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Ágrip 

Það er hlutverk ónæmiskerfisins að halda innra jafnvægi í líkamanum með því að hemja og útrýma 

óæskilegum sameindum. CD8
+
 T stýrifrumur (Tst) gegna mikilvægu hlutverki í ónæmiskerfinu með því 

að bæla eða hindra ónæmisviðbrögð í líkamanum. Líftæknilyf á borð við tocilizumab (anti-IL-6 

einstofna mótefni) og anakinra (anti-IL-1 einstofna mótefni) hafa verið notuð til meðhöndlunar á 

ýmsum ónæmissjúkdóma og er því áhugavert að skoða þessi lyf og áhrif þeirra á CD8
+
 Tst.  

Markmið verkefnisins var að meta og greina hlutverk IL-6 og IL-1 á sérhæfingu og virkni CD8
+
 Tst. 

Óreyndar manna T frumur voru einangraðar úr einkjarna blóðfrumum með Ficoll Histopague og 

síðan neikvætt og jákvætt valdar með tilliti til CD8
+
/CD45RA

+
 markera. Óreyndar CD8

+
/CD45RA

+
 

frumur voru virkjaðar með anti-CD3 og anti-CD28 og ræktaðar með IL-2 og TGF-β1 með/án anti-IL-6 

(tocilizumab: 0.1/10/1000 μg/mL) og anti-IL-1β (anakinra: 0.5/5/500 μg/mL) í 120 klst. CD4
+
 Tst hafa 

verið skilgreinar sem CD4
+
/CD127

-
/CD25

+
/FoxP3

+
 og var ákveðið að skilgreina CD8

+
 Tst frumurnar 

sem CD8
+
/CD127

-
/CD25

+
/FoxP3

int/hi
, en að auki voru CD8

+
/CD127

-
/CD25

+
/FoxP3

-
, CD8

+
/CD127

-

/CD25
-
/FoxP3

int
 ákvarðaðar og skoðaðar með flæðifrumusjá. Tjáning og seyting innan- og 

utanfrumusameinda var skoðuð með FACS og luminex með sérstaka áherslu á IL-6, IL-9, IL-1 og 

PD1. 

Tjáning CD8
+
 Tst í rækt með IL-2 og TGF-1 jókst og voru skilgreinar sem CD8

+
/CD127

-

/CD25
+
/FoxP3

int/hi
. Bæði anti-IL-6 (p=0.002) og anti-IL-1β (p=0.016) hindraði sérhæfingu CD8

+
 Tst. Að 

auki hindraði anti-IL-6 tjáningu PD1 viðtakans. Í IL-2 og TGF-1 hvetjandi aðstæðum jókst seyting á 

IL-2, IL-4, IL-5, IL-9, IL-13, IL-18, IL-21 og IL-22, TNFα, IFNγ og GM-CSF. Hinsvegar, þegar anti-IL-6 

var til staðar, hindraði það seytingu á IL-21 og IL-22. Enn fremur hindraði anti-IL-1 seytun á IL-6 

sameindinni. 

Tekið saman, þá virðast CD8
+
 Tst vera háðar IL-6 þar sem anti-IL-6 hindrar sérhæfingu þeirra en 

að auki virðist PD1 gegna mikilvægu hlutverki í ferli CD8
+
 Tst. Anti-IL-1β hindrar seytingu á IL-6 

sameindinni sem gæti bent til þess að IL-1β sé hvatað af IL-6 tjáningu. Þegar tocilizumab er bætt í 

rækt með CD8
+
 Tst minnkar seytun á IL-21 og IL-22 sem gæti bent til mögulegs meðferðaúrræði með 

anti-IL-6 í B frumu tengdum ónæmissjúkdómum.  
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Abstract 

Growing evidence suggest that defective regulation is the underlying cause of many autoimmune 

diseases such as rheumatoid arthritis (RA), Crohn’s and psoriasis. CD8
+
 T regulatory cells (Tregs) are 

crucial component of the immune system and important to maintain tolerance as well as to modulate 

adaptive immune response by their suppressive function. Two biological drugs, tocilizumab (anti-IL-6 

receptor mAb) and anakinra (anti-IL-1β mAb) have been used for the treatment of autoimmune 

diseases, and it is therefore interesting to examine these drugs and their affect on CD8
+ 

Tregs. 

The aim of this study was to evaluate the role of IL-6 and IL-1β on the differentiation and 

expression/secretion profile of CD8
+
 iTregs.  

Naïve human T cells (CD8
+
/CD45RA

+
) were isolated from peripheral blood mononuclear cells 

(PBMCs) and stimulated with anti-CD3 and anti-CD28 in the presence of IL-2 and TGF-β1 

with/without anti-IL-6 (tocilizumab: 0.1/10/1000 μg/mL) and anti-IL-1β (anakinra: 0.5/5/500 μg/mL) for 

120 hrs. CD4
+
 iTregs have previously been classified as CD4

+
/CD127

-
/CD25

+
/FoxP3

+
 and therefore 

we defined the CD8
+
 iTregs as CD8

+
/CD127

-
/CD25

+
/FoxP3

int/hi
, but additionally other phenotypes were 

defined; CD8
+
/CD127

-
/CD25

+
/FoxP3

-
 and CD8

+
/CD127

-
/CD25

-
/FoxP3

int
. The phenotypes were 

evaluated by flowcytometric analyses as well as their intracellular and cytokine secretion pattern was 

evaluated with flowcytometry and luminex with special interest on IL-6, IL-9, IL-1 and PD1. 

The classical phenotype of CD8
+ 

iTregs (CD8
+
/CD127

-
/CD25

+
/FoxP3

int/hi
) was significantly induced 

with IL-2 and TGF-1 compared to uninduced CD8
+
 T cells. Both anti-IL-6 (p=0.002) and anti-IL-1β 

(p=0.016) inhibited their induction in a dose depended manner. Anti-IL-6 treatment led to the reduction 

of PD1 (p=0.043) cellular CD8
+
 iTregs expression. Furthermore, the induction of iTregs in the 

presence of IL-2 and TGF-β1 resulted in an increased secretion of IL-2, IL-4, IL-5, IL-9, IL-13, IL-18, 

IL-21, IL-22, TNFα, IFNγ and GM-CSF. Furthermore, treatment with anti-IL-1 reduced secretion of IL-

6 (p=0.046). 

To sum up, the CD8
+
 iTregs induction is strongly dependent upon the presence of IL-6. This may 

be driven through a PD1 dependent intracellular mechanism. However, the role of IL-1 on CD8
+ 

iTregs may be driven through IL-6 induction. Since both IL-21 and IL-22 are reduced following 

tocilizumab treatment during in vitro stimulation of CD8
+
 Tregs, it may suggest their potential 

therapeutic role in a B-cell driven autoimmunity.  
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1 Introduction  

Autoimmune diseases affect people of all ages with a wide array of complex immunopathogenesis 

including various genetic and environmental factors. Autoimmune diseases are known to be 

associated with dysregulated inflammatory cascades often due to dysfunctional regulatory 

mechanisms.  

In T cell-dependent inflammatory autoimmune diseases it is believed that an imbalance between 

various effector T cell phenotypes and their corresponding functional T regulatory cells (Tregs) may be 

the leading cause of immunopathogenic failure (1). The immune system protects the individual from 

diseases and infection, invade when harmful molecules enters the body and maintains internal 

homeostatic balance.  

1.1 The immune system  

The immune system is a collection of cells, tissues and molecules that mediate resistance to infections 

and trauma. It combines reactions of these cells and molecules to contagious microbes and comprises 

the immune response. The main purpose of the immune system is to recognise the variety of 

pathogens and act by killing, controlling and limiting those pathogens with help from many immune 

cells. After the infectious pathogens have been eliminated the organism efficiently returns to its 

homeostatic state. The immune system can be divided into two compartments: the innate and 

adaptive compartment. The innate system comprises the early lines of defense and is activated in 

response to infecting pathogens or trauma. The innate system blocks the entry of pathogens through 

non-specific pattern recognition receptors (PRRs) that recognise pathogen-associated molecular 

patterns (PAMPs) or damage-associated molecular patterns (DAMPs) (2). Cells comprising the innate 

system are macrophages, neutrophils, eosinophils, basophils, innate lymphoid cells (ILCs) and NK 

cells. Furthermore, dendritic cells (DC) are also part of the innate system where they function as 

antigen-presenting cells (APC). DCs carries pathogenic antigens (Ags) to peripheral lymphoid organs 

and presents them through major histocompatibility complex (MHC) class I and MHC class II 

molecules to T lymphocytes (T cells) that activate naïve T cells, whereas CD4 cells recognizes class II 

and CD8 cells class I. DCs are therefore a crucial player in initiating adaptive immune responses and 

play a pivotal role in the crosstalk between the innate and adaptive system. If the innate compartment 

fails to effectively remove an infection, the adaptive immune defense is initiated to specifically battle 

the infection (3). 

The adaptive system can only be activated after stimulation of the innate system. It recognises Ags 

through two types of Ag specific receptors, the T cell receptor (TCR) and B cell receptor (BCR) with 

help of other molecules. When Ags activate lymphocytes, they undergo proliferation and rapidly 

increase the number of cells that are specific for the Ag encountered. Lymphocytes are subtypes of 

white blood cells (B, and T cells) and are stimulated by microbial Ags e.g. bacteria, viruses, protozoa 

and fungi. B lymphocytes (B cells) develop and mature in the bone marrow and express membrane 

antibodies (Abs) that recognize Ags. T cells are derived from stem cells found in bone marrow, 
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develop in the thymus and differentiate in periphery. T cells recognize peptide fragments of protein 

Ags displayed on APC and their key role is in cell-mediated immunity (3). 

Immunological tolerance is the mechanism where the adaptive immune system discriminates 

between self and non-self Ags. This further ensures a lack of reaction towards self Ags and this 

mechanism is controlled by a wide variety of factors. The function of adaptive immunity and the ability 

to distinguish between foreign and self-Ags is the fundamental feature of the adaptive immune system 

of the human body (4).  

1.2 Development and differentiation of T cells  

T cells are the key mediators in cell-mediated immunity. Naïve T cells express the adhesion molecule 

L-selectin (CD62L) and the chemokine receptor CCR7, which mediate the selective migration of the 

naïve cells into lymph nodes through specialized blood vessels called high endothelial venules (HEVs) 

(5). The T cells enter lymph nodes and search for specific Ags presented by APCs in the MHC. 

T cells need 3 signals to become activated. The first signal is through the TCR associated with a 

cluster of differentiation protein (CD3) that initiates an intracellular signal. The TCR has two chains ( 

and ), each containing one V region and one C region that is generated by DNA rearrangement and 

positively selected in the thymic cortex for their capacity to engage host MHC molecules (6). The MHC 

complex contains two sets of highly polymorphic genes (class I and class II). Class I is expressed on 

all nuclear cells and class II is mainly expressed on DC cells, macrophages and B cells. (6). The DNA 

rearrangement can generate numbers of T cells that recognise self-Ags. Such auto-reactive T cells 

are negatively selected and eliminated in the thymic medulla where they undergo apoptosis. When 

this process fails, the individual can develop autoimmune diseases (5). Knowing how to induce 

tolerance in lymphocytes that is specific for a particular Ag could be beneficial for therapeutic action 

and to control or prevent unwanted immune reactions.   

The second signal for T cell survival is accomplished with help from co-stimulators molecules that 

magnify the TCR signal such as the co-stimulatory molecule CD28 that is expressed by T cells. Co-

stimulators B7-1 and B7-2 (also called CD80 and CD86) are peripheral membrane proteins that bind 

to the CD28 and are expressed on APCs (7). The binding promotes T cell proliferation and 

differentiation through enhanced interleukin-2 (IL-2) production and the transcription factors; NFAT, 

AP-1 and NF-B (8). The second signal is crucial for central immune tolerance that can prevent 

development of autoimmune responses but without signal two T cells are anergic and unresponsive to 

further stimulation (5). Many genome-wide association studies (GWAS) have linked development of 

autoimmune diseases such RA to failure in the second signal (9).  

The differentiation of naïve T cells when activating through TCR and co-stimulatory molecules can 

be influenced by additional signals (third signal) from the environment resulting in different phenotype 

and function of the T cells. In vitro study has indicated IL-12 and interferon (IFN) type I as a third 

signal for activity of CD8
+
 T cells and in the absence of specific cytokine signal the cells fail to develop 

its effector function (10). Upon effective stimulation of the T cells, they get activated and undergo 

clonal expansion and differentiation into various subsets (table 1) that can take up to several days (11-

14). 
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Table 1.  Subset of CD8
+
 T cells 

Subset of T cells CD62L CCR7 CD45RA CD45RO 

Naïve T cells x x x - 

T memory stem cells (TMSC) x x x x 

T central cells (TCM) x x - x 

T effector memory cells (TEMC) - - - x 

T effector cells (TEFF) - - x - 

 

T cells can be divided in different T helper cells (Th) linages depending on Ag specific stimulation. 

Naïve CD4/CD8 T cells can differentiate into Th that mediate adaptive immunity (Th1, Th2, Th9, Th17 

and Th22), and Tregs. The differentiation for each linage depends on the transcriptional regulators 

provided by signal from the APC. T-bet is a key transcription factor for Th1, GATA3 is the master 

regulator for Th2 and RORt is the master regulator for TH17 and FoxP3 for Tregs. 

1.3 Tregs 

Two types of Tregs have been identified: nTregs and induced iTregs (15). Both are important in 

maintaining self-tolerance and modulating immune responses to infections (16) whereas nTregs have 

higher affinity to self-Ags then iTregs (15, 17, 18). Tregs are produced directly from the thymus and 

differentiate by different environmental factors such as CD3, CD28 as well as TGF-β and IL-2 (17, 19-

21) that induce FoxP3. They are defined as CD4
+
/CD127

-
/CD25

+
/FoxP3

+
 cells (18, 22). Tregs control 

autoimmunity such as allergic and inflammatory reactions, maintain tolerance to self-Ags and 

modulate adaptive immune response. Most Tregs are CD4
+
 and express low levels of CD127 (CD127

-

), the IL-7 receptor, FoxP3 and high levels of CD25 (CD25
hi
), the  chain of the IL-2 receptor (23). It 

has been shown that CD25 and FoxP3 expression could be induced in human naïve CD4
+
 T cells 

through cell activation. Furthermore, CD4
+
/CD25

+
/FoxP3

+
 Tregs in the presence of transforming 

growth factor 1 (TGF-β1) and CD8
+
/CD28

-
 have been shown to prevent autoimmunity in rabbits (18). 

Tregs express the inflammatory cytokine receptors IL-1R1, tumor necrosis factor receptor 2 

(TNFR2) and IL-1R2 suggesting that they play a key role in suppressing pro-inflammatory cytokines 

and controlling inflammation (24) as well as function through numerous mechanisms such as 

immunosuppressive secretion of cytokines like IL-9 and TGF-β (12, 25). TGF-β stimulates naïve CD4
+
 

T cells to differentiate into FoxP3 Tregs as well as it can suppress effector T cell activation and 

proliferation (26). FoxP3 is considered to be a specific master control gene that is required for Tregs 

differentiation and function (3, 18). The impaired function of FoxP3 or dysfunction of Tregs 

homeostasis have been linked to several autoimmune and inflammatory diseases, such as RA (27), 

multiple sclerosis MS (28), systemic lupus erythematosus (SLE) (29) and diabetes 1 (30). 

Tregs express several of adhesion molecules and chemoattractant receptors that connect them 

both to the lymphoid and non-lymphoid sites. The most important receptors and chemoattractant 

receptors include CD103, CCR4, P-selectin and E-selectin. All of the aforementioned molecules are 

important in the migration of Tregs within the skin. Absence of these molecules has been suggested to 

cause the development of several autoimmune diseases such as tissues-specific inflammatory 

disease and severe cutaneous inflammation in mice and humans (31, 32). Similarly, loss of 
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chemokine (C-C motif) receptor 7 (CCR7) blocks the migration of Tregs to the lymph nodes and 

inhibits their cell function in an experimental model of colitis (mice) (33). Another crucial receptor that 

has been linked to experimental autoimmune encephalomyelitis (EAE) is the CCR6 ligand (CCR6L). 

CCR6L is expressed by epithelial cells upon Th17 activation (33). Additionally IFN induces 

expression of chemokine C-X-C motif ligand 10 (CXCL10), whereas Tregs express its cognate 

receptor, CXCR3 and it has been suggested that CXCR3 can induce hepatic-A disease (34). It has 

also been documented that CD4
+
/FoxP3

+
 Tregs derived from naïve CD4

+
 cells can be rapidly induced 

upon the presence of either IL-6 or IL-2 and in the presence of TGF in humans (35, 36).  

IL-6 directs the development of IL-17 during infection or extracellular bacterial, which activates both 

the nuclear factor kappa B (NFκB) and the signal transducer and activator of transcription 3 (STAT3) 

in humans (37, 38). Additionally, it has been shown that the cytokine IL-4 induces IL-4-producing Th2 

cells during infection in humans (37, 38). These findings suggests that Th2 and Th17 cells are very 

important and defects in Tregs function can alter Th2 and Th17 mediated inflammatory diseases (39).  

1.3.1 CD8+ Tregs 

CD8
+
 Tregs are thought to play an important role in autoimmune diseases. Their functional 

mechanism, however, is not yet fully understood. The suppressing function of CD8
+
 Tregs could be a 

very important factor in regulating disease and prevent the inflammation process in the body.  

Previous studies have indicated an inhibitory effect of IL-1β and TFN on the suppressive function 

of iTregs by co-cultured CD8
+
 iTregs with carboxyfluorescein succinimidyl ester  (CFSE) labeled 

PBMCs using super Ag-treated Epstein-Barr infected B cells (EBB-cells) (40). Furthermore, studies 

have showed that iTregs with the phenotype CD8
+
/CD127

-
/CD25

hi
/FoxP3

+
 are dependent on TGF-β1 

and IL-2 for their induction and differentiation (41). Increased knowledge of CD8
+
 Tregs and their role 

in autoimmune disease makes them exciting candidates as targets for improved therapy in 

autoimmune diseases.  
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1.4 Cytokines 

Cytokines are small molecules, secreted by variety of cell types. They participate in the process of 

activation, differentiation, interaction and communication between cells. These molecules have been 

thoroughly investigated in recent years to better understand their mechanism in autoimmune diseases.  

These molecules signal either in a paracrine, endocrine or autocrine manner. Cytokines can both be 

anti-inflammatory and pro-inflammatory and it is common for different cell types to secrete the same 

cytokines or a single cytokine to act on a variety of different cell types. They are involved in many 

different pathological and physiological conditions in the innate and adaptive immunity (3).  

Some anti-inflammatory cytokines such as IL-1, IL-4, IL-11, IL-13, IL-18 and TNF are involved in 

inhibiting cytokines production, co-stimulation of APCs and T cells, inflammation and fever, Ab and 

secretion. IL-6 and TGF-1 can act both as pro- or anti-inflammatory cytokines depending on the 

environment. Furthermore, IL-1 is also a very important cytokine that is released during cell injury, 

infection, inflammation and more (42). These cytokines as well as other will be discussed in more 

detail in next sections.  

1.4.1 The pro-inflammatory cytokine IL-1 

Activated monocytes, macrophages and endothelial cells primarily release IL-1 during infection and 

inflammation. The inflammation is important for host defense and has a role in several diseases and is 

assembled in response to invading pathogens (43). IL-1β is induced in response to inflammatory and 

immunological conditions. It needs to be cleaved by active caspase-1 (44) and signals through the IL-

1 receptor to elicit potent pro-inflammatory responses (45). IL-1 pro-inflammatory effect is mediated 

through NF-B and is induced by various PAMPs or DAMPs through PRR signaling (3).  

Furthermore, IL-1β in addition with IL-2 has been shown to convert human nTregs into pro-

inflammatory Th17 cells (46). Overproduction of IL-1 is implicated in various pathological diseases, 

such as the chronic disease systemic inflammation (SI), RA, MS, osteoarthritis (47, 48) and more. RA 

is a chronic disease that alters inflammation and joint damage, characterized by the IL-1, IL-6 and 

TNF. STAT proteins are activated by cytokine stimulation via Janus kinase (Jak) family. Previous 

studies demonstrate that STAT3 is the key mediator in RA, where they used deficient mice as target, 

they showed that IL-1, TNF and IL-6 activated STAT3 pathway that resulted in increased 

expression of IL-6 cytokine (49).  Furthermore, they demonstrated that IL-1 and IFN are likely to 

induce STAT3 pathway via IL-6 (49).  

Primary results in our group have shown that IL-1β significantly induced IL-6 secretion but did not 

affect the differentiation of the CD8
+
 iTregs. Furthermore, when CD8

+
 iTregs were cultured with IL-1 

the secretion of both IL-10 and IFN decreased, whereas IL-10 and IFN secretion were increased in 

the absence of IL-1 (40). 
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Anakinra is anti-IL-1 monoclonal Ab that has been used for several years to treat patients with RA 

(50) and neonatal-onset multisystem inflammatory disease (NOMID). It blocks the biologic activity of 

IL-1 by competitively inhibiting IL-1 binding to the IL-1 type I receptor (IL-1RI) (50). It is also used in 

less common diseases such as adult-onset, Still’s disease and Behcet’s disease (51). It has been 

reported that treatment with anti-IL-1 significantly improved skin lesions and clinical signs of hepatitis 

(52). IL-1β is therefore a leading mediator of inflammation in the body and has an important role in 

innate immunity.  

1.4.2 The pro-inflammatory cytokine IL-6 

IL-6 is a pleiotropic cytokine with various biological activities in inflammation, oncogenesis and 

especially in immune regulation. Macrophages, endothelial cells and T cells mainly produce IL-6. 

Secretion of IL-6 leads to the differentiation of naïve T cells into effector cells of cell-mediated adaptive 

immunity. It enhances the proliferation of T cells through enhanced IL-2 secretion and IL-2 receptor 

expression (3). 

IL-6 induces intracellular signaling pathways (classic signaling) after binding to its membrane 

bound receptor (mIL-6R). Transduction of the classical signaling is mediated by membrane bound  

receptor glycoprotein 130 (gp130) that leads to second pathway (trans signaling) whereas IL-6 binds 

to soluble form of the IL-6R (sIL-6R) following STAT1 and STAT3 activation. Studies have shown that 

IL-6 is a very important factor in immune functions and has been linked to synthesis of acute-phase 

protein in liver and Th17 differentiation through induction of the transcription factor RORT (53). It has 

been shown that IL-6 inhibits the generation of inducible CD4
+
 Tregs and maintains the balance 

between Th17 and Tregs (54). 

Tocilizumab is a biologic drug which is a humanised anti-IL-6 receptor mAb. It blocks the binding of 

IL-6 to its receptor (IL-6R) and prevents IL-6 signal transduction following inflammatory mediators. 

Today it is actively used for the treatment of some systemic autoimmune diseases. In particularly, it 

has been used to treat patients with RA, Crohn's disease and Castleman's disease (54). Despite its 

effectiveness for these disorders, other conditions with different clinical, and possibly immunological, 

phenotype such as the one found in psoriasis has resulted in exacerbation following tocilizumab 

treatment (55). 

Furthermore, it has been shown that TGF-β1 and IL-6 treatment promotes FoxP3 protein 

degradation causing synergistically down regulation of FoxP3. The treatment up regulates IL-6R 

expression but does not affect the stability of FoxP3 mRNA (56). In addition to that, another study 

demonstrated that during inflammation, IL-6 is markedly increased and inhibited the differentiation of 

FoxP3
+
 Tregs induced by TGF-1. Furthermore, the combination of IL-6 and TGF-1 induced the 

differentiation of pathogenic Th17 cells from naïve CD4
+
 T cells (57). 

It is therefore exiting to use both anti-IL-1 anti-IL-6 treatments to evaluate the effect on CD8
+
 

iTregs function by asking the question, do CD8
+
 Tregs express more or less of IL-1 and IL-6 and 

could IL-1 be initiated via IL-6 production? 
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1.4.3 PD1 receptor as a new target of treatment 

Inhibitory receptors are crucial for limiting and terminating immune response. Programmed cell death 

protein 1 (PD1) is an inhibitory receptor and an important molecule that is expressed by B cells, NK 

cells and DCs (58). It regulates T cell activation and recent studies have indicated that a subset of 

Tregs express the PD1 receptor on their surface, suggesting a suppressive function of these cells 

(59). PD1 has an essential role in balancing protective immunity, immunopathology, peripheral 

tolerance, various physiological responses, including acute and chronic infection, cancer and 

autoimmunity.  

However, during responses to chronic pathogens and tumors, PD1 expression can limit 

protective immunity (60). It is a crucial receptor in CD4
+
 and CD8

+
 T cells during its activation by 

TCR/CD28 through its PD1 ligand (PDL1 and PDL2) (58, 61). High or low proportion of PD1 has 

been linked to multiple diseases such as diabetes, colitis, MS and lupus-like glomerulonephritis (62). 

Recent mouse studies demonstrate that the second ligand (PDL2) acts differently depending on Ag 

concentration. In these studies, the T cells were activated with OVA peptide (ovalbumin-specific TCR 

transgene) in different concentrations (0.001 g/mL, 0.01 g/mL and 0.1 g/mL). When PD1 is 

engaged with PDL2 at low concentration (0.01/0.001 g/mL) it effectively inhibited the TCR 

proliferation. However high concentration of PD1 with PDL2 (0.1 g/mL) reduced cytokine secretion in 

CD4
+
 T cells (IL-4, IL-10 and IFN) but it did not inhibit T cell development (63). Additionally, other 

studies demonstrated that PD1 is a crucial factor for differentiation of peripherally iTregs (pTregs) 

in vivo but not for thymic Tregs (tTregs), nor for their suppressive function or development (64).  
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1.5 Other cytokines 

1.5.1 IL-2 

IL-2 is considered to be the key growth factor for T cells. It signals through a receptor composed of 

three chains (,  and ). Naïve T cells express low-affinity IL-2 receptor (IL-2R) complex ( and ). 

During activation by Ag recognition and co-stimulation, naïve T cells produce IL-2 and express the  

chain of the IL-2R (CD25), which associates with the  and  chain to form the high-affinity IL-2 

receptor. Binding of IL-2 to its receptor initiates proliferation of the T cells (3). IL-2 mediates its signal 

through the transcription factor STAT5 that binds to the FoxP3 gene and induces expression of FoxP3 

(23, 65). IL-2 is crucial for immune response, as well as survival and function of Tregs (3) and is 

essential for maintaining self-tolerance (21). It has been shown that T cells can induce IL-2 production 

in the initial phase during autoimmune response and drive the activation and expansion of preexisting 

Tregs as well as developing new (66). In addition, IL-2 deficiency mice develop IBD that is similar to 

ulcerative colitis in humans (67). 

1.5.2 IL-4 and IL-13 

Both IL-4 and IL-13 are immune regulatory cytokines and are expressed by activated Th2 cells. They 

transfer their effect through a common surface receptor-signaling pathway. IL-13 has two cell surface 

receptors. The IL-13R1 bind with low affinity and form a heterodimer with the IL-4 receptor (IL-4R) 

(68) resulting in intracellular signals through phosphorylation and activation of the transcription factor 

STAT6 via Jak. The second receptor is the IL-13R2, which includes phosphatidylinositol 3-kinase 

(PI3K), STAT3 and mitogen activated protein kinase (MAPK). However, further studies are needed in 

order to understand the IL-13R2 mechanism (69).  

One human study reported that IL-13 and IL-4 through surface receptor signaling were found in 

systemic sclerosis (SSc) patients (70). SSc is an autoimmune disease characterized by fibrosis of the 

skin and internal organs (71). CD4
+
/FoxP3

+
 Tregs circulating in the periphery did not express IL-13 or 

IL-4 but on the contrary Tregs from skin affected by SSc expressed significant amount of IL-4 and IL-

13 (70). 

1.5.3 IL-9  

IL-9 is a pleiotropic cytokine and is a member of the common -chain-receptor cytokine family. It is 

produced by a wide variety of cells including Th17, Th2, Th9 and Tregs. It has been shown that IL-9 

has a role in the process of psoriasis development in combination with Th17 (72). Furthermore, a 

study showed that naïve CD4
+
 T cells secreted IL-9 in response to TGF-β and IL-4, and was originally 

identified in mice as a T cell growth factor (73). Additionally, studies have shown that by blocking IL-9, 

with IL-9 mAb, the progression of experimental autoimmune encephalomyelitis (EAE) is inhibited 

(74), and by injecting anti-IL-9 into deficient mice, reduction was seen in inflammation suggesting a 

therapeutic role using anti-IL-9 as a treatment (72). 
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1.5.4 IL-17 

IL-17 is a pro-inflammatory cytokine and has a role in host defense in many infectious diseases such 

as inflammatory diseases. It is expressed by Th17 cells, T cells, DC, NK cells, NKT cells (75). Th17 

cells in response to their stimulation with IL-23 produce IL-17 and interact with the surface receptor IL-

17R (IL17RA, IL-17RB and IL-17RC). IL-17 induces the production of granulocyte colony-stimulating 

factor (GM-CSF) and is thought to contribute to pathogenic of psoriasis, RA and MS when stimulated 

with IL-1 and IL-6 (76, 77). Other studies have described CD8
+
 T cells that express IL-17 and IL-22 in 

inflammatory diseases of skin (53). However, it has also been demonstrated that neither IL-6 nor IL-23 

alone produced Th17 cells, but when combining these cytokines together with IL-1, the IL-17 was 

effectively induced without TGF-1 stimulation (78). When binding to its receptor, IL-17 activates 

signaling cascade that leads to induction of chemokines such as CXCL1 and CXCL2.  

1.5.5 IL-21 

IL-21 is a cytokine, mainly produced by T cells and NK cells. It regulates the proliferation, maturation 

and the function of a broad range of cells including CD4
+
 and CD8

+
 T cells, B cells, DCs, and 

macrophages. Its receptor is composed of the IL-21 receptor (IL-21R) and the cytokine receptor  

chain but the  chain is also a subunit of other receptors such as IL-2 and IL-9 (79). Recent studies 

demonstrate that in mouse tumor models, combination of recombinant human IL-21 with CTLA-4 (; 

CD152) and PD1 (CD279) monoclonal Abs enhanced antitumor activity, in contrast, IL-21 alone 

enhanced antitumor activity of mCTLA-4 mAbs and PD1 mAbs. Furthermore, proliferation of CD8
+
 T 

cells and TEM were increased but TCM were decreased (80). 

1.5.6 IL-22 

IL-22 is a cytokine produced by activated T cells including Th1, Th22 but mainly Th17 cells. It has 

important functions in host defense where it helps maintaining the integrity of epithelial barriers and 

promote repair of damage epithelia (81). In contrast, IL-22 can also be a pathogenic cytokine 

depending on its target tissue and inherent pro-inflammatory properties (82).  

IL-22 is upregulated in patients with inflammatory bowel disease (IBD) and has also been linked to 

psoriasis and atopic dermatitis when it is overexpressed (83). It has a binding protein (IL-22BP) that 

binds directly to IL-22 and therefore functions as a decoy receptor and prevents binding of IL-22 to the 

membrane-bound IL-22 receptor 1 (IL-22RA). A recent study demonstrated that IL-22 and IL-17 

mRNA was expressed in patients with Crohn’s and ulcerative colitis disease, that IL-22 and IL-17 was 

increased compared to healthy controls (83, 84). Patients receiving anti-TNF 

(Inflizimab/Adalimumab) showed IL-22BP expression was reduced in CD4
+
 T cells (84).  

If anti-TFN inhibits the expression IL-22BP by intestinal T cells it is exciting to see if anti-IL-6 

might also reduce IL-22 in CD8
+
 T cells (84). Another study showed in murine models that combination 

of IL-1 in culture with IL-23/IL-6/ induced expression of both IL-22 and IL-21 (78). 
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1.5.7 CTLA-4 and Fas receptor 

CTLA-4 is CD28 homologue expressed on T cells (8). While CD28 signals to enhance T cell 

activation, the CTLA-4 sends inhibitory signals. CTLA-4 has much higher affinity to bind to B7 than 

CD28 and functions as a decoy receptor (11). 

Another mechanism that inhibits T cell activation is the trans membrane receptor Fas and its 

ligand that belongs to the TNF family. It is unregulated on activated T cells and signal through 

Fas/FasL leads to activation of caspase and apoptosis. It has important roles in the immune system 

and mutation in Fas/FasL can lead to autoimmune diseases such as SLE (85).  

1.5.8 IFN 

IFN plays an important role in promoting innate and adaptive immune response against intracellular 

pathogens. Activated immune cells, mainly T cells but also NK cells and B cells, secrete IFN. 

IFN binds to the receptor IFN-GR1 and IFN-GR2 that is expressed on almost all cell types. IFN 

signaling is contributed to the up regulation of T-bet and IL-12R. It induces Th1 differentiation and is 

considered to drive inflammation and autoimmunity, such as MS (86). IFN is required for preventing 

the negative effect of IL-4 on IL-18R and Th1 differentiation (87). 

1.5.9 TNF 

TNF is a key regulator of the inflammatory response. It is widely expressed in various human and 

mouse tissues and participates in the development of lymphocytes (35). Immune cells, such as 

macrophages, T and B cells produce TNF. It interacts with two different receptors, TNFR-1 (p55) and 

TNFR-2 (p75). TNFR-1 has a death domain (DD) and is the primary signaling receptor on most cell 

types and accounts for the majority of the pro-inflammatory effects that is attributed to TNF. TNFR-2 

is more restricted to lymphocytes. Both receptors activate several signal transduction pathways, 

leading to diverse function of TNF, like cell death, survival, differentiation, proliferation and migration 

(35, 88). A study showed that TNFR-2 is expressed by CD4
+
 FoxP3

+
 Tregs (36).  

Results in our group suggest that TNFα and IL-1β does not affect the differentiation of the CD8
+
 

iTregs. However, it diminished their suppressive function (40). Patients receiving anti-TNF treatment 

has highlighted the physiological role of TNF and it has proven to be beneficial for RA and 

inflammatory bowel diseases by reducing inflammation (88, 89). IL-10 and TGF-β1 secretion was 

reduced in presence of TNFα for CD8
+
 iTregs (40). Increasing evidence reveals the anti- and pro-

inflammatory, as well as an immunosuppressive effect of TNFα and therapy with anti-TNF has been 

proven beneficial for most RA patients (35). 
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2 Aims  

The present study seeks to evaluate the role of IL-6 and IL-1β on the differentiation and function of 

CD8
+
 iTregs. 

 

1. Evaluate the effect of different concentration of the monoclonal antibody tocilizumab         

(anti-IL-6) on the differentiation of CD8
+
 iTregs. 

a. Evaluate the effect of tocilizumab on CD8
+
 iTregs cytokine expression. 

b. Evaluate the effect of tocilizumab on CD8
+
 iTregs cytokine secretion. 

 

2. Evaluate the effect of different concentration of the monoclonal antibody anakinra             

(anti-IL-1) on the differentiation of CD8
+
 iTregs. 

a. Evaluate the effect of anakinra on CD8
+
 iTregs cytokine expression. 

b. Evaluate the effect of anakinra on CD8
+
 iTregs cytokine secretion. 
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3 Materials and methods 

3.1 Human volunteers 

The study was approved by The Ethics Committee of Landspitali, The University Hospital of Iceland, 

The Data Protection Authority of Iceland and The National Bioethics Committee. Buffy coats were 

obtained from the Icelandic Blood Bank from healthy volunteers, which all signed an informed consent 

form.  

3.2 Isolation of PBMCs 

Buffy coats were diluted (10x) with buffer (sterile phosphate buffer saline (PBS), 2 mM 

ethylenediaminetetraacetic acid (EDTA), pH 7.4) over a Ficoll-Histopaque (Histopaque®-1077, Sigma-

Aldrich). Peripheral blood mononuclear cells (PBMCs) were centrifuged (Heraeus Multifuge 3SR 

PLUS) for 30 min at 1100 g without brakes at room temperature (RT). PBMCs were collected using 

Pasteur pipette and transferred to sterile 50 mL tubes and filled up with buffer (PBS, 2 mM EDTA), 

washed twice, first at 300 g for 10 min at RT, supernatant discarded, cells than resuspended with 

buffer (PBS, 2 mM EDTA), centrifuged (200 g for 10 min at RT). PBMCs were counted and viability 

obtained. 2.5x10
5
 cells were re-suspended in 400 µL of staining buffer (PBS, bovine serum albumin 

(BSA, 0.5%) 2 mM EDTA, pH 7.2) and isolated by negative/positive isolation kit (Miltenyi Biotec). 

3.3 Isolation of CD8+CD45RA+ cells 

Naïve CD8
+
 T cells were obtained using a negative/positive isolation kit (Miltenyi Biotec,) for isolating 

human CD8
+
/CD45RA

+ 
T cells from PMBCs. First step is negative selection of non-target cells 

(CD45RO
+
, CD56

+
, CD197

+
) that are indirectly magnetically labeled with a cocktail of effector T cell 

biotin-Ab, FcR blocking reagent, anti-APC biotin and anti-biotin microbeads. While performing 

negative selection, LD MACS columns were prepared and placed on magnetic field and targeting cells 

(1.0x10
8
 cells/mL) placed onto the LD column. The magnetically labeled non-target cells are retained 

within the column while unlabeled enriched CD8
+
/CD45RA

+
 naïve T cells pass through. The 

CD8
+
/CD45RA

+ 
naïve T cells (2.5x10

8
 cells/mL) were directly labeled with CD8 microbeads and 

isolated with positive selection from the pre-enriched cell fraction using MS MACS columns. Finally 

cells were centrifuged at 300 g for 10 min with brakes at 4°C and resuspended with serum free 

medium (Aim V, Nunc, Invitrogen) 1 mL per 2.0 x 10
6
 cells. Purity of CD8

+
/CD45RA

+
 was measured 

the day after. 
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3.4 Induction of iTregs 

CD8
+
/CD45RA

+
 naïve T cells (1.0x10

6
/mL) were stimulated with monoclonal Ab. Anti-CD3ɛ (1 µg/mL, 

R&D Systems) and anti-CD28ɛ (1 µg/mL, R&D Systems) cells were then induced with/without 

recombinant human IL-2 (200 IU, R&D Systems) and TGF-β1 (10 ng/mL, R&D Systems). In addition, 

anti-IL-1β (0.05/5/500 µg/mL, R&D Systems) and anti-IL-6 (0.1/10/1000 µg/mL, R&D Systems) were 

added in selected wells. The concentration was chosen accordingly to the standard dosage for an 

average person and 100 times less and higher doses chosen (table 2). 

Cells were cultured for 120 hrs at 37°C in 95% air atmosphere with 5% (v/v CO2) in 96 well U-

bottomed cell culture plates (Nunc, Thermo Fisher Scientific). After 104-106 hrs, brefeldin (3.0 µg/mL, 

eBioscience) were added in each well containing 2.0x10
5
 cells according to manufactures instructions 

before extra- and intracellular staining. After 120 hrs, cells were stained for flow cytometer phenotypic 

analysis and supernatant stored at -80°C until cytokine secretion were investigated by luminex in 

serum free medium (Aim V, Nunc, Invitrogen) according to manufactures instructions (Nunc, Thermo 

Fisher Scientific, pub. No. MAN0016941). 

Table 2. Differentiation and function of iTregs evaluated in different conditions 

Anti-IL-6 Anti-IL-1β 

Conditions  Conditions 

1 Naïve CD8
+
/CD45RA

+
 
 
T cells (1x10

6
/mL) with AimV  1 Naïve CD8

+
/CD45RA

+ 
T cells (1x10

6
/mL) with AimV 

2 1 + stimulated with αCD3ε / αCD28ε (1 µg/mL) 2 1 + stimulated with αCD3ε / αCD28ε (1 µg/mL) 

3 1 + 2 + induced with IL-2 (200 IU) and TGF-β1 (10 ng/mL) 3 1 + 2 + induced with IL-2 (200 IU) and TGF-β1 (10 ng/mL) 

4 1 + 2 + 3 + αIL-6 (0.1 μg/mL) 4 1 + 2 + 3 + αIL-1β (0.05 μg/mL) 

5 1 + 2 + 3 + αIL-6 (10 μg/mL) 5 1 + 2 + 3 + αIL-1β (5 μg/mL) 

6 1 + 2 + 3 + αIL-6 (1000 μg/mL) 6 1 + 2 + 3 + αIL-1β (500 μg/mL) 

 

3.5 Flow cytometry 

3.5.1 General protocol 

Flow cytometer were used to collect data and to evaluate CD8
+
 iTregs phenotype. CD8

+
 iTregs were 

stained for extracellular CD127, PD1, CD25, CD8, CD3 and intracellular IFNγ, IL-17, FoxP3, IL-6, IL-9 

markers. Cells were then washed and resuspended in 250 µL staining buffer (PBS, BSA, 0.5% 2 mM 

EDTA, pH 7.2) and evaluated in flow cytometer. A total of 100.000 cells were collected in the 

lymphocyte gate or until 300 sec were reached. 

3.5.2 Viability and purity 

PBMCs were counted after isolation and viability obtained by re-suspending samples with 30-50 mL of 

buffer (PBS, 2 mM EDTA), stained with tryptan blue (SIGMA-Aldrich) in 50/50 proportion and placed 

on countess cell counting chamber slides (Invitrogen) for use of Countess® Automated Cell Counter 

(Invitrogen). Total numbers of live PBMCs in samples are calculated as follows:  
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7-amino-actinomycin D (7-AAD, eBioscience) was used to determine viability of cells after adding 

Brefeldin (data not shown). Cells (2.0x10
5
) were placed in FACS tube with 7-AAD (10 µL) and 

incubated for 5 min at RT and re-suspended carefully with 200 µL staining buffer and analyzed in the 

flow cytometer (Beckman Coulter, Inc. Navios 10 COLOR/3 LASER, Assembly no, A52103, Serial no, 

AU45308). To purify naïve CD8
+
 T cells, cells were washed with staining buffer and externally stained 

with relevant fluorochrome labeled mAbs; CD45RA (FITC), CD45RO (PE), CD127 (PE eFL 610), 

CD197 (PerCp eFL710), CD56 (PeCy7), CD25 (APC), CD8 (APC eFL 780), CD4 (eFL 450), CD3 

(Brilliant Violet), see table 2. Cells were finally re-suspended with staining buffer (250 µL) and 

analyzed subsequently with flow cytometry, see table 3. 

Table 3. Panel for purity check 

Fluorochrome mAbs µL Isotype µL Manufactor 

FL1 FITC CD45RA 3 IgG1 3 eBioscience, BioLegend 

FL2 PE CD45RO 3 IgG2a 3 eBioscience 

FL3 PE-eFL 610 CD127 2.5 IgG1 2.5 eBioscience 

FL4 PerCp eFL 710 CD197 2.5 IgG2a 2.5 eBioscience 

FL5 PeCy7 CD56 2.5 IgG1 2.5 eBioscience, BioLegend 

FL6 APC CD25 2.5 IgG1 2.5 eBioscience 

FL7 
      

FL8 APC eFL 780 CD8 2.5 IgG1 2.5 eBioscience 

FL9 eFL 450 CD4 2.5 IgG1 2.5 eBioscience 

FL10 Brilliant Violet CD3 1 IgG2a 0.5 BioLegend 

 

3.5.3 Extracellular staining 

Fluorochrome labeled Abs: CD127 (PE eFl 610), PD1 (PerCP eFL 710), CD25 (PeCy7), CD8 (APC 

eFL 780), CD3 (Brilliant Violet 510) were added in relevant tubes, see table 3. Cells were vortexed 

and stored in refrigerator for 30 min on ice. Each FACS tube were then washed with wash buffer 

according to manufactory and centrifuged at 1200 rpm for 5 min, with brakes at 4°C and supernatants 

discarded, see table 4. 

Table 4. Panel for extracellular staining 

Fluorochrome  mAbs µL Isotype µL Manufactor 

FL3 PE eFL 610 CD127 2.5 IgG1 2.5 eBioscience 

FL4 PerCp eFL 710 PD1 1 IgG1 1 eBioscience 

FL5 PeCy7 CD25 4.5 IgG1 2.5 eBioscience 

FL8 APC eFL 780 CD8 4 IgG1 2.5 eBioscience 

FL10 Brilliant Violet CD3 1 IgG2a 0.5 BioLegend 
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3.5.4 Intracellular staining 

Cells were stained and fixed with FoxP3 staining buffer set (eBioscience (REF: 00-5523-00, 

LOT:E00029-1681), stored in refrigerator for 40 min on ice. Permeabilization buffer were added to 

each FACS tube and relevant fluorochrome labeled Abs; IFNy (FITC), IL-17 (PE), FoxP3 (APC), IL-6 

(Alexa FL700), IL-9 (eFL 450) were added in relevant tubes, see table 4. Tubes were then stored in 

refrigerator for 30 min on ice. Each FACS tube was washed twice with 1 mL permeabilization buffer 

and centrifuged at 1200 rpm for 5 min, with brakes at 4°C and supernatants discarded. Cells were 

finally re-suspended with staining buffer (250 µL) and immediately analysed with flow cytometry . A 

total of 100.000 events were collected in the lymphocyte gate. Data was analysed using Kaluza 

analysis 1.3 software, see table 5. 

Table 5. Panel for intracellular staining 

Fluorochrome  mAbs  µL Isotype µL Manufactor 

FL1 FITC IFNγ 2.5 IgG1 3 eBioscience, BioLegend 

FL2 PE IL-17 2.5 IgG1 3 eBioscience, R&D Systems 

FL6 APC FoxP3 5 IgG1 2.5 eBioscience 

FL7 Alexa FL700 IL-6 5 IgG1 2.5 eBioscience 

FL9 eFL 450 IL-9 6 IgG2a 2.5 eBioscience 

 

3.5.5 Luminex 

Cytokine secretion was investigated by luminex in serum free medium (Aim V, Nunc, Invitrogen) 

according to manufactures instructions (Nunc, Thermo Fisher Scientific, pub. No. MAN0016941) for 

following cytokines: IL-6, IL-1β, IL-21, IL-22, IL-12, IL-10, IL-27, IL-17, IL-18, IL-4, IL-23, IL-5, TNFα, 

IFNγ, IL-9, IL-13, IL-2 and GM-CSF. 

3.6 Statistical analysis 

A statistical analysis was done after each experiment. One-way analysis of variance (ANOVA) was 

used to compare the means of the different conditions between two CD8
+
 T cell phenotypes. Two-way 

ANOVA was used to compare cytokine expression between three CD8
+
 T cell phenotypes. Tukey’s 

multiple comparison tests and Kruskal-Wallis test were used for further statistical analyses between 

conditions. P<0.05 was considered significant for all tests. D'Agostino-Pearson omnibus test was 

performed to evaluate if data were normally distributed and ROUT outlier test was performed to 

identify outliers with nonlinear regression. GraphPad Prism 7.03 and Microsoft Office Excel were used 

for statistics. 
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4 Results 

4.1 Gating strategy of CD8+ iTregs cells  

As shown in Figure 1, CD8
+
 T cells cultured only with AimV medium were exclusively negative for 

CD25 and displayed the phenotype CD25
-
/FoxP3

int
. When cultured with αCD3ɛ/αCD28ɛ (Figure 2), 

CD8
+
 T cells got positive for CD25 whereas they were both FoxP3

-
 and FoxP3

int
 and displayed the two 

phenotype CD25
+
/FoxP3

int
 (44.17%) and CD25

+
/FoxP3

-
 (31.04%). Culturing CD8

+
 T cells with IL-2 and 

TGF-β1 in presence of αCD3ɛ/αCD28ɛ (Figure 3) they differentiated towards being CD25
hi
/FoxP3

hi 

(2.86%). The CD8
+
 T cells displaying the phenotype CD25

+
/FoxP3

int
 had proliferate and expressed 

higher % of CD25/FoxP3 markers (61.80%). iTregs have previously been described as CD8
+
/CD127

-

/CD25
+
/FoxP3

+
 and hereafter iTregs will be referred as CD8

+
/CD127

-
/CD25

+
/FoxP3

int/hi
.  

 

 

Figure 1  CD8
+
 T cells cultured with AimV  

CD8
+
/CD45RA

+
 T cells were isolated and neither stimulated nor induced in vitro. Lymphocytes are gated using 

forward and side scatter measurements iTregs phenotype further established with CD8
+
/CD127

-
 gating. Finally four 

phenotypes were determined as CD25
-
/FoxP3

int
, CD25

hi
/FoxP3

hi
, CD25

+
/FoxP3

int
 and CD25

+
/FoxP3

-
. 

 

 

Figure 2 CD8
+
 T cells stimulated with αCD3ɛ/αCD28ɛ 

CD8
+
/CD45RA

+
 T cells were isolated and stimulated in vitro with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL). 

Lymphocytes are gated using forward and side scatter measurements. iTregs phenotype further established with 
CD8

+
/CD127

-
 gating. Finally four phenotypes were determined as CD25

-
/FoxP3

int
, CD25

hi
/FoxP3

hi
, CD25

+
/FoxP3

int
 

and CD25
+
/FoxP3

-
. 
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Figure 3 CD8
+
 T cells induced with IL-2 and TGF-β1 in culture with αCD3ɛ/αCD28ɛ  

CD8
+
/CD45RA

+
 T cells were isolated, stimulated in vitro with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) and induced 

with IL-2 (200 IU) and TGF-β1 (10 ng/mL). Lymphocytes are gated using forward and side scatter measurements. 
iTregs phenotype further established with CD8

+
/CD127

-
 gating. Finally four phenotypes were determined as CD25

-

/FoxP3
int

, CD25
hi
/FoxP3

hi
, CD25

+
/FoxP3

int
 and CD25

+
/FoxP3

-
.  

 

Further comparison of the previously described phenotypes was performed between conditions to 

evaluate if the stimulation and induction of CD8
+
/CD127

-
 T cells was successful (Figure 4). 

CD8
+
/CD127

-
 T cells cultured with AimV (Figure 4A) displayed the phenotype CD25

-
/FoxP3

int
. When 

stimulating with αCD3ε/αCD28ε (Figure 4B), T cells displayed two phenotypes, CD25
+
/FoxP3

- 
and 

CD25
+
/FoxP3

int
. Furthermore, inducing CD8

+
/CD127

-
 T cells with IL-2 and TGF-β1 (Figure 4C) they 

were CD25
+
/FoxP3

int
 as well as being CD25

hi
/FoxP3

hi
.  

 

 

Figure 4  Comparison between conditions 1, 2 and 3  

Four phenotypes of CD8
+
/CD127

-
 T cells were compared and their difference evaluated between different 

conditions. A) CD8
+
/CD127

-
 T cells with AimV medium. B) CD8

+
/CD127

-
 T cells with AimV medium and 

αCD3ɛ/αCD28ɛ (1 µg/mL). C) CD8
+
/CD127

-
 T cells with AimV medium, αCD3ɛ/αCD28ɛ (1 µg/mL) and IL-2 (200 IU) 

and TGF-β1 (10 g/mL) 
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4.2 Isolation of PMBCs and purity confirmed 

As seen in Figure 5A, cells expressed all selected markers, and were especially high in CD4
+
 and 

CD127
+
, and positive for both CD45RA

+
 and CD45RO

+
. Depletion step was successful (Figure 5B), 

cells did not express CD45RO
+ 

(0.3% ± 0.4), CD56
+ 

(0.8% ± 0.3) or CD197
+
 (1.0% ± 0.3). When 

CD8
+
/CD45RA

+
 T cells were positivity selected in the last step, some of the CD8

+ 
T cells were still 

positive for CD45RA
+
/RO

+
 (18.9% ± 17.8) but were highly positive for CD45RA

+
 (81.0% ± 17.5), 

CD25
+
 (85.9% ± 7.9) and CD8

+
 (95.7% ± 5.2) (Figure 5C). After confirming that correct cells were 

collected and purified, cells were stimulated with αCD3ɛ/αCD28ɛ and induced with IL-2 and TGF-β1. 

 

 

 

Figure 5  Isolation of PBMCs, negative selection and positive selection  

Expression of extracellular markers was determined after each step and purity confirmed. A) Mononuclear cells 
were isolated from PBMCs by density gradient centrifugation. B) Depletion and negative selection on 
CD45RO

+
/CD56

+
/CD197

+
 cells. C) Positive selection on CD8

+
/CD45RA

+
 T cells. D) Difference between A, B, C (%), 

mean ± SD, n=9. 
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4.3 The role of IL-6 and IL-1β on CD8+ iTregs  

Preliminary results suggest that IL-1β and IL-6 plays a key role in the differentiation and function of 

induced CD8
+
 iTregs whereas IL-6 is significantly expressed in the presence of IL-1/IL-2/TGF-1 

(40). It is therefore interesting to further examine the inhibitory affect of IL-6 as well as IL-1β on CD8
+
 

iTregs and how the monoclonal antibodies influence the CD8
+ 

iTregs to differentiate, express and 

secrete various cytokines. This chapter is divided into two sections: first, the affect of anti-IL-6 and 

second, the affect of anti-IL-1β on CD8
+
 iTregs. 

4.3.1 Treatment with anti-IL-6 on CD8+ iTregs differentiation 

Both CD25
hi
/FoxP3

hi
 (Figure 6A) and CD25

+
/FoxP3

int
 (Figure 6B) were influenced by anti-IL-6 

treatment. The anti-IL-6 caused the greatest affect at high doses (1000 µg/mL) and inhibited the 

CD8
+
/CD127

-
 iTregs to differentiate into CD25

hi
/FoxP3

hi
 (p=0.0024) compared to lower doses (0.1/10 

µg/mL) (Figure 6A). Furthermore, anti-IL-6 treatment prevented the differentiation and induction of 

CD8
+
 iTregs for CD25

+
/FoxP3

int
 at high doses (1000 µg/mL, p=0.0005) (Figure 6B).  

 

Figure 6  Anti-IL-6 has an inhibitory effect on iTregs differentiation  

The effect of anti-IL-6 on two different phenotypes was evaluated and compared to the main condition (gray bar); 
αCD3ε/αCD28ε (1 µg/mL), IL-2 (200 IU), TGF-β1 (10 ng/mL). A) The effect of anti-IL-6 on CD8

+
/127

-
/CD25

hi
/FoxP3

hi
 

iTregs differentiation, mean ± SD. B) The effect of anti-IL-6 on CD8
+
/127

-
/CD25

+
/FoxP3

int
 iTregs differentiation, 

mean ± SD. One-way ANOVA, (p*<0.05, p**<0.01, p***<0.001). n=6. In culture (+), excluded in culture (-). 
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4.3.1.1 Cytokine expression with anti-IL-6 

The intracellular cytokines; IL-17, IFNγ, IL-6, IL-9 as well as the extracellular receptor PD1 were 

quantified to see whether anti-IL-6 influenced the expression profile of CD8
+
 iTregs. Treatment with 

Brefeldin A, which inhibits intracellular protein transport to the Golgi complex, did not affect the viability 

of the cells (viability >90%).  

Since little difference was found between the two sub-phenotypes, CD25
hi
/FoxP3

hi
 and 

CD25
+
/FoxP3

int
, of CD8

+
 iTregs, as previously described (Figure 6A and B) it was decided to analyse 

them together as one phenotype, which will hereafter be called CD25
+
/FoxP3

int/hi
 iTregs (gray).  

Two other phenotypes, CD25
+
/FoxP3

-
 (purple) and CD25

-
/FoxP3

int
 (red) will be compared to CD8

+
 

iTregs and called CD8
+
 T cells. Significant difference between CD25

+
/FoxP3

int/hi
 iTregs (gray)

 
and 

CD25
+
/FoxP3

-
 (purple) or CD25

-
/FoxP3

int
 (red) or between the different conditions are marked with * 

(two-way ANOVA, followed by multi comparison Tukey’s test). Intracellular cytokine expression of the 

three different populations can be seen in Figure 7, 8 and 9, where the expression between different 

conditions can be seen; first cultured only with AimV medium, then stimulated with αCD3ε/αCD28ε (1 

μg/mL), then induced with IL-2 (200 IU) and TGF-β1 (10 ng/mL) and finally the effect of adding anti-IL-

6 to the culture at different concentrations (0.1/10/1000 μg/mL) is displayed. 

As shown in Figure 7A, the expression of IL-17 was similar in all conditions when each phenotype 

was observed (gray/purple/red). Significant difference was seen when CD8
+
 Tregs were induced with 

IL-2/TGF-β1 and anti-IL-6 (1000 μg/mL) was added in the culture, the expression of IL-17 was higher 

for CD25
+
/FoxP3

int/hi
 iTregs (gray) then for the other two phenotypes (Figure 7A, (purple, p<0.01), red, 

p<0.0001).  

The expression of IFNγ was similar in all conditions and phenotypes and its expression was not 

effected by anti-IL-6. However, difference between CD25
+
/FoxP3

int/hi
 iTregs (gray) and CD25

-
/FoxP3

int
 

(red) was observed when cultured with αCD3ε/αCD28ε, marked with * (Figure 7B). Addition to that 

anti-IL-6 did not influence the expression of IFNγ compared to the main condition (αCD3ε/αCD28ε/IL-

2/TGF-β1) for all phenotypes.  
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Figure 7  IL-17 and IFN cytokine expression 

Naïve CD8
+ 

T cells (1.0x10
6
/mL) were stimulated with αCD3ɛ (1 µg/mL), αCD28ɛ (1 µg/mL), in the presence of IL-2 

(200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs. iTregs phenotypes were 
determined with flow cytometry. A) IL-17 intracellular expression between 3 phenotypes. B) IFNγ intracellular 
expression between 3 phenotypes. CD25

+
/FoxP3

int/hi
 (gray), CD25

+
/FoxP3

- 
(purple), CD25

-
/FoxP3

int 
(red). Data is 

presented in MFI, mean ± SD, n=5-6. (Tukey’s test was performed between gray vs. purple and gray vs. red. p* < 
0.05, p** < 0.01, p *** < 0.001). In culture (+), excluded in culture (-). 

 

As shown in Figure 8, when IL-6 expression was compared between different phenotypes, only 

difference was observed between CD25
+
/FoxP3

int/hi
 iTregs (gray) and CD25

-
/FoxP3

int
 (red) when 

cultured with αCD3ε/αCD28ε/IL-2/TGF-β1, marked with * (Figure 8A). No statistical difference was 

seen in IL-6 expression between conditions for any of the different phenotypes. Furthermore, when 

comparing IL-6 expression of CD25
+
/FoxP3

int/hi
 (gray, αCD3ε/αCD28ε/IL-2/TGF-β1 (2.60 ± 1.55), lower 

expression was seen when adding 0.1 μg/mL of anti-IL-6 (0.57 ± 1.05) as well as when 10 μg/mL of 

anti-IL-6 (0.57 ± 0.81) was added to the culture (ns). The highest concentration of anti-IL-6 (1000 

μg/mL) seemed to have less effect on IL-6 expression compared to the lower concentration (ns). 

As can be seen in Figure 8B, when CD8
+
/CD127

-
 were stimulated with αCD3ε/αCD28ε difference 

was observed between CD25
+
/FoxP3

int/hi
 iTregs (gray) and the two other phenotypes, CD25

+
/FoxP3

-
 

(purple***,) and CD25
-
/FoxP3

int
 (red*). By inducing with IL-2 and TGF-β1, difference was only found 

between CD25
+
/FoxP3

int/hi
 iTregs (gray) and CD25

+
/FoxP3

-
 (purple**). In both cases, IL-9 expression 

was higher for CD25
+
/FoxP3

int/hi
 iTregs (gray). Treatment with anti-IL-6 did not affect the phenotypes 

(gray/purple/red) in any of the conditions.   

 

 

Figure 8  IL-6 and IL-9 cytokine expression 

Naïve CD8
+ 

T cells (1.0x10
6
/mL) were stimulated with αCD3ɛ (1 µg/mL), αCD28ɛ (1 µg/mL), in the presence of IL-2 

(200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs. iTregs phenotypes were 
determined with flow cytometry. A) IL-6 intracellular expression between 3 phenotypes. B) IL-9 intracellular 
expression between 3 phenotypes. CD25

+
/FoxP3

int/hi
 (gray), CD25

+
/FoxP3

- 
(purple), CD25

-
/FoxP3

int 
(red). Data is 

presented in MFI, mean ± SD, n=5-6. (Tukey’s test was performed between gray vs. purple and gray vs. red. p* < 
0.05, p** < 0.01, p *** < 0.001). In culture (+), excluded in culture (-). 
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As shown in Figure 9, in unstimulate condition, PD1 expression was higher for CD25
+
/FoxP3

int/hi 

iTregs (gray, 16.55 ± 25.42) compared to CD25
-
/FoxP3

int
 (red, 3.66 ± 2.93) marked with **. 

Furthermore, adding anti-IL-6 in the culture inhibited the expression of PD1 receptor (0.1 μg/mL, 

p=0.043) and (10 μg/mL, p=0.040) for CD25
+
/FoxP3

int/hi
 iTregs (gray). CD8

+
 T cells displaying the 

phenotype CD25
-
/FoxP3

int
 (red) did not respond differently when cultured in different conditions (ns). 

 

 

Figure 9  Anti-IL-6 inhibits PD1 expression 

Naïve CD8
+ 

T cells (1.0x10
6
/mL) were stimulated with αCD3ɛ (1 µg/mL), αCD28ɛ (1 µg/mL), in the presence of IL-2 

(200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs. iTregs phenotypes were 
determined with flow cytometry. PD1 expression between 3 phenotypes. CD25

+
/FoxP3

int/hi
 (gray), CD25

+
/FoxP3

- 

(purple), CD25
-
/FoxP3

int 
(red). Data is presented in MFI, mean ± SD, n=5-6. (Tukey’s test was performed between 

gray vs. purple and gray vs. red. p* < 0.05, p** < 0.01). In culture (+), excluded in culture (-). 
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4.3.1.2 Cytokine secretion with anti-IL-6  

When CD8
+
 Tregs were induced with IL-2 and TGF-β1 (dark green) they secreted more of IL-21 

(p<0.001, Figure 10C) and IL-22 (p<0.001, Figure 10D) compared to unstimulate condition (without 

αCD3ε/αCD28ε). Furthermore, treatment with anti-IL-6 (1000 μg/mL) inhibited the secretion of IL-21 

(p<0.05, Figure 10C) and IL-22 (p<0.05, Figure 10D). Secretion of IL-6 (Figure 10A) and IL-1β (Figure 

10B) were not influenced by anti-IL-6 nor did they secrete more or less when culturing in different 

conditions. 

 

Figure 10  IL-6, IL-1, IL-21 and IL-22 cytokine secretion  

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05, p**<0.001). In culture (+), excluded in culture (-). 
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As seen in Figure 11, proportionally small fraction of IL-12 (Figure 11A), IL-10 (Figure 11B), IL-27 

(Figure 11C) and IL-17 (Figure 11D) was secreted by CD8
+
 iTregs. No significant difference was 

observed between any of the conditions.  

 

 

Figure 11 IL-12, IL-10, IL-27 and IL-17 cytokine secretion 

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. In 
culture (+), excluded in culture (-). 
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As seen in Figure 12, secretion of IL-18, (p<0.05, Figure 12A), IL-4 (p<0.001, Figure 12B) and IL-5 

(p<0.001, Figure 12D) increased when CD8
+
 Tregs were induced with IL-2 and TGF-β1 (dark green) 

compared to when cultured only with AimV medium. Secretion of IL-23 (Figure 12C) did not change 

between different conditions as well as all cytokine (IL-18, IL-4, IL-5 and IL-23) were not affected by 

anti-IL-6 treatment. 

 

Figure 12 IL-18, IL-4, IL-23 and IL-5 cytokine secretion  

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05, p**<0.001). In culture (+), excluded in culture (-). 
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As can be seen in Figure 13, secretion of TNFα (p<0.05, Figure 13A), IFNγ (p<0.05, Figure 13B), 

IL-9 (p<0.001, Figure 13C) and IL-13 (p<0.05, Figure 13D) were all increased when CD8
+
 Tregs were 

induced with IL-2 and TGF-β1 compared to cultured only with AimV medium. However, no change 

was seen when anti-IL-6 was added to the culture compared to condition 3. Addition to that, difference 

was seen for IL-9 (p<0.001, Figure 13C) and IL-13 (p<0.001, Figure 13D) when compared with 

unstimulated conditions (without αCD3ε/αCD28ε). Furthermore, secretion of IL-9 (Figure 13C) was 

markedly lower (17.18 ± 14.86) when anti-IL-6 (1000 μg/mL) was added to the culture compared to 

(αCD3ε/αCD28ε/IL-2/TGF-β1, 691.8 ± 608.6, ns). 

 

Figure 13 TNF, IFN, IL-9 and IL-13 secretion 

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05, p**<0.001). In culture (+), excluded in culture (-).  
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As shown in Figure 14, secretion of IL-2 (Figure 14A) is not observed when culturing CD8
+
 Tregs 

only with AimV (condition 1) or/and with αCD3ε/αCD28ε (condition 2). In contrast, inducing with IL-2 

and TGF-β1 (condition 3, dark green) IL-2 is detected (9680 ± 9199, dark green). IL-2 and TGF-β1 are 

critical for the induction and proliferation of CD8
+
 Tregs. This suggest that the CD8

+
 iTregs used most 

of the IL-2 added for their induction (0.083 µg/mL) or they secreted it at this level (9680 ± 9199, dark 

green). Either way, it seems like less is used by treatment with anti-IL-6 at high dosage (1000 μg/mL) 

or they secreted it at higher levels (35083 ± 58970, ns).  

Secretion of GM-CSF (Figure 14B) was higher when cultured with IL-2 and TGF-β1 compared to 

cultured only with AimV and the secretion was not effected with other concentration of anti-IL-6 

(0.1/10/1000 μg/mL). 

 

Figure 14 IL-2 and GM-CSF secretion  

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-6 (0.1/10/1000 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05, p**<0.001). In culture (+), excluded in culture (-). 
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4.3.2 Treatment with anti-IL-1β on CD8+ iTregs differentiation 

Anti-IL-1β inhibited the CD8
+
/CD127

-
 iTregs to differentiate and become CD25

hi
/FoxP3

hi
 (Figure 15A) 

for all doses (0.05/5/500 µg/mL, p=0.0158). The effect of anti-IL-1β on the CD25
+
/FoxP3

int
 (Figure 

15B) was not as radical as for the CD25
hi
/FoxP3

hi
 and no statistical difference was observed between 

the conditions.  

 

 

 

Figure 15 Anti-IL-1β has an effect on iTregs differentiation 

The effect of anti-IL-1β on two different phenotypes was evaluated and compared to the main condition (gray bar); 
αCD3ε/αCD28ε (1 µg/mL), IL-2 (200 IU), TGF-β1 (10 ng/mL). A) The effect of anti-IL-1β on CD8

+
/127

-

/CD25
hi
/FoxP3

hi
 iTregs differentiation, mean ± SD. B) The effect of anti-IL-1β on CD8

+
/127

-
/CD25

+
/FoxP3

int
 iTregs 

differentiation, mean ± SD. One-way ANOVA, (p*<0.05). n=6. In culture (+), excluded in culture (-). 
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4.3.2.1 Cytokine expression with anti-IL -1β 

As can be seen in Figure 16A, when only cultured with AimV, CD25
+
/FoxP3

int/hi
 iTregs (gray) 

expressed more IL-17 than the other two phenotypes (purple/red, ns) and adding anti-IL-1β to the 

culture had no effect on any of the phenotypes (gray/purple/red, Figure 16A). Significant difference 

was observed between CD25
+
/FoxP3

int/hi
 iTregs (gray) vs. CD25

+
/FoxP3

-
 (purple) and 

CD25
+
/FoxP3

int/hi
 iTregs (gray) vs. CD25

-
/FoxP3

int
 (red) when induced with IL-2 and TGF-β1. In 

addition, when anti-IL-1β (0.05/5/500 μg/mL) was added to the culture, IL-17 expression was higher 

for CD25
+
/FoxP3

int/hi
 iTregs (gray) then for the other two phenotypes (Figure 16A). As shown in Figure 

16B, difference was observed between CD25
+
/FoxP3

int/hi
 iTregs (gray) vs. CD25

-
/FoxP3

int
 (red) when 

cultured with αCD3ε/αCD28ε, marked with *. Treatment with anti-IL-1β did not influence the 

expression on IFNγ for any of the phenotypes nor did the expression change when culturing with only 

AimV or inducing with IL-2 and TGF-β1. 

 

 

 

Figure 16  IL-17 and IFN expression 

Naïve CD8
+ 

T cells (1.0x10
6
/mL) were stimulated with αCD3ɛ (1 µg/mL), αCD28ɛ (1 µg/mL), in the presence of IL-2 

(200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs. iTregs phenotypes were 
determined with flow cytometry. A) IL-17 intracellular expression between 3 phenotypes. B) IFNγ intracellular 
expression between 3 phenotypes. CD25

+
/FoxP3

int/hi
 (gray), CD25

+
/FoxP3

- 
(purple), CD25

-
/FoxP3

int 
(red). Data is 

presented in MFI, mean ± SD, n=5-6. (Tukey’s test was performed between gray vs. purple and gray vs. red. p* < 
0.05, p** < 0.01, p *** < 0.001). In culture (+), excluded in culture (-). 
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As can be seen in Figure 17A, expression of IL-6 was similar between all conditions when 

comparing each phenotype separately. Furthermore, no difference was seen when anti-IL-1β 

(0.05/5/500 μg/mL) was added in the culture for all of the phenotypes. IL-6 expression seemed to be 

less when 5 μg/mL of anti-IL-1β was added in the culture compared to the main condition (2.60 ± 2.84 

vs. 1.79 ± 1.48, ns) 

As shown in Figure 17B, significant difference was observed between CD25
+
/FoxP3

int/hi
 iTregs 

(gray) vs. CD25
+
/FoxP3

-
 (purple) marked with * whereas CD25

+
/FoxP3

int/hi
 iTregs (gray) expressed 

more IL-9 in all cultures compared to CD25
+
/FoxP3

-
 (purple, except only cultured in AimV). The 

expression of IL-9 did not change for any of the phenotypes when cultured in different conditions, nor 

did the treatment with anti-IL-1β influenced their expression compared to the main condition 

(αCD3ε/αCD28ε/IL-2/TGF-β1) 

 

 

Figure 17 IL-6 and IL-9 expression 

Naïve CD8
+ 

T cells (1.0x10
6
/mL) were stimulated with αCD3ɛ (1 µg/mL), αCD28ɛ (1 µg/mL), in the presence of IL-2 

(200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs. iTregs phenotypes was 
determined with flow cytometry. A) IL-6 intracellular expression between 3 phenotypes. B) IL-9 intracellular 
expression between 3 phenotypes. CD25

+
/FoxP3

int/hi
 iTregs (gray), CD25

+
/FoxP3

- 
(purple), CD25

-
/FoxP3

int 
(red). 

Data is presented in MFI, mean ± SD, n=5-6. (Tukey’s test was performed between gray vs. purple and gray vs. red. 
p* < 0.05, p** < 0.01, p *** < 0.001). In culture (+), excluded in culture (-). 
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As can be seen in Figure 18, both CD25
+
/FoxP3

int/hi
 iTregs (gray) and CD25

+
/FoxP3

-
 (purple) 

express similar proportion of PD1. Difference was seen when stimulated with αCD3ε/αCD28ε whereas 

CD25
+
/FoxP3

int/hi
 iTregs (gray)  expressed more PD1 compared to CD25

-
/FoxP3

int
 (red), marked with 

**. Furthermore, treatment with anti-IL-1β did not influenced PD1 expression of any of the phenotypes 

(gray/purple/red).  

 

 

Figure 18 PD1 expression 

Naïve CD8
+ 

T cells (1.0x10
6
/mL) were stimulated with αCD3ɛ (1 µg/mL), αCD28ɛ (1 µg/mL), in the presence of IL-2 

(200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs. iTregs phenotypes was 
determined with flow cytometry. PD1 expression between 3 phenotypes. CD25

+
/FoxP3

int/hi
 (gray), CD25

+
/FoxP3

- 

(purple), CD25
-
/FoxP3

int 
(red). Data is presented in MFI, mean ± SD, n=5-6. (Tukey’s test was performed between 

gray vs. red, p** < 0.01. In culture (+), excluded in culture (-). 
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4.3.2.2 Cytokine secretion with anti-IL-1β 

As can be seen in Figure 19, treating CD8
+
 iTregs with anti-IL-1β (0.05 μg/mL) reduced the secretion 

of IL-6 (Figure 19A, p=0.0463) and IL-1β (Figure 19B, p=0.0229) compared to condition 3 

(αCD3ε/αCD28ε/IL-2/TGF-β1, green). Furthermore, secretion of IL-21 (Figure 19C) and IL-22 (Figure 

19D) was increased when CD8
+
 Tregs were induced with IL-2 and TGF-β1 compared to condition 1 

(αCD3ε/αCD28ε) and condition 2 (αCD3ε/αCD28ε/IL-2/TGF-β1). 

 

 

Figure 19 IL-6, IL-1, IL-21 and IL-22 secretion  

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05. In culture (+), excluded in culture (-). 
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As shown in Figure 20, treatment with anti-IL-1β did not influence the secretion of IL-12 (Figure 

20A), IL-10 (Figure 20B), IL-27 (Figure 20C) or IL-17 (Figure 20D). As well as stimulating the CD8
+
 

Tregs with αCD3ε/αCD28ε or inducing with IL-2 and TGF-β1 did not have any impact on their 

secretion.  

 

Figure 20  IL-12, IL-10, IL-27 and IL-17 secretion 

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. In 
culture (+), excluded in culture (-). 

 

 

 

 

 

 

 

 

 

 

 



  

48 

As can be seen in Figure 21, difference was observed when the CD8
+
 Tregs were cultured and 

stimulated with αCD3ε/αCD28ε/IL-2/TGF-β1 compared to when cultured only with AimV medium. 

Increased secretion was seen for IL-18 (p<0.05, Figure 21A), IL-4 (p<0.001, Figure 21B) and IL-5 

(0.001, Figure 21D). Treatment with anti-IL-1β (0.5/5/500 μg/mL) did not influence the secretion 

compared to condition 3. No effect was seen for IL-23 (Figure 21C) for any of the conditions. 

 

 

Figure 21 IL-18, IL-4, IL-23 and IL-5 secretion 

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05, p**<0.001). In culture (+), excluded in culture (-). 
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As can be seen in Figure 22, increased secretion was seen for all four cytokines; TNFα (p<0.001, 

Figure 22A), IFNγ (p<0.05, Figure 22B), IL-9 (p<0.05, Figure 22C) and IL-13 (p<0.05, Figure 22D) 

when induced with IL-2 and TGF-β1 (condition 3, green bar) compared to when the CD8
+
 Tregs were 

only cultured with AimV medium.  

Higher secretion was seen for TNFα and IFNγ then for IL-9 (p<0.001) and IL-13 (p<0.05) when 

stimulated with αCD3ε/αCD28ε. Adding anti-IL-1β to the culture did not change the secretion of any of 

the cytokines compared to condition 3, ns. However looking at IL-9 (Figure 22C), less secretion was 

seen with anti-IL-1β (5 μg/mL, 691.8 ± 608.1) compared to condition 3 (484.6 ± 272.8), ns. As well as, 

IL-13 (Figure 22D) secretion was higher when adding anti-IL-1β (5 μg/mL) to the culture (1552 ± 2403) 

compared to condition 3 (437.7 ± 250.7), ns. 

 

Figure 22  TNF, IFN, IL-9 and IL-13 secretion  

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05, p**<0.001). In culture (+), excluded in culture (-). 
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As shown in Figure 23A, no secretion was seen for IL-2 when CD8
+
 Tregs were only cultured with 

AimV (condition 1) or stimulated with αCD3ε/αCD28ε (condition 2). Inducing with IL-2 and TGF-β1, 

which are both crucial cytokines for CD8
+
 Tregs proliferation, IL-2 secretion was observed. This 

suggest that the CD8
+
 iTregs used most of the IL-2 that were added for their induction (0.083 μg/mL), 

or they secreted it at this level (9680 ± 9199, condition 3). No difference was observed when treated 

with anti-IL-1β (0.5/5/500 μg/mL) compared to condition 3.  

As can be seen in Figure 23B, treatment with anti-IL-1β (0.05 μg/mL) seemed to reduce (720 ± 

474) the secretion of GM-CSF compared to condition 3 (1059 ± 416.9) for CD8
+
 Tregs but significant 

difference was not observed. Difference was seen between condition 3 (αCD3ε/αCD28ε/IL-2/TGF-β1) 

and condition 1 (AimV medium). Secretion seemed to be higher for condition 3 compared to condition 

2 (494 ± 537, ns). 

 

Figure 23  IL-2 and GM-CSF secretion 

Naïve CD8
+
 T cells (1.0x10

6
/mL) were stimulated with αCD3ɛ (1 µg/mL) and αCD28ɛ (1 µg/mL) in the presence of 

IL-2 (200 IU) and TGF-β1 (10 ng/mL), with/without anti-IL-1β (0.05/5/500 µg/mL) for 120 hrs and the supernatant 
stored at -80°C until analysed with luminex. Data is presented in concentration units = pg/mL, mean ± SD, n=5-8. 
Kruskal-Wallis test, p*<0.05, in culture (+), excluded in culture (-). 
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5 Discussion 

The focus of this study was to evaluate whether anti-IL-6 (tocilizumab) and anti-IL-1 (anakinra) 

influence the differentiation, cytokine expression and cytokine secretion of CD8
+
 iTregs. The main 

findings of our study are the following: (i) The phenotypic characterization of CD8
+
 iTregs and their 

optimal differentiation was confirmed and established. (ii) The differentiation of CD8
+
/CD127

-

/CD25
hi
/FoxP3

int/hi
 iTregs is dependent on IL-6, since treatment with tocilizumab inhibited their 

differentiation, whereas, IL-1 had minimal effect on their differentiation. (iii) The induction of CD8
+ 

iTregs results in a enhanced expression of PD1 as well as the production/secretion of IL-2, IL-4, IL-5, 

IL-9, IL-13, IL-18, IL-21, IL-22 and GM-CSF. (IV) The presence of IL-6 may be important for the 

augmented expression of PD1 as well as the production/secretion of IL-21 and IL-22 during the 

induction of CD8
+
 iTregs, due to the negative effect of tocilizumab on its expression and/or secretion. 

(V) It is possible that the minimal negative effect of anakinra on the differentiation of CD8
+
 iTregs might 

be driven through its negative effect upon IL-6 secretion.  

5.1 Identification and purity of iTregs cells 

Previous studies have demonstrated that iTregs are dependent on TGF-1 and IL-2 for their induction 

and differentiation (41). We have showed when CD8
+
/CD127

-
 T cells are isolated from PBMCs and 

cultured with AimV medium and stimulated with CD3/CD28 in the presence of IL-2 and TGF-1 

they differentiate towards being CD25
hi
/FoxP3

hi 
and CD25

+
/FoxP3

int
 (Figure 3).  

Furthermore, isolation of CD8
+
/CD45RA

+
 T cells and the purity of naïve CD8

+
/CD127

-

/CD25
+
/CD45RA

+
 T cells was confirmed. This step was crucial to see whether anti-IL-6 and anti-IL-1β 

influenced the differentiation of CD8
+
 iTregs. 

5.2 Treatment with anti-IL-6 on CD8+ iTregs differentiation 

IL-6 has a role in inflammation and immune regulation (53). It has been demonstrated that upon 

inflammation IL-6 with TGF-1 induces the differentiation of pathogenic Th17 cells from naïve CD4
+
 T 

cells (57). Treating CD8
+
 iTregs with tocilizumab effected CD8

+
 iTregs differentiation. CD8

+
 iTregs 

were significantly induced and defined as CD8
+
/CD127

-
/CD25

+
/FoxP3

int/hi
 and treatment with anti-IL-6 

(0.1/10/1000 g/mL) inhibited the differentiation of CD8
+ 

iTregs (Figure 6). Thus, at this moment in 

time it is evident that tocilizumab would not be beneficial for patients with underlying autoimmune 

conditions were immune-regulation is dependent upon the presence of CD8
+
 iTregs. However, due to 

its negative effect upon the secretion of IL-21 and IL-22, autoimmune conditions that are driven by 

their secretion might be of more importance.  

The PD1 has been found to have multiple functions, including T cell activation, the induction and 

maintenance of tolerance in autoimmune diseases (62, 90). One study indicated that PD1 did not 

affect Tregs suppressive function or their development (64). The role of PD1 for CD8
+
 iTregs is 

unclear, and even though PD1 was most significantly expressed by this phenotype its role in their 

differentiation and development is still unknown. However, our results suggest that treatment with anti-

IL-6 in low concentrations (0.1/10 g/mL) may lead to a reduced PD1 expression on CD8
+
 iTregs.  
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However, it is unlikely that this is the main mechanism behind the negative effect that anti-IL-6 

treatment had on their differentiation (Figure 9). The enhanced production of GM-CSF during the 

differentiation of CD8
+
 iTregs might be driven through IL-17, but IL-17 is known to induce GM-CSF 

secretion (76, 77).  

It has been reported that IL-22 is up-regulated in patients with IBD (83) as well as anti-TNF 

reduces IL-22 expression in CD4
+
 T cells (84). Our result showed that anti-IL-6 (1000 g/mL) reduced 

secretion of IL-21 (Figure 10C) and IL-22 (Figure 10D) which indicates that therapy with anti-IL-6 might 

benefit patients with autoimmune conditions driven through similar immunopathogenesis as the one 

found in IBD. 

IL-13 has two surface receptors (IL-13Rα1 and IL-13Rα2). IL-13Rα1 binds with low affinity with IL-

13, form heterodimer with IL-4Rα (IL-4 receptor) and signals through STAT6 via Jak. Less is known 

about IL-13Rα2 but it is thought to bind with high affinity to IL-13 and signal through STAT3 (68). In 

our study, secretion of both IL-4 (Figure 12B) and IL-13 (Figure 13D) were higher following the 

induction of CD8
+
 iTregs. If similar signaling cascade is taking place in CD8

+
 iTregs as stated above is 

unknown, this might be interesting to evaluate in further studies. 

5.3 Treatment with anti-IL-1 on CD8+ iTregs differentiation 

Previous studies have suggested that IL-1β might play a role in the differentiation and function of CD8
+
 

iTregs, whereas, IL-6 was significantly expressed in the presence of IL-1/IL-2/TGF-1 (40). However, 

our presented results do not support the role of IL-1β in the induction of CD8+ iTregs, since anakinra 

did only marginally affect their differentiation, and only in low concentration.  

In addition, anti-IL-1 treatment did not influence the expression or the secretion of any of the 

cytokine tested with the exception of IL-6. Thus, it is conceivable that the marginal effect of IL-1 upon 

the differentiation of CD8
+
 iTregs might be driven through its positive effects upon IL-6 production. It is 

possible that due to the relative small size of our study cohort (n=6) more subtle difference might be 

lost, or been unnoticed. It is also possible that other more pronounced differences might be seen in 

selected patient cohort with underlying autoimmune condition, but that remains to be seen. 
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6 Conclusion 

CD8
+
 iTregs are dependent on induction of IL-2 and TGF-β1 to differentiate and are best 

phenotypically characterized as CD8
+
/CD127

-
/CD25

+
/FoxP3

int/hi
 iTregs. They seem to be strongly 

dependent upon the presence of IL-6, since anti-IL-6 inhibits their differentiation. In addition, they are 

found to express more PD1, and secrete various cytokines such as IL-2, IL-4, IL-5, IL-9, IL-13, IL-18, 

IL-21, IL-22 and GM-CSF than other phenotypes. Today it is unclear if any of these molecules are 

important in their immunoregulatory potential, and awaits further and more in depth investigation. 

Finally, since both IL-21 and IL-22 secretion are reduced following tocilizumab treatment and given 

their known role in B-cell differentiation, may suggest a potential therapeutic role for its use in a B-cell 

driven autoimmunity.  

We hope that further studies will enhance our understanding of the therapeutic immunological 

mechanisms behind these main inflammatory mediators of innate immunity and at the same time 

disclose unveiled roles of these inflammatory processes in autoimmunity.  
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