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GGeenneerraall  ddiissccuussssiioonn  

Autoimmune and inflammatory disorders are caused by a disturbed and disbalanced 

immune system. Vital cells and tissues of the body are destroyed as consequence of 

excessive inflammation. In type 1 diabetes (T1D), insulin producing β-cells in the 

pancreas are destroyed by cytotoxic T-cells, which leads to the disruption of blood 

glucose homeostasis and a lifelong dependence on exogeneous insulin treatment. In 

CChhaapptteerr  22  and CChhaapptteerr  33, we explored the immunopathology of T1D by investigating 

the human pancreas during the pre-diabetic phase and circulating autoreactive CD8 

T-cells in patients with established T1D. Induced regulatory T-cells in vitro as mode of 

action of tolerogenic dendritic cell (tolDC) therapy were studied in CChhaapptteerr  44, where 

we identified surrogate immune correlates of therapeutic efficacy. Lastly, we showed 

the in vivo immunological effects of tolDC and mesenchymal stromal cells as cellular 

immune intervention therapy in CChhaapptteerr  55.  

 

IInnssiigghhttss  iinnttoo  ttyyppee  11  ddiiaabbeetteess  pprrooggrreessssiioonn  

Throughout the years, the pathological processes underlying T1D are becoming 

increasingly clear. It is now well established that T-cells are key in the progression to 

T1D; CD4 T-cells are essential to initiate autoimmune T1D, while cytotoxic CD8 T-cells 

are the pathological mediators that kill pancreatic β-cells (1-3). In addition, a range of 

T1D associated epitopes that can be targeted by autoreactive CD4 and CD8 T-cells 

have been discovered (4-7). The number of different circulating islet autoantibodies 

can reliably predict the risk for developing T1D, which is essential for early 

intervention therapies (8). β-cell function is rapidly declining around time of diagnosis, 

but interestingly, residual β-cells can still be detected even in patients with long 

standing disease (14, 15). These discoveries give considerably hope to find novel 

intervention strategies even in later disease stages. However, no cure for T1D has 

been found with long lasting effect. Growing evidence on inflammation and ER stress 

point towards an important role of β-cell dysfunction in the initiation and progression 
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of T1D (9-13). Still, the exact trigger that initiates autoimmunity in T1D is an area of 

speculation, warranting more study on events occurring in the pre-diabetic period to 

design preventive treatments. Because of the limited availability of pancreatic tissue 

from pre-diabetic individuals, early pathological events that occur before clinical T1D 

are less chartered territories. These events are steadily explored in the recent years 

as biobanks such as the Network for Pancreatic Organ Donors with Diabetes (nPOD) 

facilitates the collection of T1D pancreata from all stages of disease. As such, 

pancreatic sections from a double autoantibody positive (IA-2 and GAD) donor at high 

risk for developing T1D were studied in CChhaapptteerr  22. Systemic histological analysis 

showed that islets from autoantibody positive individuals without glycemic 

dysregulation already show pathognomic signs of T1D: MHC-I hyperexpression and 

CD8 T-cell infiltrations. High expression of MHC-I presenting autoantigens renders β-

cells susceptible to CD8 T-cell induced killing. This persists in insulin containing islets 

for several years after diagnosis, potentially expediting the continued destruction of 

β-cells which eventually diminishes (16). Interestingly, we observed a highly lobular 

pattern of MHC-I hyperexpression with generally higher levels of CD8 T-cell infiltration 

than normal islets, though areas of MHC-I hyperexpression without T-cell infiltration 

were also observed. This heterogeneous distribution of pathologic areas was also 

observed in pancreas of recent-onset T1D patients with islets in different disease 

stages (from unaltered phenotype till β-cell death) occurring alongside to each other 

(17). This also indicates a more protracted and potential reversible disease process, 

which provides a window of opportunity for intervention therapy. One hypothesis 

explaining this vitiligo-like distribution of immune lesions in T1D is a viral infection that 

could induce a lobular spread of MHC-I hyperexpression (18). However, no signs for 

such a viral cause were detected in the pancreas (by immunohistochemistry or PCR) 

of the donor studied in CChhaapptteerr  22, although not all regions of the pancreas were 

analyzed. Neuroimmune interactions within the pancreas could also offer an 

explanation for this phenomenon. Recently, studies showed that interference of 

sympathetic signaling in the pancreas halts the onset of diabetes in mice (19, 20). 
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Finally, β-cells themselves could be the driving force for patch wise immune 

destruction in T1D, since increase of stress or metabolic demand could cause local 

alterations and inflammation. Elucidating the pattern of immune lesions will likely 

help us to better understand the etiology of T1D, while autoantibody positive cases 

might give insights into why these events are present in the earliest phase of disease 

pathology. 

 

Cytotoxic CD8 T-cells targeting islet-autoantigens play an important role in T1D 

progression. Due to their very low frequencies in peripheral blood and the technical 

difficulties to identify them, autoreactive T-cells are generally poorly defined. In 

CChhaapptteerr  33, these rare cells were examined by combining a detection method of 

antigen specific T-cells with MHC-I tetramers and mass cytometry (21). This study was 

a proof of concept showing a novel technique to identify and study such rare antigen-

specific T-cells in T1D patients. Remarkable heterogeneity in this regard was observed 

in the CD8 T-cell compartment of T1D patients. This was also the case for the islet-

specific CD8 T-cell pool with hardly shared marker expression patterns in the available 

study subjects. Interestingly, the intensity of tetramer signal of islet specific CD8 T-

cells was low, which is in line with previous studies showing low-affinity binding TCR 

in autoreactive CD8 T-cells (4, 6). Two studies applied an analogous method to study 

autoreactive CD8 T-cells in T1D (22, 23), confirming our observed phenotypical 

heterogeneity of islet-specific CD8 T-cells at both the individual and population level. 

In addition, Ogura et. al. found increased ZnT8-reactive CD8 T-cells with 

CD57+CD45RO+ phenotype in T1D patients, suggesting increased exposure to ZnT8 

and activation of autoreactive CD8 T-cells in the studied patients (n=29) (22). 

Wiedeman et al. included a larger study group (n=46) where changes could be related 

to different progression rates. An activated memory phenotype (helios+CD27+) in 

islet-specific (PPI, GAD, IGRP, IAPP pooled) CD8 T-cells was linked to rapid progressors, 

whereas an exhaustion phenotype (eomes+KLRG1+ TIGIT+ PD1+), was more prevalent 

in slow progressors and possibly signifies a more indolent autoimmune activity (23). 
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The phenotypical heterogeneity of islet-specific T-cells revealed in these studies could 

therefore be indicative of variability in islet-autoimmunity during disease onset and 

could have implications for progression of T1D as is suggested by the latter study. 

Nevertheless, utilizing the phenotype of autoreactive T-cells as biomarker to explain 

the immunologic mechanisms, predict disease progression or to monitor therapeutic 

efficacy are likely to remain challenging in light of their observed heterogeneity. 

 

IImmmmuunnee  mmoonniittoorriinngg  ttoooollss  ffoorr  ttoolleerrooggeenniicc  ddeennddrriittiicc  cceellll  tthheerraappyy  

Immune intervention therapy with tolDC has been considered for the improvement 

of management or even cure of various autoimmune and inflammatory diseases. 

TolDCs in this regard possess the capacity to skew the immune system towards a more 

regulatory state and present an attractive intervention therapy to reduce 

autoimmunity in T1D and could also be applied to other autoimmune and 

inflammatory disorders such as Rheumatoid Arthritis (RA) as described in CChhaapptteerr  44..11. 

Our group has shown that vitamin D and dexamethasone are suitable agents to induce 

tolDCs with a stable regulatory  phenotype (24) while the mechanism of action of vitD-

dex induced tolDC has been elucidated from extensive in vitro studies (24-30). 

CChhaapptteerr  55..11  describes the mechanism of action of tolDC, compares different 

outcomes with respect to different tolDC modulating agents and summarizes existing 

and potential monitoring methods to measure the effect of tolDC in vivo. The most 

important effects of tolDCs for the treatment of T1D are inhibition of antigen specific 

CD4 and CD8 T-cells and induction of Tregs. The application of selective tolerance by 

pulsing tolDC with target antigen(s) indeed enables specific disease-relevant 

immunomodulation without general immune suppression. To monitor the effect of 

tolDC, evaluating quantity of immune populations by phenotypical characterization 

(flow cytometry or mass cytometry) as well as functional characterization of T-cell 

responses (lymphoproliferative assay and ELISPOT) are essential. However, 

quantification of Tregs and specifically tolDC-induced Tregs is challenging since 
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markers delineating induced Tregs are lacking, although iTregs differ from nTregs in 

for instance FoxP3 demethylation and possibly reverse polarity of TCR/HLA 

interaction (25). Therefore, extensive investigation of the phenotype of tolDC-

induced Tregs using mass cytometry with respect to functional properties was 

performed in CChhaapptteerr  44..22. TolDC-induced Tregs consisted of subpopulations with 

distinct phenotypes of which CD45RA-CD25hi and CD45RA-CD25lo were the most 

prominent and suppressed CD4 T-cell proliferation, while CD45RA-CD25hi Tregs also 

suppressed CD8 T-cell induced killing. An additional population in tolDC-stimulated 

cultures lacking suppressive capacity retained a naïve-like phenotype likely as 

consequence of inhibitory factors from tolDCs or tolDC-induced Tregs. CD45RA-CD25hi 

Tregs seem to prevail in a more activated state by expressing increased activation 

markers such as ICOS, CCR4, CD38 and FoxP3 and showing increased cytokine 

production compared to CD45RA-CD25lo Tregs. Suggesting that such activation 

markers could be indicators for Treg functionality. These markers, however, are not 

exclusively present on tolDC-induced Tregs. As such, tolDC-Tregs share markers with 

induced Tr1 Tregs (31, 32) as well as thymic derived (nTregs) (33-36) and may be 

detected within the nTreg pool when using the above mentioned markers to 

discriminate them (Table 1). It is therefore necessary to explore novel markers as well 

as investigate the antigen specificity to delineate induced Tregs. For now, classical 

Treg markers such as CD25 and CD127 should suffice to identify a bigger pool of Tregs 

including nTregs and induced Tregs.  
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TTaabbllee  11..  CChhaarraacctteerriissttiiccss  ttoollDDCC--iinndduucceedd  TTrreeggss    

  CCDD2255hhii  ttoollDDCC--TTrreegg  CCDD2255lloo  ttoollDDCC--TTrreegg  nnTTrreegg  
((3333))  

TTrr11--TTrreegg  
((3311,,  3322))  

IInnhhiibbiittiioonn  CCDD44  TT--cceellll  pprroolliiffeerraattiioonn  + + + + 
IInnhhiibbiittiioonn  CCDD88  TT--cceellll  kkiilllliinngg  + - + + 
CCyyttookkiinnee  pprroodduuccttiioonn11  
IL-10 
TGF-β 
IL-13 
IFN-γ 
TNF-α 

 
low 
n/a 
++ 
++ 
++ 

 
low 
n/a 
+ 
+ 
+ 

 
+ 
+ 
+ 
+ 
+ 

 
+ 
+ 
n/a 
++ 
n/a 

SSuurrffaaccee  mmaarrkkeerrss11  
CD45RA 
CD25 
CD127 
TIGIT 
Lag-3 
CD49b 
PD-1 
CTLA4 
HLA-DR 
ICOS 
CD38 
CD39 
CD69 
CCR4 
CD161 

 
- 
++ 
dim 
+* 
- 
dim 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

 
- 
dim 
- 
-* 
+ 
- 
- 
- 
+ 
dim 
dim 
dim 
dim 
dim 
dim 

 
+ 
++ 
- 
+ 
+ 
- 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

 
- 
n/a 
n/a 
n/a 
+ 
+ 
+ 
n/a 
n/a 
n/a 
n/a 
+ 
n/a 
n/a 
n/a 

IInnttrraacceelllluullaarr  mmaarrkkeerrss11  
FoxP3 

 
++ 

 
dim 

 
++ 

 
- 

1Cytokine production and marker expression after stimulation (tolDC-Tregs) 
*Data not shown in chapter 4.3 

 

TToolleerrooggeenniicc  ddeennddrriittiicc  cceellllss  iinn  cclliinniiccaall  ttrriiaallss  

Phase I clinical trials with tolDC generated with various modulatory agents have been 

completed in rheumatoid arthritis (37), Crohn’s  disease (38), multiple sclerosis (39) 

and T1D (40) (reviewed in CChhaapptteerr  44..11  and CChhaapptteerr  55..11  and demonstrated the safety 

and feasibility of tolDC therapy. The different methods of generating tolDC, however, 

surely affect their regulatory function. For instance, tolDC generated with vitD induce 

Tregs which exhibited antigen specificity, while tolDC generated with dexamethasone 

induce non-specific Tregs (30). Knowledge on autoantigens involved in the disease 
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pathogenesis facilitates the application of targets for tolDC therapy, but this is not 

established in all autoimmune or inflammatory diseases (CChhaapptteerr  44..11). For T1D, a 

considerable number of associated epitopes has been identified, and vaccines based 

on these peptides have been tested in clinical trials. Immunotherapy with proinsulin 

(C19-A3) peptide induced favorable metabolic and immune effects in individuals with 

new-onset T1D (41, 42). Giannoukakis et al. reported the first trial of genetically 

engineered tolDC in T1D patients, albeit without the addition of target autoantigen, 

and demonstrated an increase of Bregs after tolDC administration (40). We reported 

the first clinical trial with combined treatment with tolDC pulsed with proinsulin 

peptide in a placebo-controlled, dose escalation phase 1 clinical trial with T1D patients 

and clinical release criteria were met for all generated tolDC products (43). The 

importance of quality control markers for the regulatory function of tolDC was 

furthermore demonstrated in CChhaapptteerr  44..22, as tolDC with aberrant phenotype and 

increased expression of CD86 induced T-cells lacking immune suppressive activity.  

Contrary to the study of Giannoukakis, we did not detect circulating Bregs expressing 

B220. The immune modulatory effects of proinsulin-pulsed tolDC in vivo were 

reported in CChhaapptteerr  55..22. Using the knowledge on mechanisms of action as described 

in CChhaapptteerr  55..11, various analysis methods were used to measure antigen-specific 

responses as well as to phenotypically characterize the immune subsets in peripheral 

blood. The application of mass cytometry including a broad panel of T-cell markers, 

furthermore enabled identification of 53 CD4 T-cell and 42 CD8 T-cell subclusters. 

Th17-like and CD4 T-cells with tissue resident (Trm) phenotype showed a transient 

increase after tolDC injection (Figure 1), while major leukocyte subsets remained 

stable. Interestingly, Th17-like CD4 T-cells declined to frequencies below baseline 

levels, which has a potential therapeutic implication since Th17 cells play a role in T1D 

pathogenesis (44). This short-lived immune activation may reflect therapeutic 

induction of immune tolerance, which is an active process that needs a preceding 

immunization. Furthermore, a transient increase of Tregs expressing activation 

markers (ICOS+CCR4+TIGIT+) was observed. This temporary increase possibly reflects 
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Treg migration to lymph nodes or peripheral tissues, which could be facilitated by the 

expression of chemokine receptors such as CCR4. These Tregs much resemble the in 

vitro tolDC-induced CD45RA-CD25hi -Tregs as reported in CChhaapptteerr  44..11, suggesting that 

Tregs with CD4 as well as CD8 inhibiting capacity might also be induced in vivo.  On 

the other hand, it could also signify activation of thymic derived nTregs. 

Unfortunately, the antigen-specificity of affected T-cell populations was not 

determined, though a separate antigen-specific analysis demonstrated that 

proliferative and IFNγ responses against vaccine proinsulin peptide reduced in 

patients with pre-existing responses. Most of the changes after tolDC injections were 

not related to the administered dose, suggestive of a low dose effect of tolDCs.  

  
FFiigguurree  11..  MMeecchhaanniissmm  ooff  aaccttiioonn  ooff  iinnttrraaddeerrmmaall  iinnjjeeccttiioonn  ooff  pprrooiinnssuulliinn--ppuullsseedd  ttoollDDCC  aass  tthheerraappyy  ffoorr  ttyyppee  11  
ddiiaabbeetteess.. TolDC are injected intradermally in the upper left abdominal quadrant. CD103+ tissue resident 
CD4 T-cells are stimulated upon tolDC injection. Upon migration to draining lymphnodes, tolDC induce 
Tregs with ICOS+CCR4+TIGIT+ phenotype and inhibit/eliminate effector Th17-like T-cells. Created in 
BioRender.com. 
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This phase I trial with promising results regarding immunological efficacy of 

proinsulin-pulsed tolDC was not designed to show clinical improvement, since the 

participating patients had long standing T1D with mostly undetectable c-peptide 

levels. Assessment of clinical efficacy of tolDC intervention therapy therefore heavily 

relies on the resilience of residual β-cells and early intervention is key in order to 

preserve as many functional β-cells as possible. In this light, patients that develop T1D 

at a young age seem to have a more fulminant disease with higher amounts of islet-

infiltrating immune cells and more severe loss of β-cells. In contrast, patients that 

develop T1D as teenager retain more β-cells (>40-60% insulin containing islets) (45). 

Furthermore, patients with insufficient residual β-cells might benefit from an 

additional β-cell replacement therapy with islet transplantation or β-cells derived 

from embryonic or induced pluripotent stem cells (46, 47). Future studies including 

patients with recent onset disease should determine the clinical efficacy of tolDC 

therapy and correlate immunological efficacy with clinical efficacy endpoints. For the 

trial reported in CChhaapptteerr  55..22, proinsulin peptide binding to HLA-DR4 was used as 

target antigen for tolDC. Although the majority of T1D patients are HLA-DR4+, around 

30% of patients lack HLA-DR4 and are therefore not eligible for this personalized 

therapy. To extend tolDC therapy to all patients, other target antigens binding to 

different HLA types would be needed, while also loading tolDC with multiple antigens 

might broaden the Tregs’ target potential by the additional antigen-specifities 

presented by tolDC. On the other hand, this might not be necessary since tolDC were 

shown to act through so called ‘infectious tolerance’ and ‘linked suppression’. Indeed, 

tolDC-induced Tregs can alter conventional DCs to adopt an anti-inflammatory 

phenotype (infectious tolerance), while these modulated DC in turn can prime Tregs 

of different specificities (linked suppression) (27). Therefore, the suppressive effect of 

tolDCs is not limited to the selected vaccination peptide, but spreads to other 

epitopes present in the encountered target tissue. First signs of this phenomenon 

were observed in our clinical trial ((CChhaapptteerr  55..22)), as PPI-specific responses were 

additionally reduced in 7 out of 9 patients. In any which way, the tolDC presented 
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peptide could be aligned to the type of pre-existing autoimmune responses. Further 

research into novel T1D associated antigens as well as investigation of alternative 

tolDC antigens should first show whether infectious tolerance will lead to clinical 

efficacy or that multiple antigen targeting is needed.  

 

MMeesseenncchhyymmaall  ssttrroommaall  cceellll  tthheerraappyy  iinn  aaccuuttee  ggrraafftt--vveerrssuuss--hhoosstt  ddiisseeaassee  

Mesenchymal stromal cells (MSC), like tolDCs, have been extensively investigated as 

intervention therapy. The ability of MSCs to differentiate into various cell types and 

modulate immune responses in vitro renders therapy with MSC suitable to support 

inflammatory conditions with tissue injury such as graft-versus-host disease (aGvHD), 

but also Crohn’s disease, cardiovascular disease and several neurological diseases 

(48). Promising clinical effects for example have been reported in patients with 

steroid-refractory aGvHD, especially in pediatric patients.  More than half of included 

patients showed clinical response to MSC therapy with a more than 2 years overall-

survival after stem-cell transplantation (49). MSCs in vitro inhibit T-cells (50), 

modulate myeloid cells (51) and induce Tregs (51, 52), mainly via paracrine factors 

such as IDO. It was first thought that intravenously administered MSCs in vivo migrate 

to inflamed tissue and differentiate to support tissue regeneration and immune 

regulation (53). Later studies, however, showed that MSCs are short-lived and do not 

migrate beyond the lungs (54). Yet, Galleu et al. showed that phagocytes take up 

apoptotic MSC and produce IDO (55), which could explain that MSC are barely 

detected after infusion even in case of a clinical effect. Though in vitro observations 

show clear immunomodulatory properties of MSC, little is known about the MSC-

induced immune modulation in clinical responding patients. In CChhaapptteerr  55..33, using 

CyTOF to analyze peripheral blood of children with aGvHD, we could show changes 

within the T-cell compartment that were associated with clinical outcome of steroid-

refractory aGvHD after MSC infusion. Effector T-cells with high expression of gut and 

skin homing markers (CXCR3, CCR9 and CCR10) declined in clinical responders, while 
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an increase was observed in non-responders. These T-cells had inflammation-

promoting properties, as they were capable of releasing factors such as IFNγ, TNF and 

Granzyme B. Interestingly, this increase of effector T-cells in non-responders was 

accompanied with an increase of CD25++CD127- Tregs, some of which also expressed 

gut and skin homing markers. Although high frequencies of Tregs at aGvHD onset have 

been associated with increased survival (56, 57), our study demonstrates that 

circulating Tregs in aGvHD follow the trend of effector T-cells and are reducing in 

clinically improving patients. Our findings might not be contradicting previous 

observations, since Treg frequencies at aGvHD onset were not measured, Instead, 

Treg frequencies may adjust to the degree of inflammation – i.e. the activity of GVHD- 

present.  MSC hence might mediate inhibition of effector T-cells, induce expansion of 

Tregs, while migration of Tregs from circulation into inflammatory lesions (leading to 

their decline in peripheral blood) is also conceivable. Notably, the sole long-term 

survivor within the MSC non-responders showed an effector T-cell signature more 

similar to responders (decreasing frequencies of effector T-cells and Tregs expressing 

CXCR3/CCR9/CCR10), supporting the clinical association with this T-cell signature. 

Additionally, we identified distinct populations within the myeloid and B-cell 

compartment that distinguished patients not responding to therapy. Class-switched 

plasmablasts, CD163+ monocytes and CD163+ DCs as well as CD56+ pDCs in this light 

were significantly increased in therapy-refractory aGvHD patients early after start of 

first line immune suppressive therapy and before the introduction of MSC therapy. 

CD163+ myeloid cells are specifically recruited to tissues with ongoing inflammation, 

where they develop into tissue-resident inflammatory macrophage-like cells that can 

attract neutrophilic granulocytes (58-60). Indeed, our study reveals that CD163+ 

myeloid cells are abundant in GI tract and skin biopsies collected from patients with 

locally active aGvHD. Interestingly, before MSC therapy, PD-1 expression was 

particularly high in TCRγδ++  T-cells of non-responders. Considering the major role of 

TCRγδ++  T-cells in the host defense of epithelial barrier tissues, this might point to 
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concurrent extensive damage in the GI tract or skin leading to activation of TCRγδ++  T-

cells. We did not observe specific changes after MSC therapy within the non-T cell 

compartment. Altogether, our data suggest that non-response to MSC therapy is 

associated with increased pro-inflammatory immune subsets likely reflecting 

escalating aGvHD immune reactivity, which was already apparent before introduction 

of MSC. Furthermore, we could hypothesize that early intervention with MSC, before 

progression to severe advanced aGvHD, could lead to better clinical response.  

 

TTaabbllee  22..  IImmmmuunnoommoodduullaattoorryy  eeffffeecctt  ooff  ttoollDDCC  aanndd  MMSSCC  iinn  tthhiiss  tthheessiiss  

  PPrrooiinnssuulliinn--ppuullsseedd  TToollDDCC  tthheerraappyy  

iinn  aadduullttss  wwiitthh  TT11DD   

((CChhaapptteerr  55..22))  

MMSSCC  tthheerraappyy  iinn  cchhiillddrreenn  wwiitthh  

sseevveerree  aaGGvvHHDD 

((CChhaapptteerr  55..33))  

IInnhhiibbiittiioonn  ooff  eeffffeeccttoorr  TT--cceellllss  Decrease of Th-17 like T-cells Decrease of CD4+ and CD8+ 

effector T-cells with gut and skin 

homing markers 

IInndduuccttiioonn  ooff  TTrreeggss  Transient increase of 

ICOS+CCR4+TIGIT+ Tregs   

Decrease of Tregs with gut and 

skin homing markers 

MMoodduullaattiioonn  ooff  BB--cceellllss,,  

mmyyeellooiidd  cceellllss,,  NNKK  cceellllss  
No specific changes  observed No specific changes observed 

MMoodduullaattiioonn  ooff  aannttiiggeenn--

ssppeecciiffiicc  rreessppoonnsseess 
Reduction of PPI-specific 

response 

Not studied, in vitro modulation 

of antigen-specific T-cell response 

shown in (133) 

CClliinniiccaall  bbeenneeffiitt 
Not yet determined 

Resolving aGvHD in a subset of 

patients 

 

Evidently, identification of biomarkers that predict response to MSC therapy would 

greatly benefit application of MSCs in clinical practice. Serum biomarkers for tissue 

inflammation and endothelial cell damage have been used as tool for monitoring 

response to aGvHD treatments. Indeed, concentrations of tissue inflammation 

markers such as TNFR1 were predictive of response to MSCs in steroid-resistant 

aGvHD, but lacked specificity and sensitivity (61). Combining serum biomarkers with 

immunological signatures could provide a solution. In CChhaapptteerr  55..33, mass cytometry 
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revealed specific changes in effector T-cell populations associated with clinical 

response. Before MSC infusion, non-responding patients showed signs of increased 

inflammation in the T-cell compartment as well as in the myeloid and NK 

compartment. These first results will be validated in a larger randomized cohort and 

could eventually provide alternative biomarkers to predict therapy response in 

steroid-resistant aGvHD patients. 

 

 
FFiigguurree  22..  MMeesseenncchhyymmaall  ssttrroommaall  cceellllss  ffoorr  tthhee  ttrreeaattmmeenntt  ooff  aaccuuttee  ggrraafftt--vveerrssuuss--hhoosstt  ddiisseeaassee..  Conditioning 
regimens prior to graft infusion cause damage to the epithelial barrier in the intestines. Danger signals 
released upon tissue damage activate antigen presenting cells (APC) residing locally and prime allogeneic 
T-cells, which in turn cause additional tissue damage. Mesenchymal stromal cells are infused in the 
circulation and inhibit allogeneic T-cells and support regeneration of tissue damage, thereby ameliorating 
clinical symptoms of aGvHD. Created in BioRender.com. 
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CCoonncclluussiioonn  

Immune modulatory cell-based therapy such as tolDC and MSC offer promising 

treatment modalities for autoimmune and inflammatory diseases and have reached 

the bedside of patients with T1D and aGvHD, as discussed in this thesis. 

Understanding the pathophysiology of the disease in question and mechanism of 

action of our immunomodulatory cell therapies is critical for further development and 

optimization of the latter and proved greatly facilitated by the application of mass 

cytometry as discovery tool. Advantageous properties of tolDC and MSC on immune 

regulation make them suitable treatment options in a variety of clinical conditions and 

should be further explored. Indeed, MSC are currently investigated as treatment 

approach in T1D (62, 63) while tolDC are considered for the treatment of aGvHD (64). 

Continued investigation on the efficacy of innovative cell-based treatment 

approaches may lead to their implementation in regular clinical practice, adding 

personalized medicine to intervene in inflammatory disorders as immune modulation 

and regenerative therapy. 
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