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Stimulation of cultured human keratinocytes with interleu
kin (IL)-lO' is known to elicit prostaglandin (PG) E2 release. 
Ultraviolet (UV) B radiation induces keratinocyte PGE2 and 
cytokine production. The present study deals with the auto
crine roles of UVB-induced, keratinocyte-derived cytokines 
IL-l and tumor-necrosis-factor (TNF) a and their corre
sponding receptor molecules for UVB-induced PGE2 release. 
In vitro exposure of transformed human keratinocytes (KB 
cells) induced PGE2 production five- to eightfold. This in
crease was inhibited by 70%, if irradiated cells were cultured 
in presence of monoclonal antibody (MoAb) M4, which 
blocks IL-l effects by binding to the type 1 IL-l receptor 
(IL-IR). In contrast, MoAb M22, which blocks the type 2 
IL-IR, had no significant effects. Addition of recombinant 
human TNFa to unirradiated KB cells resulted in five- to 
eightfold increased PGE2 synthesis, and this increase could be 
mimicked by stimulation of KB cells with MoAb htr-9, 

1
1 vitro ultraviolet (UV) E (280-320 nm) radiation is a well
known inducer of human keratinocyte prostanoid synthesis 
and release [1,2]. There is increasing evidence that UVE 
exposure also induces the production ofkeratinocyte-derived 
cytokines including interleukin (IL) la [3]. Interleukin la 

previously was shown to be capable of eliciting PGE2 release in 
unirradiated keratinocytes [3], and it has therefore been proposed 
that UVE-induced IL-la may mediate PGE2 release by irradiated 
keratinocytes. However, up to this point, no direct evidence prov
ing an autocrine regulatory role of IL-la in this system has been 
provided. Moreover, IL-la may only partially account for UVB-in
duced keratinocyte PGE2 production, because IL-la was a signifi
cantly weaker stimulus, as compared to UVE irradiation [3] . In this 
regard it is of interest that tumor necrosis factor (TNF) a, another 
cytokine produced by UVE-irradiated keratinocytes [4], may induce 
PGE2 synthesis in other cel l systems [5,6]. 

In such an autocrine system, IL-l receptor (IL-1 R) molecules 
and/or TNF receptor (TNFR) molecules on the keratinocyte sur
face wou ld play an important regulatory role. In studies employ ing 
1251 - IL-l, high- as well as low-affinity IL-IR could be identified on 
the surface of unirradiated human keratinocytes [7,8]. This observa
tion may reflect coexpression of the recently cloned type I and type 
II IL-1 R molecules, as has been described for other cell types [9-
11]. In addition, human keratinocytes were recently shown to ex-
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which exerts TNFa-like bioactivity by binding to the 55-kD 
TNF receptor (TNFR). UVB-induced PGE2 synthesis was 
blocked by 50% in the presence of neutralizing anti - TNFa
Ab, and was completely inhibited by addition of both anti
TNFO'-Ab and MoAb M4. To elucidate a possible regulatory 
intracellular step in PGE2 synthesis, specific cyclooxygenase 
activity in KB cells was determined. Following UVB treat
ment, cyclooxygenase activity increased twofold, but re
mained unaltered, if irradiated KB cells were cultured in the 
presence of anti- TNFa-Ab plus MoAb M4. These studies 
indicate that keratinocyte-derived TNFa and IL-l together 
mediate UVE-induced PGE2 release via specific cell surface 
receptors, and that one intracellular mechanism is an in
creased prostanoid-synthesizing capacity of irradiated cells. 
Key words: cyclooxygenase/cytokines/receptors/keratino_ 
cytes.] Invest DermatoI101:528-531, 1993 

press functionally active 55-kD TNF receptors, but to lack 75-kD 
TNFR expression [12,13]. The relevance ofIL-lR and/or 55-kD 
TNFR for UVE-induced keratinocyte PGE2 release is currently 
unknown. 

Stimulation of prostanoid formation requires the involvement of 
several enzymatic steps. Liberation of arachidonic acid is indispens
able for prostanoid formation . Within the arachidonic acid cascade 
PGH2 synthase (cyclooxygenase) is the rate-limiting enzyme for 
prostaglandin production and the specific activity of this enzyme 
may increase after stimulation of cells [14 -17]. In the present in 
IJitro study, by employing KB cells as a model for transformed 
human keratinocytes, the potential autocrine role of keratinocyte 
derived IL-l and/or TNFa and their respective receptor molecules 
in UVE-induced PGE2 release and cyclooxygenase activation was 
assessed . 

MATERIALS AND METHODS 

Chemicals Tritiated prostanoid standards for calibration of high-per_ 
formance liquid chromatography (HPLC) and (1-14C) arachidonic acid were 
from Amersham Buchler, Braunschweig, Germany. Trifluoroacetic acid 
and HPLC grade S acetonitri le was from Sigma, Munich, Germany. All 
other chemicals used were of analytical grade. 

Cytokines and Antibodies Recombinant human (rh) TNFa was kindly 
provided by Boehringer Mannheil1l, Mannheim, Germany. Monoclonal 
antibody (MoAb) htr-9 (mIgG1) aga inst the human 55-kD TNFR was a gift 
from M. Brockhaus, Hoffmann-LaRoche Ltd, Basel, Switzerland. The gen
eration and characterization of this antibody, which was purified from hy
bridoma supernatants by using rabbit-anti-mouse Ig linked to Sepharose 4b 
(Pharmacia, Freiburg, Germany), previously has been described [18] . Mono
clonal antibody M4 (rat IgG2b), which blocks IL-1 effects by binding to the 
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hum a n type I IL-IR [1 9] and MoAb M22 (rat IgG2b), which functionally 
blocks rhe human type II IL-l R (J.E. Sims, S.K. Dower, unpublished obser
varion) were kindly provided by J.E. Sims, Immunex Corporation, Seattle, 
WA. Both antibodies were used at a concentration of 10 IIg/ml. The poly
clonal rabbit antibody IP 300 (lgG and IgM), which was purchased from 
Genzy me Corporation, Boston, MA, was used at a concentration of 10 Jlg/ 
ml which corresponds to a neutralizing activity of 10,000 units TNFa 
bidac tivity, as assessed by the L929 cell cy totoxicity assay. Mouse and rat 
isotype control antibodies were from Dianova, Hamburg, Germany. As a 
control for the polyclonal rabbit antibodies, a rabbit pre-immune serum was 
used (kindly provided by M. Brockhaus, Hoffmann-LaRoche Lrd, Basel, 
switzerland). 

Cell Culture Th e human carcinoma cell line KB (American Type Cul 
rure Co llection, Rockville, MD) was maintained in monolayer cultures in 
Dulbecco's modified Eagle's medium (Gibco, Berlin, Germany) containing 
10% feral calf serum (Gibco) in a humidified atmosphere containing 5% 
CO

2 
as previously described (20). Supplementation of medium with 10% 

feta l bovine serum (FBS) dId not II1crease basal PGE2 release by cultured KB 
cells and did not interfere with the PGE2 RIA. This ce ll line was derived 
from a n epidermoid carcinoma in the mouth of an adulr man and has previ
ously been used as a model for transformed human keratinocytes 
[4,12 ,20,21] . 

Ultraviolet Radiation For UV radiation, medium was replaced by phos
phate-buffered sa line (PBS) , lids were removed, and cells were exposed as 
previously described to UV radiation (100 J / m2) using a bank offour FS20 
sunlamp bulbs (Westinghouse Electric Corp. , Pittsburgh, PAl, wluch are 
known to primarily emit in the UVB range (280 -320 nm) [13,20]. The 
UVB output was monitored by means of an IL-1700 research radiometer and 
SEE 240 UVB photodetcctor (International Light, Newburyport, MA) and 
was approximately 24 X 10- 5 W /cm2 at a tube to target distance of22 cm. 
This UVB dose previously was found to enhance several cellular functions 
incl uding the express ion of cytokine and ad hesion molecule mRNA 
[4,13,20] and does Iwt affect cell viability as assessed by trypan blue exclUSIOn 
experiments. After Irrad IatIon, cells were washed and cultured 111 medIUm m 
the presence or absence of the indica ted antibodies. As controls, KB cells 
were washed and allowed to sit in PBS for the irrad iation period . 

PGE Measurements and Determination of Cyclooxygenase 
Acti:ity PGE2 in the culture mcdium was determined by radioimmuno
assay (RIA) as previously described [22]. After stimulations, culture med IUm 
ofKB cells was removed and used for PGE2 RIA, and the corresponding cells 
were washed twice with PBS and then frozen in liquid nitrogen. Cells were 
disrupted, incubated with [l _14C] arachidonic acid and resulting metabolites 
were extracted and analyzed by HPLC as described prevIOusly [23]. In bnef, 
cells were disrupted using a tight DOlll1Ce homogenizer and were then 
incubated with 20llM [1-1' C] arachidonic acid (Amersham Buchler, 
Braunschweig, Germany) in a 100 mM Tris/HC I buffer (pH 8.0) contain
ing 1 rnM ethylenediaminetetraacetic acid, 1 mM reduccd glutathione, and 
0.6 /-lM bovine hemoglobin (all II1 gredlents from SIgma, MunIch, Ger
many). After 10 min at 25°C, reaction was stopped by adding tenfold 
- 20° C methanol, denatured protein was centrifuged, and the supernatant 
was evaporated to dryness. Res idues were taken up in 20% methanol in water 
and subjected to reverse-phase HPLC using an ace tonitrile/0. 1 % trifluoro
acetic-acid in warer grad ient. Radioactivity was measured by an on- llI1e 
continuous fluid scintillation counter. 

RESULTS 

Expos ure of KB cells to 100 J / m2 UVB radiation increased PGE2 
release into the culture medium five- to eightfold, as compared to 
basal secretion (Fig 1) , thus confirming previous studies employing 
long-te rm cultured normal human keratinocytes [3J . The time 
course ofUVB-induced PGE2 production was characterized by a lag 
phase of 4 to 6 h and reached m aximum level s 18 to 24 h post-ex
posure (Fig 1). 

To assess the rol e of the keratinocyte-derived cytokine IL-1 in 
UVB-induced PGE2 release, in th e following experiments, irra
diated KB cell s were cultured in the presence of MoAbs that w ere 
known to functio nall y block either the type I (MoAb M4) or type II 
(MoAb M22) IL-1 R . Addition of MoAb M4 to cultures with UVB
irrad iat:ed KB cells inhibited UVB-induced PGE2 release by 70% 
(Fig 1) . T his inhibition was relatively specific, because MoAb M22, 
even if used over a wide dose range (0 .1-100 Jlg/ml), did not exert 
any sig nifica nt effects in this sys tem (Fig 1; shown fo r 10 Jlg/ml) . 
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Figure 1. Influence of anti - IL-l R antibodies on UVB-induced PGE2 syn
theSIS of KB cells. Transformed human keratinocytes (KB cells) were UVB 
irradiated as described in Materials alld Methods and culture medium was 
assessed for PGE2 content 3, 6, 10, 24, and 48 h after irrad iation. Curves 
represent unirradiated controls (6 ), UVB-irradiated cel ls (0 ), UVB-irra
diated ce lls cultured in the presence of MoAb M22 (0) , and UVB-irradiated 
cells culture~ in the presence of MoAb M4 (\7). Data are given as means ± 
SO of three II1dependent experiments. 

Monoclonal antibody M4 o nly partially inhibited UVB-induced 
PGE2 release, indicating the involvement of one o r more additional 
m ediators. Accordingly, stimul ation of unirradiated KB cells w ith 
recombinant human (rh) TNFa sig nificantly enhanced PGE2 re
le~se (Fig 2). This increase could be mimicked by stimulating cells 
With MoAb htr-9 (100 Jlg/ml), w hich exerts TNFa-like bioacti
vity by bindi~g to the 55-kd TNFR o n human KB cel ls (Fig 2) . In 
c?ntrast, . eqUlval ent concentrations of an isotype control antibody 
did not slg11lficantly affect KB cell PGE2 production. Incubation of 
KB cells with neutra lizing anti -TN Fa antibody inhibited UVB-in
duced PGE2 release by 50% (Fig 3) . This inhibitory effect cou ld be 
abolished by adding an excess amount of exogenous rhTNFa (data 
not shown). Because both anti-TNFa antibody and M oAb M4, if 
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Figure 2. Effect of a TNFa and UVB irradia tion on PGE2 synthesis of KB 
ce ll s. PGE2 in culture media was determined by RIA at the indicated time 
points. Transformcd human keratinocytcs (KB ce lls) were UVB irrad iated as 
described in Materials alld Methods (0 ), or left unirradiated and treated with 
IgG 1 control antibodies (6), or left unirrad iated and treated with MoAb htr9 
(100 pg/ ml) (0). or left unirrad iated and treated with rhTNFa (100 U/ ml) 
(\7). Data are given as means ± SO of three independent experiments. 
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Figure 3. Effect of neutralizing anti-TNFa-antibody and anti-IL-1 R 
type 1 antibody M4 on UVB-induced PGE2 synthesis of KB cells. Trans
formed human keratinocytes (KB cells) were UVB irradiated as described in 
Materials atld MetllOds and culture medium was assessed for PGE2 content at 
the indicated time points after irradiation. Cells were left lInirradiated and 
cultured in the presence of IgG 1 isotype control antibodies (6). or UVB 
irradiated and cultured in the presence of a rabbit control serum (0). or UVB 
irradiated and cultured in the presence of neutralizing anti-TNFex antibodies 
(7). or UVB irradiated and cultured in the presence of both anti-TNFa 
antibodies plus MoAb M4 (0). Culture ofUVB-irradiated cells in the pres
ence of both a rabbit control serum plus IgG 1 isotype control antibodies did 
not significantly decrease PGE2 synthesis (data not shown). Data are given as 
means ± SD of three independent experiments. 

given alone, only partially decreased UVB-induced PGE2 produc
tion, in the following experiments UVB-irradiated KB cells were 
incubated in the presence of both antibodies. As is shown in Fig 3, 
combined treatment of UVB-irradiated KB cells with anti-TNFex 
antibody p lus MoAb M4 lead to complete inhibition of UVB-in
duced PGE2 release. 

The role of keratinocyte-derived IL-1 and TNFa in UVB-in
duced PGE2 production was corroborated in experiments, in which 
specific cyclooxygenase activity in UVB-irradiated KB cells was 
assessed after cell homogenization. Prostaglandin E2 and 6-keto
PGF 1Q were produced by cell homogenates with PGE2 being the 
m ain product with approximately 60% of cyclooxygenase products, 
whereas 6-keto-PGF t " accounted for the other 40%. None of the 
stimul ations lead to production of other prostanoids nor did the 
ratio of the mentioned prostaglandins change upon stimulations. 

In contrast to un irradiated cells, homogenates ofUVB-irradiated 
cells revealed a more than twofold increase of cyclooxygenase activ
ity (Fig 4). This increase could be detected after a lag phase of8 h, 
yielding a maximum at 24 h post exposure. A partial but significant 
inhibition of induction of cyclooxygenase activity could be ob
served after MoAb M4 treatment of UVB-irradiated cells (Fig 4) , 
whereas neutralizing anti- TNFa-Ab did not significantly alter the 
upregulation of this enzyme activity (data not shown) . A combina
tion of anti - TNFa-Ab and MoAb M4 was able to completely in
hibit the rise of cyclooxygenase activity as measured in lIitro in the 
corresponding ce ll homogenates (Fig 4). . 

DISCUSSION 

The presented data clearly demonstrate the involvement ofIL-1 and 
TNFa in UVB-elicited PGE2 synthesis by human keratinocytes. In 
previous studies, stimulation of long-term cultured, normal human 
keratinocytes with rhlL-la was found to induce PGE2 release in 
unirradiated cells , but only indirect evidence based on the time 
kinetics ofUVB-induced PGE2 and IL-la production was given to 
support a potential role of endogenously produced IL-l in UVB-in
duced prostanoid production [3]. In the present study, functional 
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blocking of the type I IL-1 R on the surface of UVB-irradiated KB 
cells was found to suppress UVB-induced PGE2 release by 70%, 
definitely proving the autocrine role of IL-1 in this system. In addi
tion, these data for the first time demonstrate the presence of func
tionally active type I IL-1 R molecules on the surface of transformed 
human keratinocytes. Recently, two types of human IL-1R have 
been identified: the type I IL-1R, an 80-kD molecule and the type II 
IL-1R, a 68-kD molecule, which both may be present on the same 
cells, but probably mediate distinct functions [10] . Binding studies 
employing 1251 - IL-la revealed the presence of two types of IL-l 
receptors on the surface of cultured human keratinocytes [8], which 
may reflect co-expression of both types of IL-1 R molecules. It is 
therefore of interest that in the,Present study only the anti - type I 
IL-1R antIbody, but not the antI-type II IL-1R antIbody, inhibited 
UVB-induced PGE2 release, indicating that only the type I IL-1R 
has intrinsic activity with respect to keratinocyte PGE2 production. 
Further studies to examine the expression and function of the type II 
IL-1R on the surface of human keratinocytes are currently under_ 
way . 

IL-1R blockage only partially inhibited UVB-induced PGE2 syn
thesis, thus supporting the assumption [3] that IL-1a is responsible 
only in part for UVB-evoked PGE2 release. In the search for a 
second mediator involved in this system, TNFa appeared to be a 
likely candidate. Accordingly, it has been reported for a variety of 
other cell types, including macrophages, that TNFa is a potent 
inducer of PGE2 synthesis [5,6] . Moreover, recent studies indicate 
that cultured human keratinocytes are both a source and a target for 
TNFa [4,12,13] and that ii/ vitro UVB irradiation may cause bind
ing of UVB-induced, endogenous TNFa to TNFR on the kerati_ 
nocyte surface [13]. In the present study, rhTNFa stimulation of 
unirradiated keratinocytes induced PGE2 release, and the time 
course and quantity of TNFa- and of UVB-induced PGE2 release 
was consistent with a cause/effect relationship. The observation 
that TNFa stimulated PGE2 release in transformed human kerati_ 
nocytes was corroborated in experiments, in which stimulation o f 
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Figure 4. Cyclooxygenase activity of KB cells after UVB treatment. 
Transformed human keratinocytes (KB cells) were UVB irradiated as de
scribed in Materials alJd Methods. At the indicated time points after irradiation 
KB cells were homogenized and incubated with (l-14C) arachidonic acid, 
and cyclooxygenase products were determined by HPLC. Cyclooxygenase 
activity was defined as the sum of all prostanoids formed by 10 Ilg protein in 
10 min. The curves represent cyclooxygenase activity of UVB-irradiated K.B 
cells (0). cyclooxygenase activity ofUVB-irradiated KB cells cultured in th~ 
presence of MoAb M4 (6), and cyclooxygenase activity of UVB-irradiated 
KB cells cultured in the presence of MoAb M4 plus anti-TNFa antibody (0). 
Cyclooxygenase activi ty of lin irradiated KB cells did not differ from that of 
time point 0 h by more than ± 7%. Incubation ofUVB-irradiated KB cells in 
the presence of the respective isotype control antibodies did not alter the 
UVB effects on cyclooxygenase activity of KB cells (data not shown). Data 
are given as means ± SD of three independent experiments. 
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KB cells with MoAb htr-9, which previously was shown to exert 
TNFa-like bioactivity by binding to the 55-kD TNFR on the sur
face of K.B cells [12J, mimicked TNFa-induced PGE2 release. Di
rect evidence for the autocrine role of TN Fa in UVB-evoked PGE2 

synthesis came from experiments in which neutralizing anti
TNFa-Ab reduced UVB-induced PGE2 production by 50%. Inter
estingly, TNFa stimulation of unirradiated cells increased PGE2 

release to an extent essentially identical to that observed after UVB 
stimulation, whereas anti-TNFa treatment ofUVB-irradiated cells 
only partially inhibited UVB-elicited PGE2 synthesis. This discrep
ancy may at least partially be explained by the possibility that UVB 
irradiation additionally leads to the production of molecules that are 
capable of inhibiting TNFa effects. In this regard it is of interest 
that human keratinocytes including KB cells recently were shown 
to produce significant amounts of soluble 55-kD TNFR molecules 
[13] . Taken together, the present study indicates that IL-1 and 
TNFa alone only partially contribute to UVB-elicited PGE2 re
lease. Addition of both anti-type I IL-1R and anti-TNFa antibod
ies to UVB-irradiated keratinocytes, however, decreased PGE2 re
lease to background levels, strongly indicating that UVB-elicited 
PGEz synthe~is in human keratinocytes is under the control of both 
cytokines act111g together. 

This conclusion is supported by experiments in which specific 
cyclooxygenase activity rather than PGE2 release was assessed in 
UVB-irradiated KB cells. Although untreated kerat1110cytes re
vealed a significant basal cyclooxygenase activity, UVB-irradiated 
keratinocytes showed a time-dependent twofold increase of this 
enzyme activity. This upregu.latio.n could be inhi?ited to some ex
tent by anti - type I IL-1 ~ an.tlbodle~, ~h~reas antl-TNFa antlbo~
ies alone did not exert slgl1lficant 111lllbltory effects. However, If 
irradiated cells were cultured in the presence of both anti - IL-1 R 
and anti-TNFa antibodies, complete inhibition of UVB-induced 
cyclooxygenase activity in irradiat~d.KB cells was o?~erved. Thus, 
upregulation of cyclooxygenase actiVity appears to cntIcally depend 
on endogenously produced IL-l and, to a minor part, TNFa. The 
capacity ofIL-1 to induce.cy~looxygenase activity is not srecific for 
keratinocytes, because a SimIlar effect could be observed 111 human 
fibroblasts [14J. 

In vivo exposure of mice to UVB radiation previously was shown 
to effectively inhibit selected cell-mediated immune responses, e.g., 
induction of contact hypersensitivity reactions [24]. Recent stl1dies 
indicate that this immunosuppressive may be prevented, if UVB
irradiated animals are treated with anti-TNFa antibodies, and it has 
therefore been suggested that UVB-induced, keratinocyte-derived 
TN Fa is an important mediator in this system [25J. Based on the 
present observatio~, that kerati~ocyte-derived T.NFa acts i.n an.a~
tocrine manner to 111duce kerat1l10cyte prostanOid productIOn, It IS 
proposed that the immunomodulatory capacity of UVB-induced 
TN Fa may at least partially be attributed to TNFa-induced kerati
nocyte PGE2 , which may inhibit the function of i~mulloco~p~
tent epidermal cells such as Langerhans cells. ThiS hypotheSIS IS 
supported by previous reports ?~~lonstrat~ng that UVB-ind.uced 
irIhibition of contact hypersensltlvlty reactIOns may be effectIvely 
prevented by treating UVB-irrad!ated mice with indomethacin, a 
po tent inhibitor of PGE2 produCtIon [26,27J . 

In summary, the present study provides clear evidence for the 
involvement of endogenously produced IL-l and TNFa in UVB
elicited PGE2 release by transformed, human keratinocytes. Inter
leukin-l was found to act via the type I IL-l R and to account for the 
major part of PGE2 released, whereas TNFa acted via the 55-kJ? 
TNFR, contributing a minor effect. Increasing release of PGE2 IS 
partly due to upr.egulation ~f spec~fic c~clooxygen~se activity of 
keratinocytes, wlllch was aga1l1 mediated 111 an autocnne manner by 
the combined action oflL-l plus TNFa. 

Th is work was supported by a grallt from the Deutsche ForsclllltlgsgemeillschaJt Kr 
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