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Abstract
Background: Tumor-in�ltrating immune cells phenotype is associated with tumor progression. However,
little is known about the phenotype of the Peripheral Blood Mononuclear Cells (PBMC) from breast cancer
patients. Here, we investigated the expression of MMP1 and MMP11 in PBMC from breast cancer
patients and we analyzed gene expression changes upon their interaction with cancer cells and Cancer-
Associated Fibroblasts (CAF). Finally, we measured the impact of PBMC in proin�ammatory genes
expression in normal �broblast and CAF.

Results: Gene expression of MMP1 and MMP11 in PBMC from breast cancer patients (n=54) and control
(n=28), and expression of IL1A, IL6, IL17, IFNβ and NFB in breast cancer cell lines (MCF-7 and MDA-MB-
231), CAF and in Normal Fibroblasts (NF) were analyzed by qRT-PCR before and after co-culture.

Our results show the existence of a group of breast cancer patients (25.9%) with very high levels of
MMP11 gene expression in PBMC. Also, we present evidence of increased gene expression of MMP1 and
MMP11 in PBMC after co-culture with breast cancer cell lines, NF or CAF. Finally, we show a differential
expression pro�le of in�ammatory genes in NF and CAF when co-cultured with control or breast cancer
PBMC.

Conclusions: We have observed that MMPs expression in PBMC is regulated by the microenvironment,
while the expression of in�ammatory genes in NF or CAF is differentially regulated by control or breast
cancer PBMC. These �ndings con�rm the importance of the interaction and communication between
stromal cells and suggest that PBMC would play a role to promote an aggressive tumor behavior.

Background
Breast cancer is a complex and heterogeneous disease. Neoformed tumor mass is constituted by cancer
cells and by an important stromal component. Cancer-Associated Fibroblasts (CAF) and tumor-in�ltrating
immune cells are key cellular components of the tumor stroma. The latter derived from Peripheral Blood
Mononuclear Cells (PBMC). The immune system plays paradoxical roles in tumorigenesis (1) historically,
tumor-in�ltrating immune cells were considered manifestations of an intrinsic defense mechanism
against tumors (2), however, it was evidenced that leukocyte in�ltration can promote tumor progression
by stimulating angiogenesis, cell proliferation and invasiveness (3, 4). Matrix Metalloproteases (MMPs)
are zinc-dependent endopeptidases playing an important role in the degradation of the stromal
connective tissue and basement membrane components, which are key elements during tumor invasion
and metastasis. However, MMPs can participate in metastasis, not only by remodeling extracellular
matrix, but also through their ability to cleave and activate growth factors, cell adhesion molecules and
cell surface receptor, resulting in an anti-apoptotic and/or pro-angiogenic effects (5).

In previous studies, we have proved that tumor-in�ltrating immune cells expressing high levels of MMPs
had higher rate of distant metastasis development compared with tumors with MMP’s low expression
pro�le in immune cells (6–11). In particular, the expression of MMP11 in tumor-in�ltrating immune cells,
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was highly associated with both, distant metastasis development and high in�ammatory pro�le in breast
cancer (10, 12–14). In addition, we have shown that CAF from MMP11 positive tumor-in�ltrating immune
cells tumors, may overexpress tumor progressing factors and may show higher breast cancer cell
invasion and angiogenesis (15, 16). In line with this, MMP1 expression in immune cells at the sentinel
lymph nodes was associated with sequential metastasis across lymph nodes in breast cancer (17). All
these data suggest that degradation capacity of MMP1 and other metalloproteases, which cleave several
components of the extracellular matrix, could contribute to promote tumor spread via the lymph nodes.

Evidence suggest a contribution of tumor-in�ltrating immune cells, depending on their phenotype, in the
tumor behavior. However, little is known about the implication of PBMC phenotype in breast cancer,
despite MMPs’ expression in different immune cells. Even more, PBMC would change their MMPs’
expression upon contacting the tumor microenvironment, generating different potential scenarios. For
these reasons it is critical to determine whether the interaction between in�ammatory cells with tumor
cells or CAF may regulate MMPs expression.

In the present work, we have investigated the gene expression of MMP1 and MMP11 in PBMC from
breast cancer patients (BC-PBMC), before and after co-culture with breast cancer cell lines or CAF,
compared to PBMC from healthy women (C-PBMC). In addition, we have investigated the in�uence of BC-
PBMC on the in�ammatory pro�le of breast cancer cell lines, NF and CAF. Our results suggest that
expression of MMPs in PBMC can be regulated by cancer cells and CAF, which may favor tumor
progression. These �ndings con�rm the importance of the interaction and communication between
stromal cells to promote an aggressive tumor behavior.

Results

MMP1 and MMP11 gene expression in PBMC from breast
cancer patients and healthy women
Basal gene expression of MMP1 and MMP11 were studied in PBMC from breast cancer patients (BC-
PBMC) and healthy women (controls, C-PBMC). No signi�cant differences were observed between both
groups (Fig. 1A and B). However, a closer observation of MMP11 gene expression showed higher
dispersion in the BC-PBMC group. Then, we decided to establish an arbitrary threshold considering the
highest MMP11 gene expression in C-PBMC as a cut-off point. This threshold allowed the identi�cation
of a subgroup of breast cancer patients (n = 14, 25.9% of total BC-patients) with signi�cantly higher
MMP11 gene expression (Fig. 1B). This �nding suggested that MMP11 gene expression in PBMC might
contribute to identify a subset of patients with breast cancer. However, no signi�cant relationship was
found between high levels of MMP11 gene expression in BC-PBMC with clinico-pathological
characteristics (data not shown). This could indicate that MMP11 expression may depend on the
response of the patient and not on the characteristics of the tumor.
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MMP1 and MMP11 gene expression in PBMC after co-
culture with breast cancer cell lines
MMP1 and MMP11 do not appear to be upregulated in PBMC, however, our previous results demonstrate
that MMPs are highly expressed by tumor in�ltrated cells and also by surrounding sentinel lymph nodes
cells in aggressive BC(11, 17). These made us to hypothesize that breast cancer and/or stromal cells may
have an impact on MMPs expression in PBMC. To test this, �rstly, we investigated the in�uence of breast
cancer cells on MMP1 and MMP11 gene expression by performing PBMC-breast cancer cells co-cultures
(Fig. 2A). PBMC from patients or controls showed increased MMP1 gene expression after co-culture with
MCF-7 and MDA-MB-231 breast cancer cell lines, although differences were only statistically signi�cant
for C-PBMC (Fig. 2B-E). Regarding MMP11 gene expression, C-PBMC showed a signi�cant increased
expression of MMP11 after being co-cultured with both breast cancer cell lines (Fig. 2F-G), however, BC-
PBMC did not show signi�cant differences (Fig. 2H-I). These �ndings suggest that MMP1 and MMP11
can be induce in C-PBMC by breast cancer cell lines, and also suggest a different regulation of MMP1
and MMP11 expression in PBMC from controls compared to PBMC from breast cancer patients.

MMP1 and MMP11 gene expression in PBMC after co-culture with normal �broblasts or with cancer-
associated �broblasts

Then, we investigated the in�uence of tumor stromal cells on PBMC gene expression, by co-culturing
PBMC (from controls and patients) together with NF and CAF (Fig. 3A). Both, C-PBMC (Fig. 3B-C) and BC-
PBMC (Fig. 3D-E), showed a signi�cant increase in MMP1 gene expression after co-culture with NF or
CAF. Curiously, it was observed that MMP1 gene expression was higher when PBMC (both C-PBMC and
BC-PBMC) were co-cultured with CAF rather than with NF (Fig. 3F-G), although differences were not
statistically signi�cant. These results suggest NF and CAF can in�uence on MMP1 gene expression in
PBMC. In a different manner, MMP11 gene expression did not changed, neither in C-PBMC nor in BC-
PBMC, after co-culture with NF or CAF (Fig. 3H-I).

In�uence of PBMC in the in�ammatory pro�le of breast cancer cell lines, cancer-associated �broblasts
and normal �broblasts

We turned our attention to the in�uence that PBMC may exert on cancer cells. We selected a set of �ve
in�ammatory factors (IL1A, IL6, IL17A, IFNβ and NFĸB) that were found to be overexpressed in
aggressive breast carcinomas(12). Then, we co-cultured BC-PBMC with MCF-7 and MDA-MB-231 breast
cancer cell lines and we analyzed the expression of the selected genes in those breast cancer cell lines;
no signi�cant differences in their in�ammatory pro�le were found (not shown). Then, we hypothesized
that PBMC may have an impact in the gene expression of stromal cells. To test that, we performed co-
cultures of C- and BC-PBMC together with NF and CAF and we measured the expression of the selected
genes in �broblasts (Fig. 4A). Co-cultures of C-PBMC with either NF (Fig. 4B) or CAF (Fig. 4C) showed an
increase in IL6 levels as the only factor signi�cantly expressed. Remarkably, multiple and differential
changes were found when BC-PBMC were co-cultured with NF or CAF (Fig. 4D-E). Co-culture of BC-PBMC
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with NF showed an increase of IL6 gene expression in NF, but also, a decrease in the gene expression of
IL1A, IL17, IFNβ, and NFĸB (Fig. 4D). Differently, co-culture of BC-PBMC with CAF showed signi�cant
increased expression of IL6 in CAF, as observed in all PBMC-�broblast co-cultures, however a speci�c
increase in IL1A and NFĸB gene expression was observed in CAF after co-culture with BC-PBMC (Fig. 4E).

Discussion
Conventional mammography has a sensitivity of 66%, and a speci�city of 92% (18), but recent studies
showed that mammography does not reduce breast cancer mortality and may lead to overdiagnosis,
increasing unnecessary surgical procedures and patient anxiety (19, 20). In the last few decades, the use
of serum tumor markers has been introduced for cancer screening; however, none has been proved
suitable for screening the entire target population due to low speci�city and sensitivity in the early stage
of disease (21–23). Circulating Tumor Cells (CTCs) detection and enumeration in breast cancer is a
promising new diagnostic �eld; but these CTCs are present only at a ratio of 1 cell per 106–107 peripheral
blood cells (24), which makes their detection very di�cult. In contrast, PBMC are easily obtained. Then,
the present data, although preliminary, may contribute to the novel concept for breast cancer detection
based on the immune system response to the presence of the tumor in the body, rather than on the
observation of tumor cells themselves.

In the present study, we have investigated MMP1 and MMP11 gene expression in PBMC because of their
relationship with lymph node metastasis (17) and hematogenous metastasis (6–11) in breast cancer,
respectively. The analysis of the MMP11 expression in PBMC suggests the existence of a breast cancer
patient subpopulation (25.9% of total patients) showing high levels of MMP11 (2-fold or higher)
compared to healthy women. This fact could be of great clinical interest, although we found no
signi�cant relationship between high levels of MMP11 gene expression in BC-PBMC with clinico-
pathological characteristics (data not shown). Differences in PBMC gene expression between breast
cancer patients and healthy women may be related to malignancy-induced biological effects. In this
sense, changes regarding immune cell populations have been reported, not only in breast cancer (25–27),
but also in other solid tumors (25–28). In addition, according to our previous and current data, MMP11
expression is independent of tumor characteristics, such as the tumor stage, indicating that MMP11
expression might be associated with the individual’s response to the tumor, and its expression may
correspond to the evolutionary stages of the tumor, at the initial stages of tumor development. This
�nding indicates that PBMC from some breast cancer patients are biologically different to PBMC from
healthy subjects, suggesting that MMP11 gene expression in PBMC might contribute, in some cases, to
the diagnosis or the prognosis of breast cancer.

In order to explore the crosstalk between PBMC and tumor cells or tumor microenvironment, co-cultures
of PBMC together with breast cancer cell lines or CAF were performed (summary of the results in Tables 1
and 2). MMP1 gene expression in PBMC from controls was signi�cantly increased after co-cultures with
breast cancer cell lines (MCF-7 and MDA-MB-231), as well as with CAF or normal �broblasts. However,
MMP1 gene expression in PBMC from breast cancer patients was signi�cantly increased only after co-
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cultures with CAF or normal �broblasts, but not after co-culture with breast cancer cell lines. However, and
importantly, PBMC from both, controls and breast cancer patients, showed a higher MMP1 gene
expression after co-culture with CAF than with normal �broblasts, suggesting an impact on MMP1
regulation from tumor microenvironment. According to that, previous data from our group indicate that
MMP1 overexpression in tumor-in�ltrating immune cells is an early event at the microinvasive focus of in
situ breast carcinomas (29). MMP1 expression was also signi�cantly increased in aggressive breast
tumors and correlates with both tumor size and histological grade (30). Likewise, MMP1 expression in
immune cells surrounding cancer cells in positive sentinel nodes was also strongly associated with tumor
involvement of non-sentinel lymph nodes in patients with invasive breast cancer (17). In addition to these,
it has been reported an association between circulating tumor cells with epithelial-mesenchymal
transition (CTC-EMT) and MMP1 expression in primary tumor tissue, suggesting that therapeutic
targeting of MMP1 could lead to decrease MMP1-induced EMT and, subsequently, decrease CTC-EMT
and then cause a reduction in tumor dissemination or treatment resistance (31). Regarding MMP11 gene
expression, PBMC from controls after co-culture with both breast cancer cell lines showed a signi�cant
increased expression; however, PBMC from breast cancer patients did not show signi�cant differences.
This result suggests a possible modulation of MMP11 gene expression in PBMC during an early phase of
the interaction with tumor cells and the possible existence of a prior molecular interaction memory.

Table 1
Summary of the MMP1 and MMP11 gene expression in PBMC after co-culture.

  C-PBMCa BC-PBMCb

MCF-7 ↑MMP1 ↑MMP11 NO CHANGES

MDA-MB-231 ↑MMP1 ↑MMP11 NO CHANGES

NFc ↑MMP1 ↑MMP1

CAFd ↑↑MMP1 ↑↑MMP1

a: C−PBMC: Peripheral Blood Mononuclear Cells from healthy women; b: BC−PBMC: Peripheral Blood Mononuclear Cells from breast

cancer patients; c: NF: Normal Fibroblasts; d: CAF: Cancer−Associated Fibroblasts
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Table 2
Summary of the in�ammatory selected set gene expression in Fibroblast after co-culture.

  NFa CAFb

C-PBMCc ↑IL6 ↑IL6

BC-PBMCd ↑IL6 ↓IL1A ↓IL17

↓IFNβ ↓NFκB

↑IL6 ↑IL1A ↑IL17

↑IFNβ ↑NFκB

a: NF: Normal Fibroblasts; b: CAF: Cancer−Associated Fibroblasts; c: C−PBMC: Peripheral Blood Mononuclear Cells from healthy

women; d: BC−PBMC: Peripheral Blood Mononuclear Cells from breast cancer patients

A key aspect in breast cancer is the role of in�ammatory cells in the tumor-stroma crosstalk. In this sense,
it is known that CAF contribute to tumor progression by several mechanisms, including the evocation of
an in�ammatory response. In order to explore this scenario, gene expression of a set of �ve in�ammatory
factors, overexpressed in biologically aggressive breast carcinomas (12), were analyzed in breast cancer
cell lines and CAF before and after co-culture with PBMC from breast cancer patients. No signi�cant
differences were found in breast cancer cell lines (not shown). However, IL1A, IL6 and NFĸB gene
expression in CAF was increased after co-culture with PBMC from breast cancer patients. By contrast,
gene expression of IL1A, IL17, IFNβ and NFĸB in normal �broblasts was downregulated after same
culture conditions. All of these data seem to indicate a special reactivity of CAF when interacting with
breast cancer patients’ PBMC, which can help to better understand the context of the relationship
between the immune system and tumor stroma in breast cancer. In addition, these in�ammatory factors,
beside their central role in the in�ammation process, have been related to distant metastasis promotion
(12) due to their role in tumor progression trough several pathways, including the generation of free
radicals that can induce DNA damage and mutations that can lead to tumor initiation, stimulating cell
proliferation and reducing apoptosis, promoting EMT and angiogenesis(32–34).

Conclusion
In summary, our data provide a new angle of the molecular pro�le of PBMC from breast cancer patients
as well as their interaction with cancer cells and stromal cells, which has an impact on the in�ammatory
environment of breast carcinomas. On the basis of these new concepts, further studies may improve
several aspects of clinical breast cancer management, such as diagnosis, prognosis or new therapeutic
targets.

Materials And Methods

Patients and controls
In this non-randomized prospective study, 54 women with a con�rmed diagnosis of invasive breast
carcinoma were included. Speci�cally, we selected consecutive T1 or T2 invasive ductal carcinoma cases,
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yielding enough material for cell culture and those from which a blood sample could be obtained, during
the period July 2014 to August 2016. All patients included underwent tumor resection as �rst therapeutic
approach. The exclusion criteria were: metastatic disease at presentation, prior history of a malignant
tumor, bilateral breast cancer at presentation, and having received any type of therapy prior to surgery.
The clinical and pathological features of the 54 patients included in this study are listed in Table 3. Also,
blood was collected from 28 healthy women with no tumor, infectious or immunological pathology as
controls. Women were treated according to the guidelines used in our Institution (Fundación Hospital de
Jove). Written informed consent was obtained from all patients and controls. The study adhered to
National regulations and was approved by the Fundación Hospital de Jove Ethics and Investigation
Committee.

Blood collection
PBMC were isolated by Ficoll-Hypaque density gradient centrifugation. For each participant (patients and
controls), 30 ml of peripheral blood was collected into a tube containing ethylenediaminetetraacetic acid
(EDTA). The samples were store at room temperature no more than 24 h until they were processed and
diluted 1:1 in a equal volume of phosphate buffered saline (PBS). Diluted blood were carefully added on
the top of Ficoll-Hypaque (15 mL for each 30 mL diluted blood) in two 50 mL centrifuge tubes. After
centrifugation at 400 g for 30 minutes (no brake), PBMC were collected from the interphase layer, placed
into another centrifuge tube and washed with PBS. After counting, PBMC were cryopreserved in complete
medium containing 10% DMSO and stored at − 80 °C until use.

Primary cells, breast cancer cell lines and co-culture assays
For the isolation of normal �broblasts (NF) from breast reduction mammoplaties and cancer-associated
�broblasts (CAF) from breast tumors, samples were cut into 1 mm3 pieces and enzymatically dissociated,
as previously reported(16). MCF-7 cells were obtained from the American Type Culture Collection (ATCC,
Rockville, MD, USA) before 2011, and MDA-MB-231 cells were obtained from the European Collection of
Authenticated Cell Cultures (ECACC, 92020424) in 2018. These cell lines were not further authenticated.
Cells were maintained in culture fewer than 20 passages. Cell lines were checked for the absence of
Mycoplasma by PCR reaction and were not contaminated by Mycoplasma before and after experiments.
The estrogen-dependent human breast cancer-derived cell line MCF-7 and the estrogen-independent
human breast cancer-derived cell line MDA-MB-231, were cultured in DMEM-F12 (Lonza, Visp,
Switzerland) supplemented with 10% FBS (Biowest, Nuaillé, France ) and 1% penicillin-streptomycin
solution (Gibco, Paisley, UK).

MCF-7 and MDA-MB-231 cell lines were co-cultured with PBMC from breast cancer patients and healthy
women (controls). CAF isolated from breast tumors were co-cultured with PBMC from breast cancer
patients and controls, while NF isolated from mammoplatieswere co-cultured with PBMC from breast
cancer patients and controls.
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Cells were seeded at the bottom of cell culture plates 6-wells (MCF-7: 2 × 105; MDA-MB-231: 1.5 × 105; CAF
and NF: 1.5 × 105 cells/well), whereas PBMC (6 × 106) were seeded in 0.4 µm pore size tissue culture
inserts. The cells were co-cultured for 48 h in DMEM-F12 and recollected for further studies.

qRT-PCR
A RNeasy Mini Kit (Qiagen, Hilden, Germany) was used for total RNA extraction following the
manufacturer’s instructions. For cDNA synthesis, a Transcriptor First Strand cDNA Synthesis Kit (Roche,
Mannheim, Germany) was used as previously reported(16). Quantitative real time-PCR (qRT-PCR) was
performed using LightCycler® 480 Probes Master and RealTime ready Custom Single Assays (Roche,
Mannheim, Germany) (listed in Table 4). The expression was quanti�ed using advanced relative
quanti�cation using the LightCycler software. In order to minimize sample variability and to increase the
accuracy and resolution of gene expression normalization, the combination of two reference genes (β-
actin and GAPDH) was used.

Statistical analysis
All statistical analyses were performed using SPSS 18. The Kolmogorov-Smirnov test was used to
determine whether the sample data were normally distributed. For qPCR analysis, comparisons between
groups were performed using Wilcoxon test for paired samples or Mann-Whitney U test for median
comparison. Differences were considered signi�cant when p ≤ 0.05.
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Table 3. Basal characteristics of the 54 patients with breast cancer.
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Table 4.  RealTime ready Custom Single Assays
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Figure 1

MMP1 and MMP11 gene expression in PBMC from breast cancer patients. (A) MMP1 and (B) MMP11
gene expression in PBMC from breast cancer patients (BC-PBMC) and healthy women (controls, C-
PBMC). The horizontal line marks an arbitrary threshold, corresponding to the highest MMP11 gene
expression in C-PBMC, used as cut-off point. Signi�cant difference was found between MMP11 gene
expression in BC-PBMC from patients above the threshold and C-PBMC. (n.s.: not signi�cant).

Figure 2

MMP1 and MMP11 gene expression in PBMC after co-culture with breast cancer cell lines. Scheme of
experimental design (A). MMP1 gene expression in PBMC from healthy women (controls, C-PBMC) before
and after co-culture with MCF-7 and MDA-MB-231 breast cancer cell lines and (B-C) and in PBMC from
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breast cancer patients (BC-PBMC) (D-E). MMP11 gene expression in C-PBMC before and after co-culture
with MCF-7 and MDA-MB-231 breast cancer cell lines (F-G) and in BC-PBMC after the same co-culture
conditions (H-I). (n.s.: not signi�cant).

Figure 3

MMP1 and MMP11 gene expression in PBMC after co-culture with normal �broblasts (NF) and CAF.
Scheme of experimental design (A). MMP1 gene expression in PBMC from healthy women (controls, C-
PBMC) before and after co-culture with NF and CAF (B-C), and in PBMC from breast cancer patients (BC-
PBMC) (D-E) Comparative of the MMP1 gene expression in C-PBMC and BC-PBMC after co-culture with
NF or CAF (F-G). Comparative of the MMP11 gene expression in C-PBMC and BC-PBMC after co-culture
with NF or CAF (H-I). Data represent the mean ± SD. (*p≤0.05; n.s.: not signi�cant).
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Figure 4

In�ammatory pro�le of breast cancer cell lines and �broblasts after co-culture with PBMC. Scheme of
experimental design (A). Gene expression of IL1A, IL6, IL17, IFNβ and NFĸB in NF (B) and CAF (C) after
co-culture with PBMC from healthy women (controls, C-PBMC). Gene expression of IL1A, IL6, IL17, IFNβ
and NFĸB in NF (D) and CAF (E) after co-culture with PBMC from breast cancer patients. Data represent
the mean ± SD. (*p≤0.05; **p≤0.01).


