
 

 

 University of Groningen

Involvement of microRNAs in T-cell immunity
Śmigielska-Czepiel, Katarzyna Anna

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2014

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Śmigielska-Czepiel, K. A. (2014). Involvement of microRNAs in T-cell immunity: Functional analysis of
microRNAs in Health and in Rheumatoid Arthritis. [Thesis fully internal (DIV), University of Groningen]. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/d8df48ab-2f55-4e52-86d9-6c8050b27045


Chapter 1

Introduction
Scope of the thesis





Introduction

11

1
INTRoDUCTIoN
MicroRNAs

MicroRNAs (miRNAs) are single stranded, ~22 nt long non-coding RNA species,  
which regulate gene expression at the post-transcriptional level. MiRNAs are located 
in introns (e.g. miR-31, intragenic location) or exons (e.g. miR-155, intragenic 
location) of protein coding host genes, as well as in non-coding host genes  
(e.g. miR-21, intergenic location) [1,2]. Biogenesis of miRNAs starts in the nucleus 
from a primary miRNA transcript (pri-miR), which folds into a secondary structure 
containing one or more hairpin loops [3]. These hairpin loops are recognized and 
cleaved by the microprocessor complex composed of DiGeorge syndrome critical 
region 8 (DGCR8) and Drosha, a nuclear type III RNAse. The resulting 60-70 nt 
long stem loop precursor miRNA (pre-miRNA) [4] is subsequently transported to 
the cytoplasm. In the cytoplasm, the pre-miRNA undergoes a secondary processing 
step by another type III RNAse, i.e. Dicer, which cleaves the terminal loop leaving 
a RNA duplex of 20-22 nt [5,6]. The RNA duplex is incorporated into the RNA-
induced silencing complex (RISC) where one of the strands undergoes degradation 
while the other forms the mature miRNA [7-9]. The miRNA guides the RISC to its 
target gene by virtue of partial complementarity. The specificity of the miRNA:target 
gene interaction largely depends on the degree of complementarity between the seed 
sequence, i.e. the 5’ end of the miRNA and the 3’UTR of the mRNA [10]. Binding 
of RISC leads to translational inhibition or degradation of the targeted mRNA and, 
as a consequence, to a diminished protein expression [8,9,11] (Figure 1). To date, 
more than 30,400 mature miRNAs have been described in 206 species, of which more 
than 2,500 in man (miRBase registry, release 20) [12]. Importantly, one miRNA can 
regulate expression of multiple genes and each gene can be regulated by more than one 
miRNA creating a complex network of interactions. As a consequence of this multi-
specificity of miRNA binding, up to 50% of the protein-coding genes are predicted 
to be under the control of miRNAs [9]. It became evident that miRNAs play crucial 
roles in almost every known cellular process, including immune response. MiRNAs 
have been implicated in the innate as well as in the adaptive immunity by regulation 
of processes such as development of granulocytes [13], NFκB signaling in monocytes 
[14], class switching in B-cells [15] and regulation of TCR signaling in T-cells [16].
 Because of their biological impact, the expression of miRNAs is tightly 
regulated. Tissue and cell type specific miRNA expression patterns have been 
described, resulting from both transcriptional as well as post-transcriptional 
regulation [17-19]. Cell and subset-specific miRNA expression patterns have also 
been reported in the multiple lineages of the hematopoietic system, including the 



Chapter 1

12

many different T cell subsets [13,20,21]. In line with the importance of miRNAs in 
regulating cell physiological processes, it is not surprising that deregulated expression 
of immune-cell type specific miRNAs has been implicated in the development and 
progression of pathological conditions such as autoimmunity and cancer [22-26].

Figure 1. Biogenesis of miRNAs.  MiRNAs are transcribed by polymerase II as long primary miRNA 
transcripts (pri-miRs) that fold back on themselves forming hairpin structures. These structures are 
recognized by the microprocessor complex, and cleaved by Drosha into a shorter (~60-70 nt) hairpin 
structure known as the precursor miRNA (pre-miRNA). The pre-miRNA is subsequently transported 
to the cytoplasm where it undergoes a second processing step by Dicer, which releases the terminal loop 
leaving a miRNA/miRNA* duplex. Upon incorporation into RNA-induced silencing complex (RISC), 
the RNA duplex is unwound, and the miRNA* strand is degraded leaving a single stranded mature 
miRNA, which guides RISC to its target mRNA. Binding to the 3’UTR of a target transcript leads to 
translational inhibition or degradation and as a consequence to the decreased protein expression.
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T helper lymphocytes and miRNAs

T helper lymphocytes are a subclass of the CD3+ T-cell lineage characterized by 
expression of CD4. CD4+ T-cells play a crucial role in immune response by providing 
help to B-cells and production of a variety of cytokines by which they regulate innate 
as well as adaptive immunity [27]. CD4+ T-cells are composed of several specialized 
effector T-cell subsets including Th1, Th2, Th17, T follicular helper (Tfh) and regulatory 
T-cells (Tregs), each of which performs a specific immune function. Th1, Th2, Th17, 
and T follicular helper (Tfh) subsets promote anti-viral, anti-helminth and anti-
bacterial immunity, and provide help to B-cells, while Tregs prevent excessive immune 
activation [28,29]. Tregs restrict the T-cell activation by cell to cell contact, IL-2 
withdrawal, production of IL-10 and TGFβ [30,31], and as such prevent the development  
of uncontrolled immunity and inflammation-mediated damage to tissues. In line with 
these functions, several studies have shown that lack of Tregs or compromised function 
of Tregs leads to severe and ultimately lethal autoimmune conditions [32-34].
 T-cell development is highly dependent on miRNA biogenesis and function 
[35]. Several studies have shown that miRNAs are dynamically regulated during T-cell 
maturation and that specialized T-cell subsets are characterized by specific miRNA 
signatures [21,36,37]. Animal models with tissue-specific conditional Dicer deletions 
have shown the importance of miRNAs in defined stages of T-cell development. 
Conditional Dicer deletion during early stages of thymocyte development, in the double 
negative stage, leads to a severe reduction of thymocytes numbers due to an increased 
rate of spontaneous apoptosis [38]. Dicer depletion later during T-cell development, 
in the double positive stage, leads to an overall decrease of peripheral CD3+ T-cells 
and substantial reduction in the frequency of Treg cells [39,40]. Importantly, Dicer 
depletion specifically in Tregs results in a rapid development of spontaneous systemic 
autoimmune disease, indicating that Tregs are critically dependent on a functional 
miRNA machinery [25,41,42]. Of all miRNAs shown to be involved in T-cell 
development, only a few have been studied in more detail. MiR-181a was found to lower 
the threshold of TCR signaling especially upon encountering low-affinity antigens [16]. 
MiR-125a has been shown to regulate the activation state of T-cells by downregulating 
genes required for differentiation of effector T-cells [21]. MiR-146a has been shown to 
negatively control NF-κB signaling in T-cells and to regulate the suppressive function 
of Tregs in mice [26]. Importantly, it has been shown that deregulated expression of  
a single miRNA, such as miR-146a, can affect T-cell homeostasis and result in cancer 
and an autoimmune-like conditions [26,43]. Thus, it has become clear that T-cell 
function relies on miRNA expression, and that disrupted miRNA biogenesis leads to 
serious T-cell dysfunction, especially in Tregs.
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Rheumatoid arthritis

Rheumatoid arthritis (RA) is an autoimmune disease which affects joints and can lead 
to irreversible joint destruction. The etiology of RA, which affects approximately 1% 
of the population, is complex and far from elucidated. Several genetic factors, such as 
specific HLA-DR alleles and the PTPN22 gene polymorphism, as well as non-genetic 
factors like smoking have been associated with RA [44-46]. Moreover, autoantibodies 
directed against the Fc domain of IgG (rheumatoid factor) and against citrullinated 
proteins (ACPA) are detected in ~60-80% of the patients and can precede the onset 
of the disease by decades [47-50]. Deregulated function of both the innate as well 
as the adaptive immunity has been linked to the pathogenesis of RA [48]. Painful 
and swollen joints, which are the symptoms of the disease, are a consequence of an 
ongoing inflammatory process taking place in the synovium. The inflammatory state 
of the joint is perpetuated by uncontrolled release of pro-inflammatory mediators, 
produced by infiltrating immune cells. This pro-inflammatory environment 
promotes the activation of synoviocytes, macrophages, and differentiation  
of osteoclasts which, together, mediate cartilage destruction and bone resorption 
[51]. Despite presence of many Tregs in the synovial infiltrate [52], the inflammatory 
state of the joint persists suggesting a defect in Treg functionality. Several studies have 
reported a defective function of Tregs in RA patients, while others demonstrated 
that the pro-inflammatory milieu of rheumatic joints renders effector T-cells to be 
unresponsive to Treg-mediated suppression [53-57]. These studies, together with the 
genetic association between HLA-DR4 and RA, suggest that deregulation of T-cell 
homeostasis and function might be, at least partially, responsible for RA pathology. 
Deregulated expression of miRNAs has been recently implicated in the pathogenesis 
of RA. Aberrant expression of miRNAs has been detected in synovial tissue [58-61] 
and synovial fluid CD4+ T-cells [62], while levels of certain miRNAs, detected in 
plasma and synovial fluid, were shown to predict the activity of the disease [63,64]. 

sCoPe oF The ThesIs
Development and function of T-cells and Treg cells depends on proper miRNA 
expression. However, our understanding of the differential expression, and the 
functional implications of differentially expressed miRNAs in defined T-cell subsets is 
still limited. Furthermore, it remains to be determined whether deregulated miRNA 
expression in T-cells and Treg cells might be involved in the pathogenesis of RA. 
 The aim of this thesis was to investigate the expression and function  
of miRNAs in Tregs and in conventional T-cells (Tconvs) derived from healthy 
donors and RA patients, and to elucidate the (patho) physiological function  
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1
of selected miRNAs in T-cell biology. In Chapter 2 we sorted naive and memory 
CD4+ Treg and Tconv cells from healthy donors and RA patients and we profiled the 
expression of miRNAs using a microarray approach. Expression of selected miRNAs 
was confirmed using qRT-PCR, and serum levels of pro-inflammatory cytokines (IL-6 
and TNFα) were determined using multiplex ELISA. In Chapter 3 we isolated naive 
CD4+ T-cells from healthy donors and analyzed the kinetics of miR-21, miR-146a, 
 miR-155 and miR-31 expression upon αCD3/CD28 activation. In Chapter 4 we 
isolated naive and memory CD4+ T-cells from healthy donors, and studied the 
function of activation-induced miR-21 expression in both subsets. In Chapter 5 we 
analyzed the distribution and homing potential of naive and memory CD4+ Treg 
and Tconv cells in blood and synovial fluid of healthy donors and RA patients, and 
analyzed the expression of selected miRNAs in CD4+ Treg and Tconv cells derived 
from synovial fluid. In Chapter 6 we applied a high throughput experimental 
approach (RIP-Chip technique) to study T-cell-specific miR-21 target genes related 
to the apoptosis-phenotype observed upon miR-21 inhibition in Jurkat T-cells.  
In Chapter 7 we summarize and discuss the results presented in this thesis and 
discuss future perspectives.
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