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Abstract

IL-15 is a pleiotropic cytokine related to IL-2 which acts at a broader level than its counterpart. It is presented through its
specific high-affinity receptor, IL-15Ra. Both cytokine and receptor are tightly regulated at multiple levels and are widely
distributed. Thus, deregulation of their expression leads to an inflammatory immune response. Variants of splicing of
IL-15Ra have been described in immune and barrier cells; however, their presence has not been focused on intestinal
epithelial cells. In this study, we describe five new alternative variants of splicing of IL-I5Ra in Caco-2 cells. Four of them
were expressed into proteins inside Caco-2 cells, but these were unable to bind IL-15 or to follow the secretory
pathway. However, the expression of mRNA itself might be relevant to diseases such as celiac disease, inflammatory

bowel disease or colorectal cancer.

Keywords

Alternative splicing, cancer, disease, epigenetics, interleukin-15

Date received: 6 April 2016; revised: 16 August 2016; accepted: 25 August 2016

Introduction

IL-15 is a pleiotropic cytokine with multiple effects in
both innate and adaptive immune cells." Tt was dis-
covered in 1994 as a result of its ability to stimulate
proliferation of T cells in a similar way to IL-2.%3
Altogether, IL-2, IL-7, IL-15, IL-21 and other growth
factors of cytokine family type I share a common recep-
tor, IL-R2yc (CD132). IL-2 and IL-15 also share the
IL-2RP subunit (CD122), but differ in their specific
receptor, IL-2Ra (CD25) or IL-15Ra (CD215), respect-
ively.! It is the expression pattern of IL-15 and IL-15Ra
and its affinity that make IL-15 act at a broader level
than IL-2 in the organism.

The expression of IL-15 is deeply regulated at five
different levels: (1) the IL-15 promoter, which contains
transcription factor binding sites for IFN and IL-6 (2)
the 5> UTR region, with 12 translation initiation sites
(AUG), (3) its signal peptide and (4) its carboxyl term-
inal sequences, that limit its translation and secretion.'"’
These checkpoints can limit IL-15 production up to 250
times.! Although IL-15 mRNA is constitutively
expressed by many cells and tissues, the protein is
detected only on monocytes, dendritic cells, epithelial
cells and fibroblasts.! The expression pattern of this

cytokine could be affected by the expression of
IL-15Ra, as both proteins interact in the endoplasmic
reticulum and are secreted together.* This mechanism is
not shared by other cytokines and allows IL-15 to
remain attached to the membrane of IL-15-expressing
cells.* As a consequence, IL-15 can be trans-presented
to nearby cells expressing the moderate affinity recep-
tor, IL-2RB/yc, or the high-affinity trimeric receptor
formed by IL-2RB/yc and the specific IL-15Ra sub-
unit.” While signaling to nearby cells, a signal can be
also processed within the IL-15-presenting cell, which is
identified as reverse presentation.® ® Other minor action
forms are the intracrine presentation, which takes place
in the nucleus when IL-15 is expressed as an alternative
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isoform containing a short-signal peptide, then acting
as suppressor,” and the paracrine presentation, which
takes place when the membrane IL-15/IL-15Ra com-
plex is processed by proteolysis and released to the
extracellular medium.*

However, the gene encoding IL-15Ra, ILISRA, is
located on chromosome 10pl15.1 and includes seven
exons. Each exon encodes for different protein domains:
(1) signal peptide, (2) sushi domain, (3) linker, (4-5) pro-
line and threonine-rich domains, (6) transmembrane
domain and (7) a small cytoplasmic domain with no
kinase activity.'® The latter domain, although not essen-
tial for trans-presentation,'' plays a regulatory role in
the development of IL-17-producing y8T cells,'” as
well as acting as a T-cell activation adjuvant for HIV-1
DNA vaccination."® The isoforms which do not contain
the sushi domain (exon 2) are unable to bind IL-15 and
unable to localize in the cellular nucleus.'

As both IL-15 and IL-15Ra are widely distributed,
the deregulation of their mRNA and protein expression
leads to an inflammatory immune response.'* Besides,
epigenetics could participate in inducing this deregula-
tion as it has already been shown that IL-15Ra expres-
sion can be regulated through DNA methylation, and
thus differently expressed in a tissue-specific way.'
Some pathologies where the IL-15/IL-15Ra system is
deregulated include celiac disease, inflammatory bowel
disease (IBD) or colorectal cancer.'®

The present work is focused on the intestinal epithe-
lial cells as they are at the front line, with contact with
dietary components and microbiota within the gut, and
they are also capable of signaling to immune cells.'” In
addition, the regulation of IL-15Ra was studied, par-
ticularly on the description of the IL-15Ra splice vari-
ants as they specifically vary depending on the tissue.'®

The aim of this work was to describe variants of
splicing of IL-15Ra expressed in human intestinal
epithelial cells, using Caco-2 cells as a model, and to
identify those variants with the ability of binding IL-15
and following the secretory pathway, as well as to
determine if any of these variants were regulated by
methylation of DNA.

Material and methods
The Caco-2 cell line

The Caco-2 cell line, passages 2228, collection number
86010202 (p44; Health Protection Agency, London,
UK) was grown in DMEM medium (Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with
15% of FBS (Gibco, Carlsbad, CA, USA), 1% of 2-
[4-(2-hydroxyethyl)piperazin-1-yllethanesulfonic acid,
HEPES (Gibco), 1% non-essential amino acids
(Thermo Fisher Scientific) and 1% penicillin-strepto-
mycin (Sigma-Aldrich, St. Louis, MO, USA) in
10 mm plates (BD, Franklin Lakes, NJ, USA) at 37°C

and 5% CO,. The medium was replaced every other
day; after 80% confluency, cells were detached with
TrypLE™ Express (Life Technologies, Carlsbad, CA,
USA) and seeded in a new culture dish. Unstimulated
Caco-2 cells were harvested for RNA extraction.

For inhibition of de novo DNA methylation, Caco-2
cells were grown as previously described in presence of
0.1, 1T and 10uM of 5-aza-2’-deoxycytidine (AZA;
Sigma-Aldrich) for 24 or 48h. The experiments were
performed in triplicate.

Patient samples and isolation of epithelial cells

Biopsy specimens from healthy individuals were
obtained from the Servicio de Aparato Digestivo
(n=17), Hospital Clinico Universitario of Valladolid
(Spain); five of them were derived from colon (C) and
the remaining from duodenum (D). Written informed
consent was obtained from all subjects and the study
was approved by the ethics committee.

Biopsy samples were submerged in physiological
solution and immediately processed. A first isolation
of the epithelial layer was performed by incubating
samples in RPMI 1640 medium (Lonza, Basel,
Switzerland) supplemented with 10% FBS (Gibco),
1%  penicillin-streptomycin ~ (Sigma-Aldrich), 1%
I-glutamine (Sigma-Aldrich), ImM EDTA (Sigma-
Aldrich) and 1 mM DTT (Sigma-Aldrich) for 1h with
moderate rotation at 37°C. Afterwards, the epithelial
layer was obtained (centrifugation at 700g, 10min)
and cells were labeled with EpCAM-FITC and CD45-
PE-Cy7 for 30min at 4°C (both from BD). Epithelial
cells were isolated in a FACS Aria Sorter (BD), select-
ing the EpCAM ™ CD45 cells.

Cloning

Total RNA was extracted from unstimulated Caco-2
cells with an RNeasy mini kit following the manufac-
turer’s instructions (QIAGEN, Hilden, Germany).
Quantification was carried out in a NanoDrop ND-
1000 (Thermo Fischer Scientific) and retrotranscription
was performed with a High Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific). cDNA
was amplified with GoTaq Green Master Mix
(Promega, Fitchburg, WI, USA), using primers targeting
the start and stop codons—when possible—of the
coding full-length IL-15Ra sequences described in
NCBI database (variant 1, NM_002189.3; variant 2,
NM_172200.2; variant 3, NM_001243539.1 and variant
4, NM_001256765.1). Forward primer for variants 1 and
2: 5~-AGTCCAGCGGTGTCCTGTG -3’; forward pri-
mer for variant 3: S-ATGTCCGTGGAACACGC
AGA-3’; forward primer for variant 4. 5-AAGCG
AAAGCGAATGCGACTGG-3’; common reverse
primer for all four wvariants: S5-TCATAGGTG
GTGAGAGCAGTTTTC-3". The PCR products were
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obtained after electrophoresis and the DNA was
extracted with QIAquick Gel Extraction Kit
(QIAGEN). Each product was cloned into the
pCR2.1-TOPO vector following the manufacturer’s
instructions (Invitrogen, Carlsbad, CA, USA), and gen-
erated in chemically competent Escherichia coli DH5a,
cells cultured in presence of 100 pg/ul of ampicillin
(Sigma-Aldrich). The positive colonies were tested by
PCR and digested with restriction enzymes BamHI
and Xhol following the manufacturer’s instructions
(both from New England BioLabs, Ipswich, MA,
USA). DNA from positive colonies was extracted with
QIAprep Spin Miniprep kit (QIAGEN), sequenced and
analyzed. The sequences were subcloned into the
pEGFP-N1 vector (Clontech Laboratories, Mountain
View, CA, USA) for transfection of Caco-2 cells. New
primers were designed to ensure the elimination of unde-
sired sequences of pCR2.1-TOPO, to facilitate a subse-
quent enzymatic digestion and to improve their
expression: Forward primer V1-2: 5- ATTCTCG
AGCACCATGGCCCCGCGGCGG- 3, forward
primer V3-1: 5= ATTCTCGAGCACCATGCT
ACCTCAAGTCAAGGC-3’; forward primer V3-2: 5-
ATTCTCGAGCACCATGCCTTCAAAATCACCTT
CC-3’; forward primer V3-3: 5- ATTCTCGAGC
ACCATGTCCGTGGAACACGCAG-3’; common
reverse for all the variants: 5- ATTCCTAGG
GCATCCACCACTCTCGTCAAAAG-3.

Transfection of Caco-2 cells

Caco-2 cells were transfected with the IL-15Ra splicing
variants by using Lipofectamine LTX and Plus Reagent
(Life Technologies). Briefly, 1ug pEGFP-NI1 vector
was incubated for 15min at room temperature (25°C)
with 200 pl of medium without serum or antibiotics and
1 ul Plus Reagent. Lipofectamine LTX reagent was
added (3 pl) and incubated for 25 min at room tempera-
ture. Finally, the transfection mix was added to 100,000
Caco-2 cells in suspension. Cells were cultured in 24-
well plates (BD) and, after incubation for 18h; FBS
was added to a final concentration of 15%. Geneticin
(1 mg/ml; Sigma-Aldrich) was added after 40 h. Cells
were harvested after evaluation under an inverted fluor-
escence microscope (48-72h after transfection). The
transfection efficiency was 40-44% (Figure S1) as mea-
sured by flow cytometry on transfected cells by using
the empty pEGFP-N1 vector. Empty pEGFP-NI1
vector was used as a control.

Immunofluorescence

Transfected Caco-2 cells were directly cultured in slides
in four-well plates (Thermo Fisher Scientific).
Afterwards, cells were washed twice with PBS and
fixed with 4% paraformaldehyde for 30 min at room
temperature. Autofluorescence was eliminated with

0.1mM ammonium chloride for 10min (all from
Sigma-Aldrich). Blockage and permeabilization were
performed with 3% FBS and 0.25% Triton X-100
(BioRad, Hercules, CA, USA) for 30 min. The primary
Ab was incubated overnight at 4°C, and the secondary
Ab was incubated for 1 h together with (DAPI) (Sigma-
Aldrich). The following primary Abs were used: poly-
clonal rabbit anti-human calnexin, monoclonal mouse
anti-human coatomer protein B (COPB) and poly-
clonal rabbit anti-human lysosomal membrane-
associated protein 1 (LAMP-1) (all of them from
Santa Cruz Biotechnology, Santa Cruz, CA, USA).
The corresponding secondary Abs were labeled with
Alexa Fluor 594 (Life Technologies). The samples
were analyzed in a Leica sp5 confocal microscope
(Leica Microsystems GmbH, Wetzlar, Germany).
Assays were performed in duplicate.

Western blot

Proteins from transfected Caco-2 cells were obtained
with RIPA buffer following the manufacturer’s instruc-
tions (Sigma-Aldrich). Electrophoresis was performed
in a 15% acrylamide/bis-acrylamide gel (BioRad) and
proteins were transferred to a PVDF membrane in wet
conditions. Blockage was performed with 4% FBS in
0.1% Tween20 Tris-borate-EDTA, TBE solution (all
from Thermo Fisher Scientific). The primary Ab used
was a polyclonal rabbit anti-EGFP (Thermo Fisher
Scientific). The corresponding secondary Ab was
labeled with HRP (Dako, Santa Clara, CA, USA).
Supersignal Western Blot Substrate (Thermo Fisher
Scientific) and VersaDoc equipment (BioRad) were
used to obtain the results. The assay was performed
in duplicate.

Quantitative and semi-quantitative PCR

Total RNA was extracted from Caco-2 cells or isolated
epithelial cells from healthy intestinal biopsies with an
RNeasy mini kit following the manufacturer’s instruc-
tions (QIAGEN). Quantification was carried out in a
NanoDrop ND-1000 (Thermo Fischer Scientific) and
retrotranscription was performed with a High
Capacity cDNA Reverse Transcription Kit (Thermo
Fisher Scientific).

cDNA from Caco-2 cells was amplified with iTaq
Universal SYBR Green Supermix (BioRad) or GoTaq
Green Master Mix (Promega), for quantitative or semi-
quantitative PCR, respectively. The specific primers
for the different variants of IL-15Ra are described in
Table 1.

Quantitative analysis was carried out in a LightCycler
480 (Roche, Rotkreuz, Switzerland) using the relative
quantification 272%“"  method."” Isoforms whose
sequence was embedded in the sequence of longer
isoforms were quantified using a semi-quantitative
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Table |. Sequence of the primers used for quantitative PCR.

Gene Forward primers (5 —3’) Reverse primers (5—3’)

GADPH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC

\2 GGCGACGCGGGGCATCAC GTGGCGCTGGCCTTTGGTGAA
V2 GGCGACGCGGGGCATCAC TGAAGCTGCGGGCTTAATGCATTTG
VI-2 276 bp GACGCGGGTGGCTATCT TAGGTGGTGAGAGCAGTTTTC
VI-2 510bp CGGGAGCCCGCAGCTTC CAGCAGGACAGTGGACGTGG

V3 GCCGCAGAGAGGGCTGGAGAG GTGGCGCTGGCCTTTGGTGAA

V3 130bp* ATGTCCGTGGAACACGCAGA TCATAGGTGGTGAGAGCAGTTTTC
V3 348 bp* ATGTCCGTGGAACACGCAGA TCATAGGTGGTGAGAGCAGTTTTC
V3 498 bp TGCATTAGAACCACAGAGATAAGCAGT CAGCAGGACAGTGGACGTGG

V4 CCCAGTGCCACCACCATCGG GTGGCGCTGGCCTTTGGTGAA

Primers were designed by using Primer Express 3.0 (Applied Biosystems). V: variant.
*Non-specific primers: these amplify all IL-15Ra isoforms of variant 3 and were analyzed semi-quantitatively (densitometry of bands in

agarose gel was analyzed instead of using quatitative PCR).

method: the density of the bands in an agarose gel was
calculated with Quantity One v4.6.6 (BioRad). In both
cases, GADPH was used as a reference (Table 1). Each
sample was analyzed in duplicate.

cDNA from isolated epithelial cells was amplified by
using GoTaq Green Master Mix (Promega) for quali-
tative PCR. The specific primers for the different vari-
ants of IL-15Ra are described in Table 1.

Statistical analysis

Quantitative and semi-quantitative PCR data were ana-
lyzed with the non-parametric Mann—Whitney test,
considering P <0.05 as statistically significant.
Analysis was performed in the SPSS software v15.0
(IBM, Armonk, NY, USA).

Results
Identification of IL-15R« variants

The coding DNA sequence of human IL-15Ra was
amplified with a set of primers targeting the start and
stop codons, when possible. From the four different
coding variants described in the NCBI database, amp-
lification was obtained for variants 1, 2 and 3
(NM_002189.3, NM_172200.2 and NM_001243539.1,
respectively), but not for variant 4 (NM_001256765.1)
(Figure 1).

The shortest amplification product obtained in the
amplification of variant 3 corresponded to a non-
specific amplification. The remaining products corres-
ponded to IL-15Ra isoforms (Figure 1). Identification
of the isoforms was denoted by the amplification reac-
tion and the number of bp of the coding sequence: V1-
2, 276 bp, and V1-2, 510bp, for the isoforms derived
from the amplification reaction of variants 1 and 2; V3,
130bp, 348bp and 498 bp for the isoforms derived

bp

650 —> |
500 —>

300 —> |

Figure 1. Products of amplification of the coding transcripts of
IL-15Ra from Caco-2 RNA. The lane on the left corresponds to
the molecular mass marker. Products of amplification were
obtained for variants |, 2 and 3, in a range from approximately
300 to 650 bp.

V: variant.

from the amplification reaction of variant 3 (Figure 2,
Table 2).

The isoforms derived from sequences 1 and 2
are composed of exons 1, 6 and 7 (276 bp) and exons
1, 4,5, 6 and 7 (510bp). The isoforms derived from
sequence 3 are composed by exon 6 and 7 (130bp);
exons 4 to 7 (348 bp) and exon 2, part of exon 4 and
exons 5 to 7 (498 bp) (Figure 2). The predicted proteins
of these isoforms have different characteristics; they
vary from alkalinic to acidic proteins, and their molecu-
lar mass ranges from 3.06 to 17.98 kDa (Table 2).
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V1-2 276 bp

V1-2 510 bp - E4

E A

V3 130 bp
vasssbp [ E4  [ES|EON E7 |

va4esbp [LUNESN| E4 [EiEOl E7 |

Figure 2. Scheme of the variants of splicing of IL-15Ra from
Caco-2 cells. Five variants were obtained, two of them belong to
sequences of variants | and 2, while the remaining three
sequences belong to the sequence of variant 3. The variant of
276 bp isolated from variant | and 2, lacks exons 2 to 5; the
variant of 510 bp lacks exons 2 and 3. From the products derived
from the third variant (whose coding sequence initiated in the
second exon), the shortest one is only composed by a partial
zone of exon 6 and exon 7. The product of 348 bp lacks exons 2
and 3; and, finally, the longest of the products, 498 bp, contains
exon 2, although it lacks exon 3 and, partially, exon 4.

Table 2. Main features of predicted proteins.

Predicted isoforms

Variant Residue (aa) IP MM (kDa)
VI-2 276 bp 9l 8.361 9.87
VI-2 510bp 169 6.922 17.65
V3 130bp* 14 11.048 1.49
V3 130bp° 27 4.224 3.06
V3 348 bp 115 5.442 12.14
V3 498 bp 165 6.746 17.98

IP: isoelectric point; MM: molecular mass; V: variant. *Predicted protein
from the first ATG that appears in the sequence. "Predicted protein from
the second ATG that appears in the sequence.

It is known that exon 2 codifies for the sushi domain,
which is responsible for binding to IL-15. Of the iden-
tified isoforms, there is only one with the ability of
competing for IL-15, this is the isoform containing
498 bp derived from variant 3 (Figures 2 and 3).
Although this isoform does not contain the whole
sushi domain, as it does not have the first amino acid
sequence of exon 2, it contains the two amino acids
involved in IL-15 binding (Figure 3).

Protein expression of IL-15R«a isoforms
and subcellular localization

To determine if variants of IL-15Ra were capable of
being translated into proteins, a sub-cloning step was

performed. Fused isoforms of IL-15Ra with the
enhanced green fluorescent protein (EGFP) were
easily detected in an inverted fluorescence microscope
after Caco-2 cell transfection (48-72h). Western blot
analysis was then performed against EGFP. The only
isoform that was not translated into protein was V3
498 bp (Figure 4), meaning that none of the expressed
isoforms will be able to bind IL-15.

As observed in Figure 4, the remaining samples were
detected in the corresponding molecular mass for the
EGFP protein alone and, besides, an extra band which
corresponds to the molecular mass of the transfected
isoform together with EGFP: for the isoform contain-
ing 276 bp, a band of 42.6kDa was detected; for the
isoform containing 510bp, a band of 50.4kDa; and
for the isoform containing 348 bp, a band of 44.8 kDa
(Figure 4). Moreover, the detection of the isoform con-
taining 130 bp resulted in a band of 35.8 kDa; that is,
the predicted protein which starts in its second initi-
ation codon (Figure 4 and Table 2). The subcellular
localization of the different isoforms was also studied
by immunofluorescence. All the isoforms showed a gen-
eral cytoplasmic distribution, besides granular accumu-
lation (Figure 5).

When the localization in different organelles was
considered, all the isoforms partially co-localize
within the endoplasmic reticulum. This observation is
clearer for the isoforms containing 276 and the 348 bp,
although a slight co-localization is also appreciated in
transfected cells with pEGFP alone (Figure 5, calnexin
panels). However, no co-localization was observed with
Golgi apparatus (COPB) or lysosomal proteins
(LAMP-1) (Figure 5).

Regulation of IL-15Ra isoforms by methylation
of DNA

As expression of IL-15Ra can be specifically regulated
through methylation of DNA in different tissues,'® its
expression was assessed in presence of an inhibitor of
DNA methyltransferase. To that end, Caco-2 cells were
cultured with 0.1, 1 and 10 pM AZA to inhibit the de
novo methylation of DNA. Afterwards, specific quanti-
tative PCR was performed for each isoform (Table 1).
Isoforms whose sequence was embedded in the
sequence of longer isoforms were quantified from the
density of the agarose gel bands (Figure 1). As results
after 24h in the presence of AZA did not last long
enough to have a consistent effect on cells (data not
shown), stimulation was performed after 48 h.

The absence of DNA methylation significantly
increased the expression of all the IL-15Ra splicing
variants in the presence of AZA (Figure 6). The two
isoforms derived from variant 3, which were evaluated
semi-quantitatively, did not show the same variation;
and even their expression was significantly decreased
(Figure 6).
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Figure 3. Alignment of the sequence of predicted protein of isoform containing 498 bp with the full sequence of IL-15Ra. The
sequence of each domain includes the following residues: the signal peptide 1-30, the sushi domain 31-95, the linker domain 96127,
the proline-threonine rich domains 127-205, the transmembrane domain 206—229 and the cytoplasmic domain 230-267. The amino
acids that participate in IL-15 binding are marked with an arrow (glutamic acid and asparagine).

Vi-2 V12 V3 V3 V3

PEGFP 276 bp 510bp 130 bp 348bp 498 bp

"

Figure 4. EGFP Western blot detection of transfected Caco-2
proteins. The approximate molecular mass is shown on the left
and it is expressed in kDa.

pEGFP: transfected cells with the empty vector; V: variant.

IL-15Ra isoforms in human epithelial cells

As IL-15Ra isoforms were described in Caco-2 cells,
epithelial cells from healthy individuals were obtained
by epithelial cell isolation and sorting to assess for IL-
15Ra isoforms in vivo (n="17, five of which were from
colon and the remaining from duodenum). After spe-
cific PCR was performed for each of the IL-15Ra vari-
ants and isoforms, 348 and 130bp isoforms (both of
them derived from variant 3) were present in almost
all epithelial samples (Figure 7). Other IL-15Ra iso-
forms were also present in epithelial cells from some
of the donors as the 510-bp isoform was present in

three of the samples; the 276-bp isoform was present
in one of the samples; and the 498-bp isoform was pre-
sent in two of the samples (Figure 7).

Discussion

Gene expression can be modulated differently in each
tissue according to the methylation of the DNA chain,
the modification of histone or the level of packing,
among other factors.”® All these epigenetic modifica-
tions are related to gene expression, as well as to the
presence of different variants of splicing.”' This work is
focused on the intestinal epithelium as an essential
physical barrier and an immunological regulator in
the intestine.'” Deregulation of the physiological envir-
onment around this layer may contribute to the devel-
opment of autoimmune diseases such as celiac disease
or IBD.16:17:22

We have identified five new IL-15Ra isoforms, not
previously known, that co-exist in the intestinal epithe-
lial cells. Two of them were derived from variants 1 and
2; the remaining isoforms were derived from variant 3.
Although protein expression was confirmed for most of
the IL-15Ra isoforms, none of them would be able to
bind IL-15 as they lack the sushi domain (exon 2).
Furthermore, none of the isoforms would follow the
secretory pathway, as they did not co-localize with
Golgi apparatus or lysosomal proteins, or showed a
variation on the predicted molecular mass that may
indicate a glycosylation process. As a result, their pro-
tein function is unclear. If these isoforms could be
translated in vivo, the resulting proteins may have
other signaling functions rather than being present in
the cell membrane and participating in an IL-15-depen-
dent signaling mechanism. Instead, these proteins
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V1-2 276 bp V1-2 510 bp V3 130 bp V3 348 bp

Negative

Calnexin

LAMP1

Figure 5. Immunofluorescence of transfected Caco-2 cells with pEGFP (control); isoforms containing 276 and 510 bp derived from
variants (V) | and 2; and isoforms containing 130 and 348 bp derived from variant 3. Cell nucleus are shown in blue, EGFP fused
proteins are shown in green and specific cell-compartment dyeing is shown in red. Calnexin was used to detect the endoplasmic
reticulum; COPB was used to detect the Golgi apparatus; and lysosomal membrane-associated protein | (LAMP-1) was used to detect
the lysosomes. Images were taken in a confocal Leica microscope (63 x objective). The bars indicate a size of 10 um.

4 -
2 34 [ Control
o % n *% -01 ]J,M
= i *%
22 c 2 o7 El
5 ‘T._‘j 2 14 B 1oum
g3 g o
T 14 R ~
) N R of®
_2_

Figure 6. Expression of each isoform of IL-15Ra in cultured Caco-2 cells in presence of AZA for 48 h (n = 6). On the left side, the
relative quantification of IL- I 5Ra variants and isoforms is shown; on the right side, the semi-quantitative expression of shorter IL-15Ra
isoforms is shown. Median and interquartile range are represented. *P < 0.05, **P < 0.01. V: variant.

might signal in alternative ways as all of them would However, IL-15Ra isoform RNA could act by inter-
have the cytoplasmic domain (codified by exon 7), fering in the normal process of translation of full-length
which has been shown to participate in IL-15-indepen- IL-15Ra mRNA variants. In recent years, the compre-

dent signaling in different models.'*'? hension of how genes are regulated is increasing as more
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C1t C2 C3 C4 C5 D1t D2

510 bp ‘

276 bp |

498 bp

130 bp ---

Figure 7. Expression of IL-15Ra isoforms in biopsy samples
from healthy donors quantified by PCR. C: colon samples; D:
duodenal samples; V: variant.

players have been identified, such as microRNA,* long
non-coding RNA or circular RNA.?** Indeed, process-
ing of full-length IL-15Ra mRNA into smaller isoforms
could act as a regulatory mechanism, as the availability
of the full-length copy is limited, therefore decreasing the
amount of IL-15Ra protein capable of binding IL-15
and signal through trans-presentation. Besides, these
novel IL-15Ra isoforms may play a role on IL-15Ra
mRNA stability, on nuclear—cytoplasm traffic, or as
microRNA precursors.

It has been previously described that the IL-15Ra
isoform lacking exon 2 is located in the endoplasmic
reticulum, the Golgi apparatus or the cytoplasmic ves-
icles;'” while isoforms lacking exon 3, exons 3 and 4, or
exons 3 to 5 are located in the endoplasmic reticulum
and/or the Golgi apparatus.”®*” The results described
in this paper are in agreement with these studies as the
five isoforms lack exon 2, 3 and, in some cases, exons 4
and 5, and they seem to be located in the cytoplasm
and, partially, in the endoplasmic reticulum.

Furthermore, the results showed that IL-15Ra is
regulated through methylation of DNA in Caco-2
cells as isoforms derived from variants 1 and 2
increased their expression in presence of AZA.
Apparently, variant 3 is differently affected by the
methylation of DNA as not all the isoforms derived
from this variant increased their expression under the
same conditions, and it may indicate that variant 3 and
the 498-bp isoform are benefited by the lack of DNA
methylation in comparison with other derived isoforms.
In general, these results are in agreement with previous
reports,' 2% suggesting that DNA methylation could
underlie an isoform switch in /L-15RA. Whether the
effect of DNA methylation on IL-15Ra gene is due to
cis or trans methylation is not known as AZA acts as a
general inhibitor of de novo methylation; however,
Diniz et al. found evidence of regulation on a CpG

island located on the regulatory 5 upstream region
and on the exon 1 of the IL-15Ro gene."
Furthermore, differences in the regulation through
DNA methylation found between variant 3 and the
remaining isoforms agree with the differences on IL-
15Ra transcript sequences, as variant 3 sequence con-
tains an alternative exon 1. Finally, the presence of the
described isoforms was confirmed in epithelial cells
from duodenal or colon biopsies from healthy individ-
uals, proving their expression in vivo.

The role of the IL-15/IL-15Ra signaling pathway is
crucial in autoimmune intestinal diseases, as well as in
colorectal cancer. In autoimmune conditions, such as
celiac disease and IBD, both IL-15 and IL-15Ra are
up-regulated in the intestinal mucosa of patients suffer-
ing from these diseases, and this is maintained in
patients with clinical remission.'®*® As a result, the pro-
portion of CD8 ™" T cells or intraepithelial lymphocytes
is increased and a chronic inflammation of the mucosa
is developed. In colorectal cancer, IL-15 can play a dual
role as a protective factor with anti-tumor effects,*' and
a contributor to mucosal hyperplasia and angiogenesis,
resulting in tumor progression and metastasis.’”
Interestingly, other alternative splicing variants from
cytokine receptors have already been associated to
IBD,*-** and with human colon cancer IL-8 expres-
sion.*> Moreover, gene expression and alternative spli-
cing are not only dependent on the tissue, but also on
epigenetic factors,”! and changes in the expression of
intestinal genes have been found to be related to the
inhibition of histone deacetylation®® and an increased
DNA methylation,>” Several epigenetic mechanisms
have been found to be differently regulated in the intes-
tinal mucosa of patients with celiac disease, IBD and
colorectal cancer.”® ** Interestingly, the IL-15 gene is
hypomethylated in IBD.*!

In summary, five novel isoforms of IL-15Ra have been
identified in human intestinal epithelial cells, which are
commonly distributed through the cytoplasmic and endo-
plasmic reticulum compartments. These isoforms cannot
bind IL-15 and their biological activity is unknown.
Moreover, IL-15Ra mRNA was confirmed to be regu-
lated by methylation of DNA. Further studies may be
useful to clarify the pathogenesis of some intestinal dis-
eases, bearing in mind that factors such as diet, gender or
microbiota may affect the epigenetics of the intestine.

Acknowledgements

We thank Dr. Miguel Angel de la Fuente for his technical
help and helpful discussions, and Dr. Weihong Pan and
Dr. Suidong Ouyang for their technical help. We also thank
Dr. Luis Fernandez Salazar for providing the human samples.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Downloaded from ini.sagepub.com at Universidad de Valladolid on November 2, 2016


http://ini.sagepub.com/

Escudero-Hernandez et al.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This study was performed thanks to grants from the
Junta de Castilla y Leon (VAO16A10-2), Instituto de Salud
Carlos III-FEDER (PI10/01647) and FPI-University of
Valladolid. Junta de Castilla y Leon and Instituto de Salud
Carlos III had no role in study design, data collection and
analysis, decision to publish or preparation of the manuscript.

References

1.

Budagian V, Bulanova E, Paus R and Bulfone-Paus S. IL-15/IL-
15 receptor biology: a guided tour through an expanding uni-
verse. Cytokine Growth Factor Rev 2006; 17: 259-280.

. Burton JD, Bamford RN, Peters C, et al. A lymphokine, provi-

sionally designated interleukin T and produced by a human adult
T-cell leukemia line, stimulates T-cell proliferation and the induc-
tion of lymphokine-activated killer cells. Proc Natl Acad Sci U S
A 1994; 91: 4935-4939.

. Grabstein KH, Eisenman J, Shanebeck K, et al. Cloning of a T

cell growth factor that interacts with the beta chain of the inter-
leukin-2 receptor. Science 1994; 264: 965-968.

. Duitman EH, Orinska Z, Bulanova E, et al. How a cytokine is

chaperoned through the secretory pathway by complexing with
its own receptor: lessons from interleukin-15 (IL-15)/1L-15 recep-
tor alpha. Mol Cell Biol 2008; 28: 4851-4861.

. Giri JG, Ahdieh M, Eisenman J, et al. Utilization of the beta and

gamma chains of the IL-2 receptor by the novel cytokine IL-15.
EMBO J 1994; 13: 2822-2830.

. Bulfone-Paus S, Bulanova E, Budagian V and Paus R. The inter-

leukin-15/interleukin-15 receptor system as a model for juxta-
crine and reverse signaling. BioEssays 2006; 28: 362-377.

. Bernard J, Harb C, Mortier E, et al. Identification of an inter-

leukin-15alpha receptor-binding site on human interleukin-15.
J Biol Chem 2004; 279: 24313-24322.

. Olsen SK, Ota N, Kishishita S, et al. Crystal Structure of the

interleukin-15.interleukin-15 receptor alpha complex: insights
into trans and cis presentation. J Biol Chem 2007; 282:
37191-37204.

. Nishimura H, Fujimoto A, Tamura N, et al. A novel autoregu-

latory mechanism for transcriptional activation of the IL-15 gene
by a nonsecretable isoform of IL-15 generated by alternative
splicing. FASEB J 2005; 19: 19-28.

. Dubois S, Magrangeas F, Lehours P, et al. Natural splicing of

exon 2 of human interleukin-15 receptor alpha-chain mRNA
results in a shortened form with a distinct pattern of expression.
J Biol Chem 1999; 274: 26978-26984.

. Wu Z, Xue HH, Bernard J, et al. The IL-15 receptor {alpha}

chain cytoplasmic domain is critical for normal IL-15Ralpha
function but is not required for trans-presentation. Blood 2008;
112: 4411-4419.

. Colpitts SL, Puddington L and Lefrancois L. IL-15 receptor

alpha signaling constrains the development of IL-17-producing
gammadelta T cells. Proc Natl Acad Sci U S A 2015; 112:
9692-9697.

. Kraynyak KA, Kutzler MA, Cisper NJ, et al. Plasmid-encoded

interleukin-15 receptor alpha enhances specific immune
responses induced by a DNA vaccine in vivo. Hum Gene Ther
2009; 20: 1143-1156.

. Waldmann TA. The biology of IL-15: implications for cancer

therapy and the treatment of autoimmune disorders. J Invest
Dermatol 2013; 16: S28-S30.

. Diniz SN, Pendeloski KP, Morgun A, et al. Tissue-specific

expression of IL-15RA alternative splicing transcripts and its
regulation by DNA methylation. Eur Cytokine Netw 2010; 21:
308-318.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pagliari D, Cianci R, Frosali S, et al. The role of IL-15 in gastro-
intestinal diseases: a bridge between innate and adaptive immune
response. Cytokine Growth Factor Rev 2013; 24: 455-466.

. Peterson LW and Artis D. Intestinal epithelial cells: regulators of

barrier function and immune homeostasis. Nat Rev Immunol
2014; 14: 141-153.

Yeo G, Holste D, Kreiman G and Burge CB. Variation in alter-
native splicing across human tissues. Genome Biol 2004; 5: R74.
Livak KJ and Schmittgen TD. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta
Delta C(T)) Method. Methods 2001; 25: 402-408.
Quintero-Ronderos P and Montoya-Ortiz G. Epigenetics and
autoimmune diseases. Autoimmune Dis 2012; 2012: 593720.
Zhou Y, Lu Y and Tian W. Epigenetic features are significantly
associated with alternative splicing. BMC Genom 2012; 13: 123.
Sollid LM and Jabri B. Triggers and drivers of autoimmunity:
lessons from coeliac disease. Nature reviews Immunology 2013;
13: 294-302.

Almeida MI, Reis RM and Calin GA. MicroRNA history: dis-
covery, recent applications, and next frontiers. Mutat Res 2011;
717: 1-8.

Ponting CP, Oliver PL and Reik W. Evolution and functions of
long noncoding RNAs. Cell 2009; 136: 629-641.

Vidal AF, Sandoval GT, Magalhaes L, et al. Circular RNAs as a
new field in gene regulation and their implications in transla-
tional research. Epigenomics 2016; 8: 551-562.

Bulanova E, Budagian V, Orinska Z, et al. Mast cells express
novel functional IL-15 receptor alpha isoforms. J Immunol
2003; 170: 5045-5055.

Wu X, Pan W, Stone KP, et al. Expression and signaling of novel
IL15Ralpha splicing variants in cerebral endothelial cells of the
blood-brain barrier. J Neurochem 2010; 114: 122-129.

Zhao J, Liang Q, Cheung KF, et al. Genome-wide identification
of Epstein-Barr virus-driven promoter methylation profiles of
human genes in gastric cancer cells. Cancer 2013; 119: 304-312.
Yin J, Leavenworth JW, Li Y, et al. Ezh2 regulates differenti-
ation and function of natural killer cells through histone methyl-
transferase activity. Proc Natl Acad Sci U S A 2015; 112:
15988-15993.

Bernardo D, Garrote JA, Allegretti Y, et al. Higher constitutive
IL15R alpha expression and lower IL-15 response threshold in
coeliac disease patients. Clin Exp Immunol 2008; 154: 64-73.
Yu P, Steel JC, Zhang M, et al. Simultaneous blockade of mul-
tiple immune system inhibitory checkpoints enhances antitumor
activity mediated by interleukin-15 in a murine metastatic colon
carcinoma model. Clin Cancer Res 2010; 16: 6019-6028.
Kuniyasu H, Ohmori H, Sasaki T, et al. Production of interleu-
kin 15 by human colon cancer cells is associated with induction of
mucosal hyperplasia, angiogenesis, and metastasis. Clin Cancer
Res 2003; 9: 4802-4810.

Holub MC, Szalai C, Polgar A, et al. Generation of ‘truncated’
interleukin-6 receptor (IL-6R) mRNA by alternative splicing; a
possible source of soluble IL-6R. Immunol Lett 1999; 68:
121-124.

Yanagi T, Mizuochi T, Takaki Y, et al. Novel exonic mutation
inducing aberrant splicing in the ILIORA gene and resulting in
infantile-onset inflammatory bowel disease: a case report. BMC
Gastroenterol 2016; 16: 10.

Kano S, Nishida K, Kurebe H, et al. Oxidative stress-inducible
truncated serine/arginine-rich splicing factor 3 regulates interleu-
kin-8 production in human colon cancer cells. Am J Physiol Cell
Physiol 2014; 306: C250-C262.

Roostaee A, Guezguez A, Beausejour M, et al. Histone deacety-
lase inhibition impairs normal intestinal cell proliferation and
promotes specific gene expression. J Cell Biochem 2015; 116:
2695-2708.

Forn M, Diez-Villanueva A, Merlos-Suarez A, et al. Overlapping
DNA methylation dynamics in mouse intestinal cell

Downloaded from ini.sagepub.com at Universidad de Valladolid on November 2, 2016


http://ini.sagepub.com/

Innate Immunity 0(0)

38.

39.

differentiation and early stages of malignant progression. PLOS
ONE 2015; 10: e0123263.

Vaira V, Roncoroni L, Barisani D, et al. microRNA profiles in
coeliac patients distinguish different clinical phenotypes and are
modulated by gliadin peptides in primary duodenal fibroblasts.
Clin Sci (Lond) 2014; 126: 417-423.

Legaki E and Gazouli M. Influence of environmental factors in
the development of inflammatory bowel diseases. World J
Gastrointest Pharmacol Ther 2016; 7: 112—125.

40.

41.

Tariq K and Ghias K. Colorectal cancer carcinogenesis: a review
of mechanisms. Cancer Biol Med 2016; 13: 120-135.

Karatzas PS, Mantzaris GJ, Safioleas M and Gazouli M. DNA
methylation profile of genes involved in inflammation and auto-
immunity in inflammatory bowel disease. Medicine 2014; 93:
€309.

Downloaded from ini.sagepub.com at Universidad de Valladolid on November 2, 2016


http://ini.sagepub.com/

