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abstract
Our interest focuses on development and functions of human plasmacytoid 
dendritic cells (pDCs), which play an important role in the innate immune 
response against pathogens and express high amount of type 1 interferons 
in response to viruses and bacterial DNA. We reported that the ETS family 
member Spi-B is a key regulator of pDC development, but little is known 
about how its expression is being regulated. MicroRNAs (miRNAs) represent 
a new layer in the gene regulation process since these are endogenously 
expressed small non-coding RNAs that interact with native coding 
messenger RNAs (mRNAs) to inhibit translation. To address whether miRNAs 
regulate Spi-B expression during pDC lineage differentiation or effector 
functions, we applied an in silico approach and identified several miRNAs 
that may potentially target Spi-B. To confirm whether the miRNAs effectively 
regulate the expression of Spi-B at the protein level we overexpressed these 
in a Spi-B expressing cell line using lentiviral mediated transduction and 
performed western blot analysis. MiRNA-491 reduced the Spi-B protein level 
more than 2 fold. We then exploited a luciferase reporter assay to show that 
these miRNAs directly interact with the 3’ untranslated region of the Spi-B 
mRNAs. In addition, we observe induction of miR-491 expression upon TLR9 
activation in pDCs, which was concomitant with decreased Spi-B protein 
levels. Taken together, these data suggest that miR-491 may regulate pDC 
effector functions through inhibition of Spi-B expression.
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introduction
Plasmacytoid dendritic cells (pDCs) form a unique subset within the DC lineage. 
In contrast to conventional (c)-DCs, pDCs selectively express Toll-like-receptor 
(TLR)-7 and TLR9,1 which recognize viral and microbial single-stranded RNA or 
double-stranded DNA, respectively (reviewed in Liu2). TLR activation in pDCs leads to 
rapid secretion of high amounts of type I interferons (IFNs), which initiate antiviral 
immune responses. In addition, pDCs mature in response to autocrine production 
of pro-inflammatory cytokines such as interleukin-6 (IL-6) and TNF-α. Collectively, 
this contributes to activation of T, B and NK cells (reviewed in Lande and Gilliet3), 
and elicit pDCs as the first line of defence during viral infections.4 PDCs arise from 
hematopoietic progenitor cells (HPCs) residing in the bone marrow, and can develop 
both locally and in the thymus.5 While both myeloid and lymphoid precursors give 
rise to pDCs, myeloid derivation is predominant (reviewed by Naik6) and was shown 
to depend on Fms-like kinase 3 ligand (Flt3L) both in human and in mouse.7,8 

The hematopoietic-specific transcription factor Spi-B belongs to the ETS 
family and shares with other members a conserved ETS domain that mediates 
DNA binding.9 In human and mice, Spi-B was found to be specifically expressed 
in pDCs, as compared to cDCs,10 but is also expressed in CD34+ HPCs,11 pro-T 
cells,12 and mature B cells.11 Spi-B potently regulates lineage commitment during 
human hematopoiesis as its overexpression in HPCs blocks T, B, and NK cells 
development, but promotes pDC development.11 Furthermore, both in vitro and in 
vivo in a humanized mouse model human HPCs failed to give rise to pDCs when 
Spi-B expression was inhibited by RNA interference.13  Recently, we highlighted the 
crucial role of Spi-B in pDC survival by identification of the anti-apoptotic gene 
BCL2A1 as a direct target gene regulated by Spi-B.14 In B cells, Spi-B exerted a 
repressor function by directly inhibiting BLIMP1 and XBP1 gene expression,15 
thereby preventing terminal differentiation of B cells into immunoglobulin-secreting 
plasma cells. While these studies gained some insight in how Spi-B may control 
cellular functions, surprisingly little is known about the molecular mechanisms that 
control and regulate Spi-B expression in pDCs and other cell types. Only in mice, 
spib was shown to be a direct target of the E-protein family of transcription E2-2 
in mice,16 consistent with key roles for E2-2 and Spi-B in pDC development.13,16,17 

Since the establishment of the central dogma of molecular biology in 1958 by 
Francis Crick describing the transmission of genetic information from DNA to protein,18 
tremendous progress has been made in unravelling the molecular mechanisms 
that are involved in expression and maintenance of the genetic information within 
cells of vertebrates. Recent research efforts have shed light on the crucial role of 
miRNAs in the regulation of hematopoiesis (reviewed in Havelange & Garzon19) and 
immune cell activation (reviewed in Contreras & Rao20), including development and 
differentiation of monocytes and macrophages, T cells, B cells and cDCs.  MicroRNAs 
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(miRNAs) are endogenously produced, small non-coding RNAs (22-24 bases), 
which form an active ribonucleoprotein complex and can interact through imperfect 
base complementarity mostly with the 3’ untranslated region (3’UTR) of its target 
messenger RNAs (mRNAs), and lead  to either inhibition of translation or degradation 
of the target mRNAs.21 Therefore, microRNAs are considered to form a new layer of 
post-transcriptional regulation.22 It is of interest to investigate whether Spi-B may 
be controlled by miRNAs to increase our understanding on the role of this factor in 
controlling development and function of immune cells.

In human, more than thousand miRNAs are believed to be encoded.23 
MiRNA binding sites within the 3’UTR of the mRNA actually consist of regions of 
complementarity, bulges and mismatches.24 Hence, it is easy to appreciate that 
prediction of miRNA targets is complex. Recent progress in bioinformatics gave rise 
to powerful web-based miRNA target prediction software, based on algorithms that 
implement several specific features of miRNA/mRNA interactions, including base 
complementarity, thermodynamic properties of binding, and conservation of the 
miRNA binding site through evolution (reviewed in Maziere & Enright25). This allows 
for more accurate in silico predictions of miRNAs that regulate a given mRNA, with 
a low rate in false-positive results.

To gain further insight in the role of Spi-B during pDC development and 
differentiation, we have investigated miRNAs that may control Spi-B expression. We 
used miRNA prediction software to identify miRNAs that putatively target the Spi-B 
mRNA. We revealed miR-491 as an interesting candidate as it has 3 different binding 
sites within Spi-B 3’UTR. Notably, using luciferase reporter gene experiments, we 
not only confirmed that the Spi-B 3’UTR is a direct target of miR-491, but moreover 
showed that ectopic expression of miR-491 in a pDC cell line decreased Spi-B protein 
levels. This, together with our observations that miR-491 expression is induced in 
primary pDC upon TLR activation while Spi-B expression is downregulated, unravels 
a potentially important role for miR-491 in regulating functional properties of pDCs 
during an immune response.     

material and methods
In silico mirna target predictions
The 3’UTR sequence of the human Spi-B mRNA was used to predict recognition by 
miRNAs using five different public web-based prediction tools, including MicroCosm 
(http://microrna.sanger.ac.uk/targets/v5/), TargetScan (http://www.targetscan.
org/), PicTar (http://pictar.mdc-berlin.de/), Miranda (http://www.microrna.org), 
and PITA (http://genie.weizmann.ac.il/pubs/mir07/mir07_prediction.html). When 
available, conservation of the binding site sequences among different species, and 
free energy of binding (ΔG, kcal/mol) were calculated. 
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cells and reagents
The pDC cell line CAL-126 was cultured in RPMI-1640 medium (Invitrogen) 
supplemented with 8% FCS, and maintained at 37˚C, 5% CO2. Primary pDCs 
were isolated from postnatal thymus (PNT) tissue, which was obtained from 
children up to 3 years of age undergoing open-heart surgery (LUMC, Leiden, The 
Netherlands). Briefly, thymocytes were isolated from a Ficoll-Hypaque density 
gradient and BDCA4+ cells were enriched by immunomagnetic bead selection using 
a BDCA4-cell separation kit (Miltenyi Biotec). CD123+CD45RA+ pDCs were sorted 
by flow cytometry on a FACSAria (BD Biosciences) after labelling with fluorescent 
conjugated antibodies. Purity was ≥ 99% and confirmed by reanalysis of sorted 
cells. For activation and maturation of pDCs, cells were cultured in Yssel’s medium,27 
supplemented with 2% human serum (Invitrogen). For TLR9 or TLR7 activation, 
oligodeoxynucleotides CpG-A (ODN2216) and CpG-B (ODN2006), or Imiquimod, 
respectively, were purchased from Invivogen and used at 10µg/mL. In some 
experiments, CD40 ligand (L) transfected mouse fibroblast L cells (10,000/well, 
irradiated at 7,000 rads) together with recombinant IL-3 (R&D Systems, 10ng/mL) 
were used to activate pDCs.

lentiviral constructs, virus production and transductions
To overexpress miRNAs in CAL-1 cells we made use of the vector-based miRNA 
expression system previously described.28 Shortly, ~500 bp fragments corresponding 
to miRNA genomic regions or as a control the human telomerase (hTR) genomic 
region were digested from the pMSCV-Blasticidin vector (kind gifts from R. Agami, 
Division of Tumor Biology, The Netherlands Cancer Institute, Amsterdam, The 
Netherlands) using BamHI-EcoRI restriction sites, and subcloned into the lentiviral 
vector pCDH1-CMV-(miRNA)-EF1α-copGFP (System Biosciences) using the copepod 
Pontellina plumata green fluorescent protein (copGFP) as a reporter gene. To 
overexpress Spi-B we made use of our LZRS retroviral vector previously described.11 
For virus production, constructs were transfected into the Phoenix-GalV packaging 
cells (retroviral) or 293T cells (lentiviral).29 Control cells were transduced with the 
pCDH1-hTR-EF1α-copGFP construct. For transduction of CAL-1 cells, 106 cells were 
transferred to non-tissue culture plates coated with retronectin (30µg/mL, Takara, 
Kyoto, Japan) and incubated with virus supernatants for 6 hours.

Pcr
Total RNA was extracted using Trizol reagent (Invitrogen). RNA concentration and 
quality were determined using the Nanodrop spectrophotometer (Thermo Fisher 
Scientific). MiRNA quantitative RT-PCR (QPCR) was performed using the TaqMan 
MicroRNA Reverse Transcription Kit with TaqMan MicroRNA Assay primers for human 
miR-491 or miR-146a according to manufacturer’s protocols (Applied Biosystems, 
Foster City, CA, USA). The levels of miRNA were normalized to the U6 RNA control.   
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western blot
Cell lysates were prepared in NP-40 lysis buffer plus protease inhibitor (Roche, 
Mannheim, Germany) and equal amounts of protein were analyzed by 12.5 % SDS-PAGE, 
transferred onto nitrocellulose membrane (Millipore) and immunoblotted with rabbit 
polyclonal antibodies against human Spi-B (kindly provided by Lee Ann Sinha, State 
University of New York, Buffalo, USA) and goat polyclonal antibodies against β-Actin 
(I-19, Santa Cruz biotechnology, CA, USA). Bands were visualized by using horseradish 
peroxidase (HRP)-conjugated secondary antibodies (DAKO) and chemiluminescent 
substrate (Pierce). β-Actin levels were measured as loading controls.

luciferase reporter assays
Reporter constructs were generated using PCR to amplify a ~650 base pairs 
DNA fragment containing the conserved human Spi-B 3’UTR region (Figure 2A). 
Amplified PCR fragments were cloned into the pCR2.1TOPO TA vector (Invitrogen). 
Sequencing was performed using an ABI sequencer (Perkin Elmer) with the dye-
terminator cycle-sequencing kit (Perkin Elmer). The insert was subcloned into 
psiCHECK2.1 vector, which expresses both Renilla reniformis luciferase and Firefly 
luciferase under the control of 2 distinct constitutively active promoters (Promega), 
downstream of the Renilla reniformis luciferase gene using XbaI restriction site. 
Transfection of 293T cells with the reporter construct together with the pCDH1 
vector expressing different miRNAs predicted to target Spi-B 3’UTR or hTR control 
RNA was done with the Fugene transfection reagent (Roche). Detection of Firefly 
and Renilla reniformis luciferase was done using the Dual Luciferase assay kit 
(Promega) on a Synergy HT microplate reader (Biotek). 

results
spi-b is a putative target of mir-491
In mammals, miRNAs target mRNAs mainly via binding domains located in the 3’UTR 
of the mRNAs. To investigate whether Spi-B mRNA is a target of miRNAs, we made 
use of in silico miRNA target prediction using web-based software (see Material 
& Methods section). To reduce the number of false positives, we only focused on 
miRNAs that were predicted by more than 2 different algorithms. Following the 
analysis, 7 miRNAs were predicted to bind Spi-B 3’UTR by at least 2 different 
prediction software, including miR-10a, miR-125b, miR-143, miR-296 and miR-491 
(Table 1 and data not shown). Of all the miRNAs predicted to bind the Spi-B 3’UTR 
(data not shown), miR-491-5p was identified by four out of five prediction tools to 
bind the Spi-B 3’UTR (Table 1). Moreover, 3 prediction tools (TargetScan, Miranda, 
PITA) found 3 independent binding sites within the Spi-B 3’UTR, located at position 
80-87 (S1), position 110-117 (S2) and position 183-189 (S3) of the Spi-B 3’UTR 
(Figure 1). Remarkably, binding sites S1, S2, and S3 are located close to each other 
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figure 1: mir-491 is predicted to have 3 different binding sites within the 3’utr of spi-b mrna. 
Schematic representation of the seed regions corresponding to the 3 binding sites of miR-491-5p 
within Spi-B 3’UTR (S1, S2, and S3), as predicted by the in silico web-based miRNA prediction 
software TargetScan (version 6.2).

table 1. computational analysis of spi-b 3’utr predicts 3 binding sites for mir-491. In silico 
prediction of miRNAs targeting Spi-B mRNA within its 3’UTR, with 5 different web-based miRNA 
prediction software, reveals three miR-491 putative binding sites, which were predicted by at least 
1 out of 5 prediction software. Here are shown for each of the 3 binding sites their conservation 
in mammals, and the energy of binding (∆G, kcal/mol) of miR-491 within Spi-B 3’UTR. NA, non-
available.

 

 

Position 80-87  
of sPib 3’ utr

Position 110-117  
of sPib 3’ utr

Position 169-190  
of sPib 3’ utr

Predicted conserved Δg Predicted conserved Δg Predicted conserved Δg

TargetScan + yes NA + poorly NA + poorly NA

PicTar - NA NA - NA NA - NA NA

Miranda + yes NA + yes NA + yes NA

MicroCosm + yes -22.48 - NA NA + yes -25.67

PITA + NA -13 + NA -6 + NA -7.6

A

Position 111-117 of SpiB 3’UTR 

Position 183-189 of SpiB 3’UTR 
 ...GGGCCUGUCUGGGAU--------UCCCCACU... 

            AGGAGUACCUUCCCAAGGGGUGA 3’ 

5’ 

Position 80-87 of SpiB 3’UTR 
...GGAAGAAAAAGGGCGUCCCCACA... 

AGGAGUACCUUCCCA---AGGGGUGA 

5’ 

3’ 

 ...GAUAGGACUUACGCAUCCCCACC... 

            AGGAGUACCUUCCCA------AGGGGUGA 3’ 

5’ 

5’ - AGGAGUACCUUCCCAAGGGGUGA - 3’
Mature hsa-miR491-5p sequence  

S1

S3

S2

within the first 200 bp of Spi-B 3’UTR. When taken together, these data suggest 
that Spi-B mRNA is a presumed target of miR-491 in human. 

spi-b is a direct target of mir-491
To evaluate the ability of miR-491 to bind to the 3’UTR of Spi-B, we first synthesized 
a reporter plasmid bearing a 650 nucleotides fragment of the human Spi-B 3’UTR 
downstream of the Renilla reniformis luciferase reporter gene, which is constitutively 
expressed under the control of a SV40 promoter (Figure 2A). Additionally, this 
reporter construct constitutively expresses Firefly Luciferase used to normalize 
for the transfection efficiency. Then, we co-transfected this construct with vectors 
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expressing either miR-491 or hTR control RNA into 293T cells. As compared with 
hTR control RNA, miR-491 significantly inhibited the Renilla luciferase activity 
by 20 % (Figure 2B). As miRNAs are considered to fine-tune the levels of protein 
expression and this percentage of reduction in gene expression is commonly found 
when studying miRNAs, our data suggest that Spi-B may be a direct target of 
miR-491 in human cells. 

overexpression of mir-491 reduces spi-b protein expression
Our results obtained in the luciferase reporter assays prompted us to evaluate the 
effect of miR-491 on regulating Spi-B expression. As Spi-B is known to be expressed 
in pDCs, we aimed at demonstrating that miR-491 is able to regulate endogenous 
levels of Spi-B protein in pDCs. To gain insight in this, the leukemic CAL-1 cells 
were used as we previously demonstrated that this cell line closely resembles 
primary pDCs, which express similar levels of Spi-B compared to primary pDCs.14 
CAL-1 cells were transduced with the lentiviral vector pCDH1 expressing either 
miRNAs predicted to target Spi-B mRNA or a fragment of the human telomerase 
(hTR) transcript as a control. High transduction efficiencies (>95%) were obtained 
as measured by expression of GFP, which was independently driven from the EF1α 
promoter in the lentiviral construct. In comparison with hTR control transduced cells 
only overexpression of miR-491-5p efficiently reduced the level of Spi-B protein, 
as shown by western blot analysis (Figure 3A). Downregulation of Spi-B protein 
levels by miR-491, but not miR-146a, in CAL-1 cells was significant as shown by 
the normalization of 4 independent experiments (Figure 3B). Taken together, these 
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figure 2: spi-b mrna is a direct target of mir-491 through its 
3’utr region. (A) Schematic representation of the Renilla luciferase 
reporter construct. Spi-B 3’UTR was cloned downstream the Renilla 
luciferase gene under the control of the constitutively active SV40 
promoter. Black filled dots within Spi-B 3’UTR represent the 3 
putative binding sites of miR-491 (S1, S2, and S3). (B) 293T cells 
were cotransfected with the reporter vector pSICHECK2.1-Spi-
B-3’UTR and with miR-491 or with hTR control RNA for 12h. Cells 
were subsequently cultured for 24h (50000 cells/well in 24 well 
plates) and analysed for Renilla Luciferase and Firefly Luciferase 
activity in triplicate. Renilla Luciferase activity was normalized 
to Firefly Luciferase activity to correct for transfection efficiency 
(three independent experiments are plotted, * P < 0.05).
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data provide convincing evidence that miR-491 negatively regulates the translation 
of Spi-B mRNA resulting in reduced expression of Spi-B protein in pDCs. 

mir-491 is induced upon pdc activation and concomitant with 
reduced spi-b protein levels in activated cells
To gain a better understanding in the physiological relevance of miR-491 mediated 
regulation of Spi-B in pDCs, we set out to quantify the levels of the mature form of 
miR-491 expressed in freshly isolated human pDCs before and after activation with 
TLR agonists. As shown by QPCR, both the TLR7 ligand R848 and TLR9 ligand CpG-A 
increased the levels of miR-491 in pDCs as compared to resting pDCs, which was 
set at 1 (Figure 4A). The miR-491 levels were induced 2.5-fold after 4 h and were 
expressed at similar levels after 18 h. Notably, according to the raw QPCR data, 
miR-491 was not expressed in non-activated fresh cells (data not shown). In order 
to investigate whether upregulation of miR-491 may correlate with downregulation 
of Spi-B protein levels we analyzed the effect of TLR stimulation on Spi-B expression 
in pDCs. PDCs were isolated from postnatal thymus and cultured for 5 or 24h in the 
presence of CpG-A, CpG-B, or the TLR7 agonist Imiquimod or without stimulus as 
a control (Figure 4B). As shown by western blot analysis, Spi-B protein levels did 
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figure 3: ectopic expression of mir-491 decreases spi-b protein level in cal-1 cells. (A) CAL-1 
cells were transduced with miRNAs in silico predicted to target Spi-B mRNA, or with hTR control 
RNA. GFP+ CAL-1 cells were sorted 72h after transduction and lysed in NP40 lysis buffer. Equal 
amount of cells were analysed for Spi-B levels by Western Blot. Spi-B transduced CAL-1 cells are 
shown as control for Spi-B protein detection. Levels of β-Actin were used as loading control (B) 
Four different experiments were plotted to compare Spi-B protein levels in hTR control, miR-146a, 
and miR-491 transduced CAL-1 cells (* P < 0.05).
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not change when comparing fresh pDCs and pDCs stimulated for 5h. In contrast, 
Spi-B protein levels were strongly reduced in TLR7 and TLR9-activated pDCs 
after 24h as compared to freshly isolated pDCs. Taken together, we conclude that 
downregulation of Spi-B protein levels upon TLR activation of pDCs correlates with 
the upregulation of miR-491. This suggests that Spi-B expression levels may be 
post-transcriptionally regulated by TLR-induced miR-491 expression.  

discussion
In this study we used web-based miRNA predictions software to search for putative 
miRNAs that could target the Spi-B transcript. We identified miR-491, which is 
predicted to have 3 different binding sites within Spi-B 3’UTR. We experimentally 
confirmed that the Spi-B 3’UTR is targeted by miR-491 using a Luciferase based 
reporter system. We extended our observation that miR-491 binds the Spi-B 
transcript by showing that overexpression of miR-491 in the pDC cell line CAL-1 
downregulated Spi-B protein levels. Finally, we observed that miR-491 was 
upregulated upon TLR triggering in pDCs, which occured concomitant with the 
dowregulation of Spi-B protein. Collectively, our data suggest that miR-491 may 
be involved in fine-tuning the levels of Spi-B, which may potentially affect the 
functional properties of pDCs during an immune response.

Nevertheless, only miR-491 effectively reduced Spi-B protein expression in 
CAL-1 cells. These results underline the limitations of miRNA prediction algorithms, 
which give rise to numerous false positives, but also the importance of experimental 
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validation of in silico data. Our results are in line with the data obtained in the reporter 
assay showing reduced luciferase activity when miR-491, but not other  miRNAs 
tested, was co-transfected with the construct that contained the coding sequence 
of luciferase fused to the Spi-B 3’UTR. It should be mentioned, however, that further 
investigation is required to confirm whether all 3 binding sites S1, S2, and S3 in 
the Spi-B 3’UTR are effective in binding miR-491. For this, deletion mutants of the 
binding sites S1, S2, and S3 should be generated and validated in the reporter assay. 

In attempt to assign a physiological role to miR-491-mediated regulation of 
Spi-B levels we have employed an in vitro culture system, which we have previously 
established to generate pDCs from human hematopoietic progenitor cells 
(HPCs).7,14,30 We reported that pDC development in this model crucially depends on 
Spi-B,13 but to our surprise we did not observe any effect on pDC development after 
overexpression of miR-491 in HPCs using lentiviral transduction (data not shown). 
A possible explanation may be that miR-491 transduced cells only showed a minor 
decrease in Spi-B protein levels, which may not be sufficient to significantly block 
pDC differentiation in this in vitro culture system. Another less likely possibility 
that we cannot exclude is that HPCs may be delayed in synthesizing the mature 
form of miR-491, as we overexpress a genomic region that contains the immature 
form of miR-491 that still is dependent on the miRNA biosynthesis machinery to 
generate the effective mature miR product. Finally, as it is known that miRNAs 
target multiple mRNAs, it is not unlikely that other, as yet unidentified, miR-491 
targets are regulated that may obscure our result. 

MicroRNA genes can be found as independent genes under control of their 
own promoter. Alternatively, miRNAs can be located in introns and exons of both 
protein-coding and noncoding genes, and then they are believed to be transcribed 
from the same promoter as their host genes.31 While it is unresolved how miR-491 
is transcribed, it was recently reported that TGF-β induced miR-491 expression in 
mice.32 TGF-β1 is a pleiotropic cytokine involved in a variety of biological processes, 
such as development, differentiation, apoptosis, and cell survival,33 and was shown 
to be crucial for development of Langerhans cells in the skin.33-35 More recently, 
TGF-β1 was found to facilitate DC differentiation from common DC progenitors 
(CDPs) and to direct subset specification toward conventional (c)-DCs.36 As cDCs 
lack Spi-B expression, in contrast to pDCs,10 it is interesting to speculate that TGF-β 
induced miR-491 expression may contribute, at least in part, in controlling the 
cDC versus pDC subset specification. Genetic ablation of miR-491 in mice should 
address whether this is a valid hypothesis. 

In our hands, pDC activation through TLR7 and TLR9 engagement led to 
significant decrease in Spi-B protein levels, which correlated with induction of 
the mature form of miR-491. It should be noted that miR-491 levels were already 
induced after 4 h, when Spi-B protein levels were still unaffected, but this may be 
due to the stability of Spi-B protein. While little is known about the turn-over of 
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Spi-B, it has been reported that serine residue phosphorylation of Spi-B by casein 
kinase II increased the stability of Spi-B.37 The reason for downregulation of Spi-B 
after TLR activation of pDCs has not been resolved. In B cells, we recently showed 
that Spi-B directly blocked expression of the transcription factor X-box-binding 
protein 1 (XBP1).15 Interestingly, XBP1 is constitutively expressed in pDCs and is 
involved in their high secretory capabilities through its role in the endoplasmic 
reticulum (ER) stress response.38 This, together with our data showing TLR-induced 
downregulation of Spi-B, may suggest that miR-491 indirectly contributes to 
release the Spi-B-induced repression of XBP1, thereby allowing XBP1 levels to 
increase and to induce optimal IFN-α production by pDCs.

One of the target genes of Spi-B that we recently described is the anti-apoptotic 
gene BCL2A1, which contributed to survival and development of human pDCs.14 
Interestingly, miR-491 has recently been shown to effectively induce apoptosis 
in cancer cells by targeting the anti-apoptotic protein BCL-XL.

39 Overexpression 
of miR-491 in CAL-1 cells did not induce cell death (data not shown), which may 
suggest that BCL-XL is not expressed in this cell line. Alternatively, BCL2A1 may be 
more crucial to rescue CAL-1 cells from apoptosis. Taken together, our data support 
the notion that miR-491 may act as an immunomodulatory miRNA during pDC 
activation by contributing to Spi-B downregulation. While direct evidence is currently 
lacking, miR-491 may have an impact on the development or function of pDCs. 
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