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In contrast to their murine counterparts, normal human keratinocytes
and human epidermoid cell lines A431 and HaCaT f{ail to express
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SUMMARY

In mice, keratinocyte-derived IL-10 is up-regulated by ultraviolet-B (UVB) radiation and plays a major
role in UVB-induced immunosuppression. The present study was designed to examine whether a
comparable phenomenon can be detected in man. Freshly isolated or cultured normal human
keratinocytes (NHK) and keratinocyte cell lines A431 and HaCaT were stimulated with graded doses
of UVB (up to 200 J/M) or with a variety of other stimuli. RNA was extracted at various time points
post-stimulation and analysed by reverse transcriptase-polymerase chain reaction (RT-PCR) using four
different IL-10-specific primer pairs and RNA from monocytes or T cells as positive controls. We failed

to detect IL-10 mRNA in NHK from 40 different donors (breast, abdomen, leg, scalp, foreskin) and in
A431 and HaCaT cells, irrespective of the stimulation used and despite successful stimulation.
Supernatants of NHK, A431 and HaCaT cultures were negative for IL-10 protein, as tested by four
different ELISAs and a bioassay. Murine keratinocytes, stimulated under comparable conditions and
tested by the same techniques, displayed a strong expression of IL-10 mRNA and protein. Remarkably,
an IL-10 mRNA signal could be detected in NHK after a second round of PCR amplification. Because
NHK suspensions are contaminated with Langerhans cells, melanocytes and possibly fibroblasts, we
tested pure populations of each individual cell type to determine the origin of this IL-10 mRNA. Our
results clearly indicate that NHK, Langerhans cells and fibroblasts fail to express IL-10 and that
melanocytes are the principal source of IL-10 mRNA in normal human epidermis.

Keywords IL-10 keratinocytes UVB radiation reverse transcripatase-polymerase chain
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INTRODUCTION reactions and in this way the epidermis can play a significant

. . . . . regulatory role during immune responses. One obvious example in
Keratinocytes, which comprise the vast majority of epidermal ) L ; .
y P lorty P this respect is that UVB radiation stimulates keratinocytes to

cells, are able to produce a variety of cytokines and are consideredroduce and secrete immunosuppressive peptide(s), causing inhi-
as the principal source of epidermis-derived interleukins, interfer? pp pep ! 9

. . ; hition of the induction of DTH and contact hypersensitivity [5-7].
ons, colony-stimulating factors, tumour necrosis factors, growth . X ) -
y g g An attractive candidate for such a UVB-induced inhibitory

factors, and many other factors (reviewed in [1]). The ConStItUtIVemediator would be the recently described IL-10. This cytokine has

production of these factors by keratinocytes might be low, but ca L . .
be remarkably augmented by exogenous stimuli, such as tumorutl’(een implicated as an important suppressor of effector functions of
' lymphocytes and antigen-presenting cells (APC) in both mice

romoters, endotoxin, or ultraviolet-B (UVB; 280—-320 nm) radia- L . .
P ) ( . . ) and man [8,9]. The inhibitory effect of IL-10 on T cell proliferation
tion [1-4]. Enhanced secretion of keratinocyte-derived faCtorSand cytokine production is mainly mediated via suppression of the
in vivo might affect not only local but also systemic immunological . . -
g y y 9 costimulatory function of APC [10,11], although direct effects of

Correspondence: Dr M. B. M. Teunissen, Department of Dermatology,L-100on'T cells in the absence of professional APC have also been
Room K2-209, Academisch Medisch Centrum, University of Amsterdam,described [12]. Support for the hypothesis that IL-10 could play an
Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. important role in UVB-induced immunosuppression comes from
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several experimentah vitro andin vivo studies in mice. Murine  ml phorbol myristate acetate (PMA; Sigma), A@/'ml lipopoly-
keratinocytes and the spontaneously transformed murine keratin@accharide (LPS; Sigmd&scherichia coli0127:B8), 1000 U/ml
cyte cell line PAM 212 are able to synthesize IL-10 mRNA and recombinant IFNy (Biogen, Geneva, Switzerland),-5hg/ml
secrete IL-10 protein [13,14], and this production was markedlyrecombinant tumour necrosis factor-alpha (ThFSigma), 50 U/
increased after irradiation with UVB [14]. The T cell stimulatory ml IL-1« plus 50 U/ml [I-15 (Boehringer, Mannheim, Germany),
function of Langerhans cells, the most prominent APC within the0-5 mv NiSO4 or 10% supernatant (harvested at day 3) of periph-
skin, is affected by IL-10n vitro: IL-10-pretreated Langerhans eral blood leucocytes pulsed with £§/ml phytohaemagglutinin
cells remain effective APC for Th2, but they fail to induce Thl cell (PHA; Difco, Detroit, Ml) for 16 h. Cycloheximide (Sigma) was
proliferation and interferon-gamma (IFN-production and rather used at a concentration ofug/ml.

render these Thl cells tolerant/anergic [15]. This correlates nicely Human melanocytes were derived from foreskin epidermis and
with thein vivo findings that UVB-induced suppression of contact cultured in Ham’s F10 (@Bco) supplemented with 10 mg/ml PMA
sensitivity is associated with functional inactivation of skin-drain- (Sigma), 01 mm isobutyl-methyl-xanthine (Sigma), 1% ultroser G
ing lymph node Th1 cells [16] and that intradermal injection of IL- (Sigma), 2 m glutamine, penicillin/streptomycin [21]. Pure kera-
10 inhibited hapten-induced ear swelling and up-regulation of IFN-tinocyte or melanocyte cultures were obtained via limiting dilution
v, but induced hapten-specific tolerance in lymph node T cellsculturing and were identified on cytospins as cytokeratin (CK1;
[17,18]. Finally, injection of IL-10 mimics the suppressive effect Dakopatts, Glostrup, Denmark)- and NKI-beteb (Sanbio, The
of UVB radiation [19] and anti-IL-10 MoAb neutralizes the ability Netherlands)-positive cells, respectively. Human fibroblasts were
of supernatants from UVB-exposed keratinocytes to suppress theerived from foreskin dermis and purified by growth in selective
induction of DTHin vivo[14]. Injecting UVB-irradiated mice with  medium: DMEM supplemented with 10% FCS, &nglutamine
anti-IL-10  MoAb  immediately after UVB exposure and penicillin/streptomycin. Human Langerhans cells were enriched
partially abolished the UVB-induced inhibition of contact aller- from epidermal breast skin suspensions by discontinuous density
gen-induced ear swelling [14] and prevented loss of APC functiorgradient centrifugation [22] and further purified by the so-called
to stimulate Thl cells [19]. panning technique [23].

At present it is not known whether in humans IL-10 is similarly Monocytes were isolated from 500 ml peripheral blood
involved in the mechanism of UVB-induced impairment of obtained from healthy donors by centrifugation over Lymphoprep
immune responses. The present study was to determine the cafi-077 g/cn?; Nycomed, Oslo, Norway) and over Percoll{6 g/
ability of normal human keratinocytes (NHK), the spontaneouslycm?®, Pharmacia, Uppsala, Sweden), followed by adherence to
transformed human keratinocyte cell line HaCaT, and the humaiplastic. Monocytes were cultured in Iscove’s modified Dulbecco’s
epidermoid carcinoma cell line A431 to produce and release IL-10medium (IMDM; Gieco) with 10% FCS and were stimulated with
Here we provide evidence at mRNA level and protein level, thatlOug/ml LPS to induce significant levels of IL-10 production [24].
human keratinocytes, HaCaT cells, and A431 cells, unlike their The house dust mite allergen Der p IlI-specific T cell clones
murine counterparts, are not able to synthesize detectable amountBC1 and PBA1, which have a Th2-like and ThO-like cytokine
of IL-10, using various culture conditions and different stimuli. We production profile, respectively [25,26], were kindly provided by
further show that human melanocytes, usually contaminatingR. J. J. Neerven (University of Amsterdam, The Netherlands). To
NHK cultures, are the major source of IL-10 mRNA in normal induce significant IL-10 production [27], the Th2 clone was
epidermis. stimulated for 18 h with 10ng/ml PMA plus 100ng/ml CD3
MoAb (Central Laboratory Blood Transfusion Service, Amster-
dam, The Netherlands), using IMDM with 5% pooled normal
human serum, 2 mglutamine, and % 10 °m S-mercaptoethanol
Isolation and maintenance of human cells, cell lines and clones (8-ME) as the culture medium. The ThO clone was stimulated with
Thin sheets of normal human skin (foreskin or skin from abdomena combination of CD3 plus CD28 MoAbs.
breast, leg or scalp) were incubated either overnight°&t ih
0-5mg/ml Thermolysin (Sigma, St Louis, MO) in PBS or 30 min at Murine epidermal cells
37°C in 03% dispase (Sigma) in PBS enabling the separation oMurine keratinocytes were isolated from BALB/c, C57BI/6 or
epidermis from dermis. To obtain single cells, the epidermis wasSwiss mice obtained from Harlon (Zeist, The Netherlands) and
treated with @025% trypsin (Sigma) for 10min at 3€. The  used at 3—6 months of age. Ears of mice were cut off, rinsed in 70%
epidermal cells were cultured in keratinocyte growth mediumethanol and PBS and, subsequentely, ears were split by foreceps.
(KGM; Gieco, Paisley, UK). Alternatively, NHK were cultured After floating ear halves (dermal side down) o®% trypsin in
under hydrocortisone-free conditions in Dulbecco’s modifiedPBS for 30 min at 37C, the epidermis was peeled off. The
Eagle’s medium (DMEM) plus Ham’s F12 (¢o; ratio 3:1)  epidermis of one earhalf was subjected to RNA extraction and
supplemented with 10% fetal calf serum (FCSgd®), 10ng/ml  the remaining epidermis was incubated for 5min in 1ml PBS
epidermal growth factor (EGF) (&0), 250 ng/mlL-isoproterenol,  containing 025% trypsin. Trypsinization was stopped by addition
2 mm glutamine (Gsco) and penicillin/streptomycin. The medium of 1 ml FCS, whereafter epidermis was vigorously pipetted and
was changed twice a week and cultures were spl5% trypsin;  sieved though gauze to obtain a single-cell suspension of epidermal
10 min at 37C) just before reaching confluency. NHK cultures cells (= 10° cells/ear). Murine epidermal cells were cultured in
were maximally split four times and experiments were carried outRPMI 1640 (Gsco) plus 10% FCS, penicillin/streptomycin and
with 60-100% confluent cultures. The A431 cell line (American 5 x 10°m S-ME. The PAM212 cell line was maintained in
Type Culture Collection, Rockville, MD) and the HaCaT cell line DMEM with 10% FCS.

[20] (kindly provided by Dr N. E. Fusenig, Heidelberg, Germany)
were maintained in DMEM with 10% FCS. Keratinocytes were Ultraviolet irradiation
stimulated either with UVB irradiation (see below) or with 10 ng/ As described in detail before [28], cells were UVB-irradiated with

MATERIALS AND METHODS
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a bank of four Philips TL-12 lamps (Philips, Eindhoven, The Probes and primers

Netherlands), having a light output of 1Jmper s at target The following probes were used for Northern analysis of total RNA
distance, as monitored by an 1L433 radiometer with a SEE 124@nd Southern analysis of PCR products: 1757 bp Hind Il fragment
UVB photodetector (International Light Inc., Newburyport, MA). of pGEM-3 (IL-1«), 1407 bp BamHI/EcoRV fragment of pCD-
As UVA source we used a bank of 10 TL-10R lamps (Philips), SRa (IL-10; nt 0-1407), 265bp Sfcl/Haell fragment of this
having a light output of 15J/fper s at target distance as 1407 bp IL-10 probe (IL-10; nt 405-660), 950 bp Pstl fragment
monitored by an IL442 A radiometer with a SEE 115 UVA of pUC19 (3-actin). Probes were labelled witffP (740kBg/
photodetector (International Light Inc.). UVAL1 radiation was 100ng DNA) to high specific activity by nick translation as
obtained by means of a combination of this UVA bank with a random labelling procedure.

KV370 filter (Schott Glaswerke, Jena, Germany), having a light  Four different pairs of IL-10 primers were used for reverse
output of 6J/m per s at target distance. The adherent growingtranscriptase-polymerase chain reaction (RT-PCR) analysis of
NHK, A431 or HaCaT cells were washed once with PBS justhuman RNA:

before irradiation, and were kept in 5ml PBS during UVB ist pairr IL-10 sense primer 'EGCTGTCATC

exposure, whereafter cells were washed once again with PB%ATTTCTTCC-S‘ (nt 403-422) and IL-10 antisense priméF 5

andFr:tE)rl?wcee:Itllﬁn (\:/l:)lltlljrrlttaer:rid(lrlglle Caucasians; mean age38 CAATAAGGTTTCTCAAGGGGC-3 (nt 654-674);
y ' 2nd pair: IL-10 sense primer ETTCGAGATCTCCGA

yors: 1 e . fomed consen e Sl T (151270 and 10 s
hgtothera cabinet (V)\//aldmann Schwennin egn German S:CCAGAGCCCCAGATC-3(nt 626-644);
P Py ' gen, Y) '3rd pair; IL-10 sense primer "ATGCCCCAAGCTGA

equipped with TL-21 UVB lamps (Philips). The MED level of AACCAAGACCCA-3(313-339) and IL-10 antisense primé 5

v v e 1 v b e e e Ao
9 P : ) 4th pair: IL-10 sense primer 'HCTGAGAACAGCTG

excessive sun exposure 3 weeks before and during the study. BIO%?ACCC-S (nt 106-124) and IL-10 antisense prime-GCC

was drawn from the antecubital vein into sterile, heparinized tube

at different time points before and after UVB treatment. iGGGAGTTCACATGC-S (nt 351-368).
Other primers used in this study were:

RNA extraction B-actin sense primer MAATCGTGCGTGACATTA AGG-3
Total RNA was isolated from (sub)confluent NHK, A431, or (nt661-681) ang-actin antisense primef£CG ATCCACACG-
HaCaT cultures (5-18 10° cells per Petri dish), from 20 to GAGTACTT-3 (nt 1047-1066);

40 x 10° monocytes, and from 50 to 10010° Th2 cells by the IL-1a sense primer SCTGCATGGATCAATCTGT GTC-3
guanidium isothiocyanate method. In brief, cells were washed with(nt 143-163) and IL-& antisense primer '8CCC ATGT-
PBS just before addition ofM guanidium isothiocyanate contain- CAAATTTCACTGC-3 (nt 492-511);

ing 01m B-ME, 24 mv sodium citrate, and -8% sodium lauryl IL-10R sense primer' 5GCTGAAGAACTTGGACC TGC-3
sarcosinate. After phenol chloroform extraction and isopropanol{nt 987—1006) and IL-10R antisense primeC&TTCTCTTCAG-
ethanol precipitation, the RNA pellet was dissolved in distilled CACA TCTGG-3 (nt 1414-1434).

water and the amount of total RNA was determined by a spectro-
photometer at 260 nm and 280 nm. Alternatively, total RNA was
isolated via Trizol (@&co). Isolation of MRNA from total RNA by
biotinylated oligo(dT) primer and streptavidin-coupled magnetic
beads (Promega, Madison, WI) was performed according to th?QT-PCR
manufacturer’s protocol.

Sequences of IL-10 an@-actin primers used for RT-PCR
analysis of murine RNA and related internal probes were described
elsewhere [13].

Total RNA or mRNA (5ug) was reverse transcribed using
MMLV-RT (Gisco) in a 204l reaction. Two microlitres of
Northern analysis cDNA (equivalent of 500 ng RNA) were used per amplification
For Northern analysis, 1&g of total RNA were separated accord- reaction. The PCR mix contained 50 ng of each primer perl50
ing to size on ¥% agarose gels containingééo formaldehyde 250um dNTP mix (Pharmacia), 50mKCI, 10 mv Tris—HCI pH
(37%), and transferred to nylon Hybond-Nnembranes (Amer- 81, 1:5mm MgCl,, 0:01% gelatin, 125 unit Taq polymerase
sham). Membranes were prehybridized irx SSPE (1x SSPE:  (Gisco), and was covered with 2d mineral oil. Reactions were
180 mv NaCl, 10mu NaH,PO, pH 74, 1mv EDTA), 1% SDS, performed in 5Qul per well in microtest plates (Becton Dickinson,
5 x Denhardt’s solution (A% Ficoll, 01% polyvinylpyrrolidone, = Mountain View, CA) in a PTC-100 thermal cycler (MJ Research
0-1% bovine serum albumin (BSA) fraction V), and 1@§/ml Inc, Watertown, MA), using the following programme of 35 cycles:
ssDNA of herring sperm (Sigma) for 4 h at42 Together with  denaturation 94C for 1 min, annealing 5% for 1 min, extension
10% dextran sulphate (Sigma) labelled probes were added to th&2°C for 1 min. Hot-start PCR (Bco) was performed according to
prehybridization mix to incubate for 24 h at42 The membranes the manufacturer’s instructions. Twenty microlitres of each PCR
were washed with 2 SSC, 1% SDS for 15min at 42, with the  reaction were loaded on4P agarose gels in TBE buffer and PCR
same solution for 30 min at 86, and finally with 02 SSC, 01% products were visualized by ethidium bromide staining. For South-
SDS for 30 min at 65C, whereafter the membranes were dried andern analysis of the PCR products, gels were denaturedSn 0
exposed to XAR film (Kodak). Hind IlI-digestedl DNA was used = NaOH, 15 NacCl, neutralized in @m Tris, 3m NaCl pH 70, and

as size marker. By means of stripping and rehybridization, specifitransferred to nylon membranes. Membranes were prehybridized
RNA of IL-10, IL-1«, and 8-actin could subsequently be deter- as described for Northern analysisi@ SDS) before addition of
mined on the same RNA blot. radio-labelled specific probes.

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:213-223



216 M. B. M. Teunisseet al.

(a) E ng cDNA E ng cDNA
o —
o o o o o o o © o o
g n O 1 © © © © © S v o w & &6 & © o
o~ ~ - & @ ® o 2 N b~ - & 9 ® ©@ o

w
]
s
Q
=]
c
=]
E
= IL-1et
]
2
o
3
£
B
g
o
- -
B-actin
(b) E ng cDNA E ng cDNA
b B
& o o o 9o o & 2 2 o 9 o
= dB8R2R T 8o =S dBRESK& 888 o
4 IL-10
T
=4
©
o
o
bl
3
E
% IL-1e
@
>
-
o~
E
—
har]
o
(3]
= H -

7 h after irradiation 24 h after irradiation
Fig. 1. IL-10 mRNA is present in human peripheral blood monocytes but absent in normal human keratinocytes (NHK). Monocytes (a),
used as positive control, were stimulated for 16 h witligiml lipopolysaccharide (LPS) before total RNA was isolated. (b) NHK were
stimulated with 30J/MUVB and total RNA was extracted 7h or 24h post-irradiation. RNA was reverse transcribed to cDNA and
indicated nanograms of cDNA were subjected to polymerase chain reaction (PCR) amplification, applying IL-&0pdL34actin-
specific primers. The PCR reaction products were loaded od% agarose gel, and after electrophoresis PCR products were visualized
by ethidium bromide staining. Southern blot analysis of the PCR products with specific probes confirmed the specificity of the PCR

products.

IL-10 ELISA and two home-made ELISAs as described in detail by Abrams
The production of human IL-10 protein was determined byal. [29] (optimized by Van der Poltt al. [30]) and by Llorenteet
four different specific ELISAs, each of which was composed ofal. [31]. The minimal detectable levels of the former two are 1 pg/
different catching and detecting antibodies. We used comiml and of the latter three 10-50 pg/ml. Presence of murine IL-10
mercially available ELISA kits from Medgenix Diagnostics was determined by an ELISA purchased from Bender MedSys-
(Fleurus, Belgium) and Bender MedSystems (Vienna, Austriatems, having a detection level of 10 pg/ml.
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IL-10 bioassay

IL-10-specific bioactivity in supernatants or cell lysates from both
human and murine keratinocyte cultures (24h and 48h) was
determined by the IL-10-dependent mouse mast cell line D36
[32]. IL-10 can be measured in a concentration range #of0 U/

ml to 05 U/ml: 1 U/ml corresponds to 100-200 pg/ml rmIL-10
and to 3—-6 ng/ml rhiL-10.

30 Jim?®

No stimulation
Mo stimulation

TNF-a
IFN-y

= = £ =
- ] =+ w

“:R.

RESULTS

Absence of IL-10 mRNA in human keratinocytes and epidermoid
cell lines
The initial series of experiments was designed to detect IL-10-

B-actin
specific mMRNA in total RNA derived from NHK and A431 by - .
means of Northern blot analysis. No IL-10 mRNA could con-

sistently be found in NHK irrespective of their passage numberFig. 2. Stimulation of cytokine production of normal human keratinocytes
the presence of any stimulus, or at any time point after stimula{NHK) by UVB irradiation. One to 6h after exposure to 303/VB
tion, ranging from 1h to 72h (data not shown). Therefore,radiation, or 16 h after incubation with®ng/ml tumour necrosis factor-
experiments were repeated applying the much more sensitivé'Pha (TNFex) or 1000 U/ml IFN<, Fotal RNA was extracted from the_
RT-PCR technique which was optimized for the detection of IL- stlmu_l_ated NHK. The RNA was s_ubjected to Northern blot analysis using
10 mRNA. As shown in Fig. 1a, total RNA from human LPS- specific probes for IL-4 and j-actin.
stimulated monocytes, one of the two positive controls used in
these RT-PCR studies, showed a clear IL-10 PCR product ofve applied the relatively safe, though stimulating, dose of 32,J/m
the appropriate size which hybrldlzed with an IL-10 prObe.thus exc|uding deleterious effects of UVB.
Consistently, no IL-10 signal was observed after RT-PCR analy-
sis of RNA extracts from NHK (Fig. 1b) and human keratinocyte Comparison of human and murine keratinocytes
cell lines A431 and HaCaT, even when the cDNA input wasBecause other investigators clearly showed IL-10 mRNA produc-
increased up to 800ng or the PCR performance was extended t@n by murine keratinocytes or PAM212 cells [13,14] and we
50 cycles (data not shown). The smears shown in the lanefailed to detect IL-10 mRNA in human NHK and A431 and HaCaT
containing 200-800ng cDNA were caused by cDNA input itself cell lines, we felt it necessary to compare both murine and human
and not by amplification during PCR. Because these smears coulgeratinocytes, applying similar culture and RT-PCR conditions
mask any possible IL-10 PCR product, Southern blot analysis ofyithin one experiment. As shown in Fig. 4a, IL-10 mRNA was
the PCR-amplified samples of NHK was carried out, demonstratnot present in freshly isolated murine keratinocytes (lanes 1 and 7),
ing that IL-10 was absent (data not shown). To exclude thepyt a clear message for IL-10 became detectable after overnight
possibility that absence of a RT-PCR signal was due to aulture of these cells (lanes 2—4 and 8-11). It appeared that even in
particular primer set, four different IL-10-specific primer pairs absence of any stimulus the murine keratinocytes were triggered to
were used. No IL-10 mRNA could be detected in any of thesynthesize IL-10 mRNA, perhaps as a result of the stress resulting
NHK-derived RNA extracts tested, although these four primersirom taking these cells into culture. Titration of cDNA from
were successfully applied to detect IL-10 mRNA in ThO and Th2
clone cells and monocytes. This lack of IL-10 mRNA was
certainly not due to bad quality of the RNA derived from the 140 —
NHK or cell lines, as indicated by the clear lleland S-actin
signals in these RNA extracts (Fig. 1b).

To investigate whether NHK were actually stimulated, total g 100

ontrol
-
N
o
I

RNA extracts from stimulated NHK were screened for k-1 &

transcripts by means of Northern analysis. NHK showed a sigS 80 —

nificant constitutive expression of ILel and the production of £

this cytokine was markedly increased after stimulation (Fig. 2), S 6o

indicating that the cells were properly stimulated. Despite the fact:_? 40

that UVB is harmful, limited doses of radiation appeared to be a§

good stimulus for IL-10 production in murine keratinocytes [14]. § 20|~

To evaluate the phototoxic effect of UVB on NHK, viability and 0 | |

proliferation were determined 3days after exposure to graded 0 4 8 16 32 48 64 128 256 512
single doses of UVB. As shown in Fig. 3, doses up to 64/1viB Dose UVB (J/m?)

hardly affected the viability, whereas a high dose of 512J/m

klIIe_d on_ly 50% Of .the NHK. UVB gppgared to aﬁect Fhe NHK were irradiated with graded doses of UVB and viabili®)(and
proliferative capabilities of NHK more S|gn|f|cantly. Proliferation proliferation @) were determined 3days post-irradiation. Viability was
was unaffected at doses up to 32%rhut higher doses clearly jssessed by eosin dye exclusion and proliferation by means of liquid
inhibited and even blocked multiplication of still viable NHK. In - scintillation counting of incorporatetH-thymidine. Data are mean results
addition, UVB doses higher than 32 J/mesulted in a reduction of (+s.d.) of three experiments and are expressed as percentage of unirra-
the total RNA yield 24 h post-irradiation. In most of our experimentsdiated control.

Fig. 3. Sensitivity of normal human keratinocytes (NHK) to UVB radiation.

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:213-223
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murine Kkeratinocytes in a time-course study indicated that NHK

expression of IL-10 mRNA was easily detectable at all time T

points (2—24 h) after stimulation, using as little a5Adg cDNA E a8 = ®

for PCR amplification (data not shown). In sharp contrast, no IL-10 - @
MRNA could be detected in NHK (Fig. 4b), despite murine i B oo o R 5 3
and human keratinocytes being tested under comparable £ 5 :’E_ :’E_ % E o
conditions. = 2 S g g £ < 2

Attempts to detect IL-10 mRNA in NHK via different approaches
In the next series of experiments several strategies were used to
enhance possible production or to improve detection of IL-10 in

NHK. To increase the sensitivity of our RT-PCR system, we IL-10
purified mRNA out of the total RNA fraction derived from
NHK, but nevertheless IL-10 mRNA consistently remained unde-
tectable in NHK (Fig. 5). Although all four primer sets were
e § g = b g f-actin
ffseffiispe
£ 2232328493
(a) Fig. 5. IL-10 signal absent in purified mRNA from human keratinocytes.
E Normal human keratinocytes (NHK) from foreskin were exposed to 38 J/m
UVB radiation and total RNA was extracted 6, 7 or 16 h later. By means of
IL-10 oligo(dT) conjugated magnetic beads mRNA was enriched from this total
RNA. Purified mMRNA was subjected to reverse transcriptase-polymerase
chain reaction (RT-PCR) using IL-10 amiactin-specific primers. Total
RNA from Th2 cells and monocytes served as positive controls. Ampli-
fication products were visualized by ethidium bromide staining following
electrophoresis.
E B-aain
screened in GenBank for exclusive homology with [L-10
MRNA, we next analysed the possibility that RNA from NHK
contained particular unknown sequences which are (partially)
complementary to the IL-10-specific primers and consequently
o é > would inhibit the PCR amplification of IL-10 mRNA. To test for
5 w € g 5 this, serial dilutions of cDNA from Th2 were mixed with a constant
'E @ E g w © § - amount of 100 ng cDNA from NHK before amplification by PCR.
55 S L&z & 55 s F This experiment revealed that when as little asri) of cDNA

from Th2 cells was amplified in the presence of 100 ng cDNA from

NHK, a positive signal for IL-10 could still be observed (Fig. 6).

Because IL-10 has strong down-regulatory effects on its own
IL-10 production [24] and we found that NHK constitutively express
IL-10R (data not shown), we added neutralizing anti-IL-10 MoAb
19F1 to NHK cultures, to prevent this autocrine negative feedback.
This approach was not successful (data not shown). It has been
reported [33,34] that IL-10 mRNA expression could be greatly
enhanced and stabilized by addition of cycloheximide, a protein
synthesis inhibitor. However, no IL-10 mRNA could be detected in
the RNA from NHK, maintained in the presence of this agent (data
not shown). Hydrocortisone, one of the constituents of KGM, has
Fig. 4. IL-10 mRNA is present in murine keratinocytes but absent been demonstrated to suppress IL-6 production by NHK [35].
in human keratinocytes when tested under comparable conditionsAnalysis of RNA from NHK, which were maintained in hydro-
(@) Murine keratinocytes were isolated from ears of BALB/c (lanes cortisone-free medium, did not result in the detection of IL-10
1-4) or Swiss (lanes 7-11) mice. (b) Human keratinocytes were isolategyRNA (Fig. 7). Because the state of confluency might be important
from breast skin. thal RNA was extra_cte_d directly after_isolation of the for the capacity of NHK to produce cytokines and the responsive-
cglls or after overnight culture upon indicated stimulation. _R_’NA from ness of NHK to UVB [36], we tested subconfluent (60-90%) and
stimulated human monocytes and Th2 cells served as positive controls ’ .
for the IL-10 signal. RNA was reverse transcribed to cDNA and confluent.NHK cultures, but qo IL-10 mRNA was found (Fig. 7_)'
amplified with specific murine or human primer sets for IL-10 and  Although in most of our experiments we used the low but effective
actin. Following electrophoresis the amplification products were visua-dose of 32 JIfy we also applied higher doses (up to 200%3/m
lized by ethidium bromide staining. PMA, Phorbol myristate acetate; because the dose of UVB might be critical. Using higher doses of
LPS, lipopolysaccharide. UVB (n = 9) did not lead to induction of IL-10 mMRNA in NHK

B-actin
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ng cDNA foreskin, leg) and having applied a variety of stimuli. There was one
exception: when the NHK-derived cDNA was amplified using an
IL-10-specific RT-PCR of 35 cycles and subsequently subjected to a
second amplification round of 35 cycles, a weak IL-10 signal could
be observed. Assuming that NHK were the origin of this IL-10
MRNA, this finding would suggest that the expression is extremely
low.

0-02

[
[:4]
-
T
1]
=

200
40

Absence of IL-10 protein in human keratinocyte-derived super-
natants and cell lysates

Concurrently with the RT-PCR analysis of keratinocyte-derived
RNA, we tested culture supernatants and cell lysates of NHK,
Fig. 6. Detection of IL-10 polymerase chain reaction (PCR) product in o431 and HaCaT, for the presence of IL-10 protein by four
normal human keratinocyte (NHK)-derived cDNA mixed with T cell- gigtarant |L-10-specific ELISAs. In order to determine whether

derived cDNA. Total RNA from Th2 cells and from UVB-exposed NHK \y_qerived samples possess IL-10 bioactivity, supernatants
(7 h post-irradiation with 60 J/fUVB) were reverse transcribed to cDNA. .
and lysates were also tested in a recently developed IL-10-

The T cell-derived cDNA was serially diluted (as indicated) in a constant I ) . . .
amount of 100 ng cDNA from NHK. These mixed samples were subjected toSpeC'f'C bioassay [32]. Keratinocytes, either freshly isolated or

PCR amplification and PCR products specific for IL-10 were detected incultured for up to four passages, were stimulated with a variety
agarose gels by ethidium bromide staining. of chemicals (see Materials and Methods) or exposed to UVB

(up to 200J/rf), UVA or UVAL, and 24, 48 and 72 h later,
supernatants and lysates were collected. We were consistently
(Fig. 7). Our results thus far indicated that if mRNA for IL-10 is unable to detect IL-10 protein in any NHK-derived culture
present in NHK, it is present at a very low concentration. Especiallysupernatant or cell lysate, irrespective of culture conditions,
for the detection of low copy number targets, a so-called Hot Starthe stimulus used, the harvesting time-point or the site NHK
PCR was developed, providing improved sensitivity/specificity [37]. originated from (data not shown). The same held true for A431
However, this method also did not lead to IL-10 mRNA detection inand HaCaT cells, which were repeatedly tested. In addition, no
NHK (data not shown). In a very recent publication, it was suggestedL-10 bioactivity was observed in supernatants from NHK and
that UVA1 or UVB in combination with high Ca" concentration from both the epidermoid cell lines (data not shown). Cell
would be the strongest stimulus for IL-10 production by NHK [38]. lysates could not be tested in the bioassay because they strongly
Unfortunately, we were not able to demonstrate this (data notnhibited the proliferation of the detector cells of the assay. The
shown). In summary, all our attempts to detect IL-10 mRNA in positive controls, human monocytes and ThO-type T cells pro-
NHK failed, irrespective of the approach used and having excludediuced clearly detectable amounts of IL-106@ng/ml per 16
interindividual differences (40 donors), sex differences (male orcells and 4%7ng/ml per 16 cells, respectively). Preliminary
female), topographic differences (skin from breast, abdomen, scalgxperimentsr{ = 3) to detect IL-10 protein by means of biosyn-
thetic labelling of NHK with radioactive-tagged methionine and
cysteine followed by IL-10-specific immunoprecipitation also

o failed to demonstrate the presence of IL-10 protein in NHK,
., ~ EE . ~ EE = > whereas monocytes showed a clear signal (data not shown). In
£ E E 2 2‘ £ :% E 2‘ Q o normal murine keratinocytes (BALB/c, C57BI/6 and Swiss), IL-
S o828 2g¢e¢g2s2 10 protein could easily be detected in 24-h culture supernatants

by ELISA (~ 300pg/ml per 10 cells). The murine PAM212
cells constitutively produced IL-10, and upon stimulation were
able to secrete up to 128 U/ml per®6ells. Absence of IL-10

IL-10 L S .
protein in NHK supernatants and significant presence of this
cytokine in supernatants of murine keratinocytes are in agree-
ment with the RT-PCR analysis.

B-actin

IL-10 serum levels following total-body UVB exposure

Because strongly increased levels of IL-10 (a peak of 3ng/ml at
Fig. 7.1L-10 mRNA is not present in subconfluent and confluent normal 36 h post-irradiation) have been demonstrated in murine serum
human keratinocytes (NHK) cultured in hydrocortisone-free medium. NHK after UVB exposure [39], we investigated whether a similar
from breast skin were maintained under hydrocortisone-free conditions fophenomenon could be seen after UVB exposure of humans. Four
at least two passages. At a confluent stage of 60% (lanes 2-5) or 100%p|unteers were total-body irradiated wittsMED and the IL-10
(lanes 6-9), NHK were irradiated with 0, 50, 100, or 2009UVB. The o cantration in serum was tested by ELISA at various time points.
RNA was extracted 16h later and subjected to reverse transcrlptasecircadian thythmometry of serum IL-10 in man revealed that the

polymerase chain reaction (RT-PCR) using IL-10 aftdctin primer . . o . .
sets. Monocyte-derived RNA (lane 11) served as positive control. Ampli-amount of IL-10in the serum of normal subjects exhibits a biphasic

fied products were analysed by electrophoresis and ethidium bromig€Mporal pattern during a 24-h period .[40].aV|ng- an average
staining. Identical results were obtained when NHK were maintained in®f 74 pg/ml (range 8-266 pg/ml). Considering this, no significant
keratinocyte growth medium (KGM), which contains hydrocortisone (dataincrease of 1L-10 could be demonstrated in humans upon UVB
not shown). irradiation (Table 1).
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Table 1. Serum IL-10 levels following total-body UVB irradiation

IL-10 (pg/ml)f

Donor* —24h —12h Oh 6h 12h 24h 32h 48h 72h 96 h
JDB b.d. b.d. b.d. b.d. 158 b.d. b.d. b.d. b.d. 997

JJ b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 43.03 b.d.
CWK 18.36 24.44 36.17 b.d. 15.14 17.55 72.89 38.88 52.49 63.98
MBMT b.d. 85.4 79.98 44.58 74.82 72 55.76 69.45 103.5 176.9

*Human volunteers were total-body exposed to -5~+hinimal erythemal dose (MED) UVB irradiation.
11L-10 concentration was detected by using a specific ELISA.
b.d., Below the detection limit of 10 pg/ml.

Identification of the origin of IL-10 mRNA in human epidermal cell mRNA, whereas neither in NHK (purified mRNA) nor in Langer-
suspensions hans cells (fresh and cultured) and fibroblasts could such a signal
Just prior to submission of this study, four different research group®e demonstrated. Even after application of a second amplification
stated that NHK are able to produce significant amounts of IL-10round of 35 cycles, the IL-10 signal in the latter three cell types
mRNA and protein [38,41-44]. These findings seem to contradictemained absent. Next, we investigated whether melanocytes can
our own, and this prompted us to attempt to resolve this conflictproduce significant amounts of IL-10 protein. It appeared that no
Our observation that the IL-10 signal could only be detected inlL-10 could be detected by ELISA (detection limit 10 pg/ml) in
NHK-derived RNA after a second round of PCR may suggest tha24 h or 48h supernatants from melanocytes®/h0 that were

not the NHK but rather a contaminating trace cell population wascultured for 24 h or 48 h and were unstimulated or stimulated by
the source of this signal. Fresh preparations of NHK containPMA, IFN-y or UVB (n = 2; data not shown).

Langerhans cells, melanocytes and, occasionally, fibroblasts.

Long-term cultures of NHK maintained in special commercially

available KGM always contain small contaminations of mela- DISCUSSION

nocytes tha? co-proliferate ata IOV_V rate. To determine the origi_n OfIn this study we addressed the question of whether human kerati-
the mRNA signal in NHK suspensions, we tested_pure pOpmat'on?\ocytes and keratinocyte cell lines A431 and HaCaT are able to
of NHK, melanocytes, L’?‘”Qe_rhans cells find f|broblast_s. Equabroduce IL-10 and, if so, whether keratinocyte-derived IL-10 in

amounts of RNA from the individual populations were subjected tOhumans is involved in UVB-induced immunosuppression, compar-

our routine RT-PCR analysis of 35 cycles. As shown in Fig. 8, only g 1 that demonstrated in mice. NHK, derived from 40 different
melanocytes were able to express detectable amounts of IL-10,,qs were maintained/stimulated under many different condi-
tions and analysed for their capability to express IL-10 mRNA or
protein by means of routine RT-PCR and ELISA or bioassay. No
IL-10 mRNA or protein could be observed in any of the NHK-,
A431-, or HaCaT-derived RNA and supernatants/lysates, whereas
in all cases the positive controls (monocytes or T cell clones)
showed a clear signal. Despite our many efforts to induce or
enhance production or to improve detection of IL-10, no IL-10
signal could be consistently demonstrated in NHK. There was one
IL-10 exception, however. When the amplified cDNA from NHK was
subjected to a second round of PCR amplification a weak signal
could be observed. We reasoned that either the expression of IL-10
mMRNA must be extremely low in NHK, that only a very small
subpopulation of NHK was able to express IL-10, or that a trace
B-actin number of contaminating cells in the NHK suspension was the
source of the observed IL-10 mRNA signal. Freshly prepared
suspensions of NHK are always contaminated with melanocytes
and Langerhans cells and occasionally with fibroblasts, whereas
Fig. 8. Human melanocytes are the only source of IL-10 mRNA in |ong-term cultures of NHK maintained in special commercially
epidermal cell suspensions. RNA was extracted from pure suspensiongailable KGM always contain a small number of co-proliferating
of normal hum_an melanocytes (NHM), normal human keratinocytesmeIanocytes. RT-PCR analysis of pure NHK, melanocytes, Lan-
(NHK), freshly isolated or cultured Langerhans celis (fLC and cLC, gerhans cells and fibroblast suspensions provided conclusive proof

respectively) or normal human fibroblasts (NHF). Monocyte-derivedthat within normal epidermis onlv melanocvtes were able to
RNA served as positive control. Total RNA (purified mRNA in case of P y Yy

NHK) was reverse transcribed to cDNA and amplified by 35 cycles usingSYNthesize 1L-10 mRNA. Our finding that melanocytes express
IL-10 and 8-actin primer sets. Polymerase chain reaction (PCR) productdL-10 MRNA is in agreement with the observation of other
were loaded on an agarose gel and visualized by ethidium bromidénvestigators [45,46]. We and others [45] could not detect IL-10
following electrophoresis. protein in the supernatants of normal human melanocytes. As yet it

Monocytes
No cDNA
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is unknown whether the melanocytes were not appropriatelydetected by Kanget al. [43] must be macrophage-derived. In
stimulated, whether the melanocyte-derived IL-10 protein wascontrast to our negative results, Greefeal. [38] and Enket al.
below the detection limit of our ELISA, or whether cells could [44] detected IL-10 mMRNA in long-term cultures of NHK and in
not secrete this protein at all. five out of nine blister roofs from non-irradiated skin by RT-PCR
Our extensive search clearly proved that IL-10 is not expressednalysis. Comparison of their experimental set-up with ours
by normal keratinocytes and by keratinocyte cell lines in therevealed that in essence we all used the same culture conditions,
human system. In marked contrast, a clear expression of IL-1®ut that the RT-PCR performance and visualization of the PCR
mMRNA was found in murine keratinocytes, when cultured underproducts were different. We used ethidium bromide to stain these
comparable conditions and tested by the same RT-PCR techniquproducts in agarose gels, whereas both other groups used other
Enk & Katz [13] depleted contaminating cells in murine epidermal techniques: endonuclease digestion assay followed by high per-
cell suspensions by means of cell type-specific MoAb plus comformance liquid chromatography [38] and liquid hybridization
plement, and found that murine keratinocytes were the majowith a 32P-labelled internal probe followed by autoradiography
source of IL-10 in the epidermis. Comparison of our data on[44]. Because Grewet al.and Enket al. were able to detect IL-
mice and man revealed that murine IL-10 mRNA could be 10 mRNA in all their NHK cultures after a single round of PCR
demonstrated at all time points after stimulation (from 2h toamplification and we needed two rounds to pick up the IL-10
24 h) using as little as-0ng/ml cDNA, whereas the application signal, it might be concluded that they used a more sensitive
of even 16 times more cDNA from NHK as PCR input did not technique. However, they did not use pure NHK suspensions and
lead to the appearance of an IL-10 mRNA signal at any time poindid not exclude the possibility that contaminating cells are the
tested (from 1 h to 72 h). The detection of IL-10 protein in crude source of the detected IL-10. Therefore, it is not inconceivable that
24-h supernatants from murine keratinocytes and in the murinéhey detected a melanocyte-derived IL-10 signal. This notion is
epidermoid cell line PAM212 is in line with our PCR results and supported by our finding that an IL-10 mRNA signal is present in
confirms earlier observations [13]. routine NHK cultures (containing melanocytes), but absent in
Our results on IL-10 strongly point to a species difference pure NHK cultures (deprived of melanocytes) after two succes-
between human and murine keratinocytes. Recently, a similasive rounds of PCR amplification.
discrepancy was found for the production of IL-3. Murine kerati-  As outlined in the Introduction, in mice, keratinocyte-derived
nocytes were demonstrated to produce biologically active IL-3IL-10 is presumably involved in the mechanism of UVB-induced
[47], whereas this cytokine was not detectable in human keratinolocal and systemic immunosuppression. Our results indicate that in
cytes, as detected by RT-PCR, ELISA and bioassay [48]. We havenan keratinocytes can not fulfil such a role via IL-10, but perhaps
to conclude that human and murine keratinocytes have a differerdanother, as yet unidentified, cytokine might mediate this role. It is
pattern of cytokine production. Consequently, results on cytokinenot likely that human melanocyte-derived IL-10 has any significant
production by murine keratinocytes, as well as interpretations ofunction in UVB-induced immunosuppression. Macrophages that
the function of the murine epidermal cytokine network in the skininfiltrate human epidermis upon UVB exposure display a potent
immune system, can not directly be extrapolated to the humamproduction and secretion of IL-10, and therefore may account for a
system, but should be evaluated with caution. local immunosuppressive environment [43]. Because we could not
To our surprise, four independent research groups recentlgetect any increase of IL-10 serum levels after total-body exposure
reported that NHK were able to express IL-10 mRNA and proteinto UVB it is not likely that these macrophages could account for
[38,41-44]. Although at first sight these reports appear to disagresystemic suppression. Taken together, the data in this study give
with our findings, we can nevertheless explain how the results inise to the hypothesis that, compared with mice, UVB-induced
these reports and our data fit together. Nickoleffal. demon-  immunosuppression in man is probably exerted by a different
strated that after repeated tape stripping of human skin, IL-1thetwork of keratinocyte-derived cytokines.
could be detected in the epidermis by meanRofPCR [41] and
immunohistochemistry [42]. However, they showed that mRNA
for IFN-y was present in the epidermal RNA extract as well. This REFERENCES
means that the epidermis used contained significant amounts of T
cells, which are notorious producers of IL-10. We have found that 1
NHK express IL-10R (unpublished observation), so a positive
staining for IL-10 in epidermal ke_ra_ltinocytes does nc_)t necessari_ly cytokine production. J Photochem Photobiol 198913,
mean that the detected IL-10 originated from keratinocytes. It is 3 onnikov N, Pincus SH, Dinarello CA. Elevated plasma interleu-
not unlikely that the keratinocytes collected this cytokine out of  kin.1 levels in humans following ultraviolet light therapy for
their surrounding micromilieu by their IL-10R. Kargt al. [43] psoriasis. J Invest Dermatol 19892:235-9.
found IL-10 mRNA in NHK enriched from skin that had been 4 Urbanski A, Schwarz T, Neuner P, Krutmann J, Kirnbauer Rgko
UVB-exposedin vivo 48 or 72 h before. Coincidently, the same A, Luger TA. Ultraviolet light induces increased circulating inter-
research group earlier demonstrated that UVB radiation induces leukin-6 in humans. J Invest Dermatol 19984:808-11.
the influx of CD1aDR"CD36"CD11b" macrophages into the 5 Ullrich SE, Mcintyre _BW, Rivas JM. Suppression of the imm_une
epidermis, starting 24 h post-irradiation and comprising more than irﬁzz?aﬂzz k:)ratﬁilc?gzggeg |r$1>r/nu?<;t01r§m)gigss)egs from - ultraviolet-
5% of epidermal cells at 72 h [49-51]. Given the facts that (i) the ) . NG
increase and peak of the IL-10 mRNA signal correlates with the 6 Schwarz T, Urbanska A, Gschnait F, Luger TA. Inibition of the

. ” ) . induction of contact hypersensitivity by a UV-mediated epidermal
appearance of the macrophages in the epidermis, (ii) these cytokine. J Invest Dermatol 19887:289-91.

macrophages_are potent producers of ||-'10,_ and (iii) the purity 7 jeevan A, Ulirich SE, Dizon V, Kripke ML. Supernatants from
of the magnetic bead-selected NHK suspension was stated to be uyltraviolet-irradiated keratinocytes decrease the resistance and delayed-
> 90% (not 100%), it is tempting to believe that the IL-10 mMRNA  type hypersensitivity response tdycobacterium bovisbacillus

Luger TA, Schwarz T. Epidermal cell derived cytokines. In: Bos JD, ed.
Skin immune system (SIS). Boca Raton: CRC Press, 1990; 257-91.
2 Schwarz T, Luger TA. Effect of UV irradiation on epidermal cell
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