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ABSTRACT 

 

The tumour micro-environment (TME) has an essential role in tumour development and 

progression.  Immune cells recruited to the site of the tumour secrete soluble factors such 

as proteinases, growth factors, survival factors and angiogenic factors into the TME.  The 

secretion of these factors is up-regulated via inflammatory mediators secreted by tumour 

cells, resulting in a pro-malignant cycle between the cancer and immune cells.  A greater 

understanding of the molecular mechanisms underpinning these interactions is required, 

as this will assist towards identifying potential new drug targets for cancer and ultimately, 

will aid in the long-term development of targeted and effective treatments for breast 

cancer and MBC. 

 

The activities of certain immune cells, such as tumour associated macrophages, have been 

reasonably well characterised in cancer, however, until recently, less was known 

regarding the role of neutrophils in tumour progression.  The goal of the research 

described in this thesis was to determine whether soluble factors secreted by breast cancer 

cells might alter the phenotype or lifespan of neutrophils.  The latter may allow 

neutrophils sufficient time to participate in activities within the TME that may either help 

or hinder tumour progression, while soluble factors released by the neutrophils might 

influence the invasiveness of breast cancer cells. 

 

To investigate whether soluble factors released by breast cancer cells could delay 

neutrophil apoptosis, neutrophils were cultured in conditioned medium (CM) prepared 

from highly metastatic MDA-MB-231 or poorly metastatic MCF-7 cells.  Flow cytometry 

experiments showed a delay in apoptosis for neutrophils cultured in MDA-MB-231 CM, 

but not MCF-7 CM.  Quantitative RT-PCR was used to measure neutrophil mRNA 

expression of pro- versus anti-apoptosis peptides; neutrophils incubated in MDA-MB-

231 CM, but not MCF-7 CM, demonstrated a significantly higher expression of the anti-

apoptosis peptide BCL2 (A1) and significantly lower expression of the pro-apoptosis 

peptide BAK compared to control.  Western blots showed extensive caspase-8 activation 

for neutrophils cultured in MCF-7 CM, consistent with apoptosis, whilst neutrophils 

cultured in MDA-MB-231 CM showed little activation of caspase-8, indicating low levels 
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of apoptosis.  The soluble factor contained within the MDA-MB-231 CM, responsible for 

the delay in neutrophil apoptosis was found to be heat stable and have a molecular weight 

of between 10-100kDA.  Prostaglandin E2 (PGE2) was identified as a potential candidate 

molecule, as it is a heat stable lipid, and when bound to plasma proteins, fits the molecular 

weight criteria.  In addition, neutrophils cultured with 10µM native or heat treated PGE2 

demonstrated a delay in apoptosis, however, this was to a lesser extent compared to 

neutrophils cultured in MDA-MB-231 CM.  Cycoloxygenase-2 (COX-2), the enzyme 

responsible for PGE2 synthesis, was shown to be expressed in MDA-MB-231 cells but 

not MCF-7 cells, which is in agreement with the results demonstrating a delay in 

apoptosis for neutrophils cultured in MDA-MB-231 CM but not MCF-7 CM.   

 

Freshly isolated human neutrophils, obtained from the peripheral blood of healthy 

volunteers, cultured in MDA-MB-231 or MCF-7 CM for 7hrs were not polarised toward 

a pro or anti-tumour phenotype, as determined via the expression of ICAM-1 and       

MMP-9.  Finally, to investigate whether neutrophils could influence the process of EMT 

and alter the migration of breast cancer cells, neutrophils were indirectly cultured, via 

transwell plates, with MDA-MB-231 or MCF-7 cells.  Neutrophils were not found to 

enhance the migration of the cancer cells, as determined via a wound scratch assay.  

Likewise, neutrophils were not shown to influence the process of EMT in the cancer cells, 

as determined by changes to cell morphology or the expression of EMT Markers.   
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INTRODUCTION & LITERATURE REVIEW 
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1.1 Introduction 

 

The average human being is comprised of at least 37.2 trillion cells (1), each working 

together in an orderly manner, participating in processes essential to life.  In most adult 

tissues, cells are continuously turned over; the cells growing, dividing and dying in 

response to signals from the environment in which they are located (2).  This is a tightly 

controlled process; when cells become old they should die (3), and if cells become 

infected or damaged they should be destroyed, either by cell-autonomous mechanisms or 

by the immune system (4).  Nonetheless, if a cell incurs mutations or epigenetic changes 

to tumour suppressor or proto-oncogenes, it may begin to proliferate uncontrollably and 

form a tumour (5).  Over time the tumour cells may acquire certain biological capabilities; 

these include evasion of growth suppressors, resistance to cell death, replicative 

immortality and avoidance of immune destruction (6).  Consequently, whilst the immune 

system can detect and destroy abnormal cells during the early stages of tumour formation 

(reviewed in 7,8), eventually the tumour cells may evade the immune response, 

prompting unrestrained growth and the development of cancer (9).   

 

Whilst great progress has been made towards the prevention and treatment of cancer, it 

remains one of the leading causes of morbidity and mortality worldwide (10).  An 

estimated 18.1 million new cases and 9.6 million cancer associated deaths occurred 

globally during 2018 (11).  These numbers are projected to rise by approximately 63% 

over the next two decades, with 29.5 million new cases and 16.4 million deaths expected 

per year, by 2040 (12).  This is partly due to the increased size and lifespan of the global 

population (13) and partly due to adverse environmental and lifestyle factors such as 

cigarette smoking, poor diet and air pollution that increase the risk of genetic mutations, 

and consequently, cancer development (14).  Certain cancers are more common than 

others, especially those due to lifestyle factors; for example lung cancer is the most 

common cancer in men, with tobacco use accounting for 87% of (male) lung cancer 

associated deaths (15).  Whilst other cancers (such as colon or breast cancer in women) 

are more common because the cells contained within the tissue undergo more frequent 

cell divisions, thus increasing the chance of mutations (16).    









http://cnx.org/contents/9cccba49-6490-4e5b-a366-9991b7dbc56c@9
http://cnx.org/contents/9cccba49-6490-4e5b-a366-9991b7dbc56c@9
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Figure 1.2: Haematopoiesis of myeloid and lymphoid cells  

Multipotent hematopoietic stem cells differentiate into myeloid and lymphoid stem cells in 

response to environmental signals, which in turn differentiate into mature blood cells. Reprinted 

from OpenStax, 3.6 Cellular Differentiation. OpenStax CNX. 3 May 2019 

http://cnx.org/contents/966c32cc-3d6f-4f4e-af4f-ea0c975e825c@8. (Modified), (73). Gratis 

Reuse. 

 

1.2.2.2 Innate immunity 

 

Innate immunity is a host defence mechanism in which cells respond to a pathogen 

immediately, in a generic non-specialised manner (74).  It is comprised of physical 

barriers (e.g. epithelium of the skin), inflammation, soluble factors (referred to as 

complement) and a cellular component; specifically, neutrophils, macrophages, mast cells 

and dendritic cells (collectively known as phagocytes) along with basophils, eosinophils 

and natural killer (NK) cells.  

 

http://cnx.org/contents/966c32cc-3d6f-4f4e-af4f-ea0c975e825c@8
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mechanism (18).  The immune cells subsequently engage in cross talk with the tumour 

cells, prompting the release of further inflammatory mediators that feedback into the 

disease cycle, as well as soluble factors that promote tumour growth, angiogenesis and 

tissue invasion (Figure 1.5) (6).   

 

 

 

 

 



21 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.5: The two pathways of inflammation in cancer and their outcomes   

Activation of either pathway results in the constitutive expression of inflammatory mediators by 

the tumour cells and the subsequent recruitment of innate immune cells.  These engage in cross 

talk with the cancer cells prompting the release of further inflammatory mediators that feedback 

into the disease cycle. Reprinted by permission from Springer Nature: Nature/Springer/Palgrave, 

Nature, Cancer related inflammation, Mantovani A, Allavena P, Sica A, Balkwill F. Copyright 

2008; (Modified), (144).  
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1.2.5.4 Neutrophils and tumour initiation 

 

Tumour initiation is thought to commence when a single random cell incurs a genetic 

mutation capable of conferring a growth advantage (262).  The process of tumour cell 

proliferation is expedited if the initial tumour cell is exposed to tumour promoters, such 

as soluble factors released during chronic infection and inflammation (263).  In a 

zebrafish model of HRAS G12V melanoma, neutrophils and macrophages were recruited 

to the site of the transformed cells (and interacted with them) whilst they were still only 

singlet or doublet cells, indicating that neutrophil recruitment may occur very early in 

tumourigenesis (264).  Both neutrophils and macrophages phagocytosed some of the 

healthy (non-apoptotic) cancer cells, suggesting a clearance role of the leukocytes.  

However, short term blocking of the immune cells reduced tumour growth, suggesting 

that the immune cells were also providing some form of tumour promoting factor (264).   

 

An association has also been found between wound-induced inflammation, neutrophil 

recruitment and the proliferation of pre-neoplastic cells (265).  Moreover, several mouse 

models of spontaneous and inflammation-induced cancers (including skin, and benign or 

invasive intestinal carcinomas (266,267)) indicate that neutrophils are recruited to 

premalignant inflamed tissues in response to CXCR2 (IL-8 receptor) ligands such as 

CXCL1, CXCL2 and CXCL5, and that their presence is required for tumour initiation 

and growth.  Whilst it is difficult to investigate the impact of neutrophils on tumour 

initiation/formation in humans, a recent study found nine times more neutrophils in 

gastric intestinal metaplasia samples (pre-malignant) compared to control, with 

neutrophil density being positively correlated with gastric cell proliferation (268).  

 

Neutrophils are thought to act as tumour promoters through the release of reactive oxygen 

species (ROS) or reactive nitrogen species (RNS), although these are typically released 

to kill pathogens (Section 1.2.5.1).  ROS and RNS also cause DNA damage and increase 

the rate of genetic mutations within tumours (269,270).  Neutrophil elastase (NE), a 

protease released during degranulation (Section 1.2.5.1), may also act as a tumour 

promoter, as it has been shown to be taken up by murine and human lung adenocarcinoma 

cells, prompting the degradation of insulin receptor substrate-1 (IRS-1); leading to an 



https://en.wikipedia.org/wiki/Extracellular_signal-regulated_kinases
https://en.wikipedia.org/wiki/Extracellular_signal-regulated_kinases
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tumour derived CCL2, prompting the neutrophils to release ROS and acquire a cytotoxic 

phenotype; as a consequence, the tumour entrained neutrophils inhibited metastatic 

seeding.  This anti-metastatic activity was questioned by Coffelt et al. (158), who noted 

a pro-metastatic role for neutrophils in other studies of the same tumour cell line.  It was 

suggested (158) that these contradictory results might, in part, be due to experimental 

timing, with neutrophils being isolated from early stage tumours demonstrating different 

behaviour from those isolated from late stage tumours, or that the cell lines through 

successive culturing had undergone genetic drift so that the same cell line used by 

different laboratories produced divergent cytokines.  However, several of the studies 

(348,349) cited by Coffelt et al. (158) were investigating the prometastatic functions of 

myeloid derived suppressor cells, which as previously discussed (Section 1.2.5.3) have 

been found to have functionally distinct genetic profiles compared to naïve neutrophils 

or TAN.  Therefore, further work needs to be undertaken to determine the role of TANs 

in the development of distal metastases.  

 

1.2.6 Conclusions from the literature 

 

Over the last few decades it has become well recognised that the tumour micro-

environment plays a pivotal role in tumour development and progression.  Whilst 

interactions between certain cells, such as macrophages, and cancer cells have been 

reasonably well characterised, less is known regarding the role of neutrophils.   

 

For a long time, neutrophils were thought to have a negligible role in cancer, mostly due 

to their short lifespan.  However, neutrophils display an extended lifespan in certain 

inflammatory diseases, and there is some evidence that the same process may occur (and 

be associated with adverse outcomes) in cancer; however, the mechanisms and mediators 

behind this effect are not well understood and may in part be dependent upon the type or 

stage of cancer.  To date only limited work has been undertaken regarding the lifespan of 

neutrophils in breast cancer. 
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The overall role of neutrophils in cancer remains controversial with both pro and anti-

tumour effects demonstrated.  It would appear that neutrophil phenotype can be altered 

in cancer, which may again be dependent upon the type or stage of cancer, which may 

explain their opposing roles.  Thus, a great deal of work is required to fully characterise 

this process and determine its impact on tumour development and progression in breast 

cancer. 

 

In recent years it has become clear that the epithelial-mesenchymal transition is a critical 

step towards malignancy.  Whilst there is limited evidence that neutrophils may induce 

this process, some of the models used (such as zebrafish models or a neutrophil-like cell 

line) may not accurately reflect the biological mechanisms found in humans.   
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Chapter 2 

 

Materials and Methods 
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2.2 General Methods 

 

2.2.1 Neutrophil isolation 

 

2.2.1.1 Identification and recruitment of study participants 

 

This study was approved as a low risk ethics application by the Massey University 

Southern Ethics Committee (Southern A Application 15/08).  Human neutrophils were 

obtained from the peripheral blood of healthy male and female volunteers.  Participants 

were provided with an information sheet and had the study explained to them verbally, 

before providing written informed consent.  

 

17 subjects (11 females, and 6 males) were selected on the basis of having good general 

health with no known immune system disorders, blood borne contagious diseases or 

disorders of bleeding and/or clotting of the blood. One of the subjects was a habitual 

smoker. The health screening questionnaire provided to participants for this research is 

provided in Appendix A.  

 

2.2.1.2 Blood sampling and processing 

 

Non-fasting venous blood samples were taken by a trained phlebotomist at Massey 

University, Albany, Auckland.  Each sample (approximately 6mL of blood) was obtained 

in a collection tube coated with EDTA anticoagulant.  Blood samples were not pooled but 

were used in matched pairs for experiments; i.e. a participant would donate two blood 

samples, with one used for the MCF-7 assay and the other for the MDA-MB-231 assay.  

 

All blood samples were processed within 15 minutes of collection and treated in 

accordance with the Massey University guidelines for handling unfixed human tissue, 

blood body fluids in research.   
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filter and was stored for ~2hours at 37ºC before being used within experiments     

(Chapters 4-6)). Untreated control medium was also prepared for each conditioned 

medium experiment. A 20ml aliquot of medium was placed in a cell-free T 75 flask and 

incubated at 37ºC with 5% CO2. The untreated medium was collected 48 hours later, 

filtered through a 0.22µm filter was stored for ~2hours at 37ºC before being used within 

experiments. 

 

2.2.2.3 Mycoplasma testing 

 

MCF-7 and MDA-MB-231 cell lines were routinely tested for the presence of 

mycoplasma contamination, according to the method of Uphoff and Drexler (350). As a 

precaution, to further mitigate the risk of contamination, MCF-7 and MDA-MB-231 cell 

lines were routinely treated with ciprofloxacin (351). Prior to the creation of frozen cell 

stocks; the cell lines were treated with 10µg/ml ciprofloxacin on alternate days for a 

duration of two weeks (350), and then frozen as previously described (Section 2.2.2.1).  

 

2.2.3 Cell biology techniques  

 

2.2.3.1 May-Grünwald-Giemsa staining of neutrophils 

 

To determine the purity and composition of the isolated cells, the neutrophil preparations 

were subjected to May-Grünwald-Giemsa staining.  A 10µl aliquot of freshly isolated 

neutrophils was placed on a Poly-Prep, poly-lysine coated glass slide, air dried for two 

hours then fixed with 100% methanol. The slides were stained in undiluted May-

Grünwald solution for 3min, then placed in a working solution of May Grünwald diluted 

1:1 with Sørensons buffer pH 7.0 (133mM disodium phosphate: 133mM potassium 

phosphate monobasic) for 5min.  The slides were rinsed in Sørensons buffer for 60 secs, 

stained in Giemsa solution diluted 1:5 with Sørensons buffer for 25min, then gently 

flushed with Millipore ultrapure water. Slides were imaged using an Axiostar plus 

microscope (Zeiss, Oberkochen, Germany). 
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To assess the functional activity of the isolated neutrophils, as determined by their 

response to stimulus, a 40µg/ml stock of phorbol 12-myristate 13-acetate (PMA) was 

prepared in DMSO and was stored in single use aliquots at -20ºC; PMA was diluted to 

60ng/ml in Amplex Red working solution immediately prior to each experiment.  

 

Fresh H202 standards were prepared each day.  A 25mM stock solution of H202 in KRPG 

was prepared, then serially diluted to create seven standards (250, 125, 62.5, 31.25, 15.63, 

7.81 & 3.9 µM) of H202 in KRPG.  A 20µl aliquot of each standard, along with a blank, 

was loaded in quadruplicate into a Griener Bio-one 96 well microplate. 

 

Neutrophils isolated via immunomagnetic positive selection (see Section 2.2.1.4) were 

resuspended in KPRG buffer at a final concentration of 2.5x106cells per ml.  A 20µl 

aliquot of neutrophils in KRPG (5x104 total cells) was loaded into six wells of the 96 well 

microplate described above.  These were split into two groups; the first group were to be 

untreated (control) neutrophils and the second group were to be neutrophils stimulated 

with PMA. 

 

A 100µl aliquot of Amplex Red working solution was added to each of the standards, 

blanks and control cells. A 100µl aliquot of PMA Amplex Red working solution was 

added to the second group of neutrophils in order to stimulate them. The plate was 

protected from sunlight and was incubated for 30min at RT, after which fluorescence was 

measured on a FLUOstar Omega Microplate reader, using wavelengths of 560nm for 

excitation and 590nm for emission.  The plate was incubated for a further 90min at RT, 

and the fluorescence measured again.  MARS Data analysis software (BMG Labtech 96, 

Ortenberg, Germany) was used to analyse the results, with the fluorescence reading 

obtained at 30min being used to create the standard curve and determine the baseline 

activation status of the neutrophils, while the reading obtained at 120min was used to 

determine the functional responses of the neutrophils.  
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FITC-/PI-, the proportion (%) of cells undergoing apoptosis as stained FITC+/PI- and the 

proportion (%) of necrotic cells as stained FITC+/PI+ and FITC-/PI+.  A two-tailed paired 

t test was used to determine the difference in means for each of these parameters, 

comparing neutrophils incubated in untreated media, against those neutrophils incubated 

in either MCF-7 CM or MDA-MB-231 CM. Statistical significance was defined as 

P<0.05. 

 

2.2.3.4.3 Neutrophils cultured in fractionated, conditioned medium, apoptosis assay 

 

Four different sized Amicon Ultra-15 centrifugal filters were used, with molecular weight 

cut offs (MWCO) of 10, 30, 50 and 100kDa. Prior to use, the filters were rinsed with 

12ml of Millipore ultrapure water, then centrifuged (4000xg, 20min, RT) to remove any 

residual traces of glycerine. 

 

Control medium and MDA-MB-231 CM was prepared prior to commencing each 

experiment (Section 2.2.2.2).  On the day of the experiment 12mls of MDA-MB-231 CM 

and 12mls of control medium were aliquoted into separate centrifugal filters.  The filters 

were centrifuged at 4000xg, RT, for 30min (10kDa and 30kDa filters) or 20min (50kDa 

and 100kDa filters).  A 300µl aliquot of retentate and 11.4ml aliquot of filtrate was 

removed from each filtration device; the filtered control medium was used to dilute the 

MDA-MB-231 CM retentate and the filtrate, after which the samples were filtered 

through a 0.22µm filter and stored at 37ºC for approximately 2hrs. 

 

Neutrophils were isolated from whole blood samples via positive selection (Section 2.2.1) 

and were resuspended in the following preparations (i-vi) at a concentration of 3.33x105 

cells/ml: 

i) control medium (negative control),  

ii)  unfiltered MDA-MB-231 CM (positive control) 

iii)  retentate from MDA-MB-231 CM 

iv) filtrate from MDA-MB-231CM  

v) a mixture of the retentate and filtrate from MDA-MB-231 CM  
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The cells were aliquoted into a 24 well plate to a final volume of 1.5ml and incubated at 

37ºC with 5% CO2.  Neutrophil viability was assessed at 0hrs, immediately post isolation 

and at 7hrs post incubation via flow cytometry using a Dead Cell Apoptosis kit as 

previously described (Section 2.2.3.4.2).    

 

2.2.3.4.4 Heat treated MDA-MB-231 conditioned medium apoptosis assay 

 

Control medium and MDA-MB-231 CM was prepared prior to commencing each 

experiment (Section 2.2.2.2).  A 15ml aliquot of MDA-MB-231 CM was placed into a 

sterile 50ml polypropylene centrifuge tube, heated for 10min at 100ºC and centrifuged 

(1000xg, 5min, RT). The supernatant filtered through a 0.22µm filter and stored at 37ºC 

for approximately 2hrs before use.  Neutrophils were isolated from whole blood samples 

via positive selection (Section 2.2.1).  The cells were resuspended in control medium or 

boiled filtered CM at a concentration of 3.33x105 cells/ml, then aliquoted into a 24 well 

plate to a final volume of 1.5ml.  The cells were incubated at 37ºC with 5% CO2. 

Neutrophil viability was assessed at 0hrs, immediately post isolation and at 7hrs post 

incubation using a Dead Cell Apoptosis kit as previously described (Section 2.2.3.4.2).    

 

2.2.3.4.5 Prostaglandin E2 (PGE2) apoptosis assay 

 

A 10mg/ml stock solution of prostaglandin E2 (PGE2) was prepared in ethanol, the stock 

solutions were divided into single use aliquots and stored at -20ºC.  A 1mM working stock 

solution of PGE2 prepared in 0.1M PBS (10X), and a vehicle control comprised of ethanol 

in 0.1M PBS was prepared immediately prior to each experiment. Control medium and 

MDA-MB-231 CM was also prepared prior to commencing each experiment (Section 

2.2.2.2). 
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Neutrophils were isolated from whole blood samples via positive selection (Section 2.2.1) 

and were resuspended in each of the following preparations (i-vi) at a concentration of 

3.33x105 cells/ml: 

i. Untreated control medium 

ii.  10µM PGE2 in control medium,  

iii.  10µM PGE2 in control medium, heated for 10min at 100ºC, centrifuged (1000xg, 

5min, RT), the supernatant removed and filtered through a 0.22µm filter.   

iv. Control medium supplemented with the vehicle control (ethanol in 0.1M PBS) 

v. MDA-MB-231 CM 

vi. MDA-MB-231 CM, heated for 10min at 100ºC, then centrifuged (1000xg,               

5min, RT), and the supernatant removed and filtered through a 0.22µm filter.  

Each sample was aliquoted into a 24 well plate to a final volume of 1.5ml.  The cells were 

incubated at 37ºC with 5% CO2. Neutrophil viability was assessed at 0hrs immediately 

post isolation and at 7hrs post incubation using a Dead Cell Apoptosis kit as previously 

described (Section 2.2.3.4.2).    

 

2.2.3.5 Tumour cell migration when co-cultured with neutrophils 

 

The effect of neutrophils upon tumour cell migration was determined via wound scratch 

assay, using a modified version of the method by Liang et al. (354).  MCF-7 and MDA-

MB-231 cells were collected by trypsinisation as described for passaging (Section 

2.2.2.1) and the pellet resuspended in complete medium. Each cell line was plated out 

into four wells of a 12 well transwell plate, to assess the effect of neutrophils or medium 

without cells (negative control) upon tumour cell migration in duplicate. The MCF-7 and 

MDA-MB-231 cells were plated out at a concentration of 3x105cells and 2x105cells 

respectively, in a volume of 1.5ml medium supplemented with 10% v/v FBS, 100U/ml 

Penicillin and 100µg/ml Streptomycin. The plates were incubated at 37ºC with 5% CO2 

for 24hrs to create a monolayer.  

 

On the day of the experiment, neutrophils were isolated from whole blood samples via 

positive selection (Section 2.2.1) and were resuspended in DMEM supplemented with 
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The samples were defrosted and immediately loaded onto the gel alongside a prestained 

page-ruler protein ladder (Thermo Fisher Scientific, Auckland, New Zealand). The 

proteins were separated via electrophoresis, at a constant voltage of 180V for 

approximately 45min.  An SDS PAGE glycine buffer (25mM Tris, 180mM Glycine, 

3.5mM SDS made up to 1L w/H20) was used as the running buffer.  

 

2.2.3.8 Coomassie Blue staining of SDS PAGE gels 

 

Gels were stained with Coomassie stain solution (0.25% v/v Coomassie Brilliant Blue R-

250, 50% v/v methanol, 10% v/v glacial acetic acid), for 30min, at RT, with gentle 

agitation on an orbital shaker.  Surplus Coomassie Blue was removed by the application 

of multiple changes of de-staining solution (50% v/v methanol with 10%v/v glacial acetic 

acid) for approximately 2hrs at RT until the background was clear. 

 

2.2.4 Immunological Techniques 

 

2.2.4.1 Western-blotting 

 

2.2.4.1.1 Transfer of proteins separated by SDS PAGE to PVDF 

 

A PVDF membrane (Immobilon P, Millipore) was soaked with methanol, then 

equilibrated in transfer buffer (25mM Tris, 180mM glycine, 0.35mM SDS, 10% v/v 

methanol in 1L H20) for 5min.  The SDS PAGE gel was laid over the PVDF membrane, 

and the proteins in the gel were transferred to the PVDF membrane using a semi-dry 

transfer cell (BioRad, Auckland, New Zealand) at 75 mA per gel or 10V constant voltage 

for 1 hr.   
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2.2.4.1.2 Ponceau S staining of PVDF membrane 

 

PVDF membranes were stained with Ponceau S stain (0.1% w/v Ponceau S in 5% v/v 

acetic acid) for one hr at RT with gentle agitation on an orbital shaker. Surplus stain was 

removed by rinsing the membrane in distilled water.  

 

2.2.4.1.3 Immunostaining of PVDF membrane 

 

After removing any remaining Ponceau S stain (by rinsing with distilled water) the PVDF 

membrane was rinsed with PBS-T0.1 (0.1% v/v Tween-20 in PBS).  Non-specific protein 

binding sites on the western blots were blocked by placing the membrane in 5% (w/v) 

fat-free powdered milk in PBS-T0.1, for 60min, at RT on an orbital shaker.  The membrane 

was washed once with PBS-T0.1, then incubated with primary antibody diluted in 5% 

(w/v) fat-free powdered milk in PBS-T0.1 for 60min, at RT on an orbital shaker then 

overnight at 4ºC. The primary antibody solution (see Sections 2.2.4.2-3 for dilutions) was 

removed and the blot was washed three times with PBS-T0.1 over a period of 45min, after 

which the blot was incubated with HRP-conjugated secondary antibody diluted in 5% 

(w/v) fat-free powdered milk in PBS-T0.1 for 60min, at RT, on an orbital shaker. The blot 

was then washed with PBS-T0.1 three times over a period of 45min, then incubated in 

chemiluminescent developer comprised of 1ml luminol solution (prepared with 200 ml 

0.1M Tris, pH 8.6100 mg sodium luminol), 10µl of enhancer solution (prepared with 10 

ml DMSO, 11 mg Parahydroxycoumaric acid) and 3.1 µl 3% H2O2 for 60 secs, after which 

it was visualised using a ChemidocTM XRS+ Imaging system (BioRad, Auckland, New 

Zealand) in chemiluminescence mode. 

  

2.2.4.1.4 Stripping of PVDF membrane for reprobing 

 

The blot was washed with PBS-T0.1 then incubated in stripping buffer (200mM Glycine, 

3.5mM SDS, 1% v/v Tween-20 made up to 1L w/H20, pH 2.2) for 10min at RT, after 

which the buffer was discarded.  The blot was incubated in stripping buffer for a further 

10min, and the buffer discarded. The blot was then washed with PBS twice over a period 
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of 20min, followed by PBS-T0.1 twice over a period of 10min after which the blot was 

ready for reprobing.  

 

2.2.4.2 Anti-Caspase 8 assay 

 

Control (untreated) media, MDA-MB-231 CM or MCF-7 CM was prepared prior to 

commencing each experiment (Section 2.2.2.2). Three participants provided whole blood 

samples on two non-consecutive days.  Neutrophils were isolated from the blood samples 

via positive selection (Section 2.2.1) and aliquoted into three samples of ~7x106 cells.  

The samples were centrifuged (250xg, 5min, RT) and the supernatant removed.  To 

determine the baseline level of caspase-8 cleavage in neutrophils, one sample was 

immediately prepared for SDS-PAGE (Section 2.2.3.7).  The two remaining samples 

were resuspended in control medium, MDA-MB-231 CM (day 1) or MCF-7 CM (day 2) 

at a concentration of 3.33x105 cells/ml; the samples were aliquoted into the wells of a six 

well plate to a final volume of 4ml and incubated for 7hrs at 37ºC with 5% CO2.   

 

After incubation the medium was removed, the cells washed with 1ml PBS then 

dissociated in 0.05% Trypsin-EDTA, for 3min at 37ºC. An aliquot of media was added 

to each well to inactivate the trypsin and the cells (neutrophils in control medium and 

neutrophils in CM) were transferred into two 15ml sterile polypropylene tubes.  The 

neutrophils were centrifuged (250xg, 5min, RT) and the supernatant discarded. The cells 

washed with 1ml PBS (pH 7.4), centrifuged (250xg, 5min, RT) and the supernatant 

discarded again.  The cells were counted, prepared for SDS-PAGE and stored at -18ºC 

(Section 2.2.3.6).   

 

Between 15-40µl of the samples were loaded onto the gels (Section 2.2.3.7). The volume 

loaded was determined by the number of cells contained within each sample immediately 

prior to preparation for SDS-PAGE; in order to load an equal number of cells across 

individual experiments.  Following separation via SDS-PAGE (Sections 2.2.3.7-8), the 

proteins were transferred to a PVDF membrane (Section 2.2.4.1.1), and the transfer 

confirmed by Ponceau S staining (Section 2.2.4.1.2). The PVDF membrane was 
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2.2.5.4 Expression of COX-2 in MDA-MB-231 and MCF-7 cells assay 

 

MDA-MB-231 and MCF-7 cells were grown to 70% confluence, the media was removed, 

the cells washed with PBS (pH 7.4), the RNA extracted and reverse transcribed into 

cDNA (Section 2.2.5.1) and RT-PCR undertaken on the single target; COX-2 (for cycling 

conditions see Section 2.2.5.2). The PCR products were separated via DNA gel 

electrophoresis (Section 2.2.5.3) and visualised via a ChemidocTM XRS+ Imaging 

system.   

 

2.2.5.5 Effect of MDA-MB-231 CM and MCF-7 CM on neutrophil phenotype assay  

 

Control medium, MDA-MB-231 CM or MCF-7 CM was prepared prior to commencing 

each experiment (Section 2.2.2.2).  Neutrophils were isolated from blood samples 

obtained from eight participants (provided on two non-consecutive days) via positive 

selection (see Section 2.2.1), the cells were centrifuged (250xg, 5min, RT) and the 

supernatant removed.  The cells were resuspended in untreated medium, MDA-MB-231 

CM (day 1) or MCF-7 CM (day2) at a concentration of 3.33x105 cells/ml.  The samples 

were aliquoted into six well plates to a final volume of 5ml and incubated at 37ºC with 

5% CO2.  After 7hrs of incubation the medium was removed, the cells were washed with 

1ml PBS (pH 7.4) then dissociated in 0.05% Trypsin-EDTA, for 3min at 37ºC.  An aliquot 

of media was added to each well to inactivate the trypsin, after which the samples 

(neutrophils incubated in control media versus conditioned media) were transferred into 

two 15ml sterile polypropylene tubes and centrifuged (250xg, 5min, RT).  The supernatant 

was discarded, the samples washed with 5ml PBS (pH 7.4) and centrifuged (250xg, 5min, 

RT).  The samples were then used to prepare RNA and cDNA (Section 2.2.5.1), after 

which qRT-PCR was undertaken on two targets; ICAM-1 and MMP-9 (Section 2.2.5.2).  
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Neutrophil yield was greatest for sample A (Table 3.1) and was similar to the yield 

reported by Freitas et al. (1.7×106±1.5×105 cells/ml blood)(362).  However, neutrophil 

viability was greatest for sample B (Table 3.1).  Since neutrophil lifespan is very short 

(an estimated circulating half-life of 6-8 hours (148)), this may be a function of the lower 

centrifugation time of sample B compared to sample A.  Overall neutrophil viability was 

found to be considerably less than reported by either Freitas et al. at >98% (362) or 

Marchi et al. at ~85% (377).  

 

Table 3.1: Isolation of neutrophils via Histopaque 1.077/1.119. The effect of 

centrifugation speed and time on neutrophil yield and viability 

Sample 
Total Number of Cells  

(x106) 

Total Number of Cells 
per ml of Blood  

(x106) 

Viability  
% 

    
Sample A 
700xg 
60min 12.4 ± 1.0 2.1 ± 0.2 52.1 ± 2.9 
    
Sample B  
900xg 
30min 9.2 ± 0.7 1.5 ± 1.1 58.6 ± 9.6 
    

Comparison of neutrophil yield and viability obtained from sample A, spun at 700xg for 60min 

and sample B spun at 900xg for 30min.  Both blood samples were obtained from a single donor, 

provided on the same day.  Neutrophil viability was determined manually via the trypan blue 

exclusion test. Cell counts were undertaken in duplicate, values are expressed as mean ± sd.  

 

May-Grünwald-Giemsa staining indicated that both samples (A and B) were heavily 

contaminated with lymphocytes, as can be seen in Figure 3.4.  This is similar to work by 

Marchi et al. (377), who found murine neutrophils separated from peripheral blood via a 

Histopaque 1.119/1.077 density gradient had a purity of only 63.8%.  However, the purity 

was very low when compared to results achieved by other researchers separating human 

blood that used alternative density gradient methods such as Percoll: ~ 87% purity (377) 

or Ficoll: ~ 96.2% purity (367). 
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This low purity posed a significant problem for the project, as any results achieved would 

have been based upon a mixed population of cells rather than a pure sample of 

neutrophils.  Subsequently it was decided to change the isolation procedure to magnetic 

bead separation as research suggests (367,368) this method provides the best result in 

terms of cell purity.   

 

 

Figure 3.4: Neutrophils isolated via 1.119/1.077 density gradient demonstrate low purity 

Cells obtained from the granulocyte layer of the Histopaque 1.119/1.077 gradient preparation, 

centrifuged at 900xg for 30min.  Cells were fixed on poly-lysine slides and subjected to May-

Grünwald-Giemsa staining.  Images were captured using a 100X objective with an Axiostar 

plus microscope (Zeiss, Oberkochen, Germany).  

 

3.3 Isolation of neutrophils via immunomagnetic magnetic bead separation 

 

A positive isolation procedure using a MACS CD15 kit (Miltenyi Biotec, Cologne, 

Germany), was selected for use, with the microbeads being bound to CD15 antibodies 

and therefore recognising neutrophils and eosinophils. Since eosinophils represent 

between 1-4% of white blood cells (compared to 40-60% for neutrophils) contamination 

Platelet 
Lymphocyte 

Neutrophil 
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Figure 3.5: Assessment of cell purity immediately following RBC lysis 

An ammonium chloride cell lysis buffer was used on venous blood samples to induce RBC lysis.  

The leucocytes were fixed on poly-lysine slides and subjected to May-Grünwald-Giemsa staining.  

Cells types are labelled as A) lymphocytes, B) eosinophils, C) neutrophils and D) monocytes. 

Images were captured using a using a 100X objective with an Axiostar plus microscope (Zeiss, 

Oberkochen, Germany).  

 

These included lymphocytes (A), identified by their round nucleus and narrow rim of 

cytoplasm, eosinophils (B) identified by their two well defined lobes of equal size and 

pink stained granules, neutrophils (C) identified by their hyper-segmented nuclei (>2 

lobes), monocytes (D) identified by their peanut shaped nucleus bound with a wide rim 

of cytoplasm.  Basophils, large cells with poorly defined lobes and a granular appearance 

could not be identified amongst the cells shown in Figure 3.6.  Their absence is not 

unexpected as basophils are the rarest of the granulocytes, representing less than 1% of 

circulating peripheral blood leucocytes.  In contrast, histological staining of neutrophils 

isolated via CD15+ positive selection indicated a homogeneous sample of cells         

(Figure 3.6).  

 

 

 

A 

B 

C 
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Figure 3.6: Neutrophils isolated by CD15+ immunomagnetic bead separation 

Neutrophils were isolated by CD15+ immunomagnetic separation following RBC lysis.  The cells 

were fixed on poly-lysine slides and subjected to May-Grünwald-Giemsa staining.  Cell types are 

labelled as E) possible band cell.  Images were captured using a 100X objective with an Axiostar 

plus microscope (Zeiss, Oberkochen, Germany).  

 

Using the criteria previously described, no lymphocytes, monocytes, eosinophils or 

basophils were identified.  The sample appears to contain only neutrophils, although 

based on its curved nucleus, one cell (E) is a band cell (one stage prior to the fully mature 

neutrophil) (Figure 3.6). Cell purity was further confirmed by flow cytometry.  

Leucocytes analysed immediately following RBC lysis (Sample A) comprised of 56.5% 

granulocytes, 10.4% monocytes and 33.1% lymphocytes (Figure 3.7, Sample A), whereas 

neutrophils isolated via CD15+ bead positive selection (Sample B) were comprised of 

99.6% granulocytes, 0.1% monocytes and 0.3% lymphocytes (Figure 3.7, Sample B). 

 

 

 

 

 

E 
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Figure 3.7: Leucocytes analysed by flow cytometry following RBC lysis (Sample A) 
compared to neutrophils isolated via MACs CD15+ positive selection (Sample B) 

Side scatter area (SSC-A) versus forward scatter area (FSC-A) density plots of light scatter 

obtained for leucocytes following RBC lysis compared to neutrophils isolated by positive 

selection.  Each dot is representative of an individual particle or cell that has passed through the 

flow cytometer.  Gates have been applied to each cell population, P1 (red) being granulocytes, P2 

(green) being lymphocytes and P3 (blue) being monocytes.  

 

Unfortunately, positive selection methods have one limitation: the microbeads cannot be 

removed from the cells after they have been isolated  Since neutrophils are very easily 

activated, this has led to concern that the microbeads may inadvertently alter the 

phenotype of neutrophils in vitro or ex vivo (366).  Activated neutrophils secrete reactive 

oxygen species such as hydrogen peroxide (H2O2) and superoxide (O2-) to destroy 

pathogens within the body.  Therefore, these compounds can be measured to determine 

the activation status of the freshly isolated granulocytes. 

 

 

 

 

    Sample A                                                                     Sample B 



86 
 

3.3.2 Functional analysis of neutrophils isolated by CD15+ positive selection 

 

A hydrogen peroxide assay (380,381) was undertaken to determine the activation status 

and functional responses of neutrophils isolated by positive selection.  The assay was 

optimised using the horseradish peroxidase (HRP) substrate, 10-acetyl-3,7-

dihydroxyphenoxazine (Amplex Red).  Amplex red is colourless and non-fluorescent, 

however, in the presence of HRP it reacts with H2O2 in a 1:1 stoichiometry to produce 

resorufin, a highly fluorescent oxidation product with an excitation maximum of 563nm 

and emission maximum at 587nm (380).   

 

The H2O2 assay was undertaken according to the method of Mohanty et al. (381), (Section 

2.2.3.3).  An H2O2 standard curve was prepared (Figure 3.8), and used to calculate the 

amount of H2O2 produced by unstimulated neutrophils and neutrophils stimulated with 

PMA as a positive control for 120min (Figure 3.9). 

Figure 3.8: Amplex Red assay, H2O2 standard curve 

A 25mM stock solution of H202 in Krebs Ringer Phosphate Glucose (KRPG) buffer was prepared, 

then serially diluted in the same buffer to create seven H202 standards (3.9, 7.81, 15.63, 31.25, 

62.5, 125, 250 µM). A 100µl aliquot of Amplex Red working solution was added to each of the 

standards (50mM Amplex red and 1U/ml HRP in KRPG).  The standards were incubated for 

30min at RT, then the fluorescence measured on a FLUOstar Omega Microplate reader, using 

wavelengths of 560nm for excitation and 590nm for emission. 
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Figure 3.9: Secretion of H2O2 by neutrophils as calculated from H2O2 standard curve 

Freshly isolated neutrophils were incubated in either amplex red solution (unstimulated) or 

amplex red solution with 50ug/ml PMA (stimulated).  Flourescence was measured on a FLUOstar 

Omega Microplate reader after 30min (baseline reading) and 120min of incubation.  H2O2 

secretion was calculated from a standard curve prepared on the same plate. Values are expressed 

as mean ± S.E. (N=4). 

 

Secretion of H2O2 by 5x104 unstimulated neutrophils after 30min was 0.72µM. ± 0.12 

(Figure 3.9).  This suggests that spontaneous ROS production was minimal and that the 

neutrophils were not activated by the isolation procedure.  Secretion of H2O2 by unstimulated 

neutrophils after 120min was 5.31µM. ± 0.88; the slight increase in  H2O2, as compared to 

30min of incubation, possibly due to the neutrophils adhering to the plastic plates and becoming 

mildly activated (382,383). 

 

In contrast secretion of H2O2 by neutrophils stimulated with 50ng/ml PMA after 30 and 

120min of incubation were 3.94 µM ± 1.26 and 19.94 µM ± 4.11 (Figure 3.9) 

respectively, the substantial increase in ROS production after 120min suggests the 

functional activity of the neutrophils was not affected by the isolation processes.   
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These results are in accordance with published research (378), which reported that the 

expression of CD11b (a cellular activation marker) after CD15+ MACS separation was 

not significantly different from neutrophils in whole blood samples.  In contrast, 

neutrophils obtained from density gradient centrifugation demonstrated a significantly 

higher expression of CD11b (378).  Other research (367) found no difference in 

spontaneous ROS production, the % of phagocytosing cells or the expression of the 

neutrophil activation marker L-selectin when comparing neutrophils isolated via two 

density gradient methods against CD15+ MACs positive selection.  Indeed, the CD15+ 

MACs neutrophils demonstrated significantly greater ROS production upon stimulation 

with GM-CSF compared to the density gradient methods, suggesting a lower activation 

status post-isolation for these cells (367). However, Zhou et al. (367) did demonstrate a 

significant increase in the expression of two toll like receptors, TLR2 and TLR4 in CD15+ 

MACs neutrophils; these receptors primarily bind to products secreted from bacteria or 

fungi in order to activate the innate immune response.  Therefore, positive selection 

methods may influence neutrophil activity involving these two receptors.   

 

3.4 Optimisation of neutrophil culture conditions 

 

3.4.1 The impact of culturing conditions on neutrophil adherence 

 

Many of the experiments described in this thesis required neutrophils to be cultured in 

plastic flasks or plates, after which they needed to be removed in sufficient quantities for 

use in tests or assays.  Unfortunately mature human neutrophils cultured in PBS or serum 

free medium readily adhere to plastic surfaces (382,383), including tissue culture plates, 

which may preclude their removal, activate the neutrophils and initiate respiratory burst 

(382). Therefore, an experiment was undertaken to determine the optimal culturing 

conditions for neutrophils, to prevent neutrophil adherence.  

 

Neutrophils were isolated as previously described (Section 2.2.1) and resuspended in 

either AIM V; a serum free cell culture medium specifically designed for immune cells, 

DMEM (high glucose, pyruvate) supplemented with 10% (v/v) FBS or DMEM (high 
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glucose, pyruvate) without FBS.  Neutrophils were plated into six well plates 

(7.5x105cells in 3ml of medium per well) and incubated at 37ºC, 5% CO2.   

 

Attempts were made to harvest the cells after 2, 20, 26 and 44h incubation using the 

following procedure: the medium was removed from the well and the cells washed with 

2ml of PBS (pH 7.4).  The cells were incubated with 0.02% Trypsin-EDTA, for 

approximately 5min at 37ºC to allow them to dissociate.  Unfortunately, neutrophils 

incubated in both AIM V media and DMEM without FBS adhered very tightly to the 

surface of the wells and could not be removed under these conditions without a cell 

scraper.  The experiment was repeated twice more with the same results. 

 

In an attempt to improve the dissociation, the cells were incubated with either 0.02%, 

0.03% or 0.05% Trypsin-EDTA for 5, 10, 15 or 20min, at 37ºC.  The effect of temperature 

on cell dissociation was also assessed by comparing dissociation at 2ºC to 37ºC.  It was 

found that the neutrophils could only be removed in quantities deemed sufficient for 

further experiments when cultured in DMEM with 10% (v/v) FBS and dissociated in 

0.05% Trypsin-EDTA for 10min at 37 ºC.  Consequently, neutrophils were cultured in 

DMEM with 10% v/v FBS unless stated otherwise.   

 

3.4.2 The effect of heat inactivated FBS compared to non-heat inactivated FBS on 

neutrophil viability 

 

Historically, many protocols required serum products such as FBS to be heated prior to 

use in order to destroy heat labile components, such as the complement system for 

immunoassays, or to reduce the risk of pathogen contamination.  Due to improvements 

in the collection and processing of serum many of these reasons for heat inactivation are 

no longer valid (384).  Moreover FBS contains only a few components of the complement 

system, and at much lower concentrations than that of adult or new born calf serum (385).  

Since heat inactivation may also degrade important biomolecules such as essential 

vitamin, amino acids and growth factors contained in the serum, this process is no longer 

required for most cell culture applications.  However, since there is evidence to suggest 
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that certain complement fragments may delay neutrophil apoptosis in vitro (386) an assay 

was undertaken to compare the effects of culturing neutrophils with heat inactivated FBS 

against non-heat inactivated FBS on neutrophil lifespan. 

 

Heat inactivated serum was prepared by incubating an aliquot of FBS for 30min at 56ºC.  

The FBS was cooled to room temperature, then directly added to DMEM (high glucose, 

pyruvate) at a concentration of 10% FBS (v/v) DMEM and stored at 4ºC. Neutrophils 

were isolated as previously described (Section 2.2.1.4) and resuspended (1x106 cells/ml) 

in either DMEM (high glucose, pyruvate) supplemented with 10% (v/v) non-heat 

inactivated FBS or DMEM (high glucose, pyruvate DMEM) supplemented (v/v) with 

10% heat inactivated FBS.  Neutrophils were seeded into a 96 well plate (2x105 cells/well) 

and cultured for 3, 5, 9, 20, 28 and 45hrs, after which the medium was removed from the 

wells and the cells washed with 100µl of PBS (pH 7.4).  The cells were incubated with 

0.05% Trypsin-EDTA, for approximately 5min at 37ºC to allow them to dissociate; 

viability was then assessed by trypan blue staining (Section 2.2.3.4.1).   

 

No difference in viability was found between heat inactivated and non-heat inactivated 

FBS at any of the time points (Figure 3.10).  Therefore, for convenience, non-heat 

inactivated FBS was used for the remainder of the experiments. 
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Figure 3.10: Effect of heat inactivated FBS compared to non-heat inactivated FBS on 
neutrophil viability  

Neutrophils were incubated in medium containing either 10% heat inactivated FBS or 10% non-

heat inactivated FBS.  The cells were harvested after 3, 5, 9, 20, 28 and 45hrs and viability were 

assessed by trypan blue staining.  Values are expressed as mean ± S.E. (N=2-4).  
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CHAPTER 4 

 

THE EFFECT OF CANCER-CELL-CONDITIONED 
MEDIUM ON NEUTROPHIL LIFESPAN  

 

 

 

 

 

 

 

 

 
 



93 
 

4.1 Introduction 

 

For many years neutrophils were classically viewed as short-lived effector cells, with an 

estimated half-life of approximately 8 hours (148).  However, recent studies have 

challenged this view (217).  At sites of infection and inflammation neutrophils display 

enhanced longevity (27), prompting a sustained inflammatory response that may 

contribute towards the pathogenesis of inflammatory disease (169,241,242).  Since 

chronic inflammation is a hallmark of cancer (6), it is conceivable that neutrophils might 

also have an increased lifespan in cancer.  This is important because it may allow the 

neutrophils to contribute towards the inflammation within the tumour microenvironment 

(TME) and/or allow the neutrophils time to acquire functional changes that may assist 

with tumour development and progression.  Whilst there is limited evidence that certain 

cancers may enhance neutrophil lifespan in vitro (30,31,236,387), it is not clear if such a 

relationship exists between breast cancer cells and neutrophils.   

 

To resolve the question of whether soluble factors secreted by breast cancer cells alter 

neutrophil lifespan, a series of experiments were carried out in which neutrophils were 

incubated in cancer-cell-conditioned medium (CM), containing all of the factors secreted 

by the cancer cells.  Two human breast cancer lines were chosen for use in these 

experiments, MDA-MB-231 and MCF-7, both of which were established from pleural 

infusions of metastatic breast adenocarcinomas (388,389).  These cell lines were selected 

because they reflect the features of cancer cells in vivo (390) and more importantly, 

because they are functionally distinct from each other and demonstrate very different 

phenotypes, thus enabling us to compare and contrast the influence of their individual 

phenotypes on neutrophil biology/activity.  The MDA-MB-231 cell-line is a highly 

aggressive, highly invasive, poorly differentiated, triple negative breast cancer cell line 

(ER-PR-HER2-) and displays markers of the EMT transition, whereas the MCF-7 cell 

line is less aggressive, non-invasive (ER+PR+ HER2-) and does not display markers of 

EMT (391,392).   
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4.2 Determination of the effect of cancer cell conditioned medium (CM) on 

neutrophil viability 

 

4.2.1 Assessment of neutrophil viability via trypan blue staining 

 

To determine if cancer cell conditioned medium could alter neutrophil lifespan, 

neutrophils were isolated by positive selection (Section 2.2.1) and resuspended in either 

control medium, MCF-7 CM or MDA-MB-231 CM (Section 2.2.2.2) and their viability 

over a 26-hr period assessed via trypan blue exclusion (Section 2.2.3.4.1).  This initial 

data set, although small, suggested a trend towards increased survival for neutrophils 

cultured in MCF-7 CM and MDA-MB-231 CM compared to control medium (see Figure 

4.1).   
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Figure 4.1: Preliminary data indicating that neutrophils incubated in MCF-7 conditioned 
medium (CM) and MDA-MM -231 CM demonstrate a trend towards increased survival 
compared to control medium 

Neutrophils were incubated in control medium, undiluted MCF-7 conditioned medium (MCF-7 

CM) or undiluted MDA-MB-231 conditioned medium (MDA-MB-231 CM) at a concentration of 

3.33x105 cells/ml and incubated at 37ºC.  Neutrophil viability was assessed after 3, 6, 20 and 

26hrs of incubation by trypan blue exclusion (N=2). 

 

4.2.2 Assessment of neutrophil viability by fluorescein isothiocyanate (FITC) 
labelled Annexin V and propidium iodide (PI) fluorescence staining 

 

To confirm whether cancer-cell CM could alter neutrophil life span, neutrophils were 

isolated by positive selection (Section 2.2.1) and resuspended in either control medium, 

MCF-7 CM or MDA-MB-231 CM (Section 2.2.2.2) and their viability assessed over a 24 

hr period by fluorescein isothiocyanate (FITC) labelled Annexin V and propidium iodide 

(PI) fluorescence staining (Section 2.2.3.4.2). 

 

The results of the dead cell apoptosis assay (Table 4.1) show that compared to the control, 

neutrophils incubated in MDA-MB-231 CM had a significantly higher proportion of 

viable cells (P=0.043, P<0.001 and P=0.005 respectively), and a significantly lower 

proportion of apoptotic cells (P=0.044, P <0.001 and P=0.005 respectively) after 3, 7 and 

10hrs of incubation.  Since the preparation time for the experiment, from blood sampling 
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Figure 4.2: Representative dot plots showing proportion s of viable, apoptotic and necrotic neutrophils when cultured in MCF-7 or MDA-MB-231 
conditioned medium (CM) 

Neutrophils were cultured in control medium, MCF-7 CM or MDA-MB-231 CM. Neutrophil viability was assessed immediately post isolation and after 7hrs  

of incubation via flow cytometry using a Dead Cell Apoptosis kit with Annexin VFITC and PI.  Viable cells are defined as FITC-/PI-(green), Apoptotic cells 

are defined as FITC+/PI-(red), Necrotic cells are defined as FITC+/PI+ and FITC-/PI+ (blue).     
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Figure 4.3: Relative proportions of full length and cleaved caspase-8 in freshly isolated 
neutrophils, compared to neutrophils incubated for 7hrs in control medium, MDA -MB-231 
CM (A) and MCF-7 CM (B) 

Cell lysates of freshly isolated neutrophils and neutrophils cultured in control medium, MDA-

MB-231 conditioned medium (CM) or MCF-7 conditioned medium (CM) for 7hrs were subjected 

to SDS-PAGE (10% polyacrylamide gels) and western blotted with anti-caspase-8 (diluted 

1:1000) (N=3).  Full length caspase-8 is detected at ~57kDa, and cleaved caspase-8 at ~46.5kDa. 

 

The results of the caspase-8 assay, obtained by quantifying the proportion of active or 

inactive caspase-8 in each lane of the western blot, (Figure 4.4) show that neutrophils 

incubated in control medium for 7hrs demonstrated a significantly higher proportion of 

caspase-8 cleavage compared to freshly isolated neutrophils, P <0.001 for the MCF-7 

assay and P=0.006 for the MDA-MB-231 assay.  Furthermore, neutrophils incubated in 

control medium or MCF-7 CM demonstrated a significantly higher proportion of caspase-

8 cleavage (93.8% and 90.4% respectively) compared to MDA-MB-231 (5.9%), P = 

0.007 and P = 0.008. These results suggest that some form of soluble factor secreted by 

MDA-MB-231 cells but not MCF-7 cells modulates caspase-8 cleavage in neutrophils 

after 7hrs of incubation.  
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4.3.2 Expression of FAS, MCL, BAX, BCL2(A1), BAK 

 

To resolve the question of whether the intrinsic or extrinsic pathways might be regulating 

the delay in neutrophil apoptosis, quantitative RT-PCR (qRT-PCR) was used to measure 

the expression of two anti-apoptosis proteins, MCL-1 and BCL2(A1), two pro-apoptosis 

proteins, BAX and BAK in the intrinsic pathway, and the extrinsic pathway component, 

FAS, for neutrophils cultured in MCF-7 CM, MDA-MB-231 CM or control medium for 

7hrs  (Section 2.2.5.5).   

 

Results from the qRT-PCR assay for  neutrophils cultured in MDA-MB-231 CM showed 

a significant increase in the relative mRNA expression of the anti-apoptosis peptide 

BCL2(A1) (P= 0.004) and a significant decrease in the relative mRNA expression of the 

pro-apoptosis peptide BAK (P=0.021) compared to control (Figure 4.5, A & C), however 

no difference was noted in the expression of MCL (P=0.299) or BAX (P=0.199), (Figure 

4.5, B & D).  In contrast, neutrophils cultured in MCF-7 CM for 7hrs showed no 

difference in the relative expression of BCL2(A1) (P=0.762) MCL (P=0.191), BAK 

(P=0.231) or BAX (P=0.318) compared to control (Figure 4.5, A-D).  With regards to the 

extrinsic apoptosis pathway, neutrophils cultured in both MDA-MB-231 CM and MCF-

7 CM demonstrated a trend towards decreased expression of FAS compared to the control 

(P=0.066 and P=0.085, respectively), (Figure 4.6). 
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4.4 Discussion 

 

4.4.1 Neutrophils cultured in MDA-MB-231 cell conditioned medium (CM) 

demonstrate a delay in apoptosis 

 

A preliminary experiment suggested a trend towards delayed apoptosis for neutrophils 

cultured in both MCF-7 and MDA-MB-231CM. In this initial experiment viability (%) 

was assessed via the trypan blue exclusion method (352) (Figure 4.1). Whilst this is one 

of the most common techniques used to determine cell viability (394), the dye has been 

found to overestimate viability when compared to fluorescence methods (395,396). 

Subsequently for all remaining experiments, viability (%) was assessed by flow 

cytometry using fluorescein isothiocyanate (FITC) labelled Annexin V and propidium 

iodide (PI) fluorescence staining (397).  This assay has an advantage over the trypan blue 

exclusion method, in that it can discriminate between apoptotic (FITC+/PI-) and necrotic 

cells (FITC+/PI+ and FITC-/PI+). Results from the dead cell apoptosis assay (Section 

4.2.2) subsequently demonstrated a significant delay in apoptosis for neutrophils cultured 

in MDA-MB-231 CM, and not MCF-7 CM after 7 or 10hrs of incubation (Table 4.1). It 

is of course possible that the soluble factor(s) contained within MDA-MB-231 CM that 

are responsible for the delay in neutrophil apoptosis are also produced by MCF-7 cells, 

albeit at a concentration too low to effectively delay neutrophil apoptosis under these 

experimental conditions. However, overall these results are in accordance with those 

presented by Ibrahim et al. (34), who reported enhanced survival of neutrophils cultured 

in MDA-MB-231 CM, and with those presented by Trellakis et al. (32) and Wu et al.(236) 

who found enhanced survival for neutrophils cultured in conditioned medium prepared 

from head and neck squamous cell carcinomas and hepatocellular, cervical, colorectal 

and gastric cancer cell lines respectively.  
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4.4.2 Neutrophils cultured in MDA-MB-231 cell conditioned medium (CM) 

demonstrate a decreased caspase-8 cleavage compared to control 

 

Results from the capase-8 assay obtained by quantifying the proportion of active or 

inactive caspase-8 in each lane of the western blots, showed that neutrophils cultured in 

MDA-MB-231 CM, and not MCF-7 CM, demonstrate a significantly lower proportion of 

caspase-8 activation compared to control.  This is important because caspase-8 plays a 

pivotal role in mediating neutrophil apoptosis.  As previously indicated (Section 

1.2.5.2.3) caspase-8 regulates extrinsic apoptosis via caspase-3, either directly by 

cleaving caspase-3 (398), or indirectly, by activating the intrinsic mitochondrial pathway 

via BH3 interacting-domain death agonist (BID) (196,197).  However, there is conflicting 

evidence as to whether caspase-8 may also have a role in regulating constitutive 

neutrophil apoptosis, caspase-8 has been found to be spontaneously activated in 

peripheral neutrophils isolated from healthy volunteers, as demonstrated by increased 

caspase-8 catalytic activity and increased pro-caspase-8 cleavage (200).  The neutrophils 

were shown to be constitutively apoptotic, and inhibition of caspase-8 using IETD-CHO 

(a reversible tetrapeptide inhibitor) induced a dose dependant delay in apoptosis (200).  

However, other researchers (399) found that neutrophils exposed to a broad spectrum 

caspase-8 inhibitor (zVAD-fmk) did not demonstrate a reduction in constitutive 

apoptosis.  Given that only neutrophils cultured in MDA-MB231 CM showed a 

significant delay in apoptosis, and that this was associated with a significantly lower 

proportion of caspase-8 cleavage (activation), it is possible that the delay in apoptosis was 

at least partly mediated via altered caspase-8 signalling, either directly via inhibition of 

the extrinsic apoptosis pathway or indirectly through reduced activation of BID.  

Furthermore, these results may corroborate an abstract published by Ibrahim et al. (35), 

who found that neutrophils treated with a2 isoform V-ATPase (a2NTD) (a cleaved 

peptide expressed on the surface of invasive breast cancer cells (238)) demonstrate 

delayed apoptosis, with both the intrinsic (via decreased gene expression and activity of 

caspase-3,-6,-7) and extrinsic (via decreased gene expression and activity of caspase-8) 

apoptosis pathways being modulated.   
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lymphoma-extra-large (Bcl-xL) and decreased expression of the pro-apoptotic factors; 

BAX and Apoptotic protease activating factor 1 (APAF-1). 

 

In contrast the extrinsic pathway, activated by cell death receptors, is thought to have little 

or no role in constitutive neutrophil apoptosis (194,405).  However FAS (CD95/APO1) 

receptor mediated apoptosis, is thought to be important during inflammation (406,407) 

and was therefore explored in these experiments.  Although there was a trend towards 

reduced expression of FAS receptor in neutrophils cultured in MDA-MD-231 CM 

compared to control, it was not significant.  This does not necessarily exclude the extrinsic 

apoptosis pathway from further study, as several other cell death receptors such as 

TRAIL-R1 and TRAIL-R2 have been identified on neutrophils, however, much like the 

FAS receptor they do not appear to regulate constitutive neutrophil apoptosis and may 

only be important during inflammation (194). 
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CHAPTER 5 

 

CHARACTERISATION OF SOLUBLE FACTORS IN         
MDA-MB-231 CONDITIONED MEDIUM RESPONSIBLE 

FOR DELAYED NEUTROPHIL APOPTOSIS 
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5.1 Introduction 

 

Results from the experiments in the preceding chapter, strongly suggest that some form 

of soluble factor(s) secreted by MDA-MB-231 cells, and not MCF-7 cells, is capable of 

delaying neutrophil apoptosis by more than seven hours.  Over the last few decades a 

number of soluble factors have been implicated in delayed neutrophil apoptosis (reviewed 

in 218,220) several of which, including IL-6 & IL -8 (30), hyaluronic acid (HA) (236) and 

an N-terminal peptide from the a2 isoform of vacuolar ATPase (a2NTD) (35) have been 

associated with delayed neutrophil apoptosis in various cancers, and in vitro experiments 

with cancer cell lines, including MDA-MB-231 breast cancer cells (34) (Table 1.1, 

Section 1.2.5.2.4).  This latter study in accordance with the results presented in the 

previous chapter, demonstrated enhanced survival of neutrophils cultured in MDA-MB-

231 CM.  Ibrahim et al. (34,35) reported that neutrophils stimulated with recombinant 

a2NTD showed enhanced survival; however, this was to a lesser extent compared to 

neutrophils cultured in MDA-MB-231 CM (34), leading the authors to suggest that 

a2NTD is only partly responsible for the delay in apoptosis.  However, as both studies 

(34,35) have only been published as abstracts this prevents a full examination of the 

methods undertaken and results achieved.  However, Ibrahim et al. have published papers 

demonstrating the ability of a2ND to modulate neutrophil function (238) and promote 

neutrophil migration (408) in vitro.  High concentrations of recombinant a2NTD (from 

200-500ng/ml) were used in all of the experiments which may not be comparable to the 

amount secreted by breast cancer cells.  Overall, this suggests that the identity and 

mechanisms of action of the soluble factor(s) responsible for enhanced neutrophil lifespan 

in MDA-MB-231 CM have yet to be fully established.  In order to resolve this gap in 

understanding, an attempt was made to characterise the basic properties of the soluble 

factor(s) responsible for enhanced neutrophil lifespan in MDA-MB-231 CM, including 

molecular weight and heat stability. 
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Figure 5.1: Effect of MW fractionation of MDA -MB-231 conditioned medium (CM) on 
neutrophil viability  

Control medium and MDA-MB-231 CM was prepared prior to commencing each experiment and 

were fractionated by centrifugation using either 10kDa, 30kDa, 50kDa or 100kDa molecular 

weight cut off (MWCO) filters.  Neutrophils were cultured in i) control medium (negative 

control), ii) unfiltered MDA-MB-231 CM (positive control), iii) retentate from MDA-MB-231 

CM, iv) filtrate from MDA-MB-231CM v) a mixture of the retentate and filtrate from MDA-MB-

231 CM, at a concentration of 3.33x105 cells/ml and incubated at 37ºC.  Neutrophil viability was 

assessed after 7hrs of incubation via flow cytometry using a Dead Cell Apoptosis kit with Annexin 

V FITC and PI.  Viable cells were identified as FITC-/PI-, Apoptotic as FITC+/PI- and necrotic 

as FITC+/PI+ and FITC-/PI+.   
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Figure 5.2: Repeat experiment examining the effect of MW fractionation on MDA-MB 231 
conditioned medium (CM) on neutrophil viability 

Control medium and MDA-MB-231 CM was prepared prior to commencing each experiment and 

was fractionated by centrifugation using either 30kDa or 100kDa molecular weight cut off 

(MWCO) filters. Neutrophils were cultured in i) control medium (negative control), ii) unfiltered 

MDA-MB-231 CM (positive control), iii) retentate from MDA-MB-231 CM, iv) filtrate from 

MDA-MB-231CM v) a mixture of the retentate and filtrate from MDA-MB-231 CM at a 

concentration of 3.33x105 cells/ml and incubated at 37ºC.  Neutrophil viability was assessed after 

7hrs of incubation via flow cytometry using a Dead Cell Apoptosis kit with Annexin V FITC and 

PI.  Viable cells were identified as FITC-/PI-, Apoptotic as FITC+/PI- and necrotic as FITC+/PI+ 

and FITC-/PI+.   

 

This variation in results is perhaps not surprising given the complexity in the range of 

compounds secreted by cancer cells, the variation in their sizes and the potential for batch 

to batch variation in the composition of the CM.  For example, MDA-MB-231 cells are 

known to secrete a variety of substances associated with delayed neutrophil apoptosis 

including GM-CSF (409), IL-6 & IL-8 (227), a2ND (238) HA (237) and Prostaglandin 
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E2 (PGE2) (410) and these compounds range in molecular weight from 0.3kDa to 200kDa 

(Table 1.1, Section 1.2.5.2.4).  In addition, some of these substances, demonstrate a range 

of molecular weights depending upon their degree of glycosylation or fragmentation.  For 

example, HA fragments can vary from just a few disaccharides in length to more than 

700kDa (411).  Consequently, the conflicting results generated from the 30kDa filters 

might simply have been due to the differential secretion and processing of these soluble 

factors, by the MDA-MB-231 cells, in the different batches of culture media produced.   

 

Results shown here (Figure 5.1 and Figure 5.2) suggest that the soluble factor(s) 

responsible for the delay in neutrophil apoptosis have a molecular weight of at least 

10kDa; two of the soluble factors known to be secreted by MDA-MB-231 cells, as 

identified in the literature, IL-6 (21-28kDa depending upon post translational processing) 

(228) and a2ND (~20kDa) (238) fit this criterion.  A further soluble factor PGE2, does 

not immediately fit the criteria as the individual molecules are very small (~352.5 Da).  

However, due to their hydrophobic nature, PGE2 molecules are likely to form micelles or 

bind to proteins contained in FBS.  For example, a study in which low to moderate 

concentrations of PGE2 were added to human plasma demonstrated 73% binding of PGE2 

to plasma proteins, with 42% binding specifically to human serum albumin (412).  This 

is important because bovine serum albumin constitutes 60-67% of the total protein found 

in FBS (413), and has a molecular weight of ~66kDa (414).  Thus, PGE2 is also a possible 

candidate for the soluble factor, as when bound to bovine serum albumin it would be 

present in the retentate obtained from the 50kDa filters and the filtrate obtained from the 

100kDa filters, both of which were associated with enhanced neutrophil lifespan.  

Moreover, another important consideration is that the results from the previous chapter 

demonstrated a significant delay in neutrophil apoptosis after 7hrs of incubation in MDA-

MB-231 CM, but not MCF-7 CM.  This suggests that the soluble factor is either not 

secreted, or is only secreted at comparatively low levels by MCF-7 cells.  Information in 

the literature indicates that PGE2 (410) fits the criteria of being secreted by MDA-MB-

231 cells, but not (or only in low amounts) by MCF-7 cells, which supports the hypothesis 

that PGE2.could be at least partly responsible for the delay in neutrophil apoptosis. 
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5.3 The effect of heat-treated MDA-MB-231 conditioned medium (CM) on 

neutrophil viability 

 

To further characterise the soluble factor responsible for the delay in apoptosis, an 

experiment was designed to determine whether the soluble factor was most likely to be a 

protein or a lipid. Whilst a number of methods can be used to separate and extract 

macromolecules from biological samples; such as the depletion of lipids from serum via 

solvent based chromatography (415), these are time consuming and challenging to 

undertake. Therefore, to address this question in the simplest manner, neutrophils were 

cultured in heat treated MDA-MB-231 CM (Section 2.2.3.4.4), as heat treatment should 

denature the proteins contained in the CM thereby preventing their function.  

 

The results from the heat treatment assay (Table 5.3) show that neutrophils incubated for 

7hrs in heat treated CM, as per neutrophils incubated in non-heat-treated CM (Section 4.2 

& Section 5.2) demonstrated a greater proportion of viable cells compared to those 

incubated in control media.  

 

Table 5.1: Effect of heat-treated MDA -MB-231 conditioned medium (CM) on 

neutrophil viability  

Sample 
Viable   

% 

Apoptotic 

% 

Necrotic 

% 

Control  15.3 83.8 0.8 

Heat-treated filtered CM 79.7 18.4 1.95 

Control medium and MDA-MB-231 CM were prepared prior to commencing each experiment.  

An aliquot of MDA-MB-231 CM was heated for 10min at 100ºC, then centrifuged (1000xg, 5min, 

RT), the supernatant was filtered through a 0.22µm filter and stored at 37ºC for approximately 

2hrs before use.  Neutrophils were cultured in control medium or heat treated, filtered CM at a 

concentration of 3.33x105 cells/ml and incubated at 37ºC.  Neutrophil viability was assessed after 

7hrs of incubation via flow cytometry using a Dead Cell Apoptosis kit with Annexin V FITC and 

PI.  Viable cells were identified as FITC-/PI-, Apoptotic as FITC+/PI- and necrotic as FITC+/PI+ 

and FITC-/PI+. (N=2). 
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also be involved. From these experiments alone, it is impossible to determine what 

proportion of this effect (the delay in neutrophil apoptosis) might be attributed to PGE2 

compared to any other molecules involved.  

 

5.5 Expression of COX-2 in MDA-MB-231 and MCF-7 cells 
 

One of the important findings from this study was that neutrophils incubated in          

MDA-MB-231 CM for 7hrs demonstrated a significant delay in apoptosis, however, the 

same effect was not observed in neutrophils incubated in MCF-7 CM.  An early study by 

Schrey et al. (410), which investigated PGE2 production in seven breast cancer cell lines, 

was unable to detect PGE2 production in MCF-7 cells and only demonstrated constitutive 

cyclo-oxygenase (COX-2) activity in MDA-MB-231 cells.  This is important because 

COX-2 is required for the first step of PGE2 synthesis (see discussion Section 5.6.3).  To 

verify these results, an experiment was undertaken to determine the expression of        

COX-2 in MDA-MB-231 and MCF-7 cells under normal growth conditions by RT-PCR 

(Section 2.2.5.4).   

 

Results from the COX-2 RT-PCR assay show that only the MDA-MB-231 cells and not 

the MCF-7 cells demonstrate a discernible PCR product of the correct size (144b.p.) on 

the agarose gel (Figure 5.4).  This suggests that only MDA-MB-231 cells and not       

MCF-7 cells were expressing the COX-2 gene. 
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5.6 Discussion 

 

This chapter has documented a body of work that attempts to characterise the soluble 

factor(s) contained in MDA-MB-231 CM responsible for delayed neutrophil apoptosis.  

 

5.6.1 Molecular weight and biological class of the candidate molecule 

 

The aim of the first experiment was to identify the approximate molecular weight of the 

soluble factor(s) responsible for delayed apoptosis.  Overall the results achieved in 

Section 5.2 suggest that the soluble factor(s) responsible for the delay in neutrophil 

apoptosis have a molecular weight of at least 10kDa, and less than 100kDa.  A search of 

the literature identified three molecules known to be secreted by MDA-MB-231 cells that 

have been associated with delayed neutrophil apoptosis and fit this molecular weight 

criteria; IL-6 (30) and a2ND (238) (both proteins) and PGE2  (a lipid) when bound to 

serum proteins (414).  However, there could be other molecules, yet to be identified by 

research that also meet these criteria.  The next aim (Section 5.3) was to determine the 

biological class of the candidate molecule(s); a goal achieved by culturing neutrophils in 

heat treated MDA-MB-231 CM.  Results showed (Section 5.3, Table 5.3) that at least one 

of the soluble factors(s) responsible for delayed apoptosis is heat stable, which suggests 

the molecule is not a protein.  This data contrasts with the work of Ibrahim et al. (34) who 

suggest that a peptide (a2ND) cleaved from the a2 isoform of vacuolar ATPase (a2V-

ATPase) and secreted by MDA-MB-231 cells might be partially responsible for enhanced 

neutrophil lifespan; a2V-ATPase has been shown to be overexpressed in certain cancers, 

including ovarian (418) and breast cancers (238) and a recombinant version of its peptide, 

a2ND, has been found to have an immunomodulatory, pro-inflammatory effect on 

neutrophils (238) and monocytes (419).  The data presented in this thesis also contrasts 

with the work of Hor et al. (30) who found two peptides, IL-6 and IL-8, secreted by 

Glioma cells were able to induce a significant delay in apoptosis.  To conclusively rule 

out the possibility that a heat stable peptide was responsible for the delay in apoptosis an 

experiment should be carried out in which neutrophils are cultured in heat treated CM 

that has been depleted of lipids.  However, the difficulty with such experiments is that the 

reagents used during the extraction process (such as organic solvents and detergents 
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(415)) can be quite toxic and may have an adverse effect on neutrophil function thereby 

affecting the results achieved. 

 

5.6.2 Heat-treated PGE2 modulates neutrophil lifespan 

 

The results of the heat-treated PGE2 assay confirmed that PGE2, and more critically heat-

treated PGE2, has a modulatory effect upon neutrophil lifespan.  It is important to note 

that the delay in apoptosis was less for neutrophils cultured in CM containing PGE2 

compared to MDA-MB-231 CM. Due to time constraints a dose response relationship 

test was not undertaken for neutrophils incubated with PGE2.  Consequently, for the 

experiment described in Section 5.4, neutrophils were incubated in control medium 

supplemented with 10µM of PGE2, as this concentration has been shown to be associated 

with delayed apoptosis in other studies (232). The concentration of PGE2 reported to be 

present in breast cancer tissue varies considerably. One study of 78 patients with benign 

and malignant tumours identified two groups of malignant tissues the first (high PGE2) 

demonstrated a mean tissue concentration of PGE2 55.4pg/ml (range 25.3-101.9pg/ml), 

the second group (low PGE2) demonstrated a mean tissue concentration of 10.7pg/ml 

(range 6.7-16.7pg/ml) (420).  In contrast, another study found the concentration of PGE2 

in nipple aspirates of breast cancer patients to be ~10.7ng/ml ± 12 (421).  In both 

instances, the concentration of PGE2 reported was considerably lower than concentration 

of PGE2 used in this study.  Whilst other researchers have measured PGE2 concentrations 

in MDA-MB-231 CM (235,410) the conditions and cell concentrations are too disparate 

from the current study for any meaningful comparisons to be made. However, the 

concentration of PGE2 in MDA-MB-231 or MCF-7 CM was not measured in this study. 

 

5.6.3 COX-2 is expressed in MDA-MB-231 cells 

 

Prostaglandins are members of the eicosanoid family and are primarily synthesised from 

the eicosanoid precursor, arachidonic acid (AA).  The first step of prostaglandin synthesis 

occurs when AA is presented to the enzyme cyclooxygenase to form an intermediate 

product prostaglandin H2 (PGH2) (422).  PGH2 is subsequently metabolised by 





https://www.sciencedirect.com/topics/medicine-and-dentistry/celecoxib
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synergistically, along with PGE2, such that their cumulative effect is greater than that 

demonstrated by a single molecule, such as PGE2, alone.  
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CHAPTER 6  

 

PHENOTYPIC INTERACTIONS BETWEEN 
NEUTROPHILS AND MCF-7 AND MDA-MB-231 

BREAST CANCER CELL LINES  
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6.5.2 Effect of neutrophil presence on wound scratch assay 

 

Having established the reproducibility of the measurement system at a single reference 

point under controlled conditions, the surface area of wound was then assessed in the 

presence or absence of neutrophils over time.   

 

Results for the wound scratch assay of MCF-7 cells cultured with neutrophils showed no 

difference in % wound closure after 7, 24 or 30hrs of incubation compared to control 

(P=0.374, P=0.787 and P=0.736 respectively), Figure 6.9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 









146 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.11: Phase contrast image of MCF-7 cells indirectly co-cultured with control 
medium or neutrophils at time 0 and after 7, 24 and 30hrs of incubation  

MCF-7 cells (3x105cells) were plated out into 12 well plates.  After 24hrs a wound was created 

in each well and control medium or neutrophils (1x105 cells) were placed above the MCF-7 cells 

in transwell inserts.  The plates were incubated at 37ºC for a total of 30hrs.  The plates were 

visualised under a phase contrast inverted microscope (CKX31, Olympus, Auckland, New 

Zealand) at 100X magnification.  Photographs were taken at the same location in each well at 

time 0 (A), 7hrs (B), 24hrs (C) and 30hrs (D) using a colour camera (Dino-Eye AM7025X Edge 

Series 5.0MP, Dino-Lite, Joondalup DC Australia).  The images shown are representative of four 

independent experiments, four replicates were undertaken for each experiment.  
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Figure 6.12:  Phase contrast image of MDA -MB-231 cells indirectly co-cultured with control 
medium or neutrophils at time 0 and after 7, 24 and 30hrs of incubation 

MDA-MB-231 cells (2x105cells) were plated out into 12 well plates.  After 24hrs a wound was 

created in each well and control medium or neutrophils (1x105 cells) were placed above the MDA-

MB-231 cells in transwell inserts.  The plates were incubated at 37ºC for a total of 30hrs.  The 

plates were visualised under a phase contrast inverted microscope (CKX31, Olympus, 

Auckland, New Zealand) at 100X magnification.  Photographs were taken at the same 

location in each well at time 0 (A), 7hrs (B), 24hrs (C) and 30hrs using a colour camera (Dino-

Eye AM7025X Edge Series 5.0MP, Dino-Lite, Joondalup DC Australia). The images shown are 

representative of four independent experiments, four replicates were undertaken for each 

experiment. 











152 
 

that cancer cells may indirectly influence neutrophil behaviour via an intermediary cell, 

such as macrophages.  The microenvironment of the tumour (TME) is complex and 

includes many cell types, not just cancer cells and neutrophils, thus a multi-cellular 

coculture investigating interaction between cancer cells, neutrophils and other cells 

known to inhibit the TME may provide additional information. 

 

In conclusion the influence of neutrophils on EMT in cancer cells appears to be extremely 

complex, and likely to be specific to cancer type, as in each of the published studies a 

different cytokine or growth factor was shown to induce EMT(319,320,322,323,327).  

Furthermore, for some of the published studies only TINs were able to induce EMT 

(320,327), whereas for others (unlike in this project) neutrophils derived from healthy 

volunteers were able to activate EMT in the cancer cells (319).   
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7.1 General Discussion 

 

Over the last few decades it has become clear that the microenvironment of the tumour 

plays a pivotal role in tumour development and progression.  Whilst interactions between 

certain immune cells, such as macrophages, and cancer cells have been reasonably well 

characterised, until recently, less was known regarding the role of neutrophils in cancer.  

To date, there is still a great deal of work to be done at the cellular and molecular level in 

order to elucidate the role of neutrophils within the tumour micro-environment.  

Consequently, the purpose of this research was to determine how interactions between 

breast cancer cells and neutrophils might influence tumour progression.  This project will 

add to the current body of work investigating the mechanisms and molecular pathways 

underpinning tumour development and metastatic dissemination.  Long term, such 

knowledge will contribute to the identification of potential new drug targets for cancer 

and ultimately, the development of targeted treatments for breast cancer and MBC.   

 

To meet the objectives of this research (Section 1.1), a convenient, reliable source of 

neutrophils needed to be found. Chapter 3 described the optimisation of the neutrophil 

isolation procedure and culture conditions; this work was critical to the experiments 

described in subsequent chapters. Neutrophils are notoriously difficult to work with, 

primarily because they have short lifespans and are terminally differentiated cells that 

have lost the ability to divide, which prevents their growth in tissue culture (165).  Whilst 

methods are being developed to mass-produce neutrophils in vitro or ex vivo from human 

embryonic or haemopoietic stem cells for clinical therapeutic purposes, these techniques 

are time consuming and complex (452,453).  Consequently, for in vitro work, neutrophils 

are commonly isolated from the peripheral blood of healthy volunteers.  However, they 

are hard to isolate from whole blood samples in a quiescent (resting) state as mechanical 

perturbations can induce their activation (454).  The experiments described in Chapter 3 

demonstrated that neutrophils isolated by positive selection using immunomagnetic beads 

produced a highly pure population of cells, and examination of H2O2 secretion found 

spontaneous ROS production to be minimal suggesting the neutrophils were not activated 

by the isolation procedure, which is in accordance with other research (367,378).     

 





https://www.sciencedirect.com/topics/medicine-and-dentistry/celecoxib
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7.2 Future Research 

 

The research described in this thesis could be developed in several key directions.  

 

As discussed in Chapter 5, additional work is required to characterise the soluble factor(s) 

responsible for the delay in neutrophil apoptosis.  To this end, a series of experiments 

should be undertaken to conclusively determine whether PGE2 is at least partially 

responsible for the delay in neutrophil apoptosis.  Firstly, as discussed in Section 5.6.4, 

the concentration of PGE2 contained in MDA-MB-231 CM and MCF-7 CM should be 

measured (via ELISA or HPLC (425)). Secondly, an experiment should be undertaken to 

determine if neutrophils cultured in medium from PGE2 synthase gene silenced MDA-

MB-231 cells demonstrate delayed apoptosis.  Failure to delay apoptosis would indicate 

the importance of PGE2 in enhanced neutrophil lifespan in certain types of breast cancers. 

 

A further area of study could be to examine the effect of selective COX-2 inhibitors, such 

as those currently used in cancer therapy, on neutrophil lifespan.  For example, 

neutrophils could be cultured in CM prepared from MDA-MB-231 cells treated with a 

COX-2 inhibitor such as Celecoxib.  If the CM was unable to delay neutrophil apoptosis, 

this would suggest a novel beneficial effect for COX-2 inhibitor drugs when used for 

cancer treatment.  This work could be extended to both in vivo and ex vivo models; by 

investigating the lifespan of tumour associated neutrophils (TANs) in a COX-2 murine 

model of breast cancer treated with Celecoxib compared to control, or by investigating 

the lifespan of TANs dissected from human breast tumours obtained from patients treated 

with Celecoxib compared to those who were not treated with selective COX-2 inhibitors.  

Furthermore, this work could also be extended to rheumatoid arthritis since this condition 

is associated with a delay in neutrophil apoptosis (458), or to other inflammatory 

conditions for which prostaglandins have been shown to contribute towards the 

pathogenesis of disease (459) and for which Celecoxib is currently provided as a 

treatment option (460). 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/celecoxib
https://www.sciencedirect.com/topics/medicine-and-dentistry/celecoxib
https://www.sciencedirect.com/topics/medicine-and-dentistry/celecoxib
https://www.sciencedirect.com/topics/medicine-and-dentistry/celecoxib
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7.3 Conclusion 

 

The work in this thesis has successfully met the first three research objectives of this 

project (Section 1.1) by demonstrating the ability of MDA-MB-231 CM to alter the 

lifespan and phenotype of peripheral blood neutrophils obtained from the venous blood 

of healthy volunteers and by investigating the potential molecular pathways and soluble 

factors involved.  In particular, this work showed that soluble factors released by certain 

types of cancer cells can delay neutrophil apoptosis by modulating both the extrinsic and 

intrinsic apoptosis pathways.  This work also met the fourth research objective (Section 

1.1) of this project by demonstrating  that peripheral neutrophils indirectly co-cultured 

with either MCF-7 cells or MDA-MB-231 cells do not alter the invasiveness or influence 

the process of EMT in MCF-7 or MDA-MB-231 cells, which substantiates the recent 

work of Wang et al. (327).  Lastly this work has identified a novel candidate molecule, 

PGE2 that may be at least partially responsible for delayed neutrophil apoptosis in certain 

breast cancers.  This new and valuable data is important because COX-2 inhibitor drugs 

such as Celecoxib are currently being trialled as adjuvant treatments for the management 

of breast cancer.  Future work should therefore investigate whether administration of 

Celecoxib could also, incidentally, inhibit the effect of PGE2 upon neutrophil lifespan, 

and as a consequence, limit or prevent the adverse activities of pro-tumour neutrophils in 

breast cancer.  

 

 

 

 

 

 

  

https://www.sciencedirect.com/topics/medicine-and-dentistry/celecoxib
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APPENDIX B 
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Primer design 

 

A vast number of validated primer sequences are available in the literature or from primer 

databases such as PrimerBank (461),  however oligonucleotides that are synthesised from 

these sequences still require optimisation when used in a laboratory for the first time. As 

a consequence, it was decided to design the majority primers required for this project in 

house, since it took little extra time and ensured that the sequences were specific to the 

target gene of interest.  Furthermore it also ensured that the sequences were designed 

according to specific parameters (such as an annealing temperature of ~60 ºC) so that 

multiple assays could be run concurrently using the same cycling conditions (462).  

Sequences of the individual genes of interest were obtained from GenBank 

(https://www.ncbi.nlm.nih.gov/genbank) (463).  Primers were designed using Primer-

Blast software (464); all primers were designed to span exon-exon boundaries or be 

separated by an intron >1000BP to mitigate the risk of genomic DNA amplification (465).  

Candidate primers were analysed for potential hairpin structures and/or primer dimers by 

NetPrimer analysis software (http://www.premierbiosoft.com/netprimer).  To confirm the 

specificity of amplification all PCR products were sequenced by Massey Genome Service 

(Palmerston North, New Zealand).  

 

  



https://www.ncbi.nlm.nih.gov/nuccore/NM_000584.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_001025366.2
https://www.ncbi.nlm.nih.gov/nuccore/NM_000660.6
https://www.ncbi.nlm.nih.gov/nuccore/NM_001318095.1
https://www.ncbi.nlm.nih.gov/nuccore/NM_004994.2
https://www.ncbi.nlm.nih.gov/nuccore/NM_000963.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_001904.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_005985.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_003068.4
https://www.ncbi.nlm.nih.gov/nuccore/NM_001171653.1
https://www.ncbi.nlm.nih.gov/nuccore/NM_003380.4
https://www.ncbi.nlm.nih.gov/nuccore/NM_001317184.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_005246404.1
https://www.ncbi.nlm.nih.gov/nuccore/NM_004049.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=325652050
https://www.ncbi.nlm.nih.gov/nuccore/NM_001197320.1
https://www.ncbi.nlm.nih.gov/nuccore/NM_001101.4




169 
 

Sequencing results: 

 

BAK:  

GGAGGCTGAAGGGGTGGCTGCCCCTGCCGACCCAGAGATGGTCACCTTACCTCTGCAACCTAGCAGCA
CCATGA 

BAX:  

AACCATCATGGGCTGGACATTGGACTTCCTCCG 

MCL:  

CTGGAGACCTTACGACGGGTTGGGGATGGCGTGCAGCGCAACCACGAGACGGCCTTCCAAGGATGCT
TCG 

BCL2(A1):  

GAGAATGGATAAGGCAAAACGGAGGCTGGGAAAATGGCTTTGTAA 

ICAM -1: 

CCAGAAAATTCCCAGCAGACTCCAATGTGCCAGGCTTGGGGGAACCCATTGCCCGAGCTCAAGTGTCT
AAAGGATGGCACTTTCCCACTGCCCATCGGGGAATCAGTGACTGTCACTCGAGATCTTGAGGGCACCTA
CCTCTGT 

FAS: 

CGGTTTACGAGTGACTTGGCTGGAGCCTCAGGGGCGGGCACTGGCACGGAACACACCCTGAGGCCAG
CCCTGGCTGCCCAGGCGGAGCTGCCTCTTCTCCCGCGGGTTGGTGGACCCGCTCAGTACGGAGTTGGG
GRAGCTCTTTCACTTCGGAGGATTGCTCAACAACCATGCTGGGCATCTGGACCCTCCTACCTCTGGTTCT
TAC 

MMP -9: 

TCGGGTGGCAGAGATGCGTGGAGAGTCGAAATCTCTGGGGCC 

IL -8:  

GATTGAGAGTGGACCACACTGCGCCAACACAGAAATTATTGTAAAGA 

IL -6: 

CCAATCTGGATTCAATGAGGAGACTTGCCTGGTGAAAA 

VEGFA:  

TGCATGACGAGGGCCTGGAGTGTGTGCCCACTGAGGAGTCCAACATCACCATGCAGATTATGCGGAT 
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