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Myelodysplastic syndromes (MDS) are a group of hematopoietic stem cell disorders that 

are characterized by a heterogeneous clinical presentation and a complex multi-process 

pathogenesis. More evidence has become available in the last years revealing a great 

contribution of the immune system to MDS development. Immune cells from different 

origin are thought to play a role in low- as well as in high-risk disease in distinct ways. 

Low-risk MDS is often characterized by the invasion of pro-inflammatory cells thereby 

creating sustained inflammation. This could lead to adequate anti-tumor responses on 

the one hand, but on the other hand could also induce cell stress and DNA damage 

which might lead to disease progression. Involvement of anti-inflammatory cell types is 

illustrative for high risk MDS groups. Tregs and myeloid derived suppressor cells enter 

the stage as feedback to inflammatory reactions and allow dysplastic clones to evolve 

and progress into AML. In order to increase our knowledge on the complicated balance 

between pro- and anti-inflammatory processes in MDS, and how this halt or facilitate 

disease progression, several research groups have investigated different types of immune 

cells and their interaction with the bone marrow microenvironment. This research has led 

to a better understanding of MDS pathogenesis and new therapeutic modalities.

Dendritic cells (DC) comprise subsets of specialized antigen-presenting cells. They 

have a unique role in bridging the innate and adaptive immune system by initiating and 

orchestrating T cell responses. Altered DC functions has been implicated in disease 

development and restoration of normal functions is an attractive and promising approach 

to immunotherapeutic intervention.

The aim of this thesis was to investigate the role of DC in MDS-associated 

immunological alterations, both in peripheral blood and in bone marrow. To facilitate 

these studies, we first studied normal DC biology in healthy human bone marrow 

and obtained data on functional differences of DC subsets in the bone marrow versus 

the peripheral blood compartment.

In chapter one we have provided a general introduction regarding normal DC 

development and the exclusive or overlapping functions of (myeloid) DC subsets 

within the immune system. Additionally, the previously published data on DC in MDS  

was summarized.

In chapter two we investigated the position of slan+ cells within the DC classification 

system. Slan+ cells have been proposed to represent a highly inflammatory DC subset 

and have been investigated in multiple inflammatory conditions. However, their actual 

DC assignment has been questioned and a reallocation to the monocytic compartment 

was proposed. We have performed an extensive transcriptional as well as a functional 

validation study on peripheral blood-derived slan+ cells and conventional DC subsets 

(cDC1 and cDC2). Based on gene expression profiles we showed a clear separation 

between slan+ cells and DC subsets. Slan+ cells exhibited a distinct set of immune-related 

transcripts suggesting a different immunological (i.e. more pro-inflammatory) function 

compared to DC. Additional functional assays revealed a minimal role in the induction 

of T cell responses but a specific role in innate inflammatory processes because of their 
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high expression levels of complement receptors and secretion of IL-1β and IL-6. Overall, 

our work indicated that slan+ cells share more functional features with monocytes, in 

particular with CD16+ non-classical monocytes, than with DC and therefore we proposed 

a reallocation of slan+ cells to the monocytic compartment. This is in line with other 

studies that were published around the same time and has led to a recent joint review 

paper outlining the unique functional features of slan+ non-classical monocytes.1 This 

work extends our knowledge on normal DC/monocyte biology and could be of value in 

future research of immune-mediated diseases. 

Not much is known about healthy DC biology in the human bone marrow. And since 

the aim of this thesis was to study DC function in the bone marrow of MDS patients 

we first decided to increase our knowledge on steady state DC in this compartment. In 

chapter three we compared differentiation states and immunological roles of myeloid 

DC (cDC1 and cDC2) and slan+ non-classical monocytes from peripheral blood and 

bone marrow of healthy individuals. Genome-wide transcriptional profiling revealed clear 

differences between the two compartments. Both cDC subsets displayed a location-

dependent clustering: bone marrow subsets clustered together and separated from 

the corresponding subsets in peripheral blood. Moreover, expression profiles pointed to 

a proliferating and immature, differentiating state for bone marrow-derived DC, whereas 

peripheral blood DC showed a mature and immune-activated profile. In contrast, slan+ 

non-classical monocytes clustered away from bone marrow and peripheral blood DC 

subsets. This cell type showed more overlap between the two anatomic compartments 

in terms of gene expression profile. Additionally, functional validation studies were 

performed and transcriptional findings were confirmed. Peripheral blood-derived DC 

had a higher maturation capacity, secreted higher levels of pro-inflammatory cytokines 

and were able to induce T cell proliferation in comparison to bone marrow-derived DC. 

This study presents the first results on profiling of myeloid DC and slan+ non-classical 

monocytes in the healthy human bone marrow compartment. It can serve as the basis 

for further research on these cells in healthy settings as well as in the context of (bone 

marrow) diseases.  

In order to translate our gained knowledge from the previous chapters into novel 

insight in relation to MDS pathogenesis, in chapter four we interrogated cDC subsets and 

slan+ non-classical monocytes in MDS. We hypothesized that altered DC function could 

contribute to disturbed immune responses in MDS patients from different risk groups. Up 

to now, several publications have appeared in which DC were studied in the context of 

MDS.2–6  However, none of them discriminated between the different naturally occurring 

DC subsets but most of them focused on monocyte-derived DC. Therefore, we focused 

on primary DC subsets and included slan+ non-classical monocytes.  

Enumeration of myeloid DC subsets (cDC1 and cDC2), plasmacytoid DC (pDC) and 

slan+ non-classical monocytes in MDS and normal bone marrow showed a decrease of 

all subsets, except of pDC, in MDS bone marrow. This decrease was more prominent in 

higher MDS risk categories. Both cDC2 and slan+ non-classical monocytes showed clonal 
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involvement (of note, due to limited cell numbers, cDC1 were not tested). Although 

the maturation capacity and ability to secrete cytokines was still intact for MDS DC, 

it was not translated into intact stimulation of T cell responses. They failed to induce 

allogeneic CD4+ and CD8+ T cell proliferation. Furthermore, transcriptional profiling 

supported impaired DC and monocyte function in low-risk MDS. In particular their innate 

PAMP/DAMP receptor and down-stream signaling pathways seemed affected. Compared 

to healthy donor-derived cells, a selective down-regulation of transcripts related to 

pro-inflammatory pathways was observed in MDS-derived cells. These data thus reveal 

disturbed development of normal myeloid DC subsets and non-classical monocytes, with 

remaining myeloid APCs apparently (at least in part) deriving from the malignant clone. 

In line with this, pDC, which derive from separate lymphoid precursors,7 were seemingly 

unaffected. Indeed, recent reports suggest pDC to derive from B cell progenitors8 and 

they have now been proposed to be more related to innate lymphoid cells than to 

DC.9 Of note, pDC rates were even slightly, but significantly, upregulated in MDS. This 

disturbed development and apparent leukemic origin of myeloid APC lineages in MDS 

also clearly resulted in their dysfunctional T cell priming capacity, which may be related 

to an inherent tumor-associated immune suppressed state. This in turn may ultimately 

contribute to immune escape and progression to AML. Thus, restoration of normal 

myeloid APC development in MDS may be crucial to avoid disease progression. Also, 

therapeutic strategies aimed at pDC activation and subsequent T and NK cell response 

boosting may be particularly effective in MDS in view of the preserved lymphoid  

pDC compartment. 

As mentioned above, inflammatory processes are generally effective against and may 

prevent disease development and tumor growth. However, chronic immune stimulation 

can also induce cell damage leading to for instance MDS progression. In order to 

maintain the balance between normal immune responses and disproportionate immune 

activation several mechanisms play a role. In chapter five we discovered a possible new 

protective mechanism against excessive immune activation. Thrombomodulin (TM), also 

known as the DC marker CD141/BDCA-3 (which is highly expressed on the cDC1 subset), 

has anti-inflammatory properties and was found to be highly expressed on MDS-derived 

classical monocytes. This in contrast to healthy donor-derived monocytes which showed 

hardly any thrombomodulin expression. Highest levels of thrombomodulin were seen on 

monocytes from MDS patients in low-risk groups. This corresponds with the hypothesis 

that the environment in low-risk groups is more inflammatory than in higher risk groups. 

Indeed, thrombomodulin can be upregulated by pro-inflammatory cytokines such as type-I 

and type-II IFNs. Furthermore, thrombomodulin expression was associated with a better 

overall and leukemia-free survival. Using mass cytometry (CyTOF), we demonstrated that 

thrombomodulin-expressing monocytes were able to polarize naive T cells toward Treg 

and Th2 phenotypes, both associated with anti-inflammatory immune responses. This is 

the first time that thrombomodulin expression is described in the context of MDS and 

with this study we provide an interesting new mechanism in dampening disproportionate 
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immune activation, which may protect against disease progression in MDS. Suggestions 

for further research on this highly interesting and clinically relevant mechanism are 

discussed in the next paragraph. 

FUTURE PERSPECTIVES

In the last decades more evidence has become available that suggests a crucial role 

for immunological processes in the pathogenesis of MDS. It is of utmost importance to 

investigate the exact role of different types of immune cells in the MDS bone marrow 

environment and their interaction with the surrounding tissue and tumor cells. Increasing 

our knowledge in this field can lead to new therapeutic options that intervene in 

the immunological disturbance as seen in MDS patients. While keeping in mind that 

these immunological processes are extremely complex and far from static, i.e. shifting 

in different contexts, we propose new ideas for future research based on our findings in  

this thesis.

Dendritic cells and clinical translation
From the results in this thesis we can conclude that frequencies of DC subsets and their 

functional capacities are rather heterogeneous in our tested cohort of MDS patients. Since 

MDS presents with various clinical parameters it would be interesting to correlate intact/

impaired DC frequency and function with for example MDS risk group (low versus high) 

and the presence of auto-immune phenomena. An extensive immunophenotypic panel 

may be included for high-dimensional and deeper characterization of “tumor-associated 

DC” (TADC). In this way, putatively tolerogenic DC may be identified by for instance 

the expression of TIM3 and PD-L1, and, importantly, the absence of CD80. In AML 

patients for example, Gal9/TIM3 expression is higher in patients who fail chemotherapy.10 

Furthermore, PD-L1 expression is associated with unfavorable recurrent mutations in AML 

and expression predicts worse outcome in patients with concomitant NPM1 and FLT3 

mutations.11–13 The exact role and consequence on disease course of these molecules in 

MDS need to be explored and is highly interesting. 

In this thesis we showed reduced frequencies and functionality of myeloid APC which 

possibly could contribute to inadequate anti-tumor responses. Therefore, another relevant 

proposal for further clinical translation is to study the effect of different immunomodulatory 

agents on DC number and function. Both azacitidine and lenalidomide are extensively 

used in the treatment of MDS. Hypomethylating drugs, such as azacitidine, show recovery 

of hematopoiesis, reduction of BM blast percentages, normalization of karyotypes (which 

in the case of myeloid APC could be highly relevant) and increased overall survival in 

high risk MDS compared to conventional therapies.14–16 Additionally, azacitidine also 

possess immunoregulatory capacities. For example, different genes that play a role in 

cytokine production, T-cell polarization and Treg formation are regulated by epigenetic 
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mechanisms.17,18 It has been demonstrated that azacitidine demethylates the Foxp3 

promoter and induces overexpression of Foxp3.19,20 This was confirmed in vitro by 

expansion of Tregs after exposure to azacitidine.21 Also, the effect of azacitidine on 

DC function has been studied.22 Phenotypically, DC treated with azacitidine display an 

increased upregulation of maturation and co-stimulatory molecules (CD40 and CD86). 

They secrete lower levels of IL-10 and IL-27 and consequently it can be hypothesized 

that treated DC also affect T-cell polarization differently compared with nontreated DC. 

In patients receiving azacitidine treatment, the frequency of IL-4-producing CD4+ T cells 

is reduced, whereas the IL-17A-and IL-21-secreting cells are increased. This suggests 

a Th17-like response in the peripheral blood of patients treated with azacitidine and 

may indicate long-term T-cell activation as a possible mechanism of action. As shown in 

chapter 4, slan+ non-classical monocytes derived from MDS patients showed a reduced 

IL-17-skewing capacity compared to HD-derived slan+ monocytes. One can hypothesize 

that slan+ monocytes can retrieve their IL-17-skewing function upon azacitidine treatment 

which can lead to restoration of their pro-inflammatory function. This could be highly 

relevant in the context of high-risk MDS. 

Another way in which DC could be targeted and modulated by hypomethylating 

agents is via the re-expression of the tumor suppressor gene, p15Ink4b. This gene 

usually controls cell-cycle progression through the G1 phase and is involved in normal 

myelopoiesis.23,24 Silencing of p15Ink4b by hypermethylation of its promoter, has been 

found in 50% of MDS patients and correlates with leukemic transformation and poor 

outcome.25–27 This gene also participates in DC development as it is strongly induced 

during differentiation and activation of DC. In p15Ink4b-knockout mice, conventional DC 

show impaired expression of MHC II and co-stimulatory molecules.28 Furthermore, these 

DC are less efficient in taking up antigens and stimulating T cells. After re-expression of 

p15Ink4b, all defects are restored, indicating a crucial role for this gene in DC function. 

Additionally, reactivation of the gene elevates phosphorylation of Erk1/Erk2 protein kinases 

and subsequently increases the activity of the PU.1 transcription factor. This transcription 

factor is highly involved in DC development and differentiation. It was demonstrated that 

PU.1 expression is often reduced in MDS patients and that hypomethylating agents could 

up-regulate transcription with myeloid differentiation as a result.29 The demethylation of 

p15Ink4b was also induced by decitabine treatment in responding MDS patients and p15 

expression was upregulated to normal levels.30 Therefore, hypomethylating agents could 

also indirectly contribute to restored DC development and function in MDS patients. 

Translating this to our own results, this will mainly be interesting for high-risk patients, for 

which we showed the highest reduction in DC frequency. Restoration of DC development 

and function upon treatment with hypomethylating agents forms an interesting new topic 

for further research. 

For low-risk MDS patients, lenalid omide (an immunomodulatory drug), is widely used 

in treatment regiments. Its use results in pro longed transfusion independency and rever-

sion of cytogenetic abnormalities.31,32 An important part of the working mechanism of 
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lenalidomide is attributed to its function in immunomodulation. Previously, it was thought 

that the main function of this drug relied on anti-TNF-a activity and that the effect was 

pri marily tolerogenic. However, lenalidomide also dis plays inflammatory features that can 

be induced in order to modify immune reactions. Besides its antiangiogenic effect, it also 

triggers CD28 phosphorylation, which enhances co-stimula tory activity.33,34 This may so 

counteract any negative effects of e.g. PD-L1 expression on aberrant blast-derived APC, 

which should be investigated in future studies. Furthermore, Treg func tion is inhibited 

upon lenalidomide treatment due to decreased expression of Foxp3.35 The effect of 

lenalidomide on DC function has also been investigated.36 Upon treatment, DC derived 

from mouse bone marrow showed a more efficient antigen uptake and expressed higher 

levels of the matu ration marker CD86. In cross-priming assays, CD8+ T-cell proliferation 

was increased after prim ing with treated DC and, simultaneously, the intracellular IFN-g 

production by these T cells was augmented. These finding suggest a potential role 

for immunomodulating agents, like lenalidomide, in DC-targeted therapies. Of note, 

the above described results were all obtained from mouse derived-DC. Only recently, 

human natural circulating DC were extensively studied upon lenalidomide treatment.37 

In contrast to the pro-inflammatory effect seen in mice, in human DC the production 

of IL-12 and IL-23 was suppressed and the secretion of IL-10 was enhanced by cDC2. 

Furthermore, the production of IFN-a by cDC1 was suppressed. The CD4+ T cells 

differentiation-inducing capacity of cDC2 was also decreased. In this light, lenalidomide 

has a more immunosuppressive effect rather than an immune-stimulating role. It would be 

highly interesting to translate this to the context of MDS and test the function of MDS-

derived DC after exposure to immunomodulatory drugs. 

The effect of thrombomodulin expression in MDS
In chapter five we described a promising new anti-inflammatory mechanism in MDS. 

Monocytes from mainly low risk patients showed high expression of thrombomodulin, 

a molecule that was known for its anti-coagulant function by serving as a co-factor for 

thrombin. However, it has also been described as a molecule with anti-inflammatory 

activities. Several studies in auto-immune diseases, infectious diseases and in cancer 

have shown better outcomes in patients displaying higher thrombomodulin levels.38–40 As 

stated before, pro-inflammatory processes could halt progression of MDS to a malignant 

state, whereas immune suppression would hinder effective protective immunity leading 

to disease progression. Nevertheless, smoldering inflammation as a result of aberrant 

activation of inflammatory pathways (TLR signaling/MAPK/NF-kB), which have been 

shown to be constitutively activated in low risk MDS, could conceivably induce malignant 

transformation and disease progression by causing genotoxic cell stress.41–48 Indeed, 

elevated levels of stress-inducing molecules (S100A8/A9 and HMBG1) have been 

found in the bone marrow of low risk MDS patients.49–51 These molecules are produced 

by niche-related cell subsets and can be released after immunogenic cell death, 
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a process frequently observed in MDS. Impaired clearance of such molecules will lead to 

a tremendous activation of the pro-inflammatory loop.52 Protective mechanisms that break 

this inflammatory loop may prevent sustained inflammation and evolution to AML and 

may provide opportunities for the development of new, and innovative implementation 

of existing, immunotherapeutic agents. From our findings we hypothesize that TM+ 

monocytes can exert suppressive effects that could be leveraged for the control of 

malignant transformation. The appearance of TM on the cell surface of MDS monocytes 

could possibly be explained by the fact that the high pro-inflammatory environment 

activates a negative feedback response in order to break through the vicious circle of 

continuous immune activation. For future research, it would be very interesting to 

investigate environmental conditions that give rise to this subset and to functionally 

characterize it. The main question is: what is the exact role of TM+ monocytes in low 

risk MDS and do they indeed serve as a protective mechanism in the inflammatory bone 

marrow environment? First, detailed phenotypic characterization of TM+ monocytes 

should be persued. Markers that reflect immune-activation (e.g. CD80, CD83, CD86) and 

immune-suppression (e.g.  TIM3, PD-L1, PD-L2) should be measured. Next, it would be 

interesting to explore the link between the presence of TM+ monocytes and (clinical) 

immune parameters. Do frequencies of other immune cells, such as Tregs and myeloid 

derived suppressor cells or pro-inflammatory subsets, correlate with the frequency 

of TM+ monocytes? Then, would it be possible to generate TM+ monocytes in vitro? 

And if so, which factors are involved and can that be correlated to (pro-inflammatory) 

factors that are present in the MDS bone marrow, such as HMGB1 and S100A8/A9, 

or possibly cytokines like IFNs. As mentioned before, the release of these factors in 

the bone marrow of MDS patients is a result of active secretion by surrounding cells 

upon cellular cell stress. It leads to activation of the STING and TLR signaling pathways 

(by direct binding to TLRs on the cell surface or in endosomal compartments or other 

cytoplasmic receptors), the release of type-I interferons (IFN-I) and induction of NF-kB 

and MAPK activation. IFN-I release resulting from STING and TLR activation could be 

one mechanism that leads to TM upregulation on monocytes that should be further 

investigated. Additionally, healthy monocytes can be cultured in the presence of low-risk 

MDS bone marrow plasma as a reflection of the inflammatory environment. In parallel, 

cultures in the presence of STING-L, TLR-L and IFN-I should be carried out. The effects 

on TM expression, cytokine secretion, and T cell skewing can then be determined. 

Ultimately, a siRNA-mediated knock-down should be included in future experiments as 

well as the addition of TLR/NF-kB pathway inhibitors to monocyte cultures. Results that 

will be obtained from the above described future experiments can yield new ideas for 

therapeutic intervention options. If the appearance of TM-expression indeed leads to 

inhibition of excessive immune responses in low-risk MDS, and, thereby to a better overall 

outcome, recombinant human soluble TM (rhTM) can be tested in a subset of patients 

that shows signs of a highly activated immune system. Currently, rhTM is already tested 

in other inflammatory-associated diseases. In acute exacerbation of idiopathic pulmonary 
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fibrosis, a condition associated with excessive immune activation, several trials have 

been performed in which rhTM was used to dampen inflammatory responses. Although 

the sample sizes in these studies were low, a clear benefit in survival was shown in rhTM-

treated patients.53

For high-risk MDS patients, silencing the effect of TM-expression could be relevant to 

prevent disease progression if TM-expression indeed leads to reduced inflammation and 

consequent escape from immune surveillance.

In conclusion, this thesis provides new information on the development, phenotype 

and function of DC and monocytes in the context of both healthy and MDS bone marrow. 

As such, it opens new possibilities and suggests new therapeutic links for future research. 

Ultimately, understanding the various mechanisms that contribute to the fragile balance 

of anti- and pro-inflammatory responses in different MDS risk groups will reveal new 

therapeutic intervention options. In this regard, our observation of abrogated myeloid DC 

development and a preserved pDC compartment as well as our work on TM-expressing 

monocytes provide exciting new angles on this topic. 



SUMMARY, CONCLUSIONS AND FUTURE PERSPECTIVES 157

6

REFERENCES

1. Hofer TP, van de Loosdrecht AA, Stahl-
Hennig C, Cassatella MA, Ziegler-
Heitbrock L. 6-Sulfo LacNAc (Slan) as 
a Marker for Non-classical Monocytes. 
Front. Immunol. 2019;10:2052. 

2. Matteo Rigolin G, Howard J, Buggins  
A, et al. Phenotypic and functional 
characteristics of monocyte-derived 
dendritic cells from patients with 
myelodysplastic syndromes. Br. J. 
Haematol. 1999;107(4):844–50. 

3. Ma L, Delforge M, van Duppen V, et 
al. Circulating myeloid and lymphoid 
precursor dendritic cells are clonally 
involved in myelodysplastic syndromes. 
Leukemia. 2004;18(9):1451–6. 

4. Micheva I, Thanopoulou E, 
Michalopoulou S, et al. Defective 
tumor necrosis factor alpha-induced 
maturation of monocyte-derived 
dendritic cells in patients with 
myelodysplastic syndromes. Clin. 
Immunol. 2004;113(3):310–7. 

5. Ma L, Ceuppens J, Kasran A, et al. 
Immature and mature monocyte-derived 
dendritic cells in myelodysplastic 
syndromes of subtypes refractory 
anemia or refractory anemia with ringed 
sideroblasts display an altered cytokine 
profile. Leuk. Res. 2007;31(10):1373–82. 

6. Saft L, Björklund E, Berg E, Hellström-
Lindberg E, Porwit A. Bone marrow 
dendritic cells are reduced in patients 
with high-risk myelodysplastic syndromes. 
Leuk. Res. 2013;37(3):266–73. 

7. Dutertre C-A, Becht E, Irac SE, et 
al. Single-Cell Analysis of Human 
Mononuclear Phagocytes Reveals 
Subset-Defining Markers and Identifies 
Circulating Inflammatory Dendritic Cells. 
Immunity. 2019;51(3):573-589.e8. 

8. Rodrigues PF, Alberti-Servera L, Eremin 
A, et al. Distinct progenitor lineages 
contribute to the heterogeneity of 
plasmacytoid dendritic cells. Nat. 
Immunol. 2018;19(7):711–722. 

9. Dress RJ, Dutertre CA, Giladi A, et al. 
Plasmacytoid dendritic cells develop 
from Ly6D+ lymphoid progenitors 
distinct from the myeloid lineage. Nat. 
Immunol. 2019;20(7):852–864. 

10. Dama P, Tang M, Fulton N, Kline J, Liu 
H. Gal9/Tim-3 expression level is higher 
in AML patients who fail chemotherapy. 
J. Immunother. Cancer. 2019;7(1):175. 

11. Zajac M, Zaleska J, Dolnik A, Bullinger 
L, Giannopoulos K. Expression of CD274 
(PD-L1) is associated with unfavourable 
recurrent mutations in AML. Br. J. 
Haematol. 2018;183(5):822–825. 

12. Brodská B, Otevřelová P, Šálek C, et al. 
High PD-L1 Expression Predicts for Worse 
Outcome of Leukemia Patients with 
Concomitant NPM1 and FLT3 Mutations. 
Int. J. Mol. Sci. 2019;20(11): pii: E2823. 

13. Hobo W, Hutten TJA, Schaap NPM, 
Dolstra H. Immune checkpoint 
molecules in acute myeloid leukaemia: 
managing the double-edged sword. Br. 
J. Haematol. 2018;181(1):38–53. 

14. Garcia-Manero G, Fenaux P. 
Hypomethylating agents and other novel 
strategies in myelodysplastic syndromes. 
J. Clin. Oncol. 2011;29(5):516–23. 

15. Fenaux P, Mufti GJ, Hellstrom-
Lindberg E, et al. Efficacy of azacitidine 
compared with that of conventional 
care regimens in the treatment of 
higher-risk myelodysplastic syndromes: 
a randomised, open-label, phase III 
study. Lancet Oncol. 2009;10(3):223–32. 

16. Kornblith AB, Herndon JE, Silverman 
LR, et al. Impact of azacytidine on 
the quality of life of patients with 
myelodysplastic syndrome treated in 
a randomized Phase III trial: Cancer 
and Leukemia Group B Study. J. Clin.  
Oncol. 2002;20(10):2441–2452.

17. Agarwal S, Rao A. Modulation of chromatin 
structure regulates cytokine gene 
expression during T cell differentiation. 
Immunity. 1998;9(6):765–75. 



CHAPTER VI158

6

18. Jones B, Chen J. Inhibition of IFN-gamma 
transcription by site-specific methylation 
during T helper cell development. EMBO 
J. 2006;25(11):2443–52. 

19. Costantini B, Kordasti S, Kulasekararaj 
AG, et al. The effects of 5-azacytidine on 
the function and number of regulatory 
T-cells and T-effectors in myelodysplastic 
syndrome. Haematologica. 2012; 

20. Sa LI, Gutierrez-cosio S, Santamaría C, et al. 
Immunomodulatory effect of 5-azacytidine 
(5-azaC): potential role in the transplantation 
setting. 2010;115(1):107–121. 

21. Bontkes HJ, Ruben JM, Alhan C, et al. 
Azacitidine differentially affects CD4 pos 
T-cell polarization in vitro and in vivo in 
high risk myelodysplastic syndromes. 
Leuk. Res. 2012;36(7):921–930. 

22. Frikeche J, Clavert A, Delaunay J, et al. 
Impact of the hypomethylating agent 
5-azacytidine on dendritic cells function. 
Exp. Hematol. 2011;39(11):1056–63. 

23. Rosu-Myles M, Taylor BJ, Wolff L. Loss 
of the tumor suppressor p15Ink4b 
enhances myeloid progenitor formation 
from common myeloid progenitors. Exp. 
Hematol. 2007;35(3):394–406. 

24. Rosu-Myles M, Wolff L. p15Ink4b: dual 
function in myelopoiesis and inactivation 
in myeloid disease. Blood Cells. Mol. 
Dis. 2008;40(3):406–9. 

25. Quesnel B, Guillerm G, Vereecque R, et 
al. Methylation of the p15(INK4b) gene 
in myelodysplastic syndromes is frequent 
and acquired during disease progression. 
Blood. 1998;91(8):2985–90. 

26. Tien HF, Tang JH, Tsay W, et al. 
Methylation of the p15(INK4B) gene in 
myelodysplastic syndrome: it can be 
detected early at diagnosis or during 
disease progression and is highly 
associated with leukaemic transformation. 
Br. J. Haematol. 2001;112(1):148–54. 

27. Aggerholm A, Holm MS, Guldberg 
P, Olesen LH, Hokland P. Promoter 
hypermethylation of p15INK4B, 
HIC1, CDH1, and ER is frequent in 
myelodysplastic syndrome and predicts 

poor prognosis in early-stage patients. 
Eur. J. Haematol. 2006;76(1):23–32. 

28. Fares J, Koller R, Humeniuk R, Wolff L, 
Bies J. The tumor suppressor p15Ink4b 
regulates the differentiation and 
maturation of conventional dendritic 
cells. Blood. 2012;119(21):5005–15. 

29. Curik N, Burda P, Vargova K, et al. 
5-azacitidine in aggressive myelodysplastic 
syndromes regulates chromatin structure at 
PU.1 gene and cell differentiation capacity. 
Leuk.  Off. J. Leuk. Soc. Am. Leuk. Res. 
Fund, U.K. 2012;26(8):1804–11. 

30. Daskalakis M, Nguyen TT, Nguyen C, et 
al. Demethylation of a hypermethylated 
P15/INK4B gene in patients with 
myelodysplastic syndrome by 5-Aza-2’-
deoxycytidine (decitabine) treatment. 
Blood. 2002;100(8):2957–64. 

31. Fenaux P, Giagounidis A, Selleslag 
D, et al. A randomized phase 3 study 
of lenalidomide versus placebo in 
RBC transfusion-dependent patients 
with Low-/Intermediate-1-risk 
myelodysplastic syndromes with del5q. 
Blood. 2011;118(14):3765–76. 

32. Le Bras F, Sebert M, Kelaidi C, et al. 
Treatment by Lenalidomide in lower 
risk myelodysplastic syndrome with 5q 
deletion--the GFM experience. Leuk. 
Res. 2011;35(11):1444–8. 

33. Reddy N, Hernandez-Ilizaliturri FJ, Deeb 
G, et al. Immunomodulatory drugs 
stimulate natural killer-cell function, alter 
cytokine production by dendritic cells, 
and inhibit angiogenesis enhancing 
the anti-tumour activity of rituximab in 
vivo. Br. J. Haematol. 2008;140(1):36–45. 

34. Leblanc R, Hideshima T, Catley LP, et al. 
Immunomodulatory drug costimulates 
T cells via the B7-CD28 pathway.  
Blood. 2004;103(5):1787–1790. 

35. Galustian C, Meyer B, Keith ML, et al. 
The anti-cancer agents lenalidomide and 
pomalidomide inhibit the proliferation 
and function of T regulatory  
cells. 2009;1033–1045. 

36. Henry JY, Labarthe MC, Meyer B, et al. 
Enhanced cross-priming of naive CD8+ 



SUMMARY, CONCLUSIONS AND FUTURE PERSPECTIVES 159

6

T cells by dendritic cells treated by 
the IMiDs® immunomodulatory compounds 
lenalidomide and pomalidomide. 
Immunology. 2013;139(3):377–385. 

37. Yamamoto K, Kitawaki T, Sugimoto N, 
et al. Anti-inflammatory modulation of 
human myeloid-derived dendritic cell 
subsets by lenalidomide. Immunol.  
Lett. 2019;211:41–48. 

38. Zhang Y, Weiler-Guettler H, Chen J, 
et al. Thrombomodulin modulates 
growth of tumor cells independent 
of its anticoagulant activity. J. Clin.  
Invest. 1998;101(7):1301–9. 

39. Horowitz N a, Blevins E a, Miller WM, 
et al. Thrombomodulin is a determinant 
of metastasis through a mechanism 
linked to the thrombin binding 
domain but not the lectin-like domain.  
Blood. 2011;118(10):2889–95. 

40. Hanly M, Redmond M, Winter D, et 
al. Thrombomodulin expression in 
colorectal carcinoma is protective 
and correlates with survival. Br. J.  
Cancer. 2006;94(9):1320–5. 

41. Dimicoli S, Wei Y, Bueso-Ramos C, 
et al. Overexpression of the Toll-Like 
Receptor (TLR) Signaling Adaptor 
MYD88, but Lack of Genetic Mutation, 
in Myelodysplastic Syndromes. PLoS 
One. 2013;8(8):e71120. 

42. Gañán-Gómez I, Wei Y, Yang H, et 
al. Overexpression of miR-125a in 
Myelodysplastic Syndrome CD34+ 
Cells Modulates NF-κB Activation and 
Enhances Erythroid Differentiation 
Arrest. PLoS One. 2014;9(4):e93404. 

43. Wei Y, Dimicoli S, Bueso-Ramos C, 
et al. Toll-like receptor alterations 
in myelodysplastic syndrome.  
Leukemia. 2013;(May): 

44. Maratheftis CI, Andreakos E, 
Moutsopoulos HM, Voulgarelis M. 
Toll-like Receptor-4 Is Up-Regulated 
in Hematopoietic Progenitor Cells and 
Contributes to Increased Apoptosis 
in Myelodysplastic Syndromes. Clin. 
Cancer Res. 2007;13(4):1154–1160. 

45. Gañán-Gómez I, Wei Y, Starczynowski 
DT, et al. Deregulation of innate 
immune and inflammatory signaling 
in myelodysplastic syndromes.  
Leukemia. 2015;29(7):1458–1469. 

46. Kondo A, Yamashita T, Tamura H, et 
al. Interferon-y and tumor necrosis 
factor-a induce an immunoinhibitory 
molecule, B7-H1, via nuclear factor-kB 
activation in blasts in myelodysplastic 
syndromes. Blood. 2010;116(7):1124–1131. 

47. Navas TA, Mohindru M, Estes M, et 
al. Inhibition of overactivated p38 
MAPK can restore hematopoiesis in 
myelodysplastic syndrome progenitors. 
Blood. 2006;108(13):4170–4177. 

48. Navas T, Zhou L, Estes M, et al. 
Inhibition of p38alpha MAPK 
disrupts the pathological loop of 
proinflammatory factor production in 
the myelodysplastic syndrome bone 
marrow microenvironment. Leuk. 
Lymphoma. 2008;49(10):1963–1975. 

49. Basiorka AA, McGraw KL, 
Eksioglu EA, et al. The NLRP3 
Inflammasome functions as a driver of 
the myelodysplastic syndrome phenotype.  
Blood. 2016;128(25):2960–2975. 

50. Shetty V, Hussaini S, Alvi S, et al. 
Excessive apoptosis, increased 
phagocytosis, nuclear inclusion 
bodies and cylindrical confronting 
cisternae in bone marrow biopsies of 
myelodysplastic syndrome patients. Br. 
J. Haematol. 2002;116(4):817–825. 

51. Zang DY, Goodwin RG, Loken MR, 
Bryant E, Deeg HJ. Expression of tumor 
necrosis factor–related apoptosis-
inducing ligand, Apo2L, and its 
receptors in myelodysplastic syndrome: 
effects on in vitro hemopoiesis.  
Blood. 2001;98(10):3058–3065. 

52. Velegraki M, Papakonstanti E, Mavroudi 
I, et al. Impaired clearance of apoptotic 
cells leads to HMGB1 release in 
the bone marrow of patients with 
myelodysplastic syndromes and induces 
TLR4-mediated cytokine production.  
Haematologica. 2013;98(8):1206–1215. 



CHAPTER VI160

6

53. Isshiki T, Sakamoto S, Homma S. 
Therapeutic role of recombinant human 
soluble thrombomodulin for acute 
exacerbation of idiopathic pulmonary 
fibrosis. Med. 2019;55(5):pii: E172. 


	NvL_book_011_digital 148
	NvL_book_011_digital 150
	NvL_book_011_digital 151
	NvL_book_011_digital 152
	NvL_book_011_digital 153
	NvL_book_011_digital 154
	NvL_book_011_digital 155
	NvL_book_011_digital 156
	NvL_book_011_digital 157
	NvL_book_011_digital 158
	NvL_book_011_digital 159
	NvL_book_011_digital 160
	NvL_book_011_digital 161



