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Nederlandstalige samenvatting

CD8+ T cellen behoren tot het adaptieve immuunsysteem en zijn cruciaal in de strijd tegen 
microbiële infecties en kanker cellen. Na activatie door een voor hen specifieke sequentie 
(ook wel antigeen genoemd) differentiëren naïeve CD8+ T cellen tot zogenaamde effector en 
memory T cellen. Waar effector T cellen essentieel zijn in het elimineren van ziekteverwekkers, 
geven memory T cellen langdurige bescherming tegen re-infectie van deze pathogenen. 
Naast antigeen-specifieke responses, kunnen memory CD8+ T cellen ook aspecifiek reageren 
op infecties en kunnen ze functies aannemen die voornamelijk beschreven zijn in de cellen 
van het aangeboren immuunsysteem.

Zowel effector en memory CD8+ T cellen voeren hun beschermende functie 
voornamelijk uit door tijdens activatie grote hoeveelheden (cytotoxische) effector 
moleculen te produceren, zoals de pro-inflammatoire cytokinen interferon (IFN)-γ en 
tumor necrosis factor (TNF)-α. Deze cytokinen zijn essentieel om geïnfecteerde en maligne 
getransformeerde cellen onschadelijk te maken en te doden. Daarnaast kunnen ze de 
immuunrespons verder ondersteunen door cellen van het aangeboren immuunsysteem, 
zoals neutrofielen en macrofagen, te activeren en instrueren te migreren naar de plaats van 
infectie.

Hoewel cytokinen een grote bijdrage leveren aan het bestrijden van infecties en 
het voorkomen van het verspreiden van pathogenen, kan ongebalanceerde cytokine 
productie een groot gevaar voor de gezondheid opleveren. Wanneer er te veel cytokinen 
worden geproduceerd, of wanneer de productie plaats vindt op het verkeerde tijdstip 
of de verkeerde plek, kan dit weefselschade opleveren of lijden tot de ontwikkeling van 
auto-immuniteitsziekten. Echter, wanneer CD8+ T cellen niet of minder goed in staat zijn 
om cytokinen te produceren, kunnen virussen en tumor cellen aan het immuunsysteem 
ontsnappen en chronisch aanwezig blijven. Daarom is het dus noodzakelijk dat de cytokine 
productie gereguleerd plaatsvind, zodat T cel responses in balans zijn, cytokinen hun werk 
kunnen doen en het lichaam beschermen tegen ziekte, maar ongewenste schade uitblijft.

Een effector molecuul kan pas daadwerkelijk geproduceerd worden door CD8+ T 
cellen als vanaf het DNA in de celkern een complementaire kopie gemaakt wordt in de vorm 
van messenger RNA (mRNA). Dit mRNA wordt vervolgens afgeschreven in een proces dat 
transcriptie genoemd wordt en door middel van translatie wordt het mRNA vertaald naar 
een daadwerkelijk functioneel eiwit. In de afgelopen jaren is duidelijk geworden dat post-
transcriptionele regulatie een grote rol speelt in het in goede banen leiden van cytokine 
productie. Door de mRNA stabiliteit en de efficiëntie van mRNA translatie te reguleren, 
kunnen cellen van het immuunsysteem snel de hoeveelheid aan te maken effector 
moleculen aanpassen aan de externe stimuli die ze ontvangen. Merkwaardig genoeg wordt 
echter slechts ongeveer 50% van het verschil in effector moleculen na T cel activatie bepaald 
door een verandering in mRNA transcriptie. Deze zwakke correlatie tussen transcriptoom 
(het boodschappenlijstje) en proteoom (de daadwerkelijke boodschappen) laat dus zien dat 
post-transcriptionele regulatie in T cellen een belangrijke rol speelt, maar hoe deze regulatie 
de effector functie van T cellen beïnvloedt is echter nog onduidelijk.

In dit proefschrift hebben we daarom onderzocht hoe post-transcriptionele regulatie 
de T cel effector functie beïnvloed tijdens ziekte en gezondheid. In hoofdstuk 1 bediscussiëren 
we hoe post-transcriptionele regulatie verandert gedurende de differentiatie van naïeve 
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T cel tot effector en memory T cel. We bespreken hoe de 3’ untranslated region (3’UTR)-
afhankelijke mechanismen van post-transcriptionele regulatie, die de stabiliteit en/of de 
translatie snelheid van mRNA dat voor cytokine en andere inflammatoire genen codeert, 
beïnvloedt. Verder treden we in detail over de rol van RNA-bindende eiwitten (RBPs) en 
antisense RNAs - zoals micro-RNAs (miRs) en long non-coding RNAs (lncRNAs) - tijdens T cel 
activatie en differentiatie.

In hoofdstuk 2 leggen we de moleculaire mechanismen bloot die het memory T 
cellen toestaat om voorgevormde mRNAs van effector moleculen continue tot expressie 
te brengen, zonder dat deze getransleerd worden. Onder normale omstandigheden heeft 
cytokine mRNA meestal een korte halfwaardetijd, maar wij vonden dat de snelle afbraak 
van mRNA op zichzelf niet voldoende is om afwijkende eiwit productie te voorkomen in 
de afwezigheid van infectie. Om chronische productie van cytokinen in memory T cellen te 
voorkomen, wordt de translatie van voorgevormd Ifng en Tnfa mRNA namelijk geblokkeerd 
door de binding van het RBP ZFP36L2 aan AU-rijke elementen (AREs) in de 3’UTRs van 
deze mRNAs. In het bijzonder vonden wij dat de interactie tussen ZFP36L2 en de AREs de 
verplaatsing van deze voorgevormde mRNAs naar ribosomen voorkomt. Tijdens activatie 
van de memory T cellen dissocieert ZFP36L2 zich echter van het voorgevormde Ifng en Tnfa 
mRNA, waardoor deze snel getransleerd kunnen worden. Daarmee aantonend dat binding 
van RBPs aan mRNA heel dynamisch is.

In hoofdstuk 3 demonsteren we dat voorgevormd mRNA de onmiddellijke productie 
van IFN-γ en TNF-α faciliteert na T cel activatie. Om er voor te zorgen dat er op het juiste 
moment voldoende productie plaatsvindt zijn TNF-α, IFN-γ en IL-2 opmerkelijk genoeg 
allemaal anders afhankelijk van de novo transcriptie, mRNA stabilisatie en translatie 
efficiëntie. Waar verandering in translatie efficiëntie de hoofdoorzaak is van een korte, maar 
krachtige, TNF-α productie, is de aanhoudende productie van IFN-γ (en IL-2) voornamelijk 
afhankelijk van de novo transcriptie en mRNA stabilisatie. Protein kinase C (PKC) is een 
onmisbare factor in deze regulatie, want het beïnvloed zowel mRNA stabiliteit als mRNA 
translatie. Maar het doet dit wel op een voor elk cytokine specifieke manier. Bij T cel activatie 
versterkt PKC de initiatie van mRNA translatie door de activiteit van mTOR te ondersteunen. 
mTOR-afhankelijke regulatie van mRNA translatie wordt echter ook gefaciliteerd door PI3K-
Akt signalering, zoals in hoofdstuk 4 wordt besproken.

In hoofdstuk 4 tonen we aan dat CD8+ T cellen op een antigeen-onafhankelijke manier 
pathogeen-geassocieerde moleculaire patronen kunnen herkennen. We laten zien dat 
zowel TLR2- en TLR7- gemedieerde bijstander activatie een korte boost van IFN-γ productie 
induceert in T cellen en dat deze voldoende is om macrofagen te activeren. Wanneer ook 
het pro-inflammatoire cytokine IL-12 aanwezig is tijdens deze activatie, dan is de omvang 
van TLR-afhankelijke IFN-γ productie nog groter (hoofdstuk 5).
Intrigerend genoeg induceert antigeen-onafhankelijke activatie van T cellen alleen de 
productie van IFN-γ, en niet die van TNF-α en IL-2. Daarnaast is de hoeveelheid IFN-γ die 
geproduceerd wordt strikt gereguleerd door snelle degradatie van nieuw gesynthetiseerd 
Ifng mRNA en de lage energie eis van de T cellen. Om de productietijd van IFN-γ te verlengen 
en om Ifng mRNA te stabiliseren is feitelijk T cel receptor (TCR) signalering vereist (hoofdstuk 
5). Daarnaast induceert TCR signalering een glycolitische switch in T cellen om optimale 
cytokine secretie te ondersteunen, terwijl basale mitochondriale respiratie voldoende 
energie biedt voor TLR-gemedieerde IFN-γ productie (hoofdstuk 4). In plaats van dat het 
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directe doding van geïnfecteerde cellen bewerkstelligt, stellen wij dat gedeeltelijke activatie 
van T cellen door middel van antigeen-onafhankelijke stimulatie voornamelijk op de 
omliggende immuun- en endotheelcellen gericht is om pathogene verspreiding van niet-
gerelateerde infecties te verhinderen.

In hoofdstuk 5 laten we zien dat TLR2 en TLR7 ook als co-stimulatoire moleculen 
kunnen dienen tijdens T cel activatie met antigeen. Echter, TLR2 en TLR7 dragen op 
verschillende manieren bij aan het ondersteunen en vergroten van T cel activatie door 
suboptimale hoeveelheden antigeen. In het bijzonder vonden we dat alleen signalering 
via TLR2, maar niet via TLR7, synergistisch werkt met de T cel receptor signalering om Ifng 
mRNA te stabiliseren.

Tezamen laten de studies beschreven in hoofdstukken 3, 4 en 5 zien dat zowel de 
signaal sterkte als het type stimulus de stabiliteit en translatiesnelheid van cytokine mRNAs 
bepalen. Er van uitgaande dat meerdere van deze mechanismen worden beïnvloedt door 
AREs, hebben we besloten te bestuderen hoe verwijdering van de AREs in de Ifng 3’UTR de 
cytokine productie beïnvloedt tijdens infectie. Het verwijderen van de AREs resulteerde in 
een omvangrijkere en langer durende IFN-γ productie tijdens een acute infectie met Listeria 
monocytogenes (hoofdstuk 6).

Omdat T cellen waarin AREs verwijderd zijn potenter waren in een acute infectie, 
hebben we daarna gekeken of zij ook potenter zijn tijdens chronische blootstelling aan 
antigeen in een tumor model. Wanneer T cellen de tumor infiltreren (TILs) verliezen ze de 
capaciteit om effector moleculen te produceren en falen ze uiteindelijk in het bestrijden van 
de tumor. Hoewel TILs geleidelijk de capaciteit verliezen om IFN-γ te producen, observeerden 
wij grote hoeveelheden Ifng mRNA in TILs, wat suggereert dat post-transcriptionele 
regulatie de productie van eiwit blokkeert. In hoofdstuk 6 tonen wij aan dat het verlies van 
IFN-γ productie ten dele veroorzaakt wordt door snelle ARE-gemedieerde mRNA degradatie. 
Doordat T cellen zonder AREs in staat blijven om IFN-γ te produceren zijn deze dan ook 
superieur in het onderdrukken van tumor groei. Wij stellen dan ook dat interventie met de 
AREs van Ifng mRNA een goede aanpak is om T cel therapie tegen tumoren te verbeteren.

In hoofdstuk 7 bespreken we ten slotte de bevindingen in deze thesis en integreren 
deze in de reeds bekende data. Aangezien er AREs aanwezig zijn in ~16% van de menselijke 
genen die coderen voor eiwitten, betogen we dat ARE-gemedieerde post-transcriptionele 
controle essentieel is voor de strikte regulatie en snelle expressie van veel genen. Verder 
bespreken we ook het belang van celtype specifieke studies om selectief post-transcriptionele 
gebeurtenissen te manipuleren en om accuraat dysfunctionele immuunreacties te herstellen.
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English Summary

CD8+ T cells are critical to fight microbial infections and to clear tumor cells. Upon activation, 
pathogen-specific naive CD8+ T cells differentiate into effector and memory T cells, which 
mediate pathogen clearance and provide long-term protection to reinfections. In addition 
to their antigen-specific responses, memory CD8+ T cells can also respond to unrelated infec-
tions and exert innate defense functions. 

Both effector and memory CD8+ T cells execute their protective function by producing 
high amounts of effector molecules, such as interferon (IFN)-γ and tumor necrosis factor (TN-
F)-α. Cytokines are essential to kill infected and malignantly transformed cells. In addition, 
they can activate and recruit innate immune cells, such as neutrophils and macrophages, to 
the site of infection. 

Although cytokines are beneficial to clear infections and prevent pathogenic spread-
ing, their dysregulated production can pose a health risk. When produced excessively or 
when generated at the wrong time or place, aberrant cytokine production can induce tissue 
damage or lead to the development of autoimmune diseases. Conversely, when CD8+ T cells 
lose their ability to release cytokines, viral infections and tumor cells can escape immune 
control and become chronic. Thus, tight regulation of cytokine production is essential to 
guarantee protective yet balanced T cell responses.

The production of effector molecules commences when the information stored into 
the DNA is transcribed into messenger RNA (mRNA), and consequentially translated into 
functional proteins. This multi-step process is highly regulated. In the past years, post-tran-
scriptional regulation - that controls the translation of mRNA into protein - has emerged as 
an important checkpoint for cytokine production. By regulating mRNA stability and transla-
tional efficiency, cells of the immune system can rapidly adjust the production rate of effec-
tor molecules to environmental stimuli. Interestingly, only ~50% of the changes in protein 
production upon T cell activation can be attributed to alteration of mRNA transcription. This 
remarkably weak correlation between the transcriptome and proteome thus highlights the 
importance of post-transcriptional control in T cells. How these events fine-tune T cell effec-
tor functions remain however poorly understood. 

In this thesis, we studied the post-transcriptional regulation of T cell effector func-
tions in health and disease. In chapter 1 we discuss how post-transcriptional control chang-
es during the differentiation of naive T cells into effector and memory T cells. We review 
3’untranslated region (3’UTR)-dependent mechanisms of post-transcriptional regulation 
that control the stability and/or translational rate of mRNA encoding cytokine and other 
inflammatory genes. In particular, we discuss the role of RNA-binding proteins (RBPs) and 
antisense RNAs - such as micro-RNAs (miRs) and long non-coding RNA (lncRNAs) - during the 
activation and differentiation of T cells. 

In chapter 2 we uncover the molecular mechanisms that allow memory T cells to con-
stitutively express pre-formed cytokine mRNA without translating it into protein. In steady 
state conditions, cytokine mRNAs are often short lived. We however observed that this fast 
mRNA turnover per se was not sufficient to avoid aberrant protein production in the ab-
sence of infection. To prevent chronic production of cytokines in memory T cells, the trans-
lation of pre-formed Ifng and Tnfa mRNA needs to be blocked by the binding of the RBP 
ZFP36L2 to AU-rich elements (AREs) present within their 3’UTRs. In particular, we found that 



Appendix

188

the interaction between ZFP36L2 and AREs obstructs the recruitment of pre-formed mRNA 
into ribosomes. Upon activation, ZFP36L2 promptly dissociates from pre-formed Ifng and 
Tnfa mRNA, making it available for rapid translation. This finding highlights that RPB binding 
to mRNA is highly versatile.

In chapter 3 we demonstrate that pre-formed mRNA drives the immediate production 
of IFN-γ and TNF-α upon T cell activation. Interestingly, TNF-α, IFN-γ and IL-2 differentially 
depend on de novo transcription, mRNA stabilization and translation efficiency to meet their 
required magnitude and timing of production. Whereas changes in translation efficiency is 
the main driver of massive but time-restricted production of TNF-α, the prolonged produc-
tion of IFN-γ (and of IL-2) depends on de novo transcription and mRNA stabilization. Protein 
kinase C (PKC) is a critical factor for this regulation and orchestrates both mRNA stability and 
mRNA translation, but it does so in a cytokine-specific manner. Upon T cell activation, PKC 
enhances the initiation of mRNA translation by supporting the activity of mTOR. mTOR-de-
pendent regulation of mRNA translation is however also promoted through the PI3K-Akt 
intracellular signaling, as reported in chapter 4. 

In chapter 4 we show that CD8+ T cells can directly recognize pathogen-associated 
molecular patterns in an antigen-independent manner. TLR2 and TLR7-mediated bystander 
activation of T cells induces a rapid and short boost of IFN-γ production that is sufficient to 
prime macrophages. In the presence of the pro-inflammatory cytokine IL-12, the magnitude 
of TLR-dependent production of IFN-γ can be further enhanced (chapter 5). 
Antigen-independent activation of T cells specifically promotes the production of IFN-γ, but 
not that of TNF-α or IL-2. In addition, the levels of IFN-γ are strictly regulated by rapid deg-
radation of newly synthesized Ifng mRNA and limited energy demand. T cell receptor (TCR) 
signaling is in fact required to promote the stabilization of Ifng mRNA, and to extend the 
production time of IFN-γ (chapter 5). In addition, TCR triggering induces a glycolytic switch 
to support optimal cytokine release, whereas basal mitochondrial respiration provides suf-
ficient energy for TLR-mediated production of IFN-γ (chapter 4). We thus propose that anti-
gen-independent stimulation, by promoting limited activation of T cells, mainly act on the 
surrounding immune cells and endothelial cells, thereby preventing pathogenic spreading 
of unrelated infections, rather than killing infected cells. 

In chapter 5 we show that TLR2 and TLR7 in T cells can also act as costimulatory mol-
ecules when engaged in combination with antigen. However, TLR2 and TLR7 differently 
contribute to enhance T cell effector function to suboptimal antigen levels. In particular, 
we observed that only TLR2-triggering, and not TLR7, synergizes with the T cell receptor 
signaling to stabilize Ifng mRNA.

Together, our studies described in chapters 3, 4, and 5 revealed that both the signal 
strength and type of stimulus determine the stability and the translational rates of cytokine 
mRNAs. Provided that several of these mechanisms are governed by AREs, we addressed 
how germline deletion of AREs within the Ifng 3’UTR would alter cytokine production during 
infection. Interestingly, loss of AREs resulted in higher and prolonged IFN-γ production in 
response to acute infection with Listeria monocytogenes (chapter 6). 

Because of the superior IFN-γ production of effector and memory T cells lacking ARE, 
we next sought to determine whether this effect was maintained upon chronic antigen ex-
posure in a tumor model. Immunosuppressive signals within the tumor environment block 
the effector function of tumor infiltrating lymphocytes (TILs), which consequentially fail to 
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fight tumor cells. Although TILs gradually lose their capacity to produce IFN-γ, we found that 
they maintain high levels of Ifng mRNA. This thus suggests that post-transcriptional events 
can block protein production in TILs. In chapter 6 we demonstrate that the loss of IFN-γ pro-
duction is at least in part due to rapid ARE-mediated mRNA degradation. Adoptive transfer 
of ARE-lacking T cells in melanoma-bearing mice significantly delayed tumor growth thanks 
to their superior capacity to produce IFN-γ. We therefore propose that interfering with the 
ARE-mediated regulation of IFN-γ production could be a suitable approach to improve T cell 
therapy against tumors.

In chapter 7 we finally integrate and discuss the overall findings described in this thesis. 
Considering that AREs are expressed in ~16% of the human protein-coding genes, we argue 
that ARE-mediated post-transcriptional control is critical for the tight regulation and swift 
expression of many genes. We also highlight the importance of cell-type specific studies to 
selectively manipulate post-transcriptional events and accurately rectify dysfunctional im-
mune responses.
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Sintesi della tesi in Italiano

Il sistema immunitario protegge ogni giorno il nostro corpo dall’attacco di agenti patogeni, 
quali ad esempio batteri e virus, e dallo sviluppo di tumori, cioè cellule maligne che crescono 
in modo incontrollato e scoordinato.

Il sistema immunitario è formato da diversi tipi di cellule tra le quali i linfociti T, che 
ricoprono un ruolo centrale nell’immunità cellulo-mediata. I linfociti T riescono a riconoscere 
uno specifico agente patogeno quando esso viene presentato da cellule infette, cellule tu-
morali o cellule del sistema immunitario che sono specializzate nella presentazione di anti-
geni. Dopo aver riconosciuto l’agente patogeno, i linfociti T diventano attivi e citotossici. Essi 
iniziano a produrre grandi quantità di citochine, cioè molecole proteiche che richiamano ed 
attivano la risposta immunitaria nel sito di infezione.

Le citochine possono anche direttamente uccidere le cellule bersaglio, rappresentan-
do quindi armi essenziali per la difesa contro agenti patogeni. Nonostante la loro importan-
za, la produzione di citochine deve essere però strettamente regolata. Infatti, a causa della 
loro potenza, le citochine possono comportarsi come armi a doppio taglio ed arrecare danni 
al nostro corpo se prodotte in modo incontrollato. Quantità eccessive di citochine posso 
infatti indurre lo sviluppo di malattie autoimmunitarie. Se invece i linfociti T non producono 
quantità sufficienti di citochine, queste possono facilitare la crescita di tumori o lo sviluppo 
di infezioni croniche.

Durante il mio PhD di ricerca, io ho studiato i meccanismi di controllo che i linfociti T 
usano per assicurare una risposta immunitaria protettiva e bilanciata. In particolare, ho ana-
lizzato i meccanismi che regolano la produzione di citochine durante le differenti fasi di vita 
di queste cellule. Uno specifico linfocita T può perdurare nel nostro corpo per oltre 50 anni, e 
quindi proteggerci da attacchi patogeni durante gran parte della nostra vita adulta. I linfociti 
T hanno anche la capacità di sviluppare una memoria immunitaria, cioè  ricordare un prece-
dente contatto con un agente patogeno e reagire ad un secondo attacco più prontamente e 
con maggiore intensità. Durante il corso del tempo, i linfociti T usano diversi meccanismi di 
regolazione per produrre citochine in quantità adeguate ed al momento giusto. I capitoli 2, 
3, 4 e 5 di questa tesi descrivono come questa regolazione cambia nel tempo e quali sono gli 
stimoli che determinano i diversi comportamenti dei linfociti T. 

La produzione di citochine, come del resto la produzione di ogni proteina del nostro 
corpo, inizia da un’informazione presente nel DNA. Il DNA viene decodificato quando le in-
formazioni in esso contenute vengono trascritte in RNA, un intermediario essenziale per tra-
sformare un’idea (= il DNA) in un prodotto finito (= la proteina). I miei studi hanno analizzato 
meccanismi di regolazione post-trascrizionale, cioè meccanismi che controllano il passaggio 
da RNA a proteina. Questo passaggio è cruciale nel definire il tempo di produzione e la quan-
tità di citochine rilasciate.

Lo scopo ultimo degli studi di base descritti nei capitoli 2, 3, 4 e 5 è quello di identificare 
meccanismi di regolazione che possono essere modificati per correggere comportamenti 
erronei dei linfociti T. Il sesto capitolo della tesi descrive infatti la possibilità di sfruttare mec-
canismi di regolazione post-trascrizionale nello sviluppo di nuove terapie per il trattamento 
di tumori. In particolare, modificando la regolazione post-trascrizionale delle citochine, ab-
biamo re-attivato linfociti T che avevano smesso di rispondere contro il tumore, trasforman-
doli quindi da cellule non attive in killer contro il cancro. Questi studi potranno in futuro 
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potenziare terapie personalizzate contro il tumore. Queste terapie consistono nel prelevare 
i linfociti T dal malato, modificarne in laboratorio i meccanismi di regolazione post-trascri-
zionale per potenziare la loro capacità di produrre citochine, e successivamente re-iniettare 
questi linfociti T nel paziente con lo scopo di uccidere le cellule tumorali.
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PhD Portfolio 

Name PhD student:  FIamma Salerno
PhD Period:  November 2010 - November 2017
Name PhD Supervisor: Dr. M. C. Wolkers 

1. PhD training             Year               Workload
General Courses:                    (hours/ECTS) 
 - The AMC World of Science                  2011     0.7
 - Sanquin Science Course                  2012        0.7

Specific Courses:  
 - Laboratory Animal Science (Article 9 officer / FELASA C)        2011    3.9
 - Postgraduate Course Advanced Immunology         2012                      2.9
 - 8th ENII Summer School on Advanced Immunology        2013     2.9
 - Ensembl course            2014    0.2

Seminar, workshop and master classes:  
 - Weekly Department meetings     2011-2017   4.5
 - Bi-weekly Journal Clubs       2011-2017   2.0
 - Landsteiner Lectures and Guest Speaker Seminars    2011-2017   2.0
 - Masterclasses (x6)       2011-2015   1.2
 - Dutch Society of Immunology-NVVI, Lunteren Symposium   2012-2017   2.5

Presentations:  
 - Department meetings (3-4x/year)     2011-2017   4.0
 - Journal Clubs (1-2x/year)      2011-2017   2.0
 - Annual presentation at Sanquin Research     2012-2017    3.0

(Inter)national conferences - poster presentations:
 - Sanquin Science Day, Amsterdam, The Netherlands     2012/2014   0.5
 - mRNA fate: life and death of mRNA in the cytoplasm,         2012    0.5
   Riva del Garda, Italy
 - Cytokines, San Francisco, CA, USA          2013     0.5
 - Translation UK, Kent, UK           2013     0.5   
 - Keystone meeting “T cells: regulation and effector function”      2015    0.5
   Snowbird, Utah, USA 
 - EMBO meeting “Protein synthesis and translational control”      2015    0.5
   Heidelberg, Germany 
 - Translation UK, Surrey, UK           2016    0.5
 - EMBO meeting “The complex life of mRNA”                 2015    0.5
   Heidelberg, Germany



PhD Portfolio

195

&

 - CSHL meeting “Fundamental Immunology & Its Therapeutic       2017    0.5
   Potential”, Cold Spring Harbor, USA

(Inter)national conferences - oral presentations:
 - Dutch Society of Immunology (NVVI),     2012-2017   2.5
   Noordwijkerhout, The Netherlands
 - 8th ENII Summer School on Advanced Immunology,         2013    0.5
   Porto Conte, Italy
 - WIRM-World Immune Regulation Meeting VIII,                            2014    0.5
   Davos, Switzerland
 - Triple I, PhD retreat, Vinkeveenhaven, The Netherlands        2014    0.5
 - Translation UK, Aberdeen, UK          2015    0.5
 - BSI/NVVI annual congress, Liverpool, UK         2016    0.5

Invited Speaker:  
 - Helmholtz Zentrum, Munich, Germany                 2017     0.5
 - Babraham Institute, Cambridge, UK                 2017     0.5
 - Sanquin Science Day, Amsterdam, The Netherlands        2017    0.5
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   Noordwijkerhout, The Netherlands
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   Annual congress, Liverpool, UK
 - Travel Grant - NVVI-Dutch Society for immunology         2016    
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Fiamma Salerno was born on October 1st, 1986 in Villaricca (NA), Italy. She grew up in 
Frattamaggiore, where she attended high school with a scientific orientation at the “Liceo 
Scientifico Statale Carlo Miranda”. In September 2004, she pursued her passion for science 
by starting her bachelor in Biotechnological Sciences at the University of Naples Federico II 
(Italy). She soon developed a strong interest in the functioning of the immune system and 
during her study she worked for 2 years in the research group of Prof. dr. A. de Paulis and Prof. 
dr. G. Marone, at the department of Allergology and Clinical Immunology of the Federico II 
University Hospital. After graduating cum laude as a Bachelor of Science, in September 2008 
Fiamma started her Master study in Medical Biotechnology. With an ERASMUS scholarship 
from the University of Naples, she moved to The Netherlands where she performed her final 
Master internship at the Academic Medical Center of Amsterdam under the supervision 
of Dr. M.C. Wolkers and Prof. dr. J.P. Medema. Here, for the first time, she dove into the 
complexity of post-transcriptional regulatory networks that control cytokine production in 
T cells. In October 2010, she received her Master of Science degree with magna cum laude 
from the University of Naples Federico II. Soon after, she returned to Amsterdam to continue 
her studies on post-transcriptional regulation of cytokines, first as a PhD-student, and later 
as a junior post-doc, under the supervision of Dr. M.C. Wolkers and Prof. dr. R.A.W. van Lier 
at the department of Hematopoiesis of Sanquin Research in Amsterdam. The results of her 
studies are described in this thesis.  
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Here I conclude my PhD: what an incredible ride! Without hesitation, I can say that this has 
been one of the most formative and intense experiences of my life. I often made the joke that 
I was starting to feel like a “piece of furniture” at Sanquin, but actually what I really meant is 
that Sanquin slowly became like my second house. I felt comfortable, supported and secure 
while walking in between these walls. This could only have been possible thanks to all the 
people I met through the years… not only from the IHEP department, but literally from the 
entire institute. Thank you for every smile we exchanged in the hallways, for accepting me 
and respecting me for who I am, despite my “Italian temper”, for always showing me support 
and care.

To everybody I came across during these years, with all my heart, thank you!

My dear Monika, thanking you for being my supervisor would be extremely reductive… you 
have been much more than that for me! You have been my boss, my mentor, my technician, 
my mirror (making the same choices over and over again :-P), my “partner in crime”… and, 
most importantly, my friend! Thank you because you were always there for me, to support 
me and encourage me. You often believed in me when nobody else, not even I, did! I vividly 
remember the first time we met… that day my life took an exciting and surprising turn. 
Despite my non-existent English, you welcomed me with an open mind and really rapidly we 
learned how to understand each other. Together, we have come a long way since that day, 
and today I can finally tell you that I’m glad I accepted your offer. Becoming your PhD student 
was the right decision and, looking back at all the years we worked together, I would not 
change a single moment! Each one of them strongly influenced the person and the scientist 
I am today. I’m proud of what we have achieved… and I hope you are proud too. Now it is 
the time for me to leave, but I honestly hope that the distance will not change the special 
bond we have and that in the future we will continue to be “partners in crime” and friends.

Dear René, during my first years as a PhD student I had difficulties to even say “hi” to you in the 
corridors. This was in part due to my shyness, in part to the fact that you were my Professor, 
and in part because I did not belong to your direct group. Despite my initial feelings, in many 
occasions you showed me a great support. Thank you for the time you made for our monthly 
meetings in the last years. Although I did not always immediately grasp their importance, if I 
now look back at those meetings, I see that you were capable to get the best out of me! Your 
helicopter view and your decisive words really pushed my work forward and helped us to 
decide when it was the moment to stop with our endless experiments and start wrapping up 
manuscripts that were then rapidly published. Thank you very much for being my promoter. 

Dear Marieke and Ellen, it was a great pleasure for me to be part of your department. You are 
both incredible scientists, and two remarkable women. I admire your passion for science, 
your care for your people (and for me), and your constant positive energy. I wish one day I 
will be capable to follow your example. Thank you for all your support, I appreciate it with 
all my heart! Marieke, I truly enjoyed every conversation we had, and I will always sweetly 
remember the times we even pipetted together. I must say that chapter 3 could not have 
been the same without your contribution and your contagious enthusiasm. 



Appendix

202

Dear Martijn, Derk and Klaas, thank you for the fruitful discussions during our T cell meetings, 
for all the support you showed me through the years, and for all the times you were available 
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searching for you in the audience while I was giving a presentation. You were always smiling 
at me, and your smile gave me a lot of strength. I wish you all the best of luck for the future 
developments of you career. Derk, we definitely had a rocky start. I’m still kind of mad at you 
for when, with contempt, you said that “Actinomycin D was a technique from the ‘80s’ ”, but 
I’m also still laughing inside when a couple of years later you were encouraging Pleun to use 
Actinomycin D for his experiments. With time we have learned how to communicate with 
each other and now I truly value your view on science, your opinion on my work and your 
suggestions for my future career. Thanks for every sharp comment you gave me, I much 
appreciate it. Klaas, I consider you as one of the first friends I made at Sanquin. You arrived 
shortly after me as a post-doc, we shared the same office, and we often were the last ones 
to leave. I soon felt that I could discuss with you about everything, but what I appreciate the 
most of you are your straightforward answers. When I had doubts, in particular regarding 
experiments, I often came to you because I knew that I would receive a practical and helpful 
“yes or no”. Thank you for that, and thank you for all the times you sweetly allowed me “to 
dance on your shoes”.

Emile, Carlijn V. and Gestur, you all have specific expertises, and your different points 
of view were often a reason to reflect on my own work. Thank you for all the inputs and 
encouragements I received from you after our Friday meetings. 

When I moved to NL and started working here, I had to learn the difference between being 
a friend or a colleague. But now, after working at Sanquin for 7 years, I can proudly say 
that I made a lot of friends… not just colleagues! And honestly, one of the most rewarding 
moments I had during all these years was the sincere joy I saw in people’s eyes when I told 
them that I finally had a date to promote. Thank you all for sharing this joy with me!

Mia dolce Nicoletta, quando mi fermo a pensare alle cose più belle che l’Olanda mi abbia 
donato, la nostra amicizia è sicuramente nella top 3! Con dolcezza, gioia e nostalgia ricordo 
tutti i momenti che abbiamo condiviso, ogni singola risata…ma anche ogni singola lacrima. 
Ci conosciamo da poco più di 7 anni, ma abbiamo condiviso così tanto insieme che mi sembra 
di conoscerti da sempre. Grazie mille amica mia! Tu sì che ci sei sempre stata e, nonostante 
la distanza e la nostra pigrizia nel messaggiarci quotidianamente, io so che ci sarai sempre. 
Ti voglio bene, con tutto il mio cuore.
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nice girl with quite some interests in common…but I had some doubts, because you hardly 
worked with mice before. In no time you became the “queen” of mice experiments, and 
what used to be for me a never-ending boring routine, with you became a moment of big 
fun! We chatted the hours away while working under the hood, we drank a glass of wine 
and listened to music during our endless FACS time. With you by my side I often felt to have 
4 hands instead of 2, and this significantly pushed my work forward… in particular for the 
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tumor story, to which your dedication was remarkable. Thank you for everything you did for 
me, for hardly being scared of my crazy idea of “small” experiments, and for all the dinners, 
the parties and the fantastic time we had together in Paris. I could not have wished for a 
better lab-“hood” partner, and most importantly for a such of good friend. 

Dear Sander, you joined our, back then, small group soon after I started my PhD. With you I 
shared all the pain caused by our odi et amo pull-down. I still remember when you hid a small 
box of chocolate in my drawer to cheer me up in moments of despair. Thanks for accepting 
my working attitude and my sometimes-difficult moods. Thanks for giving it your best to 
help me whenever it was needed. And, thanks again for the best Sinterklaas poem I ever got!

In the last years our small group drastically grew, and from being a single child we rapidly 
became a family of 8. Ben, you can surely be a “smarty pants” :-P, but I truly admire the speed 
and “easiness” with which you have learned how to analyze big datasets. Thanks for all the 
fruitful discussion about proteomics and RNA-seq data analysis. Julian, with you I share a 
baby (LOL!): chapter 5! I know that I leave it in good hands and that you will take good care 
of it. I look forward to continuing our “parenthood” for new projects, and to share other 
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and I’m glad that I still often get to see you at our girl nights. Wolkers’ group, I must say that 
we are all different “characters”, but together we form a great team! Thank you very much 
for the fun, dinners and drinks we had together. I wish you all the very best for your future, 
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perfectionistic in the lab, and we can both be seen as too direct and tough… but I know that 
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your attitude. We both had to put some extra effort to understand each other, but I’m happy 
we did it… and now I actually think that our stumbling start was the secret for our friendship 
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life during our deep and almost-philosophical coffee breaks! I apologize for the times I forgot 
or did not have time for our “dates”, and I sincerely hope that we will continue in the future 
to exchange our views of life. As bioinformatic-expert in the department, thank you for all 
your help in analyzing RNA-seq data and in trying to explain me how R works. Sulima, Kat, 
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guest for dinner. It took you quite some time to not classify me as “a friend of Niki” anymore, 
but now I know that you finally consider me as your own close friend. It was an honor for me 
to stand by your side during your PhD promotion. Thank you for all the parties, dancings, 
dinners, drinks and chats we had. 
Eduard and Pepe, you are for sure among the people that really made my time in Amsterdam. 
I’m sure that our friendship will last no matter the distance and time.
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Eduard, ma ti ho sentita vicina anche nella preparazione della mia tesi. Eri tu al mio fianco 
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quando ho stampato per la prima volta la mia tesi per intero, ed insieme abbiamo preparato 
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non vedo l’ora di organizzare presto il nostro weekend a Roma!
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