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Abstract in English 
Background:  The importance of a normal functioning immune system is crucial for 

maintaining good health. When the immune system is impaired diseases may develop. 

Autoimmune diseases can be caused by aggressive adhesion and migration of T cells into the 

tissue resulting in inflamed endothelium, which further attracts entry of more cells, ending with 

a vicious cycle of endless inflammation and worsening condition with time.  

 

Objectives: To reclaim CD4+ T cells for CD3+CD28+ T cell activation to mimic an activated 

adaptive immune system. By modelling an adaptive immune system and include drugs that 

interfere with the integrins that result in cellular adhesion to the endothelium, possibilities are 

in attenuation of cell adhesion. 

 

Methods: Whole blood was drawn from volunteers. Peripheral blood mononuclear cells 

(PMBCs) were isolated with density gradient centrifugation. CD4+ T cell was isolated by CD4+ 

negative selection. Activation was initiated with stimulating Dynabeads. Activated T cells were 

dosed with PDE8 inhibitor to attenuate activation.  

 

Results: Viability of PMBC isolation was 100%, of which 73.24% were lymphocytes and 

26.23% of these were T cells. CD4+ T cell isolation retained 98.40% viability, with 95.27% 

lymphocytes of which 95.51% were T cells. 93.90% of these were CD4+ T cells. Activation 

was not successful.  

 

Conclusion:  We managed to isolate CD4+ cells in enough amounts from PMBCs to complete 

bead-stimulation. We showed that this is a reproducible method. We were not able to show the 

reliability when identifying the effect of PF-04957325 on the expression of the α4 and aL 

integrins. Instead, we observed a survival mechanism in action, which the PDE8A inhibition 

induced.  
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Abstract in Faroese 

Ástøði: At hava eina verjuskipan í javnvág hevur alstóran týdning fyri at varðveita eina góða 

heilsu. Tá verjuskipanin fer úr javnvág, kunnu sjúkur mennast. Sjálvórinsjúkur kunnu koma av 

ov ágrýtnum kyknuáfesti og ferðandi T kyknum í vevnaði. Hetta førir til bruna í endothelium, 

sum víðari dregur fleiri kyknur at sær. Tað endar við einari óndari ringrás við bruna og 

versnandi støðu yvir tíð. 

 

Endamál: Endamálið er at útvinna CD4+ T kyknur fyri at CD3+CD28+ skal kunna gerast virkið 

og síðan eftirlíkna ta tillagaðu verjuskipanina. Við at eftirlíkna tillagaðu verjuskipanina og 

tilseta heilivág, ið órógvar avgerandi integrin, soleiðis at kyknuáfestið á endothelium ikki 

eydnast, kunnu vit elva til minking av kyknuáfestingum. 

 

Háttalag: Blóð varð tikið frá sjálvbodnum. Hvítar blóðkyknur vórðu avbyrgdar við evnisvekt 

gradientari centrifugering. CD4+ T kyknur vórðu avbyrgdar við negativari veljing. Stimbranin 

varð sett í gongd við stimbrandi kúlum. Stimbraðar kyknur vórðu síðan viðgjørdar við 

heilivági, ið fyribyrgir PDE8A. 

 

Úrslit: Lívførið hjá hvítu blóðkyknunum var 100%, har 73.24% av teimum vóru lymfokyknur 

og 26.23% vóru T kyknur. Avbyrgdar CD4+ T kyknur varðveittu lívførið á 98.40%, við 95.27% 

lymfokyknum, harav 95.51% vóru T kyknur. 93.90% av hesum vóru CD4+ T kyknur. 

Stimbranin vísti seg ikki at eydnast. 

 

Samanumtøka: Vit megnaðu at avbyrgja CD4+ T kyknur í nóg stórari nøgd frá hvítum 

blóðkyknum, fyri at gjøgnumføra eina CD4+ T kyknu stimbran við kúlum. Vit vístu á, at 

mannagongdin er ein endurtøkufør mannagongd, og vit megnaðu ikki at vísa á, at hon er 

álítandi, tá hugt verður at, hvørja ávirkan PF-04957325 hevur á integrin α4 og aL yvirbráðið. 

Vit sóu harafturímóti eina yvirlivingarmekanismu hjá kyknunum, ið var elvd av PDE8A 

forðan. 
  



Bachelor’s Thesis Arnfinnur Kallsberg June 2019 
 

 

 

Page 4 of 50 

Table of Contents 
Preface ...................................................................................................................................... 1 

Abstract in English ................................................................................................................... 2 

Abstract in Faroese ................................................................................................................... 3 

1 Introduction ........................................................................................................................... 6 

1.1 T cell lineage ............................................................................................................................... 6 

1.2 T cell ........................................................................................................................................... 6 

1.3 Selection in thymus ..................................................................................................................... 7 

1.4 T cell activation ........................................................................................................................... 8 

1.5 IBD .............................................................................................................................................. 9 

1.6 Cyclic Adenosine Mono Phosphate ............................................................................................. 9 

1.7 Adhesion ................................................................................................................................... 11 
1.7.1 Integrins involved .............................................................................................................................. 12 
1.7.2 Cell adhesion molecules .................................................................................................................... 13 

1.8 Objectives .................................................................................................................................. 15 

1.9 Hypothesis ................................................................................................................................. 15 

2 Materials and Methods ........................................................................................................ 16 

2.1 Study design .............................................................................................................................. 16 

2.2 Procedure ................................................................................................................................... 17 
2.2.1 Ficoll separation of whole blood ........................................................................................................ 17 
2.2.2 CD4+ negative selection ...................................................................................................................... 19 
2.2.3 T cell Activation ................................................................................................................................ 21 
2.2.4 PF-04957325 ...................................................................................................................................... 22 
2.2.5 Microscope ........................................................................................................................................ 23 
2.2.6 Flow Cytometry ................................................................................................................................. 23 
2.2.7 Staining with antibodies ..................................................................................................................... 24 
2.2.8 Data analysis ...................................................................................................................................... 26 
2.2.9 Validation of cell quantity by Trypan blue ........................................................................................ 26 

3. Results ................................................................................................................................ 27 

3.1 Peripheral Mononuclear Blood Cell - Ficoll isolation ............................................................... 27 



Bachelor’s Thesis Arnfinnur Kallsberg June 2019 
 

 

 

Page 5 of 50 

3.2 CD4+ Isolation ............................................................................................................................ 29 

3.3 CD4+ T cell activation ................................................................................................................ 32 

3.4  Cell observations ...................................................................................................................... 35 

4. Discussion .......................................................................................................................... 36 

4.1 Peripheral mononuclear blood cell isolation ............................................................................. 37 

4.2 CD4+ isolation from peripheral mononuclear blood cells .......................................................... 38 

4.3 T cell activation ......................................................................................................................... 40 

4.4  Method improvements .............................................................................................................. 44 
4.4.1 Battlefield for implement ................................................................................................................... 44 
4.4.2 Incubation impaired staining .............................................................................................................. 44 

5 Conclusion ........................................................................................................................... 45 

5.1 Future directions ........................................................................................................................ 45 

6 References ........................................................................................................................... 46 

 

  



Bachelor’s Thesis Arnfinnur Kallsberg June 2019 
 

 

 

Page 6 of 50 

1 Introduction 
1.1 T cell lineage  
Hematopoietic stem cells (HSC) are the fundamental cells of the immune system. They 

originate from the bone marrow and have the potential to mature in the lymphoid organs. 

Multipotent progenitors (MPP) deviate from HSC and have the possibility to become common 

granulocytes.  These can further develop into mature blood cells and common lymphocyte 

progenitors (CLP), which develop into Pre-cells that will become natural killer cells, B cells or 

T cells.  

 

1.2 T cell 
T cells play a crucial role during an infection. Antigens are taken up from the extra cellular 

space into intracellular vesicles, which fuse with early endosomes. Acidification of vesicles 

activates proteases to degrade antigens into peptide fragments. Vesicles containing peptides 

fuse with vesicles containing Major Histocompatibility complexes (MHC), which are then 

displayed on the antigen presenting cell (APC) surfaces. The T cell then recognizes the specific 

antigen displayed on the MHC on the APC with its membrane bound T cell receptor (TcR). In 

addition to TcR, the MHC molecules are recognized differently by CD8 or CD4 receptors. 

These molecules act as co-receptors and characterize the major subgroup of T cells. The CD4 

and CD8 cell-surface molecules are made of the immunoglobulin’s superfamily.  

Figure 1.2: a) The structures of the CD4 and CD8 co-receptor molecules. The CD4 molecule contains 4 Ig-like domains. 
The CD8 is a heterodimer and consists of α and β chains. b) Domains D1 and D2, located in the outermost part of the CD4 
molecule on the CD4+T cell, interact with the major histocompatibility complex class II (MHC II) on the antigen presenting 
cells (APC). 

a b 
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CD4 contains four Ig-like domains and CD8 is a heterodimer containing α and β chains, see 

fig. 1.2. Upon the interaction between the MHC class II and the CD4, a signaling cascade is 

initiated, which results in activation of the T cell and increased adhesion receptor molecules. 

Upregulated expression of adhesion receptors on lymphocytes are involved in autoimmune 

conditions. 

 

1.3 Selection in thymus 
In the thymus, the T cells mature as they undergo self-histocompatibility complex (MHC) 

restriction and self-tolerance. Prior their entrance to the thymus, the progenitor cells lack most 

of their surface molecules and as they mature, they become unique and express new cluster of 

differentiation (CDX) surface markers. Each lymphocyte expresses a specific selection surface 

molecule, which mediates its interaction with antigens found on other components of the 

immune system and other tissues. For example, CD4 cells are Helper T cells that lead the attack 

against infections as one of their main roles are to send signals to other immune cells, whilst 

CD8 cells are cytotoxic cells that terminate cancer cells, infected cells, and damaged cells. As 

maturation of T cells occurs they express TcR. TcR 

complex is composed of the antigen-binding TcR α:β 

heterodimer associated with four signaling chains. The 

signaling chains are called CD3 and includes two ε units, 

one δ unit and one γ unit, and are required for cell-surface 

expression of the antigen-binding chains and for signaling. 

ζ homodimers is also associated with the TcR. Within the 

cytoplasmic domain the CD3 chain contains one immuno-

receptor tyrosine-based activation motifs (ITAM), and each 

ζ chain has three ITAMs, See fig 1.3. TcR-bearing T cells 

represent greater than 95% of all peripheral T cells.  

Thymocytes complete their maturation after surviving 

positive and negative selection in the thymic medulla, and 

then emigrates to peripheral lymphoid organs. The 

emigration occurs as the lymphocytes enters through the 

high endothelial venules (HEVs) into the circulation. 

Figure 1.3: T cell receptor complex. T Cell 
receptor (TcR) is composed by α:β heterodimer 
associated with four signaling chains 
collectively called CD3 (two ε,one γ, and one δ).  
ζ homodimer chains is also associated with the 
receptor. Each CD3 chain contains one 
immunoreceptor tryosine-based activation 
motif (ITAM), shown in yellow segment, 
whereas each ζ chain has three. 
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1.4 T cell activation 
T cells are activated in the lymph nodes when interacting with APC. The APC presents the 

foreign antigen to the TcR via its MHC molecule. As this interaction occurs, the TcR on the T 

cell triggers secondary signals, signal of activation and a co-stimulatory signal, via the B7 

molecule on the APC and the CD28 molecule on the T cell.  

 

Engagement of CD28 induces tyrosine phosphorylation which activates PI 3-kinase (PI3K), 

with following production of PIP3 that recruits several enzymes via their PH domains. The 

proteins kinase Akt is recruited and is phosphorylated by phosphoinositide-dependent protein 

kinase-1 (PDK-1). This phosphorylation activates 

protein kinase Akt which enhances cell survival and 

upregulates cell. 

The CTLA-4 receptor located on T cell has an 

inhibitory effect on CD28. CTLA-4 functions as a 

co-stimulatory protein that downregulates the 

immune response. As T cell activation is initiated by 

stimulation of the CD28 receptor on T cell, the 

activation can be turned off by stimulating the 

CTLA-4 receptor as it binds to B7 molecule on the 

APC. 

A third signal is induced as the APC releases IL-12 

cytokines that trigger T cell proliferation and 

differentiation. The T cell then secretes IL-2, which 

bind to a high-affinity receptor that is upregulated on 

activated T cells. This binding is required for 

activation and proliferation signal transduction.  If 

the co-stimulatory signal fails, the cell become 

either anergic or dies. The activation of CD4+ T cells 

is illustrated in fig 1.4. As the signal transduction 

occurs, the subcellular domain consists of kinases 

and the extracellular part consists of a ligand binding 

site.  

Figure 1.4: Activation of CD4+ T cell. Three signals 
are involved in activation of naïve T cells by APC 
cells. Binding of the foreign-antigen:self-MHC 
complex by the T cell receptor and a CD4 co-
receptor, transmits an activation signal (arrow 1) 
to the T cell as an antigen has been encountered. 
A second signal (arrow 2) is required for effective 
activation. CD28 on the T cell encountering B7 
molecules on the antigen presenting cell (APC) 
delivers signal 2, which increases the survival and 
proliferation of the cell that has received signal 1. 
Third signal (arrow 3) are most commonly 
cytokines (IL-12) and are delivered from APC to the 
CD4 T cell.  
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1.5 IBD   
Inflammatory bowel disease (IBD) is an autoimmune disease and is more specifically known 

as Chron’s disease (CD) and Ulcerative Colitis (UC). These diseases are linked to an impaired 

immune function in the gut[1][2]. The causes are thought to be poor quality of life, extensive 

morbidity [3] and a consequence of the westernization [4][5]. These diseases are identified by 

abdominal pain, diarrhea and intestinal mucosal inflammation [6]. The prevalence of this 

autoimmune condition, that occurs on the Faroe Islands, is double the frequency of what is 

seen elsewhere in Europe [7][8]. The initiation of the inflammatory response often occurs as 

pro-inflammatory cytokines activate integrins on T cells and cell adhesion molecules (CAMs) 

on inflamed tissues. This results in homing of T cells to the inflamed gut  [9]–[11]. In addition, 

these lymphocytes secrete angiogenic factors that generate new blood vessels. This results in 

enhanced capacity of homing T cells from the circulation to the site of inflammation and 

therefore increased interaction between the lymphocytes and the endothelium as blood flow is 

optimized. A vicious cycle is thus created with a continuous increase of interactions between 

lymphocytes and the endothelium [12]–[14]. The treatment used today for these conditions is 

medication that often shows more side effects than wished for [15] [16].  A need is thus for an 

alternative drug that attenuates adhesion and interferes with the cell trafficking from the blood 

circulation to the gut [17]. 

 

1.6 Cyclic Adenosine Mono Phosphate  
Cyclic Adenosine Mono Phosphate (cAMP) is well-known as a potent regulator of innate and 

adaptive immune cell functions. Enhancement of cAMP generation  within the single cell has 

been used in therapeutic strategies against autoimmune and inflammatory 

diseases  [18][19][20]. An increase in cAMP levels enhances the production of anti-

inflammatory cytokine IL-10 and suppresses inflammatory cytokines, such as TNF-α [21]. 

Immunosuppression occurs as intracellular cAMP increases and accumulates as a result of 

activation of G-coupled receptors by extracellular ligands. Resulting in αs subunit detachment 

from the G-coupled complex and activation of adenylyl cyclase (AC) and phosphodiesterase 

(PDE) [22][23]. AC synthesizes cAMP from ATP and PDE breaks down cAMP to 5’AMP 

through hydrolysis [24]–[26]. See fig 1.6 
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cAMP is not evenly distributed throughout the cytosol but appears in subcellular microdomains 

maintained by AC, PDE and A-kinase anchor proteins (AKAPs), which anchor different cAMP 

effectors, such as Protein kinase A (PKA) [27]. PDEs are categorized into 11 families – based 

on their isoforms, variants and enzymatic properties. PDE8A has previously been located in 

subcellular microdomains in lymphocytes and blood vessels upon adhesion and transmigration 

in UC tissue and Colorectal - Cancer (CRC) tissue [28]. PDE8A and PDE8B are members of 

the cAMP specific family. Transcripts are expressed in various tissues and most abundant in, 

testis, spleen, ovary kidney, small intestine and colon [25]. PDE8A is expressed in activated 

murine lymphocytes and endothelial cells and upregulated in activated T cell [28][29]. The 

crucial importance of PDEs have been shown in regulation of multiple cellular and tissue 

mechanisms, as increased intracellular cAMP levels generally weakens inflammatory 

functions [18] and attenuates the migration of T cells into tissues [30]. 

Figure 1.6 Activation of a host of GPCRs and their subsequent interaction with the stimulatory G-protein, Gs, promotes 

formation of the second messenger, cAMP, by membrane-associated adenylyl cyclase (ACs). The small and hydrophilic cAMP 

then diffuses rapidly throughout the cell to activate its effectors, including PKA. In cells, local compartments, populated by 

certain PDEs can buffer these increases in cAMP and, by so doing, act locally to limit access of cAMP to its effector.   
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Affinity for cAMP and rapidness of cAMP hydrolysis by PDEs vary greatly. It has been 

demonstrated that PDE8A has the highest affinity to its substrate of all the PDEs, even though 

the presence of PDE8A is relatively low compared to the most known PDE-4 [19][31]. 

Therapeutic effects on a low dose may be successful with PDE8A inhibitors, giving hope for a 

therapy where other PDE drugs were unsuccessful. 

 

As stated earlier, new understandings of PDEs’ biological roles in subcellular 

compartmentalizations and their downstream targets have reignited the pharmaceutical interest 

[32][28].  PDEs inhibitors are approved inflammatory drug against Alzheimer’s disease, 

Multiple sclerosis, Psoriasis, Schizophrenia, depression and cancers and have been 

investigated, but show ineffectiveness and side-effects [18][33][34]. 

 

1.7 Adhesion  

When activated, cell adhesion molecules specific for adhesion in the lymph node endothelium, 

are downregulated on the T cell. This results in T cell release  into the bloodstream where they 

search for the inflamed target site. The migration of lymphocytes into the inflamed bowel 

tissue, starts as selectins on endothelium and T cells interact and cause tethering. L-selectins 

are expressed on lymphocytes, and P- and E-selectins are found on the endothelium. These 

interactions are short-lived, but strong enough to slow down T cells. Endothelial adhesion 

molecules, intracellular adhesion molecule-1 (ICAM-1) and ICAM-2, expressed on the 

inflamed tissue interact with integrin lymphocyte function-associated antigen 1 (LFA-1) and 

two α4 integrins: α4β1 (Lymphocyte Peyer patch adhesion molecule (LPAM)) and α4β7 (Very 

Late Antigen 4 (VLA-4)), on the activated T cells, resulting in T cell rolling over the 

endothelium. Integrins are secondary adhesion molecules, which function to stop the rolling of 

lymphocytes and allow migration. As rolling stops, integrin α4β1 binds to vascular adhesion 

molecule-1 (VCAM-1) and α4β7 binds to mucosal addressin-cell adhesion molecule 1 

(MAdCAM-1) and the T cell transmigrates into the inflamed tissue. The migration of 

lymphocytes into the inflamed bowel tissue is central to the pathogenesis of irritated bowel 

disease. Post migration into the tissue, the inflammatory process is propagated as local 

lymphocytes are activated and start to proliferate [35].  
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1.7.1 Integrins involved 

Integrins are a large family of adhesion molecules that are widely expressed on all cell types 

that participate in cell-cell interactions. Integrins exist as heterodimers and are composed by 

one α and one β subunit. So far 18 α and 8 β subunits have been identified in humans, these 

combine 24 different heterodimers [36]. Ligand binding of receptors, including  membrane 

bound and soluble ligands, will lead to an inside-out signal that changes the conformational 

structure of the integrin [37]. The inside-out signaling can result in a series of conformational 

changes that rapidly increase or decrease the integrin ligand binding affinity [38][39][40]. In 

peripheral blood, the majority of lymphocytes display a non-adhesive phenotype and thus 

circulate freely. These cells usually consist of a resting state integrins, which upon binding 

on soluble or immobilized ligands rapidly can alter the integrin conformation. Two of these 

Figure 1.7: Lymphocyte trafficking and post trafficking events: tethering, rolling, firm adhesion, spreading and migration. Initial 
loose interactions, known as ‘tethering’, are mediated by α4 integrins on the lymphocytes, interacting with E- and P-selectin, 
mucosal vascular addressin cell adhesion molecule 1 (MAdCAM-1) and vascular cell adhesion molecule (VCAM)-1 on the 
endothelial cells. These initial contacts slow the lymphocyte down, and together with the shear forces of the flowing blood, they 
cause the lymphocyte to roll along the endothelium. If the rolling lymphocyte expresses specific chemokine receptors (seven 
transmembrane G protein-coupled receptors; 7-TM GPCR) that bind the chemokines displayed on glycosaminoglycans (GAGs) of 
the endothelial cells, an intracellular activating signal induces a conformational change in the β2 and/or α4 integrins on the 
lymphocyte surface. This integrin activation leads to strong binding of endothelial counter-receptors (ICAM-1, ICAM-2, VCAM-1 
and MAdCAM-1) mediating firm adhesion and arrest of the lymphocyte. The lymphocyte polarizes and transmigrates through the 
vascular wall to the interstitial tissue, a process termed diapedesis. The migrating cell uses integrins to adhere to various 
extracellular matrix molecules (i.e. collagen fibers, laminin and fibronectin) in addition to counter-receptors on the surface of 
parenchymal cells. The migrating cell is guided by gradients of chemo-attractants to further localize within the tissue. 
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adhering molecules are CD49d/CD29, also called Very Late Antigen-4(VLA-4), which 

consists of two integrin subunits: α4 and β1, and previously mentioned CD11a/CD18, also 

called LFA-1, which consists of α4 and β2 integrin subunits. LFA-1 has at least three states of 

binding affinities that are caused by conformational changes; these include low, intermediate 

and high  [38]. Integrin LFA-1 binding causes intracellular signaling and the interaction 

between TcR and MHC induces a phosphorylation-mediated signaling cascade, which 

activates LFA-1 at the IS, that results in firm adhesion which is required for effective T cell 

activation [41]. As LFA-1 binds to ICAM a cascade is initiated, resulting in cytoskeletal 

remodeling, redistribution of intracellular molecules and phosphorylation and 

dephosphorylation of other signaling molecules [42]. VLA-4 is known to be deactivated 

through Gαs-coupled GPCRs, which provides a plausible explanation when in resting state, as 

Chigaev, A. et al. showed by down modulating the affinity state of VLA-4 by increasing cAMP 

levels. Activation of a wildtype Gαi-coupled GPCRs showed an induction of high affinity 

extended conformation, resulting in high adhesion availability [39]. Dietary restriction has 

shown anti-inflammatory effect and reduction in autoimmunity and symptoms in multiple 

scleroses (MS), as the AMP-activated protein kinase (AMPK) is upregulated and mechanistic 

target of rapamycin (mTOR) is downregulated, resulting in accumulation of intracellular 

cAMP [43]. By inhibiting PDE a smaller amount of cAMP is hydrolyzed [34], resulting in 

relatively higher accumulation of cAMP, thus potentially giving the same reduced effect on 

adhesion. 

 

1.7.2 Cell adhesion molecules 

The integrins bind to specific molecules on the endothelium, called intercellular adhesion 

molecule (ICAM). ICAM-1/CD54 is a ligand to LFA-1 and vascular cell adhesion molecule 

VCAM-1/CD106 is a ligand for VLA-4. VCAM-1 is expressed on all endothelial 

cells after stimulation by cytokines. As the expression of VCAM-1 increases, it will attract 

more T cells to the site of infection. Cytokines, such as Interleukin-1 (IL-1) and Tumor necrosis 

factor α (TNF-α), secreted by inflammatory cells activate integrins on the lymphocyte, 

simultaneously as ICAM-1, MAdCAM and E-selectin expression are upregulated on the 

endothelium of the inflamed tissue. Previous study targets the α4 integrin that binds to VCAM-

1 on inflamed endothelium. This interaction has previously been blocked by Natalizumab, a 

humanized antibody that binds to α4 integrin, resulting in inhibition of α4 and VCAM-1 

binding and therefore leaving the lymphocyte liberated in the blood stream. This action spared 
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introduction of new lymphocytes to the target site and thus cytokines that would 

cause increasing inflammation [44] [35]. 

 

Previous murine studies have shown that PDE4 inhibition with resveratrol and rolipram 

increases cAMP levels  [45]. Inhibition of lymphotoxin β receptor (LTβR) signaling reduces 

MadCAM-1 expression, attenuating adhesion in mucosal endothelium  [46]. Another study by 

Vang, A. et al. demonstrated suppression in Teff cell functions by targeting PDE8 with an 

inhibitor. They showed that  by increasing cAMP in Teff cells, adhesion to endothelial cells 

decreased [47]. A more recent study shows that integrin surface expression is not altered by 

PDE8 inhibition [48]. 
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1.8 Objectives 
 

• In this study we aim to investigate what exact effect PDE8 inhibition has on cell 

adhesion molecules on human T cells. This study investigates the in-vitro presence of 

α4 and αL on the cell surface on human CD4+ T cells when treated with a PDE8 inhibitor. 

In addition, we aimed to develop an optimized protocol for isolating CD4+ T cells from 

whole blood.   

• PMBCs are isolated from human whole blood. [49]. Isolation of CD4+ cells from 

PMBCs is done with a negative selection method [50]. The expression of α4 (CD11a) 

and αL (CD49d) in these isolated CD4+ T cells is analyzed. By modelling the adaptive 

immune system and inhibiting cellular adhesion, we can potentially disrupt the 

trafficking of T cells into the tissue and thereby decrease inflammation.  

 

Our aim is thus to investigate: 

 

Attenuation of αL and α4 expression on human activated CD4+T cells with PDE8A inhibition  

 

 

 
1.9 Hypothesis 
Based on the mentioned background and objectives, the hypotheses are: 

 

1) Based on the effect PF-0495732 has on PDE8A and cAMP regulation[1][2] and the uncertain 

effects in murine studies[47], [48], we hypothesize a clarification on the expression of α4 and 

αL integrins after treatment in human CD4+ T cells.   

2) We hypothesize that the methods chosen for isolation and activation will retain >95%viability 

of the cell populations. 
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2 Materials and Methods 
This section will include materials, equipment and methods used in this project. 

2.1 Study design 
This in-vitro study aims to clarify whether an increase in PDE8A inhibition corresponds to a 

decrease in T cells adhesion molecule expression on endothelium.  

 

Ethically, no concerns were considered as this 

project was done from blood samples from a 

volunteer. Drawing volunteer blood was a 

benefit for the timeframe as well. The blood 

sampling was simple and fast, with no waiting 

time for samples. The sampling was done with 

professional help from staff at the National 

hospital of the Faroe Islands and the amount of 

blood drawn each time was 10ml. The samples 

originated from the same person each time, so 

cross-contamination of samples was not a 

concern. 

 

All experiments were carried out at room 

temperature (20-25°C) unless otherwise 

described. Incubation conditions were carried 

out in 37°C, at 5% CO2 or cold 2-8°C and in 

dark. Fig. 2.1.1 illustrates the workflow and 

main methods included. To ensure 

reproducibility and to increase the statistical 

power of our results, we made multiple 

procedures. By doing 5 runs, with 2 or more 

replicates each time, we are confident that this is 

enough to show reliable results. Reliability of 

our data is based on cells analyzed by flow 

cytometry, MACSQuant®, FCS express 6 and 

viability counting by Trypan blue.  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1.1 Flow chart of the procedure: First of all, it 
includes drawing blood from a volunteer. Isolation of 
peripheral mononuclear blood cells (PMBC) is then done 
using Ficoll Paque. Afterwards, CD4+ T cell isolation is 
done with negative selection.  The CD4+ T cell is then 
activated with CD3/CD28 beads, resulting in increased 
integrin expression  Treatment of activated CD4+ T cells 
is done with Phosphodiesterase 8a (PDE8A) inhibition. 

Measurement of integrin expression of stimulated cells 
and cells treated with PDE8A inhibition with flow 
cytometry. Lastly a comparison of stimulated and 
treated group is made. 

Draw blood 

Isolate PMBC 

Isolate CD4+ T 
cells 

Activate T 
cells 

Treatment 

Measure 
effect 

Compare 
Stim/treat 

Validity check 

Validity check 

Validity check 

Mimic biological 
signals 

PDE8A 
inhibition 
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All conditions for the CD4+ T cells were tested 

simultaneously. Prior to incubation, the cell population 

was divided into equal portions with three different 

conditions. A rough expectancy is indicated in fig. 2.1.2. 

The conditions were unstimulated cells (blue), stimulated 

cells with CD3 and CD28 activation (black) and 

stimulated cells treated with PF-04957325 (red). We 

expected the non-stimulated cell population to have low 

expression of integrins, whilst the stimulated to have high 

expression. Furthermore, it was expected that the treated 

group would center in-between the unstimulated and the 

stimulated group. PF-04957325 is a specific PDE8A inhibitor, which ultimately affects the 

expression of integrins that play an important role in T cell homing. Thus, are we expecting 

that the lower the peak shows up on the x-axis, the better the efficacy of the drug to attenuate 

adherence.  

 

2.2 Procedure 

2.2.1 Ficoll separation of whole blood 

Ficoll-Paque is a sterile and ready-to-use density gradient media for isolating PBMCs in high 

yields and purity. Mononuclear cell isolation using Ficoll-Paque separation media is based on 

methodology established by Bøyum [52]. Anticoagulant-treated blood is diluted with buffer 

layered over the Ficoll product and centrifugated for 30-40 minutes. Migration of cells during 

the centrifugation will result in layers containing different cell types. At the interface between 

plasma and Ficoll layer, we find mononuclear cells together with other slowly sedimenting and 

low-density particles such as platelets. 60±20% of the mononuclear cells from whole blood is 

expected to be reclaimed, as well as a small number of granulocytes and erythrocytes. The 

viability is expected to be above 90% of the separated cells. Ficoll Paque is thus a considerable 

method to isolate the mononuclear cells from the heavier cells and lighter components [53]. 

 

Isolation of peripheral mononuclear blood cells was carried out with Isolation of mononuclear 

cells from human peripheral blood by density gradient centrifugation. Reagents included in 

this procedure are Buffer: Phosphate buffered saline (PBS), pH 7.2 and 2mM EDTA (Miltenyi 

Figure 2.1.2: Expectations of our results, where 
we stain the integrins α4 and αL. First 
peak(blue) is unstimulated. Middle(red) is 
stimulated with PF-04957325. Last(black) is 
the stimulated. 
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Biotec, Cat. No. 130-091-222), and it should be kept cold. For gradient separation of cells, we 

used Ficoll Paque (ρ=1.077g/mL) (Sigma Aldrich, Cat. No. GE17-1440-02). The peripheral 

blood should not be older than 8 hours and when blood is drawn it should be supplemented 

with anticoagulants to prevent coagulation.  

 

To start the protocol, 10ml blood was drawn from a volunteer into an EDTA tube. Procedure 

was done in 15ml tubes. A dilution 1:3 was made with 2.5mL blood: 7.5mL buffer. This was 

done in 4 tubes simultaneously. The dilution was gently poured over 5mL of Ficoll Paque, 

followed by centrifugation at 400 x g, 20°C for 30 minutes without break. Supernatant was 

discarded and cells were resuspended in 15ml buffer. Another centrifugation was done to 

remove the platelets at 300 x g, 20°C for 10 minutes with break. Supernatant was discarded, 

buffer added to 15ml to complete the wash, and centrifugated at 200 x g, 20°C for 10 minutes 

with break on. Supernatant was discarded and the cell pellet resuspended in buffer. This step 

was done twice. After spinning the cell pellet down, it was resuspended in buffer containing 

0.5% bovine serum albumin (BSA) ( Miltenyi Biotec, 130-091-376), giving 100µl in total. Fig 

2.2.1 illustrates the protocol.  

PMBC isolationFicoll separation Washing Washing 

PMBCs

Ficoll

Erythrocytes & 
Granulocytes 

Plasma 

Whole blood PMBCs
Platelets

PMBCsPMBCs
Platelets

Blood drawn 

Whole blood 

Ficoll

Figure 2.2.1: Schematic figure of the protocol used for density gradient centrifugation. Step 1. Blood is drawn. Step 2. Whole 
blood is diluted with buffer (1:3). Step 3.Whole blood is gently poured over Ficoll product. Step 4. Centrifugation separates the 
components. Step 5. PMBCs with platelets are resuspended in buffer. Step 6.Include removal of supernatant and resuspension 
in buffer. Step 7. Peripheral Mononuclear Blood Cells (PMBC) are then isolated and resuspended in buffer containing BSA.   
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An aliquot (10µl) of the cell suspension was analyzed and the remaining was resuspended in 

1ml of buffer containing 0.5 % BSA before further use. Resuspension in buffer was a potential 

break and cells could be kept at 4°C overnight prior to the CD4+ isolation.  

 

The PMBC isolation from whole blood procedure was performed 5 times to ensure 

reproducibility. The PMBCs isolation was used for validity check by Trypan blue, flow 

cytometry and CD4+ isolation.  

 

2.2.2 CD4+ negative selection 

Bead technology is a simple method for separation by attaching bio-magnets to target of 

interest. Negative selection labels negative targets of interest with bio-magnets. The flow 

through is then collected [54]. A cocktail which targets unwanted cell subsets with antibodies 

against multiple surface markers, expressed by CD4- T cells, will allow isolation of CD4+ T 

cells [50]. A high outcome of CD4+ where purity ranges from 90-96%, with a minimum of 70% 

yield of cell population, is expected. Although very effective and high in purity, Ficoll Paque 

does not remove all the unwanted cells.  

 
Calculations of CD4+ cells were done prior to CD4+ isolation to ensure enough cells were 

available. Having enough to fill 30 wells with 80000 cells, it was proceeded to CD4+ T cell 

isolation. For CD4+ T Cell isolation Miltenyi Biotec Kit specified to human (Cat. No. 130-096-

533) was used. Components include 1mL of CD4+ T Cell Biotin-Antibody Cocktail, human. 

This cocktail includes biotin conjugated monoclonal antibodies against CD8a, CD14, CD15, 

CD16, CD19, CD36, CD56, CD123, TcRγ/δ and CD235a (Glycophorin A). All components 

were supplied in buffer with 0.05% sodium azide, which acts as a stabilizer. Storage of the 

antibodies should be 2-8°C in dark. The procedure should be worked in cold conditions and 

solutions precooled to 2-8°C. The workflow must be rapid to maintain the cells alive.  
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As illustrated in fig 2.2.2, the procedure started with spinning down the cells into a pellet at 

600 x g, 4°C for 10 minutes with break. Supernatant was removed and the cells were 

resuspended in 40µl buffer. To magnetically label the CD4- cells, 10µl CD4+ T Cell Biotin-

Antibody cocktail was added and incubated in dark for 5 minutes at 5°C. 30µl buffer and 20µl  

CD4+ T Cell MicroBead Cocktail were added to the cell suspension, followed by incubation in 

dark for 10 minutes at 5°C. In the next step a LS column (Miltenyi Biotec, Cat. No.  130-042-

401) was placed on the magnetic separator (Miltenyi Biotec, Cat. No. 130-042-302) and the 

magnets were washed in 3ml buffer (Miltenyi Biotec, Cat. No. 130-091-376). Cell suspension 

was then resuspended with buffer up to minimum 500µl. The cell solution was applied to the 

LS column and CD4+ flow through was collected by running 6ml buffer through the LS column. 

The CD4- were collected into another tube by removing the LS column from the magnetic field, 

followed by adding 6ml of buffer and gently applying pressure with a syringe. After spinning 

it down for T cell activation, a 10µl aliquot was brought up to 400µl and acquired for flow 

cytometry. The remaining cell suspension was used for T cell activation. 

10ul – CD4+ T cell
Biotin-Antibody Cocktail
40ul – Resuspended
cell suspension 

5 min

Dark

Cold

LS 
column

CD4+ 
T cells

CD4-

T cells

Discarded
Spin down cell pellet
600xg, 4°C, 10min

30ul – Buffer
20ul – CD4+ T cell 
Microbead Cocktail

10 min

Dark

Cold

Add up 
to 500ul

Mix

Figure 2.2.2: Schematic figure of CD4+ T cell isolation and CD4- cells. Cell suspension was spun down at 600 x g, at 4 °C for 10 
minutes. Supernatant was removed leaving 40μl of cell suspension left, 10μl CD4+ T cell Biotin-Antibody cocktail was then added, 
mixed well, and incubated dark and cold for 5minutes. After incubation 30μl buffer and 20μl CD4+ T cell microbead cocktail was 
added, mixed and followed by 10 minutes incubation. After incubating the volume was added up to 500μl with buffer, before 
applying the solution to the prewashed LS column. The isolation took place when 6ml of buffer was used flow through the CD4+ 
T cells. Leftover CD4- T cells were pressed with a syringe prior to discarding the CD4- T cells. 
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2.2.3 T cell Activation 

T cell activation beads include signals that biologically activate a T cell, as they interact with 

an antigen presenting cell. This interaction includes CD3 and CD28, two signals that initiate 

proliferation and differentiation. By mimicking this interaction with beads that have anti-CD3 

and anti-CD28 attached, the CD4+ T cells are activated and start to proliferate and differentiate. 

We expect the activation to be highly effective, as these signals complete the signal for CD4+ 

activation. The signal will work on CD8+ cell  as well, through CD3 and CD28, but are not that 

efficient [55]. 

 
Activating the CD4+ T cells was done using Dynabeads Human T activator CD3/CD28, from 

Life technologies (Cat. No. 11161D). For cell preparation we made sure to use the appropriate 

amount of activating Dynabeads. Cell culture was prepared using 50ml  RPMI 1640 w/ 2 mM 

L-Glutamine medium (Sigma Aldrich, Cat. No. 21875034), 5% Fetal bovine serum (FBS) 

(Sigma Aldrich, Cat. No. 10500056) and 1% ml penicillin (Sigma Aldrich, Cat. No. 15140148).  

 

Washing of Dynabeads was performed by resuspending and vortexing. 2μl for every 80000 

cells was added to a tube, to retain a bead to cell ratio 1:1. To wash the beads, the same amount 

of buffer as beads was added and mixed. Supernatant was discarded by magnetism and 

resuspending the Dynabeads in same volume of culture medium as the initial volume of 

Dynabeads. Having 80000 purified T cells in 100µl medium in a 96-well tissue culture plate, 

the human T cells could be activated. This was done by adding appropriate µl washed 

Dynabeads to obtain cell:bead ratio at 1:1, 1:25, 1:50, 1:75 and 1:100. The plate was then 

incubated, humidified at 37°C. After incubation the cells were harvested followed by analysis. 

 

To setup the well plate, 100μl of cell solution was added into each well. Beads were 

resuspended in appropriate media, which was then distributed with 50μl in each cell solution 

except for the unstimulated. For the treatment group PF-04957325 was dissolved in dimethyl 

sulfoxide (DMSO) (Sigma Aldrich, D2650) and added to treatment wells. To add up the 

volume to 200ul, 100μl media was added to the unstimulated wells, 50μl DMSO to stimulated 

wells and PF 10uM/DMSO to treated wells. 
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PF 10uM was expected to attenuate the integrins expressed on the surfaces of T cells. DMSO 

was used as control for PF, letting the same conditions affect the cells except the PF inhibitor. 

The beads were present in row 2 and 3 and absent in row 1 to control to these conditions. Fig. 

2.2.3 illustrates the incubation setup. 

 

 
 
2.2.4 PF-04957325 

To complete PDE8A inhibition, PF-04957325 was used. The inhibitor is chemically 

synthesized and comes in solid powder. This compound is synthesized by Pfizer, Inc, Groton, 

USA. on request and provided to Amanda Vang for investigation in this project through 

Pfizer’s Compound Transfer Program (CTP). PF-04957325 is used through the CTP and is 

well documented in PDE8A investigation. The inhibitor does not include animal or cell derived 

products. The hazardous properties of PF-04957325 has not yet been determined and was thus 

handled with care, to minimize exposure. Storing should be at room temperature, away from 

direct sunlight and used in ventilated area.  

 

Conditions 

Control included 100 µl of cell suspension and 100 µl of media 

Stimulated included 100 µl of cell suspension, 50 µl DMSO and 50 µl beads 

PF 10 µM treated 100 µl of cell suspension, 50 µl PF and 50 µl beads 

 

CD4+ 
T cells + Dynabeads

PF inhibitor 10uM

Stimulated

Unstimulated

Incubation followed by analysis

CD4+ 
T cells

Figure 2.2.3: Schematic fig. of T cell activation. Inactivated CD4+ T cells in row 1 and activated CD4+ T cells in row 2 and 3. PF-
inhibitor is introduced post incubation for 1 hours. Samples are analyzed after incubation. 
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A stock solution of 1mM dissolved PF-04957325 in DMSO was made and distributed in 

aliquots followed by freezing. The working solution in this study was 10µM (1% DMSO) and 

was used to test for integrin expression in stimulated CD4+ T cells from human. 

 

2.2.5 Microscope 

To observe the cells, AmScope IN200 series (SKU: IN200TB) was used, an inverted 

microscope to identify changes after incubation. The cell culture was observed and documented 

at 10x, 25x and 40x magnification. It was expected to see a difference in unstimulated and 

stimulated cells, as they morphologically should change upon activation. The beads would also 

be visible, and we would be able to see cell interacting with the beads. We also expected to see 

cell clusters,  as T-cell adhesion occurs during upregulation of LFA-1 and CD11a integrins via 

signal transduction upon activation[41][56]. Using beads specifically for CD3 and CD28, we 

could activate the cells and document the changes. The contradictions of using beads are fixed 

receptors on the surface and activation can thus be hard to control [57].  

 

2.2.6 Flow Cytometry 

Flow cytometry provides a well-established method to identify cells and is commonly used for 

PMBCs, bone marrow and other bodily fluids. This tool gives a complete technology to 

biologists to study cellular populations with high precision [58]. This has become a standard 

laboratory tool. The clinical approach of this method uses monoclonal antibodies specifically 

for lymphocytes surface antigens, directly conjugated to a number of different fluorescent 

indicators [59]. The specific flow cytometer used, was MACSQuant® from Miltenyi. It includes 

a tactile-screen and fluid level light warnings and analyzes with equipped three air-cooled 

lasers (405, 488 and 635 nm), that can detect forward scatter (FSC), side scatter (SSC) and 

eight colors simultaneously. Cells pass one by one across the laser beam for individual analysis. 

The stained cell suspension is injected into a core flow before passing through a nozzle. As 

they are flowing, they become excited by a light source and scatter into emission filters, where 

the cells passing through are registered in scattered optical lights and fluorescent tags. Data is 

then analyzed in a computer software program. Further down application can include cell 

sorting [58], but was not used in this procedure.  

 

By using MACSQuant® and staining with monoclonal fluorescent antibodies, we would be able 

to show a scatter plot, as well as specific targets. This would help us clarify our yield of 
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reclamation of targeted cells and viability. The method is considerable for analyzing 

heterogeneous subpopulations of cells, as specific cells can be identified. We were able to 

observe cells with multiple staining at the same time. There was also a possibility to exclude 

debris and dead cells, when providing the final data.  

 

Flow cytometry required education and had many technical difficulties, as there were many 

adjustments for a manual technician to master. This could compromise the reproducibility, as 

gating and other variables were included. For keeping the method reproducible, daily 

calibration was done, to keep valid comparisons between the scatters. For channel calibration, 

Rainbow calibration (BD Biosciences Cat No. 559123) was used. Compensation was done 

using Comp bead kit, Anti-REA (Miltenyi Biotec, Cat. No. 130-113-434) to calibrate the 

median fluorescence intensity (MFI). 

 

MACSQuant® was used to gather data from cell suspension. This was done by adding 1ml 

buffer and Propidium iodide (PI) (Miltenyi Biotec, 130-093-233) after addition of monoclonal 

antibody stains, followed by acquisition.  

 
2.2.7 Staining with antibodies 

Cell surface markers were used to define subpopulations in cell culture. The surface markers 

have different structures and functions and include receptors for soluble and cell-bound 

ligands, ion channels, glycoproteins and more.  

 

Antibodies are labeled with a fluorochrome, that are targeted to specific amino acid sequence 

of interest. This promotes ability to identify all interactions, where the antibody is attached to 

the proteins. Excitation of fluorochromes occur as they are charged by a light source at a 

specific wavelength, and they release the extra energy by emitting light at another longer 

wavelength [60], illustrated on fig 2.2.6. The antibody attached fluorochromes become visible 

either through a microscope or in a flow cytometer, which register each cell with the targeted 

surface molecule.  
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We expected to identify cells labeled with our surface molecules of interest with high precision. 

The spectra chosen for the antibody stains had small overlapping regions and did not interfere 

with the outcome we got. This labeling allowed us to target very specific cell surface molecules, 

which means we could identify cells at different stages. 

 

As recommended by the companies that produced the antibodies, 1µl of antibody solution was 

used per 100µl cell suspension. The staining incubation time was performed in cold and dark 

conditions.  

 

Staining of cluster of differentiation (CD) is done to identify certain cell types. As the stains 

provide immunophenotyping of the cells. CD molecules act as receptors or ligands. 

Immunophenotyping allows cells to be defined based on what CD are present on their surface. 

T lymphocytes include CD3 and CD45 on the surface, while T helper cell in addition includes 

CD4 and cytotoxic T cell has CD8 molecules on the surface. To identify these molecules on 

the cell surface we stained using antibodies from Miltenyi Biotec: CD3-FITC, Human, Clone 

REA613(Cat. No. 130-113-700), CD4-FITC, human, Clone REA623 (Cat. No130-114-722), 

CD8-PE, human, Clone  REA734 (Cat. No. 130-110-816) and CD45-vioblue, human Clone 

REA747 (Cat. No. 130-110-775). Staining of integrins specific for adhesion, CD11a (α2)-

VioBlue, human (Cat. No. 130-105-477) and CD49d (α4)-APC, human, Clone REA545 (Cat. 

No. 130-121-349) were used. To check the viability of the cell population we used Propidium 

iodide (PI) to stain DNA of dead cells. In addition, we used 7-AAD (Cat. No. 130-11-568), 

Figure 2.2.6: Fluorescence spectra overview of stains used in this project. Single line shows excitation and filled curve shows 

emission. FITC was used to stain CD3 and CD4. PE for CD4 and CD8. APC was used to stain CD8 and CD49d. VioBlue was 

used to stain CD45 and CD11a. PI and 7-AAD was used to stain all dead cells, checking for viability. 
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which works similarly to PI and includes fixation of the cells with BD Facs lysing solution 

(Cat. No. 349202). 

 

2.2.8 Data analysis 

Post-acquisition analysis is available on Flow Cytometry Standard files (.fcs). FCS express 6 

is a software program that turns raw data from flow cytometry into results. The software 

program uses a user-friendly interface, very similar to PowerPoint. The raw data could be 

presented in a lot of advanced plot types. These different plots could be gated and isolated and 

ultimately statistics could be analyzed.  

 

Analysis of the data was done in FCS Express 6 Plus, after the data had been collected by 

MACSQuant®. This allowed us to work with raw data and use gating method to exclude 

unwanted populations, background and debris, as well as identifying our cell populations that 

were based on the antibodies. Subpopulations were isolated and statistics were analyzed.  

 

2.2.9 Validation of cell quantity by Trypan blue 

The method used to count cell viability was Trypan Blue Staining Assay. This assay stains a 

cell suspension with a stain that diffuses through the dead cell membrane. The viability is then 

visually examined. Materials used for staining were PBS (Sigma Aldrich, Cat. No. 10010015) 

and 0.4% trypan blue (Thermofisher, Cat. No. 15250061).  

 

We started by centrifuging cell suspension for 5 minutes at 100 x g. The pellet was resuspended 

in 1mL PBS (no serum). 0.4% Trypan blue and cell suspension were mixed and incubated for 

3 minutes at room temperature. A drop of cell mixture (10µl) was applied to a hemocytometer 

and observed under a binocular microscope. Unstained (viable) and stained cells were counted, 

and total viable cells were divided by total number of cells, which was multiplied by 100 to get 

the percentage of viable cells.  

 
!"#$	&$''(
)*+,'	&$''( · 100 = 1$''	#",2"'"+3 

 

The results were used as a comparison to the MACSQuant®, validating the viability with two 

methods. 
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3.	Results	
The results are shown in this section. Whole blood analysis, PMBCs analysis, CD4+ T cell 

negative selection analysis and T cell activation analysis where targeted integrins are checked 

for expression. 

 

3.1 Peripheral Mononuclear Blood Cell - Ficoll isolation 
In order to isolate the peripheral white mononuclear blood cells, we used Ficoll Paque. The 

procedure was technically successful as the quantity of granulocytes, erythrocytes and platelets 

was decreased and concentration of PMBCs was increased. Furthermore, we managed to keep 

the CD4+ : CD8+ physiological ratio at 2:1, which confirms stability of the procedure. The 

viability of the cell suspension was >99%; this confirms the viability for the procedure. 

Concentration of CD4+ T cells from 3ml whole blood was 372.600 CD4+ T cells/ml. 

 

When isolating PMBC from whole blood we managed to keep the CD4+ : CD8+ physiological 

ratio at approximately  2:1. When looking at fig. 3.1.1 we see whole blood with a ratio 
456	78.::%
45<	=>.>=% = 2.05, and PMBCs 456	76.A:%45<	=B.<A% = 2.31.  

  

Figure 3.1.1: Representative figure of CD4 to CD8 ratios during PMBC isolation. From having 61.55% of CD4 cells in whole 
blood we managed to maintain the ratio (64.35%) of CD4+ cells after PMBC isolation. Measurements were calculated of  
the ratio between CD4+ and CD8+ cells. The ratio remained approx. 2:1 prior to CD4 isolation. (A) For whole blood the 
ratio was 2/1, (B) PMBC was 2.3/1.  
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Fig 3.1.2 illustrates the plots for whole blood count. Whole blood cell count: 99.97% of whole 

blood cells are singlets, of which 57.62% are granulocytes and erythrocytes. In addition to 

these, 35.25% are lymphocytes. 99.71% of the lymphocytes are live cells, of which 16.45% 

are T lymphocytes (T cells). 61.38% of the T cells are CD4+ and 29.98% are CD8+.  

Fig 3.1.3 illustrates the plots for PMBC count. PMBC count: 99.77% of PMBC are singlets, of 

which 11.97% are granulocytes and erythrocytes. 73.24% of these are lymphocytes. 100% of 

the lymphocytes are live cells, of which 26.23% are T lymphocytes (T cells). 65.18% of the T 

cells are CD4+ and 28.57% are CD8+.  

Figure 3.1.2: Representative figure of analyzed whole blood. (A) Singlets. (B)Granulocytes and erythrocytes and lymphocytes. 
(C) Live cells. (D) T cells (E) CD4 and CD8 cells. We managed to run  99.97% cells as singlets. Of these, 57.62% were granulocytes 
and erythrocytes. 35.25% of the whole blood were lymphocytes which had the viability at 99.71%. 16.45% of the live cells were 
T cells. 61.38% of the T cells were CD4 T cells. 
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3.2 CD4+ Isolation 
In order to isolate CD4+ T cells from the PMBCs, we used CD4+ T Cell negative selection, 

Miltenyi Biotec Kit, specified to human. The procedure was done five times and was 

technically successful as the isolation yielded >95% T cells with viability >98% and purity of 

93.40%. Furthermore, comparison between the PMBC, CD4- T cell and CD4+ T cell isolates, 

confirms the efficiency of the procedure. The concentration of CD4+ T cells from 10 ml after 

CD4+ T isolation was 1.300.000 CD4+ T cells/ml. 

 

The isolation of CD4+ T cells changed the physiological ratio of CD4+ : CD8+ at approximately  

2:1 to  456	>A.>D%45<	=.A:% = 39.95	for the isolated CD4+ cells and  456	6A.8A%45<	=7.D=% = 1.66. This difference in 

ratio is visible in fig 3.2.1. 

Figure 3.1.3: Representative figure of PMBC isolation with Ficoll Paque. (A) Singlets. (B)Granulocytes and erythrocytes and 
lymphocytes (C) Live cells. (D) T cells (E) CD4 and CD8 cells. We managed to run  99.77% cells as singlets. Of these, 11.97% 
were granulocytes and erythrocytes. 73.24% of the peripheral mononuclear blood cells were lymphocytes which had the 
viability at 100%. 26.45% of the live cells were T cells. 65.18% of the T cells were CD4 T cells. 
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The difference of the Ficoll PMBC isolation and CD4+ isolation is visible in fig. 3.2.2. We see 

populations with different CD4+ expressions. For the non-CD4+(CD4-) and PMBC isolate, we 

see three populations: a large population with non or really low CD4+, a population with mild 

expression and a population with high expression. PMBC isolate contains a high amount of 

CD4+, while CD4- contains low amount CD4+. CD4+ isolate includes two major populations, one 

with non or low CD4+ and one with high CD4+, the latter population is very large. In addition, 

we see CD4+ isolate and non-CD4+ including a small population with very high CD4+ 

expression.  

NMO2019-04-02CD4 isolate.0001.fcs
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Figure 3.2.1: CD4 to CD8 ratios during CD4 T cell isolation. Measurements were calculated of  the ratio between CD4+ and 
CD8+ cells. The ratio remained approx. 2:1 prior to CD4 isolation. After isolation ratios were (A) CD4- 1.65:1 and (B) CD4+ was 
40:1.  

A B 

Figure 3.2.2.: PMBCs acquired from 3ml human whole blood. Histogram of CD4+ Isolate shown in black, CD4- Isolate, shown 
in red, and PMBC Ficoll isolation, shown in blue. Visible populations are at 100, 103.5, 104 and 104.5. PMBCs are peaking at 
three locations: 100 and 103.3, with majority of CD4+ T population at 104.2. 
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Fig. 3.2.3 illustrates another PMBC isolation, where we managed to get 72.23% lymphocytes, 

of which 99.80% were alive. 60.08% of the live cells were T cells, 27.60% of the T cells were 

CD4+ and 18.38% were CD8+. Of the CD4- isolate, seen in fig 3.2.4 (a-d), 86.08% of the total 

population are lymphocytes of which 96.21% are alive and 21.67% of these live lymphocytes 

are T cells. The T cells include 43.13% of CD4+ T cells while 26.92% are CD8+ T cells.  
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Figure 3.2.4 (A) CD4- scatter: (A) 86.08% gated lymphocytes. (B) Live lymphocytes 96.21%. (C) T lymphocytes 21.67%. 
(D) CD4 counting for 43.13% and 26.02% CD8 positive cells.  
(E) CD4+ scatter: 95.27% gated lymphocytes. (F) Live lymphocytes 98.21%. (G) 95.51 were positive for T lymphocytes. 
(H) CD4+ count was 93.90% and 2.35% CD8 positive cells. 
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Figure 3.2.3: PMBCs isolation: (A) Scatter 72.23% lymphocytes and 14.78% monocytes. (B) Live lymphocytes 99.80%. 
(C)60.25% positive T Cells. (D) 27.60% CD4+ T cells. 
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The CD4+ isolate, seen in fig 3.2.4 (e-h), 95.27% of the total population are lymphocytes of 

which 98.40% are live cells. 95.51% of the live cells are T cells of which 93.90% are CD4+  

and 2.35% are CD8+. 

 

3.3 CD4+ T cell activation 
In order to activate the CD4+ T cells, CD3+CD45+ Human T activator Dynabeads were used.  

 

Filename Parameter
Low 

bound
High bound

# of 

Events
Median CV

NMO2019-04-26DMSO CD11a_CD4_8_CD49dFMO.0001.fcs CD11a VioBlue-A -594.53 262144.00 8194 3053.23 146.90

NMO2019-04-26PF CD11a_CD4_8_CD49dFMO.0001.fcs CD11a VioBlue-A -841.04 262144.00 8281 2637.39 194.47

NMO2019-04-26Unstim CD11a_CD4_8_CD49dFMO.0001.fcsCD11a VioBlue-A -1007.71 262144.00 4765 925.17 462.97

Filename Parameter
Low 

bound
High bound

# of 

Events
Median CV

NMO2019-04-26DMSO CD11aFMO_CD4_8_CD49d.0001.fcs CD49d APC-A -220.50 262144.00 9329 2307.24 111.57

NMO2019-04-26unstim CD11aFMO_CD4_8_CD49d.0001.fcsCD49d APC-A -131.28 262144.00 4776 882.66 118.42

NMO2019-04-26PF CD11aFMO_CD4_8_CD49d.0001.fcs CD49d APC-A -76.81 262144.00 8130 2283.55 114.35

48 hrs incubation. 
CD4+ T cells incubated for 48 in 
37°C, 5% CO2 in Media.  
Conditions include: 
Unstimulated cells are indicated as 
blue.  
Stimulated cells are indicated as 
black.  
Drug affected stimulated cells are 
indicated as red. 
Dynabeads activation is used to 
stimulate the cells.  

Figure 3.3.1: Unstimulated(blue), Stimulated(black) and drug treated(red). Median for unstimulated cells stained with CD11a is 
882.66, while the covariance is 118.42, while for CD49d it is 925.17  and 462.97, respectively. Median for stimulated cells stained 
with CD11a is 3053.23, while the covariance is 111.57, while for CD49d it is 2307.24and 146.90, respectively. Median for cells tested 
with PF-inhibitor, and stained with CD11a is 2283.55, while covariance is 114.35, while CD49d is 2637.39 and 194.47, respectively. 

  

Filename Parameter Low 
bound

High 
bound

# of 
Events Median CV

NMO2019-04-29DMSO beads OFF_CD11a_4_8_CD49dFMO.0001.fcs CDlla VioBlue-A -823.01 262144.00 19578 10754.20 67.86
NMO2019-04-29PF beads OFF_CD11a_4_8_CD49dFMO.0001.fcs CDlla VioBlue-A -629.69 262144.00 17350 11915.72 67.06
NMO2019-04-29unstim beads OFF_CD11a_4_8_CD49dFMO.0001.fcs CDlla VioBlue-A -1048.68 262144.00 3779 764.74 336.04

Filename Parameter Low 
bound

High 
bound

# of 
Events Median CV

NMO2019-04-29DMSO beads OFF_CD11aFMO_4_8_CD49d.0001.fcs CD49d APC-A -88.70 262144.00 19277 3786.44 71.02
NMO2019-04-29PF beads OFF_CD11aFMO_4_8_CD49d.0001.fcs CD49d APC-A -141.31 262144.00 15342 4397.72 86.38
NMO2019-04-29unstim beads OFF_CD11aFMO_4_8_CD49d.0001.fcs CD49d APC-A -81.77 262144.00 3317 964.12 144.26

120 hrs incubation. 
CD4+ T cells incubated for 48 in 
37°C, 5% CO2 in Media.  
Conditions include: 
Unstimulated cells are indicated 
as blue.  
Stimulated cells are indicated as 
black.  
Drug affected stimulated cells 
are indicated as red. 
Dynabeads activation is used to 
stimulate the cells.  

Figure 3.3.2: Unstimulated(blue), Stimulated(black) and drug treated(red). Median for unstimulated cells stained with CD11a is 
964.12, while the covariance is 144.26, while for CD49d it is 764.74 and 336.04, respectively. Median for stimulated cells stained 
with CD11a is 10754.20, while the covariance is 67.86, while for CD49d it is 3786.44 and 71.02, respectively. Median for cells tested 
with PF-inhibitor, and stained with CD11a is 11915.72, while covariance is 67.06, while CD49d is 4397.72 and 86.38, respectively. 
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The procedure had some difficulties, but on our last attempt we were able to complete a 

successful procedure. First of we tried a time course to identify upregulation of the α4 and αL 

integrins. In the 48-hour incubation, seen in fig. 3.3.1- and in the 120-hour incubation, seen in 

fig. 3.3.2, we confirm that the activation is successful. Furthermore, we see the activation 

functioning correctly in our second attempt, in fig. 3.3.3, although the effect of PDE8A 

inhibition seems uncertain and disperse.  

 

 

Moreover, to check for activation strength, we diluted the activation beads prior to addition to 

cell suspension, followed by treatment with PDE8A inhibition. Common for all histograms in 

fig 3.3.3 is that, as the activation strength increases, the populations of the stimulated and 

untreated cells are in decline. In contrast, the treated groups retain their viability during the 18-

hour incubation. 

 

Figure 3.3.3. PF-inhibitor treated group after 18 incubation, + 1-hour treatment. 1st row includes CD49d expression on T cells 
after activation and 2nd row includes CD11a expression. Each plot resembles a different activation strength ranging from 1:1 
cell to bead ratio, 1:25, 1:50, 1:75, 1:100. Red line resembles the stimulated cells and the black resembles PF-inhibitor treated 
cells. 
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In order to figure out what activation strength suited our goal; we kept the time constant and 

titrated the beads and checked the distribution of cells on different activation strengths. Our 

titrations were bead to cell ratio: 1:1, 1:25, 1:50, 1:75, 1:100. The titrations can be seen in fig 

3.3.4. The activation strengths chronology for each integrin expression with treatment and 

without, resulted in: A: 1:100, 1:75, 1:25 and 1:1/1:50. B: 1:100, 1:75, 1:25, 1:50 and 1:1. C: 

1:25, 1:50, 1:100, 1:75 and 1:1. D: 1:25, 1:50, 1:100, 1:1 and 1:75.  

 	

Activated 

1:1   – green 

1:25  – purple 

1:50  – blue 

1:75  – red 

1:100– black 

PF-inhibitor 

1:1  – green 

1:25 – purple 

1:50 – blue 

1:75 – red 

1:100– black 

Figure 3.3.4: (A)Histogram of CD49d with PF introduced. (B) CD11a with PF introduced. (C) CD49d with DMSO. (D) CD11a 
with DMSO. 

A B 

C D 
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3.4		Cell	observations	
In order to check for cell morphology, an inverted microscope with a camera was used. 

Although successful images, many improvements could have been done to improve the quality, 

coloration and focus. We managed to capture images from all our T cell activations, with 10x, 

25x (data not shown) and 40x magnification. These cell observations are visible in fig 3.4.1. In 

the 18-hour incubation, we see cells in the unstimulated group, while in the group with beads, 

we see very few cells. In the 48-hour incubation we see cells in all conditions and where the 

beads had been introduced we see activated cells. In the treated group we see cells clustering. 

We see cells present in all conditions for the 120-hour incubation, where all stimulated cells 

have high activation and are blistering. The unstimulated cells are swollen and less 

concentrated. 

  

40x 48 
hours 

40x 120 
hours 

18 
hours 

40x 
Unstimulated Stimulated Treated with PF 

Figure 3.4.1: Cells under 40x magnification during different incubation duration. The different conditions are 
unstimulated, stimulated and PF-treated. Activation strength for all samples are cells 1: beads 1. We observed in 
18-hour incubation a moderate number of cells, appearing spherical. Next we saw very few stimulated cells 
contacting beads, appearing activated. PF-treated included very few cells. In stimulated and unstimulated we 
observed very few cells, but a large number of beads. The beads bind to each other, as there are no contact to cells. 
On 48-hour incubation we saw spherical, unstimulated cells. In the stimulated group, we observed a fine distribution 
of cells and beads. We saw some cells had become elongated, indicating a successful activation. With the PF-treated 
group we observed clustering of cells and beads, as activation occurred. We also observed swollen and elongated 
cells. Looking at 120-hour incubation the unstimulated cells had all become swollen but kept the spherical shape. 
In the stimulated group the cells were swollen and elongated and adhered to each other. Same situation was 
observed in PF-treated cells. PF-treatment was done prior to incubation in the 48-hour and 120-hour groups, while 
PF-treatment was done after 18 hours incubation, followed by one-hour incubation with PF-treatment included. 
The cell count was too low in the 18-hour incubation. 



Bachelor’s Thesis Arnfinnur Kallsberg June 2019 
 

 

 

Page 36 of 50 

4. Discussion 
The research question of this study was to assess whether incubation with PDE8A inhibition 

reduced expression of α4 and αL integrins on the surface on CD4+ T cells. In addition, we had a 

technical objective, which was to establish a protocol for isolating and activating CD4+ T cells, 

which included isolation of PMBC from human whole blood, whereof CD4+ T cells were 

further isolated and activated. To reach our aim we included several methods.  

 

The activation of CD4+ T cells, mimicked an inflammation state, resulting in increased 

expression of α4(CD11a) and αL(CD49d) integrins. By modelling the adaptive immune system 

via activation, we used PF-0495732 to inhibit PDE8A, which has previously shown to reduce 

α4 and αL expression [47]. Another study showed no significant difference in integrins 

expression [48].  

 

We hypothesized that based on proven PDE8A inhibition on cAMP regulation[1], [2] and the 

uncertain effects in murine studies, we would find a clarification on the expression of α4 and 

αL integrins after treatment with PDE8A inhibition in human CD4+ T cells. PDE8A would 

potentially be a therapeutic drug to disrupt the trafficking of the T cells into the tissue and 

thereby decrease inflammation. 

 

In the following sections, a discussion of the results is connected to the research and technical 

questions of this study.  
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4.1 Peripheral mononuclear blood cell isolation 
We started out by isolating PMBCs and showed that the PMBCs isolation with Ficoll Paque 

was technical successful. Our results corresponded with the expected mononuclear cell 

retrieval, which was 60±20% and the viability was above the expected 90%. The procedure 

was as mentioned done five times, to ensure reproducibility and based on the result. 

 

We managed to increase the percentage of lymphocytes from 35.25% from the total cell 

population in whole blood, up to 73.24% in the PMBCs isolate. The viability was 100% and 

99.77% of the total cell population appeared to be singlets. Total lymphocytes in the PMBCs 

population were 26.23% (fig. 3.1.3), an increase from 16.45% in whole blood (fig. 3.1.1). 

Moreover, the CD4+:CD8+ ratio was kept at 2:1, which confirms no disruption of targeted cells 

during the procedure. 

 

Our initial aim was to gather 3ml of whole blood from blood donors. When having done 

multiple runs, we realized that we could not collect enough CD4+ T cell, as the average count 

was 372.600 CD4+ T cells/ml. Therefore, we decided to draw 10ml blood for each run. As we 

could not get this from any donor, we used blood from volunteers. We managed to get 

1.300.000 CD4+ T cells from 10 ml of whole blood, which was enough and continued using 

this volume of whole blood through the protocol. 

 

Having trouble spinning down the cell suspension in 50ml tube, with no swinging rotor, we 

decided to use 4x15ml tubes, as described in the methods. Even at 15ml tubes we had problems 

getting a dense pellet, as we had a fixed rotor on an angle. We decided to centrifuge in a 

swinging rotor at the National hospital of the Faroe Islands, which led to further challenges, as 

we had to synchronize with their workflow. By using the swinging bucket, we managed to get 

a dense pellet and could continue our down applications.  

 

By excluding drawing 3ml donor blood and knowing that drawing 10ml donor blood from 

volunteers was only a preliminary solution, we looked for new opportunities. We investigated 

in new methods to harvest lymphocytes and decided to try harvesting white blood cells from 

leukocyte reduction filter. This filter is used for filtering white blood cells away from donated 

blood. As the donated blood has to be free from white blood cells, it is filtered letting through 

the red blood cells, plasma and platelets while the leukocytes get stuck in the filter. This 
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protocol has previously been done by others [61][62] and those studies have shown that the 

method will give enough leukocytes to work with for T cell activation. As these filters usually 

end in the trash, we decided to harvest them as check for availability and viability of T cells. 

By implementing the harvesting method of white blood cells from leukocyte reduction filter, 

we could possibly substitute the 3ml blood drawing from the blood donors. By implementing 

leukocyte reduction filter, we could harvest the PMBCs in a volume corresponding to 500ml 

of whole blood, which is standard blood donor volume. Due to a short time frame we concluded 

to stick with PMBC isolation for this study, though we see lymphocyte harvesting from 

reduction filter to be a potential improvement in the future. 

 

Another method we used was to remove monocytes from PMBCs. We incubated the PMBC to 

check if it was possible to remove the majority of the monocytes from the population, as we 

expected they would adhere to the plate, while the other cells would roam freely in the solution. 

This unfortunately did not work, because at this moment we did not have specific equipment 

for this method. One study used Teflon-coated cell culture bags [63], while another study used 

gelatin mixture in their media, that aided in monocyte adhesion to the flasks [64]. While not 

having enough time to invest in this method, we chose to stick with the CD4+ isolation post 

PMBCs isolation. A validity check was done after incubation to see if monocytes were reduced 

and which they did not (data not shown), caused by lack of proper equipment.  

 

Our results show significant difference cell count and percentage between the whole blood and 

PMBC isolation, when looking at lymphocyte cell population, granulocytes, erythrocytes, and 

T lymphocytes. The results also confirm the recommended protocol for PMBCs isolation using 

Ficoll Paque to be a successful and considerable method.  

 

4.2 CD4+ isolation from peripheral mononuclear blood cells 
In continuation from PMBCs isolation, we isolated CD4+ cells with negative selection, and this 

was technically successful as we managed to get 95.27 % lymphocytes with 98.40% viability. 

95.51% were CD4+ T cells whereof purity was 93.90% for CD4+ T cells. This corresponds with 

the expected outcome, mentioned in section 2.2.2.  

 

Resuspending in 15ml tubes was a challenge, as CD4+ T cells tend to be light colored, hard to 

see and easy to lose track of. In addition, we realized that the sedimentation of the cells ended 
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along the sides when centrifuging in the fixed rotor. To solve this problem, we chose to spin 

down in 15ml tube, remove supernatant and resuspend cell suspension in 2ml Eppendorf tube, 

followed by spinning down giving a dense pellet. With a swinging rotor we would evade this 

problem as we could have used 15ml tubes and trust that the cell pellet would sediment at the 

bottom of the tube. The loss of cells sticking to the wall would be minimal as the centrifugation 

would be in a swinging motion instead of a fixed. Having the proper equipment would complete 

this protocol with more ease and precision and would ensure re-constructability.  

 

Doing multiple runs of CD4+ negative isolation we managed to improve the recommended 

procedure by manipulating some steps. By adding the double amount of buffer when rinsing 

out the CD4+ T cells, we managed to improve the yield (data not shown). The amount would 

not affect the outcome as the cell suspension was spun down and resuspended in a smaller 

volume.  

 

Decision was made to implement a potential break in the procedure. This was caused by 

viability loss during incubation. After separation of the CD4+ T cells from the PMBCs the 

viability of our CD4+ isolate had decreased to 60% - as it was incubated in the fridge overnight, 

but the viability remained 98% in the CD4- (data not shown). Incubating at this moment was 

done because of timing issues which ended with postponing the procedure to the next day. The 

decrease of viability could have been avoided by incubating the cells prior to CD4+ isolation 

and letting the CD4+ T cells remain in the PMBCs. This would evade the apoptotic signaling 

that cells release when in a stressed environment. 

 

Based on the survival mechanisms induced by cytokines we believe that it is a reasonable 

explanation as the CD4+ depend on signals for survival, which they receive from CD4- cells. By 

going straight to analyzing the cells after isolation, we managed to maintain >98% viability. 

Should we end up pausing again in the procedure, we would incubate in cold and dark 

overnight, prior to CD4+ isolation.  

 

The results show us a significant difference in CD4+ T cell population in PMBCs isolated with 

Ficoll Paque and CD4+ T cell negative selection, making this method considerable for CD4+ T 

cell isolation. Although we still see remaining CD4+ T cells in the CD4- T cells isolation, we 

get an idea how technically successful the isolation was. Our results confirmed the protocol, 

ending up with high viability and high purity. 
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4.3 T cell activation 
The results for T cell activation indicate that Dynabeads used specific for T cell activation 

worked as they should. Observations with microscope confirmed morphological changes of the 

cells after activation. Being symmetric and spherical when unstimulated and swollen and 

elongated when activated confirmed that the activation was successful. However, one approach 

showed CD4+ T cells count to be low, which was most likely a fault in CD4+ T cell isolation, 

and this led to unclear results. To get a complete clarification, it is needed to complete one 

faultless run, where all steps are performed flawlessly. 

 

Dynabeads are recommended to be removed from the activated cells prior to further 

applications. We however did not remove them when preforming the protocol as our colleagues 

had experience analyzing with beads included and recommended us to leave the beads on. We 

analyzed the sample and were able to identify the beads on the scatterplot, where they were 

located in isolation at a distance away from the cell populations (data not shown). Moreover, 

comparisons between cell population including beads and cell population excluding beads were 

analyzed and showed no significant difference (data not shown). By analyzing cell populations 

including beads, we were able to exclude the beads during analysis and we speculated that the 

beads did not affect the results coming of the MACSQuant®.  

 

To analyze integrin α4 and αL, we started out by fixing the cells with BD Facs lysing solution 

(Cat. No. 349202) to prevent endocytosis of the integrins. The stained and fixed cell suspension 

was then analyzed in normal manners using 7-AAD to clarify the viability. However, this result 

was confusing and diffuse. The plots did not appear as expected, as we did not see the viable 

cells with low 7-AAD scatter and dead and permeable cells with high 7-AAD scatter. The result 

was discussed with colleagues and a conclusion was made to not fix the cells. Instead we cooled 

the isolated cells down to 0-4°C, which made the endocytosis of the integrins non-existent, and 

followed up by staining in normal manners with PI for viability check. By cooling the cells 

prior to staining, we got better results, which were familiar to previous results. 

 

Our first test in the incubator was done over five consecutive days. As this was our first try, we 

included 10uM PF-0495732 from the start. During this incubation, we pooled cells twice at a 

48-hour mark and a 120-hour mark. First pooling was at 48 hours incubation as the cells were 

pooled from the wells followed by staining and fixing. The microscope photographs showed 
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activated cells in the 48-hour incubation, particularly the 120-hour incubation showed overly 

activated cells due to the long activation duration. When analyzing the cells incubated for 48 

hours, we saw the population with high CD49d included for all conditions, indicating possible 

upregulation of CD49d and indirect stress response with the long incubation duration. By 

looking at CD11a we saw similar shaped distribution among the conditions, but the 

unstimulated cells appeared with lower count and activation. We continued with incubation for 

120 hours and most of the unstimulated cell were dead and showed no visible spike. While 

looking at the unstimulated group both CD49d and CD11a, we observed only a small amount 

of count, which might indicate apoptosis occurring as they lack activation for proliferation and 

survival. The distribution of cell population is uniform in the stimulated group and where the 

PF-0495732 is applied. When looking at both incubation durations we saw that the 

unstimulated cells have much lower activation and in the 48-hour incubation we see two 

populations with lower and higher expression of the integrins.  

 

Looking at CD49d we observe a small population with high expression and one with lower 

expression. The highly expressed population is present in the unstimulated, stimulated and 

treated group, as the lower activated is more differentiated, with unstimulated significantly 

lower that the treated and stimulated groups. This could indicate that activation occurs when 

the cells are incubated for a long duration as this also is seen in the unstimulated cell population. 

In the 48-hour incubation sample we observed the unstimulated cell count to be lower than the 

others, while in the 120-hour incubation the unstimulated cell count is almost extinct, which 

confirms that cells need stimulation to survive and proliferate.  

 

A second try was made on T cell activation. This time looking at a previous study that showed 

PDE8A mRNA and protein levels were maximally upregulated 8 hours after activation [31]. 

Decision was made to incubate for 18 hours to ensure that the activation was positive before 

we introduced the drug, followed by one-hour incubation. As mentioned earlier, we noticed a 

low number of cells prior to the activation, which was an error in CD4+ T isolation. We 

proceeded the T cell activation nevertheless, due to the short timeframe. The T cells were 

activated by using different activation strengths, mainly to find a more suitable activation as 

the cells in our first attempt seemed to be over activated. Our results were questionable as few 

similarities were seen.  
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Looking at the integrin expression in low activated histograms, e.g. 1:100 and 1:75, we see 

similar shape both for CD11a and CD49d. What these histograms have in common is the 

treated group containing smaller population, while the expression shows no obvious difference. 

However, in the remaining activation strengths (1:50 to 1:1, cell to bead ratio) we observed 

population of stimulated cells to be lower than the treated group. The histograms curves are 

similar in CD49d, 1:25, and 1:1 and in CD11a, 1:1, but the treated group is significantly higher 

in number. Moreover, there are similarities in CD49d in figure 3.3.1 and in CD49d (1:25) in 

figure 3.3.4, where the expression peaks in both cases. Although there are similarities in 

distribution, there cannot be made any conclusion on the effectiveness PF-0495732 has on the 

integrin expression, due to the low cell number.  

 

As stated we might have too few cells, which can lead to random results. As seen in fig 3.3.3, 

we observed the cell to bead ratios and the activation strengths did not turn out as expected. 

Our expectation was to see the least activated cells (1:100) appear in a normal distribution on 

the bottom, as seen in figure 3.3.3 treated CD11a group. The red (1:75) was expected to be 

distributed just above the black, with a slightly stronger activation and quantity, and the blue 

(1:50) above the red and so on. Although there is a chronology seen of the activation, the 

outcome did not turn out as expected. One explanation could be that the cell number is too low 

in the samples, which leads to uneven distribution and randomness. This obstacle would be 

handled with a bigger data pool, which would have been obtainable with a successful CD4+ T 

isolation. 

 

Due to a short time frame we were not able to complete a successful run with T cell activation. 

To complete a successful run, a faultless protocol is needed prior to activation, as a higher 

quantity of cells would give a more clarified result. To overcome this obstacle, we would need 

more cells in the wells, preventing induction of apoptosis. The populations would not change 

so drastically during the incubation period. Having enough cells to work with, we could 

manage to figure out what cell:bead ratio would be interesting to work with. This would allow 

us to further investigate a specific activation strength, as it mimics an infection state as well 

and indicates the efficiency of the drug. 

 

The low cell number can be a stressful environment for the cells and can lead to induction of 

apoptotic cytokines, which results in cells dying. Where PF-0495732 was introduced, the 

population number appeared higher, stating the possibility PDE8A inhibition, which leads to 
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increased intracellular cAMP that shields the cells from apoptotic signals by inducing anti-

apoptotic signals [65]. 

 

The results given in the T cell activation are unclear as some results are pointing out the 

treatment to be positive, while other contradict. We can confirm that while our bead titration 

could be successful, the results showed up differently, possibly because of the low cell number. 

 

Our initiated goal was to show a connection between integrin expression correlated with 

PDE8A inhibition, however we did not manage to show any robust conclusion. Given the 

circumstances, we believe the cells were in a stressful environment, which led to apoptotic 

signaling and the treated group surviving through a survival mechanism, as PDE8A was 

inhibited, leading to accumulation of cAMP. With this approach we cannot conclude that 

PDE8A inhibition has an effect on the expression of CD11a and CD49d integrins and we can 

thus not give biological explanation of attenuated adhesion to endothelium cell adhesion 

molecules. 

 

If we take a look at the 48- and 120-hour incubation in fig 3.3.1 and fig 3.3.2, and focus on the 

median, we see that in the 48-hour incubation, the treated group has an CD49d integrin value 

on 2283.55 and the stimulated on 2307.24. The same difference is valid for CD11a expression, 

as the value is higher for the stimulated cells. Although very similar in value, the treated group 

is lower. If we take a look at the 120-hour incubation, we see the treated group being higher. 

The treated CD49d group is 4397.72, while the stimulated group is 3786.44. In the CD11a, the 

treated group is 11915.72 and the stimulated group is 10754.20. This picture is flipped, and the 

median in the treated group is higher, as the incubation duration increases. As mentioned 

previously, it can be speculated that the apoptosis kicks in after a long incubation and the 

treated group is shielded for the apoptotic signaling. Another speculation is that, as the PDE8A 

is inhibited, gene activation is initiated and upregulates necessary machinery to bounce back, 

increasing the expression more than previously. A very similar result was seen in a study, that 

could not show integrin attenuation when PDE8A was inhibited and in addition, a slight 

increase in these integrins were seen [48]. 

 

To clarify this investigation another flawless approach has to be made before investigating 

future possibilities, which can lead to a robust conclusion on what effect PDE8A inhibition has 

on integrin expression. Moreover, the integrins expressed do not indicate the adhesion 
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themselves, but the conformational change that occurs on the integrins upon activation. 

Chigaev et al developed fluorescent probes that bind to the target of interest as a natural ligand. 

This allows real time integrin conformational change [38], and can potentially be designed for 

measuring low, intermediate and high affinity simultaneously. Another study shows 

instantaneous conformational change in integrin activation [39]. Knowing that a T cell can 

become activated and increase the expression of integrins on the cell surface [28], [29], [38]–

[40], investigations must also be made to identify which conformational state these integrins 

are in. Based on our protocol and outcome, we recommend an approach on the integrin specific 

activation state for future investigations, which would give a more clarified picture of how the 

integrins act upon PDE8A inhibition.  

 

4.4  Method improvements  

4.4.1 Battlefield for implement 
To get a complete uninterrupted procedure, from drawing blood to activate CD4+ isolate, was 

strenuous because of the lack of synchronization in workflow at LS and a challenge we had to 

work around. Investment was done in a rotor for centrifugation that fulfilled our needs and 

would make us evade this problem. However, we were unable to use the swinging rotor as 

software-installation was required. Therefore, the rotor was not used in this project as this 

obstacle could not be secured in time. The next step should be to centralize the implements 

giving the possibility to improve researching in this area, where no practical delaying is present. 

By not being able to synchronize with LS staff, we have to work at different location and 

therefore transport back and forth to analyze the samples. This is not efficient enough and will 

decrease our optimal outcome. The prime solution would be to complete the whole procedure 

at one location. 

 

4.4.2 Incubation impaired staining  

When incubating we stomped upon a possible failure as the incubation occurred in light 

conditions. This might have had a slight effect on the staining efficiency, which ultimately can 

have reduced the outcome when analyzing the stained cells. This was improved early in the 

process by replacing the white box with a dark styrofoam box for incubation. 
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5 Conclusion 
Based on the results found in this study, it can only be speculated that integrins α4 and αL, 

expressed on the surface of the CD4+ T cells, are dependent on intracellular cAMP 

accumulation. This was demonstrated by PDE8A inhibition with PF-0495732. Changes in the 

integrins expression were observed, but no pattern was seen. The results given in this approach 

cannot give a conclusion on whether PDE8A inhibition has an effect on CD11a and CD49d 

integrins. Instead we saw that PDE8A inhibition induced a survival signal towards the CD4+ T 

cells in a stressful environment. Moreover, peripheral mononuclear blood cells were isolated 

with high efficiency from whole blood, using density gradient centrifugation. The CD4+ T cells 

were isolated via negative selection and activated using bead technology. The procedure was 

overall technically successful, but some improvements has to be done in future approaches. 

 
5.1 Future directions 
By implementing multi detection system, we will be able to run a real time study using ICAM 

plates. This implementation can give results on drug response curve, real time activation and 

determine the effectiveness of PDE8A. To increase PMBC reclamation for a possible approach, 

we would include a method to harvest from PMBC reduction filters. Lastly, designing of 

conformational specific antibodies, which target different affinity stages, will clarify the 

adhesion and what effect PDE8A inhibition has on integrins in humans. 
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