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ABSTRACT 

TRIM28 is an interferon regulated gene, possibly playing a part in regulating the IFN system 

involved in the defence against pathogens. However, when type I IFNs are overexpressed it 

can lead to autoimmune diseases. We investigate how TRIM28 expression is regulated on 

transcriptional and post-transcriptional levels by exploring transcription factors involved in 

regulating transcription when bound to the promoter region of TRIM28 and by studying 

miRNAs targeting TRIM28 transcripts. We also investigated direct effects of IFN-β on 

proposed regulatory agents in vivo. Our results show that the transcription factor E2F1 and 

miR-582 are strong candidates for TRIM28 expression regulation and that IFN-β do not 

regulate E2F1 or miR-582 in vivo.  
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Popular science summary 

Autoimmune diseases are a group of diseases where the immune system turns against its hosts 

and can result in discomfort, pain or even damage of tissue and/or organs that can threaten 

one’s life or sometimes lead to terminal illness. There is a lot of research around these 

diseases but still many mechanisms remain unknown and there are no treatments repairing the 

malfunctioning immune system. Some of this research is focused on the interferon (IFN) 

system that is involved in the pathogenesis of a number of autoimmune diseases, each 

characterised by an interferon signature. The system is complex and not fully understood and 

researchers are working on revealing mechanisms of various elements of the system. 

TRIM28 encodes a protein able to modulate gene expression of other genes and therefore can 

be an important element in the IFN system. Since our unpublished data proved strongly that 

IFN regulates TRIM28 expression we decided to focus on mechanisms behind its expression. 

In our study we focused on two elements of its transcriptional and post-transcriptional 

regulation: the first in order to find out if there are any transcription factors affecting the 

expression and second to see if the TRIM28 transcript is affected by any miRNAs, post-

transcriptionally. We found that the transcription factor E2F1 and miR-582 are strong 

candidates for the TRIM28 expression regulation but they are not controlled by type I IFN in 

vivo.  

E2F1 and miR-582 are possible mediators in IFN-β regulation of TRIM28 expression and the 

discovery is a step forward in understanding the role of TRIM28 in the IFN system. 
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ABBREVIATIONS: 

DMEM - Dulbecco's modified eagle medium 

DMSO - dimethyl sulfoxide 

EDTA - ethylenediaminetetraacetic acid 

EV - empty vector  

FACS - fluorescence-activated cell sorting 

FCS - fetal calf serum 

GAS – IFN-γ activated site 

HEK – human embryonic kidney (cells) 

HEPES - 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

IFN -  interferon 

IRF7 - interferon regulatory factor 7  

IRG – interferon regulated gene 

ISRE – interferon stimulated response element 

KAP1 - KRAB associated protein-1 

MDMs - monocyte derived macrophages  

miRNAs -  microRNAs  

MS - multiple sclerosis  

PBS - phosphate buffered saline 

PI - propidium iodid 

SLE - systemic lupus erythematosus  

SS - Sjögren’s syndrome 

TRIM28 - tripartite motif-containing 28 

UTR - untranslated region  
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1. INTRODUCTION 

TRIM28 is a protein-coding gene located on chromosome 19 in humans and on chromosome 7 

in mice. It encodes a molecular scaffold protein TRIM28 (tripartite motif-containing 28) also 

called KAP1 (KRAB associated protein-1) involved in the modulation of the chromatin 

environment by binding various proteins participating in gene transcription (Yang et al., 

2007),(Iyengar and Farnham, 2011). The most important interaction is the one with the 

KRAB-repression domain present in many transcription factors (Friedman et al., 1996),(Xiao 

et al., 2011) and the proteins assisting with condensing chromatin by histone modifications 

(Schultz et al., 2002) (Fig. 1). As TRIM28 controls the transcription of other genes, disruption 

of its expression pattern would lead to several functional changes regulated by its target 

genes. Previous reports show that TRIM28 regulates the immune system: it responds to T cell 

stimulation (Chikuma et al., 2012) and it interacts with interferon regulatory factor 7 (IRF7) 

(Liang et al., 2011) and the IFN/STAT signaling pathway (Kamitani et al., 2008). There is 

even direct association of TRIM28 to the IFN system in the immune defence as it was 

reported that TRIM28 is negatively regulated by IFN type I and II in monocyte derived 

macrophages (MDMs) (Carthagena et al., 2009) and in our unpublished findings where 

TRIM28 mRNA levels were decreased in T cells and monocytes by IFN-β1a.  

 

 

 

Type I IFNs play an important role in the immune system by inducing defence against 

pathogens (Killip et al., 2014) and therefore they can be used therapeutically for severe 

infections, however type I IFN treatment may also result in manifestations resembling those 

of autoimmune diseases (Takaoka and Yanai, 2006). Several studies show the correlation 

between high levels of type I IFN and disease severity in autoimmune diseases e.g. Sjögren’s 

syndrome (SS) (Brkic and Versnel, 2014) or systemic lupus erythematosus (SLE) (Crow, 

2007) at the same time patients with another autoimmune disease, multiple sclerosis (MS) are 

treated with type I IFNs (1999). This suggests a strong connection of type I IFNs to the 

mechanisms of autoimmunity.  

Figure 1. A model of 

interactions of TRIM28 /KAP1 

with the proteins involved in 

modulation of gene expression. 

TRIM28/KAP1 inhibits gene 

transcription by interacting with 

the KRAB domain of zink 

finger proteins and recruiting 

the histone modifying proteins. 

(With permission of Elsevier 

Inc. Xiao et al. 2011). 
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To better understand the type I IFN system, several areas of its involvement is currently in 

focus, e.g.: the signaling (Schindler et al., 2007), the expression of interferon regulated genes 

(IRGs) (Tamassia et al., 2008) and their function (de Veer et al., 2001). To better understand 

the role of TRIM28 as an IRGs (Carthagena et al., 2009) it is important to investigate how its 

expression is regulated as an element of IFN system. Our earlier findings showed that 

TRIM28 mRNA levels were regulated by IFN-β (unpublished data), however it is not known 

if the regulation takes place during transcription by modification of the promoter activity 

and/or post-transcriptionally by targeting the mRNA transcripts with miRNA. 

The promoter region of a gene is controlled by many factors some of which are modulating 

the pace and efficiency of transcription initiation. One of those is E2F1 a transcription factor 

which was reported to have multiple binding sites spread across the human genome (Bieda et 

al., 2006),(Wells et al., 2002),(Iwanaga et al., 2006) and to be involved in regulating the cell-

cycle progression and other cellular processes (Takahashi et al., 2000),(Ren et al., 2002). The 

classical binding site for E2F1 is associated with the activation of many genes (Nevins, 1998) 

and we found that TRIM28 contains a well-conserved variant of the binding site which has 

also been found on the cyclin E promoter where E2F1 had a negative  effect on the gene 

expression (Le Cam et al., 1999). E2F1 has already been reported to be regulated by type I 

IFN (1999) and E2F1 deficiency in mice show autoimmune diseases manifestations like 

decreased saliva production (Matsui-Inohara et al., 2009) or anti-DNA autoantibody 

production (Marín et al., 2005).  

Gene expression on post-transcriptional level is controlled by microRNAs (miRNAs). 

miRNAs are short, non-coding, specialized RNAs that can interact with their target mRNA 

(Chekulaeva and Filipowicz, 2009) leading to repressed translation or mRNA degradation 

(Valencia-Sanchez et al., 2006). The regulatory mechanisms are specific to mainly 3’ but also 

to 5’ untranslated region (UTR) of mRNA and involves partial nucleotide complementation 

between the miRNA and the mRNA (Barrett et al., 2012) resulting in modulation of 

translation (Dalmay, 2013).  

We aimed to investigate how type I IFNs regulate TRIM28 gene expression by investigating  

potential binding sites for transcription factors on the TRIM28 promoter and potential target 

sites for miRNA on 3’UTR of TRIM28 transcript. Thereafter we investigated if these are bona 

fide binding sites that can affect TRIM28 expression levels and if the transcription factors 

and/or miRNAs are induced by type I IFNs. 
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2. MATERIALS AND METHODS 

2.1 Cell culture conditions. Human embryonic kidney cells (HEK-293T) were used for 

protein expression in the luciferase assay. The cells were cultured in DMEM (Sigma-Aldrich, 

USA) enriched by 5% FCS (Sigma-Aldrich, USA), 2 mM L-glutamine (Sigma-Aldrich, 

USA), 100 U/mL penicillin-streptomycin (Sigma-Aldrich, USA), 20 mM HEPES (Sigma-

Aldrich, USA) and 10 mM sodium puryvate (Gibco, Life Technologies, USA). The cells were 

incubated at 37°C, 5 % CO2. 

2.2 Site-directed mutagenesis. The complementary primer, site-directed mutagenesis system 

was applied to generate the AT and E2F1 mutations in the TRIM28 promoter. The PCR-

mutagenesis reaction was performed with 0.3 µM primers, 0.16 ng/µL pGL4.14- TRIM28-

promoter plasmid, 2 U/µL AccuPrime Pfx DNA polymerase (Life Technologies, USA) and 

1x AccuPrime Pfx Reaction Mix containing dNTP (Life Technologies, USA). Additionally 

for the AT mutation of the TRIM28 promoter 15% dimethyl sulphoxide (DMSO) (Sigma-

Aldrich, USA) and for the E2F1 mutation 10% of DMSO was used. The PCR reaction 

protocol was performed according to instructions for AccuPrime Pfx DNA Polymerase (Life 

Technologies, USA) as follows: 94°C for 2 min, (18 cycles: 94°C for 30 sec, 55°C for 45 sec, 

annealing temperature 50,2°C for 2 min), 68°C for 5 min. The PCR program was optimized 

by using temperature gradient for annealing temperature and was followed by overnight 

incubation of 25 µl PCR product with 1 µL DpnI enzyme (Thermo Scientific, USA) and 1x 

fast digest buffer (Thermo Scientific, USA) for the digestion of the parental DNA. The 

mutagenesis products were analyzed by gel electrophoresis on a 1% agarose gel. The verified, 

positive products were transformed into TOP10 bacteria by electroporation with instrument 

settings: 1.8 kw, 5 ms and further selected by growing on ampicillin plates (100 µg/µL) for 

plasmid amplification. The PCR reaction was performed on a Mastercycler EP Gradient S 

Thermal Cycler (Eppendorf, Germany) and the electroporation on Bio-Rad MicroPulser 

Electroporator (Bio-Rad, USA). For plasmid DNA purification, the QIAprep Miniprep kit 

(Qiagen, Netherlands) was used. 

The verification Sanger sequencing was performed by Eurofins MWG Operon, Germany. 

Primers sequences: 

 

TRIM28-promoter-E2F1mut F: ccagttatttctgtagagccccccggcctcg (31bp) 

 

TRIM28-promoter-E2F1mut R: cgaggccggggggctctacagaaataactgg (31bp) 

 

TRIM28-promoter-ATmut F: gtcggcgccagtgctttctgtcccgc (26bp) 

 

TRIM28-promoter-ATmut R: gcgggacagaaagcactggcgccgac (26bp) 
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2.3 Luciferase assay. 10
6
 of HEK-293T cells per well in 24-well plate were transfected with 

the transfection mix of 1.35 µL X-tremeGENE DNA transfection reagent (Roche, 

Switzerland) and 0.45 µg of DNA (0.3 µg pGL4.14- TRIM28-promoter (Promega, USA ) or 

pGL4.14- TRIM28-promoter-ATmut or pGL4.14- TRIM28-promoter-E2F1mut, 0.05 µg 

pRL-SV40, 0.1 µg pCMV-HA-E2F1 (Addgene #32530) or pcDNA3.1 for control). The 

transfection mix was incubated for 30 min in 50 µL medium in room temperature before the 

transfection. For the TRIM28-3’UTR experiment the transfection mix of 0.5 µL X-

tremeGENE DNA transfection reagent (Roche, Switzerland) and 0.165 µg of DNA (0.15 µg 

pGL4.14- TRIM28-3’UTR (Promega, USA), 0.015 µg pEGFP-C1 (Clontech, USA), 

pcDNA3-miR-16-1 (Addgene ref#51382(Heo et al., 2008), pEGFP-C1-miR-491, pEGFP-C1-

miR-542, pEGFP-C1-miR-582 respectively) was used. After 24h incubation the transfected 

HEK-293T cells were lysed with 500 µL 1x Passive Lysis Buffer (Promega, USA) during 

constant shaking for 15 min. 25 µL of the Luciferase Assay Reagent II (Promega, USA) was 

added to 10 µL of the lysate and the luminescence was measured. To measure the activity of 

the normalization gene, Renilla, 25 µL of 1xStop and Glow Reagent (Promega, USA) was 

added to the same sample and the luminescence was measured using a Modulus Single Tube 

Reader (Promega, USA). 

 

2.4 Relative quantification of miR-491-5p, miR-542-3p, miR-582-3p expression by real-

time quantitative PCR. For analysis search of the proposed miRNA candidates TargetScan 

and Miranda online software was used. Reverse transcription was performed with 2 mM 

dNTP, 10 U/µL Multi Scribe Reverse Transcriptase, 0.25 U/µL RNase inhibitor, a pool of all 

primers (U6 snRNA, Hsa-miR-491-5p, Hsa-miR-542-3p, Hsa-miR-582-3p (Applied 

Biosystems, Life Technologies, USA)) diluted 250 times (Applied Biosystems, Life 

Technologies, USA) and   4 ng of RNA per reaction. The RT multiplex reaction mix was 

incubated 5 min on ice followed by 30 min incubation at 16°C, 30 min at 42°C and 5 min at 

85°C. TaqMan® miRNA assay was then performed according to the instructions of the 

manufacturer with a 3-step quantitative PCR protocol: 95°C for 10 min, (40 cycles: 95°C for 

15 sec, 60°C for 60 sec). The relative quantification analysis of miRNA expression was 

performed on CFX Manager software (Bio-Rad, USA).  

2.5 Flow cytometry. 10
6
 of HEK-293T cells per well in 24-well plate were transfected with 

the transfection mix of 1.35 µL X-tremeGENE DNA transfection reagent (Roche, 

Switzerland) and 0.45 µg of DNA (0.3 µg pGL4.14- TRIM28-promoter 0.05 µg pSV40-

renilla, and (0.1 µg pCMV-HA-E2F1 and 0.05 µg pcDNA3.1) or 0.15 µg pCMV-HA-E2F1 or 

0.15µg pcDNA3.1 for control). The HEK-293T cells were incubated for 24 hours and 

harvested by centrifugation at 300 rcf for 5 minutes before resuspended in 200 µl of FACS 

buffer (PBS, 2% FCS, 1 mM EDTA). Directly before the cytometric analysis propidium 

iodide (PI) (Sigma-Aldrich, USA) was added to a final concentration of 5 µg/ml. The flow 

cytometric analysis was performed on a Gallios flow cytometer (Beckman Coulter, USA) and 

analyzed with Kaluza 1.0 software (Beckman Coulter, USA). 
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2.6 Relative quantification of E2F1 expression by real-time quantitative PCR. Reverse 

transcription was performed with 1x iScript reaction mix (Bio-Rad, USA) containing random 

primers, 1 µL iScript reverse transcriptase (Bio-Rad, USA)  and between 5-40 ng of RNA per 

reaction. The PCR protocol was as follows: 25°C for 5 min, 42°C for 30 min, 85°C for 5 min. 

The reaction mix for TaqMan® gene expression assay was prepared: 1x TaqMan® universal 

master mix II, 0.5µl Hs00153451_m1 E2F1 (Sigma-Aldrich, USA) and 0.5µl B2M 

Hs00984230_m1 (Sigma-Aldrich, USA) and then the assay was performed according to the 

instructions of the manufacturer with a 3-step quantitative PCR protocol: 95°C for 10 min, 

(40 cycles: 95°C for 15 sec, 60°C for 60 sec). The relative quantification analysis of gene 

expression was performed on CFX Manager software (Bio-Rad, USA). 

2.7 Patients. Nine previously untreated MS patients were recruited at the Karolinska 

University Hospital where serial blood samples were collected before IFNβ-1a treatment and 

approximately 18 hours after their first injection. The samples were sorted by flow cytometry 

and RNA was prepared as described by W. Lundström et. al., Mult Scler. 2014 (Lundström et 

al., 2014). The study was approved by the regional ethical committee, “Regionala 

etikprövningsnämnden i Stockholm, EPN” and a written, informed consent was obtained from 

all patients.  
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3. RESULTS 

3.1 TRIM28 promoter is positively regulated by E2F1. As our unpublished data showed 

that IFN-β regulates TRIM28 in vivo we searched for transcription factor binding sites on 

TRIM28 promoter and found a potential binding site for transcription factor E2F1. To study if 

E2F1 has an effect on the TRIM28 promoter we used a luciferase reporter system. A 723 bp 

fragment located in the TRIM28 promoter was inserted from pGL2-TRIM28, which was a 

kind gift from Dr. Ju-Ming Wang, into the pGL4.14 vector carrying the luc2 reporter gene. 

E2F1 was then co-transfected together with the pGL4.14- TRIM28 promoter into HEK-392T 

cells and the effect of E2F1 on TRIM28 was observed by measuring luminescence. Empty 

pcDNA3.1 vector was used as control and Renilla was used for normalization (Fig. 2).  

 

 

Figure 2. The plasmids used for transfection of HEK-293T cells. (A) pGL4.14 carrying the luc2 reporter gene driven by the 

TRIM28 promoter. (B) The plasmid carrying normalization gene Renilla. (C) The plasmid carrying the E2F1 effector gene. 

The increased levels of relative luciferase units (RLU) were observed in the presence of E2F1 

(Fig.3) along with decreased activity of the normalization reporter gene, Renilla (Tab.1). 

Similar effects were observed when empty vector pcDNA3.1 was exchanged into pCMV-HA 

and when the Renilla carrying vector pRL-SV40 was exchanged into pRL-TK vector (data not 

shown). As the expression of the normalization reporter gene is affected by E2F1 it is difficult 

to draw a conclusion from these results. 

A 
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Table 1. The effects of E2F1 on luc2 and Renilla expression levels.  

 

EV 
 

E2F1 

luc2 renilla luc2/renilla ratio   luc2 renilla luc2/renilla ratio 

1,53E+07 3,30E+06 4,624   6,69E+06 3,25E+05 20,612 

1,35E+07 2,50E+06 5,387   7,43E+06 5,93E+05 12,539 

1,27E+07 2,38E+06 5,324   7,75E+06 4,04E+05 19,163 

1,18E+07 3,02E+06 3,918   6,54E+06 2,59E+05 25,249 

1,53E+07 3,20E+06 4,771   6,17E+06 2,06E+05 29,911 

  
average 4,805 

   
average 21,495 

 

 

 

To determine if the E2F1 effects on the Renilla levels depended on E2F1 toxicity we counted 

the dead cells after transfection with 0.15 ng and 0.1 ng of E2F1 plasmid. We found that the 

high amounts of E2F1 plasmid resulted in increased death rate however the increase is not 

significant, while the lower amount of 0.1 ng had no effect on cell death (Fig. 4). 

 

Figure 3. The effects of E2F1 on TRIM28 

promoter investigated in HEK-293T cells 

transfected with pGL4.14-TRIM28 

(TRIM28-promoter-luc), SV40-Renilla 

(Renilla), HA-E2F1 (E2F1) or empty vector 

(EV) for control. RLU = Relative Luciferase 

Units. 
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Figure 4. Histograms of dead cell counts after transfection of HEK-293T cells with different concentrations of E2F1. 

3.2 The E2F1 binding site and the AT site on the TRIM28 promoter are true sites crucial 

for E2F1 binding. To understand the mechanisms of E2F1 regulation of TRIM28 promoter 

we examined two sites corresponding to sites already confirmed to be critical for binding of 

E2F1 to the cyclin E promoter. The sites are situated at close proximity to the transcription 

start site of the gene: one is the E2F1 core binding site and the second is situated in an AT 

rich region adjacent to the E2F1 binding site and was reported to be involved in the E2F1-

promoter interaction but not binding directly to E2F1 (Le Cam et al., 1999). We generated 

pGL4.14-TRIM28-promoter constructs with mutations in the selected E2F1 binding site and 

AT site of the TRIM28 promoter (Fig. 5) and investigated if the mutated promoters had 

increased activity in the presence of E2F1.  

A

B 

                            -24              -17 

...ttTAttctgtCCCgcccccc...TRIM28-promoter 

                            -24              -17 

...ttatttctgtAGAgcccccc...TRIM28-promoter-E2F1mut 

                            -24              -17 

...ttGCttctgtcccgcccccc...TRIM28-promoter-Atmut 

 
Figure 5. (A) The Trim28 gene with the E2F1 binding site in the promoter region. (B) The introduced E2F1 and AT 

mutations on the Trim28 promoter region.  

       DNA content 

 

DNA content 

 

DNA content 

0.15 µg E2F1 
Dead cells = 42.42% 

0.1 µg E2F1 
Dead cells = 37.08% 

CTRL 
Dead cells = 37.38% 
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The mutagenesis generated PCR products at 50.2°C with 10% DMSO for the E2F1 binding 

site core mutation on the TRIM28 promoter and at 50.2°C with 15% DMSO for the AT 

mutation (Fig. 6). The generated constructs were successfully verified by sequencing. The 

investigation of the effects of E2F1 on the mutated TRIM28 promoters was performed by co-

transfecting HEK-293T cells with the mutated pGL4.14-TRIM28-promoter constructs and 

E2F1 and measuring the promoter activity with the luciferase assay. The TRIM28 mutated 

promoters activity showed to be significantly lower than those of non mutated TRIM28 

promoter, p=0.0079 (Mann Whitney test) (Fig. 7A). 

3.3 miR-582 negatively regulates TRIM28 expression. To investigate if TRIM28 is 

regulated not only on transcriptional level but also post-transcriptionally we selected, by using 

online prediction tools: TargetScan and Miranda, three miRNAs that could potentially bind 

the TRIM28 3’UTR: miR-491, miR-542 and miR-582. We then investigated their effects on 

3’UTR of TRIM28 applying the luciferase reporter system. pGL4.14- TRIM28-3’UTR 

plasmid containing TRIM28 3’UTR, luc2 and Renilla was co-transfected together with either: 

pcDNA3 vector carrying miR-16, pEGFP-C1 vectors carrying miR-491, miR-542 or miR-582 

or an empty vector (EV) into HEK-293T cells  and luminescence was measured. miR-491 and 

miR-542 showed no effect on the reporter gene expression while miR-582 decreased the luc2 

expression (Fig. 7B). The results are preliminary and the experiment needs to be repeated in 

order to verify these findings.  

 

 

 

 

        

 

 

 

 

A 

E2F1 binding site 

mutation 

AT mutation 

B                   10% DMSO 

_________________________ 

50.2  52.3   54.3   56.2   57.8 °C  1kb  ctrl 

 

 

        10% DMSO     15% DMSO 

            _________    ________ 

  1kb    50.2    53.2   50.2   53.2   ctrl 

Figure 6. Gel electrophoresis of 

the constructs generated by site-

specific mutagenesis. (A) The 

E2F1 binding site mutation on 

the TRIM28 promoter. (B) The 

AT mutation. 
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3.4 E2F1 is not regulated by IFN-β in vivo. Based on our earlier findings that IFN-β 

controls TRIM28 expression and our hypothesis that the control is mediated through the 

transcription factor E2F1 we wanted to investigate if E2F1 is controlled by IFN-β in vivo. We 

performed relative expression analysis of E2F1 in four types of cells: B cells, T cells, 

monocytes and neutrophils from IFN-β treated MS patients. The blood samples were taken at 

two time points: before treatment with Avonex (IFN-β1a) and 18 hours after the de novo 

treatment. The gene expression was investigated by qRT-PCR. The normalization was 

performed with beta-2-microglobulin (B2M) a housekeeping gene (Lupberger et al., 2002) an 

important surface protein synthesized in a number of cells including lymphocytes (Bernier, 

1980). 

The E2F1 mRNA levels in MS patients remained unchanged after 18 hour from treatment 

with Aonex® in monocytes (CD 14), neutrophils (CD15) and B cells (CD19). We observed a 

slight decrease in E2F1 expression in T cells (CD3) however the decrease was not significant 

(Fig.8). 

 

 

 

0 

1

0 

2

0 

3

0 

4

0 
* 

* 

R
LU

 

Figure 7. (A) The effects of E2F1 on TRIM28 promoter and the TRIM28 promoter mutated at E2F1 

binding site core (E2F1mut) and AT site adjacent to the E2F1-binding site (ATmut). (B) The effects of 

miR-491, miR-542 and miR-582 on TRIM28 3’UTR. 

          E2F1  +            +           +             EV      +       -       -      -       - 

        TRIM28  +            -           -           miR-16    -       +       -      -       - 

       E2F1mut  -            +           -           miR-491   -       -       +      -       - 

         ATmut  -            -           +           miR-542   -       -       -      +       - 

                                                     miR-582   -       -       -      -       +                                                                     

                                                      

 

A B 
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Figure 8. Gene expression of E2F1 in monocytes (CD 14), neutrophils (CD15), B cells (CD19) and T cells (CD 3) from 

Avonex treated MS patients. 

 

 

3.5  TRIM28 regulatory candidates: miR-491, miR-542 and miR-582 are not controlled 

by IFN-β in vivo. Since E2F1 is not regulated by IFN-β in vivo we wondered if the three 

selected miRNA would respond to IFN-β in vivo. To understand that we performed relative 

expression analysis of proposed miRNAs in monocytes and T cells from Avonex® treated 

MS patients. The measurements were performed with TaqMan micro RNA assay. The 

normalization was obtained with the use of U6 housekeeping gene. The levels measured in 

monocytes (CD14) showed no significant difference in any of the three investigated miRNAs 

and in T cells (CD3) showed no significant differences for miR-491 while miR-542 and miR-

582 were not expressed as the levels were too low to obtain any measurements (Fig. 9).  
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Figure 9. The expression levels of selected 

micro RNAs in MS patients treated with 

Avonex® (IFN-β1a) in monocytes (CD14) 

and T cells (CD3).   
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4. DISCUSSION 

Our investigation of TRIM28 regulation originated with the finding that TRIM28 expression 

decreased after IFN-β stimulation, which led to the investigation of the basic, molecular 

regulation of TRIM28. We proposed that the expression of TRIM28 is directly controlled by a 

transcription factor but no classical transcription factor binding sites for IFN mediated 

signaling, such as interferon stimulated response element (ISRE) or IFN-γ activated site 

(GAS), were found in the TRIM28 promoter. However in the suggested region, an E2F1 

binding site was found. This site corresponds with one of the E2F1 binding site found on the 

cyclin E promoter negatively regulating the gene expression (Le Cam et al., 1999). As our 

findings support the negative regulation mechanism we decided to investigate the E2F1 

effects on the TRIM28 promoter. To investigate that, we used the TRIM28 promoter to drive a 

luciferase reporter gene and compared it to a normalization Renilla gene. We observed that 

RLU measurements were significantly increased in the presence of E2F1 indicating increased 

activity of the promoter. However the expression levels of the normalization gene, Renilla 

were dramatically decreased suggesting that E2F1 has other, undesirable effects on the 

experimental system making the results unreliable. To circumvent this problem we 

investigated further if mutations of the proposed E2F1 binding site in the TRIM28 promoter 

could affect gene expression thus proving it to be a bona fide binding site for E2F1. 

Comparison of the effects of E2F1 on the wild type TRIM28 promoter and two mutated 

versions showed increased expression of the reporter gene driven by the wild type TRIM28 

promoter, but not of the mutated promoters, suggesting that E2F1 regulates TRIM28 

expression and that the proposed E2F1 binding site is the true binding site for E2F1. Since 

E2F1 was present in all wells we could exclude that the difference in luciferase expression 

between the wild type and the mutant promoter constructs was due to E2F1 affecting the 

normalization.   

The reason for the disturbance in Renilla expression in the first experiment could be due to 

either a direct effect of E2F1 on Renilla expression or an indirect effect where E2F1 

overexpression affected cell proliferation. The possible interference of the empty vector 

pcDNA3.1 was ruled out by exchanging it with pCMV-HA, the same vector used to carry the 

E2F1 gene. The exchange had no effect on differing Renilla expression. As overexpression of 

E2F1 has been previously reported to induce apoptosis (Boutillier et al., 2002),(Konishi and 

Bonni, 2003),(Wu et al., 2009) we investigated how E2F1 affects the cell survival by flow 

cytometry. However, we saw marginal effects of E2F1 on cell survival.  

E2F1 is a transcriptional factor widely used for cell cycle regulation and its binding sites are 

found across the whole human genome (Bieda et al., 2006),(Kel et al., 2001) and because of 

the abundance we suspected that many consensus binding sites for E2F1 may be found on our 

Renilla vector backbone that is of a bacterial origin. Indeed we found several regions in the 

pGL3 vector where E2F1 may bind and interfere with the Renilla expression (Fig. 10A) For 

future experiments we will exchange the pGL3 plasmid with pGL4 which is a newer version 

of the same plasmid where most of the constitute transcription factor-binding sites have been 

removed (Fig. 10B). 
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In our experiment, Renilla was driven by the SV40 promoter. It is possible that E2F1 is 

interfering with this promoter, however when we exchanged this vector with another one 

where Renilla expression is driven by the TK promoter, we observed the same effect on the 

Renilla expression. The findings do not dismiss the possibility of E2F1 interfering with both 

promoters as both are of viral origin. Future investigations should use endogenous human 

promoters for normalization, e.g. GAPDH or ACTB promoters. If the proposed trouble 

shooting verifies the hypothesis of E2F1 affecting the Renilla vector we have to normalize the 

data in another way to obtain reliable data. If instead E2F1 affects the cell metabolism we can 

use another cell line for future experiments. 

 

Figure 10. The map of consensus binding sites for transcription factors on Renilla vectors pGL3 and pGL4.  

A 

B 
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We also proposed post transcriptional regulation of TRIM28 by miRNA targeting the 3’UTR 

of the TRIM28 mRNA transcript. Using online bioinformatic prediction tools we found 

possible target sites for three miRNAs: miR-491, miR-542 and miR-582 and only one, miR-

582, showed capacity to decrease the gene expression suggesting it as a possible candidate for 

TRIM28 regulation. The results are preliminary and need to be verified. The verification 

should be followed by confirming the target site on the TRIM28 3’UTR. For this we can 

compare how the gene expression changes if the proposed target site for miR-582 is mutated. 

There are about 1000 known miRNAs and many more are still unidentified which broadens 

the area of regulatory agents. It is also known that even though the 3’UTR is most commonly 

targeted by miRNAs the 5’UTR can also be targeted for regulation and it was not taken into 

consideration in our studies.  

The above experiments were aimed to resolve whether TRIM28 is regulated transcriptionally 

and post-transcriptionally nevertheless the expression on protein level should be inquired. For 

that we propose western blot analysis of TRIM28 levels as a response to the above agents and 

to ensure that the expressed protein is functional we propose analysis of the TRIM28 target 

genes expression. 

Suspecting that the proposed regulatory agents:  E2F1, mir-491, miR-542 and miR-582 are 

primarily controlled by type I IFN we explored the hypothesis by investigating the direct 

effects of IFN-β on E2F1, mir-491, miR-542 and miR-582 expression. The experiment were 

performed on material from MS patients treated with Avonex® (IFN-β1a).The result showed 

that the proposed regulatory agents do not respond to the IFN-β treatment. This suggests that 

the downregulation of TRIM28 after IFN-β stimulation is not due to E2F1 or miR-582. 

However they might explain the regulation of TRIM28 in other situations than viral infection.  

MS is  an autoimmune disease where one of the characteristics is the malfunction of the 

interferon system (Verweij and Vosslamber, 2013),(Reder and Feng, 2014) which can also 

account for the results and a suitable model should be found for further studies of the type I 

IFN mediated TRIM28 regulation. The mechanisms can be studied in an animal model for in 

vivo experiments. 

We hope the regulation of TRIM28 will contribute to better understanding of the mechanisms 

of the IFN system and eventually lead to better understanding the IFN role in autoimmune 

diseases and the IFN driven defence against pathogens.  
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