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Abstract

Development of metastasis in peripheral tissues is a major problem in the fight to cure breast

cancer. Although it is becoming evident that chronic inflammation can contribute to tumor

progression and metastasis, the effect of acute inflammation in primary tumor is less known.

Using mouse models for breast cancer here we show that biopsy of mammary tumors increases the

frequency of lung metastases. This effect is associated with the recruitment of inflammatory cells

to the lung and elevated levels of certain cytokines such as IL-6 in the lung airways.

Antiinflammatory treatment prior to and after the biopsy reduces the development of metastases

triggered by the biopsy. In addition, while lack of IL-6 does not affect primary tumor

development, it protects from increasing number of metastases upon biopsy. Thus, our studies

show that in addition to chronic inflammation, acute immune response caused by invasive

procedures in the primary tumor may cause an increased risk on peripheral metastases, but the risk

could be decreased by anti-inflammatory treatments.

INTRODUCTION

Breast cancer is the second leading cause of cancer death among women. The areas of

diagnosis and therapy have significantly improved relative to other types of cancer.

However, despite the number of advances in screening, prevention and treatment, a portion

of patients still present with or develop late stage disease resulting in increased mortality.

The rate of breast cancer recurrence and death remains high with over 25,000 deaths in 2011

in the USA alone. Metastases were once believed to follow a sequential pattern from

primary tumor to regional lymph nodes and then to the distant sites [1]. However, recent

evidence suggests that tumor metastases are a far more complex system that does not

necessarily follow this ordered pattern. Current models propose that the development of

metastasis in distant organs requires additional events than just having circulating cancer
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cells. Primary tumor cells undergo changes that increase the potential for these cells to seed

distant organs. In addition, a hospitable niche (“soil”) in the distant organs is required for

disseminated tumor cells which migrate into these organs, to successfully survive and

proliferate [2, 3]. This “seed and soil” hypothesis that was initially proposed over two

centuries ago [4] can explain why not all breast cancer patients with circulating cancer cells

develop metastasis, and why distant metastases may develop long after the primary tumor

was diagnosed and treated.

A factor that can clearly affect the environment of the tissues is the inflammatory response.

The association between chronic inflammation and cancer has been most evident in diseases

such as ulcerative colitis, which carries a significantly elevated risk of colon cancer [5, 6].

Recent studies have shown that chronic arthritis in mice leads to an enhanced frequency of

mammary tumors and metastasis [7, 8]. It is becoming evident through animal studies that

selective types of immune responses and immune cells can promote tumor progression more

than others. The mechanisms are variable and in some cases unclear. Among innate immune

cells, tumor resident macrophages (M2 type) have been shown to contribute to angiogenesis

by secreting VEGF and EGF [9]. A number of studies both in mouse and human subjects

indicate that neutrophils, a key component of the innate immune system, contribute to tumor

progression and metastasis in part through the secretion of elastase [10–12]. Within the

adaptive immune responses, cytotoxic CD8 T cells and CD4 Th1 cells can mediate

antitumor activities, while CD4 Th2 cells are known to promote tumor progression in breast

cancer through secretion of cytokines such as IL-13 [13, 14]. It is well known that the

antibody response mediated by B cells is not highly effective as an antitumor immune

response, but recent studies indicate that B cells can favor progression of some tumors (e.g.

skin, prostate) through secretion of cytokines such as lymphotoxin β and other cytokines

[15–17]. Since the recruitment of some of the immune cells, such as neutrophils, is a

cardinal feature of acute inflammatory responses, acute inflammation in the tumor may also

provide an environment that favors tumor growth or metastasis.

Surgery is an important component of the modern, multimodality approach to breast cancer

management, and is potentially curative especially in earlier stages of disease. With the

advent of widespread breast cancer screening, a greater number of patients present with

stage I and II breast cancer amenable to surgical resection. As any other surgical procedure,

excision of tumors triggers an acute inflammatory immune response that contributes to the

natural wound healing process. This acute inflammatory response has normally minimal

consequences in tumor progression since the tumor cells have already been removed.

Biopsies are another common surgical procedures used in the diagnosis of breast cancer, and

provide highly valuable information for prognosis and treatment. The wound generated by

the biopsy, primarily core biopsies, also triggers an acute inflammatory response within the

tumor. It remains unclear whether this inflammatory response could have an impact in tumor

progression and/or development of metastasis in breast cancer, and whether this may be an

independent risk factor in clinical settings.

To address whether biopsies and surgery may influence the risk of metastasis, using a mouse

model of mammary cancer we have investigated the effect of biopsy in the frequency of

metastases and whether this effect is mediated by the inflammatory response triggered

Hobson et al. Page 2

Breast Cancer Res Treat. Author manuscript; available in PMC 2014 May 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



within the tumor or organs that are invaded by tumor cells. We show here that the biopsy of

mammary tumors increases the development of micrometastases in the lung in association

with the recruitment of neutrophils. Anti-inflammatory agents significantly reduced the

frequency of metastasis induced by biopsies. Thus, any potential risk of acute inflammatory

induced metastasis may be able to be mitigated through the use of specific anti-

inflammatory treatment.

MATERIAL AND METHODS

Mice

The MMTV-PyMT transgenic mice [18] and null IL-6 knockout (KO) mice [19] have been

previously described. All mice were housed under pathogen-free conditions at the animal

care facility at the University of Vermont. The procedures were approved by the University

of Vermont Institutional Animal Care and Use Committee. Survival curves were determined

by the time mice need to be euthanized due to overall tumor mass and institutional approved

requirements.

Mammary Tumor Biopsies

For “Biopsy mice”, MMTV-PyMT mice were anesthetized with isoflurane and a biopsy of

the tumor was performed using a surgical punch biopsy needle (2mm diameter). The small

wound in the skin produced by the biopsy was sutured using a single interrupted stitch. For

“Control mice”, MMTV-PyMT mice were anesthetized with isoflurane and skin on the

tumor was sutured using a single interrupted stitch. Prior to the biopsy, the size of the tumor

for the majority of the mice was between 0.15–0.25 cm3. In a few mice, the tumor size was

slightly larger but not more than 0.5 cm3. Control and Biopsy mice were always paired

according to tumor size at the time of the biopsy. For the ibuprofen treatment, MMTV-

PyMT mice received an i.p. administration of ibuprofren (50 mg/Kg) or vehicle in 100 μl

four hours before the biopsy, and one daily dose for the next three consecutive days.

Tumor histology

Three or eight days after the biopsy, the mice were euthanized, and tumors containing the

biopsy wound were harvested, fixed in formalin and paraffin embedded. Tissue sections

were used for staining for hematoxylin and eosin (H & E) or for immunohistochemistry.

Bronchoalveolar lavage (BAL) collection, cell differential and lung histology

For BAL, cold PBS (1 ml) was instilled into the lungs as previously described [20, 21]. For

cell differential, 100 μl of BAL were cytospun and stained with Hema-3 (Biochemical

Sciences). A hundred cells per high power field were counted and classified as macrophages

or neutrophils, by cell morphology and staining. For BAL fluid (BALF), cells were spun,

and supernatant was recovered for cytokine determination. After recovering BAL, lungs

were inflated with formalin, fixed and embedded in paraffin. Sections were stained for H &

E according to routine procedures, or for immunohistochemistry.
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Tumor growth and metastases

Tumor volume was measured every other day starting the day after the biopsy, through a

caliber and following the formula (width × length × height)/2). For quantification of lung

metastases, tissue sections of the paraffin embedded blocks containing all lobes of the lung

were H & E stained, and the number of micrometastases per slide was counted. The number

of metastases in three sequential sections of the blocks was highly consistent.

Immunohistochemistry

Formalin-inflated lungs and primary tumors were fixed in formalin and embedded in

paraffin. Sections cut from paraffin embedded tissues underwent antigen retrieval (DAKO)

and stained with antibodies against CD45 (BD Pharmingen), cytokeratin 8 (CK8) (Novus

Biologicals), or Ki67 (Thermo Fisher) followed by a secondary antibody conjugated to

peroxidase. 3,3′-diaminobenzidine (DAKO) was used as a substrate to develop the staining

as we previously described [22]. Histological images were taking at a Olympus BX50 light

microscope with an Optronics Magnafire digital camera.

ELISA

Detection of IL-6 in BALF was performed using the mouse IL-6 Duoset according to

manufacturer’s instructions (R&D Systems) as we previously described [20].

Statistical Analysis

Time courses of tumor growth were analyzed using a random coefficients model with time

included as a quadratic term. Survival curve was analyzed using the log-rank test. All other

analysis was performed using the student’s t test. p< 0.05 was considered significant. Error

bars represent SEM

RESULTS

A sustained inflammatory response in the tumor triggered by a biopsy is associated with a
localized increased proliferative capacity of cancer cells

A breast biopsy, a common procedure used in breast cancer diagnosis, can induce the

recruitment of inflammatory cells to the tumor as part of the natural wound-healing

response. To address whether tumor biopsy may have an effect on tumor progression, we

used MMTV-PyMT transgenic mice [18] as a mammary tumor mouse model for breast

cancer. In MMTV-PyMT mice, the middle T (MT) antigen of the polyomavirus is expressed

under the control of the MMTV (Mouse Mammary Tumor Virus) promoter/enhancer, which

drives expression specifically in mammary epithelial cells [18]. We performed a live

surgical punch biopsy followed by a surgical stitch on the skin, under anesthesia. Control

mice underwent an identical procedure except there was no needle penetration of the tumor,

but they also had the surgical stitch on the skin. In order to assess the impact of a biopsy on

tumor growth, the size of the targeted tumor was measured over time after the biopsy for a

total of eight days. There was only a marginal, but statistically significant, increase in the

rate of growth of the tumor in mice that underwent biopsy compared with control mice (Fig.

1A).
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To address whether the biopsy could have an effect on the proliferative capacity of the

tumor cells, we performed immunohistochemical staining for Ki67, a standard clinical

parameter of proliferation in cancer, in section of tumors harvested eight days after the

biopsy. The relative frequency of Ki67 positive cells in the biopsy-tumors at a region distal

from the biopsy wound was comparable to the frequency in tumors from control mice (Fig.

1B). However, an increased ratio of proliferating cells was found in the tumor area adjacent

to the biopsy (Fig. 1B), suggesting that either the presence of inflammatory cells, physical

disruption of the tumor or increased blood supply caused by the biopsy could promote the

growth of the tumor cells.

We therefore examined the presence of inflammation in the tumor after the biopsy as well as

in tumors from control mice by immunohistochemical staining with CD45, a marker present

in all leukocytes. No large foci of CD45 cells were found in the control tumors but, as

expected, there was an accumulation of infiltrating CD45 cells within the area of the tumor

where the biopsy was taken, two days following the biopsy (Fig. 1C). Interestingly, eight

days after the biopsy procedure infiltrating leukocytes were still present in the tumors (Fig.

1C). Since the external biopsy wound on the skin was fully repaired within two to three days

after the biopsy these data indicate that inflammation last longer than the typical acute

response. Cytokines and other factors secreted by the inflammatory cells in the proximity of

the biopsy could provide a proliferative signal for the tumor cells. Inflammatory cells in the

proximity of the biopsy wound are also found in human breast cancer and they are used as a

clinical parameter to identify the biopsy location in the tumor after surgery.

Mammary tumor biopsies increase the frequency of lung metastases

In human breast cancer, the most negative and devastating outcome of a primary tumor is

metastasis in specific tissues (e.g. lung, brain, bone). It remains unclear what factors

determine the risk of metastasis, although soluble factors such VEGF and inflammatory

cytokines have been shown to contribute. We determined whether a biopsy could also have

an effect in the development of metastasis. MMTV-PyMT mice are known to develop a low,

but detectable, number of metastases in the lung [18]. Eight days after biopsy, lungs were

inflated, fixed and stained for H&E. Histological analysis of lung sections from biopsy mice

revealed an abundant presence of tumor micrometastases, visualized as a small, dense and

intensely stained blue area in the lung (Fig. 2A). A higher magnification further displayed

the compact cellularity of the micrometastases (Fig. 2B). Immunohistological staining of

lung sections for cytokeratin 8 (CK8), a marker for mammary epithelial tumor cells [23],

confirmed the presence of tumor cells in these metastases (Fig. 2C). Interestingly,

quantification of the number of metastases per whole lung section showed a prominent

increase (3–5 fold) of lung metastases in the mice that underwent biopsy compared with

control mice (Fig. 2D). The most abundant micrometastases present in the lungs of biopsy-

mice were smaller than the few preexisting metastases found in the control mice, suggesting

that the former were newly generated metastases. To address the proliferative capacity of

tumor cells in these metastases, lung sections from the mice with biopsy were

immunohistochemically stained for Ki67. High frequency of proliferating cells was present

in the micrometastases (Fig. 2E). Together, these results indicate that surgical biopsy in

mammary tumors can largely increase the frequency of lung metastases.
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Biopsy of mammary tumors triggers a rapid recruitment of inflammatory cells to the lung

The development of cancer metastasis in peripheral tissues requires the appropriate

environment in the targeted tissue that facilitates the seeding, survival and proliferation of

the circulating tumor cells. Considering the inflammatory response in the tumor even eight

days after biopsy, we examined the presence of inflammatory cells in the proximity of the

micrometastases in the lung. Immunostaining for CD45 of lung sections from mice eight

days after biopsy showed inflammatory cells present within the micrometastases (Fig. 3A),

suggesting that immune cells might have also been recruited to the lung in addition to the

tumor cells. No prominent inflammation in the lungs of mice eight days after the biopsy was

detected as determined by H&E stained sections (Fig. 1B), or by immunostaining analysis

for CD45 (Fig. 3B). However, immunostaining analysis for CD45 in lungs from mice two

and three days after biopsy revealed a clear accumulation of inflammatory cells, not present

in lungs from control mice (Fig. 3B).

To further demonstrate an acute recruitment of inflammatory cells into the lung triggered by

the biopsy, we examined the type of inflammatory cells in bronchoalveolar lavage (BAL)

obtained from mice three days after biopsy or from control mice (undergoing the same

procedure). It is well established that alveolar macrophages are the most abundant immune

cell type in BAL (lung resident macrophages) in physiological conditions. Accordingly, in

the control mice that did not have biopsy, macrophages were the predominant cell

population, with a low percentage of neutrophils (Fig. 3C). The presence of macrophages in

the airways was not increased, but slightly diminished in mice that had biopsy (Fig. 3C).

However, the percentage of neutrophils in the lung airways drastically increased upon

biopsy (3–4 fold) (Fig. 3C). Since neutrophils have a short half-life, the high frequency of

neutrophils in the lungs of biopsy-mice is indicative of an ongoing inflammatory response in

the lung of these mice as a result of the biopsy.

Administration of anti-inflammatory drugs diminishes the increased risk of metastasis
caused by the tumor biopsy

The presence of inflammation both in the tumor and lungs in response to the tumor biopsy

suggested that inflammatory response could contribute to tumor growth and/or increased

lung metastases caused by the biopsy. We therefore investigate whether the administration

of anti-inflammatory drugs could prevent the pro-metastatic effect of the biopsy. Mice that

underwent biopsy were divided in two groups that received either ibuprofen or vehicle for

three consecutive days after the biopsy. The size of the tumors that had the biopsy was

measured over time. There was only a slight delay in the growth of the biopsy-tumors in

mice that received ibuprofen and the mice that received vehicle (Fig. 4A).

Tissue harvesting was conducted 8 days post-biopsy and the number of lung metastases was

measured using whole lung histological sections as described above. The number of lung

metastases found in mice that underwent biopsy and received vehicle only (Fig. 4B) was

comparable to the number of metastases in mice that underwent biopsy with no other

administration (Fig. 2B). Interestingly, the number of lung metastases in mice that

underwent biopsy and received ibuprofen was markedly lower than in mice administered
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with vehicle (Fig. 4B), indicating that the increased development of metastasis promoted by

biopsy could be minimized by administration of anti-inflammatory medication.

To determine whether the decreased frequency of metastases in the lung obtained by

ibuprofen administration was associated with reduced inflammation in the lung, mice

underwent biopsy and administered either with vehicle or ibuprofen. After three days, BAL

was harvested and the presence of neutrophils was determined. Administration of ibuprofen

reduced the presence of neutrophils in the lung (Fig. 4C). We also examined the effect of

ibuprofen on the presence of CD45 positive cells in the proximity of lung metastases eight

days after biopsy. Fewer inflammatory cells appeared to localize at the remaining metastases

in mice that received ibuprofen (Fig. 4D). Together, these results show that inflammation

triggered by the biopsy of tumors contributes to increased risk of lung metastasis likely by

promoting the recruitment of inflammatory cells such as neutrophils to the lung.

IL-6 contributes to the increased frequency of lung metastases caused by the biopsy of
mammary tumors

Since some inflammatory cytokines are known to provide survival signals to breast cancer

tumor cells, we examined the levels of predominant inflammatory cytokines in BAL fluid

(BALF) in control mice or mice undergoing tumor biopsy. No IL-1 or TNFα could be

detected in BALF (data not shown). In contrast, we found elevated levels of IL-6 in BALF

from mice that underwent biopsy relative to control mice (Fig. 5A).

IL-6 is now emerging as a cytokine that contributes to tumor progression in some types of

cancer such as colon cancer and liver cancer, and there is evidence suggesting that IL-6 can

also contribute to metastasis [24–26]. To address a potential role of IL-6 in the effect of

biopsy on tumor growth and metastases, we crossed MMTV-PyMT mice with null IL-6

deficient mice. We first examined whether the absence of IL-6 affect mammary tumor

development in these mice by examining survival of the wildtype MMTV-PyMT mice and

IL6 KO MMTV-PyMT mice. There was just a slight increase (about 1–2 weeks) in the

survival curve in IL-6 KO MMTV-PyMT mice compared with the survival in wildtype

MMTV-PyMT mice (Fig. 5B). Analysis of the number of spontaneous metastases in the

lung at base line prior to any procedure was no different between IL-6 KO and wildtype

MMTV-PyMT (Fig. 5C), indicating that the development of metastasis in the absence of an

acute inflammation was not dependent on IL-6. We performed tumor biopsy in wildtype and

IL-6 KO mice and examined both tumor growth and lung metastases. There was no

detectable difference in tumor growth over time between wildtype and IL-6 KO mice after

the biopsy (Fig. 5D). However, the number of micrometastases in the lung eight days after

the biopsy was markedly reduced in IL-6 KO mice compared with wildtype mice (Fig. 5E).

Thus, IL-6 contributes to the increased risk in the development of mammary tumor cell

metastasis after biopsy.

DISCUSSION

Using mouse models of mammary cancer, our study demonstrated that performing a biopsy

of mammary tumors increases the development of lung metastasis. Biopsy of the primary

mammary tumor had only a minor impact on primary tumor growth itself, but it severely
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increased the development of micrometastases in the lung in association with the

recruitment of neutrophils. Anti-inflammatory drugs as well as IL-6 deficiency significantly

reduced the risk of metastasis caused by biopsies.

Surgery is a standard modality in the treatment of breast cancer, including total mastectomy

and more frequently lumpectomy. The surgical procedure clearly causes a local immune

response at the tumor site that attracts inflammatory cells capable of producing different

cytokines. Thus, if residual tumor remains at the site of surgery, the inflammation caused by

the surgical procedure could increase the risk of proliferation leading to local or distant

recurrence. Some data suggest that positive margins following initial breast cancer surgery

may be associated with increased risk of recurrence, despite subsequent surgery for margin

control. Although speculative, it is possible that proliferation of residual tumor cells in the

lumpectomy bed in response to wound healing cytokine following initial surgery may play a

role in this phenomenon. Likewise, breast biopsies, which are a standard method of

diagnosis in breast cancer, may have a similar impact on tumor proliferation and metastasis

in certain cases, especially if there is a long delay between the time of biopsy and definitive

surgery. It remains unclear whether such a risk may exist.

Importantly, however, our study also demonstrated that the increased risk in metastasis as a

consequence of a wound healing in the primary tumor can be substantially diminished by

treatment with standard anti-inflammatory drugs. The fact that ibuprofen was provided only

for the first three days after biopsy and reduced the number of metastases indicates that it is

the early inflammatory response that contributes to the establishment of the metastases.

Thus, not only chronic, but also acute inflammation within the tumor could affect the risk of

breast cancer metastases. This model could contrast with previous hypotheses proposing that

surgery can have a suppressive effect on immunosurveillance and therefore tumor cells have

an opportunity to escape from immune response [27]. However, our data support the concept

of inflammation being a factor that favors tumor progression and metastasis. A number

clinical studies and mouse models have shown an association of chronic inflammatory

diseases and risk of cancer and/or cancer progression [28]. In addition, more recent studies

in mouse models have demonstrated that breast cancer-associated metastasis is significantly

increased in models of autoimmune arthritis [7, 8].

In addition to tumor cells being released from the primary tumor into circulation, an

appropriate microenvironment in the targeted tissue is needed for tumor cells to “seed”

peripheral tissues and establish micrometastases [2, 3]. Interestingly, our studies show for

the first time that wound healing in mammary tumors causes an inflammatory response in

the lung, as determined by the presence of an acute accumulation of neutrophils as well as

by the presence of IL-6 in the airways. Lung inflammation is associated with the

development of micrometastasis in the parenchyma of the lung and infiltrated immune cells

are in a tight contact with tumor cells in the micrometastasis. It is therefore possible that it is

the inflammatory state of the lung that facilitates the establishment of metastases.

Neutrophils have been associated with poor clinical outcome and decreased survival in some

cancers including breast cancer [10–12]. The presence of neutrophil elastase in breast cancer

also correlates with poor outcome [29, 30]. It has been suggested that neutrophils may be

recruited in part by tumor cells. In exchange, neutrophils could contribute to cancer
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progression through the production of elastase, MMPs, cytokines and reactive oxygen

species, among others [31]. A close interaction in the lung of neutrophils with recent cancer

cell emigrants from the primary tumor after the biopsy could provide a protective

environment that facilitates the development of the metastases. Future studies should

address the potential effect of acute inflammation (e.g. triggered by infection or injury) may

have on the development of metastasis.

IL-6 was first identified as a proinflammatory marker [32]. Although for more than two

decades there have been a number of reports describing increased levels of IL-6 in serum

and tumors of different cancer patients, until recently this cytokine was not considered to be

a player in cancer. A number of recent studies in animal models and humans have revealed

IL-6 as a regulator of cancer progression primarily in colon and liver cancer [24, 33, 34].

Using our mouse model of mammary tumor, IL-6 alone did not seem to be a major

contributor of tumor progression or spontaneous metastasis in the lung. A previous study has

reported that IL-6 deficiency impairs mammary tumorigenesis [35], however a different

mouse mammary tumor model (Neu-MMTV transgenic mice) and different IL-6 KO mice

(not null mice) were used. Nevertheless, we show here that IL-6 is a key factor for the

dramatic increase in lung metastasis in response to the biopsy of the tumor. In addition, we

also found increased levels of IL-6 in the lung airways (BAL), correlating with the presence

of inflammation in the lung. Thus, these results suggest that IL-6 may not be an oncogenic

factor itself, but in the context of inflammation it could be a key factor that facilitates the

seeding of breast cancer cells in peripheral tissues and the formation of metastasis. While

IL-6R expression is primarily restricted to leukocytes and hepatocytes, the presence of

soluble IL-6R (sIL-6R) in association with IL-6 can trigger the IL-6 trans-signaling pathway

in almost any cells including tumor cells [36]. One of the major sources of sIL-6R is

neutrophils through the presence of metalloproteases that mediate the cleavage [36]. Thus, it

is possible that the major effect of IL-6 in breast cancer cells is provided by sIL-6R secreted

by inflammatory cells. This pathway could facilitate the formation of metastasis in the lung

where neutrophils accumulate after the biopsy.

In summary, our study shows that in a mammary mouse model acute inflammation triggered

by a biopsy, as part of the natural wound repair response, can enhance the risk of developing

peripheral metastasis. The increase in metastases is likely due to the combine effect of

inflammation in the primary tumors as well as in targeted organs, favoring the seeding of

released tumor cells. Nevertheless, our results also indicate that anti-inflammatory treatment

for a few days after biopsy may reduce the risk of metastasis. Further investigating the

potential role wound healing has on tumor progression and identifying strategies that could

mitigate this process could have a major impact on breast cancer management and survival.

Developing anti-inflammatory drugs that have minimal effect on hemostasis might be a

potential adjunctive therapy to combine with surgical procedures.
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Figure 1. Effect of mammary tumor biopsy in tumor progression
(A) Size of the tumors that underwent biopsy (Biopsy) and control tumors (Control) over

time after biopsy (n=6 mice). Tumor growth rate was slightly increased in mice undergoing

biopsy (p < 0.05), as determined by random coefficient analysis with time included as a

quadratic term. (B) Immunohistochemistry staining for Ki67 in tumors isolated from

“Control mice” (control) and “Biopsy mice” (Biopsy) 8 days after biopsy. For “Biopsy

mice”, an area distal to the biopsy and an area adjacent to the biopsy site within the same

tumor are shown. 100x magnification. (C) Immunohistochemistry staining for CD45 in

sections of tumors isolated from Control mice and Biopsy mice that had biopsy 2 days or 8

days prior to tissue harvesting. 100 × magnification.
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Figure 2. Increased number of metastases in the lung upon biopsy of the mammary tumor
(A) H & E sections of lungs from Control mice and Biopsy mice 8 days after the biopsy.

Micrometastases are displayed as highly dense nucleated (strong blue) spots within the

parenchyma of the lung. The arrow points to representative micrometastases. 100x

magnification. (B) A higher magnification (400x) of a micrometasis in the lung of Biopsy

mice 8 days after biopsy, H & E staining. (C) Immunohistochemistry staining for CK8 on a

metastasis in the lung of Biopsy mice 8 days after biopsy (200x magnification). (D) The

number of tumor metastases in a whole lung histological section (H & E staining) from

Control and Biopsy mice (n=6) 8 days after biopsy. *, denotes p <0.05, as determined by

student’s t test analysis. (E) Immunohistochemistry staining for Ki67 on a metastasis in the

lung of Biopsy mice 8 days after biopsy (200x magnification).
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Figure 3. Biopsy of mammary tumors leads to a rapid inflammatory response in the lung
(A) Immunohistochemistry analysis for CD45 in sections of the lung of Biopsy mice 8 days

after biopsy showing the presence of CD45 cells within a micrometastasis. 400x

magnification. (B) Immunohistochemistry analysis for CD45 in lung sections of Control

mice and Biopsy mice 2, 3 or 8 days after biopsy. 200x magnification. (C) Percentage of

macrophages and neutrophils in BAL of Control mice and Biopsy mice (n=3) 3 days after

biopsy. *, denotes p < 0.05, as determined by student’s t test analysis.
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Figure 4. Anti-inflammatory treatment prevents the increase in lung metastases upon biopsy
(A) Tumor size at different times after biopsy in mice that received vehicle or ibuprofen (n=

4). There was a slight but statistical significant (p <0.05) decreased in tumor growth with

ibuprofen as determined by random coefficient analysis with time included as a quadratic

term. (B) The number of tumor metastases in a whole lung histological section (H & E

staining) from Biopsy mice (8 days after biopsy) that received ibuprofen (n=5) or vehicle

(n=4). *, denotes p <0.05, as determined by student’s t test. (C) Percentage of macrophages

and neutrophils in BAL of Biopsy mice (3 days after biopsy) that receive ibuprofen or

vehicle (n= 3). *, denotes p < 0.05, as determined by student’s t test analysis. (D)

Immunohistochemistry analysis for CD45 in lung sections of Biopsy mice (3 days after

biopsy) that received ibuprofen or vehicle. 200x magnification.
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Figure 5. IL-6 contributes to the increased frequency of lung metastases caused by the biopsy of
mammary tumors
(A) IL-6 production in BALF of Control mice and Biopsy mice (n=6) 3 days after biopsy. *,

denotes p < 0.05, as determined by student’s t test analysis. (B) Kaplan-Meier survival curve

of untreated MMTV-PyMT (WT) and IL-6 KO x MMTV-PyMT (IL6 KO) mice (n=8). p

<0.05 as determined by log-rank test. (C) Number of spontaneous lung metastases in

untreated MMTV-PyMT (WT) mice (n=4) and IL-6 KO x MMTV-PyMT (IL6 KO) mice

(n=5). No statistically significant difference between WT and IL-6 KO mice was found (p=

0.75) as determined by student’s t test. (D) Tumor size at different times after biopsy in WT

(n=4) and IL-6 KO mice (n=7). There was no statistical significant difference in tumor

growth, as determined by random coefficient analysis. (E) The number of tumor metastases

in a whole lung histological section (H & E staining) from WT mice (n=4) or IL-6 KO mice

(n=7) 8 days after biopsy. *, denotes p <0.05, as determined by student’s t test.
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