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ABSTRACT 

In the field of integrative oncology, polyphenols have gained attention for their ability 

to modulate key signaling pathways involved in breast cancer prevention. One noteworthy 

product, the Polyphenol-Enriched Blueberry Preparation (PEBP), produced by the 

fermentation of blueberries by the bacterium Rouxiella badensis subsp. acadiensis has 

demonstrated various beneficial properties, including anti-inflammatory effects and the ability 

to control cancer stem cells. 

Cancer Stem Cells (CSCs) are highly tumorigenic cells involved in carcinogenesis and 

can cause relapses. MicroRNAs (miRNAs) can act as regulators of CSCs, by controlling 

stemness and invasion. 

We postulate that PEBP or its polyphenolic components induce specific epigenetic 

changes by modulating miRNA networks, reducing CSCs, and preventing breast carcinoma. 

Thus, the overarching aim of this thesis is to better understand the mechanisms underlying the 

protective effects of the polyphenol-enriched preparation in mitigating breast cancer. 

The objectives are: 

1. To investigate the chemopreventive effects of PEBP on breast cancer stem cell 

development in cell models and in vivo, as well as to study the involvement of 

STAT3 and MAPKs signaling pathways  

2. Assess the impact of the polyphenol-enriched blueberry preparation on breast 

cancer by regulating the expression signatures of miRNA involved with cell 

proliferation, survival, and CSC self-renewal pathways in in vitro experiments. 



 

iii 

 

3. Characterize PEBP and investigate the effect of a subset of its components on 

miRNA expression. Furthermore, validate the role of those components in 

regulating the functional behavior of breast cancer stem cells through 

experiments using a 4T1 animal model. 

The results have shown a decrease in the formation of CSCs by delaying the 

development of tumors in vivo, decreasing metastasis to the lungs, and controlling the 

PTEN/PI3K/AKT axis, a central node in CSC signaling and homeostasis. In addition, several 

miRNAs associated with different clinical-pathological characteristics of breast cancer were 

shown to be differentially expressed in CSCs after exposure to PEBP. Notably, the expression 

of hypoxamir miR-210, associated with a poor prognosis in breast cancer patients, was 

downregulated, while tumor suppressor miR-145, which prevents metastasis through FOXO1 

was over-expressed.  The chemopreventive potential of a polyphenolic mixture containing 

PCA, gallic acid, and catechin, found in PEBP, was also shown to successfully reduce tumour 

growth and metastasis in our animal model and decrease the presence of stem-like tumour cells 

by favouring the upregulation of tumour-suppressor miR-145. 

These findings provide novel evidence in translational medicine, highlighting the 

effectiveness of a natural epigenetic modulator in chemoprevention by specifically targeting 

CSCs. 
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RÉSUMÉ 

Les polyphénols suscitent l'attention en raison de leur capacité à moduler les voies de 

signalisation clés impliquées dans la prévention du cancer du sein. La préparation de bleuet 

enrichie en polyphénols (PEBP), produite par la fermentation de bleuet par la bactérie 

Rouxiella badensis subsp. acadiensis, a démontré diverses propriétés bénéfiques, notamment 

des effets antidiabétiques, neuroprotecteurs et anticancéreux. 

Les cellules souches cancéreuses (CSC) sont des cellules hautement tumorigènes 

impliquées dans le développement du cancer. Les microARN (miARN) peuvent agir en tant 

que régulateurs des CSC en contrôlant leur caractère souches et leurs capacités d'invasion. 

Nous postulons que le PEBP ou ses composants polyphénoliques induisent des 

changements épigénétiques spécifiques en modulant les réseaux de miARN, réduisant ainsi les 

CSC et prévenant le carcinome mammaire. Ainsi, l'objectif principal de cette thèse est de 

mieux comprendre les mécanismes sous-jacents aux effets protecteurs de la préparation 

enrichie en polyphénols dans la lutte contre le cancer du sein. 

Les objectifs de l'étude sont les suivants : 

1. Étudier les effets chimiopréventifs du PEBP sur le développement des cellules 

souches cancéreuses du sein, à la fois dans des modèles cellulaires et in vivo, 

ainsi que d'étudier l'implication des voies de signalisation STAT3 et MAPK. 

2. Évaluer les effets du PEBP sur le cancer du sein en régulant les signatures 

d'expression des miARN impliqués dans la prolifération cellulaire, la survie et 

les voies d'autorenouvellement des cellules souches cancéreuses in vitro. 
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3. Caractériser PEBP et étudier l'effet d'un sous-ensemble de ses composants sur 

l'expression des miARN. De plus, valider le rôle de ces composants dans la 

régulation du comportement fonctionnel des cellules souches du cancer du sein 

grâce à des expériences utilisant un modèle animal 4T1. 

Les résultats ont montré une diminution de la formation des CSC en retardant le 

développement des tumeurs in vivo, en réduisant les métastases pulmonaires et en contrôlant 

l'axe PTEN/PI3K/AKT, important pour les CSCs. De plus, plusieurs miARN associés à 

différentes caractéristiques clinico-pathologiques du cancer du sein ont été différemment 

exprimés dans les CSC après exposition au PEBP. Notamment, l'expression de l'hypoxamiR 

miR-210, associé à un mauvais pronostic chez les patientes atteintes d'un cancer du sein, a été 

régulée à la baisse, tandis que le miR-145, qui prévient les métastases par le biais de FOXO1, 

a été surexprimé. Le potentiel chimiopréventif d'un mélange polyphénolique contenant du 

PCA, de l'acide gallique et de la catéchine, présents dans le PEBP, a également été démontré 

en réduisant efficacement la croissance des tumeurs et les métastases dans notre modèle 

animal, tout en diminuant la présence de cellules tumorales semblables à des cellules souches 

en favorisant la surexpression du miR-145 suppresseur de tumeur. 

Ces résultats fournissent des preuves novatrices en médecine translationnelle, mettant 

en évidence l'efficacité d'un modulateur épigénétique naturelle dans la chimioprévention en 

ciblant spécifiquement les CSC. 
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1 INTRODUCTION 

1.1 BREAST CANCER 

In Canada, breast cancer is the most frequently diagnosed cancer in women and the 

second most frequent in the entire population (Brenner et al., 2022). Women in Canada have 

an 88% chance of surviving 5 years after their initial diagnosis (Canadian Cancer Advisory 

Committee, 2021). The high survival rate can be attributed to a robust and well-established 

treatment model that includes chemotherapy, radiotherapy, immunotherapy, endocrine 

therapy, and mastectomy (Smith and Prewett, 2017). Despite the significant advances made in 

breast cancer treatment, the side effects of these therapies continue to adversely affect patients' 

quality of life. While efforts to mitigate these side effects have been made, they have not been 

entirely successful. There is hope that a combination of exercise (Ligibel et al., 2019; Wilson, 

2017)  and good nutrition (De Cicco et al., 2019) can result in less recurrence and fewer side 

effects, but a clear and effective method has not yet been established. Although diet has been 

proven effective in alleviating symptoms and decreasing recurrence in breast cancer patients, 

dietary interventions have also been extensively documented as a primary prevention strategy 

for breast cancer (Glade, 1999). Nonetheless, some dietary recommendations show promising 

results in reducing the risk of cancer, such as the ones proposed by the World Cancer Research 

Fund and the American Institute for Cancer Research (Lavalette et al., 2018) and the 

Prevención con Dieta Mediterránea study (PREDIMED), a Mediterranean Diet that includes 

extra virgin olive oil (Kargin et al., 2019). Notably, these dietary recommendations have been 

proven to be particularly effective in reducing the risk of both breast cancer and colorectal 

cancer, regardless of non-modifiable risk factor status (Catsburg et al., 2014; Nomura et al., 

2016; Toledo et al., 2015). 
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1.2 MUTATIONS IN BREAST CANCER 

The incidence of breast cancer is influenced by many lifestyle choices and 

environmental factors. There is evidence that a higher body mass index, the use of hormonal 

contraceptives, hormonal replacement therapy, age at the first pregnancy over 30 years old, 

and not breastfeeding, all increase the chances of developing breast cancer (Anand et al., 

2008). Of all the risk factors for breast cancer, age and having a family history of breast cancer 

have the highest impact on the likelihood of developing the disease. A study using data from 

the Swedish Family-Cancer Database showed that 73% of breast cancer cases had a familial 

link, which goes up to 96% when the patient developed cancer before the age of 40 (Couto and 

Hemminki, 2007). This can be explained partly by hereditary factors, such as early first 

menstruation, late menopause (Surakasula et al., 2014), and breast density on mammograms 

(Evans et al., 2020). Although the influence of family on the risk of breast cancer has been 

known since the 1940s (Smithers, 1948), it was not until DNA sequencing became available 

that it was understood that specific genetic mutations are responsible for the increased risk of 

breast cancer in families with a history of the disease. 

1.2.1 BRCA 

BRCA1 and BRCA2 genes encode caretaker proteins known as Breast cancer type 1 

susceptibility protein and Breast cancer type 2 susceptibility protein that play a vital role in 

DNA repair. Identified in the 1990s, mutations in these genes prevent effective DNA repair, 

leading to even more mutations and an increased risk of breast and ovarian cancer (Hall et al., 

1992, 1990; Miki et al., 1994; Wooster et al., 1995, 1994). Although they share a similar name 

and are both important in DNA double-strand breaks (DSBs) or replication fork collapse 

repair, BRCA1 and BRCA2 are not related to each other and serve two different functions in 
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the same pathway (Roy et al., 2011). A set of autosomal dominant gene mutations are highly 

penetrant and carry a stunning 70% risk of developing breast cancer and a 45% risk of ovarian 

cancer for certain mutations (Hartmann and Lindor, 2016). Although these germline mutations 

significantly increase the probability of developing breast cancer, they are found in only 5% 

to 10% of breast cancer patients (Rhei et al., 1998) and cannot account for all cases of familial 

breast cancer. However, these mutations are more common in certain populations, such as 

Ashkenazi Jewish where the frequency is up to 1 in 40,  compared to 1 person in 500 in the 

general population, due to founder mutations (Friedman et al., 1995; Neuhausen et al., 1996; 

Simard et al., 1994). A similar founder effect has been observed in French Canadian breast 

cancer incidence, where 10% to 13% of early-onset cases can be related to less than 10 specific 

variants of BRCA1 and BRCA2 (Behl et al., 2020; Tonin et al., 2001). While many other 

genes, such as CDH1, PTEN, and CHEK2, have been identified that increase the risk of breast 

cancer, none have the same high occurrence and penetrance as BRCA1 and BRCA2 in the 

general population. 

1.2.2 Epithelial cadherin 

The CDH1 gene provides instructions for making a protein called epithelial cadherin 

or E-cadherin. This protein is found within the membrane that surrounds epithelial cells and 

contributes to cell adhesion with other members of the cadherin family of proteins (Gamble et 

al., 2021). Mutation in the gene is associated with tumour proliferation, invasion, migration, 

and metastases (Shenoy, 2019). 

Inherited mutations in the CDH1 gene increase a woman's risk of developing a form of 

breast cancer that begins in the milk-producing glands. In many cases, this increased risk 

occurs as part of an inherited cancer disorder called hereditary diffuse gastric cancer (Hansford 
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et al., 2015). Inherited mutations in the CDH1 gene are thought to account for only a small 

fraction of all breast cancer cases (Corso et al., 2020). 

1.2.3 Checkpoint kinase 2 

CHEK2 encodes a kinase that is involved in the DNA damage response and has 

established roles in cell cycle arrest and triggering apoptosis when double-strand breaks are 

found in DNA (Mustofa et al., 2020). CHEK2 works through an assorted group of proteins 

that include cyclin-dependent kinases and p53 to prevent cell proliferation (Smith et al., 2020). 

Germline mutations in CHEK2 can predispose individuals to a wide range of cancers, 

including breast cancer. Although CHEK2 mutations are only found in 2% of breast cancer 

patients, those with the mutation tend to develop higher-grade cancers and are more likely to 

have secondary cancers (Kleiblová et al., 2019). 

1.2.4 Tumour suppressor p53 

Tumour protein p53 acts as a tumour suppressor by halting the cell cycle and activating 

DNA repair upon the detection of DNA damage. If repairs fail, p53 pushes the cell toward 

apoptosis. Normally, p53 is bound to Mouse double minute 2 homolog (MDM2). MDM2 plays 

a critical role in this context by obstructing the transactivation domain of p53, effectively 

inhibiting its functions. Additionally, MDM2 tags p53 for degradation through ubiquitination. 

MDM2 also possesses a nuclear export signal, which facilitates the translocation of the 

MDM2/p53 complex to the cytosol, where p53 is subsequently degraded by the proteasome 

(Chène, 2003). However, when activated by stressors, such as through JNK1-3, ERK1-2, and 

p38 MAPK activation, or DNA damage, through ATM, CHK1, CHK2, and TP53RK 

activation, p53 separates from MDM2 and accumulates in the cell. The free p53 can then 

interact with coactivators to activate a long list of genes involved in cell repair, survival, or 
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programmed cell death (Nakamura, 2004; Surget et al., 2013). With such a central role in DNA 

repair and apoptosis, somatic mutations in TP53 are found in most cancers and it is believed 

to be the most common loss-of-function mutation in all cancers (Olivier et al., 2010). It has 

been found that p53 has multiple splice variants and mutations that can affect many of those 

variants. The loss of the canonical p53 function is also associated with the gain of function of 

these variants, contributing to the tumourigenicity of the mutations (Surget et al., 2013). 

Surprisingly, mutated p53 accumulates in the cells but does not induce apoptosis, unlike the 

accumulation of wild-type p53. This can be partially explained by the loss of the MDM2 

binding region, which can no longer mark it for destruction, and the previously mentioned gain 

of functions of the mutant proteins (Yue et al., 2017). 

Although p53 mutations are rare in breast cancer compared to other cancers (Pharoah 

et al., 1999), certain mutations are associated with a poorer prognosis (Bertheau et al., 2008). 

Counter-intuitively, not all somatic mutations or deletion of p53 in breast cancer affect survival 

and some can even have protective effects (Bourdon et al., 2011; Laptenko and Prives, 2006). 

Women who carry germline mutations in the TP53 gene have a very high likelihood of 

developing breast cancer (85% by age 60 years), which even surpasses the risk for patients 

carrying pathogenic mutations in BRCA1 and BRCA2. Strikingly, they develop breast cancer 

at a very young age, with a median age of 34 years old (Schon and Tischkowitz, 2018). 

1.2.5 Phosphatase and tensin homolog and phosphatidylinositol-3-kinase 

PTEN is a phosphatase that plays a crucial role in tumour suppression by inhibiting the 

activity of the oncogenic phosphatidylinositol-3-kinase (PI3K) / protein kinase B (Akt) 

pathway. Specifically, PTEN acts by dephosphorylating phosphatidylinositol (3,4,5)-

trisphosphate (PIP3), a key signalling molecule produced by PI3K activation (Figure 1). By 
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reducing PIP3 levels, PTEN effectively inhibits the downstream activation of the Akt pathway, 

which is responsible for promoting cell growth, survival, and migration. Thus, loss of PTEN 

expression or function can lead to uncontrolled PI3K/Akt pathway activity and contribute to 

tumourigenesis. (Carracedo and Pandolfi, 2008). 

 

Figure 1: PTEN/PI3K/AKT pathway (Yang et al., 2019). 

The loss of PTEN expression is observed in about 40% of all breast cancers and is often 

associated with a concurrent loss of estrogen receptors (Zhang et al., 2013). The PI3K pathway 

involves multiple proteins in each step toward activating the mammalian target of rapamycin 

(mTOR), a key regulator of cell growth and metabolism. Mutations have been identified at all 

stages of this activation process, particularly in the p110α subunit (PIK3CA), which has been 
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found in approximately 40% of advanced breast cancer tumours (Guerrero-Zotano et al., 

2016). 

1.3 BREAST CANCER SUB-TYPE 

Breast cancer is often used as a catch-all term for all cancers originating in the breast.  

Nevertheless, with an understanding of the complex nature of the disease, an accurate 

classification of breast cancer subtypes is essential for developing personalized treatment plans 

that can improve patient outcomes and quality of life. With this in mind, it is important to note 

that the vast majority of breast cancers are carcinomas that originate from epithelial cells lining 

the breast ducts and glands. Carcinomas can be further separated by their supposed area of 

origin; invasive ductal carcinoma (IDC) which begins from the epithelial cells lining the milk 

ducts accounts for 65-85% of all breast cancers, followed by invasive lobular carcinoma (ILC), 

which originates in the milk-producing glands and accounts for 5-15% of cases (Dossus and 

Benusiglio, 2015; Zhao, 2021).  Another subtype, invasive ductal and lobular carcinoma 

(IDLC), which combines characteristics of both IDC and ILC, is rarer and found in less than 

5% of patients. In contrast, breast sarcomas, which are tumours that originate from the 

connective tissue, are extremely rare and make up less than 1% of all breast cancers. The 

remaining cases comprise a diverse group of even rarer types (Matsumoto et al., 2018; Sinn 

and Kreipe, 2013). 

Breast cancer can be further classified into various subtypes based on their 

morphological and histological features, each with different prognoses and requiring distinct 

treatment approaches (Sinn and Kreipe, 2013; Zheng et al., 2018). Histological markers such 

as estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 



 

8 

 

receptor 2 (HER2) are used to guide treatment decisions. The most common subtypes express 

either estrogen or progesterone receptors, or both, and are identified as hormone receptor-

positive (HR+). HR+ tumours account for around 70% of breast cancer patients (Howlader et 

al., 2014). Treatment generally involves hormonal therapy drugs that lower estrogen levels or 

block estrogen receptors (Waks and Winer, 2019). For example, tamoxifen acts as an 

antagonist by binding to the estrogen receptors in the breast competitively and preventing 

estrogen from interacting with its receptor (Early Breast Cancer Trialists’ Collaborative Group, 

1998; Shagufta and Ahmad, 2018), while aromatase inhibitors such as anastrozole, 

exemestane, and letrozole are used in postmenopausal patients to inhibit the aromatase 

enzyme, which converts androgens to estrogen, effectively reducing estrogen levels (Kharb et 

al., 2020). Aromatase inhibitors are generally not effective in premenopausal women who have 

functioning ovaries, as their ovaries produce a large amount of aromatase, and they will 

respond to lowered estrogen levels by producing even more aromatase (Fabian, 2007). Both 

therapies slow the growth of estrogen-dependent tumours, however, over time, the cancer cells 

can bypass the need for hormones by upregulating the PI3K/AKT/mTOR pathway and the 

Cyclin D/cyclin-dependent kinase (CDK) 4/6 pathway (Hanamura and Hayashi, 2018; Mills 

et al., 2018). When this occurs, the patients typically need chemotherapy to treat the tumour. 

The second group is classified by their expression of HER2. Approximately 15–20% 

of breast cancer patients are diagnosed with HER2+ tumours (Howlader et al., 2014). Patients 

with breast cancers that express a high level of HER2 have a worse prognosis compared to 

those who express a low level to no HER2 (McCann et al., 1991). This effect is even seen in 

HR+ breast cancer patients, where tumours that also express HER2 have been shown to have 

a significantly worse prognosis, likely due to interactions between HER2 and estrogen receptor 
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(ER) signalling (Ding et al., 2019). The use of monoclonal antibodies targeting different 

domains of HER2 in addition to adjuvant chemotherapy significantly improved the survival of 

patients with HER2+ tumours (Waks and Winer, 2019). 

Lastly, triple-negative breast cancer (TNBC) is a subtype of breast cancer that does not 

express HR and HER2. It is the rarest of the main subtypes, accounting for 10–20% of newly 

diagnosed breast cancer cases (Foulkes et al., 2010; Howlader et al., 2014). TNBC is the 

hardest to treat due to the lack of receptors on the surface of the cells, which makes it less 

responsive to hormonal therapies and targeted treatments (Bergin and Loi, 2019). For a long 

time, chemotherapy has been the only treatment option for TNBC, but unfortunately, the 

disease often develops resistance to this approach (Lyons, 2019). They are often diagnosed at 

a younger age and are possibly associated with BRCA1 (Kirk, 2010; Musolino et al., 2007). 

On top of that, TNBC has the highest early relapse risks of the three major subtypes of breast 

cancer but long-time survival might be better than HR+ breast cancers (Reddy et al., 2018). 

Recently, two new therapies have shown promise in a broad group of cancers, including 

TNBC. The first is poly ADP ribose polymerase (PARP) inhibitors, which prevent single-

strand breaks from being repaired by PARP, causing major DNA damage, especially in cells 

lacking other DNA-repair mechanisms like those having BRCA1/2 mutations and PTEN 

mutations (Slade, 2020). This leads to cell death by mitotic catastrophe (Colicchia et al., 2017). 

The second group is composed of immune checkpoint blockers, such as monoclonal antibodies 

targeting programmed cell death protein-1 (PD-1) (Yi et al., 2021), programmed death-ligand 

1 (PD-L1) (Schmid et al., 2018), and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 

(Lens et al., 2008). Although anti-CTLA-4 has seen a diminution in its use because of the 

higher side effects and lower efficacy than alternative inhibitors, others, like PD-L1 show some 
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promise and are actively tested on new cancer types (El Osta et al., 2017). PD-L1, in particular, 

shows promise for TNBC, as it is expressed in 20% - 50% of tumours and correlates with the 

evasion of the immune system (Mittendorf et al., 2014; Xiao et al., 2020). Blocking its effect 

can reactivate the T-cell-mediated tumour cell death process (Killock, 2021). Interestingly, the 

treatment also works in some PD-L1-negative tumours (Shen and Zhao, 2018), although the 

exact reason is not fully understood yet (Chen et al., 2018; Zaslavsky et al., 2020). 

1.4 THE CANCER STEM-LIKE CELLS (CSCS) 

Although there have been significant advancements in our understanding of 

tumourigenesis and neoplasia, there are still some divergences in the theory of the cancer-

initiating cell/the cell-of-origin. For cancer to develop, cells must not only multiply 

uncontrollably but also evade the immune response. This requires the accumulation of a certain 

number of mutations or epigenetic changes. For instance, in breast cancer, Wood et al. found 

mutations in 15 candidate cancer genes and 70 mutations in other genes (Wood et al., 2007). 

While there is little resemblance between different cancers, they tend to have mutations in 

genes that serve similar functions (Huang et al., 2018). Similar numbers of mutations have 

also been reported for colon cancer (The Cancer Genome Atlas Network, 2012). However, 

most cells do not live long enough to accumulate all these mutations. 

One hypothesis suggests that the presence of cells with characteristics similar to stem 

cells could explain many tumour characteristics. This concept, known as the Cancer Stem Cells 

(CSCs) theory, proposes that tumours are driven by a subpopulation of highly tumourigenic 

cells (Sansone et al., 2007). They are called cancer stem cells because they possess similar 

characteristics to those found in stem cells, such as the ability to self-renew and differentiate 
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into all types of cells that compose the tumour (Duru et al., 2012). They possess several 

markers, including CD133, CD44, CD24, and ALDH (Karsten and Goletz, 2013). When breast 

cancer cell lines are cultured in a low attachment environment, cells form spheroids called 

mammospheres with a CD44+/CD24−/low phenotype (Sansone et al., 2007). 

While the concept that a cancer stem cell is the cell of origin of a tumour is still 

controversial, the tumourigenicity of CSCs is well established. For instance, injecting mice 

with only 100 potential cancer stem cells was enough to induce tumour formation (Al-Hajj et 

al., 2003), in contrast to the 10,000 non-stem cancer cells, suggesting that not all cancer cells 

have the same tumourigenic potential. The large number of cells required to initiate a tumour 

was previously attributed to technical errors, such as the loss of cancer cells' tumour-initiating 

potential after harvest. Additionally, it was believed that the microenvironment of the tumour 

played a crucial role in sustaining cell proliferation, whereas the microenvironment in which 

the cells were injected did not promote tumour formation (Fokas et al., 2012; Swartz et al., 

2012). However, with the emerging evidence for CSCs, many researchers now propose that 

only a small population of cells possess stemness, which explains why a large number of cells 

need to be transferred to provide enough tumour-initiating cells. 

Inflammation is linked clinically and epidemiologically to cancer (Coussens and Werb, 

2002). While inflammation provides an environment that promotes metastasis and recurrence, 

it is now well established that inflammation also favours the development of CSC. Pro-

inflammatory cytokines, such as interleukin 6 (IL-6), play a crucial role in inflammation and 

are closely linked to the development of epithelial tumours like breast and lung cancer 

(Sansone et al., 2007). IL-6, a potent pleiotropic cytokine, mediates a plethora of physiological 

functions including cell proliferation, survival, and resistance to chemotherapy. 
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The CSC theory stipulates that conventional cancer treatments such as chemotherapy 

and radiotherapy target most of the cells or non-CSC cancer cells composing the tumour but 

fail to eliminate the CSC. CSCs have been identified in numerous types of cancer (Dave et al., 

2012), including less malignant forms, where they can lie dormant during the treatment. 

However, when many cells are killed, CSCs can re-emerge, repair the damage, and begin to 

divide, leading to a relapse that is often more aggressive than the original tumour (Figure 2) 

(Ayob and Ramasamy, 2018). 

 

Figure 2: Comparison of conventional and CSC-specific therapy (Vermeulen et al., 

2012). 

CSCs possess several advantageous characteristics that allow them to resist treatment 

more effectively than other cancer cells. They often over-express multi-drug efflux pumps and 

reactive oxygen species scavengers, which can prevent medications from causing DNA 

damage. They also have a low rate of multiplication, efficient DNA repair systems, and a 

greater chance of escaping mitotic catastrophe (Rajaraman et al., 2006). Additionally, they 

have epithelial-mesenchymal transition (EMT) regulators and the potential to multiply 
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indefinitely, allowing them to reform a tumour at the original and distant sites of the original 

tumour (Najafi et al., 2019). Moreover, the treatments may even target some CSCs and only 

leave the most resistant ones, further increasing the tumorigenicity and resistance potential of 

the tumour. Furthermore, CSCs exploit the same pathways that normal stem cells use to evade 

destruction, just like how tumours use PD-L1 to evade the immune system (Han et al., 2020). 

For example, the OX-2 membrane glycoprotein, also known as CD200, protects a variety of 

cells from macrophages and has been observed to be over-expressed by CSCs in carcinoma 

and leukemia (Herbrich et al., 2021; Jung et al., 2015). 

The origin of the CSC is still controversial. It is believed that they may arise from less 

differentiated cells that still possess stem or progenitor characteristics (Atashzar et al., 2020; 

Blaas et al., 2016). Alternatively, changes in the microenvironment of the tumour may cause 

differentiated cells to revert to a less differentiated, stem-like state (Nakano et al., 2019). This 

shift to an undifferentiated or stem-like state has been linked to the EMT (Guttilla et al., 2012; 

Lambert et al., 2017).  The process, coopted by cancer, is necessary for embryonic 

development and wound healing by reducing cell-to-cell adhesion and increasing cell motility, 

allowing cells to enter specific tissues (Savagner, 2010). However, in the context of cancer, 

the microenvironment of the tumour becomes more and more unfavourable for proper tumour 

growth due to aberrant vascularization and the accumulation of damage from chemotherapy 

and radiotherapy. This leads cells to undergo changes to survive including EMT (Hapke and 

Haake, 2020; Huber et al., 2004; Larue and Bellacosa, 2005). Hypoxia, a condition of low 

oxygen levels, can also stimulate the cells to metastasize by upregulating known E-cadherin 

inhibitors, such as Zinc finger E-box-binding homeobox 1 (ZEB1) and Twist-related protein 

1 (Twist), through overexpression of Hypoxia-inducible factor 1-alpha (HIF1α) (Eger et al., 
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2005; Erin et al., 2020). Additionally, EMT and stem cells share core pathways, including 

Notch, WNT/β-Catenin, Hedgehog, and NFκB (Ouyang et al., 2010). It is even possible to 

change differentiated cells to a stem-like state using specific genes such as OCT4, SOX2, 

KLF4, and MYC (Takahashi and Yamanaka, 2006), but unfortunately, silencing these genes 

does not prevent the cells from developing into cancers (Villodre et al., 2019). 

Despite significant advances in cancer treatment, metastasis remains responsible for 

approximately 66% of deaths in patients with solid tumours (Dillekås et al., 2019). This 

phenomenon can be easily explained by the CSC theory, which suggests that the process of 

EMT allows cells to become mobile and more resistant to apoptosis, thereby facilitating the 

metastatic spread of cancer (Suarez-Carmona et al., 2017). Tumours are heterogeneous and 

may consist of multiple tumour-initiating cells, with a subset of CSCs being particularly active 

in specific environments and giving rise to the majority of the primary tumour. However, CSCs 

also have the potential to migrate and find more suitable environments for proliferation, 

leading to the formation of metastases (Brabletz et al., 2005). Unfortunately, when tumours 

metastasize to distant sites, life expectancy decreases significantly and despite significant 

advances, treatment options for patients with metastatic disease remain limited. 

1.5 4T1 IN-VIVO BREAST CANCER MODEL 

Developing therapies based on our understanding of the underlying mechanisms 

turning cells into cancer cells and the driving factors in cancer progression is severely limited 

by our lack of a good model. The use of cancer cell lines grown in vitro allows us to test 

different compounds and find proteins and pathways that are necessary for the proliferation 

and survival of those cells but translating those results into real improvement in patients has 
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not always been successful. Cancer cell lines are severely compromised. For one, many were 

selected for their hardiness to grow under laboratory conditions, that is their ability to grow 

without the proper structure found in normal and cancerous tissues like stroma cells, 

vascularisation and interaction with the immune system (Valkenburg et al., 2018). They also 

accumulate a large number of mutations through each passage and suffer from selective 

pressure for the fastest proliferating cell accumulating a genotypic and phenotypic drift 

compared to the original tumour (Briske-Anderson et al., 1997). This pales in comparison to 

the idea that the cell lines used could be in fact an entirely different type from a completely 

different tissue  (Capes-Davis et al., 2010). 

Animal models offer a more natural environment for studying tumors. While the ethical 

implications of using animals can be partially alleviated with proper surveillance, planning, 

and training, the technical limitations have proven more challenging to overcome. 

Furthermore, the implementation of known and characterized cancer cells in animal models 

faces similar selection biases as those encountered in in vitro culture. 

The 4T1 cell line is a well-established model for studying breast cancer metastasis and 

is known to form metastases in multiple organs, such as the lung, liver, and brain, mimicking 

stage IV human breast cancer (Pulaski and Ostrand-Rosenberg, 2001). Derived from a 

BALB/C mouse tumour,  the 4T1 cell line can be easily implemented in other members of the 

inbred strain of mice (Dexter et al., 1978). 4T1 cells are naturally resistant to the cytostatic 

antimetabolite 6-thioguanine, which is a useful property that can be used to select for cells that 

metastasize to distant sites since cells not originating from the primary tumour will not 

proliferate. 
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The cell line 4T1 is a murine cell line that provides a suitable background for 

conducting experiments in an immunocompetent mice model.  Models using human-derived 

cell lines often rely on severe combined immune-deficient (SCID) mice, which have impaired 

T and B cell lymphocyte development, or NOD SCID mice, which are, in addition, deficient 

in natural killer (NK) cell. However, these models are deemed less compatible with our 

research goals of studying immune-dependent mechanisms. By avoiding the use of 

immunocompromised mice, we can investigate the complex interaction between diets and the 

immune system, a relationship that is now appreciated as playing an important role in 

mammary carcinoma development. The 4T1 cell line's ability to metastasize to organs distant 

from the injection site, combined with its inherent resistance to 6-thioguanine, makes it an 

excellent model for studying the complex interaction between diet, the immune system, and 

cancer metastasis (Tao et al., 2008). 

1.6 THE EPIGENETIC CONTROL OF CANCER STEM CELLS 

Epigenetic mechanisms are believed to play a role in cancer initiation and progression, 

with deregulation observed at multiple levels, including DNA methylation, histone 

modifications, and indirectly, microRNA expression (Balassiano et al., 2011; Herceg and 

Hernandez-Vargas, 2011; Lima et al., 2010). These mechanisms are, by definition, 

independent of the DNA sequence and heritable from one cell generation to the next. However, 

unlike genetic changes, epigenetic alterations are reversible and thus represent a promising 

avenue for targeted intervention. There is growing evidence suggesting that epigenetic profiles 

are disrupted early during breast carcinogenesis, with various lifestyle and dietary factors 

potentially contributing to this process (Guttilla et al., 2012; Marotta et al., 2011). Notably, 

our own research has identified epigenetic-specific changes in CSCs, with methylome analyses 
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indicating differential methylation of the Jak-STAT signalling pathway in putative CSCs 

grown as mammospheres compared to the general population compared to the general 

population of cells present in the parental cell line (Hernandez-Vargas et al., 2011). 

1.6.1 MicroRNAs 

MicroRNAs are small nucleotide sequences that influence the translation of genes and 

have emerged as critical regulators of CSCs in drug resistance and cancer metastasis 

(Schwarzenbacher et al., 2013). These endogenous non-coding RNAs act by controlling gene 

expression at the post-transcriptional level and have emerged as important regulators of 

oncogenesis (Hatfield and Ruohola-Baker, 2008). They work by binding to a complementary 

sequence in the target mRNAs, by either blocking the ribosome from translating the mRNA 

or cleaving the RNA with the help of the microRNA ribonucleoprotein complex. MicroRNAs 

are often dysregulated in malignancies (Shi et al., 2008) and some can also function as tumour 

suppressors or oncogenes (Hatfield and Ruohola-Baker, 2008). MicroRNA networks have 

been found to establish a permanent feedback loop, involving NF-κB, let-7 microRNA, IL-6, 

and STAT3, which are responsible for inducing and maintaining the CSC state (Iliopoulos et 

al., 2010a). Recent research has linked several microRNAs with tumour progression and 

metastasis, but specific families of microRNAs have been found to be particularly associated 

with breast carcinogenesis. Among aberrantly expressed microRNAs, let-7 family, miR-125, 

miR-145, and miR-200 family were found to be significantly downregulated whereas miR-21 

and miR-155 were upregulated in breast cancer (Singh and Mo, 2013). Our research has shown 

that the miR-30 family is involved in eliciting epigenetic-specific changes that prompt cellular 

transformation, carcinogenesis, and maintenance of stemness (Ouzounova et al., 2013). 
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Studies have reported that pomegranate juice has an anti-metastatic effect on prostate 

cancer cells due to the upregulation of anti-invasive microRNAs such as miR-355, miR-205, 

miR-200, and miR-126, while pro-invasive microRNAs such as miR-21 and miR-373 were 

downregulated (Banerjee et al., 2012; Wang et al., 2011). The consumption of blueberries has 

also been shown to have a chemopreventive effect on breast cancer by modulating miR-18a 

and miR-34c (Jeyabalan et al., 2013). Pterostilbene, a chemical compound that shares 

structural similarities with resveratrol and is commonly found in blueberries and grapes, has 

been reported to have the ability to reduce the number of CSCs by increasing the amount of 

miR-448 in the cells (Mak et al., 2013). 

miR-145 is a microRNA associated with the PI3K/AKT pathway that is commonly 

under-expressed in highly metastatic breast cancer (Iorio et al., 2005; Radojicic et al., 2011).  

Studies have shown that miR-145 is regulated by Akt in a p53-dependent manner, and 

suppressing PI3K activity can increase p53 levels and induce miR-145 expression (Sachdeva 

et al., 2012). In particular, p53 appears to upregulate the expression of tumour suppressor 

microRNAs such as let-7, miR-34, miR-145, miR-26, miR-30, and miR-146a (Ghose et al., 

2011; Stahlhut and Slack, 2015; Suh et al., 2011). 

miR-145 has been shown to impact important cancer stem cells and breast cancer 

proteins, such as c-Myc, OCT4, SOX2, and N-RAS (Cui et al., 2014; Guzel Tanoglu and 

Ozturk, 2021). Interestingly, OCT4 is of particular interest due to its role in cancer stem cells 

(Kim and Nam, 2011; Kumar et al., 2012). miR-145 has been shown to inhibit breast cancer 

metastasis by reducing Cadherin-2 (CDH2) expression (Zeng et al., 2021). Furthermore, miR-

145 may be involved in a feedback loop with NF-κB that enables metastasis and angiogenesis 
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in breast cancer (Zhu et al., 2021). miR-145 and miR-195 also influence angiogenesis, an 

important factor in tumor progression (Wang et al., 2013, p. 195; Yin et al., 2013). 

 

N-RAS is commonly mutated in other cancers, but not frequently in breast cancer. 

However, it is highly expressed in a subtype of aggressive TNBC that currently lacks targeted 

therapies and has a poor prognosis (Zheng et al., 2015). Moreover, miR-145 can potentially 

reduce angiogenesis by directly targeting N-RAS and inhibiting HIF1 and VEGF in breast and 

colorectal cancer (Yin et al., 2013; Zou et al., 2012). These findings suggest that miR-145 has 

potential as a therapeutic target in breast cancer treatment. 

miR-210 is consistently induced under hypoxia and commonly over-expressed in solid 

tumours (Ivan and Huang, 2014). Expression of miR-210 is correlated with a poor prognosis 

(J. Wang et al., 2014) and is involved in the proliferation of breast cancer stem cells and their 

escape from the primary tumour (Tang et al., 2018). Several miRNAs, including miR-210, 

have been shown to either positively or negatively regulate NF-κB activation through their 

interaction with Toll-like receptors (TLRs), particularly TLR-4. TLRs are known to play a role 

in cancer development by promoting inflammation and activating anti-apoptotic pathways. 

TLR-4, for instance, contributes to tumour cell proliferation and helps cancerous cells evade 

treatments (Oblak and Jerala, 2011; A.-C. Wang et al., 2014). Moreover, intracellular TLR-

7/8 can recognize specific miRNAs which can initiate anti-inflammatory effects associated 

with significant health benefits (Fabbri et al., 2012). 
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1.7 FOXO 

The proteins forming the forkhead family are transcriptional regulators that share a 

DNA-binding domain aptly called the ‘forkhead box’. Originally discovered in adult flies, 

mutations in the original fkh gene led to aberrant head appearance ((Kaestner et al., 2000; 

Weigel et al., 1989). The discovery of the winged helix domain forming the forkhead box led 

to the renaming of a mixed group of transcription factors that also contained the same helix-

turn-helix pattern as FOX (Clark et al., 1993; Kaestner et al., 2000). To distinguish between 

members of each subclass, each factor was separated into subclasses using phylogenetic 

analysis and was renamed FOX followed by a letter, and a number is used to further 

differentiate between members of each subclass (Kaestner et al., 2000). For instance, Forkhead 

box protein O1 (FOXO1) was originally identified in alveolar rhabdomyosarcoma and was 

named forkhead in rhabdomyosarcoma (FKHR) before being renamed (Galili et al., 1993). 

The Mammalian FOXO subclass comprises four different members, namely FOXO1, FOXO3, 

FOXO4, and FOXO6. Two factors are not present, FOXO2 is not included because it is nearly 

identical to FOXO3 and not present in mice (Biggs et al., 2001), and FOXO5 is an ortholog of 

FOXO3 only found in fishes (Rudd et al., 2003). 

FOXO1 is a transcription factor generally known for its role in adipogenesis and the 

inhibition of the production of glucose in reaction to insulin. FOXO1 is expressed in almost 

all cells but is more abundant in adipose tissues (Nakae et al., 2003) and ovaries (Shi and 

LaPolt, 2003). The subcellular localization of FOXO proteins plays a critical role in regulating 

their activity. Research has shown that phosphorylation of FOXO1 results in its exclusion from 

the nucleus (Zhang et al., 2002). The FOXO subclass members are regulated by the 

insulin/PI3K/Akt signalling pathway (Figure 3) (Martinez et al., 2006). Protein phosphatase 2 
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(PP2A) has been shown to be a FOXO1 phosphatase, which dephosphorylates FOXO1 either 

in the cytoplasm or in the nucleus (Yan et al. 2008). In addition to insulin receptors (Kops and 

Burgering, 1999; Nakae et al., 1999)  a large number of receptors also affect FOXO1 including 

insulin-like growth factor I (IGF-I) (Brunet et al., 1999), interleukin 3 (Dijkers et al., 2000), 

erythropoietin (Kashii et al., 2000), epidermal growth factor (Jackson et al., 2000), nerve 

growth factor (Zheng et al., 2002) and B cell receptor (Hinman et al., 2007). 

 

Figure 3: The insulin/PI3K/Akt signalling pathway (Greer and Brunet, 2005) 

Specifically, when growth factors or insulin bind to their tyrosine kinase receptors, it 

activates PI3K, which leads to the activation of Akt and serum- and glucocorticoid-inducible 

kinase (SGK) family of protein kinases, among others (Cantley, 2002; Ren et al., 2021). The 

nuclear export of FOXO proteins is facilitated by the conserved C-terminal region, which 

serves as a nuclear export sequence (NES), and is triggered by the phosphorylation of FOXO 

https://jme.bioscientifica.com/view/journals/jme/62/3/JME-18-0178.xml#bib149
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by Akt and SGK (Biggs et al., 1999; Brunet et al., 2002). In the absence of growth factors and 

when Akt and SGK are inactive, FOXO factors remain localized within the nucleus. However, 

when cells are exposed to growth factors, the PI3K–Akt/SGK pathway is activated, leading to 

the phosphorylation of FOXO and its subsequent export to the cytoplasm. This export is 

facilitated by the interaction of phosphorylated FOXO factors with 14-3-3 proteins, which act 

as chaperones to escort FOXO out of the nucleus (Brunet et al., 2002, 1999). In summary, the 

insulin/PI3K/Akt signalling pathway is crucial in regulating FOXO transcription factors by 

controlling their subcellular localization in response to different growth factors. 

FOXO1 is also important in regulating the cell cycle, stress resistance, and tumour 

suppression, all important factors in cancer stem cells (Lu and Huang, 2011). Like other 

members of the FOXO family, FOXO1 targets a specific genetic sequence, TTGTTTAC. 

FOXO proteins contain a Forkhead domain, a 110-amino acid region in the central part of the 

molecule that enables binding to DNA through recognition of a core motif, typically 

GTAAA(C/T)A, that is often found in the promoters of genes regulated by FOXO proteins. 

(Furuyama et al., 2000; Weigelt et al., 2001). A large number of genes are found to contain 

FOXO-binding sites (DBEs) in their promoters, as evidenced by bioinformatics studies (Xuan 

and Zhang, 2005). When FOXO factors are present in the nucleus and bound to DNA, they 

usually act as strong transcriptional activators (Brunet et al., 1999; Kops and Burgering, 1999). 

FOXO transcription factors are also subject to regulation by other factors, such as Polo-

like kinase 1 (PLK1), a serine/threonine kinase essential for cell cycle progression, which acts 

on FOXO1 during the late stages of the cell cycle (Gheghiani et al., 2020). PLK1 has been 

implicated in prostate cancer, and inhibition of PLK1 affects the PI3K/AKT signalling 

pathway partially through FOXO1 (Zhang et al., 2014). 
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Furthermore, cytosolic FOXO1 has been found to be required for autophagy in human 

cancer cells, and this process is independent of its transcriptional activity. FOXO1 is acetylated 

by SIRT2 and binds to Atg7 to influence autophagy, leading to cell death. This mechanism is 

associated with tumour suppression in human colon tumours and a xenograft mouse model, 

linking the anti-neoplastic activity of FOXO1 and the process of autophagy (Zhao et al., 2010). 

Although FOXO transcription factors are mainly regulated by changes in subcellular 

localization, their degradation mediated by the ubiquitin-proteasome pathway is also a critical 

factor in their regulation (Matsuzaki et al., 2003). Specifically, Akt-mediated phosphorylation 

of FOXO1 not only exposes its NES and relocates it to the cytoplasm but marks it for 

degradation by the ubiquitin-proteasome system (Plas and Thompson, 2003). Degradation of 

FOXO proteins often occurs during cell transformation and may play a critical role in 

tumourigenesis (Hu et al., 2004; Huang et al., 2005). 

FOXO1 and FOXO3 are expressed throughout the body and play overlapping roles in 

various cellular functions, including tumour suppression. FOXO1 is often repressed in cancer. 

Cancer often involves constitutive activation of the PI3K/AKT axis (Thorpe et al., 2015) and 

the loss of its inactivator PTEN by deletion or mutation in cancer which prevents it from 

repressing AKT signalling (Chalhoub and Baker, 2009). The constitutive activation of AKT 

continuously marks FOXO1 for transportation and degradation, preventing its slowing effect 

on the cell cycle. FOXO1 also promotes the expression of miR-145, which controls multiple 

proteins associated with cancer (Gan et al., 2010). FOXO1 is also a direct target of mir-145 

(Jiang et al., 2017) hinting at an autoregulation of the process. While miR-145 can reduce the 

presence of FOXO1, its ability to repress Akt might be more important, allowing FOXO1 to 

slow down the cell cycle and prevent proliferation in cancer (Y. Wang et al., 2014). 
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1.8 N-RAS 

Neuroblastoma RAS viral oncogene homolog (N-RAS) is a member of the Ras family 

of GTPases, which includes H-RAS and K-RAS, all of which are also considered oncogenes 

due to their role in promoting cancer (Downward, 2003). When activated by various receptor 

tyrosine kinases, RAS proteins become phosphorylated, leading to the activation of RAF 

kinases, a group of three protein kinases that participate in the MAPK cascade (Simanshu et 

al., 2017). N-RAS can activate a wide range of pathways including novel RAS effector 1A 

(NORE1A), Af6, phospholipase C (PLC), RAS and Rab interactor 1 (RIN1), T cell lymphoma 

invasion and metastasis-inducing protein (TIAM), and growth factor receptor 14 (Grb14) 

(Stephen et al., 2014). However, the MAPK cascade and the PI3K pathway are the most 

studied pathways that ultimately modulate cellular processes such as proliferation, cell death, 

and motility (Fernández-Medarde et al., 2021; Gupta et al., 2007). 

When activated by guanine nucleotide exchange factors (GEFs), Ras proteins undergo 

a conformational change that enables them to release GDP leaving them free to bind to GTP. 

Ras can then bind to and activate downstream effector proteins. Ras can be turned off by 

GTPase-activating proteins (GAPs), which stimulate the intrinsic GTPase activity of Ras and 

catalyze the hydrolysis of GTP to GDP (Cherfils and Zeghouf, 2013). 

Ras proteins can be mutated in ways that render them constitutively active by resisting 

GTP hydrolysis mediated by GAPs (Grewal et al., 2011). Mutations in Ras genes are found in 

a variety of human tumours, including pancreatic, lung, and colorectal cancers. In fact, Ras 

mutations are among the most commonly observed genetic alterations in cancer, making them 

an important target for cancer research and drug development (Simanshu et al., 2017). 

However, N-ras is rarely mutated in breast cancer but is activated through other mechanisms 
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(Cerami et al., 2012; J. Gao et al., 2013). Furthermore, elevated expression of N-RAS has been 

linked to a greater probability of being diagnosed with triple-negative breast cancer and a 

poorer prognosis (Banys-Paluchowski et al., 2020). 

1.9 BLUEBERRY 

Vaccinium angustifolium Aiton, commonly known as the wild lowbush blueberry, is a 

species native to the eastern coast of Canada and the northeastern United States, with a range 

extending from Manitoba to Newfoundland (see Figure 4). As a member of the Ericaceae 

family, blueberries are well-adapted to acidic soils of low quality and low nitrogen and 

phosphorus availability. This is due in part to the symbiotic relationship between several 

species of fungi and the root system of the blueberry (Cairney and Meharg, 2003). This 

interaction, called mycorrhiza, facilitates the absorption of nutrients released by enzymes from 

the fungi that work only in acidic conditions (Leake and Read, 1989). However, proper 

establishment of the mycorrhiza makes it challenging for commercial plantations to spread 

lowbush cultivars since propagation from seed or cutting is slow and yields are typically lower 

than those of highbush varieties (Yarborough, 2012). Consequently, much of the production 

of lowbush blueberries comes from managed "wild" patches, rather than from planted 

cultivated fields. Commercial growers often engage in practices such as controlled burning, 

pruning, and fertilization to maintain the health and productivity of these patches. Commercial 

lowbush blueberry production is concentrated primarily in Maine, USA, as well as in Quebec, 

Nova Scotia, New Brunswick, and Prince Edward Island in Canada (Statistical Overview of 

the Canadian Blueberry Industry, 2010, 2012). 
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Figure 4: Native Distribution of Vaccinium angustifolium Aiton (U.S. Department of 

Agriculture, Natural Resources Conservation Service., 2018) 

Blueberries are well-known for their high concentration of phenolic compounds, 

including anthocyanins, which contribute to their high antioxidant capacity (Gibson et al., 

2013). Anthocyanins, a type of flavonoid pigment, are responsible for the blue pigmentation 

of blueberries and are predominantly located in the skin. Members of the genus Vaccinium 

(Ericaceae), such as blueberry and cranberry, are excellent sources of flavonoids, such as 

anthocyanins, flavonols and proanthocyanidins (Bomser et al., 1996). In addition, wild 

blueberries are a good source of Vitamin C and dietary fibre, with very little fat, sodium, or 

cholesterol and only 80 calories per cup of berries (Nadulski et al., 2019; U.S. Department of 

Agriculture, Agricultural Research Service., 2019). However, variations in the levels of 

anthocyanins, total phenolics, and antioxidant capacity have been observed between different 

fields of wild blueberries and even between different years of blueberry production within the 

same field (Howell et al., 2001; Kim et al., 2013; Lohachoompol et al., 2004). Furthermore, it 

is worth noting that wild blueberries contain a wider variety and higher levels of anthocyanins 
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compared to cultivated highbush varieties, likely due to the more stressful growth conditions 

in the wild and the fact that they have not been selectively bred over generations for sweetness 

and ability to withstand shipping conditions (Liu, 2013). Recent research has shown that 

fermenting blueberries with commercially available probiotics leads to only a 2-3 fold increase 

in antioxidant capacity compared to normal blueberries (Zhong et al., 2021). 

Blueberries are well-known for their numerous health benefits. One of their main 

benefits is due to their antioxidant activities (Kay and Holub, 2002; Mazza et al., 2002). These 

compounds also protect against DNA damage, which is known to be a contributing factor in 

various diseases such as cancer (Del Bó et al., 2013; van Breda et al., 2018; Wilms et al., 

2007). Moreover, blueberries not only protect against cancer but also increase the effectiveness 

of certain treatments like radiotherapies and chemotherapies (Davidson et al., 2019; Lin et al., 

2019). 

Blueberry polyphenols and fibre have been shown to mitigate the risk of diabetes by 

improving insulin sensitivity and regulating glucose levels (Basu et al., 2021; Delpino et al., 

2022; Muraki et al., 2013). Additionally, blueberries have been found to prevent the oxidation 

of cholesterol, lower blood pressure, and overall protect against heart diseases (Basu et al., 

2010; Curtis et al., 2019; Herrera-Balandrano et al., 2021). Polyphenols present in blueberries 

help inhibit miR-21, miR-146a, and miR-125, miRNAs related to atherosclerotic plaques (Su 

et al., 2017). 

Blueberries have also shown promise in promoting brain function and protecting 

against neuronal damage and age-related cognitive decline (Boespflug et al., 2018; Krikorian 

et al., 2022; Tran and Tran, 2021). Like the closely related cranberries, blueberry juice has 

been found to possess anti-adhesin activity, blocking the binding of bacteria to the urinary tract 
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wall and preventing urinary tract infections (Cerezo et al., 2020; Ofek et al., 1991). Recent 

research suggests that blueberry juice may also have a beneficial effect on preventing gastric 

ulcers by inhibiting the adhesion of Helicobacter pylori to the gastric mucosa and protecting 

the gastric epithelium from injuries (Shu et al., 2022; Silvan et al., 2022). 

1.10 BLUEBERRY POLYPHENOLS 

Blueberries are highly regarded for their health benefits, which are largely attributed to 

their high phytonutrient content, particularly polyphenolic compounds. Polyphenols are a class 

of natural compounds that contain benzene rings with hydroxyl (OH) groups (Pandey and 

Rizvi, 2009) and play an important role in the defence and protective mechanisms of plants 

against various stresses, including UV radiation, tissue damage, heat shock, water restriction, 

and oxidative stress (Beckman, 2000; Edreva and Velikova, 2008). Blueberries are particularly 

rich in polyphenols, including flavonoids such as anthocyanins, flavonols, and 

proanthocyanidins, as well as phenolic acids (Rodriguez-Mateos et al., 2012). These 

compounds range in size and complexity, from small and easily absorbed like flavonoid 

aglycones (not bound to a sugar molecule) to more complex structures like anthocyanins 

(Velderrain-Rodríguez et al., 2014). Anthocyanins, which are responsible for the blueberry's 

vibrant colour, are one of the most abundant polyphenols present in the fruit (Wu et al., 2006). 

Blueberries also contain significant amounts of flavonols, primarily composed of quercetin 

derivatives, and proanthocyanidins, formed by the polymerization of catechin and/or 

epicatechin units (Cho et al., 2005; Rodriguez-Mateos et al., 2012; Vrhovsek et al., 2012). In 

addition, phenolic acids, mainly chlorogenic acid, caffeic acid, gallic acid, protocatechuic acid, 

ferulic acid and salicylic acid, are all present in lowbush blueberries (Kang et al., 2015; 

Rodriguez-Mateos et al., 2012). 
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1.10.1 Anthocyanins 

Anthocyanins, a type of flavonoid molecule, are water-soluble pigments that can 

display a range of colours, including red, purple, blue, and black depending on pH levels. They 

are responsible for the blue hues in various fruits and plants, such as blueberries, raspberries, 

black rice, and black soybeans, as well as the autumnal colours of leaves. (Archetti et al., 2009; 

Mazza, 1993). These pigments have important roles in plant reproduction, attracting 

pollinators, and protecting plants from environmental stressors such as UV light, drought, and 

cold (Edreva and Velikova, 2008; Lev-Yadun and Gould, 2009). Blueberries contain a 

complex anthocyanin profile, containing 5 of the 6 common anthocyanidins found in food: 

malvidin, cyanidin, delphinidin, petunidin, and peonidin (Figure 5) (Cho et al., 2005; Prior et 

al., 2001). 

 

Figure 5: Anthocyanins present in blueberries. 
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Studies have shown that anthocyanins can have a beneficial effect on obesity-related 

diseases, such as diabetes (Cao et al., 2019), as well as inflammation (Lee et al., 2017). They 

may also reduce inflammation and the risk of heart disease by improving endothelial function 

and reducing blood pressure (Vendrame and Klimis-Zacas, 2019). Moreover, anthocyanins 

may have a protective effect against neurological diseases by promoting blood flow to the 

brain and maintaining synaptic function (Gratton et al., 2020; Vauzour et al., 2021). 

Studies have also suggested that anthocyanins have anti-cancer properties, with 

potentially protective effects against colorectal and breast cancers (Bobe et al., 2006; Mazzoni 

et al., 2019; Paramanantham et al., 2020; X. Wang et al., 2019). These effects may be mediated 

through the regulation of signal cascades, such as the Ras‐MAPK and PI3K/Akt pathways (Lin 

et al., 2017). 

1.10.2 Protocatechuic acid 

Protocatechuic acid (PCA), also known as 3,4-dihydroxybenzoic acid, is a naturally 

occurring phenolic acid found in a wide variety of plants. It is structurally similar to other well-

known antioxidant compounds such as gallic acid, caffeic acid, vanillic acid, and syringic acid 

(Figure 6) (Kang et al., 2015). PCA has been shown to have antioxidant (Li et al., 2011) and 

anti-inflammatory properties (Lende et al., 2011), as well as the ability to interact with various 

enzymes, which may contribute to its pharmacological effects. 

 

Figure 6: Example of phenolic acid present in blueberries. 

Interestingly, PCA has been found to exhibit dual-directional roles in regulating many 

pharmacological activities, acting as both an antioxidant and oxidant as well as stimulating 
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both cell apoptosis and proliferation depending on the dose used (Nakamura et al., 2000; Yin 

et al., 2009). This highlights the importance of careful consideration of PCA dosage in its use 

as a potential therapeutic agent. 

Studies have shown that PCA has a wide range of pharmacological activities, including 

anticancer (Lin et al., 2011; Semaming et al., 2015), neuroprotective (Z. Li et al., 2021; Zhang 

et al., 2015), antibacterial (Fifere et al., 2022; Wu et al., 2022), antiviral (Ou et al., 2014; Wang 

et al., 2022) and anti-osteoporotic (Rivera-Piza et al., 2017; Zhang et al., 2020). However, 

more research is needed to fully understand the pharmacokinetics and toxicity of PCA to 

ensure its safe and effective use. 

1.10.3 Gallic Acid 

Gallic acid is a widely distributed phenolic acid in the plant kingdom that has numerous 

applications in the food and pharmaceutical industries (Figure 6) (Kahkeshani et al., 2019). It 

has antioxidant properties, making it useful as a food additive to protect oils and fats (Choubey 

et al., 2015). 

Studies have shown that gallic acid has anticancer effects and may prevent the 

development of cancer (Raina et al., 2008; Verma et al., 2013) possibly by inhibiting the 

activation of NF-κB and AKT, both of which are involved in the regulation of cell survival 

and proliferation. (Ho et al., 2013). Additionally, it induces cell cycle arrest by reducing the 

expression of proteins involved in cell cycle progression and increasing the levels of CDK 

inhibitor p27KIP (Huang et al., 2012). 

Furthermore, at certain doses, gallic acid can reduce the levels of overexpressed miR-

421 in certain types of cancer, such as gastric and non-small cell lung cancer (Li et al., 2020; 



 

32 

 

Paolini et al., 2015; Xu et al., 2022). It can also increase PTEN expression by downregulating 

miR-21 and reduce the expression of Ras and RhoA by upregulating miR-143 and miR-145 

(Chung et al., 2020). 

1.10.4 Catechin 

Catechin is a type of flavonoid that is present in a variety of plants and fruits, including 

apples, blueberries, gooseberries, grape seeds, kiwi, strawberries, and acai, as well as products 

derived from them, such as green tea, red wine, beer, cacao liquor, chocolate, cocoa, and 

vinegar (Gadkari and Balaraman, 2015; Gálvez et al., 1994). It belongs to the Flavan-3-ol 

subgroup, with (–)-epicatechin and (+)-catechin being the most abundant isomers found in 

nature. Related molecules, such as epigallocatechin, gallocatechin (which possesses an 

additional phenolic hydroxyl group), and catechin gallates (gallic acid esters of catechins), also 

exist. (Figure 7). Blueberries naturally contain several catechins, with the most abundant being 

(+)-catechin. Notable quantities of (-)-epicatechin, (-)-epigallocatechin, (-)-epicatechin gallate, 

and (-)-epigallocatechin gallate are also present (Bhagwat et al., 2016). Catechins are known 

for their antioxidant and anti-inflammatory properties, which have been extensively studied 

for their potential health benefits and cancer prevention (Almatroodi et al., 2020). However, 

recent research has also highlighted additional mechanisms by which catechins may help 

prevent cancer, including inhibition of angiogenesis (Negrão et al., 2013; Yee et al., 2017), 

prevention of the degradation of the extracellular matrix  (Kim et al., 2004; Yang et al., 2022), 

and inducing apoptosis (Gianfredi et al., 2017) making it an interesting candidate for further 

research as a chemopreventive agent. 
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Figure 7: Example of catechins present in blueberries. 

1.11 BIOTRANSFORMED BLUEBERRY JUICE BY ROUXIELLA BADENSIS SUBSP. 

ACADIENSIS 

Blueberries are commonly recognized as a "superfood" due to their high content of 

antioxidant polyphenols and anthocyanins, which have been shown to have antiproliferative 

and apoptotic effects on cancer cells (Bornsek et al., 2012; Bunea et al., 2013; Srivastava et 

al., 2007). Blueberries are subject to intense research due to their value-added characteristics 

and antioxidant capacity. Despite their well-known health benefits, many formulations of 

blueberries with high antioxidant activity have failed to show an effect in vivo due to the low 

bioavailability of complex polyphenol chains and poor absorption in the intestinal tract 
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(Manach et al., 2005). Our lab has discovered a natural fermentation process that increases the 

antioxidant activity, polyphenol content, and bioefficacy of many berry preparations. 

Through a series of screening experiments involving fermentations with bacteria 

isolated from the microflora of lowbush blueberries, our lab identified two promising isolates 

of bacteria from the microflora of lowbush blueberries. One of these isolates, a Gram-negative, 

catalase-positive, facultatively anaerobic coccobacillus, was found to have the ability to 

ferment blueberry juice and increase the level of naturally occurring polyphenols four-fold 

(Martin and Matar, 2005). 

The bacterium was first identified by analyzing a partial sequence (1500 nucleotides) 

of the 16S rRNA gene which showed a genetic difference of 1.82% compared to the closest 

match at the time, Serratia proteamaculans quinovora (Martin and Matar, 2005). Although 

the difference in genetic makeup was too high to definitively identify it as Serratia 

proteamaculans quinovora, its physical properties and biochemical profile indicated that it 

could potentially be a new Serratia strain and was provisionally named Serratia vaccinii for 

its association with blueberries (Martin and Matar, 2005). 

Further investigation using whole-genome shotgun sequencing revealed that the 

bacterium was closely related to a newly described species of Serratia (Le Flèche-Matéos et 

al., 2017; Salvetti et al., 2023). This isolate was named Rouxiella badensis subsp. acadiensis 

after the region in which it was discovered (Salvetti et al., 2023; Yahfoufi et al., 2021), and 

the resulting fermented blueberry juice was named Polyphenol Enriched Blueberry 

Preparation (PEBP) (Vuong et al., 2016). 
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Figure 8: Phylogenetic analysis based on the partial 16S rDNA fragment determined by 

MIDI Laboratories in 2005 (Martin and Matar, 2005). 

PEBP has demonstrated multiple beneficial effects on various biological systems. For 

instance, it has been shown to reduce weight gain in diabetic and obesity model KKAy mice 

and exhibits antidiabetic effects by mimicking metformin's anti-inflammatory effects. The 

mechanism of action is thought to involve anti-inflammatory effects, increasing 5' adenosine 

monophosphate-activated protein kinase (AMPK) activity, adiponectin levels, and possibly 

IL-6 (Vuong et al., 2009, 2007) but this effect may be dose-dependent (Sánchez-Villavicencio 

et al., 2017). In addition, PEBP and some of its compounds have shown antidiabetic effects in 

vitro (Nachar et al., 2017). Furthermore, PEBP has been shown to prevent oxidative stress on 

neurons and decrease nitric oxide production by macrophages (Vuong et al., 2010, 2006). 

Additionally, our studies indicate that PEBP has the ability to increase adiponectin 

secretion (Vuong et al., 2009). This effect is likely due to its ability to counteract reactive 

oxygen species  (Furukawa et al., 2004) and inhibit pro-inflammatory cytokines (Bruun et al., 
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2003). Inflammation is a known contributor to obesity, diabetes, and cancer (Lashinger et al., 

2014). 

Moreover, PEBP has demonstrated significant anticancer effects, including the ability 

to decrease mammosphere development in various cell lines, delay tumour growth, and reduce 

metastasis to the lungs in animal models. Its mechanism of action involves regulating the 

PTEN/PI3K/AKT pathway, which is a critical node in cancer stem cell (CSC) signalling and 

homeostasis (Vuong et al., 2016). It has also been shown to suppress CSCs in skin cancer by 

upregulating miR-200b and reducing the expression of ZEB1, a transcription factor that 

promotes epithelial-mesenchymal transition (Alsadi et al., 2021). 

Genetic analysis of R. badensis subsp. acadiensis revealed no potentially pathogenic 

genes, suggesting it is safe for human consumption. In vitro and in vivo experiments have 

shown that this bacterium has immunomodulatory effects on immune cells and reduces 

inflammation in the gut. Additionally, it has been found to improve markers for intestinal 

barrier integrity, which could have implications for gut health (Yahfoufi et al., 2021). 
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2 HYPOTHESIS 

Naturally occurring dietary compounds are gaining increasing attention for their 

efficacy in cancer chemoprevention (Matar et al., 2001; Vinderola et al., 2007b). Furthermore, 

our preliminary results have demonstrated that blueberry can repress CSCs (cancer stem cells) 

of breast cancer cells, supporting a diet-mediated targeting of CSCs. Additionally, we have 

reported that consuming probiotics can modulate the immune system and maintain it in a state 

of surveillance against breast carcinoma in mice (de Moreno de Leblanc et al., 2007; de 

Moreno de LeBlanc et al., 2005b; Duru et al., 2012), as well as inflammatory diseases (de 

Moreno de LeBlanc et al., 2007; Leblanc et al., 2004; Martin and Matar, 2005; Vinderola et 

al., 2007a; Vuong et al., 2010, 2009). 

Our research has revealed that a bacterium Rouxiella badensis subsp. acadiensis 

(formerly known as Serratia vaccinii) isolated from the biota of blueberry can increase the 

level of polyphenols present in blueberry juice. This novel product named Polyphenol-

Enriched Blueberry Preparation (PEBP) has been shown to have anti-inflammatory, anti-

diabetic, and anticarcinogenic properties. 

At the molecular level, breast carcinogenesis is regulated by a subset of aggressive cells 

known as CSCs. Evidence suggests that cellular transformation, carcinogenesis, and stemness 

maintenance are driven by epigenetic-specific changes involving microRNAs. Polyphenol 

compounds can influence signalling pathways important in maintaining CSC phenotype like 

AKT/mTOR, STAT3 and ERK1/2, the hypothesis of this study is that PEBP and a mixture of 

polyphenols found in blueberries can control the development of CSCs by modulating 

inflammatory pathways and miRNAs. Therefore, the main objective of this thesis was to gain 
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a better understanding of the underlying mechanisms through which PEBP offers protective 

effects against breast carcinoma in mice. 
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3 AIMS 

The primary objective of this thesis is to gain a deeper understanding of the 

mechanisms underlying the protective effects of the polyphenol-enriched preparation in 

mitigating breast cancer progression. The specific objectives are as follows: 

1. Investigate the potential of the polyphenol-enriched blueberry preparation to 

prevent the development of breast cancer stem cells in both cell models and in 

vivo. Additionally, explore the involvement of the STAT3 and MAPK 

signaling pathways. 

2. Assess the impact of the polyphenol-enriched blueberry preparation on breast 

cancer by regulating the expression signatures of miRNA involved with cell 

proliferation, survival, and CSC self-renewal pathways in in vitro experiments. 

3. Characterize PEBP and investigate the effect of a subset of its components on 

miRNA expression. Furthermore, validate the role of those components in 

regulating the functional behavior of breast cancer stem cells through 

experiments using a 4T1 animal model. 
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ABSTRACT 

Background: Naturally occurring polyphenolic compounds from fruits, particularly 

from blueberries, have been reported to be significantly involved in cancer chemoprevention 

and chemotherapy. Biotransformation of blueberry juice by Serratia vaccinii increases its 

polyphenolic content and endows it with anti-inflammatory properties. 

Methods: This study evaluated the effect of a polyphenol-enriched blueberry 

preparation (PEBP) and its non-fermented counterpart (NBJ), on mammary cancer stem cell 

(CSC) development in in vitro, in vivo and ex vivo settings. Effects of PEBP on cell 

proliferation, mobility, invasion, and mammosphere formation were measured in vitro in three 

cell lines: murine 4T1 and human MCF7 and MDA-MB-231. Ex vivo mammosphere 

formation, tumor growth and metastasis observations were carried out in a BALB/c mouse 

model. 

Results: Our research revealed that PEBP influence cellular signaling cascades of 

breast CSCs, regulating the activity of transcription factors and, consequently, inhibiting tumor 

growth in vivo by decreasing metastasis and controlling PI3K/AKT, MAPK/ERK, and STAT3 

pathways, central nodes in CSC inflammatory signaling. PEBP significantly inhibited cell 

proliferation of 4T1, MCF-7 and MDA-MB-231. In all cell lines, PEBP reduced 

mammosphere formation, cell mobility and cell migration. In vivo, PEBP significantly 

reduced tumor development, inhibited the formation of ex vivo mammospheres, and 

significantly reduced lung metastasis. 

Conclusions: This study showed that polyphenol enrichment of a blueberry 

preparation by fermentation increases its chemopreventive potential by protecting mice against 

tumor development, inhibiting the formation of cancer stem cells and reducing lung metastasis. 
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Thus, PEBP may represent a novel complementary alternative medicine therapy and a source 

for novel therapeutic agents against breast cancer. 

INTRODUCTION 

Life-style changes significantly contribute to cancer prevention and are considered an 

important paradigm in translational medicine (Slattery et al., 2014). For example, a dietary 

intervention showed that a few months of following a Mediterranean diet are sufficient to 

favorably modify the metabolic/endocrine characteristics of breast cancer survivors (Villarini 

et al., 2012). In fact, breast cancer patients are among the highest users of integrative medicine 

in conjunction with conventional oncology care (Greenlee et al., 2014). Currently, cancer 

preventive phytochemicals are receiving increasing attention regarding their impact on Cancer 

Stem Cell (CSC) self-renewal pathways (Rossi et al., 2014). In line with these reports, our 

preliminary results have shown that repression of breast CSCs by fermented blueberry 

preparation, named Polyphenols-Enriched Blueberry Preparation (referred hereafter as PEBP), 

supports diet-mediated targeting of CSCs. The chemopreventive effects of blueberry 

polyphenolics on breast cancer are well-known (Kanaya et al., 2014; Montales et al., 2012). 

For example, phenolic extracts from European blueberry were shown to inhibit proliferation 

and induce apoptosis in breast cancer cells (Nguyen et al., 2010). Therefore, increasing the 

phenolic content of blueberry might enhance its anticancer properties and reduce its metastatic 

potential. Indeed, biotransformation of blueberry juice with a novel strain of bacteria isolated 

from the blueberry flora increases its phenolic content and antioxidant activity (Martin and 

Matar, 2005). 
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CSCs, a highly tumorigenic cell subtype, are emerging as key drivers of cancer 

(Graziano et al., 2008; O’Connor et al., 2014). CSCs in breast cancer have been identified as 

CD44+/CD24low phenotype and are able to grow as spheres named, in this case, 

mammospheres (Camerlingo et al., 2014; Podberezin et al., 2013). Interleukin 6 (IL-6) and its 

major effector, the signal transducer and activator of transcription 3 (STAT3), are part of an 

important inflammation-associated pathway in malignancies, and are highly involved in CSC 

development and progression (Chang et al., 2013). STAT3 has been recently recognized as a 

key therapeutic target to reduce tumor growth (Lamy et al., 2012) and metastasis (Zhao et al., 

2012) in different types of cancer. The persistent self-renewal observed in CSCs was reported 

to be epigenetically controlled in the IL-6/STAT3/phosphatidylinositol 3-kinase (PI3K) 

signaling pathway (Hernandez-Vargas et al., 2011). STAT3 with PTEN is part of the positive 

feedback loop that underlies the epigenetic switch that links inflammation to cancer. Thus, 

prevention or inhibition of deregulation in the PI3K/STAT3/PTEN signaling pathway could 

be beneficial for the treatment and better outcome of breast cancer. Several signal transduction 

pathways, such as the extracellular-signal-regulated kinase/mitogen-activated protein kinase 

(Erk/MAP) pathway and PI3K pathway have been implicated in mammary carcinogenesis 

(Vivanco and Sawyers, 2002). 

Moreover, members of the mitogen-activated protein kinase (MAPK) pathways have 

been well studied for their role in controlling cellular responses to the environment and in 

regulating gene expression, cellular growth and apoptosis in cancer (Chen et al., 2012; Yip et 

al., 2011). The extracellular signal-regulated kinases (ERKs)-1/2 were linked to cell 

proliferation and survival, whereas the stress-activated MAPKs, p38 and c-Jun N-terminal 

kinase (JNK), were connected to apoptosis (Wagner and Nebreda, 2009). Controlling MAPK 
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pathways was shown to impact CSC-promoting IL-6 and modify CSC-like behavior (Balko et 

al., 2013). 

Different studies have shown that the fermentation of PEBP greatly increased its 

antioxidant potential (Martin and Matar, 2005; Vuong et al., 2006) and endowed it with novel 

anti-inflammatory (Vuong et al., 2010), antidiabetic (Vuong et al., 2009, 2007) and other 

biological activities (Vuong et al., 2010). Importantly, the anti-inflammatory effects of PEBP 

seemed to be connected to IL-6 related pathways, as demonstrated by decreasing 

hyperglycemia, activating AMPK pathways and mimicking Metformin metabolic effects 

(Vuong et al., 2009). Additionally, our studies have revealed that PEBP increases adiponectin 

secretion (Vuong et al., 2009), probably by counteracting reactive oxygen species (Furukawa 

et al., 2004) and inhibiting the pro-inflammatory cytokines (Bruun et al., 2003); two 

mechanisms that contribute to the inflammatory response. Indeed, inflammation is linked to 

obesity, diabetes and cancer (Lashinger et al., 2014). The goal of this study was to investigate 

the anticarcinogenic effects of PEBP on breast cancer stem cell development in cell models 

and in vivo, as well as to study the involvement of STAT3 and MAPKs signaling pathways in 

its chemopreventive activities. 

MATERIALS AND METHODS 

Preparation of blueberry juices 

Mature lowbush blueberries (Vaccinium angustifolium Ait.) were purchased from 

Cherryfield Foods Inc. (Cherryfield, ME) as fresh and untreated fruits. Blueberry juice was 

extracted by blending the fruit (100 g) in a Braun Type 4259 food processor. The fruit mixture 
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was then centrifuged at 500 x g for 10 min to remove insoluble particles. The resulting juice 

was sterilized using 0.22 µm Express Millipore filters (Millipore, Etobicoke, ON). 

Serratia vaccinii bacteria were cultured as previously described (Martin and Matar, 

2005). Blueberry and PEBP preparation have been partially characterized elsewhere (Martin 

and Matar, 2005; Matchett et al., 2006). 

Cell culture 

Murine 4T1, a 6-Thioguanine resistant cell line, human MCF-7 and human MDA-MB-

231 cell lines were obtained from American Type Cell Collection (ATCC; Chicago, IL). 

ATCC authenticated the human cell lines by using short tandem repeat profiling and the mice 

cell line was confirmed to be from mice by cytochrome C oxidase 1 gene assay. MCF-7 cells 

were cultured in MEM, 4T1 and MDA-MB-231 in RPMI-1640, media containing FBS (10%, 

v/v) (ATCC), penicillin (100 µU/ml), streptomycin (100 µg/ml) (Sigma-Aldrich, Oakville, ON) 

at 37oC in a humidified atmosphere with 5% CO2. 

Cell viability 

Cell viability was assessed by water soluble tetrazolium salts (WST-1) and Lactate 

Dehydrogenase (LDH) assays (Roche, Laval, QC). After a 24 h treatment, supernatants were 

collected for LDH assay following the manufacturer’s instructions. The absorbance was 

measured with the μ-Quant plate reader (Bio-Tek, Winooski, VT). 

Cell motility 

Cells were plated in a six-well plate at density of 1 x106 cells/0.2 ml/well and allowed 

to form a confluent monolayer for 24 h. The monolayer was then scratched with a pipette tip, 

washed with RPMI-1640 to remove floating cells, and photographed (time 0). The cells were 
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treated with NBJ or PEBP for 24 hours. The cells were then photographed again at three 

randomly selected sites per well. Cell motility was expressed as a percent of the surface area 

covered by migrating cells compared with time 0. 

Cell invasion 

The cell invasion assay was performed on a polyethylene terephthalate (PET) 

membrane (8 µm pore size) in a Tissue Culture (TC) insert (BD biosciences, Mississauga, ON) 

according to the manufacturer’s instructions. In short, cells were incubated in the superior 

chamber for 24 hours. The insert was then transferred to a new plate containing HBSS 

supplemented with 4 µg/ml of Calcein AM for 1 hour. The intensity of the fluorescence is 

measured and is expressed as a ratio of the control well without treatment (Partridge and 

Flaherty, 2009). 

Mammospheres formation 

Adherent cells were detached by trypsin and single cells were counted using the 

Countess automated cell counter (Invitrogen, Burlington, ON). For tumor tissue, 

approximately 0.05 g of each tumor was minced and dissociated in RPMI-1640 media 

containing 300 U/ml collagenase (Sigma), and 100 U/ml hyaluronidase (Sigma) at 37 °C for 

2 hours. The cells were sieved sequentially through a 100 µm and a 40 µm cell strainer (BD 

Biosciences) to obtain a single cell suspension, and counted in a hemocytometer. 

Single cells were plated in ultralow attachment 96-well plates (Costar) at 103 cells/0.2 

ml/well, in the presence/absence of PEBP and NBJ, in DMEM-F12 (Invitrogen), 

supplemented with 10 ng/ml EGF, 20 ng/ml bFGF, 5 µg/ml insulin, 1 mM sodium pyruvate, 

0.5 µg/ml hydrocortisone, and penicillin/streptomycin (0.05 mg/ml) (Sigma) (Hernandez-
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Vargas et al., 2011). Cells grown in these conditions as non-adherent spherical clusters of cells 

or mammospheres were counted after 4-7 days. 

IL-6 determination 

BD OptEIA Mouse IL-6 ELISA sets (BD Biosciences) were used to measure 

extracellular IL-6 production by mammospheres following the manufacturer’s instructions. 

Western Blot analysis 

Cells in mammospheres formation conditions were collected and lysed after 1, 2, 6 and 

24 h treatment with/without PEBP and NBJ. Cell lysates were run on a 10 % acrylamide gel, 

transferred to a PVDF membrane, and probed with either anti-phosphorylated STAT3 

(1:1000), PI3K (1:1000), Akt (1:1000), PTEN (1:1000), p38 MAPK (1:1000), ERK1/2 

(1:1000), SAPK/JNK (1:1000), β-Actin (1:1000) (Cell Signaling Tech. Inc., Danvers, MA, 

USA). Bands were visualized via chemiluminescence using horseradish peroxidase-

conjugated secondary antibodies. Bands were quantified using β-actin as loading control by 

Bio-Rad Quantity One software (Bio-Rad, Mississauga, ON). 

Animals 

Six- to eight-week-old BALB/c female mice weighing 18–20 g (Charles River, 

Montreal, QC) were randomly distributed into seven experimental groups: control, NBJ 

12.5%, NBJ 25%, NBJ 50%, PEBP 12.5%, PEBP 25% and PEBP 50%. Each experimental 

group consisted of 8 mice housed in a controlled atmosphere (temperature 22 ± 2 °C; humidity 

55 ± 2%) with a 12 h light/dark cycle. Mice were maintained and treated in accordance with 

the guidelines of the Canadian Council on Animal Care. The protocol (ME-289) was approved 

by the Animal Care Committee of University of Ottawa. 
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While mice in the control group received normal water, mice in NBJ- and PEBP-groups 

received either NBJ or PEBP, incorporated in their drinking water at three concentrations: 

12.5%, 25% and 50% (v/v) respectively. After two weeks of treatment, all mice received a 

subcutaneous injection of 4T1 cells (1400 cells/0.1 ml/mice) into the abdominal mammary 

gland fat pad. Three weeks after the inoculation, tumors and lungs were collected and weighed 

(Pulaski and Ostrand-Rosenberg, 2001). Mice consumed an average of 2.9 ml of juice each 

day and both blueberry juices were well tolerated and did not affect mice body weight. 

Lung metastasis 

Lungs were minced and dissociated in RPMI-1640 media containing 300 U/ml 

collagenase (Sigma), at 37 °C for 15 min. After filtration through a 40 µm cell strainer (BD 

Biosciences), cells were collected and suspended in RPMI-1640 containing 10% FBS (ATCC), 

penicillin/streptomycin (0.05 mg/ml) and 60 μM 6-Thioguanine (Sigma). The cells were plated 

in 10-cm culture dishes (Corning) at 37 °C in a humidified atmosphere with 5% CO2. After 14 

days, the lung cells were fixed by methanol and stained with 0.03% methylene blue solution. 

All blue colonies were counted, one colony representing one clonogenic metastatic cell 

(Pulaski and Ostrand-Rosenberg, 2001). 

Statistical analysis 

Statistical analysis of the data by ANOVA and Bonferroni’s post hoc tests were 

performed using GraphPad Prism software version 5.04 (San Diego, CA, USA). Statistical 

significance was set at p ≤0.05. Data are reported as mean ± SEM. 
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RESULTS 

 

At a concentration of 200 μM Gallic Acid Equivalent (GAE), PEBP significantly 

inhibited the proliferation of 4T1, MDA-MB-231 and MCF-7 cancer cells by 34%, 24% and 

33% respectively (Figure 9), whereas the same concentration of NBJ only showed an inhibition 

of 32% in 4T1 cell proliferation (Figure 9, panel A). No significant effects of NBJ were 

observed in MDA-MB-231 and MCF7 (Figure 9, panel B-C). Both PEBP and NBJ did not 

show any toxicity on the three cell lines at tested concentrations, as determined by an LDH 

assay (data not shown). 

Both NBJ and PEBP at 150μM GAE significantly reduced the invasive ability of 4T1 

and MDA-MB-231 (Figure 10, panel D and E). However, only PEBP exhibited an inhibitive 

effect on the motility of all three breast cancer cell lines (Figure 10, panel A-C). NBJ did not 

show any significant effect on cell motility as compared to the control. 

PEBP significantly decreased the formation of mammospheres in all three cell lines ( 

Figure 11), and nearly total inhibition was observed at 150 μM GAE of PEBP.  A 

treatment with the same concentration of NBJ only exhibited an inhibition of 75% in MDA-

MB-231 ( 

Figure 11, panel B), whereas it significantly increased the formation of mammospheres 

in 4T1 and MCF-7 by 60% and 96%, respectively ( 

Figure 11, panel A and C). 

  



 

50 

 

 

 

 

Figure 9: PEBP suppressed the growth of mammary carcinoma cell lines. Proliferation of 

4T1 (a), MDAMB-231 (b), and MCF-7 (c) cells after treatment with either 150 or 200 μM 

GAE (gallic acid equivalent) of either polyphenol-enriched blueberry preparation (PEBP) 

or normal blueberry juice (NBJ) for 24 h. All values are means of 3 separate 

experiments ±SEM. *Denotes statistical significance at p ≤ 0.05 vs. control. **Denotes 

p ≤ 0.01 vs. control 
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Figure 10: PEBP decreased motility and invasiveness in gel invasion experiment. Cell 

mobility of 4T1 (a), MDAMB-231 (b), and MCF-7 (c) cells after treatment with 100 μM 

GAE (gallic acid equivalent) of either polyphenol-enriched blueberry preparation (PEBP) 

or normal blueberry juice (NBJ) for 24h and cell invasion of 4T1 (d) and MDAMB-231 (e) 

cells after treatment with either 100 or 150 μM GAE of PEBP or NBJ for 24 h. Contrast was 

enhanced to better show cell motility. All values are means of 3 separate 

experiments ±SEM. *Denotes statistical significance at p ≤ 0.05 vs. control 
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Figure 11: PEBP and NBJ decreased the formation of mammospheres in cell culture. 

Mammospheres formation of 4T1 (a), MDAMB-231 (b), and MCF-7 (c) cells after 

treatment with either 100 or 150 μM GAE (gallic acid equivalent) of either polyphenol-

enriched blueberry preparation (PEBP) or normal blueberry juice (NBJ) for 4–7 days and 

IL-6 production by 4T1 (d), MDAMB-231 (e), and MCF-7 (f) cells after treatment with 

150 μM GAE of PEBP or NBJ for 6 and 24 h. All values are means of 4 separate 

experiments ±SEM. Bars that have no letter in common are significantly different from each 

other (p ≤ 0.05) 
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Figure 12: PEBP inhibited STAT3/PI3K/Akt signaling pathway. Phosphorylation of 

STAT3, PI3K, Akt, and PTEN in 4T1 (a, d, g, j), MDAMB-231 (b, e, h, k), and MCF-7 (c, 

f, i, l) mammospheres after treatment with 150 μM GAE (gallic acid equivalent) of either 

polyphenol-enriched blueberry preparation (PEBP) or normal blueberry juice (NBJ) for 6 

h. All values are means of 3 separate experiments ±SEM. Baseline represent the level of 

phosphorylation present in cells not exposed to the mammospheres forming medium. 

*Denotes statistical significance at p ≤ 0.05 vs. control at 6 h  
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A 6 h-treatment with NBJ in mammosphere formation conditions significantly elevated 

the secretion of IL-6 in all three cell lines (Figure 11, panels D-F), while PEBP did not induce 

any modification as compared to the control cells. 

Moreover, PEBP significantly inhibited the phosphorylation of STAT3 and PI3K/Akt in all 

three cell lines. This inhibition started after a 6 h-treatment (Figure 12 panel A-I) and lasted 

up to 24 h (data not shown), whereas NBJ only decreased the phosphorylation of PI3K/Akt. 

Both PEBP and NBJ significantly enhanced the activity of PTEN in 4T1 (Figure 12, panel J), 

but only PEBP increased PTEN phosphorylation in MDA-MB-231 and MCF-7 (Figure 12, 

panel K-L). 
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Figure 13 : PEBP inhibited ERK1/2 but enhanced MAPKp38, and JNK signaling. 

Phosphorylation of ERK1/2, MAPK p38, and JNK in 4T1 (a, d, g), MDAMB-231 (b, e, h), 

and MCF-7 (c, f, i) mammospheres after treatment with 150 μM GAE (gallic acid 

equivalent) of either polyphenol-enriched blueberry preparation (PEBP) or normal 

blueberry juice (NBJ) for 2 h. All values are means of 3 separate experiments ±SEM. 

Baseline represent the level of phosphorylation present in cells not exposed to the 

mammospheres forming medium. * Denotes statistical significance at p ≤ 0.05 vs. control 

at 2 h 
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Figure 14: Antitumoral effects of PEBP in BALB/c mice model with 4T1 cell challenge. 

Tumor volume (a), tumor weight (b), mammospheres formation from primary tumor cells 

(c) and metastasis present in lungs (d) of mice that received a 2-week pre-treatment and a 

3-week post-inoculation treatment with either polyphenol-enriched blueberry preparation 

(PEBP) or normal blueberry juice (NBJ) incorporated in drinking water at concentrations of 

12.5 % (NBJ 12.5 % and PEBP 12.5 %), 25 % (NBJ 25 % and PEBP 25 %), and 50 % (NBJ 

50 % and PEBP 50 %). All values are means of 2 separate experiments ±SEM (n = 16). 

*Denotes statistical significance at p ≤ 0.05 vs. control 

Starting from one hour after the addition of PEBP, a significant inhibition of ERK1/2 

phosphorylation was observed in 4T1 and MCF-7 (Figure 14, panels A and C). PEBP also 

increased MAPK p38 and JNK/SAPK phosphorylation in all three cell lines. Their inhibited- 

or activated-state attained the maximal level after 2 h of treatment and remained stable up to 
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24 h (Figure 13, panels D-I). NBJ did not show any significant modification of the three 

MAPKs family members. 

As illustrated in Figure 14, when administered chronically over a 5-week period, NBJ 

reduced tumor volume and weight in a dose-dependent manner. However, significant effects 

were only observed in the NBJ50 group, whereas all three doses of PEBP-treated mice 

displayed significant delays of tumor growth (Figure 14, panels A-B). Moreover, the 

mammosphere formation from tumoral primary cells was significantly reduced exclusively in 

tumors of PEBP50-treated animals (Figure 14, panel C). Similarly, the treatment with PEBP 

significantly reduced the metastasis in lungs of PEBP-treated mice, while all of the other 

groups did not show a significant difference as compared to control animals (Figure 14, panel 

D). 

DISCUSSION 

Chemoprevention is an important part of integrative and translational medicine in 

oncology. Naturally occurring compounds, such as polyphenols in fruits, are increasingly 

recognized for their effects in controlling aberrant signaling pathways and inflammatory 

signals in CSCs. Our group has discovered that the fermented, probiotic-like product PEBP 

greatly accentuates its antioxidant potential and endows it with novel anti-inflammatory 

(Vuong et al., 2006), antidiabetic (Vuong et al., 2009, 2007) and neuroprotective (Vuong et 

al., 2010) biological properties. The common mechanisms underlining the multiple beneficial 

effects of PEPB are probably related to its capability to modulate the activity of global 

regulators that are associated with cellular transformation and inflammation. In addition, 
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biotransformations involving fermentation and catabolic breakdown have been suggested to 

enhance bioavailability (Yang et al., 2008). 

In fact, PEBP was found to inhibit adipogenesis and increase glucose uptake in muscle 

cells and adipocytes (Vuong et al., 2007) through the activation of the AMP-activated kinase, 

mimicking Metformin activities (Davis et al., 2006; Guigas et al., 2006). Particularly, the anti-

inflammatory effect of PEBP is pointing to the blockade of the STAT3 pathways (essential in 

CSCs, and inflammation) and the activation of AMPK, which in turn inhibits MAPK 

downstream (essential in diabetes and cancer). 

In addition, PEBP mimics Metformin anti-inflammatory/antitumoral activities by 

inactivation of PI3K/AKT pathways. Metformin is now proposed as a major adjunct therapy 

in cancer with a powerful inhibitory effect on CSCs (Hirsch et al., 2009; Jung et al., 2011). 

This observation led us to further investigate the effect of PEBP on CSCs. 

The antiproliferative effect of PEBP was observed in all three breast cancer cell lines 

at 200 μM, whereas NBJ, at the same concentration, only had an effect in 4T1. NBJ did not 

show any antiproliferative effect in MDA-MB-231 as previously reported (Adams et al., 2010; 

Faria et al., 2012). This might be due to the low tested-doses in our study. Moreover, PEBP 

significantly inhibited the motility of all three cancer cell lines, which prompted further 

investigation for its antimetastatic activity in vivo. As expected, PEBP significantly reduced 

metastasis potential to the lung when tested in a murine breast cancer model. 

There is now substantial evidence that many cancers, including breast cancer, are 

driven by a cellular subpopulation, identified as cancer stem cells, which mediate tumor 

metastasis and resistance to conventional therapies. Therefore, controlling CSC growth in 
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breast cancer is a possible avenue to prevent tumor development and metastasis. Thus, the 

investigation of PEBP-induced molecular mechanisms that mediate CSC growth was 

important to clarify its anticancer and anti-metastatic activities. Indeed, our data indicated that 

PEBP significantly inhibited mammosphere formation in vitro. Moreover, its inhibitory effect 

was further confirmed by the reduction of ex vivo mammosphere development from PEBP-

treated animals. 

Polyphenols naturally have multi-target actions/mechanisms, which explain their wide 

spectrum of biological activities (Fraga et al., 2010). Their anti-inflammatory property is the 

key factor in the interface between inflammation and neoplasia (Subbaramaiah et al., 2013). 

At the cross road of cancer and inflammation, the STAT3 and MAPK pathways have been 

reported as crucial for CSC growth and their acquired EMT characteristics during metastasis 

(Chang et al., 2013; Iliopoulos et al., 2011). Depending on the cell type, the IL-6/STAT3-

dependent pathways, such as the JAK/STAT (Chang et al., 2013), PI3K/AKT/NF-κB 

(Iliopoulos et al., 2009a), or p38 MAPK (Koul et al., 2013), can enhance tumor growth and 

refractoriness to chemotherapy (Chang et al., 2013). Therefore, our studies were conducted to 

examine the involvement of these pathways in PEBP’s antitumor activities. We demonstrated 

that IL-6 production, as well as STAT3 and PI3K phosphorylation, were decreased in CSC 

culture after PEBP treatment, when compared to the non-fermented control. Although, 

polyphenols from blueberry have demonstrated inhibitory activities on cancer cells via the 

control of inflammatory cytokines such as IL-6 (Kanaya et al., 2014), dramatic and biphasic 

increase of IL-6 occurs early in CSC cellular transformation (Hirsch et al., 2013), 

independently of STAT3 decrease. STAT3 signaling, an important inflammation-associated 

pathway in malignancies, has been recognized as a key therapeutic target to reduce tumor 
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growth and metastasis (Zhao et al., 2012). Several signal transduction pathways such as 

STAT3, PI3K/AKT/NF-κB cascade, p38/MAPK/ERK, or the AMPK pathways play an 

important role in inflammation-mediated response at all stages of cancer development and 

refractoriness to chemotherapy (Mauer et al., 2015). Moreover, downstream effectors of the 

PI3K pathway include Akt, which is overexpressed in many cancer types and is associated 

with increased tumorigenicity (Bellacosa et al., 1995; Cheng et al., 1992). Our preliminary 

results showed that PEBP delayed the formation of CSCs in different types of cell culture and 

in vivo, through modulation of IL-6/STAT3, the PTEN/PI3K/AKT axis, and ERK/p38 in 

MAPK signaling pathways, which are all central nodes in CSC signaling and homeostasis 

(Korkaya et al., 2011) (Fig. 3,5). We have demonstrated that STAT3, AKT, and PI3K are 

decreased, PTEN (a tumor suppressor gene upregulated by p53) is increased in a non-cell type 

dependent manner, and ERK1/2 was significantly inhibited in 4T1 and MCF7 (Fig. 5). In 

MAPK pathways, ERK1/2 is the most relevant to breast cancer. Increased expression of 

ERK1/2 was recently reported as driving endocrine resistance and breast cancer progression 

in an obesity-associated experimental model (Bowers et al., 2013). In fact, both PEBP and 

NBJ inhibited the phosphorylation of PI3K. These findings are consistent with previous 

reports, which attributed the inhibition of PI3K activity to the anticancer effects of blueberry 

(Adams et al., 2010; Montales et al., 2012). In our study, PEBP and NBJ also enhanced the 

activity of PTEN, an upstream inhibitor protein of PI3K, possibly via the inhibition of miRNA-

21 expression (Liu et al., 2013). These alterations, unfound with NBJ, could be exerted by the 

novel compounds that were produced during biotransformation and acted in concert on 

different types of receptors. 
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Treatment with PEBP rapidly increased p38-MAPK- and JNK- phosphorylation, which 

significantly reached its highest level at 2 h, and remained elevated for up to 24 h. PEBP 

reduced ERK1/2 phosphorylation in the same kinetic and cell-type independent manner. 

Modifications in MAPK family enzymes might contribute to the abolition of stem cell growth 

afforded by PEBP. Indeed, prolonged activations of JNK and MAPKp38 and/or inhibition of 

ERK1/2 induced apoptosis in most cancer cell lines (Chen and Sun, 2012; Leisner et al., 2013; 

Na et al., 2012; L.-H. Yang et al., 2012). The mechanisms by which PEBP modified MAPKs’ 

activities are unknown. In addition, PEBP-induced alterations of upstream MAPK members 

might inhibit the downstream STAT3/PI3K/Akt signaling, indicating an extensive crosstalk 

and interplay between the MAPK cascade and STAT3 pathways. 

We further confirmed the in vivo anticancer and antimetastatic potential of PEBP using 

the 4T1-induced breast cancer model in BALB/c mice. The 4T1 tumor is highly tumorigenic 

and invasive and, unlike most tumor models, can spontaneously metastasize from the primary 

tumor in the mammary gland to multiple distant sites (Lelekakis et al., 1999, p. 199; Pulaski 

and Ostrand-Rosenberg, 1998). 

Chronic administration of PEBP via incorporation in drinking water significantly 

reduced tumor volume and breast cancer stem cell development derived from the tumor. This 

diminution supports the low count of metastasis in lungs of PEBP-treated animals. Especially, 

PEBP anticancer and antimetastatic effects were observed at a therapeutic dose as low as 

12.5%, which, according to dose translation from animal to human using body surface area, 

corresponds to 1.2 cups of juice per day for humans (Reagan-Shaw et al., 2008). In contrast, 

NBJ at the same dose did not show any significant effect. NBJ could show a decrease in tumor 

size and weight only at the dose of 50%, which represents a substantial consumption of 
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blueberry juice for humans. These results are consistent with findings from previous studies, 

which reported that feeding mice with blueberry extracts or whole fruit powder has an impact 

on inflammation and could delay tumor growth (Adams et al., 2010; Montales et al., 2012; 

Mykkänen et al., 2014). However, NBJ failed to achieve the reduction of breast cancer stem 

cells and metastasis observed with PEBP. Nonetheless, the process of preparing PEBP, which 

greatly increases the content in total phenolic compounds, could clarify its effectiveness at a 

low therapeutic dose as compared to NBJ. Furthermore, the novel antimetastatic potential of 

PEBP could be explained by the change of phenolic composition from NBJ to PEBP during 

the biotransformation process. Indeed, the biotransformation of blueberry juice not only 

increases its phenolic content, but also produces novel compounds (Martin and Matar, 2005). 

One interesting possibility is that these novel compounds may possess more potent anticancer 

and antimetastatic properties that could have contributed to the observed reduction in tumor 

size and metastasis, as opposed to components of NBJ. In addition, the biotransformation 

process has probably broken down long polyphenol chains, which are poorly absorbed into 

gastro-intestinal tracts, increasing their bioavailability, and rendering PEBP highly functional 

(Perez-Jimenez et al., 2011). 

CONCLUSION 

The results of the present study demonstrate that polyphenol-enriched blueberry 

preparation potently reduced the tumor growth and metastasis in mice. We have demonstrated 

that repression of breast CSCs by fermented blueberry supports a diet-mediated targeting of 

CSCs. We have provided evidence that PEBP selectively inhibits the inflammatory signature 

in CSCs through signaling pathways linked to the maintenance stemness and metastasis. The 

mechanisms of action involve, at least in part, alterations in the MAPKs cascade and inhibition 
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of the STAT3 signaling pathway, involved in inflammatory pathways. The results 

convincingly demonstrated that PEBP, indeed, holds great promise as a chemopreventive 

agent and may represent a novel complementary therapy against breast cancer and metastasis. 

Conclusively, the prospective modulation of CSCs by nutrition will probably mark a major 

advance in preventing breast cancer and further optimizing the management of this significant 

disease. It is an important approach in translational medicine for specific integrative therapies 

that can be recommended as evidence-based supportive care for cancer patients. 
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ABSTRACT 

Scientific evidence supports the early deregulation of epigenetic profiles during breast 

carcinogenesis. Research shows that cellular transformation, carcinogenesis, and stemness 

maintenance are regulated by epigenetic-specific changes that involve microRNAs (miRNAs). 

Dietary bioactive compounds such as blueberry polyphenols may modulate susceptibility to 

breast cancer by the modulation of CSC survival and self-renewal pathways through an 

epigenetic mechanism, including the regulation of miRNA expression. Therefore, the current 

study aimed to assay the effect of polyphenol enriched blueberry preparation (PEBP) or non-



 

65 

 

fermented blueberry juice (NBJ) on the modulation of miRNA signature and the target proteins 

associated with different clinical-pathological characteristics of breast cancer such as 

stemness, invasion, and chemoresistance using breast cancer cell lines. To this end, 4T1 and 

MB-MDM-231 cell lines were exposed to NBJ or PEBP for 24 h. miRNA profiling was 

performed in breast cancer cell cultures, and RT-qPCR was undertaken to assay the expression 

of target miRNA. The expression of target proteins was examined by Western blotting. 

Profiling of miRNA revealed that several miRNAs associated with different clinical-

pathological characteristics were differentially expressed in cells treated with PEBP. The 

validation study showed significant downregulation of oncogenic miR-210 expression in both 

4T1 and MDA-MB-231 cells exposed to PEBP. In addition, expression of tumor suppressor 

miR-145 was significantly increased in both cell lines treated with PEBP. Western blot 

analysis showed a significant increase in the relative expression of FOXO1 in 4T1 and MDA-

MB-231 cells exposed to PEBP and in MDA-MB-231 cells exposed to NBJ. Furthermore, a 

significant decrease was observed in the relative expression of N-RAS in 4T1 and MDA-MB-

231 cells exposed to PEBP and in MDA-MB-231 cells exposed to NBJ. Our data indicate a 

potential chemoprevention role of PEBP through the modulation of miRNA expression, 

particularly miR-210 and miR-145, and protection against breast cancer development and 

progression. Thus, PEBP may represent a source for novel chemopreventive agents against 

breast cancer. 

INTRODUCTION 

Breast cancer is the world’s most commonly diagnosed cancer, making up 11.7% of 

total cases in 2020. Reproductive and hormonal factors, as well as lifestyle risk factors such 

as alcohol intake, obesity, and physical inactivity, contribute to breast cancer pathogenesis 
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(Sung et al., 2021). Histological and molecular subtypes are used to classify breast cancer. 

Molecular subtype classification is based on the presence or lack of estrogen receptors, 

progesterone receptors, and human epidermal growth factor receptor-2 (HER2) (Cava et al., 

2015). Triple-Negative is an aggressive subtype of breast cancer and because of the absence 

of estrogen, progesterone, and HER2 receptor expression, no targeted therapy has been 

developed for this subtype (Khaled and Bidet, 2019). 

In recent years, different targeted therapies, such as targeting epigenetic changes 

associated with cancer, have been developed to increase the efficacy of cancer treatment (Sung 

et al., 2021). Epigenetic mechanisms appear to play a key role in cancer establishment and 

progression, and their deregulation has been reported at multiple levels, including DNA 

methylation, histone modifications, and, indirectly, microRNAs (miRNAs) expression 

(Balassiano et al., 2011; Herceg and Hernandez-Vargas, 2011; Lima et al., 2010). In contrast 

to genetic mechanisms, epigenetic changes are reversible and are therefore capable of being 

targeted for intervention and cancer therapy, and can therefore be used as a biomarker for early 

detection of cancer (Cava et al., 2015; Guttilla et al., 2012; Marotta et al., 2011). 

Mounting evidence supports the idea that healthy eating habits can control and reduce 

many epithelial cancers, including breast cancer (Jeyabalan et al., 2013; Link et al., 2013). In 

this sense, natural products such as probiotics, polyphenols, and fermented plant foods are 

known for their anti-inflammatory effects (Shahbazi et al., 2021, 2020, 2018) and may control 

neoplasia (Verma and Shukla, 2013). Blueberries are a well-known source of antioxidants and 

polyphenols (Bornsek et al., 2012). Polyphenols found in blueberries are shown to reduce 

inflammation, oxidative stress (Shahbazi et al., 2021), and metastasis (Adams et al., 2010), 

while promoting apoptosis in cancer cells (Mei et al., 2018). 



 

67 

 

During the fermentation process, bioefficacy, bioavailability, and content of blueberry 

polyphenols increase (Shahbazi et al., 2021). We have previously shown that fermentation of 

blueberry juice with Rouxiella badensis subsp. acadiensis (previously identified as Serratia 

vaccinia), a probiotic isolated in our lab from the natural microflora of lowbush blueberry, 

significantly raised the quantity of polyphenols present naturally in the juice (Martin and 

Matar, 2005). This novel product, polyphenol enriched blueberry preparation (PEBP), was 

shown to reduce weight gain in the diabetic and obesity model KKA(y) mouse and exerted an 

antidiabetic effect by mimicking metformin anti-inflammatory effects. The effect was thought 

to be modulated by increasing AMPK activity and adiponectin level (Vuong et al., 2009). 

PEBP was also shown to prevent oxidative stress from hydrogen peroxide on neurons and to 

reduce nitric oxide production by macrophages (Vuong et al., 2010, 2006). Accordingly, we 

demonstrated that PEBP decreased the formation of cancer stem cells (CSCs) by controlling 

phosphatase and tensin homolog/phosphatidylinositol-3 kinase/protein kinase B 

(PTEN/PI3K/AKT), interleukin 6/ signal transducer, and activator of transcription 3 (IL-

6/STAT3), and mitogen-activated protein kinase (MAPK) pathways, which are central nodes 

in CSC signaling and homeostasis (Vuong et al., 2016). 

Various mechanisms have been attributed to the protective effects of naturally 

occurring compounds such as PEBP against breast cancer. Modulation of the CSC self-renewal 

pathways is one important mechanism (Vuong et al., 2016). CSCs are a subpopulation of cells 

within tumors that are highly tumorigenic and can form spheres, termed mammospheres, with 

a CD44+/CD24−/low phenotype, under defined culture conditions. These cells can self-renew, 

differentiate into various types of cells composing the tumor (Duru et al., 2012), and are 
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believed to be a major cause of relapse in many cancers, having been found in a large number 

of cancers (Dave et al., 2012). 

Epigenetic-specific changes in CSCs have previously been reported (Hernandez-

Vargas et al., 2011). We have shown that cellular transformation, carcinogenesis, and stemness 

maintenance are regulated by epigenetic-specific changes that involve miRNAs (Ouzounova 

et al., 2013). miRNAs are small nucleotide sequences that influence gene translation and have 

emerged as critical regulators of CSCs in drug resistance and cancer metastasis 

(Schwarzenbacher et al., 2013). They work by binding to a complementary sequence in the 

target mRNAs, either by blocking the ribosome from translating the mRNA or by cleaving the 

RNA with the help of the miRNA ribonucleoprotein complex. Their expression changes in 

many malignancies (Shi et al., 2008), and some of them can function as tumor suppressors or 

oncogenes (Hatfield and Ruohola-Baker, 2008). miRNA networks have been reported to create 

a permanent feedback loop involving nuclear factor-κB (NF-κB), let-7 miRNAs, IL-6, and 

STAT3, which induce and maintain the CSC state (Iliopoulos et al., 2010a). 

Given the significant role of epigenetic regulation in breast cancer formation and, as 

we have previously shown in the repression of breast CSCs by PEBP (Vuong et al., 2016), the 

current study aimed to investigate the possible mechanism of action of PEBP against the 

development of breast cancer through the regulation of the miRNAs expression signature 

involved in cell proliferation, survival, and CSC self-renewal pathways in vitro using breast 

cancer cell lines. 
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RESULTS 

Effect of PEBP on miRNAs Expression in 4T1 and MDA-MB-231 Cell Cultures 

For the microarrays experiment, we first performed an MTT assay using different doses 

of PEBP. The dose–response curve showed a significant effect of PEBP ranging from 40 to 

200 µM gallic acid equivalent (GAE) (data not shown). Then, 60 µM GAE was used to assay 

the miRNAs profile. We examined the expression levels of many miRNAs by microarrays in 

4T1 cells exposed to 60 µM GAE of PEBP for 24 h. Our results revealed that several miRNAs 

associated with different clinical-pathological characteristics of breast cancer, such as 

stemness, invasion, and chemoresistance, were differentially expressed (Table 1). In particular, 

miR-210, the most consistently and robustly induced miRNA under hypoxia, which is 

generally over-expressed in solid tumors (Ivan and Huang, 2014), was found to be highly 

downregulated. Furthermore, miR-145, a PI3K/AKT-cancer-associated miRNA (Ye et al., 

2019), was over-expressed following exposure of the cells to the PEBP. miR-145 is associated 

with IL-6/STAT3 pathways and is under-expressed in breast cancer with high metastatic 

capability (Zou et al., 2012). 

Overexpressed Underexpressed 

microRNA Fold change microRNA Fold change 

miR-145 3.04 miR-7 0.37 

miR-34b 2.13 miR-450 0.40 

miR-26a 1.97 miR-23b 0.44 

miR-216b 1.95 miR-214 0.46 

miR-101 1.86 miR-210 0.51 
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let-7g 1.77 miR-301 0.52 

miR-150 1.73 miR-297 0.54 

miR-365 1.70 
  

miR-195 1.65 
  

miR-182 1.44 
  

Table 1 Expression of selected miRNAs in 4T1 cells exposed to 60 µM gallic acid 

equivalent (GAE) of PEBP for 24 h compared to non-treated cells. 

We selected miR-210 and miR-145 as two of the predominant miRNAs regulated by 

PEBP treatment which are involved in the PI3K/AKT and STAT3 signaling pathways, for our 

functional analysis. 4T1 and MDA-MB-231 cells were treated with 60 µM GAE of either 

PEBP or NBJ for 24 h. The validation study by qRT-PCR revealed and confirmed the 

downregulation of oncogenic miR-210 and upregulation of tumor suppressor miR-145 (Figure 

15 and Figure 16). miR-210 was significantly down-regulated in both 4T1 and MDA-MB-231 

cells exposed to 60μM GAE of PEBP (p < 0.001 and p < 0.01, respectively). This effect was 

not seen in 4T1 cells when exposed to NBJ (p > 0.05) but was reduced by 50% in MDA-MB-

231 cell culture (p < 0.05) (Figure 15A and Figure 16A). Furthermore, miR-145 expression 

was significantly increased in both cell lines treated with PEBP (p < 0.05), while treating cells 

with NBJ did not significantly change miR-145 expression in cells (Figure 15B and Figure 

16B). 
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Figure 15: (A) Relative expression of miR-210 and (B) miR-145 by 4T1 cells after 

24 h treatment with 60 µM gallic acid equivalent (GAE) of either polyphenol-enriched 

blueberry preparation (PEBP) or non-fermented blueberry juice (NBJ). The control 

consisted of using the same vehicle media used for the treatment groups. One-way ANOVA 

and Bonferroni’s post-hoc tests were used to compare groups. All values are mean ± SEM 

of 3 separate experiments. * p < 0.05 and *** p < 0.001 vs. control. 

 

Figure 16: (A) Relative expression of miR-210 and (B) miR-145 by MDA-MB-231 cells 

after 24 h treatment with 60 µM gallic acid equivalent (GAE) of either polyphenol-enriched 

blueberry preparation (PEBP) or non-fermented blueberry juice (NBJ). The control 

consisted of using the same vehicle media used for the treatment groups. One-way ANOVA 

and Bonferroni’s post-hoc tests were used to compare groups. All values are mean ± SEM 

of 3 separate experiments. * p < 0.05 and ** p < 0.01 vs. control. 
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Effect of PEBP on FOXO1 Expression in 4T1 and MDA-MB-231 Cell Cultures 

For assaying the expression of target proteins, we first treated cell lines with different 

doses of NBJ and PEBP, ranging from 40 µM to 200 µM GAE to optimize the doses for 

Western blot analysis (data not shown). Subsequently, 100 µM and/or 150 µM GAE were used 

in related experiments. To determine the level of forkhead box protein O1 (FOXO1), 4T1 and 

MDA-MB-231 cells were exposed to 100 µM and 150 µM GAE of NBJ or PEPB for 24 h. 

FOXO1 is a transcription factor of PI3K/AKT known to influence the expression of miR-145 

(Gan et al., 2010). PEBP has been shown to inhibit PI3K/AKT activation in three different 

breast cancer cell lines, potentially affecting miR-145 through FOXO1(Vuong et al., 2016). 

FOXO1 was over-expressed in both cell lines exposed to 100 µM GAE (p < 0.001 for 4T1 and 

p < 0.01 for MDA-MB-231) or 150 µM GAE of PEBP (p < 0.001) (Figure 17A, B). While 

treatment with NBJ had no significant effect on FOXO1 expression in 4T1 cells (Figure 17B), 

exposure to 150 µM GAE of NBJ significantly increased expression of FOXO1 in MDA-MB-

231 cells (p < 0.05) (Figure 17B). 
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Figure 17: Relative expression of FOXO1 in (A) 4T1 and (B) MDA-MB-231 cells exposed 

to 100 µM or 150 µM gallic acid equivalent (GAE) of either polyphenol-enriched blueberry 

preparation (PEBP) or non-fermented blueberry juice (NBJ) for 24 h. The control consisted 

of using the same vehicle media used for treatment groups. Western blot images are from 

one representative experiment. One-way ANOVA and Bonferroni’s post-hoc tests were 

used to compare groups. All values are mean ± SEM of 3 separate experiments. * p< 0.05, 

** p < 0.01 and *** p ≤ 0.001 vs. control. 

Effect of PEBP on N-RAS Expression in 4T1 and MDA-MB-231 Cell Cultures 

N-RAS has been found to be overexpress in some subtypes of breast cancer leading to 

the formation and progression of breast cancer (Zheng et al., 2015). To examine the effect of 

PEBP on N-RAS expression, 4T1 and MDA-MB-231 cells were treated with 100 µM GAE of 

NBJ or PEBP for 24 h. Expression of N-RAS was significantly reduced in 4T1 and MDA-

MB-231 cells (p < 0.05) following 24 h treatment with PEBP (p < 0.05) (Figure 18A,B). In 

addition, a significant decrease was observed in the N-RAS expression in MDA-MB-231 cells 

treated with NBJ (p < 0.01), while N-RAS expression significantly raised in 4T1 cells in the 

presence of NBJ (p < 0.01) (Figure 18A,B). 
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Figure 18: Relative expression of N-RAS in (A) 4T1 and (B) MDA-MB-231 cells exposed 

to 100 µM gallic acid equivalent (GAE) of either polyphenol-enriched blueberry preparation 

(PEBP) or non-fermented blueberry juice (NBJ) for 24 h. The control consisted of using the 

same vehicle media used for treatment groups. Western blot images are from one 

representative experiment. One-way ANOVA and Bonferroni’s post-hoc tests were used to 

compare groups. All values are mean ± SEM of 3 separate experiments. * p < 0.05 and ** 

p < 0.01 vs. control. 

Effect of miR-145 on N-RAS Expression in 4T1 and MDA-MB-231 Cell Cultures 

miR-145 exhibits significant inhibitory activity against breast cancer malignancy and 

tumor growth through negatively regulating N-RAS signaling (Zou et al., 2012). To examine 

the role of miR-145 in N-RAS expression, 4T1 and MDA-MB-231 cells were transfected with 

either a miR-145 mimic or a miR-145 inhibitor. Expression of N-RAS decreased in the 

presence of the miR-145 mimic and increased in the presence of the miR-145 inhibitor in both 

4T1 and MDA-MD-231 cell lines, although the results were not significant compared with 

control (p > 0.05). There was a significant difference in N-RAS expression between groups 
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transfected with the miR-145 inhibitor and the miR-145 mimic in both 4T1 and MDA-MB-

231 cell cultures (p < 0.001 and p < 0.05, respectively) (Figure 19A,B). 

 

Figure 19: Relative expression of N-RAS in (A) 4T1 and (B) MDA-MB-231 cells 

transfected with a miR-145 mimic or inhibitor. The control consisted of using the same 

vehicle media used for treatment groups. Western blot images are from one representative 

experiment. One-way ANOVA and Bonferroni’s post-hoc tests were used to compare 

groups. All values are mean ± SEM of 3 separate experiments. * p < 0.05 and *** p < 0.001 

miR-145 mimic vs. miR-145 inhibitor. 

DISCUSSION 

Although breast cancer is considered a complex disease with a multifactorial etiology, 

emerging data about the importance of diet in the prevention of breast cancer are currently the 

subject of intense research (Teng et al., 2021). Adhering to a healthy eating style may be 

associated with a significant reduction in the risk of breast cancer (Buja et al., 2020). Biological 

and epidemiological evidence supports an inverse association of polyphenols intake and breast 

cancer, with more emphasis on subclasses of individual compounds of phenolic acids and the 
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risk of postmenopausal breast cancer (Bars-Cortina et al., 2022; Romanos-Nanclares et al., 

2020). 

Evidence indicates an early deregulation of epigenetic profiles during breast 

carcinogenesis (Giovannelli et al., 2012; Guttilla et al., 2012; Marotta et al., 2011). In this 

sense, various dietary regimes are thought to modulate susceptibility to breast cancer by 

altering normal epigenetic states and reversing abnormal gene activation or silencing (Hardy 

and Tollefsbol, 2011). Our pioneering research in integrative oncology has shown that 

probiotic and prebiotic intake has tremendous immunoprotective and chemopreventive effects 

against breast cancer (de Moreno de LeBlanc et al., 2006, 2005a, 2005b; Rachid et al., 2006; 

Vinderola et al., 2007a, 2006a, 2006b, 2005a, 2005b). The underpinning mechanisms are 

thought to involve miRNAs and epigenetic-specific changes controlling breast cancer stem 

cells (Hernandez-Vargas et al., 2011) and metastasis in vivo (Graham et al., 2017; Ouzounova 

et al., 2013; Vuong et al., 2016). 

A panel of 38 miRNAs has been found to be differentially expressed between 

molecular subtypes of breast cancer (Blenkiron et al., 2007). Among aberrantly expressed 

miRNAs, miR-125 and miR-145 were significantly down-regulated, whereas miR-21 and 

miR-155 were up-regulated (Iliopoulos et al., 2010b, 2009b). Recent studies have shown that 

natural agents, including resveratrol, could alter miRNA expression profiles (Bao et al., 

2012b), leading to the enhancement of the efficacy of conventional cancer therapeutics. In 

addition, it has been shown that the anti-metastatic effect of pomegranate juice on prostate 

cancer cells is partly due to the expression and up-regulation of anti-invasive miRNAs, such 

as miR-355, miR-205, and miR-200, whereas pro-invasive miRNAs such as miR-21 and miR-

373 were down-regulated by the juice (Banerjee et al., 2012; Wang et al., 2011). Furthermore, 
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the anticancer effect of other natural compounds such as melatonin and tocotrienols by 

regulation of miRNAs expression, including miR-145 and miR-210, and miR-429 and their 

target genes has been reported in breast cancer cells. These genes are associated with apoptosis, 

cellular senescence, and cell proliferation (Aggarwal et al., 2019; Chuffa et al., 2020). 

Cytokine-mediated cross-talk, led by IL-6, has been reported to play a role in tumor-

elicited inflammation and the development of CSCs (Balassiano et al., 2011; Gueron et al., 

2012). More precisely, the IL-6 pathway is subject to epigenetic modifications involving 

STAT3 signal transduction (D’Anello et al., 2010). The interface by which IL-6 controls 

stemness strongly involves miRNAs. An inverse relationship has been reported between let-7 

miRNA and IL-6 expression in breast cancer tissues, suggesting the importance of 

inflammatory activation of miRNAs-related to IL-6 pathways and regulatory circuits in 

stemness (Iliopoulos et al., 2010a, 2009b, 2009a). 

In the current study, we performed miRNA profiling in CSC cultures of mammary 

carcinoma cell lines exposed to PEBP. We revealed that several miRNAs associated with 

different clinical-pathological characteristics of breast cancer, such as stemness, invasion and 

chemoresistance, were differentially expressed (Table 1). Some clusters of these regulated 

miRNAs, such as hypoxamirs (regulating hypoxia) and metastamirs (regulating metastasis), 

are strongly involved in sustaining the inflammatory microenvironment that resolves in 

neoplasia (Gee et al., 2014; Hurst et al., 2009). Importantly, we demonstrated that the most 

prominent hypoxamir, miR-210, was remarkably downregulated following treatment of breast 

cancer cell lines with PEBP. miR-210 is involved in hypoxia-induced aggressiveness and 

resistance of CSCs (Tang et al., 2018). Importantly, the differential expression of this 

overlapping set of miRNAs reinforces the hypothesis that PEBP is controlling CSC 
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development by the deactivation of STAT transcription factors which control pro-

inflammatory cytokine production and aberrant oncogenic signaling pathways. Our data also 

indicated overexpression of let-7g, miR-195, and miR-145 tumor suppressors that inhibit 

invasion and metastasis (Nadeem et al., 2017; Qian et al., 2011, 2011). We therefore postulate 

that PEBP induces epigenetic-specific changes by modulating miRNA regulatory networks 

(tumor-suppressive or oncogenic miRNAs) and inhibiting CSC-dependent survival/stemness 

pathways. We also identified miRNAs associated with IL-6/STAT3 pathways such as miR-

365 and miR-145 in CSC cultures. Thus, as one of the predominant group of miRNAs 

regulated by PEBP treatment, miR-210 and miR-145, and related signaling, were selected for 

further functional analysis in this study. Validation studies by qRT-PCR revealed that miR-

210 was substantially decreased in 4T1 and MDA-MB-231 cell cultures compared to the 

negative control, while miR-145 was significantly increased in MDA-MB-231 cell cultures 

compared to control. 

miR-210 plays an important role in mammary tumorigenicity and is controlled by 

STAT3 transcriptional activity (Iliopoulos et al., 2010a). miR-210 is over-expressed in various 

human tumors and cancer cell lines in hypoxic conditions, a vital feature of the tumor 

microenvironment (Kulshreshtha et al., 2007; Volinia et al., 2012). Hypoxia promotes 

genomic instability in tumor cells. miR-210 may likewise control the DNA repair capacity of 

tumor cells during hypoxia (Crosby et al., 2009) by specifically decreasing pro-apoptotic 

signals (Rothé et al., 2011). In addition, hypoxia has been found to induce expression of 

vascular endothelial growth factor (VEGF), IL-6, and CSC signature genes such as Nanog and 

Oct4 with increased cell migration/invasion, concomitant with the upregulation of miR-210 

expression in human pancreatic cancer cells (Bao et al., 2012a). Upregulation of miR-210 is 
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associated with poor prognoses for breast cancer patients and plays a role in the cancer’s 

invasion and transition (Hong et al., 2012). Furthermore, downregulation of miR-210 has been 

reported to significantly suppress cell viability, increase apoptosis rate, and enhance 

radiosensitivity in hypoxic human hepatoma and lung cancers (Grosso et al., 2013; W. Yang 

et al., 2012). 

Interestingly, miR-210 expression is correlated with metastasis of breast and melanoma 

tumors (Zhang et al., 2009) under the control of STAT3 in mammary carcinoma (Iliopoulos et 

al., 2009a). This observation perfectly aligns with the results of our previous study since we 

reported that the probiotic-like product, fermented blueberry juice, decreased the formation of 

CSCs in different types of mammary carcinomas cell lines as well (Vuong et al., 2016). In a 

recent review, miR-210 was shown to be a part of five immune-related miRNAs that can 

subvert the physiological immune response toward oncogenesis (Tili et al., 2013). Many 

identified targets of miR-210 such as suppressor anaphase-promoting complex, cyclin-

dependent kinase 10, SERTA Domain Containing 2 are involved in cell cycle regulation and 

correlate with aggressiveness of breast cancer (Fasanaro et al., 2009). 

miR-145, a PI3K/AKT-cancer-associated miRNA, was also over-expressed in our 

study. miR-145 is under-expressed in breast cancer with high metastatic capability (Zou et al., 

2012). Since we have previously shown that the PEBP-inhibited PI3K/AKT pathway was also 

accompanied by a decrease in STAT3 activation (Vuong et al., 2016), it could be argued that 

regulation of miR-145 will potentially lead to tumor control and regression. miR-145 is also 

regulated by Akt in a p53-dependent manner. Suppression of PI3K activity substantially 

increases p53 levels and, at the same time, induces miR-145 (Sachdeva et al., 2012). In 
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particular, p53 is involved in the upregulation of the expression of tumor suppressor miRNAs 

such as let-7, miR-34, miR-145, miR-26, miR-30, and miR-146a (Boominathan, 2010). 

FOXO1, a transcription factor generally known for its role in adipogenesis and the 

inhibition of glucose production in response to insulin, is a target of phosphorylation by AKT 

(Martinez et al., 2006). Since the PI3k/AKT axis is often constitutively activated in cancer 

(Thorpe et al., 2015) and its deactivator PTEN is often mutated or deleted in cancer, preventing 

it from repressing AKT signaling (Chalhoub and Baker, 2009; Ren et al., 2012), FOXO1 is 

often repressed in cancer. FOXO1 is also essential in cell cycle regulation, stress resistance, 

and tumor suppression, all crucial in cancer stem cells (Lu and Huang, 2011). In this study, 

FOXO1 was shown to increase in 4T1 and MDA-MB-231 cell cultures after treatment with 

PEBP compared to the control group in a dose-dependent manner. Lack of FOXO3A 

expression in breast cancer patients is associated with an increased recurrence rate (Smit et al., 

2015). Inactivation of FOXO3A by the PI3K/AKT pathway favors cell survival, proliferation, 

and expansion of the CSC population and increases self-renewal and tumorigenic capacity, 

such as enhanced mammosphere formation, inhibition of differentiation, and increase in 

CD133 expression (Smit et al., 2015). FOXO1 also promotes the expression of miR-145 (Gan 

et al., 2010) to control multiple proteins associated with cancer. 

N-RAS is a vital effector for tumor growth (Malaney and Daly, 2001). A correlation 

has been seen between high N-RAS levels and the most aggressive of breast cancer subtypes, 

the triple-negative phenotype (Banys-Paluchowski et al., 2020). In this study, we found that 

N-RAS was significantly down-regulated by the treatment with PEBP in 4T1 and MDA-MB 

231 cell lines. The 4T1 cell represents a murine cell line mimicking the advanced stage of 

breast cancer, and MDA-MB-231 represents the triple-negative cell line. miR-145 has been 
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reported to block the activation of AKT and ERK1/2 pathways, directly targeting N-RAS (Yin 

et al., 2013; Zou et al., 2012). Figure 20 illustrates the possible mechanism of action of miR-

145 and miR-210 in cancer cells. 

 

Figure 20: The potential mechanism of action of miR-145 and miR-210 in cancer cells. 

PI3k/AKT signaling is often constitutively activated in cancer. Inactivation of FOXO1 and 

subsequent inhibition of miR-145 expression by the PI3K/AKT pathway favors cell 

survival, proliferation, and expansion of the CSC population and increases self-renewal and 

tumorigenic capacity. Activation of STAT3 induces cancer cell survival by inducing the 

expression of c-Myc. miR-210 inhibits SOCS1 and activates the STAT3 pathway favoring 

cell survival. The red X marks the mechanism that would no longer be active by the 

treatment with PEBP. 

In conclusion, our data validate the potential chemoprevention role of enriched 

polyphenol blueberry mixture through modulation of miRNAs, in particular miR-210 and 

miR-145. Our data indicate that these miRNAs may be involved in FOXO1 and NRAS 

modulation, breast cancer development, and progression. Therefore, polyphenol-enriched 

blueberry preparation may represent a novel complementary alternative medicine therapy. 
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MATERIALS AND METHODS 

Preparation of Blueberry Juices 

Mature lowbush blueberries (Vaccinium angustifolium Ait.) were purchased from 

Cherryfield Foods Inc. (Cherryfield, Maine, USA) as fresh and untreated fruits. Blueberry 

juice was extracted by blending the fruit (100g) in a Braun Type 4259 food processor. The 

fruit mixture was then centrifuged at 500 × g for 10 min to remove fruit skin and insoluble 

particles. The resulting juice was sterilized using 0.22 µm Express Millipore filters (Millipore, 

Etobicoke, Ontario, Canada). Rouxiella badensis subsp acadiensis (Canan SV-53), (Rouxiella 

badensis subsp. acadiensis has been filed in a U.S. Provisional Application No. 62/916,921 

entitled “Probiotics Composition and Methods” for its potential probiotic effects) was cultured 

as previously described (Martin and Matar, 2005). The juice was inoculated with a saturated 

culture of the bacterium corresponding to 2% of the total juice volume. After a four day 

fermentation period, the transformed juice was sterilized by 0.22 um filtration. The total 

phenolic content was then measured by the Folin–Ciocalteau method using gallic acid as 

standard and hence expressed as μM gallic acid equivalent (GAE). The total phenolic content 

was increased from 5.9 mM GAE to 30.7 mM GAE, confirming successful transformation. 

Blueberry and biotransformed blueberry juice have been partially characterized elsewhere 

(Martin and Matar, 2005; Matchett et al., 2006). 

Cell Culture 

Murine 4T1, and human MDA-MB-231 cell lines were obtained from American Type 

Cell Collection (ATCC; Chicago, IL, USA). The cells were grown in RPMI-1640, media 

containing FBS (10%, v/v) (Sigma–Aldrich, Oakville, ON, Canada), penicillin/streptomycin 

(0.05 mg/mL) at 37oC in a humidified atmosphere with 5% CO2. 
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miRNA Profiling 

The miRNA profiling experiment was completed in vitro in 4T1 breast cancer cells 

using the Affymetrix GeneChip miRNA array 2.0 and validated using real-time quantitative 

reverse transcription PCR. 

Real-time Quantitative Reverse Transcription PCR 

4T1 and MDA-MB-231 cell lines were treated with 60 µM GAE of either PEBP or 

non-fermented blueberry juice (NBJ) for 24 h. Then cells were collected, and RNA was 

extracted using miRNeasy kit (Qiagen, Toronto, ON, Canada). Samples underwent a reverse 

transcription reaction to produce cDNA using individual probes. The cDNA was synthesized 

by Moloney Murine Leukemia Virus (MMLV) reverse transcriptase (Invitrogen, Burlington, 

ON, Canada). The expressions of miR-145 and miR-210 were measured by RT-qPCR using 

Taqman primers (Applied Biosystems, Burlington, ON) and a FastStart Taq Polymerase 

(Roche, Mississauga, ON, Canada) in a CFX96 machine (Bio-Rad, Mississauga, ON, Canada). 

Gene expression was normalized to gene reference U6 small non-coding RNA (Applied 

Biosystems, Burlington, ON). 

miRNAs Transfection 

4T1 and MDA-MB-231 cells were cultured in a medium without any antibiotics until 

they achieved approximately 30% confluence. They were then transfected with a miR-145 

mirVana™ mimic or inhibitor (Ambion, Burlington, ON, Canada) using Lipofectamine 

(Invitrogen, Burlington, ON, Canada). The media was changed after 17 h, and the cells were 

grown without Lipofectamine until they reached 80% confluence. 
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Western Blot Analysis 

After treatment with PEBP or NBJ, cells were collected and lysed. Cell lysates were 

run on a 4–12% acrylamide gel, transferred to a PVDF membrane, and probed with anti-

FOXO1, anti-N-RAS, and anti-β-tubulin (Cell Signaling Tech. Inc., Danvers, MA, USA). 

Bands were visualized via chemiluminescence using horseradish peroxidase-conjugated 

secondary antibodies (Jackson ImmunoResearch Laboratories, West Grove, PA, USA). Bands 

were quantified using β-tubulin as loading control using Bio-Rad Quantity One software. 

Statistical Analysis 

GraphPad Prism 5.0 software (GraphPad Software Inc., San Diego, CA, USA) was 

used to perform statistical analysis. One-way analysis of variance (ANOVA) and Bonferroni’s 

post-hoc tests were used to compare groups. p ≤ 0.05 was considered statistically significant. 

Data are reported as mean ± SEM. 
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Abstract: Epigenetic mechanisms such as microRNA (miRNA) deregulation seem to 

exert a central role in breast cancer initiation and progression. Therefore, targeting epigenetics 

deregulation may be an effective strategy for preventing and halting carcinogenesis. Studies 

have revealed the significant role of naturally occurring polyphenolic compounds derived from 

fermented blueberry fruits in cancer chemoprevention by modulation of cancer stem cell 

development through epigenetic mechanisms and regulation of cellular signaling pathways. In 

this study, we first investigated the phytochemical changes during the blueberry fermentation 

process. Fermentation favored the release of oligomers and bioactive compounds such as 

protocatechuic acid (PCA), gallic acid, and catechol. Next, we investigated the 
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chemopreventive potentials of a polyphenolic mixture containing PCA, gallic acid, and 

catechin found in fermented blueberry juice in a breast cancer model by measuring miRNA 

expression and signaling pathways involved in breast cancer stemness and invasion. To this 

end, 4T1 and MDA-MB-231 cell lines were treated with different doses of the polyphenolic 

mixture for 24 h. Additionally, female Balb/c mice were fed with this mixture for five weeks; 

two weeks before and three weeks after receiving 4T1 cells. Mammosphere formation was 

assayed in both cell lines and single-cell suspension obtained from the tumor. Lung metastases 

were counted by isolating 6-thioguanine-resistant cells present in the lungs. In addition, we 

conducted RT-qPCR and Western blot analysis to validate the expression of targeted miRNAs 

and proteins, respectively. We found a significant reduction in mammospheres formation in 

both cell lines treated with the mixture and in tumoral primary cells isolated from mice treated 

with the polyphenolic compound. The number of colony-forming units of 4T1 cells in the 

lungs was significantly lower in the treatment group compared to the control group. miR-145 

expression significantly increased in tumor samples of mice treated with a polyphenolic 

mixture compared to the control group. Furthermore, a significant increase in FOXO1 levels 

was noted in both cell lines treated with the mixture. Overall, our results show that phenolic 

compounds found in fermented blueberry delay the formation of tumor-initiating cells in vitro 

and in vivo and reduce the spread of metastatic cells. The protective mechanisms seem to be 

related, at least partly, to the epigenetic modulation of mir-145 and its signaling pathways. 

INTRODUCTION 

Transformation of medicinal plant products by microbial fermentation to produce new 

nutraceuticals is a common practice in Asia and Europe (Vuong et al., 2006). In recent years, 

fermented plant products have become popular globally due to their unique sensory properties 
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and health benefits (Shahbazi et al., 2021). Fermented foods are a rich source of probiotics, 

prebiotics, and polyphenols with known health-promoting properties that potentially work by 

modulating gut microbiota and the immune system (Robichaud et al., 2021; Shahbazi et al., 

2021, 2020). Microbial fermentation of plant products generates bioactive compounds by 

metabolizing fermentable macronutrients and improves the nutritional value, polyphenol 

levels, and antioxidant capacity (Li et al., 2022; Shahbazi et al., 2021). Due to their high 

concentration of bioactive compounds, fermented products play a significant protective role 

against chronic inflammatory diseases such as type 2 diabetes, cancers, and cardiovascular 

disease (Shahbazi et al., 2021; Vuong et al., 2016). 

Blueberries are a well-known source of phenolic compounds (Bornsek et al., 2012). 

We previously showed that fermenting native North American blueberries (Vaccinium 

corymbosum (highbush blueberry) or V. angustifolia Aiton (lowbush blueberry)), using a novel 

bacterium, Rouxiella badensis subsp acadiensis (known as Canen SV-53) isolated from the 

blueberry skin microflora, significantly increases the amount of polyphenols present in the 

blueberry juice, raises its antioxidant potential (Martin and Matar, 2005; Vuong et al., 2006), 

improves its anti-inflammatory properties, and health-promoting activities (Vuong et al., 2010, 

2009, 2007). This fermented blueberry juice, known as polyphenol-enriched blueberry 

preparation (PEBP), decreases the formation of cancer stem cells (CSCs) and notably 

suppressed the metastasis of breast cancer cells to the lungs in a mouse model of breast cancer 

(Vuong et al., 2016). 

Furthermore, we have shown that PEBP has potential chemopreventive properties 

through the epigenetic modulation of CSCs' self-renewal pathways (Alsadi et al., 2021; Mallet 

et al., 2021; Vuong et al., 2016). CSCs are a small subset of neoplastic cells which may 
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contribute to tumor growth, maintenance, and recurrence (Alsadi et al., 2021). Moreover, we 

have obtained evidence that carcinogenesis in breast cancer was regulated by epigenetic-

specific changes that involved microRNAs (miRNAs) (Hernandez-Vargas et al., 2011). 

Epigenetic changes mediated by miRNAs contribute to CSCs characteristics, including the 

self-renewal ability, mammospheres formation, and chemoresistance by modification-specific 

signaling involved in their survival and proliferation (Khan et al., 2019). Our previous research 

found an upregulation of tumor suppressor miR-145 expression and a significant 

downregulation of oncogenic miR-210 expression in 4T1 and MDA-MB-231 breast cancer 

cell lines treated with PEBP (Mallet et al., 2021). We also found an increase in the Forkhead 

box O1 (FOXO1) level and a decrease in the N-ras level in cells exposed to PEBP (Mallet et 

al., 2021). However, no detailed studies of the phytochemical changes that occurred after 

fermentation have been published thus far. 

In this research, our primary objective was to identify quantitative phytochemical 

changes during the fermentation process. As a first step, we employed untargeted 

metabolomics using ultra-performance liquid chromatography-quadrupole time-of-flight mass 

spectrometry (UPLC-MS-QTOF) analysis to identify compounds present in fermented and 

unfermented juice. Discriminant analysis was used to identify significant phytochemical 

markers present in the fermented juice compared to non-fermented juice. Next, targeted 

analysis allowed us to measure the amounts of changes caused by the fermentation. Using our 

library of compounds and a modified validated methods we have used before for blueberry 

products, we applied targeted analysis to better characterize the full range of changes in the 

fermented product. Our results showed that fermentation favored the release of small 

oligomeric and bioactive compounds like protocatechuic acid (PCA), gallic acid, and catechol. 
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Our secondary objective was to investigate the possible mechanism of action of a 

polyphenol mixture (PCA mix) containing PCA, gallic acid, and catechin that was released 

after blueberry juice fermentation against the development of breast cancer. To this end, we 

measured the effect of the mixture on the expression of targeted miRNAs and proteins involved 

in breast cancer cell proliferation, CSCs’ self-renewal, and tumor formation using a 4T1cell-

induced breast cancer model. In this paper, we report that some polyphenol compounds found 

in fermented blueberry juice decreased the formation of cancer stem cells, delayed the 

development of mammary carcinoma tumors, and inhibited the metastasis of the highly 

metastasizing 4T1 cells to the lungs in animals receiving the polyphenolic compounds. 

RESULTS 

2.1. UPLC-QTOF Analysis of Fermented and Non-Fermented Blueberry Juice 

The total phenolic content was increased from 5.9 mM Gallic Acid Equivalent (GAE) 

to 30.7 mM GAE in fermented juice, confirming successful biotransformation. Untargeted 

metabolomics using UPLC MS QTOF was used to identify compounds present in fermented 

and non-fermented juice. Gradient separation was developed using reversed-phase UPLC and 

sub-two micron particle size stationary phase. By applying this high-resolution separation, the 

compounds were well separated within 18 minutes. Negative electrospray ionization was the 

best approach for phenolic acids and flavonoids while positive ionization was preferable for 

anthocyanins using quadrupole time of flight mass spectrometry. Although the profiles of 

fermented and unfermented juice are similar (Figure 21A, B), qualitative changes in specific 

compounds were visible in the chromatograms. Once the analysis was completed using 

optimal conditions, the identification of individual metabolites was carried out. 
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Figure 21 : Total ion chromatograms (TOF ESI negative) of (a) non-fermented and (b) 

fermented blueberry juice by SV-53. The numbers above the peaks represent retention times 

in minutes. 

2.2. Identification, Quantification, and Discriminant Analysis of Metabolites 
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Figure 22: A illustrates metabolites detected in fermented blueberry juice. The use of 

discriminant analysis with metabolomics data is a means of identifying potentially bioactive 

compounds in fermented plant extracts and is complementary to bioassay-guided isolation 

(Choi et al., 2021; Zhang et al., 2018). Therefore, a search was conducted for at least 114 small 

molecules (mostly secondary metabolites), known in Vaccinium species, by UPLC-QTOF 

electrospray ionization (positive and negative modes). Of these compounds, confirmed 

identification was made for 22 compounds detectable in the study materials within 5 ppm mass 

accuracy and based on retention matching with authentic standards. These confirmed identified 

compounds mainly include phenolic acids, flavonoids, epicatechin, Myricetin-3-O-

galactoside, Myricetin-3-O-glucoside, Quercetin-3-O-galactoside, Quercetin-3-O-glucoside, 

Quercetin-3-O-rhamnoside, Quercetin, anthocyanins, and procyanidins (Figure 22A). See 

Table 2 for more details about the compounds' features. In addition to these compounds with 

confirmed identification, tentative identification of several compounds was made using 

spectral matches with online databases. These compounds included carbohydrate metabolites 

galactonic acid, glucuronic acid, 4-O-β-δ-glucopyranosyl-δ-glucose, a bacterial secondary 

metabolite, pramicidin, and gallotanin. 

Furthermore, the metabolomes of fermented and non-fermented juice were subjected 

to discriminant analysis to identify key markers that differentiate the two samples. The most 

significant markers in the fermented juice were catechol, gallic acid, and gluconic acid. 

Catechol (RT 2.59) and gallic acid (RT 1.32) were visible in the large peaks in fermented juice 

in Figure 21B but absent in the non-fermented juice in Figure 21A. 

We also observed a decrease in the level of rutin and the rise of its aglycone counterpart, 

quercetin. This suggest that rutin is a possible substrate for SV-53. (Figure 22B, C). 
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Figure 22 (a) Metabolomes detected in fermented blueberry juice by SV-53. Extracted ion 

spectrum of (b) rutin in non-fermented and (c) isoquercetin in fermented blueberry juice. 

The numbers above the peaks represent retention times in minutes. 
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Table 2 Characteristics of the identified metabolites in the fermented blueberry juice 

Metabolite 
Elemental 

Compound 

Accurate 

mass 

Rt 

(min) 
Ions detected 

Gallic acid C7H6O5 170.0215 1.30 171.0293 (1+)/171.0295; 169.0137 (1-)/169.0131 

Delphinidin-3-O-

galactoside 

C21H21O1

2+ 
465.1033 2.30 465.1033 (1+)/465.1025; 463.08752 (1-)/463.0873 

Protocatechuic 

acid 
C7H6O4 154.0266 2.31 155.0344 (1+)/155.0350; 153.0188 (1-)/153.0185 

Idaein 
C21H21O1

1+ 
449.1084 2.50 449.1084 (+)/449.1081;447.0930 (2-)/447.0928 

Catechol C6H6O2 110.0368 2.58 
111.0446 (1+)/112.9555, 130.9658; 109.0290 

(1-)/109.0289 

Cyanidin-3-O-

glucoside 

C21H21O1

1+ 
449.1084 2.58 449.1084(+)/449.1070; 447.0912 (2-)/447.0911 

Salidroside C14H20O7 300.1209 2.66 
301.1287 (+)/323.1111 [M+Na]+1; 299.1131 

(1-)/299.1138, 398.0308 

Pyrocatechol-O-β-

D-

glucopyranoside 

C12H16O7 272.2600 2.69 
273.0974 (1+)/295.0791 [M+Na]+, 326.0083; 

271.0818 (1-)/271.0818 

Primulin 
C23H25O1

2+ 
493.1346 2.83 493.1346(+)/493.1347, 331.0813 

Oxycoccicyanin 
C22H23O1

1+ 
463.1240 2.84 464.1319 (+)/463.1225; 462.1162 (2-)/461.1078 

(+)-Catechin C15H14O6 290.0790 2.88 
291.0869 (1+)/291.0868,311.0532* [M+Na]+1; 

289.0712 (1-)/289.0717 

p-hydroxybenzoic 

acid 
C7H6O3 138.0317 2.88 139.0395 (1+)/139.0395;137.0239 (1-)/137.0237 

Oenin 
C23H25O1

2+ 
493.1346 2.89 493.1346 (+)/493.1351; 491.1183(2-) 

Procyanidin B2 
C30H26O1

2 
578.1424 3.08 579.1503 (+)/579.1509;577.1346 (2-)/577.1359 

Chlorogenic acid C16H18O9 354.0951 3.12 
355.1029(1+)/355.1008, 378.0843 [M+Na]+1; 

353.0873 (1-)/353.0856, 

(-)-Epicatechin C15H14O6 290.0790 3.17 291.0869(1+)/291.0866; 289.0712 (1-)/298.0710 

Myricetin-3-O-

galactoside 

C21H20O1

3 
480.3800 3.47 

481.0982(1+)/481.0973,503.0801*; 479.0826 

(1-)/479.0826 

Myricetin-3-O-

glucoside 

C21H20O1

3 
480.3800 3.51 481.0982 (1+)/481.0980,;479.0826 (1-)/479.0826 

Quercetin-3-D-

galactoside 

C21H20O1

2 
464.0955 3.80 

465.1033(1+)/465.1035,303.0509*,487.0849; 

463.0877 (1-)/463.0871 

Quercetin-3-

glucoside 

C21H20O1

2 
464.0955 3.83 

465.1033 (1+)/465.1012, 303.0496*;463.0877 

(1-)/463.0877 

Quercetin-3-O-

rhamnoside 

C21H20O1

1 
448.1006 4.13 

449.1084 (1+)/449.1086, 471.0895, 303.0502*;447.0927 

(1)/447.0923 

Quercetin C15H10O7 302.0427 4.91 303.0505 (1+)/303.0498; 301.0348 (1-)/301.0354 
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2.3. Effect of the Polyphenolic Mixture on Mammospheres Formation in 4T1 and 

MDA-MB-231 Cell Cultures 

First, we treated 4T1 and MDA-MB-231 cell lines with different concentrations of the 

polyphenolic mixture, ranging from 0.5 mM to 3 mM GAE to optimize the best doses for 

treating cells to conduct subsequent experiments. Cell viability was assessed by water-soluble 

tetrazolium salts (WST-1) and Lactate Dehydrogenase (LDH) assays (Roche, Laval, QC) (data 

not shown). Then, we selected 1- and 2-mM GAE concentrations of the polyphenolic mixture 

to perform our experiment. Treatment of 4T1 cells with 1- and 2-mM GAE of the polyphenolic 

mixture for 24 h significantly decreased the formation of mammospheres in this cell line 

(Figure 23A). However, only higher concentrations (2 mM GAE) significantly inhibited 

mammospheres formation in MDA-MB-231 cells (Figure 23B). 

 

Figure 23 The number of mammospheres formation from (a) 4T1 and (b) MDA-MB-231 

cell lines in a low attachment environment exposed to 1 or 2 mM gallic acid equivalent of 

the protocatechuic acid-based mixture (PCA Mix) for 4-7 days. One-way ANOVA followed 

by Dunnett’s post hoc test was used to compare groups. All values are means of 3 separate 

experiments ±SEM. ***p ≤ 0.001 vs. control. 
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2.4. Effect of the Polyphenolic Mixture on FOXO1 and N-ras Expressions in 4T1 and 

MDA-MB-231 Cell Lines 

4T1 and MDA-MB-231 cells were exposed to 1 mM and 2 mM GAE of the mixture 

for 24 h in order to examine the level of FOXO1 and N-ras expression in cell cultures. FOXO1 

is a major tumor suppressor which controls cell proliferation. Dysregulation of FOXO1 is 

thought to contribute to the progression of a variety of cancers, including breast carcinoma 

(Yu et al., 2014). Furthermore, FOXO1 might inhibit N-ras activation by regulating miRNA 

expression mainly miR-145. N-ras overexpression has been linked with the formation and 

progression of breast cancer (Mallet et al., 2021). Treatment of 4T1 and MDA-MB-231 cells 

with the 1- and 2-mM GAE of the polyphenolic mixture significantly elevated the expression 

of FOXO1 in cells (p≤0.001) (Figure 24A, B). We also observed a significant increase in N-

ras levels in MDA-MB-231 cells treated with 2mM GAE of the polyphenolic mixture (p≤0.01) 

while no change was observed in 4T1 cells (Figure 24C, D). 
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Figure 24 Relative expression of FOXO1 and N-ras in 4T1 and MDA-MB-231 cells 

exposed to 1 or 2 mM gallic acid equivalent (GAE) of a protocatechuic acid-based mixture 

(PCA mix) for 24 hours. (a and b) Relative expression of FOXO1 in 4T1 and MDA-MB-

231 cells, respectively, and (c and d) relative expression of N-ras in 4T1 and MDA-MB-231 

cells, respectively. One-way ANOVA followed by Dunnett’s post hoc test was used to 

compare groups. All values are means of 3 separate experiments ±SEM. ** p≤0.01 and 

***p≤0.001 vs. control. 
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2.5. Effect of the Polyphenolic Mixture on miR-145 and miR-210-5p Expressions in 

Tumor Samples 

We previously conducted a microarray experiment to find the differentially expressed 

miRNAs in the 4T1 cell line exposed to PEBP for 24 h (Mallet et al., 2021). Our microarray 

analysis, followed by validation using qRT-PCR, revealed and confirmed the over-expression 

of the tumor suppressor miR-145 and under-expression of the oncogenic miR-210 in 4T1 cells 

(Mallet et al., 2021). Therefore, in the present study, we assayed the expression of miR-145 

and miR-210-5p in 4T1-induced mammary tumors collected from mice treated with our 

polyphenolic mixture for a five-week period. Our result revealed a significant increase in miR-

145 expression in tumor samples of mice treated with polyphenolic mixture compared to the 

control group (p<0.05) (Figure 25A); however, no significant difference was observed in the 

expression level of miR-210-5p (Figure 25B). 

 

Figure 25 Relative expression of (a) miR-145 and (b) miR-210-5p in tumors from mice 

received either drinking water (control group) or a polyphenolic mixture (PCA mix) for five 

weeks. Independent T-test was performed to compare groups. All values are means of 3 

separate experiments ±SEM (for a total of 12 animals in each group). N=12 in each group. 

* p<0.05 vs. control. 

2.6. Effect of the Polyphenolic Mixture on Spheroids Formation and Metastasis ex vivo 
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Spheroids formation from tumoral primary cells was significantly reduced in tumors 

removed from animals fed with polyphenols (p<0.05) (Figure 26A). Similarly, the number of 

colony-forming units of 4T1 cells present in the lungs of mice was significantly lower in the 

treatment group compared to the control group indicating the reduction of the metastasis in the 

lungs of polyphenols-treated mice (p<0.05) (Figure 26B). 

 

Figure 26 (a) The number of spheroids from cells isolated of the 4T1 cells-induced tumors 

and (b) the number of colony-forming units of 4T1 cells present in the lungs of mice 

received either drinking water (control group) or a polyphenolic mixture (PCA mix) for five 

weeks. Independent T-test was performed to compare groups. All values are means of 3 

separate experiments ±SEM. N=12 in each group. *p<0.05 vs. control. 

DISCUSSION 

Naturally occurring compounds, mainly polyphenols, have gained immense attention 

because of their ability to target key inflammatory signaling pathways (Mallet et al., 2021; 

Vuong et al., 2016; Yahfoufi et al., 2018). Numerous studies are currently focused on 

developing innovative phytochemical-based treatment options for the prevention and 

treatment of cancer (Mazurakova et al., 2022). We have provided evidence that fermented 

blueberry juice, referred to as PEBP, exhibits a potential chemopreventive role in cancer 

(Vuong et al., 2016). The molecular mechanisms underlying the pleiotropic activities of 

fermented products produced by SV-53 involve the regulation of global cell regulators at 
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various levels of cell signaling, which are implicated in the inflammatory response and 

immune homeostasis (Alsadi et al., 2021; Mallet et al., 2021; Vuong et al., 2016). 

Herein, we first aimed to study phytochemical changes in blueberry juice following the 

fermentation process. The transformation by SV-53 leads to an increase in bioactive 

components resulting in PEBP having four times more antioxidant activity than normal 

blueberry juice (Vuong et al., 2006). One hypothesis that underlines the higher beneficial 

effects of PEBP is related to tannin degradation, which converts large polyphenols to smaller 

oligomers. Small oligomers are known to be better absorbed, greatly affecting their 

bioavailability and consequently physiological effects (Manach et al., 2005). Small oligomers 

of polyphenols may then exert their activity as prebiotics or natural ligand for toll-like 

receptors (TLRs) involved in immune regulation. In fact, there is a growing body of evidence 

to support the notion that some polyphenolic ingredients act as prebiotics. For example, 

quercetin has proven to positively influence microbiota (Porras et al., 2017). Quercetin is an 

important flavonol with known anti-inflammatory activities. Interestingly, quercetin might 

exert its anti-inflammatory activity via the blockade of the TLR4-mediated signaling pathway 

(Han et al., 2016; Vuong et al., 2016). In addition, quercetin, has been found to increased anti-

inflammatory miR-200b and miR-145 in pancreatic and ovarian cancer stem cells, respectively 

(Liu et al., 2017; Nwaeburu et al., 2017). Along this line, the presence of isoquercetin in the 

fermented blueberry juice might indicate that SV-53 is able to hydrolyze the sugar moiety in 

rutin and thereby enrich it with bioactive phenolic acids such as PCA. This is one of many 

examples of how the fermentation of blueberries might yield bioactive compounds positively 

influencing ligands found on non-immune and immune cells and differentially influencing 

miRNAs profile. 
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Blueberry polyphenols have been widely studied for their wide range of health benefits 

(Shahbazi et al., 2021). Although more than 8000 polyphenols have been discovered (Del Rio 

et al., 2010), research has focused on a specific class of flavonoids known for their beneficial 

effects, including quercetin, rutin, catechin, and PCA (Serra et al., 2012). The protective effects 

of flavonoids are not only due to intact flavonoids, as their bioavailability in their native form 

is low, but also or exclusively due to other bioactive substances formed after microbial 

degradation by gut microbiota (Manach et al., 2005). PCA, a metabolite of quercetin, has a 

remarkable antiatherogenic effect. PCA, as the gut microbiota metabolite of cyanidin-3- O-β-

glucoside (Cy-3-G), exerts its antiatherogenic effect partially through miRNA-10b (Wang et 

al., 2012). PCA was also shown to have an apoptotic effect on cancer cells (Yin et al., 2009). 

In perfect alignment with these observations, we showed that our biofermentation 

process mimics a healthy colonic fermentation of flavonoids by colon microbiota. In fact, 

phytochemical studies using UPLC-QTOF analysis revealed a significant change in the 

fermented product compared to conventional juice. The biofermentation process led to the 

appearance of novel peaks of oligomeric phenols. We have also shown the release of gallic 

acid, catechol, chlorogenic acid, and PCA in fermented blueberry juice (Nachar et al., 2017). 

Additionally, we have demonstrated that our probiotic can transform rutin into its aglycone 

counterpart quercetin. Furthermore, the biofermentation of quercetin generated a wide range 

of metabolites, including p-hydroxyphenylacetic acid, PCA, 3-(4-hydroxyphenyl) propionic 

acid, p-hydroxybenzoic acid, and p-coumaric acid (Lin et al., 2016). Notably, the main 

metabolite produced through the colonic fermentation of quercetin is PCA (Lin et al., 2016). 

Next, we examined the preventative effect of a PCA-based polyphenolic mixture, 

consisting of protocatechuic acid, gallic acid, and catechin, which are the main polyphenolic 
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compounds found in fermented blueberry juice produced by the novel probiotic bacterium SV-

53. Our main goal was to study the inhibitory effect of this mixture on CSC formation and 

metastasis through the regulation of specific signaling pathways and miRNA expression both 

in vitro and in vivo. 

CSCs are the key drivers of cancer and play a role in relapse, resistance to anticancer 

therapies and tumor recurrence (Podberezin et al., 2013). CSCs derived from breast cancer 

cells with CD44+/CD24 low/- phenotype have the ability of heterogeneous differentiation, 

initiating diverse tumors and forming mammospheres (Dontu et al., 2003b; Liu et al., 2021; 

Manuel Iglesias et al., 2013; Wicha, 2006). The mammosphere formation assay has been used 

as a useful method for studying stem cell-like characteristics in breast cancer cell cultures 

(Manuel Iglesias et al., 2013). Polyphenols such as resveratrol and curcumin have been found 

to exhibit cytotoxic effects on CSCs, eliminate CSC populations from tumors, inhibit the 

formation of mammospheres, and thus prevent tumor formation (Taylor and Jabbarzadeh, 

2017). Accordingly, we have previously demonstrated that PEBP delays the formation of 

cancerous stem cells in different types of cell cultures and in vivo, through modulation of IL-

6/STAT3, as well as the extracellular regulated kinase (ERK) and p38 in mitogen-activated 

protein kinase (MAPK) signaling pathways (Vuong et al., 2016). The STAT3 and MAPK 

pathways play a crucial role in CSCs growth and metastatic characteristics (Vuong et al., 

2016). In accordance with our previous results, we found that our polyphenolic mixture 

prevented mammosphere formation in vitro in 4T1 and MDA-MB-231 cell lines, and ex vivo 

in the cells isolated from mammary tumors. 

Epigenetic mechanisms, such as DNA methylation, histone modifications, and 

miRNAs contribute to the development of CSCs (Liu et al., 2021). miRNAs can play either 
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inhibitory or stimulatory roles in CSCs development (Khan et al., 2019). For instance, miR-

145, miR-200c, miR-494, and miR-34 have been shown to inhibit CSCs, while miR-19, miR-

501-5p miR-21 and miR-221/222 promote CSC development (Khan et al., 2019). We have 

previously reported epigenetic-specific changes in CSCs that involve miRNAs (Alsadi et al., 

2021; Mallet et al., 2021). We identified several differentially expressed clusters of miRNAs 

involved in maintaining the inflammatory microenvironment and are associated with various 

clinical-pathological characteristics of breast cancer, such as stemness, invasion, and 

chemoresistance (Mallet et al., 2021). We have also reported that the regulation of breast 

cancer stemness may be controlled by PEBP, particularly through the upregulation of anti-

inflammatory miR-145 and the downregulation of oncomiR-210 expression in vitro (Mallet et 

al., 2021). Additionally, we found that PEBP increases the expression of miR-200b in 

metastatic B16F10 skin cancer cells, a miRNA that is commonly downregulated in the 

melanoma cell line (Alsadi et al., 2021). Consistent with our previous findings, we found that 

the PCA-based mixture significantly upregulated the expression of tumor suppressor miR-

145 in tumor samples of mice. 

miR-145 is downregulated in various types of tumors, including breast tumors (Zou et 

al., 2012). It plays an important role in the anti-tumorigenic functions of the FOXO1 

transcription factor pathway, which regulates cellular proliferation, differentiation, apoptosis, 

and metastasis (Zeinali et al., 2019). miR-145 suppresses metastasis in cancer by targeting 

various signaling pathways and suppressing multiple oncogenes. For instance, N-cadherin is a 

direct target of miR-145 (P. Gao et al., 2013), and its expression has been shown to be closely 

linked with invasion and metastasis in breast cancer tumors (Hazan et al., 2000). Moreover, 

the suppression of N-cadherin by miR-145 has been found to reduce cell invasion in breast 
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cancer (Zhao et al., 2016). Additionally, the inhibition of ZEB2 by miR-145 allows for the 

expression of E-cadherin, which is known to inhibit cell migration in breast cancer (Jiang et 

al., 2016; Younis et al., 2007). We have previously shown that PEBP significantly inhibits the 

metastasis of 4T1 cells to the lungs in Balb/c mice (Vuong et al., 2016). The highly 

metastasizing 4T1 cell line typically forms metastasis in multiple organs such as the lungs, 

liver, and brain (Pulaski and Ostrand-Rosenberg, 2001). Consistent with our previous finding, 

we demonstrated that a polyphenolic mixture could inhibit the invasion of 4T1 cell to the lungs 

in a mouse model of breast cancer. 

Furthermore, we studied the pathways related to miR-145, including FOXO1 and N-

ras, in the breast cancer cell lines. FOXO1 downregulation occurs in various types of cancers 

(Prasad et al., 2014). For example, Dong et al., (2017) demonstrated that FOXO1 can inhibit 

cell motility, invasion in vitro, lung metastasis in vivo, and suppressed epithelial-to-

mesenchymal transition (EMT) induced by ZEB2 (Dong et al., 2016). Additionally, Li et al., 

(2019) reported that FOXO1 reduced tumor stemness and EMT signals in nasopharyngeal 

carcinoma by inducing miR-200b (Y. Li et al., 2019). PI3K/AKT-mediated suppression of 

FOXO3A leads to expansion of the CSC population and promotes their self-renewal and 

mammospheres formation abilities (Smit et al., 2015). Our previous results revealed the 

effectiveness of PEBP in inhibiting CSC formation and suppressing cellular motility and 

invasiveness by upregulating miR-200b and downregulating ZEB1 in skin cancer cell lines 

(Alsadi et al., 2021). Moreover, we demonstrated the role of PEBP in inhibiting breast cancer 

stemness by upregulating FOXO1 and downstream miR-145 in breast cancer cell lines (Mallet 

et al., 2021). Similarly, in this study, we observed a significant increase in FOXO1 expression 

in cancer cell lines exposed to different doses of our polyphenolic mixture. 



 

105 

 

Ras proteins upregulation might be associated with tumorigenesis, invasion, and 

metastasis (Malaney and Daly, 2001). Oncogenic N-ras elevation correlates with poor clinical 

outcomes and poor breast cancer-specific survival. Evidence show overexpression of N-ras in 

the triple-negative subtype of breast cancer as the most aggressive breast cancer subtype 

(Banys-Paluchowski et al., 2020). Epigenetic modifications participate in N-ras expression 

and activity in breast cancer. For example, a study found that miR-145 exhibited antitumor 

activity by inhibiting tumor angiogenesis, cell invasion, and tumor growth through post-

transcriptional modification of N-ras and growth factors (Zou et al., 2012). In our research, we 

found an increase in N-ras levels in MDA-MB-231 cells exposed to the higher concentration 

of polyphenolic compounds despite the higher level of miR-145 observed in the tumors. This 

contradicts our previous finding, where PEBP reduced N-ras levels in the same cell lines 

(Mallet et al., 2021). PEBP is a highly complex product, and this discrepancy may be due to 

the presence of components in PEBP that are not present in our mixture. Further research is 

necessary to understand and optimize the composition of our mixture. 

In conclusion, our findings show the chemoprevention potential of a PCA-based 

polyphenolic mixture works, at least partly, by decreasing the number of tumor-initiating cells 

and preventing metastasis through the upregulation of miR-145. Our data might suggest this 

polyphenolic mixture could act as a potent chemo-preventive agent. Finally, nutritional 

approaches enriched with bioactive polyphenol compounds may be a viable strategy for 

preventing cancer. 

MATERIALS AND METHODS 

4.1. Preparation of Blueberry Juices 
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Fresh and untreated lowbush blueberries (Vaccinium angustifolium Ait.) were 

purchased from Cherryfield Foods Inc. (Cherryfield, Maine, USA). Following blending the 

fruit (100 g) in a Braun Type 4259 food processor, the mixture was centrifuged at 500 x g for 

10 min to remove skin and other insoluble particles and extract fruit juice. The resulting juice 

was sterilized using 0.22 µm filters (Millipore, Etobicoke, Ontario, Canada). Rouxiella 

badensis subsp acadiensis SV-53 formally known as Serratia vaccinii bacterium was cultured 

as previously described (Martin and Matar, 2005). The juice was inoculated with a saturated 

culture of the bacterium corresponding to 2% of the total juice volume. After four days of 

fermentation, the transformed juice was sterilized by 0.22 um filtration. The total phenolic 

content was then measured by the Folin-Ciocalteau method using gallic acid as standard and 

hence expressed as μM Gallic Acid Equivalent (GAE). Blueberry and biotransformed 

blueberry juice have been partially characterized elsewhere (Martin and Matar, 2005; Matchett 

et al., 2006). 

4.2. Metabolite Selection 

An extensive literature survey was carried out to select the compounds previously 

reported in Vaccinium species using online databases KEGG, NIST, Scifinder, and 

Chemspider. This resulted in a wide variety of chemical classes, including anthocyanins, 

flavonoids, phenolic acids, phenolic glycosides, tocopherols, tocotrienols, terpenoids, and 

procyanidins. The abundance of metabolites was measured in fermented blueberry juice and 

compared with controls (non-fermented). Previously unreported compounds in Vaccinium 

were identified as the metabolites that were discriminant and changed in response or produced 

due to fermentation. 

4.3. Sample Preparation   
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Standards (>95% purity) of blueberry compounds, purchased from Sigma (St Louis, 

MO, Canada) and Extrasynthese Inc. (Lyon, France), were prepared at three dilutions that 

bracket the metabolite response in the samples. Blueberry juice was diluted 10-fold by Milli-

Q water in a 5 mL glass tube, sonicated for 5 min, incubated at room temperature for 5 min, 

pipetted into a 96 well plate for analysis, and 5 µL of juices were injected. 

4.4. Ultra-Performance Liquid Chromatography-Quadrupole Time-of-Flight Mass 

Spectrometry (UPLC-MS-QTOF) Analysis 

Analyses were undertaken on an Acquity UPLC coupled with XevoG2 QTOF system 

(Waters Inc., Milford, MT, USA). UPLC analyses were performed on a Waters Acquity 

System. Separations were performed on a BEH C18 1.7 µm, 2.1 ×100 mm column (part 

#186002352; serial #02113226415705, LANSET# General Purpose 2.1 × 100 BEH) 

connected with a VanGuard pre-column 2.1 x 5 mm with following characteristics: mobile 

phase A, water+0.1% formic acid, B-acetonitrile+0.1% formic acid (Fisher Optima LC-MS), 

flow rate 0.8 ml/min (back pressure at starting conditions=10,000 PSI), column temperature, 

65°C, sample temperature 4°C. Mobile phase B composition was 0-1 min 2% isocratic, 1-4 

min linear gradient 2-20%, 4-9 min 20-40%, 9-11 min 40-60%, 11-14 min 60-100%, 14-18 

min 100% isocratic. A 5 µL PLUNO injection was through 10 uL loop followed by strong 

wash 200 µL (50% acetonitrile+50% water) and weak wash 600 µL (10% acetonitrile+90% 

water). 

Optimized Q-TOF analysis conditions were as follows: MassLynx software, MSe 

ESI+; and ESI- modes, lock mass Leucine Enkephalin 12C 556.2615, source temperature 

150°C; desolvation temperature 500°C; cone gas (N2) flow 50 L/hr; desolvation gas (N2) flow 

1200 L/hr; Mse conditions, mass range 100-1500 Daltons; Low energy F1 conditions (CE, 6V, 
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F2 CER 10-30V, cone voltage 20V, Scan time 1 sec); Instrument calibration; 50-1000 Da 

sodium formate. 

4.5. Cell Culture 

Murine 4T1 and human MDA-MB-231 cell lines were obtained from the American 

Type Cell Collection (ATCC; Chicago, IL, USA). Cells were grown in RPMI-1640 media 

containing FBS (10%, v/v) (Sigma-Aldrich, Oakville, ON, Canada), penicillin/streptomycin 

(0.05 mg/mL) (Fisher Scientific, Toronto, ON, Canada) at 37oC in a humidified atmosphere 

with 5% CO2. 4T1 and MDA-MB-231 were treated with 1- and 2-mM GAE of a polyphenolic 

mixture (PCA mix) containing PCA, gallic acid, and catechin for 24 h. Then, cells were 

collected to conduct relevant experiments. 

4.6. In-vivo Breast Cancer Model 

In this experiment, mice were maintained and treated in accordance with the guidelines 

of the Canadian Council on Animal Care. The protocol (Hse-3178) was approved by the 

Animal Care Committee of the University of Ottawa. 

A total of 24 female Balb/c mice (Charles River, Montreal, QC) aged 6-8 weeks and 

weighed 18–20 g, were divided into two experimental groups (12 mice per group), including 

1-control; receiving drinking water and 2- receiving a polyphenolic mixture (a protocatechuic 

acid-based mixture) dissolved in drinking water. The mixture consisted of PCA (70 mg/kg 

BW), gallic acid (35 mg/kg Bw), and catechin (1.5 mg/kg Bw). After 2 weeks of feeding, 

animals were subcutaneously injected with 4T1 cells (1400 cells /0.2 ml/mouse) into the 

abdominal mammary gland fat pad and nutritional intervention continued for three weeks. 

Then, mice were monitored for 3 weeks for tumor growth and health. At the end of the 
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experiment, mice were euthanized and the tumors and lungs were collected for further testing. 

All the tissues were digested using collagenase and the resulting cells were cultured either to 

form mammospheres or in a 6-thioguanine enriched medium to detect the lung metastasis. 

4.7. Mammospheres Formation 

4T1 and MDA-MB-231 cell lines were cultured in RPMI-1640 media until they 

reached 70% confluency. Then, adherent cells were detached using trypsin and single cells 

were counted using Countess (Invitrogen, Burlington, ON, Canada). The cells were then 

seeded in ultra-low attachment 96-well plates (Corning, Saint-Laurent, QC, Canada) at 103 

cells/0.2 ml/well, in the presence/absence of the PCA mixture (1- or 2-mM GAE), in DMEM-

F12 Thermo Fisher Scientific. ON, Canada), supplemented with 10 ng/ml EGF (Millipore 

Sigma, ON, Canada), 20 ng/ml bFGF (Millipore Sigma, ON, Canada), 5 µg/ml insulin, 1 mM 

sodium pyruvate (Millipore Sigma, ON, Canada), 0.5 µg/ml hydrocortisone (Millipore Sigma, 

ON, Canada), and penicillin/streptomycin (0.05 mg/mL). Formed spheroids were counted after 

2 to 3 days by light microscopy. 

For tumor tissues, approximately 0.05g of each tumor was minced and dissociated in 

RPMI-1640 media containing 300 U/ml collagenase (Millipore Sigma, ON, Canada), and 100 

U/ml hyaluronidase (Millipore Sigma, ON, Canada) at 37oC for 2h. Cells were sieved 

sequentially through 100 µm and 40 µm cell strainers (Fisher Scientific, Toronto, ON, Canada) 

to obtain a single cell suspension. Then, the single cells were plated at the same condition as 

above. Cells grown in these conditions form non-adherent spherical clusters of cells or 

mammospheres, which were counted after 4-7 days. 

4.8. Lung Metastasis 
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Lung metastasis was assayed as previously described (Vuong et al., 2016). Briefly, 

lungs were dissociated in RPMI-1640 media containing 300 U/ml collagenase, at 37 °C for 

15 min. After filtration through a 40 µm cell strainer, the cells were gathered and resuspended 

in RPMI-1640 medium supplemented with 10 % FBS, penicillin/streptomycin (0.05 mg/ml), 

and 60 μM 6-thioguanine (Millipore Sigma, ON, Canada). The cells were plated in 10-cm 

sterile culture dishes and incubated at 37 °C and 5 % CO2 for 14 days. Then, after fixation in 

methanol, cells were stained with 0.03 % methylene blue solution. All blue colonies were 

counted, one colony representing one clonogenic metastatic cell in the lungs (Pulaski and 

Ostrand-Rosenberg, 2001). 

4-9. MicroRNAs Expression 

The expression of miRNAs in breast tumors collected from mice was measured using 

qRT-PCR. Tumor samples’ RNA was extracted using miRNeasy kit (Qiagen, Toronto, ON, 

Canada). Samples underwent a reverse transcription reaction to produce cDNA using 

individual probes. The cDNA was synthesized by Moloney Murine Leukemia Virus (MMLV) 

reverse transcriptase (Invitrogen, Burlington, ON, Canada). The expressions of miR-145 

(TaqMan® MicroRNA Assays 002278, Applied Biosystems, Burlington, ON, Canada) and 

miR-210 (TaqMan® MicroRNA Assays 462444_mat, Applied Biosystems, Burlington, ON, 

Canada) were measured by RT-qPCR using Taqman primers (Applied Biosystems, 

Burlington, ON, Canada) and a FastStart Taq Polymerase (Roche, Mississauga, ON, Canada) 

in a CFX96 machine (Bio-Rad, Mississauga, ON, Canada). Gene expression was normalized 

to U6 small non-coding RNA as reference gene (Applied Biosystems, Burlington, ON, 

Canada). 

4.10. Western Blot Analysis 
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4T1 and MDA-MB-231 cell lines were treated with different doses of the above-

mentioned polyphenolic mixture (protocatechuic acid-based mixture) for 24 h. Cell lysates 

were extracted and run on a 4–12% acrylamide gel (Life Technologies, Burlington, ON, 

Canada), transferred to a PVDF membrane, probed with anti-FOXO1 (1:1000), anti-N-ras 

(1:1000), and anti-β-tubulin primary antibodies (1:1000) (Cell Signaling Tech. Inc., Danvers, 

MA, USA) and incubated at 4oC overnight. The next day, blots were incubated with 

horseradish peroxidase-conjugated secondary antibodies (1:10000) (Jackson Immuno 

Research Laboratories, West Grove, PA, USA) at room temperature for 1 hour. Then, bands 

were visualized by chemiluminescence technique using ECL substrate (Bio-Rad, Mississauga, 

ON, Canada). Bands were quantified by the Bio-Rad Quantity One software using β-tubulin 

as the loading control. 

4.11. Statistical Analysis 

GraphPad Prism 5.0 software (GraphPad Software Inc., San Diego, CA, USA) was 

used to perform statistical analysis. Independent T-test was conducted to compare the means 

of two experimental groups and one-way analysis of variance (ANOVA) followed by 

Dunnett’s post hoc test was performed to compare the means of more than two groups. 

Statistical significance was set at p ≤ 0.05. Data are reported as mean ± SEM. 
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7 DISCUSSION 

Chemoprevention, which involves the use of drugs, diet, or natural agents to decrease 

the risk of cancer development, prevent recurrence, and delay tumor progression, can 

significantly improve a patient's quality of life (Sporn and Suh, 2002). Interventions such as 

adopting a Mediterranean diet, enriched with polyphenol compounds, with its increased 

vegetable consumption and reduced meat intake have been shown to reduce the incidence of 

breast cancer by 20% (Turati et al., 2018). Furthermore, naturally occurring compounds, 

particularly polyphenols, have garnered considerable attention due to their ability to target key 

signaling pathways involved in CSCs. Ongoing research studies in laboratories and clinics aim 

to develop innovative phytochemical-based treatment options for cancer. 

The investigation into the role of naturally occurring bioactive compounds in cancer 

chemoprevention and alleviation of chemotherapy-induced symptoms is an important area of 

research with the potential to improve cancer patients' lives and prognoses. However, the 

limited efficacy observed so far suggest a lack of understanding of the underlying mechanisms 

related to cell signalling pathways.  

Polyphenols, a diverse group of naturally occurring compounds that contain hydroxyl 

groups on aromatic rings, are considered a good candidate with potential anticancer properties 

(Pandey and Rizvi, 2009). Previous studies have linked natural polyphenols to a range of 

effects, including antioxidant and anti-inflammatory activities (Lee et al., 2017; Lende et al., 

2011; Li et al., 2011). Additionally, these compounds have shown the ability to influence 

molecular targets and signalling pathways associated with crucial cellular processes such as 

survival, proliferation, differentiation, migration, angiogenesis, hormone activities, 

detoxification enzymes, and immune responses (Sharma et al., 2018; Zhou et al., 2016). 
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7.1 PEBP ON BREAST CANCER 

PEPB with its higher antioxidant and polyphenol concentration (Martin and Matar, 

2005) has been shown to prevent neurodegeneration (Vuong et al., 2010), NOS damage 

(Vuong et al., 2006) and to have anti-diabetic and anti-obesity effects (Vuong et al., 2009). 

Considering the proven therapeutic effects of metformin on cancer, it was hypothesized that 

that PEPB might have a similar impact on cancer. 

PEBP was first investigated to determine its effect on 3 breast cancer cell lines, 4T1, 

MDA-MB-231 and MFC-7. The ability of PEPB to decrease the proliferation (Figure 9) and 

reduce the mobility (Figure 10) of all the tested cell lines was reported. The mammospheres 

assay use cells that can form low-attached or floating spheres when grown in low attachment 

conditions. CSCS present the phenotype CD44+/CD24low. They are widely used for testing 

products and drugs for their effect on CSC-like cells (Cioce et al., 2010; Dontu et al., 2003a). 

The effect of PEBP on the number of mammospheres present in cell culture exposed to 150 

μM GAE of PEBP compared to control and non fermented counterpart was significant ( 

Figure 11).  

In order to better decipher the role of PEBP on cancer stem cells, signaling pathways 

that are known to be involved in inflammation were studied. Because it is already known that 

PEBP can activate AMP-activated kinase (Vuong et al., 2007) and that AMPK can inhibit the 

activation of MAPK by phosphorylating the RAS kinase family (Yuan et al., 2020), the effect 

of PEBP on the regulation of the MAPK pathway ERK1/2 through AMPK was studied. The 

phosphorylation of multiple proteins in the STAT3/PI3K/Akt pathway and MAPK pathway 

were analyzed. The phosphorylation of STAT3, AKT, and PI3K was significantly decreased 

in all cells exposed to PEBP and in the case of STAT3 it was only observed in PEBP and not 
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NBJ (Figure 12). The tumour suppressor PTEN was increased in all cells by PEPB while for 

the control of the non-fermented preparation only had an effect in 4T1 cells (Figure 12). The 

activation STAT3 and the PI3K/AKT pathways has been linked to maintenance of CSCs (Xia 

and Xu, 2015) and the ability of PEBP to inhibit the activation of those pathways explain 

partially the effect of PEBP on the mammosphere numbers. In addition, , the inhibition of 

ERK1/2 in 4T1 and MCF7 by PEPB (Figure 13) further provides evidence that PEPB affects 

pathways implicated in maintaining CSC phenotype (Rybak et al., 2015). In MAPK pathways, 

ERK1/2 is the most relevant to breast cancer. Increased expression of ERK1/2 was recently 

reported as leading to endocrine resistance and breast cancer progression in an obesity-

associated experimental model (Zhong et al., 2023). 

All these effects in vitro were verified in vivo on a BALB/c model. Mice fed PEPB and 

NBJ mixed in their drinking water saw a reduction in tumour burden (Figure 14a and b) and a 

reduction of metastasis to the lung  (Figure 14d) but only PEBP had any effect at the lowest 

concentration, showing a improved efficacy. The lower presence of cell presenting CSC-like 

phenotype in tumour from mice drinking PEBP can explain the reduction in tumour size and 

metastasis. 

Altogether, PEBP is able to reduce the number of CSC present in a tumour by 

regulating pathway important in the maintenance of CSC like JAK/STAT3, PI3K/AKT and 

ERK1/2, thus reducing the ability of the tumour to proliferate and metastasis. 

7.2 PEBP AND MICRORNAS 

MicroRNAs (miRNAs) are a subset of small non-coding RNAs that play a crucial role 

in tumor development, drug resistance, and metastasis, acting either as tumor suppressors or 
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oncogenes. In breast cancer, the expression of specific miRNAs such as miR-145, miR-146a, 

and miR-34a has been found to be significantly downregulated, while miR-21 and miR-210 

are upregulated (Iliopoulos et al., 2009b). Importantly, the expression of miRNAs can be 

modulated by dietary polyphenols, thereby potentially enhancing the effectiveness of 

conventional therapeutics (Bao et al., 2012b).  

In our study, we observed significant changes in the expression levels of miR-145 and 

miR-210 in 4T1 cells following exposure to PEBP. Notably, the tumor suppressor miR-145, 

which is associated with AKT signaling in cancer, was found to be overexpressed (Table 1 and 

Figure 15), whereas it is typically underexpressed in highly metastatic breast cancer (Zou et 

al., 2012). miR-145 is also regulated by Akt in a p53-dependent manner. Suppression of PI3K 

activity substantially increases p53 levels and at the same time induces miR-145 (Sachdeva et 

al., 2012). PI3K was shown to be downregulated in our study with PEBP (Figure 12). In 

particular, p53 has been shown to upregulate the expression of several tumor suppressor 

miRNAs, including let-7, miR-34a, miR-145, miR-26, and miR-146a, all of which were 

observed to be regulated in our study (Table 1). Mechanistically, FoxO exerts its suppressive 

effect on c-Myc by upregulating miR-145, thereby establishing the FoxO/c-Myc/miR-145 axis 

as a significant barrier to tumor progression (Gan et al., 2010). 

Hypoxia-related miR-210, the most consistently and robustly induced miRNA under hypoxia 

(W. Yang et al., 2012) was found to be highly down-regulated in our study (Table 1 and Figure 

16). Hypoxia promotes genomic instability in tumor cells resulting in downstream 

phosphorylation of ERK1/2 (Kang et al., 2014), increased expression of IL6, and CSC 

signature genes such as Nanog, and Oct4 (Covello et al., 2006; Petruzzelli et al., 2014). High 

levels of miR-210 have been linked to invasion, and persistence of CSCs (Devlin et al., 2011). 
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Up-regulation of miR-210 in most solid tumors is negatively correlated with clinical outcomes 

(Huang and Zuo, 2014). Moreover, STAT3 was reported to be under the control of miR-210 

(Fan et al., 2020). ERK1/2 as well as STAT3 were both downregulated after PEBP (Figure 12 

and Figure 13). 

Altogether, our findings reinforce the hypothesis that microRNAs could be regulated 

by natural chemopreventive agents such as PEBP, leading to the inhibition of CSCs, blockade 

of inflammation-related microRNAs, such as hypoxia-induced microRNAs that are oncogenic 

to CSCs development or activate oncogenic suppressor microRNAs such IL-6/STAT3 

negative regulators and metastasis (Table 1). 

miR-210 is induced by hypoxia and is strongly induced in multiple cancers (Radojicic 

et al., 2011). The induction of mir-210 protects the cancer cells from radiation (Grosso et al., 

2013), and high levels of circulating miR-210 are associated with poor prognosis (Hong et al., 

2012). miR-145 has been shown to target a large number of cancer-related proteins but the 

most important for breast cancer are c-Myc, RTKN, OCT4, and N-RAS (Cui et al., 2014). 

OCT4 is particularly interesting for its importance in cancer stem cells (Kim and Nam, 2011; 

Kumar et al., 2012). 

7.3 POLYPHENOL DEGRADATION BY ROUXIELLA BADENSIS SUBSP. ACADIENSIS 

A possible explanation for the better efficacy of PEPB compared to NBJ in vivo is the 

degradation of tannins by R. badensis subsp. Acadiensis to smaller and more easily absorbed 

polyphenols (Figure 21). These smaller oligomers are known to be more easily absorbed, 

significantly impacting their bioavailability and physiological effects (Manach et al., 2005). 

Polyphenols, in general have a poor bioavailability. For example, 75 percent of the resveratrol 
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consumed is absorbed in the intestine but is quickly excreted in urine (Walle et al., 2004). The 

rest is either transformed in the intestine or by the liver to resveratrol glucuronides and 

sulphates (Kuhnle et al., 2000). The low bioavailability/high bioactivity paradox take into 

consideration this element (Di Lorenzo et al., 2021). The presence of certain metabolites 

suggest interaction with bacteria in the intestine (Walle, 2011). Thus, there is mounting 

evidence that polyphenols act as a prebiotic for beneficial bacteria (Plamada and Vodnar, 

2021).  

  An UPLC-MS-QTOF analysis of PEBP revealed that fermentation promotes the 

emergence of novel peaks representing oligomeric phenols that may synergistically target 

specific pathways (Figure 21). Furthermore, our research has demonstrated the bacterium's 

capability to release quercetin from its precursor rutin (Figure 22). Quercetin is a significant 

flavonol with well-known anti-cancer properties. In a study conducted by Wei et al.(2011), 

quercetin treatment demonstrated a significant reduction in the number of breast cancer stem 

cells (including the ALDH+ population), inhibited cell migration, and suppressed 

mammosphere formation. Additionally, quercetin induces mitochondrial apoptotic-dependent 

growth inhibition by blocking the phosphoinositide 3-kinase (PI3K)-Akt signaling pathway in 

gastric cancer stem cells (Shen et al., 2016). Interestingly, a recent study suggested that 

quercetin's anti-cancer activity may be exerted through the blockade of the Toll-like receptor 

4 (TLR4)-mediated signaling pathway (Han et al., 2016). 

Small oligomers of polyphenols might then exert their activity as prebiotic or a natural 

ligand for Toll-like receptors (TLRs), involved in immune regulation.  In fact, there is a 

growing body of evidence to support the notion that some polyphenolic ingredients act as 

prebiotic. For example, Quercetin has proven to positively influence microbiota (Lan et al., 
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2021). Quercetin is an important flavonol with known anti-inflammatory activities (Lin et al., 

2016). Interestingly, Quercetin might exert its anti-inflammatory activity via blockade of the 

TLR4-mediated signaling pathway (T. Li et al., 2019). In addition, quercetin, increased anti-

inflammatory miR-200b and miR-145 in pancreatic and ovarian cancer stem cells, respectively 

(Nwaeburu et al., 2017; Zhou et al., 2015). Research has been focusing on a particular class of 

flavonoids known for their beneficial effects, including quercetin, rutin, catechins and 

protocatechuic acid (Serra et al., 2012). The protective effects of flavonoids are not only due 

to intact flavonoids, because intact flavonoids cannot be absorbed in their native form, but also 

or exclusively due to other bioactive substances formed after microbial degradation by gut 

microbiota (Manach et al., 2005). PCA, a metabolite of quercetin, has a remarkable 

antiatherogenic effect. PCA, as the gut microbiota metabolite of Cy-3-G, exerts its 

antiatherogenic effect partially through miRNA-10b (Wang et al., 2012). Thus, phenolic 

metabolites of flavonoids play a preventive and therapeutic role in disease. 

We have identified a number of those smaller peaks (Table 2) and many of them have 

known beneficial properties against cancer. We selected 3 compounds for the abundance and 

known effect on cancer, protocatechuic acid, gallic acid and catechin. This mix was able to 

significantly decrease the formation of mammospheres in the 4T1 cell line (Figure 23A). 

However, only higher concentrations (2 mM GAE) significantly inhibited mammospheres 

formation in MDA-MB-231 cells (Figure 23B). This might be caused by a slightly less 

effective effect on mir-210 by the PCA mixture (Figure 26) because the proteins affected by 

mir-145 were still significantly changed by the mixture (Figure 25). In contrast to PCA and 

gallic acid, which are categorized as benzoic acids, PEPB also contains acids from different 

families, including cinnamic acids derivative like chlorogenic acid (Table 2). Chlorogenic acid 
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has been reported to offer health benefits similar to PEPB, including anti-diabetic and anti-

carcinogenic properties (Tajik et al., 2017). In addition, chlorogenic acid can modulate the gut 

microbiota (Z. Wang et al., 2019) and is degraded by the microbiome and produce a lot of 

metabolites that could have an effect on health (Gonthier et al., 2003). 

In an in vivo model, feeding mice with the PCA mixture helped reduce the number of 

cancer stem cells present in the tumour (Figure 27b) but was slightly less effective than the 

PEBP (Figure 15d).  

The project falls in perfect alignment with increased worldwide interest in “Medical 

Foods” or nutraceuticals as adjunct therapies to help prevent and improve survivorships for 

breast cancer patients. Those patients are among the highest users of integrative medicine in 

conjunction with conventional oncology care (Greenlee et al., 2014). The scientific importance 

of this project is 2-fold; 1) shedding the light of underlining mechanisms for protective effects 

of fermented products that contain polyphenols, and 2) promote healthy diets. The findings 

may help to propose a more optimal diet plan that not only reduces inflammation but also acts 

on decreasing the predisposition to cancer. In addition, an integrated approach to considering 

the evidence shows that most diets that are protective against cancer are rich in foods of plant 

origin, thus consolidating the evidence of the long-term beneficial effects of balanced diet in 

prevention of cancer. 
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8 LIMITATIONS 

Our research into the influence of PEPB on the cancer stem cell population has provided 

valuable insights into its potential for breast cancer prevention. However, the techniques employed 

in this study come with inherent limitations. 

One significant limitation of our research lies in the inherent nature of mammosphere 

assays as an indirect measure of the stem cell population. While these assays are commonly 

employed for studying cancer stem cells, they select cells capable of self-renewal and growth 

in a low-attachment environment. This selection may introduce a bias since it might not fully 

represent cancer stem cells and tumour initiating cells, particularly those reliant on specific 

microenvironments and interactions with other cells present in vivo. This lack of full 

representativeness could potentially introduce biases into our findings, as the selected cells 

may not accurately reflect the overall heterogeneity of the cancer stem cell population. 

Furthermore, high cell densities can lead to cellular aggregation in mammosphere assays, 

which can adversely affect the accuracy of the assay. Cellular aggregation hinders the 

formation of distinct mammospheres and complicates the quantification and characterization 

of the stem cell population. 

Another limitation in our study is the use of Western Blot analysis. While it is valuable 

for detecting and quantifying specific proteins, it's important to note that Western Blot analysis 

provides only semi-quantitative data. It offers relative, rather than absolute, quantification of 

protein levels. Despite adhering to established guidelines for Western Blot analysis (Taylor et 

al., 2013), this semi-quantitative nature can introduce variability and uncertainty into the 

measurement of protein expression levels. 
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Our research utilized a 4T1 mouse model to study cancer progression and cancer stem 

cells. Mouse models are invaluable in cancer research, but they have limitations. In our case, 

the mouse model exhibited rapid tumor growth and a high metastatic rate. However, the 

primary tumor often grows so rapidly that it significantly impacts the animals' well-being 

before metastases can be observed. While some techniques, such as primary tumor removal 

after implantation, can be employed, they are invasive and require specialized expertise. 

Furthermore, despite the model's immunocompetence, mouse immune responses differ from 

those in humans. These disparities can influence studies in cancer immunology and 

immunotherapy. Consequently, findings from mouse models may not always directly translate 

to human applications. 
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9 FUTURE DIRECTIONS 

The fermentation of blueberry by Rouxiella badensis subsp. acadiensis favourably 

increase the release of small oligomer of polyphenols However, many other metabolites-

nonrelated to the degradation of large polyphenol compounds released during the fermentation 

may also present an important potential in chemoprevention of breast cancer. For example, the 

anti-fungal Procyanidin B2 has shown promise in the prevention of cancer and may function 

by inhibiting the AKT/mTOR signaling pathway (Y. Li et al., 2021). Moreover, one could 

argue that the inclusion of quercetin in the mixture of polyphenol compounds may lead to 

better potentiation of polyphenol effects and improvement in the effectiveness. Quercetin itself 

has been shown to inhibit PI3K in hepatocellular carcinoma (Maurya and Vinayak, 2015) and 

could potentially reduce CSC through its effect on AKT/mTOR (Pratheeshkumar et al., 2012) 

and STAT3 (Yu et al., 2017). 

While identifying the active compounds in PEBP is important, it does not diminish the 

importance of further testing PEBP itself. The complexity of PEBP makes it impossible to 

fully replicate, and its efficacy in the mouse model demonstrated the need to continue testing 

it in various cancer types. Colon cancer would be an interesting area of research towards which 

the research could be further targeted. It is important to note, that fermentation converts large 

polyphenols to smaller oligomers. Small oligomers are known to be better absorbed, greatly 

affecting bioavailability and consequently physiological effects (Sahakyan et al., 2020). . 

Along this line, these small oligomers such as quercetin might impact favorably on microbiota 

and exert their anti-inflammatory activity via blockade of the TLR4-mediated signaling 

pathway. Toll-like receptors (TLRs) are a key family of microbial sensors involved in 

inflammation. Polyphenols, such as quercetin, are among the numerous regulatory molecules 
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that are able to fine-tune the TLR-signaling pathways. Many of these molecules have been 

reported to be responsible for playing a role in inflammation and in regulating microbiota by 

preventing dysbiosis-induced TLR4-mediated inflammation. It is important to further study of 

role of polyphenols in inhibiting cancer cell growth by investigating how they block 

inflammation-dependent pathways and examine their impact on microbiota. Polyphenols 

contribute to intestinal homeostasis in the gut-breast axis. Any signaling initiated at the gut 

level can be propagated systematically through the mucosal associated tissue that includes the 

mammary glands. Ongoing research in our lab are now investigating this triad of microbiota-

miRNAs-immune signaling and cancer stem cells. 



 

125 

 

10  BIBLIOGRAPHY 

Adams, L.S., Phung, S., Yee, N., Seeram, N.P., Li, L., Chen, S., 2010. Blueberry 

Phytochemicals Inhibit Growth and Metastatic Potential of MDA-MB-231 Breast Cancer 

Cells Through Modulation of the Phosphatidylinositol 3-Kinase Pathway. Cancer Res. 70, 

3594–3605. 

Aggarwal, V., Kashyap, D., Sak, K., Tuli, H.S., Jain, A., Chaudhary, A., Garg, V.K., Sethi, 

G., Yerer, M.B., 2019. Molecular Mechanisms of Action of Tocotrienols in Cancer: Recent 

Trends and Advancements. Int. J. Mol. Sci. 20, 656. 

Al-Hajj, M., Wicha, M.S., Benito-Hernandez, A., Morrison, S.J., Clarke, M.F., 2003. 

Prospective identification of tumorigenic breast cancer cells. Proc. Natl. Acad. Sci. U. S. A. 

100, 3983–3988. 

Almatroodi, S.A., Almatroudi, A., Khan, A.A., Alhumaydhi, F.A., Alsahli, M.A., Rahmani, 

A.H., 2020. Potential Therapeutic Targets of Epigallocatechin Gallate (EGCG), the Most 

Abundant Catechin in Green Tea, and Its Role in the Therapy of Various Types of Cancer. 

Molecules 25, 3146. 

Alsadi, N., Mallet, J.-F., Matar, C., 2021. miRNA-200b Signature in the Prevention of Skin 

Cancer Stem Cells by Polyphenol-enriched Blueberry Preparation. J. Cancer Prev. 26, 162–

173. 

Anand, P., Kunnumakara, A.B., Sundaram, C., Harikumar, K.B., Tharakan, S.T., Lai, O.S., 

Sung, B., Aggarwal, B.B., 2008. Cancer is a Preventable Disease that Requires Major 

Lifestyle Changes. Pharm. Res. 25, 2097–2116. 

Archetti, M., Döring, T.F., Hagen, S.B., Hughes, N.M., Leather, S.R., Lee, D.W., Lev-

Yadun, S., Manetas, Y., Ougham, H.J., Schaberg, P.G., Thomas, H., 2009. Unravelling the 

evolution of autumn colours: an interdisciplinary approach. Trends Ecol. Evol. 24, 166–173. 

Atashzar, M.R., Baharlou, R., Karami, J., Abdollahi, H., Rezaei, R., Pourramezan, F., 

Zoljalali Moghaddam, S.H., 2020. Cancer stem cells: A review from origin to therapeutic 

implications. J. Cell. Physiol. 235, 790–803. 

Ayob, A.Z., Ramasamy, T.S., 2018. Cancer stem cells as key drivers of tumour progression. 

J. Biomed. Sci. 25, 20. 

Balassiano, K., Lima, S., Jenab, M., Overvad, K., Tjonneland, A., Boutron-Ruault, M.C., 

Clavel-Chapelon, F., Canzian, F., Kaaks, R., Boeing, H., Meidtner, K., Trichopoulou, A., 

Laglou, P., Vineis, P., Panico, S., Palli, D., Grioni, S., Tumino, R., Lund, E., Bueno-de-

Mesquita, H.B., Numans, M.E., Peeters, P.H.M., Ramon Quirós, J., Sánchez, M.-J., Navarro, 

C., Ardanaz, E., Dorronsoro, M., Hallmans, G., Stenling, R., Ehrnström, R., Regner, S., 

Allen, N.E., Travis, R.C., Khaw, K.-T., Offerhaus, G.J.A., Sala, N., Riboli, E., Hainaut, P., 

Scoazec, J.-Y., Sylla, B.S., Gonzalez, C.A., Herceg, Z., 2011. Aberrant DNA methylation of 

cancer-associated genes in gastric cancer in the European Prospective Investigation into 

Cancer and Nutrition (EPIC-EURGAST). Cancer Lett. 311, 85–95. 



 

126 

 

Balko, J.M., Schwarz, L.J., Bhola, N.E., Kurupi, R., Owens, P., Miller, T.W., Gómez, H., 

Cook, R.S., Arteaga, C.L., 2013. Activation of MAPK pathways due to DUSP4 loss 

promotes cancer stem cell-like phenotypes in basal-like breast cancer. Cancer Res. 73, 6346–

6358. 

Banerjee, N., Talcott, S., Safe, S., Mertens-Talcott, S.U., 2012. Cytotoxicity of pomegranate 

polyphenolics in breast cancer cells in vitro and vivo: potential role of miRNA-27a and 

miRNA-155 in cell survival and inflammation. Breast Cancer Res. Treat. 136, 21–34. 

Banys-Paluchowski, M., Milde-Langosch, K., Fehm, T., Witzel, I., Oliveira-Ferrer, L., 

Schmalfeldt, B., Müller, V., 2020. Clinical relevance of H-RAS, K-RAS, and N-RAS mRNA 

expression in primary breast cancer patients. Breast Cancer Res. Treat. 179, 403–414. 

Bao, B., Ahmad, A., Kong, D., Ali, S., Azmi, A.S., Li, Y., Banerjee, S., Padhye, S., Sarkar, 

F.H., 2012a. Hypoxia Induced Aggressiveness of Prostate Cancer Cells Is Linked with 

Deregulated Expression of VEGF, IL-6 and miRNAs That Are Attenuated by CDF. PLOS 

ONE 7, e43726. 

Bao, B., Li, Y., Ahmad, A., Azmi, A.S., Bao, G., Ali, S., Banerjee, S., Kong, D., Sarkar, 

F.H., 2012b. Targeting CSC-related miRNAs for cancer therapy by natural agents. Curr. 

Drug Targets 13, 1858–1868. 

Bars-Cortina, D., Sakhawat, A., Piñol-Felis, C., Motilva, M.-J., 2022. Chemopreventive 

effects of anthocyanins on colorectal and breast cancer: A review. Semin. Cancer Biol., A 

Special International Conference on Polyploidy, Senescence, Evolution and Cancer 81, 241–

258. 

Basu, A., Du, M., Leyva, M.J., Sanchez, K., Betts, N.M., Wu, M., Aston, C.E., Lyons, T.J., 

2010. Blueberries decrease cardiovascular risk factors in obese men and women with 

metabolic syndrome. J. Nutr. 140, 1582–1587. 

Basu, A., Feng, D., Planinic, P., Ebersole, J.L., Lyons, T.J., Alexander, J.M., 2021. Dietary 

Blueberry and Soluble Fiber Supplementation Reduces Risk of Gestational Diabetes in 

Women with Obesity in a Randomized Controlled Trial. J. Nutr. 151, 1128–1138. 

Beckman, C.H., 2000. Phenolic-storing cells: keys to programmed cell death and periderm 

formation in wilt disease resistance and in general defence responses in plants? Physiol. Mol. 

Plant Pathol. 57, 101–110. 

Behl, S., Hamel, N., de Ladurantaye, M., Lepage, S., Lapointe, R., Mes-Masson, A.-M., 

Foulkes, W.D., 2020. Founder BRCA1/BRCA2/PALB2 pathogenic variants in French-

Canadian breast cancer cases and controls. Sci. Rep. 10, 6491. 

Bellacosa, A., de Feo, D., Godwin, A.K., Bell, D.W., Cheng, J.Q., Altomare, D.A., Wan, M., 

Dubeau, L., Scambia, G., Masciullo, V., Ferrandina, G., Benedetti Panici, P., Mancuso, S., 

Neri, G., Testa, J.R., 1995. Molecular alterations of the AKT2 oncogene in ovarian and 

breast carcinomas. Int. J. Cancer J. Int. Cancer 64, 280–285. 



 

127 

 

Bergin, A.R.T., Loi, S., 2019. Triple-negative breast cancer: recent treatment advances. 

F1000Research 8, F1000 Faculty Rev-1342. 

Bertheau, P., Espié, M., Turpin, E., Lehmann, J., Plassa, L.-F., Varna, M., Janin, A., de Thé, 

H., 2008. TP53 status and response to chemotherapy in breast cancer. Pathobiol. J. 

Immunopathol. Mol. Cell. Biol. 75, 132–139. 

Bhagwat, S., Haytowitz, D.B., Holden, J.M., 2016. USDA Database for the Flavonoid 

Content of Selected Foods. Release 3.2 (November 2015). 

Biggs, W.H., Cavenee, W.K., Arden, K.C., 2001. Identification and characterization of 

members of the FKHR (FOX O) subclass of winged-helix transcription factors in the mouse. 

Mamm. Genome Off. J. Int. Mamm. Genome Soc. 12, 416–425. 

Biggs, W.H., Meisenhelder, J., Hunter, T., Cavenee, W.K., Arden, K.C., 1999. Protein kinase 

B/Akt-mediated phosphorylation promotes nuclear exclusion of the winged helix 

transcription factor FKHR1. Proc. Natl. Acad. Sci. U. S. A. 96, 7421–7426. 

Blaas, L., Pucci, F., Messal, H.A., Andersson, A.B., Josue Ruiz, E., Gerling, M., Douagi, I., 

Spencer-Dene, B., Musch, A., Mitter, R., Bhaw, L., Stone, R., Bornhorst, D., Sesay, A.K., 

Jonkers, J., Stamp, G., Malanchi, I., Toftgård, R., Behrens, A., 2016. Lgr6 labels a rare 

population of mammary gland progenitor cells that are able to originate luminal mammary 

tumours. Nat. Cell Biol. 18, 1346–1356. 

Blenkiron, C., Goldstein, L.D., Thorne, N.P., Spiteri, I., Chin, S.-F., Dunning, M.J., Barbosa-

Morais, N.L., Teschendorff, A.E., Green, A.R., Ellis, I.O., Tavaré, S., Caldas, C., Miska, 

E.A., 2007. MicroRNA expression profiling of human breast cancer identifies new markers 

of tumor subtype. Genome Biol. 8, R214. 

Bobe, G., Wang, B., Seeram, N.P., Nair, M.G., Bourquin, L.D., 2006. Dietary anthocyanin-

rich tart cherry extract inhibits intestinal tumorigenesis in APC(Min) mice fed suboptimal 

levels of sulindac. J. Agric. Food Chem. 54, 9322–9328. 

Boespflug, E.L., Eliassen, J.C., Dudley, J.A., Shidler, M.D., Kalt, W., Summer, S.S., Stein, 

A.L., Stover, A.N., Krikorian, R., 2018. Enhanced Neuronal Activation with Blueberry 

Supplementation in Mild Cognitive Impairment. Nutr. Neurosci. 21, 297–305. 

Bomser, J., Madhavi, D.L., Singletary, K., Smith, M. a. L., 1996. In Vitro Anticancer 

Activity of Fruit Extracts from Vaccinium Species. Planta Med. 62, 212–216. 

Boominathan, L., 2010. The guardians of the genome (p53, TA-p73, and TA-p63) are 

regulators of tumor suppressor miRNAs network. Cancer Metastasis Rev. 29, 613–639. 

Bornsek, S.M., Ziberna, L., Polak, T., Vanzo, A., Ulrih, N.P., Abram, V., Tramer, F., 

Passamonti, S., 2012. Bilberry and blueberry anthocyanins act as powerful intracellular 

antioxidants in mammalian cells. Food Chem. 134, 1878–1884. 



 

128 

 

Bourdon, J.-C., Khoury, M.P., Diot, A., Baker, L., Fernandes, K., Aoubala, M., Quinlan, P., 

Purdie, C.A., Jordan, L.B., Prats, A.-C., Lane, D.P., Thompson, A.M., 2011. p53 mutant 

breast cancer patients expressing p53γ have as good a prognosis as wild-type p53 breast 

cancer patients. Breast Cancer Res. BCR 13, R7. 

Bowers, L.W., Cavazos, D.A., Maximo, I.X.F., Brenner, A.J., Hursting, S.D., deGraffenried, 

L.A., 2013. Obesity enhances nongenomic estrogen receptor crosstalk with the PI3K/Akt and 

MAPK pathways to promote in vitro measures of breast cancer progression. Breast Cancer 

Res. 15, R59. 

Brabletz, T., Jung, A., Spaderna, S., Hlubek, F., Kirchner, T., 2005. Migrating cancer stem 

cells — an integrated concept of malignant tumour progression. Nat. Rev. Cancer 5, 744–

749. 

Brenner, D.R., Poirier, A., Woods, R.R., Ellison, L.F., Billette, J.-M., Demers, A.A., Zhang, 

S.X., Yao, C., Finley, C., Fitzgerald, N., Saint-Jacques, N., Shack, L., Turner, D., Holmes, 

E., 2022. Projected estimates of cancer in Canada in 2022. CMAJ 194, E601–E607. 

Briske-Anderson, M.J., Finley, J.W., Newman, S.M., 1997. The Influence of Culture Time 

and Passage Number on the Morphological and Physiological Development of Caco-2 Cells. 

Proc. Soc. Exp. Biol. Med. 214, 248–257. 

Brunet, A., Bonni, A., Zigmond, M.J., Lin, M.Z., Juo, P., Hu, L.S., Anderson, M.J., Arden, 

K.C., Blenis, J., Greenberg, M.E., 1999. Akt promotes cell survival by phosphorylating and 

inhibiting a Forkhead transcription factor. Cell 96, 857–868. 

Brunet, A., Kanai, F., Stehn, J., Xu, J., Sarbassova, D., Frangioni, J.V., Dalal, S.N., 

DeCaprio, J.A., Greenberg, M.E., Yaffe, M.B., 2002. 14-3-3 transits to the nucleus and 

participates in dynamic nucleocytoplasmic transport. J. Cell Biol. 156, 817–828. 

Bruun, J.M., Lihn, A.S., Verdich, C., Pedersen, S.B., Toubro, S., Astrup, A., Richelsen, B., 

2003. Regulation of adiponectin by adipose tissue-derived cytokines: in vivo and in vitro 

investigations in humans. Am. J. Physiol. Endocrinol. Metab. 285, E527-533. 

Buja, A., Pierbon, M., Lago, L., Grotto, G., Baldo, V., 2020. Breast Cancer Primary 

Prevention and Diet: An Umbrella Review. Int. J. Environ. Res. Public. Health 17, E4731. 

Bunea, A., Rugină, D., Sconţa, Z., Pop, R.M., Pintea, A., Socaciu, C., Tăbăran, F., Grootaert, 

C., Struijs, K., VanCamp, J., 2013. Anthocyanin determination in blueberry extracts from 

various cultivars and their antiproliferative and apoptotic properties in B16-F10 metastatic 

murine melanoma cells. Phytochemistry 95, 436–444. 

Cairney, J.W.G., Meharg, A.A., 2003. Ericoid mycorrhiza: a partnership that exploits harsh 

edaphic conditions. Eur. J. Soil Sci. 54, 735–740. 

Camerlingo, R., Ferraro, G.A., De Francesco, F., Romano, M., Nicoletti, G., Di Bonito, M., 

Rinaldo, M., D’Andrea, F., Pirozzi, G., 2014. The role of CD44+/CD24-/low biomarker for 

screening, diagnosis and monitoring of breast cancer. Oncol. Rep. 31, 1127–1132. 



 

129 

 

Canadian Cancer Advisory Committee, 2021. Cancer Statistics 2021. Canadian Cancer 

Society, Toronto. 

Cantley, L.C., 2002. The phosphoinositide 3-kinase pathway. Science 296, 1655–1657. 

Cao, H., Ou, J., Chen, L., Zhang, Y., Szkudelski, T., Delmas, D., Daglia, M., Xiao, J., 2019. 

Dietary polyphenols and type 2 diabetes: Human Study and Clinical Trial. Crit. Rev. Food 

Sci. Nutr. 59, 3371–3379. 

Capes-Davis, A., Theodosopoulos, G., Atkin, I., Drexler, H.G., Kohara, A., MacLeod, 

R.A.F., Masters, J.R., Nakamura, Y., Reid, Y.A., Reddel, R.R., Freshney, R.I., 2010. Check 

your cultures! A list of cross-contaminated or misidentified cell lines. Int. J. Cancer 127, 1–8. 

Carracedo, A., Pandolfi, P.P., 2008. The PTEN-PI3K pathway: of feedbacks and cross-talks. 

Oncogene 27, 5527–5541. 

Catsburg, C., Miller, A.B., Rohan, T.E., 2014. Adherence to cancer prevention guidelines 

and risk of breast cancer. Int. J. Cancer 135, 2444–2452. 

Cava, C., Bertoli, G., Castiglioni, I., 2015. Integrating genetics and epigenetics in breast 

cancer: biological insights, experimental, computational methods and therapeutic potential. 

BMC Syst. Biol. 9, 62. 

Cerami, E., Gao, J., Dogrusoz, U., Gross, B.E., Sumer, S.O., Aksoy, B.A., Jacobsen, A., 

Byrne, C.J., Heuer, M.L., Larsson, E., Antipin, Y., Reva, B., Goldberg, A.P., Sander, C., 

Schultz, N., 2012. The cBio cancer genomics portal: an open platform for exploring 

multidimensional cancer genomics data. Cancer Discov. 2, 401–404. 

Cerezo, A.B., Cătunescu, G.M., González, M.M.-P., Hornedo-Ortega, R., Pop, C.R., Rusu, 

C.C., Chirilă, F., Rotar, A.M., Garcia-Parrilla, M.C., Troncoso, A.M., 2020. Anthocyanins in 

Blueberries Grown in Hot Climate Exert Strong Antioxidant Activity and May Be Effective 

against Urinary Tract Bacteria. Antioxid. Basel Switz. 9, 478. 

Chalhoub, N., Baker, S.J., 2009. PTEN and the PI3-Kinase Pathway in Cancer. Annu. Rev. 

Pathol. 4, 127–150. 

Chang, Q., Bournazou, E., Sansone, P., Berishaj, M., Gao, S.P., Daly, L., Wels, J., Theilen, 

T., Granitto, S., Zhang, X., Cotari, J., Alpaugh, M.L., de Stanchina, E., Manova, K., Li, M., 

Bonafe, M., Ceccarelli, C., Taffurelli, M., Santini, D., Altan-Bonnet, G., Kaplan, R., Norton, 

L., Nishimoto, N., Huszar, D., Lyden, D., Bromberg, J., 2013. The IL-6/JAK/Stat3 feed-

forward loop drives tumorigenesis and metastasis. Neoplasia 15, 848–62. 

Chen, G., Huang, A.C., Zhang, W., Zhang, G., Wu, M., Xu, W., Yu, Z., Yang, J., Wang, B., 

Sun, H., Xia, H., Man, Q., Zhong, W., Antelo, L.F., Wu, B., Xiong, X., Liu, X., Guan, L., Li, 

T., Liu, S., Yang, R., Lu, Youtao, Dong, L., McGettigan, S., Somasundaram, R., 

Radhakrishnan, R., Mills, G., Lu, Yiling, Kim, J., Chen, Y.H., Dong, H., Zhao, Y., 

Karakousis, G.C., Mitchell, T.C., Schuchter, L.M., Herlyn, M., Wherry, E.J., Xu, X., Guo, 



 

130 

 

W., 2018. Exosomal PD-L1 contributes to immunosuppression and is associated with anti-

PD-1 response. Nature 560, 382–386. 

Chen, J., Sun, L., 2012. Formononetin-induced apoptosis by activation of Ras/p38 mitogen-

activated protein kinase in estrogen receptor-positive human breast cancer cells. Horm. 

Metab. Res. Horm. Stoffwechselforschung Horm. Métabolisme 44, 943–948. 

Chen, J., Sun, W.L., Wasylyk, B., Wang, Y.P., Zheng, H., 2012. c-Jun N-terminal kinase 

mediates microtubule-depolymerizing agent-induced microtubule depolymerization and 

G2/M arrest in MCF-7 breast cancer cells. Anticancer Drugs 23, 98–107. 

Chène, P., 2003. Inhibiting the p53–MDM2 interaction: an important target for cancer 

therapy. Nat. Rev. Cancer 3, 102–109. 

Cheng, J.Q., Godwin, A.K., Bellacosa, A., Taguchi, T., Franke, T.F., Hamilton, T.C., 

Tsichlis, P.N., Testa, J.R., 1992. AKT2, a putative oncogene encoding a member of a 

subfamily of protein-serine/threonine kinases, is amplified in human ovarian carcinomas. 

Proc. Natl. Acad. Sci. U. S. A. 89, 9267–9271. 

Cherfils, J., Zeghouf, M., 2013. Regulation of small GTPases by GEFs, GAPs, and GDIs. 

Physiol. Rev. 93, 269–309. 

Cho, M.J., Howard, L.R., Prior, R.L., Clark, J.R., 2005. Flavonol glycosides and antioxidant 

capacity of various blackberry and blueberry genotypes determined by high-performance 

liquid chromatography/mass spectrometry. J. Sci. Food Agric. 85, 2149–2158. 

Choi, S.R., Lee, M.Y., Kim, S.A., Oh, J., Hyun, D.W., Lee, S., Lee, B.H., Cho, J.Y., Lee, 

C.H., 2021. Non-targeted Metabolomics as a Screening Tool for Estimating Bioactive 

Metabolites in the Extracts of 50 Indigenous Korean Plants. Metabolites 11. 

Choubey, S., Varughese, L.R., Kumar, V., Beniwal, V., 2015. Medicinal importance of gallic 

acid and its ester derivatives: a patent review. Pharm. Pat. Anal. 4, 305–315. 

Chuffa, L.G. de A., Carvalho, R.F., Justulin, L.A., Cury, S.S., Seiva, F.R.F., Jardim-Perassi, 

B.V., Zuccari, D.A.P. de C., Reiter, R.J., 2020. A meta-analysis of microRNA networks 

regulated by melatonin in cancer: Portrait of potential candidates for breast cancer treatment. 

J. Pineal Res. 69, e12693. 

Chung, D.-J., Wu, Y.-L., Yang, M.-Y., Chan, K.-C., Lee, H.-J., Wang, C.-J., 2020. Nelumbo 

nucifera leaf polyphenol extract and gallic acid inhibit TNF-α-induced vascular smooth 

muscle cell proliferation and migration involving the regulation of miR-21, miR-143 and 

miR-145. Food Funct. 11, 8602–8611. 

Cioce, M., Gherardi, S., Viglietto, G., Strano, S., Blandino, G., Muti, P., Ciliberto, G., 2010. 

Mammosphere-forming cells from breast cancer cell lines as a tool for the identification of 

CSC-like- and early progenitor-targeting drugs. Cell Cycle Georget. Tex 9, 2878–2887. 



 

131 

 

Clark, K.L., Halay, E.D., Lai, E., Burley, S.K., 1993. Co-crystal structure of the HNF-3/fork 

head DNA-recognition motif resembles histone H5. Nature 364, 412–420. 

Colicchia, V., Petroni, M., Guarguaglini, G., Sardina, F., Sahún-Roncero, M., Carbonari, M., 

Ricci, B., Heil, C., Capalbo, C., Belardinilli, F., Coppa, A., Peruzzi, G., Screpanti, I., Lavia, 

P., Gulino, A., Giannini, G., 2017. PARP inhibitors enhance replication stress and cause 

mitotic catastrophe in MYCN-dependent neuroblastoma. Oncogene 36, 4682–4691. 

Corso, G., Figueiredo, J., De Angelis, S.P., Corso, F., Girardi, A., Pereira, J., Seruca, R., 

Bonanni, B., Carneiro, P., Pravettoni, G., Guerini Rocco, E., Veronesi, P., Montagna, G., 

Sacchini, V., Gandini, S., 2020. E-cadherin deregulation in breast cancer. J. Cell. Mol. Med. 

24, 5930–5936. 

Coussens, L.M., Werb, Z., 2002. Inflammation and cancer. Nature 420, 860–867. 

Couto, E., Hemminki, K., 2007. Estimates of heritable and environmental components of 

familial breast cancer using family history information. Br. J. Cancer 96, 1740–1742. 

Covello, K.L., Kehler, J., Yu, H., Gordan, J.D., Arsham, A.M., Hu, C.-J., Labosky, P.A., 

Simon, M.C., Keith, B., 2006. HIF-2α regulates Oct-4: effects of hypoxiaon stem cell 

function, embryonic development, and tumor growth. Genes Dev. 20, 557–570. 

Crosby, M.E., Kulshreshtha, R., Ivan, M., Glazer, P.M., 2009. MicroRNA regulation of 

DNA repair gene expression in hypoxic stress. Cancer Res. 69, 1221–1229. 

Cui, S.-Y., Wang, R., Chen, L.-B., 2014. MicroRNA-145: a potent tumour suppressor that 

regulates multiple cellular pathways. J. Cell. Mol. Med. 18, 1913–1926. 

Curtis, P.J., van der Velpen, V., Berends, L., Jennings, A., Feelisch, M., Umpleby, A.M., 

Evans, M., Fernandez, B.O., Meiss, M.S., Minnion, M., Potter, J., Minihane, A.-M., Kay, 

C.D., Rimm, E.B., Cassidy, A., 2019. Blueberries improve biomarkers of cardiometabolic 

function in participants with metabolic syndrome-results from a 6-month, double-blind, 

randomized controlled trial. Am. J. Clin. Nutr. 109, 1535–1545. 

D’Anello, L., Sansone, P., Storci, G., Mitrugno, V., D’Uva, G., Chieco, P., Bonafé, M., 

2010. Epigenetic control of the basal-like gene expression profile via Interleukin-6 in breast 

cancer cells. Mol. Cancer 9, 300. 

Dave, B., Landis, M.D., Dobrolecki, L.E., Wu, M.-F., Zhang, X., Westbrook, T.F., 

Hilsenbeck, S.G., Liu, D., Lewis, M.T., Tweardy, D.J., Chang, J.C., 2012. Selective small 

molecule Stat3 inhibitor reduces breast cancer tumor-initiating cells and improves recurrence 

free survival in a human-xenograft model. PloS One 7, e30207. 

Davidson, K.T., Zhu, Z., Bai, Q., Xiao, H., Wakefield, M.R., Fang, Y., 2019. Blueberry as a 

Potential Radiosensitizer for Treating Cervical Cancer. Pathol. Oncol. Res. POR 25, 81–88. 

Davis, B.J., Xie, Z., Viollet, B., Zou, M.-H., 2006. Activation of the AMP-activated kinase 

by antidiabetes drug metformin stimulates nitric oxide synthesis in vivo by promoting the 



 

132 

 

association of heat shock protein 90 and endothelial nitric oxide synthase. Diabetes 55, 496–

505. 

De Cicco, P., Catani, M.V., Gasperi, V., Sibilano, M., Quaglietta, M., Savini, I., 2019. 

Nutrition and Breast Cancer: A Literature Review on Prevention, Treatment and Recurrence. 

Nutrients 11, E1514. 

de Moreno de Leblanc, A., Matar, C., Farnworth, E., Perdigón, G., 2007. Study of immune 

cells involved in the antitumor effect of kefir in a murine breast cancer model. J. Dairy Sci. 

90, 1920–1928. 

de Moreno de LeBlanc, A., Matar, C., Farnworth, E., Perdigón, G., 2006. Study of cytokines 

involved in the prevention of a murine experimental breast cancer by kefir. Cytokine 34, 1–8. 

de Moreno de LeBlanc, A., Matar, C., LeBlanc, N., Perdigón, G., 2005a. Effects of milk 

fermented by Lactobacillus helveticus R389 on a murine breast cancer model. Breast Cancer 

Res. 7, R477-486. 

de Moreno de LeBlanc, A., Matar, C., Perdigón, G., 2007. The application of probiotics in 

cancer. Br. J. Nutr. 98 Suppl 1, S105-110. 

de Moreno de LeBlanc, A., Matar, C., Thériault, C., Perdigón, G., 2005b. Effects of milk 

fermented by Lactobacillus helveticus R389 on immune cells associated to mammary glands 

in normal and a breast cancer model. Immunobiology 210, 349–358. 

Del Bó, C., Riso, P., Campolo, J., Møller, P., Loft, S., Klimis-Zacas, D., Brambilla, A., 

Rizzolo, A., Porrini, M., 2013. A single portion of blueberry (Vaccinium corymbosum L) 

improves protection against DNA damage but not vascular function in healthy male 

volunteers. Nutr. Res. N. Y. N 33, 220–227. 

Del Rio, D., Costa, L.G., Lean, M.E., Crozier, A., 2010. Polyphenols and health: what 

compounds are involved? Nutr. Metab Cardiovasc Dis 20, 1–6. 

Delpino, F.M., Figueiredo, L.M., Gonçalves da Silva, T., Flores, T.R., 2022. Effects of 

blueberry and cranberry on type 2 diabetes parameters in individuals with or without 

diabetes: A systematic review and meta-analysis of randomized clinical trials. Nutr. Metab. 

Cardiovasc. Dis. NMCD 32, 1093–1109. 

Devlin, C., Greco, S., Martelli, F., Ivan, M., 2011. miR-210: More than a silent player in 

hypoxia. IUBMB Life 63, 94–100. 

Dexter, D.L., Kowalski, H.M., Blazar, B.A., Fligiel, Z., Vogel, R., Heppner, G.H., 1978. 

Heterogeneity of tumor cells from a single mouse mammary tumor. Cancer Res. 38, 3174–

3181. 

Di Lorenzo, C., Colombo, F., Biella, S., Stockley, C., Restani, P., 2021. Polyphenols and 

Human Health: The Role of Bioavailability. Nutrients 13, 273. 



 

133 

 

Dijkers, P.F., Medema, R.H., Pals, C., Banerji, L., Thomas, N.S., Lam, E.W., Burgering, 

B.M., Raaijmakers, J.A., Lammers, J.W., Koenderman, L., Coffer, P.J., 2000. Forkhead 

transcription factor FKHR-L1 modulates cytokine-dependent transcriptional regulation of 

p27(KIP1). Mol. Cell. Biol. 20, 9138–9148. 

Dillekås, H., Rogers, M.S., Straume, O., 2019. Are 90% of deaths from cancer caused by 

metastases? Cancer Med. 8, 5574–5576. 

Ding, N., Liu, C., Hu, C., Yuan, J., Liao, W., Xiao, Z., 2019. Prognostic Factors for Luminal 

B-like Breast Cancer. Curr. Med. Sci. 39, 396–402. 

Dong, T., Zhang, Y., Chen, Y., Liu, P., An, T., Zhang, J., Yang, H., Zhu, W., Yang, X., 

2016. FOXO1 inhibits the invasion and metastasis of hepatocellular carcinoma by reversing 

ZEB2-induced epithelial-mesenchymal transition. Oncotarget 8, 1703–1713. 

Dontu, G., Abdallah, W.M., Foley, J.M., Jackson, K.W., Clarke, M.F., Kawamura, M.J., 

Wicha, M.S., 2003a. In vitro propagation and transcriptional profiling of human mammary 

stem/progenitor cells. Genes Dev. 17, 1253–1270. 

Dontu, G., Al‐Hajj, M., Abdallah, W.M., Clarke, M.F., Wicha, M.S., 2003b. Stem cells in 

normal breast development and breast cancer. Cell Prolif. 36, 59–72. 

Dossus, L., Benusiglio, P.R., 2015. Lobular breast cancer: incidence and genetic and non-

genetic risk factors. Breast Cancer Res. BCR 17, 37. 

Downward, J., 2003. Targeting RAS signalling pathways in cancer therapy. Nat. Rev. Cancer 

3, 11–22. 

Duru, N., Fan, M., Candas, D., Menaa, C., Liu, H.-C., Nantajit, D., Wen, Y., Xiao, K., 

Eldridge, A., Chromy, B.A., Li, S., Spitz, D.R., Lam, K.S., Wicha, M.S., Li, J.J., 2012. 

HER2-Associated Radioresistance of Breast Cancer Stem Cells Isolated from HER2-

Negative Breast Cancer Cells. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 18, 6634–

6647. 

Early Breast Cancer Trialists’ Collaborative Group, 1998. Tamoxifen for early breast cancer: 

an overview of the randomised trials. The Lancet 351, 1451–1467. 

Edreva, A., Velikova, V., 2008. Stress Protective Role of Secondary Metabolites Diversity of 

Functions and Mechanisms. 

Eger, A., Aigner, K., Sonderegger, S., Dampier, B., Oehler, S., Schreiber, M., Berx, G., 

Cano, A., Beug, H., Foisner, R., 2005. DeltaEF1 is a transcriptional repressor of E-cadherin 

and regulates epithelial plasticity in breast cancer cells. Oncogene 24, 2375–2385. 

El Osta, B., Hu, F., Sadek, R., Chintalapally, R., Tang, S.-C., 2017. Not all immune-

checkpoint inhibitors are created equal: Meta-analysis and systematic review of immune-

related adverse events in cancer trials. Crit. Rev. Oncol. Hematol. 119, 1–12. 



 

134 

 

Erin, N., Grahovac, J., Brozovic, A., Efferth, T., 2020. Tumor microenvironment and 

epithelial mesenchymal transition as targets to overcome tumor multidrug resistance. Drug 

Resist. Updat. Rev. Comment. Antimicrob. Anticancer Chemother. 53, 100715. 

Evans, D.G., van Veen, E.M., Howell, A., Astley, S., 2020. Heritability of mammographic 

breast density. Quant. Imaging Med. Surg. 10, 2387–2391. 

Fabbri, M., Paone, A., Calore, F., Galli, R., Gaudio, E., Santhanam, R., Lovat, F., Fadda, P., 

Mao, C., Nuovo, G.J., Zanesi, N., Crawford, M., Ozer, G.H., Wernicke, D., Alder, H., 

Caligiuri, M.A., Nana-Sinkam, P., Perrotti, D., Croce, C.M., 2012. MicroRNAs bind to Toll-

like receptors to induce prometastatic inflammatory response. Proc. Natl. Acad. Sci. U. S. A. 

109, E2110–E2116. 

Fan, J., Xu, G., Chang, Z., Zhu, L., Yao, J., 2020. miR-210 transferred by lung cancer cell-

derived exosomes may act as proangiogenic factor in cancer-associated fibroblasts by 

modulating JAK2/STAT3 pathway. Clin. Sci. 134, 807–825. 

Faria, A., Pestana, D., Teixeira, D., de Freitas, V., Mateus, N., Calhau, C., 2012. Blueberry 

anthocyanins and pyruvic acid adducts: anticancer properties in breast cancer cell lines. 

Phytother. Res. 24, 1862–9. 

Fasanaro, P., Greco, S., Lorenzi, M., Pescatori, M., Brioschi, M., Kulshreshtha, R., Banfi, C., 

Stubbs, A., Calin, G.A., Ivan, M., Capogrossi, M.C., Martelli, F., 2009. An Integrated 

Approach for Experimental Target Identification of Hypoxia-induced miR-210 *. J. Biol. 

Chem. 284, 35134–35143. 

Fernández-Medarde, A., De Las Rivas, J., Santos, E., 2021. 40 Years of RAS—A Historic 

Overview. Genes 12, 681. 

Fifere, A., Turin-Moleavin, I.-A., Rosca, I., 2022. Does Protocatechuic Acid Affect the 

Activity of Commonly Used Antibiotics and Antifungals? Life 12, 1010. 

Fokas, E., McKenna, W.G., Muschel, R.J., 2012. The impact of tumor microenvironment on 

cancer treatment and its modulation by direct and indirect antivascular strategies. Cancer 

Metastasis Rev. 31, 823–842. 

Foulkes, W.D., Smith, I.E., Reis-Filho, J.S., 2010. Triple-negative breast cancer. N. Engl. J. 

Med. 363, 1938–1948. 

Fraga, C.G., Galleano, M., Verstraeten, S.V., Oteiza, P.I., 2010. Basic biochemical 

mechanisms behind the health benefits of polyphenols. Mol. Aspects Med. 31, 435–45. 

Friedman, L.S., Szabo, C.I., Ostermeyer, E.A., Dowd, P., Butler, L., Park, T., Lee, M.K., 

Goode, E.L., Rowell, S.E., King, M.C., 1995. Novel inherited mutations and variable 

expressivity of BRCA1 alleles, including the founder mutation 185delAG in Ashkenazi 

Jewish families. Am. J. Hum. Genet. 57, 1284–1297. 



 

135 

 

Furukawa, S., Fujita, T., Shimabukuro, M., Iwaki, M., Yamada, Y., Nakajima, Y., 

Nakayama, O., Makishima, M., Matsuda, M., Shimomura, I., 2004. Increased oxidative 

stress in obesity and its impact on metabolic syndrome. J. Clin. Invest. 114, 1752–1761. 

Furuyama, T., Nakazawa, T., Nakano, I., Mori, N., 2000. Identification of the differential 

distribution patterns of mRNAs and consensus binding sequences for mouse DAF-16 

homologues. Biochem. J. 349, 629–634. 

Gadkari, P.V., Balaraman, M., 2015. Catechins: Sources, extraction and encapsulation: A 

review. Food Bioprod. Process. 93, 122–138. 

Galili, N., Davis, R.J., Fredericks, W.J., Mukhopadhyay, S., Rauscher, F.J., Emanuel, B.S., 

Rovera, G., Barr, F.G., 1993. Fusion of a fork head domain gene to PAX3 in the solid 

tumour alveolar rhabdomyosarcoma. Nat. Genet. 5, 230–235. 

Gálvez, M.C., Barroso, C.G., Pérez-Bustamante, J.A., 1994. Analysis of polyphenolic 

compounds of different vinegar samples. Z. Für Lebensm.-Unters. Forsch. 199, 29–31. 

Gamble, L.A., Heller, T., Davis, J.L., 2021. Hereditary Diffuse Gastric Cancer Syndrome 

and the Role of CDH1: A Review. JAMA Surg. 156, 387–392. 

Gan, B., Lim, C., Chu, G., Hua, S., Ding, Z., Collins, M., Hu, J., Jiang, S., Fletcher-

Sananikone, E., Zhuang, L., Chang, M., Zheng, H., Wang, Y.A., Kwiatkowski, D.J., Kaelin, 

W.G., Signoretti, S., DePinho, R.A., 2010. FoxOs Enforce a Progression Checkpoint to 

Constrain mTORC1-Activated Renal Tumorigenesis. Cancer Cell 18, 472–484. 

Gao, J., Aksoy, B.A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S.O., Sun, Y., Jacobsen, 

A., Sinha, R., Larsson, E., Cerami, E., Sander, C., Schultz, N., 2013. Integrative analysis of 

complex cancer genomics and clinical profiles using the cBioPortal. Sci. Signal. 6, pl1. 

Gao, P., Xing, A.-Y., Zhou, G.-Y., Zhang, T.-G., Zhang, J.-P., Gao, C., Li, H., Shi, D.-B., 

2013. The molecular mechanism of microRNA-145 to suppress invasion-metastasis cascade 

in gastric cancer. Oncogene 32, 491–501. 

Gee, H.E., Ivan, C., Calin, G.A., Ivan, M., 2014. HypoxamiRs and Cancer: From Biology to 

Targeted Therapy. Antioxid. Redox Signal. 21, 1220–1238. 

Gheghiani, L., Shang, S., Fu, Z., 2020. Targeting the PLK1-FOXO1 pathway as a novel 

therapeutic approach for treating advanced prostate cancer. Sci. Rep. 10, 12327. 

Ghose, J., Sinha, M., Das, E., Jana, N.R., Bhattacharyya, N.P., 2011. Regulation of miR-

146a by RelA/NFkB and p53 in STHdh(Q111)/Hdh(Q111) cells, a cell model of 

Huntington’s disease. PloS One 6, e23837. 

Gianfredi, V., Vannini, S., Moretti, M., Villarini, M., Bragazzi, N.L., Izzotti, A., Nucci, D., 

2017. Sulforaphane and Epigallocatechin Gallate Restore Estrogen Receptor Expression by 

Modulating Epigenetic Events in the Breast Cancer Cell Line MDA-MB-231: A Systematic 

Review and Meta-Analysis. Lifestyle Genomics 10, 126–135. 



 

136 

 

Gibson, L., Rupasinghe, H.P.V., Forney, C.F., Eaton, L., 2013. Characterization of Changes 

in Polyphenols, Antioxidant Capacity and Physico-Chemical Parameters during Lowbush 

Blueberry Fruit Ripening. Antioxidants 2, 216–229. 

Giovannelli, P., Donato, M.D., Giraldi, T., Migliaccio, A., Castoria, G., Auricchio, F., 2012. 

Targeting rapid action of sex-steroid receptors in breast and prostate cancers. Front. Biosci.-

Elite 4, 453–461. 

Glade, M.J., 1999. Food, nutrition, and the prevention of cancer: a global perspective. 

American Institute for Cancer Research/World Cancer Research Fund, American Institute for 

Cancer Research, 1997. Nutr. Burbank Los Angel. Cty. Calif 15, 523–526. 

Gonthier, M.-P., Verny, M.-A., Besson, C., Rémésy, C., Scalbert, A., 2003. Chlorogenic acid 

bioavailability largely depends on its metabolism by the gut microflora in rats. J. Nutr. 133, 

1853–1859. 

Graham, É.A., Mallet, J.-F., Jambi, M., Nishioka, H., Homma, K., Matar, C., 2017. 

MicroRNA signature in the chemoprevention of functionally-enriched stem and progenitor 

pools (FESPP) by Active Hexose Correlated Compound (AHCC). Cancer Biol. Ther. 18, 

765–774. 

Gratton, G., Weaver, S.R., Burley, C.V., Low, K.A., Maclin, E.L., Johns, P.W., Pham, Q.S., 

Lucas, S.J.E., Fabiani, M., Rendeiro, C., 2020. Dietary flavanols improve cerebral cortical 

oxygenation and cognition in healthy adults. Sci. Rep. 10, 19409. 

Graziano, A., d’Aquino, R., Tirino, V., Desiderio, V., Rossi, A., Pirozzi, G., 2008. The stem 

cell hypothesis in head and neck cancer. J. Cell. Biochem. 103, 408–12. 

Greenlee, H., Balneaves, L.G., Carlson, L.E., Cohen, M., Deng, G., Hershman, D., Mumber, 

M., Perlmutter, J., Seely, D., Sen, A., Zick, S.M., Tripathy, D., Group,  for the S. for 

I.O.G.W., 2014. Clinical Practice Guidelines on the Use of Integrative Therapies as 

Supportive Care in Patients Treated for Breast Cancer. JNCI Monogr. 2014, 346–358. 

Greer, E.L., Brunet, A., 2005. FOXO transcription factors at the interface between longevity 

and tumor suppression. Oncogene 24, 7410–7425. 

Grewal, T., Koese, M., Tebar, F., Enrich, C., 2011. Differential Regulation of RasGAPs in 

Cancer. Genes Cancer 2, 288–297. 

Grosso, S., Doyen, J., Parks, S.K., Bertero, T., Paye, A., Cardinaud, B., Gounon, P., Lacas-

Gervais, S., Noël, A., Pouysségur, J., Barbry, P., Mazure, N.M., Mari, B., 2013. MiR-210 

promotes a hypoxic phenotype and increases radioresistance in human lung cancer cell lines. 

Cell Death Dis. 4, e544. 

Gueron, G., De Siervi, A., Vazquez, E., 2012. Advanced prostate cancer: reinforcing the 

strings between inflammation and the metastatic behavior. Prostate Cancer Prostatic Dis. 15, 

213–221. 



 

137 

 

Guerrero-Zotano, A., Mayer, I.A., Arteaga, C.L., 2016. PI3K/AKT/mTOR: role in breast 

cancer progression, drug resistance, and treatment. Cancer Metastasis Rev. 35, 515–524. 

Guigas, B., Bertrand, L., Taleux, N., Foretz, M., Wiernsperger, N., Vertommen, D., 

Andreelli, F., Viollet, B., Hue, L., 2006. 5-Aminoimidazole-4-carboxamide-1-beta-D-

ribofuranoside and metformin inhibit hepatic glucose phosphorylation by an AMP-activated 

protein kinase-independent effect on glucokinase translocation. Diabetes 55, 865–874. 

Gupta, S., Ramjaun, A.R., Haiko, P., Wang, Y., Warne, P.H., Nicke, B., Nye, E., Stamp, G., 

Alitalo, K., Downward, J., 2007. Binding of ras to phosphoinositide 3-kinase p110alpha is 

required for ras-driven tumorigenesis in mice. Cell 129, 957–968. 

Guttilla, I.K., Phoenix, K.N., Hong, X., Tirnauer, J.S., Claffey, K.P., White, B.A., 2012. 

Prolonged mammosphere culture of MCF-7 cells induces an EMT and repression of the 

estrogen receptor by microRNAs. Breast Cancer Res. Treat. 132, 75–85. 

Guzel Tanoglu, E., Ozturk, S., 2021. miR-145 suppresses epithelial-mesenchymal transition 

by targeting stem cells in Ewing sarcoma cells. Bratisl. Lek. Listy 122, 71–77. 

Hall, J.M., Friedman, L., Guenther, C., Lee, M.K., Weber, J.L., Black, D.M., King, M.C., 

1992. Closing in on a breast cancer gene on chromosome 17q. Am. J. Hum. Genet. 50, 1235–

1242. 

Hall, J.M., Lee, M.K., Newman, B., Morrow, J.E., Anderson, L.A., Huey, B., King, M.-C., 

1990. Linkage of Early-Onset Familial Breast Cancer to Chromosome 17q21. Science 250, 

1684–1689. 

Han, M., Song, Y., Zhang, X., 2016. Quercetin Suppresses the Migration and Invasion in 

Human Colon Cancer Caco-2 Cells Through Regulating Toll-like Receptor 4/Nuclear 

Factor-kappa B Pathway. Pharmacogn Mag 12, 237–244. 

Han, Y., Liu, D., Li, L., 2020. PD-1/PD-L1 pathway: current researches in cancer. Am. J. 

Cancer Res. 10, 727–742. 

Hanamura, T., Hayashi, S., 2018. Overcoming aromatase inhibitor resistance in breast 

cancer: possible mechanisms and clinical applications. Breast Cancer 25, 379–391. 

Hansford, S., Kaurah, P., Li-Chang, H., Woo, M., Senz, J., Pinheiro, H., Schrader, K.A., 

Schaeffer, D.F., Shumansky, K., Zogopoulos, G., Santos, T.A., Claro, I., Carvalho, J., 

Nielsen, C., Padilla, S., Lum, A., Talhouk, A., Baker-Lange, K., Richardson, S., Lewis, I., 

Lindor, N.M., Pennell, E., MacMillan, A., Fernandez, B., Keller, G., Lynch, H., Shah, S.P., 

Guilford, P., Gallinger, S., Corso, G., Roviello, F., Caldas, C., Oliveira, C., Pharoah, P.D.P., 

Huntsman, D.G., 2015. Hereditary Diffuse Gastric Cancer Syndrome: CDH1 Mutations and 

Beyond. JAMA Oncol. 1, 23–32. 

Hapke, R.Y., Haake, S.M., 2020. Hypoxia-induced epithelial to mesenchymal transition in 

cancer. Cancer Lett. 487, 10–20. 



 

138 

 

Hardy, T.M., Tollefsbol, T.O., 2011. Epigenetic diet: impact on the epigenome  and cancer. 

Epigenomics 3, 503–518. 

Hartmann, L.C., Lindor, N.M., 2016. The Role of Risk-Reducing Surgery in Hereditary 

Breast and Ovarian Cancer. N. Engl. J. Med. 374, 454–468. 

Hatfield, S., Ruohola-Baker, H., 2008. microRNA and stem cell function. Cell Tissue Res. 

331, 57–66. 

Hazan, R.B., Phillips, G.R., Qiao, R.F., Norton, L., Aaronson, S.A., 2000. Exogenous 

expression of N-cadherin in breast cancer cells induces cell migration, invasion, and 

metastasis. J. Cell Biol. 148, 779–790. 

Herbrich, S., Baran, N., Cai, T., Weng, C., Aitken, M.J.L., Post, S.M., Henderson, J., Shi, C., 

Richard-Carpentier, G., Sauvageau, G., Baggerly, K., Al-Atrash, G., Davis, R.E., Daver, N., 

Zha, D., Konopleva, M., 2021. Overexpression of CD200 is a Stem Cell-Specific Mechanism 

of Immune Evasion in AML. J. Immunother. Cancer 9, e002968. 

Herceg, Z., Hernandez-Vargas, H., 2011. New concepts of old epigenetic phenomena and 

their implications for selecting specific cell populations for epigenomic research. 

Epigenomics 3, 383–386. 

Hernandez-Vargas, H., Ouzounova, M., Le Calvez-Kelm, F., Lambert, M.-P., McKay-

Chopin, S., Tavtigian, S.V., Puisieux, A., Matar, C., Herceg, Z., 2011. Methylome analysis 

reveals Jak-STAT pathway deregulation in putative breast cancer stem cells. Epigenetics 6, 

428–439. 

Herrera-Balandrano, D.D., Chai, Z., Hutabarat, R.P., Beta, T., Feng, J., Ma, K., Li, D., 

Huang, W., 2021. Hypoglycemic and hypolipidemic effects of blueberry anthocyanins by 

AMPK activation: In vitro and in vivo studies. Redox Biol. 46, 102100. 

Hinman, R.M., Bushanam, J.N., Nichols, W.A., Satterthwaite, A.B., 2007. B Cell Receptor 

Signaling Down-Regulates Forkhead Box Transcription Factor Class O 1 mRNA Expression 

via Phosphatidylinositol 3-Kinase and Bruton’s Tyrosine Kinase1. J. Immunol. 178, 740–

747. 

Hirsch, H.A., Iliopoulos, D., Struhl, K., 2013. Metformin inhibits the inflammatory response 

associated with cellular transformation and cancer stem cell growth. Proc. Natl. Acad. Sci. U. 

S. A. 110, 972–977. 

Hirsch, H.A., Iliopoulos, D., Tsichlis, P.N., Struhl, K., 2009. Metformin selectively targets 

cancer stem cells, and acts together with chemotherapy to block tumor growth and prolong 

remission. Cancer Res. 69, 7507–7511. 

Ho, H.-H., Chang, C.-S., Ho, W.-C., Liao, S.-Y., Lin, W.-L., Wang, C.-J., 2013. Gallic acid 

inhibits gastric cancer cells metastasis and invasive growth via increased expression of 

RhoB, downregulation of AKT/small GTPase signals and inhibition of NF-κB activity. 

Toxicol. Appl. Pharmacol. 266, 76–85. 



 

139 

 

Hong, L., Yang, J., Han, Y., Lu, Q., Cao, J., Syed, L., 2012. High expression of miR-210 

predicts poor survival in patients with breast cancer: a meta-analysis. Gene 507, 135–138. 

Howell, A., Kalt, W., Duy, J.C., Forney, C.F., McDonald, J.E., 2001. Horticultural Factors 

Affecting Antioxidant Capacity of Blueberries and other Small Fruit. HortTechnology 11, 

523–528. 

Howlader, N., Altekruse, S.F., Li, C.I., Chen, V.W., Clarke, C.A., Ries, L.A.G., Cronin, 

K.A., 2014. US Incidence of Breast Cancer Subtypes Defined by Joint Hormone Receptor 

and HER2 Status. JNCI J. Natl. Cancer Inst. 106, dju055. 

Hu, M.C.-T., Lee, D.-F., Xia, W., Golfman, L.S., Ou-Yang, F., Yang, J.-Y., Zou, Y., Bao, S., 

Hanada, N., Saso, H., Kobayashi, R., Hung, M.-C., 2004. IκB Kinase Promotes 

Tumorigenesis through Inhibition of Forkhead FOXO3a. Cell 117, 225–237. 

Huang, H., Regan, K.M., Wang, F., Wang, D., Smith, D.I., van Deursen, J.M.A., Tindall, 

D.J., 2005. Skp2 inhibits FOXO1 in tumor suppression through ubiquitin-mediated 

degradation. Proc. Natl. Acad. Sci. 102, 1649–1654. 

Huang, P.-J., Hseu, Y.-C., Lee, M.-S., Senthil Kumar, K.J., Wu, C.-R., Hsu, L.-S., Liao, J.-

W., Cheng, I.-S., Kuo, Y.-T., Huang, S.-Y., Yang, H.-L., 2012. In vitro and in vivo activity 

of gallic acid and Toona sinensis leaf extracts against HL-60 human premyelocytic leukemia. 

Food Chem. Toxicol. Int. J. Publ. Br. Ind. Biol. Res. Assoc. 50, 3489–3497. 

Huang, S., Murphy, L., Xu, W., 2018. Genes and functions from breast cancer signatures. 

BMC Cancer 18, 473. 

Huang, X., Zuo, J., 2014. Emerging roles of miR-210 and other non-coding RNAs in the 

hypoxic response. Acta Biochim. Biophys. Sin. 46, 220–232. 

Huber, M.A., Beug, H., Wirth, T., 2004. Epithelial-mesenchymal transition: NF-kappaB 

takes center stage. Cell Cycle Georget. Tex 3, 1477–1480. 

Hurst, D.R., Edmonds, M.D., Welch, D.R., 2009. Metastamir: The Field of Metastasis-

Regulatory microRNA Is Spreading. Cancer Res. 69, 7495–7498. 

Iliopoulos, D., Hirsch, H.A., Struhl, K., 2009a. An epigenetic switch involving NF-kappaB, 

Lin28, Let-7 MicroRNA, and IL6 links inflammation to cell transformation. Cell 139, 693–

706. 

Iliopoulos, D., Hirsch, H.A., Wang, G., Struhl, K., 2011. Inducible formation of breast 

cancer stem cells and their dynamic equilibrium with non-stem cancer cells via IL6 

secretion. Proc. Natl. Acad. Sci. U. S. A. 108, 1397–1402. 

Iliopoulos, D., Jaeger, S.A., Hirsch, H.A., Bulyk, M.L., Struhl, K., 2010a. STAT3 activation 

of miR-21 and miR-181b-1 via PTEN and CYLD are part of the epigenetic switch linking 

inflammation to cancer. Mol. Cell 39, 493–506. 



 

140 

 

Iliopoulos, D., Lindahl-Allen, M., Polytarchou, C., Hirsch, H.A., Tsichlis, P.N., Struhl, K., 

2010b. Loss of miR-200 Inhibition of Suz12 Leads to Polycomb-Mediated Repression 

Required for the Formation and Maintenance of Cancer Stem Cells. Mol. Cell 39, 761–772. 

Iliopoulos, D., Polytarchou, C., Hatziapostolou, M., Kottakis, F., Maroulakou, I.G., Struhl, 

K., Tsichlis, P.N., 2009b. MicroRNAs Differentially Regulated by Akt Isoforms Control 

EMT and Stem Cell Renewal in Cancer Cells. Sci. Signal. 2, ra62. 

Iorio, M.V., Ferracin, M., Liu, C.-G., Veronese, A., Spizzo, R., Sabbioni, S., Magri, E., 

Pedriali, M., Fabbri, M., Campiglio, M., Ménard, S., Palazzo, J.P., Rosenberg, A., Musiani, 

P., Volinia, S., Nenci, I., Calin, G.A., Querzoli, P., Negrini, M., Croce, C.M., 2005. 

MicroRNA gene expression deregulation in human breast cancer. Cancer Res. 65, 7065–

7070. 

Ivan, M., Huang, X., 2014. miR-210: Fine-Tuning the Hypoxic Response. Adv. Exp. Med. 

Biol. 772, 205–227. 

Jackson, J.G., Kreisberg, J.I., Koterba, A.P., Yee, D., Brattain, M.G., 2000. Phosphorylation 

and nuclear exclusion of the forkhead transcription factor FKHR after epidermal growth 

factor treatment in human breast cancer cells. Oncogene 19, 4574–4581. 

Jeyabalan, J., Aqil, F., Munagala, R., Annamalai, L., Vadhanam, M.V., Gupta, R.C., 2013. 

Chemopreventive and Therapeutic Activity of Dietary Blueberry against Estrogen-Mediated 

Breast Cancer. J. Agric. Food Chem. 

Jiang, G., Huang, Chao, Li, J., Huang, H., Jin, H., Zhu, J., Wu, X.-R., Huang, Chuanshu, 

2017. Role of STAT3 and FOXO1 in the Divergent Therapeutic Responses of Non-

metastatic and Metastatic Bladder Cancer Cells to miR-145. Mol. Cancer Ther. 16, 924–935. 

Jiang, S.-B., He, X.-J., Xia, Y.-J., Hu, W.-J., Luo, J.-G., Zhang, J., Tao, H.-Q., 2016. 

MicroRNA-145-5p inhibits gastric cancer invasiveness through targeting N-cadherin and 

ZEB2 to suppress epithelial–mesenchymal transition. OncoTargets Ther. 9, 2305. 

Jung, J.-W., Park, S.-B., Lee, S.-J., Seo, M.-S., Trosko, J.E., Kang, K.-S., 2011. Metformin 

represses self-renewal of the human breast carcinoma stem cells via inhibition of estrogen 

receptor-mediated OCT4 expression. PloS One 6, e28068. 

Jung, Y.-S., Vermeer, P.D., Vermeer, D.W., Lee, S.-J., Goh, A.R., Ahn, H.-J., Lee, J.H., 

2015. CD200: association with cancer stem cell features and response to chemoradiation in 

head and neck squamous cell carcinoma. Head Neck 37, 327–335. 

Kaestner, K.H., Knochel, W., Martinez, D.E., 2000. Unified nomenclature for the winged 

helix/forkhead transcription factors. Genes Dev. 14, 142–146. 

Kahkeshani, N., Farzaei, F., Fotouhi, M., Alavi, S.S., Bahramsoltani, R., Naseri, R., Momtaz, 

S., Abbasabadi, Z., Rahimi, R., Farzaei, M.H., Bishayee, A., 2019. Pharmacological effects 

of gallic acid in health and diseases: A mechanistic review. Iran. J. Basic Med. Sci. 22, 225–

237. 



 

141 

 

Kanaya, N., Adams, L., Takasaki, A., Chen, S., 2014. Whole blueberry powder inhibits 

metastasis of triple negative breast cancer in a xenograft mouse model through modulation of 

inflammatory cytokines. Nutr. Cancer 66, 242–248. 

Kang, J., Thakali, K.M., Jensen, G.S., Wu, X., 2015. Phenolic Acids of the Two Major 

Blueberry Species in the US Market and Their Antioxidant and Anti-inflammatory 

Activities. Plant Foods Hum. Nutr. 70, 56–62. 

Kang, S., Kim, S.-M., Sung, J.-H., 2014. Cellular and molecular stimulation of adipose-

derived stem cells under hypoxia. Cell Biol. Int. 38, 553–562. 

Kargin, D., Tomaino, L., Serra-Majem, L., 2019. Experimental Outcomes of the 

Mediterranean Diet: Lessons Learned from the Predimed Randomized Controlled Trial. 

Nutrients 11, 2991. 

Karsten, U., Goletz, S., 2013. What makes cancer stem cell markers different? SpringerPlus 

2, 301. 

Kashii, Y., Uchida, M., Kirito, K., Tanaka, M., Nishijima, K., Toshima, M., Ando, T., 

Koizumi, K., Endoh, T., Sawada, K., Momoi, M., Miura, Y., Ozawa, K., Komatsu, N., 2000. 

A member of Forkhead family transcription factor, FKHRL1, is one of the downstream 

molecules of phosphatidylinositol 3-kinase-Akt activation pathway in erythropoietin signal 

transduction. Blood 96, 941–949. 

Kay, C.D., Holub, B.J., 2002. The effect of wild blueberry (Vaccinium angustifolium) 

consumption on postprandial serum antioxidant status in human subjects. Br. J. Nutr. 88, 

389–398. 

Khaled, N., Bidet, Y., 2019. New Insights into the Implication of Epigenetic Alterations in 

the EMT of Triple Negative Breast Cancer. Cancers 11, 559. 

Khan, A.Q., Ahmed, E.I., Elareer, N.R., Junejo, K., Steinhoff, M., Uddin, S., 2019. Role of 

miRNA-Regulated Cancer Stem Cells in the Pathogenesis of Human Malignancies. Cells 8, 

840. 

Kharb, R., Haider, K., Neha, K., Yar, M.S., 2020. Aromatase inhibitors: Role in 

postmenopausal breast cancer. Arch. Pharm. (Weinheim) 353, e2000081. 

Killock, D., 2021. Pembrolizumab can delay progression of TNBC. Nat. Rev. Clin. Oncol. 

18, 64–64. 

Kim, J.G., Kim, H.L., Kim, S.J., Park, K.-S., 2013. Fruit quality, anthocyanin and total 

phenolic contents, and antioxidant activities of 45 blueberry cultivars grown in Suwon, 

Korea. J. Zhejiang Univ. Sci. B 14, 793–799. 

Kim, R.-J., Nam, J.-S., 2011. OCT4 Expression Enhances Features of Cancer Stem Cells in a 

Mouse Model of Breast Cancer. Lab. Anim. Res. 27, 147–152. 



 

142 

 

Kim, Y.-J., Uyama, H., Kobayashi, S., 2004. Inhibition effects of (+)-catechin-aldehyde 

polycondensates on proteinases causing proteolytic degradation of extracellular matrix. 

Biochem. Biophys. Res. Commun. 320, 256–261. 

Kirk, R., 2010. Surgical oncology: Cancer risk reduction in BRCA mutation carriers. Nat. 

Rev. Clin. Oncol. 7, 609. 

Kleiblová, P., Stolařová, L., Křížová, K., Lhota, F., Hojný, J., Zemánková, P., Havránek, O., 

Vočka, M., Černá, M., Lhotová, K., Borecká, M., Janatová, M., Soukupová, J., Ševčík, J., 

Zimovjanová, M., Kotlas, J., Panczak, A., Veselá, K., Červenková, J., Schneiderová, M., 

Burócziová, M., Burdová, K., Stránecký, V., Foretová, L., Macháčková, E., Tavandzis, S., 

Kmoch, S., Macůrek, L., Kleibl, Z., 2019. Germline CHEK2 Gene Mutations in Hereditary 

Breast Cancer Predisposition - Mutation Types and their Biological and Clinical Relevance. 

Klin. Onkol. Cas. Ceske Slov. Onkol. Spolecnosti 32, 36–50. 

Kops, G.J., Burgering, B.M., 1999. Forkhead transcription factors: new insights into protein 

kinase B (c-akt) signaling. J. Mol. Med. Berl. Ger. 77, 656–665. 

Korkaya, H., Liu, S., Wicha, M.S., 2011. Regulation of cancer stem cells by cytokine 

networks: attacking cancer’s inflammatory roots. Clin. Cancer Res. Off. J. Am. Assoc. 

Cancer Res. 17, 6125–6129. 

Koul, H.K., Pal, M., Koul, S., 2013. Role of p38 MAP Kinase Signal Transduction in Solid 

Tumors. Genes Cancer 4, 342–359. 

Krikorian, R., Skelton, M.R., Summer, S.S., Shidler, M.D., Sullivan, P.G., 2022. Blueberry 

Supplementation in Midlife for Dementia Risk Reduction. Nutrients 14, 1619. 

Kuhnle, G., Spencer, J.P., Chowrimootoo, G., Schroeter, H., Debnam, E.S., Srai, S.K., Rice-

Evans, C., Hahn, U., 2000. Resveratrol is absorbed in the small intestine as resveratrol 

glucuronide. Biochem. Biophys. Res. Commun. 272, 212–217. 

Kulshreshtha, R., Ferracin, M., Wojcik, S.E., Garzon, R., Alder, H., Agosto-Perez, F.J., 

Davuluri, R., Liu, C.-G., Croce, C.M., Negrini, M., Calin, G.A., Ivan, M., 2007. A 

MicroRNA Signature of Hypoxia. Mol. Cell. Biol. 27, 1859–1867. 

Kumar, S.M., Liu, S., Lu, H., Zhang, H., Zhang, P.J., Gimotty, P.A., Guerra, M., Guo, W., 

Xu, X., 2012. Acquired cancer stem cell phenotypes through Oct4-mediated 

dedifferentiation. Oncogene 31, 4898–4911. 

Lambert, A.W., Pattabiraman, D.R., Weinberg, R.A., 2017. Emerging Biological Principles 

of Metastasis. Cell 168, 670–691. 

Lamy, S., Akla, N., Ouanouki, A., Lord-Dufour, S., Béliveau, R., 2012. Diet-derived 

polyphenols inhibit angiogenesis by modulating the interleukin-6/STAT3 pathway. Exp. Cell 

Res. 318, 1586–1596. 



 

143 

 

Lan, H., Hong, W., Qian, D., Peng, F., Li, H., Liang, C., Du, M., Gu, J., Mai, J., Bai, B., 

Peng, G., 2021. Quercetin modulates the gut microbiota as well as the metabolome in a rat 

model of osteoarthritis. Bioengineered 12, 6240–6250. 

Laptenko, O., Prives, C., 2006. Transcriptional regulation by p53: one protein, many 

possibilities. Cell Death Differ. 13, 951–961. 

Larue, L., Bellacosa, A., 2005. Epithelial-mesenchymal transition in development and 

cancer: role of phosphatidylinositol 3’ kinase/AKT pathways. Oncogene 24, 7443–7454. 

Lashinger, L.M., Ford, N.A., Hursting, S.D., 2014. Interacting inflammatory and growth 

factor signals underlie the obesity-cancer link. J. Nutr. 144, 109–113. 

Lavalette, C., Adjibade, M., Srour, B., Sellem, L., Fiolet, T., Hercberg, S., Latino-Martel, P., 

Fassier, P., Deschasaux, M., Kesse-Guyot, E., Touvier, M., 2018. Cancer-Specific and 

General Nutritional Scores and Cancer Risk: Results from the Prospective NutriNet-Santé 

Cohort. Cancer Res. 78, 4427–4435. 

Le Flèche-Matéos, A., Kügler, J.H., Hansen, S.H., Syldatk, C., Hausmann, R., Lomprez, F., 

Vandenbogaert, M., Manuguerra, J.-C., Grimont, P.A.D., 2017. Rouxiella badensis sp. nov. 

and Rouxiella silvae sp. nov. isolated from peat bog soil and emendation description of the 

genus Rouxiella. Int. J. Syst. Evol. Microbiol. 67, 1255–1259. 

Leake, J.R., Read, D.J., 1989. The biology of mycorrhiza in the Ericaceae. New Phytol. 112, 

69–76. 

Leblanc, J., Fliss, I., Matar, C., 2004. Induction of a humoral immune response following an 

Escherichia coli O157:H7 infection with an immunomodulatory peptidic fraction derived 

from Lactobacillus helveticus-fermented milk. Clin. Diagn. Lab. Immunol. 11, 1171–1181. 

Lee, Y.-M., Yoon, Y., Yoon, H., Park, H.-M., Song, S., Yeum, K.-J., 2017. Dietary 

Anthocyanins against Obesity and Inflammation. Nutrients 9, 1089. 

Leisner, T.M., Moran, C., Holly, S.P., Parise, L.V., 2013. CIB1 prevents nuclear GAPDH 

accumulation and non-apoptotic tumor cell death via AKT and ERK signaling. Oncogene 32, 

4017–4027. 

Lelekakis, M., Moseley, J.M., Martin, T.J., Hards, D., Williams, E., Ho, P., Lowen, D., 

Javni, J., Miller, F.R., Slavin, J., Anderson, R.L., 1999. A novel orthotopic model of breast 

cancer metastasis to bone. Clin. Exp. Metastasis 17, 163–70. 

Lende, A.B., Kshirsagar, A.D., Deshpande, A.D., Muley, M.M., Patil, R.R., Bafna, P.A., 

Naik, S.R., 2011. Anti-inflammatory and analgesic activity of protocatechuic acid in rats and 

mice. Inflammopharmacology 19, 255–263. 

Lens, M., Ferrucci, P.F., Testori, A., 2008. Anti-CTLA4 monoclonal antibody Ipilimumab in 

the treatment of metastatic melanoma: recent findings. Recent Patents Anticancer Drug 

Discov. 3, 105–113. 



 

144 

 

Lev-Yadun, S., Gould, K., 2009. Role of Anthocyanins in Plant Defence, in: Winefield, C., 

Davies, K., Gould, K. (Eds.), Anthocyanins: Biosynthesis, Functions, and Applications. 

Springer, New York, NY, pp. 22–28. 

Li, Q., Li, N., Cai, W., Xiao, M., Liu, B., Zeng, F., 2022. Fermented natural product 

targeting gut microbiota regulate immunity and anti-inflammatory activity: A possible way 

to prevent COVID-19 in daily diet. J. Funct. Foods 97, 105229. 

Li, T., Li, F., Liu, X., Liu, J., Li, D., 2019. Synergistic anti-inflammatory effects of quercetin 

and catechin via inhibiting activation of TLR4-MyD88-mediated NF-κB and MAPK 

signaling pathways. Phytother. Res. PTR 33, 756–767. 

Li, X., Chen, S.-H., Zeng, J.-W., 2020. MiR-421 Is Overexpressed and Promotes Cell 

Proliferation in Non-Small Cell Lung Cancer. Med. Princ. Pract. 29, 80–89. 

Li, X., Wang, X., Chen, D., Chen, S., 2011. Antioxidant Activity and Mechanism of 

Protocatechuic Acid in vitro. Funct. Foods Health Dis. 1, 232–244. 

Li, Y., Liu, X., Lin, X., Zhao, M., Xiao, Y., Liu, C., Liang, Z., Lin, Z., Yi, R., Tang, Z., 

2019. Chemical compound cino-bufotalin potently induces FOXO1-stimulated cisplatin 

sensitivity by antagonizing its binding partner MYH9. Signal Transduct. Target. Ther. 4, 48. 

Li, Y., Lu, X., Tian, P., Wang, K., Shi, J., 2021. Procyanidin B2 induces apoptosis and 

autophagy in gastric cancer cells by inhibiting Akt/mTOR signaling pathway. BMC 

Complement. Med. Ther. 21, 76. 

Li, Z., Liu, Y., Wang, F., Gao, Z., Elhefny, M.A., Habotta, O.A., Abdel Moneim, A.E., 

Kassab, R.B., 2021. Neuroprotective effects of protocatechuic acid on sodium arsenate 

induced toxicity in mice: Role of oxidative stress, inflammation, and apoptosis. Chem. Biol. 

Interact. 337, 109392. 

Ligibel, J.A., Basen-Engquist, K., Bea, J.W., 2019. Weight Management and Physical 

Activity for Breast Cancer Prevention and Control. Am. Soc. Clin. Oncol. Educ. Book Am. 

Soc. Clin. Oncol. Annu. Meet. 39, e22–e33. 

Lima, S.C.S., Hernandez-Vargas, H., Herceg, Z., 2010. Epigenetic signatures in cancer: 

Implications for the control of cancer in the clinic. Curr. Opin. Mol. Ther. 12, 316–324. 

Lin, B., Gong, C., Song, H., Cui, Y., 2017. Effects of anthocyanins on the prevention and 

treatment of cancer. Br. J. Pharmacol. 174, 1226–1243. 

Lin, H.-H., Chen, J.-H., Chou, F.-P., Wang, C.-J., 2011. Protocatechuic acid inhibits cancer 

cell metastasis involving the down-regulation of Ras/Akt/NF-κB pathway and MMP-2 

production by targeting RhoB activation. Br. J. Pharmacol. 162, 237–254. 

Lin, W., Wang, W., Yang, H., Wang, D., Ling, W., 2016. Influence of Intestinal Microbiota 

on the Catabolism of Flavonoids in Mice. J. Food Sci. 81, H3026–H3034. 



 

145 

 

Lin, Y., Li, B., Zhao, J., Wei, L., Wang, Y., Wang, M., Dia, V.P., Meng, X., 2019. 

Combinatorial effect of blueberry extracts and oxaliplatin in human colon cancer cells. J. 

Cell. Physiol. 234, 17242–17253. 

Link, L.B., Canchola, A.J., Bernstein, L., Clarke, C.A., Stram, D.O., Ursin, G., Horn-Ross, 

P.L., 2013. Dietary patterns and breast cancer risk in the California Teachers Study cohort. 

Am. J. Clin. Nutr. 98, 1524–1532. 

Liu, R.H., 2013. Dietary Bioactive Compounds and Their Health Implications. J. Food Sci. 

78, A18–A25. 

Liu, Y., Gong, W., Yang, Z.Y., Zhou, X.S., Gong, C., Zhang, T.R., Wei, X., Ma, D., Ye, F., 

Gao, Q.L., 2017. Quercetin induces protective autophagy and apoptosis through ER stress 

via the p-STAT3/Bcl-2 axis in ovarian cancer. Apoptosis Int. J. Program. Cell Death 22, 

544–557. 

Liu, Z., Ren, Y., Meng, L., Li, L., Beatson, R., Deng, J., Zhang, T., Liu, J., Han, X., 2021. 

Epigenetic Signaling of Cancer Stem Cells During Inflammation. Front. Cell Dev. Biol. 9. 

Liu, Z.-L., Wang, H., Liu, J., Wang, Z.-X., 2013. MicroRNA-21 (miR-21) expression 

promotes growth, metastasis, and chemo- or radioresistance in non-small cell lung cancer 

cells by targeting PTEN. Mol. Cell. Biochem. 372, 35–45. 

Lohachoompol, V., Srzednicki, G., Craske, J., 2004. The Change of Total Anthocyanins in 

Blueberries and Their Antioxidant Effect After Drying and Freezing. J. Biomed. Biotechnol. 

2004, 248–252. 

Lu, H., Huang, H., 2011. FOXO1: a potential target for human diseases. Curr. Drug Targets 

12, 1235–1244. 

Lyons, T.G., 2019. Targeted Therapies for Triple-Negative Breast Cancer. Curr. Treat. 

Options Oncol. 20, 82. 

Mak, K.-K., Wu, A.T.H., Lee, W.-H., Chang, T.-C., Chiou, J.-F., Wang, L.-S., Wu, C.-H., 

Huang, C.-Y.F., Shieh, Y.-S., Chao, T.-Y., Ho, C.-T., Yen, G.-C., Yeh, C.-T., 2013. 

Pterostilbene, a bioactive component of blueberries, suppresses the generation of breast 

cancer stem cells within tumor microenvironment and metastasis via modulating NF-

κB/microRNA 448 circuit. Mol. Nutr. Food Res. 57, 1123–1134. 

Malaney, S., Daly, R.J., 2001. The Ras Signaling Pathway in Mammary Tumorigenesis and 

Metastasis. J. Mammary Gland Biol. Neoplasia 6, 101–113. 

Mallet, J.F., Shahbazi, R., Alsadi, N., Matar, C., 2021. Polyphenol-Enriched Blueberry 

Preparation Controls Breast Cancer Stem Cells by Targeting FOXO1 and miR-145. 

Molecules 26. 



 

146 

 

Manach, C., Williamson, G., Morand, C., Scalbert, A., Rémésy, C., 2005. Bioavailability and 

bioefficacy of polyphenols in humans. I. Review of 97 bioavailability studies. Am. J. Clin. 

Nutr. 81, 230S-242S. 

Manuel Iglesias, J., Beloqui, I., Garcia-Garcia, F., Leis, O., Vazquez-Martin, A., Eguiara, A., 

Cufi, S., Pavon, A., Menendez, J.A., Dopazo, J., 2013. Mammosphere Formation in Breast 

Carcinoma Cell Lines Depends upon Expression of E-cadherin. PLOS ONE 8, e77281. 

Marotta, L.L.C., Almendro, V., Marusyk, A., Shipitsin, M., Schemme, J., Walker, S.R., 

Bloushtain-Qimron, N., Kim, J.J., Choudhury, S.A., Maruyama, R., Wu, Z., Gönen, M., 

Mulvey, L.A., Bessarabova, M.O., Huh, S.J., Silver, S.J., Kim, S.Y., Park, S.Y., Lee, H.E., 

Anderson, K.S., Richardson, A.L., Nikolskaya, T., Nikolsky, Y., Liu, X.S., Root, D.E., 

Hahn, W.C., Frank, D.A., Polyak, K., 2011. The JAK2/STAT3 signaling pathway is required 

for growth of CD44+CD24− stem cell-like breast cancer cells in human tumors. J. Clin. 

Invest. 121, 2723–2735. 

Martin, L.J., Matar, C., 2005. Increase of antioxidant capacity of the lowbush blueberry 

(Vaccinium angustifolium) during fermentation by a novel bacterium from the fruit 

microflora. J. Sci. Food Agric. 85, 1477–1484. 

Martinez, S.C., Cras-Méneur, C., Bernal-Mizrachi, E., Permutt, M.A., 2006. Glucose 

regulates Foxo1 through insulin receptor signaling in the pancreatic islet beta-cell. Diabetes 

55, 1581–1591. 

Matar, C., Valdez, J.C., Medina, M., Rachid, M., Perdigon, G., 2001. Immunomodulating 

effects of milks fermented by Lactobacillus helveticus and its non-proteolytic variant. J. 

Dairy Res. 68, 601–609. 

Matchett, M.D., MacKinnon, S.L., Sweeney, M.I., Gottschall-Pass, K.T., Hurta, R.A., 2006. 

Inhibition of matrix metalloproteinase activity in DU145 human prostate cancer cells by 

flavonoids from lowbush blueberry (Vaccinium angustifolium): possible roles for protein 

kinase C and mitogen-activated protein-kinase-mediated events. J. Nutr. Biochem. 17, 117–

25. 

Matsumoto, R.A.E.K., Hsieh, S.J.K., Chala, L.F., de Mello, G.G.N., de Barros, N., 2018. 

Sarcomas of the breast: findings on mammography, ultrasound, and magnetic resonance 

imaging. Radiol. Bras. 51, 401–406. 

Matsuzaki, H., Daitoku, H., Hatta, M., Tanaka, K., Fukamizu, A., 2003. Insulin-induced 

phosphorylation of FKHR (Foxo1) targets to proteasomal degradation. Proc. Natl. Acad. Sci. 

100, 11285–11290. 

Mauer, J., Denson, J.L., Brüning, J.C., 2015. Versatile functions for IL-6 in metabolism and 

cancer. Trends Immunol. 36, 92–101. 

Maurya, A.K., Vinayak, M., 2015. Anticarcinogenic action of quercetin by downregulation 

of phosphatidylinositol 3-kinase (PI3K) and protein kinase C (PKC) via induction of p53 in 

hepatocellular carcinoma (HepG2) cell line. Mol. Biol. Rep. 42, 1419–1429. 



 

147 

 

Mazurakova, A., Koklesova, L., Samec, M., Kudela, E., Kajo, K., Skuciova, V., Csizmár, 

S.H., Mestanova, V., Pec, M., Adamkov, M., 2022. Anti-breast cancer effects of 

phytochemicals: primary, secondary, and tertiary care. EPMA J 13, 315–334. 

Mazza, G., 1993. Anthocyanins in Fruits, Vegetables, and Grains, 1st ed. CRC Press, Boca 

Raton. 

Mazza, G., Kay, C.D., Cottrell, T., Holub, B.J., 2002. Absorption of anthocyanins from 

blueberries and serum antioxidant status in human subjects. J. Agric. Food Chem. 50, 7731–

7737. 

Mazzoni, L., Giampieri, F., Alvarez Suarez, J.M., Gasparrini, M., Mezzetti, B., Forbes 

Hernandez, T.Y., Battino, M.A., 2019. Isolation of strawberry anthocyanin-rich fractions and 

their mechanisms of action against murine breast cancer cell lines. Food Funct. 10, 7103–

7120. 

McCann, A.H., Dervan, P.A., O’Regan, M., Codd, M.B., Gullick, W.J., Tobin, B.M., 

Carney, D.N., 1991. Prognostic significance of c-erbB-2 and estrogen receptor status in 

human breast cancer. Cancer Res. 51, 3296–3303. 

Mei, Huiling, Xiang, Y., Mei, Heng, Fang, B., Wang, Q., Cao, D., Hu, Y., Guo, T., 2018. 

Pterostilbene inhibits nutrient metabolism and induces apoptosis through AMPK activation 

in multiple myeloma cells. Int. J. Mol. Med. 42, 2676–2688. 

Miki, Y., Swensen, J., Shattuck-Eidens, D., Futreal, P.A., Harshman, K., Tavtigian, S., Liu, 

Q., Cochran, C., Bennett, L.M., Ding, W., Bell, R., Rosenthal, J., Hussey, C., Tran, T., 

McClure, M., Frye, C., Hattier, T., Phelps, R., Haugen-Strano, A., Katcher, H., Yakumo, K., 

Gholami, Z., Shaffer, D., Stone, S., Bayer, S., Wray, C., Bogden, R., Dayananth, P., Ward, 

J., Tonin, P., Narod, S., Bristow, P.K., Norris, F.H., Helvering, L., Morrison, P., Rosteck, P., 

Lai, M., Barrett, J.C., Lewis, C., Neuhausen, S., Cannon-Albright, L., Goldgar, D., Wiseman, 

R., Kamb, A., Skolnick, M.H., 1994. A Strong Candidate for the Breast and Ovarian Cancer 

Susceptibility Gene BRCA1. Science 266, 66–71. 

Mills, J.N., Rutkovsky, A.C., Giordano, A., 2018. Mechanisms of resistance in estrogen 

receptor positive breast cancer: overcoming resistance to tamoxifen/aromatase inhibitors. 

Curr. Opin. Pharmacol., • Cancer • Immunomodulation 41, 59–65. 

Mittendorf, E.A., Philips, A.V., Meric-Bernstam, F., Qiao, N., Wu, Y., Harrington, S., Su, 

X., Wang, Y., Gonzalez-Angulo, A.M., Akcakanat, A., Chawla, A., Curran, M., Hwu, P., 

Sharma, P., Litton, J.K., Molldrem, J.J., Alatrash, G., 2014. PD-L1 Expression in Triple-

Negative Breast Cancer. Cancer Immunol. Res. 2, 361–370. 

Montales, M.T.E., Rahal, O.M., Kang, J., Rogers, T.J., Prior, R.L., Wu, X., Simmen, 

R.C.M., 2012. Repression of mammosphere formation of human breast cancer cells by soy 

isoflavone genistein and blueberry polyphenolic acids suggests diet-mediated targeting of 

cancer stem-like/progenitor cells. Carcinogenesis 33, 652–660. 



 

148 

 

Muraki, I., Imamura, F., Manson, J.E., Hu, F.B., Willett, W.C., van Dam, R.M., Sun, Q., 

2013. Fruit consumption and risk of type 2 diabetes: results from three prospective 

longitudinal cohort studies. BMJ 347, f5001. 

Musolino, A., Bella, M.A., Bortesi, B., Michiara, M., Naldi, N., Zanelli, P., Capelletti, M., 

Pezzuolo, D., Camisa, R., Savi, M., Neri, T.M., Ardizzoni, A., 2007. BRCA mutations, 

molecular markers, and clinical variables in early-onset breast cancer: a population-based 

study. Breast Edinb. Scotl. 16, 280–292. 

Mustofa, M.K., Tanoue, Y., Tateishi, C., Vaziri, C., Tateishi, S., 2020. Roles of 

Chk2/CHEK2 in guarding against environmentally induced DNA damage and replication-

stress. Environ. Mol. Mutagen. 61, 730–735. 

Mykkänen, O.T., Huotari, A., Herzig, K.-H., Dunlop, T.W., Mykkänen, H., Kirjavainen, 

P.V., 2014. Wild Blueberries (Vaccinium myrtillus) Alleviate Inflammation and 

Hypertension Associated with Developing Obesity in Mice Fed with a High-Fat Diet. PLoS 

ONE 9, e114790. 

Na, H.-K., Kim, E.-H., Choi, M.-A., Park, J.-M., Kim, D.-H., Surh, Y.-J., 2012. Diallyl 

trisulfide induces apoptosis in human breast cancer cells through ROS-mediated activation of 

JNK and AP-1. Biochem. Pharmacol. 84, 1241–1250. 

Nachar, A., Eid, H.M., Vinqvist-Tymchuk, M., Vuong, T., Kalt, W., Matar, C., Haddad, P.S., 

2017. Phenolic compounds isolated from fermented blueberry juice decrease hepatocellular 

glucose output and enhance muscle glucose uptake in cultured murine and human cells. 

BMC Complement. Altern. Med. 17, 138. 

Nadeem, F., Hanif, M., Ahmed, A., Jamal, Q., Khan, A., 2017. Clinicopathological features 

associated to MiRNA-195 expression in patients with breast cancer: Evidence of a potential 

biomarker. Pak. J. Med. Sci. 33, 1242–1247. 

Nadulski, R., Masłowski, A., Mazurek, A., Sobczak, P., Szmigielski, M., Żukiewicz-

Sobczak, W., Niedziółka, I., Mazur, J., 2019. Vitamin C and lutein content of northern 

highbush blueberry (Vaccinium corymbosum L.) juice processed using freezing and thawing. 

J. Food Meas. Charact. 13, 2521–2528. 

Najafi, M., Mortezaee, K., Majidpoor, J., 2019. Cancer stem cell (CSC) resistance drivers. 

Life Sci. 234, 116781. 

Nakae, J., Kitamura, T., Kitamura, Y., Biggs, W.H., Arden, K.C., Accili, D., 2003. The 

forkhead transcription factor Foxo1 regulates adipocyte differentiation. Dev. Cell 4, 119–

129. 

Nakae, J., Park, B.C., Accili, D., 1999. Insulin stimulates phosphorylation of the forkhead 

transcription factor FKHR on serine 253 through a Wortmannin-sensitive pathway. J. Biol. 

Chem. 274, 15982–15985. 



 

149 

 

Nakamura, Y., 2004. Isolation of p53-target genes and their functional analysis. Cancer Sci. 

95, 7–11. 

Nakamura, Y., Torikai, K., Ohto, Y., Murakami, A., Tanaka, T., Ohigashi, H., 2000. A 

simple phenolic antioxidant protocatechuic acid enhances tumor promotion and oxidative 

stress in female ICR mouse skin: dose- and timing-dependent enhancement and involvement 

of bioactivation by tyrosinase. Carcinogenesis 21, 1899–1907. 

Nakano, M., Kikushige, Y., Miyawaki, K., Kunisaki, Y., Mizuno, S., Takenaka, K., Tamura, 

S., Okumura, Y., Ito, M., Ariyama, H., Kusaba, H., Nakamura, M., Maeda, T., Baba, E., 

Akashi, K., 2019. Dedifferentiation process driven by TGF-beta signaling enhances stem cell 

properties in human colorectal cancer. Oncogene 38, 780–793. 

Negrão, R., Costa, R., Duarte, D., Gomes, T.T., Azevedo, I., Soares, R., 2013. Different 

effects of catechin on angiogenesis and inflammation depending on VEGF levels. J. Nutr. 

Biochem. 24, 435–444. 

Neuhausen, S., Gilewski, T., Norton, L., Tran, T., McGuire, P., Swensen, J., Hampel, H., 

Borgen, P., Brown, K., Skolnick, M., Shattuck-Eidens, D., Jhanwar, S., Goldgar, D., Offit, 

K., 1996. Recurrent BRCA2 6174delT mutations in Ashkenazi Jewish women affected by 

breast cancer. Nat. Genet. 13, 126–128. 

Nguyen, V., Tang, J., Oroudjev, E., Lee, C.J., Marasigan, C., Wilson, L., Ayoub, G., 2010. 

Cytotoxic effects of bilberry extract on MCF7-GFP-tubulin breast cancer cells. J. Med. Food 

13, 278–85. 

Nomura, S.J.O., Inoue-Choi, M., Lazovich, D., Robien, K., 2016. WCRF/AICR 

recommendation adherence and breast cancer incidence among postmenopausal women with 

and without non-modifiable risk factors. Int. J. Cancer 138, 2602–2615. 

Nwaeburu, C.C., Abukiwan, A., Zhao, Z., Herr, I., 2017. Quercetin-induced miR-200b-3p 

regulates the mode of self-renewing divisions in pancreatic cancer. Mol Cancer 16, 23. 

Oblak, A., Jerala, R., 2011. Toll-Like Receptor 4 Activation in Cancer Progression and 

Therapy. J. Immunol. Res. 2011, e609579. 

O’Connor, M.L., Xiang, D., Shigdar, S., Macdonald, J., Li, Y., Wang, T., Pu, C., Wang, Z., 

Qiao, L., Duan, W., 2014. Cancer stem cells: A contentious hypothesis now moving forward. 

Cancer Lett. 344, 180–187. 

Ofek, I., Goldhar, J., Zafriri, D., Lis, H., Adar, R., Sharon, N., 1991. Anti-Escherichia coli 

adhesin activity of cranberry and blueberry juices. N. Engl. J. Med. 324, 1599. 

Olivier, M., Hollstein, M., Hainaut, P., 2010. TP53 Mutations in Human Cancers: Origins, 

Consequences, and Clinical Use. Cold Spring Harb. Perspect. Biol. 2, a001008. 



 

150 

 

Ou, C., Shi, N., Yang, Q., Zhang, Y., Wu, Z., Wang, B., Compans, R.W., He, C., 2014. 

Protocatechuic acid, a novel active substance against avian influenza virus H9N2 infection. 

PloS One 9, e111004. 

Ouyang, G., Wang, Z., Fang, X., Liu, J., Yang, C.J., 2010. Molecular signaling of the 

epithelial to mesenchymal transition in generating and maintaining cancer stem cells. Cell. 

Mol. Life Sci. CMLS 67, 2605–2618. 

Ouzounova, M., Vuong, T., Ancey, P.-B., Ferrand, M., Durand, G., Le-Calvez Kelm, F., 

Croce, C., Matar, C., Herceg, Z., Hernandez-Vargas, H., 2013. MicroRNA miR-30 family 

regulates non-attachment growth of breast cancer cells. BMC Genomics 14, 139. 

Pandey, K.B., Rizvi, S.I., 2009. Plant polyphenols as dietary antioxidants in human health 

and disease. Oxid. Med. Cell. Longev. 2, 270–278. 

Paolini, A., Curti, V., Pasi, F., Mazzini, G., Nano, R., Capelli, E., 2015. Gallic acid exerts a 

protective or an anti-proliferative effect on glioma T98G cells via dose-dependent epigenetic 

regulation mediated by miRNAs. Int. J. Oncol. 46, 1491–1497. 

Paramanantham, A., Kim, M.J., Jung, E.J., Nagappan, A., Yun, J.W., Kim, H.J., Shin, S.C., 

Kim, G.S., Lee, W.S., 2020. Pretreatment of Anthocyanin from the Fruit of Vitis coignetiae 

Pulliat Acts as a Potent Inhibitor of TNF-α Effect by Inhibiting NF-κB-Regulated Genes in 

Human Breast Cancer Cells. Mol. Basel Switz. 25, 2396. 

Partridge, J., Flaherty, P., 2009. An In vitro FluoroBlok Tumor Invasion Assay. J. Vis. Exp. 

Perez-Jimenez, J., Fezeu, L., Touvier, M., Arnault, N., Manach, C., Hercberg, S., Galan, P., 

Scalbert, A., 2011. Dietary intake of 337 polyphenols in French adults. Am. J. Clin. Nutr. 93, 

1220–8. 

Petruzzelli, R., Christensen, D.R., Parry, K.L., Sanchez-Elsner, T., Houghton, F.D., 2014. 

HIF-2α Regulates NANOG Expression in Human Embryonic Stem Cells following Hypoxia 

and Reoxygenation through the Interaction with an Oct-Sox Cis Regulatory Element. PLoS 

ONE 9, e108309. 

Pharoah, P.D., Day, N.E., Caldas, C., 1999. Somatic mutations in the p53 gene and prognosis 

in breast cancer: a meta-analysis. Br. J. Cancer 80, 1968–1973. 

Plamada, D., Vodnar, D.C., 2021. Polyphenols—Gut Microbiota Interrelationship: A 

Transition to a New Generation of Prebiotics. Nutrients 14, 137. 

Plas, D.R., Thompson, C.B., 2003. Akt activation promotes degradation of tuberin and 

FOXO3a via the proteasome. J. Biol. Chem. 278, 12361–12366. 

Podberezin, M., Wen, J., Chang, C.C., 2013. Cancer stem cells: a review of potential clinical 

applications. Arch. Pathol. Lab. Med. 137, 1111–6. 



 

151 

 

Porras, D., Nistal, E., Martinez-Florez, S., Pisonero-Vaquero, S., Olcoz, J.L., Jover, R., 

Gonzalez-Gallego, J., Gar-cia-Mediavilla, M.V., Sanchez-Campos, S., 2017. Protective 

effect of quercetin on high-fat diet-induced non-alcoholic fatty liver disease in mice is 

mediated by modulating intestinal microbiota imbalance and related gut-liver axis activation. 

Free Radic Biol Med 102, 188–202. 

Prasad, S.B., Yadav, S.S., Das, M., Govardhan, H.B., Pandey, L.K., Singh, S., Pradhan, S., 

Narayan, G., 2014. Down Regulation of FOXO1 Promotes Cell Proliferation in Cervical 

Cancer. J. Cancer 5, 655–662. 

Pratheeshkumar, P., Budhraja, A., Son, Y.-O., Wang, X., Zhang, Z., Ding, S., Wang, L., 

Hitron, A., Lee, J.-C., Xu, M., Chen, G., Luo, J., Shi, X., 2012. Quercetin inhibits 

angiogenesis mediated human prostate tumor growth by targeting VEGFR- 2 regulated 

AKT/mTOR/P70S6K signaling pathways. PloS One 7, e47516. 

Prior, R.L., Lazarus, S.A., Cao, G., Muccitelli, H., Hammerstone, J.F., 2001. Identification of 

procyanidins and anthocyanins in blueberries and cranberries (Vaccinium spp.) using high-

performance liquid chromatography/mass spectrometry. J. Agric. Food Chem. 49, 1270–

1276. 

Pulaski, B.A., Ostrand-Rosenberg, S., 2001. Mouse 4T1 breast tumor model. Curr. Protoc. 

Immunol. Chapter 20, Unit 20.2. 

Pulaski, B.A., Ostrand-Rosenberg, S., 1998. Reduction of established spontaneous mammary 

carcinoma metastases following immunotherapy with major histocompatibility complex 

class II and B7.1 cell-based tumor vaccines. Cancer Res. 58, 1486–1493. 

Qian, P., Zuo, Z., Wu, Zhengsheng, Meng, X., Li, G., Wu, Zhengzhou, Zhang, W., Tan, S., 

Pandey, V., Yao, Y., Wang, P., Zhao, L., Wang, J., Wu, Q., Song, E., Lobie, P.E., Yin, Z., 

Zhu, T., 2011. Pivotal Role of Reduced let-7g Expression in Breast Cancer Invasion and 

Metastasis. Cancer Res. 71, 6463–6474. 

Rachid, M., Matar, C., Duarte, J., Perdigón, G., 2006. Effect of milk fermented with a 

Lactobacillus helveticus R389(+) proteolytic strain on the immune system and on the growth 

of 4T1 breast cancer cells in mice. FEMS Immunol. Med. Microbiol. 47, 242–253. 

Radojicic, J., Zaravinos, A., Vrekoussis, T., Kafousi, M., Spandidos, D.A., Stathopoulos, 

E.N., 2011. MicroRNA expression analysis in triple-negative (ER, PR and Her2/neu) breast 

cancer. Cell Cycle 10, 507–517. 

Raina, K., Rajamanickam, S., Deep, G., Singh, M., Agarwal, R., Agarwal, C., 2008. 

Chemopreventive effects of oral gallic acid feeding on tumor growth and progression in 

TRAMP mice. Mol. Cancer Ther. 7, 1258–1267. 

Rajaraman, R., Guernsey, D.L., Rajaraman, M.M., Rajaraman, S.R., 2006. Stem cells, 

senescence, neosis and self-renewal in cancer. Cancer Cell Int. 6, 25. 



 

152 

 

Reagan-Shaw, S., Nihal, M., Ahmad, N., 2008. Dose translation from animal to human 

studies revisited. FASEB J. 22, 659–661. 

Reddy, S.M., Barcenas, C.H., Sinha, A.K., Hsu, L., Moulder, S.L., Tripathy, D., Hortobagyi, 

G.N., Valero, V., 2018. Long-term survival outcomes of triple-receptor negative breast 

cancer survivors who are disease free at 5 years and relationship with low hormone receptor 

positivity. Br. J. Cancer 118, 17–23. 

Ren, J., Han, X., Lohner, H., Liang, R., Liang, S., Wang, H., 2021. Serum- and 

Glucocorticoid-Inducible Kinase 1 Promotes Alternative Macrophage Polarization and 

Restrains Inflammation through FoxO1 and STAT3 Signaling. J. Immunol. Baltim. Md 1950 

207, 268–280. 

Ren, Y., Zhou, X., Qi, Y., Li, G., Mei, M., Yao, Z., 2012. PTEN activation sensitizes breast 

cancer to PI3-kinase inhibitor through the β-catenin signaling pathway. Oncol. Rep. 28, 943–

948. 

Rhei, E., Bogomolniy, F., Federici, M.G., Maresco, D.L., Offit, K., Robson, M.E., Saigo, 

P.E., Boyd, J., 1998. Molecular genetic characterization of BRCA1- and BRCA2-linked 

hereditary ovarian cancers. Cancer Res. 58, 3193–3196. 

Rivera-Piza, A., An, Y.J., Kim, D.K., Lee, S.-H., Kim, J.-B., Choi, J.-S., Lee, S.-J., 2017. 

Protocatechuic Acid Enhances Osteogenesis, but Inhibits Adipogenesis in C3H10T1/2 and 

3T3-L1 Cells. J. Med. Food 20, 309–319. 

Robichaud, S., Shahbazi, R., Matar, C., 2021. Role of probiotics in prevention of covid-19 

through modulation of gut–lung axis., in: Prasad, C., Öztürk, G. (Eds.), COVID-19 and 

Nutraceuticals: A Guidebook. Bohr Publishers and New Century Health Publishers, USA, 

pp. 33–62. 

Rodriguez-Mateos, A., Cifuentes-Gomez, T., Tabatabaee, S., Lecras, C., Spencer, J.P.E., 

2012. Procyanidin, Anthocyanin, and Chlorogenic Acid Contents of Highbush and Lowbush 

Blueberries. J. Agric. Food Chem. 60, 5772–5778. 

Romanos-Nanclares, A., Sánchez-Quesada, C., Gardeazábal, I., Martínez-González, M.Á., 

Gea, A., Toledo, E., 2020. Phenolic Acid Subclasses, Individual Compounds, and Breast 

Cancer Risk in a Mediterranean Cohort: The SUN Project. J. Acad. Nutr. Diet. 120, 1002-

1015.e5. 

Rossi, T., Gallo, C., Bassani, B., Canali, S., Albini, A., Bruno, A., 2014. Drink your 

prevention: beverages with cancer preventive phytochemicals. Pol. Arch. Med. Wewnętrznej 

124, 713–722. 

Rothé, F., Ignatiadis, M., Chaboteaux, C., Haibe-Kains, B., Kheddoumi, N., Majjaj, S., 

Badran, B., Fayyad-Kazan, H., Desmedt, C., Harris, A.L., Piccart, M., Sotiriou, C., 2011. 

Global MicroRNA Expression Profiling Identifies MiR-210 Associated with Tumor 

Proliferation, Invasion and Poor Clinical Outcome in Breast Cancer. PLOS ONE 6, e20980. 



 

153 

 

Roy, R., Chun, J., Powell, S.N., 2011. BRCA1 and BRCA2: different roles in a common 

pathway of genome protection. Nat. Rev. Cancer 12, 68–78. 

Rudd, M.D., Johnston, D.A., Kazianis, S., Butler, A.P., 2003. Cloning and analysis of a 

FoxO transcription factor from Xiphophorus. Gene 302, 31–41. 

Rybak, A.P., Bristow, R.G., Kapoor, A., 2015. Prostate cancer stem cells: deciphering the 

origins and pathways involved in prostate tumorigenesis and aggression. Oncotarget 6, 

1900–1919. 

Sachdeva, M., Liu, Q., Cao, J., Lu, Z., Mo, Y.-Y., 2012. Negative regulation of miR-145 by 

C/EBP-β through the Akt pathway in cancer cells. Nucleic Acids Res. 40, 6683–6692. 

Sahakyan, N., Bartoszek, A., Jacob, C., Petrosyan, M., Trchounian, A., 2020. Bioavailability 

of Tannins and Other Oligomeric Polyphenols: a Still to Be Studied Phenomenon. Curr. 

Pharmacol. Rep. 6, 131–136. 

Salvetti, E., Tremblay, J., Arbour, M., Mallet, J.-F., Masson, L., Matar, C., 2023. Complete 

PacBio Single-Molecule Real-Time Sequence of a Novel Probiotic-Like Bacterium, 

Rouxiella badensis subsp. acadiensis, Isolated from the Biota of Wild Blueberries in the 

Acadian Forest. Microbiol. Resour. Announc. 12, e01340-22. 

Sánchez-Villavicencio, M.L., Vinqvist-Tymchuk, M., Kalt, W., Matar, C., Alarcón Aguilar, 

F.J., Escobar Villanueva, M. del C., Haddad, P.S., 2017. Fermented blueberry juice extract 

and its specific fractions have an anti-adipogenic effect in 3 T3-L1 cells. BMC Complement. 

Altern. Med. 17, 24. 

Sansone, P., Storci, G., Tavolari, S., Guarnieri, T., Giovannini, C., Taffurelli, M., Ceccarelli, 

C., Santini, D., Paterini, P., Marcu, K.B., Chieco, P., Bonafè, M., 2007. IL-6 triggers 

malignant features in mammospheres from human ductal breast carcinoma and normal 

mammary gland. J. Clin. Invest. 117, 3988–4002. 

Savagner, P.P., 2010. The epithelial-mesenchymal transition (EMT) phenomenon. Ann. 

Oncol. 21 Suppl 7, vii89–vii92. 

Schmid, P., Adams, S., Rugo, H.S., Schneeweiss, A., Barrios, C.H., Iwata, H., Diéras, V., 

Hegg, R., Im, S.-A., Shaw Wright, G., Henschel, V., Molinero, L., Chui, S.Y., Funke, R., 

Husain, A., Winer, E.P., Loi, S., Emens, L.A., IMpassion130 Trial Investigators, 2018. 

Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N. Engl. J. 

Med. 379, 2108–2121. 

Schon, K., Tischkowitz, M., 2018. Clinical implications of germline mutations in breast 

cancer: TP53. Breast Cancer Res. Treat. 167, 417–423. 

Schwarzenbacher, D., Balic, M., Pichler, M., 2013. The Role of MicroRNAs in Breast 

Cancer Stem Cells. Int. J. Mol. Sci. 14, 14712–14723. 



 

154 

 

Semaming, Y., Pannengpetch, P., Chattipakorn, S.C., Chattipakorn, N., 2015. 

Pharmacological Properties of Protocatechuic Acid and Its Potential Roles as 

Complementary Medicine. Evid. Based Complement. Alternat. Med. 2015, e593902. 

Serra, A., Macia, A., Romero, M.P., Reguant, J., Ortega, N., Motilva, M.J., 2012. Metabolic 

pathways of the colonic metabolism of flavonoids (flavonols, flavones and flavanones) and 

phenolic acids. Food Chem 130, 383–393. 

Shagufta, Ahmad, I., 2018. Tamoxifen a pioneering drug: An update on the therapeutic 

potential of tamoxifen derivatives. Eur. J. Med. Chem. 143, 515–531. 

Shahbazi, R., Cheraghpour, M., Homayounfar, R., Nazari, M., Nasrollahzadeh, J., Davoodi, 

S.H., 2018. Hesperidin inhibits insulin-induced phosphoinositide 3-kinase/Akt activation in 

human pre-B cell line NALM-6. J. Cancer Res. Ther. 14, 503–508. 

Shahbazi, R., Sharifzad, F., Bagheri, R., Alsadi, N., Yasavoli-Sharahi, H., Matar, C., 2021. 

Anti-Inflammatory and Immunomodulatory Properties of Fermented Plant Foods. Nutrients 

13, 1516. 

Shahbazi, R., Yasavoli-Sharahi, H., Alsadi, N., Ismail, N., Matar, C., 2020. Probiotics in 

Treatment of Viral Respiratory Infections and Neuroinflammatory Disorders. Molecules 25, 

4891. 

Sharma, A., Kaur, M., Katnoria, J.K., Nagpal, A.K., 2018. Polyphenols in Food: Cancer 

Prevention and Apoptosis Induction. Curr. Med. Chem. 25, 4740–4757. 

Shen, X., Si, Y., Wang, Z., Wang, J., Guo, Y., Zhang, X., 2016. Quercetin inhibits the 

growth of human gastric cancer stem cells by inducing mitochondrial-dependent apoptosis 

through the inhibition of PI3K/Akt signaling. Int. J. Mol. Med. 38, 619–626. 

Shen, X., Zhao, B., 2018. Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 expression status 

in cancer: meta-analysis. BMJ 362, k3529. 

Shenoy, S., 2019. CDH1 (E-Cadherin) Mutation and Gastric Cancer: Genetics, Molecular 

Mechanisms and Guidelines for Management. Cancer Manag. Res. 11, 10477–10486. 

Shi, F., LaPolt, P.S., 2003. Relationship between FoxO1 protein levels and follicular 

development, atresia, and luteinization in the rat ovary. J. Endocrinol. 179, 195–203. 

Shi, X.-B., Tepper, C.G., deVere White, R.W., 2008. Cancerous miRNAs and their 

regulation. Cell Cycle Georget. Tex 7, 1529–1538. 

Shu, C., Tian, J., Si, X., Xie, X., Li, B., Li, D., 2022. Blueberry anthocyanin extracts protect 

against Helicobacter pylori-induced peptic epithelium injuries both in vitro and in vivo: the 

key role of MAPK/NF-κB pathway. Eur. J. Nutr. 61, 2749–2759. 



 

155 

 

Silvan, J.M., Michalska-Ciechanowska, A., Villalva, M., Brzezowska, J., Díaz, S., Martinez-

Rodriguez, A.J., 2022. Bioactive Properties of Blueberry Extracts Obtained by Different 

Drying Techniques against Helicobacter pylori. Biol. Life Sci. Forum 18, 20. 

Simanshu, D.K., Nissley, D.V., McCormick, F., 2017. RAS Proteins and Their Regulators in 

Human Disease. Cell 170, 17–33. 

Simard, J., Tonin, P., Durocher, F., Morgan, K., Rommens, J., Gingras, S., Samson, C., 

Leblanc, J.F., Bélanger, C., Dion, F., 1994. Common origins of BRCA1 mutations in 

Canadian breast and ovarian cancer families. Nat. Genet. 8, 392–398. 

Singh, R., Mo, Y.-Y., 2013. Role of microRNAs in breast cancer. Cancer Biol. Ther. 14, 

201–212. 

Sinn, H.-P., Kreipe, H., 2013. A Brief Overview of the WHO Classification of Breast 

Tumors, 4th Edition, Focusing on Issues and Updates from the 3rd Edition. Breast Care 8, 

149–154. 

Slade, D., 2020. PARP and PARG inhibitors in cancer treatment. Genes Dev. 34, 360–394. 

Slattery, M.L., Lundgreen, A., Torres-Mejia, G., Wolff, R.K., Hines, L., Baumgartner, K., 

John, E.M., 2014. Diet and lifestyle factors modify immune/inflammation response genes to 

alter breast cancer risk and prognosis: the Breast Cancer Health Disparities Study. Mutat. 

Res. 770, 19–28. 

Smit, L., Berns, K., Spence, K., Ryder, W.D., Zeps, N., Madiredjo, M., Beijersbergen, R., 

Bernards, R., Clarke, R.B., 2015. An integrated genomic approach identifies that the 

PI3K/AKT/FOXO pathway is involved in breast cancer tumor initiation. Oncotarget 7, 

2596–2610. 

Smith, H.L., Southgate, H., Tweddle, D.A., Curtin, N.J., 2020. DNA damage checkpoint 

kinases in cancer. Expert Rev. Mol. Med. 22, e2. 

Smith, S., Prewett, S., 2017. Principles of chemotherapy and radiotherapy. Obstet. Gynaecol. 

Reprod. Med. 27, 206–212. 

Smithers, D.W., 1948. Family histories of 459 patients with cancer of the breast. Br. J. 

Cancer 2, 163–167. 

Sporn, M.B., Suh, N., 2002. Chemoprevention: an essential approach to controlling cancer. 

Nat. Rev. Cancer 2, 537–543. 

Srivastava, A., Akoh, C.C., Fischer, J., Krewer, G., 2007. Effect of anthocyanin fractions 

from selected cultivars of Georgia-grown blueberries on apoptosis and phase II enzymes. J. 

Agric. Food Chem. 55, 3180–3185. 



 

156 

 

Stahlhut, C., Slack, F.J., 2015. Combinatorial Action of MicroRNAs let-7 and miR-34 

Effectively Synergizes with Erlotinib to Suppress Non-small Cell Lung Cancer Cell 

Proliferation. Cell Cycle Georget. Tex 14, 2171–2180. 

Statistical Overview of the Canadian Blueberry Industry, 2010 (No. A118- 44/2012), 2012. . 

Agriculture and Agri-Food Canada. 

Stephen, A.G., Esposito, D., Bagni, R.K., McCormick, F., 2014. Dragging ras back in the 

ring. Cancer Cell 25, 272–281. 

Su, X., Zhang, J., Wang, H., Xu, J., He, J., Liu, L., Zhang, T., Chen, R., Kang, J., 2017. 

Phenolic Acid Profiling, Antioxidant, and Anti-Inflammatory Activities, and miRNA 

Regulation in the Polyphenols of 16 Blueberry Samples from China. Mol. J. Synth. Chem. 

Nat. Prod. Chem. 22, 312. 

Suarez-Carmona, M., Lesage, J., Cataldo, D., Gilles, C., 2017. EMT and inflammation: 

inseparable actors of cancer progression. Mol. Oncol. 11, 805–823. 

Subbaramaiah, K., Sue, E., Bhardwaj, P., Du, B., Hudis, C.A., Giri, D., Kopelovich, L., 

Zhou, X.K., Dannenberg, A.J., 2013. Dietary polyphenols suppress elevated levels of 

proinflammatory mediators and aromatase in the mammary gland of obese mice. Cancer 

Prev. Res. (Phila. Pa.) 6, 886–897. 

Suh, S.O., Chen, Y., Zaman, M.S., Hirata, H., Yamamura, S., Shahryari, V., Liu, J., 

Tabatabai, Z.L., Kakar, S., Deng, G., Tanaka, Y., Dahiya, R., 2011. MicroRNA-145 is 

regulated by DNA methylation and p53 gene mutation in prostate cancer. Carcinogenesis 32, 

772–778. 

Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, I., Jemal, A., Bray, F., 

2021. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality 

Worldwide for 36 Cancers in 185 Countries. CA. Cancer J. Clin. 71, 209–249. 

Surakasula, A., Nagarjunapu, G.C., Raghavaiah, K.V., 2014. A comparative study of pre- 

and post-menopausal breast cancer: Risk factors, presentation, characteristics and 

management. J. Res. Pharm. Pract. 3, 12–18. 

Surget, S., Khoury, M.P., Bourdon, J.-C., 2013. Uncovering the role of p53 splice variants in 

human malignancy: a clinical perspective. OncoTargets Ther. 7, 57–68. 

Swartz, M.A., Iida, N., Roberts, E.W., Sangaletti, S., Wong, M.H., Yull, F.E., Coussens, 

L.M., DeClerck, Y.A., 2012. Tumor Microenvironment Complexity: Emerging Roles in 

Cancer Therapy. Cancer Res. 72, 2473–2480. 

Tajik, N., Tajik, M., Mack, I., Enck, P., 2017. The potential effects of chlorogenic acid, the 

main phenolic components in coffee, on health: a comprehensive review of the literature. 

Eur. J. Nutr. 56, 2215–2244. 



 

157 

 

Takahashi, K., Yamanaka, S., 2006. Induction of pluripotent stem cells from mouse 

embryonic and adult fibroblast cultures by defined factors. Cell 126, 663–676. 

Tang, T., Yang, Z., Zhu, Q., Wu, Y., Sun, K., Alahdal, M., Zhang, Y., Xing, Y., Shen, Y., 

Xia, T., Xi, T., Pan, Y., Jin, L., 2018. Up-regulation of miR-210 induced by a hypoxic 

microenvironment promotes breast cancer stem cells metastasis, proliferation, and self-

renewal by targeting E-cadherin. FASEB J. Off. Publ. Fed. Am. Soc. Exp. Biol. 

fj201801013R. 

Tao, K., Fang, M., Alroy, J., Sahagian, G.G., 2008. Imagable 4T1 model for the study of late 

stage breast cancer. BMC Cancer 8, 228. 

Taylor, S.C., Berkelman, T., Yadav, G., Hammond, M., 2013. A Defined Methodology for 

Reliable Quantification of Western Blot Data. Mol. Biotechnol. 55, 217–226. 

Taylor, W.F., Jabbarzadeh, E., 2017. The use of natural products to target cancer stem cells. 

Am. J. Cancer Res. 7, 1588–1605. 

Teng, N.M.Y., Price, C.A., McKee, A.M., Hall, L.J., Robinson, S.D., 2021. Exploring the 

impact of gut microbiota and diet on breast cancer risk and progression. Int. J. Cancer 149, 

494–504. 

The Cancer Genome Atlas Network, 2012. Comprehensive molecular characterization of 

human colon and rectal cancer. Nature 487, 330–337. 

Thorpe, L.M., Yuzugullu, H., Zhao, J.J., 2015. PI3K in cancer: divergent roles of isoforms, 

modes of activation, and therapeutic targeting. Nat. Rev. Cancer 15, 7–24. 

Tili, E., Michaille, J.-J., Croce, C.M., 2013. MicroRNAs play a central role in molecular 

dysfunctions linking inflammation with cancer. Immunol. Rev. 253, 167–184. 

Toledo, E., Salas-Salvadó, J., Donat-Vargas, C., Buil-Cosiales, P., Estruch, R., Ros, E., 

Corella, D., Fitó, M., Hu, F.B., Arós, F., Gómez-Gracia, E., Romaguera, D., Ortega-Calvo, 

M., Serra-Majem, L., Pintó, X., Schröder, H., Basora, J., Sorlí, J.V., Bulló, M., Serra-Mir, 

M., Martínez-González, M.A., 2015. Mediterranean Diet and Invasive Breast Cancer Risk 

Among Women at High Cardiovascular Risk in the PREDIMED Trial: A Randomized 

Clinical Trial. JAMA Intern. Med. 175, 1752–1760. 

Tonin, P.N., Perret, C., Lambert, J.A., Paradis, A.J., Kantemiroff, T., Benoît, M.H., Martin, 

G., Foulkes, W.D., Ghadirian, P., 2001. Founder BRCA1 and BRCA2 mutations in early-

onset French Canadian breast cancer cases unselected for family history. Int. J. Cancer 95, 

189–193. 

Tran, P.H.L., Tran, T.T.D., 2021. Blueberry Supplementation in Neuronal Health and 

Protective Technologies for Efficient Delivery of Blueberry Anthocyanins. Biomolecules 11, 

102. 



 

158 

 

Turati, F., Carioli, G., Bravi, F., Ferraroni, M., Serraino, D., Montella, M., Giacosa, A., 

Toffolutti, F., Negri, E., Levi, F., La Vecchia, C., 2018. Mediterranean Diet and Breast 

Cancer Risk. Nutrients 10, 326. 

U.S. Department of Agriculture, Agricultural Research Service., 2019. FoodData Central 

[WWW Document]. FoodData Cent. URL https://fdc.nal.usda.gov/ 

U.S. Department of Agriculture, Natural Resources Conservation Service., 2018. USDA 

Plants Database. 

Valkenburg, K.C., de Groot, A.E., Pienta, K.C., 2018. Targeting the tumour stroma to 

improve cancer therapy. Nat. Rev. Clin. Oncol. 15, 366–381. 

van Breda, S.G.J., Briedé, J.J., de Kok, T.M.C.M., 2018. Improved Preventive Effects of 

Combined Bioactive Compounds Present in Different Blueberry Varieties as Compared to 

Single Phytochemicals. Nutrients 11, 61. 

Vauzour, D., Rendeiro, C., D’Amato, A., Waffo-Téguo, P., Richard, T., Mérillon, J.M., 

Pontifex, M.G., Connell, E., Müller, M., Butler, L.T., Williams, C.M., Spencer, J.P.E., 2021. 

Anthocyanins Promote Learning through Modulation of Synaptic Plasticity Related Proteins 

in an Animal Model of Ageing. Antioxidants 10, 1235. 

Velderrain-Rodríguez, G.R., Palafox-Carlos, H., Wall-Medrano, A., Ayala-Zavala, J.F., 

Chen, C.-Y.O., Robles-Sánchez, M., Astiazaran-García, H., Alvarez-Parrilla, E., González-

Aguilar, G.A., 2014. Phenolic compounds: their journey after intake. Food Funct. 5, 189–

197. 

Vendrame, S., Klimis-Zacas, D., 2019. Potential Factors Influencing the Effects of 

Anthocyanins on Blood Pressure Regulation in Humans: A Review. Nutrients 11, 1431. 

Verma, A., Shukla, G., 2013. Probiotics Lactobacillus rhamnosus GG, Lactobacillus 

acidophilus suppresses DMH-induced procarcinogenic fecal enzymes and preneoplastic 

aberrant crypt foci in early colon carcinogenesis in Sprague Dawley rats. Nutr. Cancer 65, 

84–91. 

Verma, S., Singh, A., Mishra, A., 2013. Gallic acid: Molecular rival of cancer. Environ. 

Toxicol. Pharmacol. 35, 473–485. 

Vermeulen, L., de Sousa e Melo, F., Richel, D.J., Medema, J.P., 2012. The developing 

cancer stem-cell model: clinical challenges and opportunities. Lancet Oncol. 13, e83–e89. 

Villarini, A., Pasanisi, P., Traina, A., Mano, M.P., Bonanni, B., Panico, S., Scipioni, C., 

Galasso, R., Paduos, A., Simeoni, M., Bellotti, E., Barbero, M., Macellari, G., Venturelli, E., 

Raimondi, M., Bruno, E., Gargano, G., Fornaciari, G., Morelli, D., Seregni, E., Krogh, V., 

Berrino, F., 2012. Lifestyle and breast cancer recurrences: the DIANA-5 trial. Tumori 98, 1–

18. 



 

159 

 

Villodre, E.S., Felipe, K.B., Oyama, M.Z., Oliveira, F.H. de, Lopez, P.L. da C., Solari, C., 

Sevlever, G., Guberman, A., Lenz, G., 2019. Silencing of the transcription factors Oct4, 

Sox2, Klf4, c-Myc or Nanog has different effect on teratoma growth. Biochem. Biophys. 

Res. Commun. 517, 324–329. 

Vinderola, G., Duarte, J., Thangavel, D., Perdigón, G., Farnworth, E., Matar, C., 2005a. 

Immunomodulating capacity of kefir. J. Dairy Res. 72, 195–202. 

Vinderola, G., Matar, C., Palacios, J., Perdigón, G., 2007a. Mucosal immunomodulation by 

the non-bacterial fraction of milk fermented by Lactobacillus helveticus R389. Int. J. Food 

Microbiol. 115, 180–186. 

Vinderola, G., Matar, C., Perdigón, G., 2007b. Milk fermented by Lactobacillus helveticus 

R389 and its non-bacterial fraction confer enhanced protection against Salmonella enteritidis 

serovar Typhimurium infection in mice. Immunobiology 212, 107–118. 

Vinderola, G., Matar, C., Perdigón, G., 2005b. Role of intestinal epithelial cells in immune 

effects mediated by Gram-positive probiotic bacteria: involvement of Toll-like receptors. 

Clin. Diagn. Lab. Immunol. 12, 1075–1084. 

Vinderola, G., Perdigón, G., Duarte, J., Farnworth, E., Matar, C., 2006a. Effects of the oral 

administration of the products derived from milk fermentation by kefir microflora on 

immune stimulation. J. Dairy Res. 73, 472–479. 

Vinderola, G., Perdigón, G., Duarte, J., Thangavel, D., Farnworth, E., Matar, C., 2006b. 

Effects of kefir fractions on innate immunity. Immunobiology 211, 149–156. 

Vivanco, I., Sawyers, C.L., 2002. The phosphatidylinositol 3-Kinase AKT pathway in human 

cancer. Nat. Rev. Cancer 2, 489–501. 

Volinia, S., Galasso, M., Sana, M.E., Wise, T.F., Palatini, J., Huebner, K., Croce, C.M., 

2012. Breast cancer signatures for invasiveness and prognosis defined by deep sequencing of 

microRNA. Proc. Natl. Acad. Sci. 109, 3024–3029. 

Vrhovsek, U., Masuero, D., Palmieri, L., Mattivi, F., 2012. Identification and quantification 

of flavonol glycosides in cultivated blueberry cultivars. J. Food Compos. Anal. 25, 9–16. 

Vuong, T., Benhaddou-Andaloussi, A., Brault, A., Harbilas, D., Martineau, L.C., Vallerand, 

D., Ramassamy, C., Matar, C., Haddad, P.S., 2009. Antiobesity and antidiabetic effects of 

biotransformed blueberry juice in KKAy mice. Int. J. Obes. 33, 1166–1173. 

Vuong, T., Mallet, J.-F., Ouzounova, M., Rahbar, S., Hernandez-Vargas, H., Herceg, Z., 

Matar, C., 2016. Role of a polyphenol-enriched preparation on chemoprevention of 

mammary carcinoma through cancer stem cells and inflammatory pathways modulation. J. 

Transl. Med. 14. 



 

160 

 

Vuong, T., Martin, L., Matar, C., 2006. Antioxidant Activity of Fermented Berry Juices and 

Their Effects on Nitric Oxide and Tumor Necrosis Factor-Alpha Production in Macrophages 

264.7 Gamma No(–) Cell Line. J. Food Biochem. 30, 249–268. 

Vuong, T., Martineau, L.C., Ramassamy, C., Matar, C., Haddad, P.S., 2007. Fermented 

Canadian lowbush blueberry juice stimulates glucose uptake and AMP-activated protein 

kinase in insulin-sensitive cultured muscle cells and adipocytes. Can. J. Physiol. Pharmacol. 

85, 956–965. 

Vuong, T., Matar, C., Ramassamy, C., Haddad, P.S., 2010. Biotransformed blueberry juice 

protects neurons from hydrogen peroxide-induced oxidative stress and mitogen-activated 

protein kinase pathway alterations. Br. J. Nutr. 104, 656–663. 

Wagner, E.F., Nebreda, A.R., 2009. Signal integration by JNK and p38 MAPK pathways in 

cancer development. Nat. Rev. Cancer 9, 537–549. 

Waks, A.G., Winer, E.P., 2019. Breast Cancer Treatment: A Review. JAMA 321, 288–300. 

Walle, T., 2011. Bioavailability of resveratrol. Ann. N. Y. Acad. Sci. 1215, 9–15. 

Walle, T., Hsieh, F., DeLegge, M.H., Oatis, J.E., Walle, U.K., 2004. High absorption but 

very low bioavailability of oral resveratrol in humans. Drug Metab. Dispos. Biol. Fate Chem. 

32, 1377–1382. 

Wang, A.-C., Ma, Y.-B., Wu, F.-X., Ma, Z.-F., Liu, N.-F., Gao, R., Gao, Y.-S., Sheng, X.-

G., 2014. TLR4 induces tumor growth and inhibits paclitaxel activity in MyD88-positive 

human ovarian carcinoma in vitro. Oncol. Lett. 7, 871–877. 

Wang, D., Xia, M., Yan, X., Li, D., Wang, L., Xu, Y., Jin, T., Ling, W., 2012. Gut 

microbiota metabolism of anthocyanin promotes reverse cholesterol transport in mice via 

repressing miRNA-10b. Circ. Res. 111, 967–981. 

Wang, J., Zhao, J., Shi, M., Ding, Y., Sun, H., Yuan, F., Zou, Z., 2014. Elevated Expression 

of miR-210 Predicts Poor Survival of Cancer Patients: A Systematic Review and Meta-

Analysis. PLOS ONE 9, e89223. 

Wang, L., Alcon, A., Yuan, H., Ho, J., Li, Q.-J., Martins-Green, M., 2011. Cellular and 

molecular mechanisms of pomegranate juice-induced anti-metastatic effect on prostate 

cancer cells. Integr. Biol. Quant. Biosci. Nano Macro 3, 742–754. 

Wang, Q., Ren, X., Wu, J., Li, H., Yang, L., Zhang, Y., Wang, X., Li, Z., 2022. 

Protocatechuic acid protects mice from influenza A virus infection. Eur. J. Clin. Microbiol. 

Infect. Dis. 41, 589–596. 

Wang, R., Zhao, N., Li, S., Fang, J.-H., Chen, M.-X., Yang, J., Jia, W.-H., Yuan, Y., Zhuang, 

S.-M., 2013. MicroRNA-195 suppresses angiogenesis and metastasis of hepatocellular 

carcinoma by inhibiting the expression of VEGF, VAV2, and CDC42. Hepatol. Baltim. Md 

58, 642–653. 



 

161 

 

Wang, X., Yang, D.-Y., Yang, L.-Q., Zhao, W.-Z., Cai, L.-Y., Shi, H.-P., 2019. Anthocyanin 

Consumption and Risk of Colorectal Cancer: A Meta-Analysis of Observational Studies. J. 

Am. Coll. Nutr. 38, 470–477. 

Wang, Y., Hu, C., Cheng, J., Chen, B., Ke, Q., Lv, Z., Wu, J., Zhou, Y., 2014. MicroRNA-

145 suppresses hepatocellular carcinoma by targeting IRS1 and its downstream Akt 

signaling. Biochem. Biophys. Res. Commun. 446, 1255–1260. 

Wang, Z., Lam, K., Hu, J., Ge, S., Zhou, A., Zheng, B., Zeng, S., Lin, S., 2019. Chlorogenic 

acid alleviates obesity and modulates gut microbiota in high‐fat‐fed mice. Food Sci. Nutr. 7, 

579–588. 

Wei, L., Liu, T.-T., Wang, H.-H., Hong, H.-M., Yu, A.L., Feng, H.-P., Chang, W.-W., 2011. 

Hsp27 participates in the maintenance of breast cancer stem cells through regulation of 

epithelial-mesenchymal transition and nuclear factor-κB. Breast Cancer Res. 13, R101. 

Weigel, D., Jürgens, G., Küttner, F., Seifert, E., Jäckle, H., 1989. The homeotic gene fork 

head encodes a nuclear protein and is expressed in the terminal regions of the Drosophila 

embryo. Cell 57, 645–658. 

Weigelt, J., Climent, I., Dahlman-Wright, K., Wikström, M., 2001. Solution structure of the 

DNA binding domain of the human forkhead transcription factor AFX (FOXO4). 

Biochemistry 40, 5861–5869. 

Wicha, M.S., 2006. Identification of murine mammary stem cells: implications for studies of 

mammary development and carcinogenesis. Breast Cancer Res. 8, 109. 

Wilms, L.C., Boots, A.W., de Boer, V.C.J., Maas, L.M., Pachen, D.M.F.A., Gottschalk, 

R.W.H., Ketelslegers, H.B., Godschalk, R.W.L., Haenen, G.R.M.M., van Schooten, F.J., 

Kleinjans, J.C.S., 2007. Impact of multiple genetic polymorphisms on effects of a 4-week 

blueberry juice intervention on ex vivo induced lymphocytic DNA damage in human 

volunteers. Carcinogenesis 28, 1800–1806. 

Wilson, D.J., 2017. Exercise for the Patient after Breast Cancer Surgery. Semin. Oncol. 

Nurs. 33, 98–105. 

Wooster, R., Bignell, G., Lancaster, J., Swift, S., Seal, S., Mangion, J., Collins, N., Gregory, 

S., Gumbs, C., Micklem, G., Barfoot, R., Hamoudi, R., Patel, S., Rices, C., Biggs, P., 

Hashim, Y., Smith, A., Connor, F., Arason, A., Gudmundsson, J., Ficenec, D., Kelsell, D., 

Ford, D., Tonin, P., Timothy Bishop, D., Spurr, N.K., Ponder, B.A.J., Eeles, R., Peto, J., 

Devilee, P., Cornelisse, C., Lynch, H., Narod, S., Lenoir, G., Egilsson, V., Bjork Barkadottir, 

R., Easton, D.F., Bentley, D.R., Futreal, P.A., Ashworth, A., Stratton, M.R., 1995. 

Identification of the breast cancer susceptibility gene BRCA2. Nature 378, 789–792. 

Wooster, R., Neuhausen, S.L., Mangion, J., Quirk, Y., Ford, D., Collins, N., Nguyen, K., 

Seal, S., Tran, T., Averill, D., 1994. Localization of a breast cancer susceptibility gene, 

BRCA2, to chromosome 13q12-13. Science 265, 2088–2090. 



 

162 

 

Wu, M., Tian, L., Fu, J., Liao, S., Li, H., Gai, Z., Gong, G., 2022. Antibacterial mechanism 

of Protocatechuic acid against Yersinia enterocolitica and its application in pork. Food 

Control 133, 108573. 

Wu, X., Beecher, G.R., Holden, J.M., Haytowitz, D.B., Gebhardt, S.E., Prior, R.L., 2006. 

Concentrations of Anthocyanins in Common Foods in the United States and Estimation of 

Normal Consumption. J. Agric. Food Chem. 54, 4069–4075. 

Xia, P., Xu, X.-Y., 2015. PI3K/Akt/mTOR signaling pathway in cancer stem cells: from 

basic research to clinical application. Am. J. Cancer Res. 5, 1602–1609. 

Xiao, B.-Y., Lin, G.-H., Zhao, Y.-X., Wang, B.-C., 2020. The efficacy and safety of PD-

1/PD-L1 inhibitors in breast cancer: a systematic review and meta-analysis. Transl. Cancer 

Res. 9. 

Xu, Y., Wang, G., Hu, W., He, S., Li, D., Chen, P., Zhang, J., Gao, Y., Yu, D., Zong, L., 

2022. Clinical role of miR-421 as a novel biomarker in diagnosis of gastric cancer patients: 

A meta-analysis. Medicine (Baltimore) 101, e29242. 

Xuan, Z., Zhang, M.Q., 2005. From worm to human: bioinformatics approaches to identify 

FOXO target genes. Mech. Ageing Dev. 126, 209–215. 

Yahfoufi, N., Alsadi, N., Jambi, M., Matar, C., 2018. The Immunomodulatory and Anti-

Inflammatory Role of Polyphenols. Nutrients 10, 1618. 

Yahfoufi, N., Alsadi, N., Mallet, J.F., Kulshreshtha, G., Hincke, M., Ismail, N., Matar, C., 

2021. Immunomodulation and Intestinal Morpho-Functional Aspects of a Novel Gram-

Negative Bacterium Rouxiella badensis subsp. acadiensis. Front. Microbiol. 12, 569119. 

Yang, C.S., Sang, S., Lambert, J.D., Lee, M.-J., 2008. Bioavailability issues in studying the 

health effects of plant polyphenolic compounds. Mol. Nutr. Food Res. 52 Suppl 1, S139-151. 

Yang, D., Cao, G., Ba, X., Jiang, H., 2022. Epigallocatechin-3-O-gallate promotes 

extracellular matrix and inhibits inflammation in IL-1β stimulated chondrocytes by the 

PTEN/miRNA-29b pathway. Pharm. Biol. 60, 589–599. 

Yang, J., Nie, J., Ma, X., Wei, Y., Peng, Y., Wei, X., 2019. Targeting PI3K in cancer: 

mechanisms and advances in clinical trials. Mol. Cancer 18, 26. 

Yang, L.-H., Ho, Y.-J., Lin, J.-F., Yeh, C.-W., Kao, S.-H., Hsu, L.-S., 2012. Butein inhibits 

the proliferation of breast cancer cells through generation of reactive oxygen species and 

modulation of ERK and p38 activities. Mol. Med. Rep. 6, 1126–1132. 

Yang, W., Sun, T., Cao, J., Liu, F., Tian, Y., Zhu, W., 2012. Downregulation of miR-210 

expression inhibits proliferation, induces apoptosis and enhances radiosensitivity in hypoxic 

human hepatoma cells in vitro. Exp. Cell Res. 318, 944–954. 



 

163 

 

Yarborough, D.E., 2012. Establishment and Management of the Cultivated Lowbush 

Blueberry (Vaccinium angustifolium). Int. J. Fruit Sci. 12, 14–22. 

Ye, D., Shen, Z., Zhou, S., 2019. Function of microRNA-145 and mechanisms underlying its 

role in malignant tumor diagnosis and treatment. Cancer Manag. Res. 11, 969–979. 

Yee, E.M.H., Brandl, M.B., Pasquier, E., Cirillo, G., Kimpton, K., Kavallaris, M., Kumar, 

N., Vittorio, O., 2017. Dextran-Catechin inhibits angiogenesis by disrupting copper 

homeostasis in endothelial cells. Sci. Rep. 7, 7638. 

Yi, H., Li, Y., Tan, Y., Fu, S., Tang, F., Deng, X., 2021. Immune Checkpoint Inhibition for 

Triple-Negative Breast Cancer: Current Landscape and Future Perspectives. Front. Oncol. 

11. 

Yin, M.-C., Lin, C.-C., Wu, H.-C., Tsao, S.-M., Hsu, C.-K., 2009. Apoptotic effects of 

protocatechuic acid in human breast, lung, liver, cervix, and prostate cancer cells: potential 

mechanisms of action. J. Agric. Food Chem. 57, 6468–6473. 

Yin, Y., Yan, Z.-P., Lu, N.-N., Xu, Q., He, J., Qian, X., Yu, J., Guan, X., Jiang, B.-H., Liu, 

L.-Z., 2013. Downregulation of miR-145 associated with cancer progression and VEGF 

transcriptional activation by targeting N-RAS and IRS1. Biochim. Biophys. Acta BBA - 

Gene Regul. Mech. 1829, 239–247. 

Yip, N.C., Fombon, I.S., Liu, P., Brown, S., Kannappan, V., Armesilla, A.L., Xu, B., 

Cassidy, J., Darling, J.L., Wang, W., 2011. Disulfiram modulated ROS-MAPK and NFκB 

pathways and targeted breast cancer cells with cancer stem cell-like properties. Br. J. Cancer 

104, 1564–1574. 

Younis, L.K., El Sakka, H., Haque, I., 2007. The Prognostic Value of E-cadherin Expression 

in Breast Cancer. Int. J. Health Sci. 1, 43–51. 

Yu, D., Ye, T., Xiang, Y., Shi, Z., Zhang, J., Lou, B., Zhang, F., Chen, B., Zhou, M., 2017. 

Quercetin inhibits epithelial-mesenchymal transition, decreases invasiveness and metastasis, 

and reverses IL-6 induced epithelial-mesenchymal transition, expression of MMP by 

inhibiting STAT3 signaling in pancreatic cancer cells. OncoTargets Ther. 10, 4719–4729. 

Yu, F., Jin, L., Yang, G., Ji, L., Wang, F., Lu, Z., 2014. Post-transcriptional repression of 

FOXO1 by QKI results in low levels of FOXO1 expression in breast cancer cells. Oncol Rep 

31, 1459–1465. 

Yuan, J., Dong, X., Yap, J., Hu, J., 2020. The MAPK and AMPK signalings: interplay and 

implication in targeted cancer therapy. J. Hematol. Oncol.J Hematol Oncol 13, 113. 

Yue, X., Zhao, Y., Xu, Y., Zheng, M., Feng, Z., Hu, W., 2017. Mutant p53 in Cancer: 

Accumulation, Gain-of-Function, and Therapy. J. Mol. Biol. 429, 1595–1606. 

Zaslavsky, A.B., Adams, M.P., Cao, X., Maj, T., Choi, J.E., Stangl-Kremser, J., Patel, S., 

Putelo, A., Lee, S.K., Nallandhighal, S., Kasputis, A., Alva, A., Lew, M., Qin, A., Mehra, R., 



 

164 

 

Morgan, T.M., Salami, S.S., Reichert, Z., Udager, A., Zou, W., Palapattu, G.S., 2020. 

Platelet PD-L1 suppresses anti-cancer immune cell activity in PD-L1 negative tumors. Sci. 

Rep. 10, 19296. 

Zeinali, T., Mansoori, B., Mohammadi, A., Baradaran, B., 2019. Regulatory mechanisms of 

miR-145 expression and the importance of its function in cancer metastasis. Biomed. 

Pharmacother. 109, 195–207. 

Zeng, H., Huang, Y., Liu, Q., Liu, H., Long, T., Zhu, C., Wu, X., 2021. MiR-145 suppresses 

the motility of prostate cancer cells by targeting cadherin-2. Mol. Cell. Biochem. 476, 3635–

3646. 

Zhang, H.-Y., Liang, F., Jia, Z.-L., Song, S.-T., Jiang, Z.-F., 2013. PTEN mutation, 

methylation and expression in breast cancer patients. Oncol. Lett. 6, 161–168. 

Zhang, J., Fu, B., Chen, X., Chen, D., Yang, H., 2020. Protocatechuic acid attenuates 

anterior cruciate ligament transection-induced osteoarthritis by suppressing 

osteoclastogenesis. Exp. Ther. Med. 19, 232–240. 

Zhang, J., Yu, Q., Cheng, H., Ge, Y., Liu, H., Ye, X., Chen, Y., 2018. Metabolomic 

Approach for the Authentication of Berry Fruit Juice by Liquid Chromatography Quadrupole 

Time-of-Flight Mass Spectrometry Coupled to Chemometrics. J Agric Food Chem 66, 8199–

8208. 

Zhang, X., Gan, L., Pan, H., Guo, S., He, X., Olson, S.T., Mesecar, A., Adam, S., Unterman, 

T.G., 2002. Phosphorylation of serine 256 suppresses transactivation by FKHR (FOXO1) by 

multiple mechanisms. Direct and indirect effects on nuclear/cytoplasmic shuttling and DNA 

binding. J. Biol. Chem. 277, 45276–45284. 

Zhang, Z., Hou, X., Shao, C., Li, J., Cheng, J.-X., Kuang, S., Ahmad, N., Ratliff, T., Liu, X., 

2014. Plk1 inhibition enhances the efficacy of androgen signaling blockade in castration-

resistant prostate cancer. Cancer Res. 74, 6635–6647. 

Zhang, Z., Li, G., Szeto, S.S.W., Chong, C.M., Quan, Q., Huang, C., Cui, W., Guo, B., 

Wang, Y., Han, Y., Michael Siu, K.W., Yuen Lee, S.M., Chu, I.K., 2015. Examining the 

neuroprotective effects of protocatechuic acid and chrysin on in vitro and in vivo models of 

Parkinson disease. Free Radic. Biol. Med. 84, 331–343. 

Zhang, Z., Sun, H., Dai, H., Walsh, R., Imakura, M., Schelter, J., Burchard, J., Dai, X., 

Chang, A.N., Diaz, R.L., Marszalek, J.R., Bartz, S.R., Carleton, M., Cleary, M.A., Linsley, 

P.S., Grandori, C., 2009. MicroRNA miR-210 modulates cellular response to hypoxia 

through the MYC antagonist MNT. Cell Cycle 8, 2756–2768. 

Zhao, H., 2021. The prognosis of invasive ductal carcinoma, lobular carcinoma and mixed 

ductal and lobular carcinoma according to molecular subtypes of the breast. Breast Cancer 

Tokyo Jpn. 28, 187–195. 



 

165 

 

Zhao, H., Kang, X., Xia, X., Wo, L., Gu, X., Hu, Y., Xie, X., Chang, H., Lou, L., Shen, X., 

2016. miR-145 suppresses breast cancer cell migration by targeting FSCN-1 and inhibiting 

epithelial-mesenchymal transition. Am. J. Transl. Res. 8, 3106–3114. 

Zhao, X., Sun, X., Li, X., 2012. Expression and clinical significance of STAT3, P-STAT3, 

and VEGF-C in small cell lung cancer. Asian Pac. J. Cancer Prev. APJCP 13, 2873–2877. 

Zhao, Y., Yang, J., Liao, W., Liu, X., Zhang, H., Wang, S., Wang, D., Feng, J., Yu, L., Zhu, 

W.-G., 2010. Cytosolic FoxO1 is essential for the induction of autophagy and tumour 

suppressor activity. Nat. Cell Biol. 12, 665–675. 

Zheng, L.J., Yang, D., Sun, L.J., Li, S.S., Wang, J.Y., Ye, S.C., 2018. Different molecular 

subtypes of breast invasive ductal carcinoma. J. Biol. Regul. Homeost. Agents 32, 553–563. 

Zheng, W.-H., Kar, S., Quirion, R., 2002. FKHRL1 and its homologs are new targets of 

nerve growth factor Trk receptor signaling. J. Neurochem. 80, 1049–1061. 

Zheng, Z.-Y., Tian, L., Bu, W., Fan, C., Gao, X., Wang, H., Liao, Y.-H., Li, Y., Lewis, M.T., 

Edwards, D., Zwaka, T.P., Hilsenbeck, S.G., Medina, D., Perou, C.M., Creighton, C.J., 

Zhang, X.H.-F., Chang, E.C., 2015. Wild-Type N-Ras, Overexpressed in Basal-like Breast 

Cancer, Promotes Tumor Formation by Inducing IL-8 Secretion via JAK2 Activation. Cell 

Rep. 12, 511–524. 

Zhong, H., Abdullah, Zhao, M., Tang, J., Deng, L., Feng, F., 2021. Probiotics-fermented 

blueberry juices as potential antidiabetic product: antioxidant, antimicrobial and antidiabetic 

potentials. J. Sci. Food Agric. 101, 4420–4427. 

Zhong, W., Wang, X., Wang, Y., Sun, G., Zhang, J., Li, Z., 2023. Obesity and endocrine-

related cancer: The important role of IGF-1. Front. Endocrinol. 14. 

Zhou, J., Gong, J., Ding, C., Chen, G., 2015. Quercetin induces the apoptosis of human 

ovarian carcinoma cells by upregulating the expression of microRNA-145. Mol. Med. Rep. 

12, 3127–3131. 

Zhou, Y., Zheng, J., Li, Y., Xu, D.-P., Li, S., Chen, Y.-M., Li, H.-B., 2016. Natural 

Polyphenols for Prevention and Treatment of Cancer. Nutrients 8, 515. 

Zhu, L., Zhang, Y.-J., Wang, B., Yang, L., Zheng, Y.-Q., Sun, L.-D., Tian, L., Chen, T., 

Wang, J.-D., 2021. PCDHB17P/miR-145-3p/MELK/NF-κB Feedback Loop Promotes 

Metastasis and Angiogenesis of Breast Cancer. Front. Oncol. 11, 660307. 

Zou, C., Xu, Q., Mao, F., Li, D., Bian, C., Liu, L.-Z., Jiang, Y., Chen, X., Qi, Y., Zhang, X., 

Wang, X., Sun, Q., Kung, H.-F., Lin, M.C., Dress, A., Wardle, F., Jiang, B.-H., Lai, L., 

2012. MiR-145 inhibits tumor angiogenesis and growth by N-RAS and VEGF. Cell Cycle 

Georget. Tex 11, 2137–2145. 

 


