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Abstract
Background—IL-13, a critical cytokine in allergy, is regulated by as-yet-elusive mechanisms.

Objective—We investigated IL-13 posttranscriptional regulation by HuR, a protein associating
with adenylate-uridylate-rich elements in the 3′ untranslated regions (UTRs) of mRNA, promoting
mRNA stability and translation.

Methods—IL-13 mRNA decay was monitored in human TH2-skewed cells by using the
transcriptional inhibitor actinomycin D. The IL-13 3′UTR was subcloned into an inducible β-globin
reporter transiently expressed in H2 cells in the absence or presence of overexpressed HuR.
Association of HuR with IL-13 mRNA was detected by means of immunoprecipitation of
ribonucleoprotein complexes and a biotin pull-down assay. The effects of HuR transient
overexpression and silencing on IL-13 expression were investigated.

Results—IL-13 mRNA half-life increased significantly in restimulated TH2-skewed cells
compared with baseline values. Decay of β-globin mRNA was significantly faster in H2 cells
transfected with the IL-13 3′UTR-containing plasmid than in those carrying a control vector. HuR
overexpression increased the β-globin IL-13 3′UTR reporter half-life. Significant enrichment of
IL-13 mRNA was produced by means of immunoprecipitation of Jurkat cell ribonucleoprotein
complexes with anti-HuR. HuR binding to the IL-13 3′UTR was confirmed by means of pull-down
assay of biotin-labeled RNA probes spanning the IL-13 3′UTR. Two-dimensional Western blot
analysis showed stimulus-induced posttranslational modification of HuR. In Jurkat cells mitogen-
induced IL-13 mRNA was significantly affected by HuR overexpression and silencing.

Conclusions—Mitogen-induced IL-13 expression involves changes in transcript turnover and a
change in phosphorylation of HuR and its association with the mRNA 3′UTR.

Keywords
Asthma; inflammation; mRNA turnover; posttranscriptional gene regulation; RNA-binding proteins;
IL-13; TH2 cytokines; T cells

Reprint requests: Cristiana Stellato, MD, PhD, Division of Allergy and Clinical Immunology, The Johns Hopkins Asthma and Allergy
Center, 5501 Hopkins Bayview Circle, Baltimore, MD 21224. E-mail: stellato@jhmi.edu.
Disclosure of potential conflict of interest: The authors have declared that they have no conflict of interest.
Clinical implications: Posttranscriptional events are critical in T-cell gene regulation and potentially targetable for therapy.

NIH Public Access
Author Manuscript
J Allergy Clin Immunol. Author manuscript; available in PMC 2009 April 8.

Published in final edited form as:
J Allergy Clin Immunol. 2008 April ; 121(4): 853–9.e4. doi:10.1016/j.jaci.2007.12.1166.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Clinical and experimental studies have clearly established that IL-13 is a key player in the
pathophysiology of allergic diseases, in particular of asthma.1

IL-13 is primarily secreted on antigen-mediated stimulation of TH2 lymphocytes and controls
a vast array of pathogenic immune and inflammatory processes, such as IgE production, tissue
eosinophil recruitment, mucus secretion, airway hyperre-activity, and airway wall remodeling,
among others. Therefore identification of the molecular pathways leading to IL-13
overexpression might uncover primary immunomodulatory therapeutic targets.

Studies on the regulation of IL-13 expression in T cells have thus far focused on transcriptional
activation and the associated signaling.2,3 However, growing knowledge indicates a key role
of posttranscriptional gene regulation after T-cell activation. Essential T-cell costimulatory
signals, mediated by CD28 and leukocyte function-associated antigen-1 (LFA-1), critically
modulate T cell–derived cytokine expression through changes in mRNA stability.4,5 Earlier
genome-wide studies in human T cells indicated that rapid and significant changes in mRNA
stability occur for hundreds of early-response genes after mitogenic stimulation.6 A recent
array-based comparative analysis of nuclear gene transcription versus total mRNA expression
revealed that mRNA turnover accounts for as much as 50% of the mitogen-induced changes
in gene expression in the Jurkat T-cell line.7

Despite increasing knowledge of the molecular regulation of mRNA stability of other T-cell
products, such as IL-2, IL-4, and CD40 ligand,8-11 almost no information is available on
posttranscriptional regulation of IL-13 expression. Butler et al12 report that in activated T cells
from the TH2-biased mouse strain DBA/2, increased expression of IL-4 and IL-13 over that
seen in the TH1-biased C56BL/6 strain was coupled with increased stabilization of their
transcripts. These data indicate that the regulation of TH2 cytokine mRNA stability could also
act as an important novel mechanism contributing to the relative prevalence of a TH1- or
TH2-driven immune response.

Messenger RNA decay and translation are regulated through binding to elements present in
the 5′ and 3′ untranslated regions (UTRs), as well as in the coding regions, of mature
cytoplasmic mRNA. The adenylate-uridylate–rich elements (AREs) present in the 3′UTR of
many early-response and inflammatory genes are the most conserved and best characterized
sequences regulating mRNA turnover and translation. Several proteins exert
posttranscriptional control through high-affinity binding to such regions in the context of
specific RNA secondary structures.13

HuR is the ubiquitous member of the Hu protein family of RNA-binding proteins.14 It is
functionally characterized as a positive regulator of mRNA stability, translation, or both, acting
in balance with ARE-binding factors that mediate acceleration of mRNA decay, such as
tristetraprolin, adenylate-urydilate–binding factor 1, and KH-type splicing regulatory protein,
15 although its activity is pleiotropic.16 Involvement of HuR is increasingly recognized in T-
cell gene regulation.9,17,18 T-cell activation triggers shuttling of HuR to the cytoplasm, an
event deemed necessary for its regulatory functions.9,18-20 HuR binds to ARE in mRNAs
encoding key regulators of proliferation and stress responsiveness,21,22 transcription factors,
23 and a growing number of immune and inflammatory genes, such as IL-2, TNF-α, IL-3, and
many more.18,19,24-29

The aim of this study was to investigate the contribution of mRNA turnover to IL-13 expression
in activated human T cells and to examine the involvement of HuR in this process. Our data
indicate that in human T cells mitogen-induced increase in steady-state levels is paralleled by
significant stabilization of IL-13 mRNA. We demonstrate that HuR associates with the 3′UTR
of IL-13 mRNA and present evidence of a functional role for HuR in regulating IL-13 mRNA
levels in this cell type.
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Methods
Cell cultures, plasmid constructs, small interfering RNA, and transfection protocols

Blood was drawn from healthy subjects under a protocol approved by a Johns Hopkins
Medicine Institutional Review Board. T cells were cultured under TH2-skewing conditions, as
described in the Methods section of the Online Repository, which is available at
www.jacionline.org.30 Intracellular staining for IL-13, IL-4, and IFN-γ in these cultures30 is
described in the Methods section of the Online Repository, and the results are shown therein
as Fig E1 (available at www.jacionline.org).

The human Jurkat T-cell line was cultured in RPMI, 10% FBS, 2 mmol/L L-glutamine
(Invitrogen, Carlsbad, Calif), and 100 μg/mL gentamicin (Quality Biological, Gaithersburg,
Md). The H2 cell line is a clone of the human cell line H1299, a non–small cell lung carcinoma
stably transfected with the pTet-Off plasmid (Clontech, Mountain View, Calif),31 and was
cultured in Dulbecco's modified Eagle's medium (Invitrogen), 10% FBS, and penicillin (100
U/mL)/streptomycin (100 μg/mL).

Description of the plasmid constructs, small interfering RNA (siRNA), and the protocol for
transient transfections can be found in the Methods section of the Online Repository.

RNA isolation and analysis
Total RNA was extracted with TRIzol (Invitrogen).32 Cytoplasmic RNA was isolated and
DNase treated with the RNAeasy kit (Qiagen, Valencia, Calif). RNA was reverse-transcribed
with the Gene Amp Kit (Perkin Elmer Life Sciences, Boston, Mass) and PCR amplified with
the SYBR Green reagent Kit (Perkin Elmer). Northern blot analysis was carried out as
previously described.29 The DNA probe was a cDNA encompassing the full-length coding
region of rabbit β-globin.33 In the Methods section of the Online Repository are listed the
primers for IL-13, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), enhanced green
fluorescent protein (EGFP), and β-globin, as well as the methods for the amplification, data
collection, and analysis of the PCR results29,34 and the protocol for Northern blot analysis.

In vitro biotin pull-down assay
Biotinylated transcripts were generated by means of RT-PCR of Jurkat RNA by using specific
primers (listed in the Methods section of the Online Repository). PCR products were purified
from agarose gels, as previously described,21 and used as templates for the synthesis of
biotinylated RNAs by using T7 RNA polymerase and biotin-conjugated cytidine 5′-
triphosphate. After an established protocol,35 cytoplasmic fractions of unstimulated Jurkat
cells (40 μg) were incubated for 1 hour at room temperature with 1 μg of biotinylated
transcripts, and then ribonucleoprotein complexes were isolated with streptavidin-conjugated
Dynabeads (Invitrogen). The presence of HuR in the pull-down pellet was verified by means
of Western blot analysis with the mouse monoclonal anti-HuR antibody 3A2 (Santa Cruz
Biotechnology, Santa Cruz, Calif)36 and the enhanced chemiluminescence protocol (GE
Healthcare, Piscataway, NJ), as previously described.29

Immunoprecipitation of endogenous messenger ribonucleoprotein complexes
We used a modification29 of an established protocol37 described in detail in the Methods
section of the Online Repository for immunoprecipitation (IP) of endogenous messenger
ribonucleoprotein complexes (mRNPs).
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Two-dimensional Western blot analysis
This assay was performed by using IPG strips (11 cm, pH 7-10; Bio-Rad, Hercules, Calif) for
isoelectric focusing (IEF) in the first dimension followed by electrophoresis in SDS-containing
gels (4% to 15% acrylamide) in the second dimension, as previously reported38 and described
in detail in the Methods section of the Online Repository.

Statistical analysis
Data were analyzed by using the repeated-measures ANOVA test with post-hoc analysis.

Results
To test the hypothesis that IL-13 expression can be regulated at the level of mRNA turnover,
we studied the decay of IL-13 mRNA after T-cell activation. IL-4–primed primary CD4+ T
cells, henceforth referred to as TH2-skewed cells, were left untreated or restimulated with
phorbol 12-myristate 13-acetate (PMA; 50 ng/mL) and the Ca2+ ionophore A23187 (250 ng/
mL) alone or in combination for 3 hours. Cells were then either harvested (as time 0) without
any additional treatment or further cultured in the presence of the transcriptional inhibitor
actinomycin D (3 μg/mL) for 1, 3, or 5 hours. Steady-state levels of IL-13 mRNA were
detectable by means of real-time PCR at baseline (cycle threshold [CT] = 27.4 ± 0.4) and
increased significantly after cell challenge with PMA (fold over control, 46.04 ± 6.8), the
Ca2+ ionophore A23187 (17.1 ± 2.3), and their combination (234.1 ± 67), as expected (Fig 1,
A). Treatment with actinomycin D revealed that in unstimulated T cells IL-13 mRNA has a
relatively fast turnover; in fact, only 22% of IL-13 mRNAwas detectable within 1 hour from
transcriptional termination (Fig 1, B). In contrast, more than 50% of the IL-13 mRNA was still
detectable at the same time point after treatment with PMA or A23187. More strikingly, in
cells treated with both stimuli, the levels of IL-13 mRNA after 1 hour were still virtually
unchanged compared with those at time 0, indicating a rapid and significant stimulus-
dependent stabilization of the IL-13 mRNA (P < .002, ANOVA). Accordingly, analysis of the
decay curve revealed that half-life of IL-13 mRNA, calculated for each condition as the time
(in hours) required for the transcript to decrease to 50% of its initial abundance, was 1.6 hours
in unstimulated cells, became longer after either stimulation (3.7 hours after PMA and 3.0
hours after A23187), and was significantly prolonged after combined stimulation (6.3 hours)
over unstimulated cells.

The 3′UTR of IL-13 mRNA displays AREs with a class 1 configuration,39 with 4 scattered
AUUUA sequences embedded in an A- and U-rich milieu, indicating potential regulation of
mRNA turnover by ARE-binding proteins (Fig 2, A). We used an established model31 for the
isolated study of the cis-element (the ARE) and the transfactor (HuR) potentially involved in
IL-13 mRNA turnover. We generated the construct pTet-BBB-IL13UTR by subcloning the
full-length IL-13 3′UTR in pTetBBB, which expresses the ARE-less rabbit β-globin reporter
under the control of a Tet-off promoter.40 The 2 constructs were transiently transfected in
parallel in H2 cells, together with a green fluorescent protein (GFP) expression vector for
normalization (Fig 2, B). H2 cells31 were used in place of Tet-off Jurkat cells because the latter
lack the adenovirus receptor. In Fig 2, C, densitometric analysis of the Northern blot, performed
with cytoplasmic RNA extracted from H2 after transcriptional shutoff, shows that the insertion
of the IL-13 3′UTR significantly accelerated the slow turnover of the ARE-less chimeric β-
globin mRNA,40 displaying a half-life of 2.1 hours compared with 11.4 hours in cells
transfected with pTet-BBB (n = 6). The fast turnover of the chimeric transcript resembles the
decay of the IL-13 mRNA in unstimulated TH2-skewed cells, suggesting that the IL-13 3′UTR
does contain functional regulatory elements of mRNA turnover.
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When HuR was transiently overexpressed in H2 cells (Fig 3, C), it induced a profound
stabilization of the labile chimeric β-globin mRNA only in cells cotransfected with pTet-BBB-
IL13UTR (Fig 3, A, right). In these cells this can be appreciated by comparing cells transfected
with the empty vector with those transfected with HuR, especially at the 3- and 5-hour data
points (P < .02, ANOVA). Densitometric analysis indicates a 10-fold increase in reporter
mRNA half-life over mock-transduced cells (22.7 vs 2.8 hours, respectively; Fig 3, B). These
results, confirmed by means of densitometry of Northern blot analysis (see Fig E2 in the Online
Repository at www.jacionline.org), suggest that HuR is involved in transcript stabilization
mediated by the 3′UTR of IL-13 mRNA.

To verify the occurrence of a stimulus-dependent association of HuR with the endogenous
IL-13 mRNA and to validate in a physiologically relevant model the mechanisms identified in
the reporter system, we performed IP of mRNPs obtained from Jurkat cells stimulated with or
without PMA and A23187 for 3 hours using a monoclonal anti-HuR (3A2) or an isotype-
matched antibody. The specificity of the IP with anti-HuR was confirmed by Western blotting
to monitor HuR presence in the mRNPs (data not shown). The immunoprecipitated mRNA
pools were then assayed for the presence of IL-13 mRNA by using real-time PCR. IL-13 mRNA
was barely detectable in the IP samples of unstimulated cells (data not shown). Conversely,
after cell activation, we found a consistent enrichment of IL-13 mRNA in the samples obtained
by means of IP with anti-HuR over the background mRNA levels in the control antibody
immunoprecipitates. In Jurkat cells the difference of 6 cycles in the CT value for IL-13 detection
between the HuR and the mock IP (ΔCT) indicated a 2-(-6) = 64-fold enrichment in IL-13 mRNA
in the HuR IP. Importantly, selective association of IL-13 mRNA with HuR was also confirmed
in TH2-skewed cells (Fig 4, A, right panel), where the ΔCT for IL-13 (6.6 cycles) indicated a
2-(-6.6) = 97.7-fold enrichment in IL-13 mRNA in the HuR IP. In both cases detection of
GAPDH mRNA, used as a negative control because it is known not to be a target of HuR,
showed no difference between the 2 IP conditions, indicating a lack of specific enrichment
despite the more abundant message, as indicated by the lower CT number.

We then confirmed the interaction of HuR with the 3′UTR of IL-13 mRNA by using the biotin
pull-down assay (Fig 4, B). Cytoplasmic proteins from Jurkat cells were incubated with
biotinylated transcripts spanning the coding region or the full-length 3′UTR of IL-13 or the
full-length 3′UTR of GAPDH as a negative control. The presence of HuR in the pulled-down
pellets isolated with streptavidin-coated beads was detected by means of Western blotting.
Only residual binding was detected in the IP samples pulled down with the transcript
encompassing the coding region, which was comparable with that obtained by using the ARE-
less 3′UTR of GAPDH. In contrast, substantial amounts of HuR were associated with the IL-13
3′UTR, which is in line with the mRNA-stabilizing effects of overexpressed HuR in our IL-13
3′UTR-bearing β-globin reporter model (Fig 3).

Levels of endogenous HuR did not change after cell stimulation (data not shown). Therefore
to assess whether mitogens trigger posttranslational modification of HuR, 2-dimensional
Western blot analysis of HuR was performed by using lysates from Jurkat cells unstimulated
or treated with PMA and A23187. After stimulation up to 1 hour, the HuR signal shifted
rightward, indicating a loss in negative charge (n = 4; Fig 4, C). Treatment with calf intestinal
phosphatase of unstimulated samples also produced a rightward shift, although less marked
than that observed after mitogen treatment, suggesting that the latter posttranslational change
of HuR could be due, at least in part, to a loss of phosphorylation.

We then explored the functional role for HuR association by transiently modulating HuR levels
in Jurkat cells. The level and specificity of transient overexpression and silencing of HuR was
verified by means of Western blotting (Fig 5, left panels). Transfected cells were stimulated
with or without PMA and ionomycin and harvested for analysis of IL-13 mRNA. Results were
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normalized to GAPDH mRNA expression, the negative control also used for the experiments
of IP and the biotin pull-down assay, which was not altered by changes in HuR levels (data
not shown). Mitogen-induced levels of IL-13 mRNA were significantly increased in cells
overexpressing HuR (12.5 ± 3.3–fold over mock-transfected cells, P < .05). Accordingly, IL-13
levels decreased by 41% when HuR expression was suppressed with a specific siRNA (Fig 5,
left panels).

Discussion
Our studies provide evidence for a thus far undescribed regulatory component of IL-13
expression in T cells that involves modulation of mRNA turnover. In resting human primary
T cells, the low steady-state levels of IL-13 mRNA displayed a relatively short half-life. After
cell restimulation, the expected increase in IL-13 mRNA levels was paralleled by a profound
prolongation of the transcript's half-life. These findings demonstrate that on cell activation,
mRNA stabilization occurs in conjunction with the increase in IL-13 mRNA steady-state
levels, which is in agreement with previous studies recognizing the process of stabilization of
cytokine mRNAs as a central regulatory mechanism of T-cell activation.5,6 Signaling cascades
activated by proinflammatory stimuli that regulate transcription also control downstream
regulatory events at the level of mRNA transport, stability, and translation.41 Therefore the
observed changes in mRNA turnover are likely to be integrated with transcriptional events to
produce the robust increase in steady-state levels of IL-13 that occurs after T-cell activation
in vitro.

Our data indicate that the 3′UTR plays an important role in determining the turnover rate of
the IL-13 mRNA. Subcloning of this region significantly accelerated the slow decay of the
ARE-less β-globin mRNA but also mediated transcript stabilization after HuR overexpression.
Changes in mRNA turnover rates and translation of ARE-bearing genes are modulated by
complex remodeling of ribonucleoprotein complexes, which provides a tight control of the
timing and magnitude of their expression through the promotion of sequential transient
increases in mRNA stabilization and accelerated decay. It is possible that in resting conditions
the more rapid decay seen in both the endogenous IL-13 mRNA and in the chimeric reporter
could be under the control of decay-promoting RNA-binding proteins, such as tristetraprolin,
as shown for the control of IL-2 mRNA decay in human T cells.42 In activated cells such a
pattern of rapid decay could be changed by the activation of HuR, which would determine an
increase in IL-13 levels by increasing mRNA stabilization. In support of this view, in addition
to mRNA stabilization, we also show that mitogen stimulation promotes association of HuR
with the endogenous IL-13 mRNA. A functional role for this ribonucleoprotein complex in
IL-13 transcript turnover is further supported by the strong stabilization of the chimeric mRNA
bearing the IL-13 3′UTR after overexpression of HuR and by the significant changes in IL-13
mRNA levels after overexpression or silencing of HuR.

The putative AREs that bind HuR show a high degree of heterogeneity in both human subjects
and mice.35 Recently, novel binding regions for HuR have been described within the coding
regions of IL-4 and CD83.9,10 In addition to class 1 AREs, the IL-13 3′UTR contains 2
additional putative HuR-binding sites identified through computational analysis.35 In our
study we demonstrate, by means of mRNP IP and biotin pull-down assay, that HuR is bound
to the 3′UTR and not to the coding region of the IL-13 mRNA. Further deletional and mutational
analysis of the IL-13 3′UTR will clarify the role of the discrete sequences controlling the
observed changes in mRNA turnover and will help identify more specific recognition sites for
HuR.

HuR-mediated functions are dependent on the increase in its cytoplasmic levels after cell
activation. Increased nucleocytoplasmic shuttling of HuR has been documented in human and
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mouse T cells after activation through the T-cell receptor by costimulatory molecules (eg,
CD28 and LFA-1), by IL-4, and by PMA.5,9,18,20,43 This process is increasingly viewed as
a central feature of T-cell activation, granting an important mechanistic insight into the
regulation of T-cell responses. Because only a small percentage of HuR shuttles to the
cytoplasm, this process can be best appreciated in the thin cytoplasm of activated T cells by
using confocal microscopy.5,18 Although because of technical limitations we did not
document a stimulus-induced increase in cytoplasmic levels of HuR in our system, we observed
that the total levels of HuR were not changed by cell treatment in Jurkat and TH2-skewed cells
(data not shown), suggesting that activation of HuR, rather than increased synthesis, is involved
in IL-13 mRNA turnover. Posttranslational modifications of HuR, such as methylation or
phosphorylation, have been shown to be mediated by multiple pathways38-45 and have been
linked to either stimulus-dependent nucleocytoplasmic shuttling or to the mRNA-stabilizing
function of HuR. The loss of negative charge induced in HuR by mitogen treatment is
reproduced, at least in part, by phosphatase treatment of unstimulated samples. These results
suggest that a loss in phosphorylation might be involved in mitogen-mediated posttranslational
changes of HuR, either through inhibition of kinases38,45 or activation of as-yet-unidentified
phosphatases. Further studies are warranted to characterize these pathways and their role in
the effect of HuR on IL-13 mRNA stability.

The functions of HuR in T cells appear to be pleiotropic, accounting for either increased
stabilization, cytoplasmic accumulation, or translation of T-cell transcripts.9,10,17,18,25,46
In our study the significant changes in IL-13 mRNA levels subsequent to transient changes in
HuR levels provide additional support for the proposed role of HuR as a positive regulator of
IL-13 mRNA stability. Also in support of this hypothesis, IL-13 and IL-4 mRNA displayed
increased stability, along with higher levels of expression, in activated T cells in a TH2-biased
mouse strain in comparison with those observed in cells from a TH1-biased background.12
Importantly, HuR has been recently identified as a mediator of IL-4 mRNA stabilization in
mouse CD4+ T cells.9

Strikingly, HuR has been thus far reported to mediate mRNA stabilization of the majority of
the cytokine genes clustered on chromosome 5q: IL-3, IL-4, GM-CSF, and, in the present study,
IL-13.9,19,25,47,48 On this basis, we propose that in T cells HuR could be exerting a critical
role by regulating posttranscriptionally the coordinate expression of this cytokine cluster. This
is in line with the current view of the control of cytoplasmic mRNA by RNA-binding proteins
as a key regulatory mechanism for the coordinate expression of functionally related genes.49
It is also interesting to note that HuR is encoded in chromosome 19p13.2,50 a region known
to include candidate genes in asthma and other atopic disorders.51

Taken together, our data indicate that posttranscriptional regulation critically affects the
expression of IL-13 in T cells and support the hypothesis that HuR is an important amplifier
of inflammatory and allergic responses. By binding to ARE-bearing and functionally related
transcripts after T-cell activation, HuR could coordinate their cytoplasmic fate and ultimately
sustain their increased production in response to inflammatory stimuli. Identification of the
molecular pathways of HuR activation and function will further our knowledge of how
inflammation works and will likely identify valuable targets for therapeutic intervention.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used
ARE  

Adenylate-uridylate–rich element

CT  
Cycle threshold

DTT  
Dithiothreitol

EGFP  
Enhanced green fluorescent protein

GAPDH  
Glyceraldehyde-3-phosphate dehydrogenase

GFP  
Green fluorescent protein

IEF  
Isoelectric focusing

IP  
Immunoprecipitation

mRNP  
Messenger ribonucleoprotein complex

PMA  
Phorbol 12-myristate 13-acetate

siRNA  
Small interfering RNA

Tet  
Tetracycline

UTR  
Untranslated region
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FIG 1.
Increase of IL-13 steady-state levels and mRNA stabilization in restimulated T cells. IL-13
mRNA detected by means of real-time PCR in TH2-skewed cultures (n = 3) at time 0 after the
indicated treatment (A; *P < .05 vs unstimulated cells) or after treatment with actinomycin D
(Act D; B) is shown. Shown in parentheses in Figs 1 to 3 is the mRNA half-life (in hours).
**P < .001 and *P < .05 versus unstimulated cells.
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FIG 2.
The 3′UTR of IL-13 mRNA mediates changes in the stability of a β-globin mRNA reporter.
A, The 3′UTR of the human IL-13 mRNA. AU-rich elements are bolded. Underlined are
additional putative HuR recognition sites. Representative Northern blot (B) and densitometric
analysis (C; means ± SEMs of n = 6) of β-globin mRNA expression in H2 cells transfected
with the indicated plasmids is shown. *P < .01 compared with pTet-BBB-transfectants.
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FIG 3.
Overexpression of HuR increases the stability of the IL-13 3′UTR-bearing β-globin reporter.
Representative end point PCR (A) and densitometric analysis (B; means ± SEMs of n = 6) of
β-globin (upper panels) and GFP (lower panels) mRNA in H2 cells transfected with the
indicated plasmids after transduction with Ad-HuR (HuR) or Ad-empty vector (EV) is shown.
*P < .001, β-globin mRNA in pTet-BBB-IL13UTR-transfectants compared with pTet-BBB-
transfectants; §P < .05, pTet-BBB-IL13UTR plus Ad-HuR cotransfectants compared with Ad-
EV cotransfectants. C, Western Blot of HuR and β-actin levels in transfected H2.
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FIG 4.
Association of HuR with IL-13 mRNA and posttranslational changes of HuR. A,
Representative real-time PCR amplification plot of fluorescence intensity over background
(Delta Rn) against PCR cycle (CT) of IL-13 and GAPDH mRNA in stimulated Jurkat (n = 3)
and TH2-skewed cells (n = 2) subjected to IP with the anti-HuR antibody (solid symbols) or
with control antibody (open symbols). In the bar graph inserts the IL-13 datasets are expressed
as the means ± SEMs CT of the IP with anti-HuR (black bars) or the control antibody (white
bars). B, Western blot of HuR after biotin pull-down assay (representative of n = 3). C,
Detection of HuR by means of 2-dimensional Western blot analysis (representative of n = 4)
in Jurkat cells unstimulated (Ctrl) or treated for the indicated times. Lysates from unstimulated
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cells were run in the absence or presence of treatment with calf intestinal phosphatase (CIP)
before separation in the first dimension.
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FIG 5.
Changes in HuR levels affect IL-13 mRNA expression. Left panels, Western blot of HuR and
β-tubulin after transfection of Jurkat cells with an HuR expression vector or an empty vector
(EV;A) and HuR-specific siRNA or a scrambled siRNA (Ctrl;B). Numbers below the blots
represent the normalized densitometric readings. Right panels, Mitogen-induced IL-13 mRNA
in transfected Jurkat cells (Fig 5, A: n = 3; Fig 5, B, n = 5; P < .05).
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