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the manufacturer’s instructions. The slides were cooled to room temperature within 
the apparatus and subsequently washed twice with ultrapure water (1 minute). 
The slides were then dried in a desiccator (15 minutes). For quality control, 
cytochrome C was spotted on the slide prior to the digestion step. On-tissue 
digestion followed by spraying a solution of trypsin (0.02 µg/µL in ultrapure water) 
with a SunCollect spraying system (SunChrom, Friedrichsdorf, Germany). The 
spraying of trypsin followed an HH moving pattern with x = 0.5 mm; y = 1.0 mm; 
z = 25 mm and the x,y speed of 900 mm/min. A total of 15 layers were applied 
at 10 µL/min flowrate. The slides were then incubated for 17 hours at 37°Celcius 
in a saturated environment using an airtight box filled with 50 mL methanol and 
50 mL ultrapure water. 
 Next, the slides were marked with fiducials and coated with 7 mg/ml 
CHCA matrix in a buffer of 50% acetonitrile and 0.2% trifluoroacetic acid in 
ultrapure water. Ten layers of matrix were applied at room temperature with the 
SunCollect with increasing flowrate as follow: the first four layers with 10, 20, 30 
and 40 µL/min, respectively and with 40 µL/min for the remaining passes. For 
the matrix deposition we used an HH pattern with x = 0.5 mm; y = 1.0 mm; z = 25 
mm and the x,y speed of 900 mm/min.

MALDI-TOF MS
MSI measurements with high-speed imaging were performed on the Bruker 
rapifleX MALDI Tissuetyper™ time-of-flight (TOF) instrument (Bruker Daltonik 
GmbH, Bremen, Germany). Before measurements, the mass spectrometer was 
calibrated using 1µl of red phosphorous dissolved in acetone spotted on the glass 
slide out of tissue area on top of the matrix coating. The peptide measurements 
were performed in positive mode over a m/z range of 500-3200 with suppression 
up to 400 m/z and a spatial resolution of 50x50µm 2. At the beginning of the 
experiment the laser intensity, reflector voltage and global attenuator offset were 
optimized and used for the rest of the experiment. The focus setting was adjusted 
for each sample. In each spot, 800 laser shots were accumulated at a frequency 
of 10 kHz. After the peptide measurements, the matrix was removed with 100% 
ethanol and stained for hematoxylin and eosin (H&E), following the supplier’s 
instructions. Optical images were obtained by the Mirax Desk high-resolution 
scanner (ZEISS, Oberkochen, Germany). 

Data pre-processing
The raw data from the MALDI-TOF instrument were automatically loaded in 
Fleximaging software v.4.1 (Bruker Daltonik GmbH, Bremen, Germany) and then 
exported as MISsion file (.mis). Next, the files were imported into SCiLS Lab 
software v.2019a (SCiLS, Bremen, Germany) and the MSI image was semi-
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automatically overlaid with the H&E staining of the slides included the fiducial 
markers. The tissue boundaries were defined and the tissues annotated by K.G.L 
and R.J.L. The combined samples were normalized by total ion count (TIC) and 
the overall mean spectrum was extracted and exported to mMass v.5.5,11 where 
it was subjected to autoscaling, baseline subtraction, and smoothing (Gaussian 
algorithm with window size of 0.5 m/z and 3 cycles). Next, we performed peak 
picking on the spectrum with the peak intensity threshold relative to base peak set 
to 2%. After data pre-processing, a peak list of 223 m/z ions was imported back 
to SCiLS with the window size per peak adjusted to 0.5 Da. The mean spectrum 
intensity for each peak was exported for each tissue section into a .CSV file for 
further statistical analysis. 

Data analysis 
The .CSV files were imported into SPSS for Windows, version 25.0 (IBM Corp, 
Armonk, N.Y., USA). To investigate data-based group separation, we performed 
a principle component analysis (PCA) using MetaboAnalyst server version 4.0,12  
and report on the first 5 components. We next performed, a multivariable analysis 
using SCiLS Lab software with a probabilistic latent semantic analysis (pLSA) 
to cluster tissue areas, based on their peptide profiles. To cluster this complex 
tissue, 15 components were calculated with a linear model. The pLSA analysis 
allows for identification of molecular species that represent specific areas within 
tissues in a scaled spectrum, acting as a fingerprint for each tissue type within 
the sections. The corresponding areas were next compared to the annotated 
areas. Note that technical components, representing matrix remnants were not 
considered for further analysis in the PCA and pLSA analyses. In order to find 
individual discriminating peptides (m/z ions) between NHOL and IOI, we next used 
the Mann-Whitney-U test for univariate statistical testing, followed by a Benjamini-
Hochberg correction for multiple testing. The discriminatory power for individual 
peptides were analyzed with receiver operator curve statistics.

Results

Exploratory patient clustering using PCA analysis
We loaded the peak data for each sample in MetaboAnalyst 4.0 and investigated 
the relationships between the samples using a principal component analysis (PCA). 
For the PCA analysis the peak data was TIC and quantile normalized and was 
scaled for visualization of the PCA. The distance between the groups was largest 
using the first and third component (Figure 1). Components loadings, which are 
the correlation coefficients between the items and the identified components, 
suggest the ions at m/z 785.58, 898.68, 1095.78 and 1303.81 drive the variance 
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Figure 1. Unsupervised profiling of whole tissue analysis. Principle component analysis of the 
mean intensity of the 223 m/z ions for each sample, with projection of the first and third 
components. The dots represent each sample and the ellipses represent the 95% confidence 
intervals for each group. The analysis was performed in Metaboanalyst 4.0, with a quantile 
normalization and auto-scaling. Abbreviations: IOI = idiopathic orbital inflammation; NHOL = non-
Hodgkin orbital lymphoma, PC = principle component.

Figure 2. Multivariate analysis of a positive ion mode image acquired using probabilistic latent 
semantic analysis (pLSA) with 15 components. A. Hematoxylin and eosin (H&E) staining, and 
pLSA separated image of an IOI sample. The arrows point at IOI infiltrates. The pLSA separated 
image shows surrounding tissue in green (components 4,6,14) and the IOI infiltrates in blue 
(component 5). There are no red areas of lymphoma (component 3,10,11). B. H&E staining and 
pLSA separated image of a NHOL sample. Lymphoma tissue is depicted in red, surrounding 
tissue in green and inflammation tissue in blue. C. Corresponding absolute intensity of the pLSA 
spectrum, showing the contributions of specific m/z values to the grouped components for 
surrounding tissue, inflammation and lymphoma. 
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between NHOL and IOI. This finding reveals that peptide profiles could aid in the 
differentiation of both diseases. 

Individual peptides in head-to-head comparisons
We analyzed orbital biopsy samples of patients with NHOL and IOI to identify peptide 
differences between the two diseases. From whole tissue analysis, the comparison of 
mean spectra revealed 24 differentially expressed peptides (m/z ions) after correction 
for multiple testing (Table 1). ROC analysis revealed a high area under the curve for 
each of the 24 m/z ions, demonstrating a high accuracy for discrimination between 
NHOL and IOI. Interestingly, almost all m/z ions had a relative lower intensity in NHOL 
samples compared with IOI samples, except for the ions at m/z 564.59 and 723.67.

Table 1. Differentially expressed m/z ions between NHOL and IOI
Mean rank: NHOL versus IOI AUC outcome:

m/z NHOL IOI p-val adj.p-val NHOL IOI
564.59 12,44 5,13 0,0029 0,045 0,931 0,069
586.54 5,56 12,88 0,0029 0,045 0,069 0,931
589.43 5,00 13,50 0,0005 0,045 0,000 1,000
602.53 5,44 13,00 0,0021 0,045 0,056 0,944
614.26 5,22 13,25 0,0011 0,045 0,028 0,972
723.67 12,44 5,13 0,0029 0,045 0,931 0,069
758.57 5,44 13,00 0,0021 0,045 0,056 0,944
760.18 5,78 12,63 0,0053 0,049 0,097 0,903
785.58 5,33 13,13 0,0015 0,045 0,042 0,958
795.61 5,44 13,00 0,0021 0,045 0,056 0,944
833.26 5,78 12,63 0,0053 0,049 0,097 0,903
836.62 5,78 12,63 0,0053 0,049 0,097 0,903
841.35 5,33 13,13 0,0015 0,045 0,042 0,958
852.61 5,67 12,75 0,0039 0,048 0,083 0,917
855.3 5,67 12,75 0,0039 0,048 0,083 0,917
868.69 5,78 12,63 0,0053 0,049 0,097 0,903
898.68 5,56 12,88 0,0029 0,045 0,069 0,931
1095.78 5,44 13,00 0,0021 0,045 0,056 0,944
1105.81 5,56 12,88 0,0029 0,045 0,069 0,931
1111.82 5,67 12,75 0,0039 0,048 0,083 0,917
1267.91 5,78 12,63 0,0053 0,049 0,097 0,903
1303.81 5,33 13,13 0,0015 0,045 0,042 0,958
1459.9 5,67 12,75 0,0039 0,048 0,083 0,917
2115.3 5,78 12,63 0,0053 0,049 0,097 0,903
Analysis was performed by the Mann-Whitney U test with an FDR correction for multiple 
testing. Abbreviations: NHOL = non-Hodgkin orbital lymphoma; IOI = idiopathic orbital 
inflammation; p-val = p-value; adj.p-val = adjusted p-value with FDR correction; AUC = 
area under the receiver operator curve
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Clustering of area specific spectra using pLSA separation
The morphological architecture of NHOL samples often displayed a dense 
lymphocytic infiltrate that took up most of the biopsied tissue. IOI, on the other hand, 
had a more heterogeneous aspect and consisted of multiple small lymphocytic 
infiltrates in between normal tissue (Figure 2A & B). We therefore performed a pLSA 
of all sections, allowing for direct interpretation of loadings for the clustered areas. 
Although half of the components showed matrix remnants and peptides outside the 
tissue boundaries, spectra of seven components corresponded with the annotated 
areas (Figure 2). Component 5 reflected the IOI infiltrates, while component 4, 6 
and 14 reflected tissue surrounding the diseased infiltrates. Component 3, 10 and 
11 corresponded specifically to the NHOL infiltrates. Combined, these components 
revealed specific spectral profiles for NHOL and IOI infiltrates and surrounding 
tissue (Figure 2C). Individual peptides contributing to the pLSA area clustering, 
were not differentially expressed in head-to-head comparisons. 

Discussion

In this study, we observed differences in peptide profile for the two diseases 
(PCA analysis), with 24 differentially expressed peptides that could differentiate 
NHOL from IOI by means of mass spectrometry imaging of tissue specimen. 
Interestingly, most peptides were present in relatively lower abundance in NHOL 
samples compared with IOI. We observed specific area profiles (pLSA analysis) 
that identified NHOL infiltrates, IOI infiltrates and surrounding tissues. 

Although individual peptides were differentially expressed in a head-to-head 
comparison of the whole tissue, none of the peptides were differentially expressed 
when comparing area specific sites. This indicates that individual peptides do 
not fully grasp these complex diseases for area specific sites, and may be best 
investigated as part of a profile analysis to differentiate a lymphocytic infiltrate. It 
is possible that several mechanisms in the infiltrate and local response overlap 
between NHOL and IOI, and broad profiling is needed to identify subtle differences. 
This could be linked to a recent investigation showing overlap for inflammatory 
responses in circulation in both NHOL and IOI.13
 The differential expression of peptides that we observed the whole tissue 
sections (Table 1), can be explained by the morphological differences between 
NHOL and IOI and molecular characteristics in the surrounding tissue. For example, 
m/z 898, 1105 and 1459 have been found to be associated with collagen 
alpha-1 chain precursors, and m/z 1111 with Annexin A2.14 These peptides are 
more frequent in IOI biopsies and can be explained by the more fibrotic nature 
of the IOI samples.15,16 Additionally, changes in surrounding tissue are observed 
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in several types of cancer,17,18 and it is well known that the micro-environment of 
inflammation undergoes drastic molecular changes.19A further identification of the 
measured peptides is needed to elucidate involved pathophysiological pathways. 

Interestingly, most differentially expressed peptides were less abundant in NHOL 
samples compared with IOI. It would be relevant for future studies to include 
healthy control specimen to be able to further explain a loss or gain of peptides 
in the local environment. This may be explained by different properties in the local 
environment that could lead to a more specific peptide profile. Additionally, crucial 
steps of the sample preparation (e.g. on-tissue digestion) could be more or less 
effective for certain tissue types. Nonetheless, these properties may be useful 
values for discrimination.

Several molecular profiling methods have been described for the assessment 
of orbital mass biopsies, especially to aid a malignant diagnosis.4 The field of 
mass-spectrometry and mass-spectrometry imaging, however, has previously not 
been investigated for NHOL and IOI. The results of this study show that there 
is diagnostic potential in using a mass-spectrometry imaging approach for the 
molecular analysis of biopsy material of orbital diseases. The main advantage is 
having a molecular assessment that can be attributed to the architectural structure 
within a biopsy. This is an important feature as orbital mass lesions are often 
heterogeneous in histopathology.4 Additionally, this technique can be used with 
formalin-fixed paraffin-embedded tissue, which is often the preferred fixative for 
pathological assessment of orbital biopsies.4

Molecular profiling can be included in less invasive technologies, for example the 
use of molecular techniques for FNAb in thyroid malignancies.20 Currently, FNAb 
techniques are considered less successful in diagnosing orbital inflammatory or 
lymphoproliferative disease.4 However, real-time mass-spectrometry techniques 
are developed to be used in vivo for diagnostic or surgical purposes.21 Diagnostic 
work-up of orbital conditions through FNAb could potentially be improved by 
adding molecular techniques. Identification of usable profiles from morphological 
specimen is crucial for an accurate assessment and subtyping, and should be 
pursued in future research. 
For the robustness and reproducibility of the data, this study will be complemented 
with data from a second, independent replication cohort and further identification 
of the found peptides through an MS/MS identification technique. Additionally, 
a classification model with an internal training, validation and test set will be 
performed to further evaluate the value of peptide profiling. 
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In conclusion, we demonstrate that peptide fingerprinting can discriminate NHOL 
from IOI using mass-spectrometry imaging in biopsies. Furthermore, we observed 
specific area profiles that identified NHOL infiltrates, IOI infiltrates and surrounding 
tissues. These results could lead to improvement of molecular tissue diagnosis 
and disease classification. 
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Summary, general discussion and future 
perspectives

Laban_Thesis.indd   157Laban_Thesis.indd   157 12/05/2020   21:1912/05/2020   21:1900000 -17x24_BNW.indd   15700000 -17x24_BNW.indd   157 13-05-20   11:2313-05-20   11:23



158      | CHAPTER 10

The orbit is an important anatomical region that protects the eye and holds adnexal 
structures necessary for eye-function. Two conditions that are common causes 
of orbital mass lesions are non-Hodgkin orbital lymphoma (NHOL) and idiopathic 
orbital inflammation (IOI).1,2 Accurate and timely diagnosis is important for both 
disorders to prevent loss of eye function, morbidity and mortality if not treated 
timely.2,3 NHOL can have local spread causing mass effects, while metastatic 
spread can cause systemic disease.2 IOI can have mass effect, function loss 
and fibrosis leading to local complications.3,4 Importantly, the two conditions can 
have overlapping clinical and radiological features that can make a diagnosis 
difficult.2,3,5–7 Additionally, tissue diagnostics are crucial,1,2 but can be complicated 
by not-representative biopsies in deep orbital localizations.8 There is a need 
for additional less invasive strategies that can aid the clinician in the diagnostic 
process. In order to improve the current diagnostic process and explore new 
possibilities for minimally invasive diagnostic tools, we investigated the clinical 
presentation, a new imaging technique and molecular aspects of the underlying 
immunological profiles in blood and tissue of NHOL and IOI. 

The importance of early and accurate diagnosis

Early and accurate diagnosis is essential in the treatment strategy of patients with 
NHOL, as systemic dissemination can lead to severe morbidity and mortality. 9 
Systemic progression has been documented in primary NHOL in 20% of cases.9 
Systemic progression rate is more common in high-grade subtypes including 
diffuse large B-cell lymphoma (DLBCL), follicular lymphoma and mantle cell 
lymphoma (MCL).10 Nonetheless, systemic disease is found in 14-16% of patients 
with extranodal marginal zone lymphoma (EMZL),2,10 and disease related mortality 
rates up to 16% are seen in EMZL patients.10 

Early and accurate diagnosis is important for IOI, as it can result in permanent 
symptoms and irreversible vision loss when effective treatment is delayed,3 illustrated 
in Chapter 4. Patients with IOI who do not receive adequate treatment in the acute 
phase of the disease are more likely to have permanent damage and persistent 
complaints,4 warranting early treatment and early diagnosis. In many cases, however, 
IOI is characterized by (severe) pain, prompting an expedited start of treatment. 
Note that starting therapy before completing the diagnostic work-up could lead 
to misdiagnosis.11 Steroid treatment, as standard first line treatment, is frequently 
insufficient and secondary immunosuppressive treatment is commonly given.3,12 
In total, up to 37% of patients remain refractory to treatment.3 Some complaints 
characterize refractory cases, including diplopia and vision loss,13 both of which could 
persist due to irreversible damage or fibrosis prior to appropriate treatment strategies.14  
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In practice, diagnosis of NHOL and IOI can be difficult and lengthy.5 In chapter 
3, the time from start of symptoms to presentation is displayed, and is long for 
both diseases. In addition, diagnosis of orbital mass-lesions can have diagnostic 
delays and can be complicated by difficult biopsies. In chapter 2, four cases 
of NHOL with initial not-representative biopsies are reported, resulting in two 
patients with suspected systemic dissemination at final diagnosis. It is unclear 
if this could have been prevented by a correct diagnosis at presentation. Note 
that the localization of the mass-lesion within the orbit dictates the most adapt 
incisional biopsy approach.11 Although all orbital biopsies should be performed 
by a skilled professional, deep orbital localizations can be especially difficult to 
access and retrieve optimal tissue specimen. Per-operatively, direct pathological 
examination with frozen sections can guide the biopsy operation and improve the 
chance of more representative biopsies.15 Frozen sections, however, are limited 
in histopathological assessment, and confirmation is needed in qualitative good 
biopsies with the correct embedding for the intended diagnostic approach.15
The location of inflammatory orbital mass lesions can also be indicative for the 
prognosis and residual complaints, as demonstrated in chapter 4 for patients with 
suspected IOI of the posterior orbit and orbital apex. These patients often have 
severe pain and a drastic vision loss at presentation, with a generally low visual 
outcome. The poor outcome can be attributed to a delay of effective treatment 
leading to permanent damage. In literature, cases with retro-orbital involvement 
tend to have more need of second line immunosuppressant’s after incomplete 
response to corticosteroid therapies.16 Improvement of the diagnostic process for 
these patients, and prediction of treatment response (see future perspectives) is 
therefore warranted.  

New improvements in the diagnostic process for orbital mass-lesions 

Clinical indicators at presentation
Signs and symptoms at presentation are regarded as clinical indicators that are 
largely non-specific in the diagnostic process of orbital mass-lesions.1 In a large 
cohort of patients with NHOL and IOI (chapter 3), we found that characteristic 
inflammatory symptoms can be found in both diseases, but a combination of five 
clinical parameters can highly accurate differentiate NHOL from IOI. Compared to 
IOI, NHOL was characterized by age ≥60 years and proptosis, without pain, eyelid 
swelling or ptosis. This chapter includes an independent, multicenter replication 
cohort, in which the results were validated. However, there are several limitations 
that need to be considered, inherent to the retrospective design, including 
the difficulty for standardized assessment of clinical signs and symptoms. The 
localization of the orbital mass-lesions influences signs and symptoms, although 
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the 5-parameter model was highly accurate for both lacrimal gland and non-
lacrimal gland localization. The results show a good clinical separation between 
NHOL and IOI, but should be confirmed in a prospective study to be used as 
clinical tool. This tool can result in an earlier diagnostic suspicion, before being 
confirmed by histopathology. The 5-parameter model can also be used to identify 
mismatches of signs and symptoms with histopathology in case of insufficient 
treatment response that would require a second biopsy, as described in chapter 2.  

Imaging strategies 
There is a strong potential for imaging strategies to improve the diagnostic process 
of orbital mass lesions, for example with DW-MRI.17,18 In chapter 6, we describe 
the use of the zirconium-89-labelled rituximab positron-emitting-tomography/
computed tomography (89Zr-rituximab PET/CT) in patients with orbital inflammation. 
While fluorodeoxyglucose (FDG) PET/CT can have artefacts while visualizing the 
orbit due to eye-movement uptake and strong uptake of the brain,19 the 89Zr-
rituximab PET/CT has a good visibility and specific CD20 uptake within the orbit. 
This specificity creates a potential in diagnostic use of the 89Zr-rituximab PET/
CT to visualise inflammatory and lymphoproliferative disorders of the orbit. Only a 
few recent studies have reported on 89Zr-rituximab PET/CT in patients.20–22 This 
includes an interesting paper describing the use of the tracer to predict outcome 
of rituximab treatment in patients with rheumatoid arthritis.23 Moreover, in our study, 
four patients were treated with rituximab after a positive 89Zr-rituximab PET/CT 
and had a good treatment response. Future studies on the predictive value of the 
89Zr-rituximab PET/CT for rituximab in orbital inflammatory disease are needed to 
fully assess this potential. 

Blood-based differentiation
Laboratory findings have an important role to indicate other pathology underlying 
orbital mass-lesion, but are usually normal in NHOL and IOI.1 We investigated 
serum microRNAs (miRNAs) and peripheral blood mononuclear cells (PBMCs) 
to understand the underlying immune-phenotype of NHOL and IOI in chapter 7 
and chapter 8, respectively. Using an untargeted approach, we discovered striking 
similarities in the immune-phenotype of both diseases in serum miRNA profiles 
and PBMC profiles that differed with healthy control (HC) samples. The impact of 
these findings is discussed in the section ‘New insights in the pathophysiological 
immune-alterations underlying orbital disease’ below. Regarding blood-based 
differentiation, we were not able to identify miRNAs that could distinguish NHOL 
from IOI (chapter 7).  In the PBMC analysis using flow cytometry, however, we 
found a decrease of the conventional dendritic cell (cDC) type-2 population in 
the IOI group compared to NHOL (chapter 8). The decrease of cDC type 2 in 
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IOI suggest that, although we mostly find similarities,  subtle differences in the 
underlying pathophysiology can be detected. As cDC type-2 has been implicated 
in other inflammatory disorders, such as uveitis,24 a more detailed investigation into 
the role of cDC type-2 in NHOL and IOI is warranted.

Molecular tissue assessment 
Despite the importance in histopathological examination,15 novel techniques 
investigating molecular phenotypes in NHOL and IOI tissue are not able to take into 
account the morphological aspects characterizing these diseases.25,26 In chapter 9, 
we discuss the use of spatially orientated peptide profiles with mass spectrometry 
imaging (MSI) in tissue samples of NHOL and IOI. Profile clustering analysis as well 
as individual peptides were able to distinguish NHOL from IOI, and identified NHOL 
and IOI infiltrates and surrounding tissue. Although identification of the peptides 
is needed to fully grasp the meaning of the differentially expressed peptides, this 
analysis can have impact on future studies to improve biopsy driven diagnosis. 
Once identified, the differentially expressed peptides from this untargeted technique 
could result in new targets for further research, as is being performed for several 
types of cancer.27 Additionally, less invasive biopsy techniques (such as fine-needle 
aspiration) could benefit from area-specific peptide profiles discovered in chapter 9. 

New insights in the pathophysiological immune-alterations underlying orbital disease

In this thesis, we investigated immune-phenotypes of NHOL and IOI to better 
understand underlying clinical and pathophysiological mechanisms. We therefore 
focussed on two techniques in peripheral blood, including serum miRNA profiles 
(chapter 7) and PBMC flow cytometry (chapter 8). Both modalities were studied 
in two independent cohorts to replicate the results. Additionally, we used two 
techniques in both studies to technically validate our result. This triple – analysis 
approach yielded a sensitive indication of orbital disease in blood of patients. Note 
that all patients had active disease when blood was drawn and were treatment 
naïve. 

Serum miRNAs upregulated in NHOL and IOI 
We investigated miRNA profiles in serum of patients with NHOL and IOI in chapter 
7. We found that eight miRNAs were elevated in patients (both NHOL and IOI) 
compared to controls. The eight miRNAs strongly correlated with each other, 
reflecting a cluster that was upregulated in both diseases. The cluster included 
miRNAs that were previously found altered in EMZL and DLBCL specimen.28,29
Additionally, the cluster was upregulated in other inflammatory disorders, which we 
demonstrated for uveitis, psoriasis, psoriatic arthritis and axial spondyloarthritis.30
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This suggests that the miRNA cluster orchestrates several pathological mechanisms, 
over immune-mediated diseases. We therefore performed a pathway enrichment 
analysis yielding multiple inflammatory and interleukin signalling pathways. The 
involvement of these pathways is supported by previous gene-expression data of 
IOI biopsies that showed interleukin, interferon and TGF-signalling involvement.25,31,32 
Because miRNAs are mainly derived from leukocytes in blood, we investigated 
the role of immune-cell populations driving an upregulation of the miRNA cluster. 
Associations of miRNAs with B-cell mechanisms, important in both diseases, 
32,33 have been described for miR-148 and miR-365.34,35 We supported this by 
observing a correlation between miR-365 and serum immunoglobulin G and 
M. Furthermore, we found that miR-223 was linked to myeloid populations in 
circulation, corroborating previous findings that neutrophils are a major source of 
miR-223 in blood.36 We further investigated neutrophil characteristic in the blood 
of patients, and report a larger neutrophil cell-size for NHOL compared to IOI 
(P=0.011). A larger neutrophil size could reflect neutrophil stimulation, suggesting 
a more prominent role of neutrophils in NHOL. Neutrophils are also associated 
with the production of APRIL, that induces B-cell malignancies and is linked to 
tumour aggressiveness,37 and neutrophils are able to protect lymphoma-cells from 
chemotherapeutic agents.38 Interestingly, miR-223 has also been linked to poor 
cancer prognosis.39 
 In summary, we discovered an upregulation of a cluster of eight miRNAs 
in NHOL and IOI, associated with immune pathways activation and linked to B-cell 
and neutrophil dysfunction. As we now observe circulatory immune changes in 
peripheral blood serum of patients with NHOL and IOI, more in-depth techniques, 
including immune-cell phenotyping, could reveal targets for future diagnostic use. 
Functional investigation of circulatory B-cells and neutrophils could, additionally, 
lead to new disease management strategies targeting these pathophysiological 
sites. The heterogeneity within patients could also lead to molecular classifications 
and may provide opportunities to conduct personalized therapy adjustments or 
prognosis predictions.

Dendritic cell alterations in NHOL and IOI
Next to serum miRNA profiling, we investigated circulating immune-cells by 
isolating and phenotyping PBMCs in chapter 8, using flow cytometry. We found 
a decrease in circulatory plasmacytoid dendritic cells (pDC) for NHOL and IOI, 
and a decrease of type-2 cDCs for IOI compared to NHOL. Additionally, publicly 
available transcriptomic data from IOI biopsies showed a decrease in pDCs and 
type-2 cDCs within the local microenvironment. 
 In general, dendritic cells are antigen presenting cells that initiate and drive 
immune responses in various pathologies.40 Dendritic cells play an important role in 
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anti-tumour response toward malignant cells and are drives of various inflammatory 
disorders.41–43 Specialized subpopulations of dendritic cells are distinguished, in 
which pDCs produce interferon in response to viral or endogenous nucleotide 
recognition, while cDCs activate T-cells upon intra- or extracellular pathogen 
recognition.40 Dendritic cells can be affected by an immunosuppressive state 
of the microenvironment triggered by metabolic stress, hypoxia or alarmins and 
cytokine secretion.44 This is visible in a pDC decrease in certain inflammatory 
conditions45,46 and malignancies.44,47–52 In contrast to conditions such as primary 
Sjögren’s syndrome,45 we see a local decrease of dendritic cells in deconvoluted 
publicly available transcriptomic data of IOI biopsies.25 A decrease in dendritic 
cells, especially pDCs could be driven by a negative feedback loop mediated 
by a concurrent self-maintaining expansive B-cell infiltrate, as pDCs are known 
to regulate B-cell differentiation and immunoglobulin secretion through CD70 
and IL-6.53 Alternatively, pDC differentiation and activation could affect surface 
marker expression,41 leading to a perceived decrease guided by the markers 
used in chapter 8.  The exact role of dendritic cells in the pathophysiology of 
orbital disorders remains to be elucidated. We encourage further research into 
dendritic cells, as we suggest a previously underappreciated role in the disease 
mechanisms for both NHOL and IOI. 

Complex underlying pathophysiology
Although we describe new leads in the underlying pathophysiology of NHOL 
and IOI, the exact mechanisms remain largely unknown. In our understanding, 
there are multifactorial mechanisms involved including genetic, epigenetic and 
environmental factors. Intriguingly, we report the occurrence of IOI involving the 
exact same extraocular muscle in a similar fashion in twins (chapter 5), and 
previously (epi)genetic components are supported by the occurrence of IOI in 
families.54 The role of specific infections preceding both NHOL and IOI have also 
been strongly debated in literature, but remain controversial.2,55 Continuation of 
research with state-of-the-art technologies are needed to be able to further map 
the pathophysiology of these complex conditions. 

Limitation of this thesis 

Most limitations are addressed within the studies itself, but some general limitations 
need to be pointed out. 
 The studies in this thesis have focussed on two important orbital disorders, 
that are considered the most common causes of orbital mass-lesions. However, 
several disorders can display an orbital mass-lesion and are not covered in this 
thesis. In diseases other than NHOL and IOI, imaging and serology often guide the 
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differential diagnosis, as characteristic abnormalities are more likely to be present. 
It would be more desirable to have investigated and compared more causes of 
orbital mass-lesions, and this could be an opportunity for future research. 
 Although common causes of orbital mass-lesions, both NHOL and IOI are 
rare diseases in the general population. The low number of patients limits research 
abilities due to the heterogeneous nature in terms of clinical, histological, and 
molecular subtypes. It is difficult to obtain sufficient number of samples to pursue 
subset analysis, even in retrospective cohorts. For NHOL, histological subtypes 
have been well established,56 with epidemiological and tissue-based molecular 
differences that define the histological subtypes.2 However, there is a lack in 
blood based molecular profiling of NHOL subsets. For IOI, there are currently no 
robust molecular subtypes that can be identified in blood or tissue, and molecular 
overlap with other orbital conditions (e.g. specific inflammatory diseases) can be 
present.25,57 The role of orbital localization in the molecular fingerprint of NHOL and 
IOI remains unknown.
 Retrospective data have inherent limitations, such as non-standardized 
clinical assessments and missing data. Importantly, within recent years, new 
technical advances have become more broadly available and commonly used 
in the evaluation of orbital mass-lesions.1,15 This leads to new standards within 
the diagnostic process.1,15 Although the patients described in this thesis have 
been thoroughly screened following the most up-to-date diagnostic tests, not all 
recommended diagnostic tests were available for each patient. For instance, we 
re-evaluated IOI biopsies for the presence of IgG4 when this was not performed 
within the diagnostic process (generally prior to 2015), as IgG4 related orbital 
disease was previously regarded as idiopathic.58 

Future perspectives and research opportunities 

From a clinical and epidemiological standpoint, the importance of early and 
accurate diagnosis is evident, as the consequences of a delayed or inaccurate 
diagnosis can be devastating. The point of view from the patient in the diagnostic 
process, however, has not been in the forefront of study designs in orbital disease 
research. We would therefore advocate a quality of life assessment during the 
diagnostic process to assess the importance of swift and accurate diagnosis from 
the patient’s point of view. Additionally, there is little knowledge of the quality 
of life of NHOL and IOI during the course of disease and final outcome. These 
assessments could be useful to better inform the patients during the diagnostic 
process and course of disease. 
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There are opportunities to improve a clinical differentiation, as we have described 
in chapter 3. To overcome the limitations posed in the retrospective study design, 
a prospective study with a standardized assessment is necessary to confirm the 
results. Additionally, machine learning algorithms can be more easily used with 
clinical assessments and facial imaging to improve the potential of the clinical 
presentation.59 Machine learning opportunities for imaging could also be deployed, 
with a combination of modalities to help identify disease entities, including 
lymphoma.60,61

Opportunities with PET-CT imaging include radiolabelled tracers that can visualize 
specific receptors and proteins.  Recently, the [68Ga]Ga-labelled Pentixafor PET-
CT was proposed to sensitively quantify CXCR4, a mediator of leukocyte (including 
B-cell) migration, in extranodal marginal zone lymphomas including NHOL.62 An 
upregulated CXCR4 expression has also been found in other lymphoma types, 
especially under hypoxic conditions.63 It remains unknown what the expression 
of CXCR4 is in IOI and other orbital conditions, and this could be studied in the 
histology of orbital biopsies. If CXCR4 expression is different, a prospective clinical 
trial could be used to investigate uptake by PET-CT in patients with NHOL and 
IOI before treatment is started. Differences in uptake are quantifiable and thus 
comparable between the groups. Additionally, single-domain antibody fragments 
as nuclear PET tracers are being developed that can have a more specific 
penetration and good visualization of small (<1mm) mass-lesions.64 Alternatively, 
the role of nuclear PET tracers as therapeutic options for high-grade NHOL is 
unclear. Recently however, malignant metastases in the orbit have been treated 
with sensitive therapeutic PET solutions.65 PET-tracers as predictor of treatment 
effectivity, such as 89Zr-rituximab PET/CT for rituximab treatment, could also be 
further explored.  

We investigated several layers of the immune system in peripheral blood, and 
demonstrated evidence for systemic changes in the immune system related to 
localized orbital disease. Other circulatory ‘omic’ layers could also reveal changes 
in the immune-phenotype and add clarity into the complex pathophysiology of 
NHOL and IOI. Cytokine analysis, for example, could be promising as specific 
local upregulated cytokines have been identified in IOI.32 Alternatively, metabolite 
profiles have been extensively studied for cancer (including lymphoma) and 
inflammatory disorders.66–68 Interestingly, circulatory platelets have been found 
to include cancerous or inflammatory RNA that can be identified and used as 
biomarkers.69 In chapter 8, we identified dendritic cells populations to be altered 
in NHOL and IOI. We would therefore be highly interested to further investigate the 
transcriptomic composition of these cells, as this has been shown to differ in other 
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inflammatory conditions, including primary Sjögren’s syndrome.70 Because we 
found many similarities between IOI and NHOL in circulatory analysis of chapter 
7 and chapter 8, the possibility of both diseases within a pathophysiological or 
molecular spectrum needs to be further explored. 
 Extended genetic studies, such as genome-wide association studies of 
NHOL and IOI are currently lacking, and are difficult to achieve because the rare 
incidence. However, collaborations, as reported in retrospective studies such as 
chapter 3 and recently shown in an international NHOL cohort,10 are needed 
to pursue such achievements. Genetic variation between NHOL and IOI could 
have diagnostic potential, while shared polymorphisms could suggest shared 
pathophysiological mechanisms, as we find in serum miRNAs (chapter 7). 

An alternative easily accessible, non-invasive diagnostic method could include 
molecular assessment of tear-fluid. Especially in case of lacrimal gland involvement, 
tear constitution could be altered, leading to changes in tear-film characteristics.71 
For inflammatory conditions deep within the orbit, such as thyroid eye disease 
(Graves’ disease), several tear-fluid interleukins have also been associated with 
presence and activity of disease.72–74 However, tear-fluid constitution can be 
strongly influenced by secretion rate and environmental factors.75 

Although several hypothetical studies (described above) could benefit future 
patients with NHOL and IOI, an important question of this thesis could be explored 
by performing a prospective clinical trial incorporating several considerations 
mentioned. By combining clinical, imaging and laboratory finding, this trial could 
elucidate the potential of a multi-modular minimally-invasive diagnostic approach, 
that may eventually reduce the need for biopsies in IOI patients. Particularly in 
orbital mass lesions where a biopsy is not possible, the implications of such 
as trial would be highly visible. For this trial, the clinical presentation could be 
assessed by the 5-parameter clinical model, using standardized assessments with 
a photograph recorded presentation. These data could be combined with machine 
learning algorithms in imaging techniques and laboratory investigation of dendritic 
cells and neutrophils. When diagnosis is confirmed by histological and molecular 
assessments, analysis of the trial population could indicate if a reliable diagnosis 
before histology could be possible. 
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Appendix I - Nederlandse samenvatting (summary in Dutch)

Een uitgebreid spectrum van aandoeningen kan zich uiten als een massa in de 
oogkas. Non-Hodgkin oogkas lymfoom (NHOL) is de meest voorkomende kanker 
rond het oog bij volwassenen en kan resulteren in ernstige ziekte en overlijden 
als een behandeling niet tijdig wordt gestart. Idiopathische oogkas inflammatie 
(IOI) is, na de oogziekte van Graves’, de meest voorkomende ontsteking van de 
oogkas en kan resulteren in permanente schade aan het functioneren van het oog 
als deze niet goed behandeld wordt. Een snelle en goede diagnose zijn daarom 
essentieel, zeker ook omdat de behandelingen van deze twee aandoeningen 
heel anders zijn. Het diagnostische proces bij NHOL en IOI kan echter moeizaam 
zijn, omdat er overlap bestaat in de klinische presentatie en beeldvorming, en 
bloedonderzoek met name andere aandoeningen uitsluit. De diagnose moet 
daarom worden gesteld door het nemen van biopten tijdens een operatie, wat bij 
een deel van de patiënten niet kan of complicaties geeft doordat de aandoening 
diep in de oogkas zit. Het doel van dit proefschrift was daarom om verschillende 
aspecten van het diagnostische proces van NHOL en IOI te verbeteren en potentie 
van nieuwe mogelijkheden voor minimaal-invasieve diagnostische methoden te 
onderzoeken. Daarnaast exploreren we mechanismen die ten grondslag liggen 
aan NHOL en IOI, om zo meer inzicht te krijgen hoe de ziekte ontstaat. De 
achtergrond van de ziektebeelden en een beschrijving van de technieken gebruikt 
in dit onderzoek zijn beschreven in hoofdstuk 1.  

In hoofdstuk 2 wordt het belang van een goed biopt benadrukt, dat ook moet 
passen bij een klinische verdenking en anders herhaald moet worden. Vier patiënten 
worden beschreven, waarbij een tweede biopt nodig was om een diagnose van 
NHOL vast te stellen. Een vertraging kan ernstige consequenties hebben: twee 
van de vier patiënten werden verdacht van uitgezaaide ziekte toen de definitieve 
diagnose uiteindelijk gesteld werd. 

Voor het inschatten van de klinische verdenking voor een van beide aandoeningen 
beschrijft hoofdstuk 3 een klinisch model van vijf parameters die gezamenlijk 
zeer accuraat kunnen voorspellen of het om een NHOL of IOI gaat. Hoewel de 
parameters afzonderlijk gezien werden bij beide ziektebeelden, gaf een combinatie 
van de vijf parameters wel een duidelijk verschillende voorspelling. Hierbij werd 
gevonden dat een leeftijd boven de 60 jaar met het uitpuilen of naar voren komen 
van het oog, zonder pijn, zwelling of een hangend ooglid sterk paste bij NHOL. 
Het omgekeerde (leeftijd onder de 60, met een gezwollen en hangend ooglid 
met veel pijn, maar geen uitpuilend oog) paste juist bij IOI. Met dit model kon 
een kans op de juiste diagnose worden berekend, wat tot een score-model heeft 
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geleid. Deze resultaten vonden we in een grote groep patiënten met NHOL en IOI 
in het UMC Utrecht, maar vonden we ook terug (gevalideerd) in patiënten van de 
universitaire ziekenhuizen van Amsterdam, Leiden en Leuven, en het oogziekenhuis 
in Rotterdam. Het model was ook onafhankelijk van lokalisatie en NHOL-subtype, 
zeer accuraat voor het onderscheid tussen NHOL en IOI. Dit klinische model kan 
daarom gebruikt worden om vroeg in het diagnostische proces de juiste richting 
op te gaan en vertraging te voorkomen voordat een biopt genomen wordt. Omdat 
we in deze studie naar patiënten in het verleden hebben gekeken (retrospectief), 
adviseren we om dit model in een onderzoek-setting bij toekomstige patiënten 
(prospectief) te bevestigen. 

Dat de locatie van de massa in de oogkas belangrijk is, wordt geïllustreerd in 
hoofdstuk 4. Hierin worden patiënten beschreven met een IOI in het diepste deel 
van de oogkas. Hoewel een IOI op deze locatie uiterst zelden voorkomt, is het een 
belangrijke aandoening omdat de prognose bij veel patiënten slecht is.  In meer 
dan de helft van de gevallen vonden we dat de patiënten blind werden aan de 
aangedane zijde, en zijn er zelfs patiënten aan overleden. We zagen dat mensen 
met een slechte uitkomst vaker oudere, mannelijke patiënten met diabetes waren 
die zich presenteerden toen de klachten zeer hevig waren. 

De complexiteit van het IOI-beeld wordt geïllustreerd in hoofdstuk 5, waarbij 
een eeneiige tweeling is beschreven, met allebei een IOI en een onbegrepen 
hersendruk verhoging. Het valt hierbij op dat de IOI precies op dezelfde plek 
ontstaat. Familiair voorkomende IOI is beschreven, maar er blijft veel onduidelijk 
hoe en waardoor het ontstaat.  

In hoofdstuk 6.1 en 6.2 wordt de potentie van een nieuw ontwikkelde scan, de 
89Zr-rituximab PET/CT, onderzocht en beschreven. Deze scan laat door middel 
van een radioactieve tracer specifieke cellen in het lichaam zien. In dit geval 
worden zogenaamde B-cellen uitgelicht, die betrokken zijn bij aandoeningen zoals 
NHOL en IOI. In patiënten met een IOI of de ziekte van Graves’ zagen wij dat de 
scan heel goed kan laat zien waar afwijkingen zijn. Dit kan helpen bij het beter 
stellen van de diagnose en bij het nemen van biopten. Daarnaast heeft de scan 
mogelijk ook potentie voor het voorspellen van de effectiviteit van een specifieke 
behandeling met het middel rituximab, dat maar bij een deel van de patiënten 
effectief is.

Bloedonderzoek om verschillen en overeenkomsten die betrekking hebben op 
het ontstaan van de ziektebeelden uitgebreid te bestuderen, wordt beschreven 
in hoofdstuk 7 en hoofdstuk 8. Beide hoofdstukken gaan over twee groepen 
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patiënten, die onafhankelijk van elkaar gemeten zijn, om de resultaten te 
versterken. Een nieuwe manier om naar het bloed te kijken, is door zogenaamde 
‘microRNAs’ te meten (hoofdstuk 7). Deze kleine deeltjes kunnen verschillende 
cellen en cel-processen beïnvloeden en zijn overal in het lichaam te vinden. Bij 
meerdere soorten kanker en ontsteking zijn microRNAs in het bloed veranderd 
en dit bleek in ons onderzoek ook het geval bij NHOL en IOI. Voor het eerst 
zien we dat deze lokale ziekten van de oogkas in het bloed afwijkingen laten 
zien. In dit onderzoek vonden wij opvallend veel overeenkomsten tussen de twee 
ziektebeelden, die wel verschillend waren ten opzichte van gezonde controles. 
We zagen een sterk verhoogd cluster van 8 microRNAs die gekoppeld zijn aan 
specifieke witte bloedcellen. Een vervolgstap is daarom om immuun-cellen in het 
bloed te onderzoeken. 
 Om immuun-cellen in het bloed goed te bestuderen, maakten we gebruik 
van de flow cytometrie techniek, waarbij cellen in het bloed getypeerd en geteld 
werden (hoofdstuk 8). Hiermee bleek dat er opvallend weinig dendritische 
cellen in het bloed waren bij NHOL en IOI ten opzichte van gezonde controles. 
Bij speciale subtypen dendritische cellen was er ook een verschil tussen de 
ziektebeelden te zien. Daarbij konden we via publiek-beschikbare data achterhalen 
dat dendritische cellen ook in oogkas-weefsel minder aanwezig waren. Hieruit 
blijkt dat dendritische cellen een voorheen onbekende rol spelen bij het ontstaan 
van NHOL en IOI. Vervolgonderzoeken moeten nog uitwijzen wat de specifieke 
functie van dendritische cellen in de ziekteprocessen is. 

In hoofdstuk 9 wordt het gebruik van een nieuwe techniek beschreven om eiwit-
profielen van bioptmateriaal te onderzoeken. Door middel van zogenaamde 
‘massaspectrometrie beeldvorming’ konden we eiwitten in een weefseldoorsnede 
meten, en koppelen aan structuren in het weefsel. Met deze techniek zagen we 
duidelijke verschillen in de eiwit-vingerafdruk van NHOL en IOI, en 24 specifieke 
eiwitten die sterk verschillend waren. Met deze resultaten zou in de toekomst 
moleculaire diagnose makkelijker kunnen worden en wordt wellicht een nieuwe 
classificatie mogelijk. Omdat we de metingen nu in één groep gemeten hebben, 
willen we de resultaten van dit onderzoek herhalen in een onafhankelijke meting 
bij een tweede groep herhalen.

Concluderend heeft dit onderzoek op verschillende vlakken tot nieuwe inzichten in 
het diagnostische proces en de onderliggende oorzaken van NHOL en IOI geleid.
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Appendix II - Dankwoord (acknowledgements)

Het promotieteam: Rachel, Jonas, Joke en Tim. 
Ik had me geen betere begeleiding kunnen wensen. De afgelopen vier jaar heb ik 
me altijd gehoord, gesteund en gewaardeerd gevoeld, waarvoor ik jullie hartelijk wil 
danken. Door de sterke expertise van de groep, goede begeleiding en ruimte voor 
het starten en uitwerken van ideeën is dit een mooie en leerzame promotie geworden. 

Beste Dr. Kalmann, Beste Rachel,
Nu ik met de opleiding begonnen ben mis ik ons dagelijkse meetings en contact, 
altijd met Noom die gezellig inbelde. Ik vond het geweldig om samen interessante 
casussen te bespreken, radiologiebeelden te doorlopen en oplossingen te zoeken 
voor de ontelbare uitdagingen die in dit project naar voren kwamen. Je passie 
voor de orbita is aanstekelijk, en je perfecte geheugen voor patiënten en feilloze 
klinische blik een enorme inspiratie. Bedankt voor je onvoorwaardelijke steun en 
de mooie momenten die we de afgelopen jaren beleefd hebben. Ik kijk uit naar 
meer samenwerking in de kliniek, waarin ik nog veel van je hoop te leren! 

Beste Dr. Kuiper, Beste Jonas,
Ik bewonder je enorme toewijding voor alles waar je je voor inzet. Ik heb heel veel 
respect voor je heldere interpretatie en uitleg van de meest complexe technieken en 
resultaten, die je niet alleen een goede begeleider maar ook een hele goede docent 
maken. Als ik door de bomen het bos niet meer zag, wist jij er weer duidelijkheid 
te scheppen. Dank voor je eindeloze ideeën, suggesties en prettige samenwerking. 

Beste Prof. dr. de Boer; Beste Joke, 
Ik wil je bedanken dat je altijd een oog in het zeil hield en op de juiste momenten 
suggesties kon doen, met een altijd open en kritische blik. Dank voor de fijne 
samenwerking en de deur die altijd open staat voor vragen. Je onderzoekservaring 
en kennis in klinische toepasbaarheid van ofthalmo-immunologie waren onmisbaar 
voor dit project. Ik bewonder je grenzeloze inzet voor patiënten en onderzoek, en 
hoop veel van je te kunnen leren in de kliniek. 

Beste Prof. dr. Radstake, Beste Tim, 
Hartelijk dank voor de kans en vertrouwen om dit onderzoek te starten en de 
steun tijdens de uitvoering. Door je inzet heb je in het UMC een geweldig team bij 
elkaar gekregen, waar heel veel mooie dingen uit voortgekomen zijn. Ik heb heel 
veel respect voor hoe je alles wat je doet kan combineren, en dan nog steeds 
weet je als een van de eerste op mijn mails te reageren, waar ter wereld je ook 
bent. Ik wens je al het beste toe in de States!
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Beste (oud) collega-onderzoekers, 
Hoewel iedereen een eigen project heeft heb ik toch zeker het gevoel dat ik dit 
project samen met jullie gedaan heb. Ik wil jullie danken voor de goede sfeer, 
alle hulp en gezelligheid. Yvonne, Laura, Daniël, dank voor jullie tips als ervaren 
onderzoekers toen ik begon en nu ook weer als ervaren assistenten aan het begin 
van mijn opleiding. Laura, het lijkt alweer zo lang geleden dat je me begeleide voor 
4 weken wetenschapsstage, maar ik ben het zeker niet vergeten. Nienke, heel 
lang was je de stabiele factor en de moeder van de onderzoeksgroep. Dankjewel 
en succes bij Heuvelrug! Fleurieke en Anne-Mieke, wat een geluk dat jullie harde 
werk de weg al had gebaand in de samenwerking van de oogheelkunde met 
de immunologie. Ik heb jullie hier heel veel voor te danken. Het was ook heel 
fijn dat jullie altijd open stonden voor vragen en dit nu ook doorzetten tijdens 
de opleiding. Een mooie herinnering is de prachtige reis naar Hawaii voor het 
ARVO-congres samen. Fleurieke, ik wil je in het bijzonder bedanken voor al je 
werk aan de METC-goedkeuring, je uitleg, aandacht, betrokkenheid en geduld. 
Dank dat je altijd wilde meedenken. Je bent een enorm waardevolle collega. 
Anna en Sara, samen staan we sterk en dat hebben we heel goed opgepakt. 
Het was heel fijn in ons hok, waar we verhalen en ergernissen deelden en 
elkaar hielpen. Nog even en we kunnen weer samen werken in de kliniek. Bas, 
Roos, Myrthe en Wouter, dank voor jullie hulp, de fijne werksfeer, gezelligheid 
en mooie momenten samen. Geniet van jullie promotietijd, dit gaat veel te snel 
voorbij. Brandan, Evianne, Carlyn en Els, heel veel succes met jullie projecten en 
dank voor jullie gezelligheid en interesse. Lude en Deniz, jullie gaan door met 
het grote METC-project, ik heb het volste vertrouwen in jullie! Deniz, jij gaat nu 
door met onderzoek naar orbita-ziekten bij Rachel. Ik wil jou in het bijzonder 
heel veel succes wensen en veel plezier met de ongelofelijk goede groep 
onderzoekers, artsen en medewerkers die het protmotiezonderzoek zo mooi maken.  

Beste orbita/kind zorglijn Utrecht,
Ik wil het hele team bedanken voor de hulp bij het verzamelen van patiënten voor 
dit onderzoek, bij de logistieke uitdagingen en voor het bijdragen van belangrijke 
kennis. Specifiek wil ik Christine en Rob bedanken: ik heb veel van jullie kunnen leren 
en met veel plezier samen met jullie artikelen voor dit proefschrift geschreven. De 
dames van de orthoptie wil ik bedanken voor de interesse, kennis en gezelligheid. 
Jullie zijn een hele sterke en fijne groep! In het bijzonder wil ik Pascale Cooijmans 
bedanken: je hebt mij enorm geholpen bij het uitzoeken van patiënten voor de 
orbita database en je had een cruciale rol bij het verkrijgen van de de benodigde 
sponsoring voor dit onderzoek. Joyce, Jaenette en Petra wil ik bedankenvoor hun 
rol bij de zorg van orbita patienten en ondersteuning bij het I&I-cohort. Ik dank 
de dames van balie Geel voor de logistieke hulp, het geduld en het beantwoorden 
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van de eindeloze hoeveelheid vragen die ik had. Ook Ralph wil ik bedanken voor 
de logistieke ondersteuning. Özlem en Willemien. ik wil jullie heel veel succes en 
plezier wensen binnen de zorglijn! 

Beste Dutch Orbital Society (DOS),
Voor het doen van onderzoek is samenwerking cruciaal. Daarom wil ik de DOS 
ook hartelijk danken voor de hulp bij het tot stand komen van dit proefschrift. In 
het bijzonder dank ik Stijn Genders en Maarten Maurits voor het meedenken en 
doorverwijzen van patiënten, en dank ik Peerooz Saeed, Stijn Genders, Dyonne 
Hartong, Özlem Köse en Dion Paridaens voor de fantastische samenwerking voor 
hoofdstuk 3 van dit proefschrift. 

Beste prof. dr. Mombaerts, Beste Ilse, 
Dankzij u is de samenwerking voor hoofdstuk 3 ook internationaal geweest. 
Dankuwel voor de kritische blik en vele suggesties. Ook wil ik u danken dat u 
wilde plaatsnemen in de beoordelingscommissie van dit proefschrift. 

Beste collega’s van het LTI/CTI – Dear collegues of the LTI/CTI,
Allereerst wil ik Sanne danken voor al haar hulp tijdens dit project. Je hebt me 
leren pipetteren en ervoor gezorgd dat ik vertrouwen kreeg in het lab te werken. 
Daarbij wil ik ook zeker alle analisten van de Radstake groep bedanken voor hun 
hulp en adviezen. In het bijzonder ook Cornelis, dank voor je hulp bij de RNA-
isolaties en de metingen van het microRNA project. Jeroen en Pien, dank voor alle 
tips en adviezen bij de FACS-metingen.
 I would like to thank all the members of the Radstake group for all 
the advice, practical help and the good times and memories you brought me, 
including the retreats, dinners and lasergame competitions. It was a great privilege 
to work with you and to be part of the group. A special thanks to Joel and Jorre 
and the secretaries Anja and Diana whom I frequently contacted. I also want to 
thank the computational group in particular, with Aridaman and Rianne for their 
help in the analysis of the flow cytometry data, their suggestions and feedback. 
Ahbinandan and Weiyang thanks for sharing your knowledge of complex statistics. 
 A special thanks to Julia for her statistical help and for always being there 
to answer my questions (basic or complex). 
 Importantly, I want to thank my roommates at the WKZ throughout these 
years, Pawel, Matevz, Sara, Noortje, Alsya, Emmerik, Anna, Gerdien, Julliette, 
Anneline and Akashdip. You are all great people, dear collegues and good 
company! Emmerik, jou wil ik in het bijzonder nog bedanken voor je microRNA 
data en je (wetenschappelijke) wijsheden. Met alles wat je doet verbaast het me 
niets als je straks al professor bent voordat je PhD binnen is. 

Laban_Thesis.indd   180Laban_Thesis.indd   180 12/05/2020   21:1912/05/2020   21:1900000 -17x24_BNW.indd   18000000 -17x24_BNW.indd   180 13-05-20   11:2313-05-20   11:23



181  

 Studying immunology together is better than alone, thanks you Janeway-
group.

Prof. dr. Ron Heeren, dr. Tiffany Porta Siegel and the M4I in Maastricht,
Thank you, Ron, for the opportunity and supporting our great collaboration. I’m 
glad I stood in line to talk to you, after your talk at the DOPS conference all those 
years ago. Thank you for your hospitality, trust and the warm welcome. You are 
an inspirator with a wonderful group. A special thanks to Tiffany, we were able 
to get great data and ideas in this project. Thank you for your kindness, patience 
and practical help. The workshop you and Ron organized was perfect and I 
could not have done without it. I’m looking forward to finishing our article soon! 
Britt, Naomi and Ronny thank you for your valuable work during this project. 
 Daarnaast nog bijzondere dank aan Albert Liem voor je gastvrijheid en het 
altijd openstellen van je huis in Maastricht als ik metingen ging doen in het M4I 
lab. Je bent een van de vriendelijkste mensen die ik ken! 

Beste drs. Leguit, Beste Roos,
Hartelijk dank voor de samenwerking met de pathologie en dat ik voor voor 
meerdere hoofdstukken in dit proefschrift gebruik heb mogen maken van je 
expertise. Ook dank voor de logistieke hulp bij het verzamelen van materiaal voor 
hoofdstuk 9. Hiervoor ook veel dank aan Domenico en Petra. 

Beste dr. de Keizer, Beste Bart
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