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SUMMARY

Retinal pigment epithelial (RPE) cells, situated between the neurosensory retina and the vascularized
choroid, form part of the blood—eye barrier and are important for homeostasis of the outer retina. These
cells are able to produce a variety of cytokines which may play a role in the maintenance of the
immunosuppressive milieu inside the eye and in intraocular inflammatory responses. In the present
study, we investigated whether RPE cells secreted the anti-inflammatory cytoking8Z @Rd the
proinflammatory cytokine MCP-1 in a polarized manner. Monolayers of human donor RPE cells were
cultured on transwell filters. Secretion of T@2-and MCP-1 at either the apical or basal side of the
RPE cell monolayers, that were not treated or stimulated withALF200 U/ml), was analysed by
ELISA. All three cell lines examined had a different T@R2-secretion pattern. In two of the three donor

RPE cell lines tested, TGB2 secretion was polarized, but not in the same direction. B&Becretion

was not up-regulated by stimulation with IL@1In contrast, IL-B strongly induced MCP-1 secretion
preferentially into the basal compartment of all RPE monolayers tested. These data indicate that human
RPE cells are able to secrete TBE-and MCP-1 in a polarized fashion. Our results suggest that MCP-1
can be secreted by RPE cells in the direction of choroidal vessels during inflammatory responses in the
posterior part of the eye, which may limit damage to the neurosensory retina.

Keywords retinal pigment epithelium polarized secretion cytokine monocyte chemotactic
protein-1 transforming growth factor-beta

INTRODUCTION RPE cells may also play a role in intraocular inflammation. In
response to IL-1 and other proinflammatory cytokines, RPE cells

Th i i ivil i h i logical B .
e eye is an immune privieged site where immunologica xpress MHC class Il [6], adhesion molecules [7,8] and a variety of

processes are highly regulated. Retinal pigment epithelial (RP ytokines, including IL-1 [4,9], IL-6 [10—12], IL-8 [13], MCP-1

cells appear to play a pivotal role in the maintenance of this ; .
immune privileged status. RPE cells are situated between thgg}:;"r[‘g] granulocyte-macrophage colony-stimulating factor (GM-

vascular bed of the eye and the neurosensory retina and for R " ted that | f RPE cell itured
part of the blood—eye barrier, which prevents access of blood cells ecently, we reported that monolayers o CETs, culiure
n transwell filters, secrete the proinflammatory cytokines IL-6 and

and plasma proteins. Furthermore, RPE cells constitutively expre . i
Fas ligand (FasL) [1], which may induce apoptosis of extravasatest'lj.'8 predominantly into the basal compartment [15]. We hypothe-

activated T cells. Moreover, RPE cells are able to produce the antl§|zed that polarized secretion in the direction of the choriocapillaris

inflammatory cytokines TGR-[2], mainly theg2-isoform [3], and may represent a mechanism to reduce damage of the neurosensory

: - - retina during inflammation.
IL-1 receptor antagonist (IL-1Ra) [4,5], which may contribute to . .
the immunosuppressive milieu inside the eye. In the present study we investigated whether RPE cells secrete

both immunosuppressive and proinflammatory cytokines in a
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endothelial cells [18], deactivation of macrophages [19] and downdL-13 (specific activity 18 U/mg; Genzyme, Cambridge, MA) or
regulation of MHC class Il antigen expression on human cells200 U/ml tumour necrosis factor-alpha (TNE-specific activity
(including RPE cells) [20—22]. Moreover, TGFappears to be 10°U/mg; Boehringer Mannheim, Almere, The Netherlands) in
pivotal in the induction of deviated immune responses in the eydMDM supplemented with 0-1% FCS for 48 h. High responder
[23]. MCP-1 is a member of the C-C family of chemokines and is aRPE cell lines (producing 150 pg/ml) were used for transwell
potent chemoattractant for monocytes, activated T cells, basophiliters experiments.
and natural killer (NK) cells [24—27]. MCP-1 is also an activator of RPE cell monolayers on transwell filters were cultured for 24 h
monocytes and induces oxidative burst and cytokine releasen IMDM supplemented with 0-1% NHS before stimulation. RPE
[28,29]. Furthermore, MCP-1 has been implied to play a role incell monolayers were not treated or stimulated with 200 U/ml IL-
inflammation of the posterior part of the eye [30,31]. The data in13 in the upper compartment (apical side of the RPE cells) or in the
the present study indicate that RPE cells are capable of secretingwer compartment (basal side of the RPE cells). At the time points
TGF32 and MCP-1 in a polarized manner. 24 h, 48 h and 72 h after stimulation the medium was isolated and
snap-frozen until assay.
MATERIALS AND METHODS Cytokine assays

RPE cell cultures Measurement of TGB2 and MCP-1 was performed using com-
Human donor eyes (age of the donors 9—35 years) obtained frommercially available ELISAs. The TGB2 assay was a sandwich
the eye bank were used as a source of primary RPE cells. ThedelISA with a detection limit of 5 pg/ml (R&D Systems, Abingdon,
RPE cells were isolated within 24host mortem Isolation and  UK). Using this ELISA only mature TGIB2 could be measured.
characterization of the RPE cells was performed as describetatent TGF82 can be converted into the mature form by heat
earlier [15]. In short, after removal of the cornea (for transplanta-activation. To determine the total (mature plus latent) T8zF-
tion) and the anterior segment, the optic nerve was cut and vitreousoncentration of the supernatants, the samples were diluted (mini-
plus neural retina were washed out of the eye cup. RPE cellsnal 1:2) with PBS supplemented with 0-5% bovine serum albumin
were removed from the sclera by trypsin dissociation and plated ifBSA; Gieco BRL) and 0-012% human serum albumin (HSA;
24-well plates (Costar, Cambridge, MA) at *1@ells/well in CLB) and incubated at 8C for 8 min. The concentration of
Iscove’s modified Dulbecco’s medium (IMDM; i&zo BRL, mature TGF82 was determined using samples that were not
Breda, The Netherlands) supplemented with 20% fetal calfheat-activated. The MCP-1 assay was also a sandwich ELISA
serum (FCS; @co BRL), penicillin 100 U/ml (Geco BRL) and (PharMingen, San Diego, CA) with a detection limit of 25 pg/ml.
streptomycin 10@g/ml (Geco BRL). Non-adherent cells were
removed after 2 days by refreshment of the medium. At confluenceStatistical analysis
cells were passed to culture flasks at 4 cells/cnf. Statistical analysis was performed after log transformation of

Cells between passages 3 and 8 were used. Morphologicdhe data. The difference between cytokine levels measured in the
examination and immunohistochemical staining using an antibodyipper or lower compartment and time was tested byatm/a
against cytokeratin 8/18 (CAM5:2; Becton Dickinson, San Josemethod (SPSS software; SPSS Inc., Chicago, IL). Differences were
CA) revealed that the cultured RPE cells were not contaminated bygonsidered significant &< 0-05.
other cell types.

Monolayers of RPE cells on transwell filters RESULTS
RPE cell monolayers were generated by culturing the cells ofTGF-32 production by RPE cells
transwell filters (Costar; 12mm diameter, @M pore size) as In view of the relatively small number of cells and large culture
described earlier [15]. The filters were coated with 466fa 1:40  volume used for transwell filter experiments, first experiments
dilution of Matrigel in medium and air-dried overnight. The were carried out to detect high TGR-producing cell lines. Five
RPE cells were seeded on the filters at a concentration oRPE cell lines, cultured in 24-well plates, were either not stimu-
1.6x10° cell/cn? in IMDM medium supplemented with 1% lated or stimulated for 48 h with ILA or TNF« to determine
normal human serum (NHS; CLB, Amsterdam, The Netherlands)TGF-32 production. All cell lines secreted TG constitutively
Medium was changed twice a week. The filters were used 19 day&-ig. 1). The amount of TGIB2 produced by the cell lines 372, 364
after seeding and when the transepithelial resistance (TER&nd 605 was sufficient for transwell filter experiments; the other
reached 3@/cm?. TER was measured using an Endohm chambettwo were excluded for further studies. Treatment with |8.-dr
and an ohmmeter (World Precision Instruments, Sarasota, FL). ATNF-« did not up-regulate, or only moderately so, TGE-
this time approximately  10° cells were present on the filters.  secretion by RPE cells (Fig. 1). Other stimuli, including IB-th
The integrity of the monolayer was determined by light combination with TNFe, 4-phorbol-12 myristate-13 acetate
microscopic examination of (i) haematoxylin—eosin (H-E)-stained(PMA) or increased concentrations of glucose, did not affect
sections of filters, and (ii) immunofluorescent stained filters usingTGF-32 secretion (data not shown).
an antibody against ZO-1, a tight junction-associated protein, as To investigate whether the RPE cells secreted TBaRn the

previously described [15]. mature or in the biological non-active (latent) form, supernatants
were tested with or without heat activation. With heat activation
Stimulation of the RPE cells the total amount of TGIB2 (mature+ latent) was measured and

To determine whether RPE cells produced sufficient amountsvithout heat activation only the mature form of T@R- was

of TGF32 for transwell experiments, RPE cells were cultured in measured (see Materials and Methods). In supernatants of unsti-
24-well plates until confluence (approximately 20° cells/well). mulated cells, approximately one-third of the produced amount of
The RPE cells were either not treated or stimulated with 200 U/mITGF-32 was of the mature form (101 pg/ml TGF2 before and
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900 Different TGF#2 secretion patterns were found for each of the
- [ ] control three cell lines (Fig. 2). Cell line 372 secreted similar amounts of
800 [~ B TGF-32 into the apical and basal compartment (Fig. 2a). Cell line
200 i TNE 605 secreted apprqximately two times more T&Fnto the apical _
compartment than into the basal compartment. In contrast, cell line
600 B 364 secreted TGB2 in a highly polarized manner into the basal
— | compartment. At 72 h approximately nine times more Tg2Fwvas
E ool found at the basal side than at the apical side of the RPE cell
2 L layer(158 pgversusl8 pgf/filter). As expected, stimulation with IL-
o 400- 13 at either the basal or apical side did not markedly up-regulate
,‘2 5 the secretion of TGB2 by the three RPE cell lines (Fig. 2b,c).
300~ Strikingly, basal TGF32 secretion by the cell lines 372 and 605
i appeared to be transiently inhibited by the IB-freatment (at
200~ t=48h).
100; r% I Two of the three RPE cell monolayers also secreted MCP-1
L constitutively in a polarized manner. The level of MCP-1 varied
0 between 1-6: 0-4ng (meant s.e.m.) and 2 0-1 ng/filter in the
364 209 288 605 upper compartment, and 1#80-6 ng and 4-6 0-1 ng/filter in the
RPE cell line lower compartment of unstimulated RPE cells (Fig. 3a). In contrast

to TGF{32 secretion, the secretion of MCP-1 in both the upper and
lower compartment of all RPE cell monolayers examined was
markedly increased (in total approximately 25 times) by B.-1

Fig. 1. TGF32 production by human donor retinal pigment epithelial
(RPE) cell lines that were not treated or stimulated with B-ek tumour

necrosis factor-alpha (TN&) for 48 h. RPE cells were seeded in 24-well . h . .
plates and cultured until confluence in Iscove’s modified DuIbecco’sStlmUIatlon (Fig. 3). The amounts of MCP-1 detected in the lower

medium (IMDM) supplemented with 20% fetal calf serum (FCS). Before compartments were significantly higher then the amounts found in
stimulation the RPE cells were cultured for 24 h in IMDM with 0-1% FCS. the upper compartments. This indicates that MCP-1 is secreted by
Cells were stimulated with IL4 200 U/ml or TNFe 200 U/mlin 1ml the RPE cells in a polarized manner, at the basal side. No
IMDM with 0-1% FCS for 48h. The total TGB2 content (mature and difference was detected in MCP-1 levels between stimulation
latent) was determined by ELISA. Data are expressed as the mean of two evith IL-13 in either the upper or lower compartment of the RPE
four wells = s.e.m. cell m0n0|ayersl

Thus, despite some heterogeneity in T@&Fsecretion, IL-B
333pg/ml TGFB2 after heat activation; Table1). The ratio induced MCP-1 secretion mainly into the basal compartment, in all
mature/total TGH32 was not changed by treatment with either RPE cell lines tested.
IL-18 or TNF.

TGF32 and MCP-1 secretion by RPE cell monolayers on DISCUSSION

transwell filter RPE cells are able to produce a variety of cytokines and thus may
To investigate the direction of TGB2 and MCP-1 secretion by contribute to the regulation of immune responses in the posterior
RPE cell monolayers, three donor RPE cell lines were cultured osegment of the human eye. In a previous study, we have shown that
transwell filters. The TER of the RPE cell monolayers wasRPE cells secrete the proinflammatory cytokines IL-6 and IL-8 in a
33.9+ 0-9Q/cn?, 32-3+1-1Q/cm?, and 32-9- 1-2Q/cm? (mean  polarized fashion at the basal side, which represents the side of the
+s.e.m., for the cell cultures with number 605, 372 and 364 choriocapillaris. We hypothesized that this may be a mechanism to
respectively) after correction for the resistance of a filter withoutlimit damage to the neurosensory retina during inflammatory
cells. Light microscopy of sections of the filters with RPE cells processes [15]. In the present study we showed that MCP-1 was
stained with H—E showed a monolayer of cells, similar to ouralso secreted preferentially into the basal compartment. Moreover,
previous study [15]. Immunofluorescent staining of the RPE cellwe showed that the anti-inflammatory cytokine TGE-was
monolayers on filter with the antibody against ZO-1 revealed tightsecreted in a polarized manner, but that the direction of secretion
junctions around every cell, indicating that the RPE cell layer hadvaried between the RPE cell donors.

obtained barrier properties [15]. One of the three RPE cell lines tested for polarized secretion
did not show any difference in the amount of TBE-secreted into

the apical or basal compartment. The other two RPE cell lines
showed polarized secretion of TG, but strikingly the secretion
was directed into the apical compartment for one cell line and into
the basal compartment for the other cell line. Thus no clear pattern
Mature TGFB2 (pg/ml)  Total TGFB2 (pg/ml) for the direction of TGFH32 secretion could be observed. Varia-
bility in the direction of TGFB2 secretion caused by diffusion of

Table 1. TGF2 production by human retinal pigment epithelial (RPE)
cells cultured in 24-well plates*

Unstimulated 101-229-5 333.3-23-9 proteins across the monolayer of cells can not be excluded. Earlier
IL-16-stimulated 180-& 44-5 445-6-42-2 experiments in which we analysed diffusion of IL-8 across the RPE
TNF-a-stimulated 145-6:24-1 479-3-48-4

cell monolayers revealed20% diffusion over a time period of

8h [15]. Heterogeneity between RPE cell lines obtained from
*Data represent meart s.e.m. of a representative experiment per- different donors has been described for the production of

formed in quadruplicate using one RPE cell line. other cytokines, including IL-1Ra [4,5], IL-6 and IL-8 [15].
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Fig. 2. Secretion of TGF32 by three donor retinal pigment epithelial (RPE) cell lines (372, 364, 605) into the basal compartment (segmented
line) and into the apical compartment (continuous line) without stimulation (a) or after stimulation withfrorh the apical (b) or basal (c)

side. RPE cells were seeded on transwell filters at a concentrationsof@@ells/cnf and cultured for at least 19 days in Iscove’s modified
Dulbecco’s medium (IMDM) with 1% normal human serum (NHS) and had a transepithelial resistancexBBRJcn?. Filters were
stimulated with 200 U/ml IL-B in IMDM with 0-1% NHS. Data are expressed as absolute amounts ofd23#er filter and are the mean of

three or five filters+ s.e.m. *Statistically significant differences between upper and lower compartments.

Furthermore, differences between RPE cell lines have also beethe present study are comparable to the amounts detected by others
described for growth rate [32] and phenotypic appearance [33]. ltvho studied RPE cellin vitro [35,36]. Due to the low level of
has been suggested that RPE cells are a source of fPGR- TGF-82 (50—100 pg per 410° cells) secreted by some RPE cell
vitreous fluid, which fills the posterior part of the eye. With regard lines and the relatively low number of RPE cells at confluence on
to the heterogeneity of RPE cells of different donors, it is of interesttranswell filters, only three of the five donor-derived RPE cell lines
that a considerable variation (from 230 to 5060 pg/ml) was foundwere suitable for filter experiments. This observation further
in TGF-32 levels in vitreous fluid of 16 eye bank eyes [34]. underlines the heterogeneity found between various RPE cell lines.
TGF-32 secretion was not up-regulated in response togloil Secretion of MCP-1 by RPE cells has been thoroughly studied
TNF-«, at concentrations known to induce secretion of otherby Elner and co-workers [14,37—41]. Recently, they found that the
cytokines by RPE cells. Others found increased levels of TGFmajority of MCP-1 produced by RPE cells was secreted and that
B2 in supernatants of RPE cells after photocoagulation treatmendnly a small amount (approximately 4%) of the total MCP-1
[35] or in response to monocyte conditioned medium [36]. In theremained cell-associated [40]. Furthermore, it was shown that
latter study it was reported that monocyte conditioned medium didMCP-1 secreted by RPE cells was bioactive and that antibodies
not alter TGFB2 mMRNA expression, but increased the protein level directed against MCP-1 strongly inhibited monocyte chemotaxis
by a post-transcriptional mechanism. Interestingly, addition ofelicited by supernatants of RPE cells [40]. Our results add to these
antibodies against ILd, IL-16 and TNFe to the monocyte studies and clearly show that RPE cells stimulated with BL-1
conditioned medium blocked this effect [36]. The discrepancysecrete MCP-1 in a polarized manner at their basal side. A similar
between these results and those presented here may be attributedsazretion pattern of MCP-1 was shown by others who studied rat
the other factors present in the monocyte conditioned medium thalveolar epithelial cells [42]. Our findings imply that during an
act in combination or in synergy with ILAlor TNF-. It has been  inflammatory response in the posterior part of the eye, monocytes
shown that interferon-gamma (IF)- potentiated the IL-g- or and other MCP-1-responsive cells will be attracted from choroidal
TNF-a-induced MCP-1 production by RPE cells [37]. The vessels, rather than from retinal blood vessels. Moreover, due to a
amounts of TGR32 secreted by human RPE cells described inlower concentration of MCP-1 at the retinal side, cells may be
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Fig. 3. Secretion of MCP-1 by three donor retinal pigment epithelial (RPE) cell lines (372, 364, 605) into the basal compartment (segmented
line) and into the apical compartment (continuous line) without stimulation (a) or after stimulation withfrorh the apical (b) or basal (c)

side. RPE cells were seeded on transwell filters at a concentrationsof@@ells/cnf and cultured for at least 19 days in Iscove’s modified
Dulbecco’s medium (IMDM) with 1% normal human serum (NHS) and had a transepithelial resistanceBER/cn?. Filters were
stimulated with 200 U/ml IL-B in IMDM with 0-1% NHS. Data are expressed as absolute amounts of MCP-1 per filter and are the mean of
three to five filterst s.e.m. *Statistically significant differences between upper and lower compartments.

prevented from crossing the RPE barrier. Thus, polarized secretion transforming growth factor-beta expressed in cultured human retinal

of MCP-1 by RPE cells may limit damage to the neurosensory pigment epithelial cells. Invest Ophthalmol Vis Sci 198;413-9.

retina. 3 Pfeffer BA, Flanders KC, Guerin CJ, Danielpour D, Anderson DH.
Taken together, our results show that RPE cells are capable of Transforming growth factor beta 2 is the predominant isoform in the

. 4 . . neural retina, retinal pigment epithelium-choroid and vitreous of the

sgt(;retlng TGI—_‘GZ an(tj QACTLl in 3 polg\rlzed Tannefr.tfonsgtent monkey eye. Exp Eye Res 1098032333,

with our preVI0u$ study, 1L 'n U(_:e Secretion or the proin- ;4 ja¢e GJ, Van Le L, Valea Et al Expression of interleukin-1 alpha,

flammatory cytokine MCP-1 mainly into the basal compartment of

/ ] interleukin-1 beta, and an interleukin-1 receptor antagonist in human
all RPE cell monolayers tested. This may represent a mechanismto retinal pigment epithelial cells. Exp Eye Res 199%:325—35.

prevent damage to the fragile retinal tissue. 5 Holtkamp GM, de Vos AF, Kijlstra A, Peek R. Expression of multiple
forms of IL-1 receptor antagonist (IL-1ra) by human retinal pigment
epithelial cells: identification of a new IL-1ra exon. Eur J Immunol
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