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Polarized secretion of IL-6 and IL-8 by human retinal pigment epithelial cells
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SUMMARY

A number of cell types situated along interfaces of various tissues and organs such as the peritoneum
and the intestine have been shown to secrete inflammatory cytokines in a polarized fashion. Retinal
pigment epithelial (RPE) cells are positioned at the interface between the vascularized choroid and the
avascular retina, forming part of the blood—retina barrier. These cells are potent producers of
inflammatory cytokines and are therefore considered to play an important role in the pathogenesis of
ocular inflammation. Whether cytokine secretion by these cells also follows a vectorial pattern is not yet
known, and was therefore the subject of this study. Monolayers of human RPE cells (primary cultures
and the ARPE-19 cell line) cultured on transwell filters were stimulated to produce IL-6 and IL-8 by
adding IL-18 (100 U/ml) to either the upper or the lower compartment. After stimulation, the human
RPE cell lines showed polarized secretion of IL-6 and IL-8 towards the basal side, irrespective of the
side of stimulation. The ARPE-19 cell line also secreted IL-6 and IL-8 in a polarized fashion towards the
basal side after basal stimulation; polarized secretion was, however, not apparent after apical
stimulation. The observation that human RPE cells secrete IL-6 and IL-8 in a polarized fashion towards
the choroid may represent a mechanism to prevent damage to the adjacent fragile retinal tissue.
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INTRODUCTION essential function and fragility, immunological processes must be
The retinal pigment epithelium (RPE), strategically located strictly regulated. Although leucocyte recruitment is essential for

between the photoreceptor layer and the vascularized choroicE]OSt defence to clear infectious agents, a vigorous inflammatory

plays an important role in maintaining homeostasis in the outef ©SPONSE can lead to local damage of host tissues and even to

retina. It regulates the transport of nutrients to the photorecep’[or'mp"jllreci organ function. One way o achieve the immune privi-

phagocytoses old rod outer segments and absorbs stray light. %ged status is by the intraocular production of immunosuppressive

part of the blood—retina barrier, i.e. the outer blood—retina barrie" anti-inflammatory cytokines, such as T@E{18,19]. Further-

[1], the RPE cell monolayer limits access of blood components tom?re, E)he gyef IS sgparatid f_rorrlléhe _res]:[ Of. the body bﬁ/ thAe bltc;]od—
the retina. In addition to these functions, the RPE is thought to pla);e ina barrer forming a pnysical barriér for immune cefis. Anotner

an important role in immune responses. This is suggested by th?ec?e;ngrinmlr)rz/ \r']Vh'rCh thi RPE Clguéd tt:r?ntrlburtetit% SL:Chra mghz
ability of RPE cells to express cytokines [2], HLA class Il antigens eguiate une response could be the secretion of (pro)inflam-

54, adhesion molcules [55)and Fast. ) i, RPE cells 191 C/Ci1es, prefrentally o e et of e horolt,
have been shown to produce IL-1[8,9], IL-6 [10—13], IL-8 [13,14], y reducing P 9 u y

monocyte chemotactic protein-1 (MCP-1) [15], granulocyte_durlng inflammation. Although numerous investigators have

macrophage colony-stimulating factor (GM-CSF) [9] and trans_shown that cultured RPE cells can readily be induced to secrete

forming growth factor-beta 2 (TGB2) [16] when simulated with p_)roinflammatory cytokines [2,8—15], a possible polarized produc-
IL-18, which is a proinflammatory cytokine produced early in the tion of these factors has not been reported and therefore was the

. . subject of our study. As a model we investigated the secretion of
immune response [17], or other cytokines. two different cytokines, IL-6 and IL-8. IL-8 is a chemoattractant
The eye is an immune privileged site where, in view of its e - ; L
for neutrophils and stimulates diapedesis of T cells [20]. Recent
Correspondence: G.M. Holtkamp, Department of Ophthalmo-"€POrs show polarized secretion of IL-8 by human intestinal

Immunology, The Netherlands Ophthalmic Research Institute, PO Bo{21,22] and human mesothelium [23] cells. IL-6 is an important
12141, 1100 AC Amsterdam, The Netherlands. proinflammatory cytokine known to be involved in intraocular

34 © 1998 Blackwell Science



Polarized cytokine secretion by retinal pigment epithelium 35

inflammation [24—26]. Polarized secretion of IL-6 has beenGieco BRL) supplemented with 10% FCS, penicillin 100 U/ml and
reported for mouse uterine epithelial cells [27]. streptomycin 10@g/ml. All cells were cultured at 3€ and 5%
Polarized secretion of the inflammatory cytokines IL-6 and CO,. Medium was changed twice a week.
IL-8 was investigated with monolayers of human RPE cells on
transwell filters. RPE cells were stimulated at the apical or theRPE cell monolayers on transwell filters
basal side with IL-B and the secretion of IL-6 and IL-8 was RPE cells were cultured on transwell filters (Costar; 12mm
measured. The data presented in this study show that RPE cells adéameter, 0-4m pore size) according to the method of Dugin
indeed capable of polarized secretion of cytokines after stimulatioral. [31] with minor modifications. Briefly, filters were coated with
with IL-13. Furthermore, we show that the ARPE-19 cell line 160ul of a 1:40 dilution of Matrigel (Collaborative Biomedical
reacts differently compared with the primary cultures of RPE cells.Products, Bedford, MA) in medium and air-dried overnight. Earlier
experiments with laminin-coated or non-coated filters showed
multilayering of the RPE cells (data not shown). The RPE cell
MATERIALS AND METHODS lines as well as ARPE-19 cells were seeded ak1.® cells/cnt in
RPE cell cultures a volume of 20Quffilter, in the appropriate medium supplemented
Human donor eyes (age of the donors 12—23 years) obtained fromith 1% FCS. In the lower compartment 10@0medium were
the eye bank were used as a source of primary RPE cells. Theselded, thereby levelling the height of the liquid levels to prevent
RPE cells (further designated as ‘RPE cell lines’) were isolatedhydrostatic pressure. Transepithelial resistance (TER) was mea-
within 24 h post mortem28]. After removal of the cornea (for sured once a week using an Endohm chamber and an ohmmeter
transplantation) and the anterior segment, the optic nerve was c@¥orld Precision Instruments, Sarasota, USA). TER measurements
and vitreous and neural retina were washed out of the eye cup wittvere corrected for background by subtracting the value of a
Hanks’ balanced salt solution (HBSS;sGo BRL, Breda, The matrigel-coated filter without cells. Filters with RPE monolayers
Netherlands), allowing trypsin dissociation of the RPE cells by twowere used for experiments 19 days after plating and when the TER
subsequent incubations at°87 The first incubation was per- was at least 2@/cm?.
formed with 0-025% trypsin and 0-01% ethylene diamine tetra-
acetic acid (EDTA) in Puck’s saline solution i@o BRL) for Microscopy of RPE cell monolayers on transwell filters
15min, and the second incubation with 0-25% trypsin and 0-1% he possible formation of multilayers of RPE cells was checked by
EDTA in Puck’s saline solution for 45 min. Cells obtained from the light microscopy of cryostat sections of the filters. The filters were
second incubation were plated in 24-well plates (Costar, Camwashed with PBS, frozen in liquid )Nembedded in Tissue-Tek
bridge, MA) at 16 cells/well in Iscove’s modified Dulbecco's (Miles Inc., Elkhart, IN), cut in 1um thick sections, fixed in
medium (IMDM; Geco BRL) supplemented with 20% fetal calf acetone during 5min and air-dried. The sections were stained with
serum (FCS; Gco BRL), penicillin 100 U/ml (Gsco BRL) and haematoxylin for 1 min, followed by staining with eosin for 1 min.
streptomycin 10@g/ml (Gieco BRL). Non-adherent cells were Under the conditions employed we did not observe the formation
removed after 2days by washing and refreshing the cultureof multiple layers of RPE cells.
medium. At confluency, cells were detached by trypsin treatment  The integrity of the RPE cell monolayers was further analysed
and passed to culture flasks=at4 x 10° cells/cnf. For stimulation by electron microscopy (EM) and immunohistochemistry. For
experiments RPE cells were used between passages 2 and 8. scanning EM, filters were washed with HBSS, after which the
To investigate whether the RPE cell cultures were contami-cells were fixed in a 0-08 cacodylate-buffered solution containing
nated with, for instance, fibroblasts, the cell lines were analysed % glutaraldehyde and 1-25% paraformaldehyde pH7-3. After
morphologically and by immunohistochemistry. Phase contrasfixation for several days, the filters were dehydrated with ethanol,
microscopy revealed pigmentation of the RPE cells during thecritical-point dried with CQ as the intermediate, and coated with a
first few passages and the cells displayed characteristic epithelifdéw nanometres of platinum. The filters were inspected and
morphology throughout the culture. For immunohistochemistry themicrographed with a Philips SEM 505 scanning electron micro-
cells were cultured on tissue chamber slides (Lab-Tek; Nunc Inc.scope (Philips Industries, Eindhoven, The Netherlands) with a
Naperville, IL) and stained with either antibodies specific to secondary emission detector.
cytokeratin 8/18 (CAM 5:2; Becton Dickinson, San Jose, CA) or  For transmission EM, filters were post-fixed in Qs@ehy-
specific to a glucose transporter protein (a-GLUT-1 stains barriedrated in a graded series of ethanol, and embedded in epon.
epithelium in the eye; a kind gift from L. Andersson, University of Ultrathin sections were cut, stained with uranyl acetate and lead
Uppsala, Uppsala, Sweden) [29,30]. Both antibodies react witltitrate, and inspected and photographed in a Philips EM 400
RPE cells and not with fibroblasts. As a negative control anelectron microscope (Philips Industries) equipped with an EDAX
antibody against an irrelevant bacterial protein was used (mousBV 9800 system and an ultrathin window detector (EDAX PV
negative control immunoglobulins; Dako). The cultures tested9760/53).
revealed positive staining of all cells with anti-cytokeratin 8/18  The formation of tight junctions was determined by immuno-
and a-GLUT-1, indicating that the RPE cells were not contami-fluorescence. Filters were washed with PBS and fixed with 5%
nated with other cell types. This indicates that in agreement wittparaformaldehyde, washed again with PBS, permeabilized by
earlier studies [28] the isolation procedure whereby vitreous andncubation with 0-2% Triton X-100 for 15min, blocked with
neural retina are removed from the eye, followed by a dissociatiomormal goat serum and incubated for 1 h with rabbit antibodies
of the RPE cells with trypsin, is an efficient procedure to obtainspecific to the occludin-associated protein ZO-1 (Zymed Labs Inc,
pure RPE cells. San Francisco, CA). After subsequent washing with PBS, filters
The ARPE-19 cell line [31] (a kind gift from Professor L.M. were incubated for 1 h in the dark with TRITC-conjugated swine
Hjelmeland, University of California, Davis, CA) was grown in anti-rabbit immunoglobulins (Dako), rinsed in PBS and observed
Dulbecco’s modified essential medium and F12 (DMEM/F12; 1:1;with a fluorescence microscope (Leica, Rijswijk, The Netherlands).
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Fig. 1. Light micrograph of a section of an ARPE-19 cell monolayer on filter after haematoxylin—eosin stai&5@)(

Barrier properties of RPE cell monolayers on transwell filters ~ ELISA with a detection limit of 2pg/ml (Pelikine Compact
The barrier properties of the RPE cell monolayers were tested bjiuman IL-6 ELISA; CLB, Amsterdam, The Netherlands). The
investigating whether IL-8 could pass the RPE cell monolayer.IL-8 ELISA was a sandwich ELISA with a detection limit of
Recombinant human IL-8 (@g/ml; Medgenix Diagnostics S.A., 0-5pg/ml (ScreeningLine; Medgenix Diagnostics).

Fleurus, Belgium) was added in either the upper or lower compart-

ment and the medium of the opposite compartment was collecte8tatistical analysis

and assayed for the presence of IL-8 (see below) at different tim&tatistical testing was performed after log transformation of the

points. data and analysis of homogeneity of variance was performed
according to the Bonferroni method (SPSS software; SPSS Inc.,
Stimulation of the RPE cell monolayers USA). Difference between direction of cytokine secretion, time

To induce cytokine (IL-6 and IL-8) secretion, the RPE cell and experiment were tested by thgova method. To test for a
monolayers were stimulated with 100 U/ml [I31This concentra-  significant difference between direction of cytokine secretion at the
tion has been found to strongly stimulate RPE cells to secrete IL-@lifferent time points, the Newmann—Keuls test was used (SPSS).
and IL-8, as shown by others [11,14] and ourselves (data nobDifferences were considered significantPat 0-05.
shown). Nineteen days after seeding and when the culture had
reached a TER of at least 29cn?, the RPE cell monolayers were
washed with HBSS and cultured for an additional 24 h under
serum-free conditions. At this time 2x 10° cells were present Barrier properties of RPE cell monolayers on transwell filters
on the filters. The filters were washed and medium containing 0-1%fter seeding, the ARPE-19 cell and the RPE cell line monolayers
FCS was added. Cells were then stimulated with 100 U/mIAL-1 showed a gradual increase in the TER, whereby a maximal TER
(specific activity 18U/mg; Genzyme, Cambridge, MA) in the was reached after 14 days. Maximal TER for the ARPE-19 cells
upper compartment (apical side) or in the lower compartmentas 29-2+ 6-8Q-cn? (mean = s.d.) and for the RPE cell lines
(basal side). At different time points, the medium of both the upper26-5+ 5-3Q-cn. All the TER given are net TER; the TER of
and lower compartment was collected, snap frozen, and stored abated filters without cells was subtracted from the TER of the
—20°C until assay. filters with cells. The TER of the coated filters without cells was
Measurement of IL-6 and IL-8 was performed using a com-14-4+ 1.5Q-cn?.
mercially available ELISA. The IL-6 ELISA was a sandwich To study the morphology of the cultured cells, filters with

RESULTS

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$1234-43



Polarized cytokine secretion by retinal pigment epithelium 37

Fig. 2. Scanning electron micrograph of an ARPE-19 cell monolayer on filter. (a) Filter with a preconfluent culture of ARPE-19 cells. Arrow
indicates pores of the filter. (b) Confluently overgrown filter with ARPE-19 cells =Ba0um.

ARPE-19 cells as well as RPE cell lines were subjected to light an&dompartment (Fig. 3). This and the observation that the tight
electron microscopy. Light microscopy of filter sections revealed gunctions are situated at the apical side of the lateral membrane
confluent monolayer without evidence of multilayering of the (data not shown) indicate that the upper compartment represents
culture (Fig. 1). Scanning EM of filters which were not yet the apical side of the monolayer and the lower compartment
confluently overgrown with cells (indicated by low TER values) represents the basal side (choroidal side) of the RPE cell
showed the uncovered filter surface with its characteristic poresnonolayer.
(Fig. 2a). However, when the filters were confluently overgrown by  Immunofluorescence staining of the cell layers for the occlu-
RPE cells these pores could no longer be observed (Fig. 2b).  din-associated protein ZO-1 indicated the presence of tight junc-
Transmission EM of the filters suggested the presence of &ons around every cell (Fig. 4). The fact that the ZO-1 staining was
junctional complex (Fig. 3). Transmission EM also revealedonly seen in one plane of the filters also supported the observation
microvilli at the RPE membranes at the side of the upperthat multilayering of the cells had not occurred. The experiments
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Fig. 3. Transmission electron micrograph of a section of an ARPE-19 cell monolayer on filter. Arrow indicates tight junction compie®: Z3amn.

described above were repeated using RPE cell line monolayers ad@h and was 209t 415pg in the upper compartment and
revealed similar results (data not shown). Together, this stronglyl 718+ 436 pg in the lower compartment per filter. Basal stimula-
suggests that the RPE cells grew in a monolayer with barrietion also revealed maximal secretion at 48 h and was#6T81 pg
properties very similar to thm vivo situation. in the upper compartment and 1929120 pg in the lower com-

To assess the barrier properties for proteins we measuregartment per filter. Statistical analysis revealed a significant
diffusion of IL-8 across the cell-covered filters. Diffusion of difference between the apical and the basal secretion of IL-6
exogenous IL-8 was very lowk20% of the exogenous IL-8 after basal stimulation. Basal secretion was higher and thus the
added to the lower compartment aad5% of the exogenous IL-  polarized secretion of IL-6 after basal stimulation of the ARPE-19
8 added to the upper compartment could be detected at the oppositells was directed towards the basal side. After apical stimulation
side of the RPE cell monolayer after 8 h (Fig. 5). This indicates thaino statistical difference between the apical and basal secretion of
IL-8 secreted in the medium at one side of the filter will not IL-6 could be detected.
significantly contribute to the amount detected on the other side of IL-8 secretion after apical stimulation was maximal after 48 h;
the RPE monolayer. 7650z 1030 pg in the upper compartment and 6¥30529 pg in

the lower compartment (Fig. 7). When stimulated from the basal
Polarized IL-6 and IL-8 secretion by the human ARPE-19 cell side IL-8 secretion was again maximal after 48h and was
monolayer 2336+ 502 pg in the upper compartment and 5561323 pg in
Analysis of the IL-6 and IL-8 production by the ARPE-19 cell line the lower compartment. Statistical analysis revealed that the
was investigated after IL-1 stimulation. A slight secretion of IL-6 ARPE-19 cells secreted IL-8 in a polarized fashion and that this
and IL-8 at both apical and basal side was found at 48 h withpolarized secretion after basal stimulation was directed towards the
ARPE-19 monolayera(= 10) that were not stimulated with IL8L ~ basal side.
(Figs 6 and 7); 5pg IL-6 and 2 pg IL-8 at the apical side and 2pg These experiments indicate that the ARPE-19 cell line is
IL-6 and 3 pg IL-8 at the basal side per filter. capable of secreting both IL-6 and IL-8 in a polarized fashion

Secretion of IL-6 was markedly induced by II3Stimulation ~ towards the basal side. This is evident after stimulation from the
(Fig. 6). Apical stimulation revealed maximal secretion of IL-6 at basal side, but was not apparent after apical stimulation.
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Fig. 4. Fluorescence micrograph of an ARPE-19 cell monolayer on filter stained with ZO-1 antik&69)

Polarized IL-6 and IL-8 secretion by human RPE cell line IL-6 was secreted by RPE cell lines preferentially towards the
monolayers basal side, independent of the side of stimulation (Fig. 8). The
Further experiments to investigate the polarized secretion oflifference between apical and basal directed secretion became
cytokines was performed using RPE cell monolayers from threeapparent 24 h after stimulation with IL31The difference between
different donors (two filters per time point per donor) (Figs 8 andapical and basal secretion of IL-6 was statistically significant when
9). Levels of IL-6 and IL-8 produced by these RPE cells withoutall donors were accounted for. For donor | and donor Il this
stimulation were low, 3—153 pg IL-6 anrd0-4—106 pg IL-8 at the difference was significant both after apical and basal stimulation
apical side and 44-182 pg IL-6 ar®-8—123 pg IL-8 at the basal (Fig. 8).
side per filter. IL-8 secretion by the RPE cell lines was also directed towards
The amount of IL-6 and IL-8 secreted by RPE cell lines the basal compartment, independent of the side of stimulation, and
markedly increased after stimulation with Il3,1but varied con-  also became apparent after at least 24 h following stimulation of
siderably between the RPE monolayers of the three differenthe cells with IL-13 (Fig. 9). Donor Il showed significant polar-
donors (Figs 8 and 9) and ranged from 500 pg to 8000 pg of IL-6ized secretion of IL-8 after both apical and basal stimulation with

o polarized production of cytokines by RPE cells. In this study we
show that human RPE cells secrete IL-6 and IL-8 in a polarized
fashion, following stimulation with IL-8. IL-13 was used as a
"""" stimulus since this is a cytokine produced early in the inflammatory
0 2 4 6 8 response and has been shown to optimally stimulate RPE cells to
Time (h) produce IL-6 [10—13] and IL-8 [13,14] at concentrations compar-
able to the concentration used in this study. Whether the levels of
monolayer on transwell filter. In the upper or lower compartment of theIL_lﬁ use_d are .p_hy3|olog|(.:al IS. not l.(now.n' AanySIS of vitreous
RPE monolayer, &g/ml of recombinant IL-8 was added. At different time samples in uveitis or proliferative QIathlc retlnopf';\thy revealed
points the amount of IL-8 was measured in the opposite compartment. DatgVe!S Of IL-1 up to 30 pg/ml [32], which is approx. six-fold lower
are expressed as the mean of two filters and plotted as percentage of tHan the concentrations we used to stimulate RPE @elistro.
added amount of IL-8®, IL-8 added to the upper compartment; IL-8 Diffusion of IL-1 into the vitreous may, however, have resulted ina
added to the lower compartment. reduction of the initial local concentration present at the RPE cell

10

and from 1500 pg to 18 000 pg IL-8 per filter. IL-18, donor I, however, showed polarized secretion of IL-8 after
basal stimulation. When all donors where accounted for, statistical
50 — analysis showed a significant difference between the apical and
N basal secretion of IL-8 after both apical and basal stimulation.
40
- DISCUSSION
< 30; Although various groups have shown that RPE cells are an
© - important source of cytokines in the posterior segment of the
= 20| eye, this is, as far as we know, the first study demonstrating

Fig. 5. Diffusion of IL-8 through a retinal pigment epithelial (RPE) cell
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Fig. 6. Secretion of IL-6 by the ARPE-19 cell line after stimulation with IL- Fig. 7. Secretion of IL-8 by the ARPE-19 cell line after stimulation with IL-

13 from the apical side (a) or the basal side (b). ARPE-19 cells were seedet3 from the apical side (a) or the basal side (b). ARPE-19 cells were seeded
on transwell filters at a concentration of ¥ 6C° cells/cnt and cultured for  on transwell filters at a concentration of %-0° cells/cnf and cultured for

at least 19days in Dulbecco’s modified essential medium (DMEM)/F12at least 19 days in Dulbecco’s modified essential medium (DMEM)/F12
supplemented with 1% fetal calf serum (FCS). Filters were used when theupplemented with 1% fetal calf serum (FCS). Filters were used when the
net trans-epithelial resistance (TER) was at leag20n°. Before stimula- net trans-epithelial resistance (TER) was at leagt20r°. Before stimula-

tion monolayers were cultured for 24 h in serum-free medium. Filters weregtion monolayers were cultured for 24 h in serum-free medium. Filters were
stimulated from either the upper or lower compartment with fLat a final stimulated from either the upper or lower compartment with fLat a final
concentration of 100 U/ml. Data are expressed as absolute amounts of IL-€oncentration of 100 U/ml. Data are expressed as absolute amounts of IL-8
per filter and are expressed as the means of 10 fittes®e.m. Statistical  per filter. Data are expressed as the means of 10 fitey®.m. Statistical
analysis of the log transformed data revealed a significant differencanalysis of the log transformed data revealed a significant difference
between the upper and the lower secretion after basal stimulation whebetween the upper and the lower secretion after apical and basal stimulation
tested byanova method (*) and a significant difference at the indicated time when tested bynova (*) and a significant difference at the indicated time
points (1) by Newman—Keuls methoB £ 0-05). Measured in the upp@r points (1) by Newman—Keuls methol £ 0-05). Measured in the upp®@r

and lowerO compartment after IL stimulation, measured in the uppiir and lowerO compartment after IL8 stimulation, measured in the upiir

and lower] compartment without IL-g stimulation. and lower] compartment without IL-g stimulation.

layer. Whether other stimuli than IL-1 also result in polarized for the observed difference between the ARPE-19 cell line and the
cytokine secretion is the subject of further studies. primary RPE cultures is not clear at the present time, but empha-
Polarized cytokine secretion was observed in primary culturesizes the importance of using primary cultures for these experi-
of RPE cells obtained from three different donors and was alsanents.
studied in the immortalized ARPE-19 cell line. This latter cell line To investigate the barrier properties of the cells on the porous
has been extensively investigated by others, is highly differentiatedilter support, TER measurements were performed. The back-
and has been shown to have specific polar properties such agound values can differ compared with background values
formation of tight junctions, formation of apical microvilli and the reported by other authors due to different medium components
presence of N9K*-ATPase at the apical membrane [31,33]. Only and distance between the electrodes. This possibly explains the
one other spontaneously immortalized human RPE cell line hakigher TER found by others [35]. On the other hand, our TER
been studied extensively and has less well defined cytoskeletafalues are similar to TER measured by others using the same
properties [34]. ARPE-19 cell line, when these latter values were corrected for the
The polarized secretion of IL-6 and IL-8 by the RPE cell lines background [31,33]. Treatment of RPE cell monolayers with
was directed towards the basal side. The ARPE-19 cell line als®-5mv EDTA for 15min to detach the RPE cells resulted in a
revealed basal directed polarized secretion after basal stimulatiomrop of TER values to background levels (data not shown). This
whereas this was not observed after apical stimulation. The reasandicates that the TER measured was only due to the resistance of
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Fig. 8. Secretion of IL-6 by three donor retinal pigment epithelial (RPE) cell cultures (I, II, Ill) after stimulation witlg iirein the apical side (a) or the

basal side (b). RPE cell lines were seeded on transwell filters at a concentratior a0 c&lis/cnf and cultured for at least 19 days in Iscove’s modified
Dulbecco’s medium (IMDM) supplemented with 1% fetal calf serum (FCS) and were used when net trans-epithelial resistance (TER) wasatieast 20

Before stimulation monolayers were cultured for 24 h in serum-free medium. Filters were stimulated from either the upper or lower compartmeigt with IL-1

at a final concentration of 100 U/ml. Data are expressed as absolute amounts of IL-6 per filter and are expressed as the mean of two filters. Statistical analysis
of the log transformed data revealed a significant difference between the upper and the lower secretion after both apical and basal stimulation when all donors
are accounted for and individual donors as indicated (*) when testeddws. Measured in the upp@® and lowerO compartment after IL-3 stimulation,

measured in the upp®@ and lower compartment without IL-A stimulation.
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Fig. 9. Secretion of IL-8 by three donor retinal pigment epithelial (RPE) cell cultures (1, II, Ill) after stimulation witlB liceln the apical side (a) or the

basal side (b). RPE cell lines were seeded on transwell filters at a concentration @D1 c&lis/cnf and cultured for at least 19 days in Iscove’s modified
Dulbecco’s medium (IMDM) supplemented with 1% fetal calf serum (FCS) and were used when net trans-epithelial resistance (TER) washicieast 20

Before stimulation monolayers were cultured for 24 h in serum-free medium. Filters were stimulated from either the upper or lower compartmest with IL-1

at a final concentration of 100 U/ml. Data are expressed as absolute amounts of IL-8 per filter and are expressed as the mean of two filters. Statistical analysis
of the log transformed data revealed a significant difference between the upper and the lower secretion after both apical and basal stimulation when all donors
are accounted for and individual donors as indicated (*) when testeddws. Measured in the upp@® and lowerO compartment after IL-3 stimulation,

measured in the upp®@ and lowerdJ compartment without IL-@ stimulation.
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the RPE cell monolayer on filter and was also not caused by a and DQ) antigens in responseitovitro stimulation with lymphokine or
possible accumulation of extracellular matrix. purified IFN-gamma. Clin Exp Immunol 19883:489-94.

The presence of an intact barrier was also investigated in5 Elner SG, Elner VM, Pavilack MAt al. Modulation and function of
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