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Abstract

 

The skin is constantly exposed to sunlight and frequently
develops sun-induced skin cancers such as basal cell carci-
noma (BCC). These epidermal-derived tumors escape local
immune surveillance and infiltrate the dermis, requiring
surgical removal. We report here that in contrast to kerati-
nocytes in normal skin (

 

n

 

 

 

5

 

 4), BCC tumor cells (

 

n

 

 

 

5

 

 6)
strongly and diffusely express Fas ligand (CD95L), but not
Fas antigen (CD95). This CD95L expression in vivo by BCC
tumor cells is associated with peritumoral T lymphocytes
that are undergoing apoptosis. Moreover, CD95L can be in-
duced on normal cultured keratinocytes after exposure to
ultraviolet-B light (UV-B) irradiation. This induction of
CD95L was confirmed at the mRNA and protein levels us-
ing multipassaged human keratinocytes and a keratinocyte
cell line. Keratinocytes induced to express CD95L acquired
the functional capacity to kill a CD95-positive lymphocyte
cell line. Whereas hyperplastic keratinocytes in untreated
psoriatic plaques do not express CD95L on their plasma
membrane, after UV-B treatment there is strong and diffuse
keratinocyte CD95L expression that coincided in a tempo-
ral fashion with depletion of intraepidermal T cells in all
five patients studied. Our data suggest a novel molecular
pathway by which UV light can contribute to the ability of a
skin cancer to escape from immune attack by cytotoxic T
lymphocytes, and a previously unrecognized therapeutic
mechanism of action for UV-B light in psoriasis via kerati-
nocyte CD95L expression. Such immunological events in-
volving CD95L provide new insight and opportunity for
novel treatment approaches not only for cutaneous neo-
plasms but also for various T cell–mediated dermatoses
such as psoriasis. (
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Introduction

 

Basal cell carcinomas (BCCs)

 

1

 

 occur primarily on sun-exposed
skin, and are the most common malignancy in humans, with an
estimated 750,000 cases per year in the United States (1). The
tumor cells in BCC have several different possible methods for
evading immune recognition and destruction by cytotoxic T
lymphocytes. Four previously described immunologic aberra-
tions in BCC include (

 

a

 

) absence of cell surface expression of
class II MHC antigens (HLA-DR) and intercellular adhesion
molecule 1 (CD54) (2); (

 

b

 

) production of IL-10, a cytokine
that suppresses expression of costimulatory molecules B7-1
(CD80) and B7-2 (CD86) by professional (i.e., dendritic) anti-
gen-presenting cells, inhibiting their ability to activate T cells
(3–5); (

 

c

 

) overexpression of cell survival gene products such as
Bcl-2; and (

 

d

 

) failure of tumor cells to express the Fas antigen
(CD95), thereby avoiding T cell killing by Fas ligand (CD95L)–
bearing cytotoxic T cells (6–8).

Recently, much attention has focused on the role of CD95
and CD95L in the regulation of costimulation and immune re-
sponses (9, 10). To identify specific molecular events that im-
pact cell-mediated immune reactions in the skin (11, 12), we
asked whether tumor cells of the most common malignancy in
humans aberrantly express CD95L. Such expression would po-
tentially imbue the tumor cell with the potential to kill infil-
trating T cells expressing CD95 by inducing apoptosis (13, 14).
Previously, we observed that T cells immediately adjacent to
BCC were undergoing apoptosis, whereas T cells not in prox-
imity to tumor cells were viable, indicating that tumor cells
could be responsible for induction of programmed cell death
in the peritumoral T cells (8). In addition, we examined the be-
nign hyperplastic keratinocytes in psoriatic plaques before and
after exposure to ultraviolet-B (UV-B) light. Such UV-B ex-
posure can induce long-lasting clinical remissions, but the mo-
lecular mechanism by which intraepidermal T cells are de-
pleted has not been elucidated previously (15).

In this report, we document strong and diffuse expression
of CD95L by infiltrating tumor cells of BCC. Using cultured
multipassaged human keratinocytes and a keratinocyte cell
line, induction of CD95L was modulated by cytokines, a tumor
promoter, and UV-B light. Using an in vitro cytotoxicity assay,
keratinocytes induced to express CD95L acquired the capacity
to kill CD95-positive lymphocytes. Furthermore, in vivo expo-
sure of psoriatic skin to UV-B light also led to induction of
strong and diffuse CD95L expression by keratinocytes that co-
incided with depletion of intraepidermal T cells (15). These
data provide a molecular basis by which tumor cells can sup-
press cell-mediated immunity, and new insight into the mecha-
nism of action of UV-B light in producing clinical remissions of
psoriasis involving CD95 and CD95L.
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Abbreviations used in this paper:

 

 BCC, basal cell carcinoma; TPA,
12-

 

O

 

-tetradecanoyl phorbol 13-acetate.
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Methods

 

Human tissue samples.

 

All tissue samples in the study were obtained
from biopsies of skin that were immediately snap-frozen and stored
at 

 

2

 

80

 

8

 

C until analysis. Tissue samples included four different biop-
sies of normal adult human skin and six different patients with BCC.
All tumors were removed from sun-exposed areas of the face. Five
patients (three males and two females; age range 32–62 yr) with psori-
asis all had extensive and active plaque-stage disease (15% of body
surface or greater). 6-mm punch biopsies of symptomless skin and
psoriatic plaques before, during (days 11–15), and after (days 30–34)
UV-B treatment were obtained as described previously (15). Briefly,
patients were admitted to Rockefeller University for Gockerman
treatment in which a 3% coal tar emollient was used with UV-B ex-
posure. Initial UV-B doses were determined by minimal erythema
dose testing on day 1, with 15% incremental daily doses as tolerated.
The initial UV-B treatment was 

 

z

 

80% of the minimal erythema dose
and ranged between 35 and 70 mJ/cm

 

2

 

. The mean UV-B dose at
midtreatment was 165 mJ/cm

 

2

 

, and at completion was 608 mJ/cm

 

2

 

.
Skin was irradiated in a unit (model 5700; Psoralite Corp., Columbia,
SC) containing LS-FS7T12-UVB-HO fluorescent bulbs, which emit
in a broad peak of 285–345 nm except for a spike of increased irradia-
tion at 313 nm. UV-B output was measured with a radiometer (model
IL 1700; International Light, Inc., Newburyport, MA) and calibrated
UV-B detector (model SED 240, International Light, Inc.).

 

Cells and cell lines.

 

Multipassaged human keratinocytes were ob-
tained from biopsies of healthy skin as described previously (8).
Briefly, keratinocytes were grown in plastic petri dishes (Falcon Lab-
ware, Becton Dickinson, Franklin Lakes, NJ) in low calcium, serum-
free keratinocyte growth medium (Clonetics Corp, San Diego, CA)
and maintained at 37

 

8

 

C in a humidified incubator with 5% CO

 

2

 

. For
some experiments, cells were grown in eight-well slide chambers (Lab
Tek; Nunc, Inc., Naperville, IL). An immortalized keratinocyte cell
line (HaCaT cells) (16) was kindly provided by Professor N.E. Fus-
enig (German Cancer Research Center, Heidelberg, Germany), and
was also propagated in keratinocyte growth medium under identical
conditions as described above. Cultured keratinocytes were treated
with various agents, including the following: 12-

 

O

 

-tetradecanoyl phor-
bol 13-acetate (TPA, 5 nM; Sigma Chemical Co., St. Louis, MO), re-
combinant human IFN-

 

g

 

 (10

 

3

 

 U/ml; Genentech Inc., S. San Francisco,
CA), recombinant human TNF-

 

a

 

 (10

 

3

 

 U/ml; Genentech Inc.), and
UV-B light. Human colon epithelial cell line SW620 was obtained
from American Type Culture Collection (Rockville, MD) and grown
in DME plus 10% FCS as described previously (17). The murine lym-
phocytic leukemia line L1210.3 (nontransfected) and L1210.Fas (trans-
fected with mouse CD95) and the human chronic myelogenous leu-
kemia cell line K-562-neo.F10 (transfected with vector control) and
K-562-hFL.E12 (transfected with human CD95L) were kindly do-
nated by Richard Duke (University of Colorado, Denver, CO). These
cell lines were cultured in RPMI medium supplemented with 10%
FCS and 10

 

2

 

4

 

 M 

 

b

 

-mercaptoethanol. Transfected cell lines were
maintained in 600 

 

m

 

g/ml geneticin (GIBCO BRL, Gaithersburg, MD).

 

51

 

Cr-release assay for CD95/CD95L-mediated cytotoxicity.

 

Cyto-
toxicity tests were carried out in V-shaped microtiter plates with 

 

51

 

Cr-
labeled target cells (5,000 cells/well) and effector cells at the indicated
ratios in a total volume of 100 

 

m

 

l/well in RPMI medium with 10%
FCS. The target cells were L1210.3 (CD95-negative) and L1210.Fas
(CD95-positive) murine B lymphocytic leukemia cell lines. The effec-
tor cells included K562-neo.F10, K562-hFL.E12, SW620 colon epithe-
lial cells, and human keratinocytes untreated or treated with 10

 

3

 

 U/ml
IFN-

 

g

 

 and 5 nM TPA or 30 mJ/cm

 

2

 

 UV-B light for 18 h. Human kera-
tinocytes and SW620 cells were treated briefly with 10 mM EDTA
and washed before coculture with target cells. Use of EDTA was im-
portant to prevent the activation of proteases which can degrade
membrane-bound CD95L (18). Plates were centrifuged briefly, and
target/effector cells were incubated for 18 h. To address CD95L-spe-
cific killing of target cells by SW620 or keratinocytes, Fas.Fc fusion
protein (human CD95 fused to Fc portion of mouse IgG1, a kind gift

from Gary Nabel, University of Michigan, Ann Arbor, MI; reference
19) was included in some wells. Spontaneous release was determined
in wells containing target cells in medium alone, and maximum re-
lease was determined in wells containing target cells in medium con-
taining 1.0% Triton X-100. Supernatants were harvested and counted
in a microplate scintillation and luminescence counter (Topcount;
Packard, Meriden, CT). The percentage of specific killing was calcu-
lated as

 

Immunohistochemical staining.

 

Cryostat sections of skin (5 

 

m

 

m
thick) were fixed using acetone and immunostained using an avidin–
biotin detection system (Vectastain; Vector Laboratories, Burlin-
game, CA) as described previously (2). The antibodies were used at
optimal concentrations with 3-amino-9-ethylcarbazole (producing a
positive red reaction product) as the chromagen with l% hematoxylin
as the counterstain. Mouse mAb against CD95 (CH11, IgM; Upstate
Biotechnology, Inc., Lake Placid, NY) was used, as were two differ-
ent rabbit anti–human CD95L antisera (Q20 and C20; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA). Rhodamine-conjugated mouse
mAb against human CD3 was purchased from Becton Dickinson
(Mountain View, CA).

 

Western blot analysis.

 

Soluble fractions of cultured keratinocytes
of BCC tumor fragments were prepared as described previously (8),
except 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonic
acid lysis buffer (20) was used instead of Triton buffer. 50 

 

m

 

g of each
protein sample was electrophoresed under reducing conditions
through a 12.5% SDS-polyacrylamide gel (SDS-PAGE), and trans-
ferred to a nitrocellulose membrane (Schleicher & Schuell, Keene,
NH). Staining for CD95L was performed using a rabbit polyclonal
CD95L antiserum followed by goat anti–rabbit IgG-peroxidase
(Jackson ImmunoResearch Labs, West Grove, PA). Protein expres-
sion was detected by a chemiluminescent detection system (ECL kit;
Amersham Corp., Arlington Heights, IL).

 

Reverse transcription and PCR.

 

Total cellular RNA was isolated
using Trizol reagent (GIBCO BRL), and converted to cDNA using
the superscript preamplification system for first-strand cDNA synthe-
sis (GIBCO BRL), with oligo (dt)

 

12–18

 

 primer. PCR was performed
using the following sense and antisense primers, respectively: Fas re-
ceptor, CAGAACTTGGAAGGCCTGCATC and TCTGTTCTGCT-
GTGTCTTGGAC (17), Fas ligand, CACCCCAGTCCACCCC-
CTGA and AGGGGCAGGTTGTTGCAAGA (21). 1 

 

m

 

l of cDNA
was amplified by PCR in a 50-

 

m

 

l reaction volume containing PCR
buffer (20 mM Tris-HCl [pH 8.4], 50 mM KCl, 1.5 mM MgCl

 

2

 

, 0.2 mM
dNTP, 5 pmol of each primer, and 2.5 U 

 

Taq

 

 DNA polymerase
[GIBCO BRL]). PCR was performed in a GeneAmp PCR system
2400 thermal cycler (Perkin-Elmer Corp., Branchburg, NJ) with the
following thermal profile: 94

 

8

 

C for 3 min followed by 35 cycles of de-
naturation at 94

 

8

 

C for 30 s, annealing at 55

 

8

 

C for 30 s, and extension
at 72

 

8

 

C for 45 s, and a 10-min incubation at 72

 

8

 

C. Products were sepa-
rated by electrophoresis through a 1.5% agarose gel and visualized by
ethidium bromide staining and UV illumination.

 

Results

 

Distribution of CD95L and CD95 in normal human skin and
BCC.

 

Even though CD95L was observed initially on activated
T lymphocytes (22), it can also be expressed by several other
cell types, including corneal epithelial cells (23). Since the skin
and eye share some immunological features (24) and are both
exposed continually to UV containing solar rays, we asked if a
sunlight-induced tumor of the skin expressed CD95L. We fo-
cused initially on BCCs because they are the most frequent tu-
mor in humans and are associated with chronic sunlight expo-
sure (1). We postulated that if the constitutive expression of

100 sample release ][( spontaneous release ] )[ /
maximum release ][( spontaneous release[ ] )– .

–×
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CD95L by the cornea was related to sunlight exposure, then
UV irradiation might be one mechanism by which epithelial cells
in the skin regulate CD95L expression. Immunohistochemical
staining of normal adult skin with either of two distinct rabbit
antibodies (designated C20 and Q20) against CD95L revealed
absent to low amounts on the plasma membrane of epidermal
keratinocytes (Fig. 1 

 

A

 

), consistent with an earlier report that
used a different antibody (25). Occasional mononuclear cells
in the dermis resembling lymphocytes stained positive for
CD95L (Fig. 1 

 

A

 

, 

 

arrows

 

), which served as a positive internal
control. The staining in this series of patients was judged to be
CD95L-specific by several criteria, including (

 

a

 

) use of normal
rabbit serum at the same dilution produced no consistent stain-
ing of any cells in epidermis or dermis; (

 

b

 

) intensity of the sig-
nal diminished as the dilution was increased; (

 

c

 

) studies using
Jurkat T cells revealed the epitope was induced rapidly on the
surface after activation; (

 

d

 

) preincubating the anti-CD95L an-
tibody with a blocking antibody abrogated the positive stain-
ing; and (

 

e

 

) as portrayed below, use of one of the antibodies
(Q20) in Western blot analysis immunoprecipitated the appro-
priate size molecular species of CD95L. In general, the extents
of keratinocyte plasma membrane detection using the C20 and

Q20 antibodies were comparable, but the C20 antibody tended
to decorate the cytoplasm of keratinocytes to a greater extent
than the Q20 antibody.

When untreated psoriatic plaques were examined, CD95L
was not conspicuous on the surface of the hyperplastic kerati-
nocytes, but was present on dermal mononuclear cells, includ-
ing macrophage and lymphoid-type cells (Fig. 1 

 

B

 

). In normal
skin and psoriatic plaques, no CD95L was seen consistently on
Langerhans cells or melanocytes, and 

 

,

 

 10% of all epidermal
and dermal mononuclear cells in the psoriatic plaques were
CD95L-positive (Fig. 1, 

 

A

 

 and 

 

B

 

). In contrast, tumor cells in all
BCCs had invasive islands that were strongly and diffusely
positive for CD95L on their plasma membranes (Fig. 1, 

 

C

 

 and

 

D

 

). Individual cells in the center and at the periphery of the
collection of tumors were intensely CD95L-positive. CD95L
was also easily detectable on peritumoral mononuclear cells such
as macrophages and lymphocytes but not endothelial cells. It
should be noted that we observed previously that T lympho-
cytes immediately surrounding BCC tumor cells were found to
be undergoing apoptosis (8). Serial sections of the BCCs re-
vealed complete absence of CD95 expression by the tumor cells,
although the surrounding stroma contained innumerable posi-

Figure 1. Strong expression of CD95L in BCC but not normal or psoriatic skin. (A) Immunostaining reveals low levels of CD95L expression by 
keratinocytes in normal adult human skin, although dermal lymphoid cells are positive (arrows). (B) Untreated psoriatic plaque has occasional 
infiltrating CD95L-positive mononuclear cells (arrows), but minimal keratinocyte CD95L expression. (C) Infiltrating BCC tumor cells strongly 
and diffusely express CD95L (arrows). (D) Tumor cells in both the center and periphery of islands are CD95L-positive (arrows), as are sur-
rounding mononuclear cells. (E) BCC tumor cells are devoid of CD95, although peritumor stroma has many CD95-positive cells (arrow).
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tive cells (Fig. 1 

 

E

 

). The absence of CD95 expression by the tu-
mor cells supports the notion that the tumor cells are produc-
ing CD95L and not just binding soluble CD95L onto their
surface. To demonstrate further that the immunostaining re-
sults represented recognition of CD95L, tumor cell fragments
were dissected, and the protein extract was subjected to West-
ern blot analysis, which confirmed the presence of a 40-kd mo-
lecular species of CD95L (data not shown). Thus, BCC should
be added to the rapidly growing list of nonhematolymphoid
human malignancies in which tumor cells express CD95L, such
as colon carcinoma, melanoma, and hepatocellular carcinoma
(17, 23, 25, 26).

 

Induction of CD95L on cultured human keratinocytes.

 

While it is becoming clear that multiple tumor cell types can
express CD95L, little is known regarding the trigger factors that
are responsible for the induction of CD95L. Because the skin
has been found to be an excellent organ for advancing our
understanding of carcinogenesis (27), we next asked how dif-
ferent stimuli implicated in various tumor models would influ-
ence cultured keratinocyte CD95L expression. Stimuli se-
lected for these experiments included UV-B irradiation, tumor
promoter TPA, and primary cytokines implicated in skin pa-
thology, TNF-

 

a

 

 and IFN-

 

g

 

. By immunohistochemical staining,
untreated multipassaged keratinocytes demonstrate weak cy-
toplasmic and plasma membrane expression of CD95L (Fig.
2 

 

A

 

). Exposing cultured keratinocytes for 48 h to TPA (Fig. 2 

 

B

 

),
IFN-

 

g

 

 (Fig. 2 

 

C

 

), and TNF-

 

a

 

 (Fig. 2 

 

D

 

) increased cytoplasmic
and plasma membrane expression of CD95L. Combining TPA
and IFN-

 

g

 

 (Fig. 2 

 

E

 

) also led to induction of CD95L expres-

sion by the keratinocytes. Exposing keratinocytes to 30 mJ/cm

 

2

 

UV-B light alone (Fig. 2 

 

F

 

) stimulated CD95L expression in
the cytoplasm and on the plasma membrane, producing a
chicken-wire pattern of expression resembling the BCC tumor
samples. Similar results were observed using either multipas-
saged keratinocytes obtained from normal human skin or an
immortalized keratinocyte cell line, HaCaT (16). No induction
of CD95L was observed with keratinocytes exposed to only 10
mJ/cm

 

2

 

 of UV-B light, and no further increase in CD95L ex-
pression was detectable above 30 mJ/cm

 

2

 

 (i.e., 50 mJ/cm

 

2

 

). In-
terestingly, while there was constitutive expression of CD95 by
cultured keratinocytes, exposure to UV-B light abrogated
completely any detectable CD95 expression by immunostain-
ing (data not shown). Thus, UV-B light treatment of cultured
keratinocytes produced a phenotype (CD95-negative, CD95L-
positive) resembling BCC. Because CD95L is sensitive to pro-
teases such as trypsin (required to prepare single-cell suspen-
sions), we could not use flow cytometry on cultured keratinocytes
to quantify CD95L expression. Using Western blot analysis,
the immunohistochemical staining results were extended, and
untreated keratinocytes displayed only faint bands at 40 and
27 kD (Fig. 3 

 

A

 

). However, treatment of cultured kerati-
nocytes with UV-B light (Fig. 3, lanes 

 

C

 

 and 

 

E

 

) or IFN-

 

g

 

 plus
TPA (Fig. 3, lanes 

 

B

 

 and 

 

D

 

) increased expression at 24 and 48 h
for the 27- and 40-kD forms of CD95L. These molecular spe-
cies of CD95L have been observed previously for other (i.e.,
nonkeratinocyte) cell types (25, 26). The increase in the 40-kD
CD95L protein molecule over the untreated control kerati-
nocytes was fourfold for IFN-

 

g

 

 plus TPA, and fourfold for

Figure 2. Induction of CD95L on cultured 
human keratinocytes. (A) Without stimula-
tion, keratinocytes express low amount of 
CD95L. Increased cytoplasmic and plasma 
membrane CD95L expression of keratino-
cytes exposed to TPA (B), IFN-g (C), 
TNF-a (D), IFN-g plus TPA (E), and after 
UV-B light treatment (30 mJ/cm2) (F).
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UV-B light. The 32-kD CD95L protein band (Fig. 3, lanes 

 

D

 

and 

 

F

 

) represents the nonglycosylated form as described previ-
ously (18). To confirm further that cultured keratinocytes
could indeed produce CD95L, reverse transcription-PCR anal-
ysis was performed. Using previously published primer sets for
CD95L mRNA, cultured keratinocytes were found to be posi-
tive for CD95L mRNA (data not shown).

 

UV-B light–exposed keratinocytes acquire ability to induce
T lymphocyte cytotoxicity. As observed previously, it is rare
for viable T lymphocytes to be seen binding to or contained
within the islands of tumor cells in biopsies of BCC (2). Given
the striking expression of CD95L by BCC, and the upregula-
tion of CD95L by cultured keratinocytes, we next asked if UV-B
light–treated keratinocyte cultures acquired the capacity to kill
a Fas-expressing lymphoma cell line. The cytoxicity assays
were conducted with two different target cell types, a murine
lymphoma line expressing no CD95, and the same line trans-
fected with CD95 (detectable by flow cytometry; data not
shown). The functional activity of CD95L expressed by the ke-
ratinocytes revealed (Fig. 4, left) that whereas untreated kera-
tinocytes induced , 10% of the specific killing of CD95-positive
lymphoma cells, both IFN-g plus TPA–treated keratinocytes
and UV-B light–exposed keratinocytes acquired the capacity
to induce two- to threefold higher levels of specific killing,
reaching 30% for the UV-B light–exposed keratinocytes (P ,
0.01). This cytoxicity was inhibited almost completely by a
Fas.Fc fusion protein, indicating that lysis was due to CD95–
CD95L interaction. Furthermore, there was no significant lysis
of lymphocytes not expressing CD95. The UV-B light–exposed
keratinocytes were either equal or better at inducing specific
killing of the CD95-positive target cells compared with CD95L-
expressing SW620 cells or K562 cells transfected with CD95L,
or when the target cells were exposed to an anti-CD95 anti-
body (Fig. 4, right).

Successful treatment of psoriasis using UV-B light induces
keratinocyte CD95L. To examine the human skin response in
vivo, five patients with active untreated psoriatic plaques were
studied before, during, and after induction of clinical remission
using UV-B light therapy as described previously (Fig. 5) (15).
Untreated psoriatic skin was negative for CD95L expression
on the plasma membrane of the hyperplastic keratinocytes in
all patients (Fig. 5 A). In two patients, scattered epidermal ke-
ratinocytes in the clinically symptomless skin had focal CD95L
expression. In biopsies of skin taken 2–3 wk after initiation of

UV-B light therapy, there was increased CD95L expression by
epidermal keratinocytes in all skin samples of both psoriatic
plaques (Fig. 5 B) and symptomless skin (Fig. 5 E). This
marked enhancement of CD95L expression was also observed
on epidermal keratinocytes after the completion (4–5 wk) of
UV-B light therapy (Fig. 5, C and F). It should be noted that
the temporal appearance of CD95L by keratinocytes in the
UV-B light–treated psoriatic plaques coincided with the disap-
pearance of T cells (15).

While there was 5168 intraepidermal CD31 T cells pre-
sent in the pretreatment psoriatic plaque biopsies, after 2–3 wk
of UV-B light treatment, only 963 intraepidermal T cells were
present in the skin biopsies. There was no light microscopic ev-
idence of any cytopathic effects of UV-B light treatment on
the keratinocytes, as their nuclei had evenly dispersed chroma-
tin with no fragmentation or clumping.

Discussion

Chronic and near-continuous exposure to solar UV irradiation
are hallmarks for both ocular and cutaneous organ systems.
Neither the skin nor the eyes can tolerate destructive inflam-
matory reactions or chronic immune-mediated processes (23,
24). Since CD95–CD95L interactions have been observed pre-

Figure 3. Induction of CD95L protein by cultured keratinocytes. Im-
munoblot analysis reveals that untreated keratinocytes (lane A) have 
low constitutive amounts of the 40-kD species of CD95L, but more of 
the 27-kD species. After exposure to IFN-g plus TPA for 24 and 48 h 
(lanes B and D), or UV-B light (30 mJ/cm2) for 24 and 48 h (lanes C 
and E), respectively, there was an increase in the amount of the 40 kD 
species of CD95L. For comparison, protein extraction from SW620 
cells was also performed (lane F). The nonglycosylated form of 
CD95L can be seen in lanes D and F (32 kD).

Figure 4. CD95L-positive keratinocytes kill CD95-positive lympho-
cytes. Cytoxicity assays (% Specific Killing) reveal that IFN-g plus 
TPA–treated or UV-B light–exposed keratinocytes induce specific 
killing of CD95-positive lymphocytes greater than or equal to killing 
mediated by SW620 cells, K562 cells transfected with CD95L, or anti-
CD95 antibody. Effector to target ratio was 5:1, with targets including 
either CD95-positive (white bars) or CD95-negative (hatched bars) 
lymphocytes. Black bars, CD95-positive lymphocytes incubated with 
a Fas.Fc fusion protein. For all experiments, target and effector cells 
were coincubated for 18 h, and 51Cr release was measured as de-
scribed in Methods. Results shown represent mean6SD for four in-
dependent experiments.
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viously to play important roles in modulating inflammatory
and immunological reactions in other organ systems, we ex-
plored the potential relationship between UV irradiation and
keratinocytes with regard to these cell surface molecules. The
current results provide some insight, establishing for the first
time a direct link between UV-B light exposure and epithelial
cell CD95L expression. On the one hand, corneal epithelial ex-
pression of CD95L is beneficial in maintaining immune privi-
lege such that inflammatory and immune-mediated T cell as-
saults in the eye are kept to a minimum (24). However, it
appears that tumor cells in the skin can use the UV-B light–
mediated induction of CD95L to escape from a local immune
response that includes infiltrating cytotoxic T lymphocytes (3,
27). In our previous report (8), we emphasized that T cells im-
mediately adjacent to islands of BCC tumor were frequently
TUNEL-positive (for terminal deoxynucleotidyl transferase–
mediated dUTP-biotin nick end-labeling, a marker for cells un-
dergoing apoptosis), whereas T cells not in proximity to tumor
cells did not undergo apoptosis. The striking and diffuse ex-
pression of CD95L by the tumor cells provides a molecular ba-
sis for these tissue patterns of apoptotic T cells. It will be of
interest to determine if melanocytes/melanoma cells will re-
spond to UV-B light in the same way as keratinocytes, by
upregulating CD95L and suppressing CD95 expression (25).
Preliminary studies reveal that the other sunlight-induced ma-

lignancy of skin, squamous cell carcinoma, also has infiltrating
tumor cells positive for CD95L expression. The tumor cells in
BCC appear to have created an optimal regional immunosup-
pressive microenvironment, in that the tumor cells fail to ex-
press HLA-DR, intercellular adhesion molecule 1, leukocyte
function–associated antigen 3, and CD95, and at the same time
produce IL-10 and CD95L. Such a coordinated and highly ef-
fective series of molecular events that are widely and uni-
formly dispersed among infiltrating islands of tumor cells sug-
gests a proximal controlling event under the influence of a
UV-B light–sensitive regulatory element(s), which merits fur-
ther attention.

Not only can UV-B light have a direct influence on kerati-
nocyte CD95L expression, but a tumor promoter (i.e., TPA)
and primary cytokines produced by keratinocytes and the skin
immune system in response to sunlight exposure (i.e., TNF-a
and IFN-g) (28) can also stimulate CD95L expression. To our
knowledge, this is the first demonstration that such stimuli (in
addition to UV-B light) can modulate CD95L expression in an
epithelial cell type. This induction of CD95L by keratinocytes
imbued these cells (particularly the UV-B light–exposed kera-
tinocytes) with the functional ability to mediate specific killing
of lymphocytes expressing CD95.

Besides these in vitro results, we examined the in vivo re-
sponse in psoriatic patients with respect to UV-B light and ke-

Figure 5. Irradiation of skin by UV-B light induces keratinocyte CD95L expression. Both psoriatic plaques (A–C) and adjacent symptomless 
skin (D–F) from the same patient were immunostained to detect CD95L. Before treatment (A and D), low levels of CD95L were detectable on 
epidermal keratinocytes. 2 (B and E) and 4 wk (C and F) after initiation of daily UV-B light exposure, keratinocytes are induced to express 
CD95L on their plasma membranes. Note the decreased thickness of the epidermis and diminution in number of mononuclear cells in the psori-
atic lesion after UV-B light treatment (compare A with B and C).
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ratinocyte CD95L expression. We observed that in untreated
active psoriatic lesions, hyperplastic keratinocytes do not ex-
press any CD95L on their plasma membranes, but after UV-B
light treatment, lesional keratinocytes strongly express CD95L,
with a chicken-wire appearance. Such induction of CD95L by
UV-B light may explain how this light treatment can improve
the psoriatic plaques by mediating apoptosis of infiltrating
pathogenic epidermal T cells. A previous clinical trial demon-
strated clearly that UV-B light treatment of psoriatic plaques
was associated with selective depletion of intraepidermal T
lymphocytes (15). Because of the strong and diffuse positive
labeling in psoriatic epidermis by terminal deoxynucleotidyl
transferase–mediated dUTP-biotin nick end-labeling assay, we
could not reliably use this technique to assess apoptosis before
or after UV-B light treatment (29). However, based on the
light microscopic appearance, the keratinocytes displayed no
morphological evidence of any cytopathic changes at midpoint
(2–3 wk) or completion (4–5 wk) of UV-B light treatment.
Studies are under way using a severe combined immunodefi-
cient mouse model of psoriasis (30) to determine if preirradia-
tion of symptomless skin engrafted onto severe combined
immunodeficient mice can suppress the ability of injected
pathogenic T cells to produce full-fledged psoriatic plaques.
Furthermore, it will be interesting to determine if an abnor-
mality in keratinocyte CD95L induction by UV-B light and
subsequent interaction with CD95-positive T cells is relevant
to patients with SLE (31).

In conclusion, keratinocytes can be induced to express
functionally active CD95L, and, thus, yet another immuno-
modulatory function of these epithelial cells can be appreci-
ated (i.e., potential terminators of immune reactions by killing
infiltrating CD95-positive T cells) beyond those already recog-
nized for keratinocytes (32). Additional clinical studies are
necessary to determine if negating CD95L expression by tu-
mor cells in BCC can have a positive therapeutic outcome.
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