
 

 

 

 
 
 

The expression of LL-37 in peripheral 
leukocytes, related to psoriasis 

 
 
 

 
 
 
 
 
 
 
 
 

Sunneva Smáradóttir 

 
 
 
 

Líf- og umhverfisvísindadeild 

Háskóli Íslands 

2017 





 
 

 

 

The expression of LL-37 in peripheral 

leukocytes, related to psoriasis 
 
 
 
 

Sunneva Smáradóttir 
 
 
 
 
 

15 eininga ritgerð sem er hluti af 
Baccalaureus Scientiarum gráðu í Lífefna- og Sameindalíffræði 

 
 

 

 
 

Leiðbeinendur 
Björn Rúnar Lúðvíksson 

Jóna Freysdóttir 
Hildur Sigurgrímsdóttir 

 
 

Umsjónarkennari 
Guðmundur Hrafn Guðmundsson 

 
 

 
 

 

 
 

Líf- og umhverfisvísindadeild  
Verkfræði- og náttúruvísindasvið 

Háskóli Íslands 
Reykjavík, Júní 2017 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The expression of LL-37 in peripheral leukocytes, related to psoriasis. 

Leukocyte expression of LL-37 related to psoriasis 

15 eininga ritgerð sem er hluti af Baccalaureus Scientiarum gráðu í Lífefna- og 

Sameindalíffræði 

 

Höfundarréttur © 2017 Sunnneva Smáradóttir 

Öll réttindi áskilin 

 

 

Líf- og umhverfisvísindadeild 

Verkfræði- og náttúruvísindasvið 

Háskóli Íslands 

Sturlugata 7 

101 Reykjavík 

 

Sími: 525 4600 

 

 

 

Skráningarupplýsingar: 

Sunneva Smáradóttir, 2017, The expression of LL-37 in peripheral leukocytes, related to 

psoriasis, BS ritgerð, Líf- og umhverfisvísindadeild, Háskóli Íslands, 42 bls. 

 

ISBN XX 

 

Prentun: XX 

Reykjavík, júní 2017 

 



 





 

Útdráttur 

Sóri er sjálfsofnæmissjúkdómur með háa sýnd í vestrænum löndum. Sjúkdómurinn veldur 

sárum á húð og krónískri staðbundinni bólgu. Ákveðin örverudrepandi peptíð hafa verið 

tengd sjúkdómsmynduninni og hafa sum þeirra verið talin oftjáð í sórahúð. Eitt slíkra peptíða 

er LL-37. Sóri er tilvalið líkan til rannsóknar á tengslum milli örverudrepandi peptíða og 

sjálfsofnæmissjúkdóma. Sumar hliðar sjúkdómsins og sjúkdómsmyndunar eru enn óljósar, 

eins og hlutverk LL-37. Skilningur á hlutverki LL-37 og sjúkdómsmyndunnar sóra gætu leitt 

til betri meðferðarmöguleika og bættra lífsgæða sóra sjúklinga. Í þessari rannsókn var 

einblínt á að greina tjáningu LL-37 í einkjarna hvítum blóðfrumum með mótefnalitun og 

frumuflæðisjártækni. Hvítfrumur úr heilbrigðum einstaklingum voru örvaðar með nokkrum 

algengum bólguboðefnum og almennum örvandi efnum til að skoða breytingar í tjáningu 

LL-37. Örvararnir voru hinir almennu CpG, LPS, PMA og ionomycin eða bólguboðefnin 

IL-17, TNFα, IFN-γ, sem öll hafa verið tengd sóra. Örvanirnar voru framkvæmdar yfir þrjá 

ólíka tímapunkta, þar sem óörvaðar frumur voru nýttar sem viðmið. Niðurstöðurnar voru 

ólíkar á milli tímapunkta en gáfu sterkar vísbendingar um það að IFN-γ og IL-17 gætu verið 

tengd því að hvetja einkjarna hvítar blóðfrumur til að tjá LL-37. Rannsóknin var fyrst og 

fremst undanfari frekari rannsókna en gefur góðan grundvöll til frekari athugana. 

 

Abstract 

Psoriasis is an autoimmune disease with a high prevalence in the Western countries, which 

manifests in skin lesions and chronic topical inflammation. Certain antimicrobial peptides 

have been linked to the disease pathogenesis and some have been found to be over-expressed 

in psoriatic skin lesions. One such peptide is LL-37. Psoriasis is an ideal model to investigate 

the link between antimicrobial peptides and autoimmune diseases. Some aspects of psoriasis, 

and the disease onset, are still unclear, such as the role of LL-37. Understanding these aspects 

could lead to better treatment options and better quality of life for psoriasis patients. This 

research was focused on determining LL-37 expression in peripheral blood mononuclear 

cells with an immunofluorescent staining technique and flow cytometry. Leukocytes from 

healthy individuals were stimulated with several common cytokines and stimulants to study 

changes in LL-37 expression. The stimulants were the common CpG, LPS, PMA and 

ionomycin as well as the cytokines IL-17, TNFα, IFN-γ, which all have been linked to 

psoriasis. The stimulations were conducted over three different time periods where 

unstimulated cells served as controls. The results were mixed between time points but 

provide strong indications that IFN-γ and IL-17 may be involved in inducing peripheral 

blood mononuclear cells to express LL-37. The research was mainly preliminary but it gives 

ground for further studies. 
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1 Introduction 

Autoimmune diseases remain difficult to treat and are a financial burden on Western 

healthcare systems. High frequency of chronic co-morbidity and disability are often a big 

part of these diseases, which add to their complexity and treatment complications. One such 

disease is psoriasis, an autoimmune and chronic inflammatory disease of the skin, afflicting 

2-3% of the world population (Boehncke & Schön, 2015; Lande et al., 2014). With such a 

high prevalence, psoriasis is one of the most common autoimmune diseases and  it can cause 

chronic inflammation in skin and joints (Boehncke & Schön, 2015). Antimicrobial peptides 

(AMPs) are an important part of the innate immunity, serving as a first line of defence 

mechanism against pathogenic microorganisms, such as bacteria, fungi, protozoa and some 

viruses. Some AMPs play a role in the pathogenesis and maintenance of psoriasis and those 

AMPs are LL-37 and human β-defensin (hBD) 3 for instance (Lande et al., 2015). These 

particular peptides are over-expressed in psoriatic skin and LL-37 has been linked to 

psoriasis pathology (Lande et al., 2015). Hence, psoriasis is an ideal model to study the 

correlation between AMPs and autoimmune diseases as well as the cells of the immune 

system (Boehncke & Schön, 2015). There are still aspects of the pathology of psoriasis that 

remain unclear, such as the role of LL-37 and other factors. Understanding these mechanisms 

and the nature of the onset of the disease could lead to better treatment options and therefore, 

better quality of life for psoriasis patients. 

1.1 General about the immune system 

Humans are constantly in contact with bacteria and other pathogens but not all bacteria are 

pathogenic to humans. The cells of the immune system (white blood cells or leukocytes) 

must be able to discriminate between harmless bacteria and pathogenic particles (Murphy 

K, 2016). The white blood cells must be prepared for any pathogens and must evolve with 

quickly mutating bacteria and viruses to withstand constant attacks. Regulating the immune 

responses is therefore essential for defending the host as well as to prevent the system from 

attacking its own cells. Some defects of this system can result in immunological diseases 

and autoimmunity (Murphy K, 2016). The functions of the immunity can be divided into 

avoidance, resistance, and tolerance which will be discussed further in chapters 1.2 and 1.3 

(Murphy K, 2016). White blood cells can be divided into two subgroups, lymphoid and 

myeloid cells. The two subgroups share between them cells that can roughly be separated 

into cells of the innate and the adaptive immunity (Murphy K, 2016). 

One way to differentiate between cells and cell subpopulations is by markers that they 

express characteristically. In immunological researches, markers are often used to 

differentiate between cells and to sort them. In those cases, the markers are specifically 

bound by antibodies that have been labelled with fluorochromes. Thus, when the stained 

cells are run through analytic machines (e.g. flow cytometer) the stained markers emit 

different fluorescence which makes it possible to define each subgroup of cells (Chan, Ng, 

& Hui, 1988; Zola et al., 2007). As seen in table 1, different cell types express different 

markers but some cells share expression of certain markers. Cell types that share expression 

markers can be distinguished with other co-expressed markers or intensity of staining (Chan 

et al., 1988). A system exists, that is used to define some of these markers and is called the 
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cluster of differentiation (CD) system. There, some of the markers have been dealt so called 

CD numbers (Chan et al., 1988). 

1.2 Innate immunity 

The innate immunity is the immunological defence that an organism is born with. It is the 

first action in the defence against pathogens and the environment. The first line of defence 

can be categorized into avoidance, e.g. physical barriers, and resistance, which is the 

leukocyte response to pathogens (further described in chapter 1.4). The innate leukocytes 

are subcategorized into granulocytes (basophils, neutrophils, and eosinophils), monocytes 

(or macrophages), natural killer cells (NK cells), and dendritic cells (DCs). Each cell type 

has their distinct part to play. The innate cells mostly either mature and differentiate in the 

humeral bone marrow or fully mature when first exposed to infectious particles or certain 

tissues (e.g. macrophages) (Murphy K, 2016). 

1.2.1 Activation of the innate response 

To activate the innate leukocytes they must encounter particular particles, chemicals, or 

biological molecules that are specific for microbial activity. The cells in part must also have 

innate recognition receptors (also known as pathogen recognition receptors (PRRs)) to be 

able to sense the danger signals (Murphy K, 2016). The PRRs are receptors that sense 

pathogen-associated molecular patterns (PAMPs), which are often lipopolysaccharides 

(LPS), nucleic acids (especially unmethylated CpG repeats), or mannose-rich 

oligosaccharides, to name a few. Examples of PRRs are the Toll-like receptors (TLRs) and 

the NOD-like receptors (NLRs). TLRs recognise PAMPs, either extracellularly or ones that 

have been phagocytosed, and play an important role in both the innate and adaptive immune 

system since the sensor cells (leukocytes that sense pathogenic activity or inflammation) 

have these receptors on the cell surface (Murphy K, 2016). 

1.2.2 Granulocytes 

Granulocytes are abundant in humans, especially neutrophils which are considered the most 

abundant cells of the innate system. Granulocytes consist of neutrophils, basophils, and 

eosinophils. Granulocytes mature in the bone marrow and migrate through blood circulation 

during infections. One part of granulocytic function is phagocytosis which is a pathway 

where the leukocytes recognise pathogens, through PAMPs, engulf them and kill them by 

exposing them to lysosomes (Murphy K, 2016). Neutrophils are often differentiated from 

other cell populations by their marker CD114, the receptor for the granulocyte colony-

stimulating factor (G-CSF), which is a growth factor necessary for neutrophil maturation 

(Murphy K, 2016). 

1.2.3 Monocytes and macrophages 

Monocytes are leukocytes that circulate in the blood until they exit the bloodstream and enter 

tissues. When they have entered the tissue, they differentiate into macrophages. 

Macrophages are present in tissues all over the body and are often the first resistance to 

infections where they engulf microbes through phagocytosis. Monocytes are phagocytic as 

well but most infections happen in tissues rather than in the blood circulation (Murphy K, 

2016). Another important role of the monocytes, but mainly macrophages, is to induce 

inflammation and recruit other cells of the innate immune system to the site of infection 
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(Murphy K, 2016). Some subpopulations of monocytes exist and are distinguished by which 

CD markers they express on their surface (see table 1). Usually they are distinguished by 

whether they are CD14+, CD16+ or CD14high CD16- though other populations exist such as 

CD56+ monocytes (Rothe et al., 1996; Ziegler-Heitbrock, 2007). The main population of 

monocytes is considered to be CD14high CD16- while other monocyte subgroups are 

considered to be secondary (Skrzeczynska-Moncznik et al., 2008).  

1.2.4 Dendritic cells 

Dendritic cells (DCs) are another group of phagocytic cells that ingest microbes and other 

debris but also extracellular matrix by a pathway called micropinocytosis. Their main 

function is to activate T cells of the adaptive immunity (Murphy K, 2016). Two main 

subpopulations exist of dendritic cells which are the conventional dendritic cell (cDC) and 

the plasmacytoid dendritic cells (pDC). The cDCs activate when they come in contact with 

pathogens and subsequently ingest antigens, travel to peripheral lymphoid tissues and 

activate the adaptive T cell response. The main role of pDCs is to produce interferons with 

antiviral effects during infections (Murphy K, 2016). An example of CD markers for DCs 

are CD1a/b/c/d and CD48 (Murphy K, 2016). Both DCs and macrophages are able to present 

antigens and are hence also called antigen presenting cells (APCs) (Murphy K, 2016).  

1.2.5 Natural killer cells 

Natural killer cells (NK cells) are lymphocyte-like cells that are a part of the innate 

lymphocyte cells (ICL). Their role is to recognise tumour cells and viral infected host cells 

and subsequently kill them (Murphy K, 2016). For some time the difference between NK 

cells and T cells was unclear but today it is apparent that the NK cells, which mature in the 

bone marrow, do not express the antigen receptors that are characteristic for T cells (Murphy 

K, 2016). On the other hand, a population of cells exist which are called natural killer T cells 

(NKT cells) and are part of the adaptive immunity. NKT cells share characteristics of NK 

cells and T cells, including the CD markers CD56 and CD3, respectively (Pereira, Ribeiro, 

& Macedo, 2017). Subsets of NK cells are often referred to as CD56bright or CD56dim NK 

cells (Angelo et al., 2015). CD56bright NK cells are considered to be a more immature subset 

than CD56dim NK cells (Yu, Freud, & Caligiuri, 2013).  

1.3 Adaptive immunity 

The adaptive immunity has the role to maintain tolerance. Tolerance refers to two things; it 

is the hosts’ ability to prevent damage inflicted by bacteria and the immunological tolerance 

which is the leukocytes mechanism to attack only pathogens but not the hosts’ own cells 

(Murphy K, 2016). The adaptive immunity is a specific response to infections. It is due to 

this system that humans have long-lasting immunity against pathogens they have 

encountered. This effect provides the possibility of vaccination. The specificity of the 

adaptive response can be traced to the surface antigen receptors of the B and T cells, B cell 

receptors (BCR) and T cell receptors (TCR), respectively. A large variety in antigen 

recognition exists of these receptors, which can be explained by DNA recombination 

(Murphy K, 2016). Antigen receptors recognise particular amino acid sequences in antigens. 

Antigens during infections are usually a part of the pathogenic organism such as proteins, 

glycoproteins or polysaccharides. The sequences that the antigen receptor recognises are 

referred to as epitopes and most antigens have more than one epitope, which makes it 



4 

possible for more than one antigen receptor or antibody to bind the antigen (Murphy K, 

2016).  

After the initial response of the innate system, adaptive immunity is activated by migrating 

cDCs, which present T cells with particles from the pathogen (Murphy K, 2016). The innate 

activation of the adaptive response is often referred to as the three-signal paradigm of innate 

control of the adaptive immune system. First, the innate APCs present antigenic factors from 

the pathogen to T cells. That, in effect, activates the TCR and is necessary for the clonal 

expansion of antigen-specific T cells. To ensure that the antigen presentation is of a nonself 

origin a second signal is induced. That signal is started by co-stimulatory molecules which 

are present and upregulated on APCs when the antigen is affiliated with PAMPs. The third 

and last signal is a mixture of innate cytokines that are expressed by innate cells following 

PRR activation. The cytokines assist in the differentiation of T cell subsets which are 

necessary for the host defence against the particular pathogen (Jain & Pasare, 2017). 

Subsequently, the T subpopulations activate the antibody-producing B cells. The adaptive 

immunity consists mainly of B cells and T cells which can be subcategorized into more cell 

subpopulations (Murphy K, 2016).  

1.3.1 T lymphocytes 

T cells are formed in the bone marrow but migrate to the thymus, where they finish their 

maturation process. When fully mature, the T cells leave the thymus and circulate between 

lymphoid organs in search of an antigen binding to their antigen receptors. DCs that 

encounter a pathogen migrate to the draining lymph nodes where they activate T cells, which 

start to proliferate and differentiate into effector T cells; thus inducing specific adaptive 

responses (Murphy K, 2016). T cells differentiate into one of three subgroups, each with a 

different function: cytotoxic CD8+ T cells (Tc cells), and CD4+ T helper cells (Th cells), or 

regulatory T cells (Treg cells) (Murphy K, 2016). Tc cells recognise cells that are infected 

with intercellular microorganisms, whether it is a virus or bacterial infection, and terminate 

the infected cell by inducing apoptosis by innate leukocytes. Th cells induce other immune 

cells to start certain processes such as antibody production of the B cells and phagocytosis 

and killing of intracellular pathogens by macrophages. Treg cells regulate the activity of 

other lymphocytes by suppressing their activity. By doing so they try to minimize the 

damage the immune response could inflict on its host (Murphy K, 2016). The subpopulations 

of T cells each express distinct proteins or secrete distinct cytokines that are responsible for 

the variation in function. In addition, the different subpopulations express different 

transcription factors, such as Foxp3 by Treg cells, which also express the α-chain of the 

interleukin (IL)-2R (CD25) (Azzimonti et al., 2015; Murphy K, 2016).  

1.3.2 B lymphocytes 

B cells start their maturation in the bone marrow but migrate to the spleen, or peripheral 

lymph nodes, for their final maturation process. Mature B cells are responsible for producing 

antibodies (Murphy K, 2016). While still in the bone marrow the B cells first form the heavy 

chains of the antibodies by rearranging a set of gene segments. When the heavy chains are 

fully formed the light chains are rearranged with a similar system of recombination. When 

these are fully formed the B cells express on their surface a complete BCR and its complex 

proteins, immunoglobulin (Ig)-α and Ig-β. To ensure that the B cells are not sensitive to the 

self they undergo a tolerance mechanism where B cells that recognise self-proteins edit their 

light chains, undergo apoptosis or functional inactivation (anergy). Immature B cells that 
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survive this process leave the bone marrow and travel to secondary lymphoid organs, during 

which time they are called, transitional B cells. Transitional B cells that receive an activation 

signal in secondary lymphoid organs develop into either marginal zone (MZ) B cells or 

follicular (FO) B cells. MZ B cells can be activated without the help of Th cells and upon 

TLR signal activation, and differentiate into short-lived plasma cells that produce antibodies 

with a limited avidity for their antigens.  Upon encounter with an antigen in lymph nodes, 

FO B cells travel to B cell follicles where they obtain help from T follicular helper (Tfh) 

cells and induce a somatic maturation process in the germinal centre. At this stage, the cells 

divide; produce antibodies with higher avidity for their antigens and class switch to IgG, IgA 

or IgE. Mature B cells leave the germinal centre and can differentiate into plasma cells or 

memory B cells. The plasma cells can either travel to the bone marrow to produce antibodies 

or remain in the lymphoid organs, where they secrete the BCR which is then called an 

antibody (Murphy K, 2016; Taher et al., 2017). The antibodies are then capable of binding 

and neutralizing the antigens involved (Murphy K, 2016). In addition to the BCR and Ig-α 

and Ig-β, B cell markers are CD19 and CD20 (Boldt et al., 2014). 

Table 1 Examples of markers for human leukocytes. 

Note that the top markers are more characteristic for each cell type than the lower ones. The bold markers are 

the ones that are relevant to this particular research project (Murphy K, 2016). 

Innate immunity Adaptive immunity 

Granulocytes: 

neutrophils, 

basinophils, 

eosinophils 

Mono-

cytes 

NK 

cells 

Dendritic 

cells 
B cells T cells Th cells 

Treg 

cells 
Tc cells 

CD68 CD14 CD56 MHC II CD19 CD3 CD3 CD3 CD3 

CD114 
CD16 CD16 

CD80/ 

CD86 
CD20 

CD4/ 

CD8 
CD3 CD25 CD8 

CD15 CD33 
CD11b

/CD27 
CD40 CD45 CD40L CD40L Foxp3 CD95 

 

1.4 Immunology of the skin 

The skin and the mucosa are both a physical and a chemical barrier where AMPs can be 

found. It is difficult for pathogens to penetrate the skin and mucosa to infect underlying 

tissue. If pathogens get past the physical and chemical barriers they are greeted by leukocytes 

of the innate immunity. The innate cells recognise the pathogens through immunological 

recognition (and PRRs) and subsequently provide resistance to infections, usually by 

ingesting and digesting them (phagocytose)  (Murphy K, 2016). 

The human skin is a large external organ and is continuously exposed to foreign particles. 

The skin serves as a physical barrier, separating inner organs and tissues from the outside 

world. Thus, this barrier has an important role in immunological defences (Nestle, Di 

Meglio, Qin, & Nickoloff, 2009). It also serves as a chemical barrier but AMPs are expressed 
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by keratinocytes (Braff, Zaiou, Fierer, Nizet, & Gallo, 2005; Lande et al., 2007). As figure 

1 depicts, the skin consists of two parts: the epidermis and the underlying dermis which are 

separated by the basal membrane. As seen in figure 1, the DCs (Langerhans cells) and T 

cells are the most common leukocytes in the epidermis, while there are normally more 

immunological cells and factors in the dermis (Nestle et al., 2009). 

 

Figure 1 Basic anatomy of healthy skin along with residing immunological effectors. 

A schematic of healthy skin, the epidermis and dermis with residing immune cells, lymphatic vessels and 

blood vessels, as well as other factors (Nestle et al., 2009). 

1.5 Pathology of psoriasis 

Psoriasis is an autoimmune skin disease with a prevalence of about 2-3% around the world. 

The disease has been linked to genetic factors and can run in families (Boehncke & Schön, 

2015). Psoriasis has different manifestations and has been categorized into plaque psoriasis, 

postular psoriasis, and guttate psoriasis, to name a few. Plaque psoriasis is the most common 

manifestation and affects about 90% of psoriasis patients. The disease seems to affect both 

sexes equally, though; there might be some indications of variability in severity. The typical 

symptoms of plaque psoriasis are erythematous skin lesions with grey or white scales 

covering the plaques, as can be seen in figure 2. Patients suffering from the disease report 

itching, burning, and pain in the lesions but the physiology of the lesions is not fully 

understood. The disease has a high co-morbidity risk of diseases such as depression, Crohn’s 

disease, non-alcoholic fatty liver, and cardiovascular diseases, which can be fatal, but the 

highest co-morbidity risk is psoriatic arthritis or chronic inflammation of the joints 

(Boehncke & Schön, 2015). The characteristic histological changes in plaques include 

thickening of the cornified layer of the epidermis. The epidermal rete ridges elongate and 

nuclei become present in corneocytes. T cells invade the epidermis and dermis and 

subsequently other immune sentinels such as macrophages, DCs and mast cells. In addition, 

blood vessels and Munro’s abscesses tend to form (Boehncke & Schön, 2015). 
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Figure 2 A typical psoriasis plaque. 

A typical lesion of a psoriasis plaque, in plaque psoriasis, is erythematous with silver scales covering the 

lesion (Boehncke & Schön, 2015). 

1.6 Antimicrobial peptides 

Antimicrobial peptides are a family of peptides that have in common bactericidal functions. 

AMPs have been reported to be protective against Gram positive and negative bacteria, 

fungi, protozoa, and viruses. The peptides are diverse and differ in their secondary structures. 

They can be either α-helical or in the form of β-sheets and are frequently around or less than 

fifty amino acid residues (Niyonsaba, Kiatsurayanon, & Ogawa, 2016; Zasloff, 2002). The 

secondary structure is used to categorize AMPs. Many of these peptides share other 

characteristics, such as hydrophobic and cationic amino acids in their peptide chains, 

spatially dispersed. AMPs vary in size and amino acid composition (Zasloff, 2002). Some 

of the subgroups of AMPs are β-defensins, cathelicidins, and S100 proteins (Lande et al., 

2015). In humans, the defensins are the most common AMPs, in addition to the only 

cathelicidin, which is relatively abundant (Niyonsaba et al., 2016). 

β-defensins are AMPs that consist of β-sheets and have cationic properties and form three 

disulfide bonds (Niyonsaba et al., 2016). S100 proteins are a family of calcium-binding 

proteins which, among other things, have been linked to AMP function. S100A7 is an AMP, 

also known as psoriasin (Lande et al., 2015; Zackular, Chazin, & Skaar, 2015). Cathelicidins 

are well conserved evolutionarily in animals and plants. The common structure for 

cathelicidins is α-helical (Lande et al., 2015). They are frequently between 12 – 50 amino 

acids and have been found to be expressed in keratinocytes, in macrophages (found in 

lysosomes), and in other peripheral blood leukocytes (Zanetti, 2004). In humans there is only 

one cathelicidin and that is the LL-37 (Zasloff, 2002). 

1.6.1 LL-37 

LL-37, also known as CAMP and formerly known as FALL-39, was first discovered in 1996. 

The research group that found the peptide performed a cDNA scanning for the homologue 

of PR-39. PR-39 is a porcine cathelicidin with a well preserved preproteolytic (prepro) 

region which was used for the scanning procedure. The prepro region codes for cathelin. 

This lead to the discovery of the CAMP gene which codes for the antimicrobial peptide LL-

37 (Agerberth et al., 1996). The gene is located on chromosome 3p21.31 and consists of four 

exons (Agerberth et al., 1996). After the gene has been translated the peptide undergoes a 

proteolytic modification where the cathelin pro-region is removed from the active peptide 

sequence LL-37. A schematic of the prepro peptide can be seen in figure 3 (Agerberth et al., 
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1996; Durr, Sudheendra, & Ramamoorthy, 2006; Wang, 2008). The peptide itself contains 

thirty-seven amino acids which form perfectly an amphipathic α-helix. A hypothetical 

schematic of the helix can be seen in figure 4. The α-helix is rich in hydrophobic amino acids 

as well as cationic. These amino acids are spatially dispersed in the molecule giving it the 

ideal structure for antimicrobial function (Wang, 2008).  

 

Figure 3 A schematic of the prepro cathelicidin LL-37. 

A schematic picture of the cathelicidin protein LL-37 before its post-translational proteolytic modification 

based on Durr et al. (Durr et al., 2006). 

 

Figure 4 A schematic picture of a hypothetical α-helical structure of LL-37. 

The peptide LL-37 forms an amphipathic α-helix. The N terminus does not fold into the helix (Durr et al., 

2006). 

The function of LL-37 is in part due to its amphipathic nature. The cationic amino acid 

residues have a high affinity for the negatively charged phospholipids on bacterial cell 

surfaces (Durr et al., 2006; Zasloff, 2002). LL-37 does not attack the host cells since human 

membranes are not charged on the outer surface though the phospholipids have a negative 

charge on the inside of the cell (Zasloff, 2002). The peptide also has a role in the recruitment 

of other leukocytes. It has chemotactic functions towards phagocytic cell groups like 

neutrophils and monocytes as well as T cells. Other biological functions include 

transcriptional alterations in macrophage responses, stimulations for re-epithelialization of 

healing skin, and wound vascularisation. In addition, it can alter chemokine expression in 

keratinocytes (Chen et al., 2013; Zanetti, 2004). The molecule also has an affinity for the 

negatively charged DNA and RNA, which makes it efficient against some viral infections. 

The affinity for negatively charged molecules is perhaps what drives the initiation of 

psoriasis inflammation (Lande et al., 2007).  

1.6.2 The role of LL-37 in psoriasis 

LL-37, which is secreted by keratinocytes, binds extracellular self-DNA, and forms a 

complex. When cells die, the DNA is released into the extracellular matrix where it will be 

degraded by nucleases. LL-37 forms a complex with the self-DNA, before the nucleases can 

degrade it, and condenses it into aggregates. This process is enough to trigger pDCs to 

endocytose the complex of DNA and LL-37 which subsequently trigger a cascade of 

COOH H2N 

Signal 

peptide 
Cathelin domain LL-37 
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inflammation responses through endosomal TLRs (Lande et al., 2007). Other AMPs, hBD2, 

hBD3 and lysozyme have been shown to be capable of activating pDCs in the same way 

(Lande et al., 2015). Interestingly, LL-37 has not only been linked to the activation of the 

innate response, but it has also been found to activate the adaptive immune response. In 

psoriatic skin lesions, LL-37 has been found to trigger LL-37 specific CD4+ and CD8+ T 

cells to proliferate and produce interferon (IFN)-γ and Th17 cytokines such as IL-17. Those 

cytokines are directly linked to the pathophysiology of psoriasis. Following these results, 

more experiments were conducted with the conclusions that LL-37 serves as an autoantigen 

that activates circulating T cells in psoriatic patients. The subsequent response of the T cells 

is to produce IFN-γ and other Th17 cytokines which induce inflammatory responses and 

maintain psoriatic symptoms. Thus, LL-37 bridges a gap between the innate and adaptive 

immune system with the ability to activate both systems. Interestingly, LL-37 does not work 

as an antigen for T cells in all psoriatic patients but it is more common in patients with 

medium to severe psoriasis than in patients with mild cases of psoriasis (Lande et al., 2014).  

 

Figure 5 Pathogenesis of psoriasis from an immunological view. 

A) Activation of pDCs by LL-37 in complex with self-DNA induces inflammation. B) A positive feedback 

loop maintains the immune response resulting in chronic inflammation (Boehncke & Schön, 2015). 

The pathogenesis of the disease is a complex interplay between the skin and the immune 

system. The disease physiology is affected by a cross-talk between the innate and the 

adaptive immunity where cytokines such as IL-1, IFN-γ, tumor necrosis factor (TNF) α, and 

more, play an important role. To start with, the dermal pDCs are activated by a complex of 

DNA and LL-37 through endosomal TLRs. Upon activation, the pDCs start secreting type 1 

IFNs, cytokines, which in effect, start a cascade of events. These events mainly consist of 

cytokine productions by the activated pDCs and activated cDCs, e.g. TNFα and IL-23. TNFα 

is a pro-inflammatory molecule and induces other mediators of the disease, while IL-23 is a 

molecule that has been linked to aberrant inflammation. TNFα induces inflammation and 

contributes to its maintenance and severity. The cytokine TNFα, is produced by many cell 

types and induces the expression of several cytokines which have been connected to 

psoriasis. Another important process in the pathophysiology of psoriasis is the IL-23/Th17 

axis. The cDC produced IL-23 activates the differentiation of naïve T cells into Th17 helper 

cells. Th17 cells can be subdivided into the subpopulations αβ T, cells and γδ T cells, which 
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express IL-17A and IL-17F. IL-17 is a cytokine, which induces keratinocytes to divide. The 

induction of keratinocyte proliferation, also upregulates their expression of AMPs, ILs, and 

IFNs (Boehncke & Schön, 2015). IL-23 induces the expression of IL-22 by Th22, and Tc22 

cells. Following this, inflammatory myeloid DCs produce IL-12 which induces the Th1 cells 

to express IFN-γ. IFN-γ can subsequently stimulate keratinocytes to express and secrete 

more cytokines and chemokines which maintain a positive feedback loop of inflammation. 

Some of the pro-inflammatory molecules act as chemotaxins for immune cells, such as DCs, 

neutrophils, and Th17 cells, which infiltrate the epidermis and cause synergy in the 

inflammation loop by producing IL-17 and TNFα (Lowes, Russell, Martin, Towne, & 

Krueger, 2013). 
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2 Aims and hypothesis 

The main objective of this project is to determine the level of LL-37 expression on peripheral 

blood mononuclear cells (PBMCs) of healthy individuals and to analyse if LL-37 expression 

can be induced in PBMCs by common pro-inflammatory cytokines related to psoriasis 

pathology, and other stimulants. By using an immunofluorescent antibody for LL-37, its 

expression on PBMCs can be measured by using flow cytometry. We hypothesize that LL-

37 expression can be induced by pro-inflammatory cytokines specifically related to 

psoriasis. 

2.1 List of objectives 

1 Determine LL-37 expression in healthy PBMCs. 

It is necessary to design a fluorochrome panel for the flow cytometry and to stain isolated 

PBMCs specifically for LL-37. Data from a flow cytometry analysis will be analysed to set 

a baseline for normal LL-37 expression in PBMCs. 

 

2 Evaluate the effects of stimulations on LL-37 expression in healthy PBMCs. 

Stimulations will be conducted on isolated PBMCs which will subsequently be stained by 

immunofluorescent antibodies. Data from a flow cytometry analysis will be analysed to 

determine the stimulation effects on LL-37 expression by comparison to unstimulated cells. 
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3 Materials and methods 

All procedures were authorized by the ethical committee of Landspítali University Hospital 

and the National Bioethics committee. The study subjects were healthy volunteers from the 

Blood Bank and met the Blood Bank criteria. The blood was concentrated into the form of 

Buffy Coat (BC). All the study subjects signed an informed consent. 

3.1 Study design 

A relevant fluorochrome-labelled antibody panel was designed to decipher between 

granulocytes, T cells, B cells and monocytes by their surface markers. PBMCs were isolated 

from BCs using density centrifugation. The cells were harvested and stained either directly 

after isolation or after culture with stimulants (stimulation). The cells were then stained 

specifically for LL-37 expression with immunofluorescence along with other markers and 

subsequently analysed with flow cytometry. LL-37 expression in PMCS was measured in 

untreated cells and after stimulation with IFN-γ (R&D systems), IL-17 (R&D systems), IL-

22 (R&D systems), ionomycin (Sigma Aldrich), phorbol 12-myristate 13-acetate (PMA) 

(Sigma Aldrich), CpG oligonucleotides (Invivogen), TNFα (R&D systems), or LPS (Sigma 

Aldrich) for 2 hours (h), 5h, or 24h. Lastly, the collected data were analysed with FlowJo®. 

3.2 Isolation of peripheral blood mononuclear 

cells 

BCs were provided by the Blood bank, containing about 450 ml of blood. The BC was 

diluted 1:3 with sterile phosphate buffered saline (PBS). The samples were loaded onto 10 

ml of Ficoll (Histopaque®-1077 from Sigma Aldrich) in sterile universal tubes and 

centrifuged for 30 minutes at 1600 rotations per minute (rpm) without breaks at ~22°C. 

Using a Pasteur-pipette, the PBMCs were collected from the interphase and transferred into 

sterile 50 ml Falcon tubes. The cells were washed with 50 ml of magnetic-activated cell 

sorting (MACS) buffer (content of MACS buffer can be seen in chapter 3.5) and centrifuged 

at 1400 rpm for 10 minutes at ~4°C. The supernatant was discarded and the wash repeated. 

After the second wash, the supernatant was discarded again and the cells re-suspended in 

other 50 ml MACS buffer. At this point, the cells were counted, and their viability checked. 

The cells were stained with trypan blue and counted by a Countess® Automated Cell 

Counter (Invitrogen). To obtain the ideal amount of cells per sample the following equation 

was used: 

𝑉𝑖𝑎𝑏𝑙𝑒 𝐶𝑒𝑙𝑙𝑠 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

𝑚𝑙
 × 𝑆𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙) = 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 (1) 

After the count, the cells were centrifuged again at 1400 rpm for 10 minutes at ~4°C, the 

supernatant was discarded and the cells re-suspended in an appropriate volume of MACS 

buffer to obtain the total number of 20 million cells per sample. 
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3.3 Stimulations  

Isolated PBMCs were re-suspended in RPMI 1640 medium supplemented with 10% Foetal 

calf serum (FCS) and penicillin/streptomycin (P/S) (all from Gibco™, Invitrogen). The 

PBMCs were stimulated for 2h, 5h, or 24h and compared to unstimulated cells. Total of 

200,000 cells per 200 µl of medium were put into each well in a U-shaped 96 well-plate, 10 

wells for each stimulant, where five wells were for the isotype staining and five for the 

specific LL-37 staining. There were six different stimulants; thus sixty wells were used per 

each time point and donor. The stimulations were: 

LPS: 1 µg/ml 

CpG: 5 µg/ml 

IL-17 + IL-22: 100 ng/ml + 100 ng/ml 

IFN-γ: 100 ng/ml 

PMA + ionomycin: 40 ng/ml + 1 µg/ml 

TNFα: 100 ng/ml 

The cells were then incubated at 37°C in an incubator with 5% CO2, for 2h, 5h, or 24h. The 

0h samples were stained immediately. After the first run the sample size was reduced to 4 

wells per sample giving the total number of cells per sample; 800,000 cells instead of 1 

million. Also, after the first run the U-shaped well-plate was switched out for a 96 flat-well-

plate since not enough monocytes were harvested from the U-shaped wells. After the first 

run the donor samples were mixed together for the isotype staining to both save time and to 

minimize variability.  

3.4 Immunofluorescent staining 

To stain the PBMCs, fluorochrome-labelled antibodies were used, for LL-37 specific 

staining and the isotype staining. When the earlier experiment was conducted the volume of 

antibodies for the specific LL-37 staining was 50 µl while in the later experiment the volume 

was 25 µl. The reason for the change in volume was because the antibodies were of different 

concentrations, therefore the concentration of antibodies used in the experiments remained 

the same though the volume changed. The staining details can be found in tables 2 and 3 and 

note that in the later experiment a staining mixture was made for LL-37 specific staining and 

isotype staining separately. First the harvested cells were centrifuged at the 1400 rpm for 10 

minutes at ~4°C. The supernatant was then discarded and the cells re-suspended in 13 µl of 

staining buffer (SB). The content of the SB can be found in chapter 3.5. A 6 µl block was 

then added to the samples to inhibit any unspecific binding and the cells kept on ice for 10 

minutes. The block contains a mixture of rabbit serum, human serum, and mouse serum. 

Then 150 µl of SB was added for extra volume. The samples were then centrifuged again at 

1400 rpm for 10 minutes at ~4°C. The supernatant was then discarded and the cells re-

suspended in 20 µl (or later in 25 µl) of the fluorochrome-labelled antibody mixture. Staining 

details can be seen in tables 2 and 3. 
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Table 2 Staining details. 

Earlier run 

Antigen Fluorochrome Producer Clone number Volume (µl) Channel 

CD3 PerCPCy55 eBioscience Inc. OKT3 1 FL10 

CD14 AF700 eBioscience Inc. 61D3 3 FL9 

CD19 eFL450 eBioscience Inc. 61D3 1.5 FL6 

Isotype FITC Innovagen N/A 0.9 FL1 

LL-37 FITC Innovagen N/A 2.5 FL1 

 

 
Table 3 Staining mixtures. 

Later run: Isotype 

Antigen Fluorochrome Producer Clone number Volume (µl) Channel 

CD3 BV510 Sirigen OKT3 0.25 FL10 

CD14 eFL450 eBioscience Inc. 61D3 2.5 FL9 

CD19 APC eBioscience Inc. HIB19 0.5 FL6 

Isotype FITC Innovagen N/A 0.45 FL1 

Added SB:   21.3 N/A 

      

Later run: LL-37 

Antigen Fluorochrome Producer Clone number Volume (µl) Channel 

CD3 BV510 Sirigen OKT3 0.25 FL10 

CD14 eFL450 eBioscience Inc. 61D3 2.5 FL9 

CD19 APC eBioscience Inc. HIB19 0.5 FL6 

LL-37 FITC Innovagen N/A 0.9 FL1 

Added SB:   20.85 N/A 

     
The staining was done on ice and the samples incubated on ice, for 20 minutes while covered 

with tin foil to keep the light out. When the time was up 150 µl of SB was added and the 

samples centrifuged at 1400 rpm for 10 minutes at ~4°C. Lastly, the supernatant was 

discarded and cells were re-suspended in 200 ml of SB. Then they were transferred into mini 
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tubes and the samples were analysed with the flow cytometer Navios (Beckman Coulter, 

Inc).  

3.5 Buffers 

The MACS buffer consists of 450 ml sterile PBS (pH 7.4) with about 50 ml of 4 mM 

ethylenediaminetetraacetic acid (EDTA) and 12 ml of 0.5% bovine serum albumin (BSA) 

(W/V).  

The SB contents consist of PBS (pH 7.4) with 4 mM EDTA where 0.58 g per 500 ml are 

removed, then 0.5% BSA (W/V) is added where 0.5 g BSA per 100 ml are removed. 

3.6 Data analysis 

3.6.1 FlowJo gating strategy 

Data from the flow cytometer was collected and analysed with the computer program 

FlowJo®. When the data were processed with FlowJo® the cell populations were gated 

specifically into groups of granulocytes, lymphocytes, and monocytes as can be seen in 

figure 6b. Then the sub-populations were gated further into cells positive or negative for 

relevant CD markers. Lastly, LL-37 expression was gated from concatenated isotypes 

relevant for each time point (and donor in the earlier runs when they were separated) as can 

be seen in figure 7. There were separate isotype samples for each of the stimulations which 

were then merged within each time point. Afterwards the percentage of LL-37 positive cells 

was determined as well as the geometric-mean fluorescent intensity (gMFI) for LL-37 (FL1).  

In order to analyse the expression of LL-37, it was necessary to gate for cell subpopulations, 

relevant to the research. First, the singlets needed to be gated to exclude doublets and other 

debris that could interfere with the analysis. That was done by using forward-scatter area 

(FS-A) vs. forward-scatter height (FS-H) from ungated cells, as can be seen in figure 6a. 

Next, the cells needed to be divided into the cell populations; granulocytes, monocytes, and 

lymphocytes. That was done by making a dot plot where side-scatter area (SS-A; granularity) 

was plotted against FS-H (size) from the singlet gate, as can be seen in figure 6b. This 

provides three main populations, lymphocytes, monocytes and granulocytes. The 

lymphocytes were then gated from the dot pot and further divided into CD3+, CD19+ and 

CD19-CD3- lymphoid cells on a dot plot of CD3 and CD19 staining, by sectioning the 

populations into quadrants (figure 6c). The fourth quadrant (Q4) gives CD19-CD3- cells 

which are most likely lymphoid-like cells or innate lymphoid cells such as NK cells. Lastly, 

CD14+ monocytes were obtained from monocyte gate on the forward and side scatter plot, 

as can be seen in figure 6d. To do so, the SS-A was plotted against CD14. Note that for the 

24h samples the lymphocyte subpopulations were gated with a circle (one for each 

population) instead of the quadrants because of a shift (to the left) in the marker expressions. 

The monocyte subpopulation for the 24h samples had also shifted a little to the left. 
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Figure 6 Gating strategy for cell populations. 

Representative figures of the gating strategy. a) Gating for singlets was done from ungated cells; FS-A 

against FS-H. b) Gating for cell populations; granulocytes, lymphocytes and monocytes, was done from the 

singlet gate; SS-A against FS-H. c) Cells from the lymphocyte gate were divided into quadrants based on 

their expression of CD markers, that is, CD19 was gated against CD3. The fourth quadrant is CD19-CD3- 

lymphocytes d) Cells from the monocyte gate were gated based on their expression of CD14. This figure is 

representative for the gating strategy used. The gating was done for the concatenated isotype samples and 

then added to the specific LL-37 stained samples. 

With all the cell populations defined, the gate for LL-37 expression was made. To keep the 

gates consistent, and to reduce donor variability, the isotype samples were merged together 

by concatenating the data samples. From the concatenated isotype samples the LL-37 

expression was gated for, for each cell population and subpopulation. A histogram for each 

subpopulation was made and the isotypes for LL-37 were gated as ≤ 0.70 of the total cell 

population. Gates for each cell subpopulation was then added to all the samples that were 

specifically stained for LL-37. In the earlier experiment, the merged isotypes were gated 

separately for each donor. In the later experiment, the isotypes were gated separately for 

each time point but not for each donor since the isotype samples consisted of a mixture of 

donor 3 and 4. An example of the isotype gate for LL-37 is shown in figure 7. 

CD19 

C
D

3
 

CD14 

a) b) 

c) d) 
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Figure 7 Gating strategy of the isotype for LL-37. 

To gate for LL-37 positive cells the isotype samples were concatenated and the isotype gate for LL-37 was 

set for each cell type as ≤ 0.70 of the total cell population. Those gates were then added to the samples that 

were specifically stained for LL-37. This figure is representative for the gating strategy. The figure is of the 

concatenated isotype after the 2h stimulation. 

3.6.2 Statistical analysis 

All data and statistical analyses were done with Microsoft Office Excel. Results are 

expressed as mean ± standard deviation, although only for the 2h stimulation as the sample 

size for the 5h and 24h stimulations did not permit such calculations. Statistical difference 

between unstimulated and stimulated cells was evaluated with t-test using Microsoft Office 

Excel and p<0.05 considered significant and p<0.1 considered having significant trend.  

LL-37 

Isotype for LL-37 
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4 Results 

4.1 Unstimulated baseline 

To try and set a baseline for unstimulated healthy PBMCs, the cells were analysed after no 

stimulation and no incubation (figures 8 and 9). As can be seen in figure 8, CD19-CD3- 

lymphocytes seem to be expressing more of LL-37 than CD19+ lymphocytes, CD3+ 

lymphocytes, and CD14+ monocytes. The singlets gave a good idea about the general 

expression of all the cell groups and seem to be expressing LL-37 at 4.87%. The lowest 

frequency of LL-37 was measured for the CD3+ lymphocytes at 1.33%. CD19-CD3- 

lymphocytes were expressing less LL-37 than the singlet population, i.e. at 4.33% (figure 

8). 

As figure 9 shows, the gMFI for the unstimulated and unincubated PBMCs was highest for 

the CD14+ monocytes, measuring at 7.53. The lowest intensity was found on CD19+ 

lymphocytes, measuring at 2.95. The lymphocyte population seems to have lower levels of 

LL-37 than the singlet population. The same goes for the CD3+ lymphocytes. CD19-CD3- 

lymphocytes had higher levels than the singlet population but lower levels than the CD14+ 

monocytes (figure 9). 

 

 

Figure 8 Frequency of LL-37 positive PBMCs after no stimulation at 0 hours. 

Unstimulated PBMCs analysed after 0 hours of incubation. Error bars show standard deviation. Sample size: 

n=3.  
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Figure 9 gMFI for LL-37 expression in PBMCs after no stimulation at 0 hours. 

Unstimulated PBMCs analysed after 0 hours of incubation. Error bars show standard deviation. Sample size: 

n=3 

4.2 Normalized frequency of LL-37 positive cells 

As can be seen in figures 8 and 9, the standard deviation was quite large indicating individual 

difference in baseline levels of LL-37 expression. This applied to all cell populations. 

Therefore, when the results for LL-37 expression frequency was analysed, the data was 

normalized for the 2h, 5h, and 24h stimulations compared to the unstimulated samples, 

dividing the unstimulated samples into the stimulated samples, making the unstimulated 

samples always 1.00. The original frequency data can be seen in the Appendix. 

4.2.1 Normalized LL-37 expression after two hours of stimulation 

In figure 10, it is possible to see the normalized results for the 2h stimulation of the PBMCs. 

The IFN-γ stimulations yielded significantly higher LL-37 expression in the singlet 

population with no other stimulant having a significant effect on the LL-37 expression. 

However, LL-37 expression in the lymphocyte population displayed a trend to significantly 

higher expression after 2h stimulation with IFN-γ when compared with the unstimulated 

cells. CD19+ lymphocytes had significantly higher LL-37 expression in CpG stimulated cells 

compared with the unstimulated cells and show a trend to significantly higher LL-37 

expression in IFN-γ stimulated cells compared with unstimulated cells. It looks like CD3+ 

cells were not affected by the stimulation after 2h as no significant change was determined 

(figure 10). CD14+ monocytes displayed a trend towards higher LL-37 expression upon 2h 

stimulation with IFN-γ. Other stimulants did not have a significant effect on the LL-37 

expression in CD14+ monocytes (figure 10). No significant change was detected in LL-37 

expression of CD19-CD3- lymphocytes after 2h stimulation but a trend was detected towards 

a higher LL-37 expression after stimulation with IFN-γ. In figure 11, the effect of PMA and 

ionomycin stimulation for 2h is shown. PMA and ionomycin appeared to induce all cell 

populations to express LL-37 in higher frequency than the unstimulated cells but no 

statistical analysis was possible due to few sample subjects. However, the lowest increase 

was in CD14+ monocytes and was only by 1.58 while the highest increase was in the CD19+ 

lymphocytes and was by 3.70 (figure 11). 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0 hours

g
M

F
I

Singlets Lymphocytes CD19+ CD3+ CD19- CD3- CD14+



21 

 

Figure 10 Normalized frequency of LL-37 positive PBMCs 2h stimulation. 

Stimulations lasted 2h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, and LPS. 

Data was normalized to unstimulated PBMCs. Unstimulated cells are the control group. Error bars show 

standard deviation. Sample size: n=4. The asterisk (*) represents significant data (p<0.05).   

 

 

Figure 11 Normalized frequency of LL-37 positive PBMCs after 2h stimulation, with PMA and ionomycin. 

Stimulations lasted 2h during incubation at 37°C. Stimulants were PMA and ionomycin. Data was 

normalized to unstimulated PBMCs. Unstimulated PBMCs are the control group. Sample size: n=2. 

4.2.2 Normalized LL-37 expression after five hours of stimulation 

Due to a small cohort no statistical analysis was possible on the 5h stimulation expression. 

To estimate whether a change is possibly real, the arbitrary point for increase or decrease of 

0.50 was set, but the experiment should be repeated to confirm these results. As can be seen 

in figure 12, the 5h stimulation seems to have no effect on LL-37 expression in the singlet 

population or in the lymphocytes. As seen in figure 12, CpG seems to induce LL-37 
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expression in CD14+ monocytes after 5h stimulation but no other stimulant seems to have 

an effect on the expression of LL-37 on any of the cells. However, there seems to be a trend 

towards an increase in LL-37 expression in CD14+ cells after stimulation with PMA and 

ionomycin, singlets after stimulation with IFN-γ or PMA and ionomycin, CD19+ 

lymphocytes with CpG and CD3+ lymphocytes with PMA and ionomycin (figure 12). 

Interestingly, a trend to lower expression of LL-37 was seen for lymphocytes stimulated with 

IL-17 and IL-22 and for CD19-CD3- lymphocytes stimulated with CpG, IFN-γ, IL-17 and 

IL-22, and PMA and ionomycin (figure 12). 

   

 

Figure 12 Normalized frequency of LL-37 positive PBMCs after 5h stimulation. 

Stimulations lasted 5h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin, and TNFα. Data was normalized to unstimulated PBMCs. Unstimulated PBMCs are the 

control group.  Sample size: n=2.  

4.2.3 Normalized LL-37 expression after twenty-four hours of 
stimulation 

As with data from the 5h stimulation, the small cohort did not allow statistical analysis on 

the data from 24h stimulation. However, the same arbitrary point of an increase or decrease 

of 0.50 was set as with the 5h stimulation results. As can be seen in figure 13, stimulation 

with CpG and IL-17 and IL-22 appears to induce LL-37 expression in the singlet population 

with a trend for LPS stimulation. IL-17 and IL-22, and PMA and ionomycin appear to induce 

LL-37 expression in lymphocytes (figure 13). IL-17 and IL-22 appear to be inducing LL-37 

expression on CD19+ cells, CD3+ cells, CD19-CD3- cells and CD14+ monocytes, as can be 

seen in figure 13. There is a trend observed for stimulation with IFN-γ and LPS of CD19-

CD3- cells and for CpG and LPS stimulation of CD14+ monocytes (figure 13). 
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Figure 13 Normalized frequency of LL-37 positive PBMCs after 24h stimulation. 

Stimulations lasted 24h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin, and TNFα. Data was normalized to unstimulated PBMCs. Unstimulated PBMCs are the 

control group.  Sample size: n=2. 

4.3 Geometric mean of fluorescent intensity for 

LL-37 expression 

When data is logarithmically scaled, a skew can exaggerate the arithmetic mean. That is why 

geometric mean is used to determine average fluorescent intensity, which is logarithmically 

scaled. When using geometric mean of intensity along with frequency of expression, a more 

accurate representation of data is achieved than if gMFI would be used on its own to analyse 

the data. Therefore, the gMFI for the LL-37 expression was determined for all the 

stimulations. 

4.3.1 Geometric mean of fluorescent intensity 

As seen in figure 14, the standard deviation of the gMFI for the singlet population is very 

high while the change is very little. Therefore, no significant changes were observed in the 

LL-37 expression when compared with the unstimulated cells except for the CD14+ 

monocytes when stimulated with IFN-γ for 2h (figure 14).  In addition, the gMFI for LL-37 

in CD14+ monocytes seems to be scoring higher than for the other cell populations (figure 

14). However, when the data was normalized as done with the frequency of positive cells, 

the singlets, lymphocytes, CD19+ cells, CD3+ cells, CD19-CD3- cells, and CD14+ monocytes 

all expressed significantly or near to significantly higher levels of LL-37 as unstimulated 

cells after treatment with IFN-γ (figure 15). This was also seen for CD19+ cells stimulated 

with CpG and LPS.  
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Figure 14 gMFI for LL-37 expression in all PBMC populations after 2h stimulation. 

gMFI for LL-37 in singlet populations, lymphocytes, CD19+ cells, CD3+ cells, CD19-CD3- cells, and CD14+ 

monocytes after 2h stimulation with CpG, IFN-γ, IL-17 and IL-22 and LPS. Sample size: n=4. The asterisk 

(*) represents significant data (p<0.05).   

 

 

Figure 15 Normalized gMFI for LL-37 expression in all PBMC populations after 2h stimulation. 

gMFI for LL-37 in singlet populations, lymphocytes, CD19+ cells, CD3+ cells, CD19-CD3- cells, and CD14+ 

monocytes after 2h stimulation with CpG, IFN-γ, IL-17 and IL-22 and LPS. Data was normalized to 

unstimulated PBMCs. Sample size: n=4. The asterisk (*) represents significant data (p<0.05). 
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Figure 16 gMFI for LL-37 expression in all PBMC populations after 2h stimulation with PMA and 

ionomycin. 

gMFI for LL-37 in singlet populations, lymphocytes, CD19+ cells, CD3+ cells, CD19-CD3- cells, and CD14+ 

monocytes after 2h stimulation with PMA and ionomycin. Sample size: n=2. 

Due to a small cohort no statistical analysis was possible on the PMA and ionomycin 

stimulation at 2h and all stimulation at 5h and 24h, whereas an arbitrary point for 0.50 was 

set as showing a possible effect as before. As seen in figure 16, it seems like PMA and 

ionomycin are increasing LL-37 levels in singlet populations, CD19+ cells, CD19-CD3- cells, 

and CD14+ monocytes, while no effect is visible in the lymphocyte population or the CD3+ 

cell population. After 5h stimulation, the only cell population affected seems to be the CD14+ 

cells after stimulation with IFN-γ and PMA and ionomycin (figure 17).  

After 24h stimulation, the levels of LL-37 seem to increase in the singlet, lymphocytes, 

CD19+ cells and CD3+ cells after stimulation with IL-17 and IL-22 (except CD19+ cells), 

and PMA and ionomycin (figure 18). As seen in figure 19, the gMFI signal for LL-37 

expression in CD14+ cells has increased after 24h stimulation compared with both 2h and 5h 

stimulation. It seems like IL-17 and IL-22 are inducing CD14+ monocytes to produce LL-37 

while it seems like PMA and ionomycin have decreased the expression of the peptide (figure 

19). 
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Figure 17 gMFI for LL-37 expression in all PBMC populations after 5h stimulation. 

gMFI for LL-37 in singlet populations, lymphocytes, CD19+ cells, CD3+ cells, CD19-CD3- cells and CD14+ 

monocytes after 5h stimulation with CpG, IFN-γ, IL-17 and IL-22, LPS, PMA and ionomycin, and TNFα. 

Sample size: n=2. 

 

 

Figure 18 gMFI for LL-37 expression in the PBMC populations: singlets, lymphocytes and lymphocyte 

subpopulations after 24h stimulation. 

gMFI for LL-37 in singlet populations, lymphocytes, CD19+ cells, CD3+ cells and CD19-CD3- cells after 24h 

stimulation with CpG, IFN-γ, IL-17 and IL-22, LPS, PMA and ionomycin, and TNFα. Sample size: n=2. 
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Figure 19 gMFI for LL-37 expression in the PBMC population: CD14+ monocytes after 24h stimulation. 

gMFI for LL-37 in CD14+ monocytes after 24h stimulation with CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin, and TNFα. Sample size: n=2. 
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5 Discussions 

The goal of this research was to measure LL-37 expression in healthy PBMCs to set a 

baseline of LL-37 expression in various white blood cells. In addition, another aim was to 

investigate whether it was possible to induce LL-37 expression in healthy leukocytes with 

several common stimulants. With just a couple of flow cytometry analyses of PBMCs, big 

amounts of data were retrieved. These data have given some notions as of what the LL-37 

expression levels in healthy individuals are like. Even though it is possible to see certain 

trends in these results it is important to keep in mind that the sample sizes were small, and 

only few time points were measured. Therefore, limited data allowed for statistical 

evaluation to be performed. These data are, therefore, preliminary, but give grounds for 

further research on the subject. 

5.1 Unstimulated baseline 

Healthy and unstimulated PBMCs seem to express LL-37 at a low frequency (figures 8 and 

9). CD19-CD3- cells seem to be expressing more of the peptide than the other 

subpopulations, where only the singlet populations seems to be expressing the peptide more 

frequently. The singlet population gives some notions of the total cell expression and their 

frequency was determined to be around 4.87%. CD3+ cells express the peptide with the 

lowest frequency at 1.33% (figure 8). The gMFI indicates that the CD14+ monocytes express 

the highest amount of LL-37 but their intensity signal was determined to be 7.53. The CD19+ 

lymphocytes expressed the lowest intensity at 2.95 (figure 9). 

The results show that the staining for LL-37 was successful and there was a noticeable 

difference in LL-37 expression in the different cell populations from the isolated PBMCs. 

These results show that the baseline expression of LL-37 in healthy individuals is relatively 

low in leukocytes, which could be explained by the fact that the individuals are healthy and 

not fending off any pathogens. In this study, a lot of granulocytes were accidentally isolated 

with the PBMCs in the first experiments. This was unfortunate for the experiments but 

allowed analysis of the LL-37 expression in granulocytes. From those staining experiments 

it was apparent that the granulocytes express a lot more of LL-37 than the mononuclear cell 

populations at baseline level (data for granulocytes not shown). That correlates to what has 

been shown before, i.e. high levels of LL-37 expression in granulocytes (Pinegin, Vorobjeva, 

& Pinegin, 2015). Because of the amount of granulocytes in the first experiment the 

percentage of LL-37 positive cells might have been a little skewed for the singlet populations 

but that was minimized by adding more samples and by gating for different cell populations 

(see chapter 3.5.1 for more about the gating strategy).  

5.2 Successful stimulations 

The stimulants that were used seem to affect the cell populations in such a way that the 

peptide was either induced or its expression decreased. Some of the staining experiments 

failed, which explains why there is no data for the 2h stimulations with TNFα. The TNFα 2h 

stimulation was only successful for one donor, that renders little information and no 
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conclusions can be derived. The reason why the 2h PMA and ionomycin stimulation was 

only partially successful was that in the earlier experiment, the cells that were stimulated by 

PMA and ionomycin were not viable and cell death was prominent, which may have affected 

the surviving cells of the PMA and ionomycin treatment. PMA and ionomycin are effective 

stimulants but the fact that the chemicals (PMA and ionomycin) are old and may have been 

expired could be the reason for the cell death. Another factor that came to light after the data 

had been collected is that IL-22 does not have an effect on PBMCs because they do not have 

the appropriate receptor for IL-22. So the samples that were stimulated with IL-17 and IL-

22 are showing the effects of IL-17 not IL-22. Lastly, it should be noted that the most 

prominent inducers of LL-37 are vitamin D and butyric acid (BA) but those stimulants were 

not used in these experiments. This gives good reasons for continuing with the research 

project, where vitamin D and phenyl-butyrate (PBA) will be tested as stimulants on PBMCs 

(Kulkarni, Yi, Huehnken, Agerberth, & Gudmundsson, 2015).  

5.2.1  Various conditions stimulate different cell types but IFN-γ 
and CpG have the most effect 

Looking at the data it is apparent that the stimulations were successful though the results 

varied between cell population, stimulation time and stimulants. This is mainly due to the 

fact that different cell populations express different receptors for various stimulants.  

The most interesting thing about the 2h stimulation results is that IFN-γ appears to be 

upregulating LL-37 in most of the cell populations. It is known that most PBMCs are 

susceptible to IFN-γ stimulations (Rivas-Santiago et al., 2008) but in this study it was shown 

that the cytokine is inducing LL-37 production in the PBMC populations analysed. 

Interestingly, the CpG displays a trend towards significantly higher LL-37 expression in 

CD14+ monocytes compared with unstimulated cells after 2h stimulation. This is not 

surprising since CD14+ monocytes express TLR9, the receptor for CpG (Heftrig et al., 2017). 

However, it is interesting that CD14+ monocytes are positive for LL-37 expression since 

Rivas-Santiago et al. reported that the monocytes were incapable of producing the peptide 

(Rivas-Santiago et al., 2008). In contrast, they reported that macrophages expressed the 

peptide and were susceptible to stimulation with Mycobacterium tuberculosis infection and 

concluded that the differentiation state of the cells was probably a deciphering factor to 

whether the cells could express LL-37 upon stimulation (Rivas-Santiago et al., 2008). In 

their research they suggested the LL-37 expression was because of an infection; however, 

this was not the case in this study as LL-37 expression was observed on freshly isolated 

CD14+ monocytes. CD14+ cells also express TLR4 (Levy et al., 2009), which recognises 

and binds LPS. Therefore, it was to be expected that CD14+ monocytes would be sensitive 

to LPS stimulation; however, this was not observed as LPS had no effect on LL-37 

expression.  

Although the monocytes were not responding to LPS stimulation, as the CD19+ cells were 

responding with a significant increase in normalized frequency and gMFI after 2h 

stimulation and the same was true for CpG stimulation (figures 10 and 15). This is in 

accordance to the fact that CD19+ cells express TLR9, which binds CpGs, and TLR4, which 

binds LPS (Iwata et al., 2009; Morbach et al., 2016). The fact that CpG induces CD19+ cells 

to express LL-37 is rather exciting when related to psoriasis and the inflammation loop 

involved in its maintenance. As has been discussed in the introduction, the pathology of 

psoriatic lesions begins when pDCs are activated through the LL-37 complex with self-

DNA, through the endosomal TRL9 but B cells share with pDCs, the ability to recognise 
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self-DNA under certain circumstances and thus contribute to autoimmune diseases (Coch et 

al., 2009).  

Although some statistical increase in LL-37 expression was observed after 2h stimulation, 

the 5h of stimulation appeared to have very little effect on the expression of LL-37. There is 

a possibility that the cells may have secreted the peptide, which can, hence, not be detected 

in the assay used in this study. For detecting surface staining, the 5h stimulations seemed 

ineffective. An exception to that was stimulation with CpG on CD14+ cells (figure 12). Even 

though the cohort consisted only of n=2 in the 24h stimulation, the results for the IL-17 

stimulation seem to indicate an effect which is very interesting in relations to psoriasis as 

IL-17 is a prominent cytokine in the disease maintenance (see chapter 1.6.2). 

5.2.2 Mean fluorescent intensity of the cell populations 

The gMFI was most prominent for CD14+ cells, indicating that the monocytes are expressing 

higher levels of LL-37 per cell than the other cell populations. Not only do they seem to 

express LL-37 at higher levels but the longer they are stimulated the more amplified the 

gMFI becomes. No significant changes were observed for non-normalized gMFI data after 

2h stimulation except for CD14+ cells after IFN-γ stimulation. The CD14+ monocytes 

express the interferon-γ receptor (IFNGR) and are, therefore, susceptible to IFN-γ 

stimulation (Murphy K, 2016).  The gMFI signal of LL-37 positive CD14+ monocytes 

increased the longer the stimulation lasted (figures 14, 15, 17 and 19). When the gMFI data 

were normalized, all the cell populations expressed statistically higher levels of LL-37 after 

2h IFN-γ stimulation. As for the monocytes, other cells of the immune system also express 

the IFNGR and are subsequently response to IFN-γ stimulation. 

5.2.3  IL-17, IFN-γ and CpG, LL-37 and psoriasis 

B cells have been known to be activated through PAMPs, such as unmethylated CpGs, much 

like our results present. However, the TLR9 is at its greatest potency when the CpGs are 

unmethylated and thus resemble microbial DNA the most. Coch et al., report that in the 

presence of type I IFNs, the TLR9 loses its specificity towards the unmethylated regions of 

the CpGs. Since psoriasis manifests in skin inflammation, it provides a milieu for B cells to 

activate upon contact with self-DNA. Though, self-DNA is not rich in CpGs, and the few 

CpGs present are methylated, the amount of type I IFNs in the dermis and epidermis 

(secreted by pDCs, keratinocytes and more cells), may increase the responsiveness of the B 

cells to CpG stimulation and render the B cells’ TLR9 to lose its specificity. Thus, it is 

feasible that the self-DNA, in collaboration with type I IFNs, might activate dermis residing 

B cells during the initiation of psoriatic inflammation (Coch et al., 2009; Egbuniwe, 

Karagiannis, Nestle, & Lacy, 2015).  

The fact, that IL-17 seems to be affecting LL-37 expression after 24h stimulation is very 

interesting in regards to psoriasis. The IL-23/Th17 axis has been under investigation for 

some time and it is widely accepted that IL-17 is a prominent cytokine in the inflammation 

process in psoriasis (Lowes et al., 2013). Thus, these results might indicate that the role of 

Th17 cells is, in part, by affecting LL-37 expression. Undoubtedly, this affects the psoriasis 

inflammation loop, especially if the infiltrating PBMCs secrete LL-37 upon stimulation by 

the cytokine loop.  
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Although IL-17 is an important cytokine in the pathophysiology of psoriasis, IFN-γ has also 

been shown to have a role, and in light of its effect on the mononuclear cell populations 

observed in this study, it may be suggested that the Th1 arm of the cellular response is also 

affecting LL-37 production in PBMCs. 

5.3 Possible errors 

As with all experiments there are some factors that need to be considered when result 

accuracy is determined. The most common factor in this research is the donor variability 

which is a common problem when using results based on human immune cells. With an 

increased number of donors, the skewing caused by donor variation can be minimized. The 

LL-37 frequency was gated from the merged isotype samples to maintain consistency 

between stimulations and donors, but in doing so it might have produced some type II errors. 

That is, some low expressions of the peptide might have been lost because of the merged 

isotype gating strategy. As not much is known about the expression of LL-37 in PBMCs as 

measured by flow cytometry it cannot be confirmed that the baseline levels and the levels of 

unstimulated cells did not get triggered by the isolation procedure or by harvesting of the 

cells after incubation.  

Some technical problems occurred during the study which were solved in subsequent 

experiments. In the first experiment (i.e. for 2 out of 4 donors from the 2h stimulation) there 

were accidentally isolated a lot of granulocytes with the PBMCs while there were next to 

none in the other two donor samples. This could affect some percentages in the LL-37 

expression of the singlet populations but the skews were minimized by isotype merging and 

average calculations. Also, the PMA and ionomycin 2h stimulation ultimately had only 2 

donor samples, since the first stimulation with those stimulants ended with most of the cells 

dying. Because of the big loss of viable cells, the percentages of LL-37 positive cells got 

skewed and unreliable. TNFα 2h stimulation failed as well; however, the cause was not 

known.  

The 24h stimulations showed a considerable sensitivity to IL-17 stimulations, it would be 

good to repeat that stimulation to try and reproduce those data. That along with a bigger 

sample size would render more reliable conclusions. Lastly, the CpG stimulation yielded 

mixed results in the later experiment which could be fixed with repetition of the experiments 

and more samples. Interestingly, the frequency of LL-37 positive cells seems less prominent 

at different time points (i.e. the 5h stimulation). It is not clear why this happens but possibly 

the peptide was expressed but has been secreted out of the cell and is therefore not detected 

with our staining method. To verify this, it would be good to look into the composition of 

the supernatant which has been discarded up to this point. 

5.4 Conclusions 

In conclusion, a method for detecting LL-37 expression on the surface of various cell types 

by flow cytometry was set up. This method was subsequently used to analyse the effect of 

various stimulants on LL-37 expression after 2h, 5h, and 24h. Therefore, this project has set 

the basis for future analysis of the expression of LL-37 in healthy individuals and psoriatic 

patients using flow cytometry. In addition, LL-37 was shown to be induced in PBMCs with 

IFN-γ and CpG, and the data gave some evidence to suggest that IL-17 can upregulate the 

peptide expression if given enough time. These data provide basis for future experiments 
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and further research on the subject, especially related to psoriasis since the successful 

stimulants can all be connected to the disease pathogenesis. 

5.5 Future steps 

The next steps would be to repeat the experiments on a larger cohort and even to try more 

time points. When the expression of LL-37 expression in PBMCs in healthy individuals has 

been set up, the next step is to measure LL-37 expression in PBMCs from psoriatic patients. 

As the LL-37 may be secreted or stored in the cytosol, in future experiments, the cell 

stimulation supernatant will be collected to measure secreted LL-37 and intracellular 

staining will be performed. In future experiments, it might be interesting to identify LL-37 

expression of cell subpopulations even more. For example, it would be interesting to know 

which subgroups of T cells are being induced to express LL-37 the most. That would be 

especially interesting, since Th17 cells have been linked to the pathogenesis of psoriasis. 

Also, it might be a good idea to try different stimulation conditions for different cell types, 

since different phenotypes have different functions in vivo. I would also include trying more 

than one cytokine for each cell population since in vivo there is never only one stimulating 

factor. By testing a series of stimulants on the cell populations, it could bring us closer to 

mapping out the mechanism involved in LL-37 production in leukocytes and in relation to 

the pathogenesis of psoriasis. It would be interesting to use known stimulants for LL-37, i.e. 

vitamin D and PBA, and see what effect it would have on LL-37 expression in PBMCs. 

Finally, since detecting LL-37 expression by flow cytometry is relatively new, it is necessary 

to confirm our results with more commonly used methods like Western blot or reverse 

transcriptase real-time qPCR. That way, the presence and the quantity of the peptide in 

PBMCs could be verified.  
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Appendix 

Frequency of LL-37 positive PBMCs 

The frequency of LL-37 was determined after 2h, 5h, and 24h stimulations. Different 

conditions gave various results between cell populations and stimulation time. The 

stimulations are compared to the unstimulated cells. In most cases the standard deviation 

was too great for any statistical difference to be observed. Therefore, difference beyond 0.5% 

more than unstimulated cells was referred to as potentially effective. 

LL-37 expression after two hours of stimulation 

 

Figure 20 Frequency of LL-37 positive singlets and lymphocytes after 2h stimulation. 

Stimulations lasted 2h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22 and LPS. 

Unstimulated PBMCs are the control group. Error bars show standard deviation. Sample size: n=4. 

 

 
Figure 21 Frequency of LL-37 positive lymphocyte subpopulations and CD14+ monocytes after 2h 

stimulation.  

Stimulations lasted 2h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22 and LPS. 

Unstimulated PBMCs are the control group. Error bars show standard deviation. Sample size: n=4. 
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Figure 22 Frequency of LL-37 positive CD19-CD3- lymphocytes after 2h stimulation. 

Stimulations lasted 2h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22 and LPS. 

Unstimulated PBMCs are the control group. Error bars show standard deviation. Sample size: n=4 

 

 
Figure 23 Frequency of LL-37 positive PBMCs after 2h stimulation with PMA and ionomycin. 

Stimulations lasted 2h during incubation at 37°C. Stimulants were PMA and ionomycin. Unstimulated 

PBMCs are the control group. Sample size: n=2 

 

LL-37 expression after five hours of stimulation 

 

Figure 24 Frequency of LL-37 positive singlets and lymphocytes after 5h stimulation. 

Stimulations lasted 5h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin and TNFα. Unstimulated PBMCs are the control group. Sample size: n=2. 
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Figure 25 Frequency of LL-37 positive lymphocyte subpopulations and CD14+ monocytes after 5h 

stimulation. 

Stimulations lasted 5h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin and TNFα. Unstimulated PBMCs are the control group. Sample size: n=2. 

 

Figure 26 Frequency of LL-37 positive CD19-CD3- lymphocytes after 5h stimulation. 

Stimulations lasted 5h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin and TNFα. Unstimulated PBMCs are the control group. Sample size: n=2. 
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LL-37 expression after twenty-four hours of stimulation 

 

Figure 27 Frequency of LL-37 positive singlets and lymphocytes after 24h stimulation.  

Stimulations lasted 24h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin, and TNFα. Unstimulated PBMCs are the control group. Sample size: n=2. 

 

 
Figure 28 Frequency of LL-37 positive lymphocyte subpopulations and CD14+ monocytes after 24h 

stimulation. 

Stimulations lasted 24h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin, and TNFα. Unstimulated PBMCs are the control group. Sample size: n=2. 

 

Figure 29 Frequency of LL-37 positive CD19-CD3- lymphocytes after 24h stimulation. 

Stimulations lasted 24h during incubation at 37°C. Stimulants were CpG, IFN-γ, IL-17 and IL-22, LPS, PMA 

and ionomycin, and TNFα. Unstimulated PBMCs are the control group. Sample size: n=2. 
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