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Abstract

Background

In the intestinal mucosa, several adaptations of TLR signdihwg evolved to avoid chroric
inflammatory responses to the presence of commensal micrblees. we investigated
whether polarized monolayers of intestinal epithelial cellshinigggulate inflammatory
responses by secreting IL-8 in a vectorial fashion (i.e. apicalisdasolateral) depending|on
the location of the TLR stimulus.

Results

In the Caco-2 BBE model of polarized villus-like epithelium, apstahulation with TLRZ
and TLR5 ligands resulted in the apical secretion of IL-8. The CXf&Reptor for IL-8 wa
expressed only on the apical membrane of Caco-2 BBE cells ancediiééed epithelig
cells in the human small intestine and colon. Transcriptome analygealed that Cacot2
BBE cells respond to stimulation with IL-8 supporting the hypoth#s IL-8 induces G
protein-coupled receptor signalling.

—_—U)

Conclusions

These results show that IL-8 induces autocrine signalling vigomalaCXCR1 in Caco-2
BBE intestinal epithelial cells and that this receptor ie algressed on the apical surface
differentiated human intestinal epithelial calsvivo, suggesting an autocrine function for
IL-8 secreted in the lumen.

Keywords

Intestinal epithelial cells, Interleukin-8, CXCR1, Caco-2, Epitheliahire\utocrine

Background

Intestinal epithelial cells (IECs) play a key role in théamfmatory response to colonizing or
invading microorganisms via the secretion of interleukin-8 (IL-8)e Themokine IL-8
recruits neutrophils from the vasculature to sites of infectiotiseue injury [1]. IL-8 can
signal through two receptors, CXCR1 and CXCR2 both of which are nmsmobdhe G-
protein-coupled receptor (GPCR) family [2]. In neutrophils, IL4&dimg to CXCRL1 triggers
G protein-coupled signalling and formation of second messengers thibateneellular
migration, exocytosis of effectors and a respiratory burst titéée oxygen-dependent
killing of phagocytosed microorganisms [2]. CXCR1 is expressed irhtiman IEC line
Caco-2 BBE [3], which is in agreement with our own microarrag datng Caco-2 BBE cell
MRNA (see below). Additionally, IL-8 has been shown to induce CacBR &Il migration
after wounding in a CXCR1-dependent manner [3]. The intestinal epitheigtnucturally
and functionally polarized, with tight junctions (TJs) preventing thiugldn of receptors,
transporters and enzymes between the apical and basolateralamespt]. Several cell
receptors are differentially expressed on the apical and basblatembranes of polarized
IECs including Toll-like receptors (TLRs), cytokine receptord ahemokine receptors [5,6].
In the human intestinal epithelium, TLR signalling is known to indse@etion of IL-8 in a



nuclear factor (NFjB-dependent manner and TLR2, TLR5 and TLR9 are expressed on the
apical poles of IECs depending on their location and differentiatidnssfs-8]. Interestingly,

IL-8 has been measured in the colon milieu of healthy volunteers using a dialysimseérted

in the rectum [9] suggesting that it might be apically sedréte colonic epithelial cells.
Furthermore, IL-8 is present in significant amounts in brealt fh0]. However, it is not
known if CXCRL1 is expressed on the apical or basolateral poleslanzeal Caco-2 BBE
cells or human intestinal tissue or whether the direction of TigRa#ing influences the
direction of IL-8 secretion.

Here we investigated IL-8 secretion in response to TLR siggallsing intestinal Caco-2
BBE cells grown in the Transwell system. In this established model, Cac&2rBBolayers
differentiate into enterocytes [11] possessing intact TJs amidadigpical and basolateral
membranes. We investigated whether the location (i.e. apical oatsaat)l of TLR agonists
influenced the production and direction of IL-8 secretion. Additionally,detrmined the
localization of the CXCR1 receptor in Caco-2 BBE cells and humtastinal tissue samples
and investigated the role of IL-8 autocrine signalling using transcripsomic

Results

Secretion of IL-8 in polarised Caco-2 BBE cell morlayers

Stimulation of polarized Caco-2 BBE cells with Pam2CSK4 and E&8K3, agonists for
TLR2/6 and TLR2/1 from the apical or basolateral sides induced tisecref IL-8
predominantly into the apical compartment regardless of the docati the stimulus,
although basolateral stimulation induced smaller amounts of IL-8 aechp@ apical
stimulation. In response to apical stimulation with the TLR5 agdtagellin, IL-8 was
secreted into the apical compartment while basolateral stiomlanduced very small
amounts of IL-8 only in the basolateral compartment (Figure 1a).

Figure 1 Secretion of IL-8 in polarized Caco-2 BBE intestinal epithelial cedl in response
to Toll-like receptor ligands. Caco-2 BBHa) monolayers were stimulated for 24 hours
from the apical (Ap treatment) or the basolateral compartment (Bl tre§twi¢h:
Pam3CSK4 (2@g/ml), Pam2CSK4 (1Qg/ml) and flagellin (21g/ml). Amounts of IL-8
secreted in the apical (black bars) and basolateral (white bars) compisrame normalized
to the volume of supernatant in each chamber. Error bars represent SEMIh#38 does
not alter trans-epithelial electrical resistance (TER) in Caco-2 iBBiolayers. TER of
Caco-2 BBE polarized monolayers untreated (black) or incubated with 100 pg/ml IL-8 on the
apical (blue) or the basolateral side (red) for 20 hours. This concentration ofdk-&hasen
because it elicited a differential transcriptional response in Caco-2cBBE TER values
were normalized to the initial TER value (100%) and the differences betweahaayc
basolateral treatment and control were not statistically significamir Ears represent SEM
(n=4); *p<0.05, **p<0.01, **p<0.001.

We ruled out the possibility that IL-8 could diffuse across thengenolayers by adding it
either to the apical or basolateral compartment and determiméngancentration in each
compartment after 24 hours. In the absence of cell monolayerrdpidy equilibrated to an
equal concentration in both the apical and basolateral chambersh@uat)s Additionally,

we demonstrated that the TJs remained intact throughout the egpeiinot shown) and



after apical or basolateral addition of IL-8 to Caco-2 BBE monotapy measuring the
trans-epithelial electrical resistance (TER, Figure 1b).

CXCR1 is expressed on the apical membrane of polaed Caco-2 BBE cells

Given our observations on the apical secretion of IL-8 in IEC liwedyypothesized that the
localization of CXCRL1 in polarized epithelium might be an importaotor regulating IL-8-
mediated autocrine signalling.

CXCR1 was localized to the apical pole of polarized Caco-2 BBEs ¢y confocal
microscopy (Figure 2a and b). The speckled or ‘patchy’ staimin@XCR1 is suggestive of
its localization in (macro)-domains, possibly microvilli. Other &3Cand their effector
proteins have shown patchy staining in cytoplasmic membrane domaeystioélial cells
[12,13]. No CXCR1 staining was observed using an isotope control ofithargrantibody
at the same concentration as the anti-CXCR1 antibody or tbedsy antibody alone as a
control, indicating that fluorescence was not due to non-specific aptibwdling (not
shown).

Figure 2 Caco-2 BBE monolayers express CXCR1 on the apical surfacéhe cellular
localization of CXCRL1 in Caco-2 BBE polarized monolayers visualized by
immunofluorescent detection and confocal microscopy; anti-occludin (red), DRAGE (
and anti-CXCRL1 (green). CXCR1 was expressed on the apical side of Caco-2 BBE
monolayers. (x-ya) and x-z(b) sections).

In human duodenal and colonic tissues, CXCR1 is expssed on the apical
surface of differentiated epithelial cells and is lasent in the crypts

To investigate the localization of CXCRL1 in the human intestine, rirtizsue samples of
human colon and duodenum were collected from healthy volunteers, sectibried
temperature, processed and stained.

The absorptive enterocytes forming the epithelium and the entesdityte the crypts, were
revealed by staining for the TJ protein occludin (red) and nuclear DNA (bipeeRBa-d). In
the duodenum, CXCR1 was detected on the apical membrane of villusliapitells and not
in crypt epithelium (green, Figure 3a and b). Similarly, in human colssuae CXCR1 was
detected on the top of the epithelium and not in crypt enterocytesn(gFigure 3c and d).
The surface of immune cells present in the lamina propria in cotordcduodenal tissues
also stained positive for CXCR1 (Figure 3a and c).

Figure 3In human duodenal and colonic tissues, CXCRL1 is expressed on the apical
surface of villus enterocytes and is absent in the cryptBuodenum and colon biopsies
stained with anti-occludin (red), DRAQS5 (blue) and anti-CXCR1 (green). In villus
enterocytes, CXCRL1 is located on the apical membrane (sections of duo@gmmch colon
(c)), and surrounding the nuclei of cells in the lamina propgiarfow). CXCRL1 is absent in
the enterocytes lining the crypts of duoden(ianand colon(d).

These results are in agreement with the known surface expre$SIXCR1 in immune cells
such as macrophages, dendritic cells, T cells and natural &dler and our results with
Caco-2 BBE cells.



IL-8 autocrine signalling results in the differential expression of 859 genes

The autocrine role of IL-8 on IECs was investigated by meagugenome-wide
transcriptome responses of Caco-2 BBE cells to IL-8 using tfhgmatrix human whole
genome expression microarrays. Polarized Caco-2 BBE cell menslagre stimulated on
the apical surface with IL-8 and, after 6 hours, total RNA wakatisd for hybridization to
whole genome expression microarrays. Quality control of the hghtidns and primary data
analysis were performed according to strict criteria (Adddl file 1) to ensure that the array
data were of the highest possible quality.

Stimulation of Caco-2 BBE cells with IL-8 resulted in the d#fgial expression of 859
genes (P<0.02; Additional file 2: Table S1). As gene set compariands pathway
reconstruction from differentially expressed genes are fare miormative than their
tabulated up- or down-regulation [14], four complementarysilico approaches were
employed to deduce the biological significance of the arrégy sket. These approaches relate
changes in gene expression to cellular pathways and processeateubdiyl transcriptional
networks, and show how these are interacting towards common cellular processes.

Gene ontology enrichment analysis and protein-prota interaction network of
differentially expressed genes

To identify the strongest transcriptome changes of Caco-2 BBEiraesponse to IL-8, we
first performed Gene Ontology (GO) enrichment analysis usingaftevare tool Ermined.
This software identifies functional groups in which the differelytiakpressed genes are
statistically overrepresented. Caco-2 BBE genes involved in lipaprbtosynthesis, protein
transport and secretion, response to virus, regulation of transcriptionhancelt cycle
showed the strongest changes upon stimulation by IL-8 (AdditionaBfileable S2). To
identify the gene regulatory networks driving these changes, arpmtdein interaction
network was generated using the software platform Cytoscape afidb]overlaid with
expression data using the differentially expressed genespas. iin this protein-protein
interaction network, the nodes represent proteins encoded by genegtaaifferentially
expressed. Inspection of this network (Figure 4) showed that the geteshe higher
number of interactions were as follows: cAMP responsive elemeding (CREB) binding
protein (CREBBP), E1A-binding protein p300 (EP300), histone deacet¥lg$tDAC1),
chromobox homologue 5 (CBX5), epithelial E-cadherin (CDH1), ezrin (EBRja-actin
(ACTB) and cell division cycle 42 (CDC42).

Figure 4 Network showing interactions between proteins encoded by genes diiéntially
expressed after stimulation of Caco-2 BBE cell monolayers with IL-8 his network
includes only differentially expressed genes that encode for proteins imgnaith other
proteins. Up-regulated genes are shown in shades of red and down-regulated gleagss
of blue; the intensity reflecting the fold-change. Note that the genes encodinmpst
connected proteins in the central part of the network (CREBBP, EP300, PPARD and
HDAC1) were all up-regulated; these genes encode transcriptional cegulatolved in
lipid metabolism and cell differentiation. The network illustrates the canstriptome
changes modulating downstream processes including cell migration, sigraedd
differentiation.




The genes CREBBP, EP300, CBX5, and HDAC1 encode coactivators and tthroma
modification enzymes required for remodelling of tissue-spegéite loci and the activities
of key transcriptional regulators during cell growth and differentafi6,17]. CREBBP was
up-regulated (red, Figure 4) in response to IL-8 and its overexpresgioimary cultures of
smooth muscle cells inhibits cell cycle progression [18]. Téreeg CDC42 and EZR were
down-regulated in IL-8 treated cells suggesting decreasedepation [19,20]. The genes
CDH1, PTPRM (protein tyrosine phosphatase, receptor type, M), BARAGTB encode
structural proteins that mediate cell-cell contact (CDH1 an8RM), define cell shape
(ACTB) or act as intermediates between plasma membranectindcgtoskeleton (EZR).
Decreased EZR expression (discussed above) was previously linkedregulation of E-
cadherin (CDH1) as observed in this study. HOXAL, a downstreantaefigicE-cadherin-
directed signalling, was up-regulated by IL-8 (red, Figure iBsymably due increased E-
cadherin ligation. Taken together, the protein network responses stlggd&t8 signalling
is involved in the regulation of cell differentiation (structural enmws and cell-cell contact
signalling) and lipid metabolism but not proliferation.

Gene ontology categories network of differentiallgranscribed genes

To characterize further the processes that are regulated s@a phatein-protein interaction
networks, we performed a GO enrichment analysis of all diffexiéy regulated genes and
visualized the interconnections between GO categories (Figureh®).GID enrichment
analysis identified three interconnected networks. The two smak#sorks included GO
categories involved in positive regulation of signal transduction andceilnlar protein
kinase cascade (top centre in Figure 5) and GO categories involved in qeiogenesis and
development (centre right in Figure 5). The largest network cedsigta central region that
included GO categories involved in lipid biosynthetic processelsidimg lipid kinase
activity. This central region was connected to sub-networks consistigO categories
involved in cyclin-dependent protein kinase activity and MAP kinaseigc(itop left in
Figure 5), protein secretion and epithelial morphogenesis (bodtidirehtre in Figure 5) and
activation of phospholipase C (PLC) activity (bottom centre/nigtigure 5) which results
from GPCR signalling. The latter was expected, as it is known that CXCRGPCR. These
GO categories correlated well with the enriched categories found usmged.

Figure 5 Network showing linked GO categories representing the functional annation
of the genes that were differentially transcribed in Caco-2 BBE cells & stimulation
with IL-8. Gene ontology (GO) terms make up a formal vocabulary to describe gene
functions. This network illustrates the biological processes corresponding to the
transcriptome changes. Note that these GO categories exemplifyigratiom, signalling
and differentiation and therefore correlate well with the core proteieiprivtteraction
network depicted in Figure 4 (see text for details). MAPK, MAP kinase; PLCppblysase
C; GPCR, G protein-coupled receptor; IP3, inositol 1,4,5-trisphosphate.

Discussion

In IECs, IL-8 expression is known to be induced by proinflammatgtgkmes, TLR
signalling and cellular stress [2,21]. Basolateral secretionLe8 plays a role in the
recruitment of neutrophils from the vasculature to sites of imhedair tissue injury [1]. IL-8
can be measured in rectal dialysates of healthy subjecssif@lesting that it can be apically
secreted in the intestine. The polarized secretion of IL-8, IL-1lla®dhas been reported in



epithelial cell lines of different tissue origin [22-24]. Howevirjs not known if TLR
signalling can induce vectorial secretion of IL-8 in IECs. Tastigate whether IECs secrete
IL-8 apically in response to TLR signalling, we stimulatedapseed Caco-2 BBE cell
monolayers grown in the Transwell system with TLR agonistsiepptom the apical or
basolateral side and we measured the concentration of IL-8 iwdheompartments. Caco-2
BBE cells were most responsive to TLR2/1, TLR2/6 and TLR5 agamigised to the apical
membrane (Figure 1a) which is compatible with the apical latadiz of TLR2 and TLR5 in
humans and Caco-2 cells [7,8]. Additionally, in Caco-2 BBE cells, ofa$ie IL-8 secreted
in response to TLR agonists was located in the apical compartment (Figure 1a).

These results show that Caco-2 BBE cells can secrete ILc8llgpn response to TLR2 and
TLR5 signalling. We speculate that vivo the steady-state activation of TLRs by microbe
associated molecular patterns of commensal bacteria may adooutite luminal IL-8
measured in healthy subjects [9]. Further support for this hypsthesies from our data
showing apical staining of the IL-8 receptor CXCR1 in Caco-2 BBEs @d human
intestinal tissue (Figures 2 and 3). Previously, CXCR1 and CXC&?2 weported to be
minimally, if at all, expressed in Caco-2 cells using RT-HZH. However, in agreement
with our own results, Sturm et al., demonstrated the expressioX@RC in Caco-2 cells
[3]. The reasons for this discrepancy are not clear but maty teldhe primer efficiency or
the use of a different Caco-2 cell clone. It may also be dtigetdifferentiation state of the
cells as we only observed CXCR1 staining on differentiated epitlugils and not in crypt
epithelial cells in colon and ileal biospies vivo. In the intestine, apically secreted IL-8
might therefore have an autocrine function.

To gain more insights into the role of IL-8 autocrine signalling,pgrformed a microarray
analysis of Caco-2 BBE cells treated with 100 pg/ml IL-8. Altffoaoman vitro studies use
up to 50 ng/ml of IL-8 foin vitro studies [3], we chose to use 100 pg/ml as this is similar to
the amounts secreted by Caco-2 BBE monolayers in cell cultusedifficult to predict the
amount IL-8 present in the lumen of the healthy human intestineebtal rdialysates of
healthy human subjects have been shown to contain approximately 20 pdir8 after 4
hours dialysis [9]. Statistical analysis of the transcriptonta tevealed that 859 genes were
differentially expressed. The differentially expressed genese wanalysed using GO
enrichment analysis to identify the functional categories of gémeswere significantly
altered by IL-8 signalling. Additionally, a protein-protein int#ran network and GO
categories network of differentially expressed genes was taseisualize the interactions
between different processes altered by IL-8 treatment. riifceoarray data support the
hypothesis that IL-8 induces GPCR signalling in Caco-2 BBE c&lie. GO categories
network indicates activation of PLC, formation of the second messengsitol 1,4,5-
trisphosphate, activation of phosphatidylinositol 3-kinase and consequestaty@m of
phosphatidylinositol 3-phosphate (bottom right of GO categories netwaglire 5). The
microarray analyses suggested that IL-8 induces an increask-oelt contact, cell adhesion
and cell survival. In particular the gene network involved in E-cadhegulation may play a
role in the formation of epithelial cell-cell junctions and differentiatioepthelial cells after
migration [26]. The E-cadherin—catenin complex has been shown to becial ¢o the
regulation of cell adhesion, polarity, differentiation, migration, peddifion, and survival of
IECs [27].

The microarray data also suggests that IL-8 is involved in the regulatcafl differentiation
rather than proliferation. In this respect, it is also relevatt CXCR1 was expressed only on
the differentiated and non-proliferative epithelial cells in the smastime and colon and not



in crypt enterocytes (Figure 3). Thus, IL-8 secreted in the lufoemxample in response to
commensal antigens, would not have an effect on the differentiatitgy tbat migrate
upwards from the bottom of the crypts. Previously, IL-8 was reporteditwe proliferation,
differentiation and CXCR1-dependent migration in Caco-2 BBE c8|K]. Although the
effect on of IL-8 on epithelial cell proliferation is controvergi&land was not confirmed by
our own microarray data, overall the published data and our own workstaggrole for IL-
8 in epithelial restitution. Our observation on the apical location X€CR1 in human
intestinal tissues and our microarray data lend support to the hgmothat IL-8 has an
autocrine functionn vivo. We speculate that apical secretion of IL-8 would help to iaitiat
pathway responses in restitution prior to any potential loss of &aitimegrity, e.g. because
of bacterial invasion or toxin production. In this respect, it is reletreat addition of IL-8 to
the apical or basolateral side of an intact epithelial banadrno significant effect on TER
over a period of at least 20 hours (Figure 1b). This suggestsLt@amiediated autocrine
signalling would not affect the viability, permeability or integrity of amattepithelium.

Interestingly, the effects of IL-8 on proliferation, differetitbn and migration have also been
shown using fetal IECs [10]. As significant concentrations of &8 found in milk and
amniotic fluid, it was suggested that IL-8 might have an additiosia in the developing
intestine [10]. A similar autocrine role has been proposed for20CWhich is also induced
by inflammatory pathways in epithelial cells. CCL20 binds to @@R6 receptor on the
apical pole of differentiated epithelial cells [12] and inducethefpal cell migrationin vitro
[28].

Conclusion

In summary, we show for the first time that the IL-8 rece@XICR1 is expressed on the
apical membrane of differentiated epithelial cells in the husraall intestine and colon.
Furthermore, our data demonstrate that IL-8 is secreted frormptbal pole of IEC lines in
response to TLR signalling and suggest that polarized secretiob-&fmay occur in
differentiated epithelial cells of the villi in response to apistimulation with microbe-
associated molecular patterns.

Methods

Human materials

Human duodenum biopsies derive from the study of Troost et al., 2008 [2%{utliswas
approved by the University Hospital Maastricht Ethical Commit@elon biopsies were
obtained from healthy subjects at the University Hospital Orelmmprding to the study
protocol from Brummer et al.: "Characterising intestinal miastdbiand immune response in
IBD, microscopic colitis and IBS”. The University Hospital Orelfthical committee (Dnr
2010/261) approved this study. Studies were conducted in full accordahamevprinciples
of the ‘Declaration of Helsinki’ (52nd WMA General Assembly, Edimbyr Scotland,
October 2000). All subjects gave their written informed consent fwritneir inclusion into
the study.



Cell culture

The Caco-2 BBE cell line (CRL 2102; American Type Culturet€e Manassas, VA) was
maintained at 37°C in a humidified 5% €gb% G atmosphere. Caco-2 BBE cells were
grown in DMEM (Invitrogen, Paisley, UK) containing Glutamax and seqmeinted with
10% fetal bovine serum (PAA laboratories, Colbe, Germany), 100 U/mitijie and 100
ug/ml streptomycin (Sigma, St. Louis, MO). Cells (between p&sS&gnd 74) were seeded
at a density of 2.6 x focells/cnf and grown for 14 days until they differentiated into
polarized monolayers. After 14 days, the TER reached 600 to 800/&hn{(¥olt/Ohm-
meter, World Precision Instruments, Sarasota, FL).

Electrical resistance measurements in monolayer delultures

To measure the effects of IL-8 on epithelial permeability, pdrCaco-2 BBE monolayers
grown in Transwell filter inserts were treated with 100 ggdnombinant human IL-8 (rhiL-
8, R&D Systems) added to the apical or basolateral compartmetii@i@&R was measured
using a Cellzscope (Nanoanalytics) which allows the continuousudochated measurement
of 24 individual filter inserts under cell culture conditions.

IL-8 secretion

DMEM containing TLR ligands was added to cell monolayers onldagither in the apical
or in the basolateral compartment. The stimuli were used atltbe/ihg concentrations: 20
ug/ml Pam3CSK4, 1Qug/ml Pam2CSK4, 2ig/ml flagellin (InvivoGen, San Diego, CA).
After 24 hours, 75ul samples of apical or basolateral supernatant was takenthand
concentration of IL-8 was determined using a cytometric beay §éBD, San Diego, CA)
following the manufacturer instruction and flow cytometry (FAC&n©II, BD). Similar
findings were obtained in triplicate experiments.

Confocal microscopy

Caco-2 BBE cell monolayers grown in transparent Transwell inserts for $4neag fixed in
4% (weight/vol) paraformaldehyde and permeabilized with PBSagong 0.2% (vol/vol)
Triton X100, 1% (vol/vol) normal goat serum and 0.1% (weight/vol) sodiziodeaSamples
were then incubated with primary antibodies, 1:250 of anti-occludin polyckm#ody

(Zymed, Invitrogen) and 1:100 dilution of monoclonal anti-human IL-8RA (i.eCRX,

R&D Systems) were added overnight at 4°C followed by a 2 hours ienbaith Cy3-and
Alexa 488-labeled secondary antibodies at room temperature.iNusie stained for 20
minutes using a dilution 1:500 of DRAQ5 (Enzo Life Sciences BVBAndbaven,
Belgium). Confocal images were obtained using a Zeiss LSM 518nsysbnsisting of a
Zeiss Axioskop with Plan Neofluar x63 NA 1.3 oil objectives. Human duateand colon
tissue sections (20m thick) were collected at —18°C on superfrost object glassesz@te
Glazer, Braunschweig, Germany) then processed and stainedcabetb$or Caco-2 BBE
cells.

RNA isolation and quality control

Caco-2 BBE monolayers grown for 14 days were treated with none opdlf0 rhiL-8.
After 6 hours treatment, total RNA was extracted from CacdBE Rells using Trizol



reagent (Invitrogen), purified using the RNeasy mini kit (Qiageml®, The Netherlands)
and treated with DNase set (Qiagen) following the manufattuiastructions. RNA

integrity was assessed using an Agilent 2100 Bioanalyzer lef#tgiTechnologies,
Amsterdam, The Netherlands) with 6000 Nano Chips according to the acturef’s

instructions. Only RNA samples showing intact bands corresponding tb8®eand 28S
ribosomal RNA subunits, no chromosomal peaks or RNA degradation produtis) &NA

integrity number (RIN) above 8.0 was used for microarray hybridization.

Affymetrix GeneChip oligoarray hybridization and scanning

Total RNA, extracted from Caco-2 BBE cells was amplifiad belled using the GeneChip
3" IVT Express kit (cat. no. 901229) according to the manufacturpgesifications. Three
independent experimental replicates per condition were used foiRidralextraction. The
correspondingly labelled RNA was hybridised to a GeneChip Hul32 Rluay. Detailed
methods for the labelling and subsequent hybridisations to the amraydescribed in the
eukaryotic section of the GeneChip Expression Analysis Technigal®l, Revision 3, from
Affymetrix (Affimetrix, Santa Clara, CA), and are available upon request

Statistical and functional analyses of microarray dta

Transcriptome datasets underwent rigorous checks for qualityotbefore the pathway and
network analyses. These software packages are part of Biotondycoject
(www.bioconductor.org) and integrated in the automated MADMAX pipeline
(https://madmax.bioinformatics.nl) as described in previous publications [30] & same
statistical approaches we showed a good correlation between magr@end quantitative
PCR (gPCR) data [14]. Thus, we did not perform gPCR analyses on these samples.

Four complementary methods were used for the functional analysisrgianay expression
data: ErmineJ (GO annotation enrichment or overrepresentation; [&Hg et Enrichment
Analysis [32], Ingenuity Pathway Analysis (IPA; www.ingenwtym) and gene regulatory
network reconstruction and analysis via Cytoscape [15]. Using theseas®ftools, we

performed: (i) identification of statistically supported overreprgation of functional GO
annotation [32], (i) mapping of expression data onto pathways to datermeir up- or

down-regulation in a statistical meaningful way (IPA); (jijojection of transcript fold-

change values of co-expressed genes onto interaction maps of the correspariéins, and

(iv) reconstruction of biologically meaningful cellular pathwaged their mode of

modulation (IPA and Cytoscape). Our approach of combining data outputs dinem
bioinformatics package with another to strengthen the analysis éagibscribed previously
[30].

Supporting data

The microarray data and the raw cel files were depositeGED, platform number
GSE30364 and can be accessed via the following link:

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=ddafvgiigumcupmé&acc=GSE30364.
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Additional file 1 Supplementary Quality Control Report: Outcome of quality control
analyses performed using Bioconductor (www.bioconductor.org).
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Additional file 2: Table S1 List of all differentially expressed genes (P<0.02), statistics and
annotations.
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Additional file 3: Table S2 Gene ontology enrichment results as executed by ErmineJ for the
transcriptomes altered after incubation of Caco-2 BBE cells with CXCLS.
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