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Stimulation of cultured human keratinocytes with interleu-
kin (IL)-1a is known to elicit prostaglandin (PG) E, release.
Ultraviolet (UV) B radiation induces keratinocyte PGE, and
cytokine production. The present study deals with the auto-
crine roles of UVB-induced, keratinocyte-derived cytokines
IL-1 and tumor-necrosis-factor (TNF) a and their corre-
sponding receptor molecules for UVB-induced PGE; release.
In vitro exposure of transformed human keratinocytes (KB
cells) induced PGE, 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-1 effects by binding to the type 1 IL-1 receptor
(IL-1R). In contrast, MoAb M22, which blocks the type 2
IL-1R, had no significant effects. Addition of recombinant
human TNF« to unirradiated KB cells resulted in five- to
eightfold increased PGE, synthesis, and this increase could be
mimicked by stimulation of KB cells with MoAb htr-9,

which exerts TNFa-like bioactivity by binding to the 55-kD
TNE receptor (TNFR). UVB-induced PGE, synthesis was
blocked by 50% in the presence of neutralizing anti - TN Fe-
Ab, and was completely inhibited by addition of both anti—
TNFa-Ab and MoAb M4. To elucidate a possible regulatory
intracellular step in PGE, 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-1 together
mediate UVB-induced PGE, release via specific cell surface
receptors, and that one intracellular mechanism is an in-
creased prostanoid-synthesizing capacity of irradiated cells.
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# vitro ultraviolet (UV) B (280 -320 nm) radiation is a well-

known inducer of human keratinocyte prostanoid synthesis

and release [1,2]. There is increasing evidence that UVB

exposure also induces the production of keratinocyte-derived

cytokines including interleukin (IL) 1a [3]. Interleukin 1o
previously was shown to be capable of eliciting PGE, release in
unirradiated keratinocytes 3], and it has therefore been proposed
that UVB-induced IL-1& may mediate PGE, release by irradiated
keratinocytes. However, up to this point, no direct evidence prov-
ing an autocrine regulatory role of IL-1e in this system has been
provided. Moreover, IL-1ce may only partially account for UVB-in-
duced keratinocyte PGE, production, because IL-1cx was a signifi-
cantly weaker stimulus, as compared to UVB irradiation [3]. In this
regard it is of interest that tumor necrosis factor (TNF) ¢, another
cytokine produced by UVB-irradiated keratinocytes [4], may induce
PGE, synthesis in other cell systems [5,6].

In such an autocrine system, IL-1 receptor (IL-1R) molecules
and/or TNF receptor (TNFR) molecules on the keratinocyte sur-
face would play an important regulatory role. In studies employing
125] _]L-1, high- as well as low-affinity IL-1R 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-1R molecules, as has been described for other cell types [9-
11]. In addition, human keratinocytes were recently shown to ex-
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press functionally active 55-kD TNF receptors, but to lack 75-kD
TNFR expression [12,13]. The relevance of IL-1R and/or 55-kD
TNFR for UVB-induced keratinocyte PGE, 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
PGH, 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
vitro study, by employing KB cells as a model for transformed
human keratinocytes, the potential autocrine role of keratinocyte
derived IL-1 and /or TNFa and their respective receptor molecules

in UVB-induced PGE, release and cyclooxygenase activation was
assessed.

MATERIALS AND METHODS

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

Cytokines and Antibodies Recombinant human (rth) TNFa was kindly
provided by Boehringer Mannheim, Mannheim, Germany. Monoclona)
antibody (MoAb) htr-9 (mlgG1) against 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 4h
(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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human type I IL-1R [19] and MoAb M22 (rat IgG2b), which functionally
blocks the human type ITIL-1R (J.E. Sims, S.K. Dower, unpubl}shed obser-
vation) were kindly provided by J.E. Sims, Immunex Corporation, Seattle,
WA. Both antibodies were used at a concentration of 10 xg/ml. The poly-
clonal rabbit antibody IP 300 (IgG and IgM), which was pu_rchased from
Genzyme Corporation, Boston, MA, was used at a conccntrntlon.of 10 pug/
ml, which corresponds to a neutralizing activity of 10,000 units TNFa
bioactivity, as assessed by the L929 cell cytotoxicity assay. Mouse and rat
isotype control antibodies were from Qianova, l-.lambu.rg, Germany. As a
control for the polyclonal rabbit antibodies, a rabbit pre-immune serum was

used (kindly provided by M. Brockhaus, Hoffmann-LaRoche Ltd, Basel,

Switzerland).

Cell Culture The human carcinoma cell line KB (American Type Cu.l-
ture Collection, Rockville, MD) was maintained in monolayer cultu;csf in
Dulbecco’s modified Eagle's medium (Gibco, Berlin, Germany) containing
10% fetal calf serum (Gibco) in a humidified at_mosphcrc containing 5%
CO, as previously described [20]. Supplementation of medium with 10%
fetal bovine serum (FBS) did not increase basal PGE, re]casc.by culturcd. KB
cells and did not interfere with the PGE, RIA. This cell line was denqu
from an epidermoid carcinoma in the mouth of an adult man and h:}s 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-buffcrcd saline (PBS), lids were removed, ;m.d cells were exposed as
previously described to UV radiation (100 J/m?) using a bank of four FS20
sunlamp bulbs (Westinghouse Electric Corp., Pittsburgh, PA), which are
known to primarily emit in the UVB range (280-320 nm) [!3,20]. The
UVB output was monitored by means of an IL-1700 research radiometerand
SEE 240 UVB photodetector (International Light, Newburyport, MA) and
was approximately 24 X 107* W /cm? at a tube to target distance of 22 cm.
This UVB dose previously was found to enhance seycral cellular functions
including the expression of cytokipc and adhesion molecule mRNA
[4.1 3,20] and does not affect cell viability as assessed by trypan bluc cxc_]u519n
experiments. After irradiation, cells were wasl.wd :{nd cultured in medium in
the presence or absence of the indicated antlbo.dlcs: A.s cox)trg]s, KB cells
were washed and allowed to sit in PBS for the irradiation period.

PGE, Measurements and Determination gf Cyclooxygenase
Activity PGE; in the culture medium was de'termm.cd by radioimmuno-
assay (RIA) as previously described [22]. After stimulations, culture r‘ncdlum
of KB cells was removed and used for PGE, RIA, alnd Fhe c_:orrcspondmg cells
were washed twice with PBS and then frozen in liquid nitrogen. Cells were
disrupted, incubated with [1-'*C] arachidonic :I'Cld and r?sultmg mctabol{tes
were extracted and analyzed by HPLC as described previously [23]. In brief,
cells were disrupted using a tight Dounce homogenizer and were then
incubated with 20 uM [1-*C] arachidonic acid (Amersham Buchl.er,
Braunschweig, Germany) ina 100 mM Tris/HC1 buffer (pH 8.0) contain-
ing 1 mM ethylenediaminetetraacetic aci_d, 1 mM redt_xccd glutath_xone, and
0.6 #M bovine hemoglobin (all ingr.cdlcnts from Sigma, lemch, 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. Residues were taken up in 20% methanol in water
and subjected to reverse-phase HPLC using an acetonitrile/0.1% trifluoro-
acetic-acid in water gradient. Radioactivity was measured by an on-line
continuous fluid scintillation counter.

RESULTS

Exposure of KB cells to 100 J/m* UVB radiation increased PGE,
release into the culture medium five- to eightfold, as compareq to
basal secretion (Fig 1), thus confirming previous studies employing
long-term cultured normal human keratinocytes [3]: The time
course of UVB-induced PGE, production was characterized by a lag
phase of 4 to 6 h and reached maximum levels 18 to 24 h post-ex-
posure (Fig 1). . . . .
To assess the role of the keratinocyte-derived cytokine IL-1 in
UVB-induced PGE, release, in the following experiments, irra-
diated KB cells were cultured in the presence of MoAbs that were
known to functionally block either the type I (MoAb M4) or type II
(MoAb M22) IL-1R. Addition of MoAb M4 to cultures with UVB-
irradiated KB cells inhibited UVB-induced PGE, release by 70%
(Fig 1). This inhibition was relatively specific, because MoAb M22,
even if used over a wide dose range (0.1-100 ug/ml), did not exert
any significant effects in this system (Fig 1; shown for 10 ug/ml).
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Figure 1. Influence of anti-IL-1R antibodies on UVB-induced PGE, syn-
thesis of KB cells. Transformed human keratinocytes (KB cells) were UVB
irradiated as described in Materials and Methods and culture medium was
assessed for PGE, content 3, 6, 10, 24, and 48 h after irradiation. Curves
represent unirradiated controls (A), UVB-irradiated cells (O), UVB-irra-
diated cells cultured in the presence of MoAb M22 (@), and UVB-irradiated
cells cultured in the presence of MoAb M4 (V). Data are given as means &
SD of three independent experiments.

Monoclonal antibody M4 only partially inhibited UVB-induced
PGE, release, indicating the involvement of one or more additional
mediators. Accordingly, stimulation of unirradiated KB cells with
recombinant human (rh) TNF« significantly enhanced PGE, re-
lease (Fig 2). This increase could be mimicked by stimulating cells
with MoADb htr-9 (100 ug/ml), which exerts TNFa-like bioacti-
vity by binding to the 55-kd TNFR on human KB cells (Fig 2). In
contrast, equivalent concentrations of an isotype control antibody
did not significantly affect KB cell PGE, production. Incubation of
KB cells with neutralizing anti-TNFa antibody inhibited UVB-in-
duced PGE, release by 50% (Fig 3). This inhibitory effect could be
abolished by adding an excess amount of exogenous rhTNFa (data
not shown). Because both anti-TNFa antibody and MoAb M4, if
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Figure 2. Effect of a TNFa and UVB irradiation on PGE, synthesis of KB
cells. PGE, in culture media was determined by RIA at the indicated time
points. Transformed human keratinocytes (KB cells) were UVB irradiated as
described in Materials and Methods (O), or left unirradiated and treated with
IgG1 control antibodies (A), or left unirradiated and treated with MoAb htr9
(100 pg/ml) (@), or left unirradiated and treated with thTNFa (100 U/ml)
(V). Data are given as means + SD of three independent experiments.
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Figure 3. Effect of neutralizing anti-TNFa-antibody and anti-IL-1R
type 1 antibody M4 on UVB-induced PGE, synthesis of KB cells. Trans-
formed human keratinocytes (KB cells) were UVB irradiated as described in
Materials and Methods and culture medium was assessed for PGE, content at
the indicated time points after irradiation. Cells were left unirradiated and
cultured in the presence of IgG1 isotype control antibodies (A), or UVB
irradiated and cultured in the presence of a rabbit control serum (O), or UVB
irradiated and cultured in the presence of neutralizing anti-TNFea antibodies
(V), or UVB irradiated and cultured in the presence of both anti-TNFa
antibodies plus MoAb M4 (0). Culture of UVB-irradiated cells in the pres-
ence of both a rabbit control serum plus IgG1 isotype control antibodies did
not significantly decrease PGE, synthesis (data not shown). Data are given as
means = SD of three independent experiments.

given alone, only partially decreased UVB-induced PGE, 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-TNFa
antibody plus MoAb M4 lead to complete inhibition of UVB-in-
duced PGE, release.

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

In contrast to unirradiated cells, homogenates of UVB-irradiated
cells revealed a more than twofold increase of cyclooxygenase activ-
ity (Fig 4). This increase could be detected after a lag phase of 8 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 vitro in the
corresponding cell homogenates (Fig 4).

DISCUSSION

The presented data clearly demonstrate the involvement of IL-1 and
TNEa in UVB-elicited PGE, synthesis by human keratinocytes. In
previous studies, stimulation of long-term cultured, normal human
keratinocytes with rhIL-1a was found to induce PGE, release in
unirradiated cells, but only indirect evidence based on the time
kinetics of UVB-induced PGE, and IL-1c production was given to
support a potential role of endogenously produced IL-1 in UVB-in-
duced prostanoid production [3]. In the present study, functional
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blocking of the type I IL-1R on the surface of UVB-irradiated KB
cells was found to suppress UVB-induced PGE, release by 70%,
definitely proving the autocrine role of IL-1 in this system. In addji-
tion, these data for the first time demonstrate the presence of func-
tionally active type I IL-1R molecules on the surface of transformed
human keratinocytes. Recently, two types of human IL-1R have
been identified: the type IIL-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 '?°I-IL-1a revealed the presence of two types of IL-1
receptors on the surface of cultured human keratinocytes [8], which
may reflect co-expression of both types of IL-1R molecules. It is
therefore of interest that in the present study only the anti-type |
IL-1R antibody, but not the anti-type II IL-1R antibody, inhibited
UVB-induced PGE, release, indicating that only the type I IL-1R
has intrinsic activity with respect to keratinocyte PGE, production.
Further studies to examine the expression and function of the type It
IL-1R on the surface of human Eeratinocytes are currently under-
way.

IL-1R blockage only partially inhibited UVB-induced PGE, syn-
thesis, thus supporting the assumption [3] that IL-1c is responsible
only in part for UVB-evoked PGE, release. In the search for 5
second mediator involved in this system, TNFa appeared to be 3
likely candidate. Accordingly, it has been reported for a variety of
other cell types, including macrophages, that TNFe is a potent
inducer of PGE, 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 in vitro UVB irradiation may cause bind-
ing of UVB-induced, endogenous TNFa to TNFR on the kerati-
nocyte surface [13]. In the present study, thTNFa stimulation of
unirradiated keratinocytes induced PGE, release, and the time
course and quantity of TNFa- and of UVB-induced PGE, release
was consistent with a cause/effect relationship. The observation
that TNFa stimulated PGE, release in transformed human kerati-
nocytes was corroborated in experiments, in which stimulation of
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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 and Methods. At the indicated time points after irradiation
KB cells were homogenized and incubated with (1 —*C) arachidonic acid,
and cyclooxygenase products were determined by HPLC. Cyclooxygenase
activity was defined as the sum of all prostanoids formed by 10 ug protein in
10 min. The curves represent cyclooxygenase activity of UVB-irradiated KB
cells (O), cyclooxygenase activity of UVB-irradiated KB cells cultured in the
presence of MoAb M4 (A), and cyclooxygenase activity of UVB-irradiated
KB cells cultured in the presence of MoAb M4 plus anti-TNFa antibody [O).
Cyclooxygenase activity of unirradiated KB cells did not differ from that of
time point 0 h by more than & 7%. Incubation of UVB-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
TN FEa-like bioactivity by binding to the 55-kD TINFR on the sur-
face of KB cells [12], mimicked TNFa-induced PGE, release. Di-
rect evidence for the autocrine role of TNFovin UVB-evoked PGE,
synthesis came from experiments in which neutralizing anti-
TNFa-Ab reduced UVB-induced PGE; production by 50%. Inter-
estingly, TNFa stimulation of unirradiated cells increased PGE,
release to an extent essentially identical to that observed after UVB
stimulation, whereas anti-TNFa treatment of UVB-irradiated cells
only partially inhibited UVB—el1c1§ed PGE, synthegls_. Thls discrep-
ancy may at least partially be explained by t.he possibility that UVB
irradiation additionally leads to the productllon of mo.le(':ules Fhat are
capable of inhibiting TNFa eﬂ'qcts. In this regard it is of interest
that human keratinocytes including KB cells recently were shown
o produce significant amounts of soluble 55-kD TNFR molecules
13]. Taken together, the present study indicates t'hat IL-1 and
TNFa alone only partially contribute to UVB—?llcned PGE, re-
lease. Addition of both anti-type I IL-1R and anti-TNFea antibod-
ies to UVB-irradiated keratinocytes, howevcr, decreased PGE, re-
lease to background levels, strongly indicating that UVB-elicited
PGE, synthesis in human keratinocytes is under the control of both
cytokines acting together. . . ‘ .

This conclusion is supported by experiments in which speaﬁc
cyclooxygenase activity rather than PGE, release was assessed in
UVB-irradiated KB cells. Although untreated keratinocytes re-
vealed a significant basal cyclooxygenase activity, UVB—lrradlatc'd
keratinocytes showed a time-dependent twofolfi increase of this
enzyme activity. This upregulation could be inhll?lted to some ex-
tent by anti—type I IL-1R antibodies, whereas anti-TNFa antibod-
ies alone did not exert significant inhibitory effects. However, if
irradiated cells were cultured in the presence of both anti-IL-1R
and anti-TNFa antibodies, complete inhibition of UVB-induced
cyclooxygenase activity in irradiate'd'KB cells was ol.)s.erved. Thus,
upregulation of cyclooxygenase activity appears to critically depend
on endogenously produced IL-1 and, to a minor part, TNFa. The
capacity of IL-1to induce cyclooxygenase activity is not sPcaﬁc for
keratinocytes, because a similar effect could be observed in human
fibroblasts [14]. o .

In vivo exposure of mice to UVB radxatlox_x previously was shown
to effectively inhibit selected cell-mediated immune responses, e.g.,
induction of contact hypersensitivity reactions [24]. Recent studies
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
TNFe is an important mediator in this system [25]. Based on the
present observation, that keratinocyte-derived TNFa acts in an au-
tocrine manner to induce keratinocyte prostanoid productl_on, it is
proposed that the immunomodulatory capacity of UVB-induced
TNFa may at least partially be attributed to TNFa-induced kerati-
nocyte PGE,, which may inhibit the function of immunocompe-
tent epidermal cells such as Langerhans cells. This hypothesis is
supported by previous reports demonstrating that UVB-induced
inhibition of contact hypersensitivity reactions may be effectively
prevented by treating UVB-irradiated mice with indomethacin, a
potent inhibitor of PGE; production (26,27]. .

In summary, the present study provides clear evidence for the
involvement of endogenously produced IL-1 and TNFa in UVB-
elicited PGE, release by transformed, human keratinocytes. Inter-
leukin-1 was found to act via the type I IL-1R and to account for the
major part of PGE, released, whereas TNFa acted via the 55-kl_)
TINFR, contributing a minor effect. Increasing release of PGEZ is
partly due to upregulation of specific cyclooxygenase activity of
keratinocytes, which was again mediated in an autocrine manner by
the combined action of IL-1 plus TNFa.
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