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PRECLINICAL STUDY

Human breast cancer biopsies induce eosinophil recruitment
and enhance adjacent cancer cell proliferation
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Abstract Chronic inflammation is known to facilitate
cancer progression and metastasis. Less is known about the
effect of acute inflammation within the tumor microenvi-
ronment, resulting from standard invasive procedures.
Recent studies in mouse models have shown that the acute
inflammatory response triggered by a biopsy in mammary
cancer increases the frequency of distal metastases.
Although tumor biopsies are part of the standard clinical
practice in breast cancer diagnosis, no studies have repor-
ted their effect on inflammatory response. The objective of
this study is to (1) determine whether core needle biopsies
in breast cancer patients trigger an inflammatory response,
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(2) characterize the type of inflammatory response present,
and (3) evaluate the potential effect of any acute inflam-
matory response on residual tumor cells. The biopsy wound
site was identified in the primary tumor resection tissue
samples from breast cancer patients. The inflammatory
response in areas adjacent (i.e., immediately around pre-
vious biopsy site) and distant to the wound biopsy was
investigated by histology and immunohistochemistry
analysis. Proliferation of tumor cells was also assayed. We
demonstrate that diagnostic core needle biopsies trigger a
selective recruitment of inflammatory cells at the site of the
biopsy, and they persist for extended periods of time.
While macrophages were part of the inflammatory
response, an unexpected accumulation of eosinophils at the
edge of the biopsy wound was also identified. Importantly,
we show that biopsy causes an increase in the proliferation
rate of tumor cells located in the area adjacent to the biopsy
wound. Diagnostic core needle biopsies in breast cancer
patients do induce a unique acute inflammatory response
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within the tumor microenvironment and have an effect on
the surrounding tumor cells. Therefore, biopsy-induced
inflammation could have an impact on residual tumor cell
progression and/or metastasis in human breast cancer.
These findings may carry relevance in the clinical man-
agement of breast cancer.

Keywords Breast cancer - Metastasis - Biopsy -
Inflammation - Eosinophils

Abbreviations

H&E Hematoxylin and eosin

IHC Immunohistochemistry

CD (from CD45  Cluster of differentiation (cluster of

or CD68) differentiation 45 and cluster of
differentiation 68)

Introduction

Although the progress made in early detection and treat-
ment, breast cancer remains the second leading cause of
cancer death in women. In 2015, over forty thousand
women were estimated to die from breast cancer [1].
Mortality in breast cancer is primarily due to the devel-
opment of metastasis. While localized breast cancer has an
excellent 5-year survival rate of 98.5 %, it does decrease to
25.0 % for metastatic disease [1]. Identifying factors that
can increase the risk of metastases, and developing clinical
treatments that reduce this risk are essential steps in
decreasing mortality from breast cancer. It is becoming
evident that progression from non-invasive to invasive
breast cancer or progression to metastasis is highly influ-
enced by the tumor microenvironment. Changes in the
tumor microenvironment can radically affect the properties
of tumor cells. Although natural immunosurveillance plays
an important role in prevention of carcinogenesis, evidence
has demonstrated that the immune response within the
tumor microenvironment can also be detrimental and pro-
mote cancer progression, including breast cancer [2-5].
Chronic inflammation has been extensively studied in
regard to its effect on cancer progression [6-9]; however,
the role of acute inflammation within tumors in cancer
progression and metastasis is less well understood [10].
Given that chronic inflammation (with only low levels of
cytokines) has demonstrated effect on tumorigenesis, it is
hypothesized that the presence of an acute inflammatory
response in the tumor microenvironment could also be
detrimental by supporting tumor cell proliferation and,
more importantly, metastasis. The presence of acute
inflammation in the tumor can lead to the production of
cytokines that may act directly on cancer cells, or affect the
microenvironment to facilitate cancer cell migration. The
acute inflammatory response in the tumors can be triggered
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by invasive procedures such as core needle biopsies and
surgical excision. Core needle biopsy is a standard proce-
dure in breast cancer diagnosis. Although it is considered
as a safe and reliable procedure, it may trigger the
recruitment of inflammatory cells at the biopsy site as a
normal component of the wound healing response. Wound
healing is a complex process characterized by the
sequential recruitment of inflammatory cells that secrete
different cytokines (e.g., IL-6 and IL-8), and some of these
cytokines contribute to the proliferation of epithelial cells
and tissue remodeling. Thus, wound healing-induced
inflammation within the breast tumor may promote tumor
progression and/or metastasis [11, 12]. The period from the
time the diagnostic biopsy is obtained until subsequent
surgery (or other cancer treatment is initiated) may span
from a number of days to weeks, providing time for pro-
liferation of residual tumor cells and possible lymphovas-
cular migration into the systemic circulation promoted by
the immune response. The risk that needle biopsies of
breast cancer may have on breast cancer progression or
recurrence is a controversial topic [13—18]. While there is
little evidence to support the potential risk of tumor dis-
placement with biopsies, the effect of inflammation caused
by the biopsy on the potential risk for metastases has not
been investigated.

Studies using a mammary tumor mouse model for breast
cancer have shown that a biopsy of the mammary tumor
has only a marginal impact on the rate of growth of the
tumor in mice that underwent biopsy compared with con-
trol mice, but it significantly increases the frequency of
distant metastases [19]. Core needle biopsies in these
studies caused the recruitment of inflammatory cells to the
site of biopsy in the mammary tumor and increased the
proliferation rate of the cancer cells adjacent to the biopsy
wound [19]. More importantly, these studies demonstrate
that treatment with common anti-inflammatory medica-
tions can reduce the risk of distant metastases associated
with biopsies [19]. Thus, based on mouse models, inflam-
mation caused by mammary tumor biopsies can increase
the risk of metastasis.

Unlike mice, the immune response in humans is highly
diverse. It is therefore also plausible that the acute immune
response triggered by breast cancer biopsies at the tumor
site is also heterogeneous. The clinical implications are that
a subset of cancer patients may be more vulnerable to
inflammation-induced tumor progression or risk for early
local recurrence and distant metastasis. No studies have
previously addressed the impact of biopsies on the acute
inflammatory response in tumors of breast cancer patients,
nor have there been studies evaluating the type of inflam-
matory response and the duration of this inflammatory
response. In this study, we show that breast cancer biopsies
induce the recruitment of inflammatory cells at the site of
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the biopsy wound, and this inflammatory response remains
at or near the residual tumor for extended periods of time.
We identified for the first time the presence of eosinophils
selectively at the site of the biopsy wound. More impor-
tantly, our study reveals an increase in the tumor cell
proliferation rate after performing a core needle biopsy.
Consequently, the acute inflammatory response associated
with breast biopsies could have a profound clinical impact
by stimulating residual cancer cells in certain cases. Fur-
thermore, understanding the potential mechanism of acute
inflammation on the tumor microenvironment may lead to
new strategies to mitigate this mechanism through the use
of anti-inflammatory medication at the time of the diag-
nostic biopsy.

Methods
Study subjects and materials

In order to be eligible for our study, we required samples
from patients who had undergone breast cancer biopsy
followed by surgical resection of invasive carcinoma or
ductal carcinoma in situ (DCIS) between years 2007 and
2012. We reviewed histological sections from paraffin-
embedded breast tumors of patients who did not receive
neoadjuvant treatment prior to surgery. In addition, visu-
alization of the original biopsy site was required within
each surgical resection. We identified 44 formalin-fixed
paraffin-embedded histological samples that met these
criteria. The distribution of breast cancer types and sub-
types, age, grade, differentiation stage, LVI (lymphovas-
cular invasion) status, and the surgical procedure for breast
cancer patients is provided in Table 1. For the studies
regarding Ki67 in cancer cells, only invasive breast sam-
ples were included. Since the natural progression of
inflammatory response following a biopsy was anticipated
to change over time, information on the time (number of
days) between the biopsy and subsequent surgical resection
was also recorded. The distribution of the histological
samples according to the time between biopsy and surgical
resection is provided in Table 1 where samples are strati-
fied in 7-day intervals. This study was approved by the
Institutional Review Board at the University of Vermont.
No consent was needed for these studies.

Immunohistochemistry (IHC)

Surgical pathology specimens were fixed in a 10 % formalin
solution, then dehydrated, embedded in paraffin wax, and
3-um sections were placed on SuperFrost Plus microscope
slides. Before immunohistochemistry, routine histology of

Table 1 Clinical characteristics of study participants

Characteristic Number of patients

Age

Mean (57.7 years)

Range (46-90 years)

Median (56 years
Tumor type

DCIS 11

Invasive 33
Differentiation

Well 8

Moderate 16

Poor 11

NA (DCIS) 9
Nuclear grade

I 0

I 26

11 18
ER

Positive 36

Negative 8
PR

Positive 33

Negative 11
Her2

Positive 4

Negative 29

NA (DCIS) 11
LVI

Positive 11

Negative 33
Procedures

Partial mastectomy® 37

Total mastectomy 7
Time: biopsy to excision”

<7 days 0

7-14 days 10

15-21 days 8

22-28 days 12

29-35 days 8

>35 days

DCIS ductal carcinoma in situ, NA not applicable, ER Estrogen
receptor, PR Progesterone receptor, Her2 Human epidermal growth
factor receptor 2, LVI lymphovascular invasion

? Surgical excision procedure

° Time lag from the core biopsy to the surgical excision

all tissue samples was carried out after H&E staining of the
sections. Cell counts for eosinophils and neutrophils were
also collected from H&E-stained tissue sections. Neu-
trophils are characterized by the presence of a single nucleus
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which is multilobed (2-5 lobes) and contains highly con-
densed chromatin. Unlike eosinophils, neutrophils have few
granules and they do not display a highly eosinophilic
cytoplasm (not a strong pink stain). Human eosinophils have
a single nucleus with only two well-defined lobes. Because
of nuclear position in the cells, sometimes the two lobes
could be visualized as a single-round smaller nucleus (one
lobe on top of the other). Eosinophils are also characterized
by the strong eosinophilic cytoplasmic staining (strong pink
color on the cytoplasm) due to the accumulation in the
cytoplasm of acidophilic-specific granules. Slides were
deparaffinized in two changes of fresh xylene and rehydrated
in a descending alcohol series. For IHC analysis, we used
markers and antibodies that are standardly used for patient
diagnosis at the University of Vermont Medical Center
Histology facility. For quantification of overall inflamma-
tion, IHC for CD45 as a marker of all leukocytes (leukocyte
common antigen) was performed using a polyclonal rabbit
anti-human CD45 antibody (LCA, PD7/26/16+2Bl11,
Thermo Scientific). For quantification of macrophages, IHC
for CD68 was performed using a monoclonal rabbit anti-
human CD68 antibody (KP1, Dako). CD68 is cell plasma
membrane (also endosome/lysosome membrane) protein
and is clinically used as marker for monocytes, macro-
phages, and myeloid cells. For quantification of proliferating
cells, IHC for Ki67 antigen using a polyclonal rabbit anti-
human Ki67 antibody (SP6, Thermo Scientific) was per-
formed. Ki67 is a protein strictly associated with cell pro-
liferation and is detected exclusively in the nucleus during
the interphase and during mitosis segregates with the chro-
mosomes. Ki67 is standardly used in clinical tests. To verify
that tumor cells identified histologically were tumor cells,
tissue sections were stained anti-pan cytokeratin monoclonal
antibodies (AE1/AE3), used as marker for epithelial cells
and abundantly present in breast cancer cells. The AE1 and
AE3 monoclonal antibodies (Thermo Scientific) recognize
cytokeratins 1, 2, 3,4, 5,6,7,and 8 (AE3) and 10, 14, 15, 16,
and 19 (AE1).

Antigen retrieval involved treatment with a protease
(Antigen Retrieval 1:10; Dako) for 30 min in a steam bath.
Before immunohistochemical staining, the sections were
washed with TBS and blocked with protein blocking serum
(Dako) in TBS for 30 min to reduce nonspecific antibody
binding. Primary antibody was then applied at appropriate
dilutions overnight at 4 °C. Polyclonal Rabbit Anti-mouse
Immunoglobulins (1:20; Dako) secondary antibody was
incubated for 30 min in accordance with the manufac-
turer’s instructions.

Color was developed with a solution of chromagen
(Dako). Slides were counterstained with hematoxylin,
dehydrated in an ascending alcohol series, and covered with
a coverslip (Permount mounting medium; Sigma-Aldrich).
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Scoring system

One slide for each sample was scored in most cases. A
quantitative score was used. We defined “adjacent” region
as the areas adjacent or proximal to the biopsy wound
(within 500 pm). For “adjacent” biopsy cell counts, we
chose fields just around the biopsy site, avoiding necrosis,
vasculature, and lysis, and we focused on areas with the
highest density of staining. We defined “distant” region as
the area more distal to the biopsy wound (>5 mm). For
distant biopsy sites, we chose areas where the breast
architecture was intact and focused on areas with the
highest density of staining. Distant cell counts were taken
from the same slide the majority of the time and or from an
adjacent tissue sample determined from the pathology
report for cases, which the biopsy site was present near the
edge of the tissue sample.

For each slide, a total of 100 cells within 3 separate
fields of the slide were counted for the “adjacent” region,
and a total of 100 cells within 3 separate fields of the slide
were counted for the “distant” region. A 400x magnifi-
cation on the light microscope (EVO XL Cell Imaging
System, Life Technologies) was used for cell counting in
the different fields. 400x images were captured with the
light microscope and counting was performed at the com-
puter on the saved images. For quantification of the per-
centage of neutrophils, eosinophils, total leukocytes
(CD45-positive cells), and macrophages (CD68-positive
cells), the 100 cells counted among the three different
fields refer to all nucleated cells. For quantification of the
percentage of tumor proliferating cells (Ki67 positive),
only cancer cells (identified by morphology and verified by
AE1/AE3 staining) were counted. When counting tumor
cells counting the ductal carcinoma in situ (DCIS) areas
were avoided. We calculated the mean number of posi-
tively stained cells for three fields in the adjacent and
distant areas to the biopsy wound site for each patient.
Slides of samples were unable to be scored blindly as the
biopsy site is visible in the areas of interest for adjacent cell
counts. At least five slides for each group of adjacent and
distant biopsy locations were scored by two independent
observers, and the results were compared to test repro-
ducibility of scoring. When the staining scores were dis-
cordant or unclear, an agreement was reached by the two
observers and confirmed by the pathologist using a multi-
head light microscope or by reviewing slide images from
which the counts were taken. All the images used for cell
counts were recorded and kept as electronic files. Micro-
scopy images for the representative figures were taken with
an Olympus BX50 microscope using a 4x (40x magnifi-
cation) or 40x (400x magnification) objective. Scale bars
are shown in figures.
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Statistical data analysis

The difference in mean staining scores of inflammatory and
proliferative cell populations between the adjacent and
distant biopsy locations was compared using a paired
Student’s 7 test or a Wilcoxon Signed Ranks Tests when the
normality assumption was not met. Regression analysis
was used to examine the relationship between mean
staining scores and number of days between biopsy and
surgical resection. A p value of <5 % was considered
statistically significant.

Results

Human breast cancer biopsy triggers an acute
inflammatory response at the tumor biopsy site

No previously published studies have characterized the
acute inflammatory response resulting from core needle
biopsies in the clinical breast cancer specimens. We per-
formed a retrospective study with breast cancer samples
where the biopsy site was identified. The breast cancer
patients selected had not received any treatment (neoad-
juvant systemic therapy or radiotherapy) from the time of
the biopsy to the time of surgical excision of the tumor.
The biopsy site wound was identified on H&E tissue sec-
tions from archival specimens. Inflammation at the area
adjacent to the biopsy wound was readily detected in the
H&E sections (Fig. 1a). However, for better identification
and quantification, we performed (immunohistochemistry)
IHC analysis for CD45, a pan leukocyte marker present in
all inflammatory cells. For all the studies described here,
we quantified the percentage of positive cells in the region
adjacent or proximal to the biopsy wound (defined as
“adjacent”), and a region distant from the biopsy wound
but in the same slide (defined as “distant”) (Fig. 1a). The
results show a preferential accumulation of CD45 cells in
the proximity of the biopsy wound relative to the presence
of CD45 cells in the tumor in a region distant to the biopsy
(p < 0.0001) (Fig. 1b).

The time lag from the day the biopsy was taken to that
the day excision surgery of the tumor was performed is
highly variable (7-50 days) since patients require consul-
tation and decision-making (Table 1). In our study, there
were few cases (n = 10) where this time lag was less than
15 days (Table 1), but there were some cases (n = 6)
where a time lag was more than 35 days (Table 1). The
inflammatory phase in injured normal tissues is limited to
3-14 days. Although there was a trend for the overall
inflammation to decrease over time (p = 0.08), surpris-
ingly the accumulation of CD45-positive cells at the
adjacent region to the biopsy remained present even

40 days after the biopsy (Fig. 1c). Therefore, the biopsy
process in breast cancer specimens triggers a local
inflammatory response in the tumor that lasts for an
extended period of time at the site of the biopsy wound.

Preferential accumulation of macrophages at the site
of the biopsy wound in the breast cancer patients

To characterize the type of inflammatory response trig-
gered by the biopsy in breast cancer, we first examined the
presence of neutrophils since they are rapidly mobilized in
response to tissue damage and recruited to the tissue.
Neutrophils can be easily identified by their segmented
nuclear morphology and the lack of eosinophilic staining in
H&E-stained tissue slides (Fig. 2a; Supplementary
Fig. S1A). Although the presence of neutrophils in the
region adjacent to the biopsy wound was significantly
greater than the accumulation in the areas of the tumor
distant to the biopsy wound (p = 0.019), in only a few
cases neutrophils were detected in the adjacent region
(Fig. 2b). Most likely neutrophils are released very rapidly
as part of the innate immune response and are recruited to
the site of the biopsy, but by the time the tumor is surgi-
cally excised (at least 7 days after the biopsy), they are no
longer present (Fig. 2c). Accordingly, correlation analysis
of neutrophils at the site of the biopsy with the time lag
from biopsy to the surgical excision of the tumor indicated
that the presence of neutrophils decreased with time lag
(p = 0.0086) (Fig. 2c). Thus, although neutrophils are
most likely recruited to the site of the biopsy, they do not
persist within the tumor.

Unlike most other inflammatory cells, macrophages are
commonly found in the tumor in breast cancer patients,
have been defined as “tumor associated macrophages”
(TAM), and are considered to be a factor that contributes to
tumor progression or metastasis [20-22]. We therefore
examined the presence of macrophages at the site of biopsy
in our breast cancer samples by immunostaining for CD68,
a standard clinical marker for macrophages. According to
previous studies, macrophages could be found in the
regions of the tumor distant from the biopsy (Fig. 3a;
Supplementary Fig. S1B), but there was a significantly
greater accumulation of macrophages at the site of the
biopsy (p < 0.0001) (Fig. 3a, b). In contrast to neutrophils,
the preferential accumulation of macrophages at the region
of the tumor adjacent to the biopsy lasts for longer periods
of time after biopsy and no significant decrease over time
could be detected (p = 0.895) (Fig. 3c). Thus, breast
cancer biopsies trigger relatively rapid (observed already at
12 days after biopsy) recruitment of macrophages to the
biopsy site, where they remain for long periods of time
(more than 40 days).
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Fig. 1 Accumulation of
inflammatory cells at the region
adjacent to the biopsy wound.
a IHC of human breast tissue for
CD45 marker in regions of the
tumor adjacent to the biopsy
wound (adjacent) and regions
far away from the biopsy wound
(distant). The images x40
magnification (upper panels)
and x400 magnification (lower
panels) of the x40 red-labeled
areas are shown. Scale bars are
shown. BW biopsy wound.

b Percentage of CD45-positive
cells (relative to all nucleated
cells in the analyzed fields) in
breast cancer samples (n = 44)
in regions adjacent and distant
to the biopsy wound,

p < 0.0001 using a paired
student’s ¢ test analysis.

¢ Percentage of CD45-positive
cells in the region adjacent to
the biopsy as a function of time
(days) between the core needle
biopsy procedure and surgical
excision of the breast tumor

tissue (n = 44), p = 0.08 as B 00- C 100, p =0.08
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analysis 80 4 __ 80+ ° °
< ® @ ° ° [ ]
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Recruitment of eosinophils to the site of the biopsy
wound in human breast cancer

While studying the H&E tissue slides, we identified an
unexpected immune cell type that is well characterized by
its bi-lobular nucleus and by the eosinophilic cytoplasm—
eosinophils (Fig. 4a; Supplementary Fig. SIC). No studies
have reported the presence of eosinophils within the tumor
in breast cancer patients. Accordingly, we could not find
eosinophils in the regions distant to the biopsy (Fig. 4b). In
contrast, there was a pronounced accumulation of eosino-
phils at the region of the tumor adjacent to the biopsy
wound (p < 0.0001) (Fig. 4b). Interestingly, eosinophils
were detected primarily at the edge of the biopsy wound
(Fig. 4a). These results indicate that breast cancer biopsies
trigger the recruitment of eosinophils specifically at the site
where the biopsy was taken. In addition, we found that the
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Distant .
Days post biopsy

presence of eosinophils at the site adjacent to the biopsy
correlated with the time lag between the biopsy and the
surgical excision of the tumor (p = 0.019) (Fig. 4c). To
address whether the greater accumulation of eosinophils at
the biopsy wound site (Fig. 4a) was preferentially found in
those patients with the longer time lag to surgery, we
defined two groups according to the time: (a) a group
where surgery was performed within the month after the
biopsy (<30 days) and (b) a group where surgery was
performed 30 days or more after the biopsy. The average
number of eosinophils at the biopsy wound in the >30 days
group was about fourfold higher than the average eosino-
phils in the <30 days group (p = 0.002) (Fig. 4d). Thus,
the longer the period of time between the biopsy and the
surgical excision of the primary tumor, the higher the
recruitment of the eosinophils to the biopsy wound
occurred.
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Fig. 2 Neutrophils are not
frequently detected at the region
adjacent to the biopsy wound.
a H&E staining of human breast
tissue in the region adjacent to
(adjacent) and a region far away
(distant) from to the biopsy
wound. The images from 40x
magnification (upper panels)
and x400 magnification (lower
panels) of the x40 red-labeled
area are shown. Scale bars are
shown. BW biopsy wound.

b Percentage of neutrophils
(relative to all nucleated cells in
the analyzed fields) in the
regions adjacent and distant to
the biopsy wound (n = 44),

p = 0.019 using a Wilcoxon
Signed-Rank test. ¢ Percentage
of neutrophils in the region
adjacent to the biopsy wound, as
a function of days between the
core needle biopsy procedure
and the surgical excision of the
tumor tissue (n = 44),

p = 0.0086 using a regression

analysis based on ranks B C  100-
100 - p =0.0086
80- b

80+ o p =0.019 =
2 2
2 60- 2 601
8 g
£ 40- o £ 407 o
3 o
2 z

20 - 20 °

° °
0- 01O Sembade o 0000

Adjacent

We then investigated whether the accumulation of
eosinophils at the site of the biopsy could be associated
with the magnitude of the inflammatory response or whe-
ther it was determined by individual differences in the type
of immune response. We examined the interaction of
eosinophil accumulation and overall inflammation deter-
mined by the presence of CD45 cells at the site adjacent to
the biopsy wound (p for interaction = 0.009). Within the
>30 days group, the accumulation of eosinophils corre-
lated with the overall presence of CD45 cells (p = 0.0017)
(Fig. 4e). In contrast, within the <30 days group, the
presence of eosinophils at the biopsy wound was inde-
pendently variable from the magnitude of the inflammatory
response (p = 0.91) (Fig. 4e) indicating that individual
difference in the immune response may account for the
presence of eosinophils in cases where these cells are
detected relatively early after the biopsy.

Distant 0 0 40 60
Days post biopsy

Higher rate of proliferation of the breast cancer cells
at the site of the biopsy compared with the rate
at a distant site of the tumor

To investigate whether diagnostic core biopsy could have
an effect on the tumor cells that remain in the proximity of
the biopsy site, we performed immunostaining for Ki67
(Fig. 5a), a standard maker for cell proliferation charac-
terized by its nuclear accumulation in proliferating cells
(Supplementary Fig. S2A). Identification of tumor cells by
H&E staining was also verified by immunostaining for
cytokeratin (AE1/AE3), a marker clinically used to identify
epithelial origin of cells (Fig. 5b; Supplementary
Fig. S2B). The results showed higher frequency of Ki67-
positive tumor cells in the proximity of the biopsy wound
compare to the frequency in areas of the tumor distant to
the biopsy (p = 0.009) (Fig. 5c). We also investigated the
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Fig. 3 Accumulation of
macrophages adjacent to the
biopsy wound. a CD68 staining
for macrophages in breast tissue
in the region near (adjacent) and
a region far away (distant) from
to the biopsy wound. The
images from x40 magnification
(upper panels) and x400
magnification (lower panels) of
the x40 red-labeled area are
shown. Scale bars are shown.
BW biopsy wound. b Percentage
of macrophages (relative to all
nucleated cells in the analyzed
fields) in the regions adjacent
and distant to the biopsy wound
(n = 30), p < 0.00001 using a
Wilcoxon Signed-Rank test.

¢ Percentage of macrophages in
the region adjacent to the biopsy
wound, as a function of days
between core needle biopsy and
surgical excision of the tumor
tissue (n = 30), p = 0.895
using a regression analysis
based on ranks
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rate of proliferation at the site of the biopsy over time from
the core needle biopsy to surgical excision. High rate of
proliferation at the site of the biopsy could be observed at
early times post-biopsy and longer lag time did not further
increase the proliferation rate (p = 0.97) (Fig. 5d). These
results suggested that biopsies could have an impact in the
tumor surrounding the biopsy wound.

Breast cancer core biopsy increases proliferation
rate of the tumor cells adjacent to the biopsy wound

To investigate whether the higher rate of proliferation in
tumor cells found at the site of the biopsy wound was
caused by the diagnostic core biopsy, we examined the
proliferation of the tumor cells within the original core
needle biopsy (pre-excision) in the same cohort of patients
by Ki67 immunostaining (Fig. 6a; Supplementary Fig. S3).
We compared the frequency of proliferating tumor cells
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Distant Days post biopsy

within the core needle biopsy specimen (the area of the
tumor where the biopsy was obtained but prior biopsy
excision) and the frequency of proliferating tumor cells in
an area of the excised tumor distant from the biopsy (post-
surgical excision). No significant difference (p = 0.18)
was observed between the frequency of Ki67-positive
tumor cells in the core needle biopsy and the frequency in a
distant region of the tumor (Fig. 6b). Thus, the prolifera-
tion rate in the tumor adjacent to the biopsy wound prior to
the biopsy was comparable to the proliferation rate in areas
distant from the biopsy after surgical excision. We then
compared the frequency of proliferating tumor cells in an
area of the tumor adjacent to the biopsy wound with the
frequency of proliferating cells within the core biopsy tis-
sue. The results revealed an increased proliferative rate in
the areas adjacent to the biopsy wound relative to the rate
found in the core needle biopsy itself (p < 0.0001)
(Fig. 6¢). Thus, core needle biopsies have an impact on the
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Fig. 4 Core needle biopsy of breast tumors trigger the recruitment of
eosinophils to the biopsy wound. a H&E staining of human breast
tissue in the region adjacent to the biopsy (Adjacent) and a region far
away (Distant) from to the biopsy wound. The images from x40
magnification (upper panels) and x400 magnification (lower panels)
of the x40 red-labeled area are shown. Scale bars are shown. BW
biopsy wound. b Percentage of eosinophils (relative to all nucleated
cells in the analyzed fields) in the regions adjacent and distant to the
biopsy wound (n = 43). p < 0.0001, using a paired student’s ¢ test
analysis. ¢ Percentage of eosinophils in the region adjacent to the
biopsy wound, as a function of days between the core needle biopsy
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procedure and the surgical excision of the tumor tissue (n = 43),
p = 0.019 using a regression analysis. d Percentage of eosinophils in
the region adjacent to the biopsy wound in patients where surgical
excision was performed within <30 days (n = 29) or >30 days
(n = 14) of the biopsy, p = 0.013 using a Wilcoxon Rank Sums test.
e Correlation of percentage of eosinophils and CD45+ cells in the
<30 and >30 days groups. Within the >30 days, group p = 0.52
(p for simple effects = 0.0017), and within the <30 days, group
p = —0.038 (p for simple effects = 0.91), as determined by regres-
sion analysis, including the time-by-CD45+ level interaction as a
predictor (p for interaction = 0.009)
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Fig. 5 Higher frequency of
proliferating tumor cells at the A
region adjacent to the biopsy
wound than in distant areas of
the tumor. a IHC of human
breast tissue for Ki67 marker in
the region adjacent to the biopsy
wound (adjacent) and the region
distant to the biopsy wound
(distant). The images from x40
magnification (left panels) and
%400 magnification (right
panels) of the x40 red-labeled
area are shown. Scale bars are
shown. BW biopsy wound.

b IHC of the same tissue sample
from (a) with AEI/AE3
antibody as a marker for
cytokeratin in the region
adjacent to the biopsy
(adjacent). The images from
x40 magnification (left panels)
and x400 magnification (right
panels) of the x40 red-labeled
area are shown. ¢ Percentage of
Ki67-positive cells (relative to B
all cancer cells present in the
analyzed fields) in invasive
tumor in breast cancer samples
in regions adjacent and distant
to the biopsy wound (n = 30),
p = 0.009, using a paired
student’s ¢ test analysis.

d Percentage of Ki67-positive
tumor cells in the tumor in the
region adjacent to the biopsy as
a function of time (days)
between the core needle biopsy
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proliferation rate of the tumor cells that remain at the site
of the tumor.

Discussion
A number of studies have shown an association between

chronic inflammation and cancer development, including
breast cancer [9, 23]. Recently, specific inflammatory
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markers have been singled out, such as tumor-associated
macrophages (TAMs), matrix metalloproteinases (MMPs),
sphingosine 1-phosphate (S1P), and C-reactive protein
(CRP), as well as IL6 and IL8. Importantly, novel therapies
targeting TAM (CSF-1R inhibitors) are currently being
tested in clinical trials for glioblastoma and Hodgkin
lymphoma [24, 25]. In contrast, the role of acute inflam-
mation within the tumor on cancer progression and
metastasis has not been extensively addressed in mouse
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Fig. 6 Increased proliferative
rate of tumor cells in the area
adjacent to the biopsy wound is
secondary to the biopsy. a I[HC
of human breast tissue for Ki67
marker in the breast cancer core
needle biopsy (Core Biopsy)
and in the region adjacent to the
biopsy wound after surgical
excision (Adjacent). The images
from x400 magnification are
shown. Scale bars are shown.
b Percentage of Ki67-positive
tumor cells (relative to all
cancer cells present in the
analyzed fields) in the original
core biopsy tissue (Core biopsy)
compared to the percentage in a
tumor region distant to the
biopsy wound in the excised
tumor (distant region in post-
biopsy). ¢ Percentage of Ki67-
positive tumor cells in the
original core needle biopsy
compared to the percentage in a
tumor region adjacent to the
biopsy wound in the excised
tumor (post-biopsy samples)
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models or in human breast cancer patients. The limited
interest in addressing this question is probably due to the
fact that acute inflammatory responses in tumors are not
frequent in a natural setting. However, invasive diagnostic
and therapeutic procedures in the tumor can cause acute
inflammatory responses in the remaining tumor cells. In
this study, we have investigated the immune response in
breast tumors triggered by core needle biopsies. It is gen-
erally believed that core needle biopsies do not cause
marked inflammatory response in the tumor microenvi-
ronment [26]. However, our current study shows a clear
accumulation of CD45-positive cells selectively in the
proximity of the biopsy wound. Interestingly, in a wound
healing response in normal tissue, inflammation does not
last more than 7-14 days, but inflammation at the biopsy
wound in breast cancer can be detected even up to 40 days
after the procedure. It is possible that once the inflamma-
tory cells are recruited to the biopsy wound, survival sig-
nals generated by the tumor microenvironment retain some
of the inflammatory cells at the wound.

With a few exceptions, no neutrophils were identified at
the area adjacent to the biopsy wound. This is probably due
to the fact that neutrophils are one of the first inflammatory
cells recruited during the wound healing response to
scavenge debris and bacteria, as well as secrete chemokines
that promote the recruitment of macrophages and lym-
phocyte to the wound. Since in many cases the lag time
between biopsy and surgical excision is more than 7 days,
the initial neutrophil infiltrate is probably resolved by the
time of surgery. However, recruitment of neutrophils at the
site of the biopsy within breast tumor could have an impact
in potential metastasis. Neutrophils have been associated
with poor outcome in breast cancer [27] and they have been
shown to contribute to tumor angiogenesis [28]. Recent
studies in mouse models have shown that neutrophils
contribute to the spread of melanoma cells and lung
metastasis after exposure of melanoma to ultraviolet radi-
ation [29].

Unexpectedly, our studies reveal a frequent accumula-
tion of eosinophils at the area adjacent to the biopsy wound
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in the breast tumor. Eosinophils are not commonly found
during a normal immune response against pathogens with
the exception of helminthes [30]. They are abundant in the
context of specific pathological situations and are hallmark
signs of allergy, asthma, and eosinophilic gastrointestinal
disorders [31]. Importantly, after tissue injury, eosinophils
are part of the inflammatory response during wound heal-
ing and contribute to tissue regeneration by secretion of a
variety of cytokines that store in granules [32]. Little is
known about eosinophils in breast cancer, and while prior
studies have reported the presence of mast cells in the
stroma of invasive breast cancer, previously no eosinophils
were found [33]. However, eosinophils are also known to
be essential in mammary gland development, including
angiogenesis [9]. Our results here further confirm the
absence of eosinophils in breast cancer except the area
adjacent to the biopsy wound. Interestingly, within the area
adjacent to the biopsy wound, eosinophils primarily accu-
mulate at the edge of the wound. Considering the estab-
lished role of eosinophils in normal wound healing and
angiogenesis, most likely eosinophils are recruited at the
site of biopsy for tissue repair. Thus, eosinophils may
affect the proliferative and/or migratory activity of tumor
cells. Interestingly, not all patients have eosinophils at the
biopsy site, posing the question whether individual varia-
tions in the immune response may account for the differ-
ential presence of these cells at the biopsy site. Similar to
other immune-related disorders such as the asthma or
allergy conditions, there may be specific individuals who
develop this type of response. Detection of eosinophils at
the site of the biopsy wound is a novel finding that needs
further investigation to determine a potential correlation
with prognosis.

The risk that core biopsies of breast cancer may have on
breast cancer progression or recurrence is still a contro-
versial topic [13-15]. Our results revealed an increased
frequency of proliferating tumor cells in the proximity of
the biopsy wound compared to the distant areas in the
tumor. More importantly, this increased frequency of pro-
liferating cells is exclusively identified in the surgical
specimen and not observed in the diagnostic core biopsy,
indicating that it is a consequence of the core biopsy pro-
cedure. In addition, we show the presence of a prolonged
inflammatory response that, as part of normal wound
healing, can affect the migratory capacity of tumor cells
and, consequently, may have an impact on local or meta-
static recurrence. These findings may have implications for
the clinical management of breast cancer. The effect of
surgery (i.e., surgery-induced inflammation) and wound
healing in breast cancer and metastasis, as well as its
clinical implications are emerging as important areas of
consideration [11, 12]. Certain patients undergoing a core
needle biopsy for the diagnosis of breast cancer may be at
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risk of accelerated tumor migration as a result of the acute
inflammatory process and changes in the tumor microen-
vironment. This may only hold true for a subset of patients
with a specific immune response to acute inflammation,
and those who have a longer time interval between diag-
nosis and treatment (e.g., surgical excision or chemother-
apy). Furthermore, these findings may have implications
for patients undergoing breast-conserving surgery who are
found to have positive margins/residual tumor following an
initial partial mastectomy procedure. If, as suggested by the
findings of this study, residual tumor cells are at greater
risk for metastasis due to changes in the tumor microen-
vironment resulting from invasive procedures, then both
the time to therapy and the completeness of initial surgical
excision may take on even greater clinical importance in
the management of breast cancer.

Using mouse models, we have shown that a biopsy of
mammary tumor increases the proliferation of cancer cells
at the site of the biopsy wound and drastically increases the
risk of lung metastases [19]. Furthermore, we have shown
in the same mouse model that treatment with anti-inflam-
matory medication (ibuprofen) at the time of the biopsy
and for three subsequent days decreases the risk of
metastases following biopsy procedures [19]. Thus, the
inflammation associated with biopsies appears to con-
tribute to the risk of metastases in mouse models. The
presence of inflammatory cells at the biopsy site could
affect the proliferative or migratory capacity of the tumor
cells by secreting cytokines, chemokines, or factors that
alter the matrix in the stroma. In this regard, our previous
research observed that the number of metastases triggered
by acute inflammation is substantially lower in IL-6 defi-
cient mice [19]. The pro-inflammatory cytokine IL-6 is
now emerging as a key cytokine that contributes to breast
cancer progression and metastasis [34, 35], as well to the
response to chemotherapy [36]. Unlike mice, the immune
response in humans is highly diverse and this leads to
major differences in the response to infections, vaccines,
and allergens. It is therefore possible that the inflammation
caused by biopsies within the tumor could also have a
different impact on tumor cells depending on the type or
extent of inflammatory response generated by the patient.
Obtaining a greater understanding of this variable immune
response may shed light into the greater mechanism of
acute inflammatory-mediated tumor cell progression and
help identify subsets of patients at greatest risk.

Conclusions
In summary, our study for the first time demonstrates that

core needle biopsies trigger a lasting inflammatory
response at the site of the core biopsy wound, with
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eosinophils being an unexpected immune cell recruited to
the tumor microenvironment. In addition, our studies also
reveal a stimulatory effect on tumor cells adjacent to the
biopsy site. These findings may help further uncover
mechanisms of metastasis related to the acute inflammatory
response in the tumor and lead to mitigating strategies
using anti-inflammatory medications at the time of diag-
nostic biopsy.
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