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Abstract  

The tumour microenvironment (TME) is composed of different cell types such as 

fibroblasts, adipocytes, endothelial and infiltrating immune cells, that harbour complex cell 

interactions that are often manipulated and hijacked by tumour cells in every step of 

cancer progression. It is clear now that understanding the interactions between tumour 

cells and the surrounding microenvironment is fundamental to design more effective 

therapeutic strategies to treat cancer. Inflammation in the TME is highly associated with 

tumour initiation, tumour growth, angiogenesis, and metastasis. Cytokines are important 

modulators of inflammatory processes and are often found dysregulated in cancer. 

Oncostatin M (OSM) is a cytokine belonging to the interleukin 6 family (IL-6), and it has 

been shown to play important roles in physiologic and pathological conditions including 

inflammation, angiogenesis, bone remodelling and tumour progression. This work sought 

to determine the role of OSM:Oncostatin M receptor (OSMR) axis in breast cancer 

progression and to investigate its importance in modulating the tumour 

microenvironment. To address this, a wide range of tools including clinical data, in vivo 

models, single cell RNA-sequencing (scRNA-seq), fluorescence activated cell sorting (FACS) 

and cell cultures of breast cancer cell lines, cancer-associated fibroblasts (CAFs) and 

macrophages have been used in this study. 

OSM and OSMR were found to be associated with worse survival in breast cancer clinical 

data. Furthermore, OSM signalling induced tumour onset and progression in mice 

xenografts.  On the contrary, OSMR depletion delayed tumour onset, decreased tumour 

growth and generation of lung metastasis in MMTV-PyMT mice model. OSM and OSMR 

were found to be induced in the tumour microenvironment of human cancer samples. 

Orthotopic injections of murine TS1 cells in OSMR deficient mice resulted in a decrease in 

tumour growth compared to control mice, suggesting that OSMR signalling is important in 

the tumour microenvironment. scRNAseq and FACS sorting analyses of murine tumours 

and bioinformatic analysis of human clinical data revealed that cancer cells and fibroblasts 

express the receptor OSMR while the ligand OSM was found to be mainly secreted by 

myeloid cells suggesting the existence of a paracrine signalling between the tumour 

microenvironment and cancer cells. Co-injections of human immortalised CAFs with breast 

cancer cells demonstrate that activation of OSMR in fibroblasts leads to a more aggressive 
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phenotype which supports that OSMR signalling is important not only for cancer cells but 

also for fibroblasts in tumour progression. Furthermore, OSM:OSMR signalling on cancer 

cells and CAFs creates an important feedback loop stimulating the release of 

chemoattractants responsible for increased infiltration of myeloid cells in the TME. On the 

other hand, OSM-activated cancer cells induce the expression of OSM on myeloid cells 

ensuring a constant production of the cytokine and consequent tumour progression.  

The results of this thesis support that OSM:OSMR pathway acts as a central regulator of 

the communication between the immune compartment, CAFs, and cancer cells. This 

crosstalk has important consequences on tumour initiation, progression, and in modulating 

the tumour microenvironment. OSMR could be blocked by antibody-based inhibition, 

strategy that has had a major impact on breast cancer, which makes it a promising 

candidate for therapeutic targeting.  
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Resumen  

El microambiente tumoral (TME) está compuesto por diferentes tipos celulares, entre los 

que se incluyen los fibroblastos, adipocitos, células endoteliales e inmunes, que 

interaccionan entre ellas de forma compleja y que, a menudo, son manipuladas por las 

células del cáncer en cada paso de la progresión tumoral. Comprender las interacciones 

entre las células cancerígenas y el microambiente circundante es fundamental para diseñar 

nuevas estrategias terapéuticas para tratar el cáncer. La inflamación en el TME está 

altamente asociada con la tumorigénesis, la angiogénesis y la metástasis. Las citoquinas 

son moduladoras importantes de los procesos inflamatorios y a menudo se encuentran 

desreguladas en enfermedades como el cáncer. La citoquina oncostatina M (OSM) 

pertenece a la familia de la interleuquina 6 (IL-6) y se ha demostrado que desempeña un 

papel relevante en procesos fisiológicos y patológicos como la inflamación, angiogénesis, 

remodelación ósea y en la progresión tumoral. Este proyecto de Tesis tiene como objetivo 

determinar el papel del eje de señalización del OSM y su receptor (OSMR) en la progresión 

del cáncer de mama e investigar su importancia en la modulación del microambiente 

tumoral. 

Para abordar este objetivo se ha utilizado una amplia gama de herramientas que incluyen 

datos clínicos, modelos animales, secuenciación de ARN de célula única (scRNA-seq), 

citometría de flujo (FACS) y cultivos celulares de líneas de cáncer de mama, fibroblastos 

asociados al cáncer (CAF) y macrófagos. 

Nuestros resultados han demostrado que OSM y OSMR se asocian con una peor 

supervivencia en pacientes de cáncer de mama. Además, la señalización de OSM induce la 

aparición y progresión del tumor en experimentos de xenoinjertos en ratones. Por el 

contrario, el silenciamiento de OSMR retrasa la aparición del tumor, disminuye el 

crecimiento tumoral y la generación de metástasis pulmonares en el modelo genético 

murino de cáncer de mama MMTV-PyMT. Análisis de muestras de tumores humanos 

demostraron que OSM y OSMR se encuentran sobre-expresados en el microambiente 

tumoral. Inyecciones ortotópicas de células murinas (TS1) en ratones deficientes en el gen 

OSMR revelaron una disminución en el crecimiento tumoral en comparación con los 

animales control, lo que sugiere que la señalización de OSMR es importante en el estroma 

tumoral. Los análisis de scRNAseq y FACS de tumores murinos y el análisis bioinformático 
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de muestras clínicas humanas revelaron que las células tumorales y los fibroblastos 

expresan el receptor OSMR mientras que el ligando OSM se expresa principalmente en el 

sistema inmune, principalmente en el linaje mieloide presente en el microambiente 

tumoral, lo que sugiere la existencia de una señalización paracrina entre el microambiente 

tumoral y las células cancerígenas. Las co-inyecciones de CAFs con líneas celulares de 

cáncer de mama en ratones inmunodeficientes demostraron que la activación de OSMR en 

los fibroblastos conduce a un fenotipo más agresivo. Esto respalda la idea de que la 

señalización por OSMR en el contexto de la progresión tumoral no solo es importante en 

las células cancerígenas, sino también en los fibroblastos. Además, la señalización por 

OSM:OSMR en células tumorales y en los CAFs crea un circuito importante de 

retroalimentación positiva que estimula la liberación de quimioatrayentes responsables de 

una mayor infiltración de células mieloides en el TME. Por otro lado, las células tumorales 

activadas por OSM inducen la expresión de OSM en las células mieloides asegurando una 

producción constante de la citoquina y favoreciendo la progresión tumoral.  

Los resultados de esta Tesis Doctoral apoyan que la vía de OSM:OSMR actúa como un 

regulador central de la comunicación entre el compartimento inmunológico, los CAFs y las 

células tumorales. Esta interacción tiene consecuencias importantes en la iniciación y 

progresión del tumor y en la modulación del microambiente tumoral. OSMR podría 

bloquearse mediante la inhibición basada en anticuerpos, estrategia que ha tenido un gran 

impacto en el cáncer de mama, convirtiéndolo en una diana prometedora para el 

desarrollo de nuevas estrategias terapéuticas. 
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1.1 Breast cancer 

1.1.1 Breast cancer statistics  

Breast cancer (BC) is the most common cancer found in women worldwide with 2,088,849 

diagnoses in 2018 alone1. In Spain, there were 32,825 new cases recorded in the same year, 

accounting for 28.7% of all cancers diagnosed in women1. Although BC can also be 

diagnosed in men, the incidence in this group is comparatively low representing only 1% of 

all BC cases2. Despite a significant decline in breast cancer mortality rates in recent years 

(16.4% in the EU, in women aged 50-69 years), largely due to the implementation of 

screening programs3, the total number of deaths worldwide has remained more or less 

unchanged4. This apparent contradiction can be explained by an increasing incidence in 

breast cancer due to implementations of screening programs along with aging populations 

in developed countries, and a worldwide population increase4. Survival rates for breast 

cancer vary greatly worldwide, ranging from 80% in North America down to 40% in low-

income countries5. This variation is a consequence of the less developed early detection 

programs and lack of access to healthcare assistance in poorer countries. It is estimated 

that around 30% of patients present local advanced disease and 5-8% with incurable 

metastatic disease at the moment of diagnosis6. BC incidence also varies significantly 

amongst age groups. According to Cancer Research UK (CRUK) statistics7, the rate of 

diagnosis increases with age, with the 85 to 89 age group representing the highest rate of 

incidence. Nevertheless, women aged 65-70 constitute the highest number of new 

diagnoses every year7 (Fig. 1.1). 
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Fig. 1.1: Breast cancer average number of new cases per year, age-specific incidence, and rates per 

100,000 females in the UK, 2015-2017. Reproduced from: CRUK7. 

In addition to the clinical symptoms associated with breast cancer, patients frequently 

develop post-traumatic stress symptoms, that often persist at least for a year and can 

result in cognitive dysfunction8. In addition to the social cost, there is a clear economic 

burden associated with this disease. In the Basque Country, for example, the initial costs 

for breast cancer treatment are estimated to range from 9,838 to 28,776 € depending on 

the initial stage of the disease, with an annual follow up cost of 172€ for stage 0 to 17,879€ 

for stage IV disease9.  

Considering all factors mentioned above, it is indisputable that breast cancer remains a 

serious global health problem with an urgent need for novel and more effective 

therapeutic options. 

1.1.2 Breast cancer subtypes 

Breast cancer is a highly heterogeneous disease consisting of distinct phenotypes that vary 

greatly in molecular pathogenesis and prognostic outcome. Consequently, defining a single 

treatment approach to such a complex disease is nearly impossible, and therefore, the 

most useful way is to divide breast cancer into subgroups that share similar characteristics 

with higher probability to respond to specific treatments. Breast cancer can be classified 

by histological analysis as ductal or lobular carcinomas (Fig. 1.2). Ductal carcinomas are the 

most common type comprising around 80% of all diagnoses10. Ductal carcinomas affect the 

line of cells surrounding the milk ducts. In situ ductal carcinoma evolve to invasive 

carcinoma once the tumour cells disrupt the duct anatomy and start to invade surrounding 
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tissues. Lobular carcinomas only account for 10-20 % of breast cancer diagnostics, they 

originate in lobules and are considered invasive when the tumour spreads to neighbouring 

tissues10 (Fig. 1.2).  

All breast cancer tumours can be stratified into three clinical grades associated with distinct 

predictive prognostic values. The grading system in BC considers factors such as 

differentiation state, tubule formation, nuclear grade, and mitotic rate11. Each parameter 

is given a score, and at the end, the sum of all parameters is ranked into Grade I (well 

differentiated), Grade II (moderately differentiated) and Grade III (poorly differentiated), 

where the higher the grade the lesser resemblance to the counterpart normal cells and 

worse prognosis for the patient11.  

 

Fig. 1.2: Breast structures that give rise to different types of breast cancer. Reproduced from: 

Harbeck et al (2019)12. 

 

Apart from the histology and tumour grade, tumours can be further subdivided according 

to their molecular characteristics. The distinct subtypes have substantially different 

prognosis, natural histories, metastatic patterns, gene expression profiles as well as 

sensitivity to therapies13. 

1.1.2.1 Classical immunohistochemical molecular classification 

Historically, tumours have been defined in the clinic according to the expression of three 

molecular markers. Immunohistochemical (IHC) staining of oestrogen receptor (ER), 

progesterone receptor (PR) and induction of human epidermal growth factor receptor 2 

(HER2) is used to classify tumours into hormone-dependent tumours or ER positive (ER+), 

HER2 positive (HER2+) and triple negative (TNBC).  
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ER+ tumours, also sometimes referred to as luminal tumours, account for 70-80% of all 

invasive ductal carcinomas14. These tumours are characterised by positive ER and PR 

hormone receptors expression. Tumours are considered ER and/or PR positive when more 

than 1% of the tumour cells express one or both receptors15. Most PR+ tumours are also 

ER+, as progesterone is mainly induced in response to oestrogen receptor mediated 

transcriptional events15. Ki67, a proliferation marker, can be used to further subclassify ER+ 

tumours into Luminal A-like and Luminal B-like16, in an attempt to derive surrogate intrinsic 

subtypes from the classical IHC classification (Fig. 1.3 and section 1.1.2.2) 

Luminal A-like tumours are typically characterised by low proliferative index and present 

low levels of Ki67 staining and high ER and PR staining. These tumours are usually low grade 

and patients have a good prognostic outcome16. 

Luminal B-like tumours are characterised by high levels of Ki67 staining and worse 

prognosis than luminal A tumours17. These cases can also be further subclassified into 

Luminal B-like HER2+ or Luminal B-like HER2- depending on the HER2 expression status. 

This classification facilitates the prediction of response to targeted therapies (See section 

1.1.3).  

ER- tumours represent approximately 20% of all invasive ductal carcinoma diagnostics14 

and are characterised by the lack of ER and PR markers. ER- tumours with the same stage 

exhibit worse prognosis than ER+ breast cancers in 5-year survival studies18. These types 

of tumours can be further subclassified into two distinct subtypes, HER2+ and triple 

negative breast cancer (TNBC). 

HER2+ tumours are characterised by the expression of HER2 and they are generally high 

grade and highly proliferative. These tumours have an intermediate prognosis, but they 

usually respond to targeted anti-HER2 therapies.  

Triple negative tumours are characterised by the absence of ER, PR and HER2 expression19, 

and  they are three times more common in pre-menopausal women20. They usually present 

high degree of proliferation and possess the worst prognosis of all subtypes21.  

 

1.1.2.2 Gene expression profiling classification (Intrinsic subtypes) 

The traditional immunohistochemical classification of breast cancer has its limitations and 

not all tumours perfectly fit in the established group divisions. Microarray-based gene 
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expression profiling (GEP) allows a more comprehensive analysis of the genes involved in 

distinct breast cancer subtypes and it can help to identify more homogeneous subgroups 

than those defined by IHC. For example, GEP confirmed that, in general, ER negative 

tumours differ from ER positive tumours at the level of gene expression22. GEP allowed the 

further subclassification of tumours into intrinsic subtypes with distinct clinical outcomes 

(Luminal A, Luminal B, HER2 enriched, basal like, normal-like and later, claudin-low)23–25 

(Fig. 1.3). 

Luminal A tumours are characterised by strong expression of oestrogen receptor and ER 

regulated genes such as GATA binding protein 3, X-box binding protein 1, trefoil factor 3, 

hepatocyte nuclear factor 3α, and oestrogen-regulated LIV-1, and are associated with good 

prognosis23,26. 

Luminal B subgroup generally has a higher expression of genes involved in mitosis and cell 

proliferation. This subgroup presents higher proliferation and poorer prognosis than 

luminal A tumours27,28. 

HER2 enriched tumours are characterised by high expression of several genes in the 

amplicon 17q22.24 including ERBB2 and GRB genes and they tend to respond to targeted 

therapies focused on inhibiting HER2 signalling23.  

Basal like tumours are defined by a robust cluster of genes expressed by epithelial cells in 

the basal layer of the mammary gland.  This subtype is particularly aggressive and a major 

clinical challenge as they often present insensitivity to hormone therapy and they are more 

prevalent in younger women, often relapsing rapidly29. There have been attempts to 

identify these tumours by immunohistochemistry using cytokeratin 5/6 and/or EGFR 

markers30. Nowadays there is still no consensus on the criteria used to define cancers as 

basal like in formalin-fixed paraffin-embedded tissues (FFPE). Tumours that lack ER, PR and 

HER2 expression are usually classified as triple negative in the clinic31.  

Normal-like tumours exhibit a gene expression profile that most closely resembles normal 

breast tissue23,24. In contrast, Claudin-low tumours are characterised by having low/absent 

expression of luminal differentiation markers, high enrichment of epithelial to 

mesenchymal transition (EMT) markers and cancer stem cell-like features32. Claudin-low is 

not simply a subtype analogous to any intrinsic subtype, but rather a complex additional 

phenotype which may contain tumours of various intrinsic subtypes33. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation
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The continuous attempts to subdivide groups of tumours with more homogeneous 

characteristics and relevant biomarkers are a fundamental step in the development of 

personalised medicine. Despite all the advantages of gene expression analysis and even 

added prognostic value compared to IHC classification33, the majority of breast cancer 

classification in the clinic is still carried out by immunohistochemistry analysis, largely due 

to cost reasons and/or the need for specialised instrumentation to perform gene 

expression analysis, all of which is beyond the reach of the majority of healthcare 

institutions. 

 

 

Fig. 1.3: Subtypes of breast cancer defined by gene expression profiling (intrinsic subtypes) and 

classical IHC molecular classification (surrogate intrinsic subtypes). Reproduced from: Harbeck et al 

(2019)12. 

 

1.1.3 Breast cancer therapies 

The therapeutic decision process in breast cancer is driven by multiple clinical factors such 

as tumour stage, tumour subtype, patient’s age, and general patient’s health. The main 

therapies applied to breast cancer are surgery, radiotherapy, and systemic therapy, being 

the last one further subdivided in chemotherapy, or targeted therapy.  
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In early-stage breast cancer, defined as cancers localised within the breast, or those that 

have only spread to the axillary lymph nodes, treatment is applied with a curative intention. 

Advanced breast cancer (metastatic) is not considered curable and the main therapeutic 

goal is to prolong survival, to control symptoms and to maintain or improve quality of 

life12,34. 

1.1.3.1 Early-stage breast cancer  

For early-stage breast cancer, tumour size and subtype are the main factors considered 

when deciding the therapeutic course for a patient34. Surgery is still the most common 

treatment choice to achieve a cure for BC patients. Most patients undergo surgery to 

remove local tumour, and post-surgery radiotherapy and/or systemic therapy (adjuvant 

therapy) is given depending on the tumour burden and molecular characteristics12. For 

patients with large tumour burden pre-surgery systemic therapy (neoadjuvant therapy) 

can also be given to decrease tumour size12. Radiation therapy is usually applied after 

surgery and independently of tumour subtype. It helps increase disease-free survival (DFS) 

and overall survival (OS) by elimination of residual tumour cells35. 

Depending on the tumour subtype, different treatment strategies are adopted in 

neoadjuvant and adjuvant settings (Fig. 1.4). All luminal tumours receive endocrine 

therapy, aimed at blocking ER signalling, after surgery, and if the patient is at risk of relapse 

(determined by high-risk gene expression signatures and affected lymph nodes), it can be 

complemented with chemotherapy. In TNBC and HER2+ breast cancer, subtype specific 

systemic neoadjuvant therapy is recommended (chemotherapy and/or anti-HER2 drugs) 

followed by further systemic therapy depending on the tumour response at the moment 

of surgery12.  
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Fig. 1.4: Early-stage breast cancer treatment scheme based on molecular subtypes. Reproduced 

from: Harbeck et al (2019)12. 

 

Luminal tumours are usually treated with hormonal or endocrine therapy to disrupt the 

ER pathway36. Standard hormonal therapies include tamoxifen or fulvestrant, that target 

the oestrogen receptor, or aromatase inhibitors (anastrozole, exemestane and letrozole) 

that interfere with the conversion of androgens to oestrogen in post-menopausal women, 

reducing the amount of oestrogen available capable of binding to the ER receptor37.  

HER2+ tumours were historically treated with surgery and chemotherapy but have 

drastically improved their clinical prognosis with the introduction of anti-HER2 antibodies 

such as trastuzumab and pertuzumab38–40. 

Triple negative tumours lack the expression of ER and HER2 markers, making them 

unresponsive to hormonal therapy and trastuzumab. The standard treatment for TNBC, in 

general, remains systemic chemotherapy, mainly anthracyclines and taxanes12. 

Tumour relapse and consequent acquired resistance to conventional therapies is one of 

the most important challenges in breast cancer management. An estimated 10-20% of 

patients relapse within 10 years41 of conventional treatment in early stages of BC with ER- 

tumours relapsing approximately three times more often and earlier than ER+ tumours17. 

Understanding the mechanisms of relapse in early breast cancer could allow the design of 
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more effective therapies and prevent or delay disease progression to more advanced 

stages.  

1.1.3.2 Advanced breast cancer  

Advanced breast cancer is characterised by inoperable local breast tumour or metastatic 

disease when the tumour has spread to distant organs. The most common metastatic sites 

for breast tumours are bone, lungs and liver36. The bone is the most common metastatic 

site for all subtypes of BC except for basal or TNBC which present the highest incidence of 

brain and lung metastasis. In comparison with luminal tumours, HER2 tumours also present 

a higher rate of brain, liver and lung metastasis42.  

Surgery, radiotherapy and systemic therapy are still applied on an individual basis as 

palliative treatment that aims to alleviate symptoms, pain and to extend survival and 

quality of life. Systemic therapy is also applied based on the molecular characteristics of 

the lesions. For all luminal and HER2+ cancer, all possible lines of endocrine therapy and 

HER2 targeted therapy are recommended until no further response is obtained12.  

In luminal tumours the PI3K/Akt/mTOR pathway has been linked with resistance to 

hormonal therapy43. A phase III trial (BOLERO-2) has demonstrated that the addition of 

mTOR inhibitors to hormonal therapy improved disease free survival which result in the 

approval of Everolimus (mTOR inhibitor) for the treatment of advanced BC with ER+ and 

HER2- tumours44. Cyclin dependent kinase 4/6 (CDK4/6) has also been implicated in the 

development of breast cancer. Palbociclib and ribociclib (CDK4/6 inhibitors) in combination 

with hormonal therapy have been recently FDA approved for the treatment of hormone 

receptor-positive, HER2-negative advanced-stage or metastatic breast cancer, although 

intrinsically endocrine resistant patients are less likely to benefit from this treatment45.   

In HER2+ tumours, resistance to targeted therapies can arise from multiple factors, such 

as obstacles preventing trastuzumab binding to HER2, upregulation of HER2 downstream 

signalling pathways, signalling through alternate pathways and/or failure to trigger an 

immune-mediated mechanism to destroy tumour cells45. In an attempt to overpower some 

mechanisms of resistance, trastuzumab emtansine (T-DM1) (antibody–cytotoxic drug 

conjugate) was developed for HER2+ tumours and it significantly improved both DFS and 

OS when compared to patients treated with conventional HER2 therapies46. 



 

32 
 

A significant percentage of TNBC bears BRCA mutations (10 to 40%). BRCA1/2 genes are 

involved in DNA repair and it was hypothesised that the inhibition of further DNA repair 

enzymes, like Poly ADP-ribose polymerases (PARP), would lead to cell death47. The use of 

PARP inhibitors in patients bearing BRCA mutations has shown clinical benefit48, being very 

recently approved for germline BRCA mutated metastatic breast cancer49. A summary of 

breast cancer targeted therapies for early and advanced BC can be found in Fig. 1.5. 

 

 

 

Fig. 1.5: Targeted therapies currently approved for early and advanced breast cancer. Image 

provided by Andrea Abaurrea. 

 

Despite improvements to overcome drug resistance, in the advanced setting it is estimated 

that that 50% of patients with metastatic disease will not respond to endocrine therapy50 

and that around 50% of the patients treated with anti-HER2 therapies will progress within 

one year51. TNBC are the group with worse prognosis when it comes to metastatic disease 

with a mean overall survival of only 18.5 months52. 

The high incidence of tumour relapse and consequent progression to advanced stages 

underlines the need to better understand the mechanisms of resistance and to identify 

alternative therapies less prone to generate resistance.  

A growing amount of evidence links the tumour microenvironment with response or 

resistance to treatments53,54. In fact, the interplay between cancer cells with the 
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surrounding tumour microenvironment has been linked with all stages of cancer 

progression, including primary and acquired resistance55. Targeting tumour 

microenvironment interactions has been on the spotlight to discover new therapeutic 

targets in cancer. In the following sections, a few concepts pertinent to the tumour 

microenvironment and inflammation will be introduced to contextualise the work 

presented in this thesis.  

 

1.2 Tumour microenvironment and inflammation in 

cancer 

1.2.1 The tumour microenvironment  

Tumours are defined as a mass of heterogeneous cancer cells co-existing with a variety of 

non-malignant host cells, secreted factors and an extracellular matrix that together 

constitute the tumour microenvironment (TME)56,57. The seed and soil metaphor has been 

used many times to describe tumour and its microenvironment. It resembles the extreme 

importance of the soil (microenvironment) in providing hosting, nutrients, and support for 

the seed (tumour) to grow. The TME profoundly influences tumour cells and ultimately 

determines the fate of the tumour by actively influencing all stages of tumour progression 

from intravasation into the blood circulation to metastasis formation (Fig. 1.6). 

Consequently, the TME represents an appealing target for cancer therapy54,58,59. 

Constituents of the TME include cells of the immune system, blood cells, endothelial cells, 

fat cells (particularly important in the breast microenvironment), and the stroma, that is, 

in turn, classified as cellular and non-cellular connective tissue that supports functional 

tissue. The stroma is composed of specialized connective-tissue cells, including fibroblasts, 

mesenchymal stromal cells, osteoblasts, and chondrocytes, and the extracellular matrix 

(ECM)56. There is still some controversy in defining tumour stroma as some researchers in 

the TME field occasionally include other specialized cell types, such as endothelial cells, 

pericytes, adipocytes, and immune cells, as members of the stromal compartment57,59,60. 

In the next sections, a small introduction to fibroblasts and myeloid cells will be presented 

as they are the most relevant TME populations for this work.  
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Fig. 1.6: Tumour microenvironment components and different stages of cancer progression 

(invasion, intravasation, extravasation and metastasis). Reproduced from: Poltavets et al (2018)61.  

1.2.1.1 Cancer associated fibroblasts 

Under physiological conditions, fibroblasts play an important role in maintaining the 

architecture and structural framework of tissues and in wound healing62. Upon tissue 

injury, they have the capacity to differentiate to myofibroblasts, synthesise and remodel 

extracellular matrix, and communicate with the innate immune system63. In the TME, these 

physiological functions are many times hijacked by tumour cells and used to their 

advantage.   

Cancer associated fibroblasts (CAFs) are highly heterogeneous and they are defined as cells 

with no expression of epithelial, endothelial and leukocyte markers, with an elongated 

morphology and lacking the mutations found within cancer cells64. Some studies have 

attempted to identify the origin of CAFs, associating it with reprogrammed resident tissue 

fibroblasts65, bone marrow-derived mesenchymal cells (MSCs)66, adipocytes67, and 
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endothelial cells68. Due to the lack of specific markers, there is still some uncertainty 

regarding the origin of CAFs64. 

In most solid tumours, such as breast and pancreatic carcinomas, CAFs are the most 

prominent cell type within the TME69. They become activated by several mechanisms such 

as changes in mechanical cues, metabolic stress, DNA damage and inflammatory signals64 

(Fig. 1.7). The presence of activated CAFs in the TME is associated with worse prognosis in 

several types of cancer70. They have been shown to enhance tumour progression by 

remodelling the ECM, inducing angiogenesis and secreting growth factors that stimulate 

tumour proliferation71–73. They have also been implicated in mediating the recruitment and 

activation of immune cells74, and recent studies suggest that these tumour promoting 

activities are mediated by distinct subpopulations of CAFs64,66,74,75. 

 

 

Fig. 1.7: Mechanisms of activation of cancer associated fibroblasts. Reproduced from: Sahai et al 

(2020)64. 

1.2.1.2 Myeloid cells 

Myeloid cells belong to the innate immune system and they form a diverse group of cells 

with highly adaptive phenotypes depending on their tissue of residence76. 

They all arise from a common myeloid progenitor (CMP), found in the bone marrow, that 

can further differentiate into subtypes including neutrophils, monocytes, dendritic cells 

and macrophages77 (Fig. 1.8). Although it is believed that most cells enter blood circulation 
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and infiltrate distant tissues, some of them, such as macrophages, can also arise from 

embryonic precursors and develop into tissue-resident macrophages78.  

Myeloid cells exist in different states and possess very distinct functions being the 

predominant leukocyte population within the TME79. Their number and function can be 

shaped by tumour cells and the natural evolution of the tumour microenvironment79. 

Macrophages and myeloid derived suppressor cells (MDSCs) have received a lot of interest 

in the last decades as they have been associated with a strong immune suppressive 

capacity that facilitates tumour progression80. Their pro-tumoral functions will be 

discussed further in the following sections. 

 

Fig. 1.8: Myeloid and lymphoid blood cell lineage. Reproduced and adapted from: Axelrod et al 

(2014)77. 

1.2.2 Inflammation in cancer 

Inflammation is defined as a biological response triggered by the body’s immune system 

to fight harmful insults to tissues. Inflammatory responses in the tumour 

microenvironment have been long described to contribute to cancer progression81. The 

role of inflammation in cancer progression was first postulated by Rudolph Virchow in 

185882. A century later, Dvorak described cancer as “a wound that does not heal”83  and in 
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2011, Hanahan and Weinberg stated in their renowned review that inflammation was an 

underlying event essential to foster many hallmarks of cancer84. It is now well known that 

inflammation plays a key role in all stages of cancer progression, and during the last couple 

of decades, inflammation has generated a great deal of interest in cancer research81,85,86.  

Taking the seed and soil metaphor to represent the complex interactions between tumour 

cells and their microenvironment, inflammation is seen as the rain in this metaphor. Rain 

(inflammation) is the fuel that allows the seed to grow in the soil. To comprehend the 

importance of inflammation in cancer, first, it is important to understand its physiological 

role, described in section 1.2.2.1. 

1.2.2.1 Inflammation  

The major regulators of inflammation are cytokines, which are small-secreted molecules 

that function in cell-to-cell communication. Chemokines are a subfamily of cytokines 

involved in chemotactic activation of leukocytes. When tissue injury happens, a complex 

network of events is triggered to ensure wound healing and host defence against possible 

pathogens. In initial stages, leukocytes such as neutrophils, monocytes and eosinophils are 

recruited to the injury site. This migration of cells is mainly led by chemotactic factors such 

as TGF-β, PF-4, PDGF, chemokines (CCL2,3,4, 7 & 8) and cytokines IL-1β and TNF-α81. Once 

at the tissue site, monocytes get activated and convert to mature macrophages or 

immature dendritic cells87, the main source of growth factors and cytokines that modulate 

tissue repair. This activity has a profound impact in endothelial, epithelial, mesenchymal 

and neuroendocrine cells. Apart from this, macrophages can also modulate angiogenesis, 

clear apoptotic cells, regulate local tissue remodelling and inducing ECM deposition81,88. 

TGF-β1, -β2 and -β3, PDGF, IL-1α, -1β and -4, and mast cell tryptase induce fibroblasts to 

deposit collagen, a substance necessary for consequent re-epithelialization of the injury 

site, the last step of wound healing81. 

All these processes are tightly regulated by extensive negative feedback mechanisms 

designed to stop inflammation once injury is resolved. A clear example of this mechanism 

is the action of TGF- β, a pro-inflammatory cytokine that regulates leukocyte recruitment, 

adhesion and regulation of secretion and activation of metalloproteinases (MMPs). As 

inflammatory cells get activated, their TGF-β receptors change resulting in sensitivity to 

TGF-β mediated suppression, a critical event to resolve inflammation89. 
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Acute inflammation is, therefore, regulated by pro- and anti-inflammatory components 

that ensure injury repair and end of inflammatory responses upon restoration of normal 

tissue function. 

1.2.2.2 Pro-tumoral inflammation  

Chronic inflammation has been linked to neoplastic processes in patients with chronic 

inflammatory conditions such as bronchitis, gastritis, inflammatory bowel disease, Crohn’s 

disease, chronic ulcerative colitis, skin inflammation, hepatitis, AIDS, amongst others81,90. 

Sustained chronic inflammation induces DNA damage in proliferating cells as a result of 

reactive oxygen and nitrogen species production by leukocytes, a natural response to fight 

infection91. If the initial tissue disturbance is accompanied by an oncogenic event, 

inflammation may not remove the cause of the perturbance but rather, sometimes, 

provide a nourishing microenvironment that feeds the tumour with enhanced 

inflammatory responses and cytokines that favour tumour growth and progression92, as 

illustrated in Fig. 1.9. Nevertheless, a vast number of tumours do not arise from pre-

established long-term chronic inflammation85, but they have the capacity to activate the 

expression of different chemokines and cytokines capable of inflammatory cells 

recruitment and establishment of long-term inflammation93. According to Mantovani et al 

(2008), most solid tumours, including breast cancer, trigger an inflammatory response that 

builds up a pro-tumorigenic microenvironment92.   
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Fig. 1.9: Functional differences and similarities between inflammation in cancer and inflammation 

during infection and tissue regeneration. Reproduced from: Greten et al (2019)85.  

Activation of oncogenes is often mechanistically associated with the production of 

cytokines and chemokines and consequent recruitment of myeloid cells that generate a 

supportive TME. For example, K-RAS activation is associated with induction of CXCL3 

cytokine, a potent myeloid modulator in colorectal cancer94. In mutated cells, cytokine 

receptor signalling might promote the induction of pro-survival signals particularly 

mediated by NF-kB, STAT3, and other types of signalling, increasing the survival probability 

of mutated clones95–97. Solid tumours at some point develop a hypoxic core due to the lack 

of sufficient blood supply. This consequently results in cell death and release of pro-

inflammatory cytokines such as IL-1 and HMGB1 that triggers an inflammatory response 

that promotes neo-angiogenesis and provides additional growth factors98. 

1.2.2.3 Anti-tumour immunity and tumour-induced immunosuppression 

Almost paradoxically, despite benefiting from some degree of inflammation within the 

TME that feeds the tumour with growth factors and survival signals, tumours also face 

constant immune system surveillance99. Altered cancer cells often produce neoantigens 

and generate an immunogenic context that is susceptible to T cells targeted elimination. 

The ratio of T cells is crucial to determine the successful elimination of tumour cells100. As 

a response, the tumour develops mechanisms to suppress the immune response to be able 

to survive101. CD8+ and CD4+ T cells recognise antigens presented by the MHC class I and 
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II complex, respectively. Some of the most well described mechanisms by which tumours 

cells manage to escape T cells surveillance is by downregulating the expression of MHC 

molecules on the cell surface102, by expressing high levels of the immune checkpoint 

inhibitors (CTLA-4 and PDL-1), by modulating regulatory T cells (Treg) function, and by 

recruiting and shaping immune myeloid suppressive cells such as tumour associated 

macrophages (TAMs), MDSCs, and tumour associated neutrophils (TANs)101. TAMs, TANs 

and MDSCs are considered the most relevant immune cell types for cancer progression as 

they are the main tumour infiltrating myeloid (TIMs) subsets found within most established 

cancers103. The tumour promoting functions of TIMs are typically activated by cytokines 

and growth factors such as IFN-γ, IL-4, IL-6, IL-10, IL-13, and TGF-β that upregulate various 

transcription factors including the master regulator STAT3 in most myeloid cell 

subsets104,105. 

In summary, the tumour microenvironment contains anti- and pro-inflammatory 

components with high degree of plasticity, and sometimes even ambiguous roles, which 

evolve with tumour progression. When cancer succeeds in tipping the balance to a more 

pro-tumoral microenvironment is when the tumour is able to survive and progress, as 

summarised in Fig. 1.10. 

*M macrophage; Th1/2: T helper cells; DC: dendritic cells; PMN: polymorphonuclear leukocyte; NK: Natural Killer; Treg: 

Regulatory T cells; MDSC: Myeloid derived suppressor cells; Breg: regulatory B cells. 

Fig. 1.10: Anti- and pro-tumoral cells in the immune TME component and associated factors.  

Reproduced from: Burkholder et al (2014)106.   
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1.2.3 Inflammation in breast cancer 

Historically, breast tumours have been described to have low mutation burden and to 

present a low degree of immune infiltration, therefore being regarded as “cold 

tumours”107,108. It has been demonstrated that even the cancers not directly associated 

with persistent infections or chronic inflammation, such as breast cancer, can exhibit 

tumour-associated inflammation, which has important consequences in tumour 

promotion, progression and metastasis109,110. 

Despite the lack of extensive infiltration, the composition of the infiltrates themselves can 

give important information regarding the state of the tumour microenvironment and even 

correlate with prognosis in some breast cancer subtypes. For example, TNBC and HER2+ 

breast tumours with higher degree of tumour infiltrating lymphocytes (TILs) tend to 

respond better to therapy than those with lower degree of TILs infiltration and they even 

present a higher likelihood of a complete pathological response after neoadjuvant 

chemotherapy108,111–113. On the contrary, presence of tumour infiltrating myeloid cells, 

especially MDSCs and the non-myeloid Treg cells, have been associated with an immune 

suppressive TME that aids tumour cells to escape immune surveillance by inducing T cell 

suppression103,114,115. 

1.2.4 Targeting cytokines in cancer  

Cytokines have been linked to all stages of breast cancer progression from tumour 

initiation, tumour growth, angiogenesis to metastasis116–119. In a study conducted on 185 

patients with breast cancer and 54 volunteers, Kawaguchi et al (2019)120 found that BC 

patients were distinguishable from healthy volunteers based on the cytokine composition 

present in the blood serum. Furthermore, they identified the cytokines that could form a 

metastasis signature120, suggesting that cytokines could potentially be used as biomarkers 

and therapeutic targets to modulate immune responses within the tumour.  

The idea of targeting and manipulating cytokines in cancer treatment is not new. Preclinical 

experiments with interferon alpha (IFNα), granulocyte-macrophage colony-stimulating 

factor (GM-CSF), interleukin IL-2, IL-12, IL-15, and IL-21 have shown efficacy in multiple 

murine cancer models, but, nevertheless, cytokines have not fulfilled the initial high 

expectations of a possible monotherapy to treat breast cancer120. This might be due to the 
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fact that inflammation is a very tightly regulated process and manipulating a single cytokine 

can trigger feedback loops that neutralise the treatment and even produce associated 

toxicity120. Cytokine targeting has also been exploited for some time as a possible strategy 

to reprogram/reduce TIMs and shape the microenvironment tipping the balance to a more 

anti-tumoral TME. For example, Bin-Zhi Qian et al (2011)121 demonstrated that the 

inhibition of CCL2-CCR2 signalling blocks the recruitment of inflammatory monocytes, 

inhibits metastasis in vivo and prolongs the survival of tumour-bearing mice. Dominguez et 

al (2007) have described that neutralising IL-8 with a monoclonal antibody (HuMax-IL8) in 

TNBC significantly decreases the recruitment of polymorphonuclear myeloid-derived 

suppressor cells (PMN-MDSCs) at the tumour site, an effect substantiated when used in 

combination with docetaxel122. All these studies suggest that targeting cytokines could be 

a good strategy to reshape the influence of TIMs in the tumour microenvironment.  Some 

clinical investigations combine cytokines with anti-cancer vaccines, checkpoint inhibitor 

antibodies (anti-CTLA-4 or anti-PD-1/PD-L1), and the injection of cytokines with cancer-

directed monoclonal antibodies in order to increase the antibody-dependent cellular 

cytotoxicity of these antibodies, thereby augmenting their anti-tumour efficacy123. 

Despite initial great promise as a potential new therapeutic approach for the treatment of 

cancer progression, no therapies targeting cytokines have successfully reached the clinic 

yet. Designing a cytokine-based drug is a big challenge that requires deep knowledge of 

cytokine biology to be able to exploit their anti-tumour activity while keeping toxicity to a 

minimum123. 

1.3 IL-6 family and inflammation in cancer 

1.3.1 IL-6 family 

Interleukin 6 (IL-6) is a multifunctional cytokine with a wide range of biologic activities 

consisting of 184 amino acids and a molecular weight of 26 kilodaltons (kDa)124,125. IL-6 

family plays an important role in inflammation, immune responses, and haematopoiesis126. 

Deregulation of IL-6 signalling has been associated with chronic inflammation, 

autoimmunity, infectious disease and cancer, where it often acts as a diagnostic or 

prognostic indicator of disease and response to therapy85,127,128. More recently, IL-6 has 

https://pubmed.ncbi.nlm.nih.gov/?term=Qian+BZ&cauthor_id=21654748
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also been proposed as a target to treat macrophage activation syndrome-like disease in 

COVID-19, making it an appealing target for clinical intervention in several contexts129.  

The interleukin 6 family is composed of IL-6, IL-11, IL-27,IL-30 (also called IL-27P28), IL-31 

ciliary neurotrophic factor (CNTF), leukaemia inhibitory factor (LIF), cardiotrophin 1 (CT-1), 

cardiotrophin-like cytokine (CLC), and Oncostatin M (OSM), all sharing the common 

receptor signalling subunit gp130 (gp130)127,130 (Fig. 1.11). Cytokine specificity is 

dependent on the unique cell surface receptor which dimerises with gp130, present in all 

body cells, while specific receptors show a more restricted expression pattern depending 

on cell type. This restricted pattern is what makes some cells more responsive to certain 

cytokines than others127. Activation of the dimer (cytokine specific subunit + gp130) 

triggers the activation of the Janus kinase (JAK)-STAT pathway and the mitogen-activated 

protein kinase (MAPK) pathway. Cytokine receptors do not possess intrinsic kinase activity. 

The binding of extracellular ligands induces conformational changes in the receptors that 

facilitate interactions with the intracellular JAKs and consequent mutual phosphorylation. 

Trans-phosphorylated JAKs then phosphorylate downstream substrates such as the signal 

transducers and activators of transcription (STATs) which act as transcription factors. 

Activated STATs enter the nucleus and activate context dependent genes131. 

STATs also induce suppressors of cytokine signalling (SOCS)132,133 which bind to tyrosine-

phosphorylated JAK and gp130134 to stop IL-6 related cytokine signalling by means of a 

negative feedback loop127. 

In breast cancer, IL-6 signalling has been associated with a multitude of cancer hallmarks 

and malignant processes. It has been associated with tumour growth135, invasiveness and 

angiogenesis136, metastasis137, stem cell maintenance138, EMT139, disease stage140, and it 

has also been linked to modulation and immune suppression in the tumour 

microenvironment141. Whether all these roles in cancer are exclusive of IL-6 or 

interchangeable amongst members of the same family is still not entirely clear. The IL-6 

family has been described to have a great deal of promiscuity, with some members binding 

different receptors and inducing different physiological outcome127. Discovering 

exclusive/redundant roles for IL-6 and other members of the family could be an important 

milestone to design effective targeted therapies for breast cancer patients. 
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Fig. 1.11: IL-6 cytokine family. Reproduced from: West et al (2019)130.  

1.3.2 OSM:OSMR 

OSM is a pleiotropic cytokine that is composed of 196 amino acids in its active form142,143. 

It belongs to the IL-6 family and it is probably one of the most controversial cytokines due 

to the reported contradictory functions144. It was first identified in 1986 when it was 

characterised by its antiproliferative effect on A375 melanoma cells, a function that gave 

origin to its name “Onco Statin”145. OSM signals mainly through the cell receptor 

Oncostatin M receptor (OSMR), but also through the leukaemia inhibitory factor receptor 

(LIFR), and both form heterodimers with the subunit gp130143,146 (Fig. 1.11 and Fig. 1.12). 

OSM shares similar structural and functional features with LIF, that can also bind LIFR. 

Nevertheless, OSM distinct functions can be explained by its unique ability to interact with 

OSMR146.  

Most of the cancer associated studies report critical roles for OSM:OSMR axis but very little 

is associated with its activity through LIFR147 mainly due to the fact that LIFR is expressed 

at low levels in epithelial, haematopoietic and mesenchymal cells while OSMR is found 
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highly expressed in epithelial cells and various non haematopoietic mesenchymal cells, 

including fibroblasts, endothelial cells, smooth muscle cells, osteoblasts and adipocytes, as 

well as hepatocytes, mesothelial cells, glial cells and epithelial cells from several 

organs144,147–149.  

Like other members of the IL-6 family, OSM signals through JAK/STAT pathway (Fig. 1.12). 

Unlike IL-6 that relies solely on JAK1 activation, OSM can send downstream signals through 

JAK1 and JAK2, which makes the nature of OSM signalling context dependent and provides 

OSM with unique biological activities143,150. OSMR can bind gp130 to form a high affinity 

receptor for OSM but it can also bind IL31RA to act as a receptor for IL-31 cytokine149,151. 

OSM signalling itself promotes OSMR expression creating a positive feedback loop152. 

 

Fig. 1.12: OSM:OSMR signalling. Reproduced from: West et al (2018)147.  

OSM has been described to play important roles in homeostatic and pathological 

processes. Together with other members of the IL-6 family it has been associated with cell 

proliferation control, apoptosis, differentiation, survival and it has been described as a 

strong contributor of inflammatory, haematopoietic and immune responses144,147,149,153.  

OSM–/– and OSMR–/– mice and rat models are important tools that allowed the dissection 

of relevant physiological functions of OSM:OSMR signalling. In more detail, OSM was 
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described to play a role in liver homeostasis after OSMR–/– mice showed impaired liver 

regeneration after carbon tetrachloride (CCl4) exposure154.  Lower numbers of peripheral 

erythrocytes and platelets were also observed in OSMR–/– compared to wild-type mice, 

being demonstrated that OSM regulates hematopoiesis in vivo through stimulation of 

megakaryocytic and erythrocytic progenitors155. OSM was demonstrated to confer 

neuroprotection after ischemic stroke when OSMR−/− rats exhibited a larger infarct size 

than their OSMR+/+ littermates, after being exposed to the same brain lesion156. Some of 

the most important described functions of OSM signalling are summarised in Fig. 1.13. 

Despite numerous studies that elucidated the role of OSM in specific tissue and organs, its 

function in other contexts remains uncertain and not so well understood as IL-6. 

 

 

Fig. 1.13: Summary of target tissues and activities of OSM in physiological and pathophysiological 

functions. Reproduced from: Hermanns (2015)149. 

1.3.3 OSM:OSMR in cancer  

As a member of the IL-6 family, it is unsurprising that OSM:OSMR axis has been linked with 

cancer. OSM was first described to have anti-proliferative effects in melanoma cells145.  

Later, it was also linked to decreased proliferation in MDA-MB-231 and MCF7 breast cancer 

cells in vitro157, and glioblastoma cells in vivo158. In hepatocellular carcinoma it was shown 
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to induce differentiation and apoptosis and reduced cell viability of SMMC-7721 cells159. 

OSMR methylation was shown to correlate with resistance of colorectal cancer cells to anti-

proliferative features of OSM160. Pan et al (2014), described that OSM repressed metastasis 

of lung adenocarcinoma cells by enhancing the suppressive effect of the STAT1 signalling 

and inhibiting the stimulatory effect of the STAT3 signalling pathway161. OSM was reported 

to reduce tumour proliferation and increased apoptosis in chondrosarcoma through 

JAK3/STAT1 axis162. These studies suggest that the inhibitory effect of OSM could be 

associated with STAT1 activation rather than STAT3, but further studies are needed to 

further understand the mechanisms of anti-tumoral effects of OSM signalling. 

In general OSM is considered to have anti-proliferative functions, with few exceptions such 

as in Kaposi’s sarcoma cells163, ovarian cancer164, Ewing sarcoma165 and prostate cancer cell 

lines166, but one the other hand, OSM:OSMR axis has been linked with several hallmarks of 

cancer described below. 

OSM has been shown to enhance malignant progression of prostatic intraepithelial 

neoplasia in vivo167. Metastatic melanoma cell lines were shown to be insensitive to 

inhibitor effect of OSM and this was correlated to the loss of the specific OSMR chain168. 

Other studies have also linked OSM with an invasive and pro-metastatic capacity. Fossey 

et al (2011) described that OSM induced MMP-2 and VEGF expression in human 

osteosarcoma cells in vitro and an increase in invasiveness through matrigel169. In gastric 

cancer OSMR was shown to promote cancer growth and metastasis upon treatment with 

OSM170. Besides promoting metastasis, OSM:OSMR was also associated with EMT, a 

developmental process strongly associated with invasion, resistance to apoptosis and 

dissemination171. OSM was described to induce EMT in lung and pancreatic cancer cell lines 

in vitro172, and in glioma cells through STAT3 signalling173.  

In glioblastoma it was described to associate with EGFRvIII and act as a co-receptor for EGF 

and OSM capable of inducing STAT3 phosphorylation174. OSMR knockdown strongly 

reduced cell proliferation and tumour growth of mouse glioblastoma cells and human brain 

tumour stem cells xenografts in mice173.  

Mechanisms of OSM signalling regulation have been associated with the ability of cells to 

contour OSM inhibitory effect. Truncated forms of OSMR have been reported such as 

soluble OSMR (sOSMR) or OSMR short-form (OSMRs) in lung adenocarcinomas175, 

glioblastoma and melanoma176, oesophageal squamous cells carcinoma177 and they are 
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believed to act as decoy receptors175. Methylation of OSMR resulting in OSMR 

downregulation has also been associated with decreased sensitivity to OSM and a possible 

mechanism of escaping OSM anti-proliferative effect160,178. The reported mixed 

observations between in vitro and in vivo settings and between different disease models 

suggest that OSM can be extremely context dependent.  

The work performed in Prof. Coleman’s laboratory in Cambridge (UK), has demonstrated 

that, in cervical squamous cell carcinoma, OSMR is copy number gained and overexpressed 

which led to the hypothesis that OSM:OSMR axis promoted a pro-tumoral effect in cervical 

cancer179. Our previous work suggested that OSMR could be a new therapeutic target in 

cervical cancer180 after linking OSMR with a pro‐angiogenic phenotype, increased cell 

motility and invasiveness181 and described that OSMR was exerting its malignant effects 

through OSMR/TGM2/integrin-α5β1/fibronectin pathway182. Later, we also described that 

OSM induces EMT in cervical cancer and it is associated with poor survival183 (Fig. 1.14).  

 

 

Fig. 1.14: Described pro-malignant effects of OSMR in cervical cancer and associated downstream 

signalling pathways. Reproduced from: Caffarel & Coleman (2013)182.  

 

This work suggested that OSMR was contributing to cervical cancer malignancy, that it 

could be a candidate for targeted therapy, and that it could potentially be extrapolated to 

other squamous cell carcinomas (SCCs) of different origin such as head and neck SCCs183,184. 

Malignant effects of OSMR signalling in cervical cancer were reverted using an antibody 
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against OSM in vivo strongly supporting the idea that blocking OSMR signalling is a 

potential targeted therapy to be tested in clinical trials184. 

In summary, OSM:OSMR axis in cancer has been described to play important roles in 

survival, proliferation, angiogenesis, invasiveness, and metastasis. The above described 

pro- and anti-tumoral roles of OSM highlight the need to understand the biology of OSM 

signalling in each specific context to allow the development of more efficient targeted 

therapies. Some of the unpublished data from our work performed on cervical cancer 

suggested that OSM:OSMR signalling could be involved in shaping the tumour 

microenvironment after seeing a lower CD4/CD8, Th17/Treg ratio and neutrophil count in 

orthotopic tumours generated in OSMR KO mice (unpublished data).  

Despite recent improvements in 3D in vitro cultures with increasing complexity and 

resemblance with the in vivo tumour architecture and composition185, in vitro models to 

study tumour microenvironment interactions are still limited as they lack many 

components and mechanical forces present in the in vivo models. As this signalling pathway 

can be extremely context dependent, and most likely dependent on tumour 

microenvironment interactions, it was necessary to study the role of OSM:OSMR in 

relevant animal models with a fully competent TME.  

At the beginning of this project, the group had preliminary data suggesting that OSM:OSMR 

expression could be associated with decreased survival in breast cancer after performing 

survival analysis in the METABRIC dataset. BC is a widely studied disease and a variety of 

physiologically relevant breast cancer genetic and orthotopic models have been 

developed. Moreover, some focus has been put on developing models with engineered 

TME as tumour-microenvironment interactions have been increasingly recognised to 

contribute to breast cancer progression109,186,187. Therefore, breast cancer was found to be 

the perfect setting to study the effect of OSM:OSMR signalling in shaping the tumour 

microenvironment and this project aimed to study the role of OSM:OSMR in breast cancer 

progression, with particular emphasis in the TME, using relevant in vitro and in vivo models, 

and clinical data.  

1.3.4 OSM:OSMR in breast cancer 

Several lines of evidence suggest that OSM is important in breast cancer progression. 

Despite being reported as anti-proliferative and to induce differentiation of breast cancer 
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cells188, OSM has been associated with a migratory and invasive phenotype in breast cancer 

cells189,190. C-myc induction is thought to reduce OSM anti-proliferative effects by 

cooperating with OSM to increase anchorage independent growth, a process associated 

with metastasis191. OSM and OSMR have been reported to be elevated in in situ carcinoma 

compared to benign lesions suggesting an association between OSM:OSMR expression and 

increased malignancy192. High levels of OSMR have been associated with shorter 

recurrence free and overall survival in BC and OSMR has been shown to supress ER receptor 

expression193. West et al (2014), linked OSM signalling with the induction of EMT and stem-

like differentiation in breast cancer through PI3K signalling194. Guo et al (2013), described 

that STAT3 signalling was responsible for initiating and sustaining EMT in breast cancer. 

This process was dependent on Lin-28–let-7–HMGA2 and miR-200–ZEB1 circuits and 

knockdown of HMGA2 significantly impaired OSM driven EMT195. Tawara et al (2018), 

reported that OSM promoted breast cancer metastasis to the lungs by potentiating pre-

intravasation events and increase of circulating tumour cells (CTC) counts196. 

All these studies strongly suggest that OSM:OSMR signalling in breast cancer could be 

contributing to cancer progression and pointed to the need of validating OSM:OSMR as a 

new therapeutic target for breast cancer. As mentioned previously, this work aims to 

understand not only how OSM:OSMR signalling axis influences tumour cells but also how 

it affects and shapes the tumour microenvironment. 

1.3.5 Breast tumour microenvironment and OSM:OSMR signalling 

Growing evidence suggests that the innate immune cells (macrophages, neutrophils, 

dendritic cells, innate lymphoid cells, myeloid-derived suppressor cells, and natural killer 

cells) as well as adaptive immune cells (T cells and B cells) in certain contexts can contribute 

to tumour progression197. In 2005, epigenetic modifications in the non-neoplastic stromal 

cells during breast cancer progression were described for the first time198. Finak et al (2008) 

described that stromal gene expression predicted clinical outcome in breast cancer199. 

Kramer et al (2009) reported that a stroma-related gene signature predicted resistance to 

neoadjuvant chemotherapy in breast cancer200. Low tumour-stroma ratio has also been 

linked with poor prognosis in breast cancer, especially in TNBC201. 

It is clear now that cancer cells take advantage of their surroundings and that they are in 

constant communication with the TME hijacking many physiological mechanisms and 
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converting them into essential factors for cancer progression. Therefore, targeting the 

tumour microenvironment’s pro-tumoral factors and blocking those cancer-stroma 

interactions has been of great interest in recent years not only in cancer but also in breast 

cancer in particular59,202,203. 

OSM:OSMR axis has been mentioned by West et al (2018) to be a promising target 

candidate to target stroma alterations in many disease contexts including inflammatory 

diseases147. The rationale behind it is that OSM plays important physiological roles in 

haematopoiesis, bone turnover, and wound repair and that the molecular mechanisms 

involved in those processes confer the ability to modulate cellular differentiation and 

reparative immune responses, particularly when acting through stromal cells147. Those 

mechanisms are widely known to be used by cancer cells in tumour progression, making 

OSM:OSMR a possible candidate for stromal modulation in cancer. 

Despite being extensively linked to cancer, including breast cancer, and associated with 

stromal alterations in inflammatory diseases through mechanisms that could also be used 

by cancer, very little is known about the OSM:OSMR role in the tumour microenvironment 

and its impact in tumour progression. Tripathi et al (2014) demonstrated that OSM and 

Eotaxin convert recruited macrophages into a pro-angiogenic M2-polarized phenotype 

demonstrating that OSM was possibly contributing to the TME modulation204.  
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Hypothesis and aims of this 

PhD project 

Hypothesis 

OSM:OSMR signalling contributes to breast cancer progression by modulating responses in 

the tumour microenvironment.  

 

Objectives 

The overall aims of this project are to determine the contribution of OSM:OSMR signalling 

to breast cancer progression, to dissect its molecular mechanisms and to study its role in 

the tumour microenvironment. The final purpose of this study is to determine the 

relevance of OSM:OSMR as a new potential therapeutic target for breast cancer treatment. 

 

This investigation was divided into 4 main objectives aimed to: 

 

● Investigate OSM and OSMR expression in human breast cancer samples and 

its association with prognosis and other clinical parameters. 

● Determine the contribution of OSM:OSMR signalling to breast cancer 

development and progression. 

● Investigate the expression and the role of OSM:OSMR signalling axis in the 

tumour microenvironment. 

● Explore the effects of OSM:OSMR signalling in modulating the immune system 

in the tumour microenvironment. 
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Chapter 2: Materials and 

methods   
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2.1 Clinical samples and datasets  

All clinical samples were used with the approval of the corresponding ethical committees. 

BC clinical samples from the University Hospital Basel and publicly available datasets were 

used to study the association of OSM:OSMR pathway with the different clinical features of 

breast cancer patients.  

 

2.1.1 Tissue microarrays   

Formalin-fixed and paraffin-embedded (FFPE) samples of 141 breast cancer tumours 

surgically resected from patients attending the University Hospital Basel between 1991 and 

2013 were included in tissue microarrays (TMA).  Complete histopathological information, 

date, and cause of death, as well as date of local and/or distant relapse were available for 

all the patients. All patients have given informed consent for their archival tissue to be used 

for scientific research, and the TMA construction was authorized by the Hospital Ethic 

Committee. The TMAs were generated by punching 1 mm spot of each sample.            

Tissue sections were subjected to a heat-induced antigen retrieval step prior to exposure 

to primary OSM antibody (1:50, HPA029814, Sigma-Aldrich). Immunodetection was 

performed using the Roche Ventana BenchMark ULTRA IHC/ISH staining system, with DAB 

as the chromogen. Cases were reviewed by two independent pathologists and OSM 

staining was evaluated by the semiquantitative method of H-score (or “histo” score), 

adapted from quantification of ER staining205 and used to assess the extent of 

immunoreactivity in tumour samples. Inflammation was assessed by a pathologist as high 

or low tumour infiltration of immune cells according to their morphology. 

 

2.1.2 Bioinformatic analysis of publicly available datasets 

Publicly available datasets where raw data were extracted and used for bioinformatic 

analysis are described in Table 2.1. 
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Table 2.1: Publicly available datasets used for bioinformatic analysis.  

Dataset  Tissue Reference Analysis 
performed  

Webtool for the 
analysis  

METABRIC Breast cancer Curtis et al 
(2012)206 

Survival Cancertool207 

Wang  Breast cancer Wang et al 
(2005)208 

Survival Cancertool207       

Datasets 
included in the 
KM plotter 

Multiple cancer 
types 

N/A Survival KM plotter209 

Finak 
GSE9014 

Breast cancer 
stroma 

Finak et al 
(2008) 199 

Analysis of gene 
expression  

Custom analysis of 
gene expression  

Casey 
GSE10797 

Breast cancer Casey et al 
(2009)210 

Analysis of gene 
expression 

Custom analysis of 
gene expression 

Yeung 
GSE40595 

Ovarian cancer Yeung et al 
(2013)211 

Analysis of gene 
expression 

Custom analysis of 
gene expression 

Nishida 
GSE35602 

Colon cancer Nishida et al 
(2012)212 

Analysis of gene 
expression 

Custom analysis of 
gene expression 

Human protein 
Atlas 

Human cell 
lines  

Uhlén et al 
(2015)213 

Analysis of gene 
expression 

Custom analysis of 
gene expression 

TCGA Breast cancer Koboldt et al 
(2012)214 

Correlations of 
OSM/OSMR with 
microenvironment 
cell populations 
and purity  

TIMER215 

Datasets 
included in the 
KM plotter 

Breast cancer N/A Correlations of 
OSM/OSMR with 
microenvironment 
cell populations 
and purity 

xCell216 

Datasets 
included in 
cBioPortal  

Breast and 
cervical Cancer  

N/A Mutational 
analysis  

cBioPortal217 

* N/A: Not available. Different datasets combined. See webtool reference.  

For gene expression analysis, mRNA raw data were downloaded and transformed into Z-

score with the formula shown in Fig. 2.1. Z-scores were then used for the statistical analysis 

performed with GraphPad Prism software.  

 

Fig. 2.1: Formula used to calculate Z score, where x corresponds to the raw mRNA value, μ to the 

mean and σ to standard deviation.  
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Survival analysis was performed using the Log-rank (Mantel-Cox) with best threshold cut-

offs selected automatically by the program (KM plotter) or comparing the top Q1 samples 

versus the rest (Cancertool). OSM and OSMR correlations with microenvironment cell 

populations were calculated with the Spearman's rank correlation coefficient. 

2.2 Cell culture  

The cell lines and primary cells used in this study are listed in Table 2.2. The list includes 

breast cancer cell lines, human immortalised fibroblasts, HEK-293 cells used for 

transfection, human promyelocytic leukaemia cells and primary culture of monocytes 

extracted from blood from healthy donors. 

Cells were cultured in their respective culture media (RPMI, DMEM, Ham´s F 12 or IMEM, 

Gibco) as indicated by ATCC, 10% Fetal Bovine Serum (FBS, Gibco), 1% L-glutamine (Thermo 

Fisher Scientific) and 100 U/mL of penicillin and 100 µg/mL of streptomycin (Thermo Fisher 

Scientific). Additional specific reagents for each cell line are indicated in Table 2.2. Breast 

cancer cell lines were authenticated by short tandem repeat profiling (STR profiling) in the 

genomics core facility at “Alberto Sols” biomedical research institute, Madrid, Spain. All cell 

lines were periodically tested for mycoplasma infection (Minerva Biolabs).  

 

Table 2.2: Cell lines and primary cells used in the study.  

Human breast cancer cell lines 

Cell line Gene cluster218  (ER         PR       HER2)218 Cell culturing 
medium  

Obtained from  

BT-549 Basal B neg neg neg RPMI ATCC 

HCC38 Basal B neg neg neg RPMI ATCC 

MDA-MB-157 Basal B neg neg neg DMEM ATCC 

MDA-MB-231 Basal B neg neg neg DMEM ATCC 

HCC1806 Basal A neg neg neg RPMI ATCC 

HCC70 Basal A neg neg neg RPMI ATCC 

MDA-MB-468 Basal A neg neg neg DMEM ATCC 

HCC1569 Basal A neg neg pos DMEM ATCC 

HCC1954 Basal A neg neg pos DMEM ATCC 

SK-BR-3 Luminal neg neg pos DMEM ATCC 
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MDA-MB-453 Luminal neg neg neg DMEM ATCC 

CAMA-1 Luminal pos neg neg DMEM ATCC 

ZR-75-1 Luminal pos neg neg RPMI  ATCC 

T-47D Luminal pos pos neg RPMI  ATCC 

MCF7 Luminal pos pos neg RPMI  ATCC 

BT-474 Luminal pos pos pos DMEM ATCC 

SUM149PT Basal B neg neg neg Ham's F12 + 5% 
FBS + 20 ng/mL 
EGF + 10 ug/mL 
Insulin + 500 
ng/mL 
hydrocortisone 

ATCC 

Murine breast cancer cell lines 
 

Cell line Origin Cell culturing 
medium   

Obtained from  

TS1 MMTV-PYMT mammary tumours219 DMEM 
 

Fernando Calvo 

(IBBTER, 

Santander) 

4T1 Mammary gland of BALB/C mice  DMEM ATCC 

Human immortalised breast fibroblasts 
 

 Origin220 ER            PR         HER2 
220 

Cell culturing 
medium   

Obtained from  

CAF-173 Breast tumour neg neg 1+ DMEM Bagrado  (UCM, 
Madrid) 

CAF-200 Breast tumour 70% 70% 2+ DMEM Bagrado  (UCM, 
Madrid) 

CAF-220 Breast tumour 80% 20% 2+ DMEM Bagrado  (UCM, 
Madrid) 

CAF-318 Breast tumour neg neg neg DMEM Bagrado  (UCM, 
Madrid) 

RMF-31 Normal breast 
(Reduction 
mammoplasty) 

- - - DMEM Bagrado  (UCM, 
Madrid) 

RMF-39 Normal breast 
(Reduction 
mammoplasty) 

- - - DMEM 
 

Bagrado  (UCM, 
Madrid) 

Monocytes and primary cultures 

 Origin Cell type  Cell culturing 
medium   

Obtained from 

HL-60 Acute 
promyelocytic 
leukemia 

Promyeloblastic cell 
line 

IMEM + 20% FBS ATCC 
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Primary 
monocytes 

Human Blood  Monocytes RPMI + M-CSF 50 
ng/mL  

Healthy donors      

Other cell lines 

 Origin Cell culturing 
medium   

Obtained from 

HEK-293 Embryonic kidney cells DMEM ATCC 

2.2.1 Cell thawing  

Cell vials, stored in liquid nitrogen, were quickly defrosted in pre-warmed water bath at 

37ºC. Once completely defrosted, cells were transferred to a T25 flask with 5 mL of pre- 

warmed media and kept in the incubator overnight at 37ºC and 5% CO2. Media was 

changed 12 hours after to remove residual DMSO and non-adherent cells present in the 

media. For cell suspension cultures such as HL-60 cell line, cells were defrosted as 

mentioned above, transferred to a 15 mL falcon with 9 mL of warm media and centrifuged 

for 5 min at 1200 rpm. Supernatant media was aspirated, cell pellet resuspended in 5 mL 

of media and transferred to a T25 flask and kept in the vertical position overnight.   

2.2.2 Cell maintenance and subculture  

Adherent cells were maintained until they reached approximately 80% confluency in T25 

or T75 flasks before doing a cell subculture. All reagents were warmed to 37ºC before cell 

passaging. Medium was aspirated, cells washed twice with sterile Dulbecco’s phosphate 

buffered saline (PBS, Gibco) between aspirations, and 1 or 3 mL of 0.5% Trypsin-

Ethylenediaminetetraacetic acid (Trypsin-EDTA, Gibco) were added to cells in T25 and T75 

flasks, respectively. Cells were kept in the incubator at 37ºC from 2-6 min (depending on 

the cell line) until they completely detached from the culture surface. Trypsin was 

neutralized with at least twice the volume of their respective complete growth media 

mentioned in Table 2.2. (4 mL for T25 and 7 mL for T75 flasks). Cells were resuspended to 

achieve a homogeneous suspension, and following ATCC subculture recommendations for 

each cell line, 1-3 mL of cells suspension was transferred to a new flask containing 4 or 10 

mL of pre-warmed complete growth medium. 

Collagen pre-coated flasks were used for fibroblasts maintenance and subculture. Collagen 

(Corning) was diluted in PBS to achieve a concentration of 50 mg/L and 5 mL of the solution 

was added to T75 flasks. Culture flasks were then left for 3 hours in the incubator to allow 
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collagen adherence to the cell surface. Medium was aspirated before flask usage, and for 

short-term storage of pre-coated flasks, 10 mL of PBS was added to the flasks and they 

were kept in the incubator up to 5 days.  

HL-60 cells were cultured in cell suspension, every 2-3 days cells were counted, and cell 

concentration was calculated and readjusted to optimal conditions indicated by the ATCC 

(100.000-300.000 cells per mL).  

Cell counting was performed by mixing 10 µL of cell suspension with 10 µl of 0.4% Trypan 

Blue (Gibco) in a 1:1 volumetric ratio. A volume of 10 µL of the cell mixture was transferred 

to the counting chamber of the haemocytometer and cell concentration was calculated 

based on the formula C (cells/mL) = (nº of cells in each square/nº of squares counted) x 

dilution factor (2) x 10 000. All dead cells determined by the infiltration of the blue colour 

in the cytoplasm were excluded from the counting. The calculated volume of cell 

suspension was transferred to a new flask containing pre-warmed complete growth 

medium. 

All cells were kept in the incubator at 37ºC and 5% CO2 and were used until passage 25 

when they were discarded.  

2.2.3 Cell freezing 

Cells were trypsinised, transferred to 15 mL falcons and counted as described in the cell 

maintenance and subculture section (2.2.2) to determine the number of cells in 

suspension. Falcons were centrifuged at 300 g for 5 min and pellet resuspended in the 

calculated volume of complete growth media + 5% of sterile DMSO (Sigma) to achieve a 

final concentration of 2x106 cells/mL. 1 mL of the mixture was transferred to cryovials 

which were then kept for 24 h in the Mr FrostyTM freezing containers at -80ºC to achieve a 

gradual cooling. Vials were transferred to liquid nitrogen for long-term storage.  

2.2.4 Cell seeding for experiments  

Cells were grown between 60-80% confluency and microscopically checked every time to 

ensure standard shape and appearance before being seeded for experiments.  

Cells were seeded at concentrations mentioned in Table 2.3 in different size culturing 

plates depending on the technique performed. All optimal concentrations were based on 

literature research or optimization performed in the laboratory.  
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Table 2.3: Cell seeding concentrations used for the different cell lines.  

Cell line  Seeding concentration  

MDA-MB-231 7000-10.000 cells/cm2 

HCC1569 15.000 cells/cm2 

SK-BR-3 15.000 cells/cm2 

RMF-31 8000 cells/ per well* 

CAF-173 8000 cells/ per well* 

CAF-318 8000 cells/ per well* 

CAF-200 8000 cells/ per well* 

HEK-293 73.000 cells/cm2   

TS1  5000 cells/cm2 

* In 96 ultra-low attachment well plates (Costar). 

2.2.5 OSM treatment  

Recombinant human or mouse OSM (R&D systems) resuspended in PBS was added to 

monolayer cultures at 10 ng/mL concentration, while for 3D fibroblasts spheres treatment, 

human OSM was added at 30 ng/mL. The same volume of PBS was used as control 

condition in all OSM treatments. Length of the treatment varied between experiments 

ranging from 1 hour up to 4 days.  

2.2.6 Cell transfections  

2.2.6.1 siRNA  

OSMR was silenced with gene specific siRNA (Dharmacon, GE Healthcare) using 

Lipofectamine RNAiMax (Invitrogen). Non-targeting siRNA and cyclophilin B siRNA 

(Dharmacon) were used as negative and positive controls, respectively. A pool of four 

siRNA (Table 2.4) was used at 40 nM and 100 nM to determine best transfection conditions. 

Briefly, cell lines were seeded in 6 well plates at densities mentioned in Table 2.3 in their 

respective 800 μL medium without antibiotics. 24h later, 2.4 μL of lipofectamine was added 

to 100 μL of Opti-MEM media (Gibco) (without FBS and antibiotics) without touching the 

eppendorf tube walls and incubated for 5 min at room temperature. Separately, 2.4 μL of 

either 40 nM or 100 nM siRNA conditions (previously prepared stock solutions at different 

concentrations in PBS) were added to 100 μL of Opti-MEM media and incubated for 5 min 
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at room temperature. siRNA mixture was added into the lipofectamine tube, mixed gently, 

and left for 20 min at room temperature before the final 205 μL were added dropwise to 

the cells. Transfection solution was left in contact with the cells for 6 hours at 37ºC and the 

mixture was then replaced by fresh media without antibiotics. OSM treatment was added 

24 h later, and media was left in contact with cells for 3 and 5 days.  

 

Table 2.4: siRNA sequences.  

Gene ON-TARGETplus SMART 

pool (Dharmacon) 

Sequences  

OSMR 008050-00-0005 AGUCUUGGCUGAACGUUUA 

UUUGAGAACUUGACCUAUA 

CCUCGAUUGCUGAUUCAUAU 

AAUCUGAGCUCCCUUUGGA 

Cyclophilin B (positive control) D-001820-10-20 ACAGCAAAUUCCAUCGUGU 

GAAAGAGCAUCUACGGUGA 

GAAAGGAUUUGGCUACAAA 

GGAAAGACUGUUCCAAAAA 

Non-targeting (negative 

control) 

D-001810-10-20 UGGUUUACAUGUCGACUAA 

UGGUUUACAUGUUGUGUGA 

UGGUUUACAUGUUUUCUGA 

UGGUUUACAUGUUUUCCUA 

 

2.2.6.2 shRNA  

Human breast cells were infected with lentiviruses carrying pLKO-Tet-On shOSMR plasmids 

(Sigma) to produce a stable knockdown for OSMR or pLKO-Tet-On shRNA-Control (with 

scramble shRNA, Addgene), plasmid kindly provided by Dr. Arkaitz Carracedo. pLKO-Tet-

ON plasmids contain GFP for visual inspection of effective transduction and Puromycin 

resistance cassette for effective selection of transduced cells. pLKO-Tet-On shOSMR 

plasmids presented in Table 2.5 were tested by Andrea Abaurrea in the laboratory, and the 

more efficient plasmid (TRCN0000289933) was selected for further experiments.  
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Table 2.5: shOSMR plasmid sequences.  

Plasmid clone ID  Target sequence  

TRCN0000058683 GCACTCCATAAGGAATAATTT 

TRCN0000289933 CGAGTTGACTAAGCCTAACTA 

TRCN0000296351 AGGAGAACCCTCACCTAATAA 

TRCN0000310280 TAACCTGACTCATCGAGTTTA 

 

2.2.6.3 Lentiviral production  

HEK-293 cells were seeded in p100 plates at the cell density mentioned in Table 2.3 in 

complete growth media. The next day, cells were transfected with the packaging plasmids 

pMDLg-pRRE, pRSV-REV, pMD2.G (Addgene) and the corresponding pLKO-Tet-On vector 

using TurbofectTM transfection reagent (Thermo Fisher). Briefly, packaging plasmids and 

vectors were defrosted on ice. The cocktail (previously optimised in the lab) was prepared 

in a 1.5 mL eppendorf tube with serum-free DMEM and TurbofectTM was added after the 

DNA (Table 2.6). The solution was gently mixed, incubated at room temperature for 20 min 

and added drop wise to the HEK-293 cells. Media was changed 6 hours later, and 7.5 mL of 

fresh complete media added to the plate. Viral particles were produced during 48 h before 

being collected for breast cancer cell line infection.   

 

Table 2.6: Transfection cocktail used for lentiviral production. 

Reagent  Quantity used for transfection of a p100 
plate 

pMDLg-pRRE 2.6 μg 

pRSV-REV 1 μg 

pMD2.G  1.4 μg 

pLKO-Tet-On shRNA/ GFP vector 4 μg 

Serum free media  Up to 1 mL 

TurbofectTM 19.2 μL 

2.2.6.4 Cell line infection and selection  

Viral particles containing the pLKO-Tet-On vector produced by HEK-293 cells were added 

to human breast cancer cell lines. Briefly, MDA-MB-231 and HCC1569 cell lines were 
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seeded at the concentration mentioned in Table 2.3 in p100 plates in their respective 

complete growth media. The following day, media containing the viral particles from HEK-

293 cells was filtered with 0.2 μm filters (Sigma-Aldrich), polybrene was added at 5 μg/mL 

and mixture transferred to human breast cell lines. Infection process was repeated in two 

consecutive days transferring media from HEK-293 to breast cancer cell lines. On day 4, 

media containing the viral particles was removed from human breast cancer cell lines. GFP 

transfection was microscopically checked to ensure successful technique and fresh 

complete growth media was added containing 2 μg/mL of puromycin selection agent 

(Thermo Fisher Scientific) maintained for subsequent cultures.   

2.2.6.5 Cell transfection with over expressing plasmids 

MDA-MB-231 cells were transfected with p-UNO Control or p-UNO1-hOSM (containing 

Blasticidine resistance, InvivoGen), and SK-BR-3 cells with pcDNA3.1 zeo Control or 

pcDNA3.1 zeo-OSMR (Containing Zeocin resistance, Addgene). Both plasmids were kindly 

donated by Prof. Nicholas Coleman to produce a cell line with stable expression of human 

OSM or OSMR. Cells were seeded at the concentration mentioned in Table 2.3. The 

following day, the transfection cocktail mix was prepared adding 5 μg of the plasmid into 

960 μL of serum-free media followed by addition of 19.2 μL of TurbofectTM . Solution was 

incubated from 20 min at room, added drop wise to the cells and left in contact for 6 hours 

before transfection media was swapped to fresh complete growth media. 48 h after, 

Blasticidine (Sigma-Aldrich) or Zeocin (Invitrogen) selection agents were added to the cells 

at previously optimized concentrations: 10 μg/mL of Blasticidine for MDA-MB-231 and 300 

μg/mL Zeocin for SK-BR-3. Both selection agents were maintained in subsequent cultures.  

2.2.7 HL-60 differentiation  

HL-60 cell differentiation to macrophages was achieved using a concentration of 1.5x106 

cells per p100 plates and adding 1 nM of 12-O-tetradecanoylphorbol-13-acetate (TPA) for 

24 hours221. Prior to conditioned media experiments, remaining non differentiated cells 

were removed from the plate by aspiration and fresh complete growth media added.  



 

67 
 

2.2.8 Isolation and culture of primary monocytes  

Primary human monocytes were obtained from blood extracted from healthy subjects. All 

donors have given informed consent for their blood to be used in research. The whole 

protocol was carried at room temperature. Briefly, approximately 12 mL of blood was 

transferred to a 50 mL falcon, the sample was spun at 1200 g for 30 min to separate the 

blood phases, the white buffy coat was collected with a pasteur pipette and transferred to 

a 15 mL tube. Volumes were recorded for each buffy coat collected and PBS was added in 

equal volumes to produce a ½ dilution. RosettesepTM human monocyte enrichment cocktail 

(Stemcell) was added at the mixture (67 μL for each mL of buffy coat), and sample was 

incubated for 20 min at room temperature on the roller with slow rotation. Meanwhile, 

high density media Histopaque R-1077 (Sigma) was added to fresh tubes with the same 

previously recorded volumes for each buffy coat collected and falcons briefly spun down 

to avoid drops on the walls. Carefully, the sample was added to the high-density media by 

dropping the sample on the wall of the tube in a 45-degree angle to avoid mixing of the 

sample with the media. Samples were centrifuged at 1200 g for 30 min, and tubes were 

handled carefully once centrifugation was completed. The ring of enriched cells sitting on 

the plasma interface was collected trying to avoid as much red blood cells as possible and 

the sample was transferred to a new 15 mL tube. Cells were washed 2 times with PBS + 2% 

FBS and spun at 1200 rpm for 6 min. Cell pellet was resuspended in 10-20 mL of RPMI and 

cells counted. Macrophages were seeded at 1.2 million cells per well in 6 well plates coated 

with glass coverslip in a total volume of 1.2 mL of complete media + 50 ng/ mL M-CSF 

(Immunotools). Media was changed to fresh complete media (without M-CSF) 7 days after. 

For conditioned media experiments (CM), media was changed on day 10 and left in contact 

with cells for 2 days.   

2.2.9 Conditioned media used in myeloid cells experiments  

MDA-MB-231 and CAFs conditioned media was generated by culturing cells in monolayer 

for 48-72 h in DMEM with 2% FBS +/- OSM 10 ng/μL. Media was filtered with a 0.22 μm 

filter (Sigma-Aldrich), transferred to the differentiated HL-60 or primary monocyte cells, 

and left in contact for 48-72 hours. Cells were washed twice with cold PBS and pellets 

collected for RNA extraction or flow-cytometry analysis. 
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2.2.10 3D fibroblast spheres 

All fibroblast assays were performed at the Institute of Cancer Research (ICR) in London 

under the supervision of Prof. Clare Isacke and Dr. Liam Jerkins during the PhD placement.  

Fibroblast spheres were formed seeding 8000 cells/well in a 96 ultra-low attachment 

Corning plate (Costar). Cells were treated with 30 ng/μL of OSM for 4 days. Pictures were 

taken using EVOS FL Cell Imaging System and area of spheres in pixels was analysed using 

Fiji-Image J software.  

2.2.11 Collagen cell contraction assays  

To assess the collagen remodelling capacity, fibroblasts were treated for 4 days with 

PBS/OSM at 10 ng/μL. On day 4 cells were trypsinised and 150.000-250.000 cells per well 

of RMF-31, RMF-39, HS27, CAF-200, CAF-220, CAF-318 and CAF-173 were embedded in a 

mixture of 1x DMEM (Gibco), 20% 5x DMEM (Gibco), 10% FBS (Gibco), and collagen 

(Corning) at a final concentration of 2 mg/mL in a total volume of 500 μL per well in 6 well 

plates. After polymerisation at 37ºC for 45 min, gels were detached from the walls and 1 

mL of DMEM was added with PBS/OSM at 10 ng/mL. Pictures were taken 48 hours later 

and area of the collagen disks (in pixels) was calculated using Fiji-Image J software.   

 

2.3 Cell and animal tissue processing for DNA, RNA and 

protein analysis  

Cell pellets from 80% confluent plates and animal tissue (e.g. tumours, lungs, etc) were 

collected, processed, and stored at -80ºC for further DNA, RNA and protein analysis. For 

adherent cells seeded in monolayer, media was aspirated, and cells washed twice with cold 

PBS. 1 or 0.5 mL of cold PBS was added to p100 or p6 plates respectively, and cells were 

scraped gently using sterile cell scrapers. The detached cells were transferred to a 1.5 mL 

eppendorf tube and spun for 5 min at 300 g and 4ºC. The supernatant was aspirated, and 

cell pellet was snapped frozen in liquid nitrogen or dry ice and kept at -80ºC until further 

analysis. Cells cultured in suspension, such as HL-60 cell line or fibroblasts spheres, were 

collected with the media and transferred to a 15 mL falcon. The cell suspension was 
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centrifuged for 5 min at 300 g and 4ºC and supernatant aspirated. Cell pellet was washed 

with 10 mL of cold PBS and remaining pellets were snap frozen and stored as mentioned 

above. Animal tissue was snap frozen in liquid nitrogen immediately after animal culling. 

Tissue was cut into small pieces and disaggregated using a mortar and pestle until it was 

converted into powder. The disaggregation of the tissue was performed on dry ice and 

liquid nitrogen was frequently added to the mortar to avoid tissue to defrost. 

Homogeneous powder was then separated into several cold eppendorf tubes and kept at 

-80ºC until further analysis.  

2.4 DNA analysis  

2.4.1 DNA extraction  

Genomic DNA (gDNA) was extracted from mice lungs frozen powder using the QIAmp DNA 

mini kit (Qiagen) and following the manufacturer's instructions. In summary, 180 µL of 

buffer ATL was added to the lung frozen powder followed by addition of 20 µL of proteinase 

K and a 1-2 hour incubation at 56ºC. After complete tissue dissociation, 200 µL of buffer AL 

was added to sample where it was further incubated for 10 min at 70ºC. Once cell lysis was 

achieved, 200 µL of 100% ethanol was added to the sample and vortexed for 15 sec. The 

sample was passed through the QIAamp Mini spin column and centrifuged for 2 min at 

8000 rpm followed by a series of washes with buffers AW1 and AW2. The column was 

centrifuged for 3 min at maximum speed to dry the membrane followed by the addition of 

200 µL of pure water (Gibco) to elute the DNA. Concentration of DNA in the elution was 

determined by measuring absorbance at 260 nm with the Nanodrop ND-1000 

spectrophotometer (Isogen Life Sciences). Samples were then frozen and kept at-20ºC until 

further analysis.  

2.4.2 gDNA samples analysis 

Real-time quantitative PCR was used to detect human Alu sequences in the mice lungs that 

could indicate the presence of micrometastases. Details of PCR reaction are explained in 

section 2.5.3. Primers used for qPCR analysis of genomic samples can be found in Table 2.7. 
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Table 2.7: Primers used for qPCR analysis of human Alu DNA in murine lungs. 

Gene  Forward  Reverse  Origin  

18 S  CGCGGTTCTATTTTGTTGGT   

 

CGGTCCAAGAATTTCACCTC   Primer bank  

Alu 1 ACGCCTGTAATCCCAGCACTT 

 

TCGCCCAGGCTGGAGTGCA 

 

Zijlstra et al 

(2002)222 

Alu 2 CACCTGTAATCCCAGCACTTT 

 

CCCAGGCTGGAGTGCAGT 

 

Schneider et al 

(2002)223  

 

2.5 RNA analysis  

2.5.1 RNA extraction from animal tissue and cell lines 

RNA was extracted from cell pellets and from frozen animal tissue powder. The nucleic acid 

extraction was performed using TRIzolTM Reagent (Invitrogen) and following the 

manufacturer instructions. Briefly, 1 mL of trizol was added to the eppendorf tubes 

containing frozen pellets or tissue powder, sample was pipetted up and down several times 

and left at room temperature (RT) for 5 min. After the incubation time, 200 µL of 

chloroform (Sigma) was added to the tube, sample vortexed for 10 seconds and left at RT 

for 10 min before being centrifuged at 12000 g for 10 min at 4ºC. The aqueous phase 

containing the RNA was transferred to a fresh 1.5 mL tube, 0.5 mL of isopropanol (Sigma) 

and 1 µL of glycogen (Ambion) was added to the sample. The tube was mixed by inversion 

and kept at -20ºC overnight. On the following day, the sample was centrifuged for 10 

minutes, supernatant discarded, and RNA pellet washed with 1 mL of 75% ethanol. The 

sample was then centrifuged for 5 min at 12000 g and 4ºC, supernatant discarded, and 

pellet was left air drying for 5-10 min before being resuspended in 30-50 µL of ultra-pure 

water (Invitrogen). Sample concentration was determined using the nanodrop by 

measuring absorbance at 260nm and the ratios A260nm/A280nm and A260nm/A230nm 

were calculated to assess RNA purity. Samples were then used for cDNA conversion or 

stored at -80ºC.   
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2.5.2 Reverse transcription: RNA to cDNA conversion  

Complementary DNA (cDNA) was obtained from RNA using the Maxima first strand cDNA 

synthesis kit with DNase incorporated (Thermo Scientific). In the first step of the protocol, 

DNase treatment was performed by mixing in RNase free PCR tubes 1 µL of dsDNase buffer, 

1 µL of dsDNase and 1 µg of RNA + ultra-pure water in a volume up to 10 µL. Sample was 

incubated for 2 min at 37ºC in the Thermal cycler C1000 (BIO-RAD) to allow genomic DNA 

degradation. A mastermix was prepared with 4 µL of 5x reaction mix, 2 µL of maxima 

enzyme mix, 4 µL of ultra-pure water and added to the sample. For cDNA conversion the 

sample was subjected to the following cycling conditions: 10 min at 25ºC, 15 min at 50ºC, 

5 min at 85ºC and cooling down at 4ºC. cDNA was then used for PCR analysis or stored at  

-20ºC.  

2.5.3 Real-time quantitative PCR analysis 

Real-time quantitative PCR analysis (qPCR) was used to analyse genomic (gDNA) and cDNA 

samples. When analysing cDNA samples, qPCR can also be referred as reverse transcription 

qPCR (RT-qPCR) as it assumes the cDNA conversion of RNA samples. In summary, for gDNA 

and cDNA analysis, PCR reaction was performed in a total volume of 10 µL per reaction 

using 2ng of gDNA or cDNA diluted in pure water in a volume of 4 µL (0.5ng/ µl), 5 µl of 

SYBR Green PCR Master Mix (Applied Biosystems) and 1 µL of Forward and Reverse primer 

mixture with 1 nM concentration for each primer. Primers used for qPCR analysis of gDNA 

and cDNA are listed in Tables 2.7 and 2.8, respectively. All conditions were tested in 

triplicates and for multiple gene analysis 384 or 96 well plates were run on the CFX384 

Real-Time System (BIO-RAD) or on the Light Cycler 96 Thermocycler (Roche), respectively, 

with the following the cycling conditions: (1) Preincubation: 50°C for 120 seconds and 95°C 

for 600 sec; (2) Amplification: 45 cycles for 15 sec at 95°C and for 60 sec at 60°C, 1 cycle for 

15 sec at 95°C and for 15 sec at 60°C; (3) Melting curve: 95°C for 10 sec, 65°C for 60 sec and 

97°C for one sec. Primer efficiencies were calculated based on the slope of the standard 

curve generated using 5-point serial of dilutions of control gDNA/cDNA. Melting curves 

were analysed every single run to ensure single PCR product amplification. Genomic 

analysis was performed using 18S gene as housekeeping (primers capable of targeting 

human and mouse 18S gene) and cDNA analysis was performed using 3 housekeeping 
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genes (HK) previously optimized for each condition being tested. qPCR analysis was done 

using the comparative threshold cycle (CT) method described by Pfaffl et al (2001)224 (Fig. 

2.2).  

 

 

 

Fig. 2.2: Formula used to calculate the comparative threshold cycle described by Pfaffl et al 

(2001)224. E stands for primer efficiency and ΔCT represents the difference between cycle threshold 

of control and sample.  

Table 2.8: Primers used for RT-qPCR analysis.  

Gene  Species Forward  Reverse 

OSM mouse ATGCAGACACGGCTTCTAAGA TTGGAGCAGCCACGATTGG 

OSMR mouse CATCCCGAAGCGAAGTCTTGG GGCTGGGACAGTCCATTCTAAA 

STAT3 mouse CACCTTGGATTGAGAGTCAAGAC AGGAATCGGCTATATTGCTGGT 

VEGF mouse TTACTGCTGTACCTCCACC ACAGGACGGCTTGAAGATG 

IL-6 mouse TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC 

18S human/ 
mouse (HK) 

CGCGGTTCTATTTTGTTGGT CGGTCCAAGAATTTCACCTC 

HPRT human/ 
mouse (HK) 

TGACACTGGCAAAACAATGCA GGTCCTTTTCACCAGCAAGCT 

GFP N/A CTAGGCCACAGAATTGAAAGATCT GTAGGTGGAAATTCTAGCATCATCC 

OSM human CTCGAAAGAGTACCGCGTG TCAGTTTAGGAACATCCAGGC 

OSMR human AATGTCAGTGAAGGCATGAAAGG GAAGGTTGTTTAGACCACCCC 

SOCS3 human AGACTTCGATTCGGGACCA AACTTGCTGTGGGTGACCA 

STAT3 human CAGCAGCTTGACACACGGTA AAACACCAAAGTGGCATGTGA 

IL-6 human CCAGGAGCCCAGCTATGAAC CCCAGGGAGAAGGCAACTG 

LIF human CCAACGTGACGGACTTCCC TACACGACTATGCGGTACAGC 

LIFR human TGGAACGACAGGGGTTCAGT GAGTTGTGTTGTGGGTCACTAA 

GP130 human AGGACCAAAGATGCCTCAAC GAATGAAGATCGGGTGGATG 

POSTN human CTCATAGTCGTATCAGGGGTCG ACACAGTCGTTTTCTGTCCAC 

FAP human CAAAGGCTGGAGCTAAGAATCC ACTGCAAACATACTCGTTCATCA 

ACTA2 human CTATGAGGGCTATGCCTTGCC GCTCAGCAGTAGTAACGAAGGA 

CCL2 human CAGCCAGATGCAATCAATGCC TGGAATCCTGAACCCACTTCT 

CXCL12 human GCCCTTCAGATTGTAGCCCG GCGTCTGACCCTCTCACATC 

CXCL7 human CTGGCTTCCTCCACCAAAGG GACTTGGTTGCAATGGGTTCC 

CCL20 human CTGGCTGCTTTGATGTCAGT CGTGTGAAGCCCACAATAAA 

HMBS human (HK) GGCAATGCGGCTGCAA GGGTACCCACGCGAATCAC 

YWHAZ human (HK) ACTTTTGGTACATTGTGGCTTCAA CCGCCAGGACAAACCAGTAT 
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2.5.5 Microarray analysis of gene expression 

Microarray analysis from animal tumours and cell lines were performed by the genomic 

platform at Biodonostia Health Research Institute. Data processing and analysis was done 

together with Andrea Abaurrea in the laboratory.  

RNA extraction was performed using the Recover all Total Nucleic Acid Isolation kit 

(Invitrogen, ref AM975). RNA quality was checked measuring the RNA quality number (RIN) 

with the Bioanalyzer (Agilent) and only samples with RIN >7 were used for microarray 

analysis. Microarrays were performed using Clariom S human or mouse assays (Thermo 

Fisher). Data were analysed using the Transcriptome Analysis Console 4.0 (TAC). Genes 

with FDR<0.1 and fold change |2| were considered significantly modulated. Gene 

ontology (GO) analysis was performed using Panther (http://pantherdb.org/). Gene set 

enrichment analysis (GSEA) was performed as described in Subramanian et al (2005)225. 

FDR < 0.25 or 0.05 was regarded as statistically significant, depending on the type of 

permutations performed. The GSEA signatures used in results sections 3.2 and 3.3 were 

extracted from the Molecular Signatures Database (MsigDB) by the Broad Institute or they 

were manually curated from the literature. 

2.5.6 Single cell RNA sequencing  

Single cell RNA sequencing analysis (scRNA-seq) was performed in collaboration with Dr. 

David-Gallego Ortega laboratory (Garvan Institute of Medical Research, Sydney). Our 

collaborators performed RNA sequencing and its subsequent bioinformatic analysis 

following our project needs and requests. Drop-seq226 dataset raw data for MMTV-PyMT 

tumours was obtained from Valdes-Mora et al (2020)227. This subset was subsequently 

analysed using Seurat228 (v Seurat 3.2). Briefly, a total of 9,636 sequenced cells from 8 

MMTV-PyMT tumours pass the QC filter, with <5% mitochondrial to nuclear gene 

content226, and <8,000 molecules/cell as they potentially represented cell doublets. 

Downstream analysis was performed according to Butler et al (2018)228, using 30 principal 

components to build a Shared Nearest Neighbour (SNN) graph calculating k-nearest 

neighbour (Jaccard Index) for each cell, subsequent cluster calling and UMAP dimensional 

reduction projection229.  

 

http://pantherdb.org/
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2.6 Protein analysis  

2.6.1 Protein extraction from animal tissue and cell lines 

Protein was extracted from cell pellets and frozen animal tissue powder. A master mix for 

cell lysis was prepared with 1 mL of RIPA lysis buffer 10x (Thermo Fisher), 9 mL of ultra-

pure water, 1 tablet of easy pack protease inhibitor cocktail (Roche) and 1 tablet of 

PhosSTOP (Roche). The mixture was agitated gently until tablets completely dissolved and 

100-150 µl of the solution was added to frozen cell pellets or tissue powder. The eppendorf 

tube was vortexed for 5 sec every 5 min and left on ice for 30 min for complete cell lysis 

and protein recovery. Sample was centrifuged at 14000 g for 10 min at 4ºC and supernatant 

transferred to a new 1.5 mL tube and immediately proceeded with protein quantification.  

2.6.2 Protein quantification  

Protein quantification was assessed by the Pierce bicinchoninic acid (BCA) protein assay kit 

(Thermo Fisher Scientific). Bovine serum albumin (BSA) was used to generate a standard 

curve with different protein concentrations: 2, 1.5, 1, 0.5, 0.25 mg/mL. Briefly, 5 µL of the 

protein standard, 5 µL of negative control containing only lysis buffer and 1 µL of the 

protein sample were added to the bottom of the 96 well plate in triplicates. A master mix 

was done mixing 50 parts of reagent A and 1 part of reagent B and immediately 95 µL 

(standard) or 99 µL (sample) of the master mix added to the wells. The plate was incubated 

at 37ºC for approximately 15 min and sample absorbance was measured at 570 nm using 

the Halo LED 96 plate reader (Dynamica).  

2.6.3 Protein sample preparation for Western blot analysis  

For Western blot analysis, the same amount of protein for all samples was loaded in the 

gel. Considering the protein concentration calculated by the BCA method as described 

above, samples were prepared as follows: 20-30 µg of protein (unless otherwise stated), 

ultrapure water and 3 µL of sample loading buffer 5X, containing beta-mercaptoethanol 

and bromophenol blue, in a total volume of 15 µL. Sample was then denatured at 95ºC for 

5 min and immediately used in Western blot analysis or stored at -20ºC.  
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2.6.4 Western blotting  

Western blot was performed using the BIO-RAD equipment and following standard 

protocols. In the first stage of electrophoresis, gradient pre-cast gels 4-15% (BIO-RAD) were 

inserted into the gel cassette, the whole tank was assembled, and the electrode chamber 

filled with buffer electrophoresis 1X (Table 2.9). Gel wells were loaded with 10 µL of 

kaleidoscope pre-stained protein ladder (BIO-RAD) or 15 µL of sample, and electrophoresis 

was run for 120 V for approximately 1:30 h. In the second stage, a transfer sandwich was 

prepared containing the following material in their following order oriented towards the 

cathode pole of the gel holder cassette: Sponge, Whatman paper, gel, gel sized cut 

membrane (nitrocellulose blotting membrane 0.2 µm, Amersham, GE Health Care), 

Whatman paper and sponge. Transfer buffer 1X including 20% methanol (Table 2.9) was 

added to the tank until the top line mark and transfer was left running for 2 hours at 220 

mA under cold conditions to avoid heating up of the material. Once the transfer was 

finished, the nitrocellulose membrane was stained with Ponceau-S Staining Solution 

(Sigma-Aldrich) for 5 min on the shaker to assess the transfer and the quality of the protein. 

The membrane was washed with TBS with 0.5% Tween 20 (TBS-T) for 5 min and incubated 

with blocking buffer (5% skimmed milk, or BSA in TBS-T) for 1 hour at room temperature. 

Overnight incubation with primary antibody (diluted in blocking buffer, Table 2.10) was 

done in the cold room at 4ºC and the following morning the membrane was washed 3 times 

with TBS-T for 10 min each washing. The membrane was incubated with the secondary 

antibody diluted in blocking buffer for 1 hour at room temperature and a series of washes 

was performed before membrane development (3 washes with TBS-T for 10 min). 

Chemiluminescence images were acquired using ECL prime Western blotting detection 

reagents (Invitrogen) mixing 1 part of reagent A and 1 part of reagent B and left in contact 

with the membrane for 1 min. Images were acquired using the iBright FL1000 imaging 

system (Thermo Fisher Scientific) with several exposure times. Densitometric analysis of 

the images was performed using the Fiji-Image J software and normalizing samples to β 

Actin loading control.  
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Table 2.9: Buffers used for Western blot. 

Buffer electrophoresis (10x)   

Reagents  Quantity   

Tris  30.3 g  

Bring up to 1 L with distilled 

water 

Glycine 144 g 

SDS 15 g 

   

Transfer buffer (5x)   

Reagents  Quantity   

Tris 30.3 g Bring up to 1 L with distilled 

water Glycine 144 g 

SDS (Stock 25%) 2 mL 

   

TRIS 1 M pH=8   

Reagents Quantity  

Tris  242.2 g Add 1700 mL water, measure 

pH and bring volume to 2L 

   

TBS (10 X)   

Reagent Quantity  

Tris 1M pH=8 100 mL Bring up to 1 L with distilled 

water NaCl 90 g  

   

TBS-T 0.1 %   

Reagent Quantity  

Distilled water  900 mL Agitate to homogenise 

mixture  TBS 10X 100 mL 

Tween  1 mL 
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Table 2.10: Antibodies used in Western blot analysis. 

Antibody  Company  Reference Dilution  

OSMR (mouse) R&D Systems AF662 1/500 

P-STAT3 (mouse and human) Cell Signaling 9145 1/2000 

STAT3 (mouse and human) Cell Signaling 9139 1/1000 

beta-actin (mouse and human) Sigma A5441 1/2000 

FN (mouse and human) Abcam AB2413 1/1000 

OSMR (human) Santa Cruz 30010 1/500 

2.6.5 Cytokine and chemokine quantification 

Human Oncostatin M (OSM) DuoSet ELISA DY295 (R&D) assay was used to measure OSM 

concentration in conditioned media of several cell lines. Cells were cultured until they 

reached 80% confluence or pre-established endpoints. Conditioned media was collected 

and frozen at -80º C until further analysis. Plate preparation and assay procedure were 

performed following the manufacturer’s protocol. Optical density of each well was 

measured at 450 nm with a wavelength correction at 570 nm using the HaloLED 96 

microplate detector (Dynamica). Cytokine and chemokine arrays were performed by Dr. 

Iñaki Osorio and Peio Azcoaga in the laboratory. Briefly, cytokine and chemokine levels 

were analysed in conditioned media from CAF-173 treated with OSM (30 ng/mL) or vehicle 

for 72 hours, and from MDA-MB-231-hOSM and corresponding control cells. A panel of 31 

human chemokines was analysed by Human Chemokine Array Kit (Proteome Profiler Array, 

R&D Systems), and VEGF levels were quantified by Human VEGF Quantikine ELISA Kit (R&D 

Systems) following the manufacturer’s instructions. Mouse VEGF, CXCL1 and CXCL16 levels 

on plasma from 14-week-old MMTV-PyMT: OSMR KO, HET and WT mice were analysed by 

mouse Premixed Multi-Analyte Kit (Magnetic Luminex Assay, R&D Systems) following the 

manufacturer’s instructions. Detection was carried out with the MAGPIX® detector and 

data analysis was performed using the xPOTENT® software, both from R&D Systems.  

2.6.6 Histopathology and immunohistochemistry analysis of murine 
samples  

All histological and immunohistochemistry processing of murine samples was done by the 

histopathology service of Dr. Juana Maria Flores at UCM (Madrid) and data analysis was 
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performed together with Joanna Lopez in the laboratory. For histological analysis, mouse 

tumours and lungs were extracted, fixed in formalin for 72 hours and embedded in paraffin 

blocks where serial sections were cut and stained with haematoxylin-eosin. 

Immunohistochemical staining was performed on FFPE sections using the streptavidin–

biotin–peroxidase complex method. Tissue sections were processed with 10 mM citrate 

buffer (pH 6.0) in a microwave (100º C, 15 min). Endogenous peroxidase activity was 

inactivated by incubation with 3% hydrogen peroxide in methanol (15 min, room 

temperature). Tissue sections were incubated in a humidified chamber (overnight, 4 ºC) 

using the antibodies described in Table 2.11 diluted in Tris-buffered saline (TBS). For 

negative controls, primary antibodies were replaced by non-immune serum. After three 

rinses in TBS (5 min each), samples were incubated with the secondary antibody (Table 

2.11). After 30 min incubation, tissue sections were washed in TBS (5 min, 3 times) and 

immediately incubated for 30 min with streptavidin–peroxidase complex diluted 1:400 in 

TBS (Zymed Laboratories, Invitrogen, CA, USA). The chromogen was 3-30-

diaminobenzidine (DAB peroxidase substrate kit, Vector Laboratories). Nuclei were 

counterstained with Harris haematoxylin for 1 min. Pictures were taken using the Nikon 

eclipse 8i microscope acquiring 8 representative pictures per tumour section with the NIS 

element software. Analysis of the images was performed using Image J program and 

counting the number of positive cells per area (F4/80 and LY6G) or the percentage of 

positive tumour cells per area (Ki67 and Caspase 3) in 5-10 different areas of samples from 

5 mice per experimental group. 

 

Table 2.11: Antibodies used in immunohistochemistry.  

Antibody  Company  Reference Dilution  

F4/80 Bio Rad MCA497GA 1/10 

LY6G BD Pharmigen ● 551459 1/70 

Ki67 Novocastra ACK02 1/800 

Caspase 3 R&D AF835 1/1000 

Secondary  

antibodies 

Vector Laboratories 

Burlingame CA 

 

 

1/400 
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2.7 Flow cytometry and FACS sorting  

Flow cytometry was performed on primary human monocytes obtained during the PhD 

placement in the i3S research institute in Porto. All experiments were conducted in Porto 

under the supervision of Dr. Maria Oliveira and her team members.  

Conditioned media from macrophages was collected and stored at -20ºC or aspirated and 

discarded. Cells were washed with warmed PBS and 300 µL of accutase (eBioscience) was 

added to each well and samples were left in the incubator for 30 min at 37ºC. Cells were 

gently detached from the surface with a cell scraper and the suspension was transferred 

to a 15 mL falcon. 1 mL of cold PBS was added to the well to wash the remaining cells and 

the sample was transferred to the falcon. Cells were centrifuged at 1500 rpm for 5 min at 

4ºC. The supernatant was discarded, and cells resuspended in 300-400 µL of FACS buffer 

(PBS + 2% FBS). For flow cytometry analysis, cells were stained with a cocktail of antibodies 

(Table 2.12). Single antibody staining, isotype control IgGs and unstained cells were used 

as controls. For each staining, 150 µL of samples (cells + FACS buffer) was added to a well 

in 96 well plate and samples were centrifuged at 1500 rpm for 5 min at 4ºC, and 

supernatant discarded. Antibody dilutions were made in the FACS buffer following the 

manufacturer instructions and added to the corresponding wells and incubated for 40 min 

at 4ºC in the dark. 150 µL FACS buffer was added and samples were centrifuged at 1500 

rpm for 5 min at 4ºC. Two washes were performed by resuspending the cell pellet in 200 

µL of FACS buffer and centrifuging in the same conditions mentioned previously. Cell pellet 

was finally resuspended in 1% PFA diluted in FACS buffer until flow cytometry analysis. Cells 

were filtered manually with a filtering net and transferred to FACS tubes. Flow cytometry 

was performed using the BD Bioscience FACSCanto™ II Cell Analyzer with FACS Diva 

software, and the gating strategy is represented in Fig. 3.3.5b. Data was analysed using 

FlowJo software version 10.  
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Table 2.12: Antibodies used in flow cytometry analysis.  

Monocyte 

differentiation 

   

Antibody Dilution Conjugated 

fluorochrome 

Antibody reference 

CD14 1/25 APC  Immunotools 

Cat-No: 21620146 

CD86 1/25 FITC Immunotools 

Cat-No: 21480863 

HLA-DR 1/25 FITC Immunotools 

Cat-No: 21278993 

CD163 1/10 PE BD Pharmingen 

Ref: 556018 

CD206 1/50 PE BioLegend 

Cat. No. 321105 

IgGs1 1/25 APC/ FITC and PE Immunotools 

 

FACS sorting was performed on mouse orthotopic tumours generated by injection of TS1 

cells in FVB mice. All experiments were performed at the Institute of Cancer Research in 

London (ICR) and data analysed under the supervision of Prof. Clare Isacke and Dr. Liam 

Jerkins.  

Tumours were surgically removed from animals after culling and converted into single-cell 

suspension using a tumour dissociation kit in combination with a gentleMACS Octo 

dissociator with heaters (Miltenyi Biotec, 130-096-427) according to the manufacturer’s 

protocol. Specified volumes of supplied enzymes were added to tumour samples before 

running each sample on the Octo dissociator with the program 37C_m_TDK_2. Samples 

were subsequently applied to a 70 μm MACS SmartStrainer and washed in PBS. 

Erythrocytes were removed from tumour samples by suspension in a red blood cell lysis 

buffer (Sigma) for 5 minutes at room temperature. Samples were resuspended in FACS 

buffer (PBS with 1% FBS) for FACS staining. After tissue dissociation, cells were centrifuged 

for 5 min at 300 g, resuspended in 1 mL of blocking buffer diluted 1/100 in FACS buffer 

(Thermo Fisher Scientific) and left for 10 min at room temperature. 1/20 of the suspension 

was transferred to a new falcon with 1 mL of FACS buffer to use for live/dead staining with 
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fixable violet dead stain kit (Invitrogen). All cells were centrifuged, resuspended with 

antibody solution in FACS buffer (Table 2.13) and left for 30 min at 4ºC. During the 

incubation time, the following controls were prepared: compensation beads (eBiosciences) 

with each individual antibody staining, cell suspension with live/dead staining and negative 

unstained suspension and FMO controls (Fluorescence minus one control). Cells and bids 

were spun down and washed with FACS buffer. After centrifugation cells were resuspended 

with 1 mL of DAPI staining (1/10000) (Thermo Fisher Scientific), centrifuged and 

resuspended in 2 mL of FACS buffer. Collection tubes were prepared with 2 mL of complete 

RPMI media and kept on ice. Cells were sorted using the FACSAria II cell sorter and gating 

strategy shown in Fig. 3.2.3b. Sorted cells were centrifuged for 5 min at 1500 rpm and 

immediately used for RNA extraction.  

 

Table 2.13: Antibodies used for FACS sorting.  

1st sorting    

Antibody Dilution Conjugated 
fluorochrome 

Antibody reference 

EPCAM 1/80 APC  Cat: 118214 
LOT: B188951 
BioLegend 

CD31 1/10 FITC LOT : 5180507080 
MACS  

CD45 1/80 PerCP/Cy5.5  Cat: 103131 
BioLegend 

2nd sorting     

Antibody Dilution Conjugated 
fluorochrome 

Antibody reference 

CD45 1/80 PerCP cy5.5 Cat:103131 
Lot:B238619 
BioLegend  

CD3 1/40 PE Ref: 12-0031-82 
Lot: E00991-1636  
eBioscience 

CD11b 1/50 FITC Cat: 561688 
Lot: 6336928 
BD Biosciences 
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2.8 Animal studies  

All animal studies were conducted under the approval of the local ethical committee with 

the assigned project license codes: CEEA 15/016 and CEEA16/006.  

Animals were kept in the institute animal facility and routinely maintained by the animal 

facility technicians. All procedures and animal culling were done under a personal animal 

license.  

2.8.1 Mouse models  

2.8.1.1 Orthotopic xenografts in nude mice 

Athymic Nude-Foxn1 female mice (6-8 weeks old, Charles River) were used to induce 

orthotopic tumours by injecting human cells in the mammary fat pad of the 4th mammary 

gland. In summary, a small incision was performed next to the 4th right hand side nipple, 

the mammary gland exposed and 50 µL of cell suspension injected into the mammary 

gland. Animals not correctly injected due to leakage were excluded from the experiment. 

The incision was sutured with 2-3 stitches and animals monitored 3 times a week. Tumours 

were measured using a calliper and tumour volume was determined using the following 

formula230: (4π/3) × (width/2)2 × (length/2). Animals were culled when tumour volume in 

one of the experimental groups reached the maximum size allowed (1.5 cm diameter). All 

animal tissue samples were collected and stored as mentioned in section animal tissue 

collection at culling points. 

 

The following xenograft experiments were performed:  

1) Injection of MDA-MB-231 hControl/ hOSM.  

100.000 cells of MDA-MB-231 hControl or hOSM prepared in 50 µL DMEM (no FBS, 

no antibiotics) were injected. 

 

2) Co-injection of shOSMR CAF-173 and MDA-MB-231 hOSM.  

CAF-173 were transfected with shRNA OSMR/Control. After selection cells were 

mixed with MDA-MB-231 hOSM at the following concentrations: 100.000 tumour 
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cells + 500.000 CAF-173 in 25 µL of DMEM (no FBS, no antibiotics). Cells were 

injected with matrigel in a 1:1 ratio (25 µL cell solution + 25 µL matrigel).  

 

3) Co-injection of OSM pre-treated CAF-173 and MDA-MB-231. 

CAF-173 were treated with 10ng/μL OSM for 4 days and mixed with MDA-MB-231 

in a 1:1 ratio prior to injection (500.000 MDA-MB-231 + 500.000 CAF-173) in 25 µL 

of DMEM (no FBS, no antibiotics). Cells were injected with matrigel in a 1:1 ratio 

(25 µL cell solution + 25 µL matrigel). 

 

2.8.1.2 TS1 orthotopic injections in OSMR KO and control mice  

OSMR-/- mice (OSMR KO, B6.129S318 Osmr<tm1Mtan>, Riken BRC)155 were initially 

generated on a C57BL/6J background. To transfer the OSMR KO line to the genetic 

background of the tumour-prone animals (FVB/NJ), the OSMR KO mice were previously 

backcrossed with FVB/NJ mice for 9 generations and kindly provided by Prof. Nicholas 

Coleman (Cambridge). Animals used for experiments were female littermates.  

OSMR KO mice were used to generate orthotopic breast tumours to study tumour-stroma 

interactions in a fully competent immune system model. 6-8 weeks old OSMR KO females 

and their controls OSMR WT were used to induce orthotopic tumours by injecting MMTV-

PYMT derived TS1 mouse cells219. Briefly, 300.000 cells were prepared in 25 µL of DMEM 

(no FBS, no antibiotics) and mixed with 25 µL of matrigel and injected into the 4th mammary 

gland. Animals were monitored 2-3 times a week and tumour volume (formula described 

in 2.8.1.1) recorded until it reached the maximum size allowed (1,5 cm diameter) in one of 

the experimental groups, when animals were culled. All animal tissue samples were 

collected and stored as mentioned in section 2.8.2.  

TS1 orthotopic tumours in control FVB mice were generated for FACS sorting experiments. 

Briefly, 500.000 cells were prepared in 50 µL of PBS and injected into the 4th mammary 

gland of 6-8 weeks FBV females. Tumours were surgically excised 15 days later and 

immediately used for FACS sorting experiments (section 2.7).  
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2.8.1.3 MMTV-PyMT model 

Transgenic FVB/NJ mice expressing the Polyoma Middle T antigen oncogene under the 

Mouse Mammary Tumour Virus promoter (MMTV-PyMT)231 were kindly provided by Dr. 

Eva Suarez (CNIO, Madrid). MMTV-PyMT mice were crossed with OSMR KO mice and used 

to assess the role of OSMR in tumour development and disease progression. Cross 

breeding strategy is described in Fig. 2.3.  

 

 

 

Fig. 2.3: MMTV-PyMT:OSMR crossing strategy.  

 

Animals started to be monitored and palpated at week 5 to detect tumour onset and were 

checked weekly until they reach 14 weeks of age. All mammary tumours were measured 

with a calliper and tumour growth was calculated by adding individual tumour volumes. At 

culling point, all tumours were surgically removed and weighted together to determine 

final tumour burden. Animal samples were collected as described below.   

2.8.2 Animal tissue collection at culling points  

Blood, tumours, and viscera including lungs were collected from mice for further analysis. 

In summary, blood was collected from cardiac puncture and transferred to anticoagulant 

tubes (Sigma-Aldrich). Sample was centrifuged at 5000 rpm at 4ºC for 5 min and plasma 

transferred to a new tube and stored at -80ºC. Half of the tumour and a small lobe from 

the lungs were collected for protein and RNA analysis and snap frozen in liquid nitrogen. 

The other half of the tumour and whole-body organs were fixed in formalin for 48-72 h and 

stored in PBS at 4ºC until immunohistochemistry or histological analysis. For wholemount 

analysis of preneoplastic lesions, abdominal mammary glands from 9-week-old MMTV-

PyMT:OSMR KO and control female mice were spread out on a glass slide, fixed overnight 
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in Carnoy’s solution, stained with Carmine Alum, and cleared in ethanol and xylene. 

Pictures were taken with a Nikon D5000 at 60mm focal length. 

2.8.3 Mouse colonies maintenance 

OSMR KO and MMTV-PyMT mice colonies were maintained and bred in the animal facilities 

of Biodonostia Health Research Institute. 2-9 month-old mice were used as breeders. Most 

breeding cages were setup in trios (2 females and 1 male) and the male kept in the cage all 

the time to reduce stress levels. Pups were weaned at 3 weeks old, at 4-5 weeks animals 

were ear tagged and chipped with a unique identification number. Genotyping of the 

OSMR and PyMT genes was performed by laboratory members or by the in-house genomic 

platform service. Briefly, DNA was extracted from ear sample adding 75 μL of lysis buffer 

(NaOH at 25 mM and EDTA at 0.2 mM) and incubating the sample for 1 hour at 95ºC.  After 

lysis, the sample was cooled down and 75 μL of neutralisation buffer (Tris-HCl 40 nM) was 

added. DNA was kept at 4ºC until PCR analysis was performed following conditions 

described in Tables 2.14-16. Platinum SuperFi PCR Master Mix qPCR kit (Invitrogen) and 

KAPA2G Fast HotStart PCR Kit (KAPABIOSYSTEMS) were used to genotype OSMR and 

MMTV-PyMT respectively. PCR product was run on a 2% agarose gel at 100-110 V for 1h 

and PCR band size was checked to identify individual genotype. Animal health monitoring 

was done by Dr. Carlos San José, veterinarian of the animal facility. When possible, female 

littermates were used for experiments. 

 

Table 2.14: Genotyping primers for OSMR and MMTV-PyMT:  

Primer name Sequence Amplicon size Origin 

OSMR-P1 GTAATCAGACCAATGGCTTTCTC  Riken  
 
 

OSMR-P2 GATCCAACAGAGCAATCATGAAGC P1 +P2 = 360bp for WT 

OSMR-P3 GCACATCTGAACTTCAGC P1 +P3 = 750bp for KO 

PYMT-F GGAAGCAAGTACTTCACAAGGG 556 bp 
 The 

Jackson 
laboratory  

PYMT-R GGAAAGTCACTAGGAGCAGGG 

PC-F (control) CAAATGTTGCTTGTCTGGTG 206 bp 
 PC-R (control) GTCAGTCGAGTGCACAGTTT 
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Table 2.15: OSMR genotyping conditions.  

Master mix   Cycling conditions   

Component  Volume 

(μL) 

Temperature Time  

Master Mix Reagent 12,5  98 ºC     30 sec  

P1 (F) 10 μM 1,25 98 ºC 10 sec 40 cycles 

P2 (ROSMR) 10 μM 0,75 60 ºC 30 sec 40 cycles 

 P3 (RLACZ) 10 μM 0,75 72 ºC 1 min 

DNA 1 72 ºC 5 min 

H2O 8.75 4 ºC hold  

Total volume 25    

 

Table 2.16: PyMT genotyping conditions.  

Master mix  Cycling conditions    

Component  Volume 

(μL) 

Temperature Time   

5X Buffer M 2,4  94 ºC     2 min   

dNTP 10 mM 0,24 94 ºC 20 sec  10 

cycles 

MgCl2 25 mM 0,96 65 ºC 15 sec -0,5 ºC per cycle 10 

cycles 

28 

cycles 

FPYMT 10 μM 0,6 68 ºC 10 sec  

RPYMT 10 μM 0,6 94 ºC 15 sec  

FPC 10 μM 0,6 60 ºC 15 sec  28 

cycles 

 

FPC 10 μM 0,6 72 ºC 10 sec  

5 U Polymerase 0,025 72 ºC 2 min  

DNA 1 10 ºC hold   

H2O 4,975     

Total volume 12     
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2.9 Statistical analyses 

Statistical analyses were performed using GraphPad Prism or SPSS software. For Gaussians 

distributions, the student’s t-test (paired or unpaired) was used to compare differences 

between two groups. Welch’s correction was applied when variances were significantly 

different. One-way ANOVA was used to determine differences between more than two 

independent groups. For non-Gaussian distributions, Mann-Whitney’s or Wilcoxon test 

were performed. Chi-square test was used to determine differences between expected 

frequencies. For Kaplan-Meier analysis the Log-rank (Mantel-Cox) test was used. P values 

inferior to 0.05 were considered statistically significant. Unless otherwise stated, results 

are expressed as mean values +/- standard errors (SEM).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 

88 
 

 

  



 

89 
 

 

 

 

Chapter 3: Results  

  



 

90 
 

 

  



 

91 
 

3.1 Role of OSM:OSMR signalling in breast cancer 

progression. 

3.1.1 Summary 

Objectives 1 and 2 of this thesis were addressed in this section with the aim of investigating 

OSM and OSMR expression in human breast cancer samples and its association with 

prognosis, and unravelling the role of OSM:OSMR signalling in breast cancer development 

and progression. 

Association of OSM:OSMR expression with clinical features in breast cancer was 

determined using multiple publicly available datasets of transcriptomic data and by 

analysing protein expression in samples from a cohort of breast cancer patients with 

associated clinical data. The role of OSM:OSMR signalling in breast cancer cells was 

evaluated in in vitro models using a panel of breast cancer cell lines, and its role in cancer 

progression was determined using human tumour xenografts and genetic mouse models 

of breast cancer.  

 

3.1.2 OSM and OSMR are associated with decreased overall survival in 
breast cancer, especially in the ER- subtype. 

The first step of this project was to determine the expression of OSM and OSMR in clinical 

samples of breast cancer. Analysis of a large publicly available dataset (METABRIC), with 

clinical data from approximately 2000 patients, showed that patients with tumours 

expressing high levels of OSM presented lower disease-free survival (DFS) (P = 0.004, Fig. 

3.1.1a). In a smaller cohort published by Wang et al. (2005)208 with 286 patients, a similar 

trend was observed associating higher expression of OSM with worse DFS (P = 0.075, Fig. 

3.1.1b). To further validate these findings at protein level, the group used tissue 

microarrays (TMAs) that included 141 breast cancer samples from a cohort of patients with 

tumour biopsies at diagnosis and long-term follow-up clinical data provided by Prof. 

Tzankov, at the University Hospital of Basel. OSM immunohistochemistry staining of the 

TMAs revealed that, in accordance with the mRNA data, higher expression of OSM in the 

tumours correlated with worse overall survival (OS) (P = 0.029, Fig. 3.1.1c). Interestingly, 
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the association of OSM expression with decreased survival was only observed in the ER- 

cases (Fig. 3.1.1d) but not in the ER+ (data not shown). Data from Kaplan-Meier (KM) 

plotter were used to determine if OSM and OSMR mRNA levels were also associated with 

survival in a different cohort, and to explore the link with ER expression. The analysis 

revealed that OSM expression correlated with OS (P = 0.025), but that in this cohort, OSM 

was not associated with distant metastasis-free survival (DMFS) (P = 0.29). OSMR 

expression also correlated with worse OS (P = 0.041) and it showed a tendency for DMFS 

(P = 0.065, Fig. 3.1.1f). To further explore if OSM or OSMR were associated with a specific 

breast cancer subtype, the same KM plotter analysis was performed dividing data in ER+ 

and ER- tumours. OSM correlated with worse OS in ER- tumours (P = 0.008, Fig. 3.1.1g) 

while this trend was not significant for ER+ tumours (data not shown). On the other hand, 

OSMR expression correlated with worse DMFS in ER- tumours (P = 0.019, Fig. 3.1.1h) but 

no correlation was found in ER+ tumours (data not shown). These data suggested that, in 

general, both OSM and OSMR levels are associated with worse survival in breast cancer, 

and that this could be particularly relevant in ER negative tumours.  
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Fig. 3.1.1: OSM and OSMR are associated with poor overall survival in breast cancer, especially 
in the ER- tumours.  
Kaplan-Meier curves from breast cancer clinical data showing: a,b) Disease free survival (DFS) for 
cancer patients with high versus low expression of OSM, included in the METABRIC (a) or Wang (b) 
datasets present in Cancertool. c,d) overall survival (OS) for cancer patients with high versus low 
levels of OSM for all subtypes of breast cancer (c) and for ER negative (ER-) breast cancer (d), whose 
samples were included in the tissue microarrays (TMAs) from the University Hospital Basel. e,f) OS 
and distant metastasis free survival (DMFS) for cancer patients with high versus low expression of 
OSM (e) and OSMR (f) included in KM Plotter using jet set probes and best cut-off. g,h) OS (g) and 
DMFS (h) for ER- breast cancer patients with high versus low expression of OSM and OSMR, 
respectively, included in KM Plotter. All P values were calculated using the Mantel-Cox test. 

 

3.1.3 OSM and OSMR are associated with decreased overall survival in 
multiple types of cancer.  

Our previous work has shown that overexpression of OSMR correlated with poor overall 

survival (OS) in cervical cancer183. To verify if OSM or OSMR expression was associated with 
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survival in other types of cancer, a pan-cancer analysis was done using KM plotter webtool. 

The results indicated that, in many cases, both the expression of the ligand and the 

receptor were significantly associated with decreased overall survival (cervical squamous 

cell carcinoma, kidney renal cell carcinoma, ovarian cancer, pancreatic ductal 

adenocarcinoma, stomach adenocarcinoma, thymoma) (P values shown in Fig 3.1.2 and 

3.1.3). These results indicated that OSM:OSMR signalling could be an important player in 

cancer progression, not only in cervical and breast cancer, but also in other types of cancer.   

 

 

 

Fig. 3.1.2: OSM is associated with poor overall survival in multiple types of cancer. 
a) Kaplan-Meier curves showing overall survival for cancer patients of the indicated subtypes with 
high versus low expression of OSM obtained from KM plotter using jet set probes and automatic 
best cut-off. P values were calculated using the Mantel-Cox test. 
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Fig. 3.1.3: OSMR is associated with poor overall survival in multiple types of cancer. 
a) Kaplan-Meier curves showing overall survival for cancer patients of the indicated subtypes with 
high versus low expression of OSM obtained from KM plotter using jet set probes and automatic 
best cut-off. P values were calculated using the Mantel-Cox test. 

 

3.1.4 OSM and OSMR are not frequently mutated in breast cancer.  

Two previous works have shown that a subset of cervical squamous cell carcinoma samples 

show OSMR copy number gain and this is associated with gene and protein 

overexpression179,181. To verify if OSM or OSMR genes were frequently mutated or altered 

in breast cancer, genomic sequencing data available at cBioPortal from the METABRIC and 

TCGA datasets were used to look for frequency of mutations. Considering the results from 

both datasets, only 0.7-1% of the patients presented mutations in the OSM gene, being 

amplifications, the majority of the genetic alterations found. The data extracted from the 

METABRIC dataset showed that all OSMR mutations were amplifications (2.8%) while in 

TCGA dataset only 1% of patients showed gene amplification with a total 2.2% of patients 
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presenting OSMR mutations. In cervical cancer, around 6% of the patients presented 

amplifications in the OSMR gene and almost no mutations were found in OSM  (Fig. 3.1.4a). 

These results revealed that OSM and OSMR genes are not frequently mutated in breast 

cancer and that upregulations of the pathway cannot be explained by genetic alterations.  

 

 

Fig. 3.1.4: OSM and OSMR are not frequently mutated in breast cancer. 
a) OSM and OSMR mutation frequency in breast and cervical cancer, shown as reference. Graphs 
show frequency of mutations found in the indicated datasets. Data were obtained from 
cBioPortal.org.  

 

3.1.5 OSMR pathway activation is increased in ER- breast cancer cells. 

Considering that clinical data suggested that OSM and OSMR were linked to worse 

prognosis mainly in ER- breast cancer, next, OSM and OSMR expression was analysed in 

ER+ and ER- breast cancer cell lines. A panel of breast cancer cell lines (Table 2.2 in chapter 

2) was used to assess the mRNA levels of OSM, OSMR and some of their downstream 

targets described in the literature. OSMR was found to be increased in ER- cell lines (P = 

0.021) compared to the ER+ (Fig. 3.1.5a). The negative regulator of the JAK-STAT pathway, 

SOCS3232, presented an inverse pattern of expression (P = 0.022), which further explains 

the OSMR induction in the ER- subset. STAT3, a well-known downstream target of OSMR169, 

was not differentially expressed in ER- breast cell lines but, on the contrary, IL-6 expression, 



 

97 
 

a described target of OSMR-STAT3 activation233, was increased in the ER- group (P = 0.043, 

Fig. 3.1.5a). Despite no changes in STAT3 mRNA levels between the two groups, 

phosphorylation of STAT3 (P-STAT3), analysed by Western blot, was increased in the ER- 

cell lines (data not shown).  

Interestingly, in the breast cancer cell panel, OSM was detected at late qPCR cycles 

assessed by Ct values >30, and in some cases not detected at all, by qPCR analysis (Fig. 

3.1.5b) and by ELISA assay (data not shown). This finding indicated that cancer cells do not 

express and secrete a relevant amount of OSM suggesting that they do not rely on an 

autocrine signalling to activate the OSMR pathway.  

Publicly available mRNA data from breast cancer cell lines (GSE69017)218 was used to 

further validate the observations obtained with the breast cancer cell line panel  presented 

Fig 3.1.5a. In accordance with the results previously obtained, mRNA levels analysis 

revealed that OSMR was significantly increased in ER- cell lines (P = 0.01). Interestingly, 

there were no differences between the groups in OSM expression (Fig. 3.1.5c).  

The clinical data and the in vitro characterisation of the breast cancer cell panel presented 

in this section strongly suggested that OSM:OSMR signalling could be particularly 

important in the ER- setting. Further experiments would need to be done to further confirm 

this observation. Due to the large nature of the project, another member of the lab (Andrea 

Abaurrea) is currently investigating the role of OSM:OSMR in the ER- context. This thesis 

project was set to study the contribution of OSM:OSMR signalling axis in breast cancer in 

general, therefore a variety of ER+ and ER- negative models were used in this study.   
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Fig. 3.1.5: OSMR pathway is increased in ER- breast cancer cells and cancer cells do not express 
biological significant levels of OSM.  
a) mRNA expression of OSMR and its downstream targets in a panel of breast cancer cell lines with 
ER+ vs ER- expression. b) Ct values obtained from RT-qPCR analysis of different housekeeping genes 
(HMBS, HPRT, YWHAZ) and OSM in the breast cancer cell lines panel. c) OSMR and OSM mRNA 
levels in a panel of breast cancer cell lines from Neve et al (2006)218 comparing ER+ vs ER- cell lines. 
Graphs represent mean ± SEM, and P values were obtained using the unpaired two-tailed t test.  

 

3.1.6 Exogenous OSM treatment activates the OSMR pathway and induces 
pro-malignant factors in the MDA-MB-231 breast cancer cell line. 

Fig. 3.1.5b shows that, in general, breast cancer cells do not express significant amounts of 

OSM to consider a relevant autocrine signalling. To verify if exogenous OSM could activate 

the OSMR pathway in breast cancer cell lines, recombinant OSM protein was added to the 

MDA-MB-231 cells. This cell line is one of the most widely used in vitro model of ER- breast 

cancer and it presents high levels of OSMR expression detected by qPCR and Western blot 

(Fig. 3.1.8a). MDA-MB-231 cells treated with OSM at 2 different concentrations (10 and 

100 ng/mL) showed increased OSMR expression with the highest peak at 72h. Pro-

malignant downstream targets of the pathway were also induced including IL-6, VEGF, 

SNAIL, and STAT3 (Fig. 3.1.6a). Although there was a small induction in STAT3 mRNA levels 

with OSM treatment, phosphorylation measured by Western blot with an antibody against 

P-STAT3 revealed that 10 ng/mL of OSM was enough to produce a strong phosphorylation 
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of STAT3 after 1 hour and that it was maintained at least up to 72 h (Fig. 3.1.6b,c). These 

data suggested that 10 ng/mL of OSM treatment is enough to activate the OSMR pathway 

in MDA-MB-231 breast cancer cell line and that this activation is maintained in time.  

 

Fig. 3.1.6: OSM treatment of MDA-MB-231 cells activates the OSMR pathway and induces pro-
malignant factors. 
MDA-MB-231 cells were treated with recombinant OSM at different concentrations and time 
points. a) mRNA levels of OSMR and its downstream targets analysed by RT-qPCR. Graphs show 
mean ± SD of technical replicates. b) Protein levels of the indicated proteins assessed by Western 
blot and c) corresponding densitometric analysis.  
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3.1.7 OSM treatment of breast cancer cell lines induces pro-malignant 
factors through the OSMR receptor.  

OSM, despite having a high affinity to OSMR, can also bind the LIF Receptor (LIFR)192. siRNA 

experiments to knockdown OSMR were performed in two ER- breast cancer cell lines 

(MDA-MB-231 and HCC1569) to determine if this receptor was responsible for activating 

the OSM mediated downstream signalling in breast cancer. Based on the manufacturer’s 

recommendations, a minimum of 80% silencing was defined as necessary to be able to 

draw definite conclusions. Any silencing below that number was considered not to be 

sufficient to determine if OSM was signalling exclusively through OSMR. OSMR mRNA 

silencing was achieved at 84.2% for MDA-MB-231 and 68.8% for HCC1569 (Fig. 3.1.7a) after 

several optimisations (data not shown). Due to the low silencing achieved in HCC1569 

further experiments were only performed with MDA-MB-231 cells. As seen in Fig. 3.1.7b, 

when OSMR receptor was knockdown in MDA-MB-231 cells, OSM was not capable of 

inducing downstream targets such as IL6, VEGF and SNAIL confirming this way that OSM 

activates these pro-malignant factors exclusively through OSMR in this context.  

 

Fig. 3.1.7: OSM activates pro-malignant factors through OSMR. 
a) MDA-MB-231 and HCC1569 cells were transfected with siRNA against Cyc B (positive control), 
non-targeting control (NTC) or OSMR and treated with PBS or 10 ng/mL OSM. Graphs represent 
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OSMR mRNA levels of technical replicates ± SD, and percentage of OSMR silencing calculated using 
si NTC PBS and si OSMR PBS values. b) mRNA levels of OSMR downstream targets after siRNA 
transfection and OSM treatment in MDA-MB-231 cells. Graphs represent mRNA levels of technical 
replicates ± SD of a representative experiment from 2 performed.  

 

3.1.8 OSMR overexpression promotes a pro-malignant phenotype in the SK-
BR-3 cell line.  

Considering the clinical data that indicated that patients with OSMR overexpression had 

worse clinical outcome, and that activation of OSMR pathway with OSM induced pro-

malignant factors in breast cancer cell lines, induction of OSMR expression in a breast 

cancer cell line with low basal levels of OSMR was hypothesised to promote a pro-

malignant phenotype. SK-BR-3 cell line was selected to test this hypothesis as they possess 

low basal levels of OSMR (Fig 3.1.8a). Cells were transfected with a plasmid containing 

OSMR gene (hOSMR) that resulted in a 40-fold change in increased expression (Fig. 3.1.8b). 

Treating SK-BR-3 hOSMR with OSM promoted the induction of downstream targets such 

as IL-6 and fibronectin (FN) (Fig. 3.1.8b) previously described as an OSMR target in cancer 

cells182. Of interest, a phenotypic change was also observed in cells transfected with 

hOSMR plasmid and activated with OSM (hOSMR OSM). These cells presented a more 

elongated shape with lower adherence to the plate compared to the respective controls 

(hControl PBS/or OSM) (Fig. 3.1.8c,d). These phenotypic changes are usually associated 

with EMT234, and are consistent with the induction of FN (Fig. 3.1.8b), a classical marker 

described to promote EMT transition in epithelial cells235. 

These results confirmed that induction of OSMR in vitro results in activation of pro-

malignant downstream targets and induction of mesenchymal phenotype.  
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Fig. 3.1.8: OSMR expression in SK-BR-3 cells induces pro-malignant factors and a mesenchymal-
like cell morphology.  
a) Western blot showing OSMR levels in MDA-MB-231 and SK-BR-3 cell lines. b) SK-BR-3 cells were 
transfected with pcDNA3.1 zeo plasmid containg OSMR gene (hOSMR) or with control vector (h 
Control) and treated with PBS or OSM 10 ng/mL for 72h. Graphs represent mRNA levels of OSMR 
and downstream targets. Technical replicates ± SD of a representative experiment is shown. c, d) 
Representative pictures of the different conditions described in (b) showing cell morphology and 
adherence at higher (c) and lower (d) magnification.  

 



 

103 
 

3.1.9 MDA-MB-231 cells constitutively expressing OSM are a reliable model 
of constant OSMR pathway activation.  

As described in Fig. 3.1.5b, cancer cells do not express significant levels of OSM, reducing 

the possibility of a sustained autocrine signalling. Furthermore, murine OSM is not capable 

of binding human OSMR236. To assess the role of OSMR signalling in breast cancer 

progression using xenografts of human cells it was necessary to create a system where 

human cancer cells were in contact with human OSM to induce OSMR pathway activation. 

Two possibilities were considered at this point to counter the issue of different cross-

species reactivity: either periodical injections of human OSM into mice (intravenous or 

intraperitoneal injections), or the generation of a human breast cancer cell line with 

endogenous OSM production. Taking into consideration the downside and benefits of each 

system, the model of autocrine signalling in the MDA-MB-231 cells was chosen as it would 

ensure a constant liberation of OSM and it would save the animals the stress of periodical 

injections. To generate this model, MDA-MB-231 were transfected with p-UNO Control 

(hControl) or p-UNO1-hOSM (hOSM) plasmids containing the human OSM gene. As seen in 

Fig. 3.1.9a-b, both OSM mRNA and secreted protein levels, assessed by qPCR and ELISA, 

respectively, were shown to be greatly induced after plasmid transfection. OSM 

overexpression induced the expression of OSMR downstream targets (Fig. 3.1.9c) in a 

remarkably similar fashion observed in the MDA-MB-231 with OSM exogenous treatment 

(Fig. 3.1.6), demonstrating this way that OSM-induced autocrine signalling in MDA-MB-231 

cells can activate the OSMR pathway.  
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Fig. 3.1.9: MDA-MB-231 cells transfected with human OSM are a stable model for constant OSMR 
pathway activation.   
MDA-MB-231 cells were transfected with a plasmid containing OSM gene (hOSM) or empty vector 
(hControl). a) OSM mRNA levels analysed by RT-qPCR. b) OSM protein levels secreted analysed by 
ELISA. c) mRNA levels of OSMR and downstream targets. Graphs represent mean ± SD of technical 
replicates of a representative experiment out of 2 performed.  
 

3.1.10 OSM signalling induces tumorigenesis and metastasis in mice 
xenografts in nude mice.   

Clinical data and in vitro experiments previously presented strongly suggested that OSMR 

signalling could be playing a role in breast cancer progression. Therefore, activation of the 

OSMR pathway in tumour cells was hypothesised to contribute to breast cancer 

progression in vivo. To assess the role of OSM:OSMR signalling in vivo, MDA-MB-231 

hControl or hOSM (Fig. 3.1.9) were injected orthotopically in nude mice. Activation of 

OSMR pathway in MDA-MB-231 hOSM cells lead to an earlier tumour onset (P = 0.002, Fig. 

3.1.10a) and increased tumour growth (Fig. 3.1.10b). Of the 6 mice injected with MDA-MB-

231 hControl cells only 1 animal developed a tumour within the 45 days experimental 

window. On the contrary, 7 out of 7 animals injected with MDA-MB-231 h OSM developed 

tumours (Fig. 3.1.10a-c). Interestingly, the single tumour in hControl group appeared to 

have similar tumour volume to the hOSM tumours raising the question if OSM influences 

tumour growth or if it only delays tumour appearance. 
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MDA-MB-231 cells preferentially metastasise to the lungs in the in vivo models237. Disease 

progression was assessed by the presence of micrometastases in the lungs using qPCR to 

detect human Alu sequences in the mice lungs. This technique revealed that around 50% 

of the animals injected with MDA-MB-231 hOSM had detectable micrometastases in the 

lungs while none of the control animals tested positive for the presence of 

micrometastases (P = 0.033, Fig. 3.1.10d), suggesting that OSM signalling in cancer not only 

favours tumour onset but also the spread of the disease to distant organs.  

mRNA levels in the tumours at the culling point were analysed by qPCR to confirm that the 

production of OSM was maintained in time. As seen in Fig. 3.1.10e, all mice tumours 

generated from MDA-MB-231 hOSM injection presented high levels of OSM expression 

compared to the single hControl tumour, except for 1 animal. This tumour seemed to have 

lost OSM expression with time, and, of note, it corresponded to the smallest tumour of the 

group, which suggests that OSM could also be influencing tumour growth, but further 

experiments would need to be performed to answer this question.  

Analysis of the downstream targets in the different experimental groups showed that OSM 

overexpressing tumours presented higher levels of OSMR (P < 0.001), STAT3 (P = 0.016) 

and a trend to higher levels of VEGF and IL-6 (Fig. 3.1.10f), suggesting that OSM was 

activating OSMR pathway in vivo and promoting breast cancer progression in this xenograft 

mouse model.   
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Fig. 3.1.10: OSM signalling promotes tumour progression in orthotopic xenografts in nude mice.  
MDA-MB-231 hControl and hOSM cells were injected in the 4th mammary gland of nude mice.  a) 
Kaplan-Meier curve representing percentage of tumour free animals with time. P value was 
obtained using the Mantel-Cox test. b) Growth curve of individual tumours from the different 
experimental groups represented in different colours. c) Pictures of tumours and mammary glands 
of the different experimental groups after dissection at day 43. d) Percentage of animals with lung 
micrometastases assessed as presence of human DNA in murine lungs analysed by qPCR of human 
Alu sequences. P value was calculated using the chi-square test. e) OSM mRNA levels in tumours 
from the different experimental groups. Graph bars represent mean of technical replicates ± SD. f) 
mRNA levels of OSMR and its downstream targets in tumours with OSM overexpression and control 
tumours. Graphs represent mean ± SEM. n.s. non-significant. P values were obtained using the 
unpaired two-tailed t test. 
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3.1.11 Depletion of OSMR in the MMTV-PyMT breast cancer mouse model 
halts tumour progression.  

Xenografts in nude mice are valuable models to study breast cancer progression, but an 

important handicap associated with those models is their immune system deficiency, an 

important factor in cancer progression. One of the aims of this thesis was to study the 

interaction of cancer cells with the tumour microenvironment, and the in vitro data 

suggested that tumour cells depend on paracrine signalling to activate the OSMR pathway. 

Therefore, it was important to study the role of OSM:OSMR signalling in a more 

physiological context where tumour cells could interact with an intact tumour 

microenvironment.  

The MMTV-PyMT (mouse mammary tumour virus-polyoma middle tumour-antigen) mice 

express the Polyoma Virus middle T antigen under the direction of the mouse mammary 

tumour virus promoter/enhancer resulting in spontaneous generation of tumours in the 

female mammary glands starting at 7 weeks of age. By week 14, most mammary glands 

present fully developed carcinomas and approximately 50% of the animals have visible 

metastasis in the lungs. Tumours start as ER+ and with time they tend to lose ER expression 

becoming ER-238. This genetic mice model was first described by Guy et al (1992)231 and it 

has been since then a widely used model of breast cancer development and metastasis238. 

MMTV-PyMT mice (provided by Dr. Eva Suarez, CNIO Madrid) were crossed with OSMR KO 

mice (provided by Prof. Nicholas Coleman, University of Cambridge, UK) in the animal 

facilities of Biodonostia Health Research Institute to check for the role of OSMR signalling 

in breast cancer progression, as described by the experimental scheme in Fig. 3.1.11a. As 

seen in Fig. 3.1.11b,c, depletion of OSMR in the MMTV-PyMT mice resulted in delayed 

tumour onset (P <0.001). While most MMTV-PyMT:OSMR WT and HET animals presented 

palpable tumours by week 7, MMTV-PyMT:OSMR KO animals only started to have 

detectable tumours around week 9 of age (P < 0.001). OSMR deficient mice also generated 

smaller tumours, as seen by the reduced tumour growth (Fig. 3.1.11d), and tumour burden 

at the culling point (P < 0.001, Fig. 3.1.11e) compared to the control mice. OSMR depletion 

in the MMTV-PyMT:OSMR KO mice was confirmed by Western blot of tumour lysates (P < 

0.001, Fig. 3.1.11f,g). Analysis of earlier time points revealed that by week 9, MMTV-
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PyMT:OSMR KO animals had smaller lesions in the mammary gland compared to MMTV-

PyMT:OSMR WT determined by wholemount staining of mammary glands (Fig. 3.1.11h).  

This transgenic model progresses through four distinctly identifiable stages of tumour 

progression (from benign or in situ lesions to invasive carcinomas) and mimics well the 

progression of human breast cancer238. Histological analysis performed by Prof. Juana 

Flores in UCM Madrid, revealed that most of the animals in the WT group presented fully 

developed late stage carcinomas while only 50% of the tumours in the MMTV-PyMT:OSMR 

KO group presented this phenotype, with an important 40% of animals still presenting 

adenomas (P = 0.007, Fig. 3.1.12a,b). Immunohistochemical analysis of markers of 

proliferation and apoptosis (Ki67 and Caspase 3, respectively) showed that although 

MMTV-PyMT:OSMR KO tumours seemed to have slightly higher levels of proliferation (not 

statistically significant) compared to the WT control tumours, they also presented higher 

levels of apoptosis measured by active caspase 3 (P = 0.01, Fig. 3.1.12c). These results 

suggest that the increased cell death within those tumours could explain the smaller 

tumour volume present in this group (Fig. 3.1.11d). Protein analysis of tumours excised 

from animals at 14 weeks of age revealed that MMTV-PyMT:OSMR WT animals had higher 

levels of FN in the tumours, EMT239, and fibroblast activation marker240 (P < 0.001, Fig. 

3.1.12d), suggesting that OSMR signalling could be contributing to EMT and also playing a 

role in shaping the tumour microenvironment.  

MMTV-PyMT model is a very well characterised model of breast cancer progression and 

metastasis238. As previous data in breast cancer xenografts (Fig. 3.1.10d) suggested that 

OSM:OSMR signalling could contribute to metastasis, MMTV-PyMT:OSMR KO mice were 

hypothesised to have less metastasis in the lungs than the control mice. As seen in Fig. 

3.1.13a, around 40% of MMTV-PyMT:OSMR WT animals presented visible lung metastases 

and around 40% more presented micrometastases detected by haematoxylin and eosin 

(H&E) staining (Fig. 3.1.13b). Strikingly, out of 15 animals in the OSMR KO group, none 

presented visible metastasis, and only around 20% of animals presented micrometastases 

detected by H&E analysis (P < 0.001), revealing a strong contribution of OSMR signalling 

for metastasis development in the MMTV-PyMT mouse model.  
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Fig. 3.1.11: Depletion of OSMR in the breast cancer mouse model MMTV-PyMT halts tumour 
progression.  
a) Experimental setup of the in vivo experiment designed to assess the importance of OSMR 
signalling for disease progression in the MMTV-PyMT mouse model. b-e) Kaplan-Meier curves for 
tumour-free survival (b), tumour onset (c), tumour growth (d) and final tumour burden (e) in 
MMTV-PyMT:OSMR wild-type (WT), MMTV-PyMT:OSMR heterozygous (HET), and MMTV-
PyMT:OSMR knockout (KO) mice. f-g) Western blot (f) and densitometric analysis (g) of OSMR 
protein levels in tumours at culling point from the differential experimental groups. h) 
Representative pictures of whole mount staining of mammary glands at week 9. In (b) P values 
were calculated using the Mantel-Cox test; in c,e,g) P values were determined using one-way 
ANOVA test; in (d) P values were determined using unpaired two-tailed t test. Unless otherwise 
specified, graphs represent mean ± SEM, ** P < 0.01; *** P < 0.001. 
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Fig. 3.1.12: Depletion of OSMR in the MMTV-PyMT mouse model changes primary tumour 
characteristics. 
a) Histopathological analysis of tumours at culling point (week 14) from the different experimental 
groups of Fig. 3.1.11. Graph represents percentage of mice bearing carcinomas, adenomas, 
hyperplasia and no lesions in mammary glands. P value was determined comparing number of mice 
with malignant (carcinoma) vs non-malignant phenotypes (adenoma, hyperplasia) and no lesions 
using Chi-square test. b-c) representative pictures of histopathological analysis (b) and 
immunohistochemistry (IHC) staining (upper panels) and quantification (lower panels) of Ki67 and 
active caspase 3 (proliferation and apoptosis markers, respectively) (c) in tumours at culling point 
of the different experimental groups. Quantification was performed by manual counting of the 
percentage of positive cells per picture in a total of 8 pictures per tumour and 5 animals per group. 
P values between the different groups were calculated using unpaired two-tailed t test. d) Western 
blot (upper panel) and densitometry analysis (lower panel) of fibronectin protein levels in tumours 
at culling point from animals of the different genotypes. P value was determined by the one-way 
ANOVA test. Unless otherwise specified, graphs represent mean ± SEM. n.s. non-significant.  
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Fig. 3.1.13: Depletion of OSMR in the MMTV-PyMT mouse model decreases lung metastatic 
burden. 
a) Percentage of animals with lung metastases at 14 weeks of age from the differential 
experimental groups of Fig. 3.1.11. Lung tumour masses were classified as macrometastases when 
they were visible by the naked eye at dissection and as micrometastases when they were only 
detectable by hematoxylin and eosin staining. P value was determined comparing number of 
animals with metastasis (macro and micro) vs number of animals without metastasis using Chi-
square test. b) Representative pictures of lungs at week 14 in OSMR WT, HET and KO animals.  
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3.2 OSM:OSMR signalling in the tumour microenvironment. 

3.2.1 Summary  

In this section, objective 3 was addressed with the aim of investigating the expression and 

the role of OSM:OSMR in the tumour microenvironment. 

OSM:OSMR expression in the tumour microenvironment was analysed in publicly available 

datasets of human breast, colon, ovarian cancer samples and in scRNA-seq data and RNA 

from FACS sorted populations of murine tumours. Murine orthotopic tumours in syngeneic 

mice were used to determine the role of microenvironment derived OSM:OSMR signalling 

in BC progression in vivo. In vitro cultures of fibroblasts, CAFs and myeloid cells were used 

to explore the effects of OSM:OSMR signalling in cells from the TME. The contribution of 

OSM activated CAFs to tumour progression was tested using xenografts.  

 

3.2.2 OSM:OSMR signalling is increased in human tumour stroma.   

NCBI Gene Expression Omnibus (GEO) dataset (GSE10797), that included mRNA expression 

data from laser captured cancer epithelial and cancer stroma, was used to understand the 

status of OSM:OSMR signalling in the tumour microenvironment and how it compared to 

the tumour cells. The analysis revealed that OSM and OSMR were elevated in the stroma 

compared to the tumour cell compartment in breast cancer (P = 0.012 and P = 0.036, 

respectively, Fig. 3.2.1a). Further analysis of GEO datasets, with matched samples of 

normal and cancer stroma taken from the same patient through tissue laser 

microdissection, revealed that OSM and OSMR levels were increased in cancer stroma 

compared to normal stroma in breast, colorectal and ovarian cancer (P values shown in Fig. 

3.2.1b-d), suggesting that this signalling axis could have a relevant role in the tumour 

microenvironment.  
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Fig. 3.2.1: OSM:OSMR signalling is increased in the tumour stroma (TME) of breast cancer and 
other tumour types.  
a-d) OSM and OSMR mRNA expression in paired cancer epithelial vs. cancer stroma of breast cancer 
(a) and normal stroma vs. cancer stroma of breast (b), colorectal (c) and ovarian cancer (d). Data 
were downloaded from GEO datasets (GSE10797 and GSE9014, GSE35602, and GSE40595). P values 
were calculated using the unpaired two-tailed t test and graphs represent mean of mRNA Z-score 
± SEM. 

 

3.2.3 Single cell RNA-seq reveals that OSM:OSMR signalling is paracrine 
within the tumour and its pattern of expression differs from IL-6 family. 

Data from section 3.1 indicated that cancer cells do not rely on OSM autocrine signalling. 

A collaboration with Dr. David Gallego Ortega (Garvan institute, Sydney) was established 

to characterise OSM and OSMR expression in the different cell tumour populations. His 

laboratory performed single cell RNA-seq (scRNA-seq) on MMTV-PyMT tumours (week 14) 

and the associated bioinformatic analysis presented in this thesis. Of 9,636 cells, 18 clusters 

were obtained and represented in Fig. 3.2.2a. Expression analysis of OSM and OSMR in the 

different cell subpopulations indicated that OSM was mainly expressed in clusters 7 and 

15, defined by high expression of myeloid markers. On the other hand, OSMR was strongly 
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expressed in clusters 2, 3, 9 and 11, associated with cancer cells markers, and in clusters 5, 

6 and 10, corresponding to classical markers of fibroblasts. These data together suggest 

that OSM is almost exclusively expressed by immune cells, mainly the myeloid 

subpopulation, and that OSMR is found in the majority of cancer cells and fibroblasts. (Fig. 

3.2.2b,c). These results strongly support the existence of a paracrine signalling between 

immune system, cancer cells and fibroblasts. Strikingly, the pattern of expression of OSM 

and OSMR greatly differs from other members of the IL-6 family suggesting that 

OSM:OSMR could have unique functions independent from other members of the family. 

IL-6, as previously shown to be a downstream target of OSMR activation (Fig. 3.1.6a), was 

found mainly expressed in clusters 6 and 10 corresponding to fibroblasts (Fig. 3.2.2b,c), 

both with high expression of OSMR suggesting that maybe this pathway could be involved 

in inducing IL-6 levels in CAFs. Il6st (corresponding to the GP130 human gene, coding for 

the common receptor subunit in the IL-6 family) was widely distributed while LIF, contrary 

to OSM, was mainly produced by cancer cells (clusters 2 and 3). 
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Fig. 3.2.2: The OSM:OSMR signalling module exhibits a distinct microenvironment-restricted 
expression.  
a) Single cell RNA-seq (scRNA seq) Uniform Manifold Approximation and Projection (UMAP) plot 
showing cell clusters defined in each of the main cell lineages. Far right column depicts the main 
cell lineage of origin for each cluster, showing 7 clusters of epithelial origin, 6 immune and 4 
stromal. LP: luminal progenitors, ECM: extracellular matrix, B: basal, ML: mature luminal. b) Feature 
UMAP plots showing the expression of the indicated genes in each of the main cell clusters. c) Dot 
plot representing the expression level (red or blue jet) and the number of expressing cells (dot size) 
of the indicated genes in each cluster.  
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3.2.4 OSM is mostly expressed by myeloid cells while OSMR is present in 
tumour cells and fibroblasts.  

To validate the scRNA-seq data observations with other techniques, FACS sorting of 

tumours generated by orthotopic injections of TS1 cells in syngeneic mice241, and 

consequent qPCR analysis of each individual sorted population were performed. TS1 

tumours were initially separated into cancer (EPCAM+), endothelial (CD31+), immune 

(CD45+) cells and fibroblasts (negative selection), as described by the experiment scheme 

in Fig. 3.2.3a,b. In total accordance with scRNA-seq data, OSMR was mainly found 

expressed in fibroblasts, endothelial and cancer cells while OSM was exclusively present in 

the immune population. To further explore which immune population expressed higher 

levels of OSM, a second FACS sorting was performed separating the immune cells into 

myeloid (CD11b+), T (CD3+) cells and remaining immune population (Fig 3.2.3a). Again, 

OSM was confirmed to be expressed mainly by the myeloid population (Fig. 3.2.3c). This 

paracrine pattern was validated in FACS sorted tumours from the MMTV-PyMT mouse 

model using RNA kindly provided by Dr. Fernando Calvo242. Briefly, tumours were 

separated into cancer (EPCAM+), endothelial (CD31+), immune (CD45+) cells, fibroblasts 

(FAP+) and remaining populations (negative selection). Again, OSMR was mainly found in 

tumour cells and fibroblasts while OSM was detected in immune cells (Fig. 3.2.3d). 

These data together strongly confirmed a unique microenvironment expression pattern for 

OSM and OSMR and pointed to the existence of OSM:OSMR paracrine signalling between 

myeloid cells, fibroblasts, and cancer cells. 
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Fig. 3.2.3: OSM is mostly expressed by myeloid cells while OSMR is present in tumour cells and 
fibroblasts.  
a-b) Schematic representation of FACS sorting (a) and gating strategy (b) of TS1 orthotopic 
tumours. The two different experiments were performed independently, each one using 4 tumours 
from individual animals. c-d) Osm and Osmr mRNA expression levels analysed by RT-qPCR of FACS 
sorted TS1 orthotopic (c) or MMTV-PyMT FACS sorted tumours as described in Ferrari et al (2019)242 
(d). Graphs represent mean ± SEM of 3 technical replicates (c) or of 6 different tumours (d). P values 
were determined using one-way ANOVA test. 
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3.2.5 OSMR expression correlates with fibroblast content while OSM 
expression associates with myeloid cell infiltration in human breast cancer 
samples. 

Correlation of OSM and OSMR expression with tumour purity and TME content in clinical 

samples was explored using TIMER and xCell webtools, digital platforms designed to infer 

stromal cell type content based on gene signatures. Data analysis from TIMER215 revealed 

that OSMR expression was strongly associated with the presence of cancer associated 

fibroblasts in the tumour while OSM was correlated with myeloid cell infiltration, mainly 

macrophages and neutrophils (correlation coefficients and P values shown in Fig. 3.2.4a). 

Both OSM and OSMR inversely correlated with tumour purity meaning that OSM and OSMR 

expression positively correlates with higher TME content of the tumour, supporting the 

hypothesis that OSM and OSMR are mainly stroma expressed molecules (Fig. 3.2.4a). Data 

obtained from xCell webtool216 revealed that OSM was associated with enrichment of 

macrophages M2 and common myeloid progenitors, and that OSMR was associated with 

fibroblasts (P < 0.001 in all graphs, Fig. 3.2.4b), again suggesting a possible role of 

OSM:OSMR in shaping the TME in breast cancer.  
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Fig. 3.2.4: OSMR expression is correlated with fibroblast content while OSM is associated with 
myeloid infiltration in breast cancer.  
a) Correlation of OSMR (upper panels) and OSM (lower panels) expression with tumour purity and 
infiltration level of indicated cell types in breast cancer samples. Data were downloaded from 
TIMER web platform. Spearman correlation coefficients and P values are shown. b) Truncated violin 
plots showing cell type enrichment of the indicated populations in breast tumours according to 
high (top quartile) or low (lower quartile) OSM or OSMR expression. Data were obtained using xCell 
web resource on 1809 breast cancer samples from Kaplan-Meier Plotter website. P values were 
determined using Mann–Whitney’s test. 

 

3.2.6 Human breast cancer cells, fibroblasts and myeloid-derived cell lines 
maintain the expression pattern of the OSM:OSMR pathway observed in 
tumours.  

scRNA-seq and FACS data revealed that fibroblasts and cancer cells express high levels of 

the receptor OSMR while the ligand OSM is mainly found in myeloid cells. Moreover, OSMR 

and OSM levels correlate with fibroblast and myeloid content, respectively, in the TME of 

clinical samples of breast cancer. Multiple human in vitro models were characterised to 
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further explore the OSM:OSMR expression in cancer cells, fibroblasts, and myeloid cells 

and to select relevant in vitro models to study the role of OSM:OSMR in modulating the 

communication between those cells. Gene expression was analysed in a breast cancer cell 

panel of 17 cell lines (Table 2.2, chapter 2). Human mammary fibroblasts, derived from 

reduction mammoplasty and breast cancer surgeries, were kindly provided by Dr. Paloma 

Bragado (UCM, Madrid), and used as in vitro models of normal and cancer associated 

fibroblasts (CAFs), respectively. The HL-60 cell line, a promyeloblastic cell line that can be 

differentiated to macrophages upon addition of TPA, was used as an in vitro model of 

human myeloid cells. RT-qPCR analysis of breast cancer cells and fibroblasts revealed that 

both cell types expressed OSMR, and that fibroblasts expressed higher levels of the 

receptor (P =0.001, Fig. 3.2.5a). OSM was detected at late cycles (32+) in both cell types 

and therefore considered not expressed (data not shown). Both OSM and OSMR had 

different pattern of expression from other cytokines/receptors of the IL-6 family as seen in 

Fig. 3.2.5a. IL-6 and LIF were expressed in fibroblasts and cancer cells (contrary to OSM), 

while IL6R seemed to be increased in breast cancer cells compared to fibroblasts (contrary 

to OSMR). In agreement with previous data, HL-60 cell line expressed high levels of OSM, 

both as undifferentiated monocytes or differentiated to macrophages (with TPA) and 

presented undetectable levels of OSMR using MDA-MB-231 cell line as positive control (P 

= 0.006 and P = 0.005, respectively, Fig. 3.2.5b). Both LIFR and IL-6 were not expressed in 

HL-60, and LIF was only found in TPA differentiated macrophages, but on the contrary, 

these cells expressed high levels of IL6R. Analysis of publicly available mRNA data from a 

variety of human cell lines of multiple origins (Human Protein Atlas)213 further confirmed 

that OSMR was mainly found in cancer cell lines from multiple anatomical sites and 

fibroblasts, while OSM was exclusively present in cells from the immune system including 

myeloid and lymphoid cells (Fig. 3.2.5c). These data indicate that the in vitro models 

analysed conserve the OSM and OSMR expression pattern and that they are adequate 

models to further study OSM:OSMR interactions in vitro and in vivo.   
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Fig. 3.2.5: Human breast cancer cells, fibroblasts and myeloid-derived cell lines are adequate 
models of OSM:OSMR signalling in vitro and maintain the expression pattern of the OSMR 
pathway observed in human and murine tumours.  
a) mRNA expression levels of the indicated IL-6 family members and associated receptors analysed 
by RT-qPCR in a panel of breast cancer cell lines and immortalized fibroblasts. In the OSMR graph 
(right panel), green and black dots represent normal mammary fibroblasts and CAFs, respectively. 
b) mRNA expression levels of the indicated IL-6 family members and associated receptors analysed 
by RT-qPCR in MDA-MB-231 breast cancer cells and undifferentiated or TPA-differentiated HL-60 
cells. a,b) Graphs represent mean ± SEM of 3 independent experiments. P values were calculated 
using the two-tailed unpaired t test. n.s. non-significant. c) OSM and OSMR mRNA relative values 
in a panel of human cell lines from multiple anatomical sites. Data were downloaded from Human 
Protein Atlas.  

 

3.2.7 OSM:OSMR signalling in the tumour microenvironment contributes to 
tumour progression.  

Clinical data revealed that OSM and OSMR were associated with poor prognosis and that 

both were elevated in cancer stroma suggesting a potential role of OSM:OSMR signalling 

in the TME and consequent contribution to cancer progression. To test this hypothesis, an 
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in vivo experimental setting was established to assess the exclusive contribution of 

OSM:OSMR signalling in the tumour microenvironment by injecting TS1 cells into syngeneic 

OSMR WT and KO mice. TS1 cells were treated with exogenous OSM to assess its capacity 

to respond to OSMR pathway activation. As seen in Fig. 3.2.6a, TS1 cells express OSMR, 

and upon exposure to exogenous OSM, an induction of OSMR protein levels and an 

increased phosphorylation of STAT3 were observed, indicating that these cells are 

susceptible to OSMR pathway activation by OSM. Syngeneic FVB OSMR WT or KO mice 

were used as recipients of TS1 orthotopic injections. This model provided an experimental 

setting where only the cells present in the tumour microenvironment lacked OSMR 

expression, while cancer cells expressed OSMR and, therefore, it was possible to assess if 

OSMR signalling in the TME was contributing to breast cancer progression (Fig. 3.2.6b). As 

demonstrated in Fig. 3.2.6c, the animals that lacked OSMR expression in the TME 

presented delayed tumour onset (P = 0.002). Tumour growth was significantly reduced (P 

values shown in Fig. 3.2.6d), and tumours exhibited a decreased weight (P = 0.002) and 

volume (P = 0.022) at the culling point, as seen in two independent experiments (Fig. 

3.2.6e). Western blot analysis of the TS1 tumours showed reduced level of OSMR 

compared to WT controls due to the lack of the receptor in cells from the tumour 

microenvironment. This decrease was surprisingly high, which suggested that, in this 

context, OSMR is either highly expressed in the TME which could support the clinical data 

observations presented in Fig. 3.2.1, or that these tumours presented a high content of 

TME, or that the lack of OSMR in the TME somehow downregulated OSMR expression in 

cancer cells. Further analysis would need to be performed to answer this question.  

These data together lead to the conclusion that lack of OSMR in the TME halts tumour 

progression, confirming its fundamental role in the breast TME.  

One of the limitations associated with the OSMR KO mouse model is the fact that all cell 

types in the TME lack OSMR, being difficult to identify which specific populations of cells 

benefit from OSM:OSMR signalling in BC. The next step of this work aimed to identify which 

cells in the TME were contributing to the phenotype of the tumour model in OSMR KO mice 

and identify the mechanisms leading to cancer progression.  
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Fig. 3.2.6: OSM:OSMR signalling in the tumour microenvironment contributes to tumour 
progression. 
a) Western blot (left panel) and densitometric analysis (right panels) of OSMR, P-STAT3 and STAT3 
protein levels in TS1 cells treated with 10 and 100 ng/ml of recombinant OSM for 24h.  
b) Experimental setup of the in vivo experiment designed to assess the importance of OSMR 
signalling in the tumour microenvironment, in which TS1 cells were orthotopically injected into the 
mammary gland of OSMR WT and KO mice. c-e) Kaplan-Meier curves for tumour-free survival (c), 
tumour growth (d) and final tumour volume and weight after dissection (e) of orthotopic tumours 
described in (b). Two independent experiments were performed, and the results were combined 
in (c). f) Western blot (left panel) and densitometric analysis (right panel) of OSMR protein levels in 
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tumours from OSMR WT or KO animals injected orthotopically with TS1 cells (exp 2 from (d)). c) P 
value was calculated using the Mantel-Cox test. d,e,f) P values were determined using the unpaired 
two-tailed t test. Unless otherwise specified graphs represent mean ± SEM. ** P < 0.01. 

 

3.2.8 Exogenous OSM activates OSMR pathway in fibroblasts.  

Fibroblasts are an important population in the tumour microenvironment and fibroblasts 

activation has been demonstrated to be intimately linked to cancer progression64. RT-qPCR 

analysis of FACS sorted tumours, breast cancer cell lines and mammary fibroblasts revealed 

that fibroblasts expressed higher levels of OSMR compared to cancer cells (Fig. 3.2.3c and 

3.2.5a). Taking all of this into account, fibroblasts were hypothesised to be the main TME 

cell type transducing OSM:OSMR signalling and actively contributing to breast cancer 

progression. We previously showed that both normal and cancer associated fibroblasts 

express similar levels of OSMR (Fig. 3.2.5a). Exogenous treatment of OSM further increased 

OSMR receptor in all tested fibroblasts in 3 independent experiments analysed by RT-qPCR 

(P values shown in Fig. 3.2.7a) and Western blot analysis also revealed that OSM treatment 

induced STAT3 phosphorylation in CAF-173 (Fig. 3.2.7b), again, confirming that OSM was 

activating the OSMR pathway in fibroblasts.  

 

 

Fig. 3.2.7: Exogenous OSM activates OSMR pathway in fibroblasts. 
a) OSMR mRNA expression levels analysed by RT-qPCR in 3D fibroblast spheres treated with OSM 
for 4 days. n=3 independent experiments. b) Western blot (left panel) and densitometric analysis 
(right panels) of OSMR, P-STAT3 and STAT3 protein levels in CAF-173 treated with OSM for 24 
hours.  
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3.2.9 Exogenous OSM induces proliferation and contractility in CAFs but it 
does not affect normal fibroblasts. 

Conversion of fibroblasts into an activated CAFs status is strongly associated with cancer 

progression64. When CAFs get activated they gain the ability to remodel the extracellular 

matrix, associated with the ability of cancer cells to escape the tumoral niche243. Collagen 

contraction assays are commonly used as a model to test the capacity of fibroblasts to 

contract the extracellular matrix, as collagen is the most abundant protein in the ECM244,245. 

This assay was used to test if OSMR pathway activation would convert fibroblasts into a 

more activated status. As seen in Fig. 3.2.8a, OSM did not affect contractility of normal skin 

and breast fibroblasts (HS27 and RMF-31, respectively) but, surprisingly, all tumour derived 

fibroblasts (CAF-200, CAF-173 and CAF-318) became more contractile upon addition of 

OSM, suggesting that OSMR activation was inducing an activated phenotype in CAFs (P 

values shown in Fig. 3.2.8a). Analysis of the area of fibroblast spheres growing in 3D in low-

adherence plates showed that OSM induced sphere area (associated with cell proliferation) 

in all CAFs (P values shown in Fig. 3.2.8b). Again, surprisingly, OSM did not seem to affect 

fibroblast growth in normal breast fibroblasts (RMF-39 and RMF-31).  

These data suggested that OSM has the capacity to reprogram CAFs into a more activated 

status while not affecting normal breast fibroblasts phenotypically.  
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Fig. 3.2.8: Exogenous OSM induces contractility and proliferation in CAFs but it does not affect 
normal fibroblasts. 
a) Representative pictures of collagen contraction assays (upper panels) and quantification of 
collagen disk areas (lower panels) of fibroblasts pre-treated in monolayer with PBS or OSM and 
seeded in collagen. Graphs represent mean ± SEM, and 2 independent experiments are plotted. b) 
Representative pictures (upper panels) and area quantification (lower panels) of 3D spheres 
proliferation assays of fibroblasts treated with PBS or OSM. Graphs represent mean ± SEM of a 
representative experiment out of 2 performed. P values were calculated using the unpaired two-
tailed t test. n.s. non-significant. 

 

3.2.10 Exogenous OSM induces activation markers in CAFs. 

Fibroblasts are a very heterogeneous population within the tumour. One of the main 

challenges of studying CAFs is the lack of universal specific markers of fibroblast activation. 

Many studies have associated several markers with more activated status of fibroblasts 
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such as α-SMA, FAP, FN, PSTN, but different populations of CAFs present different 

markers64. Microarray analysis was performed on CAF-173 and CAF-318 treated with PBS 

or OSM to understand the gene expression changes caused by OSM treatment in CAFs. 

Using the list of CAF activation markers described in Sahai et al (2020)64 (Supplementary 

Table 1), Andrea Abaurrea and Peio Azcoaga, members of the laboratory, performed gene 

set enrichment analysis (GSEA) to check if OSM was inducing this fibroblast activation 

markers signature in CAF-173 and CAF-318. As seen in Fig. 3.2.9a and b, OSM induced most 

of the CAF activation markers in both CAF-173 and CAF-318 (P < 0.001 in both CAFs). RT-

qPCR analysis of some of the classical activation markers in both CAFs and normal 

fibroblasts (RMF-31) was performed to validate the microarray data. Again, in accordance 

with the phenotypic assays described in Fig. 3.2.8, OSM did not seem to induce any of the 

tested activation markers in normal fibroblasts. On the contrary, OSM induced PSTN, FAP, 

VEGF and IL-6 in CAF-173 (Fig. 3.2.9c). Despite showing enrichment of activated CAF’s 

signature with OSM treatment by GSEA, CAF-318 did not show a significant mRNA increase 

of any the markers tested by qPCR analysis (Fig. 3.2.9c).  

These data supported that OSM signalling was inducing CAF activation markers in both 

CAF-173 and CAF-318 but not in normal fibroblasts (RMF-31). It also suggested that CAF-

173 and CAF-318 seemed to have a different expression profile and respond differently to 

OSM treatment.  
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Fig. 3.2.9: Exogenous OSM induces activation markers in CAFs.  
a) GSEA showing enrichment of fibroblast activation markers described in Sahai et al (2020)64 in 
microarray data of CAFs treated with OSM. b) Heatmap showing normalized mRNA expression of 
fibroblasts activation markers induced by OSM and included in Sahai et al (2020)64. c) RT-qPCR 
analysis of mRNA levels of activation markers in normal (RMF-31) and cancer-associated fibroblasts 
(CAF-173 and CAF-318) cultured in 3D with PBS or OSM. Graphs represent mean ± SEM of 3 
independent experiments. P values were determined using paired two-tailed t tests. n.s. non-
significant. 
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3.2.11 Exogenous OSM induces a pro-tumoral signature in CAFs. 

As seen in Fig. 3.2.10a, OSM induces a different gene signature in CAF-173 and CAF-318, 

supporting that both CAFs respond differently to OSM signalling. GSEA to identify enriched 

signatures in transcriptomic data of OSM-treated CAFs was performed to verify if OSM was 

inducing not only activation markers but also other genes associated with pro-malignant 

features. As seen in Fig. 3.2.10 b, GSEA revealed that OSM was inducing gene signatures 

associated with IL6-JAK-STAT3 signalling in CAF-173 fibroblasts (P < 0.001). In CAF-173 and 

CAF-318, OSM treatment induced genes included in the YAP conserved signature (P = 0.012 

and P = 0.001, respectively), associated with an activated microenvironment246, and in 

signatures of ECM modifying enzymes (P = 0.002 and P = 0.003), glycoproteins (P = 0.006 

and P = 0.008) and collagen, important players in extracellular matrix remodelling during 

cancer progression234 (Fig. 3.2.10b,c). Kaplan-Meier analysis of the top 4 induced genes by 

OSM in CAF-173 (SERPINB4, THSB1, RARRES1 and TNC) revealed that high expression of 

these targets is associated with worse RFS in breast cancer patients (P = 0.0017, Fig. 

3.2.10d). Of interest, OSMR expression correlated with the expression of RARRES1, THBS1 

and TNC in breast cancer clinical samples (Fig. 3.2.10e). SERPINB4 was not expressed in this 

dataset (data not shown). 

All these data together reinforce the idea that OSM is inducing a pro-malignant 

transcriptome in CAFs, which is clinically relevant.  
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Fig. 3.2.10: Exogenous OSM induces a pro-tumoral signature in CAFs. 
a) Top 10 up- and down-regulated genes in microarray data of CAF-173 and CAF-318 treated with 
PBS or OSM for 4 days. b,c) GSEA showing enrichment of the indicated signatures in microarray 
data of CAF-173 (b) and CAF-318 (c) treated with OSM. d) Kaplan-Meier curves showing relapse-
free survival (RFS) for breast cancer patients according to the high or low expression in tumour 
samples of top 4 genes induced by OSM in CAF-173. Data were obtained using KM plotter website. 
e) Correlation of OSMR mRNA levels with RARRES1, THBS1 and TNC expression in breast cancer 
clinical samples. Data were downloaded from TIMER web platform, Spearman correlation 
coefficients and P values are shown.  

 

3.2.12 Depletion of OSMR in CAFs delays tumour onset.  

TS1 orthotopic tumours in syngeneic mice in Fig. 3.2.6 demonstrated that OSMR signalling 

in the tumour microenvironment was important for cancer progression. In vitro data 
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revealed that OSM signalling in CAFs induced fibroblast activation markers and a pro-

malignant phenotype such as enhanced contractility and proliferation (Fig. 3.2.8). These 

observations reinforced the idea that fibroblasts could be the main cell type in the tumour 

microenvironment responsible for transducing OSM:OSMR signalling to promote cancer 

progression. To test this hypothesis in vivo, an experimental setup was designed where the 

OSMR receptor was knockdown by shRNA in CAF-173, and these cells were co-injected with 

MDA-MB-231 overexpressing OSM (MDA-MB-231 hOSM). This experiment allows the 

study of the effect of human OSM signalling in OSMR-deleted and control fibroblasts (Fig. 

3.2.11a,b). It is important to mention again that human CAFs are not able to respond to 

the murine OSM present in the tumour microenvironment. As seen in Fig. 3.2.10c, animals 

injected with MDA-MB-231 hOSM + CAF-173 shOSMR showed a delay in tumour onset 

compared to the respective control injected with MDA-MB-231 hOSM + control CAF-173 

(P = 0.016). As expected, co-injection of CAFs with tumour cells potentiated tumour 

development, as demonstrated in the same Fig. 3.2.10c, where it is possible to see that 

animals injected with MDA-MB-231 hOSM alone developed tumours later in time. 

Interestingly, in early stages of the experiment, CAF-173 shOSMR tumours seemed to have 

a smaller tumour growth compared to the control CAF-173, but with time, this difference 

became not significant (Fig. 3.2.11d). Technical concerns arouse at this point with this 

observation. It has been described that human fibroblasts injected in mouse tend to be 

replaced by mouse stroma247 which generates a handicap in the experiment as 

replacement of human fibroblasts by mouse fibroblast could dilute the effect of OSMR 

silencing on tumour progression and interfere with the experimental conclusion. This 

technical issue did not allow a definite assessment of the OSMR signalling in CAFs and its 

contribution for breast cancer progression.  

Despite no differences in tumour growth between control CAF-173 and CAF-173 shOSMR 

tumours in the last stages of the experimental window, tumours presented significantly 

lower expression of IL-6 (P = 0.002) and a tendency towards lower expression of OSMR and 

VEGF (Fig. 3.2.11e). It was also observed that GFP (tagging CAF-173 fibroblasts) levels were 

decreased  in CAF-173 shOSMR tumours (P = 0.023, Fig. 3.2.11e). One possible explanation 

is that fibroblasts in this context show reduced proliferation or survival upon OSMR 

deletion. Further experiments would need to be done to evaluate this hypothesis. 
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Fig. 3.2.11: Depletion of OSMR in CAFs delays tumour onset. 
a) Experimental setup of the in vivo experiment designed to assess the contribution to breast 
cancer progression of OSMR knockdown in fibroblasts. Control and shOSMR CAF-173 were co-
injected with MDA-MB-231-hOSM in the mammary gland of nude mice. b) OSM and OSMR mRNA 
expression levels analysed by RT-qPCR in MDA-MB-231 and CAF-173 after hOSM and shOSMR 
plasmid transfection, respectively. c,d) Kaplan-Meier curves for tumour-free survival (c) and 
tumour growth (d) of orthotopic tumours described in a). e) OSMR, IL-6, VEGF, and GFP mRNA 
expression levels analysed by RT-qPCR in tumours of the different experimental groups, as 
described in (a). Graphs represent mean ± SEM. P values were calculated using the Mantel-Cox test 
(c) or the unpaired two-tailed t test (d, e). n.s. Non-significant. ** P < 0.01. 

 

3.2.13 Activation of CAFs by OSM induces tumour progression and 
metastasis. 

To further confirm that OSM signalling in CAFs was important for tumour progression, a 

complementary in vivo experiment was performed. Instead of knocking down the OSMR 

pathway in CAFs, OSM-activated CAFs were injected to check if this would result in a more 
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aggressive cancer phenotype in a shorter time frame to avoid extensive fibroblast 

replacement. Prior to injections, fibroblasts were pre-treated in vitro with OSM or PBS for 

4 days to activate OSMR downstream targets and co-injected with MDA-MB-231 cell line 

(Fig. 3.2.12a). As seen in Fig. 3.2.12b and c, OSMR pathway activation in CAFs increased 

tumour growth and resulted in larger tumour weight and volume at the culling point (P = 

0.002 and P = 0.001, respectively). qPCR of human ALU sequences in the lungs revealed 

that tumours generated with OSM-activated CAF-173 + MDA-MB-231 were more prone to 

colonise the lung (P=0.052, Fig. 3.2.12d), although, these results will need to be confirmed 

in further experiments. Puzzling, despite clear phenotypic differences, tumours did not 

present different molecular expressions of OSMR downstream targets or fibroblast 

activation markers (Fig. 3.2.12e). One possible explanation for this is that differences in 

fibroblasts activation markers get diluted in the bulk qPCR analysis of the tumours.  

These data together strongly support that activation of the OSMR pathway in cancer 

associated fibroblasts contributes to breast cancer progression.  
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Fig. 3.2.12: Activation of CAFs by OSM induces tumour progression and metastasis. 
a) Experimental setup of the in vivo experiment designed to assess the contribution of OSMR 
activation in fibroblasts to cancer progression. CAF-173 were pre-treated with OSM or PBS for 4 
days prior to injection and were co-injected with MDA-MB-231 in the mammary gland of nude 
mice. b,c) Tumour growth (b) and final tumour volume and weight after dissection (c) of orthotopic 
tumours described in a). d) Percentage of animals with lung micrometastases assessed using qPCR 
analysis of genomic human ALU sequences. Graph represents the percentage of animals with 
detectable qPCR signal and P value was calculated using the Chi-square test. e) mRNA expression 
levels of the indicated genes analysed by RT-qPCR in tumours described in (a). b,c,e) Graphs 
represent mean ± SEM. P values were calculated using the unpaired two-tailed t test. n.s. non-
significant. * P < 0.05; *** P < 0.001.  
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3.3 Modulation of the immune system by OSM:OSMR 

signalling.   

3.3.1 Summary 

Objective 4 of this thesis was addressed in this section with the aim of exploring the effects 

of OSM:OSMR signalling in modulating the immune system.  

Microarray gene expression analysis was used to identify signatures and pathways 

activated by OSM in CAFs and tumour cells to look for cues on the immunomodulatory 

effect of OSM:OSMR signalling. Cultures of tumour cells, CAFs and primary human 

monocytes were used to study the interactions between different cell types in the 

OSM:OSMR signalling context. The role of OSM:OSMR in shaping the immune 

compartment of the TME in vivo was assessed using the genetic breast cancer model 

MMTV-PyMT used in previous sections of the chapter.  

 

3.3.2 OSM induces an inflammatory signature and secretion of 
chemoattractants in CAFs and cancer cells. 

Microarray gene expression analysis was performed on CAFs (CAF-173) and tumour cells 

(MDA-MB-231) treated with OSM to identify possible mechanisms linked with 

reprogramming of the tumour microenvironment and the immune system. Gene Ontology 

(GO) analysis of microarray data showed that leukocyte chemotaxis was one of the 

pathways significantly enhanced (P values shown in Fig. 3.3.1a). In addition, genes 

associated with neutrophil degranulation, a process intimately linked with cancer 

progression248, were also induced in MDA-MB-231 upon OSM activation (P values shown 

in Fig. 3.3.1a). GSEA revealed that OSM induces an inflammatory signature in both cell 

types (P = 0.006 and P < 0.001 for CAF-173 and MDA-MB-231, respectively, Fig. 3.3.1b). RT-

qPCR was performed to validate microarray data and the results confirmed that 

chemoattractant and inflammation-related factors such as VEGF, CCL2, IL-6 and CXCL12 in 

fibroblasts and VEGF, CCL2, CXCL7 and CCL20 in MDA-MB-231 cells were induced by OSM 

treatment in 3 independent experiments (P values shown in Fig. 3.3.1c). 
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Next, association between OSM levels and degree of inflammation in breast cancer clinical 

samples was tested using OSM IHC staining data obtained from the TMA. Inflammation 

was assessed by the pathologist as infiltration of inflammatory cells from all lymphoid and 

myeloid subtypes. Interestingly, OSM was mainly found expressed in myeloid-like cells, as 

determined by their larger size and more irregular shape (Fig. 3.3.1d). Lymphoid cells, 

characterized by being smaller and round and by having a round nucleus with little 

cytoplasm, showed very low or negative OSM expression. The results revealed that higher 

levels of OSM in the tumours also correlated with higher degrees of inflammation (P = 

0.011, Fig. 3.3.1e) confirming that OSM was linked to inflammation in breast cancer.  

Activated CAFs and cancer cells have been reported to produce chemoattractants 

responsible for inducing tumour promoting inflammation69. Considering the microarray 

data that suggested that inflammatory signatures were induced upon OSM treatment, 

activation of the OSMR pathway in cancer cells and CAFs was hypothesised to promote 

chemoattractant secretion, responsible for shaping the tumour immune landscape. As 

seen in Fig. 3.3.2a-b, OSM treatment led to the secretion of multiple leukocyte 

chemoattractants in CAF-173 and MDA-MB-231 cells (P values shown in Fig. 3.3.2). 

Interestingly, a significant part of the induced molecules were associated in the literature 

with myeloid chemoattraction, such as CXCL16249, VEGF250 and CCL2251. 

Analysis of data present in Cancertool207, a platform designed to assess gene expression 

correlations in clinical data, revealed that OSM expression correlated with CCL2, CCL3, 

CCL4, CCL5, CXCL16 and IL-6 expression while OSMR mainly correlated with CXCL12, 

CXCL16 and RARRES2 in data from breast cancer patients (Fig. 3.3.2c), supporting the idea 

that OSM:OSMR signalling could be inducing the secretion of the aforementioned 

chemokines in the human cancer setting.   
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Fig. 3.3.1: OSM induces an inflammatory signature in CAFs and cancer cells.  
a) Heatmap showing normalized mRNA expression of genes induced by OSM in CAF-173 and MDA-
MB-231 cells and included in the indicated gene ontology (GO) pathways. b) GSEA showing 
enrichment of inflammatory hallmark signature in microarray expression data of CAF-173 spheres 
treated with PBS (Control) or OSM 30ng/ml for 4 days (upper panel) and MDA-MB-231 hControl or 
hOSM (lower panel). c) RT-qPCR analysis of the mRNA expression of the indicated genes in CAF-173 
and MDA-MB-231 cells after OSM activation. Graphs represent mean ± SEM of 3 independent 
experiments. P values were determined using paired two-tailed t-test. d, e) Representative pictures 
(d) and quantification (e) of OSM staining in samples from breast cancer patients with low and high 
inflammation included in the TMA. Graph represents mean ± SEM. P value was determined using 
Mann–Whitney’s test.  
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Fig. 3.3.2: OSM induces secretion of chemoattractants in CAFs and cancer cells.  
a, b) Levels of indicated chemokines (analysed by chemokine array analysis or ELISA for VEGF levels) 
in conditioned media from CAF-173 treated with PBS (Control) or OSM 30ng/ml for 72 hours (a) or 
from MDA-MB-231-h OSM and control cells, 72h after seeding (b). Graphs represent mean ± SEM 
(n=4 independent experiments, except for MDA-MB-231 chemokine array where n=3 independent 
experiments). P values were determined using the paired two-tailed t test. * P < 0.05; ** P < 0.01; 
*** P < 0.001. c) Heatmaps of correlations between OSM (left) and OSMR (right) levels and those 
of the indicated chemokines and cytokines in 6 datasets of breast cancer samples downloaded from 
Cancertool. R correlation coefficients and P values are shown.  

 

3.3.3 OSMR depletion in MMTV-PyMT reduces myeloid infiltration within 
the primary tumour.  

As OSM signalling was shown to induce myeloid chemoattractants in CAFs and tumour 

cells, MMTV-PyMT:OSMR WT, HET and KO mice were used to explore the effect of OSMR 

depletion in myeloid cell recruitment to the tumour niche.  

Luminex assay analysis of blood plasma from the MMTV-PyMT different experimental 

groups confirmed that myeloid chemoattractant factors such as VEGF, CXCL16 and CXCL1 
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were reduced in the blood plasma of OSMR KO animals compared to control animals (P < 

0.001, P = 0.031, P = 0.024, respectively, Fig. 3.3.3a). MMTV-PyMT:OSMR KO animals 

presented tumours with lower infiltration of macrophages (P = 0.056) and neutrophils (P = 

0.007) in the TME, assessed by F4/80 and LY6G immunohistochemistry staining, 

respectively, compared to the control animals.  

Of interest, OSM expression correlated with CXCL1 and CXCL16 levels while OSMR 

correlated with VEGF and CXCL16 in breast cancer samples analysed using TIMER webtool 

(P values show in Fig. 3.3.3c). Additionally, high levels of VEGF, CXCL16 and CXCL1 were 

associated with worse relapse-free survival in breast cancer patients (P < 0.001, Fig. 3.3.3d).  

These data strongly support that OSM:OSMR signalling contributes to the recruitment of 

myeloid cells to the tumour microenvironment.  
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Fig. 3.3.3: OSMR depletion in the MMTV-PyMT mouse model reduces myeloid infiltration within 
the primary tumour.  
a) VEGF, CXCL1 and CXCL16 levels in plasma from MMTV-PyMT:OSMR wild-type (WT), 
heterozygous (HET), and knockdown (KO) mice at 14 weeks of age analysed by Luminex assay. b) 
Representative pictures (left panels) and quantification (right panels) of F4/80 (upper panels) and 
LY6G (lower panels) immunohistochemistry staining in tumours from MMTV-PyMT:OSMR WT, HET 
and KO mice at 14 weeks of age. Quantification was performed by manual counting of positive cells 
per area in a total of 8 pictures per tumour and 5 tumours per group. c) Correlation of OSM (top) 
and OSMR levels (bottom panel) with VEGF, CXCL1 and CXCL16 expression in breast cancer 
samples. Data were downloaded from TIMER web platform. Spearman correlation coefficients and 
P values are shown. d) Kaplan-Meier curves showing relapse-free survival (RFS) for breast cancer 
patients according to the expression of VEGF, CXCL1 and CXCL16 in their tumour samples. Data 
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were downloaded from KM plotter. In a, b) graphs represent mean ± SEM. P values between the 
different groups were determined using unpaired two tailed t test.  

 

3.3.4 Conditioned media from macrophages induces OSMR in cancer cells 
and conditioned media from OSM-treated cancer cells induces OSM 
expression in macrophages, suggesting the existence of feedforward loops.  

As previously shown in Fig. 3.2.2, 3.2.3 and 3.2.5, myeloid cells produce OSM that 

presumably activates the OSMR pathway in CAFs and cancer cells. On the other hand, OSM-

activated CAFs and cancer cells secrete chemoattractants responsible for myeloid 

infiltration, supporting the existence of a possible feedforward loop. HL-60 cell line was 

used as a model of human myeloid cells to test whether conditioned media (CM) from HL-

60 cell line differentiated to macrophages (+TPA) could induce OSMR pathway in MDA-MB-

231 cancer cells (Fig. 3.3.4a). As seen in Fig. 3.3.4b, conditioned media from macrophages 

was able to induce OSMR mRNA expression in 3 independent experiments (P = 0.023). The 

OSMR downstream target IL-6 showed a tendency for induction upon treatment with HL-

60 CM, although, the variability of the experiments did not allow to draw definite 

conclusions. Next, the ability of cancer cells and/or fibroblasts to promote the expression 

of OSM in the myeloid cells was assessed. To test this hypothesis, an experiment setup was 

designed where MDA-MB-231 and CAF-173 cell lines were pre-treated with PBS or OSM 

for 4 days to allow pathway activation and corresponding conditioned media was 

transferred to TPA-differentiated HL-60 cells (macrophage-like cells) (Fig. 3.3.4c). As seen 

in Fig. 3.3.4d, conditioned media from fibroblasts treated with PBS or OSM did not change 

OSM mRNA levels in macrophages. On the contrary, conditioned media from cancer cells 

pre-treated with OSM promoted induction of OSM expression in macrophages (P = 0.031, 

Fig. 3.3.4d). 
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Fig. 3.3.4: Conditioned media (CM) from macrophages induces OSMR in cancer cells while CM 
from cancer cells induces OSM expression in HL-60 macrophages activating a feedforward loop. 
a) Experimental setup for results shown in (b). HL-60 cells were differentiated to macrophages 
using TPA and CM was transferred to MDA-MB-231 cells and left in contact for 3 days. b) mRNA 
levels of OSMR and IL-6 in MDA-MB-231 cells treated with myeloid-differentiated HL-60 CM. c) 
Experimental setup for results shown in (d). MDA-MB-231 cancer cells and CAF-173 fibroblasts 
were treated with OSM for 72h and media was transferred to macrophages and left in contact for 
3 days before analysis. d) OSM mRNA levels in macrophages treated with CM from fibroblasts and 
cancer cells activated with OSM. Graphs represent mean ± SEM of three independent experiments. 
P value was calculated using the paired two-tailed t test. 

 

3.3.5 Conditioned media from cancer cells prevents monocyte differentiation 
while conditioned media from CAFs induces M2 phenotype in primary 
monocytes, independently of OSM. 

Data extracted from xCell webtool revealed that, in breast cancer patients OSM was 

associated with enrichment of M2 macrophages (Fig. 3.2.4). Tripathi et al (2014)204 

reported that OSM promotes M2 macrophages polarization in breast cancer. These data 

suggested that OSM could be involved in recruiting macrophages and shaping their 
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polarization status in the TME. To confirm if conditioned media from OSM-activated CAFs 

and cancer cells was capable of inducing M2 polarization, primary monocytes extracted 

from healthy donors were treated with CM from OSM-activated CAFs and tumour cells, 

and M1 and M2 polarization markers (CD86 and CD163) were analysed by flow cytometry 

(Fig. 3.3.5a,b). Intriguingly, OSM treated monocytes did not show any change in M1 or M2 

markers, contradicting previous reports on the role of OSM in driving monocyte M2 

polarization204. Of interest, monocytes treated with CM from MDA-MB-231 and CAF-173 

cells significantly downregulated M1 marker CD86 (P = 0.002 and P = 0.009, respectively, 

Fig. 3.3.5c). Unexpectedly, CM from MDA-MB-231 cells downregulated M2 polarization 

marker (P = 0.049) while CM from CAFs greatly induced M2 marker in monocytes (P = 

0.002), although all these effects seemed to be independent of OSM signalling (Fig. 3.3.5c).   

These data suggested that cancer cells were preventing M1 and M2 polarization of 

monocytes, keeping them into a more undifferentiated state, while CAF-173 CM was 

inducing M2 polarization. OSM was not found to induce direct M2 polarization or to 

contribute to CAFs/tumour cells mediated polarization on monocytes suggesting that the 

OSM signalling is not involved in shaping macrophage phenotype.  
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Fig. 3.3.5: Conditioned media from cancer cells prevents monocyte differentiation while CAFs 
induce M2 phenotype in primary monocytes, independently of OSM.  
a) Experimental setup for results shown in (b) and (c). b) Flow cytometry gating strategy to analyse 
CD14 (monocyte), CD86 (M1) and CD163 (M2) markers. c) Flow cytometry analysis showing 
percentage of monocytes expressing CD86 and CD163 markers after treatment with different 
conditioned media described in (a). Graphs represent mean ± SEM of five independent 
experiments. P values were calculated using the paired two-tailed t test.  
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Breast cancer is a very heterogeneous disease that will affect 1 in 8 women during their 

lifetime252. Despite relevant improvement in therapeutic options in the last years, still an 

alarming 627,000 women die annually from the disease253, highlighting the need of finding 

new therapeutic solutions to increase survival rates and improve patient’s quality of life.  

Extensive work has been done on the field to decipher the molecular mechanisms driving 

oncogenesis and metastasis in breast cancer and to develop targeted therapies. One 

example of how targeted therapies can change the course of the disease was the 

introduction of trastuzumab (a monoclonal antibody targeting HER2) to treat HER2-

positive breast cancer, that has drastically improved the clinical prognosis of these 

patients254. Inevitably, primary or acquired resistance to conventional and targeted 

therapies affects a substantial number of patients leaving the clinicians with limited 

therapeutic options. This gap urges biological understanding of the advanced disease and 

development of new therapies.  

Oncology research has suffered a change of paradigm in the last decades. Despite being 

fundamental to understand what happens within a malignant cell, a substantial amount of 

work has been focused on understanding the interactions of cancer cells with their tumour 

microenvironment. The tumour is no longer seen as an isolated group of cells but rather a 

dynamic process between tumour cells and all elements present in the tumour 

microenvironment255. It is not surprising that the role of the tumour microenvironment in 

disease progression and resistance to therapies has been intimately linked to all stages of 

cancer56. Understanding these complex interactions between tumour cells and the tumour 

microenvironment is fundamental to design more effective therapies.  

As summarised in the introduction of this thesis, inflammation in the tumour 

microenvironment has been described to play a key role in cancer progression. 

Inflammatory cells, within the tumour, acquire an immune suppressive profile contributing 

to the escape of cancer cells from the immune system surveillance, resulting in consequent 

cancer survival and progression81,85. Although breast cancer has not been characterised for 

being highly inflammatory, the role of inflammation in the tumour microenvironment is 

increasingly being recognised as an important contributor to breast cancer 

progression109,110.  

This present work was set to assess the role of the pro-inflammatory cytokine OSM and its 

signalling axis in contributing to breast cancer progression, and to determine its potential 
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as a new therapeutic target for breast cancer. OSM:OSMR signalling was already described 

to promote malignant features in breast cancer (Section 1.3.2-1.3.5), but information 

about the role of OSM:OSMR axis in shaping the tumour microenvironment is very scarce.  

The aims of this work were to determine the association of OSM:OSMR with breast cancer 

prognosis, to test the relevance of OSM:OSMR signalling for breast cancer progression and 

to check its role in the tumour microenvironment.  

 

4.1 OSM and OSMR associate with decreased survival in 

breast cancer and OSMR signalling is increased in ER 

negative breast cancer. 

In this section, the initial experiments performed in this thesis aiming to determine the 

association of OSM and OSMR levels with clinical prognosis are discussed.  

West et al (2012) reported that OSMR mRNA levels correlated with shorter recurrence-free 

and overall survival in a cohort of 321 samples from breast cancer patients193. In this thesis, 

a more extensive bioinformatic analysis was done using publicly available data from KM 

plotter and Cancertool to explore further the association of the OSM:OSMR axis with 

disease prognosis. The findings present in Fig. 3.1.1-3 corroborated that both OSM and 

OSMR mRNA levels are associated with worse clinical prognosis (OS and DFS) supporting 

the previous report.  

One of the limitations of mRNA expression data is that occasionally mRNA levels do not 

reflect functional protein levels due to post-transcriptional/translational modifications and 

it may misguide conclusions256. To confirm that OSM expression retained prognostic value 

at protein levels, a collaboration was established with a group in the University Hospital 

Basel that had curated a database of 141 tumours from breast cancer patients. The 

immunohistochemistry analysis of the tumours confirmed, for the first time, that high 

levels of OSM protein associated with worse OS in breast cancer patients. Moreover, the 

same trend was observed in ER- breast cancer (Fig. 3.1.1d) but not in ER+ (data not shown), 

strongly supporting the previous reports and mRNA data presented in this thesis.   
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Data presented in Fig. 3.1.2-3 also showed that both OSM and OSMR mRNA levels were 

associated with worse OS in other cancer types, including cervical cancer where our 

previous findings identified the OSM:OSMR axis as a possible therapeutic target for this 

disease180. These data confirmed that high levels of OSM:OSMR are associated with worse 

breast cancer prognosis, that this signalling axis could be contributing to breast cancer 

progression and that it could be exerting the same effect in other types of cancer. Of note, 

other groups have also reported the association of OSM and OSMR expression with worst 

prognosis in other types of cancer such as myeloma257, glioblastoma174 and gastric170, 

reinforcing that the association of OSM:OSMR with disease progression could be relevant 

in other cancer types.  

The heterogeneous nature of breast cancer urges the classification of the patients into 

subgroups that are more prone to respond to a specific targeted treatment. The same 

bioinformatic analysis mentioned previously was carried out to verify if OSM:OSMR were 

associated with a specific breast cancer subtype. The data in Fig. 3.1.1 indicate that high 

levels of OSM and OSMR are significantly associated with worse prognosis in patients with 

ER- tumours while this significance was not observed in ER+ tumours alone (data not 

shown). Interestingly, OSM downregulates ER protein levels in breast cancer cells193. The 

data presented in this thesis indicate that OSMR levels were increased in ER- breast cancer 

cells (Fig. 3.1.5), which suggest that OSM:OSMR signalling in those cells could be 

contributing to the downregulation of the ER. These data are of particular importance as 

ER downregulation is accompanied by development of resistance to endocrine therapy258. 

Some studies have suggested that restauration of ER expression can reverse therapy 

resistance259, therefore targeting OSM:OSMR axis could help re-establish ER levels and 

contribute to better prognosis in this subgroup patients. Further studies would need to be 

done to confirm that OSM:OSMR targeting would restore sensitivity to endocrine therapy.  

Recently, other groups have reported the association of OSM:OSMR with clinical prognosis 

in the ER- subtype, which supports the clinical data presented in this thesis233,260. 

Nevertheless, OSM:OSMR axis has also been shown to be relevant for the metastatic 

cascade in ER+ breast cancer by regulating CD44 in ER positive cells, an important marker 

in stem cell phenotype and metastasis261, highlighting the importance of understanding 

the OSM:OSMR role in the different breast cancer subtypes.   
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4.2 OSM signalling promotes breast cancer progression in 

multiple pre-clinical models. 

Until the start of this thesis, OSM had been described to have anti-proliferative effects, to 

induce migratory and invasive phenotype in breast cancer cells in vitro189,190, and to 

associate with EMT transition194. Although these studies strongly suggested that 

OSM:OSMR could be contributing to malignancy, there were no reports demonstrating 

that OSM:OSMR signalling was actively contributing to breast cancer progression. In this 

section, the relevance of OSM:OSMR axis for breast cancer progression was tested in 

multiple in vitro and in vivo models of BC.  

One of the handicaps of studying such a complex heterogeneous disease is that in vitro and 

in vivo models are many times limited in several aspects and fail to reflect the whole breast 

cancer complexity262. In this study, a panel of breast cancer cell lines was characterised 

together with complementary in vivo models to try to tackle the disease complexity. The 

data presented in Fig. 3.1.6-8 indicated that recombinant OSM activated the OSMR 

pathway by inducing previously described downstream targets of OSMR in cancer such as 

STAT3, IL-6, VEGF and SNAIL147,183,233. Silencing of OSMR using siRNA technique has 

demonstrated that activation of these downstream targets is mediated by OSMR receptor, 

but nevertheless other effects mediated by OSM:LIFR cannot be discarded. Moreover, 

OSMR overexpression in a cell line with low basal levels of receptor (SK-BR-3 cells) 

increased IL-6 and FN expression (Fig. 3.1.8), factors closely associated with EMT and with 

worse prognosis in breast cancer patients137,235,263,264. The in vitro data confirmed that 

OSM:OSMR signalling activated pro-malignant factors in breast cancer cells.  

One challenge of studying OSM:OSMR axis in vivo is the fact that human cancer cells do no 

secrete significant amounts of OSM and that mouse OSM has no affinity to human 

OSMR236. To circumvent this problem, MDA-MB-231 hControl and hOSM cells (over 

expressing OSM) were used for orthotopic injections in nude mice and the data presented 

in Fig. 3.1.10 revealed that OSM signalling contributed to earlier tumour onset. On the 

contrary, deletion of OSMR in the MMTV-PyMT mouse model delayed tumour onset (Fig 

3.1.11), proving this way that OSM:OSMR axis contributes to the development of tumours 

in multiple breast cancer models. 
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With the orthotopic xenografts experiments (Fig 3.1.10) it was not possible to conclude if 

OSM:OSMR pathway activation was contributing to increased tumour growth as the only 

developed hControl tumour presented a similar size compared to hOSM tumours. In 

contradictory observations, the only tumour in the hOSM group that lost OSM expression 

presented the smallest tumour size, making it difficult to conclude if OSMR pathway 

activation influences tumour growth or if it only affects tumour onset. The results 

presented in Fig 3.1.11d revealed that deletion of OSMR signalling in the MMTV-PyMT 

mouse model contributed to reduced tumour growth. Intriguingly, Tawara et al (2018) has 

reported that periodical peritumoral injections of OSM in an orthotopic mouse model of 

BC does not affect primary tumour growth196. All these contradictory observations do not 

allow a definitive conclusion on the role of OSM:OSMR signalling in tumour growth. Further 

experiments would need to be done such as periodic injections of OSM, once tumours are 

established, in the xenografts and orthotopic models presented in this thesis, or to extend 

the experimental window of both hControl (Fig.3.1.10b) and MMTV-PyMT:OSMR KO (Fig. 

3.1.11d) groups to compare the growth curve with hOSM and MMTV-PyMT:OSMR WT 

groups, respectively, to determine if OSM:OSMR signalling also contributes to tumour 

growth.  

OSMR deletion in the MMTV-PyMT mouse model reduced the metastatic burden in the 

mice lungs presented in Fig. 3.1.13, suggesting that OSM:OSMR signalling was important 

for metastasis formation. In the orthotopic xenograft model presented in Fig. 3.1.10, none 

of the control animals presented lung micrometastases while around 50% of the animals 

injected with hOSM cells developed lung micrometastases suggesting that OSMR signalling 

was also contributing to the dissemination of the primary tumour. One of the questions 

that arose when analysing these data was if the differences seen in lung colonisation were 

due to different metastatic potential of MMTV-PyMT:WT and hOSM tumours, or simply 

because the larger tumours had more probability of generating metastasis. It would be 

interesting to compare the lung metastatic burden in the MMTV-PyMT mouse model from 

WT and KO animals with similar tumour burden to assess if OSM:OSMR influences the 

metastatic capacity of tumours with the same size. Surgical resection of primary tumours 

with the same volume in hControl and hOSM injected animals (Fig 3.1.10) could be done 

in future experiments to assess the rate of lung metastasis in these two groups. Another 

experimental setup to address this question is being performed by Andrea Abaurrea where 
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the lung colonisation potential of hControl and hOSM cells is being assessed by tail vein 

injections. Preliminary data have revealed that animals injected with hOSM cells develop 

higher number of metastases in the lungs (data not shown). Meanwhile, the recent work 

published by Tawara et al (2018) confirmed that OSM was increasing the number of CTCs 

counts and promoting lung metastasis in BC mouse models independently of tumour 

size196, strongly supporting that OSM:OSMR axis plays a fundamental role in the 

development of breast cancer metastasis. 

Mice xenografts are a valuable model to study mechanisms of disease, but one important 

downside of this model is that it lacks a fully functional immune system. As one of the main 

objectives of this thesis was to evaluate the impact of OSMR signalling, not only on tumour 

cells but also in the tumour microenvironment, the genetic mouse model and orthotopic 

injections in syngeneic mice were considered the most valuable systems to assess the 

contribution of OSM:OSMR signalling in breast cancer progression. The crossing of OSMR 

KO mice with the widely used MMTV-PyMT breast cancer model revealed that deleting 

OSMR signalling in the MMTV-PyMT mice delayed tumour onset, reduced tumour growth, 

and decreased the number of metastasis in the lungs, as mentioned previously (Fig. 3.1.11). 

In the Western blot analysis performed in the tumours of the MMTV-PyMT mouse model, 

interestingly, OSMR protein levels seemed to be identical in the tumours of MMTV-

PyMT:OSMR WT and HET animals (Fig. 3.1.11f), although further analysis would need to be 

performed to confirm this observation as Western blot signal is saturated and becomes 

difficult to quantify subtle differences that might exist. Tumour onset, tumour growth, 

proliferation, and apoptosis (measured by ki67 and caspase 3 markers, respectively, Fig. 

3.1.11c,d and Fig 3.1.12) of WT and HET groups were not greatly affected by the deletion 

of one OSMR allele. Nevertheless, OSMR HET animals revealed an intermediate phenotype 

between MMTV-PyMT:OSMR WT and KO in histopathology analysis and IHC analysis of FN, 

metastasis formation and myeloid cell recruitment (Fig. 3.1.12, 3.1.13 and 3.3.3). It would 

be important to check that, despite presenting similar levels of protein by Western blot, if 

all OSMR is fully functional in the MMTV-PyMT:OSMR HET animals. This intermediate 

phenotype suggests that a slight change in OSMR levels might not be so critical for primary 

tumour growth but that it can have a great impact in metastasis formation and immune 

remodelling.   
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An attempt to determine the number of CTCs in blood circulation of the MMTV-

PyMT:OSMR KO and control mice was made to confirm the role of OSM:OSMR in increasing 

CTC counts in different animal models reported by Tawara et al 2018196, but the group did 

not manage to setup a reliable technique that allowed reproducible results, being 

therefore impossible to determine if reduced lung metastasis were due to lower number 

of CTCs in this mouse model. Further experiments would need to be done to determine 

the mechanism of metastasis in the MMTV-PyMT:OSMR WT/KO animal model. 

An increasing number of reports have associated extracellular vesicles (EVs) with cancer 

progression and metastasis. EVs transfer molecules (e.g. proteins, RNA, miRNAs) between 

the primary tumour and the cells in distant microenvironments, preparing the metastatic 

niche for metastasis seeding265. The potential of EVs as therapeutic targets in cancer 

treatment represent a new and important area of research266. Preliminary data generated 

by the group revealed that extracellular vesicles derived from MDA-MB-231 hControl and 

hOSM cells presented different mRNA and miRNA expression profile and that EVs derived 

from OSM-treated cancer cells increased the migration of breast cancer cells, potentially 

influencing their metastatic capability. Currently, a new line of research is being carried out 

by Peio Azcoaga in the laboratory to determine the role of OSM signalling in shaping 

extracellular vesicles content and its implication in breast cancer metastasis.  

 

4.3 OSM:OSMR signalling in the tumour 

microenvironment promotes breast cancer progression.  

The tumour microenvironment is fundamental in supporting tumour cells in every step of 

cancer progression56,267,268. Inflammation within the TME has been intimately linked with 

malignancy and responses to therapies85,269. The main regulators of inflammation are 

cytokines, secreted molecules that play central roles in mediating cell-to-cell 

communication270. Despite being a pro-inflammatory cytokine, little is known about the 

influence of OSM signalling in shaping the tumour microenvironment. The experimental 

setups presented in this section aimed to determine the effect of OSM signalling in the 

tumour microenvironment, to assess if OSM was conditioning the TME cells to promote 
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breast cancer progression and to dissect the mechanisms of communication between OSM 

and OSMR within the tumour.  

Microarray data analysis from breast cancer tumours from GEO datasets revealed that 

both OSM and OSMR were induced in the stroma compartment of breast cancer (Fig. 

3.2.1), indicating that this pathway could be playing a role in microenvironment signalling.  

To understand the mechanism of communication of OSM:OSMR axis within the tumour, 

scRNA-seq from MMTV-PyMT tumours and FACS sorting from tumours derived from TS1 

orthotopic injections were performed (Fig. 3.2.2-3). The data revealed a clear paracrine 

signalling where OSM was almost exclusively expressed by myeloid cells and OSMR was 

mainly found in cancer cells and fibroblast. Moreover, scRNA-seq revealed that OSMR was 

specially highly expressed in tumour cells with basal markers and in fibroblasts expressing 

myofibroblasts markers (Fig. 3.2.2c). Previous reports have associated basal tumours with 

high expression of genes associated with EMT and stem cell like characteristics193, both 

features described to be induced by OSM signalling194,261. Moreover, as OSM:OSMR 

signalling suppresses ER expression193, a key feature of luminal epithelial differentiation in 

breast cancer, it is not surprising that OSMR is found highly expressed in basal cells.  

Gene expression data present in TIMER and xCell datasets also revealed that OSMR levels 

were associated with fibroblast content within the tumour while OSM levels increased with 

myeloid tumour infiltration which supports the existence of paracrine signalling in human 

breast cancer (Fig. 3.2.4). Analysis of a breast cancer cell panel, mammary fibroblasts and 

the promyelocytic HL-60 cell line confirmed that this signalling pattern was also maintained 

in vitro (Fig. 3.2.5). All these results support the existence of a paracrine signalling of the 

OSM:OSMR pathway involving at least cancer cells, myeloid cells and fibroblasts. Of 

interest, OSM and OSMR expression greatly differed from the expression pattern of other 

members of the IL-6 family which points to a unique role of OSM:OSMR signalling in this 

context. This data is of particular importance as it opens an opportunity to target a cytokine 

with a unique pattern of expression within the IL-6 family. OSM signalling shares common 

downstream targets with IL-6 such as phosphorylation of STAT3, and both cytokines have 

reported overlapping functions in breast cancer such as EMT and metastasis-promoting 

functions194,233,263. IL-6 has been for some time now a proposed target for breast cancer 

treatment271, but attempts to target IL-6:IL6R in pre-clinical and clinical models have shown 

some adverse effects such as susceptibility to infection, cardiovascular toxicity, and 
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gastrointestinal perforation271,272. The unique pattern of expression of OSM:OSMR opens 

a new therapeutic opportunity to try to reduce the toxicity associated with IL-6 targeting.  

The data presented in section 3.1 indicated that OSMR signalling was contributing to breast 

cancer progression. To assess if OSM:OSMR signalling in breast cancer stroma was relevant 

for breast cancer progression, orthotopic injections of TS1 cells were carried out on OSMR 

WT and KO animals where TS1 cells were shown to express OSMR and respond to OSM 

activation (Fig. 3.2.6). Tumours that lacked OSMR signalling in the TME presented later 

onset and reduced tumour growth confirming, this way, that OSMR signalling was 

contributing to breast cancer progression in this in vivo model.  

One of the challenges at this point was to identify which cells in the tumour stroma were 

taking advantage of OSM signalling to promote tumour progression. The group decided to 

assess the effect of OSM signalling on fibroblasts because the scRNA-seq data presented in 

this thesis revealed that fibroblasts express high levels of OSMR, which might indicate that 

they rely on OSM:OSMR signalling to accomplish cellular functions, and because CAFs have 

been linked with all steps of cancer progression72,273 and represent an important target for 

cancer therapies64.  

Fibroblast proliferation and the ability to contract collagen are hallmarks of fibroblast 

activation, a process intimately linked with cancer progression274. Functional assays shown 

in Fig. 3.2.8 revealed that fibroblast treated with OSM compared to those treated with PBS 

(control), presented a more contractile phenotype and accelerated growth in 3D spheres, 

indicating that OSM was reprogramming fibroblasts into a more activated state. 

Intriguingly, as mentioned in the introduction in section 1.3.4, OSM was associated with 

anti-proliferative effects in tumour cells in vitro188, which contradicts the growth promoting 

effects on CAFs described in Fig 3.2.8, highlighting again, that OSM effects can be extremely 

context dependent.  

OSM was also found to induce classic activation markers described by Sahai et al 202064. 

Importantly, induction of activation markers and the phenotypic effect of OSM was only 

observed in CAFs but not in skin or normal breast fibroblasts. Of interest, normal fibroblasts 

presented similar levels of OSMR expression compared to CAFs and they also induce OSMR 

downstream targets upon OSM treatment such as OSMR itself, although it would be 

interesting to further confirm OSMR pathway activation by assessing P-STAT3 levels by 

Western blot. These results indicate that the OSMR pathway can be activated in both CAFs 
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and normal fibroblasts but that it promotes differential effects. This observation suggests 

that, maybe, pre-events are required to “educate” CAFs and make them susceptible to 

OSM pro-tumoral action which might indicate that OSM is not acting from the beginning 

as a driver of malignancy but rather as an assistant that is potentiating the system towards 

breast cancer progression. This is an interesting topic to be further explored as it would 

allow to determine at which stage of cancer progression OSM signalling would start 

promoting pro-tumoral functions. Further studies such as gene expression profiling or 

OSMR silencing in normal and cancer associated fibroblasts would need to be performed 

to determine why only CAFs seem to respond to OSM reprogramming and if this effect is 

mediated by OSMR only or by other receptors such as LIFR in fibroblasts.  

In this work, OSM was shown to induce several signatures associated with tumour 

promoting functions in CAFs (Fig. 3.2.10). Despite being an extremely heterogeneous 

population with not fully understood origin and functions, CAFs have been reported to 

exhibit either a matrix-producing contractile phenotype or an immunomodulating 

secretome, termed “myoCAFs” or “iCAFs”, respectively75,275. Therefore, CAFs are now 

mainly subdivided into inflammatory or ECM remodelling CAFS, and according to Sahai et 

al (2020), there are several markers strongly associated with activation of fibroblasts that 

need to be taken into account depending on what population of CAFS are being studied64.  

In other types of tumours such as pancreatic cancer, myoCAFs are mainly characterised by 

high TGFβ-driven α-SMA expression and a contractile phenotype276 while iCAFs express 

higher levels of IL-6277. Interestingly, despite presenting low basal levels of α-SMA 

determined by IHC staining220, CAF-318 showed induction of α-SMA mRNA levels, increase 

of ECM modifying enzymes expression, and a more contractile phenotype with OSM 

treatment, which indicates that OSM could be potentiating the induction of the myoCAF 

profile in CAF-318. On the other hand, CAF-173 cells did not express α-SMA at mRNA and 

protein levels determined by RT-qPCR and IHC (data not shown and Nogueira et al 2020, 

respectively)220, but, upon OSM treatment, they presented increased levels of IL-6 

expression (Fig 3.2.9) and induction of IL-6 signature (Fig. 3.2.10), suggesting that OSM was 

producing an iCAF profile in these fibroblasts. Curiously, despite no expression of α-SMA, 

CAF-173 displayed a strong contractile capacity (Fig. 3.2.8) and induction of ECM modifying 

enzymes with OSM treatment (Fig 3.2.10), which again, supports the existence of very 

heterogeneous and plastic CAF populations where some “subgroups” can show 
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characteristics of other CAF profiles. It would be interesting to determine in future 

experiments which are the mechanisms leading to CAF-173 collagen remodelling. Sanz-

Moreno et al (2011) have described that in melanoma, JAK1-Rho-kinase dependent 

signalling generates actomyosin contractility in CAFs and that this is mediated by OSM 

signalling278. Future experiments would need to be done to determine if the same 

molecular mechanisms were used by breast cancer associated fibroblasts. In BC, fibroblasts 

with high levels of FAP are correlated with Treg cell-mediated immunosuppression and a 

poor outcome75. Data presented in Fig. 3.2.9 showed that OSM was inducing FAP 

expression in CAF-173 which supports the idea that OSM was converting those CAFs into a 

more pro-malignant profile. It would be interesting to determine in vivo if the OSM 

mediated induction of FAP was contributing to Treg cell-mediated immunosuppression.  

To test the relevance of OSM:OSMR signalling in CAFs for tumour progression, OSMR was 

knockdown by shRNA on CAF-173 and co-injected with MDA-MB-231 cancer cells (Fig. 

3.2.11). The results indicated that deletion of OSMR signalling in CAF-173 contributed to 

delayed tumour onset and initial reduction in tumour growth, but due to possible effect of 

human fibroblasts replacement by murine fibroblasts it was difficult to conclude with this 

experimental setting if OSMR signalling abrogation in CAFs was impacting tumour growth. 

No further experiments were performed at the culling point to assess if human fibroblasts 

were replaced by murine fibroblasts so the dilution of shOSMR effect with time remains to 

be determined. A different strategy to answer this question was adopted, and the 

orthotopic MDA-MB-231 and CAF-173 co-injections data presented in Fig. 3.2.12 revealed 

that activation of CAF-173 with OSM contributed to tumour growth and showed a tendency 

towards increased micrometastases in the lungs confirming that activation of OSMR 

pathway in CAF-173 contributes to tumour progression. It will be interesting to perform 

future experiments to determine if OSM also potentiates a pro-malignant behaviour in 

CAF-318, CAF-220 and CAF-200 in vivo as it would demonstrate if OSM signalling targets 

CAFs in general or if there is a specific CAFs subpopulation with specific characteristics 

more prone to benefit from OSM signalling to promote breast cancer progression. Of note,  

scRNA-seq data presented in Fig. 3.2.2 revealed that myofibroblasts, ECM and 

inflammatory CAFs all presented similar levels of OSMR expression, which points to 

possible important roles in all populations.  

 



 

158 
 

It will also be important to determine if normal fibroblasts once in contact with tumour 

cells become susceptible to OSM-mediated induction of activation markers. Co-culture of 

cancer cells and normal fibroblasts and posterior OSM treatment of fibroblasts could be 

done prior to co-injections. This experiment will determine if normal fibroblasts need to be 

primed by tumour cells first to become susceptible to OSM pro-tumoral effect.  

Despite clear evidence presented in this thesis supporting that OSM:OSMR axis in CAFs 

contributes to cancer progression, nevertheless, the effect of OSM on other TME cells 

cannot be discarded. FACs sorting data presented in Fig. 3.2.3 revealed that endothelial 

cells also present OSMR expression. Multiple studies have reported endothelial activation 

mediated by OSM signalling in other diseases279–281. Cytokine mediated activation of 

endothelial cells can trigger the expression of inflammatory markers, which can sustain or 

exacerbate inflammatory processes282. Further studies would need to be done to 

determine if OSM also acts on endothelial cells and if this action contributes to tumour 

inflammation and cancer progression. 

 

4.4 OSM:OSMR axis shapes the immune system in the 

tumour microenvironment.   

The last experiments of this thesis aimed to determine the effect of OSM signalling in 

modulating the immune system. Up to date, very few studies focused on the role of 

OSM:OSMR axis in shaping the tumour infiltrates. In this thesis it was shown that several 

factors upregulated by OSM in CAFs are associated with immune regulation such as FAP75 

and IL-6126 which already suggested that OSM was potentially modulating the immune 

compartment through CAFs signalling.   

Microarray data analysis (Fig. 3.3.1 and 3.3.2) revealed that OSM induced inflammatory 

signatures and pathways in both CAF-173 and MDA-MB-231 tumour cells. In addition, 

leukocyte chemotaxis was one of the enhanced pathways after OSM treatment in both cell 

lines which strongly suggested that OSM could be contributing to inflammation in BC. Of 

interest, OSM levels were also associated with inflammation in human breast cancer 

samples present in the TMA. Chemokine arrays revealed that OSM induces in CAFs and in 

cancer cells the secretion of important myeloid chemoattractants. Some of them are 
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fibroblast-specific (i.e. CXCL10, CXCL12 and CXCL16), others are cancer cell-specific (e.g. 

CXCL7), and several are induced by both cell types (e.g. VEGF, CCL2 and CXCL1), supporting 

activation of cell-specific transcriptional programmes by OSM144. OSM has previously been 

described to induce VEGF and CXCL1184,283. However, for the first time it was shown that 

OSM induces the neutrophil chemoattractant CXCL7 in tumour cells, previously described 

as a prognostic factor in clear cell renal cell carcinoma284. The list of OSM-induced 

chemokines includes CXCR2 and CCR2 ligands (i.e. CXCL1, CXCL8 and CCL2). Of interest, 

inhibition of recruitment of myeloid derived suppressor cells (MDSCs) by blocking CCR2 

and CXCR2 activation disrupts the formation of pre-metastatic niches and inhibits 

metastasis285. This in vitro data strongly suggested that OSM:OSMR signalling could be 

involved in modulating the recruitment of myeloid cells to the tumour niche. Importantly, 

OSM was found to correlate with myeloid infiltration in human breast tumours (Fig. 3.2.4), 

which, again, indicates that myeloid chemoattractants liberated by OSM activated CAFs 

and tumour cells are possibly promoting the recruitment of myeloid cells to the tumour 

niche and establishing a feedforward loop of constant OSM secretion to the tumour.  

On top of that, conditioned media assays in vitro (Fig. 3.3.4) showed that CM from 

macrophages induce OSMR in tumour cells while CM from OSM activated MDA-MB-231 

cells induce further OSM release in macrophages indicating the possible existence of 

additional positive loops (Fig. 4.1) that would ensure constant OSM liberation into the 

tumour microenvironment. Similar cancer cell-induced stimulation of OSM in macrophages 

and neutrophils has also been described by other groups286,287. 

 

 

Fig. 4.1: Proposed working model of the paracrine signalling between macrophages and cancer cells 

resulting in activation of positive feedback loops. 
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Experiments to determine the effect of CM from macrophages on fibroblasts were not 

performed, but as it is clear now that myeloid cells express OSM and that fibroblasts 

present high expression of OSMR, it would be expected that CM from macrophages would 

activate OSMR pathway in fibroblasts and induce downstream targets.  

At this point, it was important to determine functionally if OSM:OSMR axis was regulating 

myeloid infiltration and the MMTV-PyMT mouse model was used to answer this question. 

The data presented in Fig. 3.3.3 revealed that OSMR KO mice had less infiltration of Ly6G+ 

(neutrophils) and F4/80+ (macrophages) cells in the tumours demonstrating that OSMR 

signalling contributes to myeloid cell recruitment. Importantly, VEGF, CXCL1 and CXCL16, 

previously described as strong myeloid chemoattractants249,288,289, were found to be 

downregulated in the serum of MMTV-PyMT OSMR deficient mice, indicating that OSM 

signalling also regulates their secretion in vivo. Of note, OSM and OSMR expression was 

found to correlate with VEGF, CXCL1 and CXCL16 in breast cancer tumours, and the three 

factors associate with poorer RFS in breast cancer patients. These results strongly suggest 

that OSM signalling promotes the recruitment of Ly6G+ and F4/80+ myeloid cells to the 

tumour through OSM-induced secretion of chemokines by both CAFs and cancer cells. 

These recruited myeloid cells will then increase the secretion of OSM within the tumour, 

inducing a feed-forward loop summarised in the proposed working model in Fig. 4.2. 

Decreased numbers of Ly6G+ neutrophils and F4/80+ macrophages may explain, at least in 

part, the strong anti-tumoral and anti-metastatic effect of OSMR depletion in the PyMT 

cancer model, as blocking neutrophil recruitment to the pre-metastatic niche with anti-

Ly6G antibodies inhibits metastasis290 and impairing recruitment of tumour-associated 

macrophages reduces tumour incidence and metastasis291–293 in MMTV-PyMT mice. Ly6G 

is also considered a marker of granulocytic MDSCs56, so IHC staining of LY6G+ in MMTV-

PyMT tumour slides cannot exclude the presence of these cells in the samples. Of interest, 

MDSCs are also involved in the promotion of metastasis in the MMTV-PyMT model294.  
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Fig. 4.2: Proposed working model for the effects of OSM signalling in breast cancer.  

Myeloid cells express OSM which activates the OSMR pathway in cancer cells and cancer-associated 

fibroblasts (CAFs). OSM signalling in CAFs induces classical fibroblast activation markers such as 

FAP, POSTN, IL-6 and VEGF. This paracrine signalling induces CAFs pro-malignant phenotype by 

increasing their contractility and proliferation. At the same time, OSM induces myeloid 

chemoattractants in CAFs and cancer cells such as VEGF, CXCL1, CCXL16, CXCL12 and CCL2. This 

chemokine secretion results in myeloid tumour infiltration, that is further stimulated by cancer cells 

to induce OSM expression, creating a positive feedback loop that ensures constant secretion of 

OSM and sustained tumour progression. Disrupting this cancer cells-tumour microenvironment 

communication by blocking OSM:OSMR interactions could be a potential therapeutic strategy for 

breast cancer therapy. 

 

OSM was described to induce M2 polarization in macrophages204. The results present in 

this thesis showed that immune cells and HL-60 cells differentiated to macrophages with 

TPA express extremely low levels of OSMR, bringing up the possibility that OSM affects 

macrophage polarization through other mechanisms and not by direct OSMR activation. 

To confirm the M2 polarization of macrophages by OSM, blood derived monocytes were 

extracted from healthy donors. The results (Fig. 3.3.5) showed that treatment of 

monocytes with recombinant OSM did not induce M2 macrophage polarization, 
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contradicting previous reports. Interestingly, Ayahub et al (2017)295 reported that 

overexpression of OSM and/or IL-6 promoted myofibroblast accumulation in the lungs but 

that only IL-6 had the capacity to convert macrophages into a M2-like phenotype. Of note, 

Tripathi et al (2014)204 has performed all polarization experiments under hypoxic 

conditions which raises the question if OSM induced polarization of macrophages is 

dependent on factors such as the hypoxic state of the tumour. It would be interesting to 

perform future experiments to answer this question. 

Fig. 3.3.5 also showed that CM from MDA-MB-231 cancer cells reduced macrophage 

polarization towards M1 or M2-like profile while CM from CAF-173 induced M2 markers in 

monocytes suggesting that cancer cells could be halting monocyte differentiation into M1 

or M2-like macrophages maintaining them into a more “stem” state while CAFs would drive 

them towards a pro-malignant M2-like phenotype, all independently from OSM signalling. 

This is still preliminary data that would need to be confirmed using different tumour cells 

and CAFs. As mentioned above, IL-6 was also reported to induce M2-like phenotype in 

macrophages in the lungs295. Despite knowing that OSM induces IL-6 in CAF-173, no 

significant differences were found in the effect of macrophages polarization through CM 

of OSM-induced CAF-173. These data lead to the conclusion that OSM was not directly 

impacting macrophages polarization within this experimental setting. This does not 

exclude the possibility that macrophages, within the tumoral context, would respond to 

cues induced by OSM on other types of cells that would promote their differentiation 

towards M2-like phenotype. Further experiments would need to be done to confirm this 

hypothesis.  

 

4.5 Summary and future perspectives  

In summary, the data presented in this thesis demonstrate that OSM:OSMR axis is 

associated with worse prognosis in breast cancer patients. OSM orchestrates a pro-tumoral 

crosstalk between myeloid cells, CAFs and cancer cells that has important consequences in 

tumour progression (Fig. 4.2). Induction of OSM:OSMR signalling in cancer cells leads to 

earlier tumour onset and development of lung metastasis. Constitutive genetic depletion 

of OSMR in the MMTV-PyMT genetic mouse model delays tumour onset, reduces tumour 
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growth and lung metastasis. In addition, injection of murine cancer cells in OSMR deficient 

mice reduced tumour burden and delayed tumour onset compared to WT mice, supporting 

that OSM signalling is important in both the cancer cell compartment and in the tumour 

microenvironment. OSM-activated CAFs were found to contribute to the tumour 

microenvironment influence on tumour progression. Importantly, OSMR depletion in the 

MMTV-PyMT breast cancer model has a profound effect in reducing metastasis, compared 

to its effect in tumour onset and tumour growth. In view of these results, the role of 

OSM:OSMR signalling in the pre-metastatic niche requires further investigation. Analysis 

of human breast cancer samples revealed that the results are clinically relevant, showing 

that OSM and its receptor OSMR are upregulated in breast cancer stroma and their 

transcriptional signature is associated with decreased survival. Furthermore, targeting 

OSM:OSMR signalling could be a new therapeutic strategy in breast cancer as targeting IL-

6:IL6R in the clinic has revealed some associated toxicity 271,272. OSM:OSMR interactions 

could be blocked by antibody based inhibition, a strategy that has had a major impact on 

cancer296, which makes them a promising candidate for therapeutic targeting. 

Interestingly, anti-OSM humanized antibodies have proven to be safe and well tolerated297 

and are now in Phase 2 clinical trials for the treatment of inflammatory diseases, such as 

systemic sclerosis and Crohn's disease298. 

Recently, a study has been published using tofacitinib (JAK1/3 inhibitor) to treat granuloma 

annulare, an inflammatory disease characterised by macrophage accumulation and 

activation in skin. In this study, the authors have identified some JAK-STAT-dependent 

cytokines, including IFN-gama and OSM as possible drivers of the disease. Treatment of 5 

patients with tofacitinib inhibited IFN-gama, Oncostatin M, as well as IL-15 and IL-21, 

activity and resulted in clinical and histologic disease remission in 3 patients and marked 

improvement in the other 2 without major toxicity299. This study has demonstrated that 

targeting cytokines activity can reduce inflammatory biomarkers and result in disease 

remission, strategy that could be applied in other diseases.  

Together, the findings present in this thesis further strengthen the case for the pre-clinical 

investigation of OSM:OSMR blocking antibodies/inhibitors as a targeted anti-cancer 

therapy. 
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A collaboration has been established with Gerhard Müller-Newen group in Germany which 

has developed different receptor fusion proteins for the inhibition of murine Oncostatin 

M300 (Fig. 4.3). mOSM-RFP is the one that was proved to be more effective in blocking OSM 

signalling in vitro and it will be tested in vivo in our breast cancer mouse models. 

 

Fig. 4.3: Receptor fusion proteins designed to inhibit murine Oncostatin M. Reproduced from: 

Brolund et al (2011)300.  

 

To test weather inhibition of OSM:OSMR pathway in vivo halts tumour progression without 

major associated biological toxicity, we are planning to test this therapeutic strategy in the 

MMTV-PyMT mouse model and assess all parameters described in this thesis such as effect 

on tumour onset, growth, metastasis and molecular characteristics. In the future it would 

be interesting to test this therapeutic strategy in other models of cancer such as colon, 

pancreatic, ovarian, sarcoma… etc, since clinical data revealed that high OSM:OSMR levels 

were also associated with worse survival in those types of cancer.   

Another interesting line of research would be to study the effect of OSM signalling in the 

liver and its contribution to liver inflammation and malignancy. In the orthotopic 

xenografts experiments (Fig. 3.1.10), all hOSM animals presented increased liver 

inflammation (data not shown) that the group hypothesised to be a secondary effect of the 

presence of human OSM in blood circulation of those animals that could be signalling 

through mouse LIFR and promote liver inflammation. Andrea Abaurrea and Peio Azcoaga 

are currently investigating the effect of OSM:OSMR signalling in liver hepatocarcinoma. 

In this thesis, OSM:OSMR axis was demonstrated to modulate myeloid cell recruitment in 

the MMTV-PyMT tumours. Despite not finding direct effect on macrophage differentiation 

in the experiments performed, it would be interesting to explore further this topic using 

other models such as tumour associated macrophages instead of primary monocytes from 
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healthy donors. It might happen that, like fibroblasts, monocytes need to be tumour-

primed before being able to respond to OSM effect on polarization. It would also be 

interesting to extend the analysis to other immune cell types such as Tregs since some 

studies have already described the role of OSM in shaping the phenotype of these cells in 

other diseases301. 

Preliminary data obtained at the i3S in Porto indicated that OSM upregulates PDL-1 

expression in MDA-MB-231 cells (data not shown) suggesting that OSM might be involved 

in contributing to the escape of tumour cells from the T cells surveillance and promoting 

an immune suppressive TME. Currently, the effect of OSM in immune suppression and 

response to immunotherapy is a future line of research that the group is developing in 

collaboration with Prof. Maria Oliveira in i3S Porto.  
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Chapter 5: Conclusions 
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1. Oncostatin M (OSM) and Oncostatin M receptor (OSMR) are associated with poor 

overall survival in breast cancer, especially in the ER- tumours, and in other types 

of tumours.  

2. OSMR pathway is over-activated in ER- breast cancer, and cancer cells do not 

express biological significant levels of OSM. 

3. OSM signalling through OSMR receptor promotes tumorigenesis, tumour growth 

and metastasis in multiple mouse models of breast cancer. 

4. OSM:OSMR signalling module is increased in the tumour microenvironment of 

breast cancer and other tumour types, and it exhibits a distinct microenvironment-

restricted expression, compared to other members of IL-6 family: OSM is mostly 

expressed by myeloid cells while OSMR is present in tumour cells and fibroblasts.  

5. OSM:OSMR signalling in the tumour microenvironment contributes to tumour 

progression. 

6. OSM signalling induces pro-malignant features in CAFs, including proliferation and 

increased contractility, that have a great impact on tumorigenesis, tumour growth 

and metastasis.  

7. OSM induces an inflammatory signature and secretion of chemoattractants in CAFs 

and cancer cells (e.g. VEGF, CXCL1 and CXCL16) and contributes to the remodelling 

of the tumour immune landscape by increasing the recruitment of myeloid cells.   

8. OSM signalling in the tumour induces additional feed-forward loops, as conditioned 

media from macrophages induces OSMR in cancer cells while conditioned media 

from cancer cells induces OSM expression in macrophages. 

9. OSM:OSMR axis is an attractive therapeutic target for BC as the data presented in 

this thesis supports that its inhibition would reduce tumour promoting 

inflammation and halt tumour progression.  
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Supplementary information 
 

Supplementary Table 1: Gene list for the fibroblast activation markers signature, manually 

curated from Sahai et al (2020)64, used in Fig. 3.2.9.  

Fibroblast/ fibroblast subtype/ activation 
markers 

Molecules produced by activated fibroblasts/ 
CAFs 

PDGFRa TGFb 

Vimentin VEGFA 

aSMA CCN1 (CYR61) 

FAP CCN2 (CTGF) 

Col1a2 Tenascin 

Col5a1 Periostin 

Downregulation of CD36 LIF 

GPR77 GAS6 

CD10 FGF5 

FSP1 (S100A4) GDF15  
HGF  
IL6  
CXCL9  
CXCL12  
FAK 

 

 




