
 

 

 

 

 

ABSTRACT 

Targeting the Immune Microenvironment to Treat Breast Cancer 

Kangling Xu, M.D., Ph.D. 

Mentor: A. Karolina Palucka, M.D., Ph.D 

 

    In tumor microenvironment, the crosstalk between infiltrating inflammatory cells and 

tumor cells creates a cytokine milieu which can promote both oncogenesis and tumor 

rejection.  We have found an IL-13 dominant cytokine environment existing in breast 

cancer tissue, and the IL-13 is pathogenic since blocking IL-13 using a neutralizing 

antibody in vivo could prevent tumor growth.  Furthermore, DCs are involved critically 

in breast tumor progression, very possibly through regulating Th1/Th2 polarization, since 

our previously in vivo data show that in the absence of DCs, CD4
+
 and CD8

+
 T cells fails 

to facilitate tumor growth in a xenograft model. Thus, it is important to unveil how DCs 

behave in the breast cancer microenvironment, and how DCs crosstalk with cancer cells 

or other stromal cells.  In this study, we have shown that pro-tumor inflammation in 

breast cancer is driven by cancer cell-derived thymic stromal lymphopoietin (TSLP) that 

induces OX40L expression on dendritic cells (DCs).  OX40L
+
 DCs generate 

inflammatory CD4
+
 T cells producing TNF-α and IL-13 (iTh2).  Furthermore, we found 

high levels of IL-1β in breast cancer microenvironment of the patients.  IL-1β level is 



positively correlated with the levels of IL-13 and TSLP.  Importantly, IL-1β level is 

associated with the stage of the disease.  IL-1β induces TSLP production from breast 

cancer cells lines in a dose- dependent manner in vitro.  Cancer cells induce IL-1β both 

transcriptionally and translationally in mDCs and monocytes in a contact-dependent 

manner.  This is mediated by cancer cell-derived TGF-β.  Moreover, TGF-β -activating 

kinase 1 (TAK1) signaling is involved in caspase-1 activation and TGF-β-dependent IL-

1β production.  Blocking TGF-β in vivo prevents tumor growth through decrease IL-1β 

production.  Administration of IL-1R antagonist anakinra prevents tumor growth in vivo, 

blocks OX40L expression on mDCs, and blocks iTh2 generation.  Thus targeting the 

immune microenvironment through blockade of IL-1β represents a novel approach to 

treat breast cancer. 
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CHAPTER ONE 

 

Introduction 

 

 

Cancer Immunology: from Immunosurveillance to Immunoediting 

    The idea that the immune defense mechanisms can control malignancy growth is not 

new.  However, within the last 100 years or more, the intense debate on this notion has 

never been resolved.  Two basic hypotheses, namely “immunosurveillance” and 

“immunoediting”, represent the current view of the interactions between immune system 

and cancer formation, progression, invasion and/or regression.  Indeed, the immune 

system plays a dual role, i.e., it can inhibit tumor growth by directly destroying malignant 

cells or suppressing their outgrowth; but it can also be subverted to promote tumor  

progression.  

Hypothesis of Immunosurveillance 

    The prototype of the immunosurveillance hypothesis was proposed in early 1900s, 

when the German scientist Paul Ehrlich first postulated that cancer occurs spontaneously 

in vivo and that the immune system is able to both recognize and protect against it 

(Ehrlich et al, 1909).  However, the observation and concept was largely abandoned for 

quite some time due to the lack of technique/models and experimental evidence.  Half a 

century since then, the immunosurveillance hypothesis postulating that an adaptive 

immunity was responsible for preventing cancer from development in immunocompetent 

host, was revisited and again proposed by Burnet and Thomas (Burnet et al, 1970).  

However, experimental evidence showing that immunocompetent mice and nude mice 
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(partially immunodeficient mice) are similarly susceptible to both spontaneous and 

carcinogen-induced tumors undermined the hypothesis (Stutman et al, 1974&1975).  

Despite this, subsequent studies using more precise genetically-manipulated mouse 

models established the validity of the cancer immunosurveillance concept. Furthermore, 

these studies expand the hypothesis to incorporate the contributions of both innate and 

adaptive immunity.  A good example of these types of studies used gene-targeted mice 

which lacked the IFN-γ receptor, or the downstream transcription factor STAT1 (Kaplan 

et al, 1998).  In comparison to wild type mice, these mice more easily developed tumors 

induced spontaneously or with carcinogens. 

    A cornerstone supporting the cancer immunosurveillance hypothesis comes from the 

discovery of tumor antigens, which distinguishes cancer cells from their non-transformed 

counterparts. The idea was first demonstrated by the discovery that mice immunized with 

syngeneic tumoral transplants were protected against subsequent challenge with the same 

tumor (Old et al, 1964).  The reasoning was that if the immune system could distinguish 

cancer cells from normal cells, there must be immunosurveillance.  

    Evidence for the hypothesis also came from a stream of human epidemiological 

studies.  These studies done with transplant patients who received immunosuppressive 

therapy or with patients presenting primary immunodeficiency showed a significantly 

higher relative risk to develop cancer.  However, most of the cancers were associated 

with viral infection.  Later on, a study showing four times greater incidence of malignant 

melanoma post organ transplantation without related viral infection history was reported 

(Sahin et al, 1995).  Additionally, one assessment of 5692 cases of renal transplant 

patients who received immunosuppressive therapy from multi-centers revealed  higher 
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cancer risk ratios for colon, lung, bladder, kidney, ureter and endocrine tumor, and 

malignant melanomas as compared to normal population (Cheever et al, 2009).  Thus, 

severe immunodefficient patients display a higher propensity for developing cancer.  

However, there has been a growing recognition that immunosurveillance represents only 

one level of the multi-dimensional relationship between the immune system and cancer.  

One fundamental problem that the immunosurveillance hypothesis could not explain is  

why cancers still occur in immunocompetent individuals.  

Hypothesis of Immunoediting 

With findings that the immune system may also promote the emergence of primary 

tumors with decreased immunogenicity, the immunoediting hypothesis was proposed.  

Cancer immunoediting is an extrinsic tumor suppressor mechanism that happens only 

after cellular transformation has occurred and intrinsic tumor suppressor mechanisms 

have failed (Dunn et al, 2002).  The hypothesis incorporates both the host-protective 

function and cancer-editing ability of the immune system during cancer development.  It 

is a dynamic process, and encompasses three critical phases: elimination, equilibrium, 

and escape (Dunn et al, 2004).  The three phases are shown in Figure 1.  The elimination 

phase starts with the initiation of an anti-tumor immune response.  Because of the 

presence of growing tumor and resulted stromal remodeling, inflammatory signals are 

released into tumor environment, which subsequently attract/recruit innate cells, 

including NK cells, NKT cells, tissue macrophages and DCs. An important cytokine 

derived from NK and NKT cells is IFN-γ, which could directly result in tumor cell death, 

or indirectly via shutting off neo-angiogenesis through CXCL10, CXCL9, and CXCL11 

induction.  Meanwhile, the debris derived from dying tumor cells are captured by tissue 
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resident DCs.  The arriving of antigen presenting DCs in draining lymph nodes leads to 

polarization of adaptive immune cells, which include different subsets of CD4
+ 

T cells 

and cytotoxic CD8
+
 T cells generation (being led by cross-presentation capacity of DCs), 

based on both the stimuli DCs received for the maturation and subsets of DCs presenting 

antigens.   As consequence, the tumor specific-CD4
+
 T cells and CD8

+
 T cells home back 

to tumor site, where cytotoxic CD8
+
 T cells destruct the tumor through IFN-γ, and 

granzym production.  If the above process successed in tumor elimination, then the phase 

of elimination is over.  Otherwise, if the adaptive immune responses including cytotoxic 

cytokines put a selective pressure on the intrinsic genetic unstable tumor cells, the 

variants may survive the elimination.  Thus, the equilibrium phase is developed, and 

cancer cells are further edited by immune system.  If the cancer cells acquired resistance 

to elimination, they may escape.  Thus, in the escape phase, the tumor continues to grow 

and expand in a manner out of control. Through the entire process of immunoediting, 

tumor-promoting inflammation and tumor-eliminating immune response are dynamically  

interconnected. 

 

 

Inflammation and Cancer 

 

    Since Rudolf Virchow first observed in the 19
th

 century the presence of leukocytes 

within tumor tissue, a dynamic crosstalk between cancer cells and infiltrating immune 

cells has been appreciated.  Indeed, infiltrating immune cells, together with cancer cells 

and supporting stroma cells construct the tumor microenvironment as a whole.  The 

immune components existing in the cancer microenvironment include innate immune 

cells (neutrophils, macrophages, dendritic cells, mast cells, and natural killer cells) and 

adaptive cells mainly recruited from blood (T cells and B cells).  Innate and adaptive  
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Figure 1.  Immunoediting is a dynamic process, and encompasses three critical phases: 

elimination, equilibrium, and escape.  The elimination phase starts with the initiation of 

an anti-tumor immune response. In this phase, innate and adaptive immunity work 

together to destroy developing tumors.  If the variants of tumor occur under the pressure 

of anti-tumor immune response, and survive the elimination phase, the equilibrium phase 

developed. During equilibrium phase, the anti-tumor immune responses including 

cytotoxic cytokines edit the immunogenicity of tumor cells, which may cause them to 

acquire the resistance to be destroyed.  Thus, tumor continues to grow and expands in a 

manner of uncontrolled, which enters the phase of escape. (Adapted from Robert D.  

Schreiber, Science 331, 2011) 

arms of immune cells either communicate directly or by means of cytokines/chemokines 

production.  The net effects from pro-tumor immunity vs. anti-tumor immunity will result  

in tumor growth or eradication. 
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Acute vs. Chronic Inflammation 

As part of the defense reaction to either internal or external insults, the inflammatory 

response functions to counteract the insult incurred by those stimuli.  The inflammatory 

response is always accompanied with redness, swelling, heat, pain and tissue damage.  

Acute inflammation is rapid and self-limiting, which frequently precedes the 

development of protective adaptive immune responses to pathogens and cancer.  During 

acute inflammation, an initial recruitment of polymorph nuclear granulocytes is followed 

by monocytes, which might differentiate locally into macrophages or dendritic cells 

(DCs).  Chemical mediators are induced during inflammation in a tightly regulated 

sequence, and immune cells migrate in and out of the affected area, destroying infectious 

agents, repairing damaged tissue, and initiating a specific and long-term 

adaptive/memory response to the stimuli.  However, acute inflammation does not always 

resolve.  When inflammation becomes chronic or is prolonged, it can prove harmful and 

may lead to disease.  Chronic inflammation has been found associated with a wide 

variety of diseases, ranging from cardiovascular diseases, diabetes, arthritis, Alzheimer’s 

disease, pulmonary diseases, autoimmune diseases, to cancer.  Specifically, chronic 

inflammation has been shown to contribute to the various stages of tumor development, 

including cellular transformation, survival, proliferation, invasion, angiogenesis, and  

metastasis (Grivennikov et al., 2010).   

Types of Inflammation in Cancer Microenvironment 

    Differences in stress stimuli, mechanisms, intensity and outcome of reaction can lead 

to four types of inflammation, each of which can be found within cancer 

microenvironment.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Grivennikov%20SI%5Bauth%5D
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    Environmental irritants or dietary exposure induced inflammation. Environmental 

irritants, such as industry dust or tobacco smoke, which participate in the pathogenesis, 

such as causing fibrosis of chronic obstructive pulmonary disease (COPD), and in turn 

enhance the risk for lung cancer (Punturieri et al, 2009).  Specifically, inhaled silica 

particles trigger IL-1β release, which exaggerates inflammation response and exerts 

tumorigenic activity on lung epithelial cells (Dostert et al, 2008).  

 

    Therapy-induced inflammation.  Cancer treatment itself, such as radiation and 

chemotherapy aiming to kill cancer cells, can induce a strong inflammatory response.  

The cellular killing process of those therapies might results in malignant cells necrosis.  

The necrosis and cellular death triggers cytokines/chemokines promoting fibrosis and 

angiogenesis, which are also known as the key events participating in cancer 

development and metastasis. 

 

    Tumor-associated inflammation.  This refers to the inflammatory response which 

closely accompanies the development of a tumor.  In such a situation, the cues of a 

bacterial or virus infection do not exist, meaning the inflammation is aseptic, usually 

long-lasting, with no extrinsic stimuli or irritants existing.  In breast cancer or pancreatic 

cancer, tumor or stromal-derived cytokine thymic stromal lymphopietin (TSLP) acts on 

infiltrating immune cells to polarize a pathogenic inflammatory environment, which can 

favor tumor growth (Pedroza-Gonzalez et al, 2011, and De Monte et al, 2011).   

In breast cancer, the cancer cells is the source of TSLP.  While in pancreatic cancer, the 

pancreatic stromal cell-derived TSLP is triggered by the factor(s) secreted from  

pancreatic cancer cells.   
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Inflammation and Tumor Promotion  

    Cancer promotion is the process of tumor growth from a single initiated cell into a 

fully developed primary tumor.  Initial tumor growth depends on increased cell 

proliferation and decreased cell death, both of which are stimulated by inflammation-

driven mechanisms.  One major tumor-promoting mechanism is the production of tumor-

promoting cytokines by immune/inflammatory cells.  These cytokines includes TNF-α, 

IL-6, IL-1β, IL-11, IL-23, IL-22, and TGF-β.  They usually promote tumor growth 

through directly or indirectly activating transcription factors (NF-KB, STAT3 and AP-1), 

thus enhancing cancer cell proliferation and survival.  Other pathways stimulate neo-

angiogenesis through cytokines triggered under hypoxia, including vascular endothelial 

growth factor (VEGF), angiopoetin 2, hypoxia inducible factor 1 alpha (HIF-1α), IL-8,  

CXCL1 and CXCL8.   

Breast Cancer and Immune Microenvironment 

 

 

Breast Cancer   

Breast cancer is the cancer caused by the development of malignant cells in tissues of 

the breast.  The most common type of breast cancer is ductal carcinoma, which means 

malignant cells originate in the lining of the milk ducts.  Another type of breast cancer is 

lobular carcinoma, which means malignant cells begin in the glands.   Invasive breast 

cancer is breast cancer that has spread from where it begins in the breast ducts or lobules 

to surrounding normal tissue.  Breast cancer occurs in both men and women, although 

male breast cancer is rare (National Cancer Institute).  
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Figure 2.  Co-existance of immunosurveillance and tumor-promoting inflammation in the 

tumor microenvironment.  Through acting on both immune cells and cancer cells, the 

tumor-promoting cytokines (IL-6, IL-1, IL-23, and IL-17) play important role in deciding 

the balance between tumor-elimination and tumor-promotion toward tumor promotion.   

(Adapted from  Grivennikov et al, 2010). 

Each year, about 1.4 million new cases of breast cancer are diagnosed worldwide, and 

over 450,000 women will die of the disease annually.  In the United States, breast cancer 

is the most common cancer among women. Despite decreased mortality, breast cancer 

is the second leading cause of cancer death for women of all ages, after lung cancer  

(National Cancer Institute). 

Diagnosis of Breast Cancer 

The diagnosis of breast cancer is accomplished by the biopsy of any suspicious lump 

or mammographic abnormality that has been identified.  Once diagnosis is established 

and before treatment is begun, more tests are done to determine if the cancer has spread 

beyond breast tissue.  Those tests include: chest x-ray, liver function test, bone 

metabolism test, radio nuclear bone scan, and computed tomography (CT) scan to 

discovery possible metastasis to lymph nodes and other organs.  Using the results of these 

studies, the stage of cancer is defined for the patient.  This helps establish a treatment  

http://www.sciencedirect.com/science/article/pii/S0092867410000607
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Figure 3.  Structure of human breast tissue.  Milk duct is the thin tubes that carry milk 

from the lobules of the breast to the nipple.  Lobule is the gland making milk. 

(Adapted from American Cancer Society website) 

protocol and prognosis.  In the United States, formal staging is done using the TNM 

system.  This system considers the tumor size and how much it has grown (T), whether  

the cancer has spread to the lymph nodes (N), and whether it has metastasized (M) to 

distant sites in the body.  Stages are summarized in Table 1. 

    Besides staging of breast cancer, pathologists also need to grade the breast cancer.  The 

Nottingham grading system (also called the Elston-Ellis modification of the Scarff-

Bloom- Richardson grading system) is most commonly used. This system grades breast 

cancer based on three main features, including 1) tubule formation: how much of the 

tumor tissue has normal breast duct structures; 2) nuclear grade, which means an 

evaluation of the size and shape of the nucleus in the tumor cells; 3) mitotic rate, which 

means to measure how many dividing cells are present.  Each of the features gets a score 

between 1 and 3.  The scores for the three features are then added, yielding a total score 

of 3 to 9.  Then the grade of breast cancer is decided as shown in Table 2.  A higher-  
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Table 1. TNM staging system of breast cancer. 

Stage Definition 

I 
The cancer is no larger than 2 cm and no cancer cells are found in 

the lymph nodes. 

II 
The cancer is no larger than 2 cm but has spread to the lymph 

nodes or is larger than 2 cm but has not spread to the lymph nodes. 

IIIA 

Tumor is larger than 5 cm and has spread to the lymph nodes or is 

smaller than 5 cm, but has spread to the lymph nodes, which have 

grown into each other. 

IIIB 
Cancer has spread to tissues near the breast or to lymph nodes 

inside the chest wall, along the breastbone. 

IV 
Cancer has spread to skin and lymph nodes near the collarbone or 

to other organs of the body. 

      National Cancer Institute website.  

grade cancer may grow and spread more quickly and may require immediate or more  

aggressive treatment. 

Management of Breast Cancer  

    Current treatments for breast cancer include surgery, radiotherapy, and chemotherapy, 

hormonal and biological therapy.  These therapies may be used alone or in combination  

depending on the stage of the disease.  

 

 

    Surgery (lumpectomy or Mastectomy).  Surgery is still the main treatment option for 

patients whose breast cancer has not spread to other organs (chest wall or lungs is the 

most commonly location for metastasis), and may be used in combination with 

radiotherapy or chemotherapy.  Surgery may also be an option for patients with cancer 

that has spread to other organs.  In addition to continued refinements in breast-conserving 

and reconstructive oncoplastic surgery techniques, there is an array of advanced treatment  

technologies available today.  
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Table 2. Grading system of the breast cancer. 

Grade Total score Meaning 

1 3-5  Well differentiated 

2 6-7 Moderately differentiated 

3 8-9 Poorly differentiated 

                            National Cancer Institute website.  

    Radiotherapy.  Radiotherapy is often used in addition to surgery and chemotherapy to 

reduce the chances of the cancer recurring.  This type of treatment (i.e., after surgery) 

isoften called adjuvant therapy.  Radiotherapy may also be given in conjunction 

withchemotherapy prior to surgery (neo adjuvant therapy).  This is done to shrink the 

tumor, which can improve the outcome after surgery.  Finally, radiotherapy can be used 

in patients with metastatic breast cancer to help alleviate symptoms.  Intraoperative 

radiation therapy (IORT), one of many new technologies that deliver radiation more 

precisely, can help to minimize damage to healthy tissue.  With IORT, radiation is 

delivered directly to the tumor site after a surgeon has removed the tumor.  A 30-minute  

dose of IORT can often replace weeks of traditional radiation. 

 

 

    Chemotherapy.  Chemotherapy may be given prior to surgery with the aim of reducing 

tumor size, so that the surgery may not need to be as extensive.  Chemotherapy may also 

be given after surgery to reduce the chances of relapse.  When the cancer has spread, 

chemotherapy may be used to reduce symptoms, improve quality of life and extend 

survival for as long as possible.  Chemotherapy drugs can be given intravenously or 

orally.  An advanced refined targeted therapy called chemoembolization delivers 

medication through a catheter directly into a tumor using image guidance.   
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    Hormonal therapy.   Hormone promotes the growth of cancers that are hormone 

receptor-positive.  About 2 out of 3 breast cancers are hormone receptor-positive.  They 

contain receptors for the estrogen (ER-positive cancers) and/or progesterone (PR-positive 

cancers).  Most types of hormone therapy for breast cancers either decrease the 

production of estrogen, or block its effect on the receptors.  For example, Tamoxifen 

blocks estrogen receptors on breast cancer cells, or aromatase inhibitors stop estrogen  

production in post-menopausal women. 

 

 

    Biological therapy (also called targeted therapies).  This is a relatively new approach 

to cancer treatment.  It inhibits the growth and spread of cancer cells by modulating 

specific molecules involved in tumor growth and progression.  As biological therapies 

precisely target cancer-specific processes, they may potentially be more effective than 

other types of treatment (such as chemotherapy and radiotherapy) and less toxic to non-

cancerous, healthy cells.  Several types of biological therapy exist for the treatment of 

advanced breast cancer.  These are either given as monotherapy or in combination with 

other therapies at various stages of advanced disease.         

    New technologies and improvements in existing treatments are very likely contributing 

to higher survival rates and improved quality of life for women with breast cancer.  

However, patients still die from the invasiveness and metastasis of the disease.  Hence, 

there is a demand and need for new therapeutic strategies to increase survival and 

improve quality of life of breast cancer patients, especially for those patients who have 

invasive/metastasis disease, or who failed to respond to hormone therapy due to receptor 

negative status.  
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    The role of the immune system in the control of breast cancer progression remains 

largely unknown.  Indeed, unlike other tumor types, the incidence of breast cancer is not 

altered in immunocompromised patients (Stewart et al, 1997), and some nonspecific 

immunostimulating therapies have been suggested to worsen the prognosis (Stewart et al, 

1993).  Based on the concept of connections between immunoediting, inflammation, and 

cancer, successful immunotherapy should aim to repress or eliminate pro-oncogenesis 

inflammation, followed by amplifying anti-neoplastic inflammation.  First of all, we  

should understand the immune microenvironment of breast cancer. 

Immune Microenvironment of Breast Cancer 

    The breast cancer microenvironment is associated with aseptic inflammation.  In 

primary breast cancer, an efficient antitumor immune response has not been shown, 

although dendritic cells (DCs) infiltrate the tumors (Bell et al, 1999), and antibodies 

directed against p53 (Lenner et al, 1999) or HER2/neu (Dissis et al, 1997) have been 

detected in the sera of patients.  This highlights the immune suppressive condition in 

breast cancer patients.  We now know that the breast cancer tumor creates a unique 

microenvironment, conditioning the phenotype and function of cell types within the area 

and delivering important signals to promote tumor growth, angiogenesis, and distant 

metastasis (Reviewed by Zou, 2005).  Breast cancer cells are surrounded by stroma 

consisting of nonmalignant hematopoietic and mesenchymal cells in the ECM.  A 

significant amount of research has shown lymphatic infiltrates in breast cancer tumors, 

including: CD4
+
 T cells, CD8

+
 T cells, DCs, macrophages, and B cells (Bell et al, 1999 & 

Matkowski et al, 2009).  Some leukocytes exhibit antitumor activity, including CTLs and 

NK cells (Dunn, Koebel et al. 2006).  Other leukocytes, such as mast cells, B cells, DCs, 
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granulocytes, and macrophages, exhibit more bipolar roles, through their capacity to 

either hamper or potentiate tumor progression (de Visser and Coussens 2006).  Therefore, 

the most important problem existing in breast cancer immunology is how the tumor 

fulfills its self-development via immune editing.  The understanding of the pathogenic 

immune cells and factors, together with breast cancer derived signals and underlying 

mechanism favoring tumor development will make it possible to manipulate or reverse  

the pro-tumor immune response.  

 

 

    Pathogenic Th2 Cytokine: IL-13.  Our earlier study found primary breast cancer tissue 

expresses high levels of IL-13.  We observed that cancer cells largely expressed STAT6, 

which suggested that the IL-13 released by tumor infiltrating lymphocytes might engage 

the receptors expressed on breast cancer cells, thereby transferring a survival signal to 

cancer cells (Aspord et al, 2007).  Humanized mice bearing breast cancer tumors 

permitted us to conclude that CD4
+
 T cells and IL-13 are actually involved in breast 

cancer pathophysiology.  There, IL-13-producing CD4
+
 T cells promote early tumor 

development, which can be prevented by IL-13 blocking (Aspord et al, 2007).  The role 

of IL-13 in the indirect suppression of tumor surveillance has been demonstrated in other 

tumor models, which is frequently linked with suppression of cytotoxic T cell function 

(Terabe et al., 2004).  There, blockade of IL-13 permitted inhibition of tumor growth and 

eventual rejection.  Work by others also proved that when IL-13 was blocked in a 

spontaneous autochthonous breast carcinomas mice model, tumor appearance was 

delayed (Park et al, 2008).  A spontaneous mouse breast cancer model highlighted the 

role of Th2 cells which facilitate the development of lung metastasis through macrophage 

activation (DeNardo et al., 2009).  Other IL-13 expressing cells could also contribute to 

http://jem.rupress.org/content/208/3/479.long#ref-36
http://jem.rupress.org/content/208/3/479.long#ref-12
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tumorigenesis.  For example, IL-13 produced by NKT cells induces myeloid cells to 

make TGF-β, which ultimately inhibits CTL functions (Berzofsky and Terabe, 2008).  

Based on our previous work, IL-13 was exclusively from T cells, since NKT cells 

depletion had no therapeutic effect.  IL-13 was also reported expressed by cancer cells.  

For example, IL-13 and IL-13R are frequently expressed by Hodgkin’s and Reed-

Sternberg cells (Skinnider et al, 2001), and IL-13 stimulates their growth (Kapp et al, 

1999; Trieu et al, 2004).   

Studies in mice suggest Th2 cytokines have a role in mammary gland development. 

Since the differentiation of the luminal epithelial lineage appears to require autocrine 

signaling by Th2 cytokines, as shown by reduced differentiation and alveolar 

morphogenesis in both STAT6 and IL-4-/IL-13-deficient mice during pregnancy (Khaled 

et al, 2007).  The observation indicates cancer cells could utilize the physical condition 

for their own sake.  IL-13 can exert pro-cancer activity in following possible ways: 1) up-

regulation of antiapoptotic pathways via STAT6 pathway activation, since IL-4 has been 

reported mobilize antiapoptotic pathway through STAT6 phosphorylation (Zhang et al, 

2008). 2) triggering TGF-β secretion, which also is linked to anti-apoptotic pathway 

(Terabe et al, 2000, 2003; Park et al, 2005; Shimamura et al., 2010) and promoting-tissue 

fibrosis(Stefan Fichtner-Feigl et al, 2005).  Importantly, such a protective effect on 

cancer cell susceptibility to apoptosis might increase their resistance to chemotherapy 

(Todaro et al, 2008) and immune-mediated cytotoxicity driven by Granzyme B (Sarin et 

al, 1997; Heibein et al, 2000).  3) Initiating alternative macrophage activation (Coussen et  

http://jem.rupress.org/content/208/3/479.long#ref-4
http://jem.rupress.org/content/208/3/479.long#ref-42
http://jem.rupress.org/content/208/3/479.long#ref-23
http://jem.rupress.org/content/208/3/479.long#ref-23
http://jem.rupress.org/content/208/3/479.long#ref-54
http://jem.rupress.org/content/208/3/479.long#ref-24
http://jem.rupress.org/content/208/3/479.long#ref-24
http://jem.rupress.org/content/208/3/479.long#ref-60
http://jem.rupress.org/content/208/3/479.long#ref-60
http://jem.rupress.org/content/208/3/479.long#ref-51
http://jem.rupress.org/content/208/3/479.long#ref-52
http://jem.rupress.org/content/208/3/479.long#ref-35
http://jem.rupress.org/content/208/3/479.long#ref-41
http://jem.rupress.org/content/208/3/479.long#ref-53
http://jem.rupress.org/content/208/3/479.long#ref-40
http://jem.rupress.org/content/208/3/479.long#ref-40
http://jem.rupress.org/content/208/3/479.long#ref-20
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Figure 4.  Induction of IL-13
+
Th2 immune responses in breast cancer environment. IL-13 

is a critical cytokine involved in Th2 immune inflammation.  Together with IL-4, another 

Th2 cytokine, IL-13 could promote tumor growth either directly or indirectly via 

macrophages.  Direct effects include protecting tumor cells from apoptosis, as well as 

stimulating fibrosis. Indirect effects include inducing EGF and VEGF from tumor 

associated macrophages, which also express inducible nitric oxide synthase (iNOS) and 

arginase and thereby blunt CD8
+
T cell proliferation.  DCs as the major antigen presenting 

cells in tumor microenvironments are exposed to cancer-derived factors, which educate 

their maturation and induce subsequent Th2 inflammation.  (Adapted from Coussen et al,  

2013). 

al, 2004), which plays an important role in promoting angiogenesis and tumor  

progression. 

 

 

    DCs in breast cancer microenvironment.  Although they comprise only 0.1-1% of 

immune cells in the body, DCs represent the most potent antigen-presenting cells (APCs) 

of the immune system, bridging innate and adaptive immunity (Reviewed by Banchereau 
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& Steinman 1998, Steinman & Banchereau 2007).  Th1/Th2 polarization is regulated by 

DCs.  In the steady state, non-activated (immature) DCs present self-antigens to T cells, 

which leads to tolerance (Hawiger et al, 2001; Steinman et al, 2003).  Once activated 

(mature), antigen-loaded DCs are geared toward the launching of antigen-specific 

immunity (Finkelman et al, 1996; Brimnes et al, 2003), leading to the proliferation and 

differentiation of naïve T cells into helper or effector T cells.  DCs are composed of 

distinct subsets, including myeloid DCs (mDCs) and plasmacytoid DCs (pDCs) (Caux et 

al, 1997; Maldonado-López et al, 1999; Pulendran et al, 1999; Luft et al, 2002; Dudziak 

et al, 2007; Klechevsky et al, 2008).  DCs are also endowed with functional plasticity, 

i.e., they respond differentially to distinct activation signals (Steinman and Banchereau, 

2007).  For example, IL-10–polarized mDCs generate anergic CD8
+
 T cells that are 

unable to lyse tumors (Steinbrink et al, 1999), as well as CD4
+
 T cells with 

regulatory/suppressor function (Levings et al, 2005).  In contrast, thymic stromal 

lymphopoietin (TSLP)–polarized mDCs are conditioned to express OX40 ligand 

(OX40L) and to expand T cells producing type 2 cytokines (Soumelis et al, 2002; Gilliet 

et al, 2003).  Together, the distinct DCs subsets and their distinct response to 

microenvironment contribute to the generation of unique adaptive immune responses. 

    Immature DCs have been shown to infiltrate primary breast carcinoma, whereas 

mature DCs were only found at the periphery of the tumor (Bell et al, 1999).  Considering 

DCs play a key role in dictating either immunity or tolerance, they are very likely the 

targets of tumor cells to insure immune escape and tumor development.  However, we 

have observed that human breast cancer tissues are infiltrated with both immature and 

mature DCs.  In accordance with the IL-13- expressing CD4
+ 

T cells infiltrating  breast  

http://jem.rupress.org/content/208/3/479.long#ref-19
http://jem.rupress.org/content/208/3/479.long#ref-49
http://jem.rupress.org/content/208/3/479.long#ref-14
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http://jem.rupress.org/content/208/3/479.long#ref-13
http://jem.rupress.org/content/208/3/479.long#ref-13
http://jem.rupress.org/content/208/3/479.long#ref-25
http://jem.rupress.org/content/208/3/479.long#ref-48
http://jem.rupress.org/content/208/3/479.long#ref-48
http://jem.rupress.org/content/208/3/479.long#ref-47
http://jem.rupress.org/content/208/3/479.long#ref-27
http://jem.rupress.org/content/208/3/479.long#ref-46
http://jem.rupress.org/content/208/3/479.long#ref-15
http://jem.rupress.org/content/208/3/479.long#ref-15


   

32 

 

 

Figure 5.  TSLP initiates immune responses during allergic inflammation.  Dangerous 

signals (from allergens or viruses) trigger epithelial cells to produce TSLP.  TSLP 

activates immature DCs to produce chemokines (eotaxin-2, TARC, and MDC) and 

cytokines (IL-8).  Immature DCs undergo maturation as well as migrate into the draining 

lymph nodes to initiate the adaptive immune responses.  TSLP-activated DCs up-regulate 

OX40L expression on surface, and induce the differentiation of allergen-specific 

inflammatory Th2 (iTh2) cells that produce IL-4, IL-5, IL-13, and TNF-α but not IL-10.  

The iTh2 cells are involved in allergic inflammation through triggering IgE production by  

plasma cells, eosinophilia, and mucus production.  (Adapted from Liu YJ, 2009) 

cancer tissue, CD4
+ 

T cells and DCs form clusters, indicating ongoing immune response 

directed by DCs in primary tumor tissue. In tumor tissue, tumor antigens might be 

captured by DCs from apoptotic or necrotic tumor cells (Sauter, 2000).  DCs would  

therefore theoretically be critical for the induction and maintenance of anti-tumor 

immune response.  However, this does not occur in most cases, either in human cancer or 

in an experimental mice model (Fricke, 2006).  Instead of being eradicated, the tumor 

grows, metastasizes, and eventually causes death of the host.  Early research has focused 

on the functional defects of DCs in tumor-bearing hosts, which made it difficult for DCs 

to stimulate the proper corresponding T cell immune responses (Reviewed by 
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Gabrilovich, 2004).  Some of the major mechanisms include fewer DCs in cancer patients 

than in healthy donors (Almand et al, 2000; Della Bella et al, 2003; Wojas et al, 2004), 

and increased immature DCs with less co-stimulatory molecules (Gabrilovich et al, 1997; 

Ishida et al, 1998).  We know that immature DCs cannot induce anti-tumor immune 

responses since the fail to provide enough co-stimulatory signals to activate T cells, 

instead immature DCs induce tolerance or anergy (Harding et al, 1992).       

    The OX40-OX40L interaction is implicated in a number of inflammatory diseases, in 

particular allergic inflammation.  In studies of allergen-induced animal models, mice 

lacking OX40 or OX40L exhibit significant impairments of Th2 response, implicating the 

involvement of OX40 signaling on triggering allergic response.  The finding that OX40-

OX40L interaction is the molecular trigger responsible for the induction and maintenance 

of Th2 responses by TSLP-activated mDCs provides a plausible molecular explanation 

for TSLP-mediated allergic response.  The expression of OX40L on mDCs is very 

important for the induction of a Th2-polarizing immune response, as blocking OX40L 

with a neutralizing antibody can inhibit the production of inflammatory Th2 cytokines, 

and enhance the production of IL-10 by conventional Th2 cells. OX40L is thought to be 

the original Th2-polarizing signal from TSLP-mDCs (Ito et al, 2005).  Unraveling the 

mechanisms by which breast cancer polarizes the immune responses might offer novel 

therapeutic options. 
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CHAPTER TWO 

 

Rationale 

 

 

Inflammation represents a link between intrinsic (oncogenes, tumor suppressors, and 

genome stability genes) and extrinsic (immune and stromal components) factors 

contributing to tumor development.  This knowledge offers new and novel candidate 

targets for therapeutic intervention, in combination with more conventional therapeutic 

approaches such as chemotherapy, radiotherapy, and targeted therapy.  Therapeutic 

manipulation of chronic inflammation in tumors is likely to enhance the clinical efficacy 

of therapeutic vaccination as well as adoptive T cell transfer, thus turning the chronic 

procancer inflammatory microenvironment into an anticancer microenvironment that is 

more likely to also liberate and activate existing anticancer effector T cells.  

Indeed, mobilizing effector/memory antitumor-specific CD4
+
 and CD8

+
 T cells 

producing high levels of IFN-γ may, at least in part, reverse immunosuppression 

mediated by the tumor microenvironment.  Vaccination-that is, the provision of an 

antigen together with an adjuvant to elicit therapeutic T cells in vivo-combined with 

modulation of the tumor microenvironment represents a very promising and powerful 

therapeutic strategy to boost antitumor T cell immunity as well.  However achieved, the T 

cells elicited by a vaccine, adoptively transferred, or unleashed by modulation of the 

tumor microenvironment will likely require additional help provided by interference with 

off signals able to block their anti-tumor function.  In this context, our early studies 

suggests that IL-13 secreted by CD4
+
 T cells might play a key role in driving 
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immunosuppression. The generation of these Th2 cells in breast cancer depends on 

mature tumor-infiltrating DCs. Thus, understanding the cancer-derived molecular 

mechanisms leading to DC polarization and consequently to enhanced production and  

function of IL-13 in breast  cancer might offer new therapeutic targets. 

.                                                                Aims 

Aim 1 to determine breast cancer derived factor(s) that polarize the function of DCs and 

consequently of Th cells.  

Aim 2 to determine how the candidate of breast cancer derived factor(s) is regulated in 

cancer environment. 
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CHAPTER THREE 

 

Materials and Methods 

 

 

Breast Cancer Cell Lines 

 

    Breast cancer cell lines (MDA-MB231, HS-578t, HCC-1806 and MCF-7) and benign 

counterpart cell line HS-Bst cells were obtained from ATCC and cultured in medium 

(RPMI supplemented with glutamine 2 mM, penicillin 50 U/ml, streptomycin 50 μg/ml, 

MEM non-essential amino acids 0.1 mM, HEPES buffer 10 mM, sodium pyruvate 0.1 

mM and 10% of fetal calf serum).  The following cytokines were obtained from R&D: 

IL-1β, IL-1α, IL-18, IL-6, TNF-α, TSLP, and IL-4. GM-CSF (Leukine®) and anti-human 

CD14 antibody (RM052) were obtained from Immunex.  Anakinra (Kineret®, Amgen 

Inc.) was purchased through Baylor University Medical Center pharmacy.  PMA, 

ionomycin, and TAK1 inhibitor (5z-7-oxozeaenol) were obtained from Sigma-Aldrich 

(St. Louis, MO). TGF-βR kinase inhibitor was obtained from EMD Millipore (Billerica, 

MA).  Caspase-1 activity detection kit was obtained from OncoImmunin Inc 

(Gaithersburg, MD).  The following antibodies were obtained from Invitrogen (Grand 

Island, NY): anti-rabbit IgG conjugated to Alexa Fluor 568, anti-mouse IgG2b 

conjugated to Alexa Fluor 647, goat anti-mouse IgG2a conjugated to Alexa Fluor 568. 

Anti-human IL-1β (Ab9722), cytokeratin-19 (A53-B/A2), and TAK1 (phosphor T187) 

antibodies were obtained from Abcam (Cambridge, MA).  The following antibodies were 

obtained from BD (Franklin Lakes, NJ): antibodies to human CD3 (UCHT1), CD4 

(SK3), CD8 (SK1), CD11c (B-ly6), CD19 (HIB19), CD56 (B159), IL-13 (JES10-5A2), 



   

37 

 

IFN-y (B27), PE-labeled OX40L (Ik-1), anti-CD11c antibody (S-HCL-3), anti-HLA-DR 

antibody (L-243).  Anti-CD68 antibody (Y1/82A) was obtained from Biolegend (San 

Diego, CA). Anti-CD163 (EDHu-1) antibody was from AbD Serotec.  Anti-IL-1β 

neutralizing (AB34_41.6E6.4A4) and non-neutralizing (AB34_41.1G12.1B11)  

antibodies, anti-TSLPR neutralizing antibody (AB81_85.1F11) were made in-house.   

Caspase-1 specific inhibitor was purchased from R&D (Minneapolis, MN).. 

Cytokine Production and Analysis of Tumor Samples from Patients   

    Tumor samples from patients diagnosed with breast carcinoma (in situ, invasive duct, 

and/or mucinous carcinoma of the breast, as well as lobular carcinoma) were obtained 

from the Baylor University Medical Center Tissue Bank (Institutional Review Board no. 

005-145).  The combined histological grading system including nuclear grade, tubule 

formation and mitotic rate, and staging system (according to tumor size, invasive or not, 

lymphoid node involvement, and spread out or not) were applied according to 

pathologists’ report post-surgery.  Whole-tissue fragments (4 × 4 × 4 mm, 0.02 g, 

approximately) were placed in culture medium with 50 ng/ml of PMA and 1 µg/ml of 

Ionomycin for 16 hours.  TSLP, IL-1β, IL-1α, IL-33, IL-25, GM-CSF, and IL-13 levels 

were analyzed in the culture supernatant by Luminex.  Concentrations of IL-18 and IL-

1Ra from tissue cultured supernatants were determined by means of enzyme-linked 

immunosorbent assays (R&D system, Minneapolis, MN, USA) following manufacture’s 

protocols.  Briefly, 96-well ELISA plate (Nunc, Roskilde, Denmark) was first coated 

with10 g/ml of anti-human immunoglobulin capture antibody in 0.05 M sodium 

carbonate solution (pH=9.6) at 4 C for overnight.  After washing with washing solution 

(50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH=8.0), blocking solution (50 mM Tris, 
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0.14 M NaCl, 1% BSA, pH=8.0) was added to each well and the plate was incubated at 

room temperature for one hour.  Then, samples and standards diluted with sample diluent 

(50 mM Tris, 0.14 M NaCl, 1% BSA, 0.05% Tween 20, pH=8.0) were added to each well 

and incubated for one hour at room temperature.  After incubation, samples were 

removed and wells were washed five times with washing solution.  Then, goat anti-

human immunoglobulin antibody HRP conjugated was transferred into each well for one 

hour at room temperature.  After incubation, HRP conjugate was removed and plate was 

washed five times with washing solution.  Then, 100 l TMB substrate reagent (BD) was 

added into each well at room temperature in the dark.  After five minutes of incubation, 

100 l of 1 M H3PO4 was added subsequently to stop the reaction and the plate was read  

at 450 nm with the ELISA reader (Molecular Devices, Sunnyvale, CA).   

Isolation of Monocytes and Culture of Monocytes-Derived DC and Macrophages 

    CD14
+
 cells were positively selected from PBMCs of healthy donors using magnetic 

selection according to the manufacturer’s instructions (Miltenyi Biotec).  The purity was 

routinely >95%.  Macrophages were generated from CD14
+
 monocytes by culturing with 

100 ng/ml M-CSF (protocol see Martinez et al, 2006 ).  MDDCs were generated from the  

adherent fraction of PBMCs by culturing with 100 ng/ml GM-CSF and 10 ng/ml IL-4. 

Preparation of Tumor Factors 

    Breast cancer ell lines were culture in medium, and when the cells reached 90% of 

confluence, fresh medium was added and left the cells in culture for additional 48 hrs.  

Cellular debris was removed by centrifugation and the supernatant was collected and  

stored at -80 °C till use. 
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Isolation and Culture of Myeloid Dendritic Cells 

    DCs were purified from Buffy coat of blood from healthy donors.  Briefly, DCs were 

enriched from mononuclear cells by negative selection using a mixture of antibodies 

against linage markers for CD3, CD9, CD14, CD16, CD19, CD34, CD56, CD66b and 

glycophorin A (EasySep, human pan-DC pre-enrichment kit).  Cells from negative 

fraction were immuno-labeled with anti-human FITC-labeled linage cocktail (CD3, 

CD14, CD16, CD19, CD20 and CD56, BD biosciences); PE-labeled CD123 (mIgG1, 

clone 9F5, BD biosciences), APC-eflour780-labeled HLA-DR (mIgG2b, clone LN3, 

Sigma-Aldrich) and APC-labeled CD11c (mIgG2b, clone S-HCL-3, BD biosciences).  

DCs (Lin -, CD123-, HLA-DR
+
, CD11c

+
) were sorted in a FACS Aria cytometer (BD 

Bioscience).  DCs were seeded at 100 x 10
3
 cells/well in 200 μl of medium (RPMI 

supplemented with glutamine 2 mM, penicillin 50 U/ml, streptomycin 50 μg/ml, MEM 

non-essential amino acids 0.1 mM, HEPES buffer 10 mM, sodium pyruvate 0.1 mM and 

10 % of human AB serum).  DCs were cultured with medium alone or in the presence of 

40% of cancer conditioned supernatant, or different reagents. After 18 h DCs were  

harvested and washed.   

Co-culture and Transwell Experiment 

    Tumor cell lines were culture in medium (RPMI supplemented with 2 mM glutamine, 

50 U/ml penicillin, 50 µg/ml streptomycin, 0.1 mM MEM nonessential amino acids, 10 

mM Hepes buffer, 0.1 mM sodium pyruvate, and 10% fetal calf serum), and when the 

cells reached 90% of confluence fresh medium or different treatment (different doses of 

IL-1β, PMA/Ionomycin, 10 ng/ml IL-1α, 20 ng/ml IL-18, 10 ng/ml TNF-α, 20 ng/ml IL-

6) were added and the cells were left in culture for an additional 24 hours, 48 hours, or 72 
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hours.  For tumor cells and mDCs co-culture experiment, 100K tumor cells were seeded 

in 24 well plate to grow overnight, then media was refreshed and 100K mDCs were 

added to co-culture for another 24-72 hours.  For transwell experiment, 24-well-plate 

with inserts was used (Corning).  After 48h of co-culture, supernatants were harvested to  

determine IL-1β level by ELISA (Duoset, R&D System). 

Real-Time Polymerase Chain Reaction 

Samples were treated and lysed with Buffer RLT, and then stored at -80°C until RNA 

extraction.  Total RNA was isolated and purified from each sample by using RNeasy kit 

and RNase-free DNase (Qiagen) according to the manufacturer's instructions.  cDNA was 

generated from total RNA with iScript™ cDNA Synthesis Kit.  The resulting cDNA was 

then used for quantitative gene expression analysis on a Sequence Detection System 

7,500 (Applied Biosystems).  The primers used were as follows: human (h)TSLP, 5'-

TAGCAATCGGCCACATTGCC-3' and 5'-CTGAGTTTCCGAATAGCCTG-3, and 

human (h)IL-1β, 5'- TACCTGTCCTGCGTGTTGAA-3' and 5'-

TCTTTGGGTAATTTTGGGATCT-3', human (h) GAPDH, 5'-

AGCCACATCGCTCAGACAC-3' and 5'-GCCCAATACGACCAAATCC-3', human (h) 

ABL1, 5’- TGACAGGGGACACCTACACA-3’ and 5’ 

ATACTCCAAATGCCCAGACG-3’, human (h) PGK1, 5’-

CTTCCTCCTTAAAACTCCTCTCC-3’ and 5’- CTAAGGTCTCCAACGCTCTTCT-3’, 

human (h) PES1, 5'-CATCACCCATCAGATTGTCG-3’ and 5’-A 

GCTGCACCCCAGAGAAGTA-3’.  Equal amounts of cDNA were used with the iTaq 

SYBR Green Supermix with ROX (Bio-Rad) and primer mix according to the real-time 

PCR protocols supplied by the manufacturer.  Amplification efficiencies were validated 
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against the housekeeping gene, GAPDH, PES1, and ABL1.  The data were normalized to 

GAPDH mRNA level.  The relative quantification of target gene expression was done by 

the comparative cycle threshold (CT) method.  The formula 2-ΔΔCT was used for each  

run according to the manufacturer's instructions and published methods for this system. 

Tissue Immunofluorescences Staining 

    6-µm-frozen sections from tissues were fixed with cold acetone for 5 min.  The 

sections were labeled with 10 µg/ml of anti-IL-1β antibody (rabbit IgG, Abcam), 

followed by anti-rabbit IgG conjugated to AF568 (invitrogen); 5 ug/ml of anti-CD11c 

antibody (mouse IgG2b, BD), followed by anti-mouse IgG2b conjugated to AF647 

(Invitrogen), or 10 ug/ml of anti-CD68 antibody (mouse IgG2b, Biolegend).  

Cytokeratin-19 was labeled with monoclonal antibody clone A53-BA2 (IgG2a; Abcam), 

Finally, sections were counterstained for 2 min with 3 µM of the nuclear stain DAPI (in  

PBS; Invitrogen).   

Tumor-Bearing Mice and in Vivo Experiment 

    NOD/SCID/β2m
−/−

 mice (Jackson ImmunoResearch Laboratories) were sublethally 

irradiated (12 cGy/g body weight of 137Cs γ irradiation) the day before tumor 

implantation.  Then 1x10
7 

Hs-578t breast cancer cells harvested from cultures were 

injected subcutaneously into the flanks.  Mice were then reconstituted with 1x10
6 

monocyte-derived DCs (MDDCs) and autologous T cells.  CD4
+
 and CD8

+
 T cells were 

positively selected from thawed PBMCs using magnetic selection according to the 

manufacturer’s instructions (Miltenyi Biotec).  The purity was routinely >90%.  1x10
7 

CD4
+
 T cells and 1x10

7 
CD8

+
 T cells were transferred at days 3, 6, and 9 after tumor 
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implantation.  MDDCs were generated from the adherent fraction of PBMCs by culturing 

with 100 ng/ml GM-CSF (Immunex) and 10 ng/ml IL-4 (R&D Systems).  Anakinra (2 

mg/kg body weight) or PBS was injected daily in peritumor area since day 3 after tumor 

engraftment.  200 ug TSLPR blocking antibody was given on day 3,6,9.  In some 

experiments, TGF-β blocking antibody was given on day 3,6,9.  Tumor size was 

monitored every 2–3 d. Tumor volume (ellipsoid) was calculated as follows: ([short 

diameter]
2
 × long diameter)/

2
.  On day 16, the tumors were harvested.  In some 

experiments, only one time DCs and total T cells transfer was done.  Cell suspension was 

obtained from breast cancer tissue of above mice.  Cell suspensions were obtained by 

digestion with 2.5 mg/ml of collagenase D (Roche Diagnostics, Indianapolis, IN), and 

200 U/ml of DNAse I (Sigma-Aldrich, St. Louis, MO) FOR 30 minutes at  

37˚C.  Washed three times and analyzed with FACSCantoII (Becton Dickinson). 

Flow Cytometry Analysis 

    The anti-human antibodies used were FITC-labeled linage cocktail (CD3, CD14, 

CD16, CD19, CD20 and CD56, BD Biosciences); PE-labeled OX40L (mIgG1, clone Ik- 

1, BD biosciences); PE-labeled TSLPR; APC-labeled HLA-DR (mIgG2a, clone L243, 

BD); APC-labeled CD11c (mIgG2b, clone S-HCL-3, BD Biosciences); Pacific Orange-

Labeled CD45,  TGFβ1 (chiken IgY, R&D), TGF-βRI, TGF-βRII, TGF-βRIII (goat IgG, 

R&D); FITC-labeled IL-1β ( R&D); PE- labeled IL-13 (rat IgG1, clone JES10-5A2 BD 

biosciences); PECy7-labeled TNF-α (mIgG1, clone mAb11, BD biosciences); Alexa 

Flour 700 labeled IFN-γ  (mIgG1, clone B27, BD biosciences).  For surface staining, 

cells were incubated with the antibodies for 30 minutes at 4 °C in the dark, then washed 

three times and fixed with 1% paraformaldehyde to be analyzed in a FACS Canto 
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(Becton Dickinson).  For intracellular cytokines, cells were stained using BD 

cytofix/cytoperm fixation/permeabilization kit according to the manufacturer directions.  

For caspase-1 staining, cells were incubated with substrates for 50 minutes at 37°C and 

washed with washing buffer 2 times, then stained for surface markers for 10 minutes at 

room temperature.  
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CHAPTER FOUR 

 

Results 

 

 

Inflammatory Th2 Cells in Primary Breast Cancer Tumors 

    We used patient samples of primary breast cancer tumors to analyze the secretion, 

upon activation with PMA and ionomycin, of both type 1 (IFN-γ) and type 2 (IL-4 and 

IL-13) cytokines.  Supernatants of activated tumor fragments display high levels of IFN-

γ, IL-2, IL-4, IL-13 and TNF-α (Figure 6A).  To identify the cells producing these 

cytokines, single-cell suspensions were prepared from tumors, activated for 5 hrs with 

PMA and ionomycin, stained with antibodies against T cells and cytokines and analyzed 

by flow cytometry.  Gated viable CD4
+
CD3

+
 T cells expressed IL-13 (3.67%), most of 

them co-expressing IFN-γ and TNF-α (Figure 6B).  A small fraction of IL-13
+
CD4

+
 T 

cells co-expressed IL-4, but none expressed IL-10 (Figure 6B).  Such T cells have been 

referred to as inflammatory Th2 cells that are involved in allergic inflammatory diseases 

(Liu, Soumelis et al. 2007).  Flow cytometry analysis of consecutive tumor infiltrates 

(number of tumors was labled below the figure) showed the overall increased percentages 

of IL-4 and IL-13 secreting CD4
+
CD3

+
 T cells (P=0.0313 and P=0.0156, respectively) 

when compared to adjacent tissue samples (Figure 6C).  Thus, the difference between 

tumor tissue and adjacent tissue appears due to both the increased numbers of infiltrating 

T cells and enhanced polarization.  The analysis of frozen tissue sections further 

demonstrated that infiltrating T cells in primary breast cancer tumors express IL-13  

(Figure 6D).  Thus, breast cancer tumors are infiltrated with inflammatory Th2 cells. 
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DCs Infiltrating Breast Cancer Tumors Express OX40 Ligand 

    Because OX40 ligation drives the differentiation of CD4
+
 T cells into inflammatory 

Th2 (Ito et al, 2005), we analyzed the presence of OX40L in primary breast cancer 

tumors.  Immunofluorescence staining of frozen tissue sections of primary breast cancer 

tumors showed the expression, in 57 out of 60 analyzed tumors of breast cancer patients, 

of OX40L by a majority of HLA-DR
high 

cells (Figure 7A).  These OX40L
+
cells are 

located in the peritumoral areas (Figure 7A).  Flow cytometry analysis of single-cell 

suspensions derived from the tumor samples further confirmed the expression of OX40L 

by a fraction of HLA-DR
high

CD14
-
CD11c

high
mDCs (Figure 7B).  Paired analysis 

demonstrated that the tumor beds express higher percentages of OX40L
+
mDCs than the 

surrounding tissue (P = 0.0156; n= 7 paired samples; mean ± SE for surrounding tissue = 

1.5 ± 0.8% [n= 7] and for breast cancer tumors 11 ± 1.67% [n= 12], respectively; Figure  

7B).  Thus, breast cancer tumors are infiltrated with OX40L
+
mDCs.  

Breast Cancer Tumors Produce Soluble Factors that  

Induce Functional OX40L Expression on mDCs 

 

    To identify the breast cancer tumor factor(s) which induce(s) OX40L on mDCs, LIN
-

HLA-DR
+
CD123

-
CD11c

+
 mDCs were sorted from healthy donors’ blood and exposed to 

breast cancer supernatants.  These were generated from: 1) established breast cancer cell 

lines expanded in vitro; and 2) breast cancer tumors established in vivo by implanting 

breast cancer cell lines in immunodeficient mice (Aspord, Pedroza-Gonzalez et al. 2007).  

mDCs exposed for 48 hours to Hs-578t and HCC-1806 supernatants expressed OX40L.  

    To test whether primary breast cancer tumors could also regulate OX40L expression, 

fragments of primary tumors were sonicated, centrifuged, filtered and used in cultures  

http://jem.rupress.org/content/208/3/479.long#ref-22
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Figure 6.  Inflammatory Th2 in breast cancer immune environment.  A) Cytokine profiles 

as determined by Luminex in supernatants of human breast tumor fragments stimulated 

for 16 hours with PMA and ionomycin.  Numbers on the x-axis indicate the number of 

tissue samples from different patients tested.  B) Single-cell suspensions from tumor 

samples were stimulated for 5 hours with PMA and ionomycin. Cytokine production was 

measured by flow cytometry. Dot plots are gated on CD3
+
CD4

+
 T cells. Blue indicates 

gate on CD3
+
CD4

+
IL-13

+
 T cells that co-express IFN-γ and TNF-α.  C) Percentages of 

CD4
+
 T cells expressing IL-4 and IL-13 in tumor infiltrates and ST were analyzed by 

flow cytometry. Dotted lines indicate paired samples from the same patient (n = 7, 

Wilcoxon matched-pairs ranked test).  D) Frozen tissue sections from the same patient as 

in C were analyzed by immunofluorescence.  Triple staining with anti- 

CD3-FITC (green), anti–IL-13–Texas red (red), and DAPI nuclear staining (blue).  

with blood mDCs.  mDCs acquired both CD83 and OX40L expression on the cell 

surface.  To determine the impact of OX40L on the generation of inflammatory Th2 

responses in breast cancer, blood mDCs were first exposed for 48 hours to either TSLP or 

breast tumor soluble fractions.  Exposed mDCs were then used to stimulate naïve 

allogeneic CD4
+
 T cells with either the anti-OX40L antibody or a relevant isotype 

control.  Blocking OX40L prevented the expansion of IL-13
+
CD4

+
 or TNF-α

+
CD4

+ 
T 

cells by 1) TSLP-primed mDCs (>50% inhibition), 2) mDCs exposed to Hs-578t breast 

cancer cells (n=4, median inhibition of IL-13
+
CD4

+
 cells = 74%, range: 67-80%; Figure 
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7E and F), and 3) mDCs exposed to sonicates of randomly selected primary breast cancer 

tumors (Figure 7F).  Thus, breast cancer cells produce (a) factor(s) that activate mDCs  

and induce them to express OX40L and to elicit inflammatory Th2 cells.   

Breast Cancer Tumors Express and Secrete TSLP 

    OX40L can be induced on mDCs by TSLP, an IL-7-like cytokine produced by 

epithelial cells (Liu, Soumelis et al. 2007, Ziegler and Artis 2010).  All tested breast 

cancer cell lines expressed and secreted TSLP (Figure 8A).  Supernatants of some 

primary breast cancer tumors stimulated with PMA and ionomycin displayed up to 300 

pg/ml TSLP (Figure 8B).  The expression of TSLP by cancer cells was further analyzed 

using an anti-TSLP antibody and immunofluorescence of frozen breast cancer tumors 

generated in the xenograft model (Aspord, Pedroza-Gonzalez et al. 2007).  There, 

subcutaneous MDA-MB231 tumors transplanted in mice expressed TSLP (Figure 8C).  

TSLP was detected in 35 out of 38 analyzed primary breast cancer tumors obtained from 

patients independently of grade, histology or stage of analyzed tumors.  Figure 8D 

illustrates the pattern of TSLP staining and co-expression with cytokeratin 19 positive 

cells.  It demonstrates that TSLP is expressed in the cytoplasm and the nucleus of breast 

cancer cells that display IL-13 on their surface (Figure 8E).  Importantly, TSLP is also 

expressed in lung and kidney metastasis of MDA-MB231 tumors in humanized mice 

(Figure 8F).  Thus, similarly to normal skin or lung epithelium, breast epithelial cells and  

breast cancer cells have the capacity to express, produce and secrete TSLP. 
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Figure 7.  OX40L in breast cancer immune environment.  A) Immunofluorescence of 

primary breast tumor with indicated antibodies. Bar, 180 μm. Representative of 57/60 

tumors analyzed.  B) Flow cytometry analysis of single-cell suspensions of primary 

breast tumors and surrounding tissue.  Dot plots are gated on CD14
-
 nonlymphocytes.  

OX40L expression is analyzed on HLA-DR
high

CD11c
high

 DCs. Graph summarizes 

percentages of OX40L-expressing (C and D) mDCs were exposed to media alone, to 

supernatant of breast cancer cell lines (HCC-1806 or Hs-587t), or to sonicate of primary 

breast cancer tissue from patients (tumor 43).  OX40L and CD83 were measured by flow 

cytometry.  FMO, fluorescence minus one indicates controls where one staining 

fluorescence is omitted to set negative gate. (E and F) mDCs were exposed for 48 hours 

to supernatants of breast cancer cells Hs-578t, and then co-cultured with allogeneic naive 

CD4
+
 T cells in the presence of 40 μg/ml of anti-OX40L (Ik-5 clone) or isotype control 

antibody.  After 1 week, cells were collected and re-stimulated for 5 hours with 

PMA/ionomycin for intracellular cytokine staining. Data in E are representative of four 

experiments.  F) Summary of the effect of blocking OX40L during T cell stimulation by 

tumor-activated DCs. Graph shows the proportion of IL-13-secreting cells induced by 

DCs activated with supernatants from breast cancer cell line Hs-578t (left) or primary  

breast tumors (right, T15, T29, and T53). 

Anti-TSLP Antibodies Block the Generation of Inflammatory Th2 Responses in Vitro 

    To determine the impact of blocking TSLP on the generation of inflammatory Th2 

responses in breast cancer, blood mDCs were first exposed for 48 hours to either TSLP or  
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Figure 8. TSLP in breast cancer tissue environment.  A) Luminex analysis of TSLP in 

supernatants of breast cancer cell lines after 24 hours of culture in the presence of PMA 

and ionomycin. B) Luminex analysis of TSLP levels in supernatants of primary breast 

tumors (from 44 patients) activated with PMA and ionomycin. C) NOD/SCID/β2m
-/-

mice 

were irradiated the day before tumor implantation and MDA-MB231 cells were. Tumors 

were harvested at 4 weeks after implant.  Frozen tissue sections were analyzed by 

immunofluorescence for expression of TSLP (red). Actively dividing cells were 

identified by expression of Ki67 (green). D-E) Frozen tissue sections from primary breast 

tumors from patients were analyzed by immunofluorescence for expression of TSLP. 

Tissues were also stained for the expression of IL-13 and cytokeratin 19, as indicated, to 

confirm TSLP expression by cancer cells. Staining pattern is representative of 35 out of 

38 analyzed tumor samples from different patients. F) NOD/SCID/β2m
-/-

 mice were 

sublethally irradiated and transplanted with human CD34
+
 HPCs by intravenous 

injection. 4 weeks after HPC transplant, MDA-MB231 cells were implanted 

subcutaneously.  Tumors at the site of implantation, as well as lungs and kidneys, were 

harvested at 3 months after implant. Frozen tissue sections were analyzed by 

immunofluorescence for expression of TSLP (green) and cytokeratin 19 (red). Staining 

pattern is representative of tumors from three different mice.  
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breast tumor supernatants inhibited their ability to induce OX40L on mDCs (Figure 9A).  

Such mDCs displayed a diminished capacity to expand IL-13
+
CD4

+
 or TNF-α

+
CD4

+
 T 

cells (n=3; median inhibition=73%, range: 72-77%; Figure 9B and E).  Likewise, adding 

anti-TSLP neutralizing to sonicate of randomly selected primary breast cancer tumors led 

to down-regulation of OX40L expression by mDCs (Figure 9C) and decreased expansion 

of IL-13
+
TNF-α

+
CD4

+
 T cells (Figure 9D and E). Finally, when anti-TSLP receptor 

(TSLPR) antibody was added to mDCs during their exposure to the supernatant of three 

different breast cancer cell lines (Hs-578t, MDA-MB231 soluble fractions.  Addition of 

anti-TSLP neutralizing antibodies to breast cancer tumor antibody  and MCF-7) (Figure 

10A), mDCs showed a much diminished expansion of IL-13
+
 CD4

+
 T cells (Figure 10B).  

Thus, TSLP is the factor secreted by breast cancer cells which contributes to  

generation of inflammatory Th2 responses. 

Antibodies Neutralizing TSLP-OX40L Axis Block Tumor Development in Vivo 

    Our results thus far suggest a role for the TSLP-OX40L axis in generation of IL-

13
+
TNF-α

+
CD4

+ 
T cells.  But whether the TSLP-OX40L axis contributes to breast cancer 

tumor development is not yet understood.  To address this, humanized mice were 

reconstituted with both Hs-578t cells, and T cells with or without administration of anti-

OX40L, anti-TSLPR and anti-TSLP neutralizing antibodies.  The presence of 

neutralizing anti-OX40L antibodies leads to significant inhibition of tumor development.  

The administration of a neutralizing anti-TSLPantibody also results in the inhibition of 

tumor development (Figure 11B).  TSLP blockade also leads to decreased secretion 

tumor infiltrating T cells upon PMA and ionomycin activation (Figure 11C).  Finally, the  
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Figure 9. Blocking TSLP in vitro. (A) mDCs were incubated with supernatant of breast 

cancer cell line Hs-578t in the presence or absence of 20 μg/ml of anti-TSLP (AB 19024; 

rabbit IgG). OX40L expression was measured by flow cytometry after 48 hours of 

incubation. (B) mDCs treated as in A were co-cultured with naive allogeneic CD4
+
 T 

cells for 7 d. IL-13 production was measured by intracellular cytokine staining and flow 

cytometry after cells were restimulated for 5 hours with PMA and ionomycin. Data are 

representative of three experiments. (C) mDCs were incubated with soluble factors from 

sonicated human breast tumors (T53, T60, and T97) in the presence or absence of 20 

μg/ml of anti-TSLP. OX40L expression was measured by flow cytometry after 48 hours 

of incubation. (D) mDCs treated as in C were co-cultured with naive allogeneic CD4
+
 T 

cells for 7 d. IL-13 production was measured by intracellular cytokine staining and flow 

cytometry after cells were restimulated for 5 hours with PMA and ionomycin. 

Representative of three patients tested. Blue dots represent IL-13
+
 T cells gated in the 

same sample. (E) Graph shows data from three independent experiments as described in 

A-D. 
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Figure 10. Blocking TSLP-R in vitro. A) mDCs were treated with anti-TSLP-R (clone 

AB81_85.1F11, mouse IgG1), media or control antibody during activation with TSLP or 

with supernatant of one of the three different breast cancer cell lines (Hs-578t, MDA-

MB231, and MCF-7). mDCs were then co-cultured with allogeneic naive CD4
+
 T cells. 

After 1 week, cells were collected, restimulated for 5 hours with PMA and ionomycin, 

and analyzed by flow cytometry.  B) Analysis of different experiments showing the effect  

of blocking TSLP-R on the induction of IL-13 secreting cells as described in A. 

administration of antibody blocking TSLPR completely blocks tumor development 

driven by CD4
+
 T cells (Figure 11D).  These results indicate that the TSLP contributes to  

breast cancer pathogenesis. 

Innate Cytokine Profile in Tumor Tissue of Breast Cancer Patients 

    As we have established the involvement of TSLP-induced IL-13
+
Th2 inflammation in 

breast tumor progression, we next wanted to understand how the TSLP-IL-13 axis is 

regulated.  To this end, we measured innate cytokines in primary tumor samples 

(Appendix A): IL-1α, IL-1β, IL-1Ra, IL-18, IL-33, IL-25 and GM-CSF, as well as TSLP  
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Figure 11.  Blocking OX40L-TSLP in vivo.  A) experimental flow chart. 

NOD/SCID/β2m
-/-

mice were sublethally irradiated and transplanted with human CD34
+
 

HPCs by intravenous injection. 4 weeks after HPC transplant, 1×10
7
 Hs-578t breast 

cancer cells were implanted subcutaneously. 3, 6, and 9 d after, mice were reconstituted 

with autologous total T cells together with 200 μg per injection of blocking anti-OX40L 

or isotype control antibody (mouse Ig; red arrows).  B) PBS group was injected with 

tumor cells but not with T cells (gray line). Tumor size was measured at indicated times.  

Mean values from three experiments representing nine mice per each condition. Anti-

OX40L and isotype-treated cohorts were compared statistically.  C) NOD/SCID/β2m
-/-

mice were irradiated and implanted with 1×10
7
 Hs-578t breast cancer cells together with 

200 μg per injection of neutralizing anti-TSLP (rabbit), rabbit isotype control antibody, or 

PBS. 3, 6, and 9 d after, mice were reconstituted with immature DCs and autologous total 

T cells together with 200 μg per injection of neutralizing anti-TSLP (rabbit), rabbit 

isotype control antibody or PBS. Representative of three independent experiments with a 

total of nine mice in TSLP blockade group.  D) Tumors were harvested on D12. Tumors 

were shown as in the picture.  E) Cytokine secretion in tumor tissue after 16-hours 

restimulation with PMA and ionomycin.  F) Same as in C, but mice were injected with 

anti-TSLPR or isotype control at days 3, 6, and 9. Representative of two independent 

experiments. n indicates number of mice per cohort in this representative experiment. 
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and IL-13.  Tumor tissue displayed significantly higher levels of IL-13 than that of 

matched macroscopically uninvolved surrounding tissue (Figure 12; ST: mean ± SEM = 

218.9± 75.76 pg/ml; T: mean ± SEM = 527 ± 127.8 pg/ml. P<0.0001, n=149), thus 

confirming our earlier data. The level of IL-13 correlated with that of TSLP in 

approximately 50% of samples (Figure 12B, pairs=148, P<0.0001 with Spearman 

r=0.55).  The level of IL-13 also positively correlated with the level of IL-1β (Figure 

12B, pairs=149, P<0.0001 with spearman r=0.43) and IL-1α (Figure 12B, pairs=101, 

P=0.0001 with spearman r=0.375).  No correlation existed between IL-13 with other 

cytokines tested, including IL-1Ra (pairs=45, P=0.11), IL-18 (pairs=52, P=0.77), IL-33  

(pairs=51, P=0.94), and IL-25 (pairs=42, P=0.64). 

Correlation of High IL-1β with Patient Clinical Status 

To investigate the clinical significance of IL-1β in breast cancer, patients were further 

categorized by clinical stage (0, I, II, III and IV) and grade status.  Since only one patient 

was with stage 0, and one patient with stage IV, we compared the differences between 

stage 0-I, II and III-IV.  Patients with stage II or stage III-IV tumors appeared to have 

significant higher levels of IL-1β than those with stage 0-I (P=0.006, P=0.01, 

respectively; Figure 13A).  Thus, IL-1β could be associated with the invasiveness status 

of the disease.  No significant difference was found in the level of IL-1β among different 

tumor grades (Figure 13B).  No other innate cytokines was detected have similar clinical 

significance as IL-1β (Figure 13A).  The hormone receptor status and HER2 expression 

level of patients was also analyzed, ER
-
PR

-
HER2

-
group, and ER

+
PR

+
Her2

+
 group 

patients tend to have higher level of tissue IL-1β (Table 3). 
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Figure 12.  IL-13 is associated with innate cytokines in primary breast cancer tissue of 

patients  A) levels of innate cytokines including IL-1α, IL-1β, IL-1Ra, IL-18, IL-33, IL-

25, GM-CSF, and TSLP as determined by luminex or ELISA in supernatants of breast 

tumor fragments post PMA/ionomycin stimulation.  B) levels of innate cytokines 

including IL-1α, IL-1β, IL-1Ra, TNF-α, IL-18, IL-33, IL-25, and GM-CSF as determined 

by luminex or ELISA in supernatants of breast tumor fragments post PMA/ionomycin 

stimulation were plotted in contrast to IL-13 from the same patient. IL-1β was also 

plotted in contrast to TSLP.  Analyzed using nonparametric spearman correlation to  

determine the level of correlation between two cytokines. 

IL-1β Induces TSLP Production from Breast Cancer Cells in Vitro 

    Our patient data suggested a positive correlation between TSLP and IL-1β in primary 

tumor tissue in a fraction of patients (Figure 12B, pairs=147, p=0.019 with spearman 

r=0.19). As suggested by the literature, different pro-inflammatory cytokines have the  
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Figure 13.  IL-1β is clinically significant in primary breast cancer from patients. A) 

concentration of IL-1β, IL-1α, IL-1Ra, IL-18, GM-CSF and IL-33 as determined by 

Luminex in sups of patients breast tumor fragments stimulated with PMA and ionomycin, 

were plotted based on patients clinical stage information. Numbers on the x-axis indicate 

the number of tissue samples from different patients tested. Nonparametric t test was 

used. B) IL-1β concentrations were plotted based on patients’ clinical grade information. 

Numbers on the x-axis indicate the number of tissue samples from different patients  

tested. Nonparametric t test was used.      

potential to induce TSLP from keratinocytes, both transcriptionally and translationally.  

Thus, we wanted to test whether IL-1β could induce TSLP production from breast cancer 

cells.  Breast cancer cell lines HS-578t or MDA-MB231 cells in culture were treated with 

medium alone, 10 ng/ml of IL-1β, IL-1α, or TNF-α for the indicated time course.  Cells 

were harvested and TSLP mRNA level was measured by quantitative real-time PCR.  As  
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Table 3. Characterized IL-1β level based on ER PR HER2 status 

R expression               Case n.      Estimate       Std. Error      t value         Pr(>|t|)  

ER
-
PR

-
HER2

-
                13          1947.71         565.68          3.443       0.000779 *** 

ER
-
PR

-
HER2

+
               21           204.57          445.08          0.460       0.646573     

ER
-
PR

+
HER2

- 
                1             40.06          2039.60         0.020       0.984360     

ER
+
PR

-
HER2

-
                 7             528.88         770.90          0.686       0.493925     

ER
+
PR

-
HER2

+
               11           743.91         614.96          1.210        0.228645     

ER
+
PR

+
HER2

-
               36           440.71          339.93          1.296       0.197172     

ER
+
PR

+
HER2

+
              45           859.11          304.05          2.826       0.005483 **  

IL-1β level in tumor tissue was determined via Luminex (described in methods).   

Hormone receptor (ER, PR) status and HER2 expression were determined by 

pathologist of Baylor University Medical center, based on IHC staining. ER: 

estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth 

factor receptor 2.  Pr value indicate the difference between each group with the  

number 0. ** and *** indicates significant difference existing. 

early as 2 hours, IL-1β and IL-1α could induce significant TSLP transcription in both 

cells lines tested (Figure 14A, ***P<0.0001, **P<0.01).  HS-578t and MDA-MB231 

were cultured in media alone, or treated with different cytokines (IL-1β at different 

dosages as indicated, 20ng/ml TNF-α, 20 ng/ml IL-6, 10 ng/ml IL-1α, 10ng/ml IL-18) or 

PMA and ionomycin for 48 hours (Figure 14B).  TSLP levels in the culture supernatants 

were determined by Luminex.  IL-1β could induce TSLP production in a dose dependent 

manner, while 10 ng/ml gave rise to significantly highest level of TSLP production 

compared to TNF-α or IL-6 with the comparable dosage(P=0.0001; Figure 14B).  IL-1α 
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and IL-18 does not induce TSLP from the tested breast cancer cell lines.  To determine 

whether IL-1β was responsible for specific TSLP production from cancer cells, we 

cultured MDA-MB231 cells with IL-1β in the presence of anti-IL-1β neutralizing 

antibody, or non-neutralizing antibody for 24-72 hours.  The block of IL-1β was able to 

reduce the ability of IL-1β to induce TSLP production from cancer cells to baseline at 

different time point (P=0.001, Figure 14C).     

   To investigate whether the more TSLP production is due to IL-1β enhanced-TSLP 

generation in single cells, or possibly caused by IL-1β’s direct effect on cancer cell 

proliferation if any, MDA-MB231 cells were cultured in chamber wells in presence or 

absence of different doses of IL-1β (as indicated) for 24 hours, the last 5 hours Golgi-

plug and Golgi-stop was added to the cell culture in order to allow TSLP (shown as 

green) accumulation intracellularly.  10 ng/ml of IL-1β induces more accumulation of 

TSLP compared with a lower dose of IL-1β treatment.  Both doses are able to clearly 

induce TSLP production from single cell level, compared to medium alone (Figure 15A).  

Furthermore, we cultured the TSLP-dependent Baf3 cell line cells in presence or absence 

of IL-1β-treated breast cancer cells culture supernatants.  The Baf3 cells do not grow in 

presence of IL-1β alone, and show very limited growth level upon unstimulated-cancer 

cell culture sups treatment, while IL-1β stimulated MDA-MB231 cells culture sups or 

HS-578t cells culture sups enhance the growing rate of the Baf3 cells in a dose-dependent  

manner (Figure 15B) demonstrating the production of biologically active TSLP. 
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Figure 14.  IL-1β induces TSLP production from tumor cells in vitro.  A) HS-578t or 

MDA-MB231 cells were treated with medium alone, 10 ng/ml of IL-1β, IL-1α, or TNF-α 

for the indicated time course individually.  Cells were harvested and measured for TSLP 

mRNA level by quantitative real-time PCR.  Values were normalized to internal control 

GAPDH.  Bars show the mean±SEM for triplicate wells from a representative 

experiment. *** p<0.0001, **p<0.01, *p<0.05.  B) Luminex analysis of TSLP in 

supernatants of HS-578t or MDA-MB231 cells as indicated after 48h of culture in media 

(M) alone, or in the presence of different doses of IL-1β, 10 ng/ml of TNF-α, 10 ng/ml of 

IL-1α, 10 ng/ml of IL-18 or PMA and ionomycin.  Values are plotted as mean±SEM 

from triplicate experiments.  C) Luminex analysis of TSLP in supernatants of MDA-

MB231 cells after different time points of culture with M alone, or in presence of 10 

ng/ml IL-1β, or IL-1β together with anti-IL-1β neutralizing or non-neutralizing  

antibody.  Values are plotted as mean±SEM from triplicates.   

Infiltrating Myeloid Cells Express IL-1β in Patient Tumors, both in Primary Tumor and  

Lymph Node Metastasis 

    IL-1β is known to be secreted by cancer cells, stromal cells, and immune cells, 

depending on the tissue.  To identify the cells producing IL-1β in human breast cancer, 

frozen tissue sections from surgically removed primary tumors of breast cancer patients 

were analyzed by immunofluorescence.  All 20 tumors screened were positive for tissue 

IL-1β staining, and IL-1β was present in infiltrating cells rather than in tumor cells  



   

60 

 

 

Figure 15.  IL-1β induces functional TSLP from tumor cells in vitro.  A) MDA-MB231 

cells were cultured in chamber well in presence of different dose of IL-1β as indicated, or 

M alone for 24 hours.  Cells were fixed in situ, and TSLP was stained with anti-TSLP 

antibody (green).  Nuclear was counter-stained with DAPI (blue).  Bar: 60 um.  B) 

TSLPR
+
/IL-7Rα

+ 
Baf3 cells were seeded in 96-well plate. Serial dilution was done to IL-

1β-treated MDA-MB231 culture sups, IL-1β-treated HS-578t culture sups, tumor sups 

without IL-1β treatment, or IL-1β. The conditioned sups with different dilution were used  

to treat Baf3 cells.  The proliferative values were measured based on MTT assay. 

visualized by expression of TSLP and cytokeratin-19 (Figure 16A shows one 

representative staining pattern).  To further characterize the infiltrating cellular types 

which co-express IL-1β, frozen sections were stained with different combinations of 

myeloid cells markers and anti-IL-1β antibody.  IL-1β expressing cells were mainly 

HLA-DR
+
, CD11c

+
, and CD14

+ 
cells. These cells could be monocytes, dendritic cells and 

tissue macrophages.  IL-1β was also expressed by some CD163
+
, and CD68

+ 
cells (Figure 

16B).  Metastatic tumor from surgically removed auxiliary lymph node tissue was stained 

for cytokeratin-19, TSLP, IL-1β and CD11c (Figure 16C).  Myeloid cells express IL-1β, 

although metastatic tissue shows less IL-1β
+
 infiltrates in contrast to primary tumor 

tissue. 
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Figure 16.  IL-1β-expressed by infiltrating myeloid cells in primary and metastatic tumor 

tissue.  A-C) Frozen tissue sections from patients were analyzed by immunofluorescence 

staining.  A) Primary tumor from patient was stained with anti-TSLP(green), anti-IL-1β 

(red), anti-cytokeratin-19 (blue) antibodies. Bar: 20 um.  B) Primary tumor sections from 

different patients (P235, P255, P256, P345, P357, from above to bottom) were stained for 

immune infiltrates markers, including CD11c, HLA-DR, CD14, CD163, and CD68 , 

together with anti-IL-1β (red) antibody. Bar: 90um.  C) Metastatic tumor of surgery 

removed auxiliary lymph node tissue was stained for cytokeratin-19 (red) for cancer  

cells, TSLP (green), IL-1β (red), and CD11c (green).  Bar: 180 um (top), 90 um (bottom). 

Cancer Derived Factors Induce IL-1β Production in Monocytes and mDCs 

    We observed that IL-1β
+
 infiltrating myeloid cells always localized near TSLP 

expressing tumor cells. Therefore, we next investigated whether cancer derived factors 

are able to induce IL-1β production from myeloid cells.  To do so, blood monocytes, 

mDCs, monocytes-derived dendritic cells (MDDC), and monocytes-derived macrophages 
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were stimulated for 48 hours by cancer cell-culture sups, which is known be able to drive 

Th2 polarization through activation of DCs in vitro according to our previous data 

(Pedroza et al, 2012).  The cancer cell-culture supernatants could induce IL-1β from 

monocytes, but not from MDDC, mDC, or macrophages (Figure 17A).  We next used the 

transwell system to investigate whether the in vitro modulation of IL-1β production by 

myeloid cells would rely on direct contact of surface molecules between cancer cells and 

myeloid cells.  So monocytes, MDDCs, monocytes-derived macrophages, and blood 

mDCs were co-cultured with MDA-MB231 or HS-578t cells that were separated by a 

transwell membrane with a 0.3μm pore diameter.  Cancer cells or myeloid cells alone do 

not produce detectable IL-1β after 48 hours of culture.  Co-culture with cancer cells in 

direct contact manner significantly enhanced IL-1β production in the supernatant of the 

well where monocytes, MDDC, and mDCs were present, but not macrophages (Figure 

17B).  Co-culture with cancer cells in transwells significantly enhanced the IL-1β 

production by monocytes, MDDC and mDCs, whereas IL-1β production from 

macrophages remained unaffected.  These experiments show that for MDDC and mDCs 

the modulation of IL-1β production is totally contact dependent, whereas for monocytes 

the modulation is partially contact-dependent, and could be induced by a soluble factor  

derived from cancer cells. 

TGF-β is Involved in IL-1β Production during Cancer Cell Co-Culture with 

Monocytes and mDCs 

    TGF-β signaling in tumor cells has been implicated in tumor angiogenesis and 

metastasis by regulating matrix proteolysis.  It is also well known that TGF-β is 

expressed by different types of cells, especially by cancer cells (Bierie et al, 2006).  It is  
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Figure 17.  Cancer-derived factors induce IL-1β production in monocytes and DCs.  A) 

MDA-MB231 cells culture sups were used to treat different myeloid cells (monocytes, 

monocytes-derived dendritic cells, mDCs, and monocyte-derived macrophages) as 

indicated for 48 hours. Supernatant were harvested to determine IL-1β level by Luminex. 

Values are plotted as mean±SEM from triplicate experiments.  B) Cancer cells (MDA-

MB231 or HS-578t), co-cultured with blood monocytes, monocytes-derived DCs, mDCs 

or monocytes-derived macrophages in regular wells or transwell to separate two types of 

cells in culture for 48 hours.  Supernatants were harvested to determine IL-1β level by  

Luminex.  Values are plotted as mean±SEM from triplicate experiments. 

known that TGF-β has the potential to induce IL-1β mRNA in human monocytes (Allen 

et al, 1990).  In various disease models where IL-1β plays a pathogenic role, TGF-β is 

also over-expressed and involved (Lee et al, 2012; Hideaki, 2008).  To investigate 

whether TGF-β could be the factor derived from cancer cells involved in both 

transcription and secretion of IL-1β during co-culture, we used anti-TGF-β neutralizing 

antibody combined with TGF-βR kinase inhibitor (TGF-β  blocking) or control to treat 

the cells in co-culture.  TGF-β blocking could totally inhibit IL-1β production from 

MDDC and mDCs, whereas it partially but significantly reduced IL-1β production from 

monocytes (Figure 18A).  The less amount of IL-1β released post TGF-β blocking could 

also be reflected by less IL-1β expressing myeloid cells in co-culture (Figure 18B).  TGF-
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β blocking resulted in decreased mRNA level of IL-1β detected by quantitative RT-PCR 

(Figure 18C).  Thus, TGF-β isinvolved in IL-1β production during cancer cell co-culture  

with either monocytes or mDC. 

Cancer Cells Express Membrane-Bound TGF-β which Is Involved in Contact-Dependent  

IL-1β Production from mDCs 

    Another very important characteristic of TGF-β is its abundant surface expression 

pattern, and restrictive transformation from latent form to active form to allow function 

(Gleizes et al., 1997).  We thus examined the cancer cells surface for the activated from 

of TGF-β.  Both MDA-MB231 cells and HS-578t cells express active TGF-β at baseline 

level, whereas the benign counterpart cell line HS-Bst, derived from the same patients as 

HS-578t cells, did not express active TGF-β (Figure 19B).  In consequence to that, HS-

Bst cells failed to induce IL-1β from mDCs (Figure 19A), while HS-578t cells and MDA-

MB231 cells could. Freshly isolated monocytes express abundant TGF-βRI, II, and III on 

surface, while mDC and MDDC express relatively limited amounts of TGF-βRII (Figure 

19C).  This may contribute to the superior sensitivity of monocytes to TGF-β in contrast  

to DCs.   

IL-1β Production Requires TAK1-Dependent Caspase-1 Activation 

    In most cases, caspase-1 is needed for proteolytic cleavage and secretion of mature IL-

1β.  We examined whether TGF-β-dependent IL-1β production also required the 

activation of caspase-1.  MDA-MB231 cells and mDCs were co-cultured in chamber well 

in presence of 1 uM of caspase-1 inhibitor or DMSO as vehicle control.  18 hours later, 
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Figure 18.  TGF-β dependent IL-1β production from DCs  A-C) MDA-MB231 cells were 

co-cultured with monocytes, MDDC or mDCs, in presence of anti-TGF-β neutralizing 

antibody plus TGF-βR kinase inhibitor (TGF-β blocking), or isotype plus DMSO (ctrl.), 

A) co-culture for 48 hours, IL-1β level in the sups was detected by Luminex. Values are 

plotted as mean±SEM.  B) co-culture for 16 hours. Intracellular staining with anti-IL-1β 

antibody was done and acquired by FACS. Gated on viable myeloid cells. The 

percentages of IL-1β positive CD11c cells were plotted. Dot represents each experiment.  

C) co-culture for different time period as indicated. Cells were harvested and IL-1β 

mRNA level was detected using quantative RT-PCR. Values were normalized to GAPDH. 

Bars show the mean±SEM for triplicate wells from a representative experiment.  

***p<0.0001, **p<0.01, *p<0.05. n.s means no significance. 

cells were fixed and stained with specific antibody against pro-peptide of IL-1β (Figure 

20A), or mature IL-1β (Figure 20B), both accompanied with HLA-DR staining.  With 

treatment of caspase-1 inhibitor, accumulated pro-peptide of IL-1β could be detected 

inside HLA-DR
+ 

DCs, while DMSO treatment show much less pro-peptide staining, 
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suggesting pro-peptide has been processed by functional activated caspase-1 (Figure 

20A).  Four areas were counted for the percentage of proIL-1β
+
 cells within HLA-DR

+
 

cells for both DMSO or caspase-1 inhibitor treated wells.  95% of mDCs show 

accumulation of proIL-1β intracellularly, while only 50% of mDCs express proIL-1β 

(Figure 20A left panel).  Using a similar experimental system, we also measured mature 

IL-1β production in presence or absence of caspase-1 inhibitor.  In contrast to proIL-1β, 

less mature IL-1β was detected with defective caspase-1 function (Figure 20B).       

    Since caspase-1 activation is also required for IL-1β release during co-culture, then 

which factor(s) could possible link TGF-βR signaling with caspase-1 activation?  TAK1 

(TGF-βR-activating protein kinase 1) is known to stimulate inflammasome-caspase1 

activation (Eicke et al, 2013; Gong et al, 2010), and evidence shows that TAK1 activity is 

important for TGF-β- mediated angiogenesis and metastasis of breast tumors (Safina et al, 

2008).  We then used monocytes treated with cancer culture sups for 16 hours in the 

presence of a TAK1 specific inhibitor or DMSO.  Caspase-1 activity was measured using 

the assay specific for caspase-1. Cells were gated based on CD11c
+
 viable cells.  94% of 

monocytes express active form of caspase-1 after exposure to cancer culture sups, while 

TAK1 inhibition prevented the activation of caspase-1 even in presence of cancer derived  

factors (Figure 20C).  

IL-1β Production Requires TGF-β-Dependent TAK1 Activation in Monocytes and mDCs 

    To measure whether TGF-β resulted in direct activation of TAK1, monocytes were 

treated with 10 ng/ml of TGF-β1 for 5-90 minutes.  Soluble TGF-β1 could induce 

phosphorylation of TAK1 as early as15 minutes (Figure21A left panel).  When mDCs  

http://www.ncbi.nlm.nih.gov/pubmed?term=Safina%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17828308
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Figure 19.  Surface TGF-β involved in IL-1β production during co-culture.   A) mDCs 

were co-cultured with MDA-MB231 cells, HS-578t cells or HS-Bst cells for 16 hours. 

Intracellular IL-1β level was measured by FACS. Gated on viable myeloid cells. The 

percentages of IL-1β positive DCs were plotted. Right panel: summary data. Each dot 

represents one experiment. B) Surface activated form of TGF-β1 was stained using anti-

TGF-β1 antibody and acquired by FACS. C) Surface expression of TGF-βRI, II, and III 

were detected on monocytes, MDDC, and mDCs, respectively by FACS. Y-axis indicates  

the expression level. 

were co-cultured with MDA-MB231 cells for 5-90 minutes, phosphorylated (p)TAK1 

could only be detected after 60 minutes (Figure 21A right panel).  To confirm that the  

phosphorylation of TAK1 is TGF-β mediated, TGF-β blocking reagents (TGF-β 

neutralizing antibody and TGF-βR kinase inhibitor) were added to cancer cells and mDCs 

co-culture.  Blocking TGF-β pathway prevented phosphorylation of TAK1 (Figure 21B).   

To examine whether TAK1-signaling participate in modulation of IL-1β production, we 

set up cancer cells and myeloid cells co-culture.  Cancer cells and monocytes,  MDDC, or 

mDC were co-cultured for 48 hours, and IL-1β level was measured by Luminex.   
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Figure 20: Co-culture induced IL-1β production requires caspase-1 activation.  A-B) 

MDA-MB231 and mDCs were co-cultured in chamber wells for 18 hours, in presence of 

caspase1 inhibitor or DMSO. Cells were fixed in the well and stained for A) pro-IL-1β 

(red), HLA-DR (green), and DAPI (blue). Right panel: summary data of the proportion of 

proIL-1β
+
DR

+
cells.  B) mature IL-1β (red), HLA-DR (green), and DAPI (blue). Right 

panel:  summary data of the proportion of mature IL-1β
+
DR

+
cells. Bar: 90um.  C) 

monocytes were treated with MDA-MB231 culture sups for 16 hours in presence of 200 

nm TAK1 inhibitor or DMSO.  Cells were harvested and activated caspase-1 and CD11c 

were stained.  Right panel: Summary data of the  

percentage of activated caspase-1 in DCs.  

Substantially lower amounts of IL-1β were secreted in the co-culture supernatants upon 

TAK1 inhibition (Figure 21C).  Similarly, TAK1 inhibition prevented expression of IL-

1β by myeloid cells (Figure 21D). 
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Blocking TGF-β-IL-1β in Vivo Prevents Tumor Growth and Th2 Generation 

    We previously showed that blockade of TSLPR using a neutralizing antibody could 

induce tumor regression in a xenograft mice model, where the tumor growth is dependent 

on the TSLP-induced IL-13.  Thus we wanted to evaluate the involvement of IL-1β in the 

TSLP-dependent in vivo model.  We first examined the availability of IL-1β in our 

xenograft mice model.  HS-578t cells were injected subcutaneously into the flank of 

irradiated NOD/SCID/β2m
-/- 

mice.  MDDCs plus autologous total T cells were injected 

intratumorally on D3,6, and 9 after tumor cells injection.  When tumors grew to 100-150 

mm
3 
in volume, mice were sacrificed and tumors were frozen in OCT for tissue staining.  

Similar with what observed in patient primary tumors (Figure 16), IL-1β positive cells 

also infiltrated in the tumor of xenograft model (data not shown).  Moreover, the IL-1β
+
 

cells closely localized around the TSLP
+
 cancer cells, suggesting a crosstalk between the 

IL-1β
+ 

cells and cancer cells.  The cytokine production profile also confirmed the 

resemblance of our model to primary patient tumor. Then we tried tounderstand whether 

TGF-β or IL-1β blocking could affect tumor growth through affecting the availability of 

IL-1β.  Anti-TGF-β neutralizing antibody, isotype antibody as control, IL-1R antagonist 

Anakinra, or anti-TSLPR neutralizing antibody were each injected together with DC plus 

T cells (Figure 22A).  DC+T+PBS shows accelerated tumor growth, whereas with daily 

Anakinra injection, the tumor growth curve slowly declined shortly after an initial growth 

(Figure 22B).  The tumor volume was almost 10-fold increased (mean=128 mm
3
) in the 

PBS group compared to the Anakinra group (mean=13 mm
3
) by the end of the 

observation (Figure 22B, P<0.0001 on day 16).  The tumor volumes were comparable 

between anti-TGF-β neutralizing antibody and Anakinra treatment.  On day 16, tumors  
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Figure 21. TGF-β-dependent TAK1 activation mediate IL-1β production in DCs and 

monocytes. A) monocytes were treated with rhuTGF-β1 (10 ng/ml) for different time 

period as indicated; mDCs were co-cultured with MDA-MB231 cells for different time 

period as indicated; pTAK1 and total TAK1 was detected by specific staining and 

analyzed on FACS.  B) mDCs were co-cultured with MDA-MB231 cells in presence or 

absence of anti-TGF-β neutralizing antibody plus TGF-βR kinase inhibitor (TGF-β 

blocking) for 60 min, pTAK1 was detected by specific staining and analyzed on FACS.  

C-D) MDA-MB231 cells were co-cultured with monocytes, MDDCs or mDCs for 48 

hours in presence of TAK1 inhibitor or DMSO.  C) IL-1β levels were detected by 

Luminex in the sups after 48 hours of co-culture.  D) IL-1β expressing CD11c cells after 

16 hours co-culture were quantified by intracellular staining with anti-IL-1β antibody,  

and  analyzed on FACS. 

were harvested and 3 representative tumors from each group were shown in Figure 22C.  

In some experiments, small pieces of tumor tissue from mice were cultured for 16 hours 

in the presence of PMA and ionomycin.  Th2 cytokines were measured by Luminex in 

the culture sups (Figure 22D).  Anakinra treatment resulted in less IL-13 (P<0.0001), 

less IL-4 (P <0.0001), and less IL-5 (P=0.003) production in tumor tissue.  To confirm 

whether the decreased IL-13 level is due to less infiltration of IL-13 producing cells, 

single cell suspensions were prepared from the tumors harvested from both the PBS and  
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Figure 22. Blocking TGF-β-IL-1β in vivo prevents tumor growth and Th2 generation.  A) 

Experimental scheme. Breast tumor was injected subcutaneously in irradiated 

NOD/SCIDβ2
-/- 

mice. Autologous DCs plus CD4
+
 T cells and CD8

+
 T cells were co-

injected intratumorally. Mice were treated with anti-TGF-β neutralizing antibody on 

D3,6,9, with Anakinra daily since D3, with anti-TSLPR neutralizing antibody on D3,6,9, 

or with isotype  and PBS as control.  B)  Combined data for kinetics of tumor growth 

from multiple experiments was shown. Number of mice in each group was indicated.  C) 

3 representative tumors harvested from each treatment group were shown.  D) cytokine 

concentration as measured by Luminex in Anakinra group vs. PBS group, as determined 

by Luminex in supernatants of Day16 harvested mice breast tumor fragments were 

stimulated for 16 hours with PMA and ionomycin.  E) on D16, single cell suspensions 

were generated for intracellular cytokine expression analysis by FACS. Gate was based 

on viable CD4
+
 T cells.  Dot plot show IL-13 vs. IFN-γ.  F) IL-1β concentration in TGF-β 

blocking group vs. isotype control group, as determined by Luminex in supernatants of 

Day 16 harvested mice breast tumor fragments stimulated for 16 hours with PMA and  

ionomycin.  

the Anakinra treatment groups. Intracellular staining for cytokines including IL-13, IL-4, 

TNF-α, and IFN-γ were combined with CD4, CD3 surface staining.  Analyzed by FACS, 
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and gated on viable CD4
+
CD3

+
T cells.  The treatment showed no specific effect on TNF-

α and IFN-γ.  In the PBS group, about 10.2-46.4% of CD4
+
CD3

+
T cells express IL-13.   

In the Anakinra treatment group, the population dropped to 0.39-2.5%, which is 

significant (Figure 22E).  Importantly, as shown in Figure 22F, anti-TGF-β neutralizing 

antibody treatment resulted in decreased IL-1β (P=0.02, n=9). 
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CHAPTER FIVE 

 

Discussion 

 

 

    In the first part of our studies, we show that breast cancer is infiltrated with 

inflammatory Th2 cells.  Such T cells are driven by OX40L expressed by tumor-

inflitrating DCs. Blocking OX40L in vitro prevented generation of these CD4
+ 

T cells 

without impact on IL-10-producing CD4
+
 T cells.  Blocking OX40L in vivo partially 

prevented T cell-dependent acceleration of breast cancer tumor progression.  OX40L is 

not constitutively expressed, but can be induced on DCs, macrophages, and B cells. This 

happens, for instance, upon CD40 engagement or from cytokine signals such as TSLP or 

IL-18, as well as upon TLR stimulation (Ito et al., 2005; Croft et al., 2009).  The presence 

of OX40
+
mDCs in the breast tumors indicate sustained activation of DCs in tumor 

environment.  TSLP is important for the initiation of pro-tumor inflammation through an 

mDC-mediated Th2 response (Pedroza et al, 2011).   

    In the second part of our studies we show that the inflammatory mediator IL-1β 

regulates TSLP production from breast cancer cells. It was suggested that generation of 

IL-1β induces early TSLP production via activation of NF-kB (Lee et al, 2008).  Some 

other cytokines, such as IL-6 and TNF-α, could also induce TSLP production from breast 

cancer cell lines (Redhu et al, 2011).  However, in contrast to IL-1β, IL-6 and TNF-α 

could barely induce TSLP from the breast cancer cell lines tested.  The different 

responsiveness to IL-6 and TNF-α may indicate intrinsic differences between genetically 

aberrant cancer cells and normal cells undergoing an allergic reaction. 

http://jem.rupress.org/content/208/3/479.full#ref-22
http://jem.rupress.org/content/208/3/479.full#ref-11
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    IL-1β is a critical inflammatory mediator of host immune responses.  An increased 

copy number of IL-1β transcripts has been reported in several tumors, including colon 

cancer, lung cancer, multiple myeloma, and melanoma (Portier et al, 1993; Rambaldi et 

al, 1991; Elaraj et al, 2006).  Here we demonstrate that in breast cancer IL-1β comes 

mainly from tumor infiltrating myeloid cells (Figure 16).  These myeloid cells express 

CD14, CD11c, and high levels of HLA-DR, suggesting a DC phenotype.  

In our earlier studies, we found that human breast cancer tissue is infiltrated with 

mDCs (Bell et al, 1999).  However, part of CD14
+
, CD11c

+
, and HLA-DR

+
 infiltrates 

could represent monocytes.  Indeed, Randolph’s group has shown that monocytes could 

sustain their phenotype in tissue or lymph nodes without differentiation into tissue 

macrophages (Jakubzick, Gautier et al. 2013).  Thus, DCs, monocytes and macrophages 

could all produce IL-1β in tumor tissue, but each has a distinct stimulation threshold for 

IL-1β production.  We assume this because: 1) in vitro cultured monocyte-derived 

macrophages are unable to produce IL-1β in response to either soluble cancer-derived 

factors or with co-culture with cancer cells.  2) It is shown that blood monocytes produce 

IL-1β much more easily upon LPS stimulation compared with DCs or macrophages, 

because monocytes have the capacity to generate ATP by themselves, which presumably 

allows prompt activation of inflammasome.  3) Co-culture with cancer cells can induce 

IL-1β production from both monocytes and DCs.  But we observed easier IL-1β 

induction from monocytes than DCs, since soluble factors from cancer cells able to 

induce IL-1β production from monocytes, indicating the abundance of IL-1β transcripts 

and fewer requirements for secondary stimuli.   
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    The production of bioactive IL-1β is tightly regulated, requiring at least two 

independent signals for induction and function.  ProIL-1β production is triggered by Toll-

like receptor (TLR)-mediated NF-kB activation.  Additional stimuli involving activation 

of the inflammasome and caspase-1 are required for proteolytic cleavage and secretion of 

mature IL-1β (Joosten et al, 2013).  We show that the TGF-β/TGF-βR engagement 

between interacting cells is enough to induce production of IL-1β (Figure 23). 

In fact during co-culture with cancer cells, TAK1 or TGF-βR inhibition shows no 

effect on extra IL-1β transcription compared to monocytes alone.  However, DCs co-

cultured with cancer cells showed increased IL-1β transcripts compared to DCs alone.  

Upon TGF-βR or TAK1 inhibition, IL-1β transcription is down-regulated in DCs co-

cultured with cancer cells, but barely changed in monocytes co-cultured with cancer cells.  

The above discrepancy existing between monocytes and DCs may again be explained by 

the threshold needed for IL-1β production.  In monocytes, there were already abundant 

IL-1β transcripts at the baseline level.  These could be translated to protein as soon as a 

second stimulation happens.  In DCs, the mRNA of IL-1β needs to be first induced to 

allow subsequent protein production.   

    TGF-β is a multipotent cytokine that is important in modulating cell growth, 

inflammation, matrix synthesis and apoptosis (Taipale et al., 1998).  At early stages of 

oncogenesis, TGF-β is a potent inhibitor of epithelial cell growth and functions as a 

tumor suppressor, whereas, at the late stages, TGF-β promotes tumor spreading by 

enhancing invasion and angiogenesis (Roberts and Wakefield, 2003).  The increased 

production of TGF-β by cancer cells also acts on the surrounding stromal cells, immune 

cells, endothelial and smooth-muscle cells, causing immunosuppression and 

http://jcs.biologists.org/content/116/2/217.long#ref-67
http://www.nature.com/onc/journal/v27/n9/full/1210768a.html#bib33
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angiogenesis.  TGF-β also converts effector T cells into regulatory T cells able to 

suppress anti-tumor immune responses.  Here we offer an additional mechanism by 

which TGF-β fosters tumor development through up-regulation of IL-1β in mDC.  Here 

we show for the first time that membrane TGF-β and TGF-bR/TAK1 signaling is 

involved in IL-1β production in cancer cell/ DC co-culture.   

    The relationship between TGF-β and IL-1β has been suggested in multiple diseases.  

For the patients with rheumatoid arthritis (RA), blocking IL-1β has been suggested as a 

treatment for the disease.  Ex vivo long-term culture of rheumatoid synovial fibroblasts 

from patients demonstrated that both TGF-β and IL-1β is up-regulated (Bucala et al., 

1991).  Blocking TGF-βR signaling via receptor kinase inhibitor could prevent the 

development of arthritis through a decrease in IL-6 and VEGF production mediated by 

NF-kB in vivo, indicating that TGF-β plays an important role in the pathogenesis of RA 

patients (Michitomo et al., 2006).  Moreover, an autocrine loop between TGF-β1 and IL-

1β has been suggested in rat pancreatic stellate cells (Aoki et al., 2006).  Furthermore, 

higher concentrations of TGF-β are found in the blood and cerebrospinal fluid of patients 

with Alzheimer's disease, where IL-1β is well known as a pathogenic factor.  CD36 

expressed on macrophages sense oxidized lipids in tissue, leading to IL-1β production.  

CD36 is also an important molecule for TGF-β activation, which may further suggest 

TGF-β’s potential role in IL-1β production (Sheedy et al, 2013).  Furthermore, multiple 

lines of evidence have shown the crosstalk between TGF-βR and IL-1R signaling 

pathways (Hoki et al, 2006), indicating the complicated regulation between TGF-β and 

IL-1 system.   

http://en.wikipedia.org/wiki/Alzheimer%27s_Disease
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    It is also suggested by other group that soluble factors such as high mobility group 

box-1 (HMGB1) protein derived from dying tumor cells during chemotherapy could 

trigger IL-1β production from DCs (Laurence et al, 2009).  But in our co-culture system, 

HMGB1 blocking using neutralizing antibody failed to inhibit co-culture induced-IL-1β 

production.       

    Here we show that when IL-1β, the upstream modulator of TSLP, is blocked in tumor 

bearing mice, the tumors are prevented from growing.  Moreover, the Th2 pro-tumor 

cytokine environment becomes reversed (Figure 24).  The effect is similar to situations 

utilizing TSLPR blocking.  The effect of Anakinra to prevent tumor growth in vivo could 

stem from 1) reduced TSLP availability in the tumor environment, as shown in figure and 

or 2) Anakinra’s blocking of IL-1β’s direct effect on maintaining OX40L through up-

regulation of TSLPR on mDCs (data not shown).     

    Another effect of blocking IL-1β is the inhibition of Th17 cell generation, since IL-1β 

could induce Th17 cell generation if combined with a STAT3 activator (Guo et al, 2009).  

Th17 cell infiltration has been correlated with poor prognosis in prostate cancer (De 

Monte L et al., 2011) and in hepatocellular carcinoma (Sfanos KS et al., 2008).  The 

protumor effect of Th17 is mainly through the enhancement of angiogenesis and the 

recruit of neutrophils.  IL-17 has been shown to act on endothelial/stromal and tumor 

cells to induce the expression of pro-angiogenic factors like VEGF, Angiotensins, PGE2 

and IL-8.  All of these can promote tumor vascularization.   Although IL-17 could be 

produced by different tumor infiltrating immune cells, Th17 cell are important providers 

of IL-17.  In a mouse model of lung cancer, physiological concentration of neutrophil 

elastase is actively transported to a subcellular location in cancer cells, and can directly 

stimulate tumor growth via degradation of insulin receptor substrate-1 (Houghton AM et 

http://www.ncbi.nlm.nih.gov/pubmed?term=Houghton%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=20081861
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Figure 23: Contact-dependent IL-1β production in breast cancer microenvironment.  

Breast cancer surface bound-TGF-β acts on TGF-βR expressing mDCs, which leads to 

TAK1 activation and transcription of pro-IL-1β. TGF-βR and TAK1 signaling also 

activate inflammasome/caspase-1, which results in cleavage of pro-IL-1β and releasing of 

mature IL-1β from mDCs. Mature IL-1β feeds back on cancer cells to trigger TSLP  

production. 

al., 2010).  Neutrophils also support angiogenesis by releasing pro-angiogenic factors 

including VEGF, IL-8, and matrix metalloproteinases (MMPs)(Li et al., 2011; Piccard et 

al., 2012).  We also found in vivo treatment of Anakinra resulted in decreased IL-17 

production in tumor tissue (data not shown), which suggests another potential benefit to 

block IL-1β in cancer environment.  Additionally, IL-1β is also indicated as a strong 

stimulator to induce myeloid-derived suppressor cells (MDSC) accumulation, and IL-1β 

activated MDSC tend to be more immunosuppressive and survive longer (Elkabets et al, 

2010).  Together, these data suggest IL-1β is a good target for breast cancer treatment.   

    Another beneficial effect of Anakinra could be derived from blocking the potential 

pro-tumor effect of IL-1α.  In our study, we also found the tumor tissue has the potential 

to produce IL-1α.  Moreover, the level of IL-1α is positive correlated with the level of IL-

13 (Figure 12B).  But the cellular source of IL-1α is left to be determined.  Over-
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expression of IL-1α correlates with Kras mutation, NF-kB activity, and poor survival in 

pancreatic ductal adenocarcinoma (Ling et al., 2012).  IL-1α promotes NF-kB and AP-1-

induced IL-8 expression, cell survival, and proliferation in head and neck squamous cell 

carcinomas (Wolf et al., 2001). 

    IL-18 is an immunostimulatory cytokine belonging to the IL-1 family, and could also 

be a product of inflammasome/caspase-1 activation.   Furthermore, in the breast cancer 

microenvironment, we also detected high level of IL-18 production post PMA/ionomycin 

stimulation.  But since we failed to observe a positive correlation of IL-18 and TSLP or 

IL-13, we focused on understanding IL-1β’s pro-TSLP effect in this study.  The 

pathophysiological role of IL-18 in cancer remains unclear.  Most of its anti-tumor 

function comes from  evidence that IL-18 acts synergistically with other pro-

inflammatory cytokines (i.e. IL-12) to promote IFN-γ production and induce Th1 cells.  

So it is very possible in cancer tissue, IL-18 may rescue CTL activity through affects on 

IFN-γ and Th1 cells (S. Srivastava et al., 2010).  In mice model, IL-18 induces OX40L 

expression on bone marrow-derived DCs (BMDCs) that can boost effector T cell 

responses through CD134 (OX40) costimulatory pathway. Furthermore the direct effect 

of IL-18 on OX40L expression depends on IL-18R expression on surface of BMDCs 

(Maxwell et al., 2006).   Systemic administration of IL-18 has been shown to have 

significant antitumor activity in several preclinical animal models.  Phase I clinical trials 

of recombinant human IL-18 have demonstrated that it can be safely administered to 

patients with advanced cancer (Michael J. Robertson et al., 2006).  A phase II study of 

IL-18 in patients with metastatic melanoma confirmed its safety but suggested limited 

efficacy of IL-18 monotherapy (Tarhini et al., 2009).  However, IL-18 could also be pro- 

http://clincancerres.aacrjournals.org/search?author1=Michael+J.+Robertson&sortspec=date&submit=Submit
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Figure 24.  IL-1β initiated Th2 inflammation in breast cancer microenvironment.  In 

breast cancer microenvironment, infiltrating DCs (and monocytes) produce IL-1β, which 

acts on cancer cells to produce TSLP. TSLP educates mDCs to generate IL-13
+
Th2 cells, 

through up-regulation of OX40L on surface. The IL-13 produced by Th2 cells fosters 

tumor growth in either direct or indirect way (via influencing tissue macrophages). Using 

Anakinra to block the effect of IL-1β could reverse Th2 response through shutting down  

TSLP production. 

tumorgenic.  Low levels of circulating IL-18, either exogenous or tumor derived, acts to 

suppress the NK cell arm of tumor immunosurveillance.  IL-18 produced by tumor cells 

promotes the development of NK-controlled metastases in a PD-1–dependent manner 

(Magali Terme et al., 2011).  So the inflammasome/caspase-1and IL-1 system really 

needed to be considered based on the context of the function of each cytokine, to block 

IL-1β or enhance IL-18, in order for a tailored treatment for cancer patients.  

Furthermore, a good IL-1β blocking strategy should base on the detailed evaluation of 

patients clinical information, and its combination effect with other current treatment. 
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CHAPTER SIX 

 

Conclusions 

 

 

 Pro-tumor inflammation in breast cancer is driven by cancer cell-derived TSLP 

that induces OX40L expression on DCs.  OX40L
+
 DCs generate inflammatory  

            CD4
+
 T cells producing TNF-α and IL-13. 

 High levels of IL-1β in breast cancer microenvironment of patients are positively 

correlated with the level of IL-13.  Importantly, the IL-1β level is associated with  

the stage of the disease. 

 IL-1β induces TSLP production from breast cancer cells lines in a dose dependent  

manner in vitro.  

 Cancer cells induce IL-1β both transcriptionally and translationally in mDCs and  

monocytes in contact dependent manner.  

 IL-1β production is induced by cancer-derived TGF-β. TAK1 signaling is  

involved in caspase-1 activation and TGF-β-dependent IL-1β production. 

 Administration of IL-1R antagonist Anakinra prevents tumor growth in vivo, and 

blocks IL-13
+
 Th2 generation in vivo. 
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APPENDIX A 

 

    Primary breast tumor samples were received from Baylor University Medical Center. 

The combined histologic grading system, including nuclear grade, tubule formation and 

mitotic rate, and staging system (according to tumor size, invasive or not, and lymphoid 

node involvement) were applied according to pathologist’s report after surgery. Hormone 

receptor status: ER/PR positivity, and human epidermal growth factor receptor HER2 

over-expression is indicated.  P#: patient sample number.  IDC: invasive ductual 

carcinoma.  ILC: invasive lobular carcinoma.  DCIS: ductual carcinoma in-situ.  G: 

Grade.  S: Stage. 

 

 

 

P# Diagnosis G S IHC 

    

ER 

  

9 

Infiltrating carcinoma, mixed 

lobular and ductal, predominantly 

ductal I IIB 1-3(+) 

2-

3(+)  1(+) 

10 Infiltrating ductal carcinoma 

 

IIA 3(+) 3(+) 1(+) 

11 

Infiltrating ductal carcinoma, micro-

invasive  II 

    

12 Invasive ductal  III IIB 1-2(+) 

2-

3(+) 3(+) 

13 Infiltrating ductal carcinoma II 

 

1(+) (-) 2(+) 

14 Infiltrating duct carcinoma III IIB 3(+) 3(+) 2-3(+) 

15 

Infiltrating ductal carcinoma with 

lobular feature  II I 3+ 

2-

3(+) (-) 

16 

Infiltrating carcinoma, predominantly 

ductal with lobular  I I 3(+) 2 (+) 1-2(+) 

17 Invasive duct carcinoma  I 

 

3(+) (-) 1(+) 

18 Invasive duct carcinoma  I 

 

2(+) 3(+) 1-2(+) 

19 In-situ and invasive ductal  II I 

   20 In-situ and invasive ductal  III IIA 

   

21 

Infiltrating lobular carcinoma, 

pleomorphic type I 

 

2-3(+) 

2-

3(+) 2(+) 

22 Invasive ductal carcinoma  II 

 

2(+) 

1-

2(+) 1(+) 

23 In-situ and invasive ductal  III IIB (-) (-) (-) 

24 In-situ and invasive ductal  III IIA (-) (-) 1(+) 

25 In-situ and invasive ductal  III I (-) (-) 3(+) 

26 In-situ and invasive duct carcinoma     III IIA 3(+) 3(+)  1-2(+) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

27 Invasive and in-situ ductal  III 

 

(-) (-) 3(+) 

   28 

Insitu and invasive ductal carcinoma 

with lobular feature  III IIA 

   29 Infiltrating duct carcinoma 

  

3(+) 3(+) 1(+) 

30 Invasive ductal carcinoma II IIB 2-3(+) 3(+) 2(+) 

31 

IDC with prominent lymphoid 

infiltrates III IIA (-) (-) 1(+) 

32 IDC, Lymphovasular invasion  

 

IIIA 3(+) 1(+) 2(+) 

33 

mixed ductal/lobular features 

predominately ductal      II IIB 

   34 Invasive ductal carcinoma I IIB 

   35 Infiltrating duct cell carcinoma  III I (-) (-) 2(+) 

36 Invasive ductal carcinoma  III IIA 

   37 In situ and invasive duct carcinoma    III IIA 

   

38 Infiltrating ductal carcinoma  III IIA 1-3(+) 

1-

3(+) 1-2(+) 

39 

Invasive carcinoma with mixed ductal 

and lobular feature     II I 3(+) 3(+) 1(+) 

40 Invasive lobular carcinoma  

 

I 

   41 Infiltrating duct carcinoma  III 

 

(-) (-) 1(+)  

42 

Infiltrating carcinoma mixed with 

lobular and ductal 

  

2-3(+) 2(+) 1-2(+) 

43 Infiltrating duct carcinoma  III IIB (-) (-) 3(+) 

44 In situ and invasive duct carcinoma    II 

 

(-) (-) 2-3(+) 

45 Invasive ductal carcinoma  III 

    46 Infiltrating duct carcinoma  II 

 

 (+) 3(+) 1-2(+) 

47 Invasive ductal carcinoma  II 

 

2-3(+) 3(+) (-) 

48 

In situ and invasive ductal carcinoma 

w/ lobular feature  III IIA 

   

49 

Infiltrating ductal carcinoma with 

focal lobular like feature  II IIA 3(+)  (+) (-) 

50 

Infiltrating lobular carcinoma 

infiltrating duct carcinoma  II 

    52 adenocarcinoma consistent  

     

53 

IDC,predominantly mucinous type 

with minor invasive  III IIIC 3(+) 3(+) (-) 

54 infiltrating ductal carcinoma  II IIB 

   55 infiltrating ductal carcinoma  II 

 

3(+)  (+) (-) 

56 infiltrating ductal carcinoma  III II 2-3(+) (-) (-) 

57 infiltrating ductal carcinoma  II 

 

2-3(+) 

2-

3(+) (-) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

58 Infiltrating ductal carcinoma  III IIIB 

   

59 Infiltrating lobular & focal duct  I IIA 3(+) 

2-

3(+) (-) 

62 Infiltrating ductal carcinoma  III 

  

(+) (-) 

63 

carcinoma of the breast with advanced 

sarcomatous metaplasia  III IIIA 

   64 Infiltrating ductal carcinoma  III 

 

3(+) 1(+) 3(+) 

65 

Invasive lobular carcinoma with focal 

ductal feature  

 

IIA 3(+) 3(+) (-) 

66 

Infiltrating duct carcinoma with zonal 

areas of tumor necrosis  III 

 

(-) (-) (-) 

67 

Infiltrating duct carcinoma, NOS, with 

focal infarct-like necrosis  III 

 

(-) (-) (-) 

68 Infiltrating ductal carcinoma  III 

    69 Infiltrating ductal carcinoma  II IIA (-) (-) (-) 

70 

Low grade malignant spindle cell 

tumor of the breast  I IIB (-) (-) (-) 

71 In situ and invasive ductal  II IIA 1-3(+) 3 (+) (-) 

72 In situ and invasive ductal  III I 

   

73 

Invasive carcinoma with ductal and 

lobular feature  II I 3(+) 

1-

2(+) (-) 

74 

Invasive carcinoma, predominantly 

lobular type  II IIA 3(+) 3(+) (-) 

75 Multicentric invasive ductal  III IIIA 3(+) 3(+) (-) 

76 

Invasive ductal carcinoma, focal 

lymphovaschlar invasive  II IIA 1-2(+) 

2-

3(+) 1(+) 

77 Invasive ductal carcinoma  III IIIC (-) (-) weak 

78 Invasive and in situ ductal  III IIA 3(+) 3(+) (-) 

79 

Infiltrating carcinoma with mixed 

lobular and ductal type  II I 3(+) 

3-

4(+) 2-4(+) 

80 Invasive ductal carcinoma  III IIA 

   

81 

Invasive carcinoma with mixed ductal 

–lobular feature  II I 

   82 Invasive ductal carcinoma  III IIB 

   
83 Infiltrating ductal carcinoma  III 

 

1-2(+) (-) 2-3(+) 

84 Invasive ductal carcinoma  III 

 

(-) (-) (-) 

85 

Invasive carcinoma with ductal and 

lobular feature  II IIA 

   
86 Invasive ductal carcinoma  

  

3(+) 3(+) 1(+) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

87 

Invasive carcinoma of the breast w/ 

squamous mataplasia  III IIA (-) (-) (-) 

88 Infiltrating duct carcinoma  III IIB 

   89 Invasive duct carcinoma  II IIA 

   90 Invasive duct carcinoma  III IIA 3(+) 3(+) (-) 

93 In situ and invasive ductal  III IIB 

 

(-) (-) 

94 Infiltrating duct carcinoma  III 

 

3(+) 3(+)  (-) 

95 Invasive duct carcinoma  II 

    96 In situ and invasive ductal carcinoma  III IIA (-) (-) 3-4(+) 

97 

Invasive carcinoma w/ mixed lobular-

ductal feature  II IIIC 

   

98 

Infiltrating ductal carcinoma w/ some 

lobular feature  III 

IIIA-

IIIB 2(+) 

2-

3(+) (-) 

99 Infiltrating ductal carcinoma  III IIIA 

   

100 Focal residual infiltrating carcinoma  

  

3(+) 

2-

3(+) (-) 

101 Multicentric invasive carcinoma  

 

I 3(+) 3(+) (-) 

102 

Infiltrating carcinoma/ mixed lobular 

and ductal features  

 

III 3(+) 

1-

2(+) (-) 

103 

Invasive ductal carcinoma w/ a 

background of DCIS  

 

II 2-3(+) 

2-

3(+) (-) 

104 

IDC w/ ductal carcinoma in situ w/ 

comedo necrosis  III III (-) (-) (-) 

105 Invasive ductal carcinoma II IIB 3(+) 

2-

3(+) 1-2(+) 

106 Invasive ductal carcinoma  III IIA 3(+) 

2-

3(+) (-) 

107 Invasive duct carcinoma  III 

    108 IDC w/ comedonecrosis  III IV 2-3(+) (-) (-) 

109 

Invasive carcinoma of breast, 

predominantly ductal type   III 

 

2-3(+) (-) (-) 

110 IDC, small component of intraductal  II I 3(+) (-) (-) 

111 Invasive carcinoma of breast, ductal  III IIA (-) (-) (-) 

112 

Multiple invasive carcinoma, 

predominantly lobular   II I 3(+) (-) (-) 

113 Invasive lobular carcinoma  II IIA 3(+) 3(+) (-) 

114 Infiltrating ductal carcinoma  II I 

   

115 Infiltrating duct carcinoma  III 

 

3(+) 

1-

2(+) 3(+) 

116 Invasive carcinoma of breast, lobular             II I 

   117 Infiltrating ductal carcinoma,  II I 3(+) 3(+) 3(+) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

118 

Multifocal invasive carcinoma, mixed 

ductal-lobular feature  II I 2-3(+) 

2-

3(+) (-) 

119 Invasive ductal carcinoma  III IIB (-) (-) 1-3(+) 

120 Infiltrating duct carcinoma  II II 3(+) 

2-

3(+) (-) 

121 

Invasive mammary carcinoma w/ 

mixed ductal and lobular feature  II IIA 3(+) 

2-

3(+) (-) 

122 Infiltrating duct carcinoma  III I 2-3(+) 

2-

3(+) (-) 

123 Infiltrating duct carcinoma  III 

 

3(+) 2(+) (-) 

124 Infiltrating duct carcinoma  III I (-) (-) 3(+) 

125 Infiltrating duct carcinoma  II 

 

1-2(+) 

2-

3(+) (-) 

126 Infiltrating duct carcinoma III 

    127 Infiltrating ductal carcinoma  III IIB 3(+) 3(+) (-) 

128 

Infiltrating ductal adenocarcinoma w/ 

necrosis  III IIIA (-) (-) (-) 

129 IDC, minor high grade intraductual  III 

 

(-) (-) (-) 

130 IDC w/ some lobular feature III IIB 3(+) 

1-

2(+) (-) 

131 

Multifocal invasive carcinoma of the 

breast, lobular type  II IIB 

   132 Invasive mucinous ductal  III IIA (-) (-) (-) 

133 

Invasive mucinous carcinoma 

(colloid)  I I 3(+) 3(+) (-) 

134 IDC, DCIS w/comedo type necrosis  II IIB 

   

135 

In situ and invasive ductal carcinoma 

w/ lobular feature  III IIA 

   

136 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III IIB (-) (-) (-) 

137 In situ and invasive ductal  II IIA 2-3(+) (-) 3(+) 

138 Infiltrating ductal carcinoma  III I (-) (-) (-) 

139 Infiltrating duct carcinoma  II IIA 3(+) 3(+) 1-2(+) 

140 Infiltrating lobular carcinoma  II IIB 3(+) 3(+) 1(+) 

141 Infiltrating duct cell carcinoma     III IIIA 2(+) (-) (-) 

142 Invasive carcinoma of breast, ductal                                                      III IIB (-) (-) (-) 

143 

Invasive ductal carcinoma of breast, 

multiple introductal papillomas  I IIIA 2(+) (-) 1(+) 

144 Invasive carcinoma of breast, ductal  II 

    145 Infiltrating lobular carcinoma  II I 2-3(+) (-) (-) 

146 

Invasive ductual carcinoma w/ focal 

squamoid feature  II IIA (-) (-) 1(+) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

147 

Invasive mucinous carcinoma 

(colloid)  II IIA 3(+) 2(+) (-) 

148 

Invasive, predominantly 

undifferentiated w/ focal early 

differentiation  III IIA 

   

149 

Infiltrating carcinoma w/ mixed 

lobular and ductal features, 

predominantly ductal  III I 1-3(+) 2(+) (-) 

150 

Infiltrating lobular carcinoma, 

moderately differentiated  II IIA 3(+) 3(+) (-) 

151 

Invasive ductal carcinoma w/ lobular 

features  III IIB 2(+) 

2-

3(+) (-) 

152 

Invasive ductal carcinoma w/ therapy 

effect 

  

2-3(+) 3(+) (+) 

153 Invasive ductal carcinoma  III 

 

2-3(+) 3(+) (-) 

155 

IDC, high grade ductal carcinoma in 

situ present  III IIIA (-) (-) (-) 

156 Infiltrating duct carcinoma  III IIB (-) (-) (-) 

157 

Invasive ductal carcinoma moderately 

differentiated II IIB 

   159 Infiltrating duct carcinoma  III IIB 

   

160 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III I (-) (-) (-) 

161 

IDC w/ lobular feature, DCIS, w/ 

focal necrosis  I IIB 

   

162 

Invasive carcinoma w/ predominantly 

colloid and ductal  I IIB 

   

163 

Invasive carcinoma  ductal type w/ 

some lobular feature III IIIA 3(+) 1(+) - 

164   adenosquamous carcinoma  I 

    165 Infiltrating duct carcinoma  III 

 

3(+) 3(+) (-)  

166 Invasive lobular carcinoma  II IIIA 2-3(+) 

1-

2(+) (-) 

167 Invasive ductal carcinoma, multifocal  III IIA (-) (-) 3(+) 

168 

Invasive carcinoma of the breast, 

mixed lobular ductal  II IIA 

   169 In situ and invasive ductal  III IIA 

   170 Invasive ductal carcinoma w/ lobular  I IIA 2-3(+) (-) 1(+) 

171 Separate focus of IDC w/ lobular  III IIIA 2-3(+) 

2-

3(+) (-) 

172 

Poorly differentiated in situ and 

invasive ductal carcinoma  III I 

2-3(+) 

 

2-

3(+) 1(+)  

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

173 Infiltrating duct carcinoma  III IIA (-) (-) (-) 

174 IDC, DCIS identified II IIB 1-2(+)  

1-

3(+) (-) 

175 IDC, DCIS less than 10%  III I 1-3(+) (-) 2-3(+) 

176 

Invasive lobular carcinoma, lobular 

carcinoma in situ  II I 1(+) 2(+) (-) 

177 

Invasive ductal carcinoma w/ lobular 

feature  II I 3(+) 

2-

3(+) (-) 

178 Invasive ductal carcinoma  III IIB 1(+) (-) (-) 

179 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature II IIA 3(+) 3(+) (-) 

181 

IDC w/ focal lobular feature, 

background of DCIS  II I 3(+) 

2-

3(+) (-) 

182 

Invasive ductal carcinoma w/ focal 

lobular feature  II IIB 2-3(+) 

2-

3(+) (-) 

183 

Infiltrating ductal carcinoma w/ 

comedo necrosis III I 3(+) 2(+) (-) 

184 Infiltrating ductal carcinoma  III IIB 2-3(+) (-) (-) 

185 Invasive ductal carcinoma  III I (-) (-) (-) 

186 Invasive ductal carcinoma  III I (-) (-) (-) 

188 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III IIIA (-) (-) ( -) 

189 Invasive ductal carcinoma  II IIA 3(+) 3(+) (-) 

190 Infiltrating ductal carcinoma  III IIA (-) (-) (-) 

191 Infiltrating ductal carcinoma  III IIA 3(+) (-) 2-3(+) 

192 Invasive lobular carcinoma  II IIA 3(+) (-) (-) 

193 

Infiltrating ductal carcinoma, 

extensive ductal carcinoma in situ  III IIIA (-) (-) 3(+) 

194 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III IIA 

   195 Infiltrating ductal carcinoma III IIA 1-2(+) (-) 2(+) 

196 

Residual DCIS, papillary, 

micropapillary  I 

 

2-3(+) 

2-

3(+) 

 

197 Invasive ductal carcinoma  II IIB 3(+) 2(+) 

3(+)2(

+) 

198 In situ and invasive ductal  III I 3(+) 3(+) (-) 

199 

Multifocal recurrent IDC w/ 

prominent mucinous component  II I 

   

200 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III IIIA 

   

201 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III IIA 
 

  

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

203 

IDC predominantly pleomorphic 

lobular w/ mucinous ductal  

 

IIIA 3(+) 3(+) 1(+) 

204 

Invasive carcinoma of the breast, 

ductal  III IIA (-) (-) (-) 

205 Infiltrating ductal carcinoma III IIIA 3(+) 2(+) 1(+) 

206 

Infiltrating  w/ mixed lobular and 

ductal predominantly ductal II IIIA 

   

207 

Infiltrating ductal carcinoma w/ 

lobular feature III IIIA 2-3(+) 

1-

2(+) 1(+) 

208 Infiltrating ductal carcinoma III I (-) (-) 1(+) 

209 

Invasive breast carcinoma, lobular 

type II IIB 3(+) 

1-

2(+) (-) 

210 

Breast: In situ and invasive carcinoma 

of the breast, ductal type II I 3(+) 3(+) 

 

211 

Breast: Focal ductal carcinoma in situ, 

flat to micropapillary type II 0 

   

214 Infiltrating lobular carcinoma II IIA 2-3(+) 

1-

2(+) 

 

215 

Infiltrating pleomorphic lobular 

carcinoma associated w/ lobular 

carcinoma in situ 

 

IIIA 3(+) 

1-

2(+) (-) 

216 Infiltrating duct carcinoma I IIIA 2-3(+) 

1-

2(+) 2(+) 

217 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature II IIA 

   

218 

Invasive carcinoma of the breast w/ 

mixed lobular- ductal type II IIIA 3(+) 1(+) 1-2(+) 

219 Infiltrating duct carcinoma II IIIA 1-2(+) 3(+) (-) 

220 

Invasive carcinoma of the breast, 

ductal type III IIA 

   

221 

IDC w/ comedonecrosis and 

medullary feature III IIA (-) (-) (-) 

222 

Multifocal invasive carcinoma, ductal 

type w/ some lobular feature II IIA 3(+) 

2-

3(+) (-) 

223 

  Infiltrating carcinoma w/ 

pleomorphic lobular feature III IIIA 2-3(+) 

1-

2(+) 1(+) 

224 

  infiltrating duct carcinoma w/ lobular 

differentiation III IIA 3(+) 

2-

3(+) 2-3(+) 

225   Invasive mammary duct carcinoma III I (-) (-) 1-2(+) 

226 Infiltrating lobular carcinoma  II IIA 3(+) 

2-

3(+) (-) 

227  Infiltrating duct carcinoma  II IIB (-) (-) (-) 

229 Invasive carcinoma of the breast, duct  III IIA 
 

  

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

230 

Invasive carcinoma of the breast, 

mixed ductal-lobular type  II IIIC 

   

231 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III IIIC 

   

232 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature II IIIA 

   233 IDC III I 

   

234 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature III IIA 

 

(-) 3+ 

235 

Invasive carcinoma of the breast, 

ductal type w/ some lobular feature II IIA 1-2(+) 3(+) (-) 

236 IDC, intermediate grade DCIS  II I 3(+) 3(+) 2(+) 

237 Multicentric invasive ductal  II I 

   

238 

Invasive ductal carcinoma w/ comedo 

necrosis  III IIIA (-) (-) 3(+) 

239 IDC arising DCIS comedo necrosis  III IIIC 

   240 Invasive ductal carcinoma   II I 3(+) 3(+) (-) 

241 Infiltrating ductal carcinoma  II IIIA 2-3(+) 

2-

3(+) 3(+) 

242 Invasive ductal carcinoma  II IIA 3(+) (-) (-) 

243 Infiltrating duct cell carcinoma     III III 3(+) 

2-

3(+) (-) 

244 infiltrating ductal carcinoma  III IIIB 1-2(+) 3(+) 2(+) 

245 Invasive lobular carcinoma, multifocal III IIIC (-) (-) 3(+) 

246 Invasive ductal carcinoma w/ DCIS  I IIA 2(+) 

2-

3(+) 2(+) 

249 

Invasive ductal carcinoma and DCIS 

w/ comedo necrosis III IIA (-) (-) (-) 

250 

Invasive carcinoma of the breast, 

ductal type III 

    252 Infiltrating duct cell carcinoma 

 

IIA 

   

253 

Phyllodes tumor w/ ductal 

hyperplasia, focal  DCIS II 

    

254 

Invasive ductal carcinoma w/ mixed 

lobular feature III I 

   

255 

ILC arising in association w/ fibro 

adenoma II IIA 3(+) (-) (-) 

256 Invasive ductal carcinoma III IIA 3(+) 3(+)  2(+) 

258 Infiltrating ductal carcinoma II I 3(+) 3(+) 2(+) 

259 

Chest wall, Extensive involvement by 

metastatic carcinoma.    IV 1-3(+) 

1-

3(+) 1(+)  

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

260 

breast, Invaedullarsive ductal 

carcinoma w/ my feature  III 

 

(-) (-) 1(+) 

261 

Invasive carcinoma of the breast 

ductal type  III 

 

3(+) (-) 1(+)  

262 Infiltrating duct carcinoma  III 

 

1-3(+) 1-3 2-3(+) 

263 

Invasive ductal carcinoma w/ 

medullary feature  III 

 

(-) (-) 0-1(+)  

264 breast, invasive ductal and lobular  III I   

  

265 

breast  carcinoma w/ features of 

metaplastic carcinoma  

 

IIA (-) (-) 0(-) 

267 

breast, Invasive ductal carcinoma, 

DCIS w/ come do necrosis  III I 

   

268 

breast, Invasive carcinoma of the 

breast, lobular type  II IIIA 2-3(+) 1(+) (-) 

269 

 Multifocal invasive carcinoma, w/ 

ductal and lobular feature  II IIA 3(+) 

2-

3(+) 1(+) 

270 

invasive sarcomatoid metaplastic , 

focal chondroid matrix,  III IIB (-) (-) (-) 

271 

Invasive ca. w/ mixed lobular and 

ductal predominantly lobular  

 

IIA 2(+) 

2-

3(+) (-) 

272 IDC III I (-) (-) 0 

273 ILC II IIB 2-3(+) 

1-

3(+) (-) 

274 IDC III I (-) (-) 3(+) 

275 Invasive lobular carcinoma  II IIB 3(+) (-) 1(+) 

276 

 Invasive carcinoma ductal type, w/ 

DCIS component  III I 3(+) 

2-

3(+) 

 

277 

Invasive carcinoma of the breast, 

ductal type  III IIB 3(+) (-) 

 

278 

Invasive carcinoma of the breast 

ductal type w/ some lobular feature  II IIA 

   

279 

Invasive predominantly ductal type w/ 

some lobular feature II IIB 

   280 Invasive lobular carcinoma  

 

IIB 2-3(+) 2(+) 2(+) 

281 

Invasive carcinoma of the breast, 

ductal type  III IIB 3(+) 

2-

3(+) 1(+) 

282 Multifocal invasive carcinoma  

 

IIIA 

   
283 Invasive ductal carcinoma III IIA 3(+) 2(+) (-) 

284 

Invasive carcinoma of the breast, 

ductal  III 

    

285 Invasive carcinoma of the breast III 

 

(-) (-) 3(+) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

286 In situ and invasive lobular  III I Strong (-) (-) 

287 

Multifocal IDC, arising in ductal 

carcinoma in situ w/ comedonecrosis III IIA 

   

288 

Invasive carcinoma of the breast, 

ductal  III IIA (-) (-) 

 

289 

Invasive carcinoma of the breast, 

ductal  III IIIB 

   

290 

Predominantly intra-ductal IDC 

multifocal invasive carcinoma II I 3(+) 2(+) 1(+) 

291 

Invasive carcinoma of the breast, 

ductal  II IIA (-) (-) (-) 

292 

Invasive carcinoma of the breast, 

ductal  III I (-) (-) (-) 

293 

Residual multifocal invasive 

carcinoma, lobular type II IIIA 3(+) (-) (-) 

294 Invasive ductal carcinoma III IIA 3(+) 3(+) 3(+) 

295 Invasive ductal carcinoma, status  

 

IIIB 3(+) (+) (-) 

296 Invasive ductal carcinoma III IIA 3(+) (-) (-) 

297 

Invasive carcinoma of the breast, 

ductal  III I 

   

298 

Invasive carcinoma of the breast, 

ductal  III IIA 3(+) 

2-

3(+) (-) 

299 

Invasive carcinoma of the breast, 

ductal  III IIA 2-3(+) 3(+) (-) 

300 

Invasive carcinoma of the breast, 

ductal  III IIB 3(+) 

2-

3(+) 1(+) 

301 Ductal carcinoma in situ-high grade III 0 (-) (-) (-) 

302 

Invasive carcinoma of the breast, 

ductal  II IIA 

   

303 

Invasive carcinoma of the breast, 

ductal  

III IIIC 

1-3(+) (-) 1(+) 

304 Multifocal invasive ductal  III IIA 3(+) 3(+) (-) 

305 Invasive ductal carcinoma III I (-) 3(+) (-) 

306 Invasive ductal carcinoma 

III IIA 

2-3(+) 

2-

3(+) 2(+) 

307 Invasive ductal carcinoma III IIA 3(+) 2-3 (-) 

308 Invasive ductal carcinoma (NOS) 

III I 

(-) (-) 

2(+)3(

+) 

309 Invasive ductal carcinoma (NOS) 
III IIA 

(+) (+) 1(+) 

310 Invasive ductal carcinoma III IIA 3(+) (-) 3(+) 

311 IDC w/ a component of mucinous  
III IIA 

2-3(+) (-) 3(+) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

312 

Invasive carcinoma of the breast, with 

ductal and lobular features 

II IIB 

2-3(+) 

1-

3(+) (+) 

313 Invasive ductal carcinoma II IIA 3(+) 2(+) (-) 

314 Invasive ductal carcinoma  IIB 3(+) 2(+) 1(+) 

315 Invasive ductal carcinoma 

III IIIC 

3(+) 

2-

3(+) 1(+) 

316 Invasive ductal carcinoma I IIA 3(+) 3(+) 2(+) 

317 Infiltrating ductal carcinoma II IIA 3(+) 1(+) (-) 

318 Invasive ductal carcinoma III IIA 3-2(+) 2(+) (-) 

319 Invasive ductal carcinoma III I 3(+) 2(+) (-) 

320 Infiltrating ductal carcinoma III IIA (-) (-) 3(+) 

321 

Insitu and invasive ductal carcinoma III I 

3(+) 

2-

3(+) 2(+) 

322 multifocal invasive ductal  III IIIA (-) (-) 3(+) 

323 Invasive ductal carcinoma III IIB 

   

324 

Invasive ductal carcinoma with some 

lobular feature 

III IIIC 

   

325 

Invasive ductal carcinoma III I 

2(+) 

2-

3(+) 3(+) 

326 Invasive ductal carcinoma III IIA (-) (-) (-) 

327 

Invasive ductal carcinoma II IIB 

2-3(+) 

2-

3(+) 2(+) 

328 

Invasive ductal carcinoma with areas 

of necrosis 

III IIA 

(-) (-) 3(+) 

329 Multifocal invasive ductal  III I (-) (-) 3(+) 

330 IDC III IIIA 3(+) 

2-

3(+) (-) 

331 IDC involving multiple cores  III IIIB (-) (-) (-) 

332 IDC   III IIA 

 

(-) 3(+) 

333 w/ some lobular features II I 3(+) 3(+) (-) 

334 IDC  III IIA 2-3(+) 

2-

3(+) 3(+) 

335 

Invasive lobular carcinoma w/ focal 

ductal feature  II IIIA 2-3(+) 3(+) 1(+) 

336 Invasive ductal carcinoma  III I 

   337 Invasive ductal carcinoma  III IIA (+) (-)  (-) 

338 IDC  III I (-) (-) 3(+) 

339 

Infiltrating carcinoma   w/ mixed 

lobular and ductal feature III IIB 2-3(+) 

2-

3(+) (-) 

341 

Invasive mammary carcinoma, with 

pleomorphic feature  III IIB 

2(+)3(

+) 

1-

2(+) 1(+) 

Table continues 
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P# Diagnosis G S IHC 

    

ER PR HER2 

342 

Invasive mammary carcinoma, with 

ductal and lobular features I IIIC 2(+) (-) 

1(+)2(

+) 

343 invasive ductal adenocarcinoma III IIB (-) (-) 2(+) 

344 Invasive ductal carcinoma III IIIA 2-3(+) 2(+) 1(+) 

345 Invasive ductal carcinoma II I 

   

346 Invasive ductal carcinoma I IIIA 3(+) 

2-

3(+) 2(+) 

347 

Invasive ductal carcinoma w/ lobular 

features II IIA 2-3(+) 

1-

2(+) 1(+) 

348 Infiltrating duct carcinoma III IIA 

   

349 Invasive ductal carcinoma III I 3(+) 

1-

2(+) 3(+) 

350 

Invasive mammary carcinoma with 

ductal and lobular feature III IIIB (-) (-) 3(+) 

351 Infiltrating duct carcinoma III IIA 1-2(+) (-) 3(+) 

352 Invasive duct adenocarcinoma III IIB 2-3(+) 2(+) (-) 

353 Invasive and in situ ductal and lobular  II IIB (+) (+) 1(+) 

354 In situ and invasive ductal  III IIA (+) (+) (+) 

355 Multifocal invasive ductal  III I (-) (-) 3(+) 

356 Invasive ductal carcinoma III I 3(+) 3(+) 1(+) 

357 Infiltrating ductal carcinoma II IIB 3(+) 

2-

3(+) 1-2(+) 

358 Infiltrating ductal carcinoma III IIIA 3(+) 3(+) 2(+) 

359 IDC poorly differentiated w/ necrosis III IIIB (-) (-) 2(+) 

360 IDC, DCIS component focal present III IIIB (-) (-) 3(+) 

361 IDC w/apocrine feature III I (-) (-) 2(+) 
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APPENDIX B 

Thymic stromal lymphopoietin fosters human breast tumor growth by promoting type 2  

inflammation (J Exp Med, 208(3), 479-490. 2011). 
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