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Human intestinal epithelial cells down-regulate IL-8 expression in human
intestinal microvascular endothelial cells; role of transforming growth
factor-beta 1 (TGF-31)
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SUMMARY

Cytokines produced from intestinal epithelial cells may function as signals to neighbouring immune
cells. In the present study we analysed the effects of colonic epithelial cell lines (HT-29, Caco-2, HCT-
116, Colo-320) and freshly isolated intestinal epithelial cells on IL-8 expression in the SV-40T
transfected human microvascular endothelial cell line (HMEC-1). Epithelial cell-conditioned media
and transwells preventing physical contact between epithelial and endothelial cells were usegll TGF-
and IL-8 levels were determined by ELISA and Northern blot analysis. Increasing concentrations of IL-
13 led to increasing production of IL-8. The addition of epithelial cell-conditioned medium or epithelial
cells to HMEC-1 cells in a two-compartment co-culture system resulted in a strong decrease in IL-8 at
the protein and mRNA level. Decrease of IL-8 was markedly stronger when epithelial cells were co-
cultured in contact with HMEC-1 cells, indicating that not only soluble factor(s) play a role in the
induction of IL-8 suppression in HMEC-1 cells. MoAbs against T@Fpartially inhibited down-
regulation of endothelial IL-8 expression. In further studies, IL-8 expression in freshly isolated human
intestinal microvascular endothelial cells (HIMEC) was also down-regulated by intestinal epithelial
cells. Our results demonstrate that intestinal epithelial cells down-regulate IL-8 expression in HMEC-1
cells. TGF81 is a candidate factor of epithelial-endothelial communication in the colonic mucosa.

Keywords epithelial cells endothelial cells TG#t IL-8

INTRODUCTION because this chemokine secreted by the endothelium can appear
Ammediately at the tissue—blood interface, where it can exert its

Mucosal recruitment of neutrophils involves sequential adhesio Lfects on leucocyte emigration [4]. Recent studies have shown
and transmigration across endothelial, lamina propria and epithez Y 9 :

lial compartments [1-3]. IL-8, the major chemotactic and activat-tg?tCZﬁthl 'nhr']t)h'j[s.tl.zr;setlﬁgt::.anﬁi.”‘_ifzzretsj?l on er;dotthheé
ing peptide for neutrophils, activates the motile apparatus 01JI S, thus Inhibiting 'gration ULrophils across
neutrophils, induces a direct migration, the expression of surfac

gndothelium [9,14]. Conversely, TGFL directly stimulates
adhesion molecules, the release of enzymes, and the production

Btfautrophil and monocyte chemotaxis [9], a situation that is
reactive oxygen resulting in increased levels of intracellular CAMPmportant in leucocyte m_ovement in “SS“?S- Wh!le subs_tant_|al
[4-10]. IL-8 can be produced by mononuclear phagocytes ﬁbro_progress_hgs been_mad_e inthe unde_rstan(;ilng of direct epithelial—
blasts, various colonic epithelial cell types and endothelial cells"€UtroPhil interactions in the gastrointestinal tract [1,2,15-19],
[6,10,11]. Expression of the IL-8 gene can be enhanced byno information is available concerning the participation of
Iip’op(’)Iysaccharide (LPS), ILA and tumour necrosis factor- intestinal epithelial cells in regulation of the immune response
alpha (TNFe) and is dif,ferentially regulated in various cell at the endothelial cell wall. Epithelial cells produce substantial

types. For example, IL-10, IL-4 and TGE-which can down- amounts_of a speu_ﬂc array of s_oluble medlators_, e.g. IL-8 and
regulate 1L-8 production in macrophages, had no effect on |L-8TGF"6’ either constltL_ltlve or_durlng_tlje course of |nflammat|o_n,
generation by epithelial cells [12,13]. _and upon degran_ulatl_on at sites of injury release thes_e cytokines
The endothelial cell production of IL-8 is of special interest into the syrroundlng tissue [2_,8,123ased on these f_mdmgs, we
hypothesized that human microvascular endothelial cells, apart
Correspondence: Norbert garing MD, Department of Medicine B, {rom their vascular functions, may get signals from epithelial
University of Minster, Albert-Schweitzer-StraRe 33, D-48129 ridier, cells in the complex network of the intestine. This interaction
Germany. may be biologically relevant, as epithelial cells are in a unique
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position in functioning as an early host-signalling system, thusepithelial cells. Supernatants were then centrifuged for 10 min at
implicating other neighbouring cells located in the underlying 400g. The resultant pellet was dissolved in Hank’s balanced salt
mucosa [12], e.g. endothelial cells. solution (HBSS) and centrifuged at 59Cfor 5min. Epithelial

In the present study we demonstrate down-regulation of IL-8cells were separated from the remaining tissue by passage through
production and mRNA expression in the SV-40T-transfecteda 100um nylon mesh. Epithelial cells were then purified by
human microvascular endothelial cell line (HMEC-1) model density gradient centrifugation on a Percoll gradient. From the
system [20] upon co-culture with either different human colonicinterface at the top of the Percoll layer intestinal epithelial cells
epithelial cell lines or freshly obtained human intestinal epithelialwere collected and washed twice with serum-free RPMI medium.
cells. By using TGR3-blocking antibodies we found that TGFH: Epithelial cell preparations were free of contaminating B cells, T
released by colonic epithelial cells is a principal inhibitory agent.cells and monocytes/macrophages as assessed by flow cytometry
Taken together, our studies indicate that intestinal epithelial cellsising CD19/CD20, anti-CD3 and CD33/CD14 markers. As a
should be included in the cytokine regulatory network for IL-8 marker for intestinal epithelial cells we used FITC-labelled
expression in endothelial cells, thus helping to evaluate pathophyMoAbs against cytokeratin-18 and cytokeratin-20 (Progen,
siological events occurring under vivo situations in the micro- Heidelberg, Germany) by immunocytochemistry on cytospin
environment of the endothelial wall. preparations. Purity of epithelial cells was85%. Viability of
the freshly isolated epithelial cells was assessed by trypan blue
exclusion and staining with propidium iodide and wa95%
immediately after isolation, 75-85% after 72h, and 73-83%
Cell lines and cell culture after 96 h in culture. Epithelial cells were then cultured in RPMI
The colonic carcinoma cell lines Colo-320 (ATCC, Rockville, medium with 10% AB serum and antibiotics on 24-well plates,
MD), Caco-2, HCT-116 and HT-29 (German Collection of Micro- which had been covered with a collagen luml) layer. Under
organisms and Cell Cultures, Department of Human and Animathese conditions, epithelial cells could be held in culture for
Cell Cultures, Braunschweig, Germany) were cultured in different3—4 weeks. Before stimulation, epithelial cells were held in culture
media as follows: HT-29 (RPMI 1640; i&xo, Eggenstein, Ger- for 3—4 days [21].
many), Caco-2 (minimal essential medium (MEM)p&b), Colo-
320 (RPMI 1640) and HCT-116 (McCoy 5a Mediumi&o). All Isolation of human intestinal microvascular endothelial cells
media contained 1% penicillin/streptomycin and i m-gluta- Human intestinal microvascular endothelial cells were isolated
mine. Cells were cultured with or without 10% AB serum. The from normal areas of surgically resected colonic specimens as
human microvascular endothelial cell line HMEC-1 [20] was previously described [22]. Briefly, the gut segments were opened
obtained from Professor T. A. Luger (Department of Dermatology,along the antimesenteric side and rinsed extensively in sterile
University of Minster, Germany). Experiments performed with the saline. The tissue was next incubated in 2 BTT in isotonic
endothelial cell line used cells at passage levels 8—17. The culture8&*- and Md¢*-free PBS pH7-5 for 15min at 20 and
were mycoplasma-free and maintained with twice weekly passagesubsequently washed in PBS. Mucus was carefully wiped
Cells were seeded into 24-well plates and grown until formation ofaway. Epithelial cells were removed by four subsequent incuba-
confluent monolayers (3 days). Monolayers were then incubatetions in 5mu EDTA/PBS (30 min, 37C) and intervening PBS
for 24h in fresh medium containing stimuli as indicated. To rinses with mild surface scraping. After dissociation by collage-
determine the constitutive release of TGE: cells were plated nase/dispase/DNase (Boehringer Mannheim, Mannheim, Ger-
at a density of & 10° cells/ml in six-well plates (Greiner, Solingen, many) of mucosal and submucosal tissue, cell suspension was
Germany) and cultured for 24—-96 h serum-free or with 10% ABsequentially passed through 200- and /90- stainless steel
serum at 37C in a 5% CQ tissue incubator. The supernatants were meshes and finally separated on Lymphoprep density gradient
collected, cleared by centrifugation and passaged throughu®22- to remove granulocytes and erythrocytes. Cells were plated at a
sterile filters and kept a- 70°C until evaluation by ELISA. Cell  seeding density of £ 10%cm? and cultured to subconfluence in
number and viability were examined by trypan blue exclusion. endothelial serum-free medium containing 10% AB serum,

hydrocortisone, and 2dibutyryladenosine cyclic monopho-

Isolation of human intestinal epithelial cells sphate (db-cAMP). Primary cultures were trypsinized and
Epithelial cells were isolated from histologically normal areas of endothelial cells were isolated by paramagnetic beads armed
surgically resected colonic specimens from patients with tumoumwith MoAb to CD31 (Dianova, Hamburg, Germany). For the
bowel resections as described by our group [21]. In three caseparamagnetic bead separation of CD3gells a single-cell
histologically normal tissues from the small bowel (duodenum) ofsuspension of the primary subconfluent cell cultures was
patients who underwent pancreatoduodenectomy were availablebtained by applying trypsin (0-5mg/ml, 1:250) and EDTA
for investigations. Cryosections of the surgical specimens weré0-2 mg/ml) in PBS for 4min at 3C. Paramagnetic sheep
examined by an independent pathologist to ensure that onlanti-mouse IgG-coated monodisperse beads were armed accord-
histologically normal areas were used for cell isolation. No patienting to the manufacturer’s instructions with anti-human CD31
was included in the study who had been on corticosteroids or any0-2ug antibody/mg beads). A small fraction of cells was mixed
other immunosuppressive drug. The study protocol had beewith armed beads and briefly centrifuged (40@ min, £C) and
approved by the Human Studies Committee of the University ofthe percentage of rosetted cells was estimated in a haemocyt-
Miinster. ometer. The rosettes were extracted by a magnetic particle

In brief, small pieces of resected tissue were incubated irconcentrator for 2min, after which non-rosetted cells were
1 mw/l dithiothreitol (DTT) for 15min at room temperature and removed. Rosetted cells were washed six times, resuspended in
then washed twice in RPMI medium. Subsequently, the tissue wasormal growth medium, and plated into culture flasks. The
washed for 30min in 5w/l EDTA for four times to remove paramagnetic bead separation of CD3dells usually resulted

MATERIALS AND METHODS
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in 15-30% rosettes that were replated. Contaminating fibroblasunfractionated RNA in 2@l reverse transcription buffer (&o)

toid cells (as judged by phase contrast microscopy) were rarelgontaining 10 mmol/ Tris pH8-3, 50 mmol/ KCI, 5mmoll

seen and, when present, were easily eliminated by an addition&llgCl,, 1 mmoll each of deoxyadenosine triphosphate, deoxycy-
bead separation. Contamination of the cultures by other CD31 tidine triphosphate, deoxyguanosine triphosphate, thymidine tri-
cells was excluded by lack of staining for the leucocyte commonphosphate, 20U human placenta RNase inhibitor (Pharmacia,
antigen CD45 as well as the macrophage restricted form ofreiburg, Germany), 04g oligo (dT)14 and 200U reversed
CD68, whereas contaminationdfex europaeutectin | binding  transcriptase (BRL; Superscript) at°&7for 60 min. The reaction
epithelial cells was excluded by lack of staining for cytokeratin. mixture was heat-inactivated for 10min at°@5 and 8Ql of
Contamination with fibroblasts was further excluded by using thel0 mmoll Tris pH8-3, 50 mmol/KCI, 1-25 mmoll MgCl, con-

clone 5B5 (isotype, |IgGl; Dako, Hamburg, Germany). taining 25 pmol each of the’Gand 3 primer were added. The
reaction mixture was heated to“@for 5min and subsequently
Co-culture of intestinal epithelial cells and HMEC-1 cells kept at 88C for 7 min, during which 1-25 U of Supertaq polymer-

Confluent HMEC-1 cells (3 10° cells/well) in 24-well plates were  ase (HT Biotechnology, Cambridge, UK) was added. The cycling
washed, overlaid with epithelial cell suspensions §18° cells/ conditions for the polymerase chain reaction (PCR) reactions
well, 2:1 ratio endothelial: epithelial cells) and cultured with and consisted of 1 min denaturation at°@sand 2-5min annealing
without 10% AB serum for the times stated. In some experimentsand extension at 7€ (IL-10) or 65C (IL-4, TGF31). Primers for
epithelial cells were separated from endothelial cells by MilliporelL-4, IL-10, TGF81 andg-actin were purchased from Clontech
filters (0-45um; Transwell). In other experiments, endothelial cells (Heidelberg, Germany). Details of the PCR have been published
were cultured with supernatants harvested from transformed cold12,25]. A 10ul aliquot of the amplified DNA reaction mixture
nic epithelial cell lines and freshly isolated intestinal epithelial was subjected 1-7% agarose gel electrophoresis, and the amplified
cells. product was visualized by UV fluorescence after staining with
Functional inhibition experiments for absorption of TGE-  ethidium bromide. PCR products were blotted onto nylon mem-
were performed as described previously [23]. In short, 1mlibrane and hybridized witf?P-labelled cDNA probes.
epithelial cell conditioned medium was preincubated in 24-well
plates that have been coated with an affinity-purified anti-T8&F- Northern blotting
(100pg/ml supernatant; Genzyme, Cambridge, MA). Plates wereNorthern blot analysis was conducted according to standard
coated with antibody by adding concentrated antibody preparationgrocedures. Total cellular RNA from endothelial cells was pre-
to wells, incubating overnight af@, and washing three times with pared according to the method of Chomczynski & Sacchi [24],
PBS. Cytokine-absorbed supernatants (@)Owere collected, electrophoresed in 1% agarose-formaldehyde gel, and blotted onto
added to endothelial cells, and incubated for optimal culturenylon filters (Pharmacia; Genebind 45). The cDNA for IL-8 was
times after stimulation with IL-8. Supernatants were collected labelled with a®P-cCTP by random priming, using a commer-
for IL-8 measurement. An isotype-matched MoAb (mouse antic-cially available multiprime DNA labelling kit (Amersham) to a
ytokeratin-18; Sigma, Deisenhofen, Germany) was used aspecific activity of>10° ct/min per ng DNA. Filters were prehy-
negative control. Free residual antibody was not detected irbridized at 42C for 4h and then hybridized at 22 for 18 h in a
cytokine-absorbed supernatants, as determined by immunodiffusio®0% formamide solution containingkdBSC, % Denhardt’s solu-

tests (data not shown). tion, 1% SDS, 0-05% pyrophosphate, and 0-25mg/ml salmon
sperm DNA. They were then washed by one rinse followed by
ELISA for IL-8 and TGF31 three washes for 30 min each witk 8SC/1% SDS at 6C, and

IL-8 was determined in culture supernatants using a sandwiclthen exposed to a phosphor storage screen for a second hybridiza-
ELISA assay developed by Laboserv (Giessen, Germany). Th#&on by stripping of the probe DNA by washing in 1% SDS at@0
sensitivity of the IL-8 ELISA was 50 pg/ml. TGB1 was deter- for 1h. Complete probe removal was confirmed by overnight
mined using an ELISA assay developed by Genzyme with aexposure to the phosphor screen. A labelled oligonucleotide for
sensitivity of 50 pg/ml. Culture supernatants were all tested ing3-actin served as a control. The phosphor screen was scanned using
triplicate. In all tests a standard cytokine preparation (recombinanthe ImageQuant Phosphorlmager and software (Molecular
cytokine at defined concentration) was used as internal control. AIDynamics, Sunnyvale, CA), and the digitized file was analysed.
assays were tested for cross-reaction by adding several cytokind$e intensity of the IL-8 band was expressed as a ratio of the
and soluble receptors to the different cytokine standards. Nantensity of the bands fo8-actin.

significant cross-reaction could be observed using the following

cytokines (except for the recombinant protein which was deter-Statistical analysis

mined in the assay): human IL81(Promega, Mannheim, Ger- Inthe statistical calculations the data were treated as non-parametric,
many), IL-12, p55 and p75 form of the TNF receptor (R&D and results were analysed by the two-tailed Wilcoxon’s signed rank
Systems, Minneapolis, MN), IFN; IL-2, IL-4, IL-6, IL-8, IL- test. Results are presented as media®5% confidence interval,

10, IL-13, IL-15, granulocyte colony-stimulating factor (G-CSF), unless stated otherwisB.<0-05 was considered significant.
granulocyte-macrophage colony-stimulating factor (GM-CSF) and
TNF-« (Pepro Tech EC Ltd, London, UK). RESULTS
Reverse transcriptase-polymerase chain reaction and SoutherBxpression of TG, IL-10 and IL-4 mRNA in intestinal epithelial
blot analysis cells

RNA was extracted with guanidinium thiocyanate/phenol/chloro-We were first interested to qualitatively determine constitutive
form [24] and quantified by UV absorption spectrophotometry atexpression of the anti-inflammatory cytokines T@FH.-10 and
260 nm. Complementary DNA (cDNA) was prepared fromgl IL-4 in colonic epithelial cell lines and freshly obtained intestinal
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Fig. 2. Time course analysis of protein levels of T@E-n freshly isolated
intestinal epithelial cells (three duodenal, three colonic). Confluent mono-
Fig. 1. Expression of TG, IL-10 and IL-4 mRNA in four human |ayers of epithelial cells were cultured without added stimuli. At various
intestinal eplthellal cell lines and freshly isolated intestinal eplthellal time pointS, TGR31 concentrations in the Supernatants were determined by
cells demonstrated by Southern blot analysis of reverse transcriptasgs| |SA. Each results is the means.d. of triplicate cultures in one of three
polymerase chain reaction (RT-PCR) products. Bractin mRNA was  independent experiments that had similar results.
also amplified as control. Representative results from one of three experi-
ments are shown.

secretion by freshly isolated intestinal epithelial cells progressively
increased during the culture period in a time-dependent manner,

epithelial cells. By performing Southern blot analysis of reverse . o . .
. reaching a peak at 96 h. This indicates that T8Fis actively
transcriptase (RT)-PCR products we showed that both transformeéfoduced by intestinal epithelial cells.

colonic epithelial cell lines and freshly obtained colonic and
duodenal epithelial cells constitutively expressed detectable

levels of MRNA for TGFB1 (Fig. 1). Caco-2 contained detectable TGF31 and epithelial cell line-conditioned medium inhibit IL-8
levels of mRNA for IL-10. mRNA for IL-10 and IL-4 was production by HMEC-1

undetectable in any of the other cell lines. Finally, freshly isolatedWe turned our attention to the question of whether intestinal
duodenal and colonic epithelial cells were found to have no mRNAepithelial cells would influence IL-8 production and expression
for IL-10 and IL-4. In summary, both colonic epithelial cell lines in the human microvascular endothelial cell line HMEC-1. Recent
and freshly obtained duodenal and colonic epithelial cellsstudies have shown that TGHR- is capable of inhibiting IL-8
expressed mRNA for TGB- As positive controls cDNAs from  secretion and mMRNA expression in endothelial cells [9,14]. There-
cells known to express the specific cytokine mRNA were used (nofore, HMEC-1 cells were cultured in 24-well plastic plates at a

shown). concentration of % 10° cells/ml. Cells were pretreated for 20h
with epithelial cell-conditioned media or exogenous recombinant
TGF-31 secretion by intestinal epithelial cells TGF-31, and then stimulated with ILAlor medium alone. Super-

In a recent study we have shown that colonic epithelial cell linesnatants were collected after 4h, and the accumulated IL-8 pro-
secrete substantial amounts of TBF-[23]. We were therefore duced over this time was measured by ELISA. Increasing
interested in time course kinetics of T@HE-secretion by freshly concentrations of IL-@ from 1ng to 50ng/ml led to increasing
isolated duodenal and colonic epithelial cells. Epithelial cells wereproduction of IL-8. Addition of TGF81 (0-5-2ng) to HMEC-1
seeded into six-well plates at a density ok 10° cells/ml and  cells 20 h before IL-& stimulation inhibited the secretion of IL-8
cultured for 24—-96 h with 10% AB serum at°&in a 5% CQ (Fig. 3a). In our experiments, co-culture of HMEC-1 cells with
tissue incubator. The supernatants were collected, cleared by ceapithelial cell-conditioned media also down-regulated endothelial
trifugation and passaged through 028-sterile filters and kept at —  IL-8 expression (Fig. 3b). No significant inhibition of IL-8 con-
70°C until evaluation by ELISA. Figure 2 shows that T@E- centrations from unstimulated HMEC-1 was found.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:377—-384
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750071 py (1:100) IL-18 (10 U/mi) supernatants were collected after 4h, and immunoreactive IL-8 was
’ +IL-1p m measured by ELISA. Each result is the media®5% confidence interval
(ClI) of triplicate cultures in one of three independent experiments that had
’E 5000} similar results. P <0-05 compared with co-culture experiments performed
) in transwells.
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time frame of the co-culture experiments performed in our study
(data not shown).
0

HT-29 HCT-116  Caco-2 . . . . . . _
TGF-31 and colonic epithelial cell line-conditioned medium inhi-

Fig. 3. Effects of exogenous recombinant T@E-and epithelial cell-  bit IL-8 mMRNA expression by HMEC-1

conditioned media on IL-8 secretion by human microvascular endothelialTgtal RNA was isolated from primary HMEC-1 cells, pretreated
cell line (HMEC-1) cells. HMEC-1 cells (§10%) were plated on Costar yith medium, epithelial cell-conditioned media or exogenous
plates in either the absence or the presence of 0-5-2 ng/migT@Jor recombinant TGFBL1 for 18 h, and then stimulated with IL8lor
epithelial cell-conditioned media (b). After 20 h, some wells were stimu- medium alone for 4 h. For Northern blot analysis, RNA from four
lated with varying concentrations of ILgland incubated for 4. The rimary lines was pooled to obtain sufficientquan{ities of RNA and

supernatants were collected after 4h, and immunoreactive IL-8 wa . . .
measured by ELISA. Each result is the media®5% confidence interval the filter probed for IL-8 andg-actin mRNA. Unstimulated

(Cl) of triplicate cultures in one of three independent experiments that hadIMEC-1 cells produced some IL-8 mRNA, which was clearly

similar results. P <0-05 compared with IL3-activated HMEC incubated
without TGF#1 or epithelial cell-conditioned media.

A B C D E F G H I J

-

IL-8 regulation in HMEC-1 cells during epithelial-endothelial IL-8
interaction in single and separated growth compartments

The role of soluble factors in the down-regulation of IL-8 in : ;
epithelial—-endothelial co-cultures was further assessed by usin Actin m‘
separated growth compartments that allowed free diffusion of

small molecules. This experimental setting also led to a down-IL-8actin 1.0 33 18 20 21 17 19 19 2219
regulation of IL-8 production in HMEC-1 cells comparable to that Fig. 5. Northern blot analysis of the effects of conditioned media of

observed with epithelial Cel!'cond'tlonEd mEd'a_(F'g' 4). colonic epithelial cell lines and freshly obtained intestinal epithelial cells
From co-culture experiments, where pericytes or smoothy, | .g mRNA expression in human microvascular endothelial cell line
muscle cells were grown together with aortic endothelial cells, itHMEC-1) cells. HMEC-1 cells were plated into 24-well trays and were
was found that, while each cell type alone only produced pre4incubated with TGR31 (1-0 ng/ml) or epithelial cell-conditioned media,
dominantly latent TGF3, the combination of both cell types led to incubated overnight for 18 h, then left either unstimulated or stimulated
in situ activation of the latent form [26]. In our study, a variety of with 10U/ml IL-18 for 4h. Total RNA was prepared and pooled from
epithelial cells cultured in a single compartment with endothelialfour separate lines. Total RNA fi§y per lane) was loaded, and the
cells revealed a significantly stronger inhibitory effect on endotheMRNAs for IL-8 and §-actin were probed sequentially by Northern
lial IL-8 production compared with conditioned media or co- oting. Lane A, no stimulation; lane B, 10 U/ml ILg1lane C, TGF-
culture experiments performed in Transwell tissue culture plate€
(Fig. 4). We conclude that other.factors, such as those Wh'_Ch A€how the effects of conditioned media of freshly obtained intestinal
cell/cell contact dependent, are important for the stronger |nduc-epithe”a| cells (two colonic, two duodenal) on IL-8 expression in

tion of IL-8 suppression in HMEC-1 cells. Cell enumeration yMmEC-1 cells. Representative results from one of three experiments
studies showed no significant change in cell number over there shown.

1 and IL-18; further lanes: CM-HT-29 and ILA (lane D), CM-HCT-
16 and IL-B (lane E), and CM-Caco-2 and IL81(lane F). Lanes G-J

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14377—-384
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lial IL-8 down-regulation induced by epithelial cell-conditioned medium.
Twenty-four-well plates were coated with an affinity-purified anti-TGF- o i . ?
£1 MoAb (100xg/ml supernatant; Genzyme, Cambridge, MA), incubated IL-8 w-"m
overnight at 4C and washed four times with PBS. Epithelial cell-

conditioned medium (1 ml) was added to each well and incubated a

37°C for 1h. Five hundred microlitre cytokine-absorbed supernatants  Actin ...“

were then collected, added to endothelial cells, and incubated for optime

culture time_s after sti_mulation_ with ILAL An isotype-ma_tched MoAb IL-8/actin 10 38 22 19 15 22 18

(mouse anti-cytokeratin-18; Sigma) was used as negative control. Eacn

result is the mediart 95% confidence interval (Cl) of triplicate cultures Fig. 7. Effects of conditioned media from freshly isolated colonic epithelial

in one of three independent experiments that had similar resultscells (individuals 1-4) on IL-8 secretion (a) by human intestinal micro-

*P<0.-05; *P<0-001 (compared with conditioned medium incubated vascular endothelial cells (HIMEC). HIMEC ¢610°) were plated on

with control antibody). Costar plates in either the absence or the presence of colonic epithelial
cell-conditioned media. After 20 h, some wells were stimulated with 10 U/
ml IL-18 and incubated for 4 h. The supernatants were collected after 4 h,

up-regulated by IL-g. Pretreatment of HMEC-1 with recombinant and immunoreactive IL-8 was measured by ELISA. Each results is the

TGF-1 or conditioned media from both colonic epithelial cell median= 95% confidence interval (Cl) of triplicate cultures in one of five

lines and freshly obtained intestinal epithelial cells reduced thdndependent experiments that had similar resufs<6-05 compared with

intensity of the IL-8 mRNA in IL-B-activated HMEC-1 cells (Fig. conditioned medium incubated with control antibody. (b) Representative

. P : : . Northern blot analysis of the effects of conditioned media of freshly
i)a:r:lc_iss-ﬁ actin intensity ratios were calculated from the quantified obtained colonic epithelial cells on IL-8 mRNA expression in HIMEC.

HIMEC were plated to 24-well trays and were incubated with epithelial

cell-conditioned media, incubated overnight for 18h, then left either

Effects of administration of anti-TGB1 on endothelial IL-8  unstimulated or stimulated with 10 U/ml ILg1for 4h. Total RNA (7ug

production per lane) was loaded, and the mRNAs for IL-8 ghdctin were probed

Neutralization of TGF81 with anti-TGF8 MoAbs affected the sequentially by Northern blotting. Lane A, no stimulation; lane B, 10 U/ml

ability of epithelial cell-conditioned media to inhibit IL-8 secretion IL-15; lane C, TGRE1 and IL-13. Lanes D-G Shov‘.’ thef effects of

from endothelial cells. As shown in Fig. 6, reduced endothelial II__colndltloned éne?jla olf freshly obtained intestinal epithelial cells (two
) s colonic, two duodenal) on IL-8 expression in HIMEC.

8 production was significantly restored by treatment with neutra- ) P

lizing antibodies to TGFB1. These results confirmed that T@Hs

a major, but probably not the only inhibitor of endothelial IL-8 DISCUSSION

production during epithelial-endothelial cell interaction, as even atryig stdy for the first time demonstrates down-regulation of IL-8
very high concentrations of TGB-blocking antibodies IL-8  6qyction and mRNA expression in HIMEC upon co-culture with
synthesis was not fully restored (not shown). intestinal epithelial cells and epithelial cell-conditioned media.
Addition of neutralizing antibodies to TGF-to the cultures
Effects of TGR31 and colonic epithelial cell-conditioned media on partially abolishes inhibitory effects, depending on cell line and
IL-8 secretion by human intestinal microvascular endothelial cellsstimulus. On the basis of the data presented here, we conclude that
To relate the responses by the cell lines to those occuiminiyo, colonic epithelial cells secrete biologically relevant quantities of
we also examined responses of human intestinal microvasculactivated TGH31, thereby acting specifically on IL-8 expression in
endothelial cells (HIMEC) in co-culture with human intestinal endothelial cells.
epithelial cells. In our experiments, IL-8 secretion by HIMEC in In our experiments, epithelial cell-derived T@H-secretion
response to IL-® was similar to that obtained with the endothe- continued to increase up to 96 h after commencement of cultiva-
lial cell line HMEC-1, suggesting that they were fully responsive. tion. The time course of TGB1 secretion for intestinal epithelial
Addition of epithelial cell-conditioned medium 20 h before IB-1 cell lines was similar to that obtained with freshly isolated
stimulation inhibited the secretion of IL-8 (Fig. 7a). MoAbs intestinal epithelial cells. In our study, epithelial cell-derived
against TGR81 partially inhibited down-regulation of 1L-8 TGF-3 was found to be a major autocrine or paracrine inhibitor
secretion by HIMEC. Moreover, pretreatment of HIMEC with of endothelial IL-8 expression, as co-cultures treated with neutra-
conditioned media from freshly obtained intestinal epithelial cellslizing antibodies to this growth factor showed a dose-dependent
reduced the intensity of the IL-8 bands in Ilg-hctivated abolishment of the inhibitory effect. Anti-TGF-MoAb was only
HIMEC (Fig. 7b). able to inhibit part of the response, suggesting the presence of a
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TGF-8-independent mechanism. When epithelial cell supernatantendothelial cell. Whether or nat vivo contact or close proximity
were acid-treated (pH2-3) at room temperature for 4h, theser a distinctly appropriate microenvironment between these two
supernatants retained the ability to suppress endothelial IL-&ell types is essential for the generation of activated B&Fand
production (data not shown). Aside from T@Fmost proteins  certain other signals, awaits further investigation. The interaction
would be denatured by acid treatment. Eckmatal. [12] pro- between epithelial and endothelial cells may be biologically
posed that epithelial cells of the gastrointestinal tract would notrelevant during inflammatory reactions of the intestinal mucosa,
play a major role in down-regulation of the acute inflammatory where epithelial cells may come in close contact with endothelial
response through the production of TBFas mRNA levels and cells.

secretion of this anti-inflammatory cytokine were not up-regulated In conclusion, intestinal epithelial cells may act through gen-
in colon epithelial cells in response to TNFand IL-13 stimula-  erating TGFB under both physiological and inflammatory condi-
tion or Salmonella invasion [8,13,17]. Nonetheless, the extremelyions, thereby inhibiting endothelial IL-8 production and limiting
low concentration (picomolar) of TGBrequired to elicit a strong the cascade of inflammatory events. This may be relevant, as in the
inhibition of endothelial IL-8 MRNA expression, as shown in the case of inflammation proinflammatory cytokines released by
present study, suggests that T@produced by intestinal epithe- different neighbouring cell types, e.g. activated macrophages,
lial cells may be functioning as a very potent signal for endothelialcan markedly increase IL-8 and E-selectin expression in endothe-
cells. lial cells [35]. A currently held concept for the function of

It is not yet clear whether the existing T@Hn our co-culture  intestinal epithelial cells that emerges from our studies is therefore
supernatants represents a true constitutive expression, as the letieht of a homeostatic regulator; this is supported by the observation
and distribution of expression are undoubtedly governed by the locahat the first abnormality in TGB-null mice is leucocyte—
environment [26]In vivo studies further indicate that expression of endothelial adhesion and tissue infiltration [9]. It remains to be
TGF-8 receptors may be down-regulated during acute inflammatiorestablished under which conditions epithelial cells secrete BFGF-
[27]. Most cultured cells secrete TGFin a latent form [28,29], and under which circumstances this is a deleterious event or plays,
although there are reports of the production of activated B®ly-  conversely, a positive role in the resolution of inflammation in
human cancer cellsn vitro [30—32]. In our study, intestinal differentin vivo locations.
epithelial cell-conditioned media and epithelial cells work on IL-
13-induced release of IL-8 from endothelial cells, indicating that the
inhibitory effect of bioactive TGFB on endothelial IL-8 secretion ACKNOWLEDGMENTS
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