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Fig 2. Tumour necrosis factor (TNF)-2 production and expression
by normal human epidermal keratinocyte cells irradiated with
narrowband ulraviolet B (NB-UVB} or broadband (BB)-UVB, See
Fig. 1 legend for details. *P < 0:01, between the means. ##P < 0-05,
compared with no UV with imerferon (IFN)-7.
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Fig 3. Interferon (IFN)-inducible protein 10 (IP-10) production
by normal human epidermal keratinocyte cells irradiated with
narrowband ultraviolet B (NB-UVB) or broadband (BB)-UVB. See
Fig. 1 legend for details. N.S., not significant.
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Fig 4. Monokine induced by interferon (IFN)-y (MIG) production
and expression by normal human epidermal keratinocyte cells
irradiated with nasrowband uhraviolet B (NB-UVB) or broadband
{(BB)-UVB. See Fig. 1 legend for details. #P < 0-05, between the
means. *#p < 0-05, compared with no UV with IFN-7.
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Fig 5. Macrophage-derived chemokine (MDC) production and
expression by normal human epidermal keratinacyte cells irradiated
with narrowband ulraviolet B (NB-UVB) or broadband (BB)-UVB. See
Fig. 1 legend for details. N.5., not significant. #*P < 0-05, compared
with no UV with interferon (IEN)-v.
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Fig 6. Thymus and activation-regulated chemokine (TARC)
production by HaCaT cells irradiated with narrowband uliraviolet B
(NB-UVB) or broadband (BB)-UVB. See Fig. | legend for details. N.S.,
not significant. *#p < 0-0S, compared with no UV with IFN-y,

Less augmentative effects of narrowband ultraviolet B
(NB-UVB) than broadband (BB)-UVB on proinflammatory
cytokine production

We first examined the effect of two sources of UVB on the
production of proinflammatory cytokines, Both NB-UVB and
BB-UVB significantly augmented the production of IL-1o in
the presence (Fig. 1) or absence (Table 1) of IFN-y, The most
augmentative dose of NB-UVB was 50~100 mJ cm™ (data not
shown). Considering that 8- to 10-fold higher doses of NB-
UVB are equivalent to BB-UVB in the MED and in clinical use,
the enhanced degree of IL-12 production by BB-UVB was
higher than that by NB-UVB at both protein and mRNA levels.
More pronouncedly, the production and expression of
TNE-o. was promoted by both NB-UVB and BB-UVB (Fig. 2,
Table 1). As 1000 m} cm™ NB-UVB and 100 mJ am™?
BB-UVB were more augmentative than 100 and 10 mj cm™,
respectively, high doses of UVB were more effective for the
increment of TNF-¢ than of IL-]o. Likewise, TNF-o was pro-
duced more effectively by BB-UVB than by NB-UVB. Thus,
NB-UVB was less augmentative than BB-UVB in the produc-
tion of proinflammatory cytokines, ’
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Table 1 Percentage augmentation of cytokine and chemokine production by narrowband uliraviolet B (UVB) or broadband UVB in keratinocytes
unstimulated with interferon-¥

Suppression of T helper 2 chemokine production by
narrowband ultraviolet B (NB-UVB) and broadband
(BB)-UVB

We explored the cffects of UVB on keratinoeyte production of
Thl chemokines IP-10 and MIG, and Th2 chemokines MDC
and TARC. Production of these chemokines was assessed in

NHEK cells; however, because NHEK cells are incapable of -

producing TARC in the known culture conditions,*® the pro-
duction of this chemokine was assessed in HaCaT cells.

In the presence of IFN-y, IP-10 production was not signifi-
cantly affected at any dose of either NB-UVB or BB-UVB
{Fig. 3), whereas its production was enhanced by both UVB
sources in the absence of IFN-y (Table 1}, MIG production
was increased by both NB-UVE and BB-UVB under IFN-y-
stimulated conditions (Fig. 4).

MDC production was suppressed by both NB-UVB and BB-
UVB (Fig. S, Table 1). At the lower doses, the two UVB sources
produced comparable suppression. Similarly, in HaCaT cells,
both UVB ranges at the lower doses profoundly suppressed
TARC production at comparable levels (Fig. 6}. The higher dose
of NB-UVB exerted a markedly sn'onger inhibitory effect.

These results demonstate that both NB-UVB and BB-UVB
downmodulate the production of Th2 chemokines but not
Thl chemokines. The suppressive activity of NB-UVB was
rather stronger than BB-UVB.

Chemotactic responses of T helper (Th)1 and Th2 cells
to keratinocyte culture supernatants

We examined the biological chemotactic activity of culiure
supernatants from NHEK cells irradiated with NB-UVB or
BB-UVB. PBMC were incubated in the upper Transwell cham-
ber for 3 h, and the numbers of CXCR3 Thl and CCR4 Th2
cells that migrated to keratinocyle supernatants were enumer-

© 2007 The Authors

ated using flow cytometry (Fig. 7). The chemotactic response
of both CXCR3+ Th! and CCR4+ Th2 cells to the supernatant
was enhanced by IFN-y treatment of NHEK cells (Fig. 8). NB-
UVR irradiation of NHEK cells at 100 m] e before culture
with IFN~y profoundly suppressed the Th2 chemotactic activ-
ity of supernatants, whereas the Thl chemotactic activity was
rather enhanced by this dose of NB-UVB. The higher dose
(1000 m] cm™) of NB-UVB suppressed production of both
Thi and Th2 chemckines. BB-UVB also suppressed Th2 chemo-
kines more markedly than Th1 chemokines, but its suppressive
ability for Th2 chemokines was slightly lower than that of
NB-UVB. Virtually the same chemotactic activities of the sup-
ernatants were found in, the migratory study using Thl- and
Th2-polarized cells as responders (Fig. 9). These daia confirm
that exposure of keratinocytes to NB-UVB suppresses their
production of Th2 chemokines.

Discussion

Qur study demonstrated that UVB differentially modulates the
production of each cytokine or chemokine by keratinotytes.
Similar to BB-UVB, which is well known to augment the pro-
duction of IL-1¢ and TNF-0,'*™"* NB-UVB also increased the
proinflammatory cytokines but to lesser degrees. More inter-
estingly, both UVB sources altered the production of chemo-
kines at the doses stmulatory for these proinflammatory
cytokines. Whereas Th1 chemokines were augmented by UVB,
MDC and TARC were depressed by ~60% at the doses tested,
suggesting that Th2 chemokines are preferentially down-
modulated by UVB as compared with Thi chemokines and
proinflamimatory cytokines. This Th2 chemokine-dominant
suppression was confirmed by the chemotaxis assay, which
showed that the culture supernatants {rom keratinocytes irradi-
ated ‘with UVB, in particular NB-UVB, had low chemotactic
activity for Th2 cells.
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Fig 7. Flow cytometric analysis of migrating T helper (Th)1 and Th2
cells. Peripheral blood mononuclear cells from a normal subject were
applied to the Transwell chamber. The migrating cells were subjected
to flow cytometric analysis. Thi and Th2 cells were identified as

cells positive for CD4/CXC chemokine receptor 3 (CXCR3) and
CD4/CC chemokine receptor 4 (CCR4), respectively. The panels
show representative data, which were obtained from HaCaT cell
supernatants of 100 m) em™? narrowband ultraviolet B for Th1 cells
and those of imerferon-y treaurient alone for Th2 cells. FITC,
fluorescein isothiocyanate; PE, phycoerythrin.

In general, the production of the four chemokines tested
here can be stimulated with IFN-y, or more effectively with
the combination of IFN-y and TNE-o.'®*? Allhough we used
IFN-y alone as a stimulant, TNF-o secreted from UVB-irradi-
ated keratinocytes was considered to cooperate with IEN-v in
chemokine production. I seemed that UVB modulated the
chemokine production as a combined result of its direct and
indirect TNF-a-mediated effects. Additionally, it is possible
that MIG was elevaled by UVB as a consequence of the
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Fig 8. T-cell chemotactic activity of keratinocyte supernatants treated
with narrowband ultraviolet B (NB-UVB) or broadband (BB)-UVE.
Results are expressed as tie percentage of input cells of each subtype
migrating to the lower chamber of a Transwell filter containing
culture supernatants from keratinocytes treated with or without
interferon (IFN)-y (200 U mL™"), NB-UVB (100 or 1000 m] on™?)
oy BB-UVB (10 or 100 m) em™?) irradiation. Panels show migration
of peripheral blood mononuclear cell subsets: CXC chemokine
receptor 3 (CXCR3)+ T helper (Th)1 cells and CC chemokine receptor
4 (CCR4)+ Th2 cells. Diamonds and squares represent the numerical
values of % input.
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Fig 9. T helper (Th)1- and Th2-cell chemotactic activity of
keratinocyte supernatants treated with narrowband ultraviolet B
(NB-UVB) or broadband (BB)-UVB. Th1- and Th2-polarized cells
were cullured from peripheral blood mononuclear cells from a normal
subject with different combinations of cytokines and anticytokine
monoclonal antibodies. Results are expressed as described in Fig. 8.
Pancls show migration of Thi cells and Th2 cells.
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increased production of TNF-o. Although TNF-u alone cannot
stimulate NHEK cells to produce MIG, the combination of
TNF-2 with IFN-y dramatically enhances MIG production in
keratinocytes and other epithelial cells.”**

NB-UVB and BB-UVE both alter the production of cytokines
and chemokines by keratinocytes, but the extents of their
modulation are different rom each other. On the basis of the
MED and clinically used doses, NB-UVB at an 8- 1o 10-fold
higher dose than BB-UVB is biologically comparable with
BB-UVB.® When compared at these doses, NB-UVB was less
stimulatory than BB-UVB for the production of proinflamma-
tory cylokines, whereas the ability of NB-UVB 1o downmodu-
late Th2 chemokine production was rather higher than that of
BB-UVB. Clinically, IL-1¢ and TNF-o. induce cutaneous inflam-
mation, such as erythema and swelling.?® Thus, using
NB-UVB might be safer than using BB-UVB because these
adverse effects could be avoided, while still retaining the sup-
pressive effect on Th2 chemokines.

The UVB-induced suppression of Th2 chemokine produc-
tion suggests that UVB exposure to the skin suppresses
infilbation of Th2 cells to the epidermis. Both BB-UVB and
NB-UVB are considered to be effective for the treatment of
various Th2-mediated or Th2-infilrating skin diseases, such
as atopic dermatitis,”® subacute prurigo®” and eosinophilic
pustular folliculitis.?® However, the state of cultured mono-
layered keratinocytes is different from that of patients’
multilayered keratinocytes and, thus, the in viw outcome
does not necessarily reflect the phenomenon observed in
this study. In addition, the effects of NB-UVE on constitu-
ent cells of skin other than keratinocytes may participate in
the total therapeutic action. Although psoriasis is a disorder
mediated by Thi cells,?® the effectiveness of UVB is widely
accepted.®® In this disease, the inhibitory effects of UVB on
keratinocyte proliferation, vascular proliferation and lympho-
cyle apoptosis may be involved in the underlying mecha-
nisms.>'3? Our swdy suggests that NB-UVB is more
clinically beneficial than BB-UVB, even in Th2-mediated
diseases.
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