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Abstract

Recently, neutrophil extracellular traps (NETs), three-dimensional structures formed of neutrophil enzymes such as neutrophil
elastase (NE) and nuclear components (DNA), have been associated with progression in different types of cancer. However, data
remain scarce in breast cancer. Thus, the aim of this study was to associate NETs with clinical stages of breast cancer. A
prospective analysis was performed in 45 plasma samples of female patients with newly diagnosed breast cancer. NE-DNA
complexes were evaluated by ELISA. Optical density was dichotomized at the median for comparisons (low and high levels of
NE-DNA). The most frequent clinical stage was localized (n = 28, 62%) followed by regional (n = 13, 29%) and distant (n =4,
9%). Higher levels of NE-DNA complexes were observed in regional and distant stages compared to localized disease (68% vs
32%, p = 0.034). No differences were observed when comparing other clinical characteristics between both groups. We demon-
strated that the levels of NETs increase in proportion to the stage of the disease, observing higher levels of NE-DNA complexes in
regional and metastatic disease, which coincides with the proposed mechanism by which cancer progression and metastasis

might result from the formation of NETs.
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Introduction

Breast cancer is the second most common cancer-related di-
agnosis in both, developed and developing regions [1, 2].
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After the diagnosis of the disease, it is important to evaluate
its extension as it defines treatment and more importantly,
prognosis. For instance, breast cancer is the main cause of
cancer death in women globally as a result of metastatic dis-
case at diagnosis or relapse. The S-year relative survival rate
according to the clinical stages (localized, regional, and dis-
tant) has been determined by the American Surveillance,
Epidemiology, and End Results (SEER) database maintained
by the National Cancer Institute (NCI), to be 99%, 85%, and
27%, respectively [3]. Moreover, despite most patients pre-
senting with confined breast cancer, some data suggest that
this scenario differs in developing countries, with approxi-
mately only 10% being detected at initial stages (Mexico)
compared to more than 50% in the United States [4].
Currently, the clinical care of breast cancer includes the eval-
uation of different markers such as circulating tumor cells, liquid
biopsies, or genomic tests [5], as prognostic models to predict
outcomes are important for treatment planning due to the het-
erogeneity of the disease. In this context, neutrophil extracellular
traps (NETs) have evolved as potential new markers of cancer.
These three-dimensional structures are formed by decondensed
chromatin, histones and deoxyribonucleic acid (DNA), and
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neutrophil granular proteins such as neutrophil elastase (NE), a
serine protease, and myeloperoxidase (MPO). Although NETs
were first described as sophisticated microorganism killers [6],
an ultimate mechanism of defense beyond phagocytosis, more
recently, the development of metastasis throughout NETs was
acknowledged, after the first report performed in patients with
Ewing sarcoma [7]. Also, other studies have demonstrated the
role of NETs in the progression of lung, colorectal, and other
types of cancer, mostly in murine and in-vitro models [8].

Nonetheless, despite evidence suggesting that NETs facil-
itate cancer progression, to date, their role in different cancers
has not been investigated and it is not completely understood.
Further, there is paucity of translational studies including hu-
man subject or their samples. Therefore, the objective of the
present study was to associate NETs with clinical stages of
breast cancer.

Patients and Methods
Patients and Data

A prospective analysis was performed in 45 plasma samples
of female patients with newly diagnosed breast cancer.
Exclusion criteria included relapse, previous treatment, auto-
immune or thrombotic disease, active infection, and previous
history of cancer. The dataset used for this study derived from
patients’ information collected from the institutional electron-
ic medical records, and imaging and pathology reports. The
Institutional Review Board (Ethics in Research and Research
Committees) approved this study under the reference number
2114. All the participants signed an informed consent prior
collecting plasma samples.

Sample Collection and Storage

Peripheral blood was collected in sodium citrate tubes at di-
agnosis prior starting any treatment. Plasma was obtained
from the centrifugation of the total sample and was separated
into 0.5 ml aliquots which were immediately frozen at —80 °C.
Plasma from negative and positive controls were obtained
from healthy females and patients with thrombosis,
respectively.

NE-DNA Complexes

Using enzyme-linked immunosorbent assay (ELISA), plasma
levels of NE-DNA complexes were analyzed. Briefly, high
binding 96 well plates were coated with a polyclonal antibody
to NE (Cloud-Clone, PAA181Hu01). After washing and
blocking for 6 h with 1% bovine serum albumin (BSA), the
plasma samples diluted 1:10 in 1% BSA were added and in-
cubated overnight at 4 °C. For the detection of NE-DNA, a
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peroxidase labeled anti-DNA monoclonal antibody (compo-
nent no.2 of the commercial Cell Death Detection ELISA
PLUS, Roche) was used. After washing, the liquid substrate
3,3"5,5-tetramethylbenzidine (TMB) (Sigma Aldrich) was
added. Analyses were performed in duplicates. The absor-
bance at 450 nm wavelength was measured to obtain optical
density after adding stop solution.

Definitions and Endpoints

NETs were established as the presence of NE-DNA com-
plexes. NE-DNA complexes (measured by optical density),
were dichotomized at the median (0.6705) for comparisons.
According to this, two groups were created: low and high
levels of NE-DNA complexes. Clinical stages were classified
by both, the SEER and the American Joint Committee on
Cancer (AJCC): localized (IA and IIA), regional (IIB, IIIA-
ITIC), and distant (stage IV).

Statistical Analysis

Descriptive statistics were used to describe continuous vari-
ables by the mean (standard deviation) or the median (inter-
quartile range) and categorical variables by frequencies and
percentiles. Group comparisons were performed using chi-
square test for categorical variables. For continuous variables,
non-parametrical median test was used. One-sided p value of
<0.05 was considered significant. SPSS v.21 (IBM, Chicago,
IL) was used.

Results

Forty-five plasma samples from female patients with newly
diagnosed breast cancer were analyzed. The median age of all
the cohort was 56 years (range, 32-96). Laterality was mostly
left (n =29, 64%). The most frequent clinical stage was local-
ized (n=28, 62%). Ductal carcinoma was more frequent
among all the cohort (n =40, 89%). The most common mo-
lecular subtype was hormone receptor positive, Her2 negative
(n=30, 67%), followed by triple negative (n =9, 20%). Her2
was positive in 13% of all the cohort (n=6). The most fre-
quent histologic grade was 2 (n =24, 53%). Clinical charac-
teristics by low and high levels of NE-DNA complexes are
shown in Table 1. There were no differences between age,
laterality, type of carcinoma, molecular subtype, Her2 status
or histologic grade according to the levels of NE-DNA com-
plexes. The only statistically significant difference between
both groups (low and high levels of NE-DNA complexes)
was the clinical stage as shown in Table 2. Higher levels of
NE-DNA complexes were observed in regional and distant
stages compared to localized disease with statistical signifi-
cance. Also, Fig. 1 shows the median levels of NE-DNA
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Table 1 Clinical characteristics
by low and high levels of NE- Characteristic Low levels of NE-DNA n (%) High levels of NE-DNA n (%) All n (%)
DNA complexes n=25 n=20 N=45
Median age 57 (37-96) 51 (32-83) 56 (32-96)
(range)
Laterality
Left 15 (60) 14 (70) 29 (64)
Right 10 (40) 6 (30) 16 (36)
Clinical stages
IA-ITIA 19 (76) 9 (45) 28 (62)
1IB-11IC 5(20) 8 (40) 13 (29)
v 14 3 (15) 409)
Type
Ductal 22 (88) 18 (90) 40 (89)
Lobular 3(12) 2 (10) 5(11)
Molecular
subtype
HR+/Her2- 15 (60) 15 (75) 30 (67)
HR+/Her2+ 0 15 1(2)
HR-/Her2+ 4 (16) 15 5(11)
Triple negative 6 (24) 3(15) 9 (20)
Her?2 status
Positive 4 (16) 2 (10) 6 (13)
Negative 21 (84) 18 (90) 39 (87)
Histologic grade
1 2(8) 5(25) 7 (16)
2 16 (64) 8 (40) 24 (53)
3 7 (28) 7 (35) 14 (31)

complexes, observing higher levels in regional and distant
stages (median 0.7180) compared to localized disease (medi-
an 0.6455) with statistical significance.

Discussion

Aside from infections, NETs have been associated with different
chronic inflammatory diseases such as autoimmune and auto-
inflammatory illnesses and their involvement in metastasis has
been considered a potential mechanism within the dissemination
of cancer cells. Nonetheless, although the interest in NETs and its
relationship with cancer progression has increased during the last
years, there is still paucity of information in the field.

Table 2 Association between clinical stages and levels of NE-DNA

complexes

Clinical stages Localized n (%) Regional and p
distant n (%)

NE-DNA Complexes 0.034

Low levels 19 (68) 9(32)

High levels 9(32) 11 (68)

On the other hand, the biology of breast cancer has been
and remains to be a trending topic within the medical field
as it is a public health concemn that affects women world-
wide. It is known that despite this type of cancer originating
specifically from breast epithelial cells, it can be considered
as a group of diseases with various molecular features, pre-
senting divergent sensitivities to current treatments and lead-
ing to different patterns of relapse, dissemination, and prog-
nosis, justifying the main reason for which basic and clinical
research have rapidly advanced. For instance, the only study
reporting an association between NETs and breast cancer
was published in 2016 [9]. Park et al. demonstrated that
more neutrophils were recruited in the context of murine
metastatic breast cancer cells (4 T9) when compared with
cells that did not metastasize. Further, the 4 T9 cellular line
contributed to the extensive formation of NETs, process that
was successfully inhibited by DNAse 1 [9]. In the same
study [9], the authors corroborated those findings in an in-
vitro model using basal-like (triple negative) breast cancer
cells from both, a genetically modified murine model and
the human BT-549 cells, demonstrating that those cells in-
duced NETs when co-cultured with neutrophils from mice
and healthy humans [9].
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Fig. 1 Plasma levels of NE-DNA
complexes measured by optical
density according to clinical
stages of breast cancer. The data
are expressed as the median (with
minimum and maximum range).
*p=0.05 (Non-parametric-
median test)
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Other studies have been performed demonstrating the pro-
tumoral role of NETs in the setting of infections or surgical stress
[10, 11], however, these have only included specific populations
of cancer cells (metastatic colorectal and lung cancer) and most
of them have been performed using in-vitro or murine cell lines,
and instead of measuring NETs directly, some studies have in-
duced the formation of NETs throughout neutrophil stimulation
[7, 10, 12—-15]. In the context of the latter, our first approach
(results not shown) was to stimulate neutrophils from breast can-
cer patients with lipopolysaccharide (LPS), however, no differ-
ences were observed by immunofluorescence when compared
with healthy controls and differences were neither observed be-
tween clinical stages.

Therefore, this is the first translational study exploring neu-
trophil extracellular traps in patients with breast cancer. We
directly demonstrated the presence of NE-DNA complexes in
plasma samples from patients with breast cancer. To date, only
few studies have evaluated complexes by ELISA directly
from serum samples from cancer patients (metastatic colorec-
tal cancer and hepatocellular carcinoma and non-alcoholic
steatohepatitis) [11, 16].

Moreover, in contrast with the results by Park et al. [9] dem-
onstrating that a human triple-negative breast cancer cell line was
susceptible to the extensive formation of NETs, we did not ob-
serve higher levels of NETS in the samples of patients with triple
negative breast cancer. In fact, no differences were observed
when comparing all the molecular subtypes among our cohort,
but the number of samples from patients with triple negative
breast cancer was reduced.

Finally, our study demonstrated that the levels of NETs
increased in proportion to the stage of the disease, which
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coincides with the proposed mechanism by which cancer pro-
gression and metastasis might result from the formation of
NETs. We acknowledge the limitations of this study: a small
cohort and the impossibility to evaluate survival and deter-
mine if NETs have a prognostic role, due to the short
follow-up of the patients, nonetheless, as literature in this area
remains limited, we consider important to report our results in
order to encourage further, larger studies, and potentially the
evaluation of NETs directly in breast cancer tissue.
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