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Cystic fibrosis (CF) is characterized by a massive pro-inflammatory phenotype in the lung arising from
profound expression of inflammatory genes, including interleukin-8 (IL-8). We have previously reported
that [L-8 mRNA is stabilized in CF lung epithelial cells, resulting in concomitant hyper-expression of IL-8
protein through elevated expression of miR-155. We therefore investigated what factors promote the
enhanced aberrant expression of miR-155 in CF. Here we report for the first time, the role of mRNA-desta-
bilizing inflammatory RNA-binding proteins, KSRP and TTP, in the regulation of miR-155 biogenesis in CF
lung epithelial cells. We find that KSRP and TTP have an antagonistic role in miR-155 biogenesis. While
KSRP promotes enhanced processing of miR-155 precursors to mature miR-155, over-expression of TTP in
the CF lung epithelial cells suppresses expression of miR-155. We find that TTP induces the expression of
miR-1, which appears to be a regulator of miR-155 biogenesis in CF lung epithelial cells. These data pro-
vide novel insights into the mechanisms that induce hyper-inflammatory phenotype of CF, and are poten-
tial candidates for anti-inflammatory therapeutics for CF.
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1. Introduction

Cystic fibrosis (CF), the most common autosomal recessive dis-
ease in the U.S. and Europe, is caused by mutations in the cystic
fibrosis trans-membrane conductance regulator (CFTR) gene [1-
4]. CFTR mutations, of which the frequent is [AF508]-CFTR, cause
a massive pro-inflammatory phenotype in the lung, which mani-
fests in the airway by high levels of IL-8 and other pro-inflamma-
tory cytokines and chemokines [5-7]. IL-8 is the most potent
known chemotactic agent for neutrophils [8], and is constitutively
secreted from CF lung epithelial cells [9]. CF patients also constitu-
tively secrete high levels of IL-8 [10]. However, how a mutation in
CFTR induces an inflammatory phenotype by targeting mecha-
nisms that regulate inflammation remains poorly understood.

microRNAs (miRNAs, miRs), a class of ~22 nucleotide long
endogenous RNA molecules, have been shown to negatively regu-
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late gene expression by promoting mRNA degradation and/or
translational suppression [11-14]. Furthermore, miRNAs can occa-
sionally also switch from a normally translational repressor mode
to that of a translational activator [15,16]. Recently, specific miR-
NAs have been reported to be associated with diabetes [17,18],
cancer [19-22], heart disease [23,24], cell cycle [25], and develop-
ment [12]. Consistent with their multiple essential roles, miRNA
expression and biogenesis is regulated at either transcriptional or
post-transcriptional levels [26-28]. However, the mechanisms by
which miRNA processing is controlled in specific cells and tissues
remain largely unknown. In mammalian miRNA biogenesis, pri-
mary (pri-) miRs are cleaved into hairpin intermediates, precursor
(pre-) miRs, by nuclear RNase III Drosha. Pre-miRs are further pro-
cessed into mature miRs by cytosolic Dicer [29,30]. The function
and expression of mature miRs is controlled by mechanisms that
regulate the processing of pri-miRs and pre-miRs.

We have recently reported the aberrant expression of miRNAs
in CF lung epithelial cells compared to control cells (both in culture
and in primary epithelial cells isolated from CF patient bronchial
brushings) and have demonstrated how elevated level of miR-
155 induces hyper-expression of IL-8 [31]. However, what causes
aberrant elevated expression of miR-155 in CF cells, resulting in
the pro-inflammatory disease phenotype, is not known. Here we
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report the mechanism of regulation of miR-155 expression in CF
lung epithelial cells.

We have previously shown that CF lung epithelial cells in cul-
ture not only secrete large amounts of IL-8 protein, but also have
high levels of very stable IL-8 mRNA [32]. The changes in mRNA
turnover are mediated by specific trans-acting proteins that recog-
nize certain motifs, including adenine-uridine rich elements
(AREs). Two such ARE RNA-binding proteins (RBPs) known to
destabilize ARE-mRNAs, including IL-8, are (i) KH-type splicing
regulatory protein (KSRP), the KH domain containing splicing fac-
tor [33]; and (ii) tristetraprolin (TTP), a zinc finger protein also
known as ZFP36 [34,35]. We have previously reported that one
of the factors contributing to the profound inflammatory gene
expression in CF is the presence of low endogenous levels of the
anti-inflammatory protein, TTP [32].

Here we report the antagonistic role of the two inflammatory
RBPs, KSRP and TTP, in the regulation of miR-155 biogenesis in
CF lung epithelial cells. Our data indicate that suppression of KSRP
in CF cells leads to inhibition of miR-155 maturation. Moreover, we
find that the anti-inflammatory RBP, TTP, suppresses the pro-
inflammatory miR-155 processing and expression in CF lung epi-
thelial cells through the induction of another microRNA, miR-1.
These data suggest that mechanisms regulating miRNA biogenesis
may serve as potential novel miR-based anti-inflammatory thera-
peutic targets for CF.

2. Materials and methods
2.1. Reagents

LHC-8. media, Trypsin-EDTA (0.05%) and Lipofectamine trans-
fection Reagent were purchased from Invitrogen (Life Technolo-
gies). miRVana kit and RNA-aqueous-micro kit for RNA isolation,
Tagman Low Density V2 arrays, miRNA primer pools, and Tagman
gPCR reagents were purchased from Applied Biosystems (Life
Technologies).

2.2. Cell culture and siRNA, pre-miR and anti-miR transfection

IB3-1 CF lung epithelial cells and the control CFTR-repaired IB3-
1/S9 cells were maintained in LHC-8 serum free medium in humid-
ified 5% CO-, as previously described [36]. The IB3-1-TTP cells were
similarly maintained in LHC-8 medium containing puromycin
(0.5 pg/ml). Bronchial brush biopsies were collected under an
Institutional Review Board approved protocol as previously de-
scribed [32]. Transfections with siRNA, pre-miR-1 and anti-miR-1
were done using siPORT NeoFX Transfection Reagent (ABI). The
siRNA against KSRP was obtained from ABI (siRNA id # s16322).
The pre-miR-1 is the miR-1 precursor mimic (ABI id# PM10617)
and anti-miR-1 is the siRNA against miR-1 (ABI id# AM10617).

2.3. RT-PCR, and assays for mature and precursor miRNAs

Total RNA was isolated from the IB3-1 and IB3-1/S9 cells using
miRVana isolation kit (ABI). Multiplex Reverse Transcription was
performed with TagMan MicroRNA Reverse Transcription Kit
(ABI). RNA was isolated from the cells and mRNA expression level
was analyzed with qRT-PCR as described earlier [32]. miRNA
expression profile was analyzed by TagMan Low Density Human
MicroRNA Panel v2 as described in Bhattacharyya et al. [31]. The
KSRP mRNA was analyzed by Tagman assay (ABI). The mature
miR-155 was assayed using Tagman miR-155 specific assay (ABI,
Assay ID: 002623). The pri-miR-155 was analyzed with ABI Tagman
assay (Assay ID: Hs03303349_pri) as well by SYBR green-based
gPCR with the primers: GTGTATGATGCCTGTTACTAGCA (forward)

and GCCTGAAGTCTAAGTTTATCCAGC (reverse). The pre-miR-155
was analyzed by SYBR green qPCR reactions with the primers:
TGCTAATCGTGATAGGGGTTIT (forward) and TGCTAATATGTAG-
GAGTCAGTTGGA (reverse). GAPDH was used as endogenous
controls. For analyses of GAPDH, the cDNA was diluted 1:5 and
amplified with the primers (5 uM): GCTCACTGGCATGGCCTTCC-
GTGT (forward) and TGGAGGAGTGGGTGTCGCTGTTGA (reverse).

2.4. Immuno-precipitation

Cells were lysed using RIPA buffer (50 mM Tris HCl pH
8150 mM NacCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS)
containing a protease inhibitor cocktail (Sigma) and DTT. Lysates
were cleared by centrifugation and an aliquot was examined for
protein concentration (BioRad). Lysates (1 mg Protein) were incu-
bated with 25 pg anti-KSRP antibody (generous gift from Dr.
Ching-Yi Chen, Department of Biochemistry and Molecular Genet-
ics, University of Alabama, Birmingham) for 4 h at 4 °C. Subse-
quently 100 pg A/G coupled Dynabeads were added to the cell
lysate and incubated at 4 °C for 1 h. The beads were incubated with
100 pl elution buffer (0.5% NP40, 1 pl of 10% SDS and 1 pl Protein-
ase K (20 mg/ml)) at 55 °C for 30 min. RNA was extracted using the
RNAqueous - Micro kit (ABI).

2.5. Statistical data analyses

Statistical analysis was performed using Excel. Significance val-
ues (p < 0.05) were determined by student’s t-test. Error bars on
graphs represent SEM.

3. Results
3.1. miR-155 biogenesis is mis-regulated in CF lung epithelial cells

Aberrant expression in mature miRNAs is often observed in var-
ious human diseases, and can be due to the impairment of miRNA-
processing steps. Our earlier data demonstrated that miR-155
expression is elevated in AF508-CF lung epithelial cells and that
pharmacological inhibition of WT-CFTR activity also induces in-
creased expression of miR-155 [31]. We, therefore, examined the
expression of miR-155 precursors, both pri-miR-155 and pre-
miR-155, in IB3-1 CF cells and CFTR-repaired IB3-1/S9 control cells.
As depicted in Fig. 1, though level of the mature miR-155 is ele-
vated (~5.7-fold) in CF cells compared to control cells, the expres-
sion of pri-miR-155 is lower (~40%). Moreover, we find that pre-
miR-155 expression is relatively enhanced (~1.3-fold) in CF cells
compared to controls. Thus, our data indicate that up-regulation
of miR-155 in pro-inflammatory CF cells is not due to increased
transcription of the precursor but rather enhanced processing of
pri- as well as pre-miR-155.

3.2. KSRP induces enhanced processing of pri- and pre-miR-155 in CF
lung epithelial cells

Several RNA-binding proteins, including KSRP, have been shown
to bind to stems and terminal loops (TL) of miRNA precursors and
regulate miRNA processing. Studies from Gherzi and colleagues
have shown that the extracellular inflammatory stimulus, bacterial
lipopolysaccharide (LPS), induces KSRP-mediated enhanced
processing of miR-155 and promotes up-regulation of mature
miR-155 in LPS-treated mouse macrophages [37]. Therefore, we
analyzed the role of KSRP in the processing of miR-155 in CF lung
epithelial cells and performed siRNA-mediated depletion of KSRP
in CF cells. As depicted in Fig. 2A and B, a 30 pM dose of siRNA
specific for KSRP can effectively suppress KSRP expression (~50%)
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Fig. 1. miR-155 processing is enhanced in CF cells. Analyses of the relative
expression of the precursors of miR-155, both pri- and pre-miR-155 by qPCR
demonstrates that though pri-miR-155 is reduced in [B3-1 CF cells compared to
control IB3-1/S9 cells (left panel), the expression of pre-miR-155 is increased
(middle panel). Further enhancement in processing of pre-miR-155 promotes
significant up-regulation in mature miR-155 expression in the CF cells compared to
control cells (right panel). The data (*p <0.05) reflects average of three or more
independent experiments.

both at mRNA as well as protein. This in turn leads to suppression
in mature miR-155 (~30%, Fig. 2C) and a corresponding significant
increases in pri- and pre-miR-155 expressions (Fig. 2D). Consis-
tently, both pri- and pre-miR-155 precursors are immuno-precipi-
tated from pro-inflammatory CF cells with KSRP antibody and
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there is increased association of pre-miR-155 with KSRP in CF cells
compared to control cells (Fig. 2E). While the expression of KSRP
does not show a significant change in CF cells compared to control
cells, the KSRP mRNA is slightly elevated (~2-fold) in primary CF
cells compared to the controls (Supplementary Fig. 1S). Thus, our
data indicate that KSRP enhances miR-155 biogenesis in CF lung
epithelial cells.

3.3. TTP suppresses the maturation of miR-155 in CF cells

We have shown that pro-inflammatory CF cells, both in culture
and ex vivo primary CF cells, exhibit negligible endogenous expres-
sion of the ARE-mRNA destabilizing protein TTP compared to con-
trol cells [32]. This is one of the factors leading to a profound
hyper-expression of the pro-inflammatory chemokine IL-8 [32].
Our earlier studies have also indicated that over-expression of
TTP in these cells suppresses inflammation by destabilization of
IL-8 mRNA [32]. We subsequently developed a stable CF lung epi-
thelial cell line, IB3-1-TTP (CF-TTP), expressing high levels of TTP.
Interestingly, we find that the CF-TTP cells also exhibit (~2-fold)
reduction in mature miR-155 expression compared to that in the
pro-inflammatory CF cells and significant increases in the expres-
sion of miR-155 precursors, both pri- and pre-miR-155 (Fig. 3A)
(p <0.05). Thus it appears that the anti-inflammatory protein TTP
inhibits miR-155 biogenesis.

3.4. miR-1 regulates TTP-mediated suppression of miR-155 biogenesis
in CF lung epithelial cells

Subsequent to our previous observation that over-expression of
TTP in CF cells can suppress miR-155, we analyzed the miRNA
expression profile (ABI Tagman miRNA arrays) in these cells. We
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Fig. 2. KSRP enhances miR-155 processing in pro-inflammatory CF lung epithelial cells. (A) CF (IB3-1) cells were treated with siRNA specific for KSRP. A dose of 30 pM for 48 h
effectively reduces KSRP mRNA to ~50%. (B) The corresponding KSRP protein also shows a ~50% reduction compared to PABP protein controls. The knockdown of KSRP
promotes (C) suppression of mature miR-155 expression, while (D) there is a corresponding increase in the expression of pri- and pre-miR-155 (sybr green-based qRT-PCR).
The data (*p < 0.05) reflects average of three or more independent experiments. (E) IB3-1CF and IB3-1/S9 control cell extracts were immuno-precipitated (IP) with anti-KSRP
antibody. The pri-miR-155 and pre-miR-155 expression in the IP were analyzed by RT-PCR.
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Fig. 3. TTP suppresses miR-155 expression in CF cells. The expression of pri- and pre-miR-155 was elevated in IB3-1-TTP cells compared to IB3-1 and IB3-1/S9 control cells
(left and middle panel). The analyses of corresponding mature miR-155 expression (right panel), indicate suppressed expression in TTP over-expressing CF cells, IB3-1-TTP
compared to the IB3-1 CF cells, which express low endogenous levels of TTP protein. (B) miR-1 expression was analyzed by Tagman assays in IB3-1/S9 control cells, IB3-1 CF
cells, and in TTP over-expressing CF cells (IB3-1-TTP). IB3-1 CF cells and IB3-1-TTP CF-TTP cells were transfected with pre-miR-1 and anti-miR-1, respectively, for 24 h with
the indicated doses. (C) Over-expression of miR-1 in IB3-1 CF cells with pre-miR-1 or (D) suppression of miR-1 in IB3-1-TTP cells with anti-miR-1 induces corresponding
decreases and increases in mature miR-155, respectively. The data (*p < 0.05) reflects average of three or more independent experiments.

thus identified miR-1 as a possible regulator of miR-155 suppres-
sion in CF-TTP cells. As depicted in Fig. 3B, miR-1 was not detected
in the IB3-1 CF cells, while both IB3-1/S9 control cells and IB3-1-
TTP cells, which have increased expression of TTP, exhibit a
remarkably significant up-regulation of miR-1. Consistently, we
find that primary lung epithelial cells isolated from bronchial
brushings of CF patients lack miR-1 expression (Fig. 3B). Moreover,
we find that over-expression of miR-1 with pre-miR-1 (30 nM,
24 h) in IB3-1 CF cells significantly reduces expression of miR-
155 (Fig. 3C) (p < 0.05). Additionally, knockdown of miR-1 with
anti-miR-1 (25 nM, 24 h) in CF-TTP cells induces up-regulation of
mature miR-155 (Fig. 3D) (p < 0.05). Thus, our data indicate miR-
1 to be a potential regulator of miR-155 expression in CF cells.

4. Discussion

We have previously reported aberrantly high levels of miR-155
in cultured CF lung epithelial IB3-1 cells, and in primary epithelial
cells from lungs of CF patients [31]. Based on these findings, we
analyzed the mechanism that regulates miR-155 expression in CF
lung epithelial cells. Here we report, for the first time, that the
aberrant up-regulation of miR-155 is due to the enhanced process-
ing of the precursors in CF cells. As summarized in Fig. 4, the data
clearly indicate the antagonistic role of the two inflammatory RNA-
binding proteins, KSRP and TTP in the regulation of miR-155 bio-
genesis in CF cells. While KSRP induces increased processing of

miR-155 precursors, over-expression of TTP appears to suppress
this process and causes reduction in the mature miR-155 expres-
sion in CF lung epithelial cells. Moreover, the data also demon-
strates that TTP induces the expression of another microRNA,
miR-1, which appears to mediate the regulation of miR-155 pro-
cessing in CF cells.

The mis-regulation of specific miRNAs leads to various human
diseases including cancer, metabolic disorders, cardiovascular
diseases, liver disease and immune dysfunction [17,18,20-
22,24,25,38,39]. miR-155, a multifunctional miRNA, has been
identified as an important regulator of the immune system and
inflammation. It is therefore not unexpected that deregulation of
miR-155 might be involved in CF pathophysiology.

Biogenesis

Fig. 4. Antagonistic regulation of miR-155 biogenesis by KSRP and TTP. The
schematic summarizes our hypothesis that processing, expression and function of
miR-155 is regulated by the inflammatory RBPs, TTP and KSRP, and that reciprocally
miR-155 is also a potent inducer of pro-inflammatory genes including IL-8 in CF
lung epithelial cells.
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Recent studies indicate the role of RNA-binding proteins as reg-
ulators of miRNA processing [40,41]. Studies from Gherzi and col-
leagues have shown that the extracellular inflammatory stimulus,
bacterial lipopolysaccharide (LPS), induces KSRP-mediated en-
hanced processing of miR-155 in mouse macrophages [37]. Analy-
ses of miR-155 precursors, both pri- and pre-miR-155, in CF lung
epithelial cells indicate that though mature miR-155 is up-regu-
lated, the expression of pri-miR-155 is lower in CF cells compared
to control cells. However, we observe increased expression of pre-
miR-155 in CF cells, ultimately also leading to increased mature
miR-155 expression. These data are consistent with previous re-
ports that indicate enhanced processing of miR-155 induced en-
hanced expression of the mature miR-155. We, subsequently,
analyzed the role of the inflammatory RBP, KSRP, in miR-155 bio-
genesis in CF cells. The data clearly indicate that KSRP promotes
enhanced processing of the miR-155 precursors, pri- and pre-
miR-155, in the pro-inflammatory CF lung epithelial cells.

We have previously reported that the deficiency in the anti-
inflammatory AU-binding protein TTP is one of the major factors
responsible for enhanced expression of IL-8 in the CF lungs [32].
Interestingly, we find that the anti-inflammatory TTP not only sup-
presses IL-8 expression but also significantly reduced the expres-
sion of the pro-inflammatory mature miR-155. Comprehensive
miRNA expression profile analyses of the CF cell derivatives, con-
stitutively expressing high levels of TTP (CF-TTP), indicated miR-
1 as a potential regulator of miR-155. This is the first report on
the regulation of the biogenesis of miR-155 by the anti-inflamma-
tory RBP, TTP. Future goals are targeted towards further analyzing
these mechanisms. These findings will lead to novel anti-inflam-
matory therapeutic targets for CF and related pulmonary diseases.

Acknowledgements

The KSRP antibody was a generous gift from Dr. Ching-Yi Chen
(Department of Biochemistry and Molecular Genetics, University of
Alabama, Birmingham). The authors thank Dr. Harvey B. Pollard
(USUHS, Bethesda, MD) for critical review of this manuscript. This
study was supported by USU-Intramural Funds [RB], and Cystic
Fibrosis Foundation [RB].

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bbrc.2013.03.025.

References

[1] H.B. Pollard, Anatomic genomics: systems of genes supporting the biology of
systems, Anat. Rec. 259 (2000) FM3-FM9.

[2] R.A. Frizzell, Ten years with CFTR, Physiol. Rev. 79 (1999) S1-2.

[3] S.H. Cheng, RJ. Gregory, ]J. Marshall, S. Paul, D.W. Souza, G.A. White, C.R.
O'Riordan, A.E. Smith, Defective intracellular transport and processing of CFTR
is the molecular basis of most cystic fibrosis, Cell 63 (1990) 827-834.

[4] R.R. Kopito, Biosynthesis and degradation of CFTR, Physiol. Rev. 79 (1999)
S167-173.

[5] T.P. Dean, Y. Dai, JK. Shute, MK. Church, ]J.O. Warner, Interleukin-8
concentrations are elevated in bronchoalveolar lavage, sputum, and sera of
children with cystic fibrosis, Pediatr. Res. 34 (1993) 159-161.

[6] J.B. Richman-Eisenstat, P.G. Jorens, C.A. Hebert, I. Ueki, ].A. Nadel, Interleukin-
8: an important chemoattractant in sputum of patients with chronic
inflammatory airway diseases, Am. J. Physiol. 264 (1993) L413-418.

[7] D.S. Armstrong, K. Grimwood, J.B. Carlin, R. Carzino, ]J.P. Gutierrez, J. Hull, A.
Olinsky, E.M. Phelan, C.F. Robertson, P.D. Phelan, Lower airway inflammation in
infants and young children with cystic fibrosis, Am. J. Respir. Crit. Care Med.
156 (1997) 1197-1204.

[8] K.A. Roebuck, Regulation of interleukin-8 gene expression, ]. Interferon
Cytokine Res. 19 (1999) 429-438.

[9] T.L. Bonfield, ].R. Panuska, M.W. Konstan, K.A. Hilliard, ].B. Hilliard, H. Ghnaim,
M. Berger, Inflammatory cytokines in cystic fibrosis lungs, Am. ]. Respir. Crit.
Care Med. 152 (1995) 2111-2118.

[10] H. Corvol, C. Fitting, K. Chadelat, J. Jacquot, O. Tabary, M. Boule, ].M. Cavaillon,
A. Clement, Distinct cytokine production by lung and blood neutrophils from
children with cystic fibrosis, Am. J. Physiol. Lung Cell Mol. Physiol. 284 (2003)
L997-1003.

[11] V. Ambros, MicroRNAs: tiny regulators with great potential, Cell 107 (2001)
823-826.

[12] V. Ambros, MicroRNA pathways in flies and worms: growth, death, fat, stress,
and timing, Cell 113 (2003) 673-676.

[13] V. Ambros, The functions of animal microRNAs, Nature 431 (2004) 350-355.

[14] C.von Roretz, L.E. Gallouzi, Decoding ARE-mediated decay: is microRNA part of
the equation?, J Cell Biol. 181 (2008) 189-194.

[15] S.N. Bhattacharyya, R. Habermacher, U. Martine, E.I. Closs, W. Filipowicz,
Stress-induced reversal of microRNA repression and mRNA P-body localization
in human cells, Cold Spring Harbor Symp. Quant. Biol. 71 (2006) 513-521.

[16] S. Vasudevan, Y. Tong, J.A. Steitz, Switching from repression to activation:
microRNAs can up-regulate translation, Science 318 (2007) 1931-1934.

[17] M.N. Poy, L. Eliasson, J. Krutzfeldt, S. Kuwajima, X. Ma, P.E. Macdonald, S.
Pfeffer, T. Tuschl, N. Rajewsky, P. Rorsman, M. Stoffel, A pancreatic islet-
specific microRNA regulates insulin secretion, Nature 432 (2004) 226-230.

[18] M.N. Poy, M. Spranger, M. Stoffel, MicroRNAs and the regulation of glucose and
lipid metabolism, Diabetes Obes. Metab. 9 (Suppl 2) (2007) 67-73.

[19] C. Blenkiron, L.D. Goldstein, N.P. Thorne, 1. Spiteri, S.F. Chin, M.J. Dunning, N.L.
Barbosa-Morais, A.E. Teschendorff, A.R. Green, 1.0. Ellis, S. Tavare, C. Caldas,
E.A. Miska, MicroRNA expression profiling of human breast cancer identifies
new markers of tumor subtype, Genome Biol. 8 (2007) R214.

[20] C. Blenkiron, E.A. Miska, MiRNAs in cancer: approaches, aetiology, diagnostics
and therapy, Hum. Mol. Genet. 16 (1) (2007) R106-R113.

[21] H.W. Hwang, J.T. Mendell, MicroRNAs in cell proliferation, cell death, and
tumorigenesis, Br. J. Cancer 94 (2006) 776-780.

[22] M. Jovanovic, M.O. Hengartner, MiRNAs and apoptosis: RNAs to die for,
Oncogene 25 (2006) 6176-6187.

[23] E. van Rooij, E.N. Olson, MicroRNAs put their signatures on the heart, Physiol.
Genomics 31 (2007) 365-366.

[24] S. Ikeda, S.W. Kong, ]. Lu, E. Bisping, H. Zhang, P.D. Allen, T.R. Golub, B. Pieske,
W.T. Pu, Altered microRNA expression in human heart disease, Physiol.
Genomics 31 (2007) 367-373.

[25] S. Rane, D. Sayed, M. Abdellatif, MicroRNA with a macrofunction, Cell Cycle 6
(2007) 1850-1855.

[26] V.N. Kim, MicroRNA biogenesis: coordinated cropping and dicing, Nat. Rev.
Mol. Cell Biol. 6 (2005) 376-385.

[27] V.N. Kim, Small RNAs: classification, biogenesis, and function, Mol. Cells 19
(2005) 1-15.

[28] S.Bagga, A.E. Pasquinelli, Identification and analysis of microRNAs, Genet. Eng.
(NY) 27 (2006) 1-20.

[29] J. Krol, I. Loedige, W. Filipowicz, The widespread regulation of microRNA
biogenesis, function and decay, Nat. Rev. Genet. 11 (2010) 597-610.

[30] L. Slezak-Prochazka, S. Durmus, B.J. Kroesen, A. van den Berg, MicroRNAs,
macrocontrol: regulation of miRNA processing, RNA 16 (2010) 1087-1095.

[31] S. Bhattacharyya, N.S. Balakathiresan, C. Dalgard, U. Gutti, D. Armistead, C.
Jozwik, M. Srivastava, H.B. Pollard, R. Biswas, Elevated miR-155 promotes
inflammation in cystic fibrosis by driving hyperexpression of interleukin-8, J.
Biol. Chem. 286 (2011) 11604-11615.

[32] N.S. Balakathiresan, S. Bhattacharyya, U. Gutti, R.P. Long, C. Jozwik, W. Huang,
M. Srivastava, H.B. Pollard, R. Biswas, Tristetraprolin regulates IL-8 mRNA
stability in cystic fibrosis lung epithelial cells, Am. ]. Physiol. Lung Cell Mol.
Physiol. 296 (2009) L1012-1018.

[33] C.Y. Chen, R. Gherzi, S.E. Ong, E.L. Chan, R. Raijmakers, G.J. Pruijn, G. Stoecklin,
C. Moroni, M. Mann, M. Karin, AU binding proteins recruit the exosome to
degrade ARE-containing mRNAs, Cell 107 (2001) 451-464.

[34] E. Carballo, W.S. Lai, P.J. Blackshear, Feedback inhibition of macrophage tumor
necrosis factor-alpha production by tristetraprolin, Science 281 (1998) 1001-
1005.

[35] D.M. Carrick, W.S. Lai, P.J. Blackshear, The tandem CCCH zinc finger protein
tristetraprolin and its relevance to cytokine mRNA turnover and arthritis,
Arthritis Res. Ther. 6 (2004) 248-264.

[36] O. Eidelman, M. Srivastava, J. Zhang, X. Leighton, J. Murtie, C. Jozwik, K.
Jacobson, D.L. Weinstein, E.L. Metcalf, H.B. Pollard, Control of the
proinflammatory state in cystic fibrosis lung epithelial cells by genes from
the TNF-alphaR/NFkappaB pathway, Mol. Med. 7 (2001) 523-534.

[37] T. Ruggiero, M. Trabucchi, F. De Santa, S. Zupo, B.D. Harfe, M.T. McManus, M.G.
Rosenfeld, P. Briata, R. Gherzi, LPS induces KH-type splicing regulatory
protein-dependent processing of microRNA-155 precursors in macrophages,
FASEB ]. 23 (2009) 2898-2908.

[38] E. van Rooij, E.N. Olson, MicroRNAs: powerful new regulators of heart disease
and provocative therapeutic targets, J. Clin. Invest. 117 (2007) 2369-2376.

[39] MLV. Iorio, M. Ferracin, C.G. Liu, A. Veronese, R. Spizzo, S. Sabbioni, E. Magri, M.
Pedriali, M. Fabbri, M. Campiglio, S. Menard, J.P. Palazzo, A. Rosenberg, P.
Musiani, S. Volinia, I. Nenci, G.A. Calin, P. Querzoli, M. Negrini, C.M. Croce,
MicroRNA gene expression deregulation in human breast cancer, Cancer Res.
65 (2005) 7065-7070.

[40] G. Michlewski, S. Guil, J.F. Caceres, Stimulation of pri-miR-18a Processing by
hnRNP A1, Adv. Exp. Med. Biol. 700 (2005) 28-35.

[41] G. Michlewski, J.F. Caceres, Antagonistic role of hnRNP A1 and KSRP in the
regulation of let-7a biogenesis, Nat. Struct. Mol. Biol. 17 (2010) 1011-1018.


http://dx.doi.org/10.1016/j.bbrc.2013.03.025

	Regulation of miR-155 biogenesis in cystic fibrosis lung epithelial cells:  Antagonistic role of two mRNA-destabilizing proteins, KSRP and TTP
	1 Introduction
	2 Materials and methods
	2.1 Reagents
	2.2 Cell culture and siRNA, pre-miR and anti-miR transfection
	2.3 RT-PCR, and assays for mature and precursor miRNAs
	2.4 Immuno-precipitation
	2.5 Statistical data analyses

	3 Results
	3.1 miR-155 biogenesis is mis-regulated in CF lung epithelial cells
	3.2 KSRP induces enhanced processing of pri- and pre-miR-155 in CF lung epithelial cells
	3.3 TTP suppresses the maturation of miR-155 in CF cells
	3.4 miR-1 regulates TTP-mediated suppression of miR-155 biogenesis in CF lung epithelial cells

	4 Discussion
	Acknowledgements
	Appendix A Supplementary data
	References


