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ABSTRACT 

For a long time research has focused on the protein-coding mRNA, but there is a complex 

world of non-coding RNAs regulating the human body that we yet know very little about. 

Non-coding RNAs (ncRNAs) are involved in modulation of different cell processes including 

proliferation, differentiation and apoptosis. In the current study the role of ncRNAs in T cell 

activation and function was investigated. T cells are important mediators of immune 

responses, for example upon viral infections. The T helper cells (TH or CD4+ cells) are 

involved in orchestrating immune processes like aiding the activation of macrophages and 

enhancement of B cell function. The TH1 cell subtype is generally pro-inflammatory and 

IFNγ-secreting. There are regulatory T (Treg) cells that are involved in downregulation of 

TH1 cells, to decrease or terminate the immune response. It has been shown that upon 

repeated stimulation TH1 cells can switch into a Treg-like IL10-secreting anti-inflammatory 

phenotype. 

 

In the IL10-secreting Treg-like cells the microRNA 150 (miR-150) was found upregulated 

compared to IFNγ-secreting TH1 cells. Thus, miR-150 was believed to be a candidate in key 

regulation of the switch between the two phenotypes. Predicted target genes of miR-150 

were identified using mRNA arrays investigating down-regulated genes in the IL10-

secreting Treg-like subpopulation. In this thesis predicted targets of miR-150 were 

investigated using luciferase assays. Unfortunately no targets were identified.  

 

Upon isolation of IFNγ-secreting TH1 cells and Treg-like IL10-secreting cells, it was found 

that the ncRNA 886 (nc886) was upregulated in these activated cells, compared to resting 

TH cells. This indicates that nc886 has an important role in T cell activation. Nc886 has been 

shown to inhibit PKR activation in other cell types. The effect of nc886 on protein kinase R 

(PKR) was therefore investigated. PKR shuts down translation upon activation in response 

to viral double-stranded RNA or cellular stress. We showed that in an activated T cell 

phenotype nc886 is affecting PKR upon activation by dsRNA from HIV or synthetic origin. 

The PKR activation pattern is reversed in a resting T cell phenotype.   

 

 

 

 

Keywords: ncRNA 886, microRNA 150, PKR, T cell activation, T cell function 
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PROJECT INTRODUCTION 

BACKGROUND 

The human immune system consists of  a huge network of components working together to 

protect the body against disease. T cells (or T lymphocytes) are important mediators of  

immune responses and differentiate into T helper (TH) cells, also known as CD4+ T cells 

because of the surface expression of the glycoprotein CD4 [1]. The TH cells mainly include 

the TH1 or TH2 cells, which are effector cells with specific cytokine-secreting patterns. The 

TH1 lineage is a pro-inflammatory interferon γ (IFNγ)-secreting cell type involved in 

cellular immunity, while the TH2 cells are involved in antibody-mediated immunity and 

responses to allergens. TH2 cells secrete interleukin (IL) 4, IL5 and IL13 [2].  

 

Naïve T cells differentiate into TH cells upon activation by an antigen-presenting cell (APC). 

The activation is mediated through the T-cell receptor (TCR) and the major 

histocompatibility complex (MHC) II found on the cell surface of the APC. It is the MHC II 

that carries the epitope that triggers the immune response. There are several factors that 

influence the differentiation of naïve T cells into either TH1 or TH2 cells. The APCs 

themselves produce cytokines, where an IL12-secreting APC population drives TH1 

differentiation and the secretion of IL4 renders differentiation into TH2 cells [2]. 

Costimulatory receptors (other than TCRs) are also involved in the differentiation process. 

One example is that costimulation mediated by CD46 complement regulatory protein 

(CD46) induces TH1 differentiation [3]. There are also specific transcription mechanisms 

mediating differentiation of the two TH populations.  TH1 differentiation are mediated 

through for example STAT4 and T-bet, while differentiation of TH2 involves among others 

STAT6 and GATA3 [2]. An overview of Th cell differentiation is summarized in Figure 1. 

 

An immune response cannot last forever, since too much inflammation in the end would 

kill the organism. There are regulatory T (Treg) cells that are involved in downregulation of 

TH1 and other T cells, to decrease or terminate the immune response. It has been shown 

that upon repeated stimulation TH1 cells can switch into a Treg subtype 1 (Treg1) IL10-

secreting phenotype. This is done by clonal expansion and not by the generation of new 

Treg1 cells from naïve T cells [4]. A clue to this switch may lie in the costimulatory events 

occurring at activation. It has been shown that engagement of CD46 and cluster of  

differentiation 3 molecule (CD3) also induce the IL10-secreting Treg phenotype [5]. 
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In the current study IFNγ-secreting TH1 cells as well as the IL10-secreting Treg1 phenotype 

cells were sorted using fluorescence-activated cell sorting (FACS) flow cytometry. The RNA 

of the two types of cells were purified and run on microRNA microarrays. MicroRNAs 

(miRNAs) are small RNAs generally down-regulating gene expression by binding to 

complementary sequences in target genes [6]. In the IL10-secreting Treg1 phenotype cells 

the microRNA 150 (miR-150) was found upregulated compared to IFNγ-secreting TH1 cells. 

Thus, miR-150 was believed to be a candidate in key regulation of the switch between the 

two phenotypes. Predicted target genes of miR-150 were identified using mRNA arrays 

investigating down-regulated genes in the IL10-secreting Treg1 subpopulation. These were 

matched with bioinformatic data that identified genes containing target sequences of miR-

150. 

 

Non-coding RNAs (ncRNAs) are functional RNAs involved in a range of cellular processes, 

but are not coding for proteins [6].  In the same microarrays as mentioned above up-

regulation of the non-coding RNA 886 (nc886) was found in both the IFNγ-secreting TH1 

cells as well as the IL10-secreting Treg1 phenotype cells compared to naïve TH  cells. Thus, it 

is possible that nc886 is involved in the activation of TH cells. 

 

FIGURE 1. OVERVIEW OF THE DIFFERENTIATION PROCESS OF NAÏVE T CELLS An antigen-

presenting cell (APC) interacts with a naïve T cell through the T cell receptor (TCR) and 

costimulatory receptors. Different stimulatory conditions (i.e. cytokine stimulation) leads to 

differentiation into TH1 or TH2 cell through type-specific mediators. Figure is adapted from [2].  
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PROJECT OBJECTIVE 

The aim with this project was to investigate the involvement of miR-150 and nc886 in TH  

cell differentiation. The first part consisted of examining potential targets of miR-150. A 

number of targets were identified using mRNA assays cross-matched with bioinformatic 

data, where three were chosen for further analysis. The targets were investigated using a 

luciferase assay, which is commonly used to verify miRNA targets. 

 

The second part of the project was to examine the role of nc886 in the cel l. This non-coding 

RNA is known to bind and inhibit the activation of protein kinase R (PKR). PKR is involved 

in viral defense, but also many other pathways like cell signaling. PKR have a number of  

interaction partners that may be affected by binding of PKR-regulating molecules and 

therefore the focus was on the nc886/PKR interaction [7]. The influence of nc886 on PKR 

activation was examined as well as the effect on PKR interaction partner IFNγ. 
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I1 INTRODUCTION 

I1.1 BACKGROUND 

A microRNA (miRNA) is a short single stranded RNA molecule not coding for a protein. 

Instead miRNAs have other functions in the cell, mainly involving gene regulation. The first 

miRNA was discovered in 1993, but it was not until the early 2000s that miRNAs was 

recognized as a defined group of RNAs. The knowledge of miRNAs has increased greatly in 

just ten years, where miRNAs have been shown to be involved in several disease conditions 

like cancer and autoimmune diseases. MiRNAs are also in control of genes involved in cell 

proliferation, differentiation and apoptosis, to mention a few [8].  

 

This project is set within a wider project investigating the control of IL10-secretion from 

CD46-stimulated T cells. Previously in the lab, microarrays were run using RNA purified 

from FACS-sorted populations of cytokine-secreting T cells, to assess mRNA and miRNA 

expression profiles. It was found that the IL10-secreting activated T cells expressed higher 

levels of miR-150 compared to pro-inflammatory IFNγ-secreting T cells. In the same subset 

of T cells a number of potential targets of miR-150 were identified.  

 

I1.2 PROJECT OBJECTIVE 

The aim with this project was to investigate potential targets of miR-150. In the subset of  

IL10-secreting T cells many genes were identified that could be targeted by miR-150 based 

on the sequence complementarity of miR-150 and the potential target. Of these targets 

three genes were chosen because of features that made them feasible miR-150 targets, for 

example previously known involvement in T cell regulation. These genes were CRTAM, 

PSTPIP2 and IRF8. To conclude if miR-150 targeted any of these genes the luciferase assay 

was used, which is a reliable and extensively used method for this purpose.   
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I2 THEORY 

I2.1 MICRORNA REGULATE GENE EXPRESSION 

MicroRNAs (miRNAs) are small ncRNAs, approximately 22 nucleotides long. The main 

function of miRNAs is regulation of gene expression. Regulation is achieved by miRNA 

binding to a complementary sequence in the target mRNA [ 6]. The first miRNA was 

discovered in 1993 and since the knowledge in mRNA has increased immensely. Today it is 

known that miRNAs are involved in several diseases, in everything from cancer to 

autoimmune disease. It is approximated that miRNAs regulate 30% of human mRNAs [8, 9].  

 

I2.1.1 BIOGENESIS 

In animals, miRNAs are usually transcribed in miRNA clusters, but the miRNA genes can 

also be located in introns and are transcribed at the same time as the surrounding exon. 

Some miRNAs are transcribed separately  (Fig. I2.1) [6]. The transcription product, primary 

miRNA (pri-miRNA), is an imperfectly paired structure with flanking loops and an end loop. 

The pri-miRNA is processed differently depending on the origin. Non-intronic pri-miRNA is 

cleaved by the drosha protein, a member of the RNase III-family, in complex with pasha 

(also known as DGCR8). The intronic pri-miRNA is processed through normal 

posttranscriptional splicing mechanisms, but the end product of both pathways is a 

structurally alike ~66 nucleotides precursor miRNA (pre-miRNA) [6, 10].  

 

The transporter molecule exportin-5 (XPO5) recognizes the pre-miR and transfers it 

through the nuclear membrane and into the cytoplasm. The complex disassembles and 

Dicer protein binds to the pre-miRNA. Dicer cleaves the dsRNA, preferentially at the stem 

loop terminus, which leaves a mature double stranded miRNA. The ds structure unwinds 

quickly as one strand assembles with argonaute 2 (AGO2), which is the catalytic  part of the 

RNA-induced silencing complex (RISC). This complex is ultimately responsible for RNA 

interference [6, 10]. The other strand, called the miRNA* (star miRNA), is usually degraded, 

but in some cases it may associate with AGO2 and act in the same way as its binding 

partner. MiRNA* is actually relatively abundant in total RNA, which implies that both 

strands may have some function [11]. 
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FIGURE I2.1 miRNA BIOGENESIS Transcription from clusters of miRNA (upper left) or from 

miRNA introns (upper right). Most miRNAs are processed by Drosha/Pasha complex, transported 

across cell membrane by XPO5 and processed by Dicer. Mature miRNA binds the RISC complex, 

while miRNA* commonly is degraded.  Figure is adapted from [6].  
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I2.1.2 TARGET REGULATION 

The miRNAs regulate gene expression by binding to complementary sites in the target 

genes. Targeting occurs mainly in the miRNA seed region, which is located in 5’ nucleotides 

2-7. The complementary match of the seed is commonly located in the 3’ untranslated 

region (UTR) of the target, and is often highly conserved [12]. Targeting is divided into two 

classes, one where pairing mainly takes part in the seed region with little or no help from 

the 3’ end (Fig. I2.2A). In this case there is complete base pairing between the seed and the 

target. The other class has an incomplete seed match and needs substantial pairing at the 3’ 

end as well (Fig. I2.2B). The miRNAs are divided into families where the most common is 

that all miRNAs in the family have the same seed sequence. There are also atypical miRNA 

families where there are some differences in the seed sequence. Typical miRNA families 

usually have some common targets, but depending on the 3’ complementary pairing targets 

also may differ [13].  

 

 

  

FIGURE I2.2 MICRORNA SEED PAIRING Seed pairing mainly takes place in the 3’ UTR of the target 

gene, nucleotides 2-8 in the miRNA (A). If the seed pairing is incomplete complementary pairing 

may take place closer to the open reading frame (ORF).  The additional pairing is at least 4 bp. 

Figure is adapted from [13]. 
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Translation of mRNA is initiated by a complex of eukaryotic initiation factors binding to the 

5’ cap of  mRNA. The complex associates with PABPC, which is bound to the 3’ end of the 

mRNA, creating an mRNA loop (Fig. I2.3). The initiation of  the mRNA loop stimulates 

translation. There are several different mechanisms for the regulation of mRNA by miRNAs. 

The most common effect of miRNA targeting 

is gene repression. Endonucleolytic cleavage 

leads to mRNA degradation and is induced 

by perfect pairing of the miRNA seed and the 

target, where AGO carries out the cleavage. If 

the pairing is partial the CCR4-NOT complex 

is recruited through the RISC-associated 

protein GW182, which leads to 

deadenylation and later degradation of the 

target mRNA. The same proteins (CCR4-NOT 

through GW182) are involved in blockage of  

translation initiation. Repression can also 

occur after translation initiation, where the 

peptide being synthesized can be dropped 

off the ribosome or proteolysed [12]. There are a few examples where miRNA actually 

activate gene expression, such as the activation of Myelin transcription factor 1 kinase 

(Myt1) in Xenopus laevis (African clawed frog) oocytes. The exact mechanism is unknown 

but the responsible miRNA miR-16 in association with AGO and Fragile X mental 

retardation syndrome-related protein 1 is involved [12, 14].  

 

The target efficiency depends on several factors and differs between miRNAs. The location 

of the 3’ UTR target site is important. The sites tend to be located away from the 

translational stop codon, since the ribosome may cover 15 nucleotides downstream. This is 

somewhat contradictory to the evidence that many target sites can be found in the 

sequence of the open reading frame (ORF). There are some indications that target sites 

within ORFs are less efficient, and that efficiency improves with an increased number of  

sites, targeted by either the same or a different miRNA. The distance between two sites also 

seems to be of importance, where both synergetic and antagonistic effects have been 

observed. In general it seems like AU-rich as well as unstructured sequence regions in the 

mRNA are easier to access by the RISC complex. The efficiency is  also affected by RNA-

binding proteins, which can hinder the RISC complex to reach its target. AGO in the RISC 

FIGURE I2.3 mRNA LOOP In the initial phase 

of translation an mRNA loop is created by the 

binding of initiation factors (eIFs and m7G) in 

associating with PABPC bound to the 3’ end. 
Figure adapted from [12].  
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complex is modified in many different ways, for example by binding of proteins in the 

TRIM-NHL family which ubiquitinylate AGO. Another example is the modification of proline 

700 in AGO2, which has a destabilizing effect on the protein [12]. In summary, there are 

very many interacting variables regulating miRNA activity, therefore the specific function 

of any individual miRNA can be very hard to predict. This is a major challenge in studying 

miRNAs.  

 

I2.1.3 TARGET IDENTIFICATION 

There are a few different ways to identify miRNA targets. Computational methods are 

commonly used for target prediction, where there are several databases available using 

different algorithms. The focus has mainly been to find complementary sequences to the 

miRNA seed, but has extended to find matches outside the seed. The algorithms also may 

consider conserved target sites and the free energy (ΔG) of possible mRNA/miRNA 

interaction [13, 15]. Genetic approaches to identify targets involve knocking out or 

overexpressing a miRNA of  interest and studying the effects. To directly investigate the 

association of a target with the RISC complex, immunoprecipitation of epitope-tagged RISC 

proteins can be used. The luciferase assay, described later in this thesis, is also a good tool 

for direct target association. Microarrays and proteomic approaches, like stable isotope 

labeling by amino acids in cell culture (SILAC), are also used for target identification [15].  
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I2.2 MiRNA 150  

MiRNA 150 (miR-150) is a 22 nucleotide long miRNA involved in B 

and T cell differentiation as well as the regulation of transcription 

factor c-Myb [16]. In the murine hematopoietic system miR-150 is 

highly expressed in naïve T cells, but not their progenitors. Upon T 

cell activation the expression of miR-150 is drastically reduced, and 

in mature TH1 and TH2 cells very low amounts of miR-150 is 

observed. This implies that miR-150 has a role in either the 

differentiation or maintenance of naïve T cells. In B cells miR-150 is 

highly expressed in murine spleen but not in B cell progenitors 

[17]. It has also been shown that expression of miR-150 in pre-B 

cells hinders the transition into pro-B cells [18]. It is notable that 

there sometimes are significant differences between miRNA 

expression in murine and human hematopoietic systems, and that 

these results should be interpreted with this in mind [16, 17]. 

 

Watanabe et al. [19] showed that miR-150 is extensively 

downregulated in CD56+ T cell and NK cell lymphoma cell lines. In 

the same study AKT2 was identified as a direct target of miR-150 in 

Rat-1 fibroblasts. AKT2 has been found overexpressed in a number 

of cancers. In miR-150 overexpressing Rat-1 cells tumor 

suppressor p53 was found upregulated compared to lymphoma 

cells [19]. MiR-150 was also found substantially  downregulated in 

a number of acute myeloid leukemia (AML) cell lines and patient 

samples. The same study concluded that the expression of miR-150 

is controlled by the mixed lineage leukemia (MLL) gene, which is 

highly associated with acute leukemias when rearranged. 

Repression of miR-150 leads to increased expression of c-Myb and 

FLT3, which are involved in several leukomogenic pathways [20]. 

Hence, there are implications that miR-150 acts as a tumor 

suppressor.  

 

In some other types of cancers miR-150 is upregulated. In gastric cancer cell lines miR-150 

targets the pro-apoptotic tumor suppressor EGR2, which promotes proliferation of cancer 

FIGURE I2.4 miR-

150 PRECURSOR The 

mature miR-150 

sequence is located 

between the arrows. 

Adapted from [47]. 
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cells [21]. In osteosarcoma the aberrant miR-150 expression is believed to downregulate 

expression of pro-apoptotic receptor PSX7, which is a known miR-150 target. This could 

lead to increased cancer cell proliferation [22, 23].  

 

I2.2.1 MiR-150 REGULATE c-MYB EXPRESSION 

The transcription factor c-Myb is a possible oncogene that is known to be involved in cell 

proliferation and differentiation. Expression levels of c-Myb are highest in hematopoietic 

tissue. In hematopoietic stem cells high levels of c-Myb are expressed, while decreasing in 

maturing lymphocytes [24]. When activated the expression of c-Myb is upregulated again 

[25]. The role of c-Myb is however not very well understood [24]. MiR-150 is known to 

target c-Myb. In lymphocytes, the expression pattern of miR-150 matches that of c-Myb 

inversed, i.e. when miR-150 is upregulated c-Myb is downregulated. MiR-150 binds to c-

Myb at two sites located in the 3’ UTR. Xiao et al. [25] showed that these sites function in 

cooperation. When both sites are mutated there is no inhibition of c-Myb translation but 

when only one of  the sites are mutated the inhibition is decreased 2.5- to 3-fold comparing 

to full functionality at both sites.   
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I2.3 PREDICTED TARGETS OF miR-150 

Three potential mRNA targets were identified that contain putative miR-150 seed-binding 

sites, and are downregulated in the cell populations in which miR-150 is upregulated. 

These targets were cytotoxic and regulatory T cell molecule (CRTAM), proline-serine-

threonine phosphatase-interacting protein 2 (PSTPIP2) and interferon regulatory factor 8 

(IRF8). PSTPIP2 and IRF8 have one target sequence in the 3’ UTR, while CRTAM has two 

and therefore was considered the most likely target. Parts of sequences are found in table 

I2.1, which also contains c-Myb data, a known miR-150 target. 

 

  TABLE I2.1 TARGETS OF miR-150 WITH POTENTIAL TARGET SEQUENCES 

  1 Accession number in NCBI Nucleotide (http://www.ncbi.nlm.nih.gov) 

 

I2.3.1 CRTAM 

CRTAM, abbreviation for cytotoxic and regulatory T cell molecule or class-I MHC-restricted 

T-cell associated molecule is a transmembrane protein member of the nectin-like family, 

which contains proteins involved in cellular adhesion. CRTAM is rapidly and exclusively 

expressed in natural killer T (NKT) and CD8+ T cells upon activation, which implies a tight 

regulation of the expression. The CRTAM regulating elements are however not fully  

understood, but in human CD8+ T cells the expression seems to be controlled by the 

transcription factor AP-1 [26]. In a subset of CD4+ T cells CRTAM is responsible for a late 

phase cell polarity that promotes the expression of IFNγ and IL22 [27]. Interaction of  

CRTAM with the epithelial cell junction protein Necl-2 facilitates cytotoxic responses in 

NKT cells and IFNγ secretion in CD8+ T cells in vitro [28]. After stimulation of CD4+ T cells 

by CD46 sub-populations of cells switch off IFNγ and switch to secretion of IL10. These 

IL10 secreting cells have downregulated CRTAM, and given the involvement of  CRTAM in 

differentiation of IFNγ secretion, as well as the presence of two potential miR-150 binding 

sites within the 3’ UTR, this was the most interesting potential target.  

CONSTRUCT ACCESSION NUMBER1 TARGET SEQUENCE PART OF SEQUENCE 

CRTAM NM_019604 TTGGGAG 1674-1680, 1809-1815 

PSTPIP2 NM_024430 TTGGGAGA 1784-1791 

IRF8 NM_002163 TTGGGAGA 2248-2255 

c-MYB NM_005375 TTGGGAGA 2951-2958, 3026-3033 
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I2.3.2 PSTPIP2 

The proline-serine-threonine phosphatase interacting protein 2 (PSTPIP2) is also known as 

macrophage actin-associated tyrosine phosphorylated protein (MAYP). It is a part of the 

pombe cdc15 homology (PCH) family, whose members are involved in regulation of actin-

associated functions as cytokinesis, cell adhesion and motility. PSTPIP2 is known to 

directly interact with F actin and in macrophages PSTPIP2 controls the actin cytoskeleton 

organization as well as morphology and motility of macrophages and is also associated 

with suppression of osteoclast differentiation and downregulate pathways of  inf lammation 

and bone resorption [29, 30]. PSTPIP2 is localized to actin cytoskeletal areas and is found 

in many different tissues, like heart, brain and kidney, and is highly expressed in myeloid 

cells [30, 31].  

 

I2.3.3 IRF8 

Interferon regulatory factor 8 (IRF8) belongs to the IRF family, which all have a conserved 

DNA-binding domain that binds to particular sequence elements [32]. Exclusively found in 

hematopoietic cells IRF8 is involved in cell differentiation processes where it controls the 

regulation of myeloid progenitor cells differentiating into granulocytes and macrophages 

[33]. IRF8 is also involved in the differentiation of dendritic cells. Another important 

function of IRF8 is the regulation of immune response. It is responsible for the negative 

regulation of toll-like receptor 3 (TLR3), which is involved in viral recognition, and also the 

induction of the cytokine IFNβ in cooperation with IRF3 [32, 34].  
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I2.4 BIOLUMINESCENCE AND THE LUCIFERASE ENZYME 

In chemical reactions light is 

sometimes emitted, a phenomena 

known as chemiluminescence. 

Electrons in chemiluminescent 

molecules are excited by chemical 

reactions to a high-energy state, 

S2 (Fig. I2.5). This state is not as 

favorable to the electrons as the 

ground state. The electrons will 

lose some energy by vibrational 

relaxation to a lower excited 

state, S1. To be able to return to 

the ground state, S0, the electrons 

has to lose all the energy gained 

from the chemical reaction. This 

occurs by emitting a photon from 

the molecule, which results in 

light emission. Chemiluminescence and fluorescence are physically alike, with the 

difference that excitation is achieved by chemical reactions in chemiluminescence and by 

light or other electromagnetic radiation in fluorescence. Bioluminescence is a form of  

chemiluminescence found in living organisms [35].   

 

I2.4.1 THE LUCIFERASE REACTION IN FIREFLY AND SEA PANSY 

The substrates in bioluminescence are called luciferins and differ between species. So do 

the luciferase enzymes needed to catalyze the luciferin reactions [35]. Firefly luciferase is 

frequently used in molecular biology, for example to detect and quantify ATP or in reporter 

assays. The firefly luciferase catalyzes the condensation of firefly luciferin in presence of  

ATP and Mg2+ in Photinus pyralis (common eastern firefly). The condensed luciferin reacts 

with oxygen to form a dioxetanone, which break down and release enough energy to excite 

the formed oxyluciferin. Through the emission of a photon the oxyluciferin returns to the 

ground state while light is emitted [35, 36]. The firefly luciferase is a 62 kD protein 

consisting of two domains separated by a cleft. The residues facing the cleft are the most  

 

FIGURE I2.5 ENERGY STATES IN CHEMILUMINESCENCE 

An electron is excited in a chemical reaction and enters the 

unfavourable state S2. Vibrational relaxation leads to 

energy loss to state S1 before the electron returns to the   
ground state, S0, by emission of light. 
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FIGURE I2.6 THE BIOLUMINESCENT CHEMICAL REACTIONS IN FIREFLY AND SEA PANSY 

The sea pansy coelenterazine luciferin (A) and the firefly luciferin (B) both reacts through a 

dioxetanone intermediate. The mechanism in firefly is not completely understood. Figure is 
adapted from [35].  
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conserved in the three families of related enzymes and the active site is therefore 

suggested to be located in the cleft. However, the two domains are located too far away 

from each other to be able to simultaneously interact with the luciferin. A proposed 

mechanism is that a conformational change occurs when the substrate binds, bringing the 

domains closer [37].  

 

In the sea pansy Renilla reniformis a sulfokinase removes a sulfate group from the 

coelenterazine luciferin precursor.  The formed coelenterazine associates with a luciferin-

binding protein, and is released only in the presence of calcium ions. After release the 

coelenterazine is oxidized with sea pansy luciferase as a catalyst, through a dioxetanone 

intermediate. It is the breakdown of  this intermediate that gives luciferin (coelenteramide) 

in the excited state. In vivo the energy of the luciferin excitation is transferred to the green 

fluorescent protein (GFP), which is excited and fluoresces. GFP is not needed for light 

emission and in most laboratory assays it is not used [35]. 
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I2.5 EXPERIMENTAL ASSAYS 

I2.5.1 THE DUAL LUCIFERASE REPORTER ASSAY 

An easy and common way to identify targets of miRNA is to use the dual luciferase reporter 

assay. Transfection efficiency between samples may vary, which is solved by using two 

vectors with different luciferase enzymes (from firefly and sea pansy), and their specific 

substrate equivalents. The sea pansy luciferase enzyme vector will simply work as a 

transfection control. The two enzymes can also be carried by the same vector. 

 

The target sequence of the predicted miRNA target is cloned into the firefly luciferase 

enzyme vector. This vector is cotransfected into mammalian cells with the sea pansy 

luciferase enzyme vector, with addition of the miRNA of interest. When the firefly 

luciferase enzyme substrate, called firefly luciferin, is added to cell lysates, light is emitted 

in form of bioluminescence (Fig I2.7A). This can be measured by a luminometer. After the 

measurement a firefly luciferase enzyme quench and the sea pansy luciferin is added, and 

the luminescence emitted is again measured. Hence, only luminescence from one substrate 

at a time is measured. Firefly luciferase vectors with sequences that are targeted by a 

certain miRNA will be less luminescent than the same sequence without this miRNA. The 

firefly luciferase vector will be transcribed with the cloned target sequence as a 3’ UTR.  

With the expressed luciferase enzyme, there will be maximum luminescence. However, if a 

co-transfected miRNA binds to the transcribed mRNA sequence, the translation process 

will be hindered (Fig I2.7B). This obviously decreases the firefly luciferase expression, thus 

the luminescence.  

FIGURE I2.7 MODEL OF THE LUCIFERASE ASSAY The gene of interest is cloned into the luciferase 

reporter vector and transfected into cells. The gene and luciferase enzyme are transcribed and 

translated in a cluster. Emission of light occurs upon substrate addition (A). Addition of miRNA that 

targets the gene will inhibit translation and less or no light emission will be observed (B).  
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I2.5.2 REAL TIME QUANTITATIVE PCR 

Real time quantitative PCR (qPCR) is based on regular PCR, with the difference that a gene 

of interest is amplified and quantified in real-time. The method is sensitive, allowing 

detection of really low amounts of cDNA starting material. The principle follows that of  

regular PCR, with the denaturation of dsDNA, the binding of primers and amplification by 

polymerase. In the qPCR fluorophores are commonly used as detection moieties by binding 

to the sequence of interest [38]. There are several different techniques using fluorophore 

detection probes. Here the Taqman technique will be described since it is used in this 

project. 

 

The Taqman technique (Fig. I2.8) uses a 

dual-labeled oligonucleotide probe that 

hybridizes with the gene of interest.  The 

probe is labeled with a fluorophore at the 5' 

end and a quencher at the 3' end. The 

fluorophore gets excited by the instrument 

light source and will fluoresce. However, in 

close proximity of the quencher an energy 

transfer from the fluorophore to the 

quencher will occur, and the fluorescence 

will be quenched. This is known as FRET 

(Förster resonance energy transfer). Thus, 

to fluoresce the quencher needs to be 

separated from the fluorophore. This is 

achieved by the Taq polymerase with its 5' 

→ 3' exonuclease activity. The polymerase 

will chew up the probe, separating the 

fluorophore from the quench. Thus, the 

more amplification of a gene the higher the 

fluorescence [39].  

 

The results are interpreted using absolute or 

relative expression of  the gene of interest. In 

the case of absolute expression, a standard is used which needs to be treated in the exact 

same way as the samples. All results will depend on the accuracy of the used standard. An 

FIGURE I2.8 THE TAQMAN qPCR ASSAY 

MicroRNA is reverse transcribed into cDNA 

using looped RT primers. The qPCR uses a 

primer with exonuclease activity that digests a 

probe labeled with a fluorophore and a 

quencher. Quenching is abolished when the 

fluorophore is displaced. 
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easier way to interpret data is to use relative expression, where one or more housekeeping 

genes are used to compare expression. The housekeeping genes should have similar 

expression in all samples used. The ∆∆CT-method is commonly applied, where the 

difference in cycles with a set threshold between the housekeeper gene and the gene of  

interest is used. The value will be proportional to the relative expression of the gene of  

interest [40]. 

 

To get the cDNA starting material a reverse transcription (RT) PCR is performed from 

purified RNA. When working with miRNA this process is tricky since the miRNAs are short 

and one miRNA is not easily distinguished from another. Thus, primers bind with low 

efficiency and low specificity. Another problem is that primers cannot distinguish between 

mature miRNA and its precursors. These problems are solved using a stem-looped RT 

primer (Fig. I2.8).  The stem-loop RT primer improves the stability of the miRNA/primer 

complex by base stacking and spatial constraint. This increases the thermal stability and 

mismatches are more readily denatured, thereby increasing specificity [41].  
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I3 MATERIALS & METHODS 

I3.1 OVERALL PROCEDURE 

Potential targets of miR-150 were found when matching the previously run micro arrays 

with bioinformatic data. Three of these were chosen for further analysis; CRTAM, PSTPIP2  

and IRF8. As a positive control the known miR-150 target c-Myb was used. The 3’ 

untranslated region of these genes were amplified and cloned into the pMIR luciferase 

reporter vector, which will be referred to as the pMIR vector. This plasmid expresses a 

luciferase enzyme, which will luminesce in the presence of its substrate, luciferin. The pMIR 

vector was cotransfected into human embryonic kidney 293 (HEK-293) cells with a sea 

pansy luciferase enzyme vector (RLuc), used for normalizing variability due to differences 

in transfection. MiR-150 or a nonsense miR used as a negative control was added. The cells 

were incubated for 24 hours and the luciferase assay was performed. The results were 

analyzed using GraphPad Prism (GraphPad Software). The pMIR and RLuc vectors were 

kindly provided by Dr. Yvonne Ceder (Department of Laboratory Medicine, Malmö, Lund 

University).  
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I3.2 CLONING OF CONSTRUCTS 

I3.2.1 AMPLIFICATION OF TARGET 3’ UNTRANSLATED REGIONS BY PCR  

Predicted miR-150 seed-binding sequences were found in the 3’ untranslated regions of  

the three constructs (CRTAM, PSTPIP2, IRF8, Table I3.1), using online miR target prediction 

TargetScan. Thus these regions were amplified using human T cell cDNA as a template. The 

c-Myb UTR was also amplified to use as a positive control. The general conditions included 

0.2 pM of each primer (Eurofins MWG Operon), 0.2 mM dNTPs (Invitrogen), 0.125 U/μl 

PFU DNA polymerase, PFU Buffer –MgSO4 (Thermo Scientific) and 50 ng cDNA. Different 

Mg2+ concentrations were used depending on construct. The primers were designed with 

restriction sites for enzymes NaeI in the forward primer and HindIII in the reverse primer. 

 

TABLE I3.1 CONSTRUCTS FOR CLONING INTO THE LUCIFERASE VECTOR 

1 Accession number in NCBI Nucleotide (http://www.ncbi.nlm.nih.gov) 
2 Part of sequence that was cloned (3’ UTR) 

 

PCR (S1000 Thermal Cycler (Bio-Rad)) was run with an initiation phase (2 minutes, 95°C), 

denaturation phase (1 minute, 95°C), annealing phase (30 seconds, temperature depending 

on construct size, table I3.2 and extension phase (2 minutes, 72°C). All steps except the 

initiation phase was repeated 30 times, and after this a final extension phase was run (10 

minutes, 72°C). The inserts were confirmed by agarose gel electrophoresis. 

 

I3.2.2 CLONING OF 3’ UNTRANSLATED REGIONS INTO LUCIFERASE ENZYME VECTORS 

The confirmed DNA products from the PCR were excised from the agarose gel and purified 

using QIAquick Gel Extraction Kit (QIAGEN). The products were ligated into the Stratagene 

pSC-B-amp/kan vector using StrataClone Blunt PCR Cloning Kit (Agilent Technologies), 

except for the IRF8 DNA where the pJET 1.2/blunt vector using CloneJET PCR Cloning Kit 

(Thermo Scientific) was utilized. The reason for the use of different vectors was the use of  

CONSTRUCT ACCESSION NUMBER1 SIZE (bp) PART OF SEQUENCE2 

CRTAM NM_019604 1054 1369-2422 

PSTPIP2 NM_024430 1000 1102-2101 

IRF8 NM_002163 1009 1355-2363 

c-MYB NM_005375 1163 2123-1163 
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NaeI restriction enzyme, which may have difficulty cleaving certain sites. This proved to be 

the case for the pJet 1.2/blunt vector, where only the IRF8 DNA was properly digested.  

 

TABLE I3.2 PCR CONDITIONS FOR AMPLIFICATION OF CONSTRUCTS 

 

After ligation the Stratagene pSC-B-amp/kan vectors with CRTAM, PSTPIP2 or c-Myb inserts 

were transformed into StrataClone SoloPack competent cells, which was part of the 

StrataClone Blunt PCR Cloning Kit, according to manufacturer’s recommendations. The 

IRF8 construct ligated into the pJET 2.1/blunt vector was transformed into competent 

DH5α E. coli cells, adding 2-3 μl vectors to 100 μl cells in pre-cooled cultivation tubes on 

ice, incubating for 10 minutes followed by heat shocking at 42°C for 25 seconds. The cells 

were incubated for 1 hour, 37°C in 1 ml of super optimal broth with catabolite repression 

(SOC) medium (2% tryptone, 0.5 % yeast extract, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl2, 

20 mM glucose), and plated out for selection on LB agar plates (1% peptone, 0.5% yeast, 

170 mM NaCl, 20 mM MgSO4, 15% agar, pH 7.0) with ampicillin (100 g/ml) and 

incubated overnight at 37°C. The next day 3-4 colonies were chosen for further cultivation 

into 8 ml of  LB, 37°C for ~8 hours under agitation. The vectors were purified from the cells 

using QIAprep Spin Miniprep Kit (QIAGEN) according to manufacturer’s recommendations.  

 

The purified vectors were digested with restriction enzymes HindIII and NaeI (Thermo 

Scientific), 37°C for 1 hour. HindIII creates sticky end products, while NaeI makes blunt 

ends. The pMIR vector was linearized using HindIII and PmeI (Thermo Scientific), to create 

HindIII complementary sequences and one blunt end by using PmeI. The digestion reaction 

of the pMIR vector was left in 37°C overnight. To confirm successful digestions and to be 

able to isolate construct DNA, the reactions were analyzed with agarose gel 

electrophoresis. 

CONSTRUCT       PRIMER FORWARD/REVERSE Mg2+ ANNEALING TEMP 

CRTAM 
GCCGGCAAAGCTTGTAGTTTAAAAAAGA 
AAGCTTTTATTTTGTAATTGGTTTATTCA 

2 mM 44°C 

PSTPIP2 
GCCGGCAATCAATGAAACCAGAGCTT 
AAGCTTGACCCAAAATTGAGGACT 

2 mM 47°C 

IRF8 
GCCGGCGCCCCACCCCGTCTGC 
AAGCTTGGCATGGTGCTGGGAAAAGG 

3 mM 57°C 

c-Myb 
GCCGGCGACATTTCCAGAAAAGCATTATG 
AAGCTTGCTACAAGGCAGTAAGTAC 

4 mM 50°C 
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The digested construct DNA and the linearized pMIR vector from the agarose gel were 

excised and subsequently purified using QIAquick Gel Extraction Kit (QIAGEN). The 

constructs were ligated into the pMIR vector using 1 U/μl T4 DNA ligase in T4 DNA Ligase 

Buffer (Invitrogen). The reactions were left in room temperature for 4 hours.  The ligation 

products were transformed into DH5α E. coli cells, selected, cultivated and purified, as 

described above. To confirm successful ligation, the pMIR vector with possible insert was 

either digested with HindIII and SpeI (Thermo Scientific) or used as template in a PCR 

reaction (conditions above) due to improper restriction of the pMIR vector by either 

HindIII or SpeI. Both PCR and digestion products were subsequently analyzed by agarose 

gel electrophoresis to confirm insert presence. The purified vectors were sequenced by 

GATC Biotech and with the correct sequence ready to use. The pMIR vectors with or 

without inserts were once again transformed into DH5α E. coli and cultivated in 50 ml LB 

medium for ~8 hours to increase the amount of  vectors. The vectors were purified using 

QIAprep Spin Midiprep Kit (QIAGEN) according to manufacturer’s recommendations.  

 

I3.2.3 AGAROSE GEL ELECTROPHORESIS 

Nucleic acid products from the cloning steps were analyzed with agarose gel 

electrophoresis. Agarose was dissolved and heated in TAE Buffer (40 mM Tris, 20 mM 

glacial acetic acid, 1 mM EDTA, pH 8.0). Ethidium bromide was added to a final 

concentration of 0.6 μg/ml and the gel was cast. Samples were mixed with 6X DNA Loading 

Dye (Thermo Scientific) and loaded onto the gel. GeneRuler 1kb Plus DNA Ladder (Thermo 

Scientific) was used as a molecular reference. The gels were run at 100 V for ~1.5 hours. 

The result was visualized with ultraviolet light exposure using ChemiDoc MP Imaging 

System with Image Lab software (Bio-Rad). 

 

I3.2.4 DNA SEQUENCING 

DNA was sent for sequencing to GATC Biotech. A single primer was used (5’-

AGGCGATTAAGTTGGGTA-3’), binding slightly upstream the multiple cloning site where the 

3’ untranslated region was inserted. Evaluation of DNA sequencing was performed using 

the software SeqMan Pro (DNASTAR).   
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I3.3 TRANSFECTION OF VECTORS AND MICRORNA INTO HEK-293 CELLS 

Human embryonic kidney 293 (HEK-293) cells were cultivated in HyClone RPMI 1640 

Media (Thermo Scientific), with 10% FCS and 1% penicillin/streptomycin sulphate (P/S). 

The cells were grown at 37 °C in a humidified incubator with 5 % CO2. For use in the 

luciferase assay the cells were plated at 106 cells/ well in a 24-well plate and left for ~24 

hours at 37 °C to adhere to the plate. Each well corresponded to one sample where the cells 

were co-transfected with the RLuc vector, the pMIR vector containing one of the different 

constructs and miR-150 mimic, a miRNA mimic (negative control) or no miRNA mimic at 

all. Mixtures were made containing Gibco Opti-MEM Reduced Serum Media (Invitrogen) 

with either the both vectors and the eventual miRNA mimic or DharmaFECT Duo 

Transfection Reagent (Thermo Scientific). The solutions were left for 5 minutes in RT 

before mixing them and leaving them additionally 20 minutes, RT. The HEK-293 cell media 

was replaced with P/S-free HyClone RPMI 1640 Media (Thermo Scientific), with 10% FCS. 

The vector/miR/transfection reagent mixture was added to the cells, and the plate was 

incubated at 37 °C for ~24 hours. 

 

The final volume in each well was 500 μl with 2 μl of transfection reagent, 100 ng of pMIR 

vectors and 20 ng of RLuc vectors. The miRNA mimic concentration was 25 nM, except for 

when a titer experiment of c-Myb was performed, with miRNA mimic concentrations of 0.2-

25 nM. One experiment was also performed with miRNA mimic concentrations of 100 nM. 

The miRNA mimics are chemically modified double-stranded RNA molecules that imitate 

the endogenous miRNA. The miRNA mimics are designed to incorporate the correct strand 

into the RISC complex [Ambion]. The miRNA mimics used in this experiments were 

purchased from Ambion and Dharmacon.  
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I3.4 THE LUCIFERASE ASSAY 

The luciferase assay was conducted using Dual-Luciferase Reporter Assay System 

(Promega). 24 hours after transfection the cell media was taken off and 100 μl of lysis 

buffer added, supplied with the assay kit. The cells were left in 15 minutes in RT under 

agitation and subsequently the lysate was transferred to micro tubes. Of each lysate 10 μl 

in triplicates was added to a 96-well plate. To each sample 50 μl of  the firefly luciferin 

(substrate of the firefly luciferase enzyme in the pMIR vector) reagent LARII was added and 

the plate was swiftly agitated. The luminescence was measured using Wallac 1420 Victor2 

Multilabel Counter (PerkinElmer). The plate was taken out and 50 μl Stop & Glo reagent 

was added. This reagent quenches the firefly luciferase reaction and also contains the sea 

pansy luciferin (substrate of the sea pansy luciferase enzyme in the RLuc vector). The plate 

was swiftly agitated and the luminescence was measured. The results were analyzed using 

GraphPad Prism (GraphPad Software).  
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I3.5 qPCR 

To control the endogenous expression of  miR-150 in HEK-293 cells a qPCR was performed, 

where expression was compared to resting T cells. RNA was purified and cDNA was made 

using reverse transcription PCR. The cDNA was subsequently used in a qPCR assay. 

 

I3.5.1 PURIFICATION OF TOTAL RNA FROM HEK-293 CELLS 

The RNA from the cells were purified using the miRNeasy kit (QIAGEN) according to 

manufacturer’s recommendations. The kit purifies all RNA in the cell, including small RNAs. 

Disruption of cells is performed with the phenol/guanidine-based QIAzol Lysis Reagent 

(QIAGEN) and homogenization with QIAshredder columns (QIAGEN) which utilize a 

biopolymer-shredding system in a spin-column setup. Transfer of sample into a spin-

column with a silica membrane will bind RNA to the column and after washing away 

undesired products the RNA elute upon addition of water. Determination of the 

concentration of the purified RNA was measured spectrophotometrically. 

 

I3.5.2 RT-PCR AND qPCR 

In the reverse transcription PCR reaction miR-specific looped RT primers were utilized to 

make sure all miR-150 was transcribed into cDNA. The Taqman MicroRNA assay (hsa-miR-

150) purchased from Applied Biosystems was used for both RT-PCR and qPCR according to 

manufacturer’s recommendations. cDNA (10 ng per well)  was used as template for 

amplification in a qPCR reaction in a 384-well plate. Control reference genes used included 

RNU38B and RNU44. The reactions were performed using a HT7900 instrument (Applied 

Biosystems). Relative gene expression was calculated using the ∆∆CT method.  
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RESULTS 

I4.1 CLONING OF CONSTRUCTS 

I4.1.1 AMPLIFICATION OF TARGET 3’ UNTRANSLATED REGIONS BY PCR  

The initial step of  the cloning process was to amplify the 3’ UTR of  the four constructs 

CRTAM, PSTPIP2, IRF8 and c-Myb from human T cell cDNA by PCR. All four constructs were 

successfully amplified which was confirmed by agarose gel electrophoresis (Fig. I4.1).  

 

 

I4.1.2 CLONING OF 3’ UNTRANSLATED REGIONS INTO LUCIFERASE ENZYME VECTORS  

The bands of correct size were excised from the agarose gels and purified, before being 

ligated into the Stratagene pSC-B-amp/kan vector (CRTAM, PSTPIP2, c-Myb) or pJet 

1.2/blunt (IRF8). The vectors were digested with NaeI and HindIII and analyzed by agarose 

gel electrophoresis (Fig. I4.2). In the primers used for amplification of the constructs 

restriction sites for NaeI and HindIII were incorporated. Choice of restriction enzymes was 

restricted to the limited number of sites available in the pMIR vector which were not also 

present in the cloned sequences. The expected digestion pattern for the digest of these 

vectors (Table I4.1) were somewhat complicated, since the vectors themselves contained 

additional sites for NaeI and HindIII  (Fig. I4.3). The Stratagene pSC-B-amp/kan contained 

FIGURE I4.1 AGAROSE GEL ELECTROPHORESIS OF PCR AMPLIFICATIONS OF CONSTRUCTS  

Constructs were amplified by PCR and analyzed by agarose gel electrophoresis. GeneRuler 1 kb 

Plus DNA ladder in lanes 1, 4 and 6 with mw in bp. Amplified fragments indicated by yellow 

arrows. Lane 2: CRTAM (1054 bp), 3: PSTPIP2 (1000 bp), 5: c-Myb (1163 bp), 7: IRF8 (1009 bp). 

Expected sizes within brackets.  
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one site for HindIII and two sites for NaeI, making a total of five sites with ligated insert. 

The pJET 1.2/blunt vector contained one HindIII site, making a total of three sites with the 

ligated insert.  

 

 

  TABLE I4.1 DIGESTION PROPERTIES OF CONSTRUCTS/VECTORS 

CONSTRUCT/VECTOR SIZE (bp) 
EXPECTED DIGESTION 
PATTERN (bp) 

RESTRICTION 
ENZYMES USED 

CRTAM 1054 1054 - 

PSTPIP2 1000 1000 - 

IRF8 1009 1009 - 

c-Myb 1163 1163 - 

Stratagene pSC-B-
amp/kan 

4272 + insert 
1940 + 1802 + 500 + 
30 + insert 

NaeI + HindIII 

pJET 1.2/blunt 2974 + insert 2721 + 253 + insert NaeI + HindIII 

pMIR (linearization) 6470 6457 + 13 PmeI + HindIII 

pMIR (digestion – IRF8) 6457 + 1009 6426 + 1039 SpeI + HindIII 

pMIR (digestion – c-Myb) 6457 + 1163 6395 + 755 + 475 SpeI + HindIII 

FIGURE I4.2. AGAROSE GEL ELECTROPHORESIS OF CLONING VECTOR RESTRICTION DIGEST 

Constructs were cloned into the Stratagene pSC-B-amp/kan vector (CRTAM, PSTPIP2, c-Myb) or 

the pJET 1.2/blunt vector (IRF8), digested with NaeI and HindIII and analyzed by agarose gel 

electrophoresis. GeneRuler 1 kb Plus DNA ladder in lanes 1, 4 and 6 with mw in bp. Digested 

fragments indicated by yellow arrows. Lane 2: CRTAM (1054 bp), 3: PSTPIP2 (1000 bp), 5: c-Myb 

(1163 bp), 7: IRF8 (1009 bp). Expected sizes within brackets. 
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Preparing the pMIR vector for ligation by linearization, a small fragment was cut out to 

create one end compatible with HindIII and one end compatible with a blunt ended DNA 

fragment. Following ligation the pMIR vector with CRTAM or c-Myb insert was digested 

with HindIII and SpeI and analyzed by agarose gel electrophoresis. c-Myb was found to 

have an additional SpeI site, generating three distinct fragments on the agarose gel. The 

pMIR vector with the IRF8 or PSTPIP2 insert was used as a template in a PCR reaction due 

to improper restriction by SpeI. The PCR product was analyzed by agarose gel 

electrophoresis to confirm presence of the inserts. 

 

I4.1.3 DNA SEQUENCING 

All cloned constructs were sent for sequencing and the results were interpreted using 

SeqMan Pro (DNASTAR). Only one sequencing primer was used and in most cases one 

primer is not sufficient to get a complete sequencing of DNA fragments larger than 1100 nt. 

This was the case for the c-Myb insert (1163 nt), which was not fully  sequenced in the 5’ 

end. The binding sites of miR-150 are near the 3’ end and thus were successfully  

sequenced.  

 

FIGURE I4.3 VECTOR MAPS WITH MARKED RESTRICTION SITES. Green regions indicate 

insertion/cloning sites for constructs. Other colors represent antiobiotic resistance, pink for 

ampicillin, blue for puromycin and purple for kanamycin.  
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I4.2 THE LUCIFERASE ASSAY 

The c-Myb mRNA is a known target of miR-150, and thus was used as a positive control  in 

the luciferase assay. To optimize conditions a titer was performed where different 

concentrations (0.2, 1.0, 5.0 and 25 nM) of two miR-150 mimics (Dharmacon or Ambion) 

were cotransfected into HEK-293 cells with the RLuc vector and the pMIR vector with the 

c-Myb insert. The luciferase assay was performed, with the output in luciferase signal 

(arbitrary units, AU). In all experiments one sample consisted of the empty pMIR vector 

cotransfected with the RLuc vector and no miRNA mimic. This sample was used as a 

standard for normalization of the luciferase signals in ot her samples, generating 

comparable samples. In all samples the ratio of pMIR and RLuc luciferase signal was 

calculated and analyzed.  

 

In the c-Myb titer really low 

concentrations (0.2 nM) of the 

miR-150 mimic decreased the 

pMIR/RLuc ratio, reaching 

saturation at 10-25 nM (Fig. I4.4).  

In further experiments (i.e. testing 

potential miR-150 targets) 25 nM 

of the Dharmacon miR-150 mimic 

was used, since the effectiveness 

of the both miR-150 mimics was 

similar. These experiments did 

not show a decrease in 

pMIR/RLuc ratio, indicating that 

none of the 3’UTR mRNA from 

CRTAM, PSTPIP2 or IRF8 is 

targeted by miR-150. One 

experiment with 100 nM of miR-

150 mimic was also performed, 

with the same results as for lower 

concentrations of miR-150 mimic (data not shown). Results were calculated in GraphPad 

Prism (GraphPad Software) using 2-way Anova with Bonferroni multiple comparisons.  

 

FIGURE I4.4 pMIR:RLuc SIGNAL IN c-MYB TITER 

pMIR:RLuc signal decrease upon addition of higher 

concentrations of miR-150 mimic. The negative control 

(neg. ctrl) did not show a decreased pMIR:RLuc signal. 

Data is presented as mean ± s.d.  
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FIGURE I4.5 RELATIVE pMIR:RLuc SIGNAL FOR CONSTRUCTS IN THE LUCIFERASE ASSAY 

The relative pMIR:RLuc signal (arbitrary units) were normalized (y-axis). Samples not containing 

any miR mimic were set at 1 and samples containing miR-150 or negative control (neg. ctrl) mimic 

were expressed in relation to 1 (x-axis). Data is presented as mean ± s.d. To compare samples a 2-

way ANOVA with Bonferroni multiple comparisons were used. P < 0.001 (***), P < 0.05 (*), n=3. 
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I4.3 qPCR TO DETERMINE miR-150 EXPRESSION IN HEK-293 CELLS 

To make sure that no endogenous miR-150 

was found in the HEK-293 cells used for the 

luciferase assay  a qPCR was performed. The 

expression of miR-150 in HEK-293 cells was 

compared to the expression in resting T 

cells, which have high endogenous miR-150 

expression. Two reference genes were used, 

RNU38B and RNU44, which have similar 

expression in both cell types. The results 

were calculated using the ∆∆CT-method 

(described in I2.5.2). The results were 

expressed log transformed. As expected, the 

miR-150 expression was significantly higher 

(about 10,000-fold) in the TH1 cells 

compared to HEK-293 cells (Fig. I4.6). From 

these results it was concluded that the HEK-

293 cells were suitable for this assay. 

FIGURE I4.6. qPCR OF THE EXPRESSION OF 

MIR-150 IN TH1 AND HEK-293 CELLS  

The relative expression of miR-150 to two 

reference genes were log transformed and 

compared in TH1 and HEK-293 cells, n=1. 
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I5 DISCUSSION 

The 3’ UTRs of the three predicted targets CRTAM, PSTPIP2  and IRF8 were successfully  

cloned into the pMIR vector and used in the luciferase assay, with known miR-150 target c-

Myb as a positive control. These three targets were interesting because of downregulation 

in IL-10 secreting T cells in which miR-150 is upregulated, the presence of predicted miR-

150 seed-binding regions in their 3’ UTRs, and their known functions in immune cells. 

However, the results from these experiments indicate that the mRNAs of CRTAM, PSTPIP2  

and IRF8 are not targeted by miR-150. The c-Myb titer assay clearly showed a reduced 

pMIR/RLuc ratio already at low concentrations of the miR-150 mimic (0.2 nM), with 

saturation around 15 nM. To make sure that a surplus of miR-150 mimic was available 25 

nM was used throughout the subsequent experiments. This should be a sufficient 

concentration for miR-150 function, since miRNAs both have shown to generally be stable 

molecules with longer half-lives than mRNA, and can function at low copy numbers. One 

repeat with miR-150 mimic concentrations of 100 nM was also performed. The results 

were no different than for lower concentrations of miR-150 mimic, which verifies that 

CRTAM, PSTPIP2 and IRF8 are not targets of miR-150. Higher concentrations would not be 

physiologically relevant. 

 

So why do we see downregulation of these targets in the IL10-secreting T cells? There can 

of course be factors other than miR-150 that controls the expression of CRTAM, PSTPIP2 

and IRF8. Another possibility is that the targets are under the control of the transcription 

factor c-Myb, which is involved in many different cellular processes (more details in section 

I2.2.1). Only in the breast cancer cell line MCF-7 c-Myb is known to interact with over 

10,000 promoters including genes encoding proteins involved in cell cycle regulation and 

differentiation [42]. Since c-Myb is under the control of miR-150 it is a possibility that one 

or several of CRTAM, PSTPIP2 and IRF8 are under the indirect control of miR-150.  

 

Looking at the two target sequences of c-Myb and comparing them to target sequences in 

the predicted targets there are differences. C-myb is targeted at two locations with an 8 bp 

seed region binding. This is not true for any of CRTAM, PSTPIP2 or IRF8. Only CRTAM has 

possible target sequence at two positions, but only by a 7 bp seed region binding. PSTPIP2 

and IRF8 both have 8 bp of possible seed region binding, and only at one position. Judging 

from this, miR-150 may need two target sites with 8 bp sequence complementary to bind. 

Secondary structure of the mRNA may also influence miR-150 binding. 
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I6 FUTURE PROSPECTS 

The forthcoming work with this project can be divided into two parts; either the 

continuous work with finding targets of miR-150, or investigation of the regulation of  

CRTAM, PSTPIP2 and IRF8 in the IL10-secreting T cells.  

 

 FINDING TARGETS OF miR-150 There are several ways to continue this work. To 

continue to match micro array and bioinformatic data to find target s might be like 

searching for a needle in a haystack. To take into consideration if doing this can be to 

match predicted targets with the miR-150 targeting pattern of c-Myb, which is an 8 bp 

complementary sequence at two sites. However, it might be easier to do other 

experiments. It is possible to identify targets by immunoprecipitation. MiRNAs associate 

with proteins in the RISC complex, including AGO2. The miRNA/RISC complex will 

associate with the target mRNA. By using specific monoclonal antibodies against AGO2 it 

is possible to isolate the miRNA/RISC/mRNA complex and purify the captured RNA, 

thereby finding direct targets.  

 

 INVESTIGATE REGULATION OF CRTAM, PSTPIP2 AND IRF8 A possible starting point 

is to look into c-Myb interactions. Since c-Myb is a transcription factor regulating other 

transcription factors (and many other proteins), the regulation of CRTAM, PSTPIP2 and 

IRF8 might be found somewhere in this complex network. However, this is a  big effort 

since so many genes and proteins are involved with c-Myb. Other techniques can be used 

to study the direct interaction of a gene with a protein, for example through 

electrophoretic mobility shift assay (EMSA).   
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I7 CONCLUSION 

In this study the aim was to find targets of miR-150, which is upregulated in a subset of  

IL10-secreting Th1 cells with a Tr phenotype. By matching micro array and bioinformatic 

data three targets were chosen for further studies, CRTAM, PSTPIP2 and IRF8. The 

predicted targets were investigated using luciferase assay, but no miR-150 targeting could 

be confirmed. It is possible that the known miR-150 target c-Myb regulates any or all of the 

three genes, which then would be indirectly regulated by miR-150. This is not 

experimentally tested, but future studies could evaluate this hypothesis.
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II1 INTRODUCTION 

II1.1 BACKGROUND 

Non-coding RNAs (ncRNAs) are RNA not coding for proteins, but involved in other cellular 

functions like gene regulation. Some RNAs are well defined and clustered into groups, for 

example the tRNAs serving as amino acid carriers in protein synthesis. However, there are 

probably a big number of ncRNAs we yet know very little about. To investigate the function 

of these ncRNAs is a great undertaking, but may provide important clues to key processes 

in cellular function [43].  

 

This project is set within a wider project investigating the control of IL10-secretion from 

CD46-stimulated T cells. Previously in the lab, microarrays were run using RNA purified 

from FACS-sorted populations of cytokine-secreting T cells, to assess mRNA and miRNA 

expression profiles. In the arrays upregulation of the ncRNA 886 (nc886) was found in both 

the IFNγ-secreting TH1 cells as well as the IL10-secreting Treg1 phenotype cells compared 

to naïve TH cells. Thus, it is possible that nc886 is involved in the activation of TH cells. 

 

II1.2 PROJECT OBJECTIVE 

The aim with this project was to investigate the cellular function of nc886 in T cells. Nc886 

is known to interact with the antiviral protein kinase R (PKR) in a number of cells [44], but 

the interaction in T cells have not yet been established. By using monoclonal T cell cultures 

overexpressing nc886 it was possible to investigate the impact of nc886 on PKR. This was 

done in two steps where the first step included analysis of nc886-overexpressing 

monoclonal T cell lines and the second step investigation of PKR activation by western blot.  
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II2 THEORY 

II2.1 NON-CODING RNA 

For a long time RNA was believed to consist of two types only: the mRNA coding for 

proteins and the other, non-coding RNA (ncRNA), which was totally without function. 

Eventually discoveries were made where RNA was shown to partake in other cellular 

processes, like the tRNAs carrying amino acids to the ribosomal translation machinery or 

the rRNAs that are part of the ribosomal complexes. Now we know that there is an 

extensive range of cellular functions that ncRNAs are involved in, for example the control of  

gene expression by miRNAs described in part I of this thesis [43].  

 

NcRNAs are usually divided into small ncRNAs ranging from 17 to 200 nucleotides in size, 

and large ncRNAs that can be several thousand base pairs. Some RNAs, like the ones 

mentioned above, are exerting particular functions and can easily be clustered into groups. 

There are however other RNAs which are more difficult to place in this context, since their 

function is not clearly established. Examples of ncRNAs are summarized in II2.1 [6, 45]. In 

the past, most work has been focused on miRNA [6, 45]. The sequence complementarity 

between miRNAs and their target genes allows fairly easy techniques to predict and study 

miRNAs and their targets. Other ncRNAs may interact with their targets  differently making 

these interactions difficult to predict. Techniques to study ncRNA function are also less 

established than for miRNAs [44].   

 

TABLE II2.1 SELECTED ncRNAs SIZE AND FUNCTION   

NAME SIZE (bp) EXAMPLE OF FUNCTION 

miRNAs 17-24 Regulation of gene expression 

tiRNAs 17-18 Indicated in regulation of transcription 

TSSa-RNAs 20-90 Indicated in maintenance of transcription 

tRNAs 73-94 Carrying amino acids to the ribosome 

vtRNAs 88-98 Part of vault complexes  

snoRNAs 60-300 Modifications of rRNA 

lincRNAs >200 Scaffolding of DNA-chromatin complexes 
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II2.2 NON-CODING RNA 886 

Non-coding RNA 886 (nc886) was first 

discovered in high throughput sequencing 

assays and was initially described as a pre-

miRNA.. Upon predicting the secondary 

structure of this newly discovered ncRNA 

(using for example mfold [46]) structural 

elements clearly resembling those of pre-

miRNAs were found (Fig. II2.1). Experiments 

were performed by Lee et al. [44] to find the 

mature miRNAs, but it could not be detected.  

It was concluded that either the levels of the 

mature miRNA is too low to be detected or the 

processing into mature miRNA does not occur. 

Other features of nc886 also exclude it from 

being a pre-miRNA, for example that nc886 is 

transcribed by RNA polymerase III opposed to 

miRNAs, which are commonly transcribed by 

RNA polymerase II. It was also shown that 

nc886 was not generated by Drosha 

processing, which most miRNAs are (more on 

miRNA biogenesis can be found in part I of this 

thesis). Thus, there is strong evidence that 

nc886 is not a pre-miRNA [44]. Nc886 is 

currently not considered a pre-miR and the 

possible miR sequences are not longer found 

in the microRNA database miRBase [47].  

 

 

 

 

 

 

FIGURE II2.1 STRUCTURE OF nc886 

Predicted structure of nc886 using mfold 

[46]. The structure with the lowest ΔG value 

(-33.40 kcal/mol) is visualized above. 

Nucleotides with red frames are wobble 
base pairs. 
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Nc886 has also been proposed to be a 

vault RNA (vtRNA). Vaults are 

ribonucleoprotein complexes found in the 

cytoplasm of many eukaryotic cells. 

Consisting of one minor vault protein 

associated with major vault proteins and 

several vtRNAs, the complex dimerizes 

and forms a barrel-like structure (Fig. 

II2.2). The function of vaults is not fully  

understood [48]. Nc886 was considered a 

vtRNA mainly because of the sequence 

similarities to known vtRNAs, but has not 

been shown to interact with the vault 

complex or any of its components. 

Ultracentrifugation assays put known 

vtRNA1-1 in the precipitated fraction 

where the vault complex is found, while 

nc886 was found exclusively in the soluble fraction.  In addition, in-situ hybridization has 

shown that nc886 is found throughout the cytoplasm while vtRNA1-1 is concentrated in 

the perinuclear area. Thus, there are few indications that nc886 is a vault RNA [44].  

 

Nc886 is significantly downregulated in a number of cancer cell lines, among others lung -, 

breast- and cervix cancer cell lines. On the other hand there are a few cancer cell lines  

where nc886 is normally expressed. Altogether it seems like nc886 might work as a tumor 

suppressor [44]. Nc886 has been shown to inhibit the enzymatic activity of protein kinase 

R (PKR), which is involved in viral response [44, 49]. More on the interaction of nc886 and 

PKR is found in section II2.3.5.  

  

FIGURE II2.2 SUBUNIT OF VAULT COMPLEX 

Two identical subunits create a barrel by 

dimerizing through the wide bottom. Vault 

complexes include bound vtRNA. Figure is 

processed in Pymol. PDB ID: 2ZUO, 2ZV4, 2ZV5. 
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II2.3 PROTEIN KINASE R 

Interferon-induced, double-stranded RNA-activated protein kinase (or simply protein 

kinase R, PKR) is involved in many signaling pathways of the cell, where one of  the most 

important is its ability to shut down the translation machinery in response to viral 

infection. The binding of dsRNA of many different origins, for example viral, activates PKR. 

Upon activation PKR is autophosphorylated and then initiates the phosphorylation of the  

eukaryotic initiation factor 2 (eIF2) by PKR. The phosphorylated eIF2  leads to inhibition of  

translation, and no viral proteins can be synthesized. Thus, the cell hinders viral infection 

via translation termination [7]. This and other cellular pathways where PKR is involved are 

described below.  

 

II2.3.1 PHYSICAL INTERACTION OF PKR AND DOUBLE STRANDED RNA 

Human PKR is a 68 kDa protein consisting of one C-terminally located kinase catalytic 

domain and one regulatory domain located in the N-terminal. The regulatory dsRNA-

binding domain (dsRBD) contains two dsRNA-binding motifs (dsRBMs) joined by a highly 

flexible linker region (Fig. II2.3). The dsRBMs exhibits ~50% sequence homology with very 

similar tertiary structures consisting of the same α-β-β-β-α fold. The stabilization of the 

fold is most likely due to its conserved hydrophobic core. The dsRBMs are found in many 

dsRNA-binding proteins, but the number of copies of the motifs differs. This is believed to 

be the reason for the dsRNA-binding proteins specificities and affinities for different 

dsRNAs [50].  

FIGURE II2.3 STRUCTURE OF THE dsRNA-BINDING DOMAIN OF PKR The dsRBD contains two 

dsRNA-binding motifs joined by a linker region. Figure is processed in Pymol. PDB ID: 1QU6.  
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The dsRBMs have slightly different affinity for dsRNA, where the dsRBM1 located closer to 

the N-terminal has higher affinity. The RNA binding site itself is found on the surface, 

where a cluster of residues has been shown to be important for binding, differing 

somewhat between the two motifs. Since the RNA-protein binding takes place at the 

surface this suggests a positively charged interface. A 30 bp dsRNA is sufficient for binding 

by the dsRBD, where the actual binding to the dsRBMs is about 11 bp [ 51]. The minimum 

length of the RNA strand for PKR binding explains why shorter RNAs like siRNA and miRNA 

fails to activate PKR. Longer RNAs (>80 bp) improves PKR binding [7]. 

 

A proposed mechanism is that the dsRBMs wrap around the RNA duplex, with a bulky 

phenylalanine fitting into the major groove. Since PKR binds exclusively to dsRNA (and not 

DNA or RNA/DNA) some hydrogen bonding to the 2’-OH group probably takes place [50]. 

The dsRBM2 binds the kinase domain of PKR, keeping the protein inactive. A suggested 

activation mechanism supported by biophysical data is that the flexible dsRBM1 recognize 

and binds dsRNA, introducing a conformational change allowing dsRBM2 to bind to the 

dsRNA as well. This cooperative binding releases the restraint of the dsRBM1 on the kinase 

domain. The unrestrained kinase domain is now in a more relaxed conformation where it is 

free to homodimerize, which is required for activation. In the dimerization complex both 

dsRBM1s from each PKR molecule binds the same dsRNA [51].  

 

II2.3.2 RECRUITMENT OF PKR BY INTERFERONS 

Interferons (IFNs) are auto- and paracrine proteins expressed in host cells in response to 

virus, bacteria and other pathogens. IFNs are also involved in cell death and proliferation 

both in normal and tumor cells. In a viral infection the exogenous dsRNA is recognized and 

bound to host cell receptors, like toll-like receptor 3 (TLR3) and several other receptors. 

The binding of dsRNA to TLR3 activates transcription factors that bind to and induce 

expression of IFN genes [52, 53]. There are two types of IFNs, classified by homology and 

receptor specificity. The type I IFNs contains several members, where IFNα and IFNβ are 

typically expressed in viral infections. IFNα is mainly expressed by leukocytes while 

fibroblasts express high levels of IFNβ. However, almost all cells express low levels of the 

type I IFNs. Type II IFNs contains the single member IFNγ, which mainly is expressed by T 

and NK cells [54]. The IFN proteins bind to specific receptors, which activate signal 

transducer and activator of transcription (STAT) complexes. The activation of STAT 

initiates signaling cascades in the cell, whereas the most described may be the JAK-STAT 
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pathway resulting in the induction of interferon-stimulated genes (ISGs). Upon stimulation 

by a specific IFN cells express different ISGs characteristic for that IFN. This is called the 

interferon gene signature. It is the ISGs that carry out the antiviral actions in the cell, 

involved in many different functions like blocking protein synthesis, degrading RNA and 

further induction of IFNs. Belonging to the ISGs is PKR [52, 53].  

 

II2.3.3 PKR SHUTS DOWN TRANSLATION BY PHOSPHORYLATION OF EIF2 

Eukaryotic initiation factor 2 (eIF2) is a heterotrimeric G protein necessary for the 

translation process. In its active form, eIF2 brings Met-tRNA to the 40S subunit of the 

ribosome, initiating translation. The hydrolysis of an eIF2-bound GTP molecule by eIF5 

displaces eIF2, which is ultimately recycled. Inactive eIF2 has GDP bound, which must be 

exchanged for GTP to activate the protein. This is mediated by eIF2 subunit β (eIF2β). 

Regulation of this process takes place by phosphorylation of Ser51 on the eIF2α subunit, 

which turns the eIF2 protein into a competitive inhibitor of the β subunit. This will lead to 

translation inhibition, possibly because the β subunit fails to associate with the eIF2 

complex [55].  

 

 

FIGURE II2.4 STRUCTURE OF PKR IN COMPLEX WITH eIF2α The catalytic kinase domains of a 

PKR dimer (red) in complex with the α subunit of eIF2. The kinase domain has a typical protein 

kinase structure with a smaller N lobe (top) and a smaller C lobe (bottom) connected by a short 

linker. It is mainly the N lobes that create the dimer, allowing the C lobes to in teract with eIF2α 
[56]. Figure is processed in Pymol. PDB ID: 2A1A.  
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Phosphorylation of eIF2α Ser51 is carried out by at least four known proteins, including 

PKR. The catalytic domain of PKR binds to eIF2α (Fig. II2.4), which induce a local unfolding 

of the eIF2α Ser51 site, allowing it to interact with the catalytic domain of PKR. For this 

interaction dimerization of PKR is necessary [57]. PKR is localized in close proximity to 

ribosomes, and several ribosomal proteins have been shown to interact with PKR. If these 

interactions just provide a ribosomal anchoring for PKR or have other regulatory functions 

is yet unclear [7].  

 

II2.3.4 PKR IN HIV INFECTION - VIRAL EVADING STRATEGIES 

Viruses have evolved different strategies to evade the PKR machinery, including inhibition 

of PKR activation or dimerization, degrading PKR and activation of antagonist 

phosphatases. The viral PKR inhibitors are expressed immediately upon infection to allow 

translation of viral proteins. The most common and pathogenic form of HIV, subtype 1 

(HIV-1), uses the transcriptional transactivator Tat to evade PKR activation. Tat is encoded 

by the viral genome, and only a small number of transcripts are needed to produce Tat. The 

14 kDa protein is a substrate homologue of eIF2α, competing for PKR kinase ac tivity. PKR 

phosphorylates Tat at three residues. The competition between Tat and eIF2α slows down 

the phosphorylation process of eIF2α, thereby allowing protein synthesis to proceed [7, 

57]. 

 

Retrovirus contains long terminal repeats (LTRs) that are necessary for incorporation of  

their RNA into the host genome. These LTRs become transcriptional units, where the 5'  

region of the LTR serves as a promoter for the HIV-1 genome. This forms the 

transactivation-responsive region (TAR) RNA, a stem-loop structure with bulges found in 

the 5' end of all HIV-1 mRNA [58]. The Tat protein initiates translation by binding the TAR 

RNA, which greatly increase replication of viral genes. Phosphorylation of Tat increase TAR 

RNA binding, allowing increased translation and less phosphorylation of eIF2α by PKR [7, 

57]. The TAR RNA itself also binds to PKR. The TAR RNA is 23 bp, which is enough to bind 

one PKR molecule. However, for activation of PKR dimerization of TAR RNA is needed. The 

elongation of the TAR RNA by dimerization promotes binding of two PKR molecules, 

bringing the kinase domains close enough to allow activation [59]. Therefore, TAR RNA 

acts as an activator of PKR at early stages of infection. Although at later stages high 

intracellular levels saturate binding of individual PKR dsRBMs actually preventing 

dimerization and causing an inhibition of PKR activation. 
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II2.3.5 PACT AND TRBP REGULATE PKR  

Several proteins interact with and affect PKR activation. Two of these molecules are the 

interferon-inducible double stranded RNA-dependent protein kinase activator A (PACT) 

and the HIV-1 transactivation response RNA binding protein (TRBP). TRBP is found in two 

variants (TRBP1 and TRBP2) in the cell, where TRBP2 has an additional 21 amino acids in 

the N-terminal end. This difference does not seem to affect the function. Both proteins bind 

TAR RNA and increase the expression of the HIV-1 LTR. TRBP contains two dsRBDs and the 

C-terminally located Medipal domain that facilitate protein-protein interactions. The 

Medipal domain binds for example Dicer and PACT. TRBP can heterodimerize with PKR 

through the dsRBDs, which inhibits PKR activation (PKR homodimerization is needed for 

activation) [60, 61].  

 

The cellular protein PACT activates PKR in stress responses like serum starvation or 

peroxide exposure. PACT has three dsRBDs, where the C-terminally located dsRBD 

interacts weakly with and activates the PKR kinase domain [7, 62]. The two other N-

terminally located domains interact with the N-terminal of PKR, which seems necessary for 

proper PKR activation [7]. PACT exhibits 40% sequence similarity to TRBP, and does also 

contain a Medipal domain. Both proteins are involved in the RNA interference pathway. 

PACT and TRBP interact through the dsRBDs and their respective Medipal domain. Because 

of their similar sequence and, at times, similar function, it seems likely that the interplay 

between the two proteins is important in regulation of PKR. Indeed, PACT is only allowed 

to activate PKR at low concentrations of TRBP, when the PACT-TRBP complex dissociates 

[61].  

 

II2.3.6 PKR ACTIVATION IS INHIBITED BY NC886 

Upon discovery of nc886 the biological roles of the ncRNA were investigated. This was 

achieved by constructing antisense oligonucleotides that bind to and inhibit  the function of  

nc886. In these experiments a clear correlation was observed between decreased levels of  

nc886 and decreased cell proliferation in HeLa and HCT116 cells. Mass spectrometry 

revealed 49 proteins interacting with nc886, whereas PKR was one of them. The 

interaction was confirmed using immunoblotting. Upon nc886 depletion PKR was more 

readily activated, phosphorylating eIF2a, leading to decreased protein synthesis and thus 

decreased cell proliferation [44, 63]. The relationship between PKR and nc886 has been 

implied to act as a tumor suppressor. Nc886 has been found downregulated in cancer, 

http://www.ncbi.nlm.nih.gov/protein/NP_003681.1


II2 | THEORY 

 

48 

which activates PKR and increase apoptosis in neoplastic cells [74]. Biophysical studies 

have concluded that both dsRNA-binding motifs (dsRBMs) in PKR are necessary for nc886 

binding. Unstable interactions may take place between nc886 and a single dsRBM, but it is 

not sufficient for binding. The central region of nc886 binds PKR, where mutations of  

nucleotides 46-56 weaken binding significantly. The affinity of PKR to nc886 is comparable 

to that of dsRNA, with similar KD  values. Thus, nc886 is a potent competitor to viral (and 

other) dsRNA [49].  

 

II2.3.7 INTERFERON γ SELF-REGULATES THROUGH PKR 

Interferon γ (IFNγ) is a cytokine involved in 

responses to virus and other pathogens, triggering 

both the innate and adaptive immune system. IFNγ is 

especially important in the recruitment of 

macrophages, resulting in direct antimicrobial and 

antitumor responses as well as upregulation of 

immune-associated pathways. Enhanced activity of 

NKT cells and regulation of B cell function is two 

more important functions of IFNγ [54]. IFNγ mRNA 

has been shown to interact with PKR [64, 65]. In a 

immune response high amounts of IFNγ are 

expressed, recruiting interferon-stimulated genes 

like PKR. This leads to high concentrations of both 

PKR and IFNγ in the cell. To inhibit this cascade, the 

IFNγ mRNA can bind directly to PKR. These induce 

activation of PKR and inhibition of translation, thus 

decreased IFNγ expression [64]. To activate PKR the 

IFNγ mRNA forms a pseudoknot in its 5' end. There is 

evidence that the pseudoknot can alternate between 

structures that promotes the ability  to function as 

either activator of PKR or making the ORF available 

for translation [65].   

FIGURE II2.5 IFNγ PSEUDOKNOT 

The pseudoknot structures IFNγ is 

implied to alternate between. Figure 

is adapted from  [65]. 
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II2.4 EXPERIMENTAL ASSAYS 

II2.4.1 NORTHERN AND WESTERN BLOT 

The northern and western blot techniques are used to identify and in some cases quantify 

RNA (northern blot) or proteins (western blot). In both techniques the molecule of interest 

is detected by a probe that interacts with the specific RNA or protein respectively. The 

sample is first resolved by agarose or polyacrylamide gel electrophoresis and subsequently 

transferred to a membrane by the use of an electric current. The membranes are most 

commonly made of nylon (northern blot), nitrocellulose or polyvinylidene fluoride (PVDF) 

(western blot). Following transfer, the membrane is blocked to prevent nonspecific 

interactions. The blocking solution used is most often bovine serum albumin (BSA) or non-

fat dry milk in western blot. In northern blot the blocking step is called prehybridization 

and commercially available blocking buffers are commonly used [66, 67].   

 

After blocking, the western blot membrane is incubated in a primary monoclonal antibody 

solution that targets the protein of interest. A secondary polyclonal antibody is used to 

enhance the detection signal, since several secondary probes binds one primary. The 

secondary probe is a modified antibody linked to biotin or directly to a reporter enzyme, 

like horseradish peroxidase (HRP). Biotin is detected by the protein streptavidin, which is 

covalently conjugated to HRP. HRP cleaves chemiluminescent reagents, creating detectable 

luminescence. There is several other detection methods used in western blot, for example 

fluorescence and radioactivity [66].  

 

In northern blot the RNA is detected by hybridization probes complementary to parts of or 

to the whole strand [67]. Locked nucleic acid (LNA) probes can be used to increase 

sensitivity and specificity. Regular RNA or DNA oligonucleotide probes can be a problem 

when working with short RNAs, since shorter sequences are more likely to be found within 

multiple RNA molecules. LNAs are designed to have increased stability by adding a 

methylene bridge to the RNA ribose backbone, connecting the 2' oxygen and 4' carbon. The 

increased stability allows the probe to hybridize under higher temperatures, where 

mismatched bindings will  denature.  Short LNA probes can therefore distinguish between 

target sequences differing by only a single nucleotide. The probes used are labeled with a 

detection moiety, for example fluorescent labels which are directly measurable. To enhance 

the signal labeling with biotin or the steroid digoxigenin (DIG) can be used, with the same 

detection principle as in western blot [68].   
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II2.4.2 ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) 

ELISA is a sensitive technique used to detect and quantify proteins. There are  several 

different applications of ELISA all following the same principle. The protein of interest is 

immobilized on a surface (microtiter plate) by a capture antibody. A monoclonal antibody 

targeting the immobilized protein is added which is linked to biotin or a reporter enzyme. 

If the detection antibody is not directly labeled, an enzyme-linked secondary detection 

agent can be used, for example HRP-linked streptavidin. The enzyme converts an added 

colorless chromophore substrate, generating spectrophotometrically measurable color that 

will be proportional to the amount of immobilized protein. This makes ELISA an excellent 

method to quantify proteins [69].  

 

II2.4.3 MONOCLONAL CELLS 

Monoclonal cells are cells derived from a single cell, thus should all dau ghter cells be 

identical. Dilution cloning are commonly used to set up monoclonal cells, where cells are 

seeded at low density and diluted in a 96-well plate until there only is one single cell per 

well. Usually a selection media is used to control that only desired clones are allowed to be 

cultivated [70]. In this study two T cell lines were used for monoclonal setup.  PM1 cells are 

derived from the leukemia cell line HuT-78 and are commonly used for studying HIV 

because of  their expression of CD4 and CCR5, making them susceptible to many different 

HIV strains [71, 72]. Jurkat cells are also from leukemia origin and have been used since the 

mid-80's. Jurkat cells express high levels of CD3, and are used for HIV infection studies [73]. 

Both PM1 and Jurkat express IL2 [72, 73]. PM1 cells have a more activated phenotype than 

Jurkat cells resembling a resting T cell phenotype. 

 

II2.4.4 QUANTITATIVE REAL TIME PCR (qPCR) 

In the RT-PCR step the oligo-dTs and random hexamers are used as primers. Oligo-dTs are 

short sequences of deoxy-thymine nucleotides amplifying all RNA with polyA tails. Random 

hexamers are randomly synthesized oligonucleotides. Since ncRNAs are missing the polyA 

moiety they will not be amplified if only oligo-dTs are used. The qPCR method is described 

in section I2.5.2 of this thesis. 
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II3 MATERIALS & METHODS 

II3.1 IFNγ SECRETION IN HEK-293 CELLS 

IFNγ selfregulates expression through its mRNA pseudoknot that binds PKR. The binding of  

the pseudoknot may be affected by nc886 expression, thus not allowing IFNγ expression to 

decrease. This was tested by transfecting HEK-293 cells with vectors containing IFNγ and 

nc886 respectively. The supernatant was taken off and the IFNγ expression measured by 

ELISA.   

 

II3.1.1 VECTOR PREPARATION 

Four vectors were used in the experiment, the pcDNA3 vector (Invitrogen) with or without 

IFNγ (accession number NM_000619) and the pRNA-U6.1/Neo (Genscript) with or without 

nc886 insert (accession number NR_030583). The pRNA-U6.1/Neo vector is a siRNA vector 

with a U6 promoter, which is controlled by RNA Polymerase III. This is used for most non-

coding RNAs, and termination of transcription takes place at a short poly-T-stretch (5-6 

nucleotides). The nc886 DNA was purchased from DNA2.0. All vectors were kindly 

provided by Dr. Ben C. King.  

 

II3.1.2 TRANSFECTIONS OF IFNγ AND NC886 VECTORS INTO HEK-293 CELLS 

Human embryonic kidney 293 (HEK-293) cells were cultivated in HyClone RPMI 1640 

medium (Thermo Scientific), with 10% FCS and 1% penicillin/streptomycin sulphate (P/S). 

The cells were grown at 37 °C in a humidified incubator with 5 % CO2. The cells were 

plated at 105 cells/ well in a 24-well plate and left for ~24 hours at 37 °C to adhere to the 

plate.  

 

The vectors were mixed with Gibco Opti-MEM Reduced Serum Media (Invitrogen) to a 

volume of 50 μl and incubated in room temperature for 5 minutes. Subsequently samples 

were mixed with 2 μl of Lipofectamine 2000 Transfection Reagent (Invitrogen) in 48 μl of  

Gibco Opti-MEM Reduced Serum Media to a total volume of 100 μl and incubated in room 

temperature for 20 minutes. 400 μl of 37°C antibiotic-free Hyclone RPMI 1640 medium 

with 10% FCS was added. The old media was removed and replaced with the new sample 

mixtures. The cells were incubated in 37°C for 6 hours, then the medium was exchanged for 
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Hyclone RPMI 1640 medium with 10% FCS and P/S and incubated in 37°C for 18 hours. 

The samples contained 400 ng of pcDNA3 vector either with or without IFNγ-encoding 

insert, and 200 ng of pRNA-U6.1/Neo with or without nc886. A nontransfected control 

sample was also added.  

 

II3.1.3 ELISA 

The expression of IFNγ was measured using ELISA. The Human IFNγ Standard ELISA 

Development Kit (Peprotech) was used according to manufacturer’s recommendations. The 

kit utilizes biotin-labeled antibodies that are conjugated to Streptavidin-HRP when added. 

The HRP substrate chromophore was ODP (o-phenylenediamine) (Dako). A more detailed 

description of ELISA is found in section II2.4.2.  

 

Samples were added 24 hours after transfection by taking the supernatant of the HEK-293 

cells and using directly in the ELISA. An IFNγ internal standard that was supplied with the 

kit was used. The absorbance was measured spectrophotometrically  at 490 nm. Results 

were calculated using GraphPad Prism (GraphPad Software), non-linear regression (curve 

fit), dose-response (inhibition), log (inhibitor) vs. response – variable slope (four 

parameters). The mean from each sample from each experiment was used when analyzing 

the statistics. All samples were normalized; where the pcDNA3 vector with IFNγ but 

without added pRNA-U6.1/Neo containing nc886 insert was normalized to 1.    
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II3.2 NC886 EXPRESSION IN PM1 AND JURKAT MONOCLONAL CELLS 

Monoclonal PM1 and Jurkat T cells, which were supposed to overexpress nc886, were set 

up. The overexpression of nc886 was tested by northern blot, which are descri bed below.  

Potential overexpressing clones were compared to wildtype (wt) and empty vector clones. 

To be able to compare expression of nc886 in the cells blots of U6 snRNA was 

simultaneously performed. U6 snRNA have similar expression in these cell types. More 

details on monoclonal cells are found in section II2.4.3.  

 

II3.2.1 PURIFICATION OF TOTAL RNA FROM JURKAT AND PM1 CELLS 

Jurkat and PM1 wt and monoclonal cells were cultivated in HyClone RPMI 1640 medium 

(Thermo Scientific), with 10% FCS and 1% P/S. The medium was supplemented with 0.5 

mg/ml G418 (Invitrogen). The cells were grown at 37 °C in a humidified incubator with 5 

% CO2. The RNA from the cells was purified using the miRNeasy kit (QIAGEN) according to 

manufacturer’s recommendations. More details on RNA purification is found in section 

I3.5.1.  

 

II3.2.2 SEPARATION OF RNA USING UREA-PAGE 

RNA samples were separated using polyacrylamide gel electrophoresis (PAGE) with 15% 

polyacrylamide and 7 M urea. The high urea concentration allows denaturation of  

secondary structures in RNA (and DNA). Samples of equal RNA concentration was 

denatured by heating at 95°C for 5 minutes in a formamide solution (deionized formamide 

with 18 mM EDTA and bromophenol blue). The samples were chilled on ice and loaded 

onto the gel. Until samples had entered the gel the voltage was set on 100 and subsequently 

increased to 200 V. The gel was run in TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM 

EDTA, pH 8.0).  

 

II3.2.3 NORTHERN BLOT OF NC886 

After the urea-PAGE the gel was taken out and a blot sandwich was made consisting of  

three filter papers, a Brightstar-plus positively charged nylon membrane (Invitrogen), the 

gel and three additional filter papers. The transfer was performed at 200 mA for 45 

minutes, and the membrane was subsequently washed in TBE and dried. The RNA was 
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immobilized on the membrane with UV light at a wavelength of 256 nm using a 

Stratachamber crosslinking oven, 120 J/cm2 total for 30 seconds.  

 

Prehybridization in 10 ml UltraHyb Ultrasensitive Hybridization Buffer (Ambion) was 

performed at 50 °C for 30 min. The RNA was then hybridized in the same buffer containing 

1 nM double-DIG-labeled LNA probe (Exiqon) at 50 °C overnight. The membrane was 

washed two times in 5 ml of 0.1x saline sodium citrate (SSC) buffer (15 mM NaCl, 1.5 mM 

trisodium citrate, pH 7.0) with 0.1% sodium dodecyl sulfate (SDS) at 50 °C. DIG Wash and 

Block Buffer set (Roche Applied Science) was subsequently used, washing the membrane in 

5 ml DIG Wash for 5 minutes at 37 °C followed by incubation in DIG Blocking Solution for 1 

hour, 37 °C. The membrane was incubated in 5 ml anti-DIG peroxidase-conjugated Fab'  

fragments (Roche Applied Sience) in DIG Blocking Buffer (1:1000) for 30 minutes in RT. 

The membrane was washed three times in DIG Wash to a total of 45 minutes, RT, and 

equilibrated in DIG Detection Buffer for 5 minutes, RT. Luminol was added and the result 

was visualized using ChemiDoc MP Imaging System with Image Lab software (Bio-Rad). 

The results were interpreted using densitometry.   
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II3.3 PKR ACTIVATION IN PM1 AND JURKAT MONOCLONAL CELLS 

To investigate PKR activation in PM1 and Jurkat monoclonal cells overexpressing nc886 

western blot was utilized. Known activators of PKR is HIV TAR RNA (section II2.3.4) and 

polyinosinic:polycytidylic acid (polyI:C), which is a synthetic dsRNA. Both were used in 

these experiments. PKR autophosphorylates upon activation (section II2.3), which can be 

used to identify activated PKR only by using antibodies binding to phosphorylated PKR 

only. Normalization of samples was achieved by blotting for total PKR as well, and using the 

ratio of phosphorylated PKR to total PKR.  

 

II3.3.1 PROTEIN SEPARATION BY SDS-PAGE 

Protein separation was performed using SDS-PAGE, which is a widely used method 

separating proteins on the base of electrophoretic mobility, i.e. the length of the protein. 

SDS is used to denature the protein, and provides the protein with a negative charge 

require for movement through the gel. Samples are loaded onto acrylamide gels and an 

electric current is applied, allowing the negatively charged proteins to migrate towards the 

anode. Small proteins encounter less resistance in the acrylamide polymer network, and 

hence move faster.   

 

Jurkat and PM1 wt and monoclonal cells were cultivated in HyClone RPMI 1640 medium 

(Thermo Scientific), with 10% FCS and 1% P/S. The medium was supplemented with 0.5 

mg/ml G418 (Invitrogen). The cells were grown at 37 °C in a humidified incubator with 5 

% CO2. Cells were harvested and centrifuged for 5 minutes at 340 x g. The supernatant was 

discarded and lysis buffer (10 mM Tris, 50 mM KCl, 2 mM MgCl2, 1% Tx100, 1 mM 

Dithiothreitol (DTT), pH 7.5) with HALT phosphatase inhibitor (Thermo Scientific) was 

added. The cells were lysed on ice for 5 minutes followed by centrifugation at 4°C, 10 000 

rpm, 5 minutes. Lysates was mixed with T4 Ligase Kinase Buffer (Invitrogen) containing 

polyI:C or HIV-TAR, depending on experiment. The final concentrations of polyI:C were 0-1 

ng/ml and of HIV-TAR 0-500 ng/μl. The samples were incubated at 30°C for 10 minutes, 

mixed with 3x SDS loading buffer (77% Laemmli buffer (87.5 mM Tris pH 6.8, 6% sodium 

dodecylsulfate (SDS), 30% glycerol, 15% -mercaptoethanol, 0.015% bromophenol blue), 

19% SDS (20%), 4% 0.5M DTT) and boiled at 95°C for 10 minutes. The samples were 

loaded onto a 10 % polyacrylamide gel and ran at 100 V.  
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II3.3.2 WESTERN BLOT ANALYSIS OF PHOSPHORYLATED AND TOTAL PKR 

After SDS-PAGE the gels were blotted on a PVDF membrane using the Trans-Blot Turbo 

Transfer System (Bio-Rad) according to manufacturer’s recommendations. Subsequently 

the membrane was incubated in Ponceau solution (3% trichloroacetic acid, 3% sulfosalicyl 

acid, 0.2% Ponceau S) to visualize the ladder. The Ponceau solution was washed away 

using immunowash (50 mM TrisHCl, 150 mM NaCl, 0.1% Tween-20, pH 8.0). The 

membrane was blocked in 10 ml BSA quench (immunowash with 5% BSA and  0.02% 

azide) for 30 minutes followed by addition of rabbit monoclonal primary antibodies against 

human phosphorylated or total PKR (Abcam), 1:1000 dissolved in BSA quench 

(phosphorylated PKR) or fish gelatin quench (immunowash with 3 % fish gelatin and 0.02 

% azide). The membrane was incubated in primary antibody solution for 1 hour in RT or 

overnight at 4° C and subsequently washed in immunowash three times. HRP-labeled 

polyclonal goat anti-mouse secondary antibody (DAKO) dissolved 1:1000 in fish gelatin 

quench was added, and the membrane was incubated for 1 hour. After washing three times 

with immunowash luminol was added and the result was visualized using ChemiDoc MP 

Imaging System with Image Lab software (Bio-Rad). The results were interpreted using 

densiometry. All steps above were undertaken in RT under agitation, unless other is stated. 

Visualization of phosphorylated and total PKR was performed in two steps, where the 

membrane was first incubated in the primary antibody for phosphorylated PKR. After 

visualization the membrane was stripped of antibodies in a 0.4 M NaOH solution, washed in 

immunowash and incubated in fish gelatin quench for 30 minutes. The primary antibody 

for total PKR was then added and the total PKR visualized.  

 

II3.3.3 PM1 CLONES IN HIV INFECTION 

PKR plays a role in HIV infection (section II2.3.4). As part of this project the PM1 clones 

tested for nc886 overexpression and subsequently PKR activation were also tested for HIV 

infection. Cells were sent to Dr. Marianne Jansson at the department of medical 

microbiology at Lund University. Cells were infected with three different concentrations of 

HIV-1 strain R5 or R5X4. HIV-1 virus uses the receptor CD4 for infection, with strain 

specificity for a coreceptor.  The R5 strain uses CCR5 as coreceptor while the R5X4 strain 

can use both the CCR5 and the CXCR4 receptor as coreceptor. The R5 strain usually 

establish infection and the R5X4 strains emerge later in infection [HIV].  PM1 cells express 

the CCR5 receptor, but Jurkat cells do not. Infected cells were harvested at day 5 and the 

concentration of capsid protein p24 was measured. This work was done by collaborators. 
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II3.4 qPCR OF PM1 WT AND JURKAT WT 

To get an indication of what factors might affect PKR activation a qPCR was run with 

several genes whose products are known to interact with PKR. The genes checked for were 

endogenous nc886 in PM1 wt and Jurkat wt cells, the PKR inhibitor TRBP and the PKR 

activator PACT. More details about these genes can be found in section II2.3.4.  

 

II3.4.1 PURIFICATION OF TOTAL RNA 

Jurkat and PM1 wt and monoclonal cells were cultivated in HyClone RPMI 1640 medium 

(Thermo Scientific), with 10% FCS and 1% P/S. The medium was supplemented with 0.5 

mg/ml G418 (Invitrogen). The cells were grown at 37 °C in a humidified incubator with 5 

% CO2. The RNA from the cells was purified using the miRNeasy kit (QIAGEN) according to 

manufacturer’s recommendations. More details on RNA purification is found in section 

I3.5.1.  

 

II3.4.2 RT-PCR AND qPCR 

To create cDNA for the qPCR measurement a reverse transcription PCR was performed. 

Random hexamer and oligo-dT primers was utilized to make sure all RNA was transcribed 

into cDNA, with Superscript III Reverse Transcriptase (all from Invitrogen). cDNA (10 ng 

per well) was used as template for amplification in a qPCR reaction in a 384-well plate. 

Primer and probe sets and qPCR master mix reagent was purchased from Applied 

Biosystems. Control reference genes used included beta-2 microglobulin, cyclophilin A, 

TATA-box binding protein, and HPRT1. The reactions were run according to 

manufacturer’s recommendations and performed using a HT7900 instrument (Applied 

Biosystems). Relative gene expression was calculated using the ∆∆CT method.  
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II4 RESULTS 

II4.1 IFNγ SECRETION IN HEK-293 CELLS 

To study the effect of nc886 on 

IFNγ expression IFNγ mRNA 

and nc886 was cloned into two 

different vectors that 

subsequently was transfected 

into HEK-293 cells. The 

expression of IFNγ was 

quantified using ELISA. Cells 

cotransfected with the empty 

pcDNA3 vector (without IFNγ 

DNA) and the empty or nc886-

containing pRNA-U6.1/Neo 

vectors expressed non-

detectable levels of IFNγ (data 

not shown). Expression of IFNγ 

was observed in cells 

containing the pcDNA3/IFNγ 

vectors, but there was no 

significant difference between 

cells cotransfected with the empty or nc886-containing pRNA-U6.1/Neo vector (Fig. II.4.1). 

Results were calculated using GraphPad Prism (GraphPad Software), where the IFNγ   

expression from all experiments (n=4) was normalized. The difference between cells 

transfected with the empty or nc886-containing pRNA-U6.1/Neo vectors were analyzed 

using two-tailed t test.   

FIGURE II4.1. EFFECT OF nc886 ON IFNγ SECRETION. 

Columns show cells containing IFNγ-coding vectors and 

pRNA-U6.1/Neo vectors with or without nc886. Data is 

presented as mean ± s.d, n=4. Results were analyzed in 

GraphPad Prism (GraphPad Software). 
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II4.2 NC886 EXPRESSION IN PM1 AND JURKAT MONOCLONAL CELLS 

PM1 and Jurkat T cells transfected with pRNA-U6.1/Neo vector with the nc886 insert were 

set up by limiting dilution to create stable nc886-overexpressing clones. Some cells were 

transfected with the pRNA-U6.1/Neo empty vector alone for control (clones E4, E5 and E6). 

RNA was purified from the cells and nc886 expression was controlled by northern blot. To 

have comparable results nc886 expression was calculated as a ratio to U6 snRNA, which 

has similar expression in both Jurkat and PM1 cells. Jurkat clones were previously tested 

with Jurkat clone 6 (J6) clearly overexpressing (data not shown). Therefore, the PM1 clones 

was compared to the J6 clone.  

 

 

FIGURE II4.2 NORTHERN BLOT ANALYSIS OF POTENTIAL nc886-OVEREXPRESSING PM1 

CLONES The J6 clone is clearly overexpressing, and no PM1 clone express as high levels of nc886 at 

the J6 clone. However, PM1 clone A5 does clearly overexpress nc886. E4, E5 and E6 are all clones 

transfected with empty pRNA-U6.1/Neo vectors, thus should not express nc886. 

 

 

The experiment was repeated three times for most clones; with each repeat showing the 

same overexpressing profile in PM1 clone A5. High backgrounds in blots made 

densitometry calculations difficult, and the densitometry results are therefore mean results 

from two repeats. For J6 the nc886:U6 ratio was about 1.51. The clone A5 value was 1.23. 

All other clones had ratios below 1. E4, E5 and E6 were cells transfected with empty pRNA-

U6.1/Neo vector, and should therefore not express any nc886. 
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II4.3 PKR ACTIVATION IN PM1 AND JURKAT MONOCLONAL CELLS 

II4.3.1 PKR ACTIVATION EVALUATED BY WESTERN BLOT 

In the northern blots PM1 and Jurkat clones overexpressing nc886 was found. These were 

PM1 clone A5 and Jurkat clone 6, which were used for PKR activation studies by western 

blot. Upon activation (by dsRNA, for example HIV TAR or polyI:C) PKR becomes 

autophosphorylated. Antibodies targeting phosphorylated PKR (pPKR) is used to measure 

activated PKR only. The densitometry values of pPKR are compared to total PKR (tPKR) 

values in the same sample. This gives a pPKR/tPKR ratio, where a higher value indicates 

more phosphorylation.  

 

To begin with the PM1 clone A5 was compared to an empty vector PM1 clone (E5) (Fig. 

II4.3A), which had no nc886 expression as shown in the northern blots (Fig. II4.2). Jurkat 

clone 6 was compared to Jurkat wt (Fig. II4.3B), for the same reasons. The result was 

surprising. In the PM1 blots the nc886-overexpressing clone A5 was clearly not activated, 

but the E5 clone was (densitometry results in Fig. II4.3C). This was expected since nc886 

was believed to inhibit PKR activation. In the Jurkat cell the result was inversed, with the 

nc886-overexpressing clone 6 being much more activated than the wt. Thus, no inhibition 

of PKR by nc886 was observed in this nc886-overexpressing Jurkat clone. The activation 

was performed using the synthetic dsRNA polyI:C, which is a potent PKR activator. Results 

were interpreted using 2-way ANOVA with Bonferroni multiple comparison in GraphPad 

Prism (GraphPad Software).  

 

Activation of  PKR by HIV TAR in PM1 clones A5 and E5 was also performed (Fig II4.4). The 

activation pattern was the same as in the experiments with polyI:C as an activator, with 

increasing concentrations of dsRNA showing higher PKR activation in E5 clones but not in 

nc886 overexpressing A5 clones.  
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FIGURE II4.3 PKR ACTIVATION IN PM1 AND JURKAT CLONES Activation of PKR was studied 

using western blot with antibodies for phosphorylated PKR (pPKR) and total PKR (tPKR). 

Activation was achieved using the dsRNA analogue poly I:C (p(I:C)). A and B shows western blot 

results of pPKR and tPKR, with PM1 clones E5 and A5 in A and Jurkat wt and clone 6 in B. C and D 

shows densitometry results for the PM1 clones (C) and Jurkat clones (D). Data is presented as 

mean ± s.d. To compare samples a 2-way ANOVA with Bonferroni multiple comparison were used. 

P < 0.001 (***), P < 0.01 (**), P < 0.05 (*). GraphPad Prism (GraphPad Software) was used for data 

analysis. 

FIGURE II4.4 PKR ACTIVATION IN PM1 

CLONES WITH HIV TAR PKR clones E5 

and A5 was activated with HIV TAR. 

Activation was observed in the E5 clones 

but not in the nc886 over-expressing A5 

clones. The pPKR:tPKR ratio are mean 
values, n=3.  
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II4.3.2 II3.3.3 PM1 CLONES IN HIV INFECTION 

PM1 cells were infected with HIV-1 strains R5 and R5X4 and the concentrations of viral 

capsid protein p24 was measured at day 5. Preliminary results were kindly provided by Dr. 

Marianne Jansson (Fig. II4.5). Results clearly  show that nc886-overexpressing clones (A5, 

but also A1) are susceptible to infection by R5X4, but less to R5. What may be more 

interesting is that the cells transfected with the empty pRNA-U6.1/Neo vector (E3 and E4) 

are less susceptible to infection by HIV-1 strain R5X4.  

FIGURE II4.5 PRELIMINARY DATA FROM PM1 CELLS INFECTED WITH R5 AND R5X4 HIV-1 

STRAINS Graphs represent different amounts of virus. Concentration of viral protein p24 was 
measured to estimate viral load. 
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II4.4 qPCR OF PKR-INTERACTING GENES IN PM1 WT AND JURKAT WT 

 

 

Several genes interact with PKR. To evaluate the presence of some of these genes a qPCR 

was run. The genes checked for was endogenous nc886 in PM1 wt and Jurkat wt cells, the 

PKR inhibitor TRBP and the PKR activator PACT. Four reference genes were used, beta-2 

microglobulin, cyclophilin A, TATA-box binding protein, and HPRT1. Cyclophilin A was 

excluded from analysis, since the expression was uneven in the two cell types. The other 

reference genes had similar expression in both cell types. The results were calculated using 

the ∆∆CT-method (described in I2.5.2) with normalization of PM1 cells to 1. Endogenous 

nc886 expression was differing substantially between the two cell types (Fig. II4.6A). PACT 

expression was similar in PM1 wt and Jurkat wt, but TRBP expression was higher in Jurkat 

wt cells (Fig. II4.6B).  

 

 

 

FIGURE II4.6 RELATIVE EXPRESSION OF nc886, PACT AND TRBP IN PM1 WT AND JURKAT 

WT Relative expression was calculated using three reference genes. Endogenous nc886 expression 

is considerably higher in PM1 wt than Jurkat wt. PACT expression is the same for both cell types, 

but TRBP expression is higher in Jurkat wt. Data is represented as mean ± s.d, n=3.  GraphPad 
Prism (GraphPad Software) was used for data analysis. 
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II5 DISCUSSION 

II5.1 IFNγ-SECRETION SEEMS UNAFFECTED BY nc886 

IFNγ regulates its own expression by the binding of a pseudoknot in the  IFNγ mRNA to 

PKR. The pseudoknot has been implied to alter between two states, where one allows 

continued IFNγ translation, whereas the other state inhibits protein synthesis. There is yet 

very little known about the switch from one pseudoknot state to the other. IFNγ is a pro-

inflammatory cytokine and as described in the introduction of this thesis too much 

inflammation is harmful for the organism. Thus it is important that the cytokine production 

can be shut down. The pseudoknot switch is of great import ance when it comes to shutting 

down IFNγ translation, but the determining factors of making the pseudoknot state switch 

needs to be further investigated. The impact of nc886 on IFNγ expression seems to be very 

small, if at all existing in HEK-293 cells. The regulation control of IFNγ is a very important 

process, and the PKR affinity for IFNγ may be significantly higher than for nc886. There is a 

possibility that regulation is different in other cell types, since kidney (HEK-293) cells are 

not the major source of IFNγ in the human body, and thus may not need as tight regulation 

as in for example T and NK cells. We hypothesized that nc886 co-expression would 

increase IFNγ expression by inhibiting the activation of PKR by IFNγ mRNA. However, it 

was noted in separate experiments (not shown) that transfection with empty dsDNA 

plasmid alone caused a certain level of PKR activation. This could be due to cellular stress 

or partial toxicity of the transfection reagent, or other intracellular signaling pathways 

triggered by introduction of cytoplasmic dsDNA. This unanticipated stimulation of PKR 

could negate the effect of nc886 expression from the cotransfected plasmid and therefore 

mask any potential inhibitory effect of nc886. 
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II5.2 IMPACT OF nc886 ON PKR ACTIVATION 

PKR activation is clearly a complex process involving many different proteins. The 

pathways described in this thesis are just a small part of the whole PKR machinery, which 

makes studying PKR complicated. It is however of great importance to understand the 

regulation of PKR since it is critical in the defense against pathogens. Nearly 2.5 million 

people in the world are infected with HIV each year, with 1.8 million deaths in 2010 [75]. 

Studies of PKR may provide key components in finding strategies to limit or even cure viral 

infections.  

 

The results of this thesis work shows that activation of PKR differs between cell lines, even 

in two related T cell lines. The PM1 cells have resemblance to a more activated T cell 

phenotype, which would be the physiological condition of T cells upon viral infection. HIV 

indeed seem to preferably reproduce within activated T cell, where a subset of cells 

expressing the MHCII receptor HLA-DR seems even more susceptible to infection [76, 77]. 

PM1 cells do express HLA-DR. 

 

Jurkat cells have a more resting T cell phenotype. In the PM1 cells overexpression of nc886 

inhibits PKR activation, as shown in other cell types (section II2.3.5). However, it is the 

other way around in the Jurkat cells. Jurkat cells have very little endoge nous nc886 

expression, as seen in the qPCR experiments. This might indicate that nc886 does not have 

a crucial role in Jurkat cells. Although, these results does not explain why nc886 causes 

higher activation of PKR in Jurkat cells.  

 

The qPCR also showed that TRBP expression was higher in Jurkat wt cells, which could be 

an indication of a higher inhibition of PKR. TRBP seems to interact with PACT and turn it 

from an activator into an inhibitor of PKR. It is possible that nc886 also interacts with these 

or other proteins via their dsRNA binding domains and alters their function. Presumably 

there is an additional intracellular factor in Jurkat cells which alters the way in which 

nc886 is able to affect PKR activation. However, PKR interactions with other molecules in 

both regular cell signaling and in viral infection needs to be further investigated.  

 

One hypothesis of nc886 function could be that nc886 works as a threshold molecule for 

PKR, making sure that PKR is not continuously activated from endogenous d sRNA. An 

interruption in this pathway may yield unexpected results.  
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The results from the HIV-1 infection experiments are indeed interesting, where the empty 

vector clones seemed less susceptible to infection. These data are however preliminary, 

which should be taken into consideration. The PM1 wt cells do express some nc886, as 

seen by the qPCR result comparing PM1 and Jurkat cells. The empty vector clones may have 

lower expression than the wt, which would mean that the wt and overexpressing clones 

have a similar phenotype with higher infection of R5X4 virus. At lower titers of virus this 

effect was less obvious. This could be due to less PKR activation leading to decreased 

inhibition of PKR. Studying the results from the R5 strain the effect was not so cle ar. The 

cells may have lost expression of CCR5 during generation and selection of clones. This 

could be easily checked, for example by FACS. 
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II6 FUTURE PROSPECTS 

 THE IFNγ mRNA PSEUDOKNOT SWITCH AND THE ROLE OF PKR HEREIN To be 

able to understand the relationship and interaction between PKR and IFNγ mRNA the 

process where the mRNA secondary structure switch from its active state allowing 

protein synthesis to its inactive state repressing translation needs to be studied. What 

is causing this switch and what are the molecular mechanisms? Is PKR the major 

regulator of IFNγ?  

 

 FUNCTIONAL ROLES OF PKR INTERACTIONS Except for dsRNA there are many 

signaling pathways in the cell PKR is involved in. PKR interacts with the transcription 

factor IRF1, modulates STAT, which is a mediator of  a big number of biological 

functions and activates NF-κB, which is a family of transcription factors controlling 

genes involved in immunity and inflammation [7]. These are just a small selection of 

PKR-interacting proteins. To fully understand PKR these pathways needs to be mapped 

and evaluated for their role in the differing PKR events. From the results in this thesis it 

would be particularly interesting to study PKR inactivation of eIF2-mediated 

translation in PM1 and Jurkat cells. If the pattern is followed nc886-mediated 

inhibition of PKR activation should also lead to inhibition of eIF2α phosphorylation. 

 

 ROLE OF PKR IN HIV-1 INFECTION The role of PKR and its inhibitory molecules in 

viral infections is very interesting. Cellular components (like nc886) are affecting PKR 

and thereby might also have an impact on viral entry and replication in cells.  

Phenotypic effects found in PM1 cells should be investigated, like the potential loss of 

CCR5 receptor during clonal selection.  

 
 CELLULAR FUNCTION OF nc886 There are a lot of questions when it comes to the 

cellular function of nc886. Does nc886 interact with other molecules but PKR? Are 

there pathways regulated by nc886 that we do not yet understand? There is also the 

question of where nc886 should be sorted. It seems like nc886 is neither a pre-miRNA, 

nor a vtRNA. Does a mature nc886 miRNA product exist? To further investigate nc886 

function it would be useful to knockdown the RNA and try to find effects, for example 

impact on PKR activation. 
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II7 CONCLUSION 

The complexity of PKR and its involvement in a range of  cellular function makes it 

challenging to study. Yet it is of great importance, both because of its involvement in the 

defense against pathogens and in the many cellular signaling pathways. The results from 

this thesis indicate that nc886 have an inhibitory effect of PKR in PM1 cells, with an 

activated T cell phenotype. In the more resting T cell phenotype Jurkat cells more nc886 

induce higher PKR activation. The difference in activation pattern in these two cell types 

may give valuable insights in key factors regarding PKR function, viral infection and the 

two in combination. This work also shows the importance of proceeding to investigate 

ncRNA as regulators in cellular function, which still is quite unknown. These types of  

regulatory ncRNAs are probably more important than we can still imagine. 
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CONCLUDING REMARKS 

In this thesis I have studied two non-coding RNAs with different functions. Both ncRNAs 

are found in T cells and have altered expression during T cell activation. One of them, 

microRNA 150, regulates protein expression by complementary binding to target mRNA 

thereby inhibiting translation. The other one, ncRNA 886, affects protein function by direct 

interaction. The presented results are a first step in the further investigation of the function 

of these two ncRNAs, which are examples of the importance and varied mechanisms of  

functions exerted by ncRNAs. Both investigated ncRNAs do most likely have important 

roles in the cellular machinery, but further studies are required to fully understand their 

mechanisms of function. In a larger perspective, it is important to understand the 

contribution to cellular phenotypes as well as processes they might affect, such as 

inflammation and infection.  
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