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ΠΕΡΙΛΗΨΗ 

 

Τα κατασταλτικά κύτταρα μυελικής σειράς (MDSCs) είναι ένας ετερογενής πληθυσμός 

μη-πλήρως διαφοροποιημένων κυττάρων που προέρχονται από τον μυελό των οστών και τα 

οποία έχουν την ικανότητα κάτω από ορισμένες συνθήκες να καταστείλουν την ανοσολογική 

απάντηση καταστέλλοντας τις διαδικασίες που γίνονται μέσω Τ-κυττάρων καθώς και 

αλληλεπιδρώντας με άλλα κύτταρα του ανοσοποιητικού συστήματος. Παρόλο που αρχικά τα 

κύτταρα αυτά μελετούνταν σε καρκινικά συστήματα όπου η σημασία τους είχε πλέον γίνει 

αποδεκτή, τα τελευταία χρόνια αποτελέσματα διαφόρων μελετών είτε με in vitro είτε με in vivo 

πειράματα, καταδεικνύουν την σημασία του ρόλου των κυττάρων αυτών καθώς και το ότι 

εμπλέκονται σε διάφορες παθολογικές καταστάσεις. 

Η κινάση Akt είναι μια από τις σημαντικότερες και πιο μελετημένες πρωτεΐνες των 

ευκαρυωτικών κυττάρων. Αποτελεί βασικό κόμβο διαφόρων σηματοδοτικών μονοπατιών εντός 

του κυττάρου τα οποία δεν σχετίζονται υποχρεωτικά μεταξύ τους, αλλά ενεργοποιούνται από 

μια πληθώρα σηματοδοτικών μορίων που μπορεί να φθάσουν στην επιφάνεια του κυττάρου. 

Βιβλιογραφικά είναι γνωστές 3 διαφορετικές ισομορφές της Akt κινάσης οι οποίες έχουν τόσο 

διαφορετικές όσο και αλληλο-επικαλυπτόμενες λειτουργίες. Η σημασία του ρόλου των 

διαφόρων ισομορφών της κινάσης γίνεται κατανοητή αν παρατηρήσει κανείς τους φαινοτύπους 

των διαγονιδιακών ποντικιών τα οποία δεν τις εκφράζουν. 

Η παρούσα εργασία στοχεύει στο να εξακριβωθεί ο ρόλος που έχουν δυο από τις 

ισομορφές της Akt στην διαφοροποίηση και λειτουργία των MDSCs είτε στον μυελό, όπου 

δημιουργούνται τα κύτταρα αυτά, είτε στην περιφέρεια όπου μεταναστεύουν και αναμένουν την 

ενεργοποίηση τους ή όπου μεταναστεύουν έπειτα από δευτερογενή σήματα ώστε να 

καταστείλλουν κάποια ανοσο-απάντηση.   

 Προκειμένου να γίνει κατανοητός ο ρόλος που έχουν οι κινάσες Akt στην 

διαφοροποίηση και στην λειτουργία των MDSCs χρησιμοποιήθηκαν διαγονιδιακά ποντίκια που 

δεν εκφράζουν τις επιθυμητές ισομορφές, είτε την Akt1 είτε την Akt2. Τα ποσοστά των 

κυττάρων που μελετήθηκαν, των MDSCs, μετρήθηκαν στα ποντίκια αυτά τόσο στον μυελό των 

οστών όσο και στην περιφέρεια, και συγκρίθηκαν με τα αγρίου τύπου ποντίκια σε δυο 
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διαφορετικές καταστάσεις : είτε σε στείρες συνθήκες (naïve conditions) είτε μετά από 

ενεργοποίηση ανοσολογικής απάντησης. Διαφορές μεταξύ των διαφορετικών στελεχών 

βρέθηκαν και στις δυο συνθήκες και αυτό θα μπορούσε να υποδηλώσει ένα πιθανώς ενεργό 

ρόλο των Akt πρωτεϊνών στην ωρίμανση ή/και στον πολλαπλασιασμό των MDSCs. Επίσης, 

μορφολογικές διαφορές βρέθηκαν μεταξύ κυττάρων MDSCs τα οποία απομονώθηκαν από  

Akt1-/- σε σχέση με αυτά που απομονώθηκαν από τα ποντίκια-αναφορείς των πειραμάτων. 

Ακόμα, η κατασταλτική λειτουργία των μυελικών αυτών κυττάρων που προέρχονται από τα 

διαγονιδιακά ζώα, φαίνεται να έχει τροποποιηθεί σε σχέση με τα ποντίκια αγρίου τύπου, γεγονός 

που καταδεικνύεται τόσο από πειράματα συν-καλλιεργειών των κυττάρων με ενεργοποιημένα Τ-

κύτταρα όπου μετρήθηκαν οι παραγόμενες κυτοκίνες, όσο και από πειράματα που ελέγχθηκαν 

τα επίπεδα έκφρασης των μορίων arginase1 και CEBPβ, τα οποία αποτελούν βασικά 

κατασταλτικά μόρια για τα MDSCs. 

 Συμπερασματικά, από τα παραπάνω δεδομένα που προέκυψαν σχετικά με τις διαφορές 

στους αριθμούς των κυττάρων, στην μορφολογία τους και στην κατασταλτική λειτουργία τους , 

απουσία των πρωτεϊνών, καταδεικνύεται ένας σημαντικός ρόλος των Akt κινασών στην 

διαφοροποίηση και λειτουργία των κατασταλτικών κυττάρων μυελικής σειράς. 
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ABSTRACT 

 

 Myeloid derived suppressor cells (MDSCs) are a heterogeneous population of immature 

cells generating from the bone marrow that have the ability under certain conditions to suppress 

the immune response. MDSCs contribute to the negative regulation of the immune response by 

suppressing the T-cell mediated responses and also by interacting with various other cells of the 

immune system. Although at the beginning these cells were only studied in various cancer 

models where their importance was proven, in the past few years, evidence is gathering from in 

vitro and in vivo studies concerning and underlining the important role of MDSCs’ function or 

loss of function in various pathological conditions.  

Akt kinase is one of the most important and known protein kinases of the eukaryotic 

cells. It is a central node for many signaling pathways in the cell and is activated after a variety 

of stimulatory molecules that reach the surface of cells. Three different isoforms are known and 

all of them have specific and also overlapping roles in many pathways. The importance of these 

kinases roles can be understood examining the phenotype and the pathology of Akt KO animals 

that depends on which Akt kinase isoform is absent. 

 This study aims to elucidate the role that two of the Akt isoforms have at the 

differentiation and function of MDSCs either in the bone marrow where these cells come from or 

in the periphery where they migrate in order to suppress an immune response or home until 

needed to suppress a response. In order to understand the role that Akt proteins have at the 

differentiation and function of MDSCs, Akt KO mice were used. The percentages of MDSCs 

were countered at both Akt1-/- and Akt2-/- mice in both bone marrow and spleen tissues and 

compared with B6 mice using two different conditions: naïve mice and mice that were immune 

triggered. Differences at different strains were revealed at both conditions that could indicate a 

role for Akt proteins at the maturation and proliferation of MDSCs. Also morphological 

differences were found between MDSCs isolated from Akt1-/- mice and B6 mice. Furthermore, 

the suppressive function of Akt-/- MDSCs seem to be altered compared to B6 mice, as results 

from co-culturing of these cells with T-cells show and also arginase1 and CEBPb expression 

levels differences reveal.  



8 
 

 In conclusion, these data demonstrate differences at the numbers of MDSCs in the 

absence of Akt proteins and also morphological alterations and differences at the suppressive 

ability of these cells. 
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PURPOSE OF THIS STUDY 

 

Myeloid derived suppressor cells are a population of cells that contributes to the negative 

regulation of the immune response in various conditions such as cancer, auto-immune diseases, 

sepsis, trauma and others. MDSCs were defined as a heterogeneous population of immature 

myeloid cells consisting of progenitors of macrophages, dendritic cells and immature myeloid 

cells.  MDSCs have been associated with many diverse regulatory functions including tumor-

linked immune defects, suppression of T-cell responses related to adaptive immune response and 

also regulation of the innate immune response. All of the above underline the importance of this 

population’s functions and also indicate that MDSCs could be considered as a good possible 

target for therapeutic intervention. 

Akt protein kinases signaling in response to cytokine receptor signaling promotes protein 

synthesis, cellular growth and proliferation. The importance of Akt signaling at the function of 

the immune response has been shown by many studies at the past, where it was shown that Akt 

has the ability to determine the polarization of macrophages into type 1 or type 2 macrophages.  

As MDSCs and macrophages share a common myeloid lineage, the purpose of this study 

is to examine whether the absence of Akt proteins has any effect at the numbers of MDSCs both 

at the Bone marrow and the periphery. As Akt plays an important role in many pathways 

including differentiation of various cell types and migration, it would be interesting to see 

whether it affects also MDSCs during these procedures. Apart from this, the suppressive ability 

of MDSCs from Akt knock-out mice was examined in order to see whether Akt plays an 

important role at the pathways used from MDSCs in order to suppress the immune response.  
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A) INTRODUCTION 

 

A1. Akt protein 

 

A1.i. General Information 

The serine/threonine kinase Akt, also known as protein kinase B, is one of the central 

molecules involved in cell signaling downstream of various extracellular stimuli as growth 

factors, cytokines and other. Akt molecules participate in the regulation of metabolism, 

transcription, apoptosis and cell cycle. Deregulated or over-expressed Akt has been found in 

numerous cancer types, and sometimes the incidence rate exceeds 50% of the cases. On the other 

hand, the activation of Akt is reduced in human patients suffering from type II diabetes, 

furthermore indicating the importance of these molecules for the proper function of eukaryotic 

cells [1]. 

The critical role that Akt kinases can have in tumor models, regulating cell apoptosis, 

proliferation and protein synthesis has been recognized widely and supported by many studies 

during the past years. Last years, studies have shown that Akt kinases could also have an 

important role regulating the function and properties of cells of the immune system and thus 

affect the whole immune response. [22]. 

There are three different, highly homologous, isoforms of Akt kinase: Akt1, Akt2 and 

Akt3, also known as PKBα, PKBβ and PKBγ respectively. Analyses of Akt isoform knockout 

mice documented Akt isoform specific functions in the regulation of cellular growth, glucose 

homeostasis and neuronal development. PKBα is ubiquitously expressed, PKBβ is 

predominantly expressed in insulin target tissues (fat cells, liver and skeletal muscle) and PKBγ 

is less widely expressed, mainly in brain. Those results establish that the functions of the three 

isoforms are not completely overlapping and that each one through specific signaling pathways 

contributes to the diversity of Akt activities [2].  
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A1.ii. Protein structure 

Akt proteins are cytosolic, soluble proteins with a molecular weight of 57kDa and share 

many common features concerning their structure. Each one of Akt kinases has three conserved 

domains with specific roles, namely an N-terminal pleckstrin homology domain (PH domain), a 

central catalytic kinase domain and a C-terminal domain. Although various crystal structures are 

known  for the protein kinase domain or PH domain, the complete structure of either of the three 

isoforms of the protein is not yet known [14, 15], an information that would be able to further 

elucidate the role of all and each isoform respectively. 

 

                                

        Figure 1: Structure of the different Akt isoforms [1] 

 

The PH domain is a structure, with a size of around 100 amino-acidic residues, that binds 

phosphatidylinositol 3, 4, 5-trisphosphate [PI (3,4,5)P3] and phosphatidylinositol 3,4, 

trisphosphate [PI(3,4)P2] with very high affinity. The PH domain is unable to bind to 

phosphoinositides lacking a D3 or D4 phosphate, giving specificity concerning the binding of 

substrates and so giving specificity to the whole action of the kinase molecules. 

Phosphoinositides bind to a shallow pocket that is created in the PH domain and the phosphate 

side chains of the head group are forming salt bridges with specific basic residues in the protein 

[15-16]. 
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The kinase domain of PKB, approximately 250 amino-acids in length, is highly similar to 

PKC, PKA, serum and glucocorticoids-regulated protein kinase. It contains a conserved amino-

acidic residue that is a threonine (T309) and whose phosphorylation is necessary for the full 

activation of the molecule. This threonine residue is located between the DFG and Akt 

phosphorylation enhancer (APE).  

The C-terminal domain, approximately 40 amino-acids in length, is the motif that is less 

conserved between the different Akt isoforms (70% instead of >80% for the rest of the protein) 

and is most closely related to the PKC family. This domain contains the characteristic 

hydrophobic motif of AGC kinases: F-X-X-F/Y-S/T-Y/F where X is any amino-acid.  This 

region also contains a residue, which is a serine (S474), which must be phosphorylated in order 

for the protein molecule to be fully activated [14, 15-16]. 

The importance of the two conserved residues (T309-S474) was shown as point mutants 

of PKB with Ala substituting them, show significantly reduced activity and function. Other 

studies using mutant proteins with only one site changed to Ala or Asp furthermore showed the 

importance of these sites as these singly phosphorylated proteins were only partially active. All 

of the above indicate and underline the importance of the two sites for the activations of the 

protein molecule and that phosphorylation at both sites is required in order to fully activate the 

Akt protein molecule. [17]. 

 

A1.iii. Akt different isoforms 

Akt kinase family consists of three highly homologous isoforms: Akt1 (PKBα), Akt2 

(PKBβ) and Akt3 (PKBγ), with Akt1 sharing 81% and 83% of amino-acid identity with Akt2 

and Akt3 respectively. The molecules seem to be conserved even across species (human-rodents) 

furthermore underlining the importance of the regulatory function of the proteins [1]. 

Phenotypic analyses of Akt knockout mice for the three different Akt molecules, 

underlined Akt isoform specific functions in the regulation of the various pathways they control, 

as well as common pathways that the isoforms participate into. Studies of Akt isoform-specific 

knockout mice suggest that Akt signaling diversity might be in part due to different functions of 
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the three isoforms and not only due to the different expression pattern. Akt1 knockout mice are 

smaller than their wild-type counterparts and Akt1-null cells display higher rates of apoptosis, 

indicating that Akt1 must have an important role in cell survival. On the other hand Akt2 

knockout mice develop a type 2 diabetes-like phenotype suggesting that Akt2 has a central role 

in glucose homeostasis. Akt3 was proposed to have a role in brain development as mice lacking 

completely Akt3, displayed impaired brain development [7, 8, 9, 10 &11].   

 

 

Figure 2: Overlapping and specific functions of the Akt family different members [3] 

 

Different studies establish that the functions of the different Akt kinases are not 

completely overlapping and that isoform-specific signaling contributes to the diversity of Akt 

activities. All of the isoforms come from different genes, so common regulation of the 

expression of the three isoforms is not prerequisite. Although all of the above suggested that 

different isoforms have different role inside cells and organism, double mutants studies indicated 

that there may be some overlap of functions among the isoforms. The most important is to reveal 

the mechanism that contributes to Akt-isoform functions distinction. There have been many 

suggestions done concerning this mechanism but this topic will not be further studied at the 

present study [12, 13]. 
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A1.iv. Akt protein activation and pathways involved 

As mentioned before, in order for the Akt molecule to be activated, two phosphorylation 

events must occur at two different amino-acidic residues. These two residues are threonine 309 

and a serine residue (different for each isoform but around 470) and both sites must be 

phosphorylated in order for the protein molecule to be fully activated.  

External stimuli such as growth factors or cytokines, reaching the cell surface are 

“sensed” by receptors that cell membrane has and activate a downstream pathway that lead to the 

activation of PI3 Kinase (PI3K). This kinase after being phosphorylated, and thus activated, 

translocates to the plasma membrane, where it generates the key second messenger molecule PI 

(3, 4, and 5) P3. When PIP3 is generated, it attracts Akt that binds to it using the PH domain that 

has a great affinity for PIP3 molecules. That leads to the translocation of the Akt molecules at the 

cytosolic side of membrane of the cell. The interaction of Akt molecules with PIP3 leads to 

conformational changes of Akt, making the phosphorylation sites available to kinases in order to 

activate the Akt protein molecules. Generation of PIP3 molecules also leads to the translocation 

of other molecules at the plasma membrane. One of these proteins is PDK1 that also has a PH 

domain and binds to PIP3 of the membrane. The co-localization of the two molecules leads to the 

phosphorylation of Akt molecules to the T309 site, an event that partially activates Akt but as 

mentioned before, Akt needs to be phosphorylated at the S474 also. This phosphorylation is done 

by another kinase, known as PDK2. 

The phosphorylation of S474 is believed to be the most crucial step for the activation of 

the Akt molecule as it stabilizes the kinase motif of Akt in an active conformation state almost 

identical to that found in the constitutively phosphorylated and activated catalytic subunit of 

PKA. If not phosphorylated, the kinase domain of Akt protein interacts with its PH domain in a 

way that doesn’t allow the kinase domain to be activated and thus phosphorylate the specific 

targets of the molecule. Because of the importance of phosphorylation of PKB on S473 in its 

activation, much effort has been expended in trying to identify which exactly is the cytosolic 

kinase that plays the role of PDK2 kinase [18]. 
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Figure 3: Activation pathway of Akt proteins via phosphorylation of specific residues [] 

 

The recent, most prominent candidates for playing the role of PDK2 kinase are mTORC2 

and DNA-PK. Both of these proteins are supported to be the kinase that phosphorylates the S473 

residue and there have been results that support each of them as the most probable protein that 

has the role of PDK2. Knock down of mTOR or rictor expression using the mechanism of RNAi 

leads to a decrease of S473 phosphorylation in cancer cells. Moreover, in vitro experiments have 

shown that mTORC2 can directly phosphorylate S473 and thus facilitate the phosphorylation of 

T308 by PDK1. The exact mechanism that leads to activation of the mTORC2 in the cell, 

because of external stimuli, still remains unknown [19]. Also mTORC2 is the main kinase of 

S473 during embryogenesis, as it was demonstrated in a whole body rictor knockout. On the 

other hand, results from experiments with skeletal muscle specific rictor knockouts have shown 

that activation of Akt doesn’t require mTORC2. These results support the existence of another 

kinase that can possibly activate Akt under specific situations. For example, in stress situations 

following DNA damage or the presence of CpG DNA, there have been studies demonstrating 

that DNA-PK is the major Akt S474 kinase [20, 21] 

After its activation, Akt dissociates from the plasma membrane and phosphorylates 

molecules-targets in the cytoplasm, transducting the signal downstream, affecting various 
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pathways, depending on the stimulus. Searching the available literature, more than 100 

molecules have been reported as non-redundant Akt substrates. From all these, only 18 substrates 

meet some criteria (for example have the characteristic amino-acidic motif that Akt kinases 

recognize) and have been reported to be regulated by Akt in many, independent publications and 

thus can be examined as the most possible and common targets of Akt kinases. 

 

 

 

Figure 4: Akt kinase and the most known substrates. The pathway that each molecule participates in is indicated 
[14]. 

 

All of the above indicate that probably there are different proteins playing the role of the 

PDK2 kinase activating Akt protein, depending on the cell type and the situation or the stimuli 

that the cell has to face.  
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A1.v. Akt protein and the immune response/inflammation 

Recently some studies have revealed a critical role of Akt protein in the immunity and 

autoimmunity. As it was previously known, Akt protein is involved in the regulation of the 

inflammatory response and several studies have underlined the important role of the PI3K-AKT 

signaling in inflammatory mediated diseases such as rheumatoid arthritis, multiple sclerosis, 

asthma, atherosclerosis and other [22, 23, 24, 25, and 26].  

Many studies have shown that Akt-mTOR pathways are involved on adaptive immune 

cell expansion and function. [27-34] and apart from that, a large amount of evidence indicate that 

Akt predominantly expressed in the innate immune cells, including neutrophils, macrophages 

and dendritic cells, is critical to the inflammatory response and more specifically to the immune 

cells development and function. 

Akt can activate different signaling molecules downstream and help to the activation of 

neutrophils in order for them to take effect in the immune response. It has been shown by studies 

that PI3K-dependent p38 kinase together with Akt and other molecules, form a stable complex in 

un-stimulated neutrophils which upon stimulation is dissociated and Akt is phosphorylated in 

order to transduct the signal downstream. Thus, by activating different signaling molecules, Akt 

participates to the activation of neutrophils in order to face possible threats such as viruses or 

microbes [35, 36, and 37]. 

Under normal conditions, in the circulation, neutrophils have a short lifespan and undergo 

apoptosis within less than 10hours. However, apoptosis is delayed after exposure to pro-

inflammatory stimuli such as interleukin-8, TNFα, interleukin-12, lipopolysaccharide (LPS) and 

others. Anti-apoptotic stimuli lead to the activation of Akt which by de-activating 

phosphorylation of apoptotic molecules (among others caspase 9 one of the most known proteins 

involved in the apoptosis of eukaryotic cells) lead to the inhibition of the neutrophils apoptosis 

and contributes to the balance of the numbers of neutrophils. Supporting the above, recent 

studies report that de-activating Akt signaling leads to the spontaneous apoptosis of neutrophils, 

furthermore indicating the significant role of Akt signaling at the regulation of the apoptosis 

pathway [38].  
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Although many studies report a significant role for Akt as an anti-apoptotic molecule, 

other studies underline that Akt alone is not sufficient in order to prolong neutrophils survival. 

Neutrophils treated with G-CSF undergo apoptosis, even in the presence of high levels of p-Akt 

[39, 40] and in addition, inhibitors of Akt and downstream targets failed to alter neutrophils 

survival. In contrast, neutrophils precursors appear to be dependent on Akt signaling pathways 

for their survival whereas high levels of activated Akt inhibit proliferation [41]. 

All of the above suggest a controversial role for Akt at the survival and proliferation of 

early hematopoietic precursors and other cells as neutrophils. Although basal levels of Akt may 

be required for the brief life of neutrophils and their activation and function, further activations 

of the Akt expression is not able to extend neutrophils lifespan.  

 

 

A2. Myeloid Derived Suppressor Cells 

 

A2.i. General Information 

The existence of a population of suppressive myeloid cells was firstly described more 

than two decades ago in patients suffering from cancer and mice bearing Lewis lung carcinoma 

but the importance of their role have only recently been elucidated. Various studies have shown 

that this population of cells with the suppressive activity contributes to the negative regulation of 

the immune system during various pathological conditions such as cancer or infectious diseases. 

[42] 

MDSCs contribute to the negative regulation of the immune response in both innate and 

adaptive immunity. As it has been shown from previous studies, MDSCs not only have the 

ability to suppress various T-cell responses but also these cells can interact with macrophages 

and modulate the cytokine production from macrophages [50]. Initial studies of MDSCs were 

exclusively examining these cells in tumor-bearing mice or in patients suffering from various 
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types of cancer. However, in recent years, it is becoming clearer that MDSCs have an important 

role in different types of inflammation that are not directly associated with cancer. 

The role of MDSCs as an important negative regulator of the immune response is 

extended beyond cancer and is observed in many pathological conditions. Although, as their 

name implies, these cells are mostly known for their immune-suppressive function, evidence are 

gathering pointing out that probably these cells contribute importantly in other aspects of the 

immune response. For example their role in the regulation of different CD4+ T cell populations’ 

numbers has recently been showed.   

Recent publications elucidate the complex role and an interaction of MDSCs with the 

whole immune system as it seems that the interactions of MDSCs with CD4+ Tcells is not one-

directional and is also not limited to the immunosuppressive activity of MDSCs on Tcells. As 

mentioned in a review “it appears that T-cells can, in turn, regulate MDSC expansion and 

activity as well” [43] indicating that the interactions between these cell populations form a 

complex network that still has many unidentified interactions and pathways. 

 

A2.ii. Characterization of cells and subpopulations of MDSCs 

MDSCs are not terminally-differentiated cells and so they lack the expression of specific 

cell-surface molecules. These cells express markers also expressed by monocytes, dendritic cells 

or macrophages. In mice, MDSCs are characterized and isolated by the co-expression of GR-1, 

which is a characteristic antigen for all cells with myeloid origin, and also CD11b (also known as 

αM-integrin). The lack of specific surface molecules makes it difficult to isolate them separately 

from other cell populations that express common surface molecules such as neutrophils. 

C57BL/6 mouse bone marrow under naïve conditions contains 20-30% of cells with this 

double positive phenotype (GR1+CD11b+) but in the periphery the percentage of these cells is 

significantly reduced to 2-4% in spleen under naïve condition and are also absent from the lymph 

nodes.  

The population of MDSCs is a mixture of myeloid cells that have the morphology of 

granulocytes or monocytes. The morphological heterogeneity of the population implied the 
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possibility of more than one different subpopulations, a hypothesis which was proved using the 

appropriate molecules in mice models. Antibodies that are specific for GR1 have the ability to 

recognize two different epitopes, Ly6G and Ly6C that are produced from different genes. Using 

antibodies that bind specifically to one of these two epitopes, two different subsets of MDSCs 

have been characterized and isolated.  

Granulocytic MDSCs that have an expression profile CD11b+Ly6G+Ly6Clow (also known 

as polymorphonuclear MDSCs-PMN MDSCs) and also Monocytic MDSCs that have a profile 

CD11b+Ly6G-Ly6Chi [10, 14]. The phenotype of these subsets is well defined in mice and 

recently these cells were defined and characterized in cancer patients as well [63]. PMN-MDSCs 

consist of relatively immature and pathologically activated Neutrophils [64] whereas M-MDSCs 

are thought to be inflammatory monocytes activated under pathological conditions. 

 

 

 

 

 

 

 

 

 

These two subsets not only differ morphologically as evidence indicates that these two 

subsets may also have different functions and properties in autoimmune diseases and cancer. 

Data from ten different tumor models showed that although both subsets expanded, in most cases 

the expansion of granulocytic MDSCs (G-MDSCs) was much greater than that of the monocytic 

subset. Furthermore many studies show that the two subpopulations use different pathways to 

 

Figure 5: Subpopulations of MDSCs and differentiation 
possibilities [42] 
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suppress T-cell responses. In addition to the above, the finding that only monocytic MDSCs have 

the ability to differentiate in vitro into mature DCs and macrophages further supported the 

hypothesis that the two subsets have distinct roles at the immune response [51]. 

It was shown that, at least in cancer, M-MDSCs may have a central role in the 

development of immune suppressive myeloid cells. In the site of the tumor development, these 

cells differentiate to tumor-associated macrophages that are potent immunosuppressive cells and 

in the periphery these are able to differentiate into PMNs [65, 66]. 

 

A2.iii. Origin of myeloid derived suppressor cells  

The normal process of myelopoiesis takes place in the bone marrow and is controlled by 

a complex network of soluble factors including various cytokines released (GM-CSF, M-CSF 

etc.)  and intracellular expressed molecules (Notch). During this process, hematopoietic stem 

cells differentiate into common myeloid progenitor cells and then into IMCs. Normally, IMCs 

migrate to the periphery, into various tissues and organs, where they differentiate into 

macrophages, granulocytes and dendritic cells. However in various pathogenic conditions, such 

as trauma, sepsis, infection or tumor development, various factors are produced that lead to the 

accumulation of IMCs at these sites. These factors not only prevent IMCs from further 

differentiating but also induce their activation. These immature myeloid cells exhibit 

immunosuppressive properties and are therefore known as myeloid derived suppressor cells [42]. 

 

Figure 6: Process of myelopoiesis in Bone Marrow. Both the differentiation of IMCs under normal conditions and 
the generation of MDSCs because of various pathological conditions are presented [42]. 
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A2.iv. Expansion and activation of MDSCs  

Under normal conditions, a more or less stable population (concerning number of cells) 

of mature myeloid cells can be found at peripheral tissues and lymphoid organs. This situation is 

maintained via the release of progenitors and precursor cells from the bone marrow to the 

periphery, which is controlled by a complex network of factors produced [48]. In the setting of a 

pathogenic condition such as trauma, sepsis, tumor development, autoimmune disease, chronic 

infection etc. several different factors are produced to the site of inflammation that can influence 

both expansion and activation of myeloid cells and thus also affect the population of MDSCs.  

 These factors can be divided into:  

1. Factors promoting myelopoiesis and inhibition of differentiation of immature 

myeloid cells (and thus leading to the expansion of MDSCs population). 

2. Factors directly activating MDSCs at the site of inflammation. 

A GM-CSF dependent pathway is used during an auto-immune de-myelinating disease in 

order to increase the release of CD11b+Gr1+ cells from the bone marrow to the periphery when 

needed. The importance of the GM-CSF factor was shown by studies using KO mice where after 

the immunization of the animals, no expansion of MDSCs population was observed [48].  

Generally, many studies refer to GM-CSF as a factor un-dispensable to the expansion process of 

MDSCs & MDSC-dependent suppression of T cell responses [49].  

 

 

Figure 7: Pathways activated upon MDSCs stimulation by different types of stimuli [] 
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A2.v. Cells of the immune system that interact with MDSCs 

The role of MDSCs as an important regulator of the immune responses is extended 

beyond cancer and observed in many different pathological conditions such as autoimmune 

diseases, sepsis, trauma and others. Although the immunosuppressive ability is the most 

prominent feature of these cells, ample evidence points to their role in the regulation of different 

populations of T cells. The interaction of MDSCs with different populations of T cells is not one-

directional and goes beyond the simple direct immunosuppressive activity of MDSCs on T cells. 

Importantly, it appears that T cells not only are regulated by MDSCs but also have the ability to 

regulate the MDSC expansion and activity as well [43]. 

 

• Interaction with CD4+ T cells. 

- Many studies have shown a direct interaction between MDSCs and Th1 or Th2 cells. For 

example in a hepatitis model where immune mediated liver injury occurs, the 

accumulation of Th1 cells in the liver was associated with the accumulation of MDSCs 

and suppression of T cell proliferation. The rapid accumulation of MDSCs was abrogated 

when CD4+ Tcells were depleted or unable to produce IFN-γ (TGF-b deficient mice) 

[68].   

In other mouse models, low dose of LPS promoted Th2 responses and allergic disease, 

while a high dose has been associated with suppression of allergic airway inflammation. 

The adoptive transfer of CD11b+GR1+F4/80+ cells suppressed allergen-induced airway 

inflammation, suggesting that these cells may have regulatory functions in asthma [69]. 

Also in an adenoma carcinoma model, IL-4 expressing CD4+ Th2 cells promoted the 

expansion of MDSCs and tumor associated macrophages.  

 

- It has been shown that MDSCs have the ability to induce Th17 polarization of naïve 

CD4+ T cells. This interaction was cell contact independent and was due to the cytokines 

produced and secreted by MDSCs [70].  Experiments using gemcitabine to deplete 
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MDSCs showed reduction at the frequency of Th17cells in vivo furthermore showing the 

importance of the interaction between these two populations of cells [72].  

This interaction is also two-directional as it was shown that IL-17 produced by 

Th17 cells could increase the suppressive ability of MDSCs through the up-regulation of 

Arg1, IDO and cyclo-oxygenase-2 while this phenomenon was abrogated at IL-17R 

deficient mice [71].  

 

- The interaction of MDSCs and Tregs in various tumor models is well documented during 

the past years. 

MDSCs can regulate the numbers of the populations of Tregs in vivo. It has been 

shown that MDSCs have the ability to induce IL-10 and IFN-γ dependent Foxp3+ CD25+ 

Tregs in vivo that led to the suppression of the anti-tumor response in a mouse colon 

carcinoma model [78]. Also the in vivo depletion of MDSCs reduced the number of 

tumor infiltrating Tregs [80], furthermore showing that MDSCs can affect the numbers of 

Tregs populations. In order for the MDSCs to induce and activate Tregs, arginase1 and 

CD40 expression is very important [79, 81].  

Indications of interactions of MDSCs and Tregs in conditions other than cancer, 

now exist. In mice with allergic airway inflammation, M-MDSCs accumulated in lungs 

of these mice were able to downregulate T cell activation, recruit Tregs and dramatically 

decrease Ag-induced hyperresponsiveness [82]. Also the administration of MDSCs in 

mice with pancreatic islet transplants was associated with attenuation of CD8+ T cells in 

grafts and a marked expansion of Tregs [83]. 

 

• Interaction with CD8+ T cells. 

Apart from the above, MDSCs have been found to be able to interact with CD8+ Tcells. 

MDSCs were found to be not only able to suppress CD8 T cell proliferation but also to 

induce their apoptosis in obese mice [84]. As studies conclude, the myeloid suppressor 

cells have the ability to nitrate CD8 and TCR molecules, leading to conformational 

changes of these membranic proteins via a peroxynitrate-mediated pathway that requires 
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cell to cell contact (PNT),  thus leading to inhibition of Ag-specific CD8+ or CD4+ T cell 

responses [78, 85 and 86]. The interaction of MDSCs and CD8+ T cells was also 

characterized in humans, were HIV and SIV infected patients were found to have a 

population of cells, similar to M-MDSCs, that expressed higher levels of STAT3 and 

iNOS2 and suppressed the expansion of CD8+ T cells [2_33] proving the clinical 

significance of these interactions between MDSCs and other cell-populations of the 

immune system.  

 

Figure 8: Interactions of MDSCs with other cell populations of the immune system [2] 

 

A2.vi. Mechanisms used by MDSCs for suppression of the immune response  

According to most studies, the immunosuppressive activities of MDSCs require cell to 

cell contact, which suggests that they function either through cell-surface receptors and/or 

through the release of short-lived soluble mediators in their microenvironment. Interestingly, the 

ligation of molecules (integrins) that are expressed on the surface of MDSCs was shown to 

contribute to an increased ROS production following the interaction of MDSCs with T cells [52]. 

MDSCs have the ability to suppress T cell function through a variety of different 

mechanisms, including high level of Arginase activity, as well as the production of high levels of 

nitric oxide (NO) and reactive oxygen species (ROS) [1,3,4].  The pathways mentioned are the 
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main mechanisms used for suppression. Recently, several alternative pathways for suppression 

have been proposed by different studies such as: secretion of TGFβ [73, 74], induction of 

regulatory T cells [75, 76 and 77], depletion of cysteine from the microenvironment of the 

immune cells [87] and others. 

 

-Arginase1 and iNOS 

From the initial studies, the suppressive ability and activity of MDSCs has been 

associated with the metabolism of L-arginine. This amino-acid serves as a substrate for two 

different enzymes in MDSCs: iNOS and arginase1. Via the iNOS pathway, NO (nitric oxide) is 

generated while the arginase1 converts l-arginine into urea and l-ornithine. MDSCs have been 

found to express high levels of both and a direct 

role for both of these enzymes in the inhibition 

of T cell responses has been established [44,58]. 

In MDSCs there is an increased activation of 

arginase1 that leads to increased l-arginine 

metabolism. Subsequently that leads to the 

depletion of the amino-acid from the 

microenvironment of the cells. The shortage of 

l-arginine inhibits T cell proliferation through 

many different pathways and mechanisms 

including decreasing the expression of CD3 

chains and affecting the production of cell cycle 

regulators such as cyclins and cyclin-dependent 

kinases [59, 60]. On the other hand, NO is used 

in different pathways in order to suppress T cell expansion 

as it is involved in the inhibition of JAK3 and STAT5 

function in T cells, the reduction of MHC class II expression and the induction of cell-apoptosis 

pathway at the T cells. The importance of the Arginase1 protein at the suppressive mechanism 

Figure 9: Suppressive pathways that 
involve Arginase1 and iNOS [] 
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that MDSCs use was underlined as in Lupus-prone mice, MDSCs suppressive effect on T-cell 

proliferation was restored by an Arginase 1 inhibitor [67]. 

 

-ROS 

Reactive oxygen species are another factor that has a critical role and contributes to the 

suppressive activity of MDSCs and many studies done on tumor-bearing mice and patients 

suffering from cancer have shown that ROS is one of the main characteristics of these cells [51, 

52, 53 57, 61, 62].  The importance that ROS have at the suppressive activity of MDSCs was 

underlined by the results of studies done at patients suffering from cancer and tumor bearing 

mice, where the ablation of ROS production lead to the abrogation of suppressive ability that 

MDSCs had.   

The involvement of the above molecules at the suppressive ability of MDSCs is not 

restricted to tumor models or neo-plasmatic pathological conditions. It has been shown that 

inflammation and various microbial products also have the ability to lead to the expansion and 

development of an MDSC population that produces ROS and NO after interacting with activated 

T cells [54]. The same phenomenon has been observed at auto-immune diseases such as EAE 

and also acute toxoplasmosis [55].   

As mentioned before, various studies have shown few but basic differences between the 

two different subsets of MDSCs. Another difference can be noticed concerning their suppressive 

activity as studies have shown that the two different subpopulations of MDSCs might use 

different mechanisms in order to suppress T cell proliferation.  
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B) MATERIALS AND METHODS 

 

B1. Mice Used 

Female C57BL/6 mice (age 6-10 weeks) were obtained from the specific pathogen-free 

facility of the Institute of Molecular Biology and Biotechnology at Heraklion, Crete, Greece. 

Female mice Akt1-/- and Akt2-/- (age 6-10 weeks old) that have a B6 genetic background, 

were kindly provided by Prof. C. Tsatsanis (Department of Clinical Chemistry, Medical School, 

University of Crete, Greece).  

All procedures were in accordance to institutional guidelines and according to the Greek 

Federal Veterinary Office rules. 

 

B2. Cell isolation from spleen and bone marrow 

Reagents-Instruments 

• Phosphate-buffered saline (PBS) (Gibco life technologies, Carlsbad, California, USA) 

• Fetal Bovine Serum (FBS) (Gibco, Life Technologies, Carlsbad, California, USA)  

• Cell strainer 40μm Nylon (BD Biosciences, NC, USA) 

• Trypan Blue (Gibco, Life Technologies, Carlsbad, California, USA) 

• Red Blood cell lysis buffer (R.B.C. lysis buffer) (0.155M NH4Cl, 0.012M KHCO3, 0.1M 

Na2EDTA, final volume 1 Lt H2O) 

• Neubauer haemocytometer (Assistent, Germany)  

• Light microscope (Nikon TMS, Tokyo, Japan) 
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Method  

Mice were sacrificed in order to isolate the spleen and the bone marrow. Spleen tissues 

were homogenized and passed through cell strainers in order to remove any fat tissue remainings 

from the isolated cells, and resuspended into FBS/PBS 5%. Red blood cells lysis was done using 

2 ml from R.B.C. lysis buffer for each sample. Samples were incubated for 2 minutes at room 

temperature and then washed using PBS. Bone marrow tissues were isolated using a syringe and 

were resuspended and washed using PBS. After the wash, all samples were centrifuged and the 

pellets were resuspended into 1ml volume of FBS/PBS 5%. After the isolation, the cells were 

countered using a Neubauer haemocytometer and after resuspending a small volume of the 

sample into Trypan blue (2μl of sample into 98μl of Trypan blue) and were counted by light 

microscopy. 

 

B3. Mouse injections 

 Reagents-Instruments 

• Myelin oligodendrocyte glycoprotein peptide (MOG35-55). MOG35–55 peptide 

[MEVGWYRSPFSRVVHLYRNGK] was synthesized by the Department of Chemistry, 

University of Patras, and was purified to 95% by HPLC 

• Complete Freud’s adjuvant (CFA) (Sigma Aldrich Inc, St.Louis, MO, USA) 

• Phosphate-buffered saline (Gibco life technologies, Carlsbad, California, USA) 

 

Method  

To activate an auto-immune response, mice were injected with MOG-CFA. For the 

immunization, 100μg of MOG was given in each animal, diluted in a volume of CFA and an 

equal volume of PBS. MOG-CFA was emulsified with PBS in order to make a homogenized 

mix. All injections were done subcutaneously and to the lower left back of the animals. In order 

to have the immune response at its peak, any tissue isolation was performed 9 days post 

injection. 
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B4. Flow cytometry-Cell sorting  

Reagents-Instruments 

• Phosphate-buffered saline (PBS) (Gibco life technologies, Carlsbad, California, USA) 

• Fetal Bovine Serum (FBS) (Gibco, Life Technologies, Carlsbad, California, USA) 

• Anti-mouse antibodies  

- Fluorescein isothiocyanate (FITC)-conjugated CD11c, phycoerythrin (PE)-

conjugated GR1, allophycocyanin (APC)-conjugated CD11b, fluorescein 

isothiocyanate (FITC)-conjugated Ly6C (Biolegend, Inc., San Diego, California, 

USA).  

- Phycoerythrin (PE)-conjugated Ly6G (BD biosciences, San Jose, California, 

USA).  

• FACS Calibur (BD biosciences) flow cytometer 

• MoFlo (Dako)  high-speed cell sorter 

 

Method 

Cells isolated from Spleens and Bone marrows were stained using combinations of the 

antibodies mentioned before. Either CD11c-FITC, CD11b-APC & GR1-PE or CD11b-APC, 

Ly6G-PE & Ly6C-FITC. The staining was done using the appropriate volume of anti-mouse 

antibodies according to the manufacture’s protocol and the combination of antibodies depended 

on the experimental settings. Samples were incubated for 20-30 minutes at 4oC away from light, 

for the staining to be done. All antibodies were used with a concentration of 1/200. Afterwards, 

the cells were washed once using PBS and centrifuged for 10 minutes at 1400rpm at room 

temperature. The supernatants were removed and the cell pellets were resuspended into 1 ml of 

FBS/PBS 5%. Then the cells were subjected to flow cytometry or cell sorting depending on the 

experiment set up and using the appropriate facility located at the Medical School of Crete (Flow 

cytometer) or at the Institute of Molecular Biology and Biotechnology (IMBB) at Crete (cell 

sorter). The results were analyzed using the “FlowJo” software from Tree star Inc. 
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B5. Suppression assay and cytokine assessment 

 Reagents-Instruments 

• Dulbecco’s Modified Eagle Medium rich in glucose (DMEM-high glucose, Glutamax) 

(Gibco life technologies, Carlsbad, California, USA) 

• Fetal Bovine Serum (FBS) (Gibco, Life Technologies, Carlsbad, California, USA) 

• Penicillin G/Streptomycin Solution 100x (Biosera, Boussens, France) 

• Myelin oligodendrocyte glycoprotein peptide (MOG35-55). MOG35–55 peptide 

[MEVGWYRSPFSRVVHLYRNGK] was synthesized by the Department of Chemistry, 

University of Patras, and was purified to 95% by HPLC 

• Cell strainer 40μm Nylon (BD Biosciences, NC, USA) 

• 96-well plate flat bottomed (Numc C8 White LockWell MaxiSorp) (Thermo Scientific, 

Waltham, Massachusetts, USA) 

 

Method 

 FBS and penicillin/streptomycin solution was added in DMEM in order to make DMEM 

Complete medium (10%FBS). MDSCs were stained and isolated from the spleen of MOG-CFA 

injected B6, Akt1-/- and Akt2-/- mice, using the protocols described before (cell sorting-flow 

cytometry and cell isolation from Spleen). Total draining lymph node cells were taken, after 

smashing the lymph nodes of B6 mice, using a cell strainer to remove any tissue remainings. Co-

cultures were done in DMEM-Complete medium with diluted MOG (working solution 20μg/ml). 

Co-culturing cells were incubated for 2 days at the tissue culture and two days later the 

supernatants were collected and stored at -80C until the time they were used.  
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B6. Enzyme Linked Immuno-Sorbent Assay (ELISA) 

1) IFN-γ ELISA 

Reagents and Instruments 

• Mouse IFN-γ DuoSet ELISA development kit (containing Capture Antibody, Detection 

Antibody, Standard recombinant mouse IFN-γ, Detection enzyme (Streptavidin-HRP), 

5X concentrated Assay Diluent (R and D Systems Inc., Minneapolis, USA). 

• Phosphate-buffered saline (PBS) (Gibco life technologies, Carlsbad, California, USA). 

• Wash buffer (0.05% Tween-20 in PBS). 

• Block Buffer (1% BSA in PBS). 

• Reagent Diluent (0.1% BSA, 0.05% Tween 20 in Tris-buffered Saline, pH = 7.2-7.4). 

• Substrate solution (1:1 mixture of Color reagent A and color reagent B 

[tetramethylbenzine]) (R and D Systems Inc., Minneapolis, USA). 

• Stop Solution (2N H2SO4) (R and D Systems Inc., Minneapolis, USA). 

• 96-well plate (Numc C8 White LockWell MaxiSorp) (Thermo Scientific, Waltham, 

Massachusetts, USA) 

• Model 680 Microplate Reader (Biorad, Hercules, California, USA) 

 

Method 

 

The assay was performed according to the kit’s manufacturer guidelines and instructions. 

A 96-well plate was coated with 100μl/well of 1x Capture Antibody, diluted to the working 

concentration in PBS, and left overnight at room temperature. The plate was washed three times 

with Wash buffer and after that it was blocked by adding 200μl of Block buffer in every well and 

leaving the plate at room temperature for 2 hours. The plate was washed again three times using 

Wash Buffer and the samples as well as the standards (diluted according to manufacturer’s 

guidelines) were added (100μl/well) and incubated for 2 hours at room temperature. The plate 

was washed again three times using Wash buffer and then Detection antibody was added 
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(100μl/well) and incubated for 2 hours at room temperature. Subsequently, three washes with 

Wash buffer were done followed by incubation with 100μl/well of Detection Enzyme 

(Streptavidin-HPRT) for 20 minutes at room temperature. The plate was once more washed with 

Wash buffer three times and 100μl/well of Substrate solution were added and incubated for 20 

minutes at room temperature at a dark area to avoid direct light. The reaction was stopped by 

adding 50μl of Stop Solution to each well and the whole plate was read at 450nm and 540 nm at 

a microplate reader. Results were analyzed using Microsoft Excel and Graph Pad Prism 5 

software. 

 

The same protocol and method was used at the IL-17 ELISA as a kit from the same 

incorporation was used. Minimal differences that were needed, are fully described at the kit’s 

guidelines. 

 

2) IL-2 ELISA 

Reagents and Instruments 

• Mouse IL-2 Ready-SET-GO! Kit containing (Capture Antibody, Detection Antibody, 

Standard mouse IL-2 Recombinant Protein, Detection enzyme (Avidin-HRP), 5X 

concentrated Assay Diluent (eBioscience, Inc., San Diego, California, USA) 

• Phosphate-buffered saline (PBS) (Gibco life technologies, Carlsbad, California, USA). 

• Wash buffer (0.05% Tween-20 in PBS). 

• Block Buffer (1% BSA in PBS). 

• Reagent Diluent (0.1% BSA, 0.05% Tween 20 in Tris-buffered Saline, pH = 7.2-7.4). 

• Substrate solution (1:1 mixture of Color reagent A and color reagent B 

[tetramethylbenzine])  

• Stop Solution (2N H2SO4)  

• 96-well plate (Numc C8 White LockWell MaxiSorp) (Thermo Scientific, Waltham, 

Massachusetts, USA) 

• Model 680 Microplate Reader (Biorad, Hercules, California, USA) 
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Method 

The assay was performed according to the kit’s manufacturer guidelines and instructions. A 96-

well plate was coated with 100μl/well of 1x Capture Antibody, diluted in coating buffer, and left 

overnight at 4C. The plate was washed five times with Wash buffer and after that it was blocked 

by adding 200μl of Assay diluent in every well and leaving the plate at room temperature for 1 

hour. The plate was washed again five times using Wash Buffer and the samples as well as the 

standards (diluted according to manufacturer’s guidelines) were added (100μl/well) and 

incubated for 2 hours at room temperature. The plate was washed again five times using Wash 

buffer and then Detection antibody, diluted in assay diluent, was added (100μl/well) and 

incubated for 1 hour at room temperature. Subsequently, five washes with Wash buffer were 

done followed by incubation with 100μl/well of Detection Enzyme (Avidin-HPRT) for 30 

minutes at room temperature. The plate was once more washed with Wash buffer seven times 

and 100μl/well of Substrate solution were added and incubated for 15 minutes at room 

temperature at a dark area to avoid direct light. The reaction was stopped by adding 50μl of Stop 

Solution to each well and the whole plate was read at 450nm and 570 nm at a microplate reader. 

Results were analyzed using Microsoft Excel and Graph Pad Prism 5 software. 

 

B7. RNA isolation from MDSCs 

 Reagents and Instruments 

1. PureLink RNA Mini kit (containing Spin Cartridges with collection tubes, Lysis buffer, 

Wash buffer I , Wash buffer II, RNase-free water) (Ambion, Life Tehnoles Carlsbad, 

California, USA) 

2. 70% Ethanol, RNase –free 

3. Nanodrop 2000 Spectrophotometer (Thermo Scientific Waltham, Massachussetts, USA) 
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Method 

Isolated MDSCs from the animals, were centrifuged at 1400rpm for 10 minutes at room 

temperature and the pellet was resuspended and homogenized in the appropriate volume of 

Lysis buffer + 1% b-mercaptoethanol as a reducing agent, according to the protocol provided 

by the manufacturer. After being transferred into the spin cartridges and added equal volume 

of 70% ethanol (RNase-free) in order to provide suitable binding conditions, samples were 

centrifuged at 12.000g for 15 seconds at room temperature. After that, the spin cartridges 

were washed three times ( once with Wash buffer I and two times with Wash buffer II that 

contains ethanol) followed by a centrifugation for 15 seconds at 12.000g at room temperature 

after every wash. After the last wash, the spin cartridges were centrifuged for 2 minutes at 

room temperature at 12.000g in order to make sure the membrane with the bound RNA is as 

dry as possible. Water was added to the center  the membrane of the cartridges and left 

incubate for 2 minutes at room temperature and followed by a centrifugation at 12.000g for 2 

minutes at room temperature so as for the RNA to be eluted. The concentration of the RNA 

samples was quantified using Nanodrop 2000 Spectrophotometer according to the 

manufacturer’s protocol and the samples were stored at -80C. 

 

B8. Reverse Transcription- Real Time quantitative Polymerase Chain Reaction 

 

 Reagents and Instruments 

1. PrimeScript 1st strand cDNA Synthesis Kit  [containing PrimeScript RTase 

(200U/μl), 5x PrimeScript Buffer, RNase Inhibitor (40U/ μl), dNTP Mixture 

(10mM), Oligo dT Primer, RNase-free water] (Takara, Otsu, Shiga, Japan) 

2. KAPA SYBR FAST Universal 2x qPCR Master Mix (Kapa Biosystems Inc. 

Woburn, MA, USA) 

3. PCR machine (Veriti 96 well thermal cycler)(Applied Biosystems, Life 

Technologies, Carlsbad, California, USA) 
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4. RT-PCR machine (CFX Connect, Real-Time system)(Biorad, Hercules, 

California, USA) 

 

Method 

CDNA was prepared from isolated RNA using PrimeScript 1st strand cDNA 

Synthesis Kit according to manufacturer’s protocol. The isolated RNA was used as a 

template for every reaction and was mixed initially with appropriate volume of Oligo-dT 

primers and mixture of dNTPs. After incubation for 5 minutes at 65ο C at a Veriti 96 well 

thermal cycler, the samples were cooled immediately on ice. Next, appropriate volumes 

of 5x PrimeScript buffer, RNase inhibitor, PrimeScript Reverse Transcriptase and RNase-

free water were added and the samples were incubated at 50ο C for 45 minutes and at 95ο 

C for 5 minutes at a Veriti 96 well thermal cycler, followed by cooling on ice. cDNA was 

stored at -20ο C.  

PCR amplification of the resulting cDNA samples was performed using 

appropriate volumes of KAPA SYBR® FAST Universal 2x qPCR Master Mix and 

specific for each gene primers at a CFX Connect™, Real-Time System. 

 

Primers used (mouse) 

All primers used, were designed to anneal at a intron-exon junction in order to 

exclude the possibility of polymerizing RNA molecules and lead to a biased result.  

 

B-actin forward: 5’- GGCTGTATTCCCCTCCATCG-3’ 

B-actin reverse:  5’- CCAGTTGGTAACAATGCCATGT-3’ 

 

Arginase 1 forward: 5’-CAGAAGAATGGAAGAGTCAG-3’ 

Arginase 1 reverse: 5’- CAGATATGCAGGGAGTCACC-3’ 

 

CEBPβ forward: 5’- ACGGGACTGACGCAACACAC-3’ 

CEBPβ reverse: 5’-CCGCAGGAACATCTTTAAG-3’ 
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iNOS forward: 5’-CAAGAGTCGGGTTGTTATGTTCT-3’ 

iNOS reverse: 5’-GTGGACGGGTCGATGTCAC-3’ 

 

 

B9. May Grunwald-Giemsa staining 

 

Reagents and Instruments 

1.  Giemsa stain solution 

2. May-Grunwald stain solution 

3. Slides 

4. Coverslips 

5. Xylene 

6. Cytospin machine 

7. Microscope  

 

 Method 

  Cells were centrifuged using the appropriate centrifugation machine and equipment in 

order to be katakrhminontai on the slide. Slides were left for 5-10 minutes at room temperature 

in order to dry. The cells were stained using May-Grunwald working solution for 3 minutes away 

from direct contact with light. After being washed with tap water, slides were also stained using 

Giemsa staining (working solution 1/10 from stock solution diluted in tap water) for 10 minutes 

and then washed again with tap water. Slides were dried in upright position at room temperature 

and then mounted with coverslips with xylene for storing. After all of the above, slides are ready 

to be examined using the appropriate microscope.   
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C) RESULTS 

 

C1. Differences at the numbers of MDSCs in the bone marrow and periphery of Akt KO 

compared to control mice 

To examine possible differences in the numbers of myeloid derived suppressor cells 

(MDSCSs) between Akt KO mice and control mice (C57BL/6), animals were used from each 

genotype: Akt1 KO, Akt2 KO and C57BL/6. All animals were under naïve conditions, in order 

to examine possible differences at the population of MDSCs at a steady state without being 

triggered. 

Spleen and Bone marrow tissues were isolated from each animal. This selection of tissues 

was done to examine differences at the bone marrow, where MDSCs are generated, and at the 

periphery (spleen) where they migrate when needed upon pathological conditions (42, 92). All 

samples were stained using anti-GR1, anti-CD11b and anti-CD11c antibodies and double 

positive cells (CD11c-GR1+CD11b+) were gated. CD11c antibody was used in order to exclude 

dendritic cells and other myeloid-derived cells. 

 

Figure 10: Spleen from C57BL/6 mouse. The gates used during this study are presented. First gating is to exclude background and dead cells. 

The second gate excludes only CD11c+ cells and the last gate it to select double positive GR1+CD11b+ cells. The desired populations is well 

separated as shown in figure. 
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Figure 11: Percentages of CD11c-GR1+CD11b+ cells at the bone marrow and the periphery of naive animals 

 

As it can be noticed on figure 11, no significant differences were detected at both bone 

marrow and spleen samples between different strains of mice. In mice lacking Akt1 protein, 

MDSCs are slightly reduced while in Akt2 KO mice, the same cell population was found to be 

slightly increased both in the bone marrow and in the periphery, compared to the control B6 

mice.  

The above differences were not found statistically significant (p>>0.05) using a t-test 

analysis at both types of samples, spleen and bone marrow. The analysis was done comparing B6 

to Akt1 KO and B6 to Akt2 KO.  Although found to be non-significant, more animals should be 

used in order to have a more stable and solid result and to be able to say that there are or not any 

changes in numbers. 

  

C2. Differences at the numbers of MDSCs of Akt KO mice after triggering an immune 

response 

MDSCs are a population of suppressive cells that upon inflammation and initiation of the 

immune response are activated, migrate to the site of inflammation and proliferate in order to 

suppress that response (42, 49 and 92). In order to examine for possible differences in the 

process of activation and proliferation of MDSCs in the absence of Akt proteins, mice were 

injected subcutaneously with CFA (Complete Freund’s Adjuvant) in order to trigger an immune 
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response. Nine days after injection, bone marrow and spleen tissues were isolated from the 

animals used. All samples were stained using anti-GR1, anti-CD11b and anti-CD11c antibodies 

and double positive cells (CD11c-GR1+CD11b+) were gated as before. The cells that were 

isolated had a phenotype GR1+CD11b+CD11c- 

. 

 

Figure 12: Percentages of CD11c-GR1+CD11b+ cells at the bone marrow and the periphery of injected animals.                    

        

 Comparing Akt1KO mice to C57BL/6 animals, no significant differences were 

noticed at the bone marrow samples as in the injected animals, like the naïve ones, only show 

slight differences at the population of MDSCs in these samples. On the other hand spleen 

samples seem to have more obvious differences at the numbers of MDSCs. In the Akt1 KO 

animals, the population of MDSCs seems to be less induced and less increased compared to the 

same population in C57BL/6 mice as a result of the injection. In each sample, bone marrow or 

spleen, t-test analysis was performed for each KO strain with B6 control type. As before with the 

naïve animals, every difference observed at the percentages of cells was found to be not-

statistically significant (p>0.05) but again, this could be explained by the fact that only few 

animals were used during this study and an increase at the numbers of animals used could alter 

this result. 
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As the percentages of the population are similar in the Bone marrow samples but differ at 

the periphery of the mice, it could be assumed that Akt1 plays an important role concerning the 

migration of MDSCs from the bone marrow to the periphery or that the differentiation of 

MDSCs into other myeloid cells is increased or accelerated in the absence of Akt1.  

Also, the comparison between Akt2KO and C57BL/6 mice, revealed a trend at the 

differentiation of the percentages of the cells at both the bone marrow and the spleen samples. 

The percentages of MDSCs are increased in Akt2 KO mice, indicating that Akt2 may have an 

even more significant role compared to Akt1 role, at the whole process of maturation and 

migration of MDSCs from the bone marrow to the periphery.    

 

C3. Morphology of MDSCs 

 In order to better understand differences between MDSCs population at the different 

strains of mice that were used, an assay that would allow us to examine the morphology of these 

cells was crucial. In order to examine the probable differences between the Akt KO derived 

MDSCs and the control MDSCs, Giemsa staining was used.  

 As there was a problem with Akt2 KO strain and no animals were available, Akt1KO and 

C57BL/6 mice were used at this assay. G-MDSCs and M-MDSCs were isolated from the spleen 

tissue of these animals using the appropriate staining for each of these populations: 

• CD11b+Ly6G+Ly6Cint phenotype for the Granulocytic MDSCs 

• CD11b+Ly6G-Ly6C+ phenotype for the Monocytic MDSCs 
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Figure 13: Spleen from C57BL/6 mouse. The gates used during this experiment  are presented. First gating is to exclude background and dead 
cells. The second gate includes only CD11bhigh cells and the last gate it to sort the two different subsets of MDSCs. 
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Figure 14: Top row: MDSCs isolated from the spleen of C57BL/6 mice. On the left part G-MDSCs and on the right M-MDSCs. Bottom row: 

MDSCs isolated from the spleen of Akt1 KO mice. On the left part G-MDSCs and on the right M-MDSCs. 

 

Comparing the pictures taken with confocal microscopy (presented at Figure 14) of the 

MDSCs subpopulations from different strains interesting differences were found. The 

granulocytic MDSCs clearly differ from the monocytic subset of MDSCs when looking at the 

cells that came from the C57BL/6 mice. On the other hand comparing the different subsets of 

MDSCs isolated from Akt1KO mice, was more difficult. That is because the G-MDSCs and the 

M-MDSCs from Akt1 KO mice seem to have very few, if any, morphological differences 

according to the Giemsa staining result.  

This observations generated lots of questions on whether these cells, in the absence of 

Akt proteins, apart from their numbers and morphology face an alteration concerning their 

function and their suppressive ability.  
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C4. Suppression assays revealed pro-inflammatory cytokine production from MDSCs 

As Akt proteins are very important signaling molecules that are involved in many 

different pathways, a suppression assay was done, in order to check the suppressive ability of the 

MDSC population in the absence of the Akt proteins. Animals were used from each strain that 

we use (Akt1KO, Akt2KO and C57BL/6) and all mice were injected with MOG/CFA 

subcutaneously in order to initiate an antigen-specific immune response. Nine days post 

injection; spleens were isolated from all animals and also draining inguinal lymph nodes from 

the injected control C57BL/6 mice. Spleen samples were stained using anti-GR1, anti-CD11b 

and anti-CD11c antibodies and isolated cells with CD11b+GR1+CD11c- phenotype.  

The lymph nodes were smashed and total lymph node cells were isolated and co-cultured 

with isolated MDSCs in the presence of MOG peptide in the medium, in order to induce and 

activate T cells and examine the suppressive ability of the myeloid cells from all strains. Two 

different ratios of LN cells/ MDSCs were used at the specific set up: 10 to 1 and 5 to 1. As 

controls we used total lymph node cells in medium (DMEM complete) with or without MOG in 

order to see the production of the cytokines in triggered or un-triggered conditions respectively 

without the presence of suppressive cells. Two days after co-culturing the cells, supernatants 

were collected and used in an ELISA assay to detect the presence of IL2, IL-17 and IFN-γ or not, 

which are molecules implicated in the active immune response (42, 43, 47, and 49).  

 

Figure 15: Co-cultured total lymph node cells with MDSCs from B6, Akt1 KO or Akt2 KO mice. ELISA result in order to detect IL-2 in the 

supernatant of the co-culturing. On the left graph, the result from the wells with a ratio of 1:10 MDSCs:LNs and right graph with a ratio of 1:5 
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MDSCs:LN cells. The presence of MDSCs (B6, akt1KO or akt2KO does not seem to have a significant result upon the production of IL-2 by 

triggered total lymph node cells. 

 

According to the results that are presented to the graph above, concerning IL-2, the 

presence of MDSCs doesn’t seem to clearly suppress the cytokine production from the activated 

LN cells. The same result can be seen either in presence or absence of Akt proteins as the graphs 

shows and independently of the MDSCs to LN cells ratio (graph3). 

 

 

Figure 16: Co-cultured total lymph node cells with MDSCs from B6, Akt1 KO or Akt2 KO mice. ELISA result in order to detect IFN-γ in the 

supernatant of the co-culturing. On the left graph, the result from the wells with a ratio of 1:10 MDSCs:LN and right graph with a ratio of 1:5 

MDSCs:LN cells. 
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Figure 17: Co-cultured total lymph node cells with MDSCs from B6, Akt1 KO or Akt2 KO mice. ELISA result in order to detect IL-17  in the 

supernatant of the co-culturing. On the left graph, the result from the wells with a ratio of 1:10 MDSCs:LNs and right graph with a ratio of 1:5 

MDSCs:LN cells. 

 On the other hand, concerning the production of the IL-17 and IFN-γ cytokines, the assay 

used gave an interesting result. According to our experiment the co-culturing of total MDSCs 

with total LNs in the wells not only suppresses the expression of the pro-inflammatory cytokines 

from the LN cells, but seems to enhance it (figures 16 and 17). Also, the absence of Akt proteins 

in the knock-out mice seem to alter the suppressive ability and function of MDSCs as the 

MDSCs sorted from KO animals seem to be more suppressive than total B6 MDSCs or less 

activatory than B6 MDSCs. 

 

C5. Differences in the expression of suppressive molecules 

Based on the results of the suppression assay that it was done, it was shown that there are 

differences at the suppressive ability of MDSCs in the absence or not of Akt proteins. In order to 

better understand and describe the molecular pathways that may be affected by the absent Akt 

proteins and elucidate the way that these pathways affect the whole suppressive ability of the 

myeloid-derived suppressor cells, real time polymerase chain reaction was used.  

As it was mentioned in the introduction, molecules characteristic of the suppressive 

function of the myeloid derived suppressor cells are many but the most critical ones are 

Arginase1and iNOS (59, 60 and 67). Another molecule that its expression levels were checked 
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was CEBPβ which is a basic transcription factor found by previous studies to play an important 

role in the maturation and polarization of macrophages as well as in the activation of MDSCs 

(94, 95) . As macrophages are myeloid derived cells and CEBPβ was found to be critical in order 

to have suppressive or pro-inflammatory macrophages, it seemed more than appropriate to also 

check for alterations of its expression. 

 Control and Akt1 KO mice were used under naïve conditions. Total MDSCs were 

isolated from both spleen tissue and bone marrow from these mice. Also, the two distinct subsets 

of MDSCs (Granulocytic and Monocytic) were isolated from the bone marrow of the mice used, 

giving the ability to check each subset separately for the expression of the molecules mentioned 

above.  

 

 

 

Figure 18: Q-pcr showing differences at the CEBPβ expression between B6 MDSCs and the Akt1KO MDSCs. Total MDSCs from bone marrow 

and spleen as well as separately G and M MDSCs from bone marrow 
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Figure 19: Q-pcr showing expression levels of arginase1 at B6 and Akt1KO MDSCs. Total MDSCs from bone marrow and spleen of the animals 

as well as distinct subsets G and M MDSCs from bone marrow of mice. 

 

Based on the results of the quantitative pcr, shown on figures 18 and 19 above, the 

expression of the transcription factor CEBPβ at total MDSCs from the bone marrow of Akt1 KO 

mice is slightly up-regulated compared to the B6 population’s expression. The interesting result 

is that when the two subsets of MDSCs are separated and checked for the expression of the same 

molecule, both of the subsets seems to have lower expression than the B6 populations. The same 

expression “pattern” can be seen when looking at the expression levels of the Arginase1 

molecule at the same populations.  

On the other hand, the absence of the Akt1 protein from mice seem to up-regulate the 

expression of CEBPβ at the population of MDSCs in the periphery (spleen) but also down-

regulates the expression of the suppressive enzyme Arginase1 based on our results.  

In order to better elucidate whether the suppressive function of the MDSCs isolated is 

altered, qpcr to check for iNOS expression was performed. Based on the result of this pcr (data 

not shown) all samples had very low expression of iNOS and so no comparison or hypothesis 

can be done. 

 

 



51 
 

D) DISCUSSION 

 During the past years many studies have shown that Akt protein kinases may play a 

significant role during the maturation and polarization of various myeloid cell populations such 

as macrophages and neutrophils (14, 22, 26, 37, 88-91).  Interestingly, in the literature, there are 

no studies examining the relationship between Akt proteins activation or inhibition and the 

myeloid derived suppressor cells population. These cells are a heterogeneous population of 

myeloid cells that contribute to the negative regulation of the immune response by directly 

inhibiting the response or by activating other suppressive populations of cells (42, 43, 49 and 

50). Because of their important role in the immune response and as Akt have been shown to 

greatly affect myeloid cells, examining the function and suppressive ability of MDSCs in the 

absence or inhibition of Akt proteins could help clarify and further elucidate the importance of 

function of these cells. 

 As there was no study available about the MDSCs population in the absence of Akt 

proteins, the first thing required was to examine the population numbers in the different mice 

strains used for this study: C57BL/6 (control), Akt1 knock out and Akt2 knock out. The 

population percentages were countered at both naïve conditions and after triggering an immune 

response, in the bone marrow where they generate and at the periphery (spleen). According to 

the results, under naïve conditions in both bone marrow and spleen, the absence of Akt1 protein 

seems to lead to a minimal decrease of the population of MDSCs while the absence of Akt2 

kinase leads to an increased population of MDSCs which is more obvious at the periphery. When 

animals were triggered for an immune response, checking the numbers of MDSCs lead to similar 

observations with minimal differences at the bone marrow but with greater decrease for Akt1 KO 

MDSCs in the periphery compared to B6 and with a great increase in the numbers of Akt2 KO 

MDSCs in both bone marrow and periphery.  When the differences were analyzed using a t-test 

no statistical significance was found for both Akt1 and Akt2 compared to B6 mice, a result that 

should be checked again by using a greater number of animals in order to be more certain as the 

number of mice used is not sufficient to make solid hypotheses.  

 Because of the differences between the percentages of the cell population between 

the different strains of mice, an assay that would allow examining morphological differences 

between MDSCs isolated from these mice was done. Cells from both subsets of MDSCs, G and 
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M, were isolated from B6 control mice and Akt1 KO mice and were stained using a May-

Grunwald Giemsa staining. After examining the photographs taken, significant differences 

between B6 and Akt1 KO mice MDSCs phenotype were found. The granulocytic MDSCs clearly 

differ from the monocytic subset of MDSCs when looking at the cells isolated from C57BL/6 

mice. On the other hand comparing the different subsets of MDSCs isolated from Akt1KO mice, 

was more difficult. That is because the G-MDSCs and the M-MDSCs from Akt1 KO mice seem 

to have very few, if any, morphological differences according to the Giemsa staining result. 

Based on the morphological differences and similarities that this assay revealed, it could be 

assumed that Akt1 has an important role in the whole maturation process of MDSCs and so 

could affect the suppressive ability of these cells. Thus in the absence of it, these cells either 

cannot be differentiated as well as in B6 control mice or they lack their suppressive ability and 

no alterations occur at their phenotype.  

In order to check the above hypothesis, the suppressive ability of the MDSCs from 

control and knock-out strains of mice, a suppressive assay was performed by taking the 

supernatants from co-cultures of activated whole lymph node cells(from B6 mice)  and MDSCs 

from all different strains used at this study. In order to measure the suppressive ability of these 

cells, IL2, IL17 and IFN-γ produced by co-culturing were measured using ELISA assay. All 

three cytokines mentioned before are characteristic pro-inflammatory cytokines that it was 

expected to be produced by activated T cells that can be found in lymph nodes. Adding MDSCs 

was expected to reduce the levels of these cytokines as a result of T-cell suppression by MDSCs 

and thus a measure of suppressive ability of these cells. 

The unexpected result was that when MDSCs were added into the activated total lymph 

nodes cells not only did they not suppressed T cells leading to the reduction of cytokines’ levels, 

but activated them furthermore, leading to increased levels of the cytokines in the co-culture 

supernatants. So it was shown that the adding of MDSCs lead to an increase in the levels of 

cytokines, a phenomenon that the absence of Akt proteins (Akt1 or Akt2) partially reduced. A 

solid hypothesis cannot be done by only this assay, as it cannot be defined whether the Akt KO 

MDSCs are more suppressive or less activatory than the B6 control MDSCs. Although this 

result was surprising as it showed an absence of a suppressive role for MDSCs it was supported 

by the findings of another group that were able to show that one of the subpopulations of 
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MDSCs has the ability to efficiently enhance the differentiation of naïve CD4+ T cell precursors 

into Th17 cells. That led to a significantly increased total number of Th17 cells in the culture and 

thus increased indirectly the levels of IL-17 produced (72).   

To understand the previous result, and better examine the suppressive ability of MDSCs 

in KO mice compared to control animals, used naïve animals and RNA was isolated from Total 

MDSCs (coming from spleen or bone marrow) and subsets (coming from bone marrow) and 

used in order to generate cDNA which was used with real time qpcr. Using the quantitative pcr 

the expression levels of Arginase1, iNOS and CEBPβ were compared between different mice. 

The two first molecules examined are the characteristic molecules that give MDSCs their 

suppressive ability and the CEBPβ is a basic transcription factor found by previous studies to 

play an important role in the maturation and polarization of macrophages. As macrophages are 

myeloid derived cells and CEBPβ was found to be critical in order to have suppressive or pro-

inflammatory macrophages examining the expression levels of this molecule allows making 

hypotheses on whether Akt proteins truly affect maturation or polarization of MDSCs.  

According to the results of this experiment, CEBPβ expression is higher in Akt1 KO 

mice total MDSCs either spleen-derived or BM-derived, but seems to be less expressed when 

each subpopulations was examined alone and compared to the control one. On the other hand, 

Akt1 KO MDSCs express lower levels of Arginase1 when examined as subpopulations or total 

population from spleen, but seem to have same expression levels when examined as total 

MDSCs in the bone marrow of animals. Also, when iNOS levels were checked using qpcr, it was 

not detectable in any of these populations examined before, showing that maybe the levels of 

iNOS used is beneath the minimum detection limit of the method or it is a pathway not used by 

these non-activated MDSCs. 

Taken all of the above under consideration, it seems that Akt1 KO mice have reduced 

numbers of MDSCs in either naïve condition or after triggering an immune response and these 

MDSCs seem to be less suppressive than the control ones. Also these MDSCs when examined in 

total population and under naïve conditions seem to have increased expression of the 

transcription factor CEBPβ which has been shown to play a role in the maturation of the 

myeloid-derived macrophages. Also the different subsets of MDSCs coming from Akt1KO mice 

have very similar phenotype and cannot be easily distinguished as the control subpopulations of 



54 
 

MDSCs can. From these result it can be assumed that in the absence of Akt1 protein, MDSCs 

maybe differentiate more than in the control mice, losing their MDSCs “phenotype”, are less 

suppressive and so express lower levels of Arginase 1. Also this could explain why these cells 

don’t have the same phenotype as the control MDSCs and also why it was observed that in 

Akt1KO mice the numbers of MDSCs are reduced in both bone marrow and the periphery. The 

reduced numbers of Akt1 could also imply that the apoptosis pathways is altered and affected as 

it has been shown from previous studies that akt1 null cells show increased apoptosis in vitro 

compared to control cells []. Concerning Akt2 KO MDSCs no hypothesis can be done as the data 

available are very few. 
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E) FUTURE PERSPECTIVES-EXPERIMENTS TO BE DONE 

 

 As mentioned before, this study is a first approach to examine whether the absence of 

Akt proteins alters the numbers or the suppressive ability and function of MDSCs in both naïve 

and after triggering an immune response conditions. Based on data, many questions are 

generated and many future experiments can be planned in order to have most of these answered 

and also better elucidate the importance of Akt proteins in the normal function and physiology of 

MDSCs.  

 Firstly, in order to better understand the similarities that were found between G and M 

MDSCs in Akt1, it would be interesting not only to see the morphology of Akt2 subsets of 

MDSCs but also to examine the ratios of G and M MDSCs in Akt-KO mice compared to B6 

control mice in both naïve and immunized mice. This experiment will give the opportunity to 

make more safe assumptions concerning maturation and differentiation process of MDSCs 

before and after stimulation and how it is affected by the absence of Akt proteins.  

 As mentioned at the result section, the suppression assay using MDSCs from B6 

and Akt KO mice revealed that these cells don’t really suppress the production of pro-

inflammatory cytokines but seem to activate it. In order to understand if one of the two subsets of 

MDSCs is responsible for this result or the interaction of both is needed, a suppression assay 

using separated the two subsets of MDSCs from B6 and Akt-KO mice is needed to understand 

the suppressive ability or not of these cells. Results from another study indicate the suppressive 

ability of G-MDSCs upon T-cell activation and proliferation in mice with EAE, when these 

populations of cells are co-cultured [93] furthermore indicating the need to do this experiment in 

order to understand the interaction between the two subpopulations of MDSCs. 

 

 Also, it would be really useful to examine the expression of Arginase1, iNOS and 

CEBPβ in MDSCs that would be isolated from immunized mice, in order to examine whether the 

activation of the immune response would reveal a bigger difference or a different expression 

profile of MDSCs isolated from Akt-KO mice compared to B6 control mice.  
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 Finally as mentioned already several times during this thesis, the small number of 

animals being available for experiments, was a restraining factor and if available, it would be 

very useful to make more experiments, have more data probably and thus make more stable and 

solid hypothesis or conclusions. 
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