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Abstract: The interactions between aromatase inhibitors (AI) in breast cancer (BC) and gut microbiota
(GM) have not been completely established yet. The aim of the study is to evaluate the bio-diversity
of GM and the relationship between GM, inflammation and tumor-infiltrating lymphocytes (TILs) in
postmenopausal women with BC during adjuvant AI treatment compared to women with disease
relapse during or after one year of AI therapy (“endocrine-resistant”). We conducted a monocenter
observational case-control study. Eighty-four women with BC (8 cases, 76 controls) were enrolled
from 2019 to 2021. We observed a significant difference in the mean microbial abundance between the
two groups for the taxonomic rank of order (p 0.035) and family (p 0.029); specifically, the case group
showed higher diversity than the control group. Veillonella reached its maximum abundance in cases
(p 0.022). Cytokine levels were compared among the groups created considering the TILs levels. We
obtained a statistically significant difference (p 0.045) in IL-17 levels among the groups, with patients
with low TILs levels showing a higher median value for IL-17 (0.15 vs. 0.08 pg/mL). Further studies
about the bio-diversity in women with BC may lead to the development of new biomarkers and
targeted interventions.

Keywords: estrobolome; microbiome; TILs; breast cancer; IL17; aromatase inhibitors; luminal
breast cancer

1. Introduction

Breast cancer (BC) is the most frequent solid tumor worldwide for both sexes, and
accumulating data report an increased incidence rate. In 2020, the estimated incidence
of breast cancer was 2.3 million cases (11.7% of total cases) with about 684,000 estimated
deaths [1]. In postmenopausal women, BC risk increases with the weight gain linked to
high levels of endogenous estrogens, leading to the alteration of host inflammation and
metabolism [2].
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The microbiota is the amount of the living microorganisms associated to the human
body and it is mainly composed of bacteria, with a minor component of fungi, archeae and
viruses [3]. It is implicated in the development of various types of cancer [4] and involved
in many aspects of tumor biology, such as innate and cell-mediated immunity and hormone
availability [5]. Several studies have investigated the relationship between gut microbiota
(GM) dysbiosis and BC. GM seems to be able to modulate the serum levels of estrogens:
in particular, Plottel and Blaser have defined the amount of enteric bacterial genes whose
products are able to metabolize estrogens and their metabolites, and to modulate the en-
terohepatic circulation of estrogens as the “estrobolome” [6]. In particular, the estrobolome
consists of some bacterial genes encoding β−glucuronidase and/or β−galactosidase that
regulate the estrogen metabolism in the human body [7]. A recent paper found that bacteria
producing β-glucuronidase typically included Collinsella and Edwardsiella; bacteria produc-
ing β-galactosidase included Dorea, Klebsiella and Staphylococcus; bacteria producing both
the metabolites included Alistipes, Bacteroides, Bifidobacterium, Faecalibacterium, Lactobacillus
and Roseburia [8]. An estrobolome enriched in bacterial genes encoding β−glucuronidase
and/or β−galactosidase might lead to greater relative levels of circulating free estrogens [9].
In postmenopausal women, the adipose tissue is able to product estrogen by the aromati-
zation of androgen precursors. Aromatase inhibitors (AI) potently inhibit the aromatase
activity and suppress estrogen levels in plasma and tissue [10]. GM composition and
biodiversity influences the regulation of the various types of hormones, but the dysbiosis,
defined as “the abnormal composition of the microbiome” [11], seems to be associated with
postmenopausal but not premenopausal BC [12] and the interactions between AI and GM
has not completely established yet.

Moreover, GM might promote malignancy by inducing chronic inflammation and by
triggering uncontrolled innate and adaptive immune responses. Increased BC risk has been
associated with the presence of chronic and dysregulated inflammation [13]. For instance,
one postulated inflammation-related mechanism for breast cancer is the up-regulation
of cyclooxygenase 2 (COX2) and its product, prostaglandin E2 (PGE), with a consequent
increased aromatase expression in adipose tissue and conversion of androgen precursors to
estrogens [14,15]. Prebiotics are able to restore a dysbiosis. For example, prebiotics such as
enterolactone can enhance the growth and activity of beneficial gut microorganisms, such
as phytoestrogens, that work as antioxidants causing downregulation of COX2-mediated
inflammation [5].

Finally, a recent published study by Shi and colleagues showed a correlation between
the diversity of the gastrointestinal microbiome and the presence of tumor-infiltrating
lymphocytes (TILs) in patients with BC [16]. Abundant TILs are associated with better
outcome for patients with triple negative BC and HER2-positive BC, while the prognostic
significance of TILs in estrogen receptor (ER)-positive/HER2-negative BC remains un-
clear [17]. Furthermore, the relationship between GM, inflammation and TILs in patients
with BC during AI has not already been investigated.

The aim of this study is to evaluate the GM compositions, inflammation and TILs in
post postmenopausal women with BC during adjuvant AI treatment compared to women
with disease relapse during or after 1 year of AI therapy (“endocrine-resistant”).

2. Materials and Methods
2.1. Study Setting

We evaluated postmenopausal women with ER/progesterone (PgR)-positive and
HER2-negative BC (with or without previous anthracycline- and taxane-based adjuvant
chemotherapy) undergoing adjuvant hormonal treatment with AI (anastrozole, letrozole,
exemestane) since at least three years therapy at the Medical Oncology Unit of Fondazione
IRCCS Policlinico San Matteo Pavia. The study population was split into cases (patients
who documented disease relapse during AI therapy or within 12 months of completing
adjuvant AI) and controls (patients who did not experience relapse). The study period
ran from November 2019 to July 2021. The exclusion criteria were the following: the
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onset of menopause after BC diagnosis (including perimenopause period); a personal
history of other type of cancer (with exception for non-melanoma skin cancer); previous
treatment with tamoxifen and with an LHRH analogue; previous adjuvant chemotherapy
different from the sequential treatment with anthracycline and taxanes; patients reporting
an intake of antibiotic therapy during the last 3 months; a personal history of autoimmune
or inflammatory bowel disease; presence of gastrointestinal symptoms suggestive for
colitis (such as diarrhea, abdominal pain); any major intestinal surgery (including bariatric
surgery) in the previous six months.

The study was conducted according to the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) Statement for reporting observational stud-
ies [18] and was approved by the local Ethics Committee (Comitato Etico Area Pavia) and
Institutional Review Board (P-20190073421). All the subjects signed an informed written
consent form.

Figure 1 highlights the main characteristics of this study.

Figure 1. Cross-sectional exploratory investigation: materials and methods.

2.2. Outcomes

The primary outcome of this study was to assess whether the GM biodiversity differed
between endocrine-resistant cases and endocrine-sensitive controls. Then, we compared
the characteristic of cases and controls in terms of clinical oncological medical history (dis-
ease stage at the time of diagnosis, histotype, hormonal receptor status, proliferation
index, HER2, type of surgery, radiation therapy and kind of adjuvant therapy) and GM
composition. Secondary outcomes were to compare TILs levels and serum marker of
immune-activation, immune-exhaustion and bacterial translocation among cases and con-
trols. Moreover, we compared the characteristic of GM according to clinicopathological
features between cases and controls.

2.3. Biological Samples

The samples (stool and blood) were obtained from the patients at the fifth year of the
adjuvant endocrine therapy (controls) or at the time of the relapse during AI therapy or
within 12 months of completing adjuvant AI (cases).

2.3.1. Stool Sample Processing and DNA Extraction

Stool samples were kept at −80 ◦C, at the Laboratory of Microbiology and Virology of
IRCCS Foundation Policlinico San Matteo of Pavia.
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Genomic DNA was extracted from fecal samples using QIAamp® Fast DNA Stool
Mini kit (Qiagen, Hilden, DE, USA) according to the manufacturer’s instructions. The
DNA concentration of each sample was assessed using a Qubit 3 fluorometer (Invitrogen,
Carlsbad, CA, USA). The V3–V4 hypervariable regions of the 16S rRNA gene were targeted
for amplicon production and sequencing was conducted by BMR Genomics Srl (Padova,
Italy) using a Paired-End, 2 × 300-bp cycle run on Illumina MiSeq sequencing system.

2.3.2. Blood Sample Processing and DNA Extraction

Blood samples were taken from an antecubital vein of the forearm of each subject,
after overnight fasting. The serum was centrifuged and then frozen at −20◦C for the
subsequent analysis.

The human Interleukin 17 (IL-17) immunoassay (Human IL17 Immunoassay, R&D
Systems, Minneapolis, MN) employs the quantitative sandwich enzyme immunoassay
technique and was performed according to the manufacturer’s instructions and expressed
in pg/mL. The minimum detectable dose (MDD) of IL-17 was less 15 pg/mL (determined
by adding two standard deviations to the mean optical density value of twenty zero
standard replicates and calculating the corresponding concentration).

The human Interleukin CD14 (CD14) immunoassay (Human CD14 Immunoassay,
R&D Systems, Minneapolis, MN) employs the quantitative sandwich enzyme immunoassay
technique and was performed according to the manufacturer’s instructions and expressed
in pg/mL. The MDD of CD14 was less 125 pg/mL (determined by adding two standard de-
viations to the mean optical density value of twenty zero standard replicates and calculating
the corresponding concentration).

The human Interleukin prostaglandin E2 (PGE2) immunoassay (Human PGE2 Im-
munoassay, R&D Systems, Minneapolis, MN) employs the quantitative sandwich enzyme
immunoassay technique and was performed according to the manufacturer’s instructions
and expressed in pg/mL. The MDD of PGE2 was from 16.0–41.4 pg/mL (determined by
adding two standard deviations to the mean optical density value of twenty zero stan-
dard replicates and calculating the corresponding concentration) and the mean MDD was
30.9 pg/mL. IL17 and CD14 serum titers were evaluated in the peripheral blood of all the
above time of the patients.

2.4. TILs Levels

TILs levels in breast cancer tissues were evaluated on hematoxylin and eosin (HE)
stained sections according to the 2014 International Immuno-Oncology Biomarker Work-
ing Group on Breast Cancer [19]. In brief, TILs were assessed as the percentage of the
stromal tissue within the borders of the invasive component alone that was occupied by
mononucleated inflammatory cells. The average TILs percentage was rendered, avoiding
hotspots, and it was scored as a continuous variable (0–100%). The values thus obtained
were then used to categorize the tumor into three categories: low TILs (0–9% of stromal
TILs), intermediate TILs (10–49% of stromal TILs) and lymphocyte-predominant BC (≥50%
of stromal TILs).

2.5. Statistical and Bioinformatic Analyses

Raw reads were processed using an ad-hoc bioinformatics pipeline (Arrow Diag-
nostics) built under the R environment and the Microbiome Analyst v. 3.5.1 (www.
microbiomeanalyst.ca accessed on 4 July 2022) online tool. Operational taxonomic units
(OTUs) were classified at 97% homology level after filtering for sequences not passing the
quality control. Taxonomy was then assigned against the Ribosomal Database Project (RDP)
reference database, release 11. Low-count (20% prevalence cut-off) and low-variance (based
on the inter-quartile range) filters were applied, and data rarefaction and scaling (through
total sum normalization) were performed (microbiome analyst default parameters). Finally,
filtered OTUs were used to compute relative abundances of microbial taxa in each sample.
Microbial profiles of taxa with at least prevalence > 5% in one sample of the dataset were

www.microbiomeanalyst.ca
www.microbiomeanalyst.ca


Pathogens 2022, 11, 1421 5 of 31

compared between patient groups (cases and controls) using the Mann–Whitney U-test.
Significance threshold (p-value) was set to 0.05.

Quantitative variables were summarized as the median and interquartile range (IQR),
and categorical variables were summarized with frequencies.

The α-diversity indexes (observed richness and Shannon) were computed at all tax-
onomic levels to analyze the within-sample diversity. Results were compared between
groups using the Mann–Whitney U-test (p-value threshold set at 0.05).

The β-diversity (diversity in composition among samples) was computed at all taxo-
nomic levels. Dissimilarity matrices were calculated using the Bray–Curtis distance method
and visualized as principal coordinates analysis (PCoA). Permutational multivariate analy-
sis of variance (PERMANOVA) was then performed for β–diversity analysis to assess the
grouping of samples.

Predictive modeling was performed using random forest and gradient boosting. Given
the low number of samples available, models were evaluated using a leave-one-out procedure.

Data analysis was performed using MatlabR202b (The Mathworks, Inc.) and the
Orange Data Mining suite [20].

3. Results

A total of 84 women with BC (8 cases, 76 controls) were enrolled from November 2019
to July 2021. Overall, twelve BC patients (14%) had an invasive lobular carcinoma (ILC),
one patient had mucinous carcinoma (1%) while seventy-one (84%) had invasive ductal
carcinoma (IDC). In Table 1 we have reported the main characteristics according to cases
and controls. According to the 13th St Gallen International Breast Cancer Conference [21],
six cases (75%) and forty-nine controls (65%) presented a Luminal A-like subtype, while
two cases (25%) and twenty-seven controls (35%) presented a Luminal B-like subtype.
Histological grade was assessed with the Notthingham Histologic Score: nine patients (all
controls) were graded as G1, fifty controls and six cases were graded as G2, seventeen
controls and two cases were graded as G3. Twenty-two patients had received adjuvant
chemotherapy (antracycline and taxane-based): nineteen controls (25%) and three cases
(37%). With regard to the type of AI, seventy-four controls (97%) and two cases (25%)
were receiving anastrozole at the time of study enrollment. When stratified by body
mass index (BMI), thirty-six controls (47%) and four cases (50%) presented overweight
(BMI 25–30 kg/m2), four controls (6%) had lower BMI and thirty-six controls (47%) and
four cases (50%) were in the normal range.

Table 1. Patients’ characteristics.

Cases (n = 8) Controls (n = 76)

Tumor histology

IDC 8 (100%) 63 (83%)

ILC 0 12 (16%)

Other 0 1 (1%)

Tumor grade

G1 0 9 (12%)

G2 6 (75%) 50 (66%)

G3 2 (25%) 17 (22%)

Estrogen receptor

Positive 8 (100%) 76 (100%)

Negative 0 0

Progesterone receptor
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Table 1. Cont.

Cases (n = 8) Controls (n = 76)

Positive 8 (100%) 76 (100%)

Negative 0 0

Ki-67

Low 6 (75%) 60 (79%)

High 2 (25%) 16 (21%)

Molecular subtype

Luminal A 6 (75%) 49 (65%)

Luminal B 2 (25%) 27 (35%)

TILs

Low TILs 5 (63%) 48 (63%)

Intermediate TILs 2 (25%) 18 (24%)

Lymphocyte-predominant 0 0

nv 1 (12%) 10 (13%)

Adjuvant endocrine therapy

Anastrozole 2 (25%) 74 (97%)

Letrozole 6 (75%) 2 (3%)

Exemestane 0 0

Adjuvant chemotherapy

Yes 3 (37%) 19 (25%)

No 5 (63%) 57 (75%)

Comorbidities

Diabetes mellitus 2 (25%) 8 (10%)

Autoimmune disorders 1 (12%) 2 (3%)

HCV 0 5 (6%)

HBV 0 1 (1%)

BMI

25–29.9 kg/m2 4 (50%) 36 (47%)

18.5–24.9 kg/m2 4 (50%) 36 (47%)

>18.5 Kg/m2 0 4 (6%)
Abbreviations: ILC: invasive lobular carcinoma; IDC: invasive ductal carcinoma; BMI: body mass index; nv: not
evaluated; HCV: Hepatits C virus; HBV: Hepatitis B virus.

3.1. Taxonomic Structure of Fecal Bacterial Communities in Cases and Controls

We investigated shifts in structure and composition of fecal bacterial communities
across cases and controls. No statistically significant difference was found in average
relative abundance for the most represented phyla, class and order in cases and controls
as shown in Figure 2a–d. Firmicutes and Bacteroidetes were the most abundant in cases
and controls (Figure 2a). Specifically, Firmicutes frequencies were 69.4% in the case group
and 70.8% in controls as Bacteroidetes were 15.5% and 16.8%, respectively. Concerning the
taxonomic rank of class, the most abundant both in cases and controls were Clostridia (60.6%
and 63.6%, respectively), and Bacteroidia (14.6% and 16.9%, respectively) (Figure 2b). With
regards of order, Clostridiales were the most abundant in all groups: 61.0% in cases and
64.2% in controls (Figure 2c).
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Figure 2. Taxonomic composition of the gut microbiota in cases and controls. Average relative
abundances of the most represented phyla (a), class (b), order (c) and genus (d) identified in study
groups. Only taxa whose relative abundance was >5% in at least one group were included.
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As to family, Veillonella reached its maximum abundance in cases (p 0.022) as shown in
Figure 3.
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Figure 3. Distribution of relative abundance at the taxonomic level of family of Veillonellaceace in case
and control group.

The study population was later split according to TILs levels into three categories:
low TILs (LT), intermediate TILs (IT) and lymphocyte-predominant BC. Given the lack of
patients in the latter category, the fecal bacterial communities were investigated across low
TILs and intermediate TILs groups. As shown in Figure 4, we did not find any statistically
significant difference in average relative abundance for the most represented phyla, class
and order. (Figure 4). Specifically, Firmicutes frequencies were 70.5% in LT and 71.2% IT as
Bacteroidetes were 16.7% and 17.0%, respectively. Concerning the taxonomic rank of class,
the most abundant both in LT and in IT were Clostridia (61.7% and 64.9%, respectively), and
Bacteroidia (16.4% and 16.4%, respectively) (Figure 4b). With regards of order, Clostridiales
were the most abundant in all groups: 61.7% in LT and 63.9 % in IT (Figure 4c).

Furthermore, we categorized the study population according to luminal subtype
(luminal A subtype (LA) and Luminal subtype B (LB)). Then, we compared the bacterial
communities between LA and LB, both in cases and controls. As shown in Figure 5, no
statistically significant difference was found in average relative abundance for the most
represented phyla, class and order. Firmicutes and Bacteroidetes were the most abundant
in subtype Luminal A and B in both cases and controls (Figure 5a). Specifically, in the case
group Firmicutes frequencies were 69.7% for LA and 70.3% for LB while Bacteroidetes were
15.5% and 16.4%, respectively. Only one patient with LA showed higher abundance of
Actinobacteria than Bacteroides. In the control group, Firmicutes and Bacteroidetes frequencies
were 71.9% and 16.1% for LA and 68.2% and 18.3% for LB. Concerning the taxonomic
rank of class, in the case group, the most abundant were Clostridia in both subtypes (62.2%
for LA and 51.7% for LB) and Bacteroidia (15.8% for LA and 14.1%,for LB) (Figure 5b). In
the control group, Clostridia and Bacteroidia frequencies were 63.0% and 15.8% for LA and
61.8% and 18.2% for LB. With regards of order, Clostridiales were the most abundant in all
groups; specifically in the case group, the frequencies for LA and LB were 62.2 % and 51.7%,
respectively, and 63.0% and 61.7% in the control group (Figure 5c).
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(LT) and intermediate TILs. (IT) Only taxa whose relative abundance was >5% in at least one group
were included.
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Figure 5. Taxonomic composition of the gut microbiota according to luminal subtypes. Average
relative abundances of the most represented phyla (a), class (b), order (c) identified in Luminal A and
Luminal B. Only taxa whose relative abundance was >5% in at least one group were included.

3.2. Ecological Analyses of Fecal Communities in Cases and Controls

The within-sample diversity was evaluated by α-diversity indexes (observed richness
and Shannon). Results were compared between groups using the Mann–Whitney U-test
(p-value threshold set at 0.05). We calculated Chao1 indices by Wilcoxon rank-sum test and
we observed a significant difference in the mean microbial abundance between two groups
for the taxonomic rank of order (p 0.035) and family (p 0.029), specifically, the case group
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showed higher diversity than the control group. Even though there was no significant
difference, we observed an overall trend of decreasing richness also for the taxonomic
rank of phylum and class. Moreover, we calculated Shannon index, which represents the
observed number of species in the two groups, and we did not find a significant difference
among the case and control group (Figure 6).
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α-diversity indexes were computed also according to TILs categorization. We calcu-
lated Chao1 index by Wilcoxon rank-sum test and Shannon index. We did not observe any
significant difference in the mean microbial abundance between LT and IT groups for the
taxonomic rank of phylum, order and family (Figure 7).

Similarly, we performed within-sample diversity evaluation by α-diversity indexes
in the study population split according to luminal subtypes (A and B). Concerning the
case group, Chao1 index by Wilcoxon rank-sum test and Shannon index did not show any
significant difference between the LA and LB group. Although the sample is small and
there is no statistically significant difference, we observed an overall trend of decreasing
richness for the taxonomic rank of phylum, class and order.
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With regards to control, Chao1 index did not show any difference between LA and LB.
Meanwhile, we observed a significant number of species between LA and LB calculated by
Shannon index for the taxonomic rank of Phylum (Figure 8).
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The between-sample diversity (β-diversity) was evaluated by computing the Bray–
Curtis dissimilarity matrix and was visualized through PCoA. Looking into the bacterial
composition profiles, we did not observe significant differences between the case group
and the control group (Figure 9). The analyses suggested no significant differences of all
bacterial consortia as well when comparing the samples according to TILs and luminal
subtype categorization (see supplementary materials).
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Figure 8. α-diversity according to Luminal subtypes. Observed richness and Shannon indices are
presented at the taxonomic level of phylum in case group (a) and in control group (b); class in case
group (c) and in control group (d); order in case group (e) and in control group (f).
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Figure 9. Beta-diversity. The microbiota distances were evaluated through the Bray–Curtis dissimi-
larity matrix at the taxonomic level of phylum (a), genus (b), order (c) and family (d) and visualized
through Principal Coordinates Analysis (PCoA). Each point represents the microbiota composition of
one sample.

3.3. TILs Levels and Cytokine Levels

Of the 84 breast cancer specimens, 53 (63%, median value = 5%, range 1–5%) were
classified as low TILs, and 20 (24%, median value = 13%, range 10–40%) were classified
as intermediate TILs; no patients were found to belong to the lymphocyte-predominant
group. In 11 cases, tumor sections without biopsy site were not available, meaning the
quantification of TILs was not recommended according to the 2014 International Immuno-
Oncology Biomarker Working Group on Breast Cancer recommendations [19].

Cytokine levels (IL17, CD14 and PGE) were compared among the three groups created
considering the TILs levels (overall, low and intermediate). We obtained a statistically
significant difference (p = 0.04) in IL-17 levels among the groups, with patients with low
TILs levels showing a higher median value for IL-17 (0.15 vs. 0.08 pg/mL). Considering
PGE and CD14, we did not obtain a statistically significant difference (p = 0.93 and p = 0.69,
respectively) (Table 2).
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Table 2. TILs levels and cytokine levels.

TILs’ Levels—All Patients
(n = 84)

(Median [IQR])

TILs’ Levels—Low (n = 53)
(Median [IQR])

TILs’ Levels—Intermediate
(n = 20)

(Median [IQR])

p-Value (Low vs.
Intermediate)

IL17 0.11 [0.04–0.21] 0.15 [0.04–0.24] 0.08 [0.02–0.11] 0.04

CD14 1828.50 [1081.1–2621.04] 1894.76 [1139.61—2552.24] 1433.70 [1049.86—2573.24] 0.69

PGE 1207.93 [672.33–1633.71] 1162.52 [672.33—1633.71] 1295.24 [599.40—1633.15] 0.93

Abbreviations: IL-17: human Interleukin 17; CD14: human Interleukin CD14; PGE2: prostaglandin E2; IQR: in-
terquartile range.

Cytokine levels were compared between the cases and the controls. We did not obtain
a statistically significant difference considering all three types of cytokines (Table 3).

Table 3. TILs levels and cytokine levels between cases and controls.

TILs Levels—All Patients
(n = 84)

(Median [IQR])

TILs Levels—Controls (n = 76)
(Median [IQR])

TILs Levels—Cases (n = 8)
(Median [IQR])

p-Value (Cases
vs. Controls)

IL17 0.11 [0.04–0.21] 0.10 [0.03–0.21] 0.16 [0.07–0.28] 0.38

CD14 1828.50 [1081.1–2621.04] 1828.50 [1085.25–2664.73] 1947.49 [817.03–2232.15] 0.67

PGE 1207.93 [672.33–1633.71] 1221.90 [741.60–741.60] 591.46 [244.85—2600.24] 0.41

Abbreviations: IL-17: human Interleukin 17; CD14: human Interleukin CD14; PGE2: prostaglandin E2; IQR: in-
terquartile range.

We trained two machine learning models, random forests and gradient boosting, to
predict TILs levels by using features related to the level 3 taxonomy of the microbiome.
Classification performance was only slightly better than the majority classifier.

4. Discussion

In our cohort of patients with ER/PgR-positive and HER2-negative BC undergoing
adjuvant hormonal treatment with AI, we demonstrated poor differences, in all the bacterial
consortia, between patients who documented disease relapse during AI (cases) and patients
who did not experienced relapse (controls). However, according to the literature data,
fecal microbiota of postmenopausal women with breast cancer had elevated levels of
Clostridiaceae [22].

The cross-talk between sex hormones and gut microbiota has emerged over the last
few years, and the effect of the GM compositions on the levels of estrogens and their
metabolites has been deeply investigated [23]. Recently Feng and colleagues described
potential new approaches to prevent and/or treat BC by modulating GM [24].

To the best of our knowledge, no prior studies have explored the link between re-
sponse to hormone therapies and the bio-diversity of the GM. The estrobolome, as well as
a subset of beta-glucuronidase-producing gut bacteria, influences the level of estrogens.
Ervin and colleagues demonstrated in vitro the ability of the gut microbial β-glucuronidase
(GUS) enzymes to reactivate estrogens from their inactive glucuronides [7]. The gut
bacteria-possessing ß-glucuronidases are capable of metabolizing estrogens and are es-
sential to the enterohepatic circulation of the estrogens [9]. Clostridia, Ruminococcaceae
and Escherichia bacteria typically produce beta-glucuronidase [25] and so GM may have an
impact on estrogen signaling.

Therefore, we investigated the relative abundance of aforementioned genus-producing
GUS enzymes between the case and control group. Our results did not demonstrate
any significant difference. However, consistently with the literature data, we found that
Clostridia was the most abundant class and Clostridiales was the most abundant order in
the cases group. Moreover, the Veillonella family was the most abundant in our case group:
it is able of producing the aforementioned enzymes leading to increasing levels of free
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estrogens [26] and in a recent study, it was assumed to survive well in a pro-inflammatory
environment [27]. When we compared the bacterial communities according to luminal
subtypes in the case and control group, we did not observe a statistically significant
difference: Firmicutes and Bacteroidetes were the most abundant in subtype Luminal A and
B both in cases and in controls.

Concurrently, the hormone therapy could influence estrogen-related metabolism
through the estrabolome [28]. In 2018, Zhu et al. demonstrated that the fecal micro-
biota of postmenopausal women with breast cancer was characterized by a higher number
of species when compared with postmenopausal controls [12]. On the contrary, Goedert
et al. demonstrated that the fecal microbiota of postmenopausal women with breast can-
cer, compared with control patients, had statistically significantly lower alpha diversity
(p ≤ 0.004), except for Shannon index [22].

To date, few studies about the role of GM in BC patients are ongoing. There are
also three intervention trials (NCT04139993, NCT03358511, NCT03290651) with the aim
to evaluate the systemic immunomodulatory effects of microbiota-based formulation [29].
Moreover, in a previous paper, our team hypothesized that the estrobolome might alter the
susceptibility to COVID-19 by modulating the levels of estrogen and cytokines [30].

In our current study, we also assessed circulating cytokines as serum markers of
immune-activation and bacterial translocation among the cases and control, and in rela-
tionship with TILs levels in the primary cancer. An increasing number of studies have
established a relationship between cancer and inflammation. IL-17 is a pro-inflammatory
cytokine produced by T helper 17 lymphocytes, and it promotes the proliferation, invasion
and metastasis of BC cells [31]. It has direct and indirect effects in tumor cells and may
modulate the drug sensitivity of cancer cells [32]. Our results revealed no statistically
significant difference between cases and controls, but this might be due to the small sample
size. Interestingly, we found a statistically significant correlation between IL-17 and low
TILs. The prognostic role of the immune status of TILs in triple negative and HER2-positive
subtypes has been extensively studied [33], while in luminal breast cancers (LBC) it re-
mains more elusive [34]. Studies about the potential clinical relevance of TILs in LBC had
reported conflicting findings [35,36]. Our study did not have the statistical power to allow a
prognostic role for TILs to be determined, but future analyses will focus on the biodiversity
of the GM in relationship to TILs.

Our study has several limitations need to be considered. First, there are several
confounding variables that might influence the final interpretation of GM composition
(such as BMI, type of diet and antibiotic drugs intake). Due to the small number of patients
enrolled, it was not possible to fully balance these confounding factors. Second, this is a
cross-sectional study and therefore only a stool and blood sample were collected at the
recruitment time, lacking sampling at baseline. However, to the best of our knowledge,
there has been no previous research on this topic.

5. Conclusions

In conclusion, we observed a significant difference in the mean microbial abundance
between endocrine-resistant cases and endocrine-sensitive controls in terms of the taxonomic
rank of order and family. Our study did not have the statistical power to allow a prognostic
role for GM to be determined, but future analyses about the bio-diversity in women with
BC may lead to the development of new biomarkers and targeted interventions.
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Author Contributions: Conceptualization, A.L. and V.Z.; methodology, C.R., M.D.A. and M.C.;
software, G.P. and L.S.; validation, A.L. and P.S.; formal analysis, M.C., M.D.A., G.T., F.C. and M.L.;
investigation, A.L.; resources, A.L.; data curation, A.L., E.F., G.R., R.T. and A.F.; writing—original
draft preparation, A.L., M.D.A., C.R., M.C. and V.Z.; writing—review and editing, A.L. and V.Z.;

https://www.mdpi.com/article/10.3390/pathogens11121421/s1
https://www.mdpi.com/article/10.3390/pathogens11121421/s1


Pathogens 2022, 11, 1421 30 of 31

visualization, V.Z.; supervision, R.B. and P.P.; project administration, A.L.; funding acquisition, P.P.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the local Ethics Committee (Comitato Etico Area Pavia) and Institutional
Review Board (P-20190073421, 23 October 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All the data supporting the findings of this study can be found within
the article.

Acknowledgments: We are grateful for the help and time of all the staff involved in the sampling process.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. GLOBOCAN. 2020. Available online: https://gco.iarc.fr (accessed on 4 July 2022).
2. Brown, S.B.; Hankinson, S.E. Endogenous estrogens and the risk of breast, endometrial, and ovarian cancers. Steroids 2015, 99,

8–10. [CrossRef] [PubMed]
3. Arrieta, M.C.; Stiemsma, L.T.; Amenyogbe, N.; Brown, E.M.; Finlay, B. The intestinal microbiome in early life: Health and disease.

Front. Immunol. 2014, 5, 427. [CrossRef] [PubMed]
4. Schwabe, R.; Jobin, C. The microbiome and cancer. Nat. Rev. Cancer. 2013, 13, 800–812. [CrossRef] [PubMed]
5. Rea, D.; Coppola, G.; Palma, G.; Barbieri, A.; Luciano, A.; Del Prete, P.; Rossetti, S.; Berretta, M.; Facchini, G.; Perdonà, S.; et al.

Microbiota effects on cancer: From risks to therapies. Oncotarget 2018, 9, 17915–17927. [CrossRef] [PubMed]
6. Plottel, C.S.; Blaser, M.J. Microbiome and malignancy. Cell Host Microbe 2011, 10, 324–335. [CrossRef] [PubMed]
7. Ervin, S.M.; Li, H.; Lim, L.; Roberts, L.R.; Liang, X.; Mani, S.; Redinbo, M.R. Gut microbial β-glucuronidases reactivate estrogens

as components of the estrobolome that reactivate estrogens. J. Biol. Chem. 2019, 294, 18586–18599. [CrossRef]
8. An, J.; Kwon, H.; Lim, W.; Moon, B.I. Staphylococcus aureus-Derived Extracellular Vesicles Enhance the Efficacy of Endocrine

Therapy in Breast Cancer Cells. J. Clin. Med. 2022, 11, 2030. [CrossRef]
9. Kwa, M.; Plottel, C.S.; Blaser, M.J.; Adams, S. The Intestinal Microbiome and Estrogen Receptor-Positive Female Breast Cancer.

J. Natl. Cancer Inst. 2016, 108, djw029.
10. Augusto, T.V.; Correia-da-Silva, G.; Rodrigues, C.M.P.; Teixeira, N.; Amaral, C. Acquired resistance to aromatase inhibitors:

Where we stand! Endocr. Relat. Cancer 2018, 25, 283–301. [CrossRef]
11. Fernández, M.F.; Reina-Pérez, I.; Astorga, J.M.; Rodríguez-Carrillo, A.; Plaza-Díaz, J.; Fontana, L. Breast cancer and its relationship

with the microbiota. Int. J. Environ. Res. Public Health 2018, 15, 1747. [CrossRef]
12. Zhu, J.; Liao, M.; Yao, Z.; Liang, W.; Li, Q.; Liu, J.; Yang, H.; Ji, Y.; Wei, W.; Tan, A.; et al. Breast cancer in postmenopausal women

is associated with an altered gut metagenome. Microbiome 2018, 6, 36. [CrossRef] [PubMed]
13. Buchta Rosean, C.; Bostic, R.R.; Ferey, J.C.M.; Feng, T.Y.; Azar, F.N.; Tung, K.S.; Dozmorov, M.G.; Smirnova, E.; Bos, P.D.;

Rutkowski, M.R. Preexisting commensal dysbiosis is a host-intrinsic regulator of tissue inflammation and tumor cell dissemination
in hormone receptor-positive breast cancer. Cancer Res. 2019, 79, 3662–3675. [CrossRef] [PubMed]

14. Larkins, T.L.; Nowell, M.; Singh, S.; Sanford, G.L. Inhibition of cyclooxygenase-2 decreases breast cancer cell motility, invasion
and matrix metalloproteinase expression. BMC Cancer 2006, 6, 181. [CrossRef] [PubMed]

15. Wang, D.; Dubois, R.N. Cyclooxygenase-2: A potential target in breast cancer. Semin. Oncol. 2004, 31, 64–73. [CrossRef] [PubMed]
16. Shi, J.; Geng, C.; Sang, M.; Gao, W.; Li, S.; Yang, S.; Li, Z. Effect of gastrointestinal microbiome and its diversity on the expression

of tumor infiltrating lymphocytes in breast cancer. Oncol. Lett. 2019, 17, 5050–5056. [PubMed]
17. Miyoshi, Y.; Shien, T.; Ogiya, A.; Ishida, N.; Yamazaki, K.; Horii, R.; Horimoto, Y.; Masuda, N.; Yasojima, H.; Inao, T.; et al.

Associations in tumor infiltrating lymphocytes between clinicopathological factors and clinical outcomes in estrogen receptor
positive/human epidermal growth factor receptor type 2 negative breast cancer. Oncol. Lett. 2019, 17, 2177–2186. [CrossRef]

18. Cuschieri, S. The STROBE guidelines. Saudi J. Anaesth. 2019, 13 (Suppl. 1), S31–S34. [CrossRef]
19. Salgado, R.; Denkert, C.; Demaria, S.; Sirtaine, N.; Klauschen, F.; Pruneri, G.; Wienert, S.; Van den Eynden, G.; Baehner, F.L.;

Penault-Llorca, F.; et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer: Recommendations by an
International TILs Working Group 2014. Ann. Oncol. 2015, 26, 259–271. [CrossRef]

20. Demsar, J.; Curk, T.; Erjavec, A.; Gorup, C.; Hocevar, T.; Milutinovic, M.; Mozina, M.; Polajnar, M.; Toplak, M.; Staric, A.; et al.
Orange: Data Mining Toolbox in Python. J. Mach. Learn. Res. 2013, 14, 2349–2353.

21. Goldhirsch, A.; Winer, E.P.; Coates, A.S.; Gelber, R.D.; Piccart-Gebhart, M.; Thürlimann, B.; Senn, H.J.; Panel members. Personaliz-
ing the treatment of women with early breast cancer: Highlights of the St Gallen International Expert Consensus on the Primary
Therapy of Early Breast Cancer 2013. Ann. Oncol. 2013, 24, 2206–2223. [CrossRef]

https://gco.iarc.fr
http://doi.org/10.1016/j.steroids.2014.12.013
http://www.ncbi.nlm.nih.gov/pubmed/25555473
http://doi.org/10.3389/fimmu.2014.00427
http://www.ncbi.nlm.nih.gov/pubmed/25250028
http://doi.org/10.1038/nrc3610
http://www.ncbi.nlm.nih.gov/pubmed/24132111
http://doi.org/10.18632/oncotarget.24681
http://www.ncbi.nlm.nih.gov/pubmed/29707157
http://doi.org/10.1016/j.chom.2011.10.003
http://www.ncbi.nlm.nih.gov/pubmed/22018233
http://doi.org/10.1074/jbc.RA119.010950
http://doi.org/10.3390/jcm11072030
http://doi.org/10.1530/ERC-17-0425
http://doi.org/10.3390/ijerph15081747
http://doi.org/10.1186/s40168-018-0515-3
http://www.ncbi.nlm.nih.gov/pubmed/30081953
http://doi.org/10.1158/0008-5472.CAN-18-3464
http://www.ncbi.nlm.nih.gov/pubmed/31064848
http://doi.org/10.1186/1471-2407-6-181
http://www.ncbi.nlm.nih.gov/pubmed/16831226
http://doi.org/10.1053/j.seminoncol.2004.01.008
http://www.ncbi.nlm.nih.gov/pubmed/15052544
http://www.ncbi.nlm.nih.gov/pubmed/31186716
http://doi.org/10.3892/ol.2018.9853
http://doi.org/10.4103/sja.SJA_543_18
http://doi.org/10.1093/annonc/mdu450
http://doi.org/10.1093/annonc/mdt303


Pathogens 2022, 11, 1421 31 of 31

22. Goedert, J.J.; Jones, G.; Hua, X.; Xu, X.; Yu, G.; Flores, R.; Falk, R.T.; Gail, M.H.; Shi, J.; Ravel, J.; et al. Investigation of the
association between the fecal microbiota and breast cancer in postmenopausal women: A population-based case-control pilot
study. J. Natl. Cancer Inst. 2015, 107, djv147. [CrossRef] [PubMed]

23. Parida, S.; Sharma, D. Microbial Alterations and Risk Factors of Breast Cancer: Connections and Mechanistic Insights. Cells 2020,
9, 1091. [CrossRef] [PubMed]

24. Feng, Z.P.; Xin, H.Y.; Zhang, Z.W.; Liu, C.G.; Yang, Z.; You, H.; Xin, H.W. Gut microbiota homeostasis restoration may become a
novel therapy for breast cancer. Investig. New Drugs 2021, 39, 871–878. [CrossRef] [PubMed]

25. Sui, Y.; Wu, J.; Chen, J. The role of gut microbial beta-glucuronidase in estrogen reactivation and breast cancer. Front. Cell Dev.
Biol. 2021, 9, 631552. [CrossRef] [PubMed]

26. Laborda-Illanes, A.; Sanchez-Alcoholado, L.; Dominguez-Recio, M.E.; Jimenez-Rodriguez, B.; Lavado, R.; Comino-Méndez, I.;
Alba, E.; Queipo-Ortuño, M.I. Breast and Gut Microbiota Action Mechanisms in Breast Cancer Pathogenesis and Treatment.
Cancers 2020, 12, 2465. [CrossRef]

27. Ubachs, J.; Ziemons, J.; Soons, Z.; Aarnoutse, R.; van Dijk, D.P.J.; Penders, J.; van Helvoort, A.; Smidt, M.L.; Kruitwagen, R.F.P.M.;
Baade-Corpelijn, L.; et al. Gut microbiota and short-chain fatty acid alterations in cachectic cancer patients. J. Cachexia Sarcopenia
Muscle 2021, 12, 2007–2021. [CrossRef]

28. Sampsell, K.; Hao, D.; Reimer, R.A. The Gut Microbiota: A Potential Gateway to Improved Health Outcomes in Breast Cancer
Treatment and Survivorship. Int. J. Mol. Sci. 2020, 21, 9239. [CrossRef]

29. Available online: https://clinicaltrials.gov/ (accessed on 14 October 2022).
30. Lasagna, A.; Zuccaro, V.; Ferraris, E.; Corbella, M.; Bruno, R.; Pedrazzoli, P. COVID-19 and breast cancer: May the microbiome be

the issue? Future Oncol. 2021, 17, 123–126. [CrossRef]
31. Mombelli, S.; Cochaud, S.; Merrouche, Y.; Garbar, C.; Antonicelli, F.; Laprevotte, E.; Alberici, G.; Bonnefoy, N.; Eliaou, J.F.; Bastid,

J.; et al. IL-17A and its homologs IL-25/IL-17E recruit the c-RAF/S6 kinase pathway and the generation of pro-oncogenic LMW-E
in breast cancer cells. Sci. Rep. 2015, 5, 11874. [CrossRef]

32. Cochaud, S.; Giustiniani, J.; Thomas, C.; Laprevotte, E.; Garbar, C.; Savoye, A.M.; Curé, H.; Mascaux, C.; Alberici, G.; Bonnefoy,
N.; et al. IL-17A is produced by breast cancer TILs and promotes chemoresistance and proliferation through ERK1/2. Sci. Rep.
2013, 3, 3456. [CrossRef]

33. Savas, P.; Salgado, R.; Denkert, C.; Sotiriou, C.; Darcy, P.K.; Smyth, M.J.; Loi, S. Clinical relevance of host immunity in breast
cancer: From TILs to the clinic. Nat. Rev. Clin. Oncol. 2016, 13, 228–241. [CrossRef] [PubMed]

34. Ren, X.; Song, Y.; Zhang, Y.; Wu, H.; Chen, L.; Pang, J.; Zhou, L.; Shen, S.; Liang, Z. Prognostic significance of different molecular
typing methods and immune status based on RNA sequencing in HR-positive and HER2-negative early-stage breast cancer. BMC
Cancer 2022, 22, 548. [CrossRef] [PubMed]

35. Ali, H.R.; Provenzano, E.; Dawson, S.J.; Blows, F.M.; Liu, B.; Shah, M.; Earl, H.M.; Poole, C.J.; Hiller, L.; Dunn, J.A.; et al.
Association between CD8+ T-cell infiltration and breast cancer survival in 12,439 patients. Ann. Oncol. 2014, 25, 1536–1543.
[CrossRef] [PubMed]

36. Bense, R.D.; Sotiriou, C.; Piccart-Gebhart, M.J.; Haanen, J.B.A.G.; van Vugt, M.A.T.M.; de Vries, E.G.E.; Schroder, C.P.; Fehrmann,
R.S.N. Relevance of tumor-infiltrating immune cell composition and functionality for disease outcome in breast cancer. J. Natl.
Cancer Inst. 2016, 109, djw192. [CrossRef]

http://doi.org/10.1093/jnci/djv147
http://www.ncbi.nlm.nih.gov/pubmed/26032724
http://doi.org/10.3390/cells9051091
http://www.ncbi.nlm.nih.gov/pubmed/32354130
http://doi.org/10.1007/s10637-021-01063-z
http://www.ncbi.nlm.nih.gov/pubmed/33454868
http://doi.org/10.3389/fcell.2021.631552
http://www.ncbi.nlm.nih.gov/pubmed/34458248
http://doi.org/10.3390/cancers12092465
http://doi.org/10.1002/jcsm.12804
http://doi.org/10.3390/ijms21239239
https://clinicaltrials.gov/
http://doi.org/10.2217/fon-2020-0764
http://doi.org/10.1038/srep11874
http://doi.org/10.1038/srep03456
http://doi.org/10.1038/nrclinonc.2015.215
http://www.ncbi.nlm.nih.gov/pubmed/26667975
http://doi.org/10.1186/s12885-022-09656-4
http://www.ncbi.nlm.nih.gov/pubmed/35568835
http://doi.org/10.1093/annonc/mdu191
http://www.ncbi.nlm.nih.gov/pubmed/24915873
http://doi.org/10.1093/jnci/djw192

	Introduction 
	Materials and Methods 
	Study Setting 
	Outcomes 
	Biological Samples 
	Stool Sample Processing and DNA Extraction 
	Blood Sample Processing and DNA Extraction 

	TILs Levels 
	Statistical and Bioinformatic Analyses 

	Results 
	Taxonomic Structure of Fecal Bacterial Communities in Cases and Controls 
	Ecological Analyses of Fecal Communities in Cases and Controls 
	TILs Levels and Cytokine Levels 

	Discussion 
	Conclusions 
	References

