers [76,170–172]. Then, this miRNA was indicated as 

key to determining the expression of ADAM10, which indirectly affects the 

HER2 shedding and modulates the effectiveness of Trastuzumab-including 

treatment schemes [173]. The hsa-miR-4454 was detected in systemic (plasma) 

or local (urine) liquid biopsy sources of cancer patients [146,174,175]. Though 

their function is not fully understood, the hsa-miR-212-3p was indicated as a 

potential biomarker of breast cancer diagnosis or prognosis as this miRNA can 

be detected in tumors, plasma, and serum samples [176]. Finally, the hsa-let-

7g-5p was detected in the serum of cancer patients [177] as well milk of women 

with Low milk supply (LMS), which represents the potential participation of this 

miRNA in breast cell reorganization [178].  

 

4.2.2 Differentially expressed cf-miRNAs between BC patients 

In addition to commonly expressed cf-miRNAs, we focused on comparing 

age-related groups and immunohistochemical BC subtypes between these 

samples analyzing the cf-miRNA profile.  

Figure 11 shows differentially expressed cf-miRNAs (p-value<0.01 and fold 

change >2) between BC groups. This figure aims to show specific signatures 

according to immunohistochemical subtypes or age-related groups. According 

to our observations, none of the luminal subtypes (Luminal A, Luminal B, or 

Luminal HER2) showed relevant differences in the cf-miRNA profile at this 

statistical level (p<0.01). Interestingly, BC subtypes with poor survival (HER2 

and TNBC) showed specific cf-miRNA signatures. Thus, hsa-miR-548ar-3p and 

hsa-miR-585-3p were down-expressed in the plasma of TNBC patients when 
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compared with other subtypes (Figure 11A), while hsa-miR-3147, hsa-miR-

320e, hsa-miR-497-5p, and hsa-miR-548ai-miR-570-5p characterized patients 

overexpressing HER2 receptors in their tissues (Figure 11B). In addition, we 

found that patients diagnosed with BC after 40 years old express higher levels 

of hsa-miR-95-3p in their plasma (Figure 11C). 

 

 

In a comprehensive view of this result, Tables 1-6 show remarkable cf-

miRNA regions in our study (not limited to p<0.01 or FC>2). As we have a 

Figure 11. Volcano plots showing differentially expressed cf-miRNAs according to BC 

subtypes. Comparison between patients belonging to a specific breast cancer group 

(immunohistochemical subtype or age-related group). (A) Triple-Negative Breast Cancer 

(TNBC, n=4) vs. other subtypes (n=8). (B) HER2+ subtype (n=3) vs. other subtypes (n=9). 

(C) Young (n=6) vs. Elderly (n=6) diagnosed cases of breast cancer. Differentially expressed 

regions were determined by a nominal p-value <0.01 and Fold Change >2. Volcano plots 

were built on the R software v.4.3.1. 
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limited number of samples in each subtype, we started comparing all patients 

without age-related classifications inside each subtype. Nevertheless, for each 

comparison, we ran a descriptive analysis regarding the fold change between 

BC subtypes in young or elderly patient cohorts. Though we adjusted p-values 

for multiple comparisons, our observations are based on the nominal p-value 

since the number of samples can affect the estimation of these p-values and 

their adjusted values [179,180]. 

 

4.2.3 Relevant cf-miRNA regions in TNBC patients  

Table 2 shows differentially expressed cf-miRNAs (p<0.05) between TNBC 

patients and BC patients with other subtypes (Luminal A, Luminal B, Luminal 

HER2, and HER2+). The hsa-miR-548ar-3p was studied in the breast tumor 

context, and it was found that high levels of this miRNA are related to apoptosis 

induction by targeting NEAT1 [181]. The hsa-miR-585-3p levels were previously 

analyzed in tissues of TNBC patients (not classified by age at diagnosis) to 

describe a correlation between low levels of hsa-miR-585-3p and poor 

prognosis [182].  

In addition to hsa-miR-548ar-3p and hsa-miR-585-3p, we observed almost 

20 cf-miRNAs characterizing the TNBC subtype when we included all patients 

in this study. From this group of cf-miRNA candidates, some have been directly 

studied in breast cancer plasma samples in a cell-free (not vesicular) approach. 

The hsa-miR-571 was observed in BC patients diagnosed at early stages [183] 

and as a response to chemotherapy schemes [184]. The hsa-miR-197-3p was 

found in the serum of BC patients [185,186] and showed treatment response 

prediction features in plasma [187].  

About hsa-miR-381-3p, it was demonstrated that their downregulation can 

exacerbate breast tumors [188] and their lower levels in plasma can be a sign of 

gynecological disorders such as endometriosis [189]. A previous study reported 

that hsa-miR-887-5p is usually downregulated in serum samples of Luminal 

A/HER2 BC patients compared with healthy individuals [166]. Then, Haakensen 

et al. (2016) reported lower levels of this miRNA in TNBC patients [190]. 

Though the present thesis did not include healthy individuals for this analysis, 

the TNBC cohort presented lower hsa-miR-887-5p levels than Luminal 
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subtypes, which can support the inclusion of hsa-miR-887-5p in prognosis 

panels. In addition, hsa-miR-887-5p has been indicated as a promising 

biomarker for drug resistance in breast and ovarian cancers [191,192]. Finally, 

the hsa-miR-505-3p has been identified as a circulating biomarker for early 

diagnosis of BC [193,194], it is downregulated in Luminal BC samples [190], 

and this miRNA exerts its function through inhibition of the RUNX2 expression 

[195].  

 

Table 2. Differentially expressed cf-miRNAs (p<0.05) between TNBC (n=4) and other 

BC subtypes (n=8) 

miRNA 

Relative 
expression  
in the TNBC 

subtype 
(n=4) 

Relative 
expression  
in other BC 
subtypes 

(n=8) 

Log2  
Fold Change 

 (TNBC/others) 
p-value 

Adjusted  
p-value 

hsa-miR-548ar-3p 1.73 5.72 -1.73 0.008 1.00 

hsa-miR-585-3p 1.35 6.72 -2.32 0.008 1.00 
hsa-miR-219a-2-
3p 6.87 1.15 

2.58 
0.013 1.00 

hsa-miR-3690 10.95 6.59 0.73 0.016 1.00 

hsa-miR-4536-5p 10.14 22.36 -1.14 0.016 1.00 

hsa-miR-561-3p 3.03 1.08 1.49 0.021 1.00 

hsa-miR-571 3.28 1.15 1.51 0.022 1.00 

hsa-miR-10a-5p 9.67 6.39 0.60 0.028 1.00 

hsa-miR-197-3p 1.35 4.12 -1.62 0.028 1.00 

hsa-miR-381-3p 1.29 4.93 -1.94 0.028 1.00 

hsa-miR-887-5p 2.31 7.67 -1.73 0.028 1.00 

hsa-miR-505-3p 4.81 1.11 2.11 0.032 1.00 
hsa-miR-5196-3p-
miR-6732-3p 1.08 1.77 

-0.72 
0.033 1.00 

hsa-miR-548m 1.08 3.10 -1.53 0.033 1.00 

hsa-miR-203a-5p 19.57 24.69 -0.33 0.048 1.00 

hsa-miR-2113 5.48 2.04 1.42 0.048 1.00 
hsa-miR-365a-3p-
miR-365b-3p 9.49 13.29 

-0.49 
0.048 1.00 

hsa-miR-3928-3p 9.48 14.32 -0.59 0.048 1.00 

hsa-miR-4707-3p 9.49 16.87 -0.83 0.048 1.00 

BC: breast cancer; TNBC: Triple-negative breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery 
Rate (FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 

 

After observing the main profile of differentially expressed cf-miRNAs in 

TNBC patients, we evaluated these potential differences in the young 
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diagnosed BC cohort. However, the analysis between young diagnosed 

individuals cannot be analyzed based on their p-value due to the number of 

individuals (two TNBC patients vs. four patients with other BC subtypes). 

Herein, Figure 12 shows a density plot comparing the abundance of each 

probe (x-axis) related to the fold change obtained between their expression in 

young diagnosed TNBC patients and young diagnosed BC patients with other 

BC subtypes (y-axis). In this graph, we labeled the top 1% of miRNA probes 

with higher fold change (FC) between TNBC and other subtypes in young 

diagnosed patients as well as miRNA probes showing a balance between 

median abundance in all analyzed samples (top 20%) and higher FC (top 20%). 

Remarkably, several miRNA probes presented lower FC or lower general 

expression (Figure 12). 

 

 

 

Figure 12. Relevant cf-miRNAs in young diagnosed TNBC patients. This density plot shows 

all miRNA probes scanned in the Nanostring platform comparing Fold Change between 

TNBC (n=2) vs. other BC subtypes (n=4) in young diagnosed individuals (y-axis) in 

comparison with their median expression (log10) in all young diagnosed individuals (x-axis). 

Labeled miRNA fulfill some of these conditions: i) top 1% of Fold Change or ii) top 20% of 

Fold Change and top 20% of median abundance. Figure built on the R software v.4.3.1. The 

3D representation of this plot can be accessed here:  

https://doi.org/10.6084/m9.figshare.24002067 
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In addition to miRNAs presented in Table 2, Figure 12 shows a list of 

relevant cf-miRNA that includes hsa-miR-122-5p, hsa-miR-204-5p, hsa-miR-

23c, hsa-miR-28-3p, hsa-miR-296-5p, hsa-miR-3195, hsa-miR-320e, hsa-miR-

509-3p, hsa-miR-601, and hsa-miR-892a. 

Despite hsa-miR-122-5p, hsa-miR-23c, or hsa-miR-320e have not the 

highest fold change values, they are more likely to be detected in less sensitive 

techniques such as quantitative real-time polymerase chain reaction (qRT-

PCR). In particular, the hsa-miR-122-5p has been identified in liquid biopsies of 

BC patients, especially in more aggressive subtypes and models 

[76,144,196,197]. Interestingly, Gallo et al. (2022) demonstrated that 

mesenchymal stem cells (MSCs) export hsa-miR-23c which seems to control 

the growth of TNBC cells [198]. Although the hypothesis that MSCs express 

hsa-miR-23c and this miRNA can reach the bloodstream is valid, it is somewhat 

difficult to define whether the miRNA present in plasma comes from MSCs or 

tumor cells, complicating diagnostic approaches of this putative biomarker. 

 

4.2.4 Relevant cf-miRNA regions in HER2+ BC patients  

Table 3 shows differentially expressed cf-miRNAs (p<0.05) between HER2+ 

patients and BC patients with other subtypes (Luminal A, Luminal B, Luminal 

HER2, and TNBC). In addition to cf-miRNAs identified in Figure 5B (hsa-miR-

3147, hsa-miR-320e, hsa-miR-497-5p, and hsa-miR-548ai-miR-570-5p, 

p<0.01), we observed 28 cf-miRNA regions dysregulated in the HER2+ BC 

cohort. Interestingly, hsa-miR-585-3p and hsa-miR-571 appear in this 

comparison besides in Table 2 (TNBC vs. other BC subtypes). However, they 

follow different expression patterns according to each BC subtype. While hsa-

miR-571 was downregulated in HER2+ and upregulated in TNBC subtypes, 

hsa-miR-585-3p was upregulated in HER2+ and downregulated in TNBC 

samples.  

Among other remarkable miRNAs, circulating hsa-miR-3147 was proven to 

predict lymph node metastasis in patients with early-stage cervical squamous 

cell carcinoma [199]. The hsa-miR-497-5p was indicated as a contributor to the 

immune evasion of breast cancer cells by targeting CD274 [200], and 

independent studies suggested targeting this miRNA as a novel strategy to treat 



48 

breast and ovarian cancers [201,202]. Then, another study involving nCounter 

technology for evaluating circulating miRNA of advanced BC patients 

determined that hsa-miR-548ai contributes to the treatment response prediction 

[144]. About hsa-miR-1271-5p, different levels of this miRNA were found in BC 

subtypes in Brazilian patients, and the HER2+ subtype showed the most 

homogeneous values [203]. Then, the circulating version of hsa-miR-1271-5p 

was proposed as a biomarker for predicting the BC patient's response to 

letrozole [204] and diagnosing patients with endometriosis [205]. 

Consistent with our results, Chan et al. (2013) described the overexpression 

of hsa-miR-4284 in HER2+ BC patients [206]. This miRNA has been reported 

as a plasma biomarker of gynecological conditions such as endometriosis or 

endometriosis-associated ovarian cancer [207]. Then, hsa-miR-4647 was 

identified as a miRNA associated with more aggressive subtypes of BC [208] 

and recognized as a circulating biomarker [209]. Same as hsa-miR-136-5p, 

previously described as a circulating marker differentiating BC cases of patients 

with in situ carcinomas or healthy individuals [210] despite other authors having 

presented controversial results [211]. 

The hsa-miR-376a has been identified as a potential circulating biomarker of 

BC diagnosis and treatment response [187,212], especially in young-diagnosed 

patients [213] or cases detected at early-stages [183]. Another member of the 

miR-376 family, hsa-miR-376c-5p, was found elevated in the plasma of BC 

patients [183,212,214,215], especially in those with poor prognosis [214,215].  

Finally, hsa-miR-382-3p [216–219], hsa-miR-605-5p [220], hsa-miR-675-5p 

[221–223], and hsa-miR-589 [224] were found overexpressed in serum/plasma 

of BC samples. In addition, Muller et al. (2019) described an interplay between 

miRNA and long non-coding (lncRNA) in breast cancer by proposing different 

proportions of plasma levels of H19/miR-675 in different BC subtypes [222]. 

Moreover, the hsa-miR-140-5p, found at low levels in the plasma of HER2+ BC 

patients in this study, was identified as responsible for suppressing the BC 

glycolysis by targeting GLUT1 [225], and found in higher concentration in 

plasma of young BC patients [213].  

Interestingly, the study of Zhao et al. (2010) found higher levels of hsa-miR-

589-5p in the plasma of Caucasian Americans diagnosed with BC [224], 

differently from the African American BC cohort included in that study. Studies 
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such as this by Zhao et al. (2010) show the possibility that different ancestry 

groups affect miRNA levels in body fluids, even in the context of cancer, 

suggesting that more biological factors might be considered in sample selection 

for high throughput analysis based on circulating material. Though we did not 

include molecular ancestry identification for patients in the present thesis, we 

intended to compare samples with similar self-reported race information (p-

value =0.3, Appendix 1) to mitigate the interference of non-cancer factors in our 

results. 

However, we observed that the cf-miRNA content is highly variable due to 

the various sources that can export material into the bloodstream and 

subsequently into human plasma [226,227]. As we evaluated this for patients 

with TNBC, we refined the comparative analysis by focusing on young patients 

diagnosed with HER2+ BC (Figure 13). Nevertheless, we found a different set 

of relevant cf-miRNAs than Table 3. This result shows different patterns of 

segregated cellular components in the bloodstream, even according to the age 

of patients, which can complicate the standardized determination of potential 

biomarkers based on cf-miRNAs. 

In a descriptive approach of the HER2+ versus other BC subtypes 

comparison, we observed that young patients overexpressing HER2 receptors 

in tumor tissue presented higher ratios (fold change> 5) of hsa-miR-3605-3p, 

hsa-miR-32-5p, hsa-miR-513b-5p, hsa-miR-193a-5p/hsa-miR-193b-5p, hsa-

miR-3161, hsa-miR-1272, hsa-miR-523-3p, and hsa-miR-6511a-3p cf-miRNAs.  

In addition, some cf-miRNAs were marked by their relatively high fold 

change and median abundance. This list includes hsa-miR-144-3p, hsa-miR-

5001-5p, hsa-miR-451a, hsa-miR-4286, hsa-miR-424-5p, hsa-miR-548j-3p, 

hsa-miR-3928-3p, and hsa-miR-196a-5p. It is worth mentioning that hsa-miR-

451a and hsa-miR-144-3p, present remarkable rations between HER2+ and 

other young diagnosed BC patients (above 2.5) with a median expression 

higher than 20 relative units. As described before, the hsa-miR-451a miRNA is 

used as a sensor of hemolysis [148,149]. However, this cf-miRNA may also 

show a role in cancer communication [142,144–147]. In this context, circulating 

miRNAs could be targets for testing this hypothesis since cell-free miRNAs are 

provided from different sources, which include the tumor itself and anti- and pro-

tumor surrounding cells [226,227]. 
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Table 3. Differentially expressed cf-miRNAs (p<0.05) between HER2+ (n=3) and other 

BC subtypes (n=9) 

miRNA 

Relative 
expression  

in the HER2+ 
BC subtype 

(n=3) 

Relative 
expression  
in other BC 
subtypes 

(n=9) 

Log2  
Fold Change 

 (HER2+/others) 
p-value 

Adjusted  
p-value 

hsa-miR-3147 12.48 2.59 2.27 0.009 0.85 

hsa-miR-320e 15.7 53.7 -1.77 0.009 0.85 

hsa-miR-497-5p 5.53 1.27 2.12 0.009 0.85 

hsa-miR-548ai-miR-
570-5p 

12.48 5.01 1.32 0.009 0.85 

hsa-miR-1271-5p 4.58 1.19 1.94 0.016 0.85 

hsa-miR-135b-5p 5.69 1.19 2.26 0.016 0.85 

hsa-miR-4284 3.62 1.19 1.61 0.016 0.85 

hsa-miR-6720-3p 1 5.11 -2.35 0.016 0.85 

hsa-miR-1249-3p 2.37 1.25 0.92 0.018 0.85 

hsa-miR-379-5p 9.26 13.12 -0.50 0.018 0.85 

hsa-miR-4647 5.23 1.42 1.88 0.018 0.85 

hsa-miR-3195 1 4.2 -2.07 0.026 0.85 

hsa-miR-571 1 1.76 -0.82 0.026 0.85 

hsa-miR-642a-3p 1 1.42 -0.51 0.026 0.85 

hsa-miR-136-5p 1.26 4.15 -1.72 0.036 0.85 

hsa-miR-1972 14.55 16.81 -0.21 0.036 0.85 

hsa-miR-376a-2-5p 10.08 4.1 1.30 0.036 0.85 

hsa-miR-376c-5p 5.69 1.42 2.00 0.036 0.85 

hsa-miR-382-3p 9.17 1.51 2.60 0.036 0.85 

hsa-miR-487a-3p 2.37 1.25 0.92 0.036 0.85 

hsa-miR-512-5p 17.35 9.38 0.89 0.036 0.85 

hsa-miR-548q 4.58 14.31 -1.64 0.036 0.85 

hsa-miR-585-3p 7.35 2.7 1.44 0.036 0.85 

hsa-miR-605-5p 7.35 3.49 1.07 0.036 0.85 

hsa-miR-675-5p 5.53 1.42 1.96 0.036 0.85 

hsa-miR-758-5p 2.37 4.64 -0.97 0.036 0.85 

hsa-miR-769-5p 5.69 10.72 -0.91 0.036 0.85 

hsa-miR-770-5p 10.87 7.44 0.55 0.036 0.85 

hsa-miR-140-5p 1 2.3 -1.20 0.041 0.85 

hsa-miR-548i 1 1.42 -0.51 0.041 0.85 

hsa-miR-153-3p 9.17 1.36 2.75 0.042 0.85 

hsa-miR-589-5p 8.45 1.42 2.57 0.042 0.85 

BC: breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 
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Then, controversial results were published about the expression level of 

hsa-miR-144-3p in plasma samples of BC patients [228–232], but it has been 

recognized as a prognosis circulating biomarker for metastatic BC 

[147,230,231]. In addition, it was demonstrated that hsa-miR-144 regulates 

breast cancer progression via targeting CEP55 [233]. 

 

4.2.5 Relevant cf-miRNA regions in Luminal BC patients  

Regarding that Luminal (A, B, and HER2) subtypes are most responsive to 

treatment schemes or show a better survival [234–237], we found a highly 

diverse set of markers (for Luminal B or HER2) or no significant regions (for 

Luminal A), and then we only described our main findings in this section. 

 

Figure 13. Relevant cf-miRNAs in young diagnosed HER2+ BC patients. This density plot 

shows all miRNA probes scanned in the Nanostring platform comparing Fold Change 

between HER2+ (n=2) vs. other BC subtypes (n=4) in young diagnosed individuals (y-axis) in 

comparison with their median expression (log10) in all young diagnosed individuals (x-axis). 

Labeled miRNA fulfill some of these conditions: i) top 1% of Fold Change or ii) top 20% of 

Fold Change and top 20% of median abundance. Figure built on the R software v.4.3.1. The 

3D representation of this plot can be accessed here: 

 https://doi.org/10.6084/m9.figshare.24021006 
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We only included one pool of Luminal A patients diagnosed before 40 years 

old in this cohort (Appendix 1). Then, we did not observe any cf-miRNA 

differentially expressed, but Table 4 presents the top 15 cf-miRNAs with higher 

ratios between Luminal A and other BC subtypes. This list includes hsa-miR-

323a-5p, hsa-miR-510-3p, hsa-miR-190a-3p, hsa-miR-1178-3p, hsa-miR-125a-

5p, hsa-miR-502-3p, hsa-miR-412-3p, hsa-miR-362-5p, hsa-let-7f-5p, hsa-miR-

19a-3p, hsa-miR-6511a-3p, hsa-miR-124-3p, hsa-miR-3180-3p, hsa-miR-208a-

3p, and hsa-miR-1233-3p cf-miRNAs that show fold change values between 

7.93-16.94. It is important to note that none of these miRNAs were described in 

the previous comparisons against a specific subtype in all patients (Table 2 and 

Table 3). 

 

Table 4. Top 15 cf-miRNAs between Luminal A (n=1) and other BC subtypes (n=11) 

miRNA 

Relative 
expression  

in the Luminal 
A subtype 

(n=1) 

Relative 
expression  
in other BC 
subtypes 

(n=11) 

Log2  
Fold Change 

 (LumA/others) 
p-value 

Adjusted  
p-value 

hsa-miR-323a-5p 20.16 1.19 4.08 0.145 0.96 

hsa-miR-510-3p 16.58 1.25 3.73 0.147 0.96 

hsa-miR-190a-3p 16.58 1.25 3.73 0.167 0.96 

hsa-miR-1178-3p 16.58 1.25 3.73 0.246 0.96 

hsa-miR-125a-5p 15.39 1.25 3.62 0.140 0.96 

hsa-miR-502-3p 17.77 1.51 3.56 0.167 0.96 

hsa-miR-412-3p 11.82 1.11 3.41 0.140 0.96 

hsa-miR-362-5p 11.82 1.25 3.24 0.147 0.96 

hsa-let-7f-5p 11.82 1.27 3.22 0.147 0.96 

hsa-miR-19a-3p 13.01 1.42 3.20 0.560 0.96 

hsa-miR-6511a-3p 10.63 1.25 3.09 0.238 0.96 

hsa-miR-124-3p 11.82 1.42 3.06 0.147 0.96 

hsa-miR-3180-3p 9.44 1.15 3.04 0.140 0.96 

hsa-miR-208a-3p 18.97 2.34 3.02 0.147 0.96 

hsa-miR-1233-3p 9.44 1.19 2.99 0.145 0.96 

BC: breast cancer; LumA: Luminal A 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 
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Luminal B samples showed 12 cf-miRNAs differentially expressed (p<0.05). 

This list includes hsa-miR-1254, hsa-miR-1827, hsa-miR-23c, hsa-miR-298, 

hsa-miR-301a-5p, hsa-miR-323a-3p, hsa-miR-335-5p, hsa-miR-492, hsa-miR-

518f-3p, hsa-miR-1185-1-3p, hsa-miR-1252-5p, and hsa-miR-517b-3p (Table 

5). Furthermore, the comparison of young diagnosed Luminal B (n=1) versus 

other young diagnosed BC subtypes (n=5) retrieved 15 relevant miRNAs 

(Figure 14) including hsa-let-7b-5p, hsa-miR-126-3p, hsa-miR-1283, hsa-miR-

130a-3p, hsa-miR-150-5p, hsa-miR-15a-5p, hsa-miR-16-5p, hsa-miR-185-5p, 

hsa-miR-191-5p, hsa-miR-19a-3p, hsa-miR-205-5p, hsa-miR-27b-3p, hsa-miR-

371a-5p, hsa-miR-4454-miR-7975, hsa-miR-498, and hsa-miR-92a-3p. 

 

Table 5. Differentially expressed cf-miRNAs (p<0.05) between Luminal B (n=2) and 

other BC subtypes (n=10) 

miRNA 

Relative 
expression  

in the Luminal 
B subtype 

(n=2) 

Relative 
expression  
in other BC 
subtypes 

(n=10) 

Log2  
Fold Change 

 (LumB/others) 
p-value 

Adjusted  
p-value 

hsa-miR-1254 10.02 4.09 1.29 0.030 1.00 
hsa-miR-1827 34.24 18.17 0.91 0.030 1.00 
hsa-miR-23c 20.88 10.57 0.99 0.030 1.00 
hsa-miR-298 13.10 5.45 1.26 0.030 1.00 
hsa-miR-301a-5p 2.55 11.42 -2.18 0.030 1.00 
hsa-miR-323a-3p 13.05 3.09 2.08 0.030 1.00 
hsa-miR-335-5p 1.80 7.05 -2.00 0.030 1.00 
hsa-miR-492 19.50 3.96 2.30 0.030 1.00 
hsa-miR-518f-3p 12.18 2.36 2.37 0.030 1.00 
hsa-miR-1185-1-3p 2.86 1.08 1.40 0.038 1.00 
hsa-miR-1252-5p 2.04 1.08 0.92 0.038 1.00 
hsa-miR-517b-3p 4.07 1.08 1.91 0.038 1.00 

BC: breast cancer; LumB: Luminal B 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery 
Rate (FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 

 

Finally, the Luminal HER2 subtype was characterized by the differential 

expression of 22 miRNAs (Table 6): hsa-miR-125a-3p, hsa-miR-1262, hsa-miR-

1264, hsa-miR-141-3p, hsa-miR-25-5p, hsa-miR-324-3p, hsa-miR-3613-5p, 

hsa-miR-378d, hsa-miR-4421, hsa-miR-4425, hsa-miR-4443, hsa-miR-4485-3p, 

hsa-miR-4787-5p, hsa-miR-489-3p, hsa-miR-491-3p, hsa-miR-5001-5p, hsa-

miR-518c-3p, hsa-miR-519d-3p, hsa-miR-548ad-3p, hsa-miR-627-5p, hsa-miR-

874-3p, and hsa-miR-874-5p.  
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Though all cf-miRNAs reported in the whole comparison were 

downregulated in Luminal HER2 patients, using the descriptive approach 

between young diagnosed patients, it is possible to propose additional miRNA-

based biomarkers for young diagnosed Luminal HER2 patients (Figure 15), for 

example: hsa-miR-127-5p, hsa-miR-181b-5p/hsa-miR-181d-5p, hsa-miR-208b-

5p, hsa-miR-2113, hsa-miR-331-3p, hsa-miR-486-3p, hsa-miR-519e-3p, and 

hsa-miR-6720-3p. 

 

 

 

 

 

 

 

 

Figure 14. Relevant cf-miRNAs in young diagnosed Luminal B BC patients. This density plot 

shows all miRNA probes scanned in the Nanostring platform comparing Fold Change 

between Luminal B (n=1) vs. other BC subtypes (n=5) in young diagnosed individuals (y-

axis) in comparison with their median expression (log10) in all young diagnosed individuals 

(x-axis). Labeled miRNA fulfill some of these conditions: i) top 1% of Fold Change or ii) top 

5% of Fold Change and top 5% of median abundance. Figure built on the R software v.4.3.1. 

The 3D representation of this plot can be accessed here:  

https://doi.org/10.6084/m9.figshare.24021387 
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Table 6. Differentially expressed cf-miRNAs (p<0.05) between Luminal HER2 (n=2) 

and other BC subtypes (n=10) 

miRNA 

Relative 
expression  

in the Luminal 
HER2 subtype 

(n=2) 

Relative 
expression  
in other BC 
subtypes 

(n=10) 

Log2  
Fold Change 

 (LumH2/others) 
p-value 

Adjusted  
p-value 

hsa-miR-125a-3p 1.15 8.76 -2.94 0.030 0.99 
hsa-miR-1262 1.18 4.50 -1.94 0.030 0.99 
hsa-miR-1264 2.23 15.32 -2.74 0.030 0.99 
hsa-miR-141-3p 1.15 11.25 -3.32 0.030 0.99 
hsa-miR-25-5p 1.70 5.82 -1.79 0.030 0.99 
hsa-miR-324-3p 1.15 3.14 -1.43 0.030 0.99 
hsa-miR-3613-5p 2.59 10.34 -2.00 0.030 0.99 
hsa-miR-378d 2.66 11.72 -2.12 0.030 0.99 
hsa-miR-4421 4.16 12.34 -1.56 0.030 0.99 
hsa-miR-4425 7.09 22.58 -1.69 0.030 0.99 
hsa-miR-4443 2.04 16.82 -3.06 0.030 0.99 
hsa-miR-4485-3p 1.70 7.50 -2.12 0.030 0.99 
hsa-miR-4787-5p 1.15 4.31 -1.89 0.030 0.99 
hsa-miR-489-3p 10.96 24.84 -1.18 0.030 0.99 
hsa-miR-491-3p 3.92 14.69 -1.89 0.030 0.99 
hsa-miR-5001-5p 1.44 10.71 -2.94 0.030 0.99 
hsa-miR-518c-3p 1.15 9.62 -3.06 0.030 0.99 
hsa-miR-519d-3p 7.61 19.57 -1.36 0.030 0.99 
hsa-miR-548ad-
3p 1.15 4.95 

-2.12 
0.030 0.99 

hsa-miR-627-5p 4.85 16.23 -1.74 0.030 0.99 
hsa-miR-874-3p 1.15 10.36 -3.18 0.030 0.99 
hsa-miR-874-5p 1.15 13.88 -3.64 0.030 0.99 

BC: breast cancer; LumH2: Luminal HER2 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 
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4.2.6 Relevant cf-miRNA regions related to age at diagnosis in BC patients  

 Some authors have reported that BC patients diagnosed after or before 

40 years old have differences in their overall survival in dependence on tumor 

and environmental factors [4,6]. Thus, it was characterized that elderly 

diagnosed BC patients are sensitive to aging effects and environmental 

changes despite their tumors being less aggressive, whereas young diagnosed 

BC patients deal with highly clonal tumors showing a fast disease progression 

[238–241]. 

As a consequence of tumor- or aging-related factors, several miRNAs can 

be secreted into the bloodstream. Then, we decided to evaluate this factor by 

comparing the cf-miRNA levels between young and elderly BC patients (n=6 in 

each group) of Cohort A. Table 6 shows the differentially expressed cf-miRNAs 

in these two groups. 

 

Figure 15. Relevant cf-miRNAs in young diagnosed Luminal HER2 BC patients. This density 

plot shows all miRNA probes scanned in the Nanostring platform comparing Fold Change 

between Luminal HER2 (n=1) vs. other BC subtypes (n=5) in young diagnosed individuals (y-

axis) in comparison with their median expression (log10) in all young diagnosed individuals 

(x-axis). Labeled miRNA fulfill some of these conditions: i) top 1% of Fold Change or ii) top 

5% of Fold Change and top 5% of median abundance. Figure built on the R software v.4.3.1. 

The 3D representation of this plot can be accessed here:  

https://doi.org/10.6084/m9.figshare.24021441 
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Table 7. Differentially expressed cf-miRNAs (p<0.05) between young (n=6) and elderly 

BC subtypes (n=6) 

miRNA 

Relative 
expression  

in the Young 
BC group 

(n=6) 

Relative 
expression  

in the Elderly 
BC group 

(n=6) 

Log2  
Fold Change 

 (Young/Elderly) 
p-value 

Adjusted  
p-value 

hsa-miR-95-3p 5.37 10.87 -1.02 0.005 1 

hsa-miR-30c-5p 3.72 13.67 -1.88 0.018 1 

hsa-miR-3202 1.25 8.18 -2.71 0.023 1 

hsa-miR-1275 4.04 1.19 1.76 0.030 1 

hsa-miR-1291 3.02 7.99 -1.40 0.030 1 

hsa-miR-3074-3p 4.04 6.76 -0.74 0.030 1 

hsa-miR-764 12.81 6.34 1.01 0.030 1 

hsa-miR-937-3p 1.51 9.44 -2.64 0.030 1 

hsa-miR-135b-5p 4.27 1.15 1.89 0.034 1 

hsa-miR-615-3p 2.7 1.15 1.23 0.034 1 

hsa-miR-101-3p 5.53 9.91 -0.84 0.048 1 

hsa-miR-1287-5p 9.01 17.32 -0.94 0.048 1 

hsa-miR-136-5p 2.03 4.64 -1.19 0.048 1 

hsa-miR-28-3p 1.92 7.40 -1.95 0.048 1 

hsa-miR-501-3p 9.01 2.3 1.97 0.048 1 

BC: breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2 

 

In addition to hsa-miR-95-3p (shown in Figure 11C), we found 14 additional 

miRNAs deregulated in the plasma of young BC patients. The entire list 

includes hsa-miR-95-3p, hsa-miR-30c-5p, hsa-miR-3202, hsa-miR-1275, hsa-

miR-1291, hsa-miR-3074-3p, hsa-miR-764, hsa-miR-937-3p, hsa-miR-135b-5p, 

hsa-miR-615-3p, hsa-miR-101-3p, hsa-miR-1287-5p, hsa-miR-136-5p, hsa-

miR-28-3p, and hsa-miR-501-3p.  

Although hsa-miR-95-3p [203,242], hsa-miR-30c-5p [194,243–245], hsa-

miR-1275 [242,246–250], hsa-miR-1291 [245,251–253], hsa-miR-937-3p [254–

256], hsa-miR-135b-5p [257–261], hsa-miR-615-3p [166,262–264], hsa-miR-

136-5p [210,211,265,266], hsa-miR-28-3p [206,220], and hsa-miR-501-3p 

[267,268] have been studied in the breast cancer context. This is the first 

evidence of their possible impact on the circulating miRNA composition of age-

based BC groups. 

Curiously, hsa-miR-28-3p was downregulated in the whole group of young 

diagnosed patients (log2Fold Change= -1.95, p-value=0.048). However, among 
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young diagnosed patients, this miRNA is upregulated (log2Fold change= 2.88) 

in the TNBC group (Figure 12). To validate these findings, we plotted a point-to-

point graph in Figure 16.  

 

 

4.2.7 Challenges, lessons, and insights from the analysis of cf-miRNAs 

We selected to work with liquid biopsies because our objective is to offer a 

minimally invasive test, which can improve the screening of patient candidates 

and then also serve to monitor the development of the tumor within them. To do 

this, we started from the hypothesis that tumor cells secrete material into the 

bloodstream that can be collected through venous puncture. In this context, 

plasma seems to be the most viable, fastest, and easiest option to evaluate 

putative cancer biomarkers [269–273]. Then, among the possible targets to be 

studied, miRNAs represent short regions, relatively easy to detect, and with 

limited diversity (compared to mRNA), as far as we know [274–276].  

As the diversity of miRNA is still in development, many studies run RNA-seq 

experiments to evaluate miRNA-like regions. Nevertheless, they usually obtain 

a significant percentage of unaligned or unknown sequences [277–280]. Then, 

Figure 16. Dot plot of normalized values of hsa-miR-28-3p in plasma of Breast Cancer 

patients. Circulating levels of the hsa-miR-28-3p in samples of cohort A were plotted as a 

violin-dot plot stratifying samples according to their immunohistochemical subtype and age-

related group. Figure built on the R software v.4.3.1. TNBC: Triple-negative breast cancer. 
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more research is required to identify and annotate a new miRNA correctly. For 

these reasons, we decided to use the barcoding technology for analyzing 

specific regions previously determined by vast literature, according to 

information from miRBase v.21. However, the Nanostring technology requires at 

least 100 ng of input per sample.  

In this analysis, we reached an average concentration of ~31.11 ng/µL, but 

the minimum sample content was ~25 ng, our input for cf-miRNA analysis. 

Then, it is suggested to include the total miRNA concentration after 

concentration as a sample exclusion criterion in the nCounter (Nanostring) 

analysis. 

We then decided to implement a sample pool strategy to achieve a higher 

concentration. According to our results, this strategy is functional, contributing to 

improving the input mass. However, each plasma sample may present different 

degradation rates since the miRNAs evaluated at this stage are disseminated in 

various forms (as extracellular particle cargo, in a soluble form, or protein-

coupled, etc.) [274–276]. Although we could increase our miRNA input by 

increasing the initial plasma input used in miRNA extraction, the goal of our 

molecular screening is to avoid causing any additional discomfort to the patient 

and collect a reasonable amount of blood. So, the objective involves starting 

with small volumes of plasma (in this case, 200 µL), despite the lower amount of 

miRNA. 

Another alternative to increase miRNA input includes performing a pre-

amplification. However, this process inlays the biases of the polymerase 

responsible for this process [281]. This factor could imply a different result since 

miRNAs are short sequences. Then, minimal differences in the miRNA 

sequence could be interpreted as another member of a miRNA family. On the 

other hand, we have the biological and technical implications of working with 

total miRNA extracted from plasma. According to our results, we found potential 

signs of hemolysis in our samples. This suggests that, in future analyses, a 

hemolysis assessment step could be added before processing these samples. 

The hemolysis status could be verified by evaluating plasma absorbance at 414 

nm, as suggested by previous research [229,282]. In the present study, all 

plasma samples are separated up to 2 hours after collection following well-

standardized guidelines [283–285], which exclude the time of processing as a 
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factor of hemolysis. Then, we hypothesize that hemolysis in samples of this 

study could be produced by the extended collection time. 

On the one hand, since we followed the same protocols for all the samples, 

we can compare cf-miRNAs between BC groups. After running these analyses, 

we found a wide diversity of miRNA candidates as hsa-miR-28-3p. It is 

important to remark that exploratory studies are planned to propose putative 

biomarkers to be technically and biologically validated, especially to use 

affordable techniques such as qRT-PCR that allow us to approximate molecular 

protocols to the clinical routine. 

On the other hand, cf-miRNA can include information from various cell 

sources [286], including tumor cells as well as anti-tumor responses. Then, we 

could refine and focus our analysis on one of these sources: extracellular 

vesicles (EVs). In this way, we hypothesize that we could reduce the 

contamination or noise found in cf-mirNA by analyzing EVs in plasma. 

 

4.3 Vesicular miRNA levels in breast cancer patients 

4.3.1 Selection of the best method for obtaining EVs from human plasma 

We have tested three different methods to isolate EVs from plasma. 

Ultracentrifugation is a method that sediments particles of different density 

according to the speed at which this procedure is executed. For extracellular 

vesicles, we used high speeds (100 000 xg), and it takes approximately 4 hours 

to isolate EVs from 6 samples simultaneously. The miRCURY kit for EV 

isolation (Qiagen) uses a chemical reagent to diminish the water molecules in 

the sample, allowing precipitation of smaller particles (<100nm) taking one and 

a half days to isolate EVs from up to 24 samples. Finally, the qEV ready-to-use 

column (IZON) isolates extracellular vesicles by size exclusion principle, which 

takes around two hours to purify EVs from plasma samples (up to five samples).  

In our experiment, we obtained one tube containing EVs for 

ultracentrifugation and miRCURY methods, whereas the qEV method generates 

six tubes (elution fractions). Then, we analyzed the quantity and size distribution 

of isolated vesicles produced by these methods. The qEV IZON column (Figure 

17A) and the ultracentrifugation samples (Figure 17C) showed a similar EV 

profile compared to miRCURY kit (Figure 17B), that could be produced by the 
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presence of contaminants (Figure 18). In fact, the miRCURY tube showed a 

yellowish hue as a signal of plasma proteins (and/or other components), as it 

was reported in a previous study [287]. However, the miRCURY method seems 

to capture more EVs than other methods, although it is not possible to 

discriminate any contaminant having nanoscale dimension from EVs using 

NTA. 

 

 

 

Another important criterion is related to particle size. Here, the miRCURY 

sample showed a higher number of smaller particles (<100nm). It is consistent 

with the principle of this method to reduce water exposition and drives the 

Figure 17. Nanotracking particle profiles for different methods to isolate EVs. Eluted samples 

from three strategies to isolate EVs: (A) qEV IZON-Size Exclusion Chromatography, (B) 

miRCURY-Chemical Precipitation, and (C) Ultracentrifugation. All samples were quantified 

using Nanoparticles Tracking Analysis (NTA). For each method, we also quantify the elution 

solution as a negative control (PBS or Qiagen buffer). All results are expressed in particles 

per mL and five technical replicates were considered for each curve. Figures built on 

GraphPad Prism v8 for Windows. 
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precipitation of tiny particles with low-speed centrifugation. In general, we 

observed a common peak among 100 and 200 nm for all isolation methods 

(Figure 17), characterizing the extracellular vesicle profile in plasma as 

described in the literature [67,288].  

 

 

Regarding the importance of having highly pure samples for downstream 

applications, we have assessed the quantification of EVs and proteins for these 

three methods. We normalized all values considering the volume of plasma for 

EV isolation. According to our results, we obtained approximately 2x109 

particles per plasma mL using the miRCURY or the qEV IZON kits, followed by 

Figure 18. Quantification of particles and proteins according to EVs isolation method. The 

left panel shows the quantification of extracellular vesicles in NTA equipment (five replicates 

each). The right panel shows the quantification of proteins using a modification of the Lowry 

assay (three replicates each). For the quantification of EVs, we include data for Qiagen 

Buffer and PBS as negative controls. These results represent observations in at least three 

technical replicates. Figures built on GraphPad Prism v8 for Windows. 
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the ultracentrifugation method that recovers almost 1x109 particles per plasma 

mL. Therefore, qEV IZON and miRCURY methods seem to offer more yield 

than ultracentrifugation to isolate EVs; however, the miRCURY method also 

isolates a high concentration of proteins (~50mg/plasma mL), differently from 

ultracentrifugation or qEV IZON methods (Figure 18).  

Table 8 shows that protein levels were undetectable in EVs from the qEV 

method (size-exclusion chromatography) and supernatant from the miRCURY 

method (precipitation by chemical reagent). This result is consistent with other 

experiences in the literature that reported high amounts of plasma proteins 

present in precipitation methods with chemical reagents, such as ExoQuick, 

Total Exosome Isolation, and Exoeasy [289–291]. On the other hand, qEV 

original (IZON) is becoming one of the most used size-exclusion columns for EV 

isolation with optimal results [289,290].  

 

Table 8. Protein concentration for EV and supernatants fractions according to different 

isolation methods 

Sample Dilution 
Protein concentration 

(µg/mL) 

Whole human plasma 1:500 211.0 

EV isolated by ultracentrifugation 1:1 996.0 

EV isolated by size-exclusion chromatography 1:7 < detection threshold 
EV isolated by precipitation with chemical 
reagent 1:12 2 657.0 

Supernatant from ultracentrifugation 1:500 191.0 

Supernatant from size-exclusion chromatography 1:500 < detection threshold 
Supernatant from the method using chemical 
reagent 1:500 < detection threshold 

EV: Extracellular Vesicles 
Dilution factors are dependent on input and output volumes recommended by each 
protocol.  
Detection threshold: 156.25 µg/mL 

 

In our study, EVs fraction from the miRCURY method showed a higher 

concentration of proteins, probably depleting them on their supernatant fraction. 

Therefore, we decided to observe the protein profile of these EVs. We loaded 

~6 µg of proteins from all three methods and the whole plasma in an 

electrophoresis gel. For EVs from size-exclusion chromatography, we 

considered the maximum volume (40 µL). As we expected, this sample did not 
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show any bands (Figure 19). Then we can explain this result by two factors: (i) 

the low sensitivity offered in gel electrophoresis and (ii) the high purity rate in 

EV isolated with size-exclusion columns. For other samples, the gel revealed a 

pattern band where estimated weights are related to common proteins in human 

plasma, for example, transferrin, albumin, and the heavy/light chains of IgG 

(According to the study of Qui et al., 2015 [292]). 

 

 

 

Figure 19. Polyacrylamide gel with protein profiles for plasma and EV isolated by different 

methods. Information on the molecular weight for transferrin, albumin, and IgG proteins was 

obtained from Qiu et al. (2015).  
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4.3.2 Characterization of EVs from plasma samples 

After selecting the size exclusion chromatography method for the following 

steps in this thesis, we followed the guidelines for the publication of studies in 

extracellular vesicles [72]. We have submitted all relevant data of our 

experiments to the EV-TRACK knowledgebase (EV-TRACK ID: EV230978) 

[124]. Next, we used transmission electron microscopy (TEM) and western 

blotting to characterize the EVs that will be analyzed by barcoding hybridization. 

Figure 20A and Figure 20B show the TEM profile of our EVs isolated by the 

SEC method. Using 20 000x magnification (Figure 20A), we observed many 

aggregates in the grid, whereas 30 000x allowed us to see corpuscles clustered 

with a round shape and matching with the expected size (50-200 nm) but 

partially lysed (Figure 20B). The appearance of EVs observed in Figures 14A-B 

could be affected by the concentration step (ultracentrifugation after the 

fixation). 

 

Figure 20. Characterization of EVs by TEM and WB. We used transmission electron 

microscopy (TEM) and western blot (WB) techniques to characterize the EV population 

included in downstream analysis.  The TEM analysis demonstrated the presence of EVs and 

their morphology at 20 000x (A) and 30 000x (B) magnifications. Next, WB analysis showed 

a higher presence of CD9 (EV marker) in the sample isolated from the SEC method, 

whereas ApoA-I (lipoprotein marker) was more expressed in EVs obtained by 

ultracentrifugation (C). UC: EVs isolated from ultracentrifugation. SEC: EVs isolated from 

size-exclusion chromatography, EDP: EV-depleted plasma (supernatant from 

ultracentrifugation) diluted 1:50 in PBS buffer. 
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Though we followed a previously published protocol of our group [123], we 

started the protocol with 100-1000x less EV concentration, which could affect 

our final results. Furthermore, previous EV-related research has demonstrated 

that TEM results depend on the operator and protocol [293,294].  

According to our results, the low concentration of vesicles collected per 1 mL of 

plasma from BC patients challenges the sensitivity of the TEM and WB 

techniques. However, this study must keep the input volume relatively low 

enough to be collected in one 3mL-EDTA tube because, by this input volume, 

we could foresee a practical and fast implementation of the clinical routine. 

To characterize the presence of corona proteins or other contaminants 

present in blood, we evaluate the presence of lipoproteins that are described as 

the main contaminants in EVs isolation protocols.  As shown in Figure 20C, EVs 

isolated by SEC are more likely to content EVs free of high-density lipoproteins 

(HDL). This finding is consistent with our current knowledge about plasma 

circulating components that have characterized HDL with a similar density to 

EVs (1.06–1.21 g/mL) [289], which could induce non-specific collection by 

density-based protocols such as ultracentrifugation. 

Regarding our downstream application, it is essential to prevent EV 

contamination with HDL since it was discovered that these particles can also 

carry RNA fragments and have the potential to regulate receiving cells 

[163,295–297]. Then, other components present in plasma, such as very low- 

(VLDL), low- (LDL), or intermediate-density lipoproteins (IDL) and chylomicrons, 

have different densities or sizes [289], and could not represent the potential risk 

to be collected together with EVs. 
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4.3.3 EVs and vesicular miRNA total quantification in patient samples 

EVs were isolated from all plasma samples of the cohort B (n = 24) using 

ultracentrifugation and size exclusion columns. As it was shown in Figure 18, 

both techniques collected a similar concentration of EVs (p = 0.4988) in 

samples of the cohort B (Figure 21A). For the following experiments, we used 

EV isolated by size exclusion chromatography as this method shows ultra-low 

rates of soluble protein (Figure 19). Then, the qEV IZON method was the best 

strategy to obtain extracellular vesicles from plasma with a good purity ratio, as 

reported in a previous analysis [290]. However, a crucial point for choosing the 

best method to isolate EVs is directly related to the final application [287,290].  

We did not find statistical differences in EV levels for different BC 

subtypes in younger patients (Figure 21B), or in young vs. elderly comparison 

for TNBC samples (Figure 21C). This result can be influenced by the low 

number of samples used. Nevertheless, it is important to remark that BC 

patients with different ages or subtypes could show differences in the RNA 

cargo of these EVs [298,299]. 

Regarding the RNA content of the vesicles, we initially tested their 

quantification with a spectrophotometry-based method. With this method, we 

found an estimate of the amount of RNA for each of the 24 samples, which 

ranged between 3 and 15 ng/µL (Figure 22A). In this thesis, the RNA values 

were not related to the EV concentration (p=0.5335). As it is considered a high 

concentration for EV cargo [300], we decided to evaluate the quality 

parameters. We found that both ratios (260/230 and 260/280) were mostly 

outside the accepted limits (1.8-2.0, Figure 22B). In this way, the values shown 

in Figure 22A would not be real quantification [301]. Then, we required a more 

specific quantification for miRNAs, such as quantification by bioanalyzer. 

After we carried out the experiments in the 2100 Bioanalyzer equipment, 

we saw that the miRNA concentration also showed no correlation with the 

number of vesicles previously quantified for each sample (Figure 23A). 

However, at this time all samples passed the quality indicators. Samples with 

acceptable quality showed their miRNA concentration in a text box with a green 

background. We found this for both low (Figure 23B) and high (Figure 23C) 

concentrated samples. 
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Figure 21. EV concentration in patient plasma samples. (A) Comparison between EVs 

isolated by ultracentrifugation and size-exclusion methods. (B) Comparison of EV 

concentration by BC subtype in young patients. (C) Comparison of EV concentration by age 

in TNBC patients. Each observation represents five technical replications. For unpaired 

comparisons, p-values were estimated using the Kruskal-Wallis test. For paired 

comparisons, we applied the Wilcoxon test. Figures built on GraphPad Prism v8 for 

Windows. 
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Figure 22. RNA concentration in EVs measured by spectrophotometry. (A) Scatterplot 

showing RNA and EV concentration values for each sample. Each point includes five 

technical replicates for EV concentration. We applied the Spearman’s test for evaluating 

correlation between numerical variables. (B) Dot graph showing the proportions 260/230 and 

260/280 obtained by each sample. The red lines delimit the optimal range for both values 

(1.8-2.0). Figures built on GraphPad Prism v8 for Windows. 

Figure 23. miRNA concentration in EVs measured by capillary electrophoresis. (A) 

Scatterplot showing miRNA and EV concentration values for each sample. Each point 

includes five technical replicates for EV concentration. We applied the Spearman’s test for 

evaluating correlation between numerical variables. Figure built on GraphPad Prism v8 for 

Windows. (B and C) Representations of the capillary electrophoresis profile for low (B) and 

high (C) concentrated samples. 
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The bioanalyzer assay showed a picogram-order mass of miRNA (Figure 

23B and Figure 23C) present in EVs. Combining these results with the 

previously described vesicular RNA diversity (miRNA, lncRNA, and circRNA) 

[302], we have a new factor for our EV analysis. Our results showed that the 

concentrations of EV (Figure 21) or vesicular RNA (Figure 23 and Figure 22) 

are not uniform or follow a normal distribution. These levels could vary 

according to EV subpopulations that the scientific community has not fully 

characterized. After this analysis, we performed the nCounter (Nanostring®) 

analysis to evaluate potential differences in the vesicular miRNA expression 

between BC subtypes and age-related groups. 

 

4.3.4 First observations of vesicular miRNA expression data  

NanoString® technology allows obtaining expression data in a high-

throughput format. After following the default settings for analyzing this data, we 

were able to find miRNAs with an absolute number of copies between 1 and 

more than 10 000 (minimum and maximum values in Figure 24). 

The nCounter Nanostring® array for miRNA analysis includes 798 

probes for evaluating the expression of all human validated miRNAs (miRBase 

v21, published in 2014), and 30 regulatory regions (system probes, spike-in 

regions, and housekeeping genes). Here are two of the most challenging 

factors to analyze vesicular miRNAs. First, there is no consistent-expression 

miRNA (housekeeping) for data normalization. Due to this, the insertion of 

traditional housekeeping probes (for example, ACTB, B2M, GAPDH, RPL19, 

and RPLP0 for the NanoString® array) in the default pipeline are not relevant 

for the analysis of vesicular RNA. Second, vesicular miRNA levels are low. As 

previous studies have been described, the expected concentration of vesicular 

RNA is around one molecule from 1-100 EVs [303]. Regarding EV mass used 

for RNA extraction, we loaded between 3x109 -1.8x1010 EVs per sample, which 

could mean around 3x107 -1.8x108 RNA molecules. However, the EV cargo is 

not only composed of miRNA. It also includes messenger RNA (mRNA) [303], 

long non-coding RNA (lncRNA), circular RNA (circRNA) [304], double-stranded 

DNA (dsDNA), mitochondrial DNA (mtDNA) [305], and proteins [306] as lumen 

components. Therefore, the actual vesicular miRNA concentration is lower than 
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expected. Due to this, the geometric mean of the eight negative probes that 

compose this array is higher than 75% of all tested probes (Figure 24).  

 

 

To validate that vesicular miRNA required a non-default normalization 

pre-processing (as the one proposed by the Nanostring® nSolverTM), we 

performed an unsupervised analysis for both informative (798 probes) and 

normalizing (30 probes) regions with samples of the cohort B. Figure 25 shows 

the distribution of expression values for the informative regions after the default 

pre-processing procedure. Based on this result, our data set has many highly 

expressed miRNAs (colored in green and yellow). It could help to propose 

candidate miRNA markers to characterize breast cancer samples, as well as to 

Figure 24. Summary of descriptive statistics of miRNA expression data after default 

processing. The red dotted line represents the geometric mean of negative controls. Min: 

Minimal value. 1st Qu: First Quartile value. 3rd Qu: Third Quartile value. Max: Maximum 

value. A log10 scale was used for the y-axis. Figure built on the R software v.4.3.1. 
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Figure 25. Heatmap of the expression of informative probes of the NanoString® miRNA 

array processed with the default protocol. Expression values are shown as log10, each row 

represents one miRNA, and each column indicates all values for one sample. The rows are 

ordered by their mean expression level in the samples (right panel). The columns are 

classified according to the unsupervised dendrogram (top panel). HER2: Luminal HER2, 

TNBC: Triple-negative breast cancer, LumA: Luminal A, LumB: Luminal B. Figure built on the 

R software v.4.3.1. 

classify prognosis between patients. However, the profile of normalizing regions 

in Figure 26 shows highly heterogeneous levels across the samples. In the 

unsupervised analysis, the dendrogram shows three main clusters, which are 

partially coincident with the batch where these samples were analyzed (For 

example, all young TNBC and the Young_Luminal_5 samples were run on the 

same day, different from the other samples).  

 

 

In addition, this data does not meet important technical parameters 

according to the NanoString® expected results [307]. In particular, Positive, 
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Negative, and Endogenous probes should not have similar expression levels. 

Then, Negative probes should have the lowest levels after normalization when 

run correctly. On the other hand, the lower expression of Endogenous probes 

could be comprehensible since these probes are very useful in cellular RNA but 

not in vesicular RNA. After our observations and the lack of consensus for this 

type of analysis, we conclude that a custom pipeline is required to preprocess 

vesicular miRNA data. 

 

4.3.5 Evaluation of protocols for vesicular miRNA data normalization  

The preprocessing of Nanostring® data is a process that involves three 

main steps: Negative Normalization, Positive Normalization and Content Set 

Normalization [308]. The Negative Normalization or Subtraction aims to 

eliminate the noise produced by the fluorescent background of each chip. Here, 

we can choose which algorithm (maximum, median, geometric mean, etc.) will 

be applied to the negative probes (n=8) to obtain the value that will be 

discounted from all samples. Positive normalization will adjust expression 

values relative to measurements of overexpressed (positive) probes also 

detected on the same chip. Again, we can choose the algorithm to define the 

value among all positive probes (n=6). Lastly, the Content Set Normalization 

aims to adjust the abundance of each miRNA regarding endogenous probes 

with an expected constant expression. In the quantification of cellular RNA, 

housekeeping probes (n=5) are used for this step. However, this could not be 

applicable for the vesicular content. Another method registered in the default 

protocol of Nanostring® nSolverTM 4.0 considers the mean of the 100 most 

expressed probes. Concerning vesicular miRNA cargo, this is an unstable 

method since small differences in vesicular RNA can be overrated by their low 

abundance. 

After these considerations, we tested many parameters for each 

normalization step while evaluating their biological relevance. As a selection of 

these tests, we present three of the compared models. We found that the 

geometric mean was our best option to estimate the normalization value for 

positive probes. Indeed, some authors agree that the geometric mean is the 
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Figure 26. Heatmap of the expression of normalizing probes of the NanoString® miRNA 

array processed with the default protocol. Expression values are shown as log10, each row 

represents one probe, classified according to their class, and each column indicates all 

values for one sample. The columns are classified according to the unsupervised 

dendrogram (top panel). The right panel shows box plots made with the mean values of all 

the probes grouped by their classes. HER2: Luminal HER2, TNBC: Triple-negative breast 

cancer, LumA: Luminal A, LumB: Luminal B. Figure built on the R software v.4.3.1. 

most accurate way to process positive and housekeeping probes for RNA 

quantification [309,310]. For the negative normalization, we proposed two 

approaches. The most restrictive uses the maximum value of all negative 

probes, while the second approach uses the geometric mean following the 

same logic of positive normalization. Finally, the content set normalization was 

performed using the EV concentration of each sample (measured by NTA) or 

the geometric mean of the less variable informative probes (top15 stable 

regions).  
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Figure 27. Principal Component Analysis (PCA) of the classification features of normalizing 

protocols in vesicular miRNA data. Three methods were selected for evaluating the 

contribution of preprocessed miRNA levels in the classification of BC samples. For all 

figures, the left panel shows the explained variance produced by the components generated 

in each case. The middle and right panels show the ability of each method to classify TNBC 

(young vs. elderly age-related groups) and young samples (Triple-negative, Luminal HER2, 

Luminal A or Luminal B subtypes), respectively. (A) Method using the maximum value of 

negative probes, the geometric mean of positive mean and EV concentration for content set 

normalization. (B) Method using the geometric mean of negative probes, the geometric mean 

of positive mean and EV concentration for content set normalization. (C) Method using the 

geometric mean of negative probes, the geometric mean of positive mean and less variable 

miRNAs (<50%) for content set normalization. TNA: Elderly TNBC (patients diagnosed with 

more than 40 years old), TNJ: Young TNBC (patients diagnosed with less than 40 years old), 

H2: Young Luminal HER2, LA: Young Luminal A, LB: Young Luminal B. Figures built on the 

R software v.4.3.1. 
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In the absence of a housekeeping region and despite its possible 

contamination with plasma lipoproteins [311,312], EV quantification appears to 

be one of the few biological ways to standardize vesicular RNA concentration. 

On the other hand, following the traditional rationale for selecting housekeeping 

regions, we can evaluate the less variable regions for our sample cohort, 

despite it could vary across experiment sets. 

Figure 27 shows Principal Component Analysis (PCA) results of three 

selected protocols to preprocess vesicular miRNA data. Figure 27A and Figure 

27B represent data normalized using the geometric mean of positive probes 

and the EV concentration of each sample as content normalizer. The difference 

of these methods is related to the negative normalization. In Figure 27A, the 

maximum value of the negative probes was used for the background 

subtraction. Many probes were then affected by suppressing their expression 

values. Due to this, a high percentage of the variance is explained uniquely by 

the first component (Figure 27A, left panel). Additionally, this method failed to 

separate TNBC or young BC patients (Figure 27A, middle and right panels). 

The second method (Figure 27B), which uses the geometric mean of negative 

probes for background subtraction, has a better performance for separating 

TNBC samples (Figure 27B, middle panel) but failed to separate young BC 

patients (Figure 27B, right panel). For the latter model, we decided to retain 

geometric means for positive and negative probe normalization and evaluate 

the most stable miRNAs for content normalization. According to Figure 27C, this 

model had a better distribution of explained variance across the predicted 

components (Figure 27C, left panel). Moreover, this model can separate TNBC 

and young BC subgroups more efficiently than the other models (Figure 27C, 

middle and right panel). 

After selecting the third method, we evaluated its ability to separate 

young BC samples without supervision. For this step, we performed two 

separate analyses. The first analysis was for TNBC samples (including young 

and elderly samples, Figure 29A and Figure 28A), and the second for young BC 

samples (including TNBC, Luminal HER2, Luminal A, and Luminal B subtypes 

in young patients, Figure 29B and Figure 28B). 
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A B 

Figure 28. Heatmap of the expression of informative probes of the NanoString® miRNA 

array processed with our improved protocol. Expression values are shown as log10, each 

row represents one miRNA, and each column indicates all values for one sample. The rows 

are ordered by their mean expression level in the samples (right panel). The columns are 

classified according to the unsupervised dendrogram (top panel). (A) Heatmap of TNBC 

(young vs. elderly) samples. (B) Heatmap of young BC samples (classified by subtype). 

HER2: Luminal HER2, TNBC: Triple-negative breast cancer, LumA: Luminal A, LumB: 

Luminal B. Figure built on the R software v.4.3.1. 

A B 

Figure 29. Heatmap of the expression of normalizing probes of the NanoString® miRNA 

array processed with our improved protocol. Expression values are shown as log10, each 

row represents one probe, classified according to their class, and each column indicates all 

values for one sample. The columns are classified according to the unsupervised 

dendrogram (top panel). The right panel shows box plots made with the mean values of all 

the probes grouped by their classes. (A) Heatmap of TNBC (young vs. elderly) samples. (B) 

Heatmap of young BC samples (classified by subtype). HER2: Luminal HER2, TNBC: Triple-

negative breast cancer, LumA: Luminal A, LumB: Luminal B. Figure built on the R software 

v.4.3.1. 
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From these observations, we realized that the median values for the 

informative probes (Figure 28, scatterplot in the right panel) have a different 

profile compared to the default data processing (Figure 25, scatter plot in the 

right panel). After this normalization, the least informative miRNAs were 

standardized for showing similar patterns between samples. We can then 

remove them to avoid overvalued results. In addition, profiles of calibrating 

probes (Figure 29) were homogeneous across samples and in agreement with 

expected profiles for system probes according to the manufacturer manual 

[308]. These results warrant the use of this normalization method to obtain 

miRNA data for future comparison with clinical data. 

4.3.6 Top abundant vesicular miRNAs in BC patients 

Differentially from the analysis of cf-miRNA regions, we evaluated two 

different cohorts of vesicular miRNA. Samples of cohort B were independently 

analyzed, vesicular miRNA was eluted in 20 µL (one elution step at isolation), 

and the total miRNA mass obtained from 600 µL of plasma was inputted to the 

nCounter system. Whereas samples of cohort A were analyzed in a pooling 

strategy, vesicular miRNA was eluted in 40 µL (two elution steps at isolation), 

and the total miRNA mass was concentrated to input ~65ng of miRNA mass to 

the nCounter system. It is essential to mention that the strategy applied to 

Cohort A yields 65-200 ng of total miRNA measured by spectrophotometry after 

concentration by vacuum centrifuge. Raw and pre-processed data of these 

samples were deposited to the Gene Expression Omnibus (GEO) database 

under accessions GSE241784 (Appendix 4) and GSE241785 (Appendix 5). 

Figure 30 shows the histogram profile of the vesicular miRNAs reported by 

the two strategies. Notably, by eluting the vesicular miRNA twice, we obtained a 

more homogeneous result between samples (Figure 30 B). Next, we observed 

that there are four vesicular miRNAs present in both lists: hsa-miR-212-3p, hsa-

miR-302d-3p, hsa-miR-28-5p, and hsa-miR-873-3p. Despite the technical and 

biological differences between cohorts A and B, the report of common miRNAs 

present in these EVs represents a relevant finding to our understanding of the 

EV cargo in the plasma of BC patients. It is interesting because the scientific 

community is concentrating efforts on determining the main content of EVs from 

BC patients [70]. 
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More importantly, two of these four miRNAs were also represented in the 

plasma cf-miRNA profile (Figure 10). The presence of the top two common 

vesicular miRNAs (hsa-miR-212-3p and hsa-miR-302d-3p) in the cf-miRNA 

profile could be indicative of the contribution of vesicular cargo to the circulating 

material that can be obtained from plasma. 

As research on vesicular cargo for cancer specimens is still under 

development, there is restricted information for these miRNAs in the BC 

context. However, according to previous functional studies, many of these 

miRNAs have dual functions pro- or anti-tumor. 

Figure 30. Profile of vesicular miRNA in the two evaluated cohorts. (A-B) Histogram showing median 

level expression of evaluated miRNAs isolated by one (A) or two (B) elution steps. (C-D) Heatmap 

showing the top 15 miRNAs expressed in both cohorts: (C) Cohort B eluted one time and (D) Cohort A 

eluted twice. Black arrows indicate samples from patients diagnosed with breast cancer before 40 years 

old (Young groups). Yellow stars indicate repeated miRNAs between both lists. Figures were built on 

the R software v.4.3.1. H2: HER2+ subtype, LA: Luminal A subtype, LB: Luminal B subtype, LH2: 

Luminal HER2 subtype, TN: Triple-Negative subtype. 
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The hsa-miR-212-3p was found to be upregulated in BC tumors [313]. 

However, it was proven to regulate VEGFA via SP1 to inhibit angiogenesis 

[314]. Then, the inhibition of hsa-miR-212-3p could promote BC progression 

[315,316]. However, the combined overexpression of hsa-miR-132 and hsa-

miR-212 can induce drug resistance in BC tumors and cells [317]. 

Though some studies have associated overexpression of hsa-miR-302d-3p 

with inhibition of tumor features (for example, migration, metastasis, and 

epithelium-to-mesenchymal transition) and sensitization to anti-cancer 

treatment [318–320], this miRNA has been indicated as a biomarker of 

occurrence of BC cancer [321].  

Regarding hsa-miR-28-5p, previous research has featured this miRNA as a 

BC biomarker [210,322] despite other studies that suggest that inhibiting this 

miRNA could increase the aggressiveness of BC tumors [323]. Finally, hsa-

miR-873-3p was also described as overexpressed in BC tumors against non-

tumor samples [324].  

Though there is no consensus about the miRNA marker of BC samples in 

EVs, it is a short list of miRNAs found between different liquid biopsy samples 

from BC patients [70]. Interestingly, hsa-miR-188 has been found in EVs 

isolated from plasma and serum of BC patients [268], and we found it as hsa-

miR-188-5p in samples of cohort A (eluted twice, Figure 30D). 

As a technical observation and according to our hypothesis, we reduced the 

presence of hemolysis-related miRNAs (hsa-miR-451a and hsa-miR-23a-3p) by 

performing an analysis only in EVs. Differentially from Figure 10, Figure 30 does 

not show these miRNAs. However, our collection of EVs may include a 

compilation of EV subpopulations produced by different cell types, including 

tumor cells. In addition, it is suggested to evaluate vesicular profiles performing 

a twice elution to ensure the detection of relevant regions for these samples 

(Figure 30B), avoiding misrepresented miRNA regions (Figure 30A) or the 

inclusion of contaminant factors (Figure 10C). 
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4.3.7 Differentially expressed vesicular miRNAs between BC patients 

For this section, we ran similar comparisons between samples of cohort A 

as we did before for cf-miRNA. Interestingly, after applying the most restrictive 

cutoff (p<0.01 and Fold Change >2), we only found differences between Young 

vs. Elderly BC patients, TNBC vs. other subtypes, and HER2+ vs. other 

subtypes (Figure 31). As vesicular cargo contributes to the circulating material, 

but EVs are less abundant when compared with other plasma components [57–

59,325,326], it is expected to see a different profile in the vesicular miRNA 

profile than in cf-miRNA analysis (Figure 11). 

 

 

Figure 31. Volcano plots showing differentially expressed vesicular miRNAs according to BC 

subtypes (Cohort A). Comparison between patients belonging to a specific breast cancer 

group (immunohistochemical subtype or age-related group). (A) Triple-Negative Breast 

Cancer (TNBC, n=4) vs. other subtypes (n=8). (B) HER2+ subtype (n=3) vs. other subtypes 

(n=9). (C) Young (n=6) vs. Elderly (n=6) diagnosed cases of breast cancer. Differentially 

expressed regions were determined by a nominal p-value <0.01 and Fold Change >2. 

Volcano plots were built on the R software v.4.3.1. 
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Remarkably, patients of the TNBC subtype (n=4) presented overexpression 

of hsa-miR-598-3p, hsa-miR-1269a, hsa-miR-488-3p, and hsa-miR-323a-5p, 

whereas hsa-miR-514a-5p was downregulated when compared with vesicular 

miRNA cargo of patients with different subtypes (Figure 31A). Patients 

diagnosed with HER2+ BC subtype (n=3) were characterized by the 

overexpression of hsa-miR-548z/hsa-miR-548h-3p, hsa-miR-101-3p, hsa-miR-

4458, hsa-miR-570-3p, hsa-miR-345-5p, hsa-miR-532-5p, hsa-miR-615-5p, and 

hsa-miR-34c-5p in their vesicles (Figure 31B).  

Young diagnosed patients (n=6) showed higher levels of hsa-miR-6503-3p, 

whereas elderly diagnosed BC patients (n=6) were characterized by higher 

vesicular levels of hsa-miR-648 and hsa-miR-324-3p (Figure 31C). As reported 

in cf-miRNA levels, patients diagnosed with luminal subtypes did not show any 

representative vesicular miRNA using p-value<0.01 and fold change>2 as 

cutoffs. 

 

4.3.8 Relevant vesicular miRNA regions in TNBC patients 

In addition to miRNAs shown in Figure 31A, Table 9 presents 36 

differentially expressed miRNAs (p<0.05). Among them, hsa-miR-30d-5p, hsa-

miR-613, hsa-miR-514a-5p, hsa-miR-4421, hsa-miR-3605-3p, hsa-miR-128-3p, 

hsa-miR-3164, hsa-miR-1257, and hsa-miR-589-5p, were notably (FC>2) 

expressed in vesicles of non-TNBC patients and hsa-miR-323a-5p, hsa-miR-

1269a, hsa-miR-1307-3p, hsa-miR-1273c, hsa-miR-450b-3p, hsa-miR-598-3p, 

hsa-miR-488-3p, hsa-miR-1278, hsa-miR-511-5p, hsa-miR-626, hsa-miR-323b-

5p, hsa-miR-6511a-5p, hsa-miR-548i, and hsa-miR-331-5p were upregulated 

(FC>2) in vesicles from TNBC patients. 

Interestingly, the hsa-miR-197-3p was downregulated in vesicular (Table 9) 

and circulating miRNA (Table 2) samples of TNBC patients. To validate these 

findings, we explored dot plots of these samples comparing TNBC and non-

TNBC patients. Thus, Figure 32 shows these differences in circulating (Figure 

32A) and vesicular (Figure 32B) profiles. In addition, young TNBC patients 

appear to have higher levels of this miRNA than elderly diagnosed patients of 

the same subtype, but we were unable to validate it in data from cohort B 

(p=0.48). 
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Table 9. Differentially expressed EV-miRNAs (p<0.05) between TNBC (n=4) and other 

BC subtypes (n=8) from cohort A. 

miRNA 

Relative 
expression  
in the TNBC 

subtype 

Relative 
expression  
in other BC 
subtypes 

Log2  
Fold Change 

(TNBC/others) 
p-value 

Adjusted  
p-value 

hsa-miR-1269a 36.86 17.60 1.07 0.004 0.537 
hsa-miR-1972 20.18 12.26 0.72 0.004 0.537 
hsa-miR-212-3p 58.23 44.03 0.40 0.004 0.537 
hsa-miR-488-3p 9.25 3.88 1.26 0.004 0.537 
hsa-miR-514a-5p 1.15 5.72 -2.31 0.004 0.537 
hsa-miR-598-3p 57.08 24.14 1.24 0.004 0.537 
hsa-miR-363-3p 46.30 27.25 0.76 0.008 0.806 
hsa-miR-323a-5p 3.38 1.64 1.05 0.008 0.806 
hsa-miR-1273c 18.17 8.48 1.10 0.016 0.806 
hsa-miR-128-3p 1.15 3.35 -1.54 0.016 0.806 
hsa-miR-1307-3p 17.46 8.16 1.10 0.016 0.806 
hsa-miR-302e 34.65 20.53 0.76 0.016 0.806 
hsa-miR-30d-5p 1.16 8.52 -2.88 0.016 0.806 
hsa-miR-3144-3p 30.80 20.43 0.59 0.016 0.806 
hsa-miR-3605-3p 2.09 6.45 -1.63 0.016 0.806 
hsa-miR-885-3p 24.77 13.90 0.83 0.016 0.806 
hsa-miR-1278 4.11 1.64 1.33 0.022 0.868 
hsa-miR-626 9.91 3.38 1.55 0.022 0.868 
hsa-miR-548i 3.37 1.00 1.75 0.028 0.868 
hsa-miR-556-5p 1.39 1.00 0.47 0.028 0.868 
hsa-miR-1257 4.75 10.87 -1.19 0.028 0.868 
hsa-miR-1286 35.11 26.08 0.43 0.028 0.868 
hsa-miR-3164 2.38 5.83 -1.29 0.028 0.868 
hsa-miR-511-5p 8.86 3.24 1.45 0.028 0.868 
hsa-miR-589-5p 1.18 2.39 -1.02 0.028 0.868 
hsa-miR-613 1.16 6.75 -2.55 0.028 0.868 
hsa-miR-517b-3p 1.38 1.03 0.42 0.031 0.878 
hsa-miR-1249-3p 1.18 1.00 0.23 0.043 0.878 
hsa-miR-582-3p 1.18 1.00 0.23 0.043 0.878 
hsa-miR-7-5p 1.18 1.00 0.23 0.043 0.878 
hsa-miR-767-5p 1.18 1.00 0.23 0.043 0.878 
hsa-let-7a-5p 1.18 1.03 0.19 0.047 0.878 
hsa-miR-1226-3p 6.23 9.93 -0.67 0.048 0.878 
hsa-miR-147a 23.15 12.71 0.86 0.048 0.878 
hsa-miR-197-3p 2.30 3.91 -0.77 0.048 0.878 
hsa-miR-323b-5p 9.85 3.18 1.63 0.048 0.878 
hsa-miR-3614-5p 20.02 27.73 -0.47 0.048 0.878 
hsa-miR-4421 3.51 13.19 -1.91 0.048 0.878 
hsa-miR-6511a-5p 8.36 2.70 1.63 0.048 0.878 
hsa-miR-331-5p 5.06 1.10 2.20 0.049 0.878 
hsa-miR-450b-3p 2.38 1.10 1.11 0.049 0.878 

BC: breast cancer; TNBC: Triple-negative breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False 
Discovery Rate (FDR) method. Bold miRNAs indicate absolute fold change values 
higher than 2 
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The hsa-miR-197-3p was previously described as a circulating biomarker of 

prognosis in luminal BC patients [185,186,327]. In the context of BC, it was 

demonstrated that hsa-miR-197-3p can induce angiogenesis by regulating the 

expression of the CYP4Z1 gene [328]. Therefore, it is possible that hsa-miR-

197-3p could contribute to the prognosis assessment of non-TNBC patients, a 

group that includes luminal subtypes and the HER2+ subtype. 

After evaluating the general profile of TNBC patients, we focused on the 

young diagnosed group. Using data from cohort A, Figure 33 shows relevant 

miRNAs between young TNBC (n=2) vs. other BC subtypes (n=4) diagnosed 

before 40 years old. This list of miRNAs includes hsa-miR-106a-5p/hsa-miR-17-

5p, hsa-miR-1206, hsa-miR-198, hsa-miR-33a-5p, hsa-miR-484, hsa-miR-511-

5p, hsa-miR-627-3p, and hsa-miR-630. Among them, the hsa-miR-511-5p was 

described in the analysis of all TNBC patients vs. other subtypes (Table 9), but 

this behavior was not observed in the cohort B (p=0.26). 

According to the literature, the hsa-miR-511-5p miRNA is downregulated in 

BC tissues [329,330]. However, vesicular levels of this miRNA are attracting the 

attention of researchers [302,331–333] because hsa-miR-511-5p can be 

Figure 32. Dot plot of normalized values of hsa-miR-197-3p in plasma and EVs of Breast 

Cancer patients. Circulating (A) and Vesicular (B) levels of the hsa-miR-197-3p miRNA in 

samples of cohort A were plotted as a violin-dot plot stratifying samples according to their 

immunohistochemical subtype (into TNBC or non-TNBC groups) and age-related group. P-

values were obtained using the Mann-Whitney test. Figure built on the R software v.4.3.1. 

TNBC: Triple-negative breast cancer. 
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upregulated in tumor-associated immune cells and act as a biomarker of 

immune response to BC [333,334]. 

 

Complementing the above-described results, data from cohort B can offer a 

statistical parameter about differentially expressed miRNAs between TNBC and 

non-TNBC young diagnosed patients. Though miRNAs indicated by Figure 33 

did not retrieve a statistically significant result (p<0.05) in the analysis of young 

TNBC vs. non-TNBC samples from cohort B, it could be attributable to the 

differences in the processing of these cohorts. Nevertheless, this approach 

could be useful to propose additional miRNAs for this comparison. Thus, Figure 

34 shows differentially expressed vesicular miRNAs from cohort B (young 

TNBC vs. young non-TNBC groups). 

 

 

Figure 33. Relevant vesicular miRNAs in young diagnosed TNBC patients (Cohort A). This 

density plot shows all miRNA probes scanned in the Nanostring platform comparing Fold 

Change between TNBC (n=2) vs. other BC subtypes (n=4) in young diagnosed individuals 

(y-axis) in comparison with their median expression (log10) in all young diagnosed 

individuals (x-axis). Labeled miRNA fulfill some of these conditions: i) top 1% of Fold Change 

or ii) top 5% of Fold Change and top 5% of median abundance. Figure built on the R 

software v.4.3.1. The 3D representation of this plot can be accessed here:  

https://doi.org/10.6084/m9.figshare.24061572 
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According to this analysis, hsa-miR-3147, hsa-miR-379-5p, hsa-miR-1972, 

hsa-miR-3934-5p, hsa-miR-499b-3p, hsa-miR-1246, hsa-miR-188-5p, and hsa-

miR-302b-3p are downregulated (p<0.01) in EVs from young TNBC patients 

from cohort B. In addition to the previously described research on hsa-miR-

3147 [199] and hsa-miR-188-5p [268], other miRNAs haven been analyzed in 

the BC context.  

For example, it was described that hsa-miR-379 belongs to a regulatory 

region called C14 (located at the 14q32.31 chromosomal band) that acts as a 

tumor suppressor [335–337]. Then, its subexpression in young TNBC patients 

could be related to a worse prognosis. The hsa-miR-3934-5p was 

Figure 34. Volcano plot showing differentially expressed vesicular miRNAs in young 

diagnosed patients (Cohort B). Comparison between Triple-Negative Breast Cancer (TNBC, 

n=4) vs. other young-diagnosed subtypes (non-TNBC, n=14). Differentially expressed 

regions were determined by a nominal p-value <0.01 and Fold Change >2. Volcano plot built 

on the R software v.4.3.1. 
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downregulated in plasma samples of colorectal cancer patients [338], 

suggesting their function against tumors. In addition, it was verified that cancer 

cells package and release hsa-miR-3934-5p into vesicles by the action of EWI-2 

[339]. 

The hsa-miR-1972 was upregulated in blood samples of BC patients [340] 

and it has been proved the presence of this miRNA in plasma and EVs from 

cancer patients [341,342]. As the hsa-miR-1246 is overexpressed in EVs and 

other circulating forms in non-TNBC patients, this miRNA was extensively 

characterized and used to standardize protocols evolving non-TNBC subtypes 

[88,216,343–353], which include modern strategies to select EVs using Au 

nanoflare probes [347], molecular beacons [352], and a universal catalytic 

hairpin assembly system [353]. 

Regarding hsa-miR-302b-3p, it is known that some controversial reports 

have been published related to their over- or sub-expression in BC samples 

[354–356]. However, this observation could be biased as there is unknown 

information about the immunohistochemical subtype of these patients. 

Moreover, it was reported that hsa-miR-302b has a modulatory function of p21 

[224], and this miRNA can sensitize BC cells to the chemotherapeutic drug 

cisplatin by inhibiting the E2F family [357]. 

After these observations, data from cohort B can offer a statistical parameter 

about differentially expressed miRNAs in EVs of young and elderly TNBC 

patients. Figure 35 shows differentially expressed miRNAs (p<0.01 and Fold 

Change>2) in patients whose sample input was established by the volume of 

EVs collected from plasma. According to these results, elderly TNBC patients 

express more hsa-miR-1266-5p, hsa-miR-1287-5p, hsa-miR-199a-5p, hsa-miR-

520h, and hsa-miR-584-5p levels in their EVs. In addition, Table 10 shows the 

relevant miRNAs of this comparison in a less restrictive cutoff (p<0.05, Fold 

Change>2). 

Interestingly, we found that some miRNAs altered between young and 

elderly TNBC patients from cohort B (Table 10) also demonstrated a trend to be 

dysregulated in patients from cohort A (Figure 36). In vesicular miRNA 

observations from cohort A, we did not consider the statistical values since 

there were not enough samples to do it. 
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Table 10. Differentially expressed EV-miRNAs (p<0.05, FC>2) between young TNBC 

(n=4) and elderly TNBC (n=6) patients from cohort B. 

miRNA 

Relative 
expression  

in young TNBC 
patients 

Relative 
expression  

in elderly TNBC 
patients 

Log2  
Fold Change 

(young TNBC/ 
elderly TNBC) 

p-value 
Adjusted  
p-value 

hsa-miR-1266-5p 4.87 14.00 -1.52 0.010 0.239 
hsa-miR-1287-5p 1.93 9.30 -2.27 0.010 0.239 
hsa-miR-520h 1.35 5.06 -1.90 0.010 0.239 
hsa-miR-584-5p 2.21 7.20 -1.71 0.010 0.239 
hsa-miR-2053 2.92 6.74 -1.21 0.019 0.239 
hsa-miR-423-5p 3.15 1.11 1.51 0.019 0.239 
hsa-miR-499b-3p 1.38 5.72 -2.06 0.019 0.239 
hsa-miR-507 1.35 4.18 -1.63 0.019 0.239 
hsa-miR-520c-3p 1.96 8.07 -2.04 0.019 0.239 
hsa-miR-525-5p 1.35 5.32 -1.98 0.019 0.239 
hsa-miR-616-3p 1.35 4.09 -1.60 0.019 0.239 
hsa-miR-487a-3p 1.35 4.24 -1.65 0.038 0.239 
hsa-miR-548e-5p 5.29 11.43 -1.11 0.038 0.239 
hsa-miR-642a-5p 1.70 3.97 -1.22 0.038 0.239 
hsa-miR-939-5p 2.96 8.61 -1.54 0.038 0.239 

BC: breast cancer; TNBC: Triple-negative breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2 

 

Figure 35. Volcano plot showing differentially expressed vesicular miRNAs according to age-

related groups in TNBC patients (cohort B). Analysis performed with vesicular levels of 

miRNAs from Young TNBC (n=4) and Elderly TNBC (n=6) patients. Differentially expressed 

regions were determined by a nominal p-value <0.01 and Fold Change >2. Volcano plot built 

on the R software v.4.3.1. 
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Figure 36. Cohort A profile of differentially expressed vesicular miRNAs between young vs. 

elderly TNBC patients from cohort B. After selecting differentially expressed miRNAs from 

cohort B samples (p<0.05, FC>2), we showed miRNAs with similar trend in TNBC samples 

from cohort A. Vesicular levels of hsa-miR-1266-5p (A), hsa-miR-584-5p (B), hsa-miR-2053 

(C), hsa-miR-525-5p (D), and hsa-miR-642a-5p (E) miRNAs in samples of cohort A were 

plotted as a violin-dot plot stratifying samples according to their age-related group. P-values 

were obtained using the Mann-Whitney test. Figures built on the R software v.4.3.1.  
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Among potential biomarkers of young and elderly TNBC patients, we found 

vesicular versions of hsa-miR-1266-5p, hsa-miR-584-5p, hsa-miR-2053, hsa-

miR-525-5p, and hsa-miR-642a-5p. Although this type of comparison is less 

studied worldwide, proposed miRNAs have been studied in the BC context. 

The hsa-miR-1266 was overregulated in BC tumors expressing Estrogen 

receptors (Luminal-like subtypes) that presented metastasis/occurrence [358]. 

In a study involving BC cell lines expressing Estrogen receptors, hsa-miR-584 

was activated by a progesterone receptor (PR-A) [359]. Interestingly, the hsa-

miR-2053 has been compared between TNBC and non-TNBC samples of 

patients with Hispanic or Latin ancestries to evaluate if their levels are 

influenced by copy number alterations in their corresponding chromosomal 

region (8q23.3) [360]. The patients of this study were elderly diagnosed with 

TNBC and showed higher levels of hsa-miR-2053 [360], consistent with the 

present thesis. Then, it is possible that copy number variations subsequent to 

the tumoral process could be a genome-based cause of miRNA dysregulation in 

liquid biopsy sources. 

The overexpression of hsa-miR-525-5p in BC tissues was associated with 

lower tumor relapse rates [361].Then, a study using cells and tissue samples of 

TNBC determined that the inhibition of hsa-miR-525-5p can increase the 

aggressiveness of tumors [362], while other researchers demonstrated that the 

genomic regions of this miRNA is differentially methylated in BC [363]. Finally, 

circulating levels of hsa-miR-642a were indicated as a biomarker for treatment 

prediction response in HER2+ BC patients from the NeoALTTO trial [364]. 

 

4.3.9 Relevant vesicular miRNA regions in HER2+ BC patients 

Table 11 shows differentially expressed vesicular miRNAs (p<0.05) between 

HER2+ patients and BC patients with other subtypes (Luminal A, Luminal B, 

Luminal HER2, and TNBC). Notably, HER2+ BC subtypes showed several 

dysregulated vesicular miRNAs, similar to results reported in cf-miRNAs (Table 

3). Nevertheless, no miRNAs were found repeated in both lists. The hsa-miR-

376c-3p, hsa-miR-205-5p, hsa-miR-2110, hsa-miR-298, hsa-miR-4741, hsa-

miR-147a, hsa-miR-1273c, hsa-miR-323a-5p were downregulated in EVs of 

HER2+ BC patients (p<0.05, FC<0.5). 
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Table 11. Differentially expressed EV-miRNAs (p<0.05) between HER2+ (n=3) and 

other BC subtypes (n=9) from cohort A 

miRNA 

Relative 
expression  

in the HER2+ BC 
subtype (n=3) 

Relative 
expression  
in other BC 

subtypes (n=9) 

Log2  
Fold Change 

 (HER2+/others) 
p-value 

Adjusted  
p-value 

hsa-miR-101-3p 20.42 8.90 1.20 0.009 0.700 
hsa-miR-345-5p 16.31 7.45 1.13 0.009 0.700 
hsa-miR-34c-5p 18.56 1.17 3.99 0.009 0.700 
hsa-miR-4458 10.33 1.59 2.70 0.009 0.700 
hsa-miR-532-5p 13.00 4.97 1.39 0.009 0.700 
hsa-miR-548z-miR-
548h-3p 12.89 4.97 1.37 0.009 0.700 
hsa-miR-570-3p 24.52 1.17 4.39 0.009 0.700 
hsa-miR-615-5p 20.42 6.50 1.65 0.009 0.700 
hsa-miR-1233-3p 5.59 1.13 2.31 0.015 0.700 
hsa-miR-1224-5p 10.22 1.17 3.13 0.016 0.700 
hsa-miR-1910-5p 15.45 5.95 1.38 0.016 0.700 
hsa-miR-491-5p 10.33 3.74 1.47 0.016 0.700 
hsa-miR-506-3p 12.08 3.96 1.61 0.016 0.700 
hsa-miR-1273c 5.06 12.68 -1.33 0.018 0.700 
hsa-miR-147a 8.37 22.75 -1.44 0.018 0.700 
hsa-miR-3164 8.37 4.23 0.98 0.018 0.700 
hsa-miR-383-5p 11.19 3.00 1.90 0.018 0.700 
hsa-miR-4741 1.39 4.08 -1.55 0.018 0.700 
hsa-miR-450b-5p 6.92 1.14 2.60 0.025 0.700 
hsa-miR-2110 1.00 4.08 -2.03 0.026 0.700 
hsa-miR-323a-5p 1.00 2.28 -1.19 0.026 0.700 
hsa-miR-181a-3p 14.60 10.86 0.43 0.036 0.700 
hsa-miR-18b-5p 2.81 1.14 1.30 0.036 0.700 
hsa-miR-195-5p 7.78 1.17 2.73 0.036 0.700 
hsa-miR-298 2.28 8.35 -1.87 0.036 0.700 
hsa-miR-3605-5p 12.08 7.51 0.69 0.036 0.700 
hsa-miR-374a-3p 13.75 5.28 1.38 0.036 0.700 
hsa-miR-374c-5p 10.33 3.96 1.38 0.036 0.700 
hsa-miR-376c-3p 1.39 7.96 -2.52 0.036 0.700 
hsa-miR-409-3p 13.00 2.26 2.52 0.036 0.700 
hsa-miR-450a-1-3p 13.93 5.90 1.24 0.036 0.700 
hsa-miR-514a-3p 6.92 2.68 1.37 0.036 0.700 
hsa-miR-519b-3p 8.37 2.76 1.60 0.036 0.700 
hsa-miR-548d-5p 16.71 6.78 1.30 0.036 0.700 
hsa-miR-548j-3p 14.86 9.12 0.70 0.036 0.700 
hsa-miR-664a-3p 16.18 7.62 1.09 0.036 0.700 
hsa-miR-660-5p 2.66 1.13 1.24 0.041 0.700 
hsa-miR-125a-5p 2.66 1.14 1.22 0.042 0.700 
hsa-miR-205-5p 1.00 4.23 -2.08 0.042 0.700 
hsa-miR-378h 5.22 1.13 2.21 0.042 0.700 
hsa-miR-887-3p 8.63 1.17 2.88 0.042 0.700 
hsa-miR-890 7.44 1.59 2.23 0.042 0.700 

BC: breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate (FDR) 
method. Bold miRNAs indicate absolute fold change values higher than 2. 
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On the other hand, vesicular versions of hsa-miR-664a-3p, hsa-miR-345-5p, 

hsa-miR-101-3p, hsa-miR-125a-5p, hsa-miR-660-5p, hsa-miR-450a-1-3p, hsa-

miR-548d-5p, hsa-miR-18b-5p, hsa-miR-514a-3p, hsa-miR-548z-miR-548h-3p, 

hsa-miR-1910-5p, hsa-miR-374a-3p, hsa-miR-374c-5p, hsa-miR-532-5p, hsa-

miR-491-5p, hsa-miR-519b-3p, hsa-miR-506-3p, hsa-miR-615-5p, hsa-miR-

383-5p, hsa-miR-378h, hsa-miR-890, hsa-miR-1233-3p, hsa-miR-409-3p, hsa-

miR-450b-5p, hsa-miR-4458, hsa-miR-195-5p, hsa-miR-887-3p, hsa-miR-1224-

5p, hsa-miR-34c-5p, and hsa-miR-570-3p were consistently overexpressed in 

HER2+ BC patients from cohort A (p<0.05, FC>2).  

 

 

Then, we explored the landscape of relevant vesicular miRNAs in young 

diagnosed patients from cohort A. Figure 37 shows relevant miRNAs found in 

Figure 37. Relevant vesicular miRNAs in young diagnosed HER2+ BC patients (Cohort A). 

This density plot shows all miRNA probes scanned in the Nanostring platform comparing 

Fold Change between HER2+ (n=2) vs. other BC subtypes (n=4) in young diagnosed 

individuals (y-axis) in comparison with their median expression (log10) in all young 

diagnosed individuals (x-axis). Labeled miRNA fulfill some of these conditions: i) top 1% of 

Fold Change or ii) top 20% of Fold Change and top 20% of median abundance. Figure built 

on the R software v.4.3.1. The 3D representation of this plot can be accessed 

here: https://doi.org/10.6084/m9.figshare.24081507 
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EVs from HER2+ BC patients. Remarkably, hsa-miR-1224-5p, hsa-miR-2117, 

hsa-miR-3195, hsa-miR-34c-5p, hsa-miR-4524a-5p, hsa-miR-514a-5p, hsa-

miR-548n, hsa-miR-615-5p, and hsa-miR-873-5p showed higher fold change 

values between young diagnosed HER2+ BC patients and individuals 

diagnosed with other BC subtypes.  

We found three miRNAs in common from both lists (Table 11 and Figure 

37): hsa-miR-1224-5p, hsa-miR-34c-5p, and hsa-miR-615-5p. To validate these 

findings in cohort A, we plotted comparative dot plots for all samples (colored by 

age-related groups) and young diagnosed BC patients. Figure 38 confirms that 

these three miRNAs are more expressed in vesicles from BC patients 

overexpressing HER2 receptors in their tumors. From the literature, we get 

information about these miRNAs. The subexpression of hsa-miR-1224-5p in BC 

tissues was related to better overall survival [365]. In contrast, low hsa-miR-34c 

plasma levels were associated with worse prognosis in TNBC patients [366], 

this miRNA was considered as tumor suppressor [367–369], and it could be 

indirectly regulated by hsa-miR-21 [367]. Though we previously described some 

studies in hsa-miR-615-3p, there is limited information for their -5p counterpart. 

Then, it was published that hsa-miR-615-5p can act as an anti-angiogenic 

miRNA by targeting endothelial cell (EC) VEGFAKT/eNOS signaling [370]. As 

cohort B does not include a group of HER2+ BC patients, we cannot evaluate 

this profile in additional samples. 

 

4.3.10 Relevant vesicular miRNA regions in Luminal BC patients 

Due to the limited number of samples belonging to the Luminal A subtype in 

cohort A (n=1), we performed a comparative analysis focusing on vesicular 

miRNAs with higher fold change values between the Luminal A BC patient vs. 

all others. Table 12 shows the top15 expressed miRNAs that include: hsa-miR-

144-3p, hsa-miR-128-3p, hsa-miR-578, hsa-miR-206, hsa-miR-1204, hsa-miR-

30a-5p, hsa-miR-148a-3p, hsa-miR-675-5p, hsa-miR-499a-3p, hsa-miR-1287-

3p, hsa-miR-1305, hsa-miR-30e-5p, hsa-miR-1272, hsa-miR-130a-3p, and hsa-

miR-211-3p. None of these miRNAs were found in the top15 cf-miRNA list from 

the same cohort (Table 4). 
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Figure 38. Cohort A profile of differentially expressed vesicular miRNAs between HER2+ BC 

patients and other subtypes. After selecting differentially expressed miRNAs in HER2+ BC 

patients (p<0.05, FC>2), we showed that some miRNAs have a similar trend in young 

diagnosed patients of this cohort. Vesicular levels of hsa-miR-615-5p (A and B), hsa-miR-

1224-5p (C and D), and hsa-miR-34c-5p (E and F) miRNAs in all samples (A, C, and E) or 

young diagnosed (B, D, and F) of cohort A were plotted as a violin-dot plot. Figures A, C, and 

E show samples color-stratified according to their age-related group. P-values were obtained 

using the Mann-Whitney test. Figures built on the R software v.4.3.1. 
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Table 12. Top 15 EV-miRNAs between Luminal A (n=1) and other BC subtypes (n=11) 

from Cohort A 

miRNA 

Relative 
expression  

in the Luminal 
A subtype 

(n=1) 

Relative 
expression  
in other BC 
subtypes 

(n=11) 

Log2  
Fold Change 

 (LumA/others) 
p-value 

Adjusted  
p-value 

hsa-miR-144-3p 11.63 1.18 3.30 0.243 1.000 

hsa-miR-128-3p 12.68 1.39 3.19 0.167 1.000 

hsa-miR-578 10.57 1.17 3.18 0.246 1.000 

hsa-miR-206 10.57 1.18 3.16 0.147 1.000 

hsa-miR-1204 7.40 1.13 2.71 0.230 1.000 

hsa-miR-30a-5p 6.34 1.13 2.49 0.133 1.000 

hsa-miR-148a-3p 6.34 1.14 2.48 0.238 1.000 

hsa-miR-675-5p 7.40 1.39 2.41 0.381 1.000 

hsa-miR-499a-3p 11.63 2.28 2.35 0.167 1.000 

hsa-miR-1287-3p 9.51 1.90 2.32 0.145 1.000 

hsa-miR-1305 13.74 2.82 2.28 0.167 1.000 

hsa-miR-30e-5p 5.28 1.14 2.21 0.238 1.000 

hsa-miR-1272 5.28 1.14 2.21 0.555 1.000 

hsa-miR-130a-3p 5.28 1.17 2.17 0.140 1.000 

hsa-miR-211-3p 5.28 1.17 2.17 0.243 1.000 

BC: breast cancer; LumA: Luminal A 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery 
Rate (FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 

 

In addition, data from cohort B allow us to get differentially expressed 

vesicular miRNAs by inputting the same volume of plasma. According to Table 

13, there are 21 deregulated vesicular miRNAs in the young diagnosed Luminal 

A group (p<0.05, FC>2). 

This list includes hsa-miR-23c, hsa-miR-513a-5p, hsa-miR-325, hsa-miR-

526a/hsa-miR-518c-5p/hsa-miR-518d-5p, hsa-miR-1295a, hsa-miR-6724-5p, 

hsa-miR-548i, hsa-miR-548z/hsa-miR-548h-3p, hsa-miR-513c-5p, hsa-miR-

381-3p, hsa-miR-340-5p, hsa-miR-765, hsa-miR-548e-5p, hsa-miR-612, hsa-

miR-2053, hsa-miR-764, hsa-miR-1270, hsa-miR-616-3p, hsa-miR-1266-5p, 

hsa-miR-507, and hsa-miR-519d-3p. Among them, the hsa-miR-765 showed a 

higher abundance in the sample, which could offer more chances to detect this 

miRNA using affordable and less sensitive techniques [371,372].  
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In a more restrictive filter (p<0.01, FC>2), hsa-miR-23c, hsa-miR-513a-5p, 

and hsa-miR-325 demonstrated to have their vesicular expression altered in the 

Luminal A group from cohort B (Figure 39). 

 

Table 13. Differentially expressed EV-miRNAs (p<0.05, FC>2) between Luminal A 

(n=4) and other BC subtypes (n=14) from Cohort B 

miRNA 

Relative 
expression  

in the young  
Luminal A 
subtype 

(n=4) 

Relative 
expression  

in other 
young  BC 
subtypes 

(n=14) 

Log2  
Fold Change 

 (LumA/others) 
p-value 

Adjusted  
p-value 

hsa-miR-23c 1.59 10.34 -2.70 0.001 0.379 

hsa-miR-513a-5p 1.66 9.12 -2.46 0.001 0.379 

hsa-miR-325 8.83 3.94 1.16 0.008 0.379 
hsa-miR-526a-miR-518c-
5p-miR-518d-5p 12.79 3.55 1.85 0.012 0.379 

hsa-miR-1295a 4.47 11.05 -1.31 0.018 0.379 

hsa-miR-6724-5p 6.49 1.38 2.24 0.018 0.379 

hsa-miR-548i 8.93 1.44 2.63 0.025 0.379 

hsa-miR-381-3p 9.77 1.35 2.86 0.029 0.379 

hsa-miR-513c-5p 3.34 1.28 1.39 0.029 0.379 

hsa-miR-548z-miR-548h-3p 2.78 1.23 1.18 0.029 0.379 

hsa-miR-2053 18.43 4.72 1.97 0.035 0.379 

hsa-miR-340-5p 1.59 4.24 -1.41 0.035 0.379 

hsa-miR-548e-5p 20.84 9.61 1.12 0.035 0.379 

hsa-miR-612 19.05 5.90 1.69 0.035 0.379 

hsa-miR-764 9.24 1.44 2.68 0.035 0.379 

hsa-miR-765 197.10 94.65 1.06 0.035 0.379 

hsa-miR-1270 3.54 1.22 1.54 0.038 0.379 

hsa-miR-616-3p 5.05 1.28 1.98 0.038 0.379 

hsa-miR-1266-5p 1.60 5.91 -1.89 0.044 0.379 

hsa-miR-507 4.33 1.31 1.72 0.046 0.379 

hsa-miR-519d-3p 4.62 1.31 1.82 0.049 0.379 

BC: breast cancer; LumA: Luminal A 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 

 

Consistently with our findings, the low expression of hsa-miR-23c was 

associated with good prognosis in BC tissues [373], and recently, Gallo et al. 

(2022) described a mechanism to induce a cross-talk between Mesenchymal 

Stem Cells (MSCs) and TNBC cells [198]. Then, it was proven that hsa-miR-
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513a-5p can inhibit the expression of progesterone receptors in BC tissues 

[374]. Consequently, the expression of PRs in Luminal A patients (100% 

positive in cohort B, Appendix 2) could be related to the low expression of hsa-

miR-513a-5p in vesicles. Finally, the hsa-miR-325 was related to modulation of 

the aggressiveness of BC tumors by targeting S100A2 [375]. 

 

 

Regarding Luminal B patients, we initially explored differentially expressed 

vesicular miRNAs in cohort A. Table 14 shows miRNAs deregulated in EVs 

from Luminal B patients (p<0.05). Among remarkably regions (FC>2), we found 

the following miRNAs: hsa-miR-1302, hsa-miR-197-3p, hsa-miR-3168, hsa-

miR-410-3p, hsa-miR-5001-3p, hsa-miR-5196-3p/hsa-miR-6732-3p, hsa-miR-

876-5p, hsa-miR-330-5p, hsa-miR-642a-3p, hsa-miR-28-3p, and hsa-miR-617. 

Figure 39. Volcano plot showing differentially expressed vesicular miRNAs between young 

Luminal A (n=4) and young other BC subtypes (n=14) from Cohort B. Differentially expressed 

regions were determined by a nominal p-value <0.01 and Fold Change >2. Volcano plot built 

on the R software v.4.3.1. 
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Interestingly, almost all of these regions were overexpressed in Luminal B 

patients, except hsa-miR-3168, which was notably sub-expressed. 

 

Table 14. Differentially expressed EV-miRNAs (p<0.05) between Luminal B (n=2) and 

other BC subtypes (n=10) from Cohort A 

miRNA 

Relative expression  
in the Luminal B 

subtype 
(n=2) 

Relative expression  
in other BC subtypes 

(n=10) 

Log2 
Fold Change 

(LumB/others) 
p-value 

Adjusted  
p-value 

hsa-miR-1302 12.59 5.02 1.33 0.030 1.000 

hsa-miR-197-3p 7.17 3.15 1.19 0.030 1.000 

hsa-miR-199b-5p 6.20 11.59 -0.90 0.030 1.000 

hsa-miR-208b-3p 17.62 10.18 0.79 0.030 1.000 

hsa-miR-3168 7.97 19.05 -1.26 0.030 1.000 

hsa-miR-361-3p 19.15 10.00 0.94 0.030 1.000 

hsa-miR-410-3p 14.37 6.96 1.05 0.030 1.000 

hsa-miR-5001-3p 20.76 9.69 1.10 0.030 1.000 
hsa-miR-5196-3p-
miR-6732-3p 9.35 1.94 2.27 0.030 1.000 

hsa-miR-876-5p 5.46 1.03 2.40 0.034 1.000 

hsa-miR-330-5p 2.47 1.10 1.17 0.038 1.000 

hsa-miR-642a-3p 6.43 1.16 2.48 0.039 1.000 

hsa-miR-28-3p 11.45 4.08 1.49 0.041 1.000 

hsa-miR-617 9.44 2.79 1.76 0.041 1.000 

BC: breast cancer; LumB: Luminal B 

P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate (FDR) 
method.  
Bold miRNAs indicate absolute fold change values higher than 2. 

 

Then, we focus on young diagnosed patients. Figure 41 shows relevant EV-

miRNAs in Luminal B patients from cohort A. Among these miRNAs, we found 

hsa-miR-182-3p, hsa-miR-215-5p, hsa-miR-302f, hsa-miR-4488, hsa-miR-589-

5p, hsa-miR-630, hsa-miR-887-3p, and hsa-miR-92b-3p. Subsequently, we 

explored differentially expressed miRNAs in vesicles from Luminal B patients of 

cohort B. Here we found ten miRNAs (p<0.05, FC>2) that includes hsa-miR-

574-5p, hsa-miR-1234-3p, hsa-miR-877-5p, hsa-miR-382-3p, hsa-miR-1290, 

hsa-miR-665, hsa-miR-1307-3p, hsa-miR-764, hsa-miR-1268b, and hsa-miR-

519d-3p. Figure 40 shows a restrictive selection of these results (p<0.01, 

FC>2). For Luminal B patients, we did not find miRNAs in more than one list. 
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Figure 40. Volcano plot showing differentially expressed vesicular miRNAs between young 

Luminal B (n=6) and young other BC subtypes (n=12) from Cohort B. Differentially expressed 

regions were determined by a nominal p-value <0.01 and Fold Change >2. Volcano plot built 

on the R software v.4.3.1. 

Figure 41. Relevant vesicular miRNAs in young diagnosed Luminal B patients (Cohort A). 

This density plot shows all miRNA probes scanned in the Nanostring platform comparing 

Fold Change between Luminal B (n=1) vs. other BC subtypes (n=5) in young diagnosed 

individuals (y-axis) in comparison with their median expression (log10) in all young 

diagnosed individuals (x-axis). Labeled miRNA fulfill some of these conditions: i) top 1% of 

Fold Change or ii) top 5% of Fold Change and top 5% of median abundance. Figure built on 

the R software v.4.3.1. The 3D representation of this plot can be accessed 

here: https://doi.org/10.6084/m9.figshare.24082293 
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Using data from Cohort A, we explored deregulated miRNAs in EVs of 

patients classified as Luminal HER2. In comparison with patients from other BC 

subtypes, patients of Luminal HER2 subtype showed altered expression of 25 

miRNA regions (p<0.05, FC>2) as shown in Table 15. In this analysis, no 

miRNA showed a p-value less than 0.01. 

 

Table 15. Differentially expressed EV-miRNAs (p<0.05, FC>2) between Luminal HER2 

(n=2) and other BC subtypes (n=10) from Cohort A 

miRNA 

Relative 
expression  

in the Luminal 
HER2 subtype 

(n=2) 

Relative 
expression  
in other BC 
subtypes 

(n=10) 

Log2  
Fold Change 

 (LumH2/others) 
p-value 

Adjusted  
p-value 

hsa-miR-539-3p 1.19 5.64 -2.24 0.030 0.686 
hsa-miR-664a-3p 2.37 10.12 -2.09 0.030 0.686 
hsa-miR-515-3p 11.24 2.69 2.06 0.030 0.686 
hsa-miR-142-3p 2.37 9.50 -2.00 0.030 0.686 
hsa-miR-593-3p 9.85 2.79 1.82 0.030 0.686 
hsa-miR-23b-3p 7.56 2.20 1.78 0.030 0.686 
hsa-miR-769-5p 3.00 8.65 -1.53 0.030 0.686 
hsa-miR-651-5p 5.76 16.05 -1.48 0.030 0.686 
hsa-miR-92a-1-5p 8.02 3.09 1.38 0.030 0.686 
hsa-miR-323b-3p 7.55 16.12 -1.10 0.030 0.686 
hsa-miR-196a-5p 8.01 16.78 -1.07 0.030 0.686 
hsa-miR-339-3p 10.73 5.30 1.02 0.030 0.686 
hsa-miR-328-5p 3.47 1.10 1.66 0.038 0.686 
hsa-miR-506-3p 1.00 6.95 -2.80 0.041 0.686 
hsa-miR-548ak 1.00 5.02 -2.33 0.041 0.686 
hsa-miR-576-5p 1.00 4.88 -2.29 0.041 0.686 
hsa-miR-149-5p 1.00 4.68 -2.22 0.041 0.686 
hsa-miR-5001-5p 1.64 7.51 -2.20 0.041 0.686 
hsa-miR-1909-3p 1.00 3.82 -1.93 0.041 0.686 
hsa-miR-625-5p 1.00 3.69 -1.88 0.041 0.686 
hsa-miR-1255b-
5p 1.00 3.20 -1.68 0.041 0.686 
hsa-miR-3140-5p 1.00 2.97 -1.57 0.041 0.686 
hsa-miR-345-3p 3.00 1.14 1.40 0.041 0.686 
hsa-miR-411-5p 3.00 1.14 1.40 0.041 0.686 
hsa-miR-3136-5p 1.00 2.27 -1.18 0.041 0.686 

BC: breast cancer; LumH2: Luminal HER2 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 

 

Among these miRNAs, the hsa-miR-5001-5p calls attention as it was 

downregulated in Luminal HER2 patients in both vesicular and circulating 

versions (Table 6). To validate this finding, we plotted individual levels of this 
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miRNA in Figure 42. Though Zhou et al. (2020) have described that hsa-miR-

5001-5p could be sponged by linc-ROR, a lncRNA promoter of oncogenesis 

[376], there is still limited information about this miRNA in the BC context. 

 

 

In addition, Figure 43 shows relevant miRNAs associated with the Luminal 

HER2 subtype found in the abundance-related analysis performed on young 

diagnosed patients (Cohort A). This list includes hsa-miR-1295a, hsa-miR-198, 

hsa-miR-205-5p, hsa-miR-301a-5p, hsa-miR-30d-5p, hsa-miR-325, hsa-miR-

3916, hsa-miR-494-5p, hsa-miR-614, and hsa-miR-671-5p. 

As we performed before, we also look for relevant miRNA regions in young 

Luminal HER2 samples from Cohort B. In this analysis, we found a high number 

of differentially expressed miRNAs: 46 (p<0.05, FC>2) and 20 (p<0.01, FC>2). 

Differentially expressed miRNAs in vesicles of Luminal HER2 (Cohort B) 

includes hsa-miR-374a-5p, hsa-miR-548a-5p, hsa-miR-2116-5p, hsa-miR-378e, 

hsa-miR-378h, hsa-miR-411-5p, hsa-miR-574-5p, hsa-miR-628-3p, hsa-miR-

644a, hsa-miR-675-5p, hsa-miR-1266-5p, hsa-miR-1234-3p, hsa-miR-3614-5p, 

hsa-miR-4455, hsa-miR-503-5p, hsa-miR-570-3p, hsa-miR-141-3p, hsa-miR-

Figure 42. Dot plot of normalized values of hsa-miR-5001-5p in plasma and EVs of Breast 

Cancer patients. Circulating (A) and Vesicular (B) levels of the hsa-miR-5001-5p miRNA in 

samples of cohort A were plotted as a violin-dot plot stratifying samples according to their 

immunohistochemical subtype (into Luminal HER2 or non-Luminal HER2 groups) and age-

related group. P-values were obtained using the Mann-Whitney test. Figure built on the R 

software v.4.3.1. 
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379-5p, hsa-miR-382-3p, and hsa-miR-620. Table 16 shows representative 

regions of this comparison.  

 

 

After these analyses, we realized that hsa-miR-411-5p was previously found 

in another comparison involving Luminal HER2 patients (Table 15 and Table 

16). Remarkably, the hsa-miR-411-5p miRNA was overexpressed in EVs from 

patients diagnosed with the Luminal HER2 subtype of BC. These results are 

representative as they appeared in two different datasets of patients (Cohort A 

and Cohort B). Then, these samples were inputted into the nCounter system 

with different criteria: Cohort A was inputted by the same RNA mass (65ng per 

well), whereas Cohort B samples were inputted using the same starting volume 

of EVs (before miRNA isolation). In addition, the comparison performed on 

samples from Cohort A includes both young and elderly patients, whereas 

Cohort B focuses on BC patients diagnosed before 40 years old. 

Figure 43. Relevant vesicular miRNAs in young diagnosed Luminal HER2 patients (Cohort 

A). This density plot shows all miRNA probes scanned in the Nanostring platform comparing 

Fold Change between Luminal HER2 (n=1) vs. other BC subtypes (n=5) in young diagnosed 

individuals (y-axis) in comparison with their median expression (log10) in all young 

diagnosed individuals (x-axis). Labeled miRNA fulfill some of these conditions: i) top 1% of 

Fold Change or ii) top 20% of Fold Change and top 20% of median abundance. Figure built 

on the R software v.4.3.1. The 3D representation of this plot can be accessed 

here: https://doi.org/10.6084/m9.figshare.24082380 
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Table 16. Differentially expressed EV-miRNAs (p<0.01, FC>2) between young Luminal 

HER2 (n=4) and other young BC subtypes (n=14) from Cohort B 

miRNA 

Relative 
expression  

in the young 
Luminal HER2 

subtype 
(n=4) 

Relative 
expression  

in other 
young BC 
subtypes 

(n=14) 

Log2  
Fold Change 

 (LumH2/others) 
p-value 

Adjusted  
p-value 

hsa-miR-374a-5p 9.55 1.35 2.82 0.001 0.099 
hsa-miR-548a-5p 7.53 1.35 2.48 0.001 0.099 
hsa-miR-2116-5p 5.58 1.43 1.97 0.001 0.099 
hsa-miR-378e 48.88 2.12 4.53 0.001 0.099 
hsa-miR-378h 30.63 1.52 4.34 0.001 0.099 
hsa-miR-411-5p 63.12 3.26 4.28 0.001 0.099 
hsa-miR-574-5p 13.59 3.14 2.12 0.001 0.099 
hsa-miR-628-3p 3.55 1.35 1.39 0.003 0.099 
hsa-miR-644a 18.19 1.35 3.75 0.003 0.099 
hsa-miR-675-5p 5.91 1.28 2.21 0.003 0.099 
hsa-miR-1266-5p 16.62 3.16 2.40 0.003 0.099 
hsa-miR-1234-3p 14.91 4.86 1.62 0.005 0.099 
hsa-miR-3614-5p 9.39 1.60 2.56 0.005 0.099 
hsa-miR-4455 4.49 1.35 1.73 0.005 0.099 
hsa-miR-503-5p 15.63 4.99 1.65 0.005 0.099 
hsa-miR-570-3p 12.37 1.59 2.96 0.007 0.099 
hsa-miR-141-3p 7.50 1.73 2.12 0.008 0.099 
hsa-miR-379-5p 60.28 15.06 2.00 0.008 0.099 
hsa-miR-382-3p 7.67 1.73 2.15 0.008 0.099 
hsa-miR-620 8.85 2.87 1.62 0.008 0.099 

BC: breast cancer; LumH2: Luminal HER2 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2. 

 

According to Figure 44, hsa-miR-411-5p was significantly deregulated in the 

vesicular cargo of Luminal HER2 BC patients in two cohorts without regard for 

age at diagnosis. Some authors have demonstrated that hsa-miR-411 is sub-

expressed in tumors and serum samples of BC patients compared with healthy 

controls [377], especially in groups with recurrence [378]. Then, functional 

experiments validated tumor suppressor features of hsa-miR-411-5p 

[355,379,380]. In this way, some regulatory RNAs have been proposed to inhibit 

the expression of this miRNA, for example, circ_001569 [379], as well as other 

circular and long non-coding RNAs compiled by Zou et al. (2022) [380]. 

Therefore, hsa-miR-411-5p is associated with less aggressive BC models as 

Luminal-like subtypes. Since many articles studying hsa-miR-411-5p have not 

described specific subtypes of their cohort, we cannot compare them directly. 
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However, we believe our results are consistent with the main findings proposed 

by these authors. 

 

 

4.3.11 Relevant vesicular miRNA regions related to age at diagnosis in BC 

patients 

After comparing BC subtypes from both Cohorts, we observed some 

differentially expressed miRNAs between age-related groups (Figure 31). In 

addition to hsa-miR-324-3p, hsa-miR-648, and hsa-miR-6503-3p, Table 17 

shows 18 other miRNAs deregulated between young and elderly diagnosed BC 

patients from Cohort A. Applying statistical (p<0.05) and fold change (FC>2) 

relevant filters, we found the following differentially expressed miRNAs between 

age-related groups: hsa-miR-324-3p, hsa-miR-648, hsa-miR-6503-3p, hsa-miR-

603, hsa-miR-3918, hsa-miR-548h-5p, hsa-miR-548y, hsa-miR-519e-3p, hsa-

miR-496, hsa-miR-129-5p, hsa-miR-1268a, hsa-miR-3144-5p, hsa-miR-499b-

5p, hsa-miR-5010-3p, hsa-miR-381-5p, hsa-miR-1183, hsa-miR-487b-5p, hsa-

miR-487b-3p, hsa-miR-361-5p, hsa-miR-486-3p, and hsa-miR-758-5p. None of 

these miRNAs were described in the same comparison using cf-miRNA (Table 

7) or other comparisons on vesicular miRNAs. 

Figure 44. Dot plot of normalized values of hsa-miR-411-5p in EVs of Breast Cancer 

patients. Vesicular levels of hsa-miR-411-5p from cohorts A (A) and B (B) were plotted as a 

violin-dot plot stratifying samples according to their immunohistochemical subtype (into 

Luminal HER2 or non-Luminal HER2 groups). For Cohort A, a color-based legend was 

added to show age-related groups. P-values were obtained using the Mann-Whitney test. 

Figure built on the R software v.4.3.1. 
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Table 17. Differentially expressed EV-miRNAs (p<0.05, FC>2) between young (n=6) 

and elderly BC subtypes (n=6) from Cohort A 

miRNA 

Relative 
expression  

in the Young 
BC group 

(n=6) 

Relative 
expression  

in the Elderly 
BC group 

(n=6) 

Log2  
Fold Change 

 (Young/Elderly) 
p-value 

Adjusted  
p-value 

hsa-miR-324-3p 1.27 4.89 -1.95 0.002 0.576 

hsa-miR-648 2.15 8.40 -1.97 0.002 0.576 

hsa-miR-6503-3p 10.17 1.18 3.11 0.009 0.927 

hsa-miR-603 5.92 1.87 1.66 0.020 0.927 

hsa-miR-3918 4.88 1.18 2.05 0.026 0.927 

hsa-miR-548h-5p 4.52 1.13 2.01 0.026 0.927 

hsa-miR-548y 6.95 1.97 1.82 0.026 0.927 

hsa-miR-519e-3p 8.83 2.71 1.71 0.026 0.927 

hsa-miR-496 11.75 3.88 1.60 0.026 0.927 

hsa-miR-129-5p 1.27 3.99 -1.66 0.026 0.927 

hsa-miR-1268a 1.07 2.34 -1.13 0.029 0.927 

hsa-miR-3144-5p 1.07 3.50 -1.72 0.029 0.927 

hsa-miR-499b-5p 1.09 2.71 -1.32 0.030 0.927 

hsa-miR-5010-3p 6.34 2.72 1.22 0.041 0.927 

hsa-miR-381-5p 18.10 7.86 1.20 0.041 0.927 

hsa-miR-1183 12.32 5.37 1.20 0.041 0.927 

hsa-miR-487b-5p 1.27 4.20 -1.73 0.041 0.927 

hsa-miR-487b-3p 2.74 1.03 1.41 0.044 0.927 

hsa-miR-361-5p 8.10 1.12 2.85 0.045 0.927 

hsa-miR-486-3p 1.14 2.79 -1.30 0.045 0.927 

hsa-miR-758-5p 1.27 4.89 -1.95 0.045 0.927 

BC: breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2 

 

Then, we compared vesicular miRNA levels between young and elderly BC 

patients from Cohort B. Table 18 shows relevant miRNAs from this analysis. 

Among these miRNAs, we found outstanding regions (p<0.01), for example, 

hsa-miR-1266-5p and hsa-miR-642a-5p, overexpressed in EVs from patients 

diagnosed after 40 years old. In particular, hsa-miR-1266-5p and hsa-miR-

642a-5p were previously overexpressed in vesicles of elderly diagnosed TNBC 

patients in both cohorts (Table 10 and Figure 36). Since the elderly subgroup of 

Cohort B (Appendix 2) is uniquely composed of TNBC patients, overexpression 

of hsa-miR-1266-5p and hsa-miR-642a-5p shown in Table 18 could be 

influenced by previous observations. 
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Table 18. Differentially expressed EV-miRNAs (p<0.05, FC>2) between young (n=18) 

and elderly BC subtypes (n=6) from Cohort B 

miRNA 

Relative 
expression  

in the Young 
BC group 

(n=18) 

Relative 
expression  

in the Elderly 
BC group 

(n=6) 

Log2  
Fold Change 

 (Young/Elderly) 
p-value 

Adjusted  
p-value 

hsa-miR-1266-5p 4.87 14.00 -1.52 0.008 0.520 

hsa-miR-642a-5p 1.52 3.97 -1.39 0.009 0.520 

hsa-miR-451a 2.83 1.15 1.31 0.010 0.520 

hsa-miR-1234-3p 7.33 1.43 2.36 0.012 0.520 

hsa-miR-1287-5p 2.54 9.30 -1.87 0.018 0.520 

hsa-miR-507 1.44 4.18 -1.54 0.018 0.520 

hsa-miR-892a 1.29 2.83 -1.13 0.019 0.520 

hsa-miR-522-3p 1.43 2.98 -1.06 0.021 0.520 

hsa-miR-379-5p 17.92 3.53 2.35 0.022 0.520 

hsa-miR-487a-3p 1.35 4.24 -1.65 0.027 0.520 

hsa-miR-148a-3p 1.60 4.35 -1.45 0.030 0.520 

hsa-miR-519e-3p 1.19 3.92 -1.72 0.033 0.520 

hsa-miR-4755-5p 12.87 3.92 1.71 0.040 0.520 

hsa-miR-520c-3p 2.83 8.07 -1.51 0.040 0.520 

hsa-miR-302d-3p 82.24 38.85 1.08 0.040 0.520 

hsa-miR-188-5p 14.35 4.48 1.68 0.047 0.520 

hsa-miR-499a-5p 1.68 5.17 -1.62 0.047 0.520 

hsa-miR-302b-3p 16.24 5.32 1.61 0.047 0.520 

hsa-miR-3131 5.39 1.84 1.55 0.047 0.520 

hsa-miR-499b-5p 1.44 3.75 -1.38 0.047 0.520 

BC: breast cancer 
P-values were obtained using the Mann-Whitney test and adjusted with the False Discovery Rate 
(FDR) method. Bold miRNAs indicate absolute fold change values higher than 2 

 

Interestingly, the hsa-miR-451a, a biomarker previously found as a 

hemolysis signal in this thesis (Figure 10), was described as a relevant 

biomarker between elderly and young diagnosed BC patients (Cohort B). It is 

important to note that EVs are excluded from hemolysis effects once we treat 

EV solutions with proteinase K and RNase A before miRNA isolation. As a 

result of this treatment, hsa-miR-451a presents a low median expression in EVs 

(9.27 for Cohort A and 1.85 for Cohort B) compared with values reported in cf-

miRNA (9906.24, Figure 10).  

As a counterpart, high-expressed miRNAs in EVs can also determine 

differences between groups. For example, the hsa-miR-302d-3p was highly 

expressed in EVs (1st and 3rd more abundant miRNA for Cohort A and Cohort B, 
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respectively, Figure 30), differently from cf-miRNAs (11th more abundant 

miRNA), but this miRNA can also differentiate elderly TNBC patients from 

young BC cases (Table 18).  

 

4.3.12 Relevant vesicular miRNAs in an individual analysis (Cohort B) 

After all the exploratory analysis using collective and individual strategies for 

the main pathological data, we moved forward to deeply explore the individual-

to-individual features by analyzing the vesicular miRNA levels of cohort B. 

All participants of this thesis belong to the main study “Retratos da Mama”, 

which is still recruiting individuals as diverse tests are still ongoing. Among 

them, it is planned to evaluate prognostic factors, as we get enough information 

to build Kaplan-Meier plots of these cohorts. Today, the median follow-up time 

of BC patients of Cohort B is limited to 1193.5 days (43-2623 days, Figure 45), 

with 92% of alive patients. As we do not have the minimal follow-up time 

required to propose prognosis miRNA-based biomarkers (five years in median) 

[381–383], we get miRNA data available publicly to be compared with overall 

survival in the future. 

 

Figure 45. Follow-up time according to patients recruited in the Cohort B. Dot plot showing 

follow-up time in months for each patient. Shapes indicate the survival status (circles for 

alive, triangles for death). The dashed purple line indicates the reference time of five years. 

Then, many patients have a follow-up time lower than the reference 
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In addition, other information beyond immunohistochemical subtypes can be 

compared. After running mean-comparing tests for qualitative variables and 

correlation analyses for quantitative variables, we determined additional 

miRNA-based markers in EVs from BC patients.  

For qualitative variables, after applying a high restrictive filter (p-value< 

1x10-3), we found some vesicular miRNAs associated with the expression of 

progesterone or estrogen receptors and high-blood pressure (HBP). For 

example, hsa-miR-379-5p, hsa-miR-3147, hsa-miR-188-5p, hsa-miR-302d-3p, 

Figure 46. Dot plot of normalized values of selected miRNAs according to the estrogen 

receptor expression in BC tumors from Cohort B. Vesicular levels of hsa-miR-379-5p (A), 

hsa-miR-3147 (B), hsa-miR-188-5p (C), hsa-miR-302d-3p (D), hsa-miR-1253 (E), and hsa-

miR-302b-3p (F) were plotted as a violin-dot plot stratifying samples according to their 

expression of estrogen receptor in tissues. P-values were obtained using the Mann-Whitney 

test. Figure built on the R software v.4.3.1. 
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hsa-miR-1253, and hsa-miR-302b-3p were deregulated in EVs from patients 

whose tumors expressed estrogen receptors (Figure 46). 

The hsa-miR-379-5p was also downexpressed in young TNBC patients of 

Cohort B (Figure 34). Then, some related references have been discussed for 

indicating this miRNA as a tumor suppressor [335–337]. About hsa-miR-3147, 

we found it overexpressed in the plasma of HER2+ BC patients (Figure 11B). 

Despite the given information on this miRNA [199] being limited, it could be a 

relevant region to be further validated. 

Interestingly, hsa-miR-188 was abundant in EVs of BC patients (Figure 

30D), consistent with a review that found this miRNA in EVs from both serum 

and plasma [70]. Then, hsa-miR-188 showed a relevant expression profile. This 

miRNA is low expressed in vesicles of young TNBC compared with non-TNBC 

young diagnosed patients (Figure 34); however, if all BC patients diagnosed 

before 40 years old are taken as a whole, the vesicular levels of hsa-miR-188 

are higher than patients diagnosed after 40 years old (Table 18). 

Another miRNA abundant in EVs with altered profiles among BC patients is 

hsa-miR-302d-3p (Figure 30). This miRNA was also present in the cf-miRNA 

profile (Figure 10) of BC samples and was overexpressed in young diagnosed 

BC patients (Cohort B, Table 18). In addition, their expression was 

downregulated in patients whose tumors do not express estrogen receptors 

(Figure 46). According to findings about this miRNA, previously discussed in 

this thesis, it seems to act against tumor features [318–320], but is still being 

detected as a BC biomarker [321]. This particular behavior could sign a corporal 

response against the tumor growth, as we described it for other miRNAs in this 

study. This hypothesis suggests that EVs collected from circulating sources 

represent a mixture of different subpopulations. Despite reliable results 

presented in this thesis, it is suggested to focus on specific subpopulations of 

EVs that can give a proper signature of tumor development. 

About hsa-miR-302b-3p, researchers described controversial results about 

its expression in BC patients [354–356]. Nevertheless, the overexpression of 

this miRNA in vesicles of ER+ BC patients supports previous findings reported 

in Figure 34 since the expression of estrogen receptors is one of the 

parameters included in the determination of the BC immunohistochemical 

subtype. Moreover, the hsa-miR-1253 was overexpressed in ECM3, a 
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molecular BC subtype with poor survival in advanced stages [384]. In cohort B, 

we included a similar percentage of patients with early (I/II) and advanced 

(III/IV) stages (54.2% vs. 45.8%). Therefore, it is difficult to determine if our 

results are consistent with the previous report. In addition, this miRNA was 

found in a hypermethylated region in endometrial cancer patients [385], it was 

sub-expressed in exosomes from cancer-associated fibroblasts [386], and Ding 

et al. (2020) proposed that hsa-miR-1253 can control the tumor growth by 

regulating DDAH1 [387]. 

 

 

Figure 47 shows that hsa-miR-379-5p and hsa-miR-302d-3p have higher 

vesicular levels in patients who express progesterone receptors in their tumors. 

As shown in Figure 46, this finding can contribute to getting these miRNAs 

downregulated in young TNBC patients (Figure 34). 

Finally, the vesicular expression of hsa-miR-642a-5p was altered in patients 

with High Blood Pressure (HBP) as shown in Figure 48. Once hsa-miR-642a-5p 

has proven to be upregulated in vesicles from elderly diagnosed TNBC patients 

from both Cohorts (Table 10 and Figure 36), it could be a signal of HBP as this 

characteristic surrounds older people [388]. However, it is relevant to mention 

that 50% of the elderly group from Cohort B presents HBP (Appendix 2). Of all 

HBP patients represented in Figure 48, three are from the Elderly TNBC group, 

while one is from the young Luminal HER2 group. For these reasons, 

Figure 47. Dot plot of normalized values of selected miRNAs according to the progesterone 

receptor expression in BC tumors from Cohort B. Vesicular levels of hsa-miR-379-5p (A), 

and hsa-miR-302d-3p (B) were plotted as a violin-dot plot stratifying samples according to 

their expression of estrogen receptor in tissues. P-values were obtained using the Mann-

Whitney test. Figure built on the R software v.4.3.1. 
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immunohistochemical subtypes or age-related groups could not be involved in 

these findings, and vesicular levels of hsa-miR-642a-5p are suggested to be a 

marker of patients with HBP. 

 

 

For quantitative variables, we run the Spearman’s test and select variables 

with significant strong correlation (R-values higher than 0.7 and p-value<0.01). 

Relevantly, we found two main correlations. The first one is between the 

number of individuals in the first degree of kinship with breast or ovarian cancer 

and vesicular levels of hsa-miR-664a-3p (R=0.75, p=1.92x10-5, Figure 49A), 

and the second is between body mass index (BMI) and hsa-miR-423-3p 

(R=0.71, p=2.11x10-4, Figure 49B). 

Previously, in this thesis, we found deregulated vesicular levels of hsa-miR-

664a-3p in patients from Cohort A. This miRNA was overexpressed in HER2+ 

BC patients (Table 11) but down-expressed in samples whose tumors were 

classified as Luminal HER2 subtype (Table 15). Despite there being no 

descriptions of the increase of expression levels in relationship with a growing 

number of relatives with cancer, and we did not include BC patients with HER2+ 

subtype in Cohort B, it could be a suggestion to evaluate the profile of different 

Figure 48. Dot plot of normalized values of selected miRNAs according to the high blood 

pressure (HBP) condition from Cohort B. Vesicular levels of hsa-miR-642a-5p were plotted 

as a violin-dot plot stratifying samples according to the diagnosis of HBP. P-values were 

obtained using the Mann-Whitney test. Figure built on the R software v.4.3.1. 
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inherited pro-tumor mutations. As part of the “Retratos da Mama” study, we 

expect to cross these expression levels with mutational profiles in the future. 

Finally, the hsa-miR-423-3p was not previously described in this thesis. 

Then, data from the literature have evaluated levels of this miRNA in different 

contexts. It was overexpressed in the muscles of cachectic patients [389], and it 

was stably present in the serum of individuals [390], while a study focusing on in 

vivo models of obesity found higher levels of this miRNA in livers from mice fed 

with high-fat diet (HFD) and obese humans [391]. 

 

4.3.13 Challenges, lessons, and insights from the analysis of vesicular 

miRNAs  

In addition to the topics discussed in the cf-miRNA section, the information 

provided by vesicular miRNA unleashes some additional factors. 

For this section, we included cohort B to carry out protocol standardization 

trials to isolate extracellular vesicles and make a point-to-point comparison 

between patients by not applying the pooling strategy (as was done with cohort 

A) despite the risk of losing sensitivity in this process. 

Initially, we must comment that cohort B has a short follow-up time for its 

patients due to the recent training and collection of samples (Figure 45). This 

makes it impossible to carry out survival comparisons; however, it opens up 

Figure 49. Dot plot of normalized values of selected miRNAs according to quantitative 

clinical conditions from Cohort B. Comparisons of vesicular levels of hsa-miR-642a-5p and 

the number of breast or ovarian cancer cases in first kinship (A) and vesicular levels of hsa-

miR-423-3p and body mass index (B) were plotted as dot plots. P-values were obtained 

using the Spearman’s test. Figure built on the R software v.4.3.1. 
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new possibilities for the future. By the end of the recruiting process, we will have 

more information on these patients, and the follow-up time will be prolonged. It 

is essential to mention that miRNA could be a perishable source, even stored at 

-80°C for many years. To the best of our knowledge, the stability of circulating 

miRNA has been evaluated only for up to one year stored at -80°C 

[57,227,392,393]. So, it is crucial to carry out molecular evaluations as soon as 

possible but save and make the data publicly available (Appendix 4 and 

Appendix 5) for when comparison factors can be added. 

Regarding the information collected from patients, the construction of 

questionnaires for the evaluation and follow-up of these patients is constantly 

updated. These questionnaires must see the patients as part of a continuously 

changing society beyond individuals. Thus, in the patient selection process, we 

have some challenges, for example, self-reported information on ancestry. 

Despite the considerable impact of miscegenation in Brazilian samples, self-

declared race information is still considered in many establishments [394]. Due 

to this, we included it as a factor in ensuring homogeneity in our cohorts (p-

values equal to 0.3 and 0.2 for Cohorts A and B, respectively). Nevertheless, 

molecular tests to evaluate and determine ancestral components have been 

proposed for the Brazilian population [395–397]. It could be required once it is 

known that independent ethnic profiles can induce differences in the molecular 

and clinical features associated with cancer [398–401]. In the same way, these 

molecular tests could help certify the mutational status of patients who are not 

allowed to get information about their family history or help confirm the 

biological sex of individuals who have undergone gender transition processes. 

About observations made on sample processing, we verified that the 

analysis of extracellular vesicles represents a sample free of clearly circulating 

components and other contaminants, such as the effect of hemolysis observed 

in cf-miRNA (Figure 10D, Figure 30C, and Figure 30D). However, by working 

with a circulating sample subselection, we reduced the yield per mL plasma that 

will go into the equipment. To improve this context, we increased the input 

volume by 3-fold (for cf-miRNA, we started with 200 µL of the sample, while EV-

miRNA protocols started with 600 µL), and we tested the double elution process 

to collect the maximum possible miRNA total mass. As seen in the results of 

cohort A, by applying this double dilution step, it is possible to collect a 
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minimum of 65 ng of vesicular miRNA mass in a sample. Naturally, other 

samples obtained higher performance, regardless of whether they came from 

individual or pool samples. 

Then, after observing the results of extracellular vesicles miRNome (Figure 

24 and Figure 25), we evaluated different normalization protocols once we did 

not have endogenous or exogenous controls. There, we observed that 

normalizing by the most stable regions continues to be the most reliable (Figure 

29 and Figure 28). Although the nCounter barcoding hybridization system has 

five slots for spike-in regions of non-homologous species (ath-miR159a, cel-

miR-248, cel-miR-254, osa-miR414, and osa-miR442), it still there is a broad 

discussion about which regions should be used, even presenting the small 

nucleolar RNA U6 (RNU6B, U6) region as an alternative. Moreover, the 

moment in which these exogenous regions of known concentration should be 

placed: (i) before vesicle extraction, (ii) after the plasma separation, (iii) before 

treatment with proteinases, or (iv) before detection protocol, was not robustly 

defined either [402–405]. For this reason, we did not include exogenous regions 

in our assays, but it could be tested in the future. 

Regarding the versatility of miRNAs, the vesicular component helped us 

understand that some regions may have more than one function, such as the 

hsa-miR-451a miRNA, which was reported as a hemolysis signal in cf-miRNA 

(Figure 10), but which could also differentiate between young and adult BC 

patients (Table 18). This suggests the hypothesis that a given miRNA can fulfill 

different functions in different cell types. Naturally, as these cell types secrete 

EVs into the bloodstream, we will find modulated levels of these miRNAs 

according to specific circumstances, as we saw with some miRNAs in this 

thesis; for example, hsa-miR-188-5p (Figure 30 and Figure 34) or hsa-miR-

302d-3p (Figure 30 and Table 18). 

Then, to understand the function of these miRNAs, we used information 

from previously published studies. Nevertheless, the nomenclature of miRNAs 

follows a growing process [406] that must be considered when drawing 

interpretations from scientific articles. In this thesis, according to the information 

available, we carefully confirmed which arm (-3p or -5p) is being referred to in 

each external study. For example, research done on hsa-mR-615. The -5p 

version (hsa-miR-615-5p) appeared overexpressed in vesicles from HER2+ 
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patients (Figure 37 and Figure 38), while the -3p arm (hsa-miR-615-3p) was 

expressed in plasma from patients diagnosed before 40 years of age (Table 7). 

Next, we found several studies about hsa-miR-615-3p [166,262–264], but very 

few reports about hsa-miR-615-5p [370]. In addition, some miRNAs belong to 

some families, where their nomenclature can be more complex; for example, 

the miR-302 family: hsa-miR-302a/b/c/d. On the other hand, the tumor is 

capable of inducing mutations in the DNA of cells [407]. Then, miRNAs can also 

be targets of their effects [360]. Subsequently, the presence of mutations in 

regions that transcribe miRNAs can cause alterations in their determination and 

annotation, regardless of the applied technology (microarrays, barcode 

hybridization, RNAseq). In this way, we reinforce that the interpretations of 

external works on miRNAs of interest must be analyzed with caution. 

After reviewing the information on each miRNA, we found some information 

consistent with our results, but also potentially controversial reports. For 

example, the case of hsa-miR-302d-3p has functional studies that show an 

antitumor effect [318–320] and others that indicate it as a biomarker [321]. In 

our results, this miRNA was consistently abundant in vesicle samples from two 

independent cohorts. However, its presence may not necessarily be provided 

by the tumor but rather by surrounding cells that seek to control it. 

In this way, new questions are opened about the composition of extracellular 

vesicles at the subpopulation level. For the following section, we intend to 

evaluate the technical and technological capacity currently available to select 

extracellular vesicles that are potentially produced by the tumor using a strategy 

of labeling antigens already associated with the tumor process in breast cancer. 
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4.4 Selection of EVs potentially derived from BC tumors 

After reviewing the literature about proposed miRNAs in previous sections of 

this thesis, there is the hypothesis that circulating material potentially 

overexpressed in specific BC subtypes or age-related groups are not only 

related to tumor-produced factors but also includes circulating miRNAs and EVs 

produced by other cells as a response of the tumor growth (i.e. immune cells). 

Herein, we present the establishment of initial protocols for using Jacalin lectin 

to label breast cancer cells from cell culture, sample tumors, and select EVs 

from BC patients. These data offer technical and biological information 

supporting the hypothesis of breast cancer cells producing Jacalin-positive EVs. 

4.4.1 Ability of Jacalin lectin to bind BC cells 

We used cell lines to verify the linkage of Jacalin lectin with aberrant 

glycoproteins on the surface of these tumor cells. Then, we also used cells to 

standardize laboratory protocols due to their major size when compared with 

their extracellular vesicles [67,288]. The expression of the Tn antigen and their 

derivatives are related to aberrant glycosylation occurring in cancer samples 

[96] and to the recognition of these targets by Jacalin lectin [106]. 

Our experiments confirmed the ability of Jacalin lectin to bind breast 

cancer cells. In Figure 50A, we show magnetic beads overlapping live or dead 

cells representing an interaction among derivatives of the Tn antigen on the 

surface of these cells and biotinylated Jacalin. Linked cells could be observed 

such as cell clusters connected by Jacalin lectin and magnetic beads. However, 

we realized that this does not occur in all cells and neither is it associated with 

the main subtypes of breast cancer (Figure 50B). Herein, we focus on 

differences among all Triple-Negative Breast Cancer (TNBC) cell lines and find 

highly variable percentages of Jacalin-positive cells (from 7.4% in MDA-MB-468 

to 72.63% in MDA-MB-231 cell line). According to the Lehmann et al. (2011) 

study [27], the cell lines tested in our experiment represent different TNBC 

subtypes: MDA-MB-468 (Basal-like 1), HCC70 (Basal-like 2), MDA-MB-231 and 

HS578T (Mesenchymal stem-like), and this new classification could introduce 

different epigenetic and post-translational modifications.  

Then, we tested representative cell lines for four of the main subtypes of 

breast cancer (Figure 50C) to confirm previous results. Here, we use biological 
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replicates to determine statistical differences among MDA-MB-231 (TNBC cell 

line) and others cultured at the same conditions (cell confluence, harvesting 

method, use of recommended cell media, etc.) verifying previously reported 

results. These differences are related to expression profiles of surface proteins 

among both breast cancer cells and tumors [408]. 

 

Figure 50. Jacalin lectin binds breast cancer cell lines. (A) Photomicrography of BC cells 

after treatment with Jacalin lectin and magnetic beads. Black arrows indicate magnetic beads 

alone (tiny and refractory circles), whereas red and yellow arrows show magnetic beads 

bound to dead and live cells, respectively. (B) Description of the percentage of cells 

expressing derivatives of the Tn antigen among BC cell lines. The cell line MDA-MB-231 

shown Jacalin-bound cells, whereas the MDA-MB-468 cell line shown the lowest level, 

despite both MDA-468 and MDA-231 are TNBC cell lines. Cell lines were painted according 

to phenotypes defined by Holliday & Speirs (2011) study. (C) Comparison of cells expressing 

derivatives of the Tn antigen among BC subtypes. Experiments with four biological replicates 

indicate higher levels of Jacalin-bound cells from the TNBC subtype (MDA-MB-231 cell line) 

when compared with others. The Mann-Whitney test was applied to calculate all p-values. 

(D) Variable expression of derivatives of the Tn antigen with cell confluence. MDA-MB-231 

cells have reported a peak at a middle level of confluence. For each cell confluence 

measure, we indicate the time that this phase occurred and attach photomicrography. 

Figures B-D were built on GraphPad Prism v8 for Windows. 
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Once we determine the differences between breast cancer cells, we 

need to analyze differences along with the growth of these cells. In order to 

determine if the expression of Jacalin targets also depends on cell confluence, 

we selected the MDA-MB-231 cell line due to its high percentage of Tn+ cells 

and compared their percentages of Jacalin-positive cells with their cell 

confluence. Here, we describe an increase in the number of cells expressing 

Jacalin targets up to 50% confluence. After that (above 70-80% confluence), 

this number decreases sharply and concomitantly with the production of EVs 

(Figure 50D). This variation occurs due to internal changes probably related to 

the production of EVs. In this step, proteins leave the cell membrane, suffer 

aberrant modifications, and are packaged in multivesicular bodies to be 

released [409]. It is important to remark that the endomembrane system 

participates in this cell reorganization and glycoprotein synthesis. 

 

After cells (or EVs) are selected by Jacalin lectin, we need to remove this 

interaction to use these cells in further applications. For that, we tested three 

concentrations of D-galactose, a primary sugar for Jacalin lectin [106]. In this 

Figure 51. D-galactose treatment allows the release of Jacalin-bound cells. (A) Microscopy 

observation (40x) of BC cells treated with Jacalin. Magnetic beads are shown as refractory 

and tiny spheres. (B) Microscopy observation (40x) of BC cells that were selected by Jacalin 

lectin and after treated with galactose to remove lectin interactions. (C) Table with results of 

the percentage of cells recovered at each concentration. The standard deviation was 

estimated from three biological replicates performed for each treatment. 
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experiment, we were able to recuperate selected cells without Jacalin labeling. 

However, we realize this method recovered very few Jacalin-positive cells 

(almost 50%). In order to improve it, we propose to increase the time of 

incubation with the best concentration of D-galactose that we have tested (100 

mM) since this treatment showed consistent results in all treated samples 

(Figure 51). 

 

4.4.2 Staining of breast cancer tissue with Jacalin lectin 

 We also found Jacalin labeling cellular regions in breast cancer tissues. 

Tissue staining allowed us to observe differences between tumor and normal 

adjacent tissues (Figure 52). Normal adjacent cells show tiny and organized 

nuclei with a weak Jacalin staining, whereas tumor cells show an aberrant 

organization and variable intensities of Jacalin staining. This reflects the 

intratumoral heterogeneity (50-90% cells) previously described in other 

experiments (Figure 50D) and other studies in the literature involving lectin 

histochemistry [410,411].  

When we treated FFPE slices with fewer concentrations of BSA (5%), we 

were able to visualize remarkable spots in regions associated with the 

endomembrane system (Figure 52C). These results reinforce our hypothesis of 

breast cancer cells expressing and exporting aberrant glycoproteins. Then, the 

biogenesis of extracellular vesicles, and specifically exosomes, also involve the 

endomembrane system of the cell such as the Golgi apparatus, endoplasmic 

reticulum, and naturally, the own plasma membrane [412]. In consequence, the 

production of EVs and the exportation of aberrant glycoproteins could be related 

processes in cancer cells. Subsequently, this favors the main objective of our 

project to select tumor-derived EVs using Jacalin lectin. 

About specifications of the protocol for lectin histochemistry, we performed a 

long protocol to blockade endogenous peroxidase, which is recommended by 

other studies working with lectins [410]. The blockade of endogenous biotin is 

not recommended for our type of sample due to their low expression in this 

tissue [413].  
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The antigen retrieval is a step usually recommended in 

immunohistochemistry and lectin histochemistry [410]. However, this procedure 

could increase the damage of the tissue by exposition to high temperatures and 

then affect the visualization of cells. In our experiments, we were able to 

visualize a high interaction of Jacalin with their targets (Figure 53). In a broader 

observation, we evaluated tissues from Cohort B patients and found Jacalin 

staining in the stroma in 97% of cases. Then, cancer cells showed primarily 

high staining (72% of cases), followed by low (26%) and moderate (2%) staining 

Figure 52. Comparison of normal and tumor tissues stained with Jacalin. Photomicrographs 

(40x) of FFPE sections from breast cancer patients showing differences among tumor and 

normal adjacent cells. (A) Normal adjacent section presenting a common distribution of 

organized cells and a very low expression of Jacalin targets. (B) Tumor section showing a 

highly heterogeneous group of unorganized cells with different-size nuclei. This tissue also 

shows strong staining with Jacalin, despite intratumoral heterogeneity. (C) Tumor section 

showing spots highly reagent with Jacalin (white arrows) in regions related to the 

endomembrane system. 

Figure 53. Breast cancer tissue stained with Jacalin lectin. Photomicrographs (40x) of FFPE 

tissues from breast cancer patients have shown differential labeling concomitant with Jacalin 

concentrations. Tumor regions are appreciable as a heterogeneous tissue where the Jacalin 

labeling is also differential between all cells. 
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levels.  In addition, there was no association with the subtype or age at 

diagnosis of these patients (p>0.05). It could be by the relatively low specificity 

of the Jacalin as a glycan-binding protein.  

Nevertheless, it does not devalue their analysis since normal and tumor 

sections have shown different Jacalin profiles (Figure 52). In future 

experiments, it is suggested to reduce the current concentration of streptavidin-

HRP (1:250) to highlight regions with a higher affinity for Jacalin. 

 

4.4.3 Dot blot with Jacalin and modifications for low concentrated 

samples 

After observing that BC tissues can express Jacalin targets, we move the 

protocol to a liquid biopsy approach using dot blots. We standardized the 

optimal conditions for the dot blot for EV protein detection (Figure 54). Here, we 

realized that common reagents for dot blot revealing did not work for EV 

samples. Then, we include an enhancer or prime (ECL Prime WB reagent) to 

improve these results (Figure 55). 

 

In a brief comparison with the study by Koliha et al., 2016, they reported a 

protein concentration per particle ranging 10-2 and 10-4 picograms [414]. 

Considering the average value of our samples, a concentration of 1x109 

particles/mL would represent approximately 102-104 pg of vesicular protein per 

Figure 54. Dot blot of different dilutions of whole plasma used for standardization of the 

technique. Asialofetuin (positive control), Tris-buffered saline solution (negative control), and 

whole plasma were loaded to evaluate the formation of dots and their staining with Jacalin 

lectin. 
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µL. So for each 5 µL of the sample, we could load around 500-5000 pg of total 

protein. However, lectin targets represent only a percentage of the total protein 

in human plasma [415] which was not detected by the ECL Western Blot 

reagent. For this reason, we choose to use the ECL Prime that increases the 

sensitivity up to ~ 1 pg. 

 

 

4.4.4 Differences in the expression of Jacalin targets in EVs from plasma 

of patients and controls 

Once we defined all parameters to perform the dot blot and EVs were 

isolated from plasma of a training cohort of patients, we aimed to evaluate 

potential differences between patients and controls about the expression of 

Jacalin targets in EVs from plasma.   

Interestingly, we observed higher levels of Jacalin targets in EVs isolated 

from patient plasma compared to a sample from a healthy individual (Figure 

56A). Then patient samples would have enough Jacalin targets to perform a 

specific selection of this EV subpopulation. These results are remarkable even 

though the concentration of these vesicles (Figure 56B), nor the frequency 

profile about the size of these particles (Figure 56C), do not show statistically 

significant changes, which indicates that these profiles are not necessarily 

related. 

Figure 55. Increment in the sensitivity for detecting Jacalin interactions by using an enhancer 

reagent. A nitrocellulose membrane with Jacalin-reactive solutions was revealed with the 

traditional reagent alone (left panel) or combined with a chemical enhancer (right panel). The 

presence of the enhancer improves the sensitivity allowing the apparition of new dots, related 

to EV samples. SEC: Size-exclusion chromatography; TBS: Tris-buffered saline solution. 
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Though the EV concentration profiles are not usually described in diverse 

studies, they are very similar between patients and healthy individuals [416–

418].  By applying methods based on physical features to separate EVs (size-

exclusion chromatography), it is possible to collect a mixed population of EVs 

[419–421], which opens opportunities for searching for new biomarkers in a 

combination of EVs from different sources. Differently, affinity-based strategies 

such as isolating EVs that express tetraspanins (CD9, CD63, or CD81), ALIX, 

or TSG101 on their surface could bias results once we know that not all EVs 

carry these markers in the same concentrations [91,92].  

Due to these reasons, many studies involving extracellular vesicles in 

breast cancer have focused on analyzing their protein or nucleotide cargo 

instead of their crude EV concentration, as we have approached in a recent 

review [70]. In this manuscript, we showed that many vesicular biomarkers 

proposed for BC are related to miRNAs, messenger RNA (mRNA), other RNAs, 

or proteins despite several strategies for isolating these EVs have been tested 

(reviewed in [70]). Interestingly, cited studies involve all EVs, except the study 

of Kim et al. (2021), which focused on the EV subpopulation expressing CD49f 

Figure 56. The patient sample shows a higher expression of Jacalin targets in EVs from 

plasma. (A) Dot blot membrane stained with Jacalin lectin. Asialofetuin is a positive control 

for Jacalin. The membrane was stained with the ECL Western Blotting reagent and 

enhanced with the ECL Prime reagent. (B) Distribution of the concentration of particles per 

size (nm) between patient and control samples. (C) Comparison of EV levels in patient and 

control samples. P-values were obtained using the Kolomogorov-Smirnov test for curves 

comparison and the Mann-whitney test for evaluating differences between the mean levels of 

two groups. Figures were built on the R software v.4.3.1. 
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and EpCAM on their surface by passing samples through a microfluidic device 

[422]. 

By this evidence, after verifying that there are no reproducible differences 

in the total EV concentration between BC patients and healthy individuals, we 

observed that Jacalin can identify a subpopulation notably present in the 

sample from BC patients (Figure 56). 

 

4.4.5 Separation of Jacalin+ EVs in a patient sample 

As we have performed for BC cells (Figure 51), we also tested the ability of 

D-galactose to dissolve interactions between Jacalin and its targets on the EV 

surface. Considering that the experiments with cells yielded better results when 

incubated Jacalin-selected cells with 100 mM of D-galactose together with 

previous reports in lectins [423,424], we decided to evaluate a broad range (30-

300 mM) to observe their ability to separate Jacalin-positive EVs. 

Figure 57A shows the first NTA of EVs alone and after treatment with 

biotinylated Jacalin, biotin-binding magnetic beads, and D-galactose. We start 

the experiment with ~6x109 particles/mL (Figure 57B) isolated by size-exclusion 

chromatography. After incubation with biotinylated Jacalin and biotin-binder 

magnetic beads, the supernatant including molecular clusters by biotin-

streptavidin interactions showed a higher concentration of low-size particles 

(Figure 57C) than the original sample. However, it could be explained by the 

presence of soluble biotinylated Jacalin in high concentrations from the 

treatment performed. As proof of this, the washing step fraction showed a low 

concentration of particles (~1x108 particles/mL, Figure 57B). At this moment, 

bound EVs were treated with 0.03 or 0.3 M of D-galactose, allowing us to 

recover 9x107 and 6.4x108 particles, respectively. Therefore, our method for 

selection and recovery of Jacalin-positive EVs was able to retrieve around 10% 

of the original sample. Then, our treatment could be efficient to select this 

biologically reduced fraction of total EVs from an individual.  

Various previously published protocols chose to use magnetic beads 

surrounded by affinity proteins (antibodies or lectins) to select targets potentially 

associated with the tumor. Yoh et al. (2021) published a study that separated 

extracellular vesicles that express EpCAM in different types of cancer (including 
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BC) [425]. They lose 98-99% of total protein concentration between all EVs and 

EpCAM+ EVs. Despite this, the protein levels obtained were differentially 

expressed between cancer patients and healthy controls [425]. 

Then, some studies used lectin-based affinity assays for selecting EVs. 

Yamamoto et al. (2019) used a lectin from Oscillatoria agardhii (OAA) for 

purifying small EVs surrounded by high-mannose-type glycans from an EV 

collection produced by melanoma cell lines. Though this cohort of EVs could be 

considered pure, the efficiency of the lectin-based selection was equal to 60% 

[426]. Regarding liquid biopsies, Royo et al. (2016) evaluated different methods 

for isolating EVs from urine (local liquid biopsy). These methods included 

precipitation by chemical reagent, ultracentrifugation, and isolation by affinity 

using a Solanum tuberosum lectin. According to their results, the protocol with 

lectins showed a pure EV sample but lost 70-95% of RNA yield [427]. 

In this thesis, we proposed a method to select BC cells and EVs from a 

systemic liquid biopsy source (plasma). We recovered 10% of total EVs, which 

express Jacalin targets in their membrane. After revising related studies, we 

believe that our results are consistent, reliable, and comparable with those from 

the literature. Since plasma EVs are provided by different sources [66], it would 

be beneficial to focus on an EV subpopulation more related to breast tumors. 

However, this decision challenges the sensitivity features of detection systems. 

There is no determined proportion of expected tumor-derived EVs in the 

bloodstream. Eventually, when this value is determined, it will depend on the 

methods followed for collecting these vesicles once these protocols can select 

specific groups of particles as we know today [90,428]. On the other hand, 

lectins and antibodies are useful tools for helping in this process; however, their 

use involves additional bias regarding their specificity and the establishment of 

the target. Antibodies have been proved to be more specific, but lectins can 

offer best cost-benefit estimation [429,430]. In addition, it is possible to profile 

glycans (one of the most interesting cancer-related protein modifications) in 

exploratory techniques, for example lectin microarrays or ELISA assays 

[101,431,432], to discover who is more abundant in EVs from cancer patients, 

and research other separating platforms beyond magnetic beads for improving 

affinity-based separations. 
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4.4.6 Challenges, lessons, and insights from the separation of EVs 

potentially derived from BC tumors 

In this thesis, we observed differences in the cargo of EVs that could be 

associated with a body response in the presence of a tumor such as breast 

cancer, for example, the presence of anti-tumor miRNAs in plasma EVs. Thus, 

we decided to test a method of selecting EVs to favor those potentially 

produced by the tumor. 

Figure 57. NTA of Jacalin-positive EVs. For different stages of the protocol, samples were 

collected for NTA analysis: Original samples (EV isolated from patient plasma), Unbound 

EVs (supernatant after Original samples were incubated with biotinylated Jacalin and biotin-

binder magnetic beads), Unbound EVs-Washing (supernatant after washing step with PBS), 

Jacalin-bound EVs (supernatant after treatment of EV-bound magnetic beads with 0.03 or 

0.3 M D-galactose).  PBS buffer was included as a negative control.  (A) Snapshot of EVs 

under NTA. Particles are shown as bright dots swinging when the analysis is running. (B) 

Nanoparticle concentration for all fractions analyzed. The red dotted line delimits the upper 

limit of PBS quantifications. (C) Distribution of the concentration of particles per size (nm) 

between all fractions analyzed. All results are expressed in particles per mL and five 

technical replicates were considered for each curve. The full videos of NTA analysis can be 

accesed here: https://doi.org/10.6084/m9.figshare.24073803. Figures B-C were built on 

GraphPad Prism v8 for Windows. 
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In this case, we decided to select EVs that express derivatives of the Tn 

antigen, targets of the Jacalin lectin [106,433,434]. However, it is possible to 

use exploratory technologies [101,431,432] to reveal the targets most 

expressed in tumor materials and less present in materials from healthy 

individuals. 

The only detail of this exploratory approach is that it entails a high 

investment of resources since many known targets in the membrane of cells 

and EVs are made up of proteins. In that sense, in addition to canonical 

proteins, it would be possible to search for modified proteins [70,435–437], such 

as those analyzed in this thesis (modified by glycosylation-related  processes). 

Thus, executing a broad spectrum search would require a cost-benefit analysis 

to preserve the balance between the number of samples necessary to generate 

consistent results and the number of analytes provided by this analysis. 

Regarding our strategy for analyzing the Tn antigen and its derivatives, there 

is vast literature associating this antigen with tumor samples [96,98,99]. We 

then performed assays on cell lines (Figure 50 and Figure 51) and samples 

from cohort B with breast cancer (Figure 53 and Figure 52). Based on those 

results, we decided to try an experimental pilot to select extracellular vesicles 

expressing Jacalin targets. 

After running the experiments, we consistently purified 10% of all EVs from 

patient samples (Figure 57). Although additional assays, such as dot blot or 

quantitative tests (ELISA) with this lectin are required to ensure the correct 

separation of these EVs, our results are consistent with other EV separation 

processes using affinity proteins. 

Regarding this type of experiment, some points are still subjects of research, 

for example, the expected number of tumor-derived vesicles in human plasma 

from BC patients. To the best of our knowledge, tumors segregate vesicles to 

circulating media [438]. Nevertheless, we still do not know whether tumor-

derived EV concentration is modulated by clinical or pathological factors. 

Additionally, we have certain biases with the type of affinity protein and the 

system used. Antibodies and lectins can act as affinity proteins [429,430]. In this 

thesis, we primarily used Jacalin lectin to select EVs that express derivatives of 

the Tn antigen. 
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It is possible to use an antibody, such as the anti-STn antibody produced by 

B72.3 cells, which has already demonstrated selection against STn and Tn 

[439,440]. However, this is a still unexplored field. In the same way, we also do 

not know if there are derivatives of Tn (in addition to T and STn antigens) that 

may not be selected by the antibody but by the antigen. 

As a summary of this section, we support the possibility of continuing trials 

that objectify the selection of EVs based on the expression of aberrant 

molecules (such as derivatives of the Tn antigen). Nevertheless, we emphasize 

the need to perform confirmatory tests to evaluate whether the enriched 

material (Jacalin+ EVs) shows sufficient EVs and miRNA yield to perform 

subsequent tests while intending to maintain the input volume handled 

throughout this project (1mL of plasma). Once this step has been carried out, it 

will be possible to validate in BC-derived EVs previous knowledge about the Tn 

antigen in BC tissues, such as its ability to show correlations with tumor stages, 

levels of aggressiveness, and prognosis [429]. 
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CONCLUSIONS 

 

 Protocols for i) isolating EVs from plasma, ii) isolating miRNA from plasma, 

iii) isolating miRNA from plasmatic EVs, iv) labeling Jacalin targets by dot 

blot in vesicular samples, and v) labeling Jacalin targets by lectin-

histochemistry in BC tissues were established. 

 

 BC subgroups (based on IHC profiles or age at diagnosis) show different 

miRNA profiles in cell-free (cf-miRNA) and vesicular (EV-miRNA) content.  

 

 EV-miRNA represents a purest cargo than cf-miRNA. In addition, it is 

possible to separate EV subpopulations regarding the cell of origin and their 

biogenesis.  

 

 Jacalin has the potential to label the tissues and plasma of BC patients. 

Then, it is possible to use this glycan-binding protein to separate EV 

subpopulations expressing Jacalin targets (Tn derivatives).  

 

 The circulating (cf-miRNA) hsa-miR-28-3p was overexpressed in elderly 

(late onset) BC patients compared with young BC patients. In addition, 

young TNBC patients (early onset) showed higher levels of this miRNA 

when compared with young BC patients diagnosed with other subtypes.  

 

 The miRNA hsa-miR-197-3p was downregulated in TNBC samples in their 

cf-miRNA and EV-miRNA forms.  

 

 The hsa-miR-212-3p, hsa-miR-302d-3p, hsa-miR-28-5p, and hsa-miR-873-

3p miRNAs proven to be highly expressed in EVs from plasma of BC 

patients. 
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SUGGESTIONS FOR FURTHER STUDIES 

 

 

 To characterize the immunohistochemical, clinical, pathological, and 

sociodemographic profile of patients or cell lines used in experiments. It 

would avoid any overestimation of results.  

 

 To run pre-analytical tests (including hemolysis checking) on plasma to 

ensure the quality of these samples, especially before evaluating non-

vesicular cargoes.  

 

 Once miRNAs are highly versatile, it is essential to have an adequate 

annotation (nomenclature and studied arm, -3p or -5p). 

 

 In experiments with multiple comparisons, p-values must be adjusted, but in 

pilot studies (or those with a low number of samples per group), the 

interpretation of adjusted p-values should be revised. 

 

 To explore protocols for concentrating EVs from bodily fluids to reach 

required volumes for conventional EV characterization protocols (TEM, WB, 

others). 

 

 To get publicly available omics data from patient cohorts and keep it 

updated to open the possibility of running survival analysis and secondary 

comparisons later. 

 

 To compare mechanisms for separating EV subpopulations using different 

platforms (carbon-based, magnetic beads, microfluidics, etc.) and ligation 

proteins (antibodies or lectins). 
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APPENDICES 

Appendix 1. Patient Characteristics of the Cohort A 

Characteristic 

Elderly 
HER2,  
N = 1

1
 

Elderly 
Luminal A,  

N = 3
1
 

Elderly 
Luminal B,  

N = 3
1
 

Elderly 
Luminal 
HER2,  
N = 3

1
 

Elderly 
TNBC,  
N = 6

1
 

Young  
HER2,  
N = 2

1
 

Young 
Luminal 

B,  
N = 3

1
 

Young 
Luminal 
HER2,  
N = 3

1
 

Young 
TNBC,  
N = 6

1
 

p-
value

2
 

Current Age 
57  

(57-57) 
64  

(57-71) 
62  

(56-67) 
63  

(55-76) 
66  

(51-85) 
32  

(30-33) 
31  

(27-34) 
36  

(33-38) 
35  

(29-39) 
0.004* 

Age at admission to the 
biobank 

53  
(53-53) 

59  
(50-69) 

61  
(54-66) 

61  
(53-74) 

62  
(48-79) 

29  
(27-31) 

30  
(26-32) 

31  
(25-36) 

31  
(29-34) 

0.004* 

Age at blood collection 
54  

(54-54) 
60  

(51-71) 
62  

(55-67) 
63  

(54-75) 
64  

(50-81) 
30  

(28-32) 
31  

(27-33) 
32  

(26-36) 
32  

(30-34) 
0.004* 

Age at diagnosis 
54  

(54-54) 
60  

(51-70) 
61  

(53-67) 
62  

(54-75) 
63  

(50-81) 
30  

(28-32) 
30  

(27-33) 
32  

(26-36) 
32  

(29-34) 
0.004* 

Sex                     

    Female 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
  

Self-reported race                   0.3 

    White 
1 / 1 

(100%) 
2 / 3  

(67%) 
1 / 3  

(33%) 
0 / 3  
(0%) 

4 / 6 
(67%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

4 / 6 
(67%) 

  

    Black 
0 / 1  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Other 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

0 / 6  
(0%) 

  

    Brown 
0 / 1  
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

3 / 3  
(100%) 

1 / 6 
(17%) 

2 / 2 
(100%) 

2 / 3  
(67%) 

2 / 3  
(67%) 

2 / 6 
(33%) 

  

Education level                   0.073 

    Complete High-school 
0 / 1  
(0%) 

1 / 3  
(33%) 

2 / 3  
(67%) 

0 / 3  
(0%) 

2 / 6 
(33%) 

2 / 2 
(100%) 

3 / 3 
(100%) 

2 / 3  
(67%) 

1 / 6 
(17%) 

  

    Incomplete High-school 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Incomplete Elementary School 0 / 1  2 / 3  0 / 3  1 / 3  3 / 6 0 / 2 0 / 3  0 / 3  0 / 6    
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(0%) (67%) (0%) (33%) (50%) (0%) (0%) (0%) (0%) 

Complete University-level 
0 / 1  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

2 / 3  
(67%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

3 / 6 
(50%) 

  

    Incomplete University-level 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

2 / 6 
(33%) 

  

Body-Mass Index (BMI) 
35.5 

(35.5-
35.5) 

25.1  
(23.3-26.2) 

30.7  
(29.2-33.3) 

28.9  
(24.5-34.9) 

25.6 
(17.8-
34.1) 

27.8  
(27.0-
28.6) 

29.8  
(22.3-35.8) 

27.5  
(21.7-33.2) 

28.4 
(20.7-
40.0) 

0.7 

Nutritional status                   >0.9 

Low weight 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

Eutrophic/Normal 
0 / 1  
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

2 / 6 
(33%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

2 / 6 
(33%) 

  

 Obese 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3 
(0%) 

1 / 3  
(33%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

1 / 6 
(17%) 

  

  Overweight 
0 / 1  
(0%) 

2 / 3  
(67%) 

3 / 3 
(100%) 

1 / 3  
(33%) 

2 / 6 
(33%) 

2 / 2 
(100%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

3 / 6 
(50%) 

  

Physical activity                   0.4 

   Do not practice 
0 / 1  
(0%) 

3 / 3 
(100%) 

1 / 3  
(33%) 

2 / 3  
(67%) 

4 / 6 
(67%) 

1 / 2 
(50%) 

3 / 3 
(100%) 

2 / 3  
(67%) 

5 / 6 
(83%) 

  

    Pratice Sporadically 
1 / 1 

(100%) 
0 / 3  
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

0 / 6  
(0%) 

1 / 2 
(50%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Pratice regularly 
0 / 1  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

2 / 6 
(33%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

1 / 6 
(17%) 

  

Drugs use                     

    No 
0 / 0 

(NA%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
1 / 1  

(100%) 
3 / 3 

(100%) 
2 / 2 

(100%) 
2 / 2 

(100%) 
2 / 2  

(100%) 
5 / 5 

(100%) 
  

    Unknown 1 1 0 2 3 0 1 1 1   

Smoking                   0.057 

    Currently smoke 
0 / 1  
(0%) 

2 / 3  
(67%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Smoked in the past 
1 / 1 

(100%) 
1 / 3  

(33%) 
1 / 3  

(33%) 
1 / 3  

(33%) 
1 / 6 

(17%) 
0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6 
(0%) 

  

    Never smoked 
0 / 1  
(0%) 

0 / 3  
(0%) 

2 / 3  
(67%) 

1 / 3  
(33%) 

4 / 6 
(67%) 

2 / 2 
(100%) 

3 / 3 
(100%) 

3 / 3  
(100%) 

6 / 6 
(100%) 
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Alcohol use                   0.5 

    Currently drunk 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Drank in the past 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

2 / 6 
(33%) 

  

    Never drank 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
2 / 3  

(67%) 
2 / 3  

(67%) 
4 / 6 

(67%) 
  

Other comorbidity 
0 / 0 

(NA%) 
0 / 0  

(NA%) 
0 / 0  

(NA%) 
0 / 0  

(NA%) 
0 / 0 

(NA%) 
0 / 0 

(NA%) 
0 / 0  

(NA%) 
0 / 0  

(NA%) 
0 / 0 

(NA%) 
  

    Unknown 1 3 3 3 6 2 3 3 6   

Familiy history of cancer                   0.025* 

    No 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
1 / 3  

(33%) 
1 / 6 

(17%) 
2 / 2 

(100%) 
2 / 3  

(67%) 
0 / 3  
(0%) 

2 / 6 
(33%) 

  

    Yes 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

2 / 3  
(67%) 

5 / 6 
(83%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

3 / 3  
(100%) 

4 / 6 
(67%) 

  

Family history of cancer (first 
degree of kinship) 

                  0.033* 

    Yes 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

5 / 6 
(83%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 6 
(17%) 

  

    No 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
2 / 3  

(67%) 
1 / 6 

(17%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
5 / 6 

(83%) 
  

Family history of breast or 
ovarian cancer (first degree of 
kinship) 

0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

Previous breast-related 
surgeries 

                    

    No 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
2 / 2  

(100%) 
6 / 6 

(100%) 
  

    Unknown 0 0 0 0 0 0 0 1 0   

Diabetes Mellitus                   0.093 

    No 
1 / 1 

(100%) 
2 / 3  

(67%) 
3 / 3 

(100%) 
1 / 3  

(33%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
  

    Yes 
0 / 1  
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

2 / 3  
(67%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

High Blood Pressure (HBP)                   0.2 
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    No 
1 / 1 

(100%) 
2 / 3  

(67%) 
2 / 3  

(67%) 
0 / 3  
(0%) 

4 / 6 
(67%) 

2 / 2 
(100%) 

3 / 3 
(100%) 

3 / 3  
(100%) 

5 / 6 
(83%) 

  

    Yes 
0 / 1  
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

3 / 3  
(100%) 

2 / 6 
(33%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 6 
(17%) 

  

Chronic Obstructive Pulmonary 
Disease (COPD) 

                    

    No 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
  

Chronic Gastritis                   0.6 

    No 
1 / 1 

(100%) 
2 / 3  

(67%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
  

    Yes 
0 / 1  
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

Tubular Differentiation                   0.12 

    2 
0 / 1  
(0%) 

1 / 3  
(33%) 

2 / 3  
(67%) 

0 / 2  
(0%) 

0 / 6  
(0%) 

0 / 1 
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

0 / 5  
(0%) 

  

    3 
1 / 1 

(100%) 
2 / 3  

(67%) 
1 / 3  

(33%) 
2 / 2  

(100%) 
6 / 6 

(100%) 
1 / 1 

(100%) 
3 / 3 

(100%) 
2 / 2  

(100%) 
5 / 5 

(100%) 
  

    Unknown 0 0 0 1 0 1 0 1 1   

Nuclear Grade                   0.2 

    2 
1 / 1 

(100%) 
2 / 3 (67%) 2 / 3 (67%) 1 / 2 (50%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

1 / 3 (33%) 
0 / 2  
(0%) 

0 / 5 
(0%) 

  

    3 0 / 1 (0%) 1 / 3 (33%) 1 / 3 (33%) 1 / 2 (50%) 
5 / 6 

(83%) 
2 / 2 

(100%) 
2 / 3 (67%) 2 / 2 (100%) 

5 / 5 
(100%) 

  

    Unknown 0 0 0 1 0 0 0 1 1   

Mitotic Index                   0.3 

    1 0 / 1 (0%) 
3 / 3 

(100%) 
2 / 3 (67%) 1 / 1 (100%) 

2 / 6 
(33%) 

2 / 2 
(100%) 

1 / 3 (33%) 1 / 2 (50%) 
0 / 5 
(0%) 

  

    2 0 / 1 (0%) 
0 / 3  
(0%) 

1 / 3 (33%) 
0 / 1  
(0%) 

3 / 6 
(50%) 

0 / 2 
(0%) 

2 / 3 (67%) 1 / 2 (50%) 
3 / 5 

(60%) 
  

    3 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 1  
(0%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

2 / 5 
(40%) 

  

    Unknown 0 0 0 2 0 0 0 1 1   

Histologic Grade                   0.049* 

    1 0 / 1  1 / 3  1 / 3  0 / 1  0 / 6  0 / 1 0 / 3  0 / 2  0 / 5    
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(0%) (33%) (33%) (0%) (0%) (0%) (0%) (0%) (0%) 

    2 
0 / 1  
(0%) 

2 / 3  
(67%) 

2 / 3  
(67%) 

1 / 1  
(100%) 

2 / 6 
(33%) 

1 / 1 
(100%) 

2 / 3  
(67%) 

1 / 2  
(50%) 

0 / 5  
(0%) 

  

    3 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 1  
(0%) 

4 / 6 
(67%) 

0 / 1 
(0%) 

1 / 3  
(33%) 

1 / 2  
(50%) 

5 / 5 
(100%) 

  

    Unknown 0 0 0 2 0 1 0 1 1   

Estrogen Receptor                   <0.001* 

    Negative 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

6 / 6 
(100%) 

2 / 2 
(100%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

6 / 6 
(100%) 

  

    Positive 
0 / 1  
(0%) 

3 / 3 
(100%) 

3 / 3 
(100%) 

2 / 3  
(67%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

3 / 3 
(100%) 

3 / 3  
(100%) 

0 / 6  
(0%) 

  

Progesterone Receptor                   <0.001* 

    Inconclusive 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Negative 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

6 / 6 
(100%) 

2 / 2 
(100%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

6 / 6 
(100%) 

  

    Positive 
0 / 1  
(0%) 

3 / 3 
(100%) 

3 / 3 
(100%) 

2 / 3  
(67%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

3 / 3 
(100%) 

3 / 3  
(100%) 

0 / 6  
(0%) 

  

HER2 (IHC)                   <0.001* 

    + (negative) 
0 / 1  
(0%) 

0 / 3  
(0%) 

2 / 3  
(67%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    ++ (suspicious) 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

2 / 3  
(67%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    +++ (positive) 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

0 / 6  
(0%) 

2 / 2 
(100%) 

0 / 3  
(0%) 

3 / 3  
(100%) 

0 / 6  
(0%) 

  

    0 (negative) 
0 / 1  
(0%) 

3 / 3 
(100%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

5 / 6 
(83%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

6 / 6 
(100%) 

  

HER2 (FISH)                   0.025* 

    Amplified 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

2 / 2  
(100%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

0 / 3  
(0%) 

  

    Suspicious 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

1 / 1 
(100%) 

0 / 2  
(0%) 

0 / 3  
(0%) 

  

    Not evaluated 
0 / 1  
(0%) 

2 / 3  
(67%) 

3 / 3 
(100%) 

0 / 2  
(0%) 

5 / 6 
(83%) 

2 / 2 
(100%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

3 / 3 
(100%) 

  

    Not amplified 0 / 1  1 / 3  0 / 3  0 / 2  1 / 6 0 / 2 0 / 1  0 / 2  0 / 3    



179 

(0%) (33%) (0%) (0%) (17%) (0%) (0%) (0%) (0%) 

    Unknown 0 0 0 1 0 0 2 1 3   

Ki67 
70  

(70-70) 
9  

(8-10) 
38  

(25-60) 
35  

(15-70) 
67  

(50-90) 
35  

(30-40) 
43  

(30-70) 
53  

(40-80) 
83  

(50-95) 
0.014* 

T                   0.6 

    T1 
1 / 1 

(100%) 
2 / 3  

(67%) 
0 / 3  
(0%) 

0 / 2  
(0%) 

0 / 6  
(0%) 

1 / 2 
(50%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 5  
(0%) 

  

    T2 
0 / 1  
(0%) 

0 / 3  
(0%) 

2 / 3  
(67%) 

1 / 2  
(50%) 

2 / 6 
(33%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

1 / 5 
(20%) 

  

    T3 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

3 / 6 
(50%) 

1 / 2 
(50%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

2 / 5 
(40%) 

  

    T4 
0 / 1  
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

0 / 2  
(0%) 

1 / 6 
(17%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

0 / 3  
(0%) 

1 / 5 
(20%) 

  

    T4d 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

1 / 5 
(20%) 

  

    Tis 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 2  
(50%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 5 
(0%) 

  

    Unknown 0 0 0 1 0 0 0 0 1   

N                   0.5 

    N0 
1 / 1 

(100%) 
0 / 3  
(0%) 

2 / 3  
(67%) 

1 / 2  
(50%) 

2 / 6 
(33%) 

1 / 2 
(50%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 5 
(20%) 

  

    N1 
0 / 1  
(0%) 

3 / 3 
(100%) 

1 / 3  
(33%) 

0 / 2  
(0%) 

2 / 6 
(33%) 

1 / 2 
(50%) 

2 / 3  
(67%) 

2 / 3  
(67%) 

3 / 5 
(60%) 

  

    N2 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 2  
(50%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

1 / 3  
(33%) 

1 / 3  
(33%) 

0 / 5  
(0%) 

  

    N3 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

2 / 6 
(33%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 5  
(0%) 

  

    N3c 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

1 / 5 
(20%) 

  

    Unknown 0 0 0 1 0 0 0 0 1   

M                   0.7 

    M0 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
2 / 2  

(100%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
2 / 3  

(67%) 
3 / 4 

(75%) 
  

    M1 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 2  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

1 / 3  
(33%) 

1 / 4 
(25%) 
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    Unknown 0 0 0 1 0 0 0 0 2   

Immunohistochemical  
Subtype 

                  <0.001* 

    HER2 
1 / 1 

(100%) 
0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

2 / 2 
(100%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Luminal A 
0 / 1  
(0%) 

3 / 3 
(100%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Luminal B 
0 / 1  
(0%) 

0 / 3  
(0%) 

3 / 3 
(100%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

3 / 3 
(100%) 

0 / 3  
(0%) 

0 / 6  
(0%) 

  

    Luminal HER2 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

3 / 3  
(100%) 

0 / 6  
(0%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

3 / 3  
(100%) 

0 / 6  
(0%) 

  

    TNBC 
0 / 1  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

6 / 6 
(100%) 

0 / 2 
(0%) 

0 / 3  
(0%) 

0 / 3  
(0%) 

6 / 6 
(100%) 

  

International Classification of 
Diseases (ICD) 

                    

    C50 (Malignant neoplasm of 
breast) 

1 / 1 
(100%) 

3 / 3 
(100%) 

3 / 3 
(100%) 

3 / 3  
(100%) 

6 / 6 
(100%) 

2 / 2 
(100%) 

3 / 3 
(100%) 

3 / 3  
(100%) 

6 / 6 
(100%) 

  

Clinical Stage FOSP                   0.3 

    I 
1 / 1 

(100%) 
1 / 2  

(50%) 
0 / 1  
(0%) 

0 / 0  
(NA%) 

0 / 5  
(0%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 3  
(0%) 

  

    II 
0 / 1  
(0%) 

1 / 2  
(50%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

2 / 5 
(40%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

2 / 3 
(67%) 

  

    III 
0 / 1  
(0%) 

0 / 2  
(0%) 

1 / 1 
(100%) 

0 / 0  
(NA%) 

3 / 5 
(60%) 

1 / 1 
(100%) 

1 / 1 
(100%) 

0 / 2  
(0%) 

0 / 3  
(0%) 

  

    IV 
0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

0 / 5  
(0%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

1 / 3 
(33%) 

  

    Unknown 0 1 2 3 1 1 2 1 3   

Clinical T stage                   0.5 

    1C 
1 / 1 

(100%) 
2 / 2 

(100%) 
0 / 1  
(0%) 

0 / 0  
(NA%) 

0 / 5  
(0%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 3  
(0%) 

  

    2 
0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

2 / 5 
(40%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

2 / 3 
(67%) 

  

    3 
0 / 1  
(0%) 

0 / 2  
(0%) 

1 / 1 
(100%) 

0 / 0  
(NA%) 

1 / 5 
(20%) 

1 / 1 
(100%) 

1 / 1 
(100%) 

0 / 2  
(0%) 

0 / 3  
(0%) 

  

    4B 0 / 1  0 / 2  0 / 1  0 / 0  1 / 5 0 / 1 0 / 1  0 / 2  0 / 3    
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(0%) (0%) (0%) (NA%) (20%) (0%) (0%) (0%) (0%) 

    4D 
0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

1 / 5 
(20%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

1 / 3 
(33%) 

  

    Unknown 0 1 2 3 1 1 2 1 3   

Clinical N stage                   0.5 

    0 
1 / 1 

(100%) 
0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

2 / 5 
(40%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 3  
(0%) 

  

    1 
0 / 1  
(0%) 

2 / 2 
(100%) 

1 / 1 
(100%) 

0 / 0  
(NA%) 

3 / 5 
(60%) 

0 / 1 
(0%) 

1 / 1 
(100%) 

1 / 2  
(50%) 

2 / 3 
(67%) 

  

    2 
0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

0 / 5  
(0%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

0 / 3  
(0%) 

  

    2A 
0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

0 / 5  
(0%) 

1 / 1 
(100%) 

0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 3  
(0%) 

  

    3 
0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

0 / 5  
(0%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

0 / 2  
(0%) 

1 / 3 
(33%) 

  

    Unknown 0 1 2 3 1 1 2 1 3   

Clinical M stage 
0 / 1  
(0%) 

0 / 2  
(0%) 

0 / 1  
(0%) 

0 / 0  
(NA%) 

0 / 5  
(0%) 

0 / 1 
(0%) 

0 / 1  
(0%) 

1 / 2  
(50%) 

1 / 3 
(33%) 

0.6 

    Unknown 0 1 2 3 1 1 2 1 3   

Tumor relapse                   0.4 

    No 
1 / 1 

(100%) 
3 / 3 

(100%) 
0 / 1  
(0%) 

2 / 2  
(100%) 

4 / 5 
(80%) 

2 / 2 
(100%) 

0 / 0  
(NA%) 

1 / 2  
(50%) 

1 / 3 
(33%) 

  

    Yes 
0 / 1  
(0%) 

0 / 3  
(0%) 

1 / 1 
(100%) 

0 / 2  
(0%) 

1 / 5 
(20%) 

0 / 2 
(0%) 

0 / 0  
(NA%) 

1 / 2  
(50%) 

2 / 3 
(67%) 

  

    Unknown 0 0 2 1 1 0 3 1 3   

Treatment before blood 
collection 

                    

    No 
1 / 1 

(100%) 
3 / 3 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
2 / 2 

(100%) 
3 / 3 

(100%) 
3 / 3  

(100%) 
6 / 6 

(100%) 
  

1
 n / N (%); Mean (Minimum-Maximum) 

2
 Kruskal-Wallis rank sum test; Fisher’s exact test 

IHC: Immunohistochemistry, FISH: Fluorescence In situ Hybridization, FOSP: Fundação Oncocentro de São Paulo, TNM Classification 8th edition. 
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Appendix 2. Patient Characteristics of the Cohort B 

Characteristic 

Elderly 
TNBC,  
N = 6

1
 

Young  
Luminal A,  

N = 4
1
 

Young  
Luminal B,  

N = 6
1
 

Young  
Luminal 
HER2,  
N = 4

1
 

Young 
TNBC,  
N = 4

1
 

p-
value

2
 

Current Age 
66  

(62-70) 
40  

(33-46) 
37  

(29-41) 
36  

(30-40) 
39  

(35-43) 
0.019* 

Age at admission to the biobank 
60  

(55-67) 
32  

(27-39) 
32  

(26-36) 
32  

(26-35) 
35  

(31-38) 
0.006* 

Age at blood collection 
61  

(56-68) 
33  

(27-40) 
33  

(26-37) 
31  

(27-33) 
36  

(32-39) 
0.004* 

Age at diagnosis 
61  

(56-68) 
33  

(27-40) 
33 

 (26-37) 
31 

 (27-33) 
36 

 (32-39) 
0.004* 

Sex             

    Female 
6 / 6 

 (100%) 
4 / 4 

(100%) 
6 / 6 

(100%) 
4 / 4  

(100%) 
4 / 4 

 (100%)   

Self-reported race           0.2 

    Black 
2 / 6  

(33%) 
4 / 4 

(100%) 
1 / 6 

 (17%) 
0 / 4 
 (0%) 

3 / 4 
 (75%)   

    Other 
3 / 6  

(50%) 
0 / 4 
 (0%) 

2 / 6 
 (33%) 

1 / 4  
(25%) 

0 / 4  
(0%)   

    Brown 
0 / 6  
(0%) 

0 / 4 
 (0%) 

1 / 6  
(17%) 

1 / 4 
 (25%) 

0 / 4  
(0%)   

Education level           0.043* 

    Complete High-school 
2 / 6  

(33%) 
3 / 4  

(75%) 
4 / 6  

(67%) 
4 / 4  

(100%) 
1 / 4 

 (25%) 
  

    Complete Elementary School 
1 / 6  

(17%) 
0 / 4  
(0%) 

0 / 6  
(0%) 

0 / 4  
(0%) 

0 / 4  
(0%) 

  

    Incomplete Elementary School 
3 / 6 

 (50%) 
0 / 4  
(0%) 

0 / 6  
(0%) 

0 / 4  
(0%) 

1 / 4  
(25%) 

  

    Complete University-level 
0 / 6  
(0%) 

0 / 4  
(0%) 

0 / 6 
 (0%) 

0 / 4  
(0%) 

2 / 4 
 (50%) 

  

    Incomplete University-level 
0 / 6  
(0%) 

1 / 4  
(25%) 

2 / 6 
 (33%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 
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Body-Mass Index (BMI) 
46  

(25-64) 
42  

(23-75) 
42  

(22-80) 
25 

 (19-34) 
29 

 (26-34) 
0.4 

Nutritional status           0.7 

Eutrophic/Normal 
2 / 6  

(33%) 
1 / 4  

(25%) 
3 / 6  

(50%) 
3 / 4 

 (75%) 
1 / 4 

 (25%) 
  

 Obese 
2 / 6 

 (33%) 
0 / 4  
(0%) 

2 / 6  
(33%) 

1 / 4 
 (25%) 

1 / 4 
 (25%) 

  

  Overweight 
2 / 6 

 (33%) 
3 / 4 

 (75%) 
1 / 6 

 (17%) 
0 / 4  
(0%) 

2 / 4 
 (50%) 

  

Physical activity           0.7 

   Do not practice 
5 / 6 

 (83%) 
4 / 4 

(100%) 
3 / 6 

 (50%) 
3 / 4 

 (75%) 
3 / 4 

 (75%) 
  

    Pratice Sporadically 
1 / 6  

(17%) 
0 / 4 
 (0%) 

0 / 6 
 (0%) 

0 / 4 
 (0%) 

0 / 4  
(0%) 

  

    Pratice regularly 
0 / 6 
 (0%) 

0 / 4 
 (0%) 

1 / 6 
 (17%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

Drugs use             

    No 
1 / 1  

(100%) 
3 / 3 

(100%) 
4 / 4 

(100%) 
4 / 4  

(100%) 
4 / 4 

 (100%) 
  

    Unknown 5 1 2 0 0   

Smoking           0.5 

    Currently smoke 
2 / 6  

(33%) 
1 / 4  

(25%) 
0 / 6  
(0%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

    Smoked in the past 
1 / 6  

(17%) 
1 / 4 

 (25%) 
3 / 6  

(50%) 
1 / 4 

 (25%) 
0 / 4 
 (0%) 

  

    Never smoked 
3 / 6 

 (50%) 
2 / 4 

 (50%) 
3 / 6 

 (50%) 
3 / 4  

(75%) 
4 / 4 

(100%) 
  

Alcohol use           0.9 

    Currently drunk 
0 / 6  
(0%) 

0 / 4  
(0%) 

1 / 6 
 (17%) 

0 / 4 
 (0%) 

0 / 4  
(0%) 

  

    Drank in the past 
1 / 6  

(17%) 
0 / 4 
 (0%) 

2 / 6  
(33%) 

1 / 4  
(25%) 

1 / 4  
(25%) 

  

    Never drank 
5 / 6 

 (83%) 
4 / 4 

(100%) 
3 / 6 

 (50%) 
3 / 4 

 (75%) 
3 / 4  

(75%) 
  

Other comorbidity 0 / 0  0 / 0  0 / 0  0 / 0  0 / 0    
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(NA%) (NA%) (NA%) (NA%) (NA%) 

    Unknown 6 4 6 4 4   

Familiy history of cancer      0.9 

    No 
2 / 6  

(33%) 
1 / 4 

 (25%) 
1 / 6 

 (17%) 
2 / 4  

(50%) 
2 / 4  

(50%) 
 

    Yes 
4 / 6 

 (67%) 
3 / 4  

(75%) 
5 / 6 

 (83%) 
2 / 4  

(50%) 
2 / 4  

(50%) 
 

Family history of cancer (first degree of kinship)           0.3 

    Yes 
4 / 6  

(67%) 
1 / 4  

(25%) 
1 / 6 

 (17%) 
0 / 4 
 (0%) 

1 / 4 
 (25%) 

  

    No 
2 / 6  

(33%) 
3 / 4  

(75%) 
5 / 6  

(83%) 
4 / 4  

(100%) 
3 / 4  

(75%) 
  

Family history of breast or ovarian cancer (first degree of 
kinship) 

1 / 6  
(17%) 

1 / 4 
 (25%) 

1 / 6 
 (17%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

Previous breast-related surgeries           0.3 

    No 
6 / 6 

 (100%) 
4 / 4 

(100%) 
5 / 6 

 (83%) 
2 / 4 

 (50%) 
3 / 4 

 (75%) 
  

    Yes 
0 / 6  
(0%) 

0 / 4  
(0%) 

1 / 6 
 (17%) 

2 / 4  
(50%) 

1 / 4  
(25%) 

  

Diabetes Mellitus           0.2 

    No 
4 / 6 

 (67%) 
4 / 4 

(100%) 
6 / 6 

(100%) 
4 / 4 

 (100%) 
4 / 4 

 (100%) 
  

    Yes 
2 / 6 

 (33%) 
0 / 4  
(0%) 

0 / 6 
 (0%) 

0 / 4  
(0%) 

0 / 4 
 (0%) 

  

High Blood Pressure (HBP)           0.081 

    No 
3 / 6 

 (50%) 
4 / 4 

(100%) 
6 / 6 

(100%) 
3 / 4  

(75%) 
4 / 4  

(100%) 
  

    Yes 
3 / 6 

 (50%) 
0 / 4 
 (0%) 

0 / 6  
(0%) 

1 / 4 
 (25%) 

0 / 4  
(0%) 

  

Chronic Obstructive Pulmonary Disease (COPD)           0.9 

    No 
5 / 6  

(83%) 
4 / 4 

(100%) 
6 / 6 

(100%) 
4 / 4 

 (100%) 
3 / 4  

(75%) 
  

    Yes 
1 / 6  

(17%) 
0 / 4 
 (0%) 

0 / 6  
(0%) 

0 / 4  
(0%) 

1 / 4 
 (25%) 

  

Chronic Gastritis           >0.9 
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    No 
5 / 6 

 (83%) 
4 / 4 

(100%) 
6 / 6 

(100%) 
4 / 4 

 (100%) 
4 / 4 

 (100%) 
  

    Yes 
1 / 6 

 (17%) 
0 / 4  
(0%) 

0 / 6 
 (0%) 

0 / 4 
 (0%) 

0 / 4  
(0%) 

  

Tubular Differentiation           0.4 

    2 
1 / 6 

 (17%) 
2 / 4  

(50%) 
1 / 6  

(17%) 
0 / 4 
 (0%) 

0 / 4  
(0%) 

  

    3 
5 / 6  

(83%) 
2 / 4  

(50%) 
5 / 6  

(83%) 
4 / 4  

(100%) 
4 / 4 

 (100%) 
  

Nuclear Grade           >0.9 

    2 
1 / 6  

(17%) 
1 / 4 

 (25%) 
2 / 6 

 (33%) 
1 / 4  

(25%) 
0 / 4  
(0%) 

  

    3 
5 / 6 

 (83%) 
3 / 4 

 (75%) 
4 / 6 

 (67%) 
3 / 4  

(75%) 
4 / 4 

 (100%) 
  

Mitotic Index           0.8 

    1 
3 / 6  

(50%) 
4 / 4 

(100%) 
5 / 6  

(83%) 
2 / 4  

(50%) 
2 / 4 

 (50%) 
  

    2 
1 / 6  

(17%) 
0 / 4 
 (0%) 

0 / 6 
 (0%) 

1 / 4  
(25%) 

1 / 4 
 (25%) 

  

    3 
2 / 6 

 (33%) 
0 / 4  
(0%) 

1 / 6 
 (17%) 

1 / 4 
 (25%) 

1 / 4  
(25%) 

  

Histologic Grade           0.5 

    1 
0 / 6  
(0%) 

0 / 4 
 (0%) 

1 / 6  
(17%) 

0 / 4  
(0%) 

0 / 4  
(0%) 

  

    2 
3 / 6 

 (50%) 
4 / 4 

(100%) 
4 / 6  

(67%) 
2 / 4 

 (50%) 
2 / 4  

(50%) 
  

    3 
3 / 6  

(50%) 
0 / 4 
 (0%) 

1 / 6 
 (17%) 

2 / 4 
 (50%) 

2 / 4  
(50%) 

  

Estrogen Receptor           <0.001* 

    Negative 
6 / 6 

 (100%) 
0 / 4  
(0%) 

0 / 6  
(0%) 

0 / 4  
(0%) 

4 / 4 
 (100%) 

  

    Positive 
0 / 6 
 (0%) 

4 / 4 
(100%) 

6 / 6 
(100%) 

4 / 4 
 (100%) 

0 / 4 
 (0%) 

  

Progesterone Receptor           <0.001 

    Negative 6 / 6 0 / 4 1 / 6 1 / 4  4 / 4    
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 (100%)  (0%)  (17%) (25%) (100%) 

    Positive 
0 / 6 
 (0%) 

4 / 4 
(100%) 

5 / 6 
 (83%) 

3 / 4  
(75%) 

0 / 4 
 (0%) 

  

HER2 (IHC)             

    0 (negative) 
5 / 5 

 (100%) 
4 / 4 

(100%) 
4 / 4 

(100%) 
0 / 0 

 (NA%) 
4 / 4 

 (100%) 
  

    Unknown 1 0 2 4 0   

HER2 (FISH)           0.002* 

    Amplified 
0 / 6  
(0%) 

0 / 4  
(0%) 

0 / 6 
 (0%) 

4 / 4  
(100%) 

0 / 4  
(0%) 

  

    Suspicious 
0 / 6 
 (0%) 

0 / 4 
 (0%) 

1 / 6 
 (17%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

    Not evaluated 
3 / 6  

(50%) 
4 / 4 

(100%) 
4 / 6 

 (67%) 
0 / 4 
 (0%) 

3 / 4 
 (75%) 

  

    Not amplified 
3 / 6 

 (50%) 
0 / 4 
 (0%) 

1 / 6 
 (17%) 

0 / 4 
 (0%) 

1 / 4  
(25%) 

  

Ki67 
38  

(25-60) 
10 

 (5-13) 
50 

 (30-90) 
50  

(30-70) 
91 

 (80-100) 
0.003* 

T           0.3 

    T1 
2 / 5 

 (40%) 
0 / 3 
 (0%) 

2 / 6  
(33%) 

1 / 4 
 (25%) 

0 / 4  
(0%) 

  

    T2 
2 / 5  

(40%) 
3 / 3 

(100%) 
0 / 6  
(0%) 

1 / 4 
 (25%) 

2 / 4 
 (50%) 

  

    T3 
1 / 5  

(20%) 
0 / 3  
(0%) 

3 / 6 
 (50%) 

1 / 4 
 (25%) 

2 / 4 
 (50%) 

  

    T4 
0 / 5 
 (0%) 

0 / 3 
 (0%) 

1 / 6  
(17%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

    Tis 
0 / 5 
 (0%) 

0 / 3 
 (0%) 

0 / 6  
(0%) 

1 / 4 
 (25%) 

0 / 4 
 (0%) 

  

    Unknown 1 1 0 0 0   

N           0.6 

    N0 
2 / 5 

 (40%) 
2 / 3 

 (67%) 
2 / 6 

 (33%) 
3 / 4 

 (75%) 
2 / 4  

(50%) 
  

    N1 
2 / 5 

 (40%) 
0 / 3 
 (0%) 

1 / 6  
(17%) 

1 / 4 
 (25%) 

2 / 4  
(50%) 
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    N2 
1 / 5  

(20%) 
0 / 3 
 (0%) 

3 / 6 
 (50%) 

0 / 4 
 (0%) 

0 / 4  
(0%) 

  

    N3 
0 / 5  
(0%) 

1 / 3 
 (33%) 

0 / 6 
 (0%) 

0 / 4 
 (0%) 

0 / 4  
(0%) 

  

    Unknown 1 1 0 0 0   

M           0.2 

    M0 
5 / 5  

(100%) 
2 / 3 

 (67%) 
6 / 6 

(100%) 
3 / 4  

(75%) 
4 / 4  

(100%) 
  

    M1 
0 / 5  
(0%) 

1 / 3  
(33%) 

0 / 6 
 (0%) 

1 / 4  
(25%) 

0 / 4 
 (0%) 

  

    Unknown 1 1 0 0 0   

Immunohistochemical  
Subtype 

          <0.001* 

    Luminal A 
0 / 6  
(0%) 

4 / 4 
(100%) 

0 / 6 
 (0%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

    Luminal B 
0 / 6  
(0%) 

0 / 4 
 (0%) 

6 / 6 
(100%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

    Luminal HER2 
0 / 6 
 (0%) 

0 / 4 
 (0%) 

0 / 6 
 (0%) 

4 / 4 
 (100%) 

0 / 4 
 (0%) 

  

    TNBC 
6 / 6 

 (100%) 
0 / 4 
 (0%) 

0 / 6  
(0%) 

0 / 4 
 (0%) 

4 / 4  
(100%) 

  

International Classification of Diseases (ICD)             

    C50 (Malignant neoplasm of breast) 
6 / 6  

(100%) 
4 / 4 

(100%) 
6 / 6 

(100%) 
4 / 4  

(100%) 
4 / 4 

 (100%)  

Clinical Stage FOSP           0.3 

    I 
3 / 6  

(50%) 
0 / 4 
 (0%) 

1 / 6  
(17%) 

0 / 4 
 (0%) 

1 / 4 
 (25%) 

  

    II 
1 / 6  

(17%) 
3 / 4 

 (75%) 
1 / 6  

(17%) 
2 / 4  

(50%) 
1 / 4 

 (25%) 
  

    III 
2 / 6 

 (33%) 
0 / 4  
(0%) 

4 / 6 
 (67%) 

1 / 4  
(25%) 

2 / 4  
(50%) 

  

    IV 
0 / 6 
 (0%) 

1 / 4 
 (25%) 

0 / 6 
 (0%) 

1 / 4 
 (25%) 

0 / 4 
 (0%) 

  

Clinical T stage           0.069 

    1A 1 / 6 0 / 4 0 / 6  0 / 4 0 / 4   
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 (17%)  (0%) (0%)  (0%)  (0%) 

    1B 
0 / 6  
(0%) 

0 / 4 
 (0%) 

1 / 6 
 (17%) 

0 / 4 
 (0%) 

0 / 4  
(0%) 

  

    1C 
2 / 6 

 (33%) 
0 / 4 
 (0%) 

1 / 6 
 (17%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

    2 
2 / 6 

 (33%) 
4 / 4 

(100%) 
0 / 6 
 (0%) 

3 / 4 
 (75%) 

1 / 4 
 (25%) 

  

    3 
1 / 6 

 (17%) 
0 / 4  
(0%) 

3 / 6 
 (50%) 

0 / 4 
 (0%) 

2 / 4 
 (50%) 

  

    4B 
0 / 6 
 (0%) 

0 / 4 
 (0%) 

1 / 6 
 (17%) 

1 / 4 
 (25%) 

0 / 4 
 (0%) 

  

    4D 
0 / 6 
 (0%) 

0 / 4 
 (0%) 

0 / 6  
(0%) 

0 / 4 
 (0%) 

1 / 4 
 (25%) 

  

Clinical N stage           0.5 

    0 
3 / 6  

(50%) 
2 / 4 

 (50%) 
1 / 6  

(17%) 
1 / 4  

(25%) 
2 / 4 

 (50%) 
  

    1 
2 / 6 

 (33%) 
1 / 4 

 (25%) 
2 / 6 

 (33%) 
3 / 4 

 (75%) 
1 / 4 

 (25%) 
  

    2 
0 / 6 
 (0%) 

0 / 4 
 (0%) 

3 / 6 
 (50%) 

0 / 4 
 (0%) 

0 / 4  
(0%) 

  

    2A 
1 / 6 

 (17%) 
0 / 4 
 (0%) 

0 / 6  
(0%) 

0 / 4 
 (0%) 

1 / 4  
(25%) 

  

    3A 
0 / 6 
 (0%) 

1 / 4 
 (25%) 

0 / 6  
(0%) 

0 / 4 
 (0%) 

0 / 4 
 (0%) 

  

Clinical M stage 
0 / 6 
 (0%) 

1 / 4 
 (25%) 

0 / 6 
 (0%) 

1 / 4 
 (25%) 

0 / 4 
 (0%) 

0.3 

Tumor relapse           >0.9 

    No 
5 / 6 

 (83%) 
3 / 4 

 (75%) 
5 / 6  

(83%) 
3 / 4  

(75%) 
4 / 4 

 (100%) 
  

    Yes 
1 / 6 

 (17%) 
1 / 4  

(25%) 
1 / 6 

 (17%) 
1 / 4  

(25%) 
0 / 4  
(0%) 

  

Treatment before blood collection           0.7 

    Yes 
2 / 4  

(50%) 
0 / 3 
 (0%) 

3 / 6  
(50%) 

2 / 4  
(50%) 

1 / 4 
 (25%) 

  

    No 2 / 4 3 / 3 3 / 6 2 / 4 3 / 4    
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 (50%) (100%)  (50%) (50%) (75%) 

    Unknown 2 1 0 0 0   
1
 n / N (%); Mean (Minimum-Maximum) 

2
 Kruskal-Wallis rank sum test; Fisher’s exact test 

IHC: Immunohistochemistry, FISH: Fluorescence In situ Hybridization, FOSP: Fundação Oncocentro de São Paulo, TNM Classification 8th edition.
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Appendix 3. Gene Expression Omnibus accession GSE240872 with data of cf-miRNA 
from Brazilian breast cancer patients (n=12, pooling strategy) 
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Appendix 4. Gene Expression Omnibus accession GSE241784 with data of vesicular 
miRNA from Brazilian breast cancer patients (n=12, pooling strategy) 
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Appendix 5. Gene Expression Omnibus accession GSE241785 with data of vesicular 
miRNA from Brazilian breast cancer patients (n=24, individual samples) 
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Appendix 6. Checklist of the ESMO Guidance for Reporting Oncology real-World 
evidence (GROW). 
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Appendix 7. Standardized Reporting Tool for Blood EV Research (MIBlood-EV). 
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 Biopsias líquidas en Cáncer de mama: Estado del arte y futuros desafíos en el 

Perú. Alexis Murillo. V International Congress of Bioscience Research. 

Hamutay. January 15-17, 2020. Lima, Peru. http://hamutay.org/v-jcib/ 

 Evaluation of mirna-145 levels in plasma by digital PCR and in silico analysis. 

Implications in cancer. Motta Angelo; Acosta Oscar; Buleje Jose; Murillo 

Alexis; Danos Pierina; Fujita Ricardo. XX Curso de Verão: Genoma, Proteoma 

e o Universo Celular - Oncologia, Células-tronco e Terapia Celular. February 3-

14, 2020. Ribeirão Preto, SP. 

 Vacuna en contra de COVID-19: Progreso y perspectiva en las Américas y el 

Caribe. Alexis Murillo. International conferences for Spanish speakers, Public 

Health Literacy. 30 April 2021.  

 Uso de nanopartículas para sensibilizar células tumorales a través de 

silenciamiento génico. Alexis Murillo. Perú: Biociencias e Investigación en el 

Bicentenario. 28-29 August 2021. 

 Evaluación de los niveles de miRNA-145 circulante en plasma de mujeres 

peruanas y análisis in silico en cáncer. Motta Pardo A, O. Acosta Conchucos, J. 

Buleje Sono, A. Murillo Carrasco, R. Fujita Alarcon, P. Danos Diaz, M.L. 

Guevara Gil, A. Salazar Eusebio. Latin American Congress of Genetics, ALAG 

2021. 5-8 October 2021. 

 Análisis del gen FMO3 en pacientes peruanos con traza de trimetilaminuria. 

Laymito Chumbimuni L.R, A. Murillo-Carrasco, A. Zevallos-Morales, R. 

Sanchez M., R. Fujita, M.L. Guevara-Fujita. Latin American Congress of 

Genetics, ALAG 2021. 5-8 October 2021. 

 COVID-19, las vacunas y sus implicaciones en la Población 

Latinoamericana.  Alexis Murillo. International conferences for Spanish 

speakers, Public Health Literacy. 30 September 2021.  

http://dx.doi.org/10.22533/at.ed.21419210612
https://www.editoradoseditores.com.br/oncologia-clinica/oncologia-da-molecula-a-clinica
https://www.editoradoseditores.com.br/oncologia-clinica/oncologia-da-molecula-a-clinica
http://hamutay.org/v-jcib/
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 Uso de nanopartículas para sensibilizar células tumorales a través de 

silenciamiento génico. Alexis Murillo. International Congress of technologic 

development and innovation, Peru. 6-10 December 2021. 

 Enriquecimento das vesículas extracelulares derivadas de tumor a partir do seu 

padrão de glicosilação (antígenos Tn/Stn) para caracterizar o conteúdo de 

miRNA em pacientes com câncer de mama. Alexis Murillo & Roger 

Chammas. Annual presentations of the Postgraduate Course in Oncology at 

the Faculty of Medicine of the University of São Paulo (FMUSP). 10-11 

December 2020. 

 Compreensão dos mecanismos de resistência a tratamentos: uma plataforma 

para inovação diagnóstica e terapêutica em Oncologia. Alexis Murillo, Nathalia 

Leal, Silvina Bustos & Roger Chammas. I Symposium "Desafios em Oncologia 

Molecular" held at the Faculty of Medicine of the University of São Paulo. 06 

March 2021. 

 Biomarkers.  Alexis Murillo. VI Course of Molecular Oncology held at the 

Faculty of Medicine of the University of São Paulo. 19-27 July 2021. 

 Expresión concomitante de genes como herramienta para evaluar la hipótesis 

de los mini impulsores en cáncer colorectal. Anthony Vladimir Campos Segura 

& Alexis Germán Murillo Carrasco. International Scientific Congress of 

Biosciences “Hamutay”. 15-17 December 2021. Lima-Peru. 

 Análisis de reproducibilidad en datos de expresión génica medida por 

microarrays en muestras de cáncer colorrectal. Anthony Vladimir Campos 

Segura & Alexis Germán Murillo Carrasco. International Scientific Congress 

of Biosciences “Hamutay”. 15-17 December 2021. Lima-Peru. 

 Análisis transcriptómico en pacientes con cáncer gástrico propone 7 genes 

para predecir el pronóstico con alta performance. Mariana Velásquez 

Sotomayor, Ricardo Asurza Montalva, Alexis Murillo Carrasco, Obert Marín 

Sánchez & Cesar Ortiz Rojas. International Scientific Congress of Biosciences 

“Hamutay”. 15-17 December 2021. Lima-Peru. 

 Age-related vesicular miRNA comparison proposes potential biomarkers for 

triple-negative young breast cancer in a Brazilian cohort. Alexis Germán 

Murillo Carrasco, Silvina Odete Bustos, Tainara Francini Felix, Patricia Pintor 

Dos Reis, Luciana Nogueira de Sousa Andrade & Roger Chammas. 11th 
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International Society for Extracellular Vesicles Annual Meeting (ISEV2022). 25-

29 May 2022. Lyon- France. 

 Análisis bioinformático para explorar el impacto de las mutaciones somáticas 

en los genes SAMHD1, GNL1, POLE, MRE11 y ASXL2 como potenciales mini 

impulsores en Cáncer Colorrectal. Anthony Vladimir Campos Segura & Alexis 

Germán Murillo Carrasco. Simposio de Estudiantes Hispanohablantes de 

Bioinformática y Biología Computacional (SEH2Bioinfo). 2-3 June 2022. Online 

event: https://seh2bioinfo.netlify.app/ 

 Transcriptome-based analysis identifies ASXL1 and MAP4K4 as prognostic 

markers in microsatellite instability gastric cáncer. Álvaro de Jesús Huamani 

Ortiz, Anthony Vladimir Campos Segura, Kevin Jorge Magano Bocanegra, 

Obert Marín Sánchez, Alexis Germán Murillo Carrasco & César Alexander 

Ortiz Rojas. Simposio de Estudiantes Hispanohablantes de Bioinformática y 

Biología Computacional (SEH2Bioinfo). 2-3 June 2022. Online event: 

https://seh2bioinfo.netlify.app/ 

 Influencia de la etnicidad latina y no latina en la asociación entre niveles de 

mutaciones y expresiones genéticas en pacientes con cáncer de mama 

Uriel S. Capcha-Jimenez, Jesus F. Pasache Juarez & Alexis Germán Murillo 

Carrasco. Simposio de Estudiantes Hispanohablantes de Bioinformática y 

Biología Computacional (SEH2Bioinfo). 2-3 June 2022. Online event: 

https://seh2bioinfo.netlify.app/ 

 Enriquecimento das vesículas extracelulares derivadas de tumor a partir do seu 

padrão de glicosilação (antígenos Tn/Stn) para caracterizar o conteúdo de 

miRNA em pacientes com câncer de mama. Alexis Murillo & Roger 

Chammas. Annual presentations of the Postgraduate Course in Oncology at 

the Faculty of Medicine of the University of São Paulo (FMUSP). 24-25 March 

2022. 

 Correlation of the expression of microRNA and their predicted targets with 

prognosis and mortality of penile squamous cell carcinoma 

Murta C.B. , Furuya T.K. , Uno M. , Carrasco A.G.M. , Sichero L. , Villa L.L. , 

Faraj S.F. , Coelho R.F., Guglielmetti G.B. , Cordeiro M.D. , Leite K.R.M. , 

Nahas W.C. , Chammas R. , Pontes Jr J. European Association of Urology 

Meeting - EAU22, 1-4 July 2022 

 

https://seh2bioinfo.netlify.app/
https://seh2bioinfo.netlify.app/
https://seh2bioinfo.netlify.app/
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 Vesicular miRNAs allow characterizing Triple-negative subtype among young-

diagnosed Brazilian breast cancer patients. Alexis Germán Murillo Carrasco, 

Silvina Odete Bustos, Tainara Francini Felix, Patricia Pintor Dos Reis, Luciana 

Nogueira de Sousa Andrade & Roger Chammas. SNEV2023 International 

Virtual Conference. 13-14 July 2023. https://snevresearch.wordpress.com 

 Avaliação por rt-pcr de marcadores gênicos tumorais no sangue periférico de 

pacientes com câncer gástrico.  Gabriel Da Silva Kawakami; Márcia Saldanha 

Kubrusly; Marina Alessandra Pereira; Alexis Germán Murillo Carrasco; 

Ulysses Ribeiro Júnior. GASTRÃO 50 ANOS 28-30 June 2023. 

 Medicina de precisão em Oncologia. Bootcamp "INNOVACIÓN 

BIOTECNOLÓGICA Y SU IMPACTO EN SALUD".  July 2022. Online event. 

 JRDapp: a criação de um aplicativo para análise de dados single-cell. CTO 

Seminars. August 2022. Hybrid event.  

 Age-related vesicular miRNA comparison proposes potential biomarkers for 

triple-negative young breast cancer in a Brazilian cohort. Alexis Germán 

Murillo Carrasco, Silvina Odete Bustos, Tainara Francini Felix, Patricia Pintor 

Dos Reis, Luciana Nogueira de Sousa Andrade & Roger Chammas.  At the 

Young Investigator Symposium, Satellite event of the ISEV Workshop 

QuantitatEVs: Multiscale analyses, from bulk to single vesicle at CNR Centro 

Congressi, Milano, Italy on February 3rd 2023 

 

AWARDS (2018-2023) 

 Fellowship to join the Escuela de Doctorado UC. 2019. Pontificia Universidad 

Católica de Chile, PUCC, Santiago, Chile 

 Fellowship to join the  course “Herramientas básicas de bioinformática con 

aplicaciones en Metagenómica”. 2019. Universidad Mayor San Andrés. La Paz, 

Bolivia. Sponsored by Instituto Pasteur Montevideo, Montevideo, Uruguay. 

 Award Maria Mitzi Brentani for the best presentation in the Annual event of the 

Postgraduate Course in Oncology at the Faculty of Medicine of the University of 

São Paulo (FMUSP). 10-11 December 2020. 

 Award Maria Mitzi Brentani for the best presentation in the Annual event of the 

Postgraduate Course in Oncology at the Faculty of Medicine of the University of 

São Paulo (FMUSP). 24-25 March 2022. 
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 Registration fee waiver and acceptance to attend the ISEV Workshop 

QuantitatEVs: Multiscale analyses, from bulk to single vesicle at CNR Centro 

Congressi, Milano, Italy on February 3rd 2023 

 Fellowship to join the course “WCS GT: Single Cell Genomics”. 2023. Instituto 

do Câncer. Rio de Janeiro, Brazil. Sponsored by Wellcome Connecting 

Science. 

 Award Maria Mitzi Brentani for the best presentation in the Annual event of the 

Postgraduate Course in Oncology at the Faculty of Medicine of the University of 

São Paulo (FMUSP). 24 November 2023. 

 

For more information about participations as scientific reviewer, participation in 

projects, mentor programs, and others access the following links: 

 

• DINA Concytec:  

https://ctivitae.concytec.gob.pe/appDirectorioCTI/VerDatosInvestigador.do?i

d_investigador=21143 

 

• CNPq Lattes: 

http://lattes.cnpq.br/7039519059605148 

 

• Biblioteca Virtual FAPESP: 

https://bv.fapesp.br/pt/pesquisador/707491/alexis-german-murillo-carrasco/ 

 

• ORCiD: 

https://orcid.org/0000-0002-7372-2608 

 

• Web of Science (WoS) profile: 

https://www.webofscience.com/wos/author/record/Q-5255-2017 

 

 

 

 

 

 

https://ctivitae.concytec.gob.pe/appDirectorioCTI/VerDatosInvestigador.do?id_investigador=21143
https://ctivitae.concytec.gob.pe/appDirectorioCTI/VerDatosInvestigador.do?id_investigador=21143
http://lattes.cnpq.br/7039519059605148
https://bv.fapesp.br/pt/pesquisador/707491/alexis-german-murillo-carrasco/
https://orcid.org/0000-0002-7372-2608
https://www.webofscience.com/wos/author/record/Q-5255-2017


221 
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