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Abstract 

Annexin-A1(ANXA1) is a member of the Annexin family of calcium-dependent 

phospholipid-binding proteins that functions in a range of biological processes 

from cell proliferation to apoptosis. This glucocorticoid-induced protein has a 

well-defined anti-inflammatory role in innate immunity, with unclear functions 

in adaptive immunity due to the limited, contrasting data available. A role for 

ANXA1 and the formyl peptide receptors (FPRs) through which it signals has been 

suggested in a range of inflammatory diseases and cancers. This thesis aimed to 

investigate the ANXA1-FPR signalling axis in two primary examples of these 

disease settings in which pathogenesis is far from understood: Psoriatic Arthritis 

(PsA) and Multiple Myeloma (MM). Moreover, this project aimed to identify the 

impact of addition of a novel anti-ANXA1 antibody, MDX-124, to the immune 

response in healthy cells.  

 

Initial work revealed that MDX-124 could bind to a range of immune cell subsets 

and confirmed high binding of MDX-124 to cells known to express high amounts 

of ANXA1 (monocytes). Functional analysis revealed that addition of MDX-124 to 

both stimulated THP-1 monocytic cells and primary monocytes was associated 

with an increase in pro-inflammatory cytokine production. Moreover, addition of 

MDX-124 during the differentiation of THP-1s resulted in an increased activation 

of intracellular and extracellular signalling proteins associated with survival. 

This provided some insight into the potential mechanism of how MDX-124 could 

function in inflammatory settings.  

 

To investigate the potential role for ANXA1-FPR signalling in PsA, preliminary 

studies characterised surface expression levels of ANXA1 and its receptors, FPR1 

and FPR2 on a range of immune cell subsets in PsA and healthy control (HC) 

samples. This analysis confirmed altered expression of ANXA1, FPR1 and FPR2 in 

disease-relevant cells PsA. Moreover, analysis of RNA sequencing data form PsA 

lesional skin (PsA L) revealed an increase in FPR1 and FPR2 in these samples 

compared to HCs. Further analysis defined key disease-associated pathways that 

were enriched in the PsA L skin associated with FPR1 and FPR2 signalling.  This 

analysis implicated involvement of the ANXA1-FPR signalling axis in both the skin 
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and peripheral blood compartments in PsA, however more samples are required 

to confirm this preliminary analysis.  

 

To investigate the role of ANXA1-FPR signalling in MM, flow cytometric analysis 

of ANXA1, FPR1 and FPR2 surface expression in the immune cell compartment of 

of MM patient samples and HCs were assessed. Preliminary results revealed a 

substantial upregulation of both ANXA1 and FPR1 on the circulating B cells of MM 

patients in 1/3 MM samples assessed. This data was; therefore, inconclusive and 

further samples are required to investigate these differences expression levels of 

ANXA1 and FPR1 in MM circulating B cells. Analysis of genomic data from a 

publicly available MM database revealed that higher expression of the ANXA1 

gene at baseline was associated with worst survival outcomes in the cohort of 

patients assessed. Moreover, high ANXA1 expression was associated with an 

upregulation of genes associated with worst prognosis and treatment resistance 

in MM. Notably, baseline ANXA1 expression correlated with the 1q21 

chromosomal amplification abnormality in this cohort of patients, which is linked 

to worst prognosis in MM. Additionally, high ANXA1 was associated with an 

upregulation of the S100 family of calcium binding proteins, located at the 1q21 

chromosome locus, which, in turn, have been associated with treatment 

resistance and worse prognosis in MM. This preliminary data has highlighted the 

potential of ANXA1 signalling in treatment response pathways in MM and provides 

rationale for further investigation into the interactions between ANXA1 and the 

MM- associated upregulated genes identified in this study. 

 

In summation, this preliminary data has identified key expression differences in 

ANXA1 and its receptors in both PsA and MM and highlighted potential pathways 

worth focusing on for future analysis. Additionally, more repeats of the 

experiments carried out in this study are needed to confirm the significance of 

these findings. 
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Chapter 1 Introduction 

1.1 Overview of the immune system 

The human immune system is a complex network of organs, cytokines and 

humoral components, all working in combination to support the body in its fight 

against infection. 

 

The body can be subjected daily to a diverse range of pathogenic organisms, 

each possessing several mechanisms to attack and invade the body’s tissues. The 

immune system, therefore, possesses a wide range of protective functions to 

combat these pathogenic assaults. 

 

As well as protecting the body against invading pathogenic organisms, the 

immune system must be tightly controlled to avoid responses that lead to 

excessive tissue damage and elimination of commensal microbes. The immune 

system can be separated into two groups depending on both the speed and 

specificity of the response to infection; the innate immune system and the 

adaptive immune system1,2.  

 

1.1.1 The innate immune system 

The innate immune system is both rapid and non-specific and is widely termed 

the body’s first line of defence1. Innate immunity covers several physical, 

chemical and microbial barriers. The primary physical barrier is the skin, 

consisting of a thick layer of epithelial cells producing the strong, protective 

protein, keratin. The skin also consists of several sweat and sebaceous glands, 

producing secretions containing protective lipids as well as maintaining a low 

pH, effectively clearing microbes away.   

 

If an infectious organism invades past the skin, chemical barriers to infection 

include the production of enzymes such as lysozyme in the salivary glands and 

the acidic environment of the digestive tract. Microbiological barriers to 

infection are also present, such as the normal flora of the mucosal surfaces to 

prevent the colonisation of pathogens on these surfaces3. 
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If any of these barriers are breached, the cellular and humoral components of 

the innate immune system are activated. In the first phase of the innate immune 

response, invading microbes, which contain pattern associated molecular 

patterns (PAMPS), (although not antigen specific) are recognised by pattern 

recognition receptors (PRRs). PAMPs can include molecules on bacteria such as 

lipopolysaccharide (LPS), bacterial cell wall glycolipids or viral RNA. PRRs such 

as toll like receptors (TLRs) may be present on the membrane of innate immune 

cells, however some can be soluble and present in the cytoplasm such as Nod 

like receptors (NLRs).  

In the second phase of the innate immune response, damage associated 

molecular patterns (DAMPS) are released from damaged cells. DAMPs include 

stress molecules such as chaperone proteins or metabolic products such as uric 

acid. When in contact with a PAMP or DAMP, pattern recognition molecules 

(PRMs) trigger an intracellular signalling pathway which ultimately results in the 

activation of several transcription factors, including NFKB, leading to the third 

phase of the innate immune response. This consists of the activation of pro-

inflammatory cytokines, such as Interleukin(IL)-6, Tumour Necrosis Factor (TNF), 

IL-18 and IL-1, and other immune cells to clear the infection1,4–6. 

 

Cells of the innate immune system include monocytes, macrophages, 

granulocytes (neutrophils, eosinophils, basophils and mast cells) and natural 

killer (NK) cells, with dendritic cells being seen as the ‘linkers’ between innate 

and adaptive immunity4,7. For the purpose of this project, focus will be placed 

on monocytes and macrophages. 

 

Monocytes and macrophages are phagocytic cells that function to engulf invading 

pathogens. Monocytes are derived in the bone marrow and circulate in the blood 

and spleen, patrolling for foreign antigens on invading pathogens. During an 

infection, monocytes rapidly migrate to the site of infection upon activation by 

chemokines or cytokines, where they can proliferate, secrete chemokines, and 

phagocytose antigens.  

 

When monocytes migrate to the tissue, they have the ability to differentiate into 

dendritic cells and macrophages8. Macrophages are tissue-resident innate 
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immune cells that work to clear the site of infection by engulfing pathogenic 

particles, dead cells and any cellular debris. They play tissue-specific roles in 

development, homeostasis, and repair4,8.  

 

The innate immune response is extremely reliant on the ability of specific innate 

immune cells to process foreign antigens and ‘present’ them on their surface for 

recognition by other immune cell subsets, particularly adaptive immune cells. 

These cells are termed ‘antigen-presenting cells’ (APCs) and include cells such 

as dendritic cells and macrophages, and aid in the cross-talk between innate and 

adaptive immunity9. 

 

1.1.2  The adaptive immune system 

Although the adaptive immune response is much slower than the innate immune 

response, it is also more specific. Adaptive immune cells have the ability to 

differentiate between pathogens and mount an immune response that is antigen 

specific.  These cells can also differentiate self from non-self-antigens and 

remain inert to them. Cells of the adaptive immune system also have an 

immunological memory, that is, they remember previous pathogens upon re-

exposure and mount a stronger and more rapid immune response before the 

pathogen can cause significant damage10.  

 

The main cells of the adaptive immune system are lymphocytes, which can be 

subcategorised into B cells and T cells. Adaptive immune responses can also be 

further categorised into cellular and antibody mediated. Antibody responses are 

carried out by B cells11.  

 

Each mature B cell expresses a unique B cell receptor on its surface (containing 

a type M and D immunoglobulin (IgM and IgD) that is specific to an antigen of 

interest12. Before their release into the peripheral blood, immature B cells 

reside in the bone marrow and begin to express the B cell receptor (BCR). 

Transitional B cells enter the peripheral blood and develop into naïve mature B 

cells that are ready to respond to antigens of interest13. When B cells are 

activated via receptor binding to a specific antigen, they proliferate (aided by T 

cell-derived cytokines) and differentiate into either plasma cells which secrete 
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antibodies, or memory B cells which are activated rapidly upon re-exposure of 

the particular pathogenic antigen, producing antibodies and clearing the body of 

the pathogen. Plasma cells produce large quantities of pathogen-specific 

antibodies, which are released into the blood for protection against the 

infectious agent. These cells are not long-lived and usually die via apoptosis 

when the pathogen is initially cleared from the body. T cells can help B cells to 

proliferate and undergo genetic changes to increase their affinity for the antigen 

of interest. Additionally, T cells can also aid in the stimulation of the B cell 

receptor to trigger class switching from IgD+/IgM+ (unswiched) to IgA, IgE= and 

IgG+(switched) B cells. Each Ig is responsible for a particular function and 

recognises a specific type of pathogen13,14.  

 

The cell-mediated adaptive immune response involves T cells. T cells originate 

in the bone marrow and migrate to the thymus for maturation and are released 

into the peripheral blood15. Naïve T cells are activated in the peripheral blood in 

response to a foreign antigen that is presented to them via a host APC11. When T 

cells become activated, most are short-lived, but some differentiate into 

memory T cells which can work to maintain the long-term immune response15. 

The mediator of T cell stimulation is the T cell receptor (TCR) which is specific 

to each cell and antigen.  

 

T cells can be broadly grouped into CD4+ T helper (Th) cells and CD8+ cytotoxic T 

cells, however, there are many other subtypes. Both CD4+ and CD8+ T cells can 

be classified according to their differentiation status based on their expression 

of the leukocyte marker CD45RA and the lymph node homing chemokine 

receptor CCR7, into (CD45RA+ CCR7+) naïve cells, (CD45RA- CCR7+) central 

memory (CM) cells, (CD45RA- CCR7-) effector memory (EM) cells and (CD45RA+ 

CCR7-) terminally differentiated effector memory (TEMRA) cells16. Naïve T cells 

express CCR7 and predominantly reside in the lymphoid organs, whereas (CCR7-) 

CM cells can circulate and migrate lymphoid tissues and (CCR7-)  EM and TEMRA 

cells can traffic to multiple peripheral tissue sites17. 

 

As well as aiding B cells, Th cells secrete cytokines to activate nearby immune 

cells as well as secreting chemokines to recruit these cells to the site of 

infection. Th cells can be classified into distinct subtypes based on transcription 
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factor and cytokine profiles (Th1, Th2, Th9 Th17, Th22, follicular T cells and 

regulatory T cells)18. (CD8+) Cytotoxic T cells can also produce cytokines, but 

their primary function is the killing of cells infected by invading pathogens by 

the release of cytotoxic granules into the infected cell19. CD8+ T cells can also 

be grouped into subtypes based on their cytokine and transcription factor 

profile20,21. CD4+ and CD8+ T cell subtype functions as well as their chemokine 

and transcription factor profiles can be seen in Figure 1.1. 
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Figure 1.1 Human CD4+ and CD8+ T cell subsets 
 
Diagram showing transcription factor profile, surface marker expression, cytokine profile and 
associated functions of (A) CD4+ and (B) CD8+ T cell subsets. Diagram produced using 
Biorender.com and adapted from St.Paul et.al., 2020 and Chatzileontiadou et.al., 2021. 
 

1.2 Annexin-A1 

1.2.1 Annexin-A1 structure and function 

Annexin-A1 (ANXA1) is a member of the annexin family of calcium-binding 

proteins. There are 12 Annexins in humans (Annexin-A1-A13, with A12 

unassigned), ranging in size from 15kb to 96kb, and each sharing a conserved 

core domain at their C-terminal. The core domain is made up of at least 4 

repeats, which contain calcium binding sites. Each Annexin has a unique N-

terminal domain, which differs in length, amino acid sequence and 

hydrophobicity between members. The N-terminal plays key functions in 

mediating interactions between Annexin family members and other intracellular 

proteins (such as the S100 calcium binding proteins). Annexin family expression 

can span most tissue types in a (Annexins A1,A2, A4-A7 and A11) or occur in a 

cell/tissue- specific manner (Annexin A3 in neutrophils and Annexin A9 in tongue 

tissue)22. 
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ANXA1 is 37 KDa in size (346 amino acids), consisting of a homologous core 

region of 310 amino acid residues and a unique N- terminal region (Figure 1.2). 

Both the ANXA1 N-terminal peptide and the full length ANXA1 protein are 

capable of interacting with receptors to carry out biological functions 23–25 . 

 

Figure 1.2 Structure of the ANXA1 protein 
ANXA1 contains 4 repeating C terminal motifs attached to a unique N-terminal, containing the Ac2-
26 peptide. The sequence of the Ac2-26 peptide is also shown (Kelly et.al., 2022). 
 

During homeostatic conditions, ANXA1 mainly resides in the cytosol of the cells it 

is contained within and is abundant in innate immune cells such as monocytes 

and neutrophils26. Upon calcium binding, the N-terminal region of ANXA1 

undergoes a conformational change, exposing and activating it (Figure 1.3) 27,28. 

Upon activation, ANXA1 is externalised and translocated to the cell membrane, 

allowing it to interact with its receptors and carry out its biological functions28–

30. The transport mechanism of ANXA1 to the cell membrane is cell type 

dependent (e.g ABC transporter in the monocyte or released from gelatinase 

granules during neutrophil activation and mobilised to the outer leaflet of the 

plasma membrane31,32). Additionally, a 33Kda cleaved version of ANXA1 has been 

detected and several enzymes have been suggested to be responsible for this 

cleavage including elastase, metalloprotease and proteinase 3. It is not yet 

understood whether the cleavage is responsible for activating ANXA1 into its 

bioactive form or for inhibiting ANXA1 activity to maintain homeostasis29. 
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Figure 1.3 Calcium binding to ANXA1 exposes the N- terminus 

Ribbon diagram showing how calcium binding causes a conformational change in the ANXA1 N-
terminus, exposing it and allowing it to carry out its function. (Kelly et.al., 2022). 
 

ANXA1 is known to be induced by glucocorticoids (GCs), acting as a downstream 

mediator of their anti-inflammatory effects. It is believed that the anti-

inflammatory effects of GCs in the innate immune system (e.g control of 

leukocyte responses) are mediated by release of ANXA1 and activation of its 

receptor (FPR1) on innate immune cells such as neutrophils and macrophages. 

Contrastingly, the immunosuppressive effects of GCs in adaptive immunity are 

believed to be initiated by inhibition of ANXA1 expression on T cells, thus 

reducing its stimulatory effects on these cells, highlighting the opposing effects 

of GCs on ANXA1 expression in innate and adaptive immunity33,34. 

 

ANXA1 is well-recognised as an anti-inflammatory mediator in innate immunity, 

however, more research is suggesting it can play a wide range of roles in 

adaptive immunity and homeostasis as well as being implicated in disease23. 

Most of the anti-inflammatory functions of ANXA1, (such as inhibition of 

leukocyte migration), are believed to be mediated through its N-terminal 

domain35–37, whereas evidence suggests that the C-terminus is involved in 

contrasting functions such as promotion of clustering and migration across the 

endothelium38. It is evident that ANXA1 has roles that are cell-type dependent, 

which are mediated through interaction with its receptors; the formyl peptide 

receptors29. 

1.2.2 The formyl peptide receptors 

The formyl peptide receptors (FPRs) are a family of G protein-coupled receptors 

responsible for a range of biological functions, from modulation of inflammation 
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to regulation of the host response to infection. There are three FPRs in 

humans,FPR1, FPR2 and FPR3, however, FPR1 and FPR2 are more closely 

related, sharing 69% sequence similarity39,40.  

 

Evidence suggests that ANXA1 primarily signals through FPR1 and FPR2, 

especially in the context of disease, therefore, this project focused primarily on 

FPR1/FPR2-ANXA1 interactions. Moreover, the FPRs can be activated by ANXA1 N 

terminal peptides Ac2-26, Ac2-12 and Ac2-6, as well as the full length ANXA1 

protein 23–25.  

 

The FPRs interact with several ligands, including microbial derived, host derived 

and synthetic peptides.FPR1 is known to interact with a range of N-Formyl 

peptides (such bacteria-derived formyl-Met-Leu-Phe, fMLP) and non-Formyl 

peptides (such as host-derived urokinase-type plasminogen activator receptor, 

uPAR88-92) as well as a range of synthetic peptides such as W peptides39. FPR2 

being the most diverse receptor, binding a  wide range of ligands that can 

induce opposing effects, for example, FPR2 binding to serum amyloid A (SAA) 

can result in pro-inflammatory activities, whereas binding to Lipoxin A4 (LXA4) 

can result in pro-resolving actives29,41. As FPRs are a promising drug target, 

antagonists have also been developed to inhibit FPR-induced cell responses. 

Amongst these, fungus-derived cyclosporin H has been shown to be one of the 

most potent and specific antagonists for FPR1. Additionally, the peptide WRW 

was found to be the most potent peptide with antagonistic activity against FPR2 

agonists39. 

 

ANXA1 binding to the FPRs has been shown to bind its receptors in both a 

paracrine and juxtacrine manner42 and trigger a downstream signalling cascade 

involving mitogen-activated protein kinases (MAPKs) such as extracellular 

regulated kinase (ERK), as well as the serine/threonine kinase Akt, which have 

different effects depending on the particular cell type involved43,44(Figure 1.4). 

Moreover, the effects of ANXA1 mediated by FPRs appear to be both tissue 

specific, but also differ depending on whether full length ANXA1 or an ANXA1-

derived peptide is bound29,45–47. 
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FPR1-ANXA1 interactions have been shown to induce activation of TCR 

signalling48 and mediation of necroptosis49, suggesting a pro-

inflammatory/stimulatory role for FPR1 on these cells. Interestingly, ANXA1-

FPR1 interactions on murine dendritic cells have been shown to be essential for 

establishing corpse-DC synapses for clearance of apoptotic cells, highlighting a 

role for this pathway in non-inflammatory cell death.50 

 

FPR2-ANXA1 interactions have been described as predominantly anti-

inflammatory, particularly in neutrophils where it appears to play a role in 

inhibition of transmigration33. Moreover, FPR2-ANXA1 binding has been 

associated with an anti-viral role, through transient triggering of alveolar 

macrophages. These effects did not appear to be conveyed via FPR1, highlighting 

the differing roles of these proteins between innate and adaptive immune 

cells51. 

 

Figure 1.4 ANXA1-FPR2 interactions have different outcomes in different immune cells 
ANXA1 binds to FPR2 on the plasma membrane to initiate MAPK and Akt signalling, causing cell-
type dependent effects including proliferation of T cells, differentiation of monocytes and apoptosis 
of neutrophils. Image made on Biorender.com and adapted from Kelly et.al., 2022 and D’Acquisto 
et.al., 2013. 
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1.2.3 ANXA1 signalling in innate immunity 

ANXA1 has been well accepted as an anti-inflammatory mediator in the innate 

immune system, affecting several cell types such as neutrophils and monocytes. 

Studies have indicated that ANXA1- mediated neutrophil apoptosis has an 

important role in the modulation of the inflammatory response27,52. Moreover, 

ANXA1 has been shown to counter regulate excessive neutrophil accumulation at 

sites of inflammation28. 

 
An important step in the resolution of inflammation is the clearance of apoptotic 

cells, a process that is mediated by phagocytic cells such as monocytes and 

macrophages28. Studies have shown that addition of the ANXA1 peptide Ac(2-26)  

to macrophages (at a concentration of 32 µM) triggered the engulfment of 

apoptotic neutrophils, highlighting a role for ANXA1 in this process53. An anti-

inflammatory role for ANXA1 in innate immunity was also highlighted in studies 

showing ANXA1 knockout (-/-) mice had an enhanced inflammatory response, 

with inflammatory markers on monocytes and neutrophils that were more 

sensitive to activation. Moreover, immune responses in ANXA1-/- mice were not 

dampened in response to GCs, highlighting that the effects of ANXA1 in innate 

immunity are GC- dependent 54,55.  

 

There is mounting evidence that ANXA1 mediates its anti-inflammatory actions 

in innate immunity through interaction both with FPR1 and FPR2. The ANXA1 

peptide Ac2-26 (at a lower concentration of 33nM) is still able to carry out 

significant anti-inflammatory activity in neutrophils (around 50% of that seen in 

naïve mice) in FPR1 null mice, including induction of cell adhesion and 

migration. Moreover, FPR1 deficient neutrophils, still expressed significant FPR2, 

which was associated with induction of anti-inflammatory activity upon 

stimulation with high concentrations of an agonist, (fMLP, 30 µM), specifically, 

detachment from the endothelium24,29. This highlights the idea that FPR1 and 

FPR2 both work together in innate immunity, carrying out different functions to 

obtain the same anti-inflammatory goal. 
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1.2.4 ANXA1 signalling in adaptive immunity 

ANXA1 is expressed at much lower levels on adaptive immune cells, contributing 

to its undefined role in adaptive immunity. Studies have shown that both ANXA1 

and FPR2 expression are increased upon activation of T cells. Moreover, 

D’Acquisto et.al. showed that addition of human recombinant ANXA1 (hu-r-

ANXA1) at a range of concentrations (150nM, 300nM, 600nM) to activated T cells 

in vitro enhanced their activation and proliferation. This effect was only evident 

when FPR2 was externalised in combination with T cell stimulation27,34, 

suggesting a key role for ANXA1-FPR2 interactions in T cell activation and 

potentially inflammation. This group also pointed to a pro-inflammatory role of 

ANXA1 in T cells, and showed that T cells that were differentiated in 

combination with hu-r-ANXA1 (particularly at 600nM) produced more Th1-

associated transcription factors (such as T-bet) compared to control cells, which 

are associated with increased pro-inflammatory activity34. FPR1 appears to also 

be involved in this pro-inflammatory role in T cells, as activation of FPR1 by 

ANXA1 in T cells was shown to increase TCR signalling56. Notably, much higher 

concentrations of hu-r-ANXA1 are needed to see this effect on T cells than seen 

in the Ac2-26 neutrophil studies mentioned above. 

 

Contrasting studies have highlighted a more anti-inflammatory role for ANXA1 in 

T cells. Addition of (1 µM) purified ANXA1 to thymocytes was associated with a 

loss of their suppressor activity57. Moreover, ANXA1 deficiency was associated 

with enhanced antigen-dependent T cell proliferation and inflammation58,59.  

 

ANXA1 is moderately expressed on the surface of inactivated B cells, whereas 

FPR2 is expressed at low levels26. There is little evidence for what role ANXA1 

and its receptors could play in B cells under homeostatic conditions, however, 

limited evidence has suggested that ANXA1 could play a role in B cell-associated 

disease60,61. Interestingly studies have shown that Fpr1-deficient mice have 

increased antibody responses that are protective against plague, highlighting a 

potential pro-inflammatory role for FPR1 in B cells, although more research is 

needed to determine this62. 
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1.3 ANXA1 in inflammatory disease 

1.3.1 ANXA1 signalling in innate inflammation 

Inflammation is the body’s normal mechanism of defence against invading 

pathogens. However, in several diseases this inflammation can persist or be 

uncontrolled63. Innate immune cells play key roles in mediating the 

inflammatory response through release of pro-inflammatory cytokines such as 

TNF, IL-6, IFNγ and IL-1β. However, in order for the immune system to function 

properly, this cytokine release must be tightly controlled64. 

 

There are several inflammatory diseases associated with innate immune cell 

dysregulation and, subsequently overproduction of inflammatory cytokines. A 

prime and relevant example is COVID-19, which has been associated with an 

aberrant activation of innate immune responses and inflammatory cytokines 

resulting in a hyper inflamed environment in the lungs. This hyperinflammatory 

response is driven by aberrant activation of innate immune cells such as 

monocytes and macrophages65. Interestingly, studies have shown that patients 

with more severe COVID-19 had significantly lower ANXA1 levels in their serum 

compared to both healthy controls and those with moderate disease66, 

suggesting an anti-inflammatory role for ANXA1 in this innate immune cell 

associated disease. 

 

Evidence for a role of ANXA1 in modulating the activity of innate inflammatory 

cells has been explored in other diseases. Increased expression of ANXA1 is 

evident in macrophages within the active lesions in multiple sclerosis 

(MS)67.Contrastingly, ANXA1 has been shown to play predominantly anti-

inflammatory roles in diseases such as pleurisy, where addition of 100 µg of Ac2-

26 was shown to induce neutrophil apoptosis and increase efferocytosis by 

macrophages43,68,69. 

 

The majority of evidence for a role of ANXA1 in innate inflammation is in 

cardiovascular disease (CVD), and the role seems to be predominantly 

protective. In models of myocardial infarction (MI), exposure of rat and murine 

hearts to 300nM of Ac2-26 at the onset of reperfusion was associated with 

improved recovery of left ventricle function and reduced cardiomyocyte 
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damage. These effects were significantly reduced upon addition of an FPR1 

antagonist, but only moderately reduced upon addition of an FPR2 antagonist70, 

suggesting most of the anti-inflammatory effects of ANXA1 in MI could be 

mediated through FPR1.  

 

ANXA1 was also shown to have a protective effect in atherosclerosis (a leading 

contributor to CVD), through triggering a reduction in monocyte and neutrophil-

mediated atherosclerotic plaque formation71. Additionally, administration of 50 

µg Ac2-26 reduced both the size of accumulation of macrophages at 

atherosclerotic plaques in mice, which appeared to be mediated through FPR272. 

Moreover, addition of 10nM of hu-r-ANXA1 was shown to mediate neutrophil 

rolling and subsequent plaque formation in murine models of atherosclerosis, 

which was shown to be dependent on FPR259,73.  

 

1.3.2 ANXA1 signalling in adaptive inflammation 

Cells of the adaptive immune system are also well-established as key players in 

inflammatory disease, particularly in autoimmunity74,75. Much evidence has 

highlighted a central role for T cells in autoimmunity, through aberrant 

production of pro-inflammatory cytokines76. Moreover, a role for ANXA1 and its 

receptors in adaptive inflammation has been predominantly discussed in the 

context of T cells34,77,78. 

 

ANXA1 has been shown to play pro-inflammatory roles in T cell-mediated 

inflammation in murine models of arthritis (collagen induced arthritis model). 

Administration of exogenous ANXA1(150-600nM) was associated with increased 

production of pro-inflammatory Th1 cytokines (interferon gamma,IFNγ) in these 

mice34. Moreover, ANXA1 was shown to be released from rheumatoid arthritis 

(RA) synovial fibroblasts (RASFs) and promoted secretion of RASF 

metalloproteinase-1,which is known to contribute to collagen degradation79. 

 

Evidence for an anti-inflammatory role for ANXA1 in the autoimmunity- 

associated IL-17 producing Th cells (Th17) has also been highlighted. In murine 

models of uveitis, knocking out ANXA1 was associated with increased eye 

inflammation and activation of Th17 cells78. Contrastingly, ANXA1-/- mouse 
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models of experimental autoimmune encephalomyelitis (EAE) produced less IL-17 

compared to wild type (WT) mice. 

 

Additional studies have suggested an anti-inflammatory role for ANXA1 in Th17 

cells. Th17 cells isolated from patients with MS produced significantly less ANXA1 

compared to healthy controls80. Additionally, deletion of ANXA1 in mice 

exacerbated arthritis in the K/BxN model. Moreover, addition of an FPR2 agonist 

was shown to reduce inflammation and osteoclastogenesis in this model81, 

suggesting anti-inflammatory roles for both ANXA1 and FPR2 in RA. This data 

highlights both how ANXA1 could play different roles in different inflammatory 

diseases but also how animal model data does not always correlate with what is 

seen in humans.  

 

ANXA1 dysregulation has also been implicated in diseases associated with B cell 

involvement, primarily through auto-antibody production. Increased levels of 

ANXA1 autoantibodies have been evidenced in patients with systemic lupus 

erythematosus (SLE)61 and inflammatory bowel disease (IBD)82. ANXA1 receptor 

signalling has also been implicated in auto-antibody associated diseases; FPR2 

has been shown to be involved in formation of intestinal fibrosis (a key finding in 

Crohn’s disease) upon binding of antimicrobial peptides83, highlighting potential 

roles for this receptor in disease that are independent of ANXA1. It is evident 

that further research needs to be done to define a role for ANXA1 and the FPRs 

in B cell associated inflammatory disease.  

 

1.4 Psoriatic arthritis 

1.4.1 Symptoms and pathogenesis of Psoriatic arthritis  

Psoriatic arthritis (PsA) is a chronic, inflammatory form of arthritis that occurs in 

around 5-42% of people with psoriasis (PsO). PsO is a chronic inflammatory 

disease associated with infiltration of immune cells and thickening of the 

epidermal layer of the skin due to abnormal proliferation and differentiation of 

keratinocytes84.  

 

PsO clinical presentation consists of flaky patches of skin that form scales and 

can range from mild to severe. Patches can appear all over the body but are 
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most common on the elbows, scalp, knees and lower back85.PsA disease 

presentation is associated with peripheral joint stiffness, with axial skeleton and 

connective tissue involvement86 and is usually seronegative, allowing it to be 

distinct from RA. PsA is extremely variable in its presentation, ranging from 

relatively mild to severely destructive disease87. 

 

Symptoms of PsA include joint pain, stiffness and swelling, as well as 

complications with other organs such as the eyes, heart and digestive system. In 

addition, people with PsA can experience severe fatigue, depression and 

anxiety88.The pathogenesis of PsA is far from understood. One hypothesis 

suggests a trigger could be mechanical stress to immunologically active joint 

tissue89, whereas other research suggests that the disease is driven by 

autoimmune processes, evidenced by autoreactive cells, in particular, T cells 
90,91. 

 

On a cellular level, the immune infiltrate in PsA is predominantly in the 

perivascular compartment. T cells are the most common inflammatory cells in 

the joints and skin in PsA.  CD4+ T helper (Th)  cells have a prominent 

appearance in the tissues, whereas CD8+ cytotoxic (Tc) cells are more common 

in the synovial fluid and enthesis92–95.T cells in psoriatic skin plaques have been 

associated with hyperproliferation of keratinocytes and granulocytes and have 

also been linked to triggering of pro-inflammatory cytokine production, 

particularly IL-17, IL-22 and IFN-g96,97.  

 

Previously, it was thought that Th1 cells were responsible for driving the 

inflammatory response in psoriatic plaques, but recently a lot of focus has been 

put on the IL-17 producing T-helper (Th17) cells98. Elevated levels of these cells 

have been found in the psoriatic plaques seen in patients with PsA99. 

Furthermore, it is evident that Th17 cells play a role in chronic inflammation 

with IL-17 being shown to stimulate pro-inflammatory cytokine production, 

osteoclast activation and bone resorption89.  Moreover, IL-17A can accelerate 

the proliferation of epidermal keratinocytes, which produce a range of 

antimicrobial peptides and chemokines, which, in turn, enhances skin 

inflammation100. Th17 cell frequency and IL-17 levels have been correlated with 
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disease activity as well as disease onset and progression in RA and PsA patients. 

These cells were also found to be prominent in the joints of these patients101.  

 

Recently, a subset of IL-22 producing Th cells (Th22) have been implicated in 

PsO. Th22 cells are recognised for their ability to produce vast amounts of IL-22 

and are abundantly expressed in PsO compared to healthy controls. IL-22 triggers 

keratinocyte proliferation and induces PsO-associated epidermal changes, as 

well as sustaining the inflammatory response in the psoriatic lesions. Th22 and 

IL-22 levels have been shown to correlate with disease activity in PsO patients. 

Additionally, Th22 cells express CXCR4 and CCR10, which are skin homing 

receptors and play substantial roles in skin homeostasis and disease84. CD8+ T 

cells can also produce IL-22 (Tc22) and higher levels than normal of these cells 

have been found in PsO lesions compared to healthy skin, also suggesting roles 

for these cells in PsO pathology84,102.  

 

(CD8+CD161+IL-17+) mucosal-associated invariant T (MAIT) cells have also 

recently been suggested as key players autoimmune disease, particularly due to 

their innate and adaptive immune functions, tissue homing properties and ability 

to produce abundant amounts of IL-17.  MAIT cells were found to be enriched in 

the synovium of PsA patients and produced significantly more IL-17 when 

stimulated compared to RA or osteoarthritis (OA) MAIT cells, suggesting a more 

predominant role for this cells in PsA103.  

 

Dysregulation of B cells has also been implicated in PsA. The anti-inflammatory, 

IL-10 producing Regulatory B cells (Bregs) were found to be decreased in both 

PsA and PsO104. Moreover Bregs were shown to suppress IL-23-mediated psoriasis-

like inflammation through inhibition of Th17 differentiation and promotion of 

regulatory T cell (Treg) expansion105.This suggests a contribution of B cells to 

PsA pathology through reduced anti-inflammatory activity rather than enhanced 

pro-inflammatory activity as seen with T cells. 

 

Whilst there is a vast amount of evidence for adaptive immune cells being key 

mediators in the pathogenesis of PsA, some papers support a more prominent 

role of innate immune cells in patients with more severe disease and co-

morbidities. In particular, neutrophils and mast cells produce high amounts of IL-
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17, associated with PsA pathogenesis.  Furthermore, these mast cells and 

neutrophils were found to be the predominant sources of IL-17 production in the 

skin and were found at higher densities in psoriatic lesions than IL-17+ T 

cells106,107. Moreover, higher than normal levels of monocytes have been found in 

the peripheral blood of PsA patients108,109 and increased aggregation of 

monocytes has been seen in PsO110. It is apparent that the responsibility of PsA 

pathogenesis may not be placed on a single cell type, rather it appears to 

involve the activation and integration of several cell types. 

 

1.4.2 Current biomarkers in PsA 

There is an unmet need for appropriate diagnostic and prognostic biomarkers in 

PsA. There is currently no definitive diagnostic test for PsA, which can result in 

delayed diagnosis and poor diseases outcomes. Early diagnosis of PsA and its 

subtypes is key to enable treatment plans to be made and limit the damage the 

disease can cause111.  

 

To date, there are no validated biomarkers for PsA, however several disease 

activity scores are used to inform treatment decisions. Included in these are 

serum markers of inflammation such as C-reactive protein (CRP) and erythrocyte 

sedimentation rate (ESR). Although these markers are thought to be elevated in 

around 50% of patients with PsA, they are non-specific markers of disease 

activity112. Disease activity indices are also frequently used in PsA. The Disease 

Activity Score using 28 joint counts (DAS28) was originally developed for RA and 

has been shown to be useful in patients with PsA, but not as reproducible as in 

RA113. Furthermore, DAS28 does not encapsulate all the joints that could 

potentially be affected in PsA. DAS28 can also be used in combination with ESR 

(DAS28-ESR) or CRP (DAS28-CRP)114. The Disease Activity Index for Psoriatic 

Arthritis (DAPSA) is a recent, more reliable, routine measurement of disease 

activity in PsA. It takes into account the number of swollen (out of 66) and 

tender (out of 68) joints, the level of pain (in the form of a visual analogue scale 

or VAS) and serum markers of inflammation (CRP and ESR) 115. Table 1.1 

summarises the different disease scores mentioned above and their 

interpretations. 
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          Table 1.1 Disease activity scores in PsA 

There are several proteins and currently being investigated for potential use as 

biomarkers PsA diagnosis. Due to their easy access, circulating peripheral blood 

biomarkers would be optimal for PsA diagnosis. Several studies have suggested 

markers involved in inflammation and cartilage or bone metabolism for the 

diagnosis of PsA. IL-6 is one of these and is an inflammatory cytokine shown to 

be increased in PsA blood compared to PsO alone. Moreover, the amount of 

serum IL-6 correlated with the number of joints affected with arthritis116,117. 

However, IL-6 is not specific to PsA as its secretion is increased in other 

diseases.  

 

 
 
 

Disease 
activity/Inflammatory 
marker 

Score Interpretation Reference 

DAPSA 
 

≤ 4 
 

Remission 
 

Schoels, M. M., Aletaha, D., Alasti, F. & 
Smolen, J. S. Disease activity in psoriatic 
arthritis (PsA): 
 Defining remission and treatment success using 
the DAPSA score. Ann. Rheum. Dis. (2016) 
doi:10.1136/annrheumdis-2015-207507. 
 

> 4 and ≤ 14 
 

Low disease activity 
 

> 14 and ≤ 28 
 

High disease activity 
 

>28 
 

Very high disease activity 
 

DAS28 
 

< 2.6 
 

Remission The DAS28 score | NRAS | Disease Activity 
Score. https://nras.org.uk/resource/the-das28-
score/.    
   

< 3.2 
 

Low disease activity 
 

> 5.1 
 

Active disease 
 

CRP >22mm/hr 
(men), 
>29mm/hr(w
omen) 
 

Outside of normal range 
 

Inflammation Blood Tests | ESR, CRP and PV 
Values | Patient. https://patient.info/treatment-
medication/blood-tests/blood-tests-to-detect-
inflammation. 
 

ESR >10mg/L 
 

Outside of normal range 
 

Inflammation Blood Tests | ESR, CRP and PV 
Values | Patient. https://patient.info/treatment-
medication/blood-tests/blood-tests-to-detect-
inflammation. 
 

VAS 0-100 scale  0= no pain 
100= severe pain 

MacKenzie, H., Thavaneswaran, A., Chandran, 
V. & Gladman, D. D. Patient-reported outcome 
in psoriatic arthritis: A comparison of web-based 
versus paper-completed questionnaires. J. 
Rheumatol. 38, 2619–2624 (2011). 
 

SJC  Presence or 
absence of 
joint swelling 
(out of 66 
joints) 

Can be used to calculate 
DAS28 and DAPSA 

Mease, P. J., Antoni, C. E., Gladman, D. D. & 
Taylor, W. J. Psoriatic arthritis assessment tools 
in clinical trials. in Annals of the Rheumatic 
Diseases vol. 64 ii49–ii54 (BMJ Publishing 
Group Ltd, 2005) 

TJC Presence or 
absence of 
joint 
tenderness 
(out of 68 
joints) 

Can be used to calculate 
DAS28 and DAPSA 

Mease, P. J., Antoni, C. E., Gladman, D. D. & 
Taylor, W. J. Psoriatic arthritis assessment tools 
in clinical trials. in Annals of the Rheumatic 
Diseases vol. 64 ii49–ii54 (BMJ Publishing 
Group Ltd, 2005) 
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More recently, research has focused on identifying combinations of biomarkers 

to differentiate PsA from PsO.  One study found that high sensitivity C-reactive 

protein (hsCRP), cartilage oligomeric matrix protein (COMP), matrix 

metalloproteinase 3 (MMP-3), osteoprotegerin (OPG) and the ratio of C-

propeptide of type II collagen (CPII) to collagen fragment neoepitopes Col2-3/4 

(C2C ratio) appeared to be biomarkers in people with PsA that had PsO118. 

Another study suggested integrin β5 ( ITGβ5), Mac-2-binding protein (M2BP), and 

CRP as candidate biomarkers for differentiating PsA from PsO and that these 

were better than CRP alone at differentiating the two diseases119. 

 

Based on data showing that combinations of biomarkers might be the way 

forward in PsA diagnosis, Rahmati et al., used computational methods to identify 

clinical and protein markers that could best discriminate PsA from PsO. 

Preliminary data showed that the markers which aided the most substantial 

discrimination between PsA and PsO were CRP, Defensin A1 (DEFA1), Leptin 

(LEP), Sclerostin (SOST), Osteopontin (SPP1), Alpha-globin transcription factor 

CP2 (TFCP2 CPII), tumour necrosis factor receptor superfamily member 11B 

(TNFRSF11B), and nail psoriasis, but these results need to be validated111,120.  

 

In contrast to work showing that people with PsA and PsO have different levels 

of serum proteins, using an affinity-based proteomic platform, Leijten et al., 

showed that these two diseases shared a similar proteomic signature, and have 

suggested that future work should focus on identifying markers in the skin and 

synovial tissues which are associated with disease progression in PsA in people 

with PsO111,121. 

 

As with diagnostic biomarkers, biomarkers predicting prognosis in PsA are not 

well defined. A review of current research has suggested polyarticular onset, 

high ESR at presentation, anti-citrullinated peptide antibody (ACPA) positivity 

and the presence of erosion at plan radiographs as markers of erosive and 

aggressive arthritis122. Another study has suggested plasma antibodies to 

carbamylated-LL37 could be markers of disease activity in PsA123. 
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A systemic review which analysed prognostic biomarkers in terms of treatment 

response in PsA determined that firm conclusions cannot be drawn from the 

contrasting studies available, and that further validation is needed124.  

 

It is clear that biomarker identification in PsA is extremely difficult, but 

researchers have advised that this could be achieved successfully if future 

studies use a collaborative approach, looking at multiple cohorts and multiple 

analytes to produce robust results focused on good quality biomarkers111. 

 

1.4.3 Current treatment strategies in PsA 

Treatment approaches in PsA can be broadly categorised into covering those 

with active PsA who have never been treated and those who have been treated 

before but still have active disease. Treatment guidelines also take into account 

different disease presentations within PsA (e.g whether there are any co-

morbidities)125.  

 

Potential treatments for PsA includes non-biological agents and biological drugs. 

Non-biological agents include conventional disease modifying antirheumatic 

drugs (DMARDs), non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, 

Janus kinase (JAK) inhibitors and phosphodiesterase-4 (PDE4) inhibitors126. 

Biological therapies are a type of DMARD and include TNF-inhibitors, IL-17 

inhibitors and IL23/12 inhibitors.  

 

NSAIDs are mostly focused on symptom management rather than targeting a 

specific part of PsA pathogenesis. Systemic administration of corticosteroids is 

generally not recommended in most cases but have shown promise in treating 

psoriatic plaques when administered topically127.   

 

Current treatment for moderate to severe disease involves a combination of 

DMARDs (such as methotrexate) and biological agents. DMARDs are 

immunomodulatory and immunosuppressive. There is poor evidence available for 

the use of conventional synthetic DMARDs (csDMARDs) in PsA, with conflicting 

data about their efficacy and duration of use. However, methotrexate has been 

shown to outperform sufasalazine, a first line DMARD128,129. 
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Biological drugs such as TNF inhibitors have improved the quality of life of PsA 

patients but the beneficial response in patients has not been long-lasting and 

treatment has been associated with adverse effects86,130,131.  

 

Anti-IL-17 agents have been frequently used in PsA, with these therapeutics 

shown to be very efficacious in this disease86,132 with most benefit being seen in 

the skin pathology rather than the joint pathology of the disease132–134. Although 

beneficial, the use of anti-IL-17 agents has been associated with numerous 

adverse effects such as upper respiratory tract infections and nausea along with 

more severe effects such as neutropenia134. It is clear that longer and larger 

studies are needed to investigate the use of these agents in PsA and determine 

optimal dosage. 

 

As dysregulation of IL-17 signalling is a key feature of numerous inflammatory 

diseases, many treatments have focused on manipulating expression of this 

cytokine. IL-23 is a major cytokine involved in the stimulation of IL-17 

production, and therapies have been developed to either block IL-17 directly or 

to block it upstream through IL-23 blockade. IL-12 is a key cytokine involved in 

Th1 differentiation which shares a p40 subunit with IL-23,but induces the 

differentiation of CD4+ T cells into Th1 cells rather than Th17 cells.135,136.  

Therefore, the two cytokines are closely related but trigger distinct signalling 

pathways. The IL-12/23 receptor is made up of a common receptor chain, IL-

12Rβ1, which is paired with different second chains to allow the two cytokines 

to carry out their differential signalling (Figure 1.5). 

 

It is thought that both IL-12/23 can drive chronic inflammation through IL-12-

induced differentiation of naïve T cells into IFN-γ-producing Th1 cells and IL-23-

induced expansion of Th17 cells.137 Therefore, several treatments have been 

developed to target these two cytokines. The anti-IL-12/IL-23 agent, 

ustekinumab (UST), has been developed to treat both skin and joint pathology in 

PsA, and is looking comparable in terms of efficacy and safety to commonly used 

TNF-inhibitors138. In the PSUMMIT II study, people who had not received TNF 

inhibitors prior to UST responded better than those who had been previously 

treated with TNF inhibitors. This data is believed to indicate that there is a 
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subset of PsA patients with persistent disease mediated through mechanisms not 

directly linked to TNF139. 

 

 

Figure 1.5 IL-23 and IL-12 signalling 
IL-23 is comprised of the IL-23p19 and IL-12/23p40 subunits, whereas IL-12 is comprised of the IL-
12p35 and IL-12/23p40 subunits. IL-23 signals through IL-12Rβ1 and IL-23R, and IL-12 signals 
through IL-12Rβ1 and IL-12Rβ2. IL-12 can stimulate JAK2 and TYK2, which subsequently leads to 
phosphorylation of STAT4. IL-23 triggers phosphorylation of STAT4 through TYK2 stimulation and 
can also stimulate JAK signalling, but primarily signals through STAT3. IL-12 is associated with 
activation of Th17 responses, whereas IL-12 is associated with the activation of Th1 responses. 
Image made on Biorender.com and adapted from Teng et.al., 2015. 
 

JAK/STAT inhibitors are small molecules that target the JAK/STAT pathway 

which is involved in expression of multiple inflammatory cytokines, many of 

which have been implicated in PsA such as the IL-12/23 and IL-17 axis. Among 

the several JAK inhibitors available, there are currently only two that are 

approved for treatment of PsA; tofacitinib and upadacitinib128,140.  Tofacitinib is 

mainly offered to patients who have had an inadequate response or intolerance 

to DMARDs and has been shown to be effective in terms of improvement of 

enthesitis, dactylitis and treatment resistance141. Similarly to tofacitinib, 

upadacitinib  has also proved to be more effective in reducing disease symptoms 
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in PsA in patients who have had an inadequate response or intolerance to at 

least one biologic DMARD142. 

 
The PDE-4 inhibitor, apremilast has shown promise in the treatment of PsA. PDE-

4 is an enzyme involved in the hydrolysis of cyclic adenosine monophosphate 

(cAMP), which mediates a range of anti-inflammatory and pro-inflammatory 

mediators. Apremilast works to block PDE-4, increasing cAMP levels which, in 

turn, suppresses TNF-α production and subsequent pro-inflammatory 

activity143,144. Apremilast has been assessed in large-scale clinical trials and 

shown to be safe and effective across a range of PsA disease phenotypes. 

However, it is significantly more expensive than other therapies, and is likely to 

be a second or third treatment choice143. 

 
It is evident that treatment strategies in PsA are improving, however a lot more 

research and development needs to be done in terms of cost, side effects and 

reducing the amount of different treatments a patient with PsA is prescribed 

through better understanding of disease pathogenesis. 

 

1.4.4 A potential for ANXA1 signalling in PsA? 

As mentioned in previous sections, evidence of a role for ANXA1 in autoimmune 

and inflammatory disease has been widely implicated, with roles in skin and 

joint pathology being frequently alluded to. 

Although limited, there is evidence of a role for ANXA1 in psoriatic disease. One 

study identified ANXA1 as an autoantibody in PsA, with serum expression levels 

of the protein being more than twice that of healthy controls145. Moreover, 

ANXA1 was shown to be localised to the upper layer of the psoriatic epidermis, 

suggesting a role for it in skin pathology. Other studies have supported this idea, 

suggesting that ANXA1 expression may play a role in keratinisation 

disorders146,147. Additionally, ANXA1 was shown to be involved in predicting 

response to anti-TNF therapy in PsA148. Overall, this data provides evidence of 

ANXA1 signalling in the inflammatory response in PsA, through a mechanism that 

is not yet understood.   

Several studies have focused on the role of ANXA1 in the Th17-mediated 

inflammation that is evident in PsA. Yazid et. al. analysed murine models of 
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retinal autoimmune disease and showed that ANXA1-/- mice produced more Th17 

related cytokines in comparison to WT mice. The group further investigated 

patients with uveitis and found that ANXA1 levels were low in these patients 

compared to healthy control patients. High levels of anti-ANXA1 antibodies were 

also seen in the serum of the uveitis patients78. This suggests an anti-

inflammatory role for ANXA1 in Th17-mediated inflammation. In contrast, 

ANXA1-/- mouse models of EAE showed reduced levels of disease compared to WT 

mice and furthermore, ANXA1-/- mice exhibited a reduced Th17 profile and had 

reduced IL-17 production in comparison to WT mice149. However, it is worth 

noting that the majority of the data indicating a role for ANXA1 in Th17-

mediated pathology in PsA is murine data and although promising, this may not 

directly translate to humans.  

 

A role for ANXA1 in arthritic disease has also been suggested. CD4+ T cells in 

patients with RA have increased ANXA1 expression compared to HCs34. ANXA1 

was also found to be released from activated RA synovial fibroblasts (RASF) and 

was associated with matrix metalloproteinase-1 secretion, which is known to 

play a key role in collagen degradation59,79. Contrastingly, Headland et.al. have 

suggested that ANXA1 could play a role in the protection of cartilage in arthritis 

patients generating data showing that ANXA1/FPR2 interactions were associated 

with reduced matrix degradation and inflammatory mediator production in 

animal models of arthritis150. 

 

Recent data has also suggested a role for ANXA1 in reducing pathological bone 

resorption and inflammation. This study additionally showed ANXA1 inhibited 

osteoclast differentiation through suppression of NF-κB signalling and activation 

of the peroxisome proliferator-activated receptor γ (PPARγ) signalling 

pathway151. Interestingly PPARγ plays an important role in the regulation of the 

skin barrier permeability by inhibiting keratinocyte proliferation and promoting 

terminal differentiation of the epidermis. Hence, proteins involved in the PPARγ 

pathway have been suggested as a viable targets for treating psoriatic skin 

pathology152.  

 

The ANXA1 receptors FPR1 and FPR2 have also been implicated in psoriatic skin 

pathology as well as arthritic disease. Blockade of FPR1 in human neutrophils 
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attenuated psoriasis-like inflammation in vivo153, which included a reduction in 

epidermal hyperplasia, neutrophil infiltration into the skin, and transepidermal 

water loss153. Moreover, addition of an FPR1 agonist in the collagen-induced 

arthritis (CIA) murine model of RA, suppressed Th1 and Th17 responses via IL-10 

production. Together, these data suggest a more anti-inflammatory role for FPR1 

in psoriatic and arthritic inflammation. 

 

Contrastingly, Salamah et.al have shown FPR2 to be involved in the development 

of pathogenesis and platelet-mediated complications during psoriasis in mice, 

suggesting a more pro-inflammatory role for FPR2154. Interestingly, addition of 

an FPR2 agonist reduced osteoclastogenesis and inflammation in a mouse model 

of RA and was associated with anti-inflammatory effects in human joint cells81, 

suggesting different roles for FPR2 in skin and joint pathology. 

 

It is evident that the role of ANXA1 and its receptors in PsA pathology are not 

well defined. With most of the data discussed above being in animal models, this 

project aimed to identify whether expression levels of ANXA1, FPR1 and FPR2 

differ in PsA human samples and if expression is linked with any disease-relevant 

features. These data will help improve understanding both of PsA pathogenesis 

but also what role, if any, ANXA1 and its receptors play in PsA. 

 

1.5 ANXA1 signalling in cancer 

1.5.1 The immune system in cancer 

Cancer is initiated through a series of mutations that result in the induction of 

abnormal rates of processes key to survival and growth of tumour cells155. The 

ability of cancer cells to develop ways of mimicking immune tolerance 

mechanisms and avoid detection from the immune system is key in cancer 

progression. Chronic inflammation has been shown to be vital in cancer 

progression through stimulation of cancer cell proliferation and metastasis59,156.  

 

Certain inflammatory cells play more prominent roles at different stages of 

tumour development. For example, NK and CD8+ T cells play a more prominent 

role initially recognising more immunogenic cancer cells and eliminating them. 

These cells have widely recognised anti-tumour properties157,158. Contrastingly, 
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CD4+ T cells are involved in triggering the production of pro-inflammatory 

cytokines such as TNF-a to elicit protective functions from cells such as 

macrophages156,159. 

 

The role that B cells play in cancer has recently been described as multi-

faceted160. Adoptive transfer of B cells into T and B cell deficient mice restored 

premalignant inflammation and angiogenesis alongside other characteristics 

associated with malignancy161. However, the presence of activated B cells in 

tertiary lymphoid structures (TLS) has been associated with improved outcomes 

and treatment response in many cancers, which suggests an anti-tumour role for 

B cells in cancer160,162,163. 

 

Innate immune cells such as neutrophils are also key drivers of cancer-associated 

inflammation and high numbers of these cells has been associated with poor 

prognosis in several forms of cancer, including melanoma164, colorectal cancer 

(CRC)165 and gastric adenocarcinoma166,167. In contrast, in CRC, infiltration of the 

tumour by tumour associated neutrophils (TANs) was correlated with enhanced 

prognosis associated with triggering of infiltration of CD8+ T cells168. 

Interestingly, TANs have also been thought to contribute to the initial 

inflammatory process present during the initiation of cancer. In a mouse 

adenocarcinoma model, TANs were shown to promote the growth of the 

tumour156,169 . 

 

When undetected cancer cells survive and progress to established tumours, they 

manipulate the immune response as they adapt. Cancer cells will recruit specific 

immune cells such as Tregs or pro-tumoral macrophages which can dampen or 

‘switch off’ responses from cells that are primarily tumoricidal156. Tumour- 

associated-macrophages (TAMs) in particular are vital players in the chronic 

inflammatory response that drives cancer progression and have also been 

associated with poor prognosis and reduced survival170. Once activated, 

macrophages can be referred to as the “M1” pro-inflammatory type or the “M2” 

anti-inflammatory type. During the initial stages of tumorigenesis, M1 

macrophages play a prominent role in the removal of cancer cells that trigger an 

immune response. However, as the cancer evolves, TAMs adopt the M2 
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phenotype156,171. TAMs have been shown to support tumour growth in several 

ways such as initiating angiogenesis, and metastasis172,173.  

 

It is evident that different immune cells can play certain roles at all stages of 

tumour progression and that inflammation can be beneficial initially in 

combatting cancer growth but can contribute to its progression if it becomes 

chronic. 

 
1.5.2 ANXA1 and FPR signalling in cancer 

There is a large amount of evidence suggesting a role for ANXA1 in cancer, 

however, much of the data is conflicting. ANXA1 was shown to be upregulated in 

several cancers such as lung, pancreatic and colorectal cancer174–176. 

Contrastingly, cancers such as larynx, prostate and esophageal cancer have been 

associated with a downregulation in ANXA1177–179.  Suggested mechanisms for the 

variability in ANXA1 expression amongst different cancer types include mutations 

or deletions of or epigenetic changes to the ANXA1 gene59,180. 

 

ANXA1 has been evidenced to play a wide range of roles in cancer, including in 

regulation of cellular proliferation, metastasis, modulation of cancer-associated 

signalling pathways and modulation of treatment resistance181, with roles being 

drastically different between cancer types. For example, ANXA1 knockdown in a 

breast cancer cell line resulted in increased tumour cell proliferation and 

growth182, whereas ANXA1 knockdown in human glioblastoma cells significantly 

reduced their tumorigenicity and was associated with inhibition of colony 

stimulation of the cells and leukocyte infiltration. Moreover, human glioblastoma 

cells were shown to overexpress FPR1, and knockdown of both FPR1/ANXA1 

diminished tumour growth even further183, suggesting a role for ANXA1/FPR1 

signalling in this particular cancer type. 

 

A role for ANXA1 in metastasis is implicated in almost all cancer types analysed, 

however results between studies are also contradictory. ANXA1 knockdown in 

invasive basal-like breast cancer cells reduced metastatic activity, and, likewise, 

addition of ANXA1 to these cells promoted metastasis181,184. This process was 

associated with an increase in transforming growth factor β (TGFβ) signalling, 

which is essential for epithelial-mesenchymal transition (EMT) in metastasis. 
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Contrastingly, transfection of ANXA1 into an estrogen-independent breast cancer 

cell line (MDA-MB-231) was associated with a reverse in the EMT phenotype and 

reduced metastasis, through a process that was deemed to be independent of 

TGFβ signalling181,185. 

 

ANXA1 has been suggested as a biomarker in several cancer types186–188 and has 

also been implicated in resistance to treatment181, but again, the research is 

contradictory. In breast cancer cell lines, higher ANXA1 expression was 

associated with drug resistance189, whereas, in pancreatic cancer cell lines, low 

ANXA1 was associated with resistance to treatment190. ANXA1 expression was 

associated with better overall survival in epithelial ovarian cancer, and it has 

been suggested that this could help inform treatment strategies191.  

 
Both FPR1 and FPR2 have been implicated in cancer pathogenesis. Most of the 

data available suggests a pro-tumour role for FPR1 in cancer. High FPR1 

expression corresponds to poor prognosis in neuroblastoma192 and gastric 

cancer193. Moreover, a loss of function mutation in FPR1 had a negative impact 

on metastatic free survival in two breast cancer cohorts194. Similarly, to FPR1, 

FPR2 seems to play a primarily pro-tumour role in cancer. High FPR2 expression 

is associated with poor prognosis in colon cancer195 and epithelial ovarian 

cancer196 and, similarly to FPR1, FPR2 was associated with worse prognosis in 

gastric cancer. Moreover, FPR2 was shown to be functionally involved in 

metastasis and invasiveness in this cancer type197. Studies have stressed the 

importance of ANXA1/FPR signalling in the aggressiveness of several cancers, 

suggesting interactions with ANXA1 and FPR1/FPR2 in the context of several 

cancers, seems to be primarily pro-tumour48. 

 

It seems that ANXA1 and its receptors can mediate diverse pathways in several 

forms of cancer, however, a lot of the available data on ANXA1 is contradictory. 

It is evident that ANXA1 can activate a range of signalling pathways depending 

on the cell type44,198, therefore, further analysis into the exact signalling 

mechanisms of ANXA1 and the FPRs in each cancer type will prove beneficial in 

understanding what role they may play in disease progression. 
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1.6 Multiple myeloma 

1.6.1 Symptoms and pathogenesis of Multiple Myeloma 

Multiple myeloma (MM) is a malignant form of cancer caused by abnormal 

proliferation of terminally differentiated B cells (plasma cells) and occurs 

throughout the bone marrow (BM). If left uncontrolled, production of MM plasma 

cells can ultimately lead to end-organ damage199. MM is the second most 

common haematological malignancy in Europe, with patients having one of the 

longest time-to-diagnosis intervals compared to other cancers; time from 

symptom onset to diagnosis is averaged at 99 days200. 

 

MM initiates as monoclonal gammopathy of undetermined significance (MGUS), 

progressing to smouldering multiple myeloma (SMM), both of which are 

asymptomatic conditions. Each of these conditions can be defined based on the 

levels of plasma cells and immunoglobulin in the BM, blood (MGUS and SMM) and 

urine (SMM). When SMM progresses to MM, the patient is usually symptomatic201. 

Clinical presentation of MM can be described using the  “CRAB” 

acronym (hypercalcemia, renal insufficiency, anaemia, and bone lesions), which 

can be used to distinguish between active, symptomatic and asymptomatic 

MM202.  

 

Due to the numerous clinical presentations of MM, a range of symptoms are 

experienced. Abnormal proliferation of plasma cells can damage the bone, 

leading to symptoms such as pain and, occasionally, fractures. An 

overabundance of plasma cells in the BM minimises space for other blood cells to 

form, causing symptoms such as anaemia (fewer red blood cells) and increased 

susceptibility to infections (fewer white blood cells). Hypercalcemia occurs in 

MM when the bones are damaged, and calcium is released into the blood. Too 

much calcium in the blood can cause tiredness, nausea and drowsiness. More 

severe symptoms of MM include spinal cord compression and decreased kidney 

function. The former is due to the large amount of plasma cells in the BM, 

whereas the latter is due to a build-up of the light-chain immunoglobulin part of 

the abnormal antibodies (M proteins) produced by the MM plasma cells. The light 

chain immunoglobulin (termed Bence Jones protein) can damage the kidneys as 
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it passes through the blood into the urine and can also subsequently, be 

measured in the urine203. 

 

MM disease progression is triggered by a combination of genetic, epigenetic and 

biological events204 (Figure 1.6). Initiation of MM is thought to occur in the 

germinal centre during B cell class switching and somatic hypermutation. 

Primary translocations are initiated by breaks in double stranded DNA, which 

leads to abnormal fusions with other breaks. Translocations that have been 

identified in MM involve the immunoglobulin heavy chain (IgH) gene loci, with 

the majority being associated with the IgH gene locus at chromosome 

14204,205.Translocations involving oncogenes can result in their increased 

expression, contributing to disease progression and resistance to therapy. For 

example, the t(14;4) translocation is linked with an upregulation in fibroblast 

growth factor receptor 3(FGFR3), which is associated with poor prognosis and 

resistance to certain treatments in MM206. Primary translocations are thought to 

occur early in the disease pathogenesis, followed by secondary translocations 

later on that contribute to disease progression, alongside other factors such as 

increased angiogenesis207,208.  

 

Somatic mutations are also common in MM, although frequencies vary amongst 

patients. Frequently mutated genes include BRAF, FAM46C, and DIS3, as well as 

structural variants of the MYC oncogene. Aberrant activity of MYC is associated 

with genomic instability and disease progression. Epigenetic changes such as 

aberrant DNA methylation are common in MM. Studies have reported epigenetic 

inhibition of tumour suppressor genes in MM, with methylation status being 

associated with overall survival and prognosis209. 

 

The BM microenvironment composition is key for MM progression. Bone marrow 

stromal cells (BMSCs) aid in growth of MM cells and their homing and retention in 

the BM. Interaction between MM cells and the BM microenvironment results in 

secretion of a range of cytokines (IL-6, TNF-α) and growth factors (B-cell 

activating factor (BAFF), vascular endothelial growth factor (VEGF), that 

regulate growth, proliferation, migration and treatment resistance in MM cells. 

Secretion of factors such as BAFF stimulates the nuclear factor kappa B (NF-κB) 

pathway, which is associated with promotion of survival, and proliferation of MM 
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cells. Additionally, interaction between MM cells with BMSCs and bone forming 

cells (osteoblasts) can increase the production of osteoclastic stimuli such as 

receptor activator of NF-κB ligand (RANKL) and increase bone resorbing cell 

(osteoclast) activity, contributing to MM bone disease205,210,211. 

 

The BM microenvironment can also mediate suppression of the immune system, 

particularly immune responses led by CD8+ T cells and NK T cells205. Although MM 

is characterised as a plasma cell neoplasm, the role of B cells in this suppressive 

state is not yet fully understood. Recently, Bregs have been suggested to confer 

immunosuppressive roles in myeloma by production of IL-10. These Bregs were 

also upregulated in the BM at the time of MM diagnosis and downregulated at the 

time of response to therapy212,213.Treatment outcomes in MM have improved, but 

the disease remains incurable and therefore, more research needs to be 

undertaken to identify new biomarkers and therapeutic targets213. 

 

Figure 1.6 MM pathogenesis 
MM initiates from healthy plasma cells, progresses to asymptomatic MGUS and SMM before 
progressing to symptomatic MM. Primary genetic abnormalities play key roles in the early stages of 
MM pathogenesis, whereas secondary genetic abnormalities are key for progression from 
MGUS/SMM to MM. The BM microenvironment plays key roles in promoting growth and survival of 
MM cells through the release of various growth factors and cytokines. 
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1.6.2 Current biomarkers in MM 

There are currently several diagnostic and prognostic biomarkers used in MM, 

each measured using range of procedures (BM biopsy, urine and serum analysis, 

karyotyping, Fluorescent In Situ Hybridisation (FISH) and imaging).  Levels of 

clinical markers such as serum and urine M protein and serum calcium, 

haemoglobin and creatinine in addition to specific cytogenetic abnormalities 

(translocations) are used for both staging of MM and informing treatment plans. 

Although informative, this method of determining prognosis can be inconsistent 

and non-specific. M protein is only detected in 18% of MM patients and β2-

microglobulin (high serum levels in MM) levels can be swayed by various other 

factors that are independent of MM pathogenesis214. Therefore, much research 

has focused on finding better, more reliable diagnostic and prognostic 

biomarkers for MM. 

 

Genomic biomarkers are extensively used in determining diagnosis and prognosis 

in MM. Copy number variations (CNV) detected by FISH (gain or loss in 

chromosome arms), alongside translocations are key in MM pathogenesis. MM can 

be divided into two main subtypes based on chromosome copy number 

alterations: hyperdiploid and non-hyperdiploid.Hyperdiploidy (gains in complete 

chromosomes) is common in MM, and is considered a primary event in this 

disease, alongside translocations. Hyperdiploidy alone has a favourable prognosis 

in MM, whereas nonhyperdiploid events (e.g translocations and chromosome 

deletions) are associated with worse prognosis215,216.  

 

The prognostic value of MM chromosomal translocations varies. T (4;14) has been 

associated with poor prognosis in MM, however, treatment with protein 

inhibitors such has bortezomib has been shown to improve outcomes in patients 

with this translocation. Contrastingly, other chromosomal translocations such as 

t(14;20) and t(14;16) as well as loss of the small arm of chromosome 17 (17p) 

are associated with worse prognosis despite advances in treatments216,217.  

 

Gene mutations are also extremely common in MM. Results of several studies 

identified the MAPK pathway, which includes KRAS, NRAS, and BRAF genes, as 

the most commonly mutated in MM216,218–220. The prognostic impact of mutations 
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in this pathway are not well understood. Recent data showed that two patients 

with the BRAF-V600E mutation had achieved a sustained response to the BRAF 

inhibitor vemurafenib, suggesting that patients with this mutation could benefit 

from targeted treatment, however, more data is needed to determine this216,221. 

Mutations in other genes associated with DNA repair such as TP53, ATM and ATR 

are also associated with poor prognosis in MM, whereas mutations in genes such 

as IRF4 and EGR1, which are associated with plasma cell differentiation, are 

associated with a more favourable prognosis216,218,222,223. 

 

Recent research has focused on the potential of other blood biopsies for MM 

diagnosis and prognosis. In MM, a BM biopsy is the gold standard for diagnosis, 

but this can be extremely painful and invasive. It also does not inform prognosis 

as well as other markers. Research has focused on looking at circulating tumour 

cells (CTCs) or circulating tumour DNA (ctDNA) in the peripheral blood of MM 

patients as prognostic tools. Results have shown these methods can accurately 

detect a range of mutations in other cancers compared to standard methods, as 

well as serving biomarkers of diagnosis, prognosis and treatment response 

markers224,225. More recently, higher levels of CTCs have been associated with 

worse survival, especially in patients with active disease relapse226,227. Limited 

studies have looked at ctDNA and have shown promising results. Genetic 

abnormalities were concordant between cDNA and BM samples, however, this 

was only assessed in 10 patients216,228. 

 

Assessment of predictive biomarkers in immunotherapy is also underway. 

Immunotherapy is common in MM and includes monoclonal antibodies that target 

specific antigens. Antibodies which target the immune checkpoint proteins such 

as programmed cell death protein 1(PDL-1) have shown promise in cancers such 

as Hodgkin lymphoma229. Moreover, PD-1 has been shown to be highly expressed 

in relapsed disease in MM. Bustoros et.al. have determined that it is unlikely 

that a single biomarker will be efficient in predicting treatment response in MM; 

rather, integration of multiple genetic, protein and transcriptomic 

parameters216. 
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1.6.3  Current treatment strategies in MM 

Treatment regimens in MM usually consist of a combination of either proteasome 

inhibitors, immunomodulatory agents and monoclonal antibodies with a 

chemotherapeutic drug and/or a corticosteroid230. 

 

Proteasome inhibitors work to inhibit one or more subunits of the 26S 

proteasome, which can result in the degradation of parts of the NF-κB signalling 

pathway, endoplasmic reticulum stress and modification of the BM 

microenvironment, reducing the survival of MM cells231. Bortezomib is a 

commonly used proteasome inhibitor and has generally improved overall survival 

and progression free survival in MM patients232,233. The proteasome inhibitor 

carfilzomib in combination with dexamethasone produced better response rates 

in refractory MM patients compared to those treated with bortezomib 

alone230,234. 

 
Immunomodulatory drugs such as thalidomide and lenalidomide work by 

triggering the degradation of the B cell transcription factors Ikaros (IKZF1) and 

Aiolos (IKZF3)235 and have had a major impact in the treatment of MM. 

Lenalidomide in combination with a steroid (dexamethasone) is an approved 

treatment in those with newly diagnosed and relapsed or refractory MM. 

Moreover, continuous administration of lenalidomide and dexamethasone was 

shown to enhance survival outcomes in newly diagnosed MM patients compared 

to a fixed-term treatment230,235.  

 

Monoclonal antibodies have shown even further promise with regards to 

treatment response rates. The anti-CD38 antibody, daratumumab had an overall 

response rate of 93% when combined with lenalidomide and dexamethasone 

compared to 30% as a single agent230,236. Additionally, combination of 

pembrolizumab (targeting PD-1) with lenalidomide and dexamethasone in 

relapsed/refractory MM patients resulted in an overall response rate of 

73%230,236. 

 
With high dose therapy (HDT) and autologous stem cell transplantation being the 

standard treatment for most newly diagnosed MM patients, much research is 

focusing on finding new treatments that are both less invasive and elicit fewer 
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side effects230. Moreover, overall survival data is uncertain for a number of 

combination therapies used in MM treatment due to a lack of long-term follow 

up data, which won’t be available for several years. More research  is needed to 

improve understanding of MM disease pathogenesis and treatment response, as 

well as identifying molecular subtypes of MM patients that are likely to benefit 

long-term from certain targeted therapies237. 

 

1.6.4 A role for ANXA1 signalling in MM? 

Evidence of a role for ANXA1 and FPR1/FPR2 in MM is limited, however, there 

are some studies suggesting that ANXA1 is involved in modulating response to 

treatment, specifically to bortezomib. Knockdown of ANXA1 both in vivo and in 

vitro was shown to amplify the anti-tumour effects of bortezomib. Cell apoptosis 

was enhanced in ANXA1 knockdown MM cells treated with bortezomib compared 

to ANXA1 knockdown or bortezomib treated only cells. Moreover, ANXA1 

downregulation was shown to enhance bortezomib-mediated anti-inflammatory 

actions (decreased IL-6 and IL-23) in MM cells and was also associated with a 

downregulation in p-STAT, a key regulator of cell survival238.  Additionally, 

studies looking at the role of hypoxia-inducible factor-1α (HIF-1α) in MM disease 

progression showed that HIF-1α was associated with a resistance to the anti-

angiogenesis effect mediated by bortezomib or lenalidomide and that silencing 

of HIF-1α was also associated with a downregulation in ANXA1239. Overall, these 

data suggest that ANXA1 could play a pro-inflammatory, pro-survival role in MM 

disease progression, which in turn, could affect responses to treatment, 

particularly with bortezomib.  

 

The limited data available for FPR1 and FPR2 in MM suggests a similar role for 

these receptors in disease pathogenesis. Studies in mouse models engrafted with 

a MM cell line showed that blockade of FPR1 reduced MM tumour burden240. 

Analysis of gene interactions from a MM database showed that FPR2 was amongst 

the top 10 significant hub genes (indicating that it has interactions with many 

other genes in these samples), suggesting that FPR2 signalling is key in these MM 

samples241. 
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Although a role for ANXA1 and FPR1/FPR2 has been implicated in several cancer 

processes, it is evident that the role these proteins play in MM is not well 

defined. Based on this, and the fact that the majority of data suggesting a role 

for these proteins in MM is in cell lines, this project aimed to analyse expression 

levels of ANXA1, FPR1 and FPR2 in MM patient samples. Furthermore, the project 

aimed to identify whether ANXA1, FPR1 and/or FPR2 expression is correlated 

with any disease-relevant features such as survival and prognosis, to improve 

understanding of these three proteins and their potential role in MM.  
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1.7 Hypothesis and Aims 

ANXA1 is a key signalling protein involved in the immune response, and has an 

established anti-inflammatory role in innate immunity, with a less defined role 

in adaptive immunity. Dysregulation of ANXA1 has been implicated in a range of 

inflammatory diseases and cancers. Moreover, the ANXA1 receptors, FPR1 and 

FPR2, have been implicated in these diseases and have been suggested as 

markers of both survival and treatment response. Despite the wide range of 

diagnostic tests and therapeutics available, there are many forms of 

inflammatory disease and cancer in which identification of new biomarkers and 

therapeutic targets is essential. Two prime examples of this are the 

inflammatory disease, psoriatic arthritis (PsA,) and the B cell neoplasm, multiple 

myeloma (MM). Despite some evidence, the role of ANXA1, FPR1 and FPR2 in 

these two diseases remains widely unexplored. The overall hypothesis of this 

study was: ANXA1 signalling (via FPR1/FPR2) in distinct immune cell subsets is 

involved in the pathogenesis of PsA and MM. Additionally, this project was in 

collaboration with Medannex Limited, who have generated an anti-ANXA1 

antibody, (MDX-124), which added an additional hypothesis: blockade of ANXA1 

via a novel monoclonal antibody can alter its inflammatory response. 

 

In addressing this hypothesis, aims were broadly divided into two sections: 

assessment of the role of ANXA1 signalling in PsA and MM and assessment of the 

impact of addition of MDX-124 to healthy and inflammatory cells. 

 

To address these hypotheses, this PhD project aimed to: 

 

• Assess if protein expression levels of ANXA1, FPR1 and FPR2 on a range of 

immune cell subsets and/or gene expression of these markers in PsA and 

MM are associated with disease pathogenesis in terms of factors such as 

prognosis and overall survival. 

 

• Investigate key disease-associated signalling pathways for ANXA1, FPR1 

and FPR2 involvement in PsA and MM 
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• Determine the effects of addition of MDX-124 to healthy and inflammatory 

cells.  
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Chapter 2 Materials and methods 

2.1 Patients and controls 

Peripheral blood mononuclear cells (PBMCs) were obtained from buffy coats 

(Scottish blood transfusion service), leukocyte cone samples (Newcastle NHS 

blood transfusion service) or peripheral blood from healthy volunteers (Sir 

Graeme Davies building, GBRC). Patient and healthy volunteer samples were 

collected in tubes with a lithium heparin anticoagulant. Psoriatic Arthritis (PsA) 

samples were obtained from Glasgow Royal Infirmary or Gartnavel General 

hospital clinics, and Multiple Myeloma (MM) samples were obtained from 

Gartnavel General hospital. All samples were taken from individuals with 

informed consent by a trained phlebotomist.  PsA patients were clinically 

classified as having active disease (using DAS28 or DAPSA clinical disease scores, 

number of swollen joints, number of painful/tender joints, CRP & ESR levels). 

Appropriate ethical approval was in place.  

2.2 Cell isolation, culture and treatment 

2.2.1 Peripheral blood mononuclear cell isolation  

Buffy coat samples were diluted 1:1 (fresh healthy control and patient sample 

blood was undiluted) in sterile PBS (Gibco, 14190-094) and layered using 

Histopaque-1077 (Sigma, H8889). This was centrifuged, for density gradient 

separation, at 2100rpm for 21 minutes with no break. This allows the blood to 

form several layers in the tube, consisting of erythrocytes at the bottom, 

followed by a layer of Ficoll and the peripheral blood mononuclear cell (PBMC) 

layer on top of the Ficoll. All centrifugation steps were conducted at room 

temperature, with a swingout rotor.   

The final layer on top of the PBMCS is plasma, with the PBMC layer forming 

directly below. Using a Pasteur pipette, the plasma layer was removed to within 

1cm of the PBMC layer and either discarded or frozen in 1ml aliquots at -80°C 

for future analysis. The buffy coat layer was removed using a Pasteur pipette 

and transferred into a fresh 50ml falcon tube. PBMCs were then washed twice in 
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sterile PBS (400g, 10 minutes). If the cell pellet was particularly red (red blood 

cell contamination), the pellet was resuspended in 3mls of 1X red cell lysis 

buffer (Stem cell, 20110) for 3 minutes at room temperature, followed by a 

further wash in PBS (400g, 10 minutes).  

For counting, PBMCS were resuspended in 10-20mLs of PBS depending on pellet 

size. For dead cell exclusion, 10 µl of tryphan blue was mixed with 80µL of PBS 

and this was further combined with 10 µl of cells (1:10 dilution, which was 

adjusted depending on cell density). 10µl of this cell dilution was added to a 

haemocytometer and a light microscope was used to count the cells (EVOS, 

Thermofisher Scientific; UK). PBMCS were washed again in PBS (400g, 10 

minutes) and resuspended in the appropriate buffer at an appropriate dilution 

for further analysis. Cells to be used for future analysis were frozen in 20% DMSO 

in Foetal bovine serum (FBS) and slowly frozen in the Thermo Scientific™ Mr. 

Frosty™ Freezing Container overnight before being transferred to corresponding 

boxes in the -80 °C freezer. 

For myeloma patient samples, bone marrow samples did not require density 

separation due to the fragility of the sample. Cells were first placed in red cell 

lysis buffer and lysed as previously mentioned, then washed at room 

temperature (300g x 10 minutes) before use.  

 

2.2.2 CD14+ primary monocyte isolation  

PBMCs were isolated as previously mentioned. Cells were counted, washed in 

PBS and resuspended in cell separation buffer (CSB, see appendix). Monocytes 

were extracted using CD14 positive selection beads (Miltenyi Biotec, 130-050-

201), according to the manufacturer’s guidelines. CD14 is the lipopolysaccharide 

(LPS) receptor and is preferentially expressed on monocytes and macrophages242. 

In brief, prior to isolation, cells were centrifuged at room temperature (300g for 

10 minutes), the supernatant aspirated, and cells resuspended in 80 µL of CSB 

and 20 µl of CD14 beads per 10⁷ cells. This solution was mixed and placed in the 

fridge for 15 minutes. Cells were washed in CSB (1−2 ml per 10⁷ cells) to remove 

any excess beads by centrifuging at room temperature (300g for 10 minutes). 
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The supernatant was aspirated, and cells were resuspended in CSB (Up to 10⁸ 

cells in 500 µl). For higher and lower cell numbers buffer volume was scaled 

accordingly.  

For isolation of CD14+ monocytes, an LS column (Miltenyi Biotec, 130-042-401) 

was placed in the magnetic field of a MidiMACS (Miltenyi Biotec) separator. A 

15ml tube was placed below the column for collection of fluid. The LS column 

was rinsed with 3ml of CSB, then the cell suspension was added to the column. 

The column was washed a further 3 times (3mls CSB) and the negative fraction 

collected in a tube below. The column was removed from the magnetic field and 

placed on top of a 15ml tube. The plunger was pushed firmly into the column 

and the CD14+ cells were removed into the tube below. A purity check was 

carried out to verify that the separation from the kit was efficient before 

continuing with further donors.  

 

2.2.3 Isolation of primary monocytes by CD16 and CD14 positive 
selection 

In order to compare the four different monocyte populations (CD14+CD16+, 

CD14+CD16-, CD14-CD16-.CD14-CD16+) a double isolation was carried out using 

both the CD14 kit mentioned above and a CD16 positive selection kit from the 

same manufacturer (Miltenyi Biotec,130-091-765). The CD16 positive selection 

was carried out first as this way was determined to work better at detecting the 

populations with fewer numbers (CD16+CD14+). PBMCs were isolated as 

mentioned previously and resuspended in CSB.  

In brief, a depletion step was carried out before isolation of CD16+ monocytes. 

This involved removal of CD15+ granulocytes and CD56+ NK cells as both cell 

types express CD16. Prior to isolation, cells were centrifuged at room 

temperature (300g for 10 minutes) the supernatant aspirated, and cells 

resuspended in 300 µL of buffer per 108 cells.100 µL of both FC receptor (FCR) 

blocking reagent and of Non-Monocyte Depletion Cocktail were added per 108 

cells. FCR blocking reagent is used to decrease non-specific binding of beads to 

the monocytes and hence improves the specificity of the labelling.  As 

previously, buffer and bead volumes were scaled up appropriately. Cells were 
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mixed well with the buffer and beads and incubated in the fridge for 15 minutes. 

Cells were washed in CSB (5−10 ml per 108 cells) to remove any excess beads by 

centrifuging at room temperature (300g for 10 minutes). The supernatant was 

aspirated, and cells were resuspended in CSB (Up to 1.25 10⁸ cells in 500 µl. For 

higher and lower numbers buffer volume was scaled accordingly).  

For depletion, an LD column (Miltenyi Biotec, 130-042-901) was placed in the 

magnetic field of a MidiMACS separator. A 15ml tube was placed below the 

column for collection of fluid. The LD column was rinsed with 2ml of CSB, then 

the cell suspension was added to the column. The column was washed a further 

2 times (1ml CSB) and the negative fraction collected in a tube below. This 

fraction contains the unlabelled monocytes. Cells were washed in CSB at room 

temperature at (300g 10 minutes), supernatant aspirated and cells resuspended 

in 400µl of CSB.  

For isolation of CD16+ cells,100 µl of CD16 microbeads was added to the cells. 

This solution was mixed and incubated in the fridge for 15 minutes. Cells were 

washed in CSB (5−10 ml) to remove any excess beads by centrifuging at room 

temperature (300g for 10 minutes). The supernatant was aspirated, and cells 

were resuspended in CSB (Up to10⁸ cells in 500 µl. For higher and lower numbers 

buffer volume was scaled accordingly).  An LS column was placed in the 

magnetic field of a MidiMACS (Miltenyi Biotec) separator and separation was 

carried out as mentioned previously.  

When both a CD16 positive and negative fraction were obtained, a further CD14 

positive selection was carried out on each of the fractions in order to obtain the 

different monocyte populations. A purity check was carried out to verify that the 

separation from the kit was efficient before continuing with further donors. 

2.2.4 LPS treatment of primary monocytes 

To investigate the effects of MDX-124 on primary monocytes in an inflammatory 

setting, 100,000 cells from the populations isolated above were plated and 

incubated with or without 100ng/ml of MDX-124 overnight. The following day 

10ng/ml of Lipopolysaccharide (LPS, InvivoGen, Ultrapure from Escherichia.Coli-

K12) was added to the cells for 24 hours (hrs). LPS is widely recognized as a 
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potent activator of monocytes/macrophages, and its effects include an altered 

production of key mediators, such as inflammatory cytokines and chemokines. 

Following LPS incubation, supernatant was taken from the cells and centrifuged. 

Supernatant was aliquoted and stored at -80 until further analysis. 

The duration of LPS stimulation and dosage were both optimised using CD14+ 

monocytes only before stimulation with all of the monocyte populations isolated 

above. 

2.2.5 Differentiation and treatment of THP-1 cell line 

THP-1 cells were obtained from ATCC (ATCC® TIB-202TM). These cells originate 

from a patient with acute monocytic leukaemia and have been used widely in 

the literature to investigate the function and regulation of monocytes and 

macrophages243. The cells were maintained in complete RPMI 1640 (cRPMI- see 

appendix) medium in a 37°C, 5% CO2 incubator. The medium was changed twice 

a week.  

 

To obtain cells that mimicked macrophage biology, THP-1 cells were 

differentiated using 50ng/ml of 12- phorbol 13-myristate acetate (PMA) for 3 

days, then rested for a further 4 days. This allowed the cells to mature into 

adherent, spindle-shaped, macrophage-like cells. Cells were also assessed for an 

upregulation in the macrophage markers CD11b and CD14. 

 

100ng/ml of MDX-124 was added to THP-1 cells to determine any baseline 

effects the antibody might have on these cells. MDX-124 was added for 24,48 

and 72 hours. Cells were detached from the tissue culture plate using accutase 

(Sigma, A6964), washed in PBS and stained for expression of macrophage 

markers (CD11b and CD14) at each time point. To determine if the antibody had 

any effect on the macrophage differentiation process, cells were stimulated 

with PMA as previously described, and MDX-124 was added for 3 or 7 days. Cells 

were assessed under the microscope for macrophage-like appearance and 

stained for surface expression of CD11b, CD14 and other markers of interest.  
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2.3 MDX-124  

MDX-124 is a humanised, monoclonal, anti-ANXA1 antibody owned by the project 

industry collaborators, Medannex Limited. The ultimate aim of the company is to 

develop MDX-124 as a treatment (targeting ANXA1) for use in the clinic. Due to 

MDX-124 still being in development, different conditions such as buffer and 

storage temperature were still under optimisation between batches (various 

production methods were optimised by collaborating companies).  

 

2.3.1 MDX-124 development timeline 

Monoclonal antibodies can exhibit several macro and micro-heterogeneities that 

can affect their efficacy and safety244.  Optimisation of MDX-124 storage and 

buffer conditions were optimised at Medannex. Initially MDX-124 was produced 

through a transient expression method in mammalian cells, which is common for 

small scale protein production, but can  lead to heterogeneity between 

batches245. The first batch of MDX-124 (denoted as Batch 1 in results chapter 3, 

figure 3.3) used in the project was manufactured by Fusion antibodies. This 

batch was provided in phosphate buffered saline (PBS). PBS was chosen as a 

buffer due to it being widely available and having a wide buffering capacity at 

pH neutral conditions. The buffer also contains no components that would 

potentially interfere with biological or in-vivo assays. Batch 1 was stored at 2-

8°C as Medannex were unsure of the effect of freeze/thaw cycles on antibody 

stability.  

After various stability and quality control (QC) tests were carried out (methods 

section 2.3.2) by Medannex, long-term storage of MDX-124 at -20°C was 

determined as stable (Batch 2, results chapter 3, figure 3.3). 

As MDX-124 was developed, it transitioned from being produced by a transient 

cell line (mammalian cells), to production through more a stable expression 

method in Chinese hamster ovary (CHO) cells. CHO cells are widely used in 

therapeutic antibody production due to their ability to produce stable proteins 

in a cost-efficient manner245. Specialised stability studies (methods section 

2.3.2), in which several storage conditions and buffer formulations were 
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assessed. Data was then analysed to identify the best combination of buffer and 

pH that gave the best stability profile (in this case 8% sucrose, 20mM histidine, 

0.01 % polysorbate pH 6.3).  

Monoclonal antibody production using stable transfection methods as this is a 

requirement for Good manufacturing process (GMP) manufacture. Stable cell line 

expression of the antibodies provides more consistency between batches, 

whereas transitory expression can sometimes lead to batch inconsistences246. 

This process required a specialized GMP compliant company, and hence Fuji 

were chosen for this. Fuji carried out a series of stability tests which required 

MDX-124 to be in a tailor-made formulation (8% sucrose, 20mM histidine, 0.01 % 

polysorbate pH 6.3). Higher concentrations (30mg/ml) of the antibody per 

volume were also used compared to the previous, lower concentrations 

(<10mg/ml) as Fuji showed this concentration in the new buffer was more 

suitable for the distribution of the antibody in the clinic.  The new antibody 

batch was aliquoted and frozen at -80°C for long-term storage. With labelling, 

the antibody was thawed and was stored in the fridge after conjugation (batch 

3, results chapter 3, figure 3.3).   

2.3.2 Quality control tests carried out on MDX-124 by Medannex 
Limited 

MDX-124 went through an extensive optimisation process (conducted by 

Medannex), whereby which analysis methods were optimised to ensure that 

results were accurate and reproducible each time the antibody material was 

tested. 

 

In brief, analytical methods used included: 

 

• Size exclusion chromatography (SEC) to measure protein purity by 

measuring the amount of aggregates and monomer (antibody aggregation 

can alter their biological activity and poses several safety concerns when 

used therapeutically247). 

• ELISA binding to measure the affinity of the antibody binding to ANXA1 
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• Imaged capillary isoelectric focusing (icIEF), which separates proteins by 

charge. This was used both to identify MDX-124 and associated (lot-to lot) 

variants, as well as monitoring the stability of MDX-124.  

• Reduced and non-reduced capillary electrophoresis for MDX-124 

identification and characterization between batches   

• Glycan profiling (surface glycan on antibodies can depending on the 

nutrients fed to the mammalian cells) 

• Detection of other impurities left over from manufacturing such as 

mammalian host cell protein and DNA residue and residual methotrexate 

(used a as a cell selective agent) as well conducting as protein A affinity 

purification methods.  

 

Once these tests were established, Medannex could then identify MDX-124 batch 

to batch differences as well as identifying any changes in MDX-124 due to 

degradation. 

 

2.3.3 MDX-124 conjugation 

It is essential for the antibody conjugation process to occur in a buffer free of 

primary and secondary amines. Notably, histidine, which is part of the MDX-124 

storage buffer, is an amino acid that contains secondary amines248, and is 

therefore not compatible with the conjugation process. To overcome this issue, 

proteins are frequently buffer-exchanged into PBS before conjugation249.  

A buffer exchange was therefore carried out on MDX-124 produced from the CHO 

cell line mentioned above, and the antibody was placed in PBS before labelling 

with AF647.The buffer exchange was carried out according to the 

manufacturer’s instructions (ThermoFisher Scientific). In brief, Zeba™ Micro Spin 

Desalting Columns (ThermoFisher) were used to process the antibody through a 

series of centrifugation steps in which MDX-124 was transferred from the 

histidine-sucrose buffer formulation into PBS. 

MDX-124 and isotype (Biolegend,403502) antibodies were conjugated in house 

using the AF647 labelling kit and protocol from Thermo Fisher250. In brief, a 1 M 

solution of sodium bicarbonate was made by adding 1ml of deionised water to 

the vial of sodium bicarbonate provided in the kit and mixing. Both MDX-124 and 
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isotype antibodies were labelled at a concentration of 1mg/ml. 10ul of the 

1Molar solution of sodium bicarbonate was mixed with 100ul of MDX-124(at 

1mg/ml) This mixture was then transferred to a vial of reactive AF647 dye 

provided, gently mixed, capped and stored at room temperature in the dark for 

1 hour. The vial was gently inverted several times every 15 minutes to increase 

labelling efficiency. 

For purification of the labelled antibody, spinning columns were prepared. 

Columns were placed on top of a 6ml polystyrene tube and 1ml of purification 

resin was added to each spin column (one per antibody). A further 500ul of 

purification resin was added to the column and the column (and tubes) were 

centrifuged at room temperature (1100g for 3 minutes). The buffer at the 

bottom of the polystyrene tube was discarded. After labelling was completed, 

labelled antibodies were added to the spinning columns and centrifuged at room 

temperature (1100g for 5 minutes). The labelled antibodies were then collected 

and stored appropriately (2-8°C). 

 

2.3.4 Apoptosis assay 

In order to ensure 100ng/ml of MDX-124 was not inducing cell death, an 

apoptosis assay was carried out using PBMCs obtained from buffy coat samples. 

The Annexin V staining kit (for flow cytometry analysis) from Invitrogen works to 

detect the presence of phosphatidyl serine (PS) on the surface of apoptotic cells 

using an anti-Annexin V protein. Annexin V is a calcium dependent phospholipid 

binding protein which binds PS with high affinity, allowing for detection of cells 

undergoing apoptosis251. The kit also contains propidium iodide (PI), a nuclear and 

chromosome counterstain. The ability of PI to bind to its target depends on the 

permeability of the cell membrane. Therefore, it cannot stain live or early 

apoptotic cells but has the ability to stain cells undergoing late apoptosis or 

undergoing another form of inflammatory cell death called necrosis252(Figure 2.1). 
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Figure 2.1 Principles of the Annexin V staining apoptosis assay.                                               
In a normal (non-apoptotic, non-necrotic) cell, PS remains unexposed within the phospholipid 
bilayer of the cell, Annexin v does not bind to it and there is no fluorescent signal. During early 
apoptosis, PS is exposed at the surface of the cell membrane, allowing fluorescently labelled 
Annexin V to bind to it (in the presence of calcium) producing fluorescent staining. At this stage, the 
cell membrane is still impermeable to fluorescently labelled PI. During late apoptosis or necrosis, 
the cell membrane becomes more permeable and allows fluorescently labelled PI to enter the cell 
and bind to its nuclear target, causing fluorescent staining. Image made using Biorender.com. 
 

PBMCs were isolated as previously mentioned, diluted to 1 million cells per ml, 

and plated onto a 24 well tissue culture plate. For optimisation of the assay 

(before addition of MDX-124), cells were stimulated with either 50ng/ml or 

100ng/ml of phorbol 12-myristate 13-acetate (PMA) and incubated at 37°C 

either overnight or for 4 hours to determine the best conditions to induce 

apoptosis. The overnight stimulation with 50ng/mL of PMA resulted in a 

consistent increase in both early and late apoptotic cells compared the other 

conditions. This condition was therefore used for subsequent experiments. 

 

Once the assay was optimised, 100ng/ml of MDX-124 was added to PBMCs 

treated with 50ng/ml of PMA and incubated overnight. PBMCs were transferred 

from the tissue culture plate into flow cytometry tubes and staining was carried 

out  according to the protocol from Invitrogen253 
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In brief, PBMCs were transferred to 6ml polystyrene tubes and washed (400g for 

5 minutes) once in PBS followed by another wash in 1X annexin binding buffer 

(Invitrogen, V13246). For staining, PBMCs were resuspended in 1X annexin 

binding buffer at 1x106 per ml. 5µl of Annexin V (FITC) antibody was added to 

the respective tubes. Anti-CD3 (AF700), anti-CD4 (V500) and anti-CD8 (APC Cy7) 

antibodies (3µl per well) antibodies were added to detect T cells. Unstained 

PBMCs were used as controls for the staining and PBMCs were heat killed at 65°C 

for 5 minutes as a control for necrosis. PBMCs were vortexed and incubated with 

the antibodies at room temperature (15 minutes in the dark). The cells were 

washed again in 1X annexin binding buffer. 5µl of PI stain was added to the 

PBMCs directly prior to analysis on the BD Bioscience LSRII flow cytometer. Data 

was then analysed using FlowJo (v10.6.1) Software.  

 

2.3.5 Seahorse metabolomics assay 

In order to determine if MDX-124 was affecting the metabolic profile of cells a 

metabolic stress assay was conducted on the Seahorse machine at the Beatson 

institute. PBMCs were isolated as previously stated.  Initially all PBMCs were 

used but due to variation in results because of the different cell populations 

present, solely monocytes were used for future experiments. Monocytes were 

isolated by other members of the Goodyear group using the CD14 negative 

selection kit from Stem cell technologies254.  

 

The day before the PBMC/monocyte isolation, cell Tak solution was prepared at 

a concentration of 1.21mg/ml for binding of the cells to the seahorse plate. The 

solution was pH’d between 6-8 and 25 µl of it was added per well of the 

seahorse plate.  The plate was then incubated at room temperature for 30 

minutes, washed twice with water and left overnight to dry (room temperature). 

On the day of isolation, the drug cartridge for the Seahorse machine was 

hydrated by adding 200µl of Seahorse calibrant per well.  This was wrapped in 

parafilm and left to incubate overnight at 37°C in a CO2 free incubator. Isolated 

monocytes were plated at 1 x 105 100µl in the seahorse (96 well) plate. The 

plate was then centrifuged (200g no brake for 2 minutes) and this was repeated 

in the reverse orientation. The cells were then left overnight in the 37°C 

incubator (in their own media). 
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The day of the Seahorse analysis, (serum free) seahorse media was prepared 

with 1% glutamine, glucose and growth factors. The media was adjusted to a pH 

of 7.4. MDX-124 was added to the cells for 4 hrs. Different doses of MDX-124 

were assessed, the working concentration of 100ng/ml and also 1000ng/ml 

 

The plate was sealed transported on ice to the Beatson Institute where the 

media was then aspirated and replaced with 175µl of Seahorse media. The cells 

were then incubated for 45 minutes in the 37°C CO2 free incubator.  During this 

period the drug cartridge for the seahorse analysis was prepared by making up 

the necessary dilutions of the seahorse drugs and adding 25µL of each drug 

(Oligomycin, CCCP, Rotenone & Antimycin) to the corresponding ports on the 

drug cartridge. The drug cartridge was then incubated for 15 minutes in the 37°C 

CO2 free incubator. Once the seahorse plate and cartridge were ready, the mito-

stress assay was conducted on the Seahorse machine.  

 

The mito-stress assay is carried out using various modulators of respiration and 

the Seahorse machine (Agilent technologies) produces measurements of 

mitochondrial respiration using the oxygen consumption rate (OCR) and 

glycolysis using the extracellular acidification rate (ECAR) in live cells255. 

Different parameters are also calculated from the OCR graphs produced, giving 

information on mitochondrial function. An example of the OCR graph produced is 

shown on the Agilent website256. Parameters calculated from this graph are: 

 

1. Basal respiration rate (energy demands of the cell at baseline) 

2. ATP production  

3. H+ Proton leak (respiration not coupled to ATP production- can be 

associated with mitochondrial damage) 

4. Maximum respiration that the cell can achieve 

5. Spare respiratory capacity (capability of the cell to respond to energetic 

demands) 

6. Non-mitochondrial oxygen consumption (helps to accurately calculate 

mitochondrial respiration.  
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By measuring each of these parameters, the ability of MDX-124 to impact 

mitochondrial function (as well as cellular glycolysis) can be assessed. 

 

2.4 Cell surface staining using flow cytometry 

2.4.1 Staining protocol 

The surface expression of ANXA1 alongside various markers were analysed across 

a range experiments following the same staining protocol. For staining, a 

maximum of 1 x 106 cells were transferred into a 6ml polystyrene tube and 

topped up to 50ml with Flow Cytometry Staining Buffer (eBioscience™,00-4222-

26). Tubes were then centrifuged at 400g for 5 minutes. Supernatant was 

removed, FCR block added (Miltenyi Biotec, 2µl per 1 million cells) and 

appropriate antibodies added. A range of antibodies were used for different 

experiments (see Table 2.1). Cells were incubated for 20 minutes on ice (to 

reduce non-specific antibody binding) and protected from light (fluorophore-

conjugated antibodies were used). Tubes were topped up to 50ml with Flow 

Cytometry Staining Buffer and centrifuged at 400g for 5 minutes to remove 

excess antibody. Supernatant was removed and cells resuspended in 300µl of 

Flow Cytometry Staining Buffer for instant analysis or in 1X CellFix buffer (BD, 

340181). Samples to be fixed were incubated for 20 minutes at room 

temperature, washed in Flow Cytometry Staining Buffer (400g, 5 mins) and 

resuspended in 300µl of Flow Cytometry Staining Buffer.  

Fixed samples were stored at 4°C and analysed the following day on either the 

Fortessa, LSRII (BD Biosciences) or attune (ThermoFisher) depending on 

availability. All data was analysed using FlowJo (v10.6.1) software.   
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2.4.2 Characterisation of ANXA1 surface expression on tissues 

from different species 

An aim in the study was to determine whether MDX-124 could bind to tissues in 

animal models of interest for the ongoing pre-clinical development programmes 

at Medannex, particularly rat and Golden Syrian hamster models. Hence, binding 

of MDX-124 to these models was assessed.  

 

Rat spleen and lymph node tissue was received from the University of Glasgow 

Central Research Facility and used under licenses issued by the UK Home Office. 

Tissues were cut into smaller pieces using a sterile scalpel. Each tissue was then 

filtered through a 70µM filter into a 50ml falcon tube. For the spleen, red blood 

cell lysis was carried out. Cells were washed washed in Flow Cytometry Staining 

Buffer (400g, 5 mins) before staining with live/dead (ef506, eBioscience) and 

then AF647-labelled MDX-124 (each on ice for 20 minutes). Cells were fixed and 

analysed on the ThermoFisher attune flow cytometer. 

 

Golden Syrian hamster tissue samples received from Viroclinics were as follows; 

spleen, left lung, right lung after lung lavage with MACS solution, lung lavage 

(lung was washed with 1ml of MACS solution) and whole blood in an EDTA tube. 

Spleen was processed as previously mentioned for the rat tissue. Lung tissue was 

digested in Liberase solution (Roche, 5401020001) in a 37°C shaking incubator for 

2 hours. After digestion, red cell lysis was carried out, followed by a wash in 

Flow Cytometry Staining Buffer (400g, 5 mins). PBMCs were isolated from whole 

blood as previously mentioned, although numbers were low as the blood had 

haemolysed upon arrival. All isolated cells and lung lavage were washed in Flow 

Cytometry Staining Buffer (400g, 5 mins) prior to staining. Staining was carried 

out as mentioned previously. Cells were fixed and analysed on the ThermoFisher 

attune flow cytometer. 
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Table 2.1 Antibodies for flow cytometric analysis 

 

Annexin-A1 AF647 1000 Medannex N/A 1-2

Human IgG1 AF647 1000 BioLegend 403502 1-2

FPR1 FITC N/A BioLegend 391604 5

FPR2 PE N/A R&D Systems FAB3479P 5

CD16 PerCP/Cyanine5.5 N/A BioLegend 302028 2

CD16 PE/Cyanine7 N/A BioLegend 302016 1
CD16 BV421 N/A 302038

CD14 BV605 2
CD14 APC/Cyanine7 1

CD11b PE/Cyanine7 N/A BioLegend 301322 2

CD11C AF700 3

HLA-DR BUV395 N/A BD 
Biosciences

564040 5

HLA-DR PE/Cyanine7 N/A BD 
Biosciences

560651 2

CD19 PeDazzle N/A BioLegend 302552 1
CD19 AF700 500 BioLegend 302226 2
CD19 BV510 N/A BioLegend 302242 1

CD3 AF700 500 BioLegend 300424 2
CD3 BV510 N/A BioLegend 300448 1

CD138 BV421 N/A BioLegend 356516 3

2

BioLegend 356608 2

MI15

CD24 BV711 ML5 N/A BioLegend 311136

CD38 PE/Cyanine7 HB7 N/A

N/A BD 
Biosciences

561164 2

UCHT1
UCHT1

HIB19
HIB19
HIB19

CD20 V450 L27

354210 5

CD56 BV510 5.1H11 N/A BioLegend 362534 1

CD303 PerCP/Cyanine5.5 201A N/A BioLegend

301834

ICRF44

G46-6

G46-6

3G8
3G8

M5E2 N/A BioLegend

μl/sample 

N/A

QA16A12

W15086B

304405

3G8

Specificity Fluorescent 
Label

Clone Concentrat
ion (μg/ml)

Supplier Catalogue 
Number
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CD8a APC-eFluor 
780

N/A ThermoFish
er Scientific

47-0088-42 2

Fixable 
Viability 
Dye

eFluor 506 N/A ThermoFish
er Scientific

65-0866-14 1

Fixable 
Viability 
Dye

eFluor 780 N/A ThermoFish
er Scientific

65-0865-14 1

2

CEW33D

IG10 N/A BD 
Biosciences

563378

CD27 V500 M-T271 N/A BD 
Biosciences

561222

2

IgM PerCP/Cyan
ine5.5

G20-127 N/A BD 
Biosciences

561285 5

CD43 BV605

310930 2

IgD APC-H7 IA6-2 N/A BD 
Biosciences

561305

HI10a N/A BD 
Biosciences

564960

5

CD69 BV421 FN50 N/A BioLegend

2

CD5 PE eFluor 
610

L17F12 N/A ThermoFish
er Scientific

61-0058-42 1

CD10 BV786

RPA-T8

CD4 V500 L200 N/A BD 
Biosciences

560768 1

CCR6 BV711 G034E3 N/A BioLegend 353436 5

CD161 PE-eFluor 
610

HP-3G10 N/A ThermoFish
er Scientific

61-1619-42

2

1

TCR gamma 
delta

BV650 B1 200 BD 
Biosciences

564156 2

L291H4 N/A BioLegend 359418

CXCR3 PE/Cyanine
7

N/A ThermoFish
er Scientific

25-1839-42

5

CCR10 PerCP/Cyan
ine5.5

IB5 200 BD 
Biosciences

564772 2

CCR4 BV605

CCR7 BV785 G043H7 N/A BioLegend 353436

N/A

N/A

5

CD45RA V450 HI100 N/A BD 
Biosciences

560362 1
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2.5 Functional assays with MDX-124 

2.5.1 Analysis of single cytokine production via ELISA 

Either cell culture supernatants or human plasma samples were used for 

analysis. Cell culture supernatants were collected and centrifuged at 600g for 5 

minutes (mins) to remove any cells or debris into a pellet. The supernatants and 

plasma samples were stored at -80°C until needed. A few samples were initially 

run neat to check if dilutions were required. If required, samples were diluted 

appropriately in assay buffer for subsequent experiments. ELISAs were carried 

out according to the manufacturer’s (Invivogen) instructions, which varied 

depending on the lot number. 

In brief, For ELISAs with cell culture supernatants, ELISA plates (corning) were 

coated with appropriate dilutions of either an anti-IL-6 or anti-TNFα capture 

antibody and incubated at 2-8°C overnight. The next day, the wells were 

aspirated, washed with ELISA wash buffer (see appendix) and tapped try on 

absorbent paper. Plates were then blocked with ELISA assay buffer (see 

appendix) at room temperature for 1 hour. Plates were aspirated and standards 

(appropriate dilutions were made in assay buffer) and samples were loaded into 

the appropriate cells. Directly after this, the detection antibody (at the 

appropriate dilution for the kit) was added to all the wells and plates were 

incubated for 2 hours at room temperature with shaking. Plates were then 

aspirated and washed with ELISA wash buffer 5 times. The streptavidin-HRP (at 

the appropriate working dilution) was added to the wells and plates were 

incubated at room temperature for 30 minutes with shaking. Plates were washed 

with ELISA wash buffer 5 times and the TMB substrate was added to the wells for 

a maximum of 30 minutes at room temperature (covered in metallic foil to 

protect it from the light) whilst shaking. Stop solution (2N H2SO4) was added and 

absorbance was measured at 450nm within 30 minutes of adding the stop 

solution using a Tecan Sunrise Absorbance reader. Cytokine concentrations were 

determined within the range of the standard curve (Figure 2.2) 
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Figure 2.2 IL-6 and TNF-α ELISA standard curves 
Standard curves for the (A) IL-6 ELISA and (B) TNF- α ELISA assays. For each assay, a standard 
vial was reconstituted in assay diluent (see appendix) to a concentration of 10,000ng/ml. A dilution 
series was then carried out using assay diluent to produce a range of standards within the assay 
detection limits (15.6-1000pg/ml). Assay diluent served as the zero standard (0pg/ml). Absorbance 
of each standard was read at 450nm on the Tecan Sunrise Absorbance reader. A standard curve 
was produced using concentration and absorbance values on GraphPad Prism 9 software and 
used to calculate the concentration of IL-6 and TNF-α in PsA and HC supernatants. 
 

A 

B 
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ANXA1 levels in plasma samples were assessed using the kit protocol from 

Invivogen257.In brief, plates already came pre-coated with an anti-ANXA1 

antibody. Samples and standards were added to the plate (at appropriate 

dilutions in assay diluent) and the plate was incubated at room temperature for 

2.5 hours whilst shaking. Wells were aspirated and washed 4 times as previously 

described. A biotin conjugate was added to the wells and the plate was 

incubated 1 hour at room temperature whilst shaking. The wells were aspirated 

and washed 4 times. Streptavidin HRP solution was added to the wells and the 

plate was incubated for 45 minutes at room temperature whilst shaking. The 

wells were aspirated and washed 4 times as and TMB substrate and stop solutions 

were added as previously mentioned. Absorbance was read at 450nm using a 

Tecan Sunrise Absorbance reader. Cytokine concentrations were determined 

within the range of the standard curve (Figure 2.3) 

 

 

Figure 2.3 ANXA1 ELISA standard curve 
The standard vial was reconstituted in assay diluent C (provided in the kit) to a concentration of 
400ng/ml. A dilution series was then carried out using assay diluent C to produce a range of 
standards within the assay detection limits (1.64-400ng/ml). Assay diluent C served as the zero 
standard (0ng/ml). Absorbance of each standard was read at 450nm on the Tecan Sunrise 
Absorbance reader. A standard curve was produced using concentration and absorbance values 
on GraphPad Prism 9 software and used to calculate the concentration of ANXA1 PsA and HC 
plasma samples. 
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2.5.2 Proteome profiler for kinase and multi cytokine analysis  

2.5.2.1 Sample preparation 

Analysis was carried out to assess the impact of addition of MDX-124 to 

differentiated THP-1s. THP-1 cells were differentiated with and without 

100ng/ml of MDX-124 as mentioned previously. Cell supernatant was collected at 

day 7 and analysed for cytokine production using the R&D systems Proteome 

Profiler Human XL Cytokine Array Kit (ARY022B).  

 

For obtainment of lysates, at day 7, cells were placed in serum-free medium 

(serum starved) for 24 hours. Serum starvation is a commonly used method for 

synchronisation of mammalian cells258, and it was crucial that both experimental 

groups were synchronised before addition any further stimulants. This ensured 

removal of the impact of the cell cycle on the response of each of the groups to 

cell stimulation. Cells were stimulated with cell stimulation cocktail (see 

appendix for components and volumes) for 5 minutes and cell lysates were 

obtained and frozen at -80 °C until analysis using the Proteome Profiler Human 

Phospho-Kinase Array Kit (R&D Systems, ARY003C). 

 

The amount of protein in the lysates was quantified using the Pierce BCA protein 

Assay kit from ThermoFisher BCA assay259, which involved incubating set 

standards and samples with the kit’s working reagent for 30 minutes and 

quantifying protein values based on a standard curve read at 570nm (Figure 2.4). 
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Figure 2.4 BCA assay standard curve                                                                                                 
25 µl of the standards provided and samples were added to a 96 well plate.  200 µl of working 
reagent (provided in the kit) was added and the plate was at 37°C for 30 minutes. The plate was 
cooled to RT and absorbance of each standard was read at 570nm on the Tecan Sunrise 
Absorbance reader. A standard curve was produced using concentration and absorbance values 
on GraphPad Prism 9 software and used to calculate the concentration of protein in each sample. 
 
2.5.2.2 Human XL Cytokine Array kit protocol 

The assay was carried out in accordance with the manufacturer’s protocol. One 

membrane per sample was used. A four well multi-dish was provided for 

incubation of each membrane with reagents required for each step of the assay. 

 

In brief, 2mls of blocking buffer was added to each of the wells and each 

membrane was placed in a separate well facing upwards. Dishes were covered 

and incubated at room temperature for 1 hour on a rocking platform shaker. The 

blocking buffer was aspirated from the wells and 1.5mls of sample was added to 

each membrane and incubated on a rocking platform shaker at 2-8°C overnight 

(samples were prepared to a total volume of 1.5ml by diluting with blocking 

buffer). 

 

The next day, membranes were transferred into separate containers and washed 

using the wash buffer provided (diluted to 1X in deionised water) for 10 minutes 

on a rocking platform shaker. This was repeated a further two times. Membranes 

were transferred back into the multi-dish and 1.5ml of detection antibody (at 
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the specified dilution) was added. Membranes were incubated at room 

temperature for 1hr on a rocking platform shaker. Membranes were removed and 

washed as previously mentioned and transferred back into the multi-dish. 2ml of 

streptavidin-HRP was added per well and membranes were incubated at room 

temperature for 30 minutes on a rocking platform shaker, before washing as 

previously mentioned. Membranes were removed from the wash container and 

blotted on absorbent paper to remove excess wash buffer, then placed onto the 

bottom sheet of a plastic sheet protector with the identification number facing 

upwards. 1ml of Chemi Reagent Mix was added per membrane and each 

membrane was covered with the plastic sheet protector. Membranes were 

placed with identification numbers facing upwards into an auto-radiography 

cassette and exposed to X-ray film for 1-10 minutes. The exposure time that 

produced the most optimal image was used for analysis. 

 
2.5.2.3 Phosphokinase Array kit protocol 

Two membranes (part A and part B) per sample were used. Membranes were 

blocked using 1ml of blocking buffer per well in an 8-well multi-dish container at 

room temperature for 1 hour on a rocking platform shaker. Blocking buffer was 

aspirated and 1ml of sample was added to membrane A and membrane B 

(samples were diluted to a final volume of 2.0ml using an array buffer provided). 

Dishes were covered and incubated on a rocking platform shaker at 2-8°C 

overnight. 

 

The next day, membranes were removed and washed three times as previously 

described in the cytokine XL assay (both membrane A and B were washed in the 

same container, 10mL of wash buffer per membrane- 20mls in total per wash). 

Membranes were then removed and placed back in respective wells in the multi-

dish container. 1mL of detection antibody was added per well (for membrane A, 

20µl of reconstituted detection antibody A was added to 1.0mL of array buffer 

provided and for membrane B. 20µl of reconstituted detection antibody B was 

added to 1ml of array buffer provided). Membranes were incubated in the multi-

dish at room temperature for 2 hours on a rocking platform shaker and washed 

as previously described (20ml per container).1ml of Streptavidin-HRP was added 
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per membrane and the rest of the assay was carried out as for the Cytokine XL 

assay.  

 

2.5.2.4 Image analysis  

Pixel densities for each proteome profiler assay were obtained using the 

recommended Quick Spots image analysis software from Western Vision260. This 

software works to create a template (using information on where each analyte is 

positioned on the membrane) to analyse pixel density (average pixel density was 

calculated, and average background signal was subtracted from this using 

negative control spots). Graphs of average pixel density of MDX-124-treated 

groups relative to control groups were produced using GraphPad Prism (version 

9) software. 

 

2.6 Analysis of RNA sequencing data 

2.6.1 Database analysis 

PsA gene expression data (alongside limited clinical data) was provided in 

normalised read counts from Hanna Johnsson from the School of Infection and 

Immunity, University of Glasgow. Normalisation was conducted by Hanna using 

the Bioconductor DESeq2261 package. To normalise for sequencing depth and RNA 

composition, DESEQ2 uses a median of ratio’s method to divide counts by 

sample-specific size factors determined by median ratio of gene counts relative 

to geometric mean per gene262,263. The raw and processed PsA sequencing data is 

available on the Gene Expression Omnibus (GEO), under accession GSE205748.  

 

Multiple myeloma (MM) gene expression data was obtained upon being granted 

access to the CoMMpass database264 and was provided as normalised transcripts 

per million (normalisation software details were not provided) which is the 

number of counts per length (kb) of transcript per million reads mapped. This 

method takes into account differences in sequencing depth and gene length262. 
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Differential gene expression analysis was done on R studio using the 

Bioconductor DESeq2 package using normalised gene count data. Limited clinical 

data was also available from the CoMMpass database. 

 

Results from differential gene expression analysis from both datasets were used 

to carry out pathway analysis using the Bioconductor clusterProfiler package265 

and correlation analysis using the Stats package266. Several plots and graphs 

were also made with each dataset using the ggplot2267 package.  

 

2.7 Statistical analysis 

Statistical analysis was performed either using GraphPad Prism (v9) software or 

using R studio. When applicable, data was tested for normal distribution 

(D’Agostino & Pearson test) to determine which statistical tests to use. For 

sample sizes bigger than 30 normality was assumed. Data which followed a 

normal (Gaussian) distribution was assessed using parametric tests. If data was 

not normally distributed (or insufficient data was available to assess normality), 

non-parametric tests were used. In general, when comparing two groups a 

student’s paired or unpaired t-test was used for normally distributed data and 

the non-parametric equivalents (Wilcoxon and Mann Whitney U test) were used 

for data that was not normally distributed. When comparing multiple groups to a 

control group a non-parametric Friedmann’s test was used (data was not 

normally distributed). A P value of < 0.05 was considered significant. Information 

on which statistical analysis was carried out on each set of data can be found in 

the figure legends.  
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Chapter 3 Assessment of a novel antibody 
against Annexin A1 

3.1 Introduction 

Annexin A1 (ANXA1) has been shown to play key roles in immunity, including that 

of an anti-inflammatory mediator in innate immunity27. During homeostasis, 

ANXA1 is primarily expressed in the cytoplasm of granulocytes and monocytes. 

When inflammation occurs, ANXA1 can be transported to the cell membrane and 

secreted into the circulation to mediate its signalling through receptors on 

target cells56,71. ANXA1 signals through the formyl peptide family of receptors, of 

which there are three in humans; FPR1, FPR2 and FPR3. Most of the of the 

available data suggests this signalling is mediated mainly through FPR1 and FPR2 

in disease settings. 23,28,29 FPRs bind a wide range of ligands to mediate processes 

such as chemotaxis and phagocytosis268.  

ANXA1 has been associated with a range of inflammatory diseases 78,80 and 

cancers 269,270. Moreover, there is evidence that ANXA1 is expressed at higher 

amounts on the T cells of people with autoimmune disease34.  

Psoriatic arthritis (PsA) is an inflammatory disease of the musculoskeletal system 

associated with cutaneous psoriasis (PsO) in the form of scaly psoriatic 

plaques271. The pathogenesis of PsA is far from understood. However, much 

research has indicated that the disease process in PsA could be driven by 

autoreactive T cells, in particular IL-17 producing T helper cells (Th17), which 

have been implicated in driving the inflammatory response in psoriatic 

plaques90,98. 

 

There is no diagnostic test for PsA, resulting in a delay in diagnosis and hence in 

many cases worsening of disease pathogenesis111. Moreover, although treatments 

have definitely improved over the past few years, there is still no way to predict 

which treatments are going to give optimal outcomes in each patient and side 

effects from therapeutic drugs are still plentiful272. Thus, there is a need for 

better biomarkers, treatments and improved ways of predicting response to 

therapy in PsA. 
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With the majority of data indicating a role for ANXA1 in inflammatory diseases 

such as PsA  coming from murine studies 73,78,273, it was considered key in the 

current study to investigate the potential role of this protein and its receptors in 

PsA using human samples. Changes in expression of ANXA1 and its receptors 

(FPR1/2) on immune cells from PsA patients were assessed and compared to 

healthy control cells to identify any potential ANXA1-mediated signalling 

pathways in PsA. Furthermore, the effects of adding a novel humanised, anti-

ANXA1 monoclonal antibody (Mab), MDX-124, (obtained from Medannex Limited) 

to the identified cell types of interest were explored in terms of modulation of 

the inflammatory response. This antibody is currently under development as a 

potential therapeutic and notably, this work will support the development of the 

antibody. 

 

Given the proprietary nature of the Medannex antibody, it was essential that 

initial studies were undertaken to investigate its use in the various experimental 

setups to be employed in the study. Furthermore, in pilot experiments prior to 

this studentship (unpublished data obtained outside of this project within the 

Goodyear lab), antibody concentrations were determined, and an observation 

was made (change in media colour) that suggested that the 100ng/ml working 

dose of the antibody was potentially affecting cell viability or alternatively, 

cellular metabolism. Thus, it was important to investigate this observation in 

further detail and ensure the antibody was not impacting cell viability or key 

metabolic processes within the cells. The working dose of MDX-124 had been 

previously optimised as 100 ng/ml during earlier studies within the Goodyear 

lab, and hence was used in all following experiments.  

The research presented in this chapter sought to determine: 

1. Characterisation of surface ANXA1 expression levels on immune cells, 

including: 

• Checking for consistent staining between batches of MDX-124 

• Characterisation of ANXA1 and FPR1/2 surface expression on human 

immune cell subsets 
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2. Whether the working (100 ng/ml) dosage of MDX-124 could be affecting 

key cellular processes including: 

• Cell death  

• Cell metabolomics  
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3.2 Results 

3.2.1 MDX-124 surface staining in animal tissue 

To determine the full experimental scope of MDX-124, it was questioned 

whether this antibody could be used in an alternative setting (i.e., animal 

models of disease). Focus was placed on determining whether MDX-124 could 

bind to tissues in animal models of interest for the ongoing pre-clinical 

development programmes at Medannex, particularly rat and Golden Syrian 

hamster models.  

 

In the first instance, rat spleen and lymph nodes samples were obtained, and 

single cell suspensions stained with AF647 fluorochrome labelled MDX-124. An 

AF647- labelled isotype control antibody was used to define background staining; 

technical triplicates were also undertaken. The gating strategy is shown in figure 

3.1A. Flow cytometric analysis revealed that MDX-124 was able to bind to rat 

cells (Figure 3.1). In general, spleen single cell suspension preparations stained 

had an increased level of ANXA1 positive cells (~2% of cells, Figure 3.1B), 

compared to lymph node single cell suspension preparations (~1%, Figure 3.1C). 



83 
 

 

Figure 3.1 MDX-124 binds to rat lymph node and spleen cells 
 
Cells were extracted from a rat spleen and lymph node sample and stained with either an AF647- 
labelled isotype antibody or AF647- labelled MDX-124 and washed in FACS buffer before running 
on the BD Attune flow cytometer. (A)Single cells were first gated, debris was gated out (to gate 
lymphocytes) and then live cells. From live cells, ANXA1 positive spleen and lymph node cells were 
gated. Representative flow cytometry plots showing ANXA1 positive populations are shown for (B) 
spleen and (C) lymph node samples. FACS plots were produced using FlowJo software (v10.6.1). 
 

Given the current interest in COVID-related studies and respiratory models of 

disease, single cell suspension from Golden Syrian hamster tissue (obtained from 

Viroclinics), was also evaluated. Viroclinics provided spleen, left lung tissue, 

right lung tissue after lavage with MACs tissue solution as well as lung lavage 

fluid (bronchoalveolar lavage or BAL) and whole blood in an EDTA tube. An 

AF647- labelled isotype control antibody was used to define background staining; 

technical triplicates were also undertaken. The gating strategy is shown in 

Figure 3.2A. Flow cytometric analysis revealed that MDX-124 was able to bind to 

CHO cells (Figure 3.2). In general, spleen, lung and washed lung single  

single cell suspension preparations had a similar % of ANXA1 positive cells (<2%, 

Figure 3.2B-Figure 3.2D). BAL and whole blood samples had negligible levels of 

ANXA1 positive cells (<1%). 

A 

B 

C 
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Cells were extracted from a Golden Syrian hamster Lung and spleen samples. PBMCs were 
isolated from whole blood and stained and BAL was stained as is. Cells were stained with either an 
AF647- labelled isotype antibody or AF647- labelled MDX-124 and washed in FACS buffer before 
running on the BD Attune flow cytometer. (A)Single cells were first gated, debris was gated out (to 
gate lymphocytes) and then live cells. From live cells, ANXA1 positive (B)spleen, (C)Lung (D) 
Washed lung (E) BAL and (F) PBMCs from whole blood were gated. Representative flow cytometry 
plots showing ANXA1 positive populations are shown for each of the samples tested. FACS plots 
were produced using FlowJo software (v10.6.1) 

B 

C 

D 

E 

F 

Figure 3.2 MDX-124 binds to Golden Syrian hamster cells 

A 
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These preliminary results indicated the potential of MDX-124 to bind to rat and 

CHO tissue cells, however, future experiments are needed to determine if the 

staining profile in rats is similar to that seen in humans. This would include 

adding various markers for immune cell subsets (monocytes, T cells, B cells etc). 

As this was not a main objective of the project, these experiments were not  

conducted in this study. 

 

 

3.2.2 MDX-124 batch comparisons 

Due to MDX-124 still being in development, conditions such as antibody storage 

and buffer composition were still being optimised by Medannex (see materials 

and methods section 2.3 for details on MDX-124 development) and it was 

important to ensure this did not impact the consistency of results obtained in 

this study.  Moreover, MDX-124 batches were self-conjugated (see materials and 

methods section 2.3.3), thus, it was vital to ensure staining from separately 

conjugated batches was consistent. 

 

Initial batches of MDX-124 (Batch 1 and Batch 2) obtained from Medannex were 

provided in phosphate buffered saline (PBS) and stored at 2-8°C as there was no 

available data regarding the stability of the antibody during freeze/thaw cycles. 

These batches were both produced from transient cell lines; however, Batch 1 

was stored at 2-8°C and Batch 2 was stored at -20°C long term and at 2-8 °C 

after conjugation. A third batch (Batch 3) was produced from a stable cell line 

and was stored at -80°C long term and at 2-8°C after conjugation. Additionally, 

this batch was stored in a histidine-sucrose buffer rather than PBS and buffer 

exchange into PBS was required before conjugation of his batch could be carried 

out. All of these differences in storage conditions made it essential to check 

comparability of surface staining between batches. 

 

To compare surface binding between MDX-124 batches, PBMCs were stained for 

ANXA1 expression, alongside CD14 as a monocyte marker. The gating strategy is 

shown below (Figure 3.3A). Monocytes were used for comparisons based on 

previous data showing these cells express high amounts of surface ANXA1 
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compared to other cell types29, and thus, this would allow for identification of 

any changes in staining more easily 

 

An initial experiment was performed to evaluate the cell binding activity of 

MDX-124 from Batch 1. Positive staining was determined in comparison to an 

appropriate isotype control (Figure 3.3B). MDX-124 from Batch 1 interacted with 

99.5% of monocytes. A subsequent experiment evaluated the cell binding activity 

of MDX-124 from Batch 2 and 3. This enabled the direct comparison of the two 

batches. This experiment revealed that both batches where able to substantially 

bind to human monocytes (batch 2 - 99.8% and batch 3 – 98.2% of cells). These 

data suggested that storage setting did not substantially alter the binding 

properties of the antibody formulation.  

 

 

Figure 3.3 MDX-124 batch comparisons 
PBMCs were extracted from peripheral blood and stained with anti-CD14 as well as an AF647 
labelled MDX-124 or an AF647-labelled isotype control. Cells were washed in FACS buffer before 
running on the BD Attune flow cytometer. (A) Single cells were first gated followed by PBMCs and 
then monocytes. MDX-124 surface binding was assessed using (B) Batch 1, (C) Batch 2 and Batch 
3. Appropriate isotype controls were used for each experiment. Representative flow cytometry plots 
showing ANXA1 positive populations are shown for each of the batches tested. FACs plots were 
produced using FlowJo (v10.6.1) software. 
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3.2.3 MDX-124 surface staining of healthy human PBMCs 

Prior to undertaking a large multiparameter flow cytometric study in patient 

samples, an initial analysis was performed to characterise MDX-124 and FPR 

binding to healthy control blood samples. Staining was carried out using fresh 

blood from two healthy donors. PBMCs were isolated and stained with antibodies 

against markers of monocyte, B cell and T cell populations alongside MDX-124, 

anti-FPR1 and anti-FPR2 antibodies. Prior studies have shown that surface ANXA1 

expression increases upon activation of cells29, therefore, staining was assessed 

in both stimulated (cell stimulation cocktail (80nM PMA and 1.34µM ionomycin 

per ml), ThermoFisher) and unstimulated cells, to allow better characterisation 

of ANXA1 expression.  

Representative gating strategies for each cell type are shown in Figures 3.4A-D. 

Expression of ANXA1, FPR1 and FPR2 was evaluated in 2 healthy donors, which 

showed consistent results. Consistent with the literature29, the majority of 

ANXA1 positive cells were monocytes, particularly upon stimulation (Figure 

3.4E). The proportion of ANXA1+ CD14+CD16+ monocytes in particular increased 

substantially upon stimulation (~6% to ~91%), and the same was evident with 

CD16+CD14- monocytes (~1% to ~65). In general, ANXA1 expression didn’t change 

much upon stimulation of CD14+CD16-(~5% to ~7%), and CD14-CD16- monocytes 

(<1% to ~2%). FPR1 was abundant on both CD14+CD16+ and CD14+CD16- 

monocytes. This expression remained the same upon stimulation of 

CD14+CD16+(~90% in both groups) and decreased to negligible levels upon 

stimulation of CD14+CD16- monocytes (~86% to <1%). Additionally, the proportion 

of CD14-CD16+ FPR1+ and CD14-CD16- FPR1+ monocytes was negligible. FPR2 

expression was generally low on all monocyte populations assessed, however, 

increased slightly upon stimulation in CD14+CD16+(<1% to ~1%), CD14+CD16-(<1% 

to ~3%) and CD14-CD16+(<1% to ~1%), monocytes, with similar expression being 

evident in CD14-CD16-(<1%) monocytes in unstimulated and stimulated groups.  

The proportion of CD4+CD8+ ANXA1+ T cells was higher than any of the other T 

cell populations assessed, which increased substantially upon stimulation (~25% 

to ~84%) (Figure 3.4F). Likewise, the proportion of ANXA1+ cells increased upon 

simulation in all of the other T cell subsets assessed. 
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The proportion of FPR1+ T cells was generally much lower than for ANXA1, 

however, similarly, the proportion of CD4+CD8+ FPR1+ T cells was higher than any 

of the other T cell populations assessed, and also increased upon stimulation 

(~10% to ~15%). FPR2 expression was negligible between unstimulated and 

stimulated groups on most T cell subsets assessed (Figure 3.4G). CD4+CD8+ T 

cells expressed more FPR2 than any of the other T cell populations, however this 

was not evident after stimulation (~1% to 0).  

B cell expression of ANXA1, FPR1 and FPR2 was generally low (<3%), however, 

expression of all proteins increased upon stimulation (Figure 3.4D).  
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Figure 3.4 Characterisation of ANXA1, FPR1 and FPR2 surface expression in healthy PBMCs 
PBMCs were isolated from fresh healthy blood samples and either left unstimulated or stimulated 
with cell stimulation cocktail (ThermoFisher) for 4 hrs. Cells were stained with antibodies against B 
cell (CD20), T cell (CD3,CD4,CD8) and monocyte markers(CD14,CD16), alongside MDX-124, anti-
FPR1 and anti-FPR2 antibodies. (A) A representative FACs plot showing the gating strategy used. 
Singlets were first gated followed by PBMCs, then monocytes and lymphocytes(T cells, B cells ). 
Monocytes were further characterised based on their CD14 and CD16 expression, and T cells were 
further characterised based on their CD4 and CD8 expression. ANXA1, FPR1 and FPR2 
expression was characterised between unstimulated and stimulated groups for(B) B cell, (C) 
monocyte and (D) T cell populations assessed. FACS plots were produced using FlowJo (v 10.6.1) 
software. Graphs were then produced assessing the mean proportion of ANXA1+, FPR1+ and 
FPR2+ (E) monocytes, (F) T cells and (G) B cells. N=2 healthy donors. Graphs were produced 
using GraphPad Prism (v9) software. Statistical analysis was not conducted due to the low N 
number.  
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3.2.4 Refinement of PsA flow cytometry panel  

Preliminary flow cytometric data on ANXA1 surface expression in PsA was 

obtained prior to the initiation of the work in this thesis. This study (carried out 

by Dr Aysin Tulunay-Virlan) involved 6 healthy control and 6 PsA samples and 

used a previous formulation of MDX-124. Notably, the study did not assess the 

expression of FPR1 or FPR2. However, there was sufficient data to enable an 

informed approach for further studies aimed at characterising the expression of 

ANXA1, FPR1 and FPR2 in PsA (results chapter 4). To achieve this, the previously 

defined mean fluorescent intensity (MFI) values for ANXA1 expression in 

monocyte and dendritic cell (DC), B cell and NK cell/T cell and populations were 

re-interrogated.  

 

MDX-124 was fluorescently labelled in-house by Dr Tulunay Virlan, and so the 

effects of non-specific binding of the antibody and autofluorescence were taken 

into account by using an isotype control antibody labelled at the same time, 

using the same fluorophore (AF647). An isotype control is an antibody of the 

same isotype as the primary antibody (MDX-124) than is non-specific to the 

antigen of interest (ANXA1). Delta (Δ) MFI values for each population were then 

calculated by subtracting the isotype control stains from the ANXA1 stain, to 

account for non-specific background staining. Heatmaps were produced of the Δ 

MFI values between healthy control (HC) and PsA samples to allow 

characterisation of ANXA1 expression in the PsA samples and provide information 

on which specific cell populations to focus on for further analysis.  

 

Re-analysis revealed that monocyte populations were high expressors of ANXA1 

in both PsA and HC samples (Figure 3.5A). In particular, CD14dimCD16+ monocytes 

expressed more ANXA1 in PsA samples (HC mean ΔMFI=15027, PsA mean 

ΔMFI=19186). Moreover, it was also apparent in the B cell panel that unswitched 

memory B cells were the highest expressors of ANXA1 (Figure 3.5B), which once 

again was consistent across both HC and PsA patients (HC mean ΔMFI=893, PsA 

mean ΔMFI=1350). Evaluation of the T cell panel revealed that CD4+ TEMRA and 

expressed high ANXA1 in HC samples compared to PsA samples (HC mean 

ΔMFI=36051, PsA mean ΔMFI=8374) 
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Additionally, Gamma delta (GD) T cells expressed high ANXA1 in HC samples 

(mean ΔMFI=26317) and moderate levels in PsA samples (mean ΔMFI=6488) 

(Figure 3.5C).  

 

To further visualise the specific differences in ANXA1 expression in each of 

monocyte, DC, B cell and T cell populations, individual populations with 

significant differences between HC and PsA patients were investigated. Notably 

only T cell populations expressed significantly different ANXA1 in PsA (Figures 

3.5D-3.5I). In particular, CD4+ T cell subsets (CXCR3-CCR4+, T helper (Th)22, Th2 

and Th17) and CD8+IL-22 producing T cells (Tc22) from PsA samples expressed 

significantly less surface ANXA1. 
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Figure 3.5 Characterisation of ANXA1 surface expression in PsA and HC immune cell 
populations 
 
ΔMFI data was obtained from Aysin Tulunay Virlan and heatmaps were generated of mean ANXA1 
ΔMFIs between HC and PsA samples from (A) monocyte and DCs (B) B cells and (C) NK and T 
cells. (D-I). Graphs were produced of populations with significantly different ANXA1 expression in 
PsA compared to HCs. The non-parametric Mann Whitney U test was used to determine 
significance (appropriate normality tests were carried out to determine which statistical tests to 
use). Graphs were produced and statistical tests were carried out using GraphPad Prism (v9) 
software HC N=6,PsA N=6. * p<0.05, **p<0.01,***p<0.001 
 

Based on results indicating that particularly monocytes were high expressors of 

ANXA1 in both HC and PsA samples, it was decided to continue with markers 

against these populations in future flow cytometric analysis to further 

characterise FPR1 and FPR2 expression in PsA. Moreover, differences in 

expression were evident in both B cell and T cell populations in PsA, therefore it 

was of interest to keep these populations in future flow cytometry panels. 

Considering the T cell panel used by Dr.Tulunay-Virlan was an extensive, multi-

parameter panel with a considerable amount of markers in it, careful 

consideration was needed as to which markers to use for future analysis 

alongside anti-FPR1 and anti-FPR2 antibodies. As differences in ANXA1 

expression had primarily been evident Helper (CD4+) and cytotoxic (CD8+) T cell 

populations, it was decided that focus would be placed on using markers against 

these populations in future flow cytometric analysis, thus, NK and Treg markers 

were excluded from future panels (Results chapter 4). 
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3.2.5 MDX-124 does not induce apoptosis in healthy cells 

Preliminary data obtained prior to this project revealed that addition of 

100ng/ml MDX-124 to differentiating T helper 17 (Th17) cells was associated 

with a colour change in the cell media. To ensure that this effect was not due to 

MDX-124 impacting cell viability, the effects of MDX-124 on cell apoptosis were 

explored.  

An apoptosis assay was conducted using the Annexin V Apoptosis Detection kit 

(for flow cytometric analysis) (ThermoFisher Scientific). Peripheral blood 

mononuclear cells (PBMCs) were extracted (see materials and methods section 

2.2.1) from healthy control samples and stimulated with phorbol 12-myristate 

13-acetate (PMA) to induce apoptosis. Cells were heat killed at 65ºC as positive 

control for necrosis. As preliminary experiments showing colour changes in the 

media of MDX-124-exposed cells used T cells, the level of apoptosis in these cells 

was assessed alongside PBMCs. PBMCs were fluorescently stained for T cell 

markers (CD3, CD4 and CD8) alongside Annexin V, as a marker of apoptosis and 

propidium iodide (PI), as a marker of necrosis (the functional significance of 

these markers is explained in materials and methods section 2.3.4). Initial gating 

strategies focused on including all cellular debris/dead cells to pick up all of the 

cells undergoing apoptosis and necrosis (Figure 3.6A), however, this resulted in 

inconsistent data between experimental replicates (data not shown). To 

compensate for this confounding factor, the cellular debris was excluded (Figure 

3.6B). 

The apoptosis assay was first optimised with PBMCs to determine the best dosage 

and incubation time with PMA to induce the greatest difference in 

apoptosis/necrosis between unstimulated and stimulated controls. Different 

dosages (100ng/ml and 50ng/ml) of PMA were trialled alongside different 

incubation times (4 hours (hrs) or overnight).  Compared to the other conditions 

trialled, an overnight stimulation with 50ng/ml of PMA resulted in the greatest 

increase in both early and late apoptotic cells in the stimulated samples 

compared to unstimulated controls (Figure 3.6C). This condition was therefore 

used for subsequent experiments. 
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Analysis of data from 6 healthy donors indicated no significant difference in the 

% of cells in early apoptosis, late apoptosis and necrosis between MDX-124 

treated and untreated cells, amongst each of the cell populations analysed. In 

general, CD8+ T cells and CD4- CD8-double negative (DN) T cells exhibited great 

survival compared to CD4+ and CD4+CD8+ double positive (DP) T cells, 

independent of MDX-124 addition (Figure 3.6D). All in all, this data suggested 

MDX-124 was not impacting cell viability, thus, it was decided that further 

investigations were needed into the cause of MDX-124-associated colour changes 

in cell media in preliminary studies. 
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Figure 3.6 Apoptosis assay 
Cells were stimulated with PMA to induce apoptosis and stained for T cell markers (CD3, CD4 and 
CD8) alongside Annexin V as a maker of apoptosis and PI as a marker of necrosis. Appropriate 
FMO controls were used for gating. (A)Initially all cells and debris were gated but this resulted in 
inconsistent data between experimental replicates. (B) Debris were excluded from the gating 
strategy, which included gating single cells, whole PMBCs, T cells and CD4/CD8 T cell 
populations. Total PBMCs, total T cells and each individual T cell population were gated for 
Annexin V and PI. FACs plots were produced using FlowJo (v 10.6.1) software. (C)During 
optimisation of the assay cells were stimulated with 100ng/ml PMA for 4 hrs, 100ng/ml PMA 
overnight or 50ng/ml PMA overnight. 50ng/ml of PMA overnight was selected as the optimal 
condition for future experiments. (D) Total PBMCS, total T cells, CD8+ T cells, CD4+ T cells, DP T 
cells and DN T cells were assessed for levels of apoptosis and necrosis. Cells were heat killed at 
65ºC as positive control for necrosis. N=6 buffy coat donors. Statistical tests and graphs were 
produced using GraphPad Prism (v9) software. A non-parametric Multiple Wilcoxon test was used 
to determine significance (appropriate normality test were used to determine which statistical test to 
use). 
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3.2.6 Assessment of the effects of MDX-124 on cellular 

metabolism 

Another theory for the media colour change in T cells incubated with MDX-124 

was that this antibody could be affecting cellular metabolism. Indeed, 

manipulation of ANXA1 expression has been shown to effect the metabolome in 

tumour cells274.  To investigate this, a mito-stress assay was carried out. Initial 

experiments were carried out on purified monocytes due to known increased 

expression of ANXA129. 

The mito-stress assay is performed using various modulators of respiration and is 

interpreted based on measurements of mitochondrial respiration using the 

oxygen consumption rate (OCR) and glycolysis using the extracellular 

acidification rate (ECAR) in live cells provided by the Seahorse XF Analyzer 

(Agilent) 255.Different parameters are also calculated from the OCR graphs 

produced, giving information on mitochondrial function. By measuring each of 

these parameters, the ability of MDX-124 to impact mitochondrial function (as 

well as cellular glycolysis) was assessed (see methods and materials section 2.3.5 

for more information on interpretations of different parameters).  

An initial experiment was conducted assessing the effect of MDX-124 on cell 

metabolism when run at two different concentrations (the working 

concentration of 100ng/ml and 1000ng/ml). The same volumes of the antibody 

diluent (PBS) as antibody were added for each concentration and used as vehicle 

controls. Unstimulated control cells were also used. Unfortunately, in the initial 

experiment, because different volumes of PBS had to be added to control for the 

amount of antibody stock added to the assay, this revealed that a 10-fold 

increase in PBS had a dramatic impact on OCR values. Furthermore, it should be 

noted that the addition of any volume of PBS (i.e., 1µl) was sufficient to 

modulate OCR profiles compared to unstimulated cells (Figure 3.7A).  

Due to the controls showing differing results, OCR-defined parameters were not 

calculated compared to unstimulated or between the antibody concentration. A 

subsequent mito-stress assay was carried out that used dilutions that were 

optimised to add the same volumes of antibody and PBS to the wells for both 

100ng/ml and 1000ng/ml of MDX-124(1µl). The OCAR and ECAR graphs are shown 
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in Figure 3.7B. To investigate whether comparison of appropriate vehicle to 

antibody concentration revealed anything, a limited analysis for OCR-define 

parameters was conducted. This revealed that in both instances’ addition of 

MDX-124 resulted in an increase in all of the OCR parameters calculated, 

however, 100ng/ml of MDX-124 was associated with a more substantial increase 

compared to PBS controls (Figures 3.7D-H). This experiment was run on one 

biological sample and unfortunately due to the COVID-19 pandemic, no 

additional repeats were obtained for statistical analysis to determine if the 

results are significant between donors. however, statistical tests were 

conducted between technical replicates ran for each OCR measurement. Analysis 

of technical replicates revealed that 100ng/ml of MDX-124 was associated with a 

significant increase in both basal and maximal respiration and spare respiratory 

capacity compared to PBS controls. This suggests that MDX-124 could be 

affecting cellular respiration, however, this is only data from one donor, and 

conclusions cannot be drawn until sufficient repeats are acquired.  
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Figure 3.7 100ng/ml MDX-124 may affect cellular respiration 
 
PBMCs were isolated from whole blood, followed by isolation of monocytes.  
Monocytes were plated and incubated overnight at 37°C. Cells were then treated with 100ng/ml or 
1000ng/ml of MDX-124 for 4 hours the next day, prior to analysis with the seahorse machine. Initial 
experiments used the same volume of PBS as MDX-124 (1µl for 100ng/ml and 10µl for 
1000ng/ml). Different volumes of PBS had a substantial effect on OCAR values. (B)PBS control 
and antibody volumes were standardised so that the same volume of each dilution was added to 
the respective wells. Graphs showing (A) OCR (B) ECAR (C) basal respiration rate (D) maximal 
respiration, (E) non-mitochondrial oxygen consumption rate, (F) proton leak, (G) spare respiratory 
capacity and (H) ATP production data calculated from OCAR values is shown. N=1 donor 
represented with 4 technical repeats. * p<0.05, **p<0.01, ***p<0.001 compared to PBS control 
samples. Statistical significance was determined using a non-parametric Friedman’s test. Graphs 
were produced using GraphPad Prism (v9) software. 
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3.3 Discussion 

MDX-124 is currently being developed as a therapeutic antibody in diseases in 

which ANXA1 is implicated in the pathogenesis, particularly in autoimmunity and 

cancer. Therefore, MDX-124 needed to go through all of the optimisation stages 

required for therapeutic antibody production. 

 

When optimising a therapeutic antibody for use there are several factors that 

need to be considered in terms of storage. The antibody needs to be stored in 

the correct buffer, at the correct temperature and in the correct conditions to 

allow for maximum stability and immunogenicity275. Medannex selected PBS as a 

storage buffer for their humanised MDX-124, primarily because it is widely 

available and frequently used as a buffer for therapeutic antibodies due to its 

neutral pH and compatibility with a range of methods249,276. Long-term storage of 

therapeutic antibodies between -20 and -80°C is common, due to improved 

stability and reduced microbial contamination, however, with certain antibodies 

protein aggregation and destabilisation can occur277. Therefore, initial batches 

of MDX-124 were also store at 2-8°C, until the stability of MDX-124 at lower 

temperatures was determined (batch 1, figure 3.3). 

 

Initially MDX-124 was produced through a transient expression method in 

mammalian cells. This method is common for small scale production of 

antibodies during initial screening checks. However, due to the nature of 

mammalian cells, this can lead to heterogeneity between batches245. Long-term 

storage of this batch at -20°C was determined as stable (batch 2, figure 3.3) 

through various quality control (QC) assays carried by Medannex (see material 

and methods section 2.3.2 for details).  

 

As MDX-124 was developed, it transitioned from being produced by a transient 

cell line (mammalian cells), to more a stable expression method in Chinese 

hamster ovary (CHO) cells. CHO cells are widely used for the production of 

therapeutic antibodies due to their ability to produce correctly folded, stable 

proteins in a cost-efficient manner, with minimal heterogeneity between 

batches245. In order to produce MDX-124 in these CHO cells, Medannex had to 

carry out specialised stability studies, which required the antibody to be stored 
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in a histidine-sucrose buffer. The concentration of the antibody was also raised 

to a higher concentration than previously used (from 10mg/ml for initial batches 

to 30mg/ml) as studies carried out by Medannex showed that storage at this 

concentration was more suited to the clinic and also to distribution. This batch 

of MDX-124 was stored at -80°C long-term (see materials and methods section 

2.3.2 for details on stability studies). 

 

All batches of MDX-124 were stored in the fridge after conjugation. It is typically 

essential for the antibody conjugation process to occur in a buffer free of 

primary and secondary amines. Notably, histidine, which is part of the MDX-124 

storage buffer, is an amino acid that contains secondary amines248, and is 

therefore not compatible with the conjugation process. To overcome this issue, 

proteins are frequently buffer-exchanged into PBS before conjugation249. A 

buffer exchange was therefore carried out on MDX-124 produced from the CHO 

cell line mentioned above, and the antibody was placed in PBS before labelling 

with AF647 (Batch 3, figure 3.3). 

Antibody-based therapeutics have the ability to trigger strong, sometimes 

unwanted, immune responses in human recipients. This can sometimes be due to 

off-target binding278. It is therefore vital that results remain consistent 

throughout the antibody testing process, as well as throughout preliminary 

studies, both for safety and efficacy purposes249. As storage conditions of 

antibodies and conjugated proteins can impact the results of biological assays, 

the comparability of binding of different MDX-124 batches was assessed. Surface 

staining showed no difference in the percentage of ANXA1 detected using the 

different batches of MDX-124, indicating that results of flow cytometry staining 

experiments between different MDX-124 batches could be comparable in these 

preliminary studies (Figure 3.3).  

Previous research on ANXA1 has shown that under resting conditions, ANXA1 is 

primarily expressed intracellularly in innate immune cells such as monocytes and 

neutrophils, with lymphocytes expressing it at lower levels. Research has also 

shown that ANXA1 translocates to the cell membrane upon cellular activation, 

where it can mediate its biological effects though the FPRs.29. Reproducibility of 

scientific data is fundamental for conducting successful scientific research. 
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Initial staining experiments were carried out with MDX-124 to characterise 

ANXA1 expression on immune cells and see if we could reproduce what has been 

shown in the literature, both for comparability but also to give us some 

preliminary data for deciding on future flow cytometric panels. Consistent with 

previous research, we showed that ANXA1 surface expression increased upon 

cellular activation, with activated monocytes showing generally higher ANXA1 

surface expression compared to other cell types (Figure 3.4). This indicated that 

MDX-124 was binding appropriately and detecting the expected proportions of 

ANXA1 in the assessed cell types under resting and stimulated conditions. 

 

Flow cytometric analysis has provided vital in the detection of PsA specific cell 

types, and more recently, in profiling immune cells to discriminate between PsA 

and PsO patients279. I wanted to use flow cytometric techniques to profile 

immune cells in PsA in terms of both their ANXA1 and FPR expression to see if I 

could identify any differences compared to HC cells.  Flow cytometric analysis 

requires careful interpretation and selection of specific cellular markers to focus 

on. In order to narrow down which cell types to focus on in PsA as well as narrow 

down the amount of antibodies used in the panel due to cost constraints, 

analysis of previous flow cytometric data from PsA samples was carried out. 

Analysis of previously obtained data identified cell populations including 

monocytes, unswitched memory B cell and GD T cells as high expressors of 

ANXA1 in both HC and PsA samples and showed significantly reduced expression 

of ANXA1 in several T cell populations (Figure 3.5). This provided valuable 

information on which cell types to focus on and therefore, which antibodies to 

include in future flow cytometry panels (Results chapter 4). 

 

Therapeutic antibodies can affect a range of biological processes, from 

apoptosis, to cell metabolism280,281. Colour changes had been observed in the 

cell media upon addition of MDX-124 to healthy cells (previous data in the 

Goodyear group). And although, this could have been due to the effects of MDX-

124 on various cellular processes, we wanted to ensure that this was not due to 

the antibody killing healthy cells. Results from the apoptosis assay indicated that 

100ng of MDX-124 did not appear to be inducing apoptosis in healthy PBMCs and 

provided reassurance that the antibody was not impacting cell viability (Figure 

3.6).  
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Results from the apoptosis assay prompted further exploration into what effects 

MDX-124 could be having on cellular function. Changes to pH can cause colour 

changes in cellular media282, and additionally, changes in cellular metabolism 

can induce changes in pH283. Therefore, we decided to explore if MDX-124 could 

induce any changes to cellular metabolism. Data from this project suggested 

that 100ng of MDX-124 could impact cellular metabolism through enhancement 

of mitochondrial respiration (Figure 3.7). Mitochondrial respiration is the most 

prominent source of cellular energy in the form of adenosine triphosphate 

(ATP)284. This is also reflected in our data showing increased ATP production in 

MDX-124-treated cells. One explanation could be that MDX-124 could somehow 

enhance the proliferation in these monocytes, therefore increasing their energy 

demand and ATP production, as is seen in rapidly proliferating cells in diseases 

such as  cancer 285. Moreover, studies have shown that ANXA1 can play a role in 

reducing cellular proliferation through interaction with the ERK signalling 

pathway. Therefore, it is not entirely surprising that manipulating the activity of 

ANXA1 with MDX-124 could enhance proliferation286. It is important to note that 

only one donor was assessed for metabolic changes, therefore, no conclusions 

can be drawn from this data, but preliminary results do prompt further 

investigation into effects of MDX-124 on cellular metabolism. 

 

It is worth highlighting that a limitation of the project was that we were unable 

to assess batch comparability of MDX-124 with every single assay conducted in 

the project to ensure results through the PhD project were entirely comparable. 

This was due to project time constraints that were only made worse by the 

COVID-19 pandemic. Furthermore, prior experiments conducted by Dr Tulunay-

Virlan used a different batch of MDX-124 than used in any of the experiments in 

this study, which doesn’t necessarily mean that experiments with future batches 

will produce the same results. 

 

Other limitations are that, as is the case with many therapeutics, we are not 

entirely certain how MDX-124 works, which means that it could be triggering 

certain pathways we are unaware of, leading to unwanted (potentially 

detrimental effects). Based on experimental data both from Medannex and from 

this project (Chapter 4), it is believed that MDX-124 works by blocking 
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extracellular ANXA1 and preventing it from carrying out its function via the 

FPRs. However, further analysis is needed to confirm this. 

 

In summation, data presented in this chapter has provided valuable information 

on the consistency and range of MDX-124 binding and provided some information 

on what metabolic pathways MDX-124 could be inducing in healthy cells. 

Furthermore, surface staining experiments with MDX-124 allowed 

characterisation of ANXA1 and FPR expression in several immune cell types. This 

has in turn, shaped the focus of subsequent studies in this project by highlighting 

which immune cell subsets to focus on for analysis of the role of ANXA1 and the 

FPRs in PsA.  
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Chapter 4 Annexin A1 and the Formyl peptide 
receptors in inflammatory disease 

4.1 Introduction 

Inflammation is a normal defence mechanism of the immune system and can be 

triggered by a variety of factors, including pathogens, toxins and damaged 

cells287. Under normal circumstances, once the stimulant is cleared, the 

inflammatory response arrests. However, in the case of inflammatory disease, 

the inflammation persists, which can lead to multi tissue and organ damage288.In 

the case of autoimmune inflammation, the target is the body’s own cells; the 

immune system begins to attack healthy tissues. Autoimmune diseases can be 

systemic (e.g systemic lupus erythematosus, SLE) or tissue specific (e.g multiple 

sclerosis, MS).   

 

The exact cause of the autoimmune process is unknown, however, suggested 

triggers include genetics and environmental factors such as UV radiation, stress 

and diet289,290. The pathogenesis of several autoimmune diseases has been linked 

with dysregulated activity of key signalling proteins, one of which is the 

immunomodulatory protein, Annexin A1 (ANXA1). ANXA1 is a glucocorticoid (GC) 

induced protein and has been associated with innate67 and adaptive70,149 immune 

cell dysregulation in several inflammatory diseases. Moreover, the FPR receptors 

through which ANXA1 signals have also been implicated in inflammatory 

disease70,72.  

 

On the cellular level, adaptive immune cells such as T cells and B cells are 

thought to be key players in the autoimmune process. In particular, uncontrolled 

activation of IL-17 producing T helper (Th17 ) cells have been implicated in 

several autoimmune and inflammatory diseases74,273,291. It is suggested that IL-17 

triggers an upregulation in expression of several inflammatory genes through the 

activation of transcription factors such as NF-κB and hence causes prolonging of 

the inflammatory process292. To illustrate a role for ANXA1 in this process, 

studies have shown that ANXA1−/−murine models of experimental autoimmune 

encephalomyelitis (EAE), had a reduced Th17 profile compared to wild type 

mice149. Moreover, ANXA1-overexpressing transgenic mice had increased 

inflammation and accumulated Th17 cells in inflamed tissues compared to wild 
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type mice293. Additionally, B cells can enhance the autoimmune process through 

several cellular processes such as secretion of self-reactive (auto) antibodies, 

autoantigen presentation and secretion of inflammatory cytokines294. Increased 

levels of ANXA1 autoantibodies are evident in patients with inflammatory bowel 

disease (IBD) and SLE, suggesting a potential role for ANXA1 in B cell-mediated 

inflammation. 

 

PsA is an immune mediated, chronic, inflammatory form of arthritis, associated 

with cutaneous psoriasis (PsO)295. Psoriasis pathogenesis is believed to be 

mediated through interactions between T cells, dendritic cells and keratinocytes 

in the lesional skin98. Increased numbers of activated macrophages have also 

been observed in the PsO lesional skin296.  Moreover, the PsA synovial fluid (SF) 

has been shown to be dominated by activated macrophages and monocytes, 

particularly intermediate (CD14+CD16+) monocytes297. 

 

The initiation and perpetuation of the inflammatory response in the skin to the 

inflammation in the joints in PsA is not very well understood. Initial theories 

have suggested monocyte-derived TNF-α as the link between PsO and PsA, but 

more recently, focus has been on IL-17 and its associated pathways in 

combination with this TNF-α activation298–300.  

 

Despite advances in PsA therapeutics , there is still no clear method to predict 

treatment outcomes, and side effects can be plentiful 272,  Moreover, there are 

no approved diagnostic tests for PsA, which can drastically impact 

prognosis111.Therefore, better diagnostic and prognostic biomarkers as well as 

therapeutic targets, are needed for PsA. To tackle this, a better understanding 

of what is happening with the immune system activation and regulation in PsA is 

required. 

 

As PsA is a disease associated with dysregulated inflammation, and ANXA1 has 

been implicated in similar diseases, it was key to understand if ANXA1 (and its 

receptors) could also play a role in PsA. Moreover, with most of the evidence of 

a role for ANXA1 in inflammatory disease being from mouse models73,78,273, the 

primary focus of this work was on human samples to provide a further 

understanding of ANXA1 in PsA. 
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The research presented in this chapter sought to determine: 

1. Whether expression levels of ANXA1 and its receptors (FPR1/FPR2) are 

altered in PSA compared to HC samples, including:  

• Analysis of gene expression using RNA sequencing data 

• Cell surface expression analysis via flow cytometry 

• Plasma protein analysis via ELISA 

 

 

2. The effects of blocking ANXA1 expression using a novel anti-ANXA1 

monoclonal antibody (MDX-124) on the inflammatory response in both cell 

lines and primary cells, including: 

• Cell surface expression analysis via flow cytometry 

• Analysis of inflammatory cytokines in supernatants via ELISA 
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4.2 Results 

4.2.1 RNA sequencing analysis of ANXA1 and FPRs in PsA skin  

PsA is a heterozygous disease, occurring in around 30% of psoriasis patients301, 

but the relationship between skin and joint pathology in this disease is far from 

understood. The focus of this project was to understand whether ANXA1 or any 

of its receptors could play a role in the skin pathology in PsA.  RNA sequencing 

data was obtained from samples taken from healthy control (HC) skin, PsA 

lesional skin (PsA L) and PsA uninvolved skin (PsA U). This data was obtained 

from another researcher within the School of Infection and immunity, Hanna 

Johnsson (see materials and methods section 2.6.1 for normalisation details). 

The raw and processed sequencing data is available on the Gene Expression 

Omnibus (GEO), under accession GSE205748.  

 

Reanalysis of RNA sequencing data showed that there were no significant 

changes in expression of the ANXA1 gene in PsA skin biopsies compared to HCs 

(Figure 4.1A). However, gene expression of the ANXA1 receptors, FPR1 and FPR2 

was increased in the PsA L skin compared to HC skin (Figures 4.1B and 4.1C). 

There were no significant differences in expression of these receptors between 

the PsA U group and any of the other groups.  One PsA L sample expressed 

significantly more FPR1 and FPR2 than the rest of the samples and was identified 

as a potential outlier. Removal of this sample did not impact the significance of 

the results shown in figure 4.1 but did skew future correlation analysis in a 

potentially unreliable way. Taking this into account, the sample was removed 

from analysis. 
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Figure 4.1 FPR1 and FPR2 genes are expressed at significantly higher levels in PsA lesional 
skin                                                                                                                                                
Graphs showing normalised read counts of (A) ANXA1, (B) FPR1 and (C) FPR2 gene expression 
data from HC, PsA U and PsA L groups. Mean expression values and individual sample values are 
shown. Graphs were produced using GraphPad prism (v9) software. The non-parametric Kruskal-
Wallis test was performed to determine statistical significance of the data (appropriate normality 
tests were carried out to determine if a non-parametric test should be used). HC, PSA U N=9, 
PsAL=8. 
 

Having observed that FPR1 and FPR2 were upregulated in the PsA lesional skin, it 

was important to define the overall transcriptional profile of these samples and 

how this might correlate with the increased FPR1 and FPR2 levels. Differential 

gene expression analysis was conducted by Hanna Johnsson and a series of 

significance values and respective fold changes were provided for analysis. In 

total, there were 2151 significantly upregulated (log10p<0.05 and log2fold >1) 

and 4094 significantly downregulated (log10p<0.05 and log2fold <-1) genes in the 

PsA L skin compared to HC skin (Figure 4.2A). Significantly upregulated and 

downregulated genes are summarised in the volcano plot in figure 4.2B. 

Highlighted are the top 5 upregulated and downregulated genes (with the lowest 

adjusted P value). 

 

To identify biological pathways that are enriched within the group of 

differentially expressed genes identified in the PsA L skin, gene enrichment 

analysis was conducted using the ClusterProfiler programme on R studio. Dot 

plots were produced of enriched biological pathways involving upregulated 

(Figure 4.2C) and downregulated (Figure 4.2D) genes in the PsA L skin. 

 

Genes that were significantly upregulated in the PsA L skin were enriched in key 

pathways relevant to PsA pathogenesis, including lymphocyte activation and 

adaptive immunity (Figure 4.2C). Significantly downregulated genes were 

involved in pathways related to muscle regulation and contraction (Figure 4.2D). 

This supports previous research suggesting a role for these pathways in PsA 

pathogenesis which showed that pathways involving muscle contraction were 
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enriched in PsA peripheral blood samples302. A list of enriched genes in each 

pathway in figure 4.2C and 4.2D is shown in supplementary tables 1 and 2 (see 

appendix). 
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Figure 4.2 Multiple signalling pathways are upregulated in the PsA L skin                                 
(A) Bar graph showing a total of 2151 significantly upregulated and 4094 significantly 
downregulated genes in the PsAL skin compared to HC skin. (B) Volcano plot showing fold change 
and significance of differences in genes in the PsaL skin compared to HC skin. (C) Pathway 
analysis showing the top 10 signalling pathways involving genes that are significantly upregulated 
in the PsA L skin. (D) Pathway analysis showing the top 10 signalling pathways involving genes 
that are significantly downregulated in the PsA L skin. Number of genes is denoted by the size of 
the circle (the bigger the circle, the more genes) and significance is denoted by the colour of the 
circle (more significant= stronger red colour). 
 

To investigate the relationship of these changes in the PsA L skin to FPR1 and 

FPR2 expression, correlation analysis was performed on R studio. To achieve 

this, and to potentially identify any genes linked to FPR1 and FPR2 expression, 

the top differentially expressed genes with a significant positive and negative 

correlation with FPR1 and FPR2 were identified. Due to the large number of 

genes significantly correlating with FPR1 and FPR2, (> 40 with a Spearman’s 

correlation co-efficient of 0.9) and the potential influence of a small sample size 

on correlation analysis, stringent cut-offs for the correlation co-efficient were 

D 
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used. A positive correlation was determined as a Spearman’s correlation co-

efficient (R value) of ≥ 0.95, and a negative correlation was determined as an R 

value of ≤ -0.95. P values of < 0.05 were used to determine significance.  

 

A total of 9 genes had a significant positive correlation with FPR1 (Figure 4.3A). 

Descriptions of each gene, known functions and associated diseases can be found 

in supplementary table 3(see appendix). Information on gene and protein 

function was obtained from The Human Protein Atlas303 and the GeneCards 

Human gene database304. 4/9 (PRAL, AL355304.1, AC090229.1 and AC025181.2) 

of these genes were long-non-coding RNAs (LncRNAs), which have recently been 

implicated in the pathogenesis of several inflammatory diseases305. Although the 

function of some LncRAs is starting to be unveiled, a lot of the newly discovered 

transcripts have unknown functions. 2/9 of the positively correlating genes were 

pseudogenes, which have also been associated with  inflammatory signalling306. 

The function these two pseudogenes (SLC6A10P and RPL5P34) has not been 

defined. Other genes that positively correlated with FPR1 expression in the PsA L 

skin included those encoding proteins involved in protein synthesis (RPL38307) 

and transport (TOMM7308). Proteins involved in both these functions have been 

shown to be aberrantly expressed in PsO skin lesions309,310. Relevant to the 

function of FPR1, the RGS2 gene which encodes for the Regulator of G-protein 

signalling 2 protein311 also had a significant positive correlation with FPR1 gene. 

Considering FPR1 is a G protein coupled receptor39, it is not surprising to see the 

FPR1 gene correlating with a gene associated with regulation of its activity.   

 

A total of 5 genes had a significant negative correlation with FPR1 (Figure 4.3B) 

in the PsA L skin. Descriptions of each gene, known functions and associated 

diseases can be found in supplementary table 4(see appendix). Two pseudogenes 

(SUDS3P1 and UBE2SP1) and one LcnRNA (AL137003.1), negatively correlated 

with FPR1 expression in the PsA L skin, and although genes of this nature have 

been linked with inflammation, functions of these specific genes remain 

undefined. TRIM46 and SCG2 also negatively correlated with FPR1 expression in 

the PsA lesional skin, however, roles for these genes in FPR1 signalling and PsA 

pathogenesis are not apparent from current research.  
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On the basis that increased FPR2 expression was observed in PsA L skin biopsies, 

the same analysis was applied to FPR2 to investigate whether there were any 

correlations between this gene and any genes associated with PsA pathogenesis. 

A total of 14 genes positively correlated with FPR2 in the PsA L skin (Figure 

4.3C). Descriptions of each gene, known functions and associated diseases can 

be found in supplementary table 5(see appendix). 6/14 genes that positively 

correlated with FPR2 expression in PsA L skin were LncRNAs, again, with 

undefined functions. Genes positively correlating with FPR2 that could 

potentially be relevant to PsA pathogenesis were those encoding proteins 

involved in cellular proliferation (DYNAP) and reduced Nicotinamide adenine 

dinucleotide (NADH) metabolism (MDH1). Keratinocyte proliferation is enhanced 

in psoriatic skin lesions through a process which requires NADH-dependent 

oxidative phosphorylation312 

 

A total of 13 genes negatively correlated with FPR2 expression in the PsA L skin 

(Figure 4.3D). Descriptions of each gene, known functions and associated 

diseases can be found in supplementary table 6 (see appendix). 9/13 genes were 

relatively new transcripts with undefined functions, and hence, whether they 

interact with FPR2 associated pathways is unknown. Genes that negatively 

correlated with FPR2 in the PsA L skin and that could be relevant to FPR2 

function were RPTOR and SLCO3A.  RPTOR encodes the Regulatory associated 

protein of MTOR complex 1 protein (MTORC1) which has been shown to be 

inhibited by FPR2313. SLCO3A encodes the Solute Carrier Organic Anion 

Transporter Family Member 3A1, which is known to play roles in NF-κB signalling, 

which, similarly has been shown to be inhibited by FPR2314.  

 

 

 

 

 



117 
 

 
 

 

 
 

A 

B 



118 
 

 
 

 

C 



119 
 

 

Figure 4.3 Genes in the PsA L skin with the top correlations with FPR1 and FPR2          
Graphs showing genes in the PsA L skin with the top (A) positive and (B) negative correlations with 
FPR1 and the top (C) positive and (D) negative correlations with FPR2. Spearman’s correlation 
coefficients (R values) are shown. An R value of ≥ 0.95 was determined as a positive correlation 
and an R value of ≤ -0.95 was determined as a positive correlation. P values of < 0.05 were used 
to determine significance. Graphs were produced and correlation analysis was conducted on R 
studio. N=8. 
 

Overall, this preliminary data has highlighted several genes that correlate with 

FPR1 and FPR2 in PsA skin lesions that have an association with FPR1/FPR2 

signalling (e.g RGS2) or pathways relevant to PsA pathogenesis (e.g MDH1). 

However, as the N number in this study is relatively low (N=8), these findings 

need to be confirmed in a larger, independent cohort. Additionally, power 

calculations are needed to determine the ideal sample size needed for this 

experiment. 

 

 

 

D 
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4.2.2 Enriched signalling pathways in the PsA L skin involving 

FPR1 and FPR2 

Analysis was  conducted using the PathfindR315 programme on R studio to identify 

ernriched pathways in the PsA L skin involving FPR1 and/or FPR2 activity. 

PathfindR used the entire gene list from the PsA L skin samples and identified 

active subnetworks of protein-protein interactions and subsequent enriched 

pathways using the KEGG316 database. Three pathways came up as enriched from 

the KEGG database involving FPR1 and FPR2; those involved in neutrophil 

extracellular trap (NET) formation (FPR1 and FPR2), Staphylococcus aureus (S. 

aureus) infection (FPR1 and FPR2) and the Rap1 signalling pathway (FPR1).  

Figures 4.4A-4.4C show the three KEGG pathways mentioned and highlight 

interactions with FPR1 and FPR2. 

 

It is not entirely surprising that the S. aureus infection pathway (Figure 4.4A) is 

enriched in this dataset as previous studies have shown S. aureus to be present 

on the skin of people with psoriatic lesions317. In the S. aureus infection 

pathway, FPR1 and FPR2 (denoted FPRL1 in Figure 4.4A) were shown to primarily 

be involved in neutrophil inhibition of chemotaxis and phagocyte activation 

through interaction with proteins on the surface of the S. aureus bacterium. The 

S.aureus protein, chemotaxis inhibitory protein of S. aureus (CHIPS) is able to 

inhibit chemotaxis in the neutrophil through inhibition of FPR1. Interestingly the 

S. aureus bacterium has been shown to produce an FPR2-specific protein, FPRL1 

inhibitory protein (FLIPr), that inhibits its actions in the neutrophil. This has also 

been shown experimentally318. 

 

In the NET formation pathway FPR1 and FPR2 (denoted FPR in Figure 4.4B) can 

both interact with N-Formyl-methionyl-leucyl-phenylalanine (fMLP), a potent 

chemotactic factor. fMLP can then go on to activate calcium signalling, PI3K-Akt 

signalling, NADPH Oxidase signalling and autophagy regulation pathways via FPR1 

and FPR2 (Figure 4.4B). NET formation is also extremely relevant in the context 

of PsA as NET formation was found to be increased in the blood and lesional skin 

of PsA patients, which also correlated with disease severity319. 

 

Rap1 is a small guanine nucleotide triphosphatase (GTPase) that controls several 

signalling processes, including mitogen-activated protein (MAP) kinases as well 
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as playing a role in cell adhesion320. More relevantly, a role for Rap1 in T cell-

mediated autoimmune disease has been suggested321. In Figure 4.4C, FPR1 is 

shown to play a role in this pathway through activation of the second messengers 

calcium, cyclic AMP (cAMP) and diacylglycerol (DAG). These indirectly activate 

Rap1 which, in turn, indirectly regulates several biological processes including 

adhesion and migration as well as regulation of MAP kinases and PI3 kinase-Akt 

signalling. Additionally, a role for MAP kinases in the development of psoriasis 

has been implicated322. 
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Figure 4.4 FPR1 and FPR2 are involved in key signalling pathways in the PsA L skin 
 
Diagrams taken from the KEGG database showing the key signalling pathways enriched in the PsA 
L skin where FPR1 and FPR2 are upregulated. Diagrams show the role of FPR1 and FPR2 in (A) 
S.aureus infection pathways (KEGG entry hsa0510) and (B) NET formation pathways(KEGG entry 
hsa04613). FPR1 is also shown to play a role in (C) the Rap1 signalling pathway (KEGG entry 
hsa04015). Green boxes Red boxes highlight FPR involvement within the pathway. A key for 
symbols shown in the diagrams has been added to 4.3A. Green boxes are used by the KEGG 
database for hyperlinking to genes (not relevant to this analysis).  
 

C
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In summation, this analysis has identified three pathways associated with FPR1 

activity and two pathways involving FPR2 activity in PsA L skin samples. 

Moreover, each of these pathways are associated with functions that could be 

relevant to PsA pathology in terms of bacterial responses in the psoriatic lesions 

(S. aureus infection pathway), disease severity (NET formation) and 

development (Rap1 pathway). 

 

4.2.3  Analysis of ANXA1, FPR1 and FPR2 surface protein 
expression in PsA 

ANXA1 is primarily expressed in the subcellular granules or cytoplasm of the cells 

that express it. ANXA1 can be transported to the cell surface upon cellular 

activation during an inflammatory response or through glucocorticoid 

stimulation27. ANXA1 is then free to trigger any relevant signalling, which is 

evidenced to be mediated via the FPRs, primarily FPR1 and FPR2 in the context 

of disease23,28,29. PsA is a disease that is certainly associated with an 

overactivation of immune cells and a chronic inflammatory response90,98.  
 

Therefore, it was of interest to investigate surface expression levels of ANXA1 

and its receptors on immune cells from PsA patients to determine if expression 

was significantly different on any particular subsets of cells compared to healthy 

controls. It was also key to identify if there were any immune cell subsets 

associated with PsA disease pathogenesis that had significantly altered ANXA1, 

FPR1 and/or FPR2 expression. Three separate flow cytometry panels were 

designed to assess monocyte and DC, B cell and T cell populations for ANXA1 and 

FPR1/2 expression (details of antibodies and fluorophores can be found in 

materials and methods section 2.4.2). These panels were used to assess 9 PsA 

and 6 HC samples. Out of the 6 HC samples, only three were able to be age 

matched.  

 

Positive staining for FPR1 and FPR2 was defined as a higher fluorescence 

detection than the fluorescence minus one control staining (FMO) and positive 

staining for ANXA1 was determined as higher fluorescence detection than the 

isotype control stain. An FMO control consists cells from the same population 

stained with all of the fluorescent markers in the panel apart from a specific 

marker of interest.  FMO controls are essential in multicolour flow cytometry 
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panels as they take into account background staining coming from other 

fluorophores which may contribute to detection of the fluorophore of interest323. 

As MDX-124 is a novel antibody and was labelled in- house (see details in 

methods section 2.3.3), the effects of non-specific binding of the antibody and 

autofluorescence were taken into account by using an isotype control antibody 

labelled at the same time, using the same fluorophore (AF647). An isotype 

control is an antibody of the same isotype as the primary antibody (MDX-124) 

than is non-specific to the antigen of interest (ANXA1).  

Gating strategies for the monocyte and DC panel (Figure 4.5A), the B cell panel 

(Figure 4.5B) and the T cell panel (Figure 4.5C) are shown below.  
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Figure 4.5 Gating strategy for flow cytometry analysis of Monocyte/DC, B cell and T cell 
panels 

(A) For the monocyte panel, single cells were first gated, followed by PBMCs. Cells that were 
lineage CD3, CD19 and CD56) negative and HLA-DR positive were selected. Monocytes were then 
gated based on their expression of CD16 and CD14 and DCs were gated based on their negative 
expression of CD16 and CD14. DC subpopulations were gated based on their expression of 
CD11c (myeloid or mDCs) and CD303 (plasmacytoid or pDCs). 

(B) For the B cell panel, single cells and lymphocytes were first gated, followed by B cells based on 
their CD19 expression. A subpopulation of CD5+ B cells was also gated. Non-transitional and 
transitional B cells were gated based on their CD38 and CD10 expression and CD24+ cells were 
further gated from transitional B cells.  IgM memory and non-IgM memory B cell subsets were 
gated from non- transitional B cells based on their IgM and IgD expression. Subpopulations of IgM 
memory B cells were then gated based on their CD27 expression. Further subpopulations were 
gated from IgM memory and (non-IgM memory) unswitched memory B cells based on CD43 and 
CD38 expression. 

(C) For the T cell panel, single cells and lymphocytes were gated, followed by CD3+ T cells. T cells 
were further gated for their expression of the Gamma delta (GD) T cell receptor (TCR) and 
CD4/CD8 expression. Subpopulations of CD4 and CD8 T cells were then individually gated based 
on HLA-DR, CCR10, both CXCR3 and CCR6 and both CD45RA and CCR7 expression.  
Subpopulations of these cells were gated based on their CCR4 and CCR6 and CXCR3 expression. 

FACS plots were produced using FlowJo (v 10.6.1) software. 
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Analysis was conducted on FlowJo (v10.6.1) software to obtain the geometric 

mean expression of ANXA1, FPR1 and FPR2 on the cell populations of interest. 

Delta (Δ) MFI values for each population were then calculated by subtracting the 

(FMO and isotype) control stains from the FPR1, FPR2 and ANXA1 stains, to 

account for non-specific background staining. Mean ΔMFI values were used to 

produce heatmaps to simultaneously look at the expression of ANXA1(Figure 

4.6A), FPR1(Figure 4.6B), and FPR2 (Figure 4.6C) in all of the cell subsets gated.  

 

Consistent with the literature29, monocytes were high expressors of ANXA1 in 

both HC and PsA samples (Figure 4.6A). CD16+CD14dim monocytes were the 

highest ANXA1 expressors within the monocyte panel and expressed higher 

ANXA1 in PsA (HC mean ΔMFI=2547, PsA mean ΔMFI=2738). In the B cell panel, 

unswitched memory plasma and blast cell populations were high ANXA1 

expressors in both HC (mean ΔMFI=1442) and PsA, with higher expression being 

apparent in the PsA samples (mean ΔMFI=2449). Gamma delta (GD) T cell 

populations expressed higher ANXA1 in PsA (HC mean ΔMFI=127, PsA mean 

ΔMFI=473). The same was evident with Type 1 cytotoxic T cell (TC1) populations, 

particularly CXCR3+Tc1 (HC mean ΔMFI=22, PsA mean ΔMFI=500) and 

CXCR3+CCR6+Tc17.1 populations (HC mean ΔMFI=173, PsA mean ΔMFI=472). In 

contrast (CXCR3-)Tc17 populations expressed higher ANXA1 in HC samples (HC 

mean ΔMFI=438, PsA mean ΔMFI=5). 

 

A similar pattern was seen in the FPR1 expression heatmap (Figure 4.6B). 

Monocytes were amongst the highest expressors of FPR1 in both PsA and HC 

samples. CD16+CD14+ monocytes in particular expressed the highest FPR1 in PsA 

(HC mean ΔMFI=1875, PsA mean ΔMFI=2644). Both switched memory (HC mean 

ΔMFI=93, PsA mean ΔMFI=417) and unswitched memory (HC mean ΔMFI=235, PsA 

mean ΔMFI=383) plasma and blast cells expressed higher FPR1 in PsA, as well as 

unswitched memory B1 cells (HC mean ΔMFI=148, PsA mean ΔMFI=372). As with 

ANXA1, (CXCR3+CCR6+) Tc17.1 populations expressed more FPR1 in PsA (HC 

ΔMFI=23, PsA ΔMFI=111). The same was seen with Tc17(HC mean ΔMFI=33, PsA 

mean ΔMFI=71) and GD T cell (HC mean ΔMFI=34, PsA mean ΔMFI=69) 

populations, although expression of FPR1 in general was lower in T cells 

compared to monocyte, DC and B cell populations, which could result in small 

changes in expression appearing more substantial in the heatmap. 
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Monocytes were amongst the highest expressors of FPR2, with higher expression 

in PsA being evident on CD14+CD16- monocytes (HC mean ΔMFI=10, PsA mean 

ΔMFI=16) and CD14+CD16+ monocytes (HC mean ΔMFI=7, PsA mean ΔMFI=18). 

However, as mentioned above, when interpreting this data, it is worth noting 

that FPR2 expression on monocytes was substantially lower than for ANXA1 and 

FPR1, meaning small changes in expression could appear more substantial in the 

heatmap. Unswitched plasma and blast cells were amongst the top expressors of 

FPR2 in PsA in the B cell panel, with higher expression than in HC samples (HC 

mean ΔMFI=37, PsA mean ΔMFI=48). Contrastingly, CD5+ B cells expressed more 

FPR2 in HC samples (HC mean ΔMFI=59, PsA mean ΔMFI=32).  Relevantly, these 

cells have recently been implicated in the negative regulation of TCR signalling 

and have been suggested as protective in autoimmunity324. As shown with FPR1 

and ANXA1, CXCR3+CCR6+ Tc17.1 population expressed more FPR2 in PsA (HC 

ΔMFI=25, PsA ΔMFI=111), as well as Tc17(HC mean ΔMFI=3, PsA mean ΔMFI=71) 

and GD T cell (HC mean ΔMFI=16, PsA mean ΔMFI=69) populations.  
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Figure 4.6 Expression profiles of ANXA1, FPR1 and FPR2 on peripheral blood immune cell 
subsets.                                                                                                                                       
PBMCs were extracted from peripheral blood and stained for several monocyte, B cell and T cell 
markers as well as surface expression of ANXA1, FPR1 and FPR2. Δ MFIs were calculated using 
appropriate controls (stained sample minus FMO or isotype control) and heatmaps were produced 
of mean Δ MFIs for (A) ANXA1, (B) FPR1 and (C) FPR2 surface expression on monocyte and DC 
populations, B cell populations and T cell populations. Heatmaps were produced using GraphPad 
prism v9 software. HC N=6, PSA N=9 
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Having investigated the global shifts in ANXA1, FPR1 and FPR2 surface expression 

on different immune cell subsets, it was key to look at the sample specific data 

across the controls and patient samples to determine if there were any 

significant differences in expression between the groups. 

 

Three cell populations expressed significantly different ANXA1 in PsA compared 

to HC samples (Figure 4.7A). In the monocyte and DC panel, myeloid (m)DCs 

expressed significantly less ANXA1 in PsA patient samples. Switched memory B1 

cells (CD38-CD43+ switched memory B cells) expressed significantly more ANXA1 

in PsA. Additionally, a subset of IL-17 secreting CD8+ cytotoxic T cells (Tc17) 

expressed significantly less surface ANXA1 in PsA samples (Figure 4.7A).  

 

Fifteen cell populations expressed significantly different FPR1 in PsA compared 

to HC samples (Figure 4.7B). CD16+CD14+ monocytes expressed significantly more 

FPR1 on their cell surface in PsA. Naïve B cell populations (true naïve and 

activated) switched memory B cell populations (B1 and plasma cell and blast), 

unswitched memory B cells and transitional B cells all expressed significantly 

more surface FPR1 in PsA samples. Significantly more FPR1 was also expressed 

on the surface of CD8+ cell populations, including the autoimmune- associated325 

Mucosal-associated invariant T (MAIT) cells, Tc17.1 cells, CXCR3 Tc1 cells, 

CXCR3- cells, TEMRA, effector memory, naïve and central memory cells.  

 

Twenty-three cell populations had significantly different FPR2 surface expression 

in PsA samples compared to HC samples, (Figure 4.7C). CD43- IgM and true 

unswitched memory B cell populations expressed significantly more surface FPR2 

in HC samples. In contrast, most T cell populations expressed significantly more 

surface FPR2 in PsA. These differences did not appear to be CD8+ T cell specific, 

as seen with FPR1 expression. Both CD4+ and CD8+ TEMRA, naïve, effector 

memory and central memory populations expressed significantly more FPR2 in 

PsA, as well as (CD4+ and CD8+) HLA-DR+ cells, CD161+cells and CXCR3+Tc1 cells. 

Additionally, several Il-17 producing T cells (Th17, Tc17, Th17.1, Tc17.1) as well 

fully differentiated (CCR7-) Th2 and Tc2 cells and pre-th2 and Tc2 cells 

expressed significantly more FPR2 in PsA. The greatest statistical difference 

between PsA and HC sample was observed in CD8+ central memory, naïve and 

Tc2 cells (P<0.0001).  
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Figure 4.7 Surface expression of ANXA1 and its receptors is altered in a cell-specific 
manner in PsA                                                                                                                              
Graphs showing differences in Δ MFIs for (A) ANXA1 (B) FPR1 and (C) FPR2 between healthy 
control and PsA patient samples. The non-parametric Mann Whitney U test was used to determine 
significance (appropriate normality tests were carried out to determine which statistical tests to 
use). Graphs were produced and statistical tests were carried out using GraphPad Prism (v9) 
software. HC N=6,PsA N=9. * p<0.05, **p<0.01,***p<0.001 
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Recent evidence has emerged suggesting that levels of circulating ANXA1 could 

be a useful biomarker in several inflammatory diseases, such sepsis and chronic 

obstructive pulmonary disease (COPD)326–328. Based on this, the levels of ANXA1 

in HC and PsA plasma samples were analysed to see if there were any significant 

differences in ANXA1 expression between the groups. Plasma samples collected 

from the same PsA patients (with the exception of HC1 and PsA5) as used for 

flow cytometry analysis in results section 4.5 and 4.6, alongside 3 extra (age-

matched) healthy control samples were analysed. Two HC and one PsA sample 

were outside of the detectable limits of the assay and could not be re-tested 

due to low sample availability (see materials and methods section 2.5.1 for 

information on standards and assay range). Concentrations of ANXA1 ranged 

from 8-401 ng/ml in HC samples and from 6-1976 ng/ml in PsA samples, with 

substantial variation between donors. There was no significant difference in 

plasma ANXA1 expression between HC and PsA samples (Figure 4.8). Further 

analysis with more age-matched controls will prove useful in confirming this 

result (in some instances, small sample sizes can increase the chance of 

important biological differences being missed).  

 

 

 

Figure 4.8 No significant difference in plasma ANXA1 expression between PsA and HC 
samples                                                                                                                                           
Graph showing the concentration of ANXA1 (ng/ml) in the plasma of HC and PsA samples. 
Samples producing signals greater than that of the highest standard were diluted and reanalysed if 
enough sample was available (HC5 and HC6 values were out of the detectable range of the ELISA 
(>400ng/ml) and could not be repeated due to low sample availability. A non-parametric Mann-
Whitney U test was performed to determine statistical significance. HC N=6, PsA N=8. Graphs 
were produced and statistical tests conducted using GraphPad Prism (v9) software. 
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In summary, this data has identified nuances in ANXA1, FPR1 and FPR2 surface 

protein expression in PsA that appear to be cell type specific.  FPR1 appears to 

be upregulated on specific adaptive immune cell types in PsA samples, whereas 

whether ANXA1 and FPR2 are up or downregulated in PsA is dependent on the 

innate or adaptive immune cell type they are expressed on. Additional studies 

investigating FPR1/FPR2-ANXA1 signalling mechanisms would prove useful for 

understanding these nuances in expression. Differences in circulating ANXA1 

expression are not apparent in PsA compared to HCs, however further samples 

are needed to confirm this result. Additionally, power calculations are needed to 

determine the ideal sample size needed to for optimal significance testing of 

this experiment. 

 

4.2.4 Assessment of the correlative relationship between ANXA1, 
FPR1 and FPR2 expression and clinical markers of disease 
activity 

The Disease Activity Index for Psoriatic Arthritis (DAPSA) is a routine 

measurement of disease activity in PsA. It takes into account the number of 

swollen (out of 66) and tender (out of 68) joints, the level of pain (in the form of 

a visual analogue scale or VAS) and serum markers of inflammation (CRP and 

ESR) 115 (see table 1.1 in introduction section 1.32 for a summary of disease 

scores and interpretations). Having identified altered FPR1 and FPR2 gene and 

protein expression in PsA, as well as altered ANXA1 protein expression, (Figures 

4.1 and 4.7), it was important to assess the correlative relationship between 

ANXA1, FPR1 and FPR2 gene and protein expression and DAPSA scores. 

 

For the patients used for the (PsA L) RNA sequencing data, information on ESR, 

CRP and swollen joint count (SJC) and tender joint count (TJC) was assessed as 

DAPSA scores were not available. It is worth noting that not all the clinical 

features were available for all the patients (e.g some CRP values were missing 

and some ESR values were missing).There was no significant correlation between 

ANXA1, FPR1 or FPR2 gene expression and ESR, CRP, or the number of swollen or 

tender joints (Figure 4.9A-4.9C).  However, it is important to note that this data 

is only preliminary; due to the small sample size, the spearman’s correlation 

coefficient (R) is easily swayed by outliers, therefore, this data needs to be 

confirmed in a larger, independent cohort.  
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Figure 4.9 ANXA1, FPR1 and FPR2 gene expression in PsA L skin do not correlate with 
clinical markers of disease activity                                                                                                   
ESR, CRP, SJC and TJC were plotted against gene expression of (A) ANXA1, (B) FPR1 and (C) 
FPR2. A Spearman’s rank correlation coefficient was calculated(R), and the linear regression of the 
data was plotted. PsA samples N=9, however ESR and CRP scores were not available for all of the 
PsA patients. Graphs were produced and correlation analysis was conducted using GraphPad 
Prism (v9) software. 
 

It was then decided to assess whether there were any significant correlations 

between ANXA1, FPR1 and FPR2 surface protein expression and disease activity. 

For a more focused approach, the cell populations were limited to those which 

had shown significant changes in these proteins in PsA (Figure 4.7). The 

correlative relationships of ANXA1, FPR1 and FPR2 surface expression and DAPSA 

were assessed (Figure 4.10). 

 

A 

B 
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There was no correlation between DAPSA and ANXA1 or FPR2 expression on any 

of the cell populations assessed (Figures 4.10A and 4.10C).  FPR1 surface 

expression positively correlated significantly with DAPSA on activated switched 

memory B1 cells, and transitional B cells (Figures 4.10B). However, it is worth 

noting that this is preliminary analysis; due to the low sample size and the 

probability that outliers are skewing the correlation analysis, these results need 

to be confirmed in a larger, independent cohort. Additionally, power 

calculations are needed to determine the ideal sample size needed to for 

optimal significance testing of this experiment. 
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Figure 4.10 FPR1 surface expression on certain B cell subsets correlates with DAPSA  

The Δ MFI of (A) ANXA1, (B) FPR1 and (C) FPR2 expression in cell populations identified in figure 
4.7 was plotted against the PsA disease activity index, DAPSA. Spearman’s rank correlation 
coefficient was calculated(R), and the linear regression of the data was plotted. Cell populations in 
which surface expression was identified as having a significant correlation with DAPSA are marked 
with an asterisk and P and R values shown. PsA N=8 (DAPSA score was not available for one 
patient). Graphs were produced and correlation analysis was conducted using GraphPad Prism 
(v9) software. 
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4.2.5 Investigation of FPR1 signalling in the THP-1 cell line 

Based on surface expression data (Figure 4.6) showing that monocytes are high 

expressors of ANXA1, experiments were conducted to assess the effects of the 

anti-ANXA1 antibody, MDX-124, on the THP-1 monocytic cell line. These cells 

originate from a patient with acute monocytic leukaemia and have been used 

widely in the field to investigate the function and regulation of monocytes and 

macrophages243. 

 

A common method of differentiating THP-1 cells into macrophage-like cells is to 

stimulate with phorbol-12-myristate-13-acetate (PMA). After differentiation with 

PMA, THP-1 cells change from rounded non-adherent monocyte-like cells to 

adherent, spindle-shaped macrophage-like cells (Figure 4.11A). Additionally, 

upregulation of CD11b and CD14 has been shown to occur upon differentiation of 

THP-1 cells with PMA329. To confirm this, THP-1 cells were evaluated for CD11b 

and CD14 expression before and after differentiation. Results showed an 

upregulation in the percentage of CD11b (~11% to ~99%) and CD14 (~1% to ~23%) 

positive cells after differentiation (Figure 4.11B). In addition, THP-1 cells were 

assessed for their expression of FPR1 and FPR2 during the differentiation process 

(Figure 4.11C). In general, the frequency of FPR1 and FPR2 positive 

(undifferentiated) THP-1s was low (<1%). The frequency of FPR1 positive cells 

increased throughout the differentiation process from day 3 (~2%) to day 7 

(~9%), whereas the frequency of FPR2 positive cells remained low on days 3 and 

7 (<1%). 

 

A 
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Figure 4.11 Differentiation of THP-1s into macrophage-like cells 
(A) Undifferentiated THP-1s are round, non-adherent, monocyte-like cells.THP-1s were 
differentiated with 50ng/ml of PMA for 3 days and rested for 7 days to form adherent, spindle-
shaped cells (B)Cells were stained with anti-CD11b, anti-CD14, anti-FPR1 and anti-FPR2 
antibodies and washed in FACS buffer before running on the LSR II flow cytometer. The gating 
strategy used identified single cells, excluded debris from these cells and then gated the live cells 
from this. (C) Live cells were then gated for CD11b and CD14 expression as well as (D) FPR1 and 
FPR2 expression. Representative plots of staining from undifferentiated THP-1s and THP-1s from 
day 3 and day 7 (fully differentiated) of the differentiation process are shown. Unstained control 
plots for each stain are shown. N=1 representative data of N= 3 technical replicates. FACS plots 
were produced using FlowJo (v 10.6.1) software. 
 

Before assessing the effects of MDX-124 on differentiation of THP-1 cells, 

initially, the effect of adding MDX-124 to undifferentiated THP-1 cells was 

assessed. Firstly, an initial staining experiment was carried out to ensure THP-1 

cells expressed ANXA1 on their surface. The gating strategy showing ANXA1+ 

THP-1s is shown below (Figure 4.12A). Surface expression on unstimulated THP-

1s was low (1.36%), however this was similar expression to that seen on 

unstimulated primary monocyte populations (Chapter 3, Figure 3.14). 

B
d 

C 
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MDX-124 was added to THP-1 cells for 24, 48 and 72 hours(hrs). The cells were 

then assessed for any changes in CD11b and CD14 surface expression as well as 

expression of the ANXA1 receptors FPR1 and FPR2, compared to control samples 

(without MDX-124). Addition of MDX-124 to THP-1 cells was not associated with 

any apparent difference in surface expression of CD11b, CD14, FPR1 or FPR2 at 

any of the timepoints assessed (Figure 4.12B-D). 

 
 

 

Figure 4.12 MDX-124 has no effect on undifferentiated THP-1 cells                                            
(A) Gating strategy showing THP-1 cells express ANXA1 on their surface. Single cells were gated 
followed by THP-1 cells and ANXA1 positive cells. Isotype control staining is also shown. THP-1 
cells were exposed to 100ng/ml of MDX-124 for (B) 24, (C) 48 and (D) 72 hrs with unexposed THP-
1 cells used as controls. Cells were stained with anti-CD11b, anti-CD14, anti-FPR1 and anti-FPR2 
antibodies and washed in FACS buffer before running on the LSR II flow cytometer. Three 
technical repeats were carried out for every condition apart from the 24 hr controls and the FPR1 
staining at 72 hours, where only 2 technical repeats were carried out. Histograms were produced 
using FlowJo (v 10.6.1) software. 
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Next, the effect of MDX-124 on the differentiation of THP-1 cells was assessed 

on days 3 and 7. Representative histograms of CD11b, CD14, FPR1 and FPR2 

frequency are shown for day 3 (Figure 4.13A) and day 7 (Figure 4.13B). Analysis 

revealed no change in the frequency of CD11b (Figures 4.13C and 4.13G), CD14 

(Figures 4.13D and 4.13H), and FPR2 (Figures 4.13F and 4.13J) positive cells on 

days 3 and 7. Additionally, there was no change in the frequency of FPR1 

positive cells on day 3 (Figure 4.1E), however, a decrease in FPR1 positive cells 

is seen when the THP-1s were differentiated with MDX-124 on day 7 compared to 

controls(Figure 4.13I). This shift in FPR1 expression is also evident in the 

histogram in Figure 4.13B. 
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Figure 4.13 Treatment with MDX-124 during the differentiation of THP-1 cells is associated 
with a downregulation in surface FPR1                                                                                      
THP-1 cells with and without addition of 100ng/ml of MDX-124 were differentiated with 50 ng/ml of 
PMA for 3 days and rested for a further 4 days to allow them to develop into fully differentiated 
macrophage-like cells. Cells were stained with anti-CD11b, anti-CD14, anti-FPR1 and anti-FPR2 
antibodies and washed in FACS buffer before running on the LSR II flow cytometer. Representative 
histograms of staining at (A) day 3 and (B) day 7 are shown. Arrow highlights the FPR1 positive 
population at day 7. (C-J) Graphs plotting % positive staining for each of the technical replicates 
carried out are shown (N=3) alongside the mean % positive staining.  Histograms were produced 
on FlowJo (v 10.6.1) software and graphs were produced on GraphPad Prism (V9) software. 
 

After identifying that addition of MDX-124 to THP-1 cells was associated with a 

decrease in the percentage of FPR1 positive cells on day 7, it was key to 

investigate any potential signalling that MDX-124 could be inducing in these cells 

which might be associated with downregulation of FPR1. A common way to 

identify differences in cell signalling is to measure the level or activity of 

protein kinases. Protein kinases are enzymes involved in the phosphorylation and 

hence modulation of proteins involved in several biological signalling pathways, 

from growth to apoptosis330. 

 

Phosphorylated (and hence activated) protein kinase levels were assessed in 

lysates from day 7 THP-1 cells differentiated with MDX-124 (100ng/ml) and 

compared to lysates from control (unexposed) cells using the R&D Systems 

Proteome ProfilerTM human phospho-kinase array kit331. The location and position 

of each of the analytes assessed as well as MDX-124-treated and control blot 

images are shown in Figures 4.14A and 4.14B. Differences between MDX-124 

exposed and control groups were expressed in terms of fold change in signal 

detected from the assay (Mean pixel density). Similar to methods used in other 
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research groups with this assay332, fold changes of greater than 1.5 were 

considered upregulated.  

 

Amongst all of the phosphokinases assessed, the highest expressed 

phosphokinases in both MDX-124-treated and control cells were Signal 

Transducer and Activator of Transcription (STAT)a/b  and p38α mitogen 

activated protein (MAP) kinase (Figure 4.14C), both of which have been 

implicated in the regulation of inflammation333,334. Analysis of fold change 

revealed that a total of 11/34 phosphokinases assessed were upregulated in THP-

1 cells differentiated with MDX-124 compared to control cells (Figure 4.14D). 

The greatest fold increase in MDX-124 treated cells was in Chk-2, which is a key 

component of the DNA damage response335. MDX-124-treated THP-1s were 

associated with increases in phosphokinases associated with cell survival (p70 S6 

Kinase336), growth (AKT 1/2/3337) and regulation of inflammation (GSK-3α/β338 

and STAT2338) as well as cell proliferation and apoptosis (JNK1/2/3, c-Jun, 

p53339). Additionally, increased ERK/1/2 expression was observed in MDX-124 

treated cells. The ERK1/2 pathway is involved in many of the processes 

mentioned above, including survival, proliferation and differentiation340.  

 

This data is reflective of other studies showing that downregulation of FPR1 in 

cell lines subjected to inflammatory stimuli was associated with decreased 

apoptosis and improved survival, through regulation of the MAP kinase 

pathway.341 Additionally, ANXA1 has been shown to regulate inflammation 

through modulation of MAP kinase signalling56. This allows for speculation that 

MDX-124 binding to ANXA1 could somehow be preventing ANXA1-FPR1-mediated 

regulation of the pro-inflammatory and pro-apoptotic functions of the MAP 

Kinase pathway, through a mechanism not yet understood.  
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Figure 4.14 Treatment with MDX-124 during the differentiation of THP-1 cells is associated 
with increased production of several phosphokinases                                                            
THP-1 cells were differentiated with 50 ng/ml of PMA and for 3 days and rested for a further 4 days 
to allow them to develop into fully differentiated macrophage-like cells.100ng/ml of MDX-124 was 
added for the duration of the differentiation process (7 days). Cells that were unexposed to MDX-
124 were used as controls. Cells were serum starved for 24 hrs before stimulation with cell 
stimulation cocktail for 5 minutes to induce phosphokinase production. Lysates were collected and 
analysed for phosphokinase production. Protein in the lysates was quantified using BCA assay. (A) 
shows the location and well numbers of the 34 analytes assessed over the two membranes (A and 
B) for each condition as well as positive control reference spots and negative control spots. 
Upregulated=red (B) shows images of the MDX-124- treated and control blots and highlights top 
expressed analytes (1=p38 and 2=STATa/b).(C) Heatmap showing mean pixel densities of the 34 
phosphokinases assessed in MDX-124-treated and control groups (D) fold changes in 11 
phosphokinases identified as upregulated (>1.5) in MDX-124-treated cells. 1 and 2 correspond to 
the highlighted analytes in (B). Image analysis of blots was conducted using Quick Spots software 
from Western Vision and graphs were produced using GraphPad Prism (v9) software. 
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In order to investigate whether MDX-124 had any impact on extracellular 

signalling in addition to intracellular signalling, the supernatant of MDX-124-

treated cells was collected on day 7 and assessed for production of several 

cytokines, chemokines, growth factors and acute phase proteins simultaneously, 

and compared to supernatant from control cells. 

 

A total of 32/102 cytokines assessed were upregulated (fold change >1 .5) in the 

THP-1 cells exposed to MDX-124. Upregulated analytes and their corresponding 

positions are recapitulated in Figure 4.15A. Analytes were grouped into ‘cytokine 

and chemokines’, ‘growth factors’ and ‘other soluble proteins, receptors and 

enzymes’ to allow better categorisation of the effects of addition of MDX-124 to 

THP-1 cells during differentiation. Images of the individual blots of control and 

MDX-124-treated cells can be seen in Figure 4.15B. The majority (46.9%) of 

upregulated proteins produced by MDX-124-treated cells were in the cytokine 

and chemokine group, followed by other soluble proteins, receptors and 

enzymes (31.2%) and growth factors (21.9%) (Figure 4.15C). 

 

MDX-124 treatment of THP-1s was associated with an increase in several 

cytokines associated with monocyte function (Figure 4.15D). The monocyte-

derived cytokine, resistin, exhibited the highest signal in the MDX-124-treated 

group. This cytokine is recognised as an important meditator of chronic 

inflammation in monocytes and macrophages, and has interestingly been shown 

to be induced by leptin, another differentially expressed protein in MDX-124-

treated cells342,343. Furthermore, interleukin (IL)-34, a cytokine involved in 

monocyte and macrophage survival and differentiation344, had the highest fold 

increase in in MDX-124-treated cells compared to controls. This supports the 

data in Figure 4.14 showing an increase in intracellular (phosphokinase) 

signalling associated with survival and mediation of inflammation. 

 

MDX-124- treatment was also associated with an increased production in several 

growth factors related to both monocyte differentiation and proliferation (GM-

CSF345) and  proliferation of cancer cells (fibroblast growth factor (FGF)-7346) 

(Figure 4.15E). Additionally, increased production of several soluble proteins 

related to cancer signalling was evident in MDX-124-treated cells. This included 

Kallikrein-3, also known as prostate specific antigen, which is frequently 
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associated with several cancers including those of the breast, ovary and skin347 

and trefoil factor 3 (TFF3), which is implicated in several pro-cancer processes, 

including the promotion of growth and invasiveness  of cancer cells348. 
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Figure 4.15 Treatment with MDX-124 during the differentiation of THP-1 cells is associated 
with increased production of cytokines, growth factors and other soluble proteins 
associated with survival and inflammation 
 

THP-1 cells were differentiated with 50 ng/ml of PMA and for 3 days and rested for a further 4 days 
to allow them to develop into fully differentiated macrophage-like cells.100ng/ml of MDX-124 was 

added for the duration of the differentiation process (7 days). Cells that were unexposed to MDX-

124 were used as controls. Supernatant was collected on day 7 and analysed for production of 102 

analytes using the R&D systems Human Cytokine XL array kit. (A) shows the location and well 

numbers of the 102 analytes assessed for each condition as well as positive control reference 

spots and negative control spots. Upregulated=red (B) shows images of the MDX-124-treated and 

control blots and highlights analytes with the highest fold change in each of the 3 subgroups (1=IL-

34,2=FGF-7, 3=TFF3). (C) Pie chart showing the proportion of upregulated proteins in each of the 
three subgroups. Heatmaps show mean pixel densities and fold changes for upregulated (>1.5-fold 

change) proteins in the (D)cytokine and chemokine group, (E)growth factor group and (F) other 

soluble proteins, receptors and enzymes group. Analytes highlighted in (B) are also highlighted in 

the fold change graphs. Image analysis of blots was conducted using Quick Spots software from 

Western Vision and graphs were produced using GraphPad Prism (v9) software. 
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Taken together, this data reflects both the nature of THP-1s as cells of 

monocytic origin, but also their origin from acute monocytic leukemic cancer 

cells349.The signalling that encompasses both the function of THP-1s as 

monocytic and cancerous cells seems to be enhanced through an MDX-124-

asscociated upregulation of intracellular phosphokinases and extracellular 

signalling proteins associated with cell survival, proliferation, and regulation of 

inflammation and differentiation. Additionally, addition of MDX-124 during THP-

1 cell differentiation is associated with a downregulation in FPR1, through a 

mechanism that is not understood, but could be related to the enhancement of 

THP-1 cell survival through kinases such as those involved in the MAP kinase 

pathway. 

 

An important thing to consider when interpreting this data is that THP-1s, being 

a homozygous cell line, do not reflect the complex heterogenous nature of 

primary monocytes, and hence, responses to MDX-124 might not be the same in 

primary monocytes. Therefore, this data can only be used to inform future 

experiments in primary monocytes rather than concluding anything about the 

impact of MDX-124 on their function. 

 

4.2.6 MDX-124 treatment of primary monocytes 

To transition the findings in THP-1s back to primary cells, the impact of MDX-124 

to primary monocytes in terms of their inflammatory cytokine output was 

investigated. Of particular interest was the effects of MDX-124 addition to 

CD16+CD14+ monocytes as increased expression of FPR1 had been detected on 

these cells in PsA samples (Figure 4.7).  

 

With no access to PsA patient samples, an inflammatory setting was mimicked by 

exposing healthy monocytes to bacterial lipopolysaccharide (LPS). LPS is widely 

recognised as an activator of monocytes and macrophages and has been used in 

a range of studies investigating inflammation. This is mostly due to its ability to 

activate inflammatory cytokines such as TNF-α and IL-6350.  

 

LPS dosage and exposure time was first optimised with 10ng/ml of LPS for 24 hrs 

determined as optimal for cytokine production (data not shown). A double 
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monocyte isolation was carried out; first with a CD16 positive isolation kit 

(Miltenyi Biotec), then with a CD14 positive isolation kit to obtain CD16+ CD14+ 

monocytes from PBMCs and allow comparison with the three other main 

monocyte populations (CD16-CD14-, CD16+CD14-, CD16-CD14+). Cells were primed 

with 100 ng/ml of MDX-124 overnight and then stimulated with 10 ng/ml of LPS 

for 24 hrs. Cell supernatant was collected and analysed for production of the 

inflammatory cytokines IL-6 and TNF-α (see materials and methods section 2.5.1 

for information on standards and assay range). Cytokine levels were assessed 

upon addition of LPS alone, MDX-124 antibody (AB) treated alone and MDX-124 in 

combination with LPS compared to an unstimulated control. 

 

Consistent with other studies showing that IL-6 production in primary cells is 

enhanced in response to LPS351, CD14+ CD16+ monocytes treated with LPS alone 

produced significantly more IL-6 compared to unstimulated controls (Figure 

4.16A). However, this increase more than doubled upon addition of MDX-124 

(From~10pg/ml in unstimulated controls to~80pg/ml with LPS alone to 

~209pg/ml in LPS and MDX-124 treated cells). This significant increase in IL-6 

production is induced with LPS (7pg/ml) in CD14- CD16- monocytes but not with 

addition of MDX-124(50pg/ml) (Figure 4.16B). No significant changes in IL-6 

production are evident in any of the conditions tested in CD14- CD16+ monocytes 

(Figure 4.16C). In general, CD14+CD16- monocytes produced more IL-6 than any 

of the other monocyte populations assessed (Figure 4.16D). CD14+CD16- 

monocytes treated with LPS alone (595pg/ml) and in combination with MDX-124 

(574pg/ml) produced significantly more IL-6 compared to addition of MDX-124 

alone(7pg/ml), whereas only LPS in combination with MDX-124 was associated 

with a significant increase in IL-6 production compared to unstimulated 

controls(24pg/ml). 

 

Consistent with other studies showing that TNF- α production in primary cells is 

enhanced in response to LPS352, CD14+CD16+ monocytes produced significantly 

more TNF-α than unstimulated controls (11pg/ml) when exposed to 

LPS(27pg/ml), however, this increase was enhanced with addition of MDX-

124(210pg/ml) (Figure 4.16E).  CD14-CD16- monocytes expressed significantly 

more TNF-α in LPS treated groups(16pg/ml) compared to MDX-124 alone treated 

groups(4pg/ml), which was also enhanced slightly upon addition of MDX-124 to 
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LPS (17pg/ml) (Figure 4.16F). Similar to IL-6, no significant changes in IL-6 

production are evident in any of the conditions tested in CD14- CD16+ monocytes 

(Figure 4.16G). CD14+CD16- monocytes expressed significantly more TNF-α when 

treated with LPS (132pg/ml) and LPS in combination with MDX-124(103pg/ml) 

compared to cells treated with MDX-124 alone(3pg/ml), an effect that seems to 

be mediated by LPS rather than MDX-124 (Figure 4.16H). 

 

 

Figure 4.16 Figure 4.16 MDX-124 treatment enhances LPS-associated pro-inflammatory 
cytokine production in CD14+monocyte populations                                                                       
CD16+CD14- , CD16-CD14- , CD16+CD14- and CD16-CD14- monocytes were isolated using positive 
selection kits (Miltenyi Biotec). Cells were primed with 100ng/ml of MDX-124 overnight and then 
stimulated with 10 ng/ml of LPS for 24 hrs before supernatant was collected for analysis. Graphs 
show expression levels of in (A-D) IL-6 and (E-H) TNF-α production upon addition of LPS, MDX-
124 and LPS in combination with MDX-124 in each of the monocyte cell populations compared to 
unstimulated controls. All data represent mean ± SEM, n= 5, * p<0.05, **p<0.01,***p<0.001. 
Statistical significance was determined using a non-parametric Friedman’s test. 
 

In summation, this data suggests that MDX-124 in combination with LPS can 

enhance inflammatory cytokine (TNF- α and IL-6) production in primary 

monocytes compared to treatment with MDX-124 alone. This is evident 

particularly in CD14+CD16+ monocytes, where LPS was shown to enhance MDX-

124-associated TNF-α and IL-6 production. This coincides with data in THP-1 

cells presented in Figure 4.15, showing an upregulation in inflammatory cytokine 

production upon addition of MDX-124 to PMA-differentiated THP-1s and suggests 

addition of MDX-124 to stimulated monocytic cells is associated with an 

enhanced inflammatory response. Importantly, due to the low sample size 
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analysed in this set of experiments, conclusions cannot be drawn until these 

results are confirmed in a larger, independent cohort. Additionally, power 

calculations are needed to determine the ideal sample size needed to for 

optimal significance testing of this experiment. 
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4.3 Discussion 

Psoriatic arthritis (PsA) is an extremely heterogenous disease, associated with 

chronic inflammation and dysregulation of several immune cell subsets92. 

Research has implicated aberrant activity of both innate immune cells such as 

monocytes and macrophages and adaptive immune cells such as T cells and B 

cells in Psoriasis (PsO) and PsA pathogenesis, which is associated with 

uncontrolled production of several pro-inflammatory cytokines such as IL-17 and  

IL-23104,108,109,353. Although substantial research has revealed these key aspects of 

disease pathogenesis, there is an unmet need for better diagnostic and 

prognostic biomarkers in PsA and hence, a better understanding of disease 

initiation and progression is needed.  

 

Annexin-A1 (ANXA1) is a glucocorticoid-induced signalling protein implicated in a 

wide range of biological pathways, many of which are dysregulated in 

inflammatory disease. Research has indicated that ANXA1 primarily signals 

through the formyl peptide receptors (FPR), FPR1 and FPR2, particularly in 

disease23–25. Based on previous studies implicating a role for ANXA1 and 

FPR1/FPR2 signalling chronic inflammation49,67,81, research presented in this 

chapter focused on exploring the ANXA1-FPR signalling pathway in PsA. The aim 

of this chapter was to understand if this pathway was associated with factors 

relevant to PsA disease pathogenesis and identify which disease-relevant cells 

were responsible for ANXA1-FPR1 signalling in PsA.  

 

Although the exact trigger for PsA is unknown, evidence has indicated that 

disease-associated inflammation is triggered by a series of environmental and 

genetic events354. Over the past several years, there have been many large-scale 

genomic studies which have identified a range of PsA-associated genetic 

variants, however understanding the biological function of these variants and 

translating them to potential treatment targets has been challenging355. 

 

Altered expression of certain genes, particularly inflammatory genes, can be 

seen in both PsA and PsO, however, there is a clear difference in the molecular 

pathways that are activated between the two diseases. What triggers 

progression from PsO to PsA is far from understood356. Moreover, what links the 
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skin and joint pathology within PsA subsets is still unclear357. Analysis of PsA 

lesional (PsA L) skin samples in this study revealed 2151 significantly upregulated 

genes in the PsA L skin. These genes were mainly involved in processes such as 

lymphocyte activation and adaptive immunity, reflecting the mounting evidence 

that overactivation of adaptive immune cells, particularly T cells can drive PsA 

pathogenesis358,359(Figure 4.2).  

 

This study also showed that FPR1 and FPR2 were amongst the significantly 

upregulated genes in the PsA L skin (Figure 4.1). Moreover, FPR1 had a 

significant positive correlation with genes encoding the RPL38 and TOMM7 

proteins, both of which have been shown to be aberrantly expressed in psoriatic 

skin lesions 34,35. Additionally, FPR2 significantly correlated with MDH1 in the PsA 

L skin, a gene that encodes the malate dehydrogenase 1 enzyme. This enzyme is 

associated with reduced Nicotinamide adenine dinucleotide (NADH) metabolism. 

This is also relevant to PsA disease pathogenesis as keratinocyte proliferation is 

enhanced in psoriatic skin lesions through a process which requires NADH-

dependent oxidative phosphorylation38.This preliminary analysis of PsA L skin 

genetic data provided some insight into what genes FPR1 and FPR2 could be 

interacting with in PsA skin lesions, however, future work is required to 

understand the relevance of these interactions in the context of PsA disease 

pathogenesis. In an attempt to understand the role of FPR1 and FPR2 signalling 

in PsA skin lesions, further analysis in this chapter focused on identifying key 

pathways associated with FPR1 and FPR2 activity in the psoriatic skin lesions. 

 

Dysregulation of the skin microbiome and immune response in the skin has been 

shown to sustain the psoriasis 360,361. Moreover, particular bacteria such as 

Staphylococcus aureus (S. aureus) are shown to be more abundant in those with 

psoriasis than rheumatoid arthritis (RA)317. Data in this study identified an 

upregulation of the (S. aureus) infection pathway in PsA L skin samples assessed 

compared to HC skin. Interestingly, this pathway is known to involve both FPR1 

and FPR2 signalling, highlighting a potential pathway that could involve 

dysregulated signalling these two receptors in PsA skin lesions.  

 

This study also identified an upregulation in pathways involved in neutrophil 

extracellular trap (NET) formation in the PsA L skin compared to HCs. NET 



161 
 
formation is part of the neutrophil’s response to infection. These extracellular 

structures are composed of enzymes and proteins that help to encapsulate and 

destroy invading microbes362. Interestingly, NET formation was found to be 

increased in the blood and lesional skin of PsA patients, which also correlated 

with disease severity319. It could be speculated that this pathway is heightened 

in the PsA L skin in response to the overabundance of bacteria such as S. aureus, 

thus linking both FPR1 and FPR2 activity to the (dysregulated) response to 

infection in PsA. Future studies on how alterations these pathways affect disease 

activity and/or treatment response will prove vital in understanding the role of 

FPR1 and FPR2 signalling in PsA. 

 

In order to translate the data that we obtained in the PsA L to peripheral blood, 

analysis in this study focused on profiling the expression levels of ANXA1, FPR1 

and FPR2 on different immune cell subsets in PsA. Flow cytometric analysis 

presented in this chapter identified differences in ANXA1, FPR1 and FPR2 surface 

expression in PsA that appeared to be cell type specific (Figure 4.7). In 

particular, analysis of FPR2 expression in PsA revealed increased expression of 

this receptor in 21 T cell populations (Figure 4.7). T cells are the most frequent 

type of inflammatory cell in the skin and joints of PsA patients92and are 

associated with hyperproliferation of keratinocytes and production of key  pro-

inflammatory cytokines linked with PsA pathogenesis such as IL-1796,97.  

 

The abundance of FPR2 expression on a range of PsA T cell subsets analysed 

allows for speculation that this receptor could be involved somehow in T-cell 

signalling in PsA.  FPR2 is the most versatile of the formyl peptide receptors and 

can bind a variety of pro and anti-inflammatory ligands. Additionally, studies 

have shown the anti-inflammatory signalling mediated through FPR2 to be 

initiated through interactions with ANXA129,363. Considering data in this chapter 

also identified reduced ANXA1 on IL-17 producing CD8+ T cells (Tc17) in PsA, it 

could be speculated that there is reduced ANXA1-FPR2 binding in PsA, thus 

freeing more FPR2 to be detected flow cytometrically in these samples. This 

reduced ANXA1-binding could also contribute to the hyper-inflamed state 

evident in PsA through lack of FPR2-mediated anti-inflammatory signalling on 

these T cells. In experiments in collagen-induced arthritis and contact 

hypersensitivity mouse models, deficiency of ANXA1 was associated with 
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enhanced T cell-dependent inflammation, supporting this idea of an anti-

inflammatory role for ANXA1 in these cells58. 

 

In addition to this, several other T cell subsets associated with IL-17 production 

had altered FPR1 and FPR2 expression in PsA samples. An upregulation in FPR2 

(Tc17 and Tc17.1) and FPR1(Tc17.1, MAIT cells) was evident in IL-17-producing 

cells. CD8+CD161+ MAIT cells in particular have been recently implicated in PsA, 

mostly due to their uncontrolled production of IL17-A  in the PsA synovial 

fluid325. Data from this chapter indicates that there could be a dysregulation in 

ANXA1-FPR signalling in these IL-17 producing cells in PsA, which could 

potentially contribute to the uncontrolled inflammatory response in this disease. 

However, power calculations to determine how many samples are needed to 

validate this result are needed.  

 

The presence of antibodies that react to self-antigens (autoantibodies) is a key 

feature of many inflammatory diseases and have been used to inform the 

diagnosis of diseases such as rheumatoid arthritis (RA)364. Recently, novel 

autoantibodies have been detected in patients with PsA against proteins 

associated disease pathogenesis (e.g IL-37 which is upregulated in psoriatic 

lesions)365. Moreover, production of autoantibodies in inflammatory disease has 

been widely attributed to dysregulation of B cells366. Data in this chapter 

identified altered expression of ANXA1, FPR1 and FPR2 in several B cell subsets 

in PsA. Switched memory B cell populations in particular expressed significantly 

more ANXA1 and FPR1, and contrastingly significantly less FPR2 in PsA samples 

compared to HCs. 

 

Although there is no clear evidence of a role for these cells in PsA, increased 

frequencies of switched memory B cells have been observed in chronic 

inflammatory diseases such as pulmonary fibrosis and Diffuse Cutaneous 

Systemic Sclerosis, which are also associated with autoantibody production366. 

Interestingly, research has suggested that ANXA1 could function as an antigen 

triggering production of destructive autoantibodies44. It could therefore be 

speculated that ANXA1 signalling in PsA could be associated with B cell-mediated 

autoantibody production. A process that appears to be mediated more so 

through FPR1 than FPR2.  
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More evidence is presented in this chapter for dysregulated FPR1 signalling in 

PsA B cells through results showing increased FPR1 expression in unswitched 

memory and transitional B cell populations in PsA, both of which have been 

shown to be dysregulated in autoimmune disease367,368. Additionally, transitional 

B cells express higher amounts of the type 1 interferon (IFN) receptor and 

respond more powerfully to type 1 IFNs. Overactivation of this pathway has been 

implicated in these cells in patients with autoimmune systemic lupus 

erythematosus (SLE)369. Preliminary analysis of clinical data from PsA patients in 

this study allows further speculation for dysregulated FPR1/B cell signalling in 

PsA with results showing expression of FPR1 on both PsA switched memory and 

transitional B cells correlated with the PsA disease activity index, DAPSA (Figure 

4.10).  

 

Monocytes have been shown to be key players in PsA disease progression. 

Increased aggregation of monocytes in the peripheral blood is evident in 

psoriasis patients110. Additionally, the bone erosion in PsA is known to be 

mediated by an overabundance of osteoclasts, which arise from osteoclast 

precursors (OCPs) or circulating CD14+ monocytes. Higher than normal levels of 

both OCPs and CD14+ monocytes have been found in the peripheral blood of PsA 

patients, in particular CD14+CD16+ monocytes108,109. Data in this chapter 

identified increased surface expression of FPR1 in PsA in this particular 

CD14+CD16+ monocytic population, suggesting that FPR1 signalling could be 

dysregulated in these cells. It could be speculated that FPR1 signalling could be 

involved in the differentiation of these cells to disease-driving osteoclasts. 

Indeed, a role for FPR1 in osteoclast formation has been previously suggested in 

studies showing that FPR1 was upregulated in mice in response to receptor 

activator of nuclear factor κB ligand (RANKL), which is recognised as a key factor 

in osteoclast formation370. 

 

As a whole, this expression data highlights the complex, dual role ANXA1 

signalling could play in inflammation, depending on the innate or adaptive 

immune cell it is associated with.  This supports studies showing ANXA1 

signalling had opposing effects in innate (neutrophil apoptosis) and adaptive (T 

cell proliferation) immune cells44,59,371. It could be that overall, the balance of 
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ANXA1 signalling is off in PsA. Reduced ANXA1 signalling in monocytes could 

minimise their pro-inflammatory actions, whereas increased signalling in T cells 

could enhance their activation. Additionally, this all seems to be dependent on 

which FPR receptor ANXA1 interacts with. 

 

Monoclonal antibodies are a frequently used treatment in the management of 

PsA, primarily due to their high specificity and ability to target distinct 

biological pathways associated with disease pathogenesis. Moreover, due to their 

specificity, monoclonal antibodies are often associated with more favourable 

side effects compared to drugs such as TNF- α inhibitors which  have warnings 

for serious infection and malignancy372,373. PsA is a heterogenous disease and 

therefore, presents with different characteristics and responses to treatment. 

Initiation of the right treatment strategy for each patient as soon as possible is 

vital to prevent irreversible joint and bone damage as a result of PsA disease 

progression. There is therefore a need for more targeted therapies in PsA, 

especially for those who don’t respond to other treatments. Moreover, a better 

understanding of what biological pathways could be involved in disease 

progression and treatment response is essential. Considering all of these points, 

and the strong implications of dysregulated activity of ANXA1 in inflammatory 

disease43, studies were done to assess the impact of a novel anti-ANXA1 antibody 

(MDX-124) on the PsA- associated inflammatory response.   

 

Consistent with the literature29, data in this project identified monocytes has 

high expressors of ANXA1 (Figure 4.6). Therefore, it was decided that monocytic 

cells were the most appropriate cells to conduct preliminary functional studies 

with MDX-124. Initially the monocytic, THP-1 cell line was chosen for this 

analysis. This cell line has been used widely to investigate monocyte biology but 

can also be differentiated into macrophage-like cells for analysis of their 

behaviour. A common method for this differentiation is with PMA, inducing a 

spindle shaped, adherent macrophage-like phenotype in these cells. Moreover, 

differentiation is associated within increased surface expression of CD14 and 

CD11b, thus  increased levels of these markers can be used to confirm 

differentiation into a macrophage-like phenotype374 . 
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THP-1 cells were differentiated for a total of 7 days and results from preliminary 

experiments indicated that addition of MDX-124 during this process did not 

appear to alter surface expression of CD11b and CD14 compared to THP-1 cells 

differentiated without MDX-124. Thus, suggesting that MDX-124 did not impact 

the differentiation of THP-1s into a macrophage-like phenotype. However, 

interestingly, addition of MDX-124 was associated with a downregulation in FPR1 

in fully differentiated (day 7) THP-1s, indicating that MDX-124 could have an 

effect on FPR1-associated signalling in these THP-1 cells (Figure 4.13).  

 

Further investigation into potential signalling pathways induced by MDX-124 

revealed that MDX-124-treatment during THP-1 differentiation was associated 

with an upregulation of intracellular phosphokinases and extracellular signalling 

proteins associated with cell survival, proliferation, differentiation and 

inflammation (Figure 4.13 and Figure 4.14). Notably, MDX-124 treatment (and 

hence FPR1 downregulation) was associated with an upregulation in the MAP 

Kinase, p38a, which plays a central role in the pro-inflammatory response333. 

Previous studies in a chondrogenic cell line reflect these results and have 

indicated that FPR1 downregulates in response to inflammatory stimuli (LPS) 

which is associated with a pro-survival state through mediation of the MAP 

kinase pathway341. Additionally, ANXA1 is known to modulate the inflammatory 

response through regulation of MAP kinase signalling56.  

 

Although the potential mechanism FPR1 downregulation and heightening of pro-

survival, pro-inflammatory pathways in the THP-1s is not understood, 

considering what is known about ANXA1-FPR1 signalling, a proposed mechanism 

has been suggested (Figure 4.17). During an inflammatory response, ANXA1 is 

released from the surface of activated cells into the circulation, where it can 

bind to its receptors in a juxtracrine or paracrine manner59. Additionally, ANXA1 

has a well- defined anti-inflammatory role on innate immune cells such as 

monocytes29. Considering this, it could be speculated that MDX-124 binds this 

circulating ANXA1 in the THP-1 supernatant and prevents it from binding to FPR1 

to modulate its anti-inflammatory effects in the THP-1 cells. This would in turn, 

explain the increased levels of pro-inflammatory intracellular and extracellular 

proteins produced in MDX-124 exposed THP-1s. In response to the dysregulated 

inflammation (due to lack of ANXA1 signalling), FPR1 downregulates to modulate 
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pathways (such as the MAP kinase pathway) involved in apoptosis and enhanced 

survival (as seen in other cell line studies). Ultimately, the mechanism by which 

MDX-124 regulates FPR1 and hence signalling protein expression in the THP-1s 

needs to be investigated further, and the MAP kinase pathway is a candidate 

pathway for future investigations. Studies that re-expose THP-1s to ANXA1 and 

investigate both FPR1 expression levels and whether the inflammatory and 

hence pro-survival responses in these cells are reduced would prove useful for 

understanding whether this is a response triggered by reduced ANXA1 binding to 

FPR1. Overall, data supports studies indicating an anti-inflammatory role for 

ANXA1 on innate immune cells375.  Replicating these studies in adaptive immune 

cell lines would be important for determining whether this role is reversed or 

mimicked in adaptive immunity. Moreover, these studies would prove extremely 

useful for understanding if dysregulated ANXA1 signalling could have opposite 

effects in innate and adaptive immune cells in PsA.  

 

 
Figure 4.17 Proposed mechanism of action of MDX-124 during THP-1 differentiation 
 
In control differentiated THP-1s, it is proposed that circulating ANXA1 binds to FPR1 on the cell 
surface and mediated anti-inflammatory/pro-apoptotic functions through interactions with signalling 
proteins such as MAP kinases. In MDX-124- treated THP-1s, a proposed mechanism is that MDX-
124 binds circulating ANXA1 and prevents it from interacting with FPR1. This, in turn, reduces 
ANXA1-FPR1 mediated anti-inflammatory/apoptotic signalling. This increase in inflammation then 
triggers a downregulation in FPR1, which, in turn modulates signalling through pathways such as 
the MAP kinase pathway to produce a more inflammatory/pro-survival phenotype.  
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THP-1 cells have several limitations that need to be considered when 

interpreting results obtained from using them. The genetic background of THP-1s 

is homogenous, which, although is beneficial for minimising genetic variability 

between experiments, does not reflect the heterogenous biology of primary 

monocytes and macrophages376,377. Moreover, there are three main subtypes of 

primary monocytes (CD14+CD16+, CD14+CD16- and CD14dim CD16+), each 

exhibiting different biological responses in homeostasis and disease377.These 

individual responses cannot be mimicked using the homogenous THP-1 cell line.  

 

Another major difference between THP-1s and primary monocytes is that THP-1 

cells are an immortalised cell line, that can survive in vitro for up to 3 months 

without changes in activity or sensitivity, a characteristic not shared with 

primary monocytes376,378. Additionally, recent data has suggested that 

differentiation of THP-1 cells to macrophage-like cells  induces transcriptional 

changes not evident after differentiation of primary monocytes and has 

suggested this change could occur as a result or prolonged culturing of the THP-

1s379.  This highlights the importance of confirming the results obtained from 

THP-1 experiments in this study in primary cells before conclusions can be made.  

 

Considering the limitations of the use of THP-1 cells, experiments were 

translated to primary monocytes to assess the effects of MDX-124 on their 

inflammatory activity. Addition of MDX-124 to primary monocytes exposed to 

inflammatory stimuli (LPS) was associated with an enhanced production of the 

pro-inflammatory cytokines TNF- α and IL-6. This indicated that MDX-124-

targetting of ANXA1 is associated with an enhanced inflammatory response in 

monocytes, which could perhaps be through the same mechanism suggested in 

figure 4.17. Additionally, this MDX-124-associated pro-inflammatory effect was 

particularly evident in CD14+CD16+ monocytes, which were also shown to express 

more FPR1 in PsA (Figure 4.7). Moreover, CD14+CD16+ monocytes in particular 

are considered to play predominantly pro-inflammatory roles in inflammation. 

Taken together these data indicate a role for ANXA1 signalling primarily with 

FPR1 on inflammatory monocytes during inflammation and support the anti-

inflammatory role of ANXA1 on monocytic cells suggested in the literature. 

Future studies investigating the effects of MDX-124-targeting of ANXA1 on other 



168 
 
cells (e.g., T cells and B cells) would prove useful in determining whether these 

effects are monocyte specific. 

 

It could be speculated that a particular dosage of MDX-124 is needed to strike a 

fine balance between modulating the pro-inflammatory effects of dysregulated 

ANXA1 on some cell types (e.g., T cells) and avoid blocking the protective anti-

inflammatory effects of ANXA1 on other cell types (e.g monocytes) in PsA. 

Further studies assessing the effects of MDX-124 dosage on different immune cell 

types from PsA primary samples would prove useful for understanding this. 

 

In summary this chapter has supports the idea of the complex nature of ANXA1 

and FPR signalling in inflammation and its potential dysregulation in PsA. 

Bioinformatic analysis has highlighted candidate pathways for further 

investigation that involve FPR1 and FPR1 activity and are enriched in the PsA 

skin lesions. Moreover, this analysis correlated expression of these receptors in 

the PsA skin lesions with genes relevant to PsA disease pathogenesis. This 

chapter also identified altered surface expression of both ANXA1 and the FPRs on 

PsA peripheral blood cells that appeared to be cell-type specific. This led to the 

hypothesis that ANXA1 could play a dual role in PsA- associated inflammation 

that could be dependent on both the cell type and FPR receptor involved. 

Analysis of more PsA and HC samples from both the skin and peripheral blood are 

essential for confirming these findings. 

 

Flow cytometric analysis identified inflammatory monocytes as a candidate for 

further investigation into the role of ANXA1 in the inflammatory response, based 

on their high expression of ANXA1 and also increased expression of FPR1 in PsA. 

MDX-124-targeting of ANXA1 signalling both on THP-1s and primary monocytes 

was associated with an enhanced inflammatory response and indicated that 

ANXA1 was associated with an anti-inflammatory role in monocytic cells during 

inflammation. This response was also associated predominantly with alterations 

in FPR1 expression through an undefined mechanism. ANXA1/FPR1 manipulation 

of the MAP kinase pathway was suggested as a candidate mechanism for this, 

based on findings both in this study and the literature showing that alteration in 

FPR signalling was associated with alterations in MAP kinase proteins during 

inflammation. Future functional experiments investigating both FPR1 and ANXA1 
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activity in these cells and other cell types during an inflammatory response 

would prove useful for understanding the complex role of ANXA1 signalling in 

inflammation. 
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Chapter 5 Annexin A1 and the formyl peptide 
receptors in cancer 

5.1 Introduction 

Cancer is a result of several mutations leading to uncontrolled growth and 

division of cells155,380.  Chronic inflammation has been shown to play a prominent 

role in the progression of this process, contributing to genomic instability, and 

key pathways involved in cancer cell proliferation and angiogenesis156, providing 

evidence for a link between the immune system and cancer.  

 

There is substantial evidence for a role for ANXA1 and the FPRs in several forms 

of cancer, including lung cancer174,  pancreatic cancer175, and prostate cancer178. 

Moreover, ANXA1-FPR interactions have been shown to activate signalling 

pathways implicated in several cancer types198,381(see introduction section 1.5) 

 

Multiple myeloma (MM) is malignant form of immune cell-mediated cancer 

caused by abnormal proliferation of terminally differentiated B cells (plasma 

cells) and occurs throughout the bone marrow. Clinical presentation of MM is 

commonly described via “CRAB” symptoms (hypercalcemia, renal insufficiency, 

anaemia, and bone lesions). This type of cancer is usually slow to progress and 

consists of chromosomal translocations involving oncogenes. It is proposed that 

primary translocations occur early in the disease pathogenesis, followed by 

secondary translocations later on that contribute to disease progression. Other 

factors such as increased angiogenesis and growth factors are also associated 

with disease progression207,208. The availability of new drugs and also high-dose 

therapy has improved treatment outcomes, but the disease remains incurable 

and therefore, more research needs to be undertaken213.  

 

Although the evidence for a role for ANXA1 in MM is limited, one study has shown 

that knockdown of ANXA1 both in vivo and in vitro enhanced the anti-tumour 

effects of the commonly used MM treatment, Bortezomib, suggesting a pro-

tumour role for ANXA1 in this cancer238. Thus, the aim of the work in this 

chapter was to gain further insights into the contribution and/or role of ANXA1 

(and potentially the FPRs) in MM.  
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The research presented in this chapter sought to determine: 

2. Whether expression levels of ANXA1 and the FPRs are altered in MM 

compared to HC samples, including:  

• Cell surface expression analysis via flow cytometry  

• RNA sequencing data analysis 

 

 

2.  Whether expression of ANXA1 and the FPRs in MM is associated with 

any disease-relevant factors including 

• Survival outcome 

• Prognosis 

• Clinical and genetic markers of disease 
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5.2 Results 

5.2.1 Characterisation of ANXA1 and FPR1/2 surface expression 
in multiple myeloma 

To initially evaluate whether ANXA1 and the FPRs were expressed and could 

potentially contribute to pathology in MM, blood and bone marrow samples from 

a MM patient were assessed for surface expression of ANXA1 and FPR1/2. Flow 

cytometric analysis was restricted to the B cell and plasma cell compartment 

(Figure 5.1). This involved gating on single cells, followed by peripheral blood B 

cells (CD45+CD19+) and MM plasma cells (CD45-CD138+CD38+). Notably, MM 

plasma cells were only resent in the bone marrow (Figure 5.1A and 5.1B). Having 

define the cellular populations, ANXA1, FPR1 and FPR2 expression was assessed 

and compared to HC B cells (Figures 5.1C-5.1E). 

 

Analysis of ANXA1 and its receptors in the MM patient’s circulating B cells 

revealed that a substantial proportion of CD19+ B cells expressed not only ANXA1 

(~66%) but also FPR1 (~34%) (Figure 5.1D). In comparison, although ANXA1 was 

detectable on healthy control B cells it was on substantially less cells (~5-7%) 

(Figure 5.1C). Moreover, FPR1 was undetectable on healthy B cells. Bone marrow 

samples were not available from healthy controls and thus no comparison to MM 

could be undertaken. However, evaluation of the BM compartment in MM 

revealed that ANXA1 was on a proportion of MM cells (~5%) whilst FPR1 and FPR2 

were not expressed (Figure 5.1E). 
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Figure 5.1 ANXA1 and FPR1 surface expression is increased on peripheral blood B cells in a 
MM patient 
 

PBMCs were isolated from whole blood and BM cells were placed in red blood cell lysis buffer 

(stem cell) prior to staining. Cells were incubated with anti-CD45, anti-CD19, anti-CD138, anti-

CD38, anti-FPR1, anti-FPR2 and MDX-124 to detect ANXA1. Cells were washed in FACs buffer 

prior to analysis on the BD Attune flow cytometer (MM patient) or BD LSR II flow cytometer (HC 

sample). The FACs plot shows the gating strategy for (A) peripheral blood and (B) bone marrow 
samples. Singlets were gated, followed by peripheral blood and bone marrow mononuclear cells. 

CD45- and CD45+ cells were then gated. From CD45- cells bone marrow MM plasma cells were 

gated. CD19+ B cells were gated from CD45+ cells.  ANXA1 and FPR1/FPR2 surface expression 

was analysed on (C) healthy control B cells, (D) MM peripheral blood B cells and (E) MM bone 

marrow B cells. Cells were gated using appropriate FMO controls for the FPR1/2 which also 

contained an isotype control for ANXA1. Flow cytometry plots were produced using FlowJo 

(v10.6.1) software. 

 

 

 

D 

C 
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To confirm these initial findings, two more samples were acquired and 

interrogated with a more comprehensive antibody panel. This included monocyte 

and T cell markers as well as B cell markers. The gating strategy for this panel is 

shown in Figure 5.2A. Each cell population gated was assessed for ANXA1, FPR1 

and FPR2 surface expression. Only peripheral blood samples were obtained for 

these patients and MM samples were compared with three healthy control 

samples.  

Positive staining for FPR1 and FPR2 was defined as a higher fluorescence 

detection than the fluorescence minus one control staining (FMO) and positive 

staining for ANXA1 was determined as higher fluorescence detection than the 

isotype control stain. Analysis was conducted on FlowJo (v10.6.1) software to 

obtain the geometric mean expression of ANXA1, FPR1 and FPR2 on the cell 

populations of interest. Delta (Δ) MFI values for each population were then 

calculated by subtracting the (FMO and isotype) control stains from the FPR1, 

FPR2 and ANXA1 stains, to account for non-specific background staining. 

In comparison to the initial MM patient, increased ANXA1 or FPR1 was not 

observed on peripheral blood B cells of the additional patient samples. FPR2 

expression was higher in healthy peripheral blood B cells than in MM samples 

(Figure 5.2B).  

 

ANXA1 Expression data was inconsistent between samples for all T cell 

populations apart from CD4+CD8- T cells where there was negligible expression 

in both HC and MM samples. FPR1 and FPR1 expression data was also inconsistent 

between samples for all T cell populations, with no obvious difference between 

HC and MM (Figure 5.2C- Figure 5.2E). 

 

Similarly, ANXA1 and FPR2 surface expression data was inconsistent for all 

monocyte populations, with no visible difference between HC and MM. However, 

FPR1 expression was consistently higher in MM samples in all of the monocyte 

populations assessed (Figure 5.2F- Figure 5.2H). 
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Figure 5.2 FPR1 expression is higher on peripheral blood monocytes in MM samples 
 

PBMCs were isolated from whole blood prior to staining. Cells were incubated with, anti-CD19, 

anti-CD14, anti-CD3, anti-CD4, anti-CD8, anti-FPR1, anti-FPR2 and MDX-124 to detect ANXA1. 

Cells were washed in FACs buffer prior to analysis on the BD Attune flow cytometer (MM patient) 

or BD LSR II flow cytometer (HC sample). The FACs plot shows the gating strategy for (A) 

peripheral blood. Singlets were gated, followed by lymphocytes and monocytes. Lymphocytes were 

gated for B cells and T cells and T cells were further gated for CD4 and CD8 expression. 
Monocytes were further gated for CD14 and CD16 expression. Each population was then assessed 

for ANXA1, FPR1 and FPR2 surface expression. Δ MFIs for ANXA1, FPR1 and FPR2 expression 

were calculated using appropriate controls (stained sample minus FMO or isotype control) for 2 

MM and 3 HC samples and graphs were produced for (B) B cell populations, (C-E) T cell 

populations and (F-H) monocyte populations. Flow cytometry plots were produced using FlowJo 

(v10.6.1) software and graphs were produced using GraphPad Prism (v9) software. 

 

In summation, these experiments provided some preliminary data into which cell 

types express more surface ANXA1 and FPR1 in MM, particularly in the peripheral 

blood.  However, due to the small sample size (and inconsistency of results) 

more samples need to be tested before any conclusions can be drawn from this 

data.  
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5.2.2 Analysis of genomic data from multiple myeloma patients 

using the CoMMpass database 

Due to data in figure 4.1 indicating potential changes in ANXA1 and FPR1 in MM 

and also the fact that access to primary MM samples were restricted due to the 

Covid-19 pandemic, the project took a more data-driven approach to analysing 

expression of ANXA1 and the FPRs in MM using a publicly available MM database, 

the CoMMpass database264, which contains a range of genomic and clinical data. 

Notably, only baseline gene expression data was available and not all patient 

samples had corresponding clinical data (N=550/921) (Figure 5.3A). Furthermore, 

aspects of the data were limited (e.g., due to study termination). For instance, 

survival outcomes were measured as censored overall survival, i.e., clinical 

information was not available for all the patients in the database and the 

outcome was predicted based on all other available information about the 

patient382. 

 

To initially interrogate the CoMMPass data, the transcriptional expression of 

baseline ANXA1 and FPR1 was assessed and compared to clinical outcomes. This 

analysis revealed that the level of ANXA1 transcripts were higher in a subgroup 

of patients who had worse survival outcomes (i.e., death) (Figure 5.3B). In 

comparison, expression of the FPR1 transcript was not associated with survival 

outcomes (Figure 5.3C).  

 

Given the association of ANXA1 with survival outcomes the decision was made to 

group MM patients based on high vs low ANXA1 expression. This analysis was 

conducted on R studio, and the data was grouped into quadrants. The top 25% of 

the data was considered high baseline ANXA1 expression and the bottom 25% of 

the data was considered low baseline ANXA1 expression.  From these groups, 

differential gene expression analysis identified 3571 significantly upregulated 

and 228 significantly downregulated genes in patients that expressed high ANXA1 

compared to those with lower ANXA1 expression (bottom 25% of the data). 

(Figure 5.3D). The top 5 genes with the highest positive fold change were FGFR3, 

S100A8, S100A12, S100A9 and TCN1 (Figure 5.3E). Of particular interest from 

these results was that the greatest fold change was in the Fibroblast growth 

factor receptor 3 (FGFR3) gene. Aberrant expression of this growth factor has 

been implicated in myeloma and has been associated with worst prognosis206.  
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The top 5 genes with the highest negative fold change were HMX2, HAPLN1, 

NF1P5, TEX47 and PPP6R2. Interestingly,  hyaluronan and proteoglycan link 

protein 1 encoded by the HAPLN1 gene has been implicated in drug resistance in 

MM383 and the PPP6R2 miRNA has been associated with promotion of proliferation 

and migration in MM384. 

 

The top 10 pathways involving genes that were upregulated in the high 

(baseline) ANXA1 expressors (compared to low expressors in the bottom 25% of 

the data) were cancer-relevant pathways such as cell/leukocyte migration, 

angiogenesis and cell/leukocyte chemotaxis pathways385,386. Moreover, further 

analysis of the genes associated with these pathways implicated ANXA1 activity 

in them (supplementary Table 7). Other pathways involving genes that were 

upregulated in the high ANXA1 expressors included those involved in cell 

matrix/structure organisation, complement activation, the humoral immune 

response and the immune response to bacterium (Figure 5.3F).  

 

Genes that were significantly downregulated in MM patients that express high 

baseline ANXA1 were predominantly involved in pathways associated with 

synaptic transmission, particularly glutamatergic synapses which are abundant in 

the central nervous system (CNS)387(Figure 5.3G). Pathway analysis also showed 

ANXA1 was a gene associated with these pathways (Supplementary table 8). 

Although rare, the CNS involvement has been shown in several MM cases and 

correlates with very poor prognosis388, which reflects the data in Figure 5.3B 

showing that this subgroup of patients have worse overall survival outcomes 

 

A list of significance values and genes involved in each of the up and 

downregulated pathways (from ClusterProfiler pathways) can be seen in 

supplementary tables 7 and 8. 
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Figure 5.3 Higher ANXA1 gene expression at baseline is associated with worst survival 
outcomes and an upregulation in pro-cancer pathways 
Gene expression data was merged with clinical data for analysis of a total of 550 patients. Boxplots 
were made on R studio to assess if there was a relationship between overall survival and baseline 
(B) ANXA1 or (C) FPR1 gene expression. A student’s T-test was conducted, and P value of < 0.05 
was considered significant. Gene expression data was provided as normalised transcripts per 
million (TPM). (D) Graph produced on GraphPad Prism (v9) showing the total number of 
upregulated and downregulated genes in MM patients with higher baseline ANXA1 expression 
compared to those with lower baseline ANXA1 expression. (E) A volcano plot showing fold change 
and significance of changes in MM patients with higher baseline ANXA1 expression compared to 
those with lower baseline ANXA1 expression. The top 5 genes with the highest positive and 
negative fold change are labelled. Pathway analysis was conducted using ClusterProfiler on R 
studio to reveal the top 10 pathways that the (F) significantly upregulated genes and (G) 
significantly downregulated genes from (C) and (D) are involved in. Gene ratio is the proportion of 
differentially expressed genes involved in each pathway, the number of genes in each pathway is 
determined by the size of the circle (count) and the adjusted P value is denoted by the colour of the 
circle (more red= smaller adjusted P value). MM patient N=921. All statistical tests and data 
parsing were conducted on R studio.  
 

 

G 
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To narrow down the analysis and identify genes that are associated with higher 

baseline ANXA1 expression, correlation analysis was done. Due to the large 

number of genes correlating with ANXA1, a positive correlation was determined 

as a spearman’s correlation co-efficient (R value) of ≥ 0.5 and an R value of ≤ -

0.5 was determined as a negative correlation. A P value of < 0.05 was 

determined as significant.  

 

A total of 28 genes had a significant positive correlation with ANXA1(Figure 

4.4A), and no genes had a significant negative correlation with ANXA1. The gene 

encoding for another Annexin family protein, Annexin A3 (ANXA3), which has 

been associated with worst prognosis in several cancers, as well as MM 

progression389,390, correlated the most with ANXA1(R=0.61. Additionally, 22/28 of 

the positively correlating genes have been implicated in a form of cancer and of 

those 22 genes, 8 have been also implicated in MM (Figure 4.4B). Positively 

correlating genes also included those associated with ANXA1 signalling 

(PIK3R5391, FPR129, CLEC7A392). The only gene that was implicated in cancers 

including MM393 and also in ANXA1 signalling was the FPR1 gene. In terms of 

function, the majority of the genes that correlate with ANXA1 expression 

encoded proteins involved in cell motility and structural organisation or the 

immune response (data shown in supplementary table 9), which links with 

pathway analysis in figure 4.3E showing an upregulation in these pathways in 

high ANXA1 expressors.  
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Figure 5.4 ANXA1 expression in MM cohort correlates with several cancer-associated genes 

(A) ANXA1 positively correlates with 28 genes in the MM CoMMpass cohort. Spearman’s 

correlation values (R) are shown alongside significance values (P).  (B) Venn diagram showing 
genes that are implicated in cancer in general, specifically in MM and/or in ANXA1 signalling. 

Information on gene function was obtained from the Human Protein Atlas303 and the Genecards 

human gene database304 and information on whether a gene had an association with MM was 

obtained from the CTD Gene-Disease Associations dataset394. Correlation analysis and statistical 

analysis was carried out on R studio. MM patient N=921. 

As the CoMMpass database only had information on baseline gene expression, 

analysis could not be done to track ANXA1 expression alongside treatment 

response over time. Moreover, treatment response data was only available as 

categorical data (progressive disease, stable disease, partial response, very good 

partial response, complete response, stringent complete response) and a lot of 

the data was missing for patients on the trial. Instead, alternative analysis 

looking at information that was available on genetic markers of worst disease 

prognosis and treatment response was done.  

Disease progression in MM is highly associated with abnormalities at the 

chromosome level, that can be broadly grouped into primary cytogenetic 

abnormalities and secondary cytogenetic abnormalities, each of which has 

different effects on prognosis depending on disease stage. Primary cytogenetic 

abnormalities include translocations (most commonly t(11;14),t 
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(4;14),t(6;14),t(14;16),t(14;20)) and trisomies. Secondary cytogenetic 

abnormalities include amplification of the long arm of chromosome 21 (1q21 

amplification), deletion of the small arm of chromosome (1p21 deletion) and 

deletion of chromosome 17 (del 17)395.  All of the above abnormalities (apart 

from trisomies due to limited data available) were assessed alongside ANXA1 

expression and analysis showed that MM patients with the 1q21 amplification, 

which is associated with worst prognosis in MM, had a higher baseline ANXA1 

expression (Figure 4.5A) 396. Moreover, the majority of genes encoding the S100 

proteins are present at the 1q21 locus397, some of which are upregulated 

(S100A8, S100A9 and S100A12) in high ANXA1 expressors from figure 4.3D. This is 

supportive of other data showing that amplification of the 1q21 gene was 

associated with an upregulation of genes located at its locus396 (which is not 

always the case with gene amplifications398).  
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Figure 5.5 Expression of ANXA1 and FPR1 at baseline is associated with chromosomal 
markers of unfavourable disease prognosis                                                                                   
(A) Boxplots produced on R studio showing ANXA1 expression vs the presence (Yes) or absence 
(NO) of a MM associated chromosomal abnormality. (B) Boxplots produced on R studio showing 
FPR1 expression vs the presence (Yes) or absence (NO) of a MM associated chromosomal 
abnormality. A student’s T-test was conducted on R studio and a P value of <0.05 was determined 
as significant. N=550 MM patients. 
 

In summation, this data has shown that an increased baseline ANXA1 is 

associated with worst survival outcomes in a cohort of MM patients and is also 

correlated with genes and gene abnormalities associated with MM pathogenesis 

as well as worst prognosis. Confirmation of these findings in an independent 

cohort would be useful for characterising the role of ANXA1 in MM its potential 

use as a marker of prognosis.  
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5.3  Discussion 

Multiple Myeloma (MM) is a malignant neoplasm, characterised by abnormal 

proliferation of mature B cells (plasma cells) in the bone marrow (BM)201. 

Symptoms include bone damage, fatigue, renal problems and impaired immunity 

to name a few399.  

 

Myeloma pathogenesis initiates as monoclonal gammopathy of undetermined 

significance (MGUS), progressing to smouldering myeloma. Both of these 

conditions are pre-malignant (asymptomatic), involving myeloma cell growth 

without the bone destruction and organ involvement seen in MM400.  

 

Similar to in arthritic disease, MM progression relies on a tip in the balance 

between bone formation by osteoblasts and bone degradation by osteoclasts, 

favouring bone loss. Moreover, progression of MM relies heavily on involvement 

and composition of the bone marrow microenvironment, which contains a range 

of inflammatory mediators, reactive oxygen species (ROS) and reactive nitrogen 

intermediates (RNI). MM is also associated with a range of chromosomal and 

genetic abnormalities, making it a complex disease to treat201 

 

Treatments for MM have improved significantly, however, the disease remains 

largely incurable, and treatment relapse is common. Frequently used treatments 

include a combination of proteosome inhibitors (to promote apoptosis in MM 

cells) and immunomodulatory drugs, which have shown promise in some 

patients. More recently, drugs have been developed to directly target the MM 

cells and the BM microenvironment201. A better understanding of the initiation of 

MM (through better disease models and biomarkers) and its pathogenesis is vital 

for improving treatment efficacy and minimising relapse. 

 

There are several biomarkers currently used in MM diagnosis and prognosis such 

as the measurement of the abnormal immunoglobulin produced by MM cells (M 

protein) and β2-microglobulin levels (associated with poor prognosis) amongst 

other factors such as serum creatinine, haemoglobin and calcium levels. 

However, use of these biomarkers can sometimes be problematic; for example, 

M protein cannot be detected in around 18% of MM cases using current testing 



191 
 
measures and β2-microglobulin levels can be altered in other diseases such as 

kidney and liver disease. This reinforces the need for better biomarkers in the 

detection and staging of MM214,401.  

 

A major challenge in diagnosis and treatment of MM is determining the exact 

origin of the B cell neoplasms. Reports on the numbers and impact of circulating 

B cells in MM vary, although some studies have shown circulating CD19+ B cells 

contain genetic rearrangements identical to those expressed in BM plasma 

cells402,403. Data acquired in this project identified a substantial upregulation in 

the expression of ANXA1 and FPR1 surface protein expression on circulating B 

cells in MM patients compared to healthy cells in just 1/3 samples analysed 

(Figure 5.1 and 5.2). It could be speculated that there are differences in ANXA1 

expression between MM patients, however as this is just preliminary data (with a 

low sample size), conclusions cannot be drawn. Acquisition of flow cytometric 

data from more MM patients would allow for a more robust result. Moreover, 

conducting analysis to determine if differences in surface ANXA1 and or FPR1 

expression correlate with clinical parameters (i.e., survival, treatment response, 

disease activity) would prove useful at understanding if the difference in 

expression shown in this study is meaningful.  

 

The preliminary flow cytometric data in this study, alongside the vast amount of 

evidence for a role of ANXA1 and FPR1 in cancer pathogenesis193,404, led to the 

question as to whether ANXA1 and/or FPR1 could be used as biomarkers in MM 

initiation or prognosis and warranted further investigation.  

 

MM is associated with a range of genetic factors, including gene mutations, 

chromosomal translocations and epigenetic changes. It is believed that MM 

disease progression is dependent on a combination of these genetic factors, 

impacting several pathways that effect the normal functioning of the plasma 

cell405. In this chapter, analysis of a cohort of MM patients showed that  

patients with worst survival outcomes had significantly higher baseline 

expression of the ANXA1 gene. Genes associated with pathways relevant to 

cancer progression (such as angiogenesis and cell migration) were also 

upregulated in these patients. Moreover, genes specific to MM progression were 
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upregulated in patients expressing high ANXA1, namely FGFR3, which had the 

highest fold increase (Figure 5.3). 

 

Aberrant expression of and mutations in FGFR3 are frequently associated with 

worst prognosis in MM. More specifically, an upregulation of FGFR3 is associated 

with the t(4;14) translocation, and patients with this translocation tend to have 

an overall poor prognosis206,406. Research has shown that wild type and mutant 

FGFR3 are associated with resistance to bortezomib, a commonly used 

treatment in MM407. Moreover, knockdown of ANXA1 both in vivo and in vitro 

enhanced the anti-tumour effects of bortezomib238. This, alongside the data 

presented above, suggests a pro-tumour role for ANXA1 in this disease and 

treatment response, perhaps through interaction with pathways that involve 

FGFR3. This is further supported by an upregulation of genes associated with 

cancer progression in the ANXA1 high expressors, such as  TCN1408,and the 

calcium binding protein genes S100A8, S100A9409and S100A12410. However, as 

ANXA1 requires calcium to carry out its function411, it is not entirely surprising 

that an upregulation of genes encoding calcium binding proteins coincides with 

an upregulation in ANXA1 expression. 

 

Data from correlation analysis provided further evidence for a role of ANXA1 in 

MM progression, by showing that 22/28 genes with a positive correlation with 

ANXA1 have been implicated in a form of cancer, and, moreover, 8 of these have 

been implicated specifically in MM (Figure 5.4). Notably, the gene encoding the 

Annexin family protein, Annexin A3 (ANXA3) correlated the most with ANXA1. 

Dysregulated activity of this protein has been implicated in several cancers, and 

has been associated with cancer progression, invasiveness, metastasis and 

resistance to therapy389. Results also showed that FPR1 not only correlated with 

ANXA1 expression in this MM cohort but has also been implicated both in cancer 

and MM and, of course, ANXA1 signalling. This suggests that the effects of ANXA1 

could be mediated by FPR1 (and not FPR2) in this MM cohort and prompts further 

investigation into the ANXA1-FPR1 signalling pathway.  

 

The majority of the genes in Figure 5.4 that correlate with ANXA1 expression 

encode proteins involved in cell motility and structural organisation or the 
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immune response. MM is a cancer involving immune cells, that relies on cell 

motility for dissemination throughout the body412, and this data is suggestive of 

ANXA1 playing a role in this process.  However, importantly, a correlation of 

ANXA1 with certain genes does not necessarily mean an interaction between the 

two proteins. Thus, further functional studies are required to investigate these 

relationships and interactions. For instance, mass spectrometry experiments 

(which identify a protein of interest and other proteins physically associated 

with it) could identify ANXA1 interactions with the proteins encoded by the 

correlating genes. ANXA1 knock-out (K.O) mice models would also prove useful 

at determining whether K.O of ANXA1 gene is impacts any of the cellular 

functions associated with the correlating genes above (e.g., cell motility 

experiments or immunohistochemistry to assess the cell cytoskeleton structure).  

 

 

Cytogenetic abnormalities are present in the majority of MM patients and can 

influence disease prognosis to different degrees depending on the particular 

abnormality present. Translocations t(4;14), t(14;16) and t(14;20) have been 

associated with worst prognosis in MM, however, t(11;14), t(6;14) translocations 

and/or trisomies are associated with a standard-risk disease413(median overall 

survival of 7 years compared to 3 years with high risk disease414). Analysis of 

chromosomal abnormalities in the MM patients showed that high ANXA1 

expression was associated with the 1q21 chromosome amplification (Figure 5.5). 

Gain or amplification of 1q21 is the most frequent chromosomal abnormality in 

MM, occurring in around 40% of MM patients, with amplification(≥4 copies) being 

associated with a worst prognosis than gain (3 copies)396. This again, links ANXA1 

with a worse prognosis in MM.  

 

Interestingly, the majority of the S100 calcium binding proteins are encoded by 

genes located at the 1q21 locus397, including the S100A8, S100A9 and S100A12 

genes that were shown to be upregulated in high ANXA1 expressors in Figure 5.3.  

MM patients with the 1q21 chromosome amplification also had a lower baseline 

FPR1 level compared to those that didn’t have this abnormality, although this 

change was non-significant. This suggests a potential mechanism for aberrant 

ANXA1 signalling in MM, mediated through S100 proteins that could be 
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dysregulated due to an amplification chromosome abnormality at chromosome 

locus 1q21. 

 

S100 proteins are a subgroup of calcium-binding proteins that interact with 

multiple signalling proteins involved in a range of biological processes, notably, 

proliferation and differentiation. Thus, the aberrant expression of S100 proteins 

seen in a range of cancers has been associated with dysregulated proliferation 

and promotion of pro-cancer processes such as angiogenesis and metastasis410,415–

417. Importantly, S100 proteins have been shown to induce several of these 

biological pathways through interaction with nuclear factor kappa B (NF-κB) and 

MAP kinase and pathways, which are known to involve ANXA1 signalling43,415,416. 

More specific to cancer, ANXA1 has been shown to promote cancer invasiveness 

and metastasis through interaction with NF-κB418.  

 

Although the potential mechanism of S100 proteins in MM pathogenesis is 

unknown, research has implicated their aberrant expression to be associated 

with worst prognosis and poor response to proteosome inhibitor (PI) 

treatment415. Moreover, studies have shown a significant negative correlation 

between S100 family members S100A8, S100A9, and S100A12 and sensitivity to 

PIs such as bortezomib and carfilzomib415. Interestingly, genes encoding these 

three S100 proteins were upregulated in MM patients in this study expressing 

high baseline ANXA1 (Figure 5.3). Additionally, ANXA1 activity can be linked to 

this S100-associated bortezomib resistance with studies showing ANXA1 

knockdown enhanced bortezomib anti-tumour effects238. 

 

Bortezomib in particular functions to inhibit the breakdown of inhibitory kappa B 

(IκB), which works to inhibit the activity of NF-κB. This in turn, prevents NF-κB 

translocation into the nucleus and results in inactivation of several pathways 

associated with MM cell signalling (e.g., anti-apoptotic and proliferation 

pathways). Moreover, bortezomib in particular is associated with tiggering 

dysregulation of intracellular calcium metabolism, and research has suggested 

that this dysregulation is key for bortezomib cytotoxicity419,which again links 

S100 proteins to PI treatment response pathways. 
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Based on the knowledge discussed above on how PIs such as bortezomib can 

work, alongside data presented in this chapter, it could be speculated that 

upregulation of ANXA1 and S100 proteins together in this MM cohort results in 

increased NF-κB-associated signalling. This, in turn, could lead to the 

overactivation of pathways associated with cancer pathogenesis, but also could 

reduce the effectiveness of treatment response to PIs, in particular, bortezomib. 

Further studies investigating the effect of S100 protein knockdown on both 

ANXA1 and NF-κB expression as well as treatment response to bortezomib could 

further characterise this pathway, its components and role in MM pathogenesis.  

 

MM patients lower baseline FPR1 expression were more likely to have the 

t(14;16) translocation. This translocation is present in only around 5% of MM 

patients and involves the c-Maf oncogene locus420.  Overexpression of c-Maf  is a 

frequent occurrence in MM, and is associated with increased proliferation and 

interaction with BM stromal cells421. The limited data that is available on this c-

Maf  t(14;16) translocation suggests that it is associated with more aggressive 

disease and worst survival outcomes422,423.  The fact that both ANXA1 and FPR1 

expression positively correlate in this MM cohort and that either high ANXA1 or 

low FPR1 is associated with worst prognosis in this disease, suggests that these 

proteins could have not only shared, but different functions in MM. FPR1 has 

been shown to be marker of poor prognosis in gastric cancer, independent of 

ANXA1, highlighting the differing roles of the two proteins in cancer193.  

 

The data presented in this chapter is not without its limitations. With lack of 

access to more MM patient samples, determining the role and expression of 

ANXA1 and FPR1 at the protein level is difficult. Moreover, with lack of access to 

clinical information from these patients, it was not possible to assess whether 

changes in ANXA1 and FPR1 between patients was due to factors such as disease 

activity or treatment. Additionally, although a wide range of data is available 

from the CoMMpass database, a lot of clinical information on the MM patients 

was missing and gene expression at baseline was only provided. This prevented 

investigation into whether ANXA1 or FPR1 gene expression changed over time in 

response to disease activity or treatment. Future investigations of this nature 

assessing ANXA1 and FPR1 gene expression levels would help define the role of 

ANXA1 and FPR1 in MM. In particular, it would be useful to track expression of 
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the ANXA1 and FPR1 genes at different timepoints; for instance, at baseline and 

at the time of disease flare/treatment relapse and compare these expression 

levels to patients exhibiting an optimal treatment response. This would allow for 

assessment of whether increased ANXA1 and FPR1 expression are associated with 

worse (treatment response) outcomes over time. Moreover, it would also be 

important to assess whether ANXA1 and FPR1 protein expression over time 

reflects what is evident at the gene level, through repetition of flow cytometric 

experiments carried out in this study (Figure 5.1). This would provide 

information on whether ANXA1/FPR1 protein and gene expression data have a 

correlative relationship and can both be used as markers of prognosis.  

 

In summary, data presented in this chapter has provided preliminary evidence 

for a link between ANXA1 and worse prognosis in MM, with associated roles in 

pathways such as angiogenesis and migration, that are relevant to cancer 

progression. Results also showed FPR1 correlated with ANXA1 expression in MM 

and showed low baseline FPR1 to be associated with the (14;16) translocation 

linked with worst prognosis in MM, which warrants further investigation into 

ANXA1-FPR1 signalling in MM. This study has also suggested that high baseline 

ANXA1 is associated with an amplification of the 1q21 chromosome and an 

upregulation in the S100 calcium binding protein genes located at this 

chromosome, some of which have been implicated in cancer pathogenesis. 

Moreover, a pathway for ANXA1 and S100 binding proteins in MM has been 

suggested which is associated with modulation of NK-KB signalling and 

bortezomib treatment resistance. Taken together, the data presented in this 

chapter adds to the genetic complexity of MM pathogenesis and highlights a role 

for ANXA1 and FPR1 in predicting prognosis and treatment response, however, 

further research is needed for this role to he fully defined.  

 

Further experiments could include studies in MM cell lines assessing the effects 

of blockade of ANXA1 and S100 proteins individually and together on both 

cancerous processes (migration, angiogenesis, proliferation) and response to PIs 

such as bortezomib. This would aid in the understanding of whether aberrant 

ANXA1 signalling (through interactions with S100 proteins) could be linked to 

treatment response in MM. Moreover, confirmation of this study’s findings in an 

independent cohort would provide more robust evidence for a role of ANXA1 
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signalling in MM progression and more rationale for further investigation into 

whether it could function as a prognostic biomarker in this disease.  
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Chapter 6 General Discussion 

Aberrant expression of the GC-induced protein, ANXA1 and its receptors (FPR1 

and FPR2) has been shown in range of inflammatory diseases77,424,425 and 

cancers197,426,427. This thesis explored the ANXA1-FPR signalling axis in these two 

disease settings with particular focus on its role in PsA and MM. Moreover, the 

impact of manipulation of ANXA1 signalling through addition of a novel anti-

ANXA1 antibody (MDX-124) to healthy cells was assessed. 

MDX-124 is currently in development as a therapeutic, and this PhD has produced 

important data to aid in this process. Preliminary flow cytometric experiments 

presented in results chapter 3 allowed characterisation of MDX-124 binding to 

healthy and PsA immune cells, and identified high binding to cells of monocytic 

origin, supporting previous studies showing ANXA1 is highly expressed on these 

cells29(Figure 3.5). This preliminary characterisation of ANXA1 expression 

informed decisions on which immune cells to focus on in a larger multi-colour 

panel aimed at investigating the expression of ANXA1 and its receptors (FPR1 

and FPR2) in PsA.  MDX-124 mechanisms of action were also explored, and 

preliminary results indicated that MDX-124 could be enhancing mitochondrial 

respiration in healthy cells (Figure 3.7), however, more samples are needed to 

confirm this. Additional analysis was conducted in chapter 4 to assess the impact 

of MDX-124 on the inflammatory response in healthy cells, which is further 

discussed below.  

 

PsA is a chronic inflammatory disease of the skin and joints295 associated with 

overactivation of various immune cells and overproduction of inflammatory 

cytokines98. Despite advances in research, there are still no approved diagnostic 

tests for PsA272. A better understanding of PsA pathogenesis is essential for 

achieving this. As numerous studies have indicated a role for ANXA1 and FPR 

signalling in chronic inflammation, it was of interest in this PhD to assess 

whether aberrant ANXA1 and/or FPR1/FPR2 was evident in PsA. Moreover, the 

vast amount of data suggesting role for the ANXA1 signalling pathway in 

inflammation is sourced from animal models, and this study aimed to transition 

this to humans by assessing ANXA1 and FPR expression in inflammatory disease 

(PsA) patient samples. The overarching hypothesis was that ANXA1 signalling 
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plays a role in PsA pathogenesis. In order to explore this hypothesis, several 

studies were conducted in chapter 4. 

 

The trigger for transition of the inflammatory response in the skin to the 

widespread joint inflammation in PsA remains unknown, however, research has 

highlighted clear differences in the molecular pathways activated in PsO 

compared to PsA356. Chapter 4 aimed to explore these molecular pathways and 

focused on comparing genetic data from PsA L skin with that from HC skin. 

Results identified an upregulation of FPR1 and FPR2 in the PsA L skin. 

Furthermore, FPR1 in particular had a significant positive correlation with other 

genes relevant to PsA pathogenesis, such as those involved in keratinocyte 

proliferation (Figure 4.1 and Figure 4.2). Further analysis revealed enriched 

pathways in the PsA skin lesions associated with FPR1 and FPR2 activity (Figure 

4.4). Two of these pathways had previously been implicated in PsO (S. aureus 

infection pathway) and PsA (NET formation pathway) pathogenesis. This data 

highlighted key pathways where FPR1 and FPR2 are implicated, worthy of 

further investigation; analysis of how enrichment of these pathways in the PsA L 

skin affects disease activity and prognosis will prove vital in understanding the 

impact of upregulated FPR1 and FPR2 in the PsA skin lesions. Moreover, 

confirmation of this analysis in a larger patient cohort will help to corroborate 

this upregulation in FPR1 and FPR2 in the PsA L skin. 

 

To transition analysis from the PsA L skin to the PsA peripheral blood, flow 

cytometric analysis of ANXA1, FPR1 and FPR2 surface expression on PsA and HC 

PBMCs was assessed. This analysis identified altered surface expression of both 

ANXA1 and the FPRs on PsA PBMCs that was cell-type specific. Surface ANXA1 

and FPR1 was increased on disease-relevant cells in PsA (Tc17 populations) and 

FPR2 surface expression was both increased (Tc17) and decreased (unswitched 

memory B cells) in certain PsA immune cell subsets (Figure 4.6 and Figure 4.7). 

This led to the hypothesis that ANXA1 could play a dual role in PsA- associated 

inflammation depending on which cell type and receptor it signals through. 

Analysis of more PsA and HC samples from both the skin and peripheral blood are 

essential for investigating this concept further and confirming this study’s 

results. 
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Flow cytometric analysis identified monocytes as high expressors of ANXA1 in 

both PsA and HC samples, therefore, these cells were considered the best 

candidates for assessing the effects of MDX-124 on the inflammatory response. 

Analysis in THP-1 cells showed that addition MDX-124 to these cells during their 

differentiation resulted in a downregulation of surface FPR1(Figure 4.13). To 

potential signalling pathways induced by MDX-124 that could be associated with 

this downregulation, analysis of phosphokinases was conducted. Results revealed 

that MDX-124-treatment during THP-1 differentiation was associated with an 

upregulation of intracellular phosphokinases and extracellular signalling proteins 

associated with cell survival, proliferation, differentiation and inflammation 

(Figure 4.14 and Figure 4.15). Of particular interest was that FPR1 

downregulation was associated with an upregulation of components of the MAP 

Kinase pathway, which has been shown experimentally previously341. Moreover, 

ANXA1 is known to modulate inflammation through this pathway56.  The MAP 

kinase pathway is involved in the regulation of range of biological processes, 

from apoptosis to inflammation. This data, alongside results from this study, 

allowed for speculation of a mechanism through which MDX-124 could trigger 

this pro-inflammatory, pro-survival response in the THP-1s; through regulation of 

MAP kinase signalling (Figure 4.17, chapter 4).  

 

MDX-124- associated augmentation of the inflammatory response was also 

evident in studies conducted in HC primary monocytes, where treatment of MDX-

124 was associated with an enhancement of LPS-associated TNF-α and IL-6 

production (Figure 4.16). This response was particularly evident in CD14+CD16+ 

monocytes, which were shown to express higher surface FPR1 in the PsA samples 

assessed earlier in chapter 4. This highlights a pathway involving ANXA1 and 

FPR1 signalling, particularly in CD14+CD16+ monocytes, that could be involved in 

manipulation of the inflammatory response in PsA. More samples are needed to 

both confirm the results obtained in this chapter, but also explore the effects of 

addition of MDX-124 to the inflammatory response of PBMCs (particularly 

monocyte populations) obtained from PsA patients.  This would improve 

understanding both of the role of ANXA1-FPR1 signalling in PsA, but also the 

effects of blockade of that signalling through MDX-124. 
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There is substantial evidence implicating a role for the ANXA1-FPR signalling axis 

in cancer progression, mainly through manipulation of processes such as 

angiogenesis, proliferation and apoptosis 180,193,274,404,428. However, expression of 

ANXA1 is variable between cancer types174,175,177,178, and the role of ANXA1 

signalling in cancer is not fully defined.  

 

MM is a form of cancer characterised by abnormal proliferation of plasma cells 

throughout the bone marrow199. Despite MM being the second most common 

haematological malignancy in Europe, diagnosis is often extremely delayed due 

to non-specific symptoms and lack of biomarkers to predict development from 

the asymptomatic MGUS phase that frequently precedes MM200. With a role for 

ANXA1 signalling being implicated in cancer, and some preliminary studies 

implicating ANXA1238, FPR1393 and FPR2241 in MM,  chapter 5 of this thesis was 

aimed at investigating expression of ANXA1 and FPR1/FPR2 in MM. The 

hypothesis was that ANXA1 signalling is involved in MM pathogenesis. 

 

To investigate this hypothesis, ANXA1, FPR1 and FPR2 surface expression on MM 

and HC samples was assessed by flow cytometry. Preliminary results showed a 

substantial increase in ANXA1 and FPR1 on circulating B cells in MM samples 

compared to HCs. However, repetition of these experiments with two further MM 

samples did not replicate this result (Figure 5.1 and Figure 5.2). This data is 

therefore, inconclusive and more samples are needed to explore ANXA1/FPR1 

surface expression in MM. However, based on data suggesting increased ANXA1 

can limit response to certain MM treatments (bortezomib238), it could be 

speculated that differences in ANXA1 (and potentially the receptor it signals 

through, FPR1) could reflect response to treatment in the 3 MM patients 

assessed. Repeats of this analysis, as well as tracking ANXA1/FPR1 expression 

alongside clinical parameters (i.e., survival, treatment response, disease 

activity) would be vital for understanding the clinical significance of the 

differences in ANXA1/FPR1 surface expression shown in these samples. 

 

MM disease progression has been linked to a range of genetic and chromosomal 

abnormalities216,406,415. Due to the flow cytometric data suggesting potential 

changes in ANXA1 and FPR1 surface expression in in MM and the restricted access 

to more MM samples due to the Covid-19 pandemic, the focus of the project 
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moved to analysing expression of ANXA1 and the FPRs in MM using a publicly 

available MM genetic database, the CoMMpass database264. Analysis of a cohort 

of 550 MM patients revealed that patients with a higher expression of the ANXA1 

gene at baseline had worse survival outcomes. Further analysis grouped these 

patients based on their ANXA1 expression (high vs low) to assess the relevance of 

this expression to factors related to MM pathogenesis. Bioinformatic analysis 

identified pathways relevant to MM progression (angiogenesis and cell migration) 

enriched in patients with high baseline ANXA1 compared to those with low 

baseline ANXA1. Additionally, differential gene expression analysis revealed that 

genes relevant to MM pathogenesis were upregulated in patients expressing high 

ANXA1(Figure 5.3). Namely, FGFR3, which is a commonly mutated gene in MM. 

Upregulation of this gene is linked with the t(4;14) chromosome translocation, 

which indicates poor prognosis in MM206,406. 

 

Several results presented in this thesis allowed for speculation that ANXA1 

expression levels could be linked to treatment resistance in MM, particularly to 

proteosome inhibitors such as bortezomib. Notably, both FGFR3 and ANXA1 are 

associated with resistance bortezomib238,407. Additionally, the S100 family 

proteins S100A8, S100A9, and S100A12, which were upregulated in patients 

expressing high baseline ANXA1 in this study, have been linked to treatment 

resistance to proteosome inhibitors, including bortezomib415. Interestingly, the 

S100 proteins (including S100A9 S100A8 and S10012) are located at the 1q21 

chromosome locus, which is commonly amplified in MM and is associated with 

worse prognosis396. Additional analysis of chromosomal abnormalities in this 

cohort of MM patients revealed that baseline ANXA1 expression was also 

associated with the 1q21 chromosome amplification (Figure 5.5). This data 

highlighted a potential signalling pathway involving ANXA1 and S100 proteins in 

MM (potentially triggered by the 1q21 chromosomal amplification) which 

warrants further investigation.  

 

This data led to speculation that results linking high baseline ANXA1 expression 

and worst survival outcomes in this cohort could be linked to treatment 

resistance, particularly to bortezomib. However, as most of the patients were on 

changing multi-treatment regimes, and ANXA1 expression levels were only taken 

at baseline, it was not possible to assess the correlative relationship between 
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ANXA1 expression and response bortezomib treatment only in this study. Future 

analysis assessing the expression of ANXA1 before and after treatment, 

particularly with bortezomib, would be vital for understanding if there is a 

relationship between ANXA1 and treatment resistance. Moreover, MM cell line 

studies assessing ANXA1-S100 protein interactions in response to bortezomib 

treatment would aid with understanding whether potential resistance 

bortezomib could be mediated through ANXA1-S100 protein signalling pathways. 

 

In conclusion, this PhD has shown that ANXA1 and FPR receptor expression is 

altered in both inflammatory disease (PsA) and cancer (MM) settings. Throughout 

several chapters of this thesis, I have showed that ANXA1, FPR1 and FPR2 surface 

expression is altered on disease-relevant immune cell subsets in PsA, I have also 

showed that FPR1 and FPR2 gene expression is increased in PsA skin lesions and 

that expression these genes is correlated with enriched pathways in the PsA L 

skin relevant to disease pathogenesis. In addition, I have showed that increased 

baseline expression of the ANXA1 gene is correlated with worst survival 

outcomes in a cohort of MM patients and that higher ANXA1 expression is 

associated with an upregulation of genes associated with MM treatment 

resistance. I have also highlighted a prospective pathway that could be 

responsible for this resistance involving S100 calcium-binding proteins, which 

requires further investigation. Finally, this thesis has showed that manipulation 

of ANXA1 expression on monocytic cells using a novel anti-ANXA1 antibody 

results in increased activation of proteins involved in pathways associated with 

cell survival and inflammation. This preliminary data has, in turn, suggested a 

potential dual function of ANXA1 in both inflammation and cancer. Further work 

aimed at validating the preliminary results in this thesis and characterising the 

exact signalling pathways triggered as a result of aberrant ANXA1 expression is 

key to define the function of ANXA1 in both PsA and MM.  
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Impact of COVID-19 
 
Due to the COVID-19 pandemic, healthy control and patient samples were 

unavailable. Moreover, access to the lab was limited. This meant that the 

project had to take a different (bioinformatics-based) approach than initially 

planned. Additionally, sample sizes are not as big as initially planned due to the 

reasons mentioned above.
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Appendix 

Media and Buffers 

1X Phosphate Buffered Saline pH 7.4 (PBS):  
 

8 g NaCl (Sodium chloride, MW 

58.44 g/mol) 

0.2 g KCl (potassium chloride, MW 74.5513 g/mol),  

0.2 g KH2 PO4(Monopotassium phosphate, MW 136.086 g/mol)  

and 1.74 g Na2 HPO 4 (Disodium phosphate, MW 141.96 g/mol)  

in 1 litre of deionised water 

 

Complete RPMI (cRPMI):  

500ml RPMI (Gibco, Invitrogen) 

50ml Heat Inactivated Fetal Bovine Serum (Invitrogen), 5ml Penicillin-

Streptomycin (Sigma) , 5ml L-Glutamine (Invitrogen) 

 

Cell Separation Buffer:  

500ml dPBS (Invitrogen) 

2mM EDTA (Invitrogen) 

1% Heat Inactivated Fetal Bovine Serum (Invitrogen)  

 

FACS buffer:  

1 x dPBS 

2% Heat Inactivated Fetal Bovine Serum                                                            

5mM EDTA  
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ELISA wash buffer:  

250	μl Tween-20                                                                                                

0.2g EDTA                                                                                                      

500mls PBS 

 

ELISA Assay buffer:  

2.5g BSA (ThermoFisher) 

500μl	Tween-20 

2.5mls Proclin 

 

Cell stimulation cocktail for proteome profiler assay 

Per 1 million cells: 

2.5 µl IFN-Y, final concentration=25ng 

2µl IL-4, final concentration=20ng 

1µl IL-6, final concentration=100ng 

LPS- 4ul of 1/100 dilution from 1mg/ml stock, final concentration=10µg 
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Published papers 

Review article- Kelly, L. et al. Annexin-A1: The culprit or the solution? 

Immunology (2022). 
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Supplementary tables  

Table 1 Top 10 pathways upregulated in the PsA L skin          
                                                    

 GO.ID Pathway P.adj Genes associated with each pathway 
1 GO:0006

959 
Humoral 
immune 
response 

1.23
E-38 

IGLC7/IGHV1-3/IGHV3-
7/MASP1/CXCL13/GNLY/GPR183/C9/PRSS3/CXCL8/CXCL2/
IGLC2/IGLC3/BLNK/LTF/JCHAIN/CD83/PI3/SLPI/CXCL9/PO
U2AF1/IL6/PSMB10/IGHV4-28/IGHV3-33/IGHV4-
39/IL17F/C1QC/TRBC1/TREM1/LTA/CCR7/IGHV4-
31/SEMG2/IGHV5-10-1/CXCL3/CXCL5/CXCL1/IGKV3-
20/KRT6A/CCL2/IGHV3-
30/IL17A/CXCL6/LYZ/CXCL11/CXCL10/IL1B/FCN1/IGHV6-
1/IGHV1-69/IL36RN/SH2D1A/PTPRC/IGHV1-
69D/CD28/IGHV3-43/IGLL5/DMBT1/PAX5/IGHV3-11/IGHV3-
21/IGHV3-20/IGHV1-18/IGHV3-
23/S100A9/S100A12/CCR2/CR1/TRBC2/IGKC/BCL3/CAMP/P
GLYRP4/DEFB4A/EXO1/NOD2/IGHA2/IGHG2/IGHG4/IGHA1/
IGHG3/IGHG1/IFNG/TNFRSF21/S100A7/IGHV4-59/IGHV3-
74/IFNE/IGHV3-48/IGHV3-53/IGHV5-
51/EBI3/PGLYRP3/PDCD1/IGHV4-4/C1QB/CFB/IGHV2-5 

2 GO:0042
742 

Defence 
response to 
bacterium 

3.79
E-35 

IL23R/IGLC7/FPR2/CLEC4D/CLEC4E/IGHV1-3/IGHV3-
7/IL12B/CXCL13/IL23A/GNLY/SHC1/LCE3C/KLRK1/GRN/IGL
C2/IGLC3/ARG2/LTF/JCHAIN/PI3/SLPI/LBP/IL7R/ACP5/IL6/I
GHV4-28/IGHV3-33/IGHV4-
39/IL17F/LCE3A/TRBC1/TREM1/LTA/IGHV4-
31/S100A8/OAS3/OAS2/SEMG2/PGLYRP2/ZNFX1/ISG15/IG
HV5-10-1/IRF8/IGKV3-20/KRT6A/IGHV3-
30/IL17A/CXCL6/PYCARD/LYZ/IGHV6-1/LCN2/IGHV1-
69/OAS1/IGHV1-69D/IGHV3-
43/CCL20/IGLL5/CD36/DMBT1/IGHV3-11/IGHV3-21/IGHV3-
20/IGHV1-18/IGHV3-
23/S100A9/S100A12/GBP6/PLAC8/EPHA2/RNF213/TRBC2/N
OS2/IGKC/BCL3/CAMP/PGLYRP4/PLA2G2A/MYD88/DEFB4
A/NOD2/IGHA2/IGHG2/IGHG4/IGHA1/IGHG3/IGHG1/GSDMC
/S100A7/IGHV4-59/GBP4/ADAM17/IGHV3-74/IFNE/IGHV3-
48/IGHV3-53/IGHV5-51/PGLYRP3/IGHV4-4/TLR2/IGHV2-5 

3 GO:0002
443 

Leukocyte 
mediated 
immunity 

5.11
E-35 

PIK3CG/IL23R/IGLC7/IGHV1-3/IGHV3-
7/BATF/IL12B/RAC2/LYN/IL23A/DDX58/FUT7/C9/KLRK1/DD
X21/IL4I1/JAK3/IGLC2/IGLC3/TNFRSF1B/GZMB/LAG3/SLAM
F6/SASH3/RAB27A/LILRB4/IL7R/CLEC4G/IL6/SERPINB9/IG
HV4-28/IGHV3-33/IGHV4-
39/FZD5/IL9R/DNASE1L3/ICAM1/C1QC/RSAD2/CBL/TRBC1/
TREM1/LTA/IGHV4-31/MYO1G/CD1B/ULBP1/IGHV5-10-
1/KLRC1/PTAFR/CCL3/RAET1E/LILRB1/IGHV3-
30/CXCL6/NLRP3/PRF1/IL1B/IRF7/SLAMF1/RASGRP1/IGHV
6-1/IL21R/IGHV1-
69/IL4R/FCGR3A/ARG1/CD40LG/SH2D1A/RNF168/FOXP3/P
TPRC/IGHV1-69D/FCGR1A/CSF2RB/CD28/IGHV3-
43/TBX21/CD96/ULBP3/ULBP2/IGLL5/CD27/SLA2/CD177/CR
TAM/NR4A3/IGHV3-11/IGHV3-21/IGHV3-20/IGHV1-
18/IGHV3-
23/CTSC/CCR2/CR1/TLR8/IL12RB1/SERPINB4/KLRD1/KIR2
DL4/TRBC2/HMOX1/NOS2/IGKC/BCL3/MYD88/RAET1G/EX
O1/PLA2G3/NOD2/IGHA2/IGHG2/IGHG4/IGHA1/IGHG3/IGH
G1/SLC22A13/CD226/CD8A/IGHV4-59/ADAM17/IGHV3-
74/IGHV3-48/IGHV3-53/IGHV5-51/CLEC7A/IGHV4-
4/NKG7/C1QB/SLAMF7/IGHV2-5 
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4 GO:0002
449 

Lymphocyte 
mediated 
immunity 

7.47
E-34 

IL23R/IGLC7/IGHV1-3/IGHV3-
7/BATF/IL12B/IL23A/FUT7/C9/KLRK1/IL4I1/IGLC2/IGLC3/TN
FRSF1B/GZMB/LAG3/SLAMF6/SASH3/RAB27A/LILRB4/IL7R
/CLEC4G/IL6/SERPINB9/IGHV4-28/IGHV3-33/IGHV4-
39/FZD5/IL9R/ICAM1/C1QC/RSAD2/TRBC1/LTA/IGHV4-
31/MYO1G/CD1B/ULBP1/IGHV5-10-
1/KLRC1/RAET1E/LILRB1/IGHV3-
30/NLRP3/PRF1/IL1B/IRF7/SLAMF1/RASGRP1/IGHV6-
1/IL21R/IGHV1-
69/IL4R/FCGR3A/ARG1/CD40LG/SH2D1A/RNF168/FOXP3/P
TPRC/IGHV1-69D/FCGR1A/CSF2RB/CD28/IGHV3-
43/TBX21/CD96/ULBP3/ULBP2/IGLL5/CD27/SLA2/CRTAM/I
GHV3-11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CTSC/CCR2/CR1/TLR8/IL12RB1/SERPINB4/KLRD1/KIR2
DL4/TRBC2/IGKC/BCL3/MYD88/RAET1G/EXO1/NOD2/IGHA
2/IGHG2/IGHG4/IGHA1/IGHG3/IGHG1/SLC22A13/CD226/CD
8A/IGHV4-59/IGHV3-74/IGHV3-48/IGHV3-53/IGHV5-
51/IGHV4-4/NKG7/C1QB/SLAMF7/IGHV2-5 

5 GO:0051
249 

Regulation 
of 
lymphocyte 
activation 

8.32
272E
-34 

IL23R/IGLC7/IGHV1-3/IGHV3-
7/CD80/IL12B/RAC2/LYN/IL23A/GPR183/CTLA4/KLRK1/CD2
2/FLOT2/IL4I1/JAK3/LGALS9B/CD6/IGLC2/IGLC3/CD5/CAM
K4/TNFRSF13B/ARG2/TNFRSF1B/CD83/ADAM8/CD24/LAG
3/CCDC88B/IRF1/SASH3/PLA2G2F/LILRB4/CGAS/IL7R/CLE
C4G/IL6/IGHV4-28/IGHV3-33/IGHV4-
39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/IDO1/PRKCQ/HSPH1/LCK/PGLYRP2/PTPN22/LGA
LS9C/IGHV5-10-
1/SAMSN1/CD209/TNFSF14/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/IKZF3/CCL5/CARD1
1/SLAMF1/LILRB2/RASGRP1/IGHV6-1/FANCA/CD2/IGHV1-
69/IL4R/FCGR3A/ARG1/CD40LG/TNFRSF4/PRDM1/EPHB2/
FOXP3/PTPRC/IGHV1-69D/SIT1/CD28/IGHV3-
43/TBX21/IGLL5/CD27/TIGIT/CRTAM/CD47/IGHV3-
11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/MZB1/CCR2/CR1/CD3E/ZC3H12A/SIRPG/RASAL3/NFKBI
Z/IL12RB1/TRBC2/IGKC/HMGB3/PSG9/MYD88/PNP/SOCS1/
NOD2/IGHA2/IGHG2/IGHG4/IGHA1/IGHG3/IGHG1/PLA2G2D
/VNN1/TNFSF9/RHOH/FCRL3/IFNG/TNFRSF21/IGHV4-
59/IGHV3-74/SIRPB1/IGHV3-48/IGHV3-53/IGHV5-
51/EBI3/LAX1/CLEC7A/IGHV4-
4/THY1/SLC7A1/LAPTM5/IGHV2-5 

6 GO:0002
460 

Adaptive 
immune 
response 
based on 
somatic 
recombinati
on of 
immune 
receptors 
built from 
immunoglo
bulin 
superfamily 
domains 

1.36
35E-
33 

IL23R/IGLC7/IGHV1-3/IGHV3-
7/CD80/BATF/IL12B/CXCL13/IL23A/FUT7/C9/IL4I1/JAK3/IGL
C2/IGLC3/RELB/TNFRSF1B/SLAMF6/SASH3/RAB27A/LILRB
4/IL7R/CLEC4G/IL6/IGHV4-28/IGHV3-33/IGHV4-
39/FZD5/IL9R/LY9/ICAM1/C1QC/RSAD2/TRBC1/CLEC6A/LT
A/IGHV4-31/MYO1G/PRKCQ/CD1B/IGHV5-10-
1/KLRC1/LILRB1/IGHV3-
30/ENTPD7/NLRP3/PRF1/CD274/IL1B/IRF7/SLAMF1/KLHL6/
IGHV6-1/IL21R/IGHV1-
69/IL4R/FCGR3A/ARG1/CD40LG/EPHB2/RNF168/FOXP3/PT
PRC/IGHV1-69D/FCGR1A/CSF2RB/CD28/IGHV3-
43/TBX21/IGLL5/CD27/SLA2/IGHV3-11/IGHV3-21/IGHV3-
20/IGHV1-18/IGHV3-
23/CTSC/CCR2/CR1/ZC3H12A/NFKBIZ/TLR8/IL12RB1/KLRD
1/TRBC2/IGKC/BCL3/PSG9/MYD88/EXO1/NOD2/IGHA2/IGH
G2/IGHG4/IGHA1/IGHG3/IGHG1/SLC22A13/STAT3/CD226/C
D8A/IGHV4-59/ADAM17/IGHV3-74/IGHV3-48/IGHV3-
53/IGHV5-51/EBI3/CLEC7A/IGHV4-4/C1QB/IGHV2-5 
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7 GO:0002
696 

Positive 
regulation 
of leukocyte 
activation 

1.70
681E
-33 

IL23R/IGLC7/CLEC4D/IGHV1-3/IGHV3-
7/CD80/IL12B/LYN/IL23A/GPR183/KLRK1/FLOT2/IL4I1/JAK3/
CD6/IGLC2/IGLC3/CD5/TSLP/CD83/ADAM8/CD24/CCDC88B
/SASH3/LILRB4/LBP/IL7R/IL6/IGHV4-28/IGHV3-33/IGHV4-
39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/CRLF2/PRKCQ/HSPH1/LCK/PTPN22/IGHV5-10-
1/PTAFR/CD209/TNFSF14/CCL3/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/CCL5/CARD11/SLA
MF1/LILRB2/RASGRP1/IGHV6-1/CD2/IGHV1-
69/IL4R/FCGR3A/CD40LG/TNFRSF4/EPHB2/FOXP3/PTPRC/
IGHV1-69D/CD28/IGHV3-
43/TBX21/WNT5A/IGLL5/CD27/CD177/CD47/NR4A3/IGHV3-
11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CTSC/CCR2/CR1/CD3E/SIRPG/RASAL3/NFKBIZ/IL12RB1
/TRBC2/IGKC/MYD88/PLA2G3/PNP/SOCS1/NOD2/IGHA2/IG
HG2/IGHG4/IGHA1/IGHG3/IGHG1/VNN1/TNFSF9/RHOH/FC
RL3/IFNG/CD226/IGHV4-59/IGHV3-74/SIRPB1/IGHV3-
48/IGHV3-53/IGHV5-51/EBI3/CLEC7A/IGHV4-
4/THY1/SLC7A1/IGHV2-5 

8 GO:0050
867 

Positive 
regulation 
of cell 
activation 

2.22
847E
-33 

IL23R/IGLC7/CLEC4D/IGHV1-3/IGHV3-
7/CD80/IL12B/LYN/IL23A/GPR183/KLRK1/FLOT2/IL4I1/JAK3/
CD6/IGLC2/IGLC3/CD5/TSLP/CD83/ADAM8/CD24/CCDC88B
/SASH3/LILRB4/LBP/IL7R/IL6/IGHV4-28/IGHV3-33/IGHV4-
39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/CRLF2/PRKCQ/HSPH1/LCK/PTPN22/IGHV5-10-
1/PTAFR/CD209/TNFSF14/CCL3/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/CCL5/CARD11/SLA
MF1/LILRB2/RASGRP1/IGHV6-1/CD2/IGHV1-
69/IL4R/FCGR3A/CD40LG/TNFRSF4/EPHB2/FOXP3/PTPRC/
IGHV1-69D/CD28/IGHV3-
43/TBX21/WNT5A/IGLL5/CD27/CD177/CD47/NR4A3/IGHV3-
11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CTSC/CCR2/CR1/CD3E/SIRPG/RASAL3/NFKBIZ/IL12RB1
/TRBC2/IGKC/MYD88/PLA2G3/PNP/SOCS1/NOD2/IGHA2/IG
HG2/IGHG4/IGHA1/IGHG3/IGHG1/VNN1/TNFSF9/RHOH/FC
RL3/IFNG/CD226/IGHV4-59/IGHV3-74/SIRPB1/IGHV3-
48/IGHV3-53/IGHV5-51/EBI3/CLEC7A/IGHV4-
4/THY1/SLC7A1/IGHV2-5 

9 GO:0042
110 

T cell 
activation 

5.46
445E
-31 

CDH26/PIK3CG/IL23R/CLEC4D/CLEC4E/THEMIS/CD80/BAT
F/IL12B/RAC2/LYN/IL23A/ITGAL/FUT7/GPR183/CTLA4/KLR
K1/FLOT2/IL4I1/CTSL/JAK3/WDFY4/LGALS9B/CD6/CD5/CA
MK4/ARG2/RELB/TNFRSF1B/CD83/ADAM8/CD24/LAG3/CC
DC88B/SLAMF6/IRF1/SASH3/RAB27A/PLA2G2F/LILRB4/CG
AS/IL7R/TREML2/CLEC4G/IL6/PSMB10/FZD5/LY9/ICAM1/R
SAD2/CCR7/ICOS/IDO1/PRKCQ/HSPH1/LCK/PTPN22/LGAL
S9C/KLRC1/CD209/TNFSF14/CCL2/EOMES/LILRB1/IL2RA/P
YCARD/ENTPD7/ITK/NLRP3/CD274/IL1B/DOCK2/CCL5/CAR
D11/SLAMF1/CD48/LILRB2/RASGRP1/GPR18/FANCA/CD2/I
L4R/ARG1/CD40LG/TNFRSF4/PRDM1/FOXP3/PTPRC/CD3G
/SIT1/CD28/TBX21/CD27/SLA2/TIGIT/CRTAM/CD47/HSH2D/
MICB/CCR2/CR1/CD3E/NLRC3/ZC3H12A/SIRPG/RASAL3/N
FKBIZ/IL12RB1/CTPS1/BCL3/PSG9/CD3D/PNP/SOCS1/NOD
2/PLA2G2D/STAT3/VNN1/TNFSF9/RHOH/IFNG/TNFRSF21/
CD8A/ADAM17/SIRPB1/IFNE/CD7/EBI3/GBA/LAX1/CLEC7A/
THY1/SLC7A1/NKG7/LAPTM5/SLAMF7 
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1
0 

GO:0051
251 

Positive 
regulation 
of 
lymphocyte 
activation 

1.52
097E
-30 

IL23R/IGLC7/IGHV1-3/IGHV3-
7/CD80/IL12B/LYN/IL23A/GPR183/KLRK1/FLOT2/IL4I1/JAK3/
CD6/IGLC2/IGLC3/CD5/CD83/ADAM8/CD24/CCDC88B/SAS
H3/LILRB4/IL7R/IL6/IGHV4-28/IGHV3-33/IGHV4-
39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/PRKCQ/HSPH1/LCK/PTPN22/IGHV5-10-
1/CD209/TNFSF14/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/CCL5/CARD11/SLA
MF1/LILRB2/RASGRP1/IGHV6-1/IGHV1-
69/IL4R/FCGR3A/CD40LG/TNFRSF4/EPHB2/FOXP3/PTPRC/
IGHV1-69D/CD28/IGHV3-
43/TBX21/IGLL5/CD27/CD47/IGHV3-11/IGHV3-21/IGHV3-
20/IGHV1-18/IGHV3-
23/CCR2/CR1/CD3E/SIRPG/RASAL3/NFKBIZ/IL12RB1/TRBC
2/IGKC/MYD88/PNP/SOCS1/NOD2/IGHA2/IGHG2/IGHG4/IG
HA1/IGHG3/IGHG1/VNN1/TNFSF9/RHOH/FCRL3/IFNG/IGHV
4-59/IGHV3-74/SIRPB1/IGHV3-48/IGHV3-53/IGHV5-
51/EBI3/CLEC7A/IGHV4-4/THY1/SLC7A1/IGHV2-5 

 

 

Table 2 Top 10 pathways downregulated in the PsA L skin                                                             

  Pathway P.adj Genes associated with each pathway 
1 GO:00

06936 
 

Muscle 
contraction 
 

1.14E-
44 
 

IGLC7/IGHV1-3/IGHV3-
7/MASP1/CXCL13/GNLY/GPR183/C9/PRSS3/CXCL8/CXCL
2/IGKV1-
5/IGLC2/IGLC3/BLNK/LTF/JCHAIN/CD83/PI3/SLPI/IGKV3-
15/CXCL9/POU2AF1/IL6/PSMB10/IGKV2-30/IGHV4-
28/IGHV3-33/IGHV4-
39/C1QC/TRBC1/TREM1/LTA/CCR7/IGHV4-
31/S100A8/SEMG2/PGLYRP2/IGHV5-10-
1/CXCL3/CXCL5/CXCL1/IGKV3-20/KRT6A/IGKV1-
17/CCL2/IGLV2-8/IGHV3-
30/CXCL6/LYZ/CXCL11/CXCL10/IL1B/FCN1/IGLV1-
51/IGLV6-57/IGLV1-47/IGHV6-1/LCN2/IGHV1-
69/IL36RN/SH2D1A/PTPRC/IGHV1-69D/CD28/IGHV3-
43/IGLL5/DMBT1/PAX5/IGHV3-11/IGHV3-21/IGHV3-
20/IGHV1-18/IGHV3-
23/S100A9/S100A12/CCR2/CR1/TRBC2/IGLV2-14/IGLV3-
19/IGKV4-
1/IGKC/BCL3/CAMP/PGLYRP4/PLA2G2A/DEFB4A/EXO1/I
GHA2/IGHG2/IGHG4/IGHA1/IGHG3/IGHG1/IGLV1-
40/IGLV1-44/IGLV3-25/IFNG/TNFRSF21/S100A7/IGHV4-
59/IGHV3-74/IFNE/IGHV3-48/IGHV3-53/IGHV5-
51/EBI3/PGLYRP3/PDCD1/IGHV4-4/C1QB/CFB/IGHV2-5 
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2 GO:00
03012 
 

Muscle 
system 
process 
 

1.79E-
37 
 

IL23R/IGLC7/IGHV1-3/IGHV3-
7/BATF/IL12B/IL23A/FUT7/C9/KLRK1/IGKV1-
5/IL18RAP/IGLC2/IGLC3/TNFRSF1B/GZMB/IGKV3-
15/LAG3/SLAMF6/SASH3/RAB27A/IL7R/CLEC4G/IL6/SERP
INB9/IGKV2-30/IGHV4-28/IGHV3-33/IGHV4-
39/FZD5/ICAM1/C1QC/RSAD2/TRBC1/LTA/IGHV4-
31/MYO1G/CD1B/ULBP1/IGHV5-10-1/IGKV3-20/IGKV1-
17/RAET1E/IGLV2-8/LILRB1/IGHV3-
30/NLRP3/PRF1/IL1B/IRF7/IGLV1-51/IGLV6-57/IGLV1-
47/RASGRP1/IGHV6-1/IGHV1-
69/IL4R/ARG1/CD40LG/SH2D1A/RNF168/FOXP3/PTPRC/I
GHV1-69D/CD28/IGHV3-
43/TBX21/CD96/ULBP3/ULBP2/IGLL5/CD27/SLA2/CRTAM/I
GHV3-11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CTSC/CCR2/CR1/TLR8/IL12RB1/SERPINB4/KLRD1/KIR
2DL4/TRBC2/IGLV2-14/IGLV3-19/IGKV4-
1/IGKC/BCL3/RAET1G/EXO1/IGHA2/IGHG2/IGHG4/IGHA1/
IGHG3/IGHG1/SLC22A13/IGLV1-40/IGLV1-44/IGLV3-
25/CD226/CD8A/IGHV4-59/IGHV3-74/IGHV3-48/IGHV3-
53/IGHV5-51/IGHV4-4/C1QB/SLAMF7/IGHV2-5 

3 GO:00
50804 
 

Modulation 
of chemical 
synaptic 
transmissio
n 
 

4.78E-
34 
 

IL23R/BTLA/IGLC7/CLEC4D/IGHV1-3/IGHV3-
7/CD80/IL12B/LYN/IL23A/GPR183/CTLA4/KLRK1/FLOT2/J
AK3/CD6/IGLC2/IGLC3/CD5/TSLP/CD83/ADAM8/CD24/CC
DC88B/SASH3/LILRB4/LBP/IL7R/IL6/IGHV4-28/IGHV3-
33/IGHV4-39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/CRLF2/PRKCQ/HSPH1/LCK/PTPN22/IGHV5-10-
1/PTAFR/CD209/TNFSF14/CCL3/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/CCL5/CARD11/LIL
RB2/RASGRP1/IGHV6-1/CD2/IGHV1-
69/IL4R/GRAP2/CD40LG/TNFRSF4/FOXP3/PTPRC/IGHV1-
69D/CD28/IGHV3-
43/LILRA5/TBX21/WNT5A/IGLL5/CD27/CD177/CD47/NR4A
3/IGHV3-11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/PLEK/CTSC/PDPN/CCR2/CD3E/SIRPG/RASAL3/NFKBI
Z/IL12RB1/TRBC2/IGKC/PLA2G3/PNP/SOCS1/NOD2/IGHA
2/IGHG2/IGHG4/IGHA1/IGHG3/IGHG1/VNN1/TNFSF9/RHO
H/FCRL3/IFNG/CD226/IGHV4-59/IGHV3-74/SIRPB1/IGHV3-
48/IGHV3-53/IGHV5-51/EBI3/PDCD1/CLEC7A/IGHV4-
4/THY1/SLC7A1/IGHV2-5 

4 GO:00
99177 
 

Regulation 
of trans-
synaptic 
signaling 
 

6.15E-
34 
 

IL23R/IGLC7/IGHV1-3/IGHV3-
7/CD80/BATF/IL12B/CXCL13/IL23A/FUT7/C9/JAK3/IGKV1-
5/IL18RAP/IGLC2/IGLC3/RELB/TNFRSF1B/IGKV3-
15/SLAMF6/SASH3/RAB27A/IL7R/CLEC4G/IL6/IGKV2-
30/IGHV4-28/IGHV3-33/IGHV4-
39/FZD5/LY9/ICAM1/C1QC/RSAD2/TRBC1/LTA/IGHV4-
31/MYO1G/PRKCQ/CD1B/IGHV5-10-1/IGKV3-20/IGKV1-
17/IGLV2-8/LILRB1/IGHV3-
30/NLRP3/PRF1/CD274/IL1B/IRF7/IGLV1-51/IGLV6-
57/IGLV1-47/KLHL6/IGHV6-1/IGHV1-
69/IL4R/ARG1/CD40LG/RNF168/FOXP3/PTPRC/IGHV1-
69D/CD28/IGHV3-43/TBX21/IGLL5/CD27/SLA2/IGHV3-
11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CTSC/CCR2/CR1/ZC3H12A/NFKBIZ/TLR8/IL12RB1/TRB
C2/IGLV2-14/IGLV3-19/IGKV4-
1/IGKC/BCL3/EXO1/IGHA2/IGHG2/IGHG4/IGHA1/IGHG3/IG
HG1/SLC22A13/STAT3/IGLV1-40/IGLV1-44/IGLV3-
25/CD226/CD8A/IGHV4-59/ADAM17/IGHV3-74/IGHV3-
48/IGHV3-53/IGHV5-51/EBI3/IGHV4-4/C1QB/IGHV2-5 
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5 GO:00
42391 
 

Regulation 
of 
membrane 
potential 
 

9.15E-
34 
 

IL23R/BTLA/IGLC7/CLEC4D/IGHV1-3/IGHV3-
7/CD80/IL12B/LYN/IL23A/GPR183/CTLA4/KLRK1/FLOT2/J
AK3/CD6/IGLC2/IGLC3/CD5/TSLP/CD83/ADAM8/CD24/CC
DC88B/SASH3/LILRB4/LBP/IL7R/IL6/IGHV4-28/IGHV3-
33/IGHV4-39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/CRLF2/PRKCQ/HSPH1/LCK/PTPN22/IGHV5-10-
1/PTAFR/CD209/TNFSF14/CCL3/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/CCL5/CARD11/LIL
RB2/RASGRP1/IGHV6-1/CD2/IGHV1-
69/IL4R/GRAP2/CD40LG/TNFRSF4/FOXP3/PTPRC/IGHV1-
69D/CD28/IGHV3-
43/TBX21/WNT5A/IGLL5/CD27/CD177/CD47/NR4A3/IGHV3
-11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CTSC/CCR2/CD3E/SIRPG/RASAL3/NFKBIZ/IL12RB1/T
RBC2/IGKC/PLA2G3/PNP/SOCS1/NOD2/IGHA2/IGHG2/IG
HG4/IGHA1/IGHG3/IGHG1/VNN1/TNFSF9/RHOH/FCRL3/IF
NG/CD226/IGHV4-59/IGHV3-74/SIRPB1/IGHV3-48/IGHV3-
53/IGHV5-51/EBI3/PDCD1/CLEC7A/IGHV4-
4/THY1/SLC7A1/IGHV2-5 

6 GO:00
34765 
 

Regulation 
of ion 
transmembr
ane 
transport 
 

2.00E-
33 
 

IL23R/BTLA/IGLC7/IGHV1-3/IGHV3-
7/CD80/IL12B/RAC2/LYN/IL23A/GPR183/CTLA4/KLRK1/CD
22/FLOT2/JAK3/LGALS9B/CD6/IGLC2/IGLC3/CD5/CAMK4/
TNFRSF13B/ARG2/TNFRSF1B/CD83/ADAM8/CD24/LAG3/
CCDC88B/IRF1/SASH3/PLA2G2F/LILRB4/CGAS/IL7R/CLE
C4G/IL6/IGHV4-28/IGHV3-33/IGHV4-
39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/IDO1/PRKCQ/HSPH1/LCK/PGLYRP2/PTPN22/LG
ALS9C/IGHV5-10-
1/SAMSN1/CD209/TNFSF14/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/IKZF3/CCL5/CARD
11/LILRB2/RASGRP1/IGHV6-1/FANCA/CD2/IGHV1-
69/IL4R/GRAP2/ARG1/CD40LG/TNFRSF4/PRDM1/FOXP3/
PTPRC/IGHV1-69D/SIT1/CD28/IGHV3-
43/TBX21/IGLL5/CD27/TIGIT/CRTAM/CD47/IGHV3-
11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/MZB1/CCR2/CR1/CD3E/ZC3H12A/SIRPG/RASAL3/NFK
BIZ/IL12RB1/TRBC2/IGKC/HMGB3/PNP/SOCS1/NOD2/IGH
A2/IGHG2/IGHG4/IGHA1/IGHG3/IGHG1/PLA2G2D/VNN1/T
NFSF9/RHOH/FCRL3/IFNG/TNFRSF21/IGHV4-59/IGHV3-
74/SIRPB1/IGHV3-48/IGHV3-53/IGHV5-
51/EBI3/PGLYRP3/LAX1/PDCD1/CLEC7A/IGHV4-
4/THY1/SLC7A1/IGHV2-5 
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7 GO:19
03522 
 

Regulation 
of blood 
circulation 
 

1.63E-
32 
 

IL23R/IGLC7/IGHV3-
7/CD80/IL12B/RAC2/LYN/IL23A/DDX58/FUT7/C9/KLRK1/C
D22/DDX21/JAK3/IGKV1-
5/HERC5/IL18RAP/GRN/IGLC2/IGLC3/MMP12/STAT1/TNF
RSF1B/PARP9/AIM2/IGKV3-
15/LAG3/SLAMF6/SASH3/LBP/CGAS/IL7R/CLEC4G/IL6/SE
RPINB9/IGKV2-30/IGHV3-33/IGHV4-
39/FZD5/DNASE1L3/ICAM1/C1QC/RSAD2/LTA/DDX60/CD
1B/PGLYRP2/PTPN22/PTAFR/IGKV3-20/TRIL/IGKV1-
17/RAET1E/IGLV2-8/LILRB1/IGHV3-
30/IL2RA/CXCL6/PYCARD/FFAR2/NLRP3/IL1B/IGLV1-
51/IGLV6-57/IGLV1-47/RASGRP1/IGHV1-
69/IL4R/ARG1/CD40LG/TNFRSF4/SH2D1A/SLC7A5/FOXP
3/PTPRC/CD28/TBX21/CD96/WNT5A/IFIT1/CD177/CRTAM/
CD47/CD36/NR4A3/IGHV3-11/IGHV3-
23/MICB/TRIM15/MZB1/CCR2/CR1/ZC3H12A/NFKBIZ/IL12
RB1/SERPINB4/KIR2DL4/HMOX1/NOS2/IGLV2-14/IGLV3-
19/IGKV4-
1/IGKC/IRAK3/BIRC3/DTX3L/RAET1G/PLA2G3/NOD2/IGH
G2/IGHG4/IGHG3/IGHG1/SLC22A13/IGLV1-40/IGLV1-
44/IGLV3-25/FCRL3/IFNG/CD226/IGHV4-59/IGHV3-
48/IGHV3-53/PGLYRP3/NLRX1/C1QB/CFB/IGHV2-5 

8 GO:00
60047 
 

Heart 
contraction 
 

4.07E-
32 
 

IL23R/IGLC7/FPR2/CLEC4D/CLEC4E/IGHV1-3/IGHV3-
7/IL12B/CXCL13/IL23A/GNLY/SHC1/LCE3C/KLRK1/GRN/IG
LC2/IGLC3/ARG2/LTF/JCHAIN/PI3/SLPI/LBP/ACP5/IL6/IGH
V4-28/IGHV3-33/IGHV4-39/LCE3A/TRBC1/LTA/IGHV4-
31/S100A8/SEMG2/PGLYRP2/ISG15/IGHV5-10-
1/IRF8/IGKV3-20/KRT6A/IGHV3-
30/CXCL6/PYCARD/LYZ/NLRP3/IGHV6-1/LCN2/IGHV1-
69/IGHV1-69D/IGHV3-
43/CCL20/IGLL5/CD36/DMBT1/IGHV3-11/IGHV3-21/IGHV3-
20/IGHV1-18/IGHV3-
23/S100A9/S100A12/GBP6/PLAC8/EPHA2/TRBC2/NOS2/I
GKC/BCL3/CAMP/PGLYRP4/PLA2G2A/MYD88/DEFB4A/N
OD2/IGHA2/IGHG2/IGHG4/IGHA1/IGHG3/IGHG1/GSDMC/S
100A7/IGHV4-59/GBP4/ADAM17/IGHV3-74/IFNE/IGHV3-
48/IGHV3-53/IGHV5-51/PGLYRP3/IGHV4-4/TLR2/IGHV2-5 

9 GO:00
08016 
 

Regulation 
of heart 
contraction 

1.60E-
30 
 

IL23R/BTLA/IGLC7/IGHV1-3/IGHV3-
7/CD80/IL12B/LYN/IL23A/GPR183/CTLA4/KLRK1/FLOT2/J
AK3/CD6/IGLC2/IGLC3/CD5/CD83/ADAM8/CD24/CCDC88B
/SASH3/LILRB4/IL7R/IL6/IGHV4-28/IGHV3-33/IGHV4-
39/TRBC1/CD38/CCR7/IGHV4-
31/ICOS/PRKCQ/HSPH1/LCK/PTPN22/IGHV5-10-
1/CD209/TNFSF14/CCL2/LILRB1/IGHV3-
30/IL2RA/PYCARD/NLRP3/CD274/IL1B/CCL5/CARD11/LIL
RB2/RASGRP1/IGHV6-1/IGHV1-
69/IL4R/GRAP2/CD40LG/TNFRSF4/FOXP3/PTPRC/IGHV1-
69D/CD28/IGHV3-43/TBX21/IGLL5/CD27/CD47/IGHV3-
11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CCR2/CD3E/SIRPG/RASAL3/NFKBIZ/IL12RB1/TRBC2/I
GKC/PNP/SOCS1/NOD2/IGHA2/IGHG2/IGHG4/IGHA1/IGH
G3/IGHG1/VNN1/TNFSF9/RHOH/FCRL3/IFNG/IGHV4-
59/IGHV3-74/SIRPB1/IGHV3-48/IGHV3-53/IGHV5-
51/EBI3/PDCD1/CLEC7A/IGHV4-4/THY1/SLC7A1/IGHV2-5 
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10 GO:00
30049 
 

Muscle 
filament 
sliding 
 

8.08E-
29 
 

IGLC7/IGHV1-3/IGHV3-7/C9/IGKV1-5/IGLC2/IGLC3/IGKV3-
15/IGKV2-30/IGHV4-28/IGHV3-33/IGHV4-
39/C1QC/TRBC1/LTA/IGHV4-31/IGHV5-10-1/IGKV3-
20/IGKV1-17/IGLV2-8/IGHV3-30/IGLV1-51/IGLV6-57/IGLV1-
47/IGHV6-1/IGHV1-69/PTPRC/IGHV1-69D/IGHV3-
43/IGLL5/IGHV3-11/IGHV3-21/IGHV3-20/IGHV1-18/IGHV3-
23/CR1/TRBC2/IGLV2-14/IGLV3-19/IGKV4-
1/IGKC/BCL3/EXO1/IGHA2/IGHG2/IGHG4/IGHA1/IGHG3/IG
HG1/IGLV1-40/IGLV1-44/IGLV3-25/IGHV4-59/IGHV3-
74/IGHV3-48/IGHV3-53/IGHV5-51/IGHV4-4/C1QB/IGHV2-5 
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Table 3 List of genes that positively corelate with FPR1 expression in PsA L skin 
 

 

Lung 
cancer,

Hepatocellul
ar carcinoma

AC025181.2 GOLPH3 
Divergent 
Transcript, 
LncRNA

Unknown 0.952 0.001 Unknown 

AC090229.1 LncRNA Unknown 0.952 0.001 Unknown

RPL5P34 Ribosomal Protein 
L5 Pseudogene 
34

Unknown 0.952 0.001 Unknown 

SLC6A10P Solute Carrier 
Family 6 Member 
10, Pseudogene

Unknown 0.952 0.001 Ovarian 
cancer, 
limited data.

TOMM7 Translocase of 
outer 
mitochondrial 
membrane 7

Regulates the 
assembly and 
stability of the 
translocase 
complex

0.952 0.001 Head and 
neck cancer

RPL38 Ribosomal protein 
L38

Component of 
the large 
ribosomal 
subunit, involved 
in protein 
synthesis

0.952 0.001 Tympanic 
membrane 
disease, 
renal cancer

Unknown

RGS2 Regulator of G 
Protein Signalling 
2

Regulates G 
protein-coupled 
receptor 
signalling 
cascades, 
mediator of 
myeloid 
differentiation

0.952 0.001 Renal 
cancer, 
breast 
cancer, may 
play a role in 
leukemogen
esis

PRAL P53 Regulation 
Associated long-
non-coding 
RNA(LncRNA)

P53 regulation-
limited data 
available

0.976 0.0004

AL355304.1 HIVEP2-Divergent 
transcript, LncRNA

Unknown 0.97 6.55E-05

Gene name Protein/gene Protein/gene 
description

Spearman’s 
correlation 
coefficient 
(R) value

P value Associated 
diseases
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Table 4 List of genes that negatively corelate with FPR1 expression in PsA L skin 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UBE2SP1 Ubiquitin 
Conjugating 
Enzyme E2 S 
Pseudogene 1

Unknown -0.952 0.001 Unknown

AL137003.1 ATXN1 
Antisense RNA 
1, LncRNA

Unknown -0.952 0.001 Unknown

SCG2 Secretogranin II Neuroendocrine 
protein of the 
granin family, 
involved in 
secretory 
granule 
formation. 

-0.952 0.001 Collagenous 
colitis, 
neuroendocr
ine tumours

TRIM46 Tripartite Motif 
Containing 46 

Involved in 
microtubule 
bundle 
formation at the 
axon

-0.952 0.001 Neuropathy, 
associated 
with 
proliferation 
of multiple 
cancer cells, 
including 
lung and 
breast 
cancer.

SUDS3P1 SIN3A 
Corepressor 
Complex 
Component 
Pseudogene 1 

Unknown -0.976 0.0004 Unknown

Gene name Protein/gene Protein/gene 
description

Spearman’s 
correlation 
coefficient 
(R) value

P value Associated 
diseases
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Table 5 List of genes that positively corelate with FPR2 expression in PsA L skin 
 
 

 
 
 
 

Hypertensio
n, Epilepsy,

6 KCNIP1 Potassium 
Voltage-
Gated 
Channel 
Interacting 
Protein 1

Regulatory 
subunit of the 
potassium 
voltage-gated 
channel, Kv4. 
Regulates 
channel density 
and inactivation 
in a calcium-
dependent 
manner.

0.97 6.55E-05

Unknown 

5 AC020612.1 Parkinsonis
m 
Associated 
Deglycase 
Pseudogene

Unknown 0.976 0.0004 Unknown

4 AL451074.2 TMCO1 
Antisense 
RNA 1, 
LncRNA

Unknown 0.976 0.0004

Unknown

3 ARIH2OS ARIH2 
Opposite 
Strand 
LncRNA

Predicted to be 
a key 
component of 
the cell 
membrane

0.976 0.0004 Unknown

2 SP5 Sp5 
Transcription 
Factor

Predicted to 
function as a 
transcription 
activator in the 
co-ordination of 
embryonic 
development 

0.976 0.0004

Associated 
diseases

1 DYNAP Dynactin 
associated 
protein

Involved in the 
regulation of cell 
proliferation. 
Promotes 
activation of the 
AKT1 signalling 
pathway

0.976 0.0004 Unknown

Gene name Protein/gen
e

Protein/gene 
description

Spearman’s 
correlation 
coefficient 
(R) value

P value
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Unknown 14 MIR3142HG LncRNA Unknown 0.952 0.001

Squamous 
cell 
carcinoma, 
head and 
neck cancer

13 AC006160.1 MED-28-
divergent 
transcript, 
LncRNA

Unknown 0.952 0.001 Unknown

12 LUCAT1 Lung Cancer 
Associated 
Transcript 1, 
LncRNA

Unknown 0.952 0.001

Heart 
disease, 
Hemochrom
atosis,renal 
cancer

11 NBEAP2 Neurobeachi
n 
pseudogene 
2

Unknown 0.952 0.001 Unknown

10 GALNT11 Polypeptide 
N-
Acetylgalact
osaminyltran
sferase 11 

Promotes Notch 
binding activity 
and polypeptide 
N-
acetylgalactosa
minyltransferase 
activity

0.952 0.001

Ovarian and 
pancreatic 
cancer, 
epilepsy

9 MDH1B Malate 
Dehydrogen
ase 1B

Predicted to be 
involved in 
NADH 
metabolism.

0.952 0.001 Unknown 

8 FBXO9 F-Box 
Protein 9

Substrate 
recognition 
component of a 
SCF (SKP1-
CUL1-F-box 
protein) E3 
ubiquitin-protein 
ligase complex 
involved in the 
ubiquitination 
and 
degradation of 
proteins 
involved in 
mammalian 
target of 
rapamycin 
(rmTOR) 
signaling.

0.952 0.001

7 AL031722.1 LncRNA Unknown 0.97 6.55E-05 Unknown
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Table 6 List of genes that negatively corelate with FPR2 expression in PsA L skin 
 

 
 

Unknown6 KRT8P38 Keratin 8 
Pseudogene 38

Unknown -0.976 0.0004

Unknown

5 SLCO3A1 Solute Carrier 
Organic Anion 
Transporter Family 
Member 3A1

Predicted to be 
involved in 
sodium-
independent 
organic anion 
transmembran
e transporter 
activity, 
involved in NF-
κB signalling

-0.976 0.0004 Primary 
Hypertrophic 
Osteoarthropath
y, bone cyst 
formation, 
endometrial 
cancer, cervical 
cancer,

4 GNG12 G Protein Subunit 
Gamma 12

Involved in G 
protein 
signalling

-0.976 0.0004

Ependymoma, 
Kidney 
Angiomyolipoma 

3 UBTD2 Ubiquitin Domain 
Containing 2

Unknown -0.976 0.0004 Liver cancer, 
colorectal cancer

2 RPTOR Regulatory 
associated protein 
of MTOR complex 
1

Involved in the 
regulation of 
the mammalian 
target of 
rapamycin 
complex 1 
(mTORC1) 
activity which 
regulates cell 
growth and 
survival

-0.976 0.0004

Associated 
diseases

1 TCFL5 Transcription 
Factor Like 5

Promotes DNA-
binding 
transcription 
repressor 
activity

-0.976 0.0004 Chagas disease, 
bile duct cancer, 
endometrial 
cancer

Gene name Protein/gene Protein/gene 
description

Spearman’s 
correlation 
coefficient 
(R) value

P value
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KIAA2026

Unknown

13 KC6 Keratoconus 
Gene 6, LncRNA

Unknown -0.952 0.0003 Keratoconus

12 AL359397.1 LncRNA Unknown -0.952 0.001

Unknown

11 AC025171.3 LncRNA Unknown -0.952 0.001 Unknown

10 GAPDHP49 Glyceraldehyde 3 
Phosphate 
Dehydrogenase 
Pseudogene 49

Unknown -0.952 0.001

Unknown

9 AC093673.1 Uncategorized 
gene

Unknown -0.952 0.001 Unknown

8 CENPBD1P
1

CENPB DNA-
Binding Domains 
Containing 2, 
Pseudogene

Unknown -0.952 0.001

7 Uncharacterized 
Protein

Unknown -0.952 0.001 Unknown
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Table 7 Pathways associated with genes that are upregulated in high ANXA1 expressors 

GO.ID Pathway P.adj Gene list 
GO:0050900 
 

Leukocyte 
migration 
 

1.15E-
38 
 

ANXA1/S100A8/S100A12/S100A9/TREM1/CSF3R/C5A
R1/CXCL8/ITGAX/BST1/JAML/DYSF/DEFA1/CD177/FP
R2/PADI2/HCK/CEACAM8/ADGRE2/EPX/ITGAM/FFAR
2/FCER1G/ELANE/ITGB2/NLRP12/CXCR1/CEACAM3/I
L1B/C3AR1/AIF1/PRTN3/THBS1/CXCL1/CSF1R/GYPA/
CXCR2/CXCL2/CEACAM6/THBD/HMOX1/AZU1/SDC3/
PLA2G7/IL10/CMKLR1/IL1R1/VCAM1/ITGA2B/F2RL1/P
ROS1/CXCL3/PTAFR/PPBP/CCN3/CCL8/TRPV4/SLC7
A8/GPR183/FUT7/PF4/ITGA9/CCL2/TNFSF14/SELL/F
N1/CXCL12/IGHV3-
11/ITGA1/BMP5/CXCL9/SDC2/ITGA5/GYPB/CSF1/DO
K2/IGLV1-
40/CCL13/CCL24/P2RY12/KITLG/LBP/ADORA1/CD34/
CXCL16/SLAMF8/SELP/CD84/LGMN/IGLV2-
11/KLRK1/KLRC4-
KLRK1/HRH1/PIK3CD/CXCL6/IGHV2-
5/SWAP70/IGLV7-43/CORO1A/IGLV1-
51/CCL20/LCK/ATP1B2/IGHV3-
7/CD2/SDC4/TREM2/RIPOR2/LGALS3/IGHV3-
23/THY1/CCR7/TNF/NBL1/IGLC7/GPR18/SERPINE1/S
LC7A10/PREX1/ITGB3/STAT5B/CYP19A1/CH25H/PDG
FB/IGLV3-
27/IL33/JAM3/RARRES2/CXCL10/MPP1/CXCL5/ITGA2
/CRTAM/IGHV333/DEFA1B/IL23A/ANGPT4/CXCL11/SI
RPA/IGLL1/GPR15/TEK/IGKV2-30/ADAM8/IGHV4-
34/IGLV3-19/IGLV1-47/IGKV3-
15/VPREB1/CX3CL1/L1CAM/IGKV41/XCL2/PF4V1/CX3
CR1/SIRPG/PLVAP/IGHV353/MYO1G/IL34/IGLV144/IT
GB7/ADD2/PTGER4/SELE/MMP14/IGHA2/DPP4/IGKV
1-
16/CD81/IL6/CXCL13/HSD3B7/TGFB2/XG/FYN/TNFSF
11/DAPK2/CCL7/CXCL14/S100A14/GCSAML/CHGA/C
D99/CNR2/IGLV3-21/IGKV1-
17/CCL19/CYP7B1/IGKV3D 
11/MMP1/IGHA1/CEACAM5/EDN2/IGKV2D-
30/S1PR1/EPCAM/IGLC2 
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GO:0006959 
 

Humoral 
immune 
response 
 

2.08E-
38 
 

S100A8/S100A12/S100A9/PGLYRP1/TREM1/LCN2/C5
AR1/FCN1/LTF/CXCL8/BST1/LYZ/BPI/SLC11A1/DEFA
1/CR1/ELANE/DEFA4/CTSG/IL1B/C3AR1/RNASE3/PR
TN3/CXCL1/CFP/CXCL2/C1QA/DEFA3/CLU/SLPI/VSIG
4/AZU1/SERPING1/A2M/EBI3/C3/PROS1/CXCL3/CD5L
/CD83/PPBP/C1QC/HLA-
DRB1/CAMP/GPR183/GNLY/PI3/PF4/CCL2/TRBC2/C1
QB/IGHV3-11/CXCL9/C7/IGLV1-40/CCL13/CFD/HLA-
DQB1/TF/IGLV2-11/SH2D1A/CXCL6/CR1L/IGHV2-
5/CD55/IGLV7-43/IGLV1-51/ITLN1/IGHV3-
7/TREM2/IGHV3-21/IL7/IGHV3-
23/CCR7/TNF/IGLC7/C4BPA/PTPRC/IGLV3-
27/RARRES2/CXCL10/CXCL5/IGHV1-3/IGHV1-
18/C1S/IGHV3-
33/IGHE/DEFA1B/CXCL11/IGLL1/KRT1/IGKV2-
30/IGHV3-74/IGHV4-34/IGLV3-19/CPN2/IGLV1-
47/IGHV3-20/IGKV3-15/IGHV2-70D/IGKV4-
1/PF4V1/IGHV3-53/IGLV1-44/IGHV2-
26/FCN2/IGHA2/IGKV1-16/CD81/IL6/IGHV3-
73/IGHD/CXCL13/IGHV3-49/IGHV1-24/IGHV3-
66/IGHV4-61/CFH/FCN3/CXCL14/IGHV6-
1/CHGA/IGLV3-21/IGHV1-58/DMBT1/IGKV1-
17/IGKV3D-11/CFHR1/RNASE6/IGHA1/MASP1/IGHV4-
28/HRG/ACOD1/IGKV2D-
30/DEFB4A/SUSD4/CFI/BPIFB1/IGHV7-81/IGHV1-
45/IGHV3-38/IGLC2 

GO:0042742 
 

Defence 
response 
to 
bacteria 
 

2.61E-
27 
 

S100A8/S100A12/S100A9/FGR/PGLYRP1/LCN2/C5AR
1/LTF/TLR2/CLEC4E/LYZ/NLRP3/BPI/SLC11A1/DEFA1
/HP/CLEC4D/FPR2/EPX/MPO/FCER1G/CD36/ELANE/
DEFA4/CTSG/RNASE3/PRG2/CFP/ANXA3/DEFA3/CE
BPE/IRF8/SYT11/SLPI/AZU1/STAB1/IL10/HAVCR2/F2
RL1/PPBP/CAMP/GNLY/PI3/TRBC2/IGHV3-
11/COLEC12/NLRC4/LBP/TF/SLAMF8/SELP/KLRK1/KL
RC4-KLRK1/GSDMA/CXCL6/IGHV2-
5/TLR5/CCL20/IGHV3-7/TREM2/IGHV3-
21/TNFRSF1A/IGHV3-
23/TNF/IGLC7/SERPINE1/CD4/MPEG1/RARRES2/STA
B2/IGHV1-3/IGHV1-18/IGHV3-
33/GBP2/IGHE/DEFA1B/IL23A/SIGLEC16/IGLL1/TLR4/
IGHV3-74/IGHV4-34/IGHV3-20/LPO/IGHV2-
70D/RAG2/IGHV3-53/IGHV2-
26/FCN2/IGHA2/IL6/IGHV3-73/IGHD/CXCL13/IGHV3-
49/IGHV1-24/IGHV3-66/IGHV4-61/IGHV6-
1/EPHA2/S100A14/CHGA/IGHV1-
58/DMBT1/ADAMTS5/IL12B/RNASE6/IGHA1/IGHV4-
28/DEFB4A/IGHV7-81/IGHV1-45/IGHV3-38/IGLC2 
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GO:0001525 
 

Angiogen
esis 
 

2.95E-
26 
 

ANXA1/C5AR1/CXCL8/ITGAX/DYSF/PROK2/ITGB2/M
MP19/IL1B/C3AR1/THBS1/CHI3L1/CXCR2/ANXA3/CY
P1B1/HMOX1/SPRY2/STAB1/TAL1/IL10/NOTCH3/ACV
RL1/C3/PPARG/ENPP2/CCN3/NRP1/DCN/GPNMB/PF
4/NGFR/CCL2/PLXND1/IL18/EREG/ANPEP/FN1/SASH
1/ADGRA2/GLUL/ESM1/ITGA5/EGFL7/ANGPTL4/ADA
MTS1/AQP1/CCL24/COL15A1/TGFBI/DLL1/COL4A2/A
DAMTS9/SRPX2/COL4A1/TNFRSF12A/MMP2/FOXC1/
ANXA2/CD34/CDH5/PLXDC1/NRP2/SERPINF1/PDGF
RA/CLDN5/APLNR/PARVA/FGFR1/KDR/FBLN5/VASH1
/EFNA1/ARHGAP22/TIE1/EGF/FLT4/ENG/AGT/SULF1/
SFRP1/SAT1/THY1/TNF/SERPINE1/NPR1/GATA2/ITG
B3/EPHB2/AMOTL2/NIBAN2/CLEC14A/JAM3/STAB2/C
XCL10/CNMD/HMGA2/EPHA1/ANGPT4/HHEX/CCN1/P
DE3B/HSPB1/COL8A2/SHB/TEK/ENPEP/TNFAIP2/EC
SCR/EFNB2/KRT1/ADAM8/ROBO4/HSPB6/PTGIS/RAS
IP1/RAMP1/ADAM12/FZD8/EDNRA/CHRNA7/PDGFRB
/ANGPTL2/CX3CL1/COL18A1/HPSE/FGFR2/CX3CR1/
COL8A1/TWIST1/SPHK1/SH2D2A/NOS3/FGF9/ISM1/L
RG1/MMP14/FASLG/UNC5B/IL6/HIF1A/CTSH/RHOJ/J
CAD/CARD10/CXCL13/JUP/TGFBR3/SEMA3E/EMP2/T
GFB2/MCAM/SFRP2/CSPG4/GPR4/SMOC2/AGTR1/C
CBE1/EPHA2/SOX17/MEIS1/GATA6/CMA1/PRL/FUT1/
AMOTL1/IL12B/SOX18/CDH13/HRG/TMIGD2/NOX5/A
CKR3/S1PR1/RAMP3/GATA4/MEOX2/OVOL2 

GO:0006956 
 

Complem
ent 
activation 
 

1.92E-
25 
 

C5AR1/FCN1/CR1/IL1B/C3AR1/CFP/C1QA/CLU/VSIG4
/SERPING1/A2M/C3/PROS1/CD5L/C1QC/TRBC2/C1Q
B/IGHV3-11/C7/IGLV1-40/CFD/IGLV2-11/CR1L/IGHV2-
5/CD55/IGLV7-43/IGLV1-51/IGHV3-7/IGHV3-21/IGHV3-
23/IGLC7/C4BPA/IGLV3-27/IGHV1-3/IGHV1-
18/C1S/IGHV3-33/IGHE/IGLL1/KRT1/IGKV2-30/IGHV3-
74/IGHV4-34/IGLV3-19/CPN2/IGLV1-47/IGHV3-
20/IGKV3-15/IGHV2-70D/IGKV4-1/IGHV3-53/IGLV1-
44/IGHV2-26/FCN2/IGHA2/IGKV1-16/CD81/IGHV3-
73/IGHD/IGHV3-49/IGHV1-24/IGHV3-66/IGHV4-
61/CFH/FCN3/IGHV6-1/IGLV3-21/IGHV1-58/IGKV1-
17/IGKV3D-11/CFHR1/IGHA1/MASP1/IGHV4-
28/IGKV2D-30/SUSD4/CFI/IGHV7-81/IGHV1-45/IGHV3-
38/IGLC2 

GO:0043062 Extracellu
lar 
structure 
organisati
on 
 

2.37E-
25 
 

MMP9/MMP8/MMP25/ITGAX/ITGAM/PTX3/CRISPLD2/
ELANE/ITGB2/CTSG/MMP19/TNFRSF1B/THBS1/CYP1
B1/COL17A1/ITGAD/FSCN1/VCAM1/NID1/ITGA2B/A2
M/NTNG2/VCAN/LOXL3/LAMA4/DCN/ADAMTS2/ITGA9
/VWF/LUM/ELF3/FN1/BGN/MYO1E/ITGA1/ITGA5/FBLN
1/TNC/HTRA1/ADAMTS1/COL3A1/HPN/COL15A1/TGF
BI/COL4A2/ADAMTS9/COL4A1/MMP2/FOXC1/LOXL1/
ANXA2/SH3PXD2B/SPP1/COL16A1/PDGFRA/COL12A
1/KDR/FBLN5/COL5A3/VWA1/MFAP5/MMP17/CTSL/C
APN2/ENG/TNFRSF1A/EGFLAM/AGT/SULF1/LAMB3/
COL6A2/ADAMTS7/TEX14/LCP1/TNF/SERPINE1/POS
TN/ITGB3/PDGFB/MATN3/JAM3/LAMB1/HAS1/ITGA2/I
TGB5/SOX9/ADAMTSL4/CCN1/COL8A2/CTSV/ADAM8
/THSD4/FBN2/ADAM12/FLRT2/TPSAB1/COL18A1/LRP
1/COL8A1/MMP27/COL27A1/CST3/ITGB7/FMOD/LAM
B2/MMP14/TIMP1/DPP4/HAS2/IL6/FBN1/TNFRSF11B/
MMP13/COL14A1/COL9A1/NTN4/ELN/TGFB2/SFRP2/
ADAMTS12/LAMA1/MMP15/ADAMTS10/ITGA11/HPSE
2/SMOC2/ACAN/ECM2/VIT/FERMT1/DPT/TMPRSS6/C
OL11A1/CDH1/CMA1/ADAMTS5/ADAMTS3/PRSS1/M
MP1/MFAP2/MATN4/WT1/EGFL6/IBSP/TCF15/TLL1 



225 
 
GO:0030335 
 

Positive 
regulation 
of cell 
migration 
 

2.92E-
25 
 

ANXA1/FGR/MMP9/C5AR1/CXCL8/ITGAX/DYSF/FPR2
/DOCK5/ELANE/IL1B/C3AR1/AIF1/THBS1/CSF1R/CXC
R2/ANXA3/CEACAM6/HMOX1/SPRY2/PLA2G7/CMKL
R1/IL1R1/ITGA2B/F2RL1/ENPP2/PTAFR/PLAU/NRP1/
CCL8/TNFAIP6/TRPV4/FUT7/RIN2/GPNMB/TNFSF14/
FN1/CXCL12/SASH1/ADGRA2/IGFBP5/ITGA5/CSF1/A
DAMTS1/SMO/CCL24/P2RY12/KITLG/LBP/SRPX2/SD
CBP/CXCL16/CDH5/SYDE1/DOCK1/NRP2/SELP/LGM
N/PDGFRA/FGFR1/PIK3CD/ZNF703/KDR/HBEGF/EGF
R/MAP2K3/SWAP70/S100A11/CORO1A/EGF/CCL20/G
LIPR2/LPAR1/FLT4/TREM2/FLNA/RIPOR2/LGALS3/AG
T/CLEC7A/THY1/CLDN4/SEMA6B/CCR7/TNF/SERPIN
E1/GATA2/PREX1/POSTN/ITGB3/BMP2/PDGFB/PTPR
C/RARRES2/LAMB1/CXCL10/ITGA2/IRS2/SOX9/ATOH
8/EPHA1/CASS4/TMSB4X/IL23A/ANGPT4/CCN1/RHO
C/FAM107A/HSPB1/TEK/ADAM8/CGA/PDGFRB/CX3C
L1/COL18A1/LRP1/DMTN/XCL2/SEMA7A/CX3CR1/PL
VAP/IL34/SPHK1/NOS3/LRRC15/FGF9/MYADM/SELE/
MMP14/HAS2/TWIST2/CLDN1/IL6/HIF1A/CTSH/RHOJ/
JCAD/EPB41L4B/SNAI2/CXCL13/WNT11/SEMA3G/PA
K3/VIL1/SEMA3F/SEMA3E/TGFB2/MCAM/CCN4/INSL3
/PDGFC/SEMA6D/XG/DAPK2/CCL7/SHTN1/SMOC2/A
DRA2A/TAC1/CXCL14/CCBE1/SEMA3C/S100A14/CD9
9/DAB2/SH3RF2/FUT1/AMOTL1/CCL19/CDH13/EDN2/
ACKR3/NOX4/S1PR1/CLDN3/RAB25/PROX1/INSM1 

GO:0030198 Extracellu
lar matrix 
organisati
on 
 

4.58E-
25 
 

MMP9/MMP8/MMP25/ITGAX/ITGAM/PTX3/CRISPLD2/
ELANE/ITGB2/CTSG/MMP19/TNFRSF1B/THBS1/CYP1
B1/COL17A1/ITGAD/FSCN1/VCAM1/NID1/ITGA2B/A2
M/NTNG2/VCAN/LOXL3/LAMA4/DCN/ADAMTS2/ITGA9
/VWF/LUM/ELF3/FN1/BGN/MYO1E/ITGA1/ITGA5/FBLN
1/TNC/HTRA1/ADAMTS1/COL3A1/HPN/COL15A1/TGF
BI/COL4A2/ADAMTS9/COL4A1/MMP2/FOXC1/LOXL1/
ANXA2/SH3PXD2B/SPP1/COL16A1/PDGFRA/COL12A
1/KDR/FBLN5/COL5A3/VWA1/MFAP5/MMP17/CTSL/C
APN2/ENG/TNFRSF1A/EGFLAM/AGT/SULF1/LAMB3/
COL6A2/ADAMTS7/LCP1/TNF/SERPINE1/POSTN/ITG
B3/PDGFB/MATN3/JAM3/LAMB1/HAS1/ITGA2/ITGB5/
SOX9/ADAMTSL4/CCN1/COL8A2/CTSV/ADAM8/THSD
4/FBN2/ADAM12/FLRT2/TPSAB1/COL18A1/LRP1/COL
8A1/MMP27/COL27A1/CST3/ITGB7/FMOD/LAMB2/MM
P14/TIMP1/DPP4/HAS2/IL6/FBN1/TNFRSF11B/MMP13
/COL14A1/COL9A1/NTN4/ELN/TGFB2/SFRP2/ADAMT
S12/LAMA1/MMP15/ADAMTS10/ITGA11/HPSE2/SMO
C2/ACAN/ECM2/VIT/FERMT1/DPT/TMPRSS6/COL11A
1/CDH1/CMA1/ADAMTS5/ADAMTS3/PRSS1/MMP1/MF
AP2/MATN4/WT1/EGFL6/IBSP/TCF15/TLL1 

GO:0060326 
 

Cell 
chemotaxi
s 
 

7.01E-
25 
 

ANXA1/S100A8/S100A12/S100A9/CSF3R/C5AR1/CXC
L8/BST1/JAML/DYSF/DEFA1/FPR2/PADI2/ADGRE2/FF
AR2/FCER1G/ITGB2/CXCR1/IL1B/C3AR1/AIF1/THBS1/
CXCL1/CSF1R/CXCR2/CXCL2/AZU1/PLA2G7/IL10/CM
KLR1/F2RL1/CXCL3/ARRB2/PPBP/CCN3/NRP1/CCL8/
TRPV4/GPR183/PF4/ITGA9/CCL2/TNFSF14/CXCL12/I
TGA1/CXCL9/CSF1/CCL13/CCL24/LBP/CXCL16/SLAM
F8/LGMN/PDGFRA/KLRK1/KLRC4-
KLRK1/HRH1/PARVA/FGFR1/PIK3CD/KDR/CXCL6/HB
EGF/SWAP70/CORO1A/CCL20/LPAR1/RIPOR2/LGAL
S3/CCR7/NBL1/GPR18/SERPINE1/PREX1/CYP19A1/C
H25H/PDGFB/JAM3/RARRES2/CXCL10/MPP1/CXCL5/
CCR4/TMSB4X/DEFA1B/IL23A/CXCL11/HSPB1/ADAM
8/PDGFRB/CX3CL1/XCL2/PF4V1/CX3CR1/IL34/DPP4/I
L6/CXCL13/HSD3B7/TGFB2/PLXNB3/TNFSF11/DAPK2
/CCL7/SMOC2/AGTR1/CXCL14/EPHA2/S100A14/CHG
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A/CNR2/CCL19/CYP7B1/HRG/EDN2/ACKR3/DEFB4A/
S1PR1 

GO:0030595 
 

Leukocyte 
chemotaxi
s 
 

3.48E-
24 
 

ANXA1/S100A8/S100A12/S100A9/CSF3R/C5AR1/CXC
L8/BST1/JAML/DYSF/DEFA1/FPR2/PADI2/ADGRE2/FF
AR2/FCER1G/ITGB2/CXCR1/IL1B/C3AR1/AIF1/THBS1/
CXCL1/CSF1R/CXCR2/CXCL2/AZU1/PLA2G7/IL10/CM
KLR1/F2RL1/CXCL3/PPBP/CCN3/CCL8/TRPV4/GPR18
3/PF4/ITGA9/CCL2/TNFSF14/CXCL12/ITGA1/CXCL9/C
SF1/CCL13/CCL24/LBP/CXCL16/SLAMF8/LGMN/KLRK
1/KLRC4-
KLRK1/HRH1/PIK3CD/CXCL6/SWAP70/CORO1A/CCL
20/RIPOR2/LGALS3/CCR7/NBL1/GPR18/SERPINE1/P
REX1/CYP19A1/CH25H/PDGFB/JAM3/RARRES2/CXC
L10/MPP1/CXCL5/DEFA1B/IL23A/CXCL11/ADAM8/CX
3CL1/XCL2/PF4V1/IL34/DPP4/IL6/CXCL13/HSD3B7/T
GFB2/TNFSF11/DAPK2/CCL7/CXCL14/S100A14/CHG
A/CNR2/CCL19/CYP7B1/EDN2/S1PR1 
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Table 8 Pathways associated with genes that are downregulated in high ANXA1 expressors 

GO.ID Pathway P.adj Gene list 
GO:003
5249 
 

Synaptic 
transmission, 
glutamatergic 
 

1.15
E-38 
 

ANXA1/S100A8/S100A12/S100A9/TREM1/CSF3R/C5AR1/
CXCL8/ITGAX/BST1/JAML/DYSF/DEFA1/CD177/FPR2/PA
DI2/HCK/CEACAM8/ADGRE2/EPX/ITGAM/FFAR2/FCER1
G/ELANE/ITGB2/NLRP12/CXCR1/CEACAM3/IL1B/C3AR1/
AIF1/PRTN3/THBS1/CXCL1/CSF1R/GYPA/CXCR2/CXCL2
/CEACAM6/THBD/HMOX1/AZU1/SDC3/PLA2G7/IL10/CMK
LR1/IL1R1/VCAM1/ITGA2B/F2RL1/PROS1/CXCL3/PTAFR
/PPBP/CCN3/CCL8/TRPV4/SLC7A8/GPR183/FUT7/PF4/IT
GA9/CCL2/TNFSF14/SELL/FN1/CXCL12/IGHV3-
11/ITGA1/BMP5/CXCL9/SDC2/ITGA5/GYPB/CSF1/DOK2/I
GLV1-
40/CCL13/CCL24/P2RY12/KITLG/LBP/ADORA1/CD34/CX
CL16/SLAMF8/SELP/CD84/LGMN/IGLV2-
11/KLRK1/KLRC4-KLRK1/HRH1/PIK3CD/CXCL6/IGHV2-
5/SWAP70/IGLV7-43/CORO1A/IGLV1-
51/CCL20/LCK/ATP1B2/IGHV3-
7/CD2/SDC4/TREM2/RIPOR2/LGALS3/IGHV3-
23/THY1/CCR7/TNF/NBL1/IGLC7/GPR18/SERPINE1/SLC
7A10/PREX1/ITGB3/STAT5B/CYP19A1/CH25H/PDGFB/IG
LV3-
27/IL33/JAM3/RARRES2/CXCL10/MPP1/CXCL5/ITGA2/C
RTAM/IGHV3-
33/DEFA1B/IL23A/ANGPT4/CXCL11/SIRPA/IGLL1/GPR15
/TEK/IGKV2-30/ADAM8/IGHV4-34/IGLV3-19/IGLV1-
47/IGKV3-15/VPREB1/CX3CL1/L1CAM/IGKV4-
1/XCL2/PF4V1/CX3CR1/SIRPG/PLVAP/IGHV3-
53/MYO1G/IL34/IGLV1-
44/ITGB7/ADD2/PTGER4/SELE/MMP14/IGHA2/DPP4/IGK
V1-
16/CD81/IL6/CXCL13/HSD3B7/TGFB2/XG/FYN/TNFSF11/
DAPK2/CCL7/CXCL14/S100A14/GCSAML/CHGA/CD99/C
NR2/IGLV3-21/IGKV1-17/CCL19/CYP7B1/IGKV3D-
11/MMP1/IGHA1/CEACAM5/EDN2/IGKV2D-
30/S1PR1/EPCAM/IGLC2 
 

GO:005
1966 
 

Regulation of 
synaptic 
transmission, 
glutamatergic 
 

2.08
E-38 
 

S100A8/S100A12/S100A9/PGLYRP1/TREM1/LCN2/C5AR
1/FCN1/LTF/CXCL8/BST1/LYZ/BPI/SLC11A1/DEFA1/CR1/
ELANE/DEFA4/CTSG/IL1B/C3AR1/RNASE3/PRTN3/CXCL
1/CFP/CXCL2/C1QA/DEFA3/CLU/SLPI/VSIG4/AZU1/SER
PING1/A2M/EBI3/C3/PROS1/CXCL3/CD5L/CD83/PPBP/C
1QC/HLA-
DRB1/CAMP/GPR183/GNLY/PI3/PF4/CCL2/TRBC2/C1QB/
IGHV3-11/CXCL9/C7/IGLV1-40/CCL13/CFD/HLA-
DQB1/TF/IGLV2-11/SH2D1A/CXCL6/CR1L/IGHV2-
5/CD55/IGLV7-43/IGLV1-51/ITLN1/IGHV3-
7/TREM2/IGHV3-21/IL7/IGHV3-
23/CCR7/TNF/IGLC7/C4BPA/PTPRC/IGLV3-
27/RARRES2/CXCL10/CXCL5/IGHV1-3/IGHV1-
18/C1S/IGHV3-
33/IGHE/DEFA1B/CXCL11/IGLL1/KRT1/IGKV2-30/IGHV3-
74/IGHV4-34/IGLV3-19/CPN2/IGLV1-47/IGHV3-20/IGKV3-
15/IGHV2-70D/IGKV4-1/PF4V1/IGHV3-53/IGLV1-
44/IGHV2-26/FCN2/IGHA2/IGKV1-16/CD81/IL6/IGHV3-
73/IGHD/CXCL13/IGHV3-49/IGHV1-24/IGHV3-66/IGHV4-
61/CFH/FCN3/CXCL14/IGHV6-1/CHGA/IGLV3-21/IGHV1-
58/DMBT1/IGKV1-17/IGKV3D-
11/CFHR1/RNASE6/IGHA1/MASP1/IGHV4-
28/HRG/ACOD1/IGKV2D-
30/DEFB4A/SUSD4/CFI/BPIFB1/IGHV7-81/IGHV1-
45/IGHV3-38/IGLC2 
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Table 9 List of genes that positively corelate with ANXA1 expression in MM CoMMpass 
database cohort 

  Gene 
name 

Protein Protein/gene 
description 

Associated diseases 

 
1 ACTN1 Actin Alpha 1 Roles in cell 

motility, structure 
and integrity. 
Found in skeletal 
muscle. 

Myopathies. Unfavourable 
prognostic marker in renal, lung, 
head and neck and urothelial 
cancer.  

 
2 AHR Aromatic 

Hydrocarbon 
Receptor 

Involved in a 
range of biological 
processes, 
including 
angiogenesis, 
haematopoiesis, 
drug and lipid 
metabolism, cell 
motility and 
immune 
modulation.  

Retinitis Pigmentosa 

 

 
3 ANXA3 Annexin A3 Signalling protein, 

inhibitor of 
phospholipase 
A2.  

Favourable prognostic marker in 
renal cancer. Unfavourable 
prognostic marker in pancreatic 
cancer.  

 
4 APOBR Apolipoprotein 

B Receptor 
Macrophage 
receptor that 
binds 
apolipoprotein 
B48.  

Atherosclerosis. Favourable 
prognostic marker in endometrial 
cancer.  

 
5 CDA Cytidine 

deaminase 
Enzyme involved 
in pyrimidine 
salvaging 

Acute leukaemia, unfavourable 
prognostic marker in pancreatic and 
cervical cancer  

 
6 CLEC7

A 
C-type lectin 
domain 
containing 7A 

Plays a role in 
innate immunity 
by acting as a 
pattern 
recognition 
receptor that 
binds beta 
glucans. 

Unfavourable prognostic marker in 
renal cancer 
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7  COTL1 Coactosin like F-actin 
binding protein 1 

Binds to F-actin. 
Involved in the 
regulation of the actin 
cytoskeleton. 

Unfavourable 
prognostic marker in 
renal cancer. 

8 EMP1 
 

Epithelial 
membrane 
protein 1 

Involved in bleb 
assembly and cell 
death 

Blount disease. 

    Unfavourable 
prognostic marker in 
ovarian, urothelial 
and pancreatic 
cancer. 

9 ETS2   ETS 
proto-
oncogene 
2 

  Transcription 
factor/activator. 
Regulates 
genes involved 
in development 
and apoptosis. 

Associated with 
choriocarcinoma and 
Acute 
Megakaryocytic 
Leukaemia (AML).  

10 FGR FGR proto-oncogene. Non-receptor tyrosine-
protein kinase involved 
in regulation of the 
immune response.  
Negative regulator of 
cell migration and 
adhesion. 

Pre-eclampsia, 
placental 
insufficiency. 

11 FPR1 Formyl Peptide 
Receptor 1 

G-protein-coupled 
receptor on 
mammalian phagocytic 
cells. Plays a role in 
chemotaxis, host 
defence and 
inflammation. 

Peridontitis. 
Unfavourable 
prognostic marker in 
renal cancer. 
Enhanced RNA 
expression in 
glioma. 

 
12 GNAQ 

 
G protein 
subunit 
alpha q 

Membrane signalling, 
regulates B cell 
selection and survival. 

Platelet aggregation 
and activation 
disorders 

 

    Favourable 
prognostic marker in 
renal cancer. 
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13 LILRA2   Leukocyte 
immunoglobulin 
like receptor A2 

Receptor 
expressed 
predominantly on B 
cells and 
monocytes. 
Suppresses the 
innate immune 
response, dendritic 
cell differentiation 
and antigen 
presentation. 

Tuberculoid leprosy 

14 LILRA5 Leukocyte 
Immunoglobulin 
Like Receptor A5 

Believed to play a 
role in activation of 
the innate immune 
response. 

Hemophagocytic 
lymphohistiocytosis. 
Unfavourable prognostic 
marker in renal cancer 

15 MYO1F   Myosin IF Actin-based motor 
believed to be 
involved in 
intracellular 
movement of 
membrane-
enclosed 
compartments 

Sensorineural hearing loss. 
Unfavourable prognostic 
marker in renal cancer. 

16 PIK3R5 Phosphoinositide-
3-Kinase 
Regulatory 
Subunit 5 

Regulatory subunit 
of the class I 
Phosphatidylinositol 
3-kinase (PI3K) 
gamma complex. 
PI3Ks are involved 
in a range of 
functions from 
cellular proliferation 
to survival. 

Spinocerebellar ataxia 

 
17 PIK3R5-

DT 
N/A- RNA gene PIK3R5 Divergent 

Transcript. Long 
noncoding RNA 
(lncRNA). Function 
unknown. High 
expression in bone 
marrow. 

Unknown. 
 

 

 
18 PYGL Glycogen 

Phosphorylase L 
Enzyme involved in 
carbohydrate 
metabolism. 

Glycogen storage disease. 
Unfavourable prognostic 
marker in pancreatic and head 
and neck cancer.  
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19 RASGRP2 RAS guanyl 
releasing protein 2 

Activates small 
GTPases. 
Functions in the 
aggregation 
platelets and 
adhesion of T cells 
and neutrophils. 

Bleeding disorders, 
leukocyte adhesion 
disorders. 
Unfavourable 
prognostic marker in 
renal cancer. 

 
20 RIN3 Ras And Rab 

Interactor 3 
Binds small 
GTPases. 
Enhanced 
expression in the 
bone marrow. 

Paget’s disease of 
bone. 

 

 
21 SERPINA1 Serpin family A 

member 1 
Serine protease 
inhibitor. Involved 
in haemostasis and 
coagulation. 

Bleeding disorders, 
Chronic obstructive 
pulmonary disease 
(COPD). 
Favourable 
prognostic marker in 
breast and 
colorectal cancer. 

 

 
22 SLA Src Like Adaptor Adaptor protein 

which negatively 
regulates T cell 
receptor signalling. 
Believed to be 
involved in T cell 
differentiation and 
the innate immune 
response. 

Unknown. 
 

 

 
23 SLC2A3 Solute Carrier 

Family 2 Member 3 
Involved in glucose 
transport. 

Huntington disease. 
Unfavourable 
prognostic marker 
for stomach, renal 
and colorectal 
cancer. 

 

 
 

24 SLPI Secretory 
Leukocyte 
Peptidase Inhibitor 

Inhibitor which 
protects epithelial 
cells from serine 
proteases. Has 
antimicrobial and 
wound-healing 
activities.  

Pustular psoriasis. 
Unfavourable 
prognostic marker in 
renal cancer. 

 

 
25 TLR2 Toll like receptor 2 Involved in 

pathogen 
recognition and 
innate immunity. 

Leprosy. 
Autoimmunity. 
Unfavourable 
prognostic marker in 
renal cancer. 
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26 TNFRSF1B TNF receptor 
superfamily member 
1B 

Involved in 
apoptosis. 

Unfavourable 
prognostic 
marker in renal 
and testicular 
cancer. T cell 
lymphoma 
(Sezary 
syndrome). 

 
27 TREM1 Triggering Receptor 

Expressed on 
Myeloid Cells 1 

Cell surface 
receptor involved in 
adaptive immunity 
and activation of 
inflammation. 
Amplifies 
inflammatory signals 
that are initially 
triggered by TLR 
and NOD-like 
receptors (NLRs). 

Cholangitis, 
septic arthritis.  

 

 
28 TUBA1A Tubulin alpha 1a Major component of 

the microtubules 
that comprise the 
eukaryotic 
cytoskeleton. 

Unfavourable 
prognostic 
marker in renal 
cancer. 
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