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Abstract

Although sunlight is known to induce skin lesions in patients
with systemic lupus erythematosus (SLE) and to exacerbate
systemic manifestations, the underlying mechanisms remain
obscure. Wereport experiments that show enhanced binding of
IgG autoantibodies to the cell surface membrane of ultraviolet-
B (UVB) irradiated (200-1,600 J/m2) cultured SLE keratino--
cytes in 10 out of 12 such cell strains. The autoantibody probes
showing increased binding were directed against the soluble
intracellular antigens, Sm, RNP, SSA/Ro, SSB/La, whereas
serum with anti-dsDNA activity did not demonstrate such bind-
ing. Control keratinocytes from several sources shared low
level binding of autoantibodies after ultraviolet light exposure.
In addition, 4/6 UVB-sensitive SLE strains showed increased
autoantibody binding to the surface of SLE keratinocytes after
UVA exposure (50-150 kJ/m2), but of lower magnitude.
WhenUVB-sensitive nonirradiated SLE strains were exposed
to autologous serum, 3/8 sera demonstrated a striking increase
in IgG binding, which increased further after UVBexposure.
Enhanced expression of saline-soluble intracellular antigens on
the cell surface membrane of patient, but not control, keratino-
cytes may, in part, explain the photosensitivity of patients with
SLE. ( J. Clin. Invest. 1992.90:1067-1076.) Key words: ultravi-
olet light , systemic lupus erythematosus * keratinocytes * au-
toantigens

Introduction

Photosensitivity is one of the most frequent symptoms of sys-
temic lupus erythematosus (SLE)' ( 1 ). Exposure to solar radia-
tion is known to induce skin lesions and may also exacerbate
systemic disease activity (2). Although cutaneous lesions in
sun-sensitive patients have been elicited by ultraviolet radia-
tion (UVR) under controlled experimental conditions (3, 4),
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1. Abbreviations used in this paper: AO, acridine orange; CIE, counter-
immunoelectrophoresis; EB, ethidium bromide; IIF, indirect immuno-
fluorescence; SCA, soluble cellular antigens; SLE, systemic lupus er-
ythematosus; TB, trypan blue; UVR, ultraviolet radiation.

the exact mechanisms are not fully understood (5). In SLE
patients, immunoreactants are mainly deposited at the dermo-
epidermal junction of sun-exposed skin (6). Similar immune
deposits can be induced experimentally by UVC (200-290
nm), presumably as a result of the local release of ultraviolet-al-
tered DNA(UV-DNA) and binding by specific autoantibodies
in the skin (7, 8). However, it has become apparent that UVC-
altered DNA is of little clinical relevance in inducing SLE in
vivo (9) and that solar UV reaching the surface of the earth is
mainly composed of UVA(320-400 nm) (90-95%) and UVB
(290-320 nm), with little or no penetration of UVCthrough
the stratospheric ozone layer ( 10).

Recent studies have shown that UV-induced DNAdamage
varies according to the nature of the UV source used and that
alterations in cellular macromolecules other than DNAmay be
induced by UVAand UVB irradiation. UVAand UVBmay
affect both RNAand protein synthesis and cell membrane per-
meability ( 11, 12). In this regard, the finding that UVBirradia-
tion of normal human keratinocytes induced autoantibody
binding to soluble cellular antigens (SCA), such as SSA(Ro)
and SSB( La), on the surface of human keratinocytes is of im-
portance ( 13, 14). The presence of these antibodies in the sera
of SLE patients is known to be associated with photosensitivity,
especially in patients with the subacute cutaneous LE va-
riant ( 15).

Wehave recently demonstrated an enhanced sensitivity of
dermal fibroblasts and peripheral blood lymphocytes derived
from SLE patients to UVB irradiation in vitro ( 16). Since the
epidermal keratinocyte is the major target of immunologic
damage in photosensitive SLE patients ( 14), the effect of UV
irradiation on SLE-derived keratinocytes was studied in vitro.
Our data showed that SLE-derived keratinocytes were more
susceptible than control keratinocytes to UV-induced intracel-
lular and cell surface expression of soluble intracellular anti-
gens.

Methods

Patients and controls. 12 SLE patients ( I I females and I male, aged
24-63 yr), who fulfilled four or more of the American Rheumatism
Association revised cfiteria for the classification of SLE ( I ), two female
patients with facial basal cell carcinoma (aged 61-78 yr), and four
female patients with RA (aged 51-60 yr) were included in this study,
after giving informed consent. All patients were attending the outpa-
tient clinic and were either in clinical remission or had mild clinical
activity. Cells cultured from 13 healthy individuals (9 male neonates
and 4 adult females, aged 49-56 yr) were included as controls. Sera
from all patients were obtained and tested for the presence of autoanti-
bodies as described below.

Keratinoc 'te cell ciultuires. Skin specimens were obtained from the
inner forearm of each patient by a modified suction blister machine
(designed and built by the Laboratory for Investigative Dermatology,
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The Rockefeller University) as described elsewhere (17). The donor
sites were warmed to 37°C by an electronic controlled heating device
and were kept under negative pressure of 350-420 mmHg. Within
45-60 min blisters were raised (usually two) of 5 mmin diameter. The
roofs of these blisters were removed under sterile conditions with fine
surgical scissors, rinsed separately in PBS containing antibiotics, and
then incubated in 0.25% trypsin in EDTA0.342 mol/liter (Clonetics
Corp., San Diego, CA). After 20 min incubation at 37°C, gentle agita-
tion, and centrifugation, the cell pellets were harvested. Surgical skin
specimens obtained from controls (foreskins from circumcised neo-
nates and facial skin from cosmetic facial procedures) were incubated
overnight in Dispase ( 1%, neutral protease derived from Bacillus poly-
myxa, grade II, Cell Biology; Boehringer Mannheim GmbH, Mann-
heim, Germany), to produce epidermal separation, thereafter epider-
mal sheets were treated identically to suction blister samples. After
resuspension of cell pellets, keratinocytes were plated into sterile 75-
cm2 plastic flasks (Falcon Labware, Becton, Dickinson, & Co., Lincoln
Park, NJ) and grown in serum-free defined medium (KGM; Clonetics
Corp.) at 37°C in a humid gaseous mixture of 75% N2, 5%CC2, 20%
02- Primary cultures were further expanded in two passages. In the
second passage, cells (7.5 X 104 cells/3 ml per well) were distributed
into sterile six-well plates containing glass cover slips and were main-
tained in culture for 3-4 d before experimental use. Under these condi-
tions nonconfluent, discrete, nonstratifying monolayer colonies of 20-
50 cells were formed (mean cell viability 97.2±1.2%). Excess cells from
the second passage were frozen in aliquots and used in repeated experi-
ments.

UV irradiation. Before irradiation, cell culture medium was re-
placed by PBSto avoid any toxic photochemical effects of UVRon cell
growth. At least one specimen of keratinocytes (grown on glass slides)
of each cell strain (in duplicate) was not exposed to UVR(but was
handled otherwise in the same way as irradiated cells), whereas the
remainder of the cells was exposed separately to various doses of UVR
as detailed in Results. A sun lamp battery (FS 20; Westinghouse Elec-
tric Corp., Pittsburgh, PA) housed in a reflector unit was used as a UVB
light source. The irradiance of this unit, as measured by a radiometer
(IL 1700 [photodetector SED240]; International Light, Inc., Newbur-
yport, MA), was 0.5 mW/cm2at a distance of 15 cm and contained
24% of UVAemission. A Black Light (F587T 1 2-BL-HO; Derma Con-
trol, Frankfort, IL) battery housed in a reflector unit was used as a
UVAlight source. The irradiance of this unit as measured by a radiome-
ter (IL 1700 [photodetector SED038]; International Light, Inc.) was
12.0 mW/cm2at a distance of 15 cm and contained < 0.3% UVB
emission. A Schott filter (WG-335, 2-mm thickness; Glass Technolo-
gies Inc., Duryea, PA) placed during irradiation between UVAsource
and cultured cells (and under controlled temperature not exceeding
30°C) reduced UVAemission to 9.4 mW/cm2and practically elimi-
nated UVBirradiance ( < 0.0 15%). After irradiation cells were immedi-
ately reconstituted with fresh medium and cultures were usually fur-
ther incubated for 20 h. At this stage (0 hour) viability of cultures was
assessed by the trypan blue (TB) dye exclusion test.

Autoantibody detection and selection of antibody probes. Autoanti-
bodies to the SCA(SSA/Ro, SSB/ La, Sm, RNP) were determined by
counterimmunoelectrophoresis (CIE) as described previously (18).
Autoantibody probes used in this study for the analysis of the expres-
sion of the SCA on keratinocytes were selected from sera studied in
detail previously (18, 19). The anti-SSA/SSB serum was obtained
from a patient with primary Sjogren's syndrom and did not bind to
other proteins on immunoblots or to DNA. The anti-Sm serum ob-
tained from a patient with SLE showed weak anti-RNP activity by CIE,
whereas the anti-RNP antibody (obtained from a patient with mixed
connective tissue disease) was apparently monospecific. The anti-
dsDNA antibody was negative by CIE and did not bind to protein
antigens on immunoblots. In a few experiments one additional anti-
serum was used: a rabbit antiglucoronic transferase (gift of Dr. Andrew
Dannenberg, NewYork Hospital-Cornell Medical Center, NewYork).

Indirect immunolluorescent (IIF) staining of living cells. Third-
passage keratinocytes (maintained in culture on glass slides) were

washed with cold (4°C) PBSand then incubated with diluted test sera
( 1:50) at 2°C (to prevent endocytosis) for I h. Thereafter cells were
washed twice for 10 min in cold PBS, followed by immersion of slides
into a TB solution (0.1%; Gibco Laboratories, Grand Island, NY) at
4°C for 45 s and then immediately immersed in cold acetone (4°C for 2
min). After a further wash, the slides were incubated with fluorescein-
ated goat anti-human IgG ( 1:50 dilution; Tago Inc., Burlingame, CA)
for 30 min at room temperature and were then mounted in a glycerol/
paraphenylenediamine solution (13). Simultaneous microscopic in-
spection of stained slides under bright or UVlight (fluorescence micro-
scope, model 250; Ernst Leitz GmbH, Wetzlar, Germany) was per-
formed by two investigators independently (TDG and AEG). At least
300 cells that excluded the TB dye (TB negative) were inspected in
each specimen and the number of cells with membrane staining was
determined. In many experiments two cell lines were tested in parallel:
one normal and one SLE-derived cell line.

Cell viability. The TBdye exclusion test was used in all experiments
to assess the viability of cell cultures before the start of staining proce-
dures (viability I) and again immediately before cell fixation of living
cells (viability II). However, in some experiments cell viability of UV-
irradiated and nonirradiated cultures was measured by ethidium bro-
mide (EB) with acridine orange (AO) (20). The results with EB/AO
staining in which, under UV light illumination, nonviable cells stain
orange-red and viable cells show bright green stain, were similar to
those obtained by TB exclusion test. Since acetone fixation removes
EB/AO stain, this viability staining was omitted in further experi-
ments. In addition, simultaneous examination of individual cells by
bright and immunofluorescence microscopy provided assurance that
cells with positive immunofluorescence but negative TB staining con-
tinued to be viable through the steps of the IIF staining procedure up to
that of acetone fixation. The mean percentage of viable cells was deter-
mined by counting at least 200 cells (TB negative or positive) in three
different microscopic fields of each specimen.

Statistical analysis. Repeated measures by analysis of variance
were performed to detect differences between autoantibody probes and
cell strains across various levels of irradiation. Multiple comparisons by
paired and independent t tests with a Bonferroni correction (alpha was
set at 0.05) were used to detect differences among subgroups of probes,
at various points of reference. Probabilities of < 0.005 were accepted as
statistically significant. Since this is a conservative correction, it may
underestimate real differences.

Results

Clinical and serological evaluation. Table I summarizes the
patients' age, gender, duration of disease, organ involvement,
autoantibody profile, and treatment at entry to study. 6 pa-
tients (50%) had a history of sun sensitivity and 10 patients
(83%) had a history of skin lesions. None had subacute cutane-
ous LE. Involvement of other organs are shown in Table I. The
serological profile of the 12 patients revealed that all patients
(100%) were ANA positive. Other autoantibodies detected
were: anti-dsDNA in seven (58%), anti-Sm in three (25%),
anti-nRNP in six (50%), anti-SSA in five (42%), and anti-SSB
in one patient (8%). Two patients received no maintenance
therapy at the time of study. One patient received dihydrox-
ychloroquine sulfate, one patient received this drug in combina-
tion with prednisolone, one patient received nonsteroidal an-
tiinflammatory drugs, and the remaining seven (58%) were on
5-40 mg prednisolone daily. None of these patients were on
other immunosuppressive therapy. The duration of disease ac-
tivity in the four RApatients ranged from 7 to 15 yr. Three out
of four patients with RA had disabling joint deformities and
one had bilateral joint replacements of both knees. Three pa-
tients were on nonsteroidal antiinflammatory drug mainte-
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nance therapy, and one also received 20 mgprednisolone daily.
Two RApatients were ANApositive and also had high titers of
rheumatoid factor. The two patients with basal cell carcinomas
had no history of photosensitivity or any other pertinent physi-
cal or serological abnormalities.

Baseline data for the binding of autoantibody probes to cel-
lular antigens on the cell surface of nonirradiated and UV-irra-
diated normal keratinocytes in vitro. First, to confirm previous
reports ( 1 3, 14) we examined the binding of different autoanti-
body probes to the membrane of non-UV irradiated cells de-
rived from healthy individuals as an indication of cell-surface
antigen expression in vitro. Direct and simultaneous micro-
scopic examination of cells by bright and immunofluorescent
light allowed the discrimination at the single-cell level between
those which were nonviable before fixation (TB-positive) and
those which were viable up to that step (and therefore TB-nega-
tive). As shown in Table II, the rarity of IIF-positive staining
cells among all TB-negative ones in nonirradiated keratino-
cytes derived from either neonatal or adult sources was demon-
strated and the percentage (0.3-4.1% ) varied according to the
autoantibody probe used. Cultures of either neonatal or adult

origin showed a similar percentage of viability (97.8±1.5 and
97.2±1.2%, respectively) and maintained high viability up to
the step of cell fixation (92.3±1.2 and 93.0+1.4%, respec-
tively). To verify that the additional step of TB staining (before
cell fixation) did not affect IIF staining, experiments were con-

ducted in which this step was omitted. No difference in the

percentage of membrane IIF-positive cells was observed.
Another series of experiments was performed in which ker-

atinocytes derived from normal controls were exposed to in-

creasing doses of UVB irradiation (0-2500 J/m2) and the ef-
fect on cell surface expression of cellular antigens 20 h after
exposure was studied. This time interval was chosen after ini-
tial experiments (in which IIF staining was performed at 4, 8,
16, 20, and 24 h after irradiation) revealed that the 20-h postir-
radiation interval was the most effective in demonstrating
changes in cell membrane expression of these presumably
translocated antigens. The cumulative data of these experi-
ments showed (Table III) a doubling of the mean percentage of

positive-staining cells (the highest was 8.2±0.3% for anti-SSA/
SSB probe) in keratinocytes exposed to 1,600-2,500 J/m2
UVB. The approximately twofold increase was also observed
with all of the other autoantibody probes used, except anti-
dsDNA, which remained similar to that of nonirradiated cells

(0.2±0.1%). In addition, no significant differences were ob-
served among neonatal and adult cells at any given dose of
UVBexposure for any of the probes used. The mean viability
immediately before fixation (viability TI) of normal nonirra-
diated keratinocytes was 93.3±1.7% and that of irradiated ker-
atinocytes (20 h after UVBexposure) varied according to in-

tensity of radiation, but was equal in both cell sources for any
given dose. For example, a dose of 800 J/m2 resulted in 10%
cell death whereas 1,600 J/m2 produced 15-20% cell death and
exposure to 2,500 J/m2 resulted in viability ranging from 65 to
75%. Consequently, in the following experiments, UVB irra-
diation of cultured keratinocytes derived from normal (neo-
nate or adult) or SLE sources did not exceed 1,600 J/m2 and
the cells were examined 20 h after UVexposure.

To evaluate possible synergy between UVBand UVAcon-

tained in the UVB source (for example, a dose of 96 J/m2
UVAis contained in a 400 J/m2 UVBirradiation), and since
no monochromatic light sources were used, cultured normal
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Table II. Percentage of Positive Cell Surface Staining
in Nonirradiated Normal Keratinocytes Derived
from Neonates or Adults In Vitro

Autoantibody probe*

Cell source dsDNA Sm nRNP SSA/SSB

Neonates (n = 9) 0.3±0.1 1.3±0.3 3.1±0.4 3.8±0.4
Adults (n = 4) 0.3±0.1 1.4±0.2 3.6±0.4 4.1±0.2

* The results represent the mean percentage±SD obtained with any
given probe in each cell source. Significant differences exist among
all probes (P < 0.001). No significant difference was observed when
results of neonatal cells were compared with those of adults (P > 0.1).

keratinocytes were simultaneously irradiated by the two UV
sources delivering 1,600 J/m2 UVBand 10,000 J/m2 UVA(25
times the UVAirradiation contained in the UVBsource). 20 h
thereafter, cells were examined for autoantibody binding and
cell viability. The results of these experiments did not differ
from those obtained by UVB irradiation alone (data not
shown). Furthermore, exposure of the normal keratinocytes to
UVA light at doses of 50-200 kJ/m2 had no effect on cell
viability or autoantibody binding.

Binding of autoantibody probes to UV-irradiated SLE-de-
rived keratinocytes in vitro. Fig. 1 displays patterns of autoanti-
body binding to lupus-derived keratinocytes incubated with
antibody before or after fixation/permeabilization with ace-
tone. Discrete, focal cell surface staining is detected in some
keratinocytes with SSA/SSB autoantibodies (Fig. 1 A). The
cell surface pattern is clearly distinguishable from the typical
nuclear/cytoplasmic SSA/SSB pattern obtained on cells fixed
and permeabilized before reaction with antibodies (Fig. 1 B).
Similarly, reaction of unfixed keratinocytes with anti-Sm anti-
bodies produced granular and punctate cell surface staining
(Fig. 1 C) that was clearly distinguishable from reaction of

these antibodies with fixed keratinocytes (Fig. 1 D). The cyto-
plasmic/nuclear IIF staining pattern of TB-positive cells was
similar to that of prefixed cells, depending on the autoantibody
probe used, but did not show cell membrane binding. In con-
trast, a small proportion (< 10%) of TB-negative cells that
showed cell surface binding of SCAautoantibody probes also
showed cytoplasmic and nuclear staining as illustrated in
Fig. 1 C.

To determine whether SLE-derived keratinocytes were
more susceptible to UVirradiation, SLE-derived keratinocytes
were exposed to increasing doses of UVBirradiation and bind-
ing of autoantibody probes to unfixed cells was assessed. As
shown in Fig. 2, A-C, 10 of 12 SLE-derived cell strains showed
a significantly increased expression of soluble nuclear antigens
on the cell surface membrane compared with normal cell
strains. All of the 10 UV-sensitive SLE strains demonstrated a
dose-dependent sensitivity to irradiation, although augmented
expression differed among individual strains. The dose-related
increase in percentage of positive-staining cells (compared with
their own nonirradiated specimens) was evident in all SLE cell
strains exposed to 2 400 J/m2. The increased detection of the
different cellular soluble antigens varied, but the mean percent-
age of Sm-positive cells was the highest at any given UVdose in
comparison to other probes (Fig. 2). It is interesting that UV
exposure increases extracellular expression of saline-extract-
able nuclear antigens. Since these antigens are readily extracted
by neutral saline buffers, they may have the ability to diffuse
from their usual cellular location(s) to the extracellular com-
partment after UV-induced membrane/cellular damage. In
support of this concept, one fixed cellular antigen (dsDNA)
would not be capable of diffusion and its expression on the cell
surface is not increased by UVexposure (Table III). In a small
number of cases, we also measured cell surface expression of
protein anchored to endoplasmic reticulum membranes (glu-
coronic transferase) after UVexposure. No cell surface expres-
sion was detected at any UV dose used, although internal
membrane staining was readily detected after detergent per-

Table III. Autoantibody Binding to the Cell Surface of Normal Keratinocytes after Ultraviolet B Irradiation In Vitro*

UVBirradiation
Cell Antibody

source probe 200 400 800 1600 2500

J/m2

Neonates
(n = 6) SSA/SSB 3.8±0.4 4.0±0.3 4.4±0.4 7.2±0.1i 8.0±0.2*

nRNP 3.1±0.4 3.1±0.1 4.2±0.3 5.8±0.3$ 7.8±0.1t
Sm 1.2±0.3 2.9±0.1 3.0±0.1 3.6±0.4* 4.1±0.1t
dsDNA 0.2±0.1 0.2±0.1 0.2±0.1 0.2±0.1 0.2±0.1
NHS 0 n.d. n.d. n.d. 0

Adults
(n = 4) SSA/SSB 3.6±0.7 4.2±0.1 4.3±0.4 7.6±0.6t 8.2±0.3*

nRNP 2.6±0.4 3.4±0.3 4.0±0.3 5.9±0.7* 7.2±0.1 t

Sm 2.2±0.1 2.8±0.3 2.8±0.1 3.9±0.3t 4.0±0.3t
dsDNA 0.2±0.1 0.2±0.1 0.3±0.1 0.2±0.1 0.2±0.1
NHS 0 n.d. n.d. n.d. 0

No significant difference (P > 0.1) is observed when results of each probe are compared with those of neonates at any given dose of irradiation.
* Results represent mean percentage (±SD) of IIF-positive cells (in duplicate) 20 h after irradiation. * A significant difference exists (P < 0.001)
when results are compared with those obtained in nonirradiated specimens (Table II).
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Figure 1. IIF staining of SLE-derived keratinocytes with autoantibody probes. Cells were cultured on glass slides for 3-4 d before IIF staining.
Magnification, 630. (A) IIF staining pattern of cells fixed and permeabilized after the addition of the primary antiserum (anti-SSA/SSB) and
20 h after UVBirradiation (200 J/m2). Note fine punctate or granular (green-yellow) IIF staining in cells (arrows). The mounting solution
glycerol/PPD accounts for the brick-red counterstain. (B) IIF staining pattern by the same antibody probe of cells fixed and permeabilized before
application of the primary antibody. Note the absence of membrane staining in the presence of green nuclear and cytoplasmic fluorescence.
(C) IIF staining pattern obtained by an anti-Sm antibody applied to cells before fixation (found occasionally in nonirradiated cells). Note
punctuate (green, small arrows) membrane and granular (green-yellow) cytoplasmic and nuclear fluorescence of varying intensity (large
arrows). (D) IIF staining pattern of prefixed cells by anti-Sm, devoid of membrane fluorescence.
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meabilization of cell (data not shown). No difference in results
of IIF staining was demonstrated when SLE-derived cells were
simultaneously exposed to a mixture of UV light delivered by
the two UV sources (200 J/m2 UVBand 1,500 J/m2 UVA)
compared with those observed when cells exposed to the UVB
source alone (data not shown). When six UV-sensitive SLE
strains (Table I, patients No. 1, 5-7, 9, 1 1) were exposed to
UVAirradiation ranging from 50 to 150 kJ/m2, four (patients
No. 5-7, 9) showed a two- to threefold increase in percentage
IIF-positive membrane staining at 2 100 kJ/m2, not paralleled
by decrease in cell viability. In addition, an increase in the
intensity of cytoplasmic or nuclear staining was observed in
many of the SLE-derived cell strains after UVirradiation (both
in TB-positive and in TB-negative cells) compared with non-

irradiated IIF-positive cells.
Normal cell strains usually did not show such sensitivity

and remained unaffected by UVB irradiation < 1,600 J/m2
(Fig. 2 and Table III). At 1,600 J/m2, a 1.5-2-fold increase in
percentage of positive cells was observed with the autoantibody

probes (except anti-dsDNA) compared with their own unex-
posed specimens. The meanpercentage of anti-SSA/SSB stain-
ing (but not anti-Sm) was greater at any given UVBdose com-

pared with other probes used (Fig. 2 and Table III). In contrast,
when equivalent experiments were conducted in four RA-der-
ived and two basal cell carcinoma-derived keratinocyte strains
no statistically significant increase in the presence of translo-
cated cellular antigens on the cell surface after UVBor UVA
exposure was observed (data not shown).

Effect of UVB irradiation on cell viability of keratinocytes
derived from SLE patients and normal controls. The lethal
changes (observed by microscopy) induced by UVRare evi-
denced by cell degeneration, cell detachment from glass cover

slip, and eventual loss from the culture. The cumulative results
of experiments performed in 12 SLE-derived cell strains and 13
normals are demonstrated in Fig. 3. The data show diminution
of cell viability in SLE cells after being exposed to 200 J/m2
UVB(compared with unexposed specimens) and that the per-
centage viability was dose-dependent (mean 43.8±2.7% alive
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Figure 3. Effect of UVB irradiation on cell viability. Mean viability
(percentage±SD) of nonirradiated or UVB-irradiated keratinocytes
was assessed by TB exclusion. (Normals [black box], SLE [shaded
box]). The asterisks denote P < 0.001 when results of SLE strains
are compared with those of normals at any given UVBdose or to
SLE-derived but UVB-unexposed specimens. In contrast, only the
viability of normal strains exposed to 1,600 J/m2 UVBis significantly
decreased compared with that of normal UVB unexposed cells (P
<0.001).

at 1,600 J/m2). In contrast, cells derived from normal controls
were relatively unaffected < 800 J/m2 UVB. At 1,600 J/m2 a
decrease in viability (mean 82.7±1.8% viable) was statistically
significant compared with unirradiated cultures.

Binding ofautologous serum ofSLE patients to self-derived
keratinocytes in vitro. Since sufficient autologous serum was
available from eight SLE patients, we determined whether au-
tologous antibodies would bind to irradiated keratinocytes in a

manner similar to heterologous autoantibodies. Table IV and
Fig. 4 show the results of an experiment in which such a com-
parative examination was performed on patient No. 10 (Table
I). The data show in both nonirradiated and irradiated cells a
high percentage of positive staining by autologous serum to
self-derived cells. Similar results were obtained in two addi-
tional SLE cell strains (Table I, patients No. 7 and 9) but not in
the remaining five patients' strains (No. 1, 4-6, 11). In some
SLE cell strains the enhanced extracellular expression of these
antigens was observed without exposure of cells to direct UV
light (Fig. 4, Table IV).

Correlation between UV-induced cell surface expression of
soluble cellular antigens and clinicalfeatures. To quantitate the
degree of UVB sensitivity, SLE-derived strains were divided
into three groups based upon percentage of positive-staining
cells: group 1: high, Nos. 7, 9, 10; group 2: low, Nos. 1, 4-6, 8,
11, 12; and group 3: negative, Nos. 2, 3 (patient numbers refer
to Table I). Group 1 demonstrated a four- to fivefold increase
in the percentage (above baseline levels of normal strains) of
positive-staining cells compared with unirradiated specimens.
This group expressed the highest results of the total series of
autoantibody binding at any given UVBdose and also demon-
strated a high percentage of binding both in unirradiated and
irradiated specimens after incubation with autologous serum
(Figs. 1 and 4 and Table IV). In contrast, results comparable to
normal strains were obtained in group 3 at all points of refer-
ence (data not shown). Group 2 demonstrated stainings simi-
lar to that of normal strains in nonirradiated specimens
whereas staining was significantly higher than controls in all
UVB-irradiated cultures. Any correlation between degree of
UVBsensitivity (by groups) and sun sensitivity, skin manifes-
tations, or SSA/SSB positivity of sera or maintenance therapy
was not observed.

Discussion

The finding of enhanced UVB-induced binding of autoantibod-
ies to SCAon the cell surface of normal keratinocytes in vitro
( 13, 14) raised the possibility that UV-inflicted cell damage
may induce cell surface expression of these presumably trans-
located antigens. Since defective DNArepair in cells obtained
from patients with SLE after UVB( 16) or UVC(21-23) irra-

Table IV. Binding of Autologous Serum from a Systemic Lupus Erythematosus Patient* to the Cell Membrane of Autologous
Keratinocytes and Normal Control in Comparison to that of Heterologous Probes to SameCell Sources In Vitro

UBVirradiation

0 200 400 800 1,600

Antibody probe SLE Control SLE Control SLE Control SLE Control SLE Control

JIm2

SSA/SSB 8.2±0.6 3.1±0.1 8.8±0.6 3.3±0.1 9.2±1.0 3.0±0.1 21.2±4.2 3.1±0.4 35.3±1.4 3.9±0.1
Sm 16.4±0.7 1.2±0.3 31.2±2.5 2.8±0.1 34.3±3.1 2.6±0.5 37.8±2.4 1.7±0.1 50.5±2.1 2.2±0.3
Autologous serum 48.6±0.9 3.4±0.2 76.0±4.9 4.6±0.3 80.5±3.5 4.8±0.3 82.1±5.5 4.7±0.3 84.6±2.0 5.0±0.1

Cell viability8 97.2±1.1 98.3±1.7 92.3±1.2 93.4±1.8 83.6±2.0 89.6±0.9 56.4±1.7 88.2±0.8 42.5±2.7 81.6±1.8

Results represent mean percentage±SD of IIF-positive cells (in duplicate), 20 h after UVB irradiation. * As detailed in Table I, patient 10.
$ Immediately before cell fixation (viability II). No difference in cell viability was observed ampng cells of same source incubated with the dif-
ferent probes at any given dose of UVBirradiation. I
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Figure 4. IIF staining of SLE-derived nonirradiated keratinocytes by
autologous serum. Magnification, 550. Technical details similar to
Fig. 1 A. Cell source: patient 10. Note punctate cell membrane, cyto-
plasmic (arrows) or nuclear staining of cells in the microscopic field.
No cells in this field were stained with TB.

diation has been previously described, we reasoned that skin-
derived cells from such patients may express these cell surface
antigens more readily. Wetherefore investigated the expression
of soluble (SSA, SSB, Sm, RNP) and relatively fixed (dsDNA)
intracellular antigens on the cell surface of SLE patients' kera-
tinocytes (in remission or with mild clinical activity to exclude
biased results provoked by medications), in nonexposed and
UV-exposed specimens in vitro. Weexamined whether non-
irradiated SLE-derived cells differ from normal cells and
whether an enhanced expression may be elicited by low dose
UVBexposure in which normal cells were minimally affected.
Our study is the first to show that the majority of SLE patients
studied demonstrate an enhanced and selective expression of
soluble intracellular antigens on the keratinocyte cell mem-
brane after 200 J/m2 (= 20 mJ/cm2) UVBirradiation in vitro.
Such an exposure to the skin surface could be achieved in as
little as 10 min in midday sun, although somewhat less energy
may penetrate to the deeper epidermal layers due to scattering.
This antigen expression is believed to be mainly a UVB-evoked
response, since deliberate contamination of the UVBsource
with a 25-fold excess of UVAdid not further increase antigen
expression. As trace quantities of UVAcould not be totally
eliminated from the UVBsource, we cannot absolutely exclude
a combined UVA/UVB effect. Moreover, in some patients'
strains, an increased detection of these antigens was present in
nonirradiated cells, perhaps elicited by ambient UVR( 16).

As reported by LeFeber et al. ( 13), a very small percentage
of normal unfixed cells stained positively with the autoanti-
body probes (Table II). However, the UVBdose required to

induce cell surface antigen expression ( 13, 14) was somewhat
higher than that reported here. These differences may be re-
lated to differences in staining methodology, cell origins, or
titer of the antibody probes used for detection. The observation
of increased autoantibody binding to normal cells ( 14) was
obtained after exposure of the cells to a high dose of UVB(an
equivalent of 2 30 minimal erythema dose in vivo). In con-
trast, our current report demonstrated increased autoantibody
binding even in nonirradiated cells of some SLE strains, and
the remainder showed an increased sensitivity after being ex-
posed to a low dose of UVB(Fig. 2).

The underlying mechanism(s) accountable for enhanced
and selective expression of SCAson the cell membrane of SLE-
derived UV-irradiated keratinocytes was not directly addressed
in this study. Previous observations by others in normal-de-
rived UV-irradiated keratinocytes showed that the presence of
these antigens on the cell membrane was occurring selectively
in injured but still metabolic active cells ( 13). The possibility
was raised that such an expression was due to passive leakage of
antigen in dying cells, but it was considered unlikely since it
was observed in cells without otherwise altered membrane per-
meability and required active protein synthesis ( 13). In addi-
tion, glycosylation, glycolysis, and intact microfilament func-
tion were proven requirements of this metabolic process ( 14).
The lack of cell membrane or intracellular positive IIF staining
of TB-negative keratinocytes when anti-GT (membrane-an-
chored protein in endoplasmic reticulum) was used as primary
antibody further demonstrated the selectivity of the process.
Our results and those of previous studies are most consistent
with the notion that UVRmay produce cellular membrane
damage that allows some soluble or diffusable cellular antigens
to become inappropriately expressed on the external cell sur-
face.

The significantly decreased viability of low-dose UVB-irra-
diated SLE cells observed in the present study (Fig. 3) might be
due to a primary deficient DNArepair mechanism in SLE-de-
rived cells (16, 21-24) with secondary effects on RNAand
protein synthesis or to concomitant damaging effects of reac-
tive oxygen species induced by UVRon targets, such as cell
membrane, cytoskeleton, mitochondria, and enzymatic pro-
cesses (25). The kinetics of enhanced SCAexpression on SLE
cell membrane, which is demonstrated best 18-20 h after UV
irradiation, is in favor of the former, being supported by the
findings in DNArepair-deficient xeroderma pigmentosum-
derived cells, in which it was demonstrated that UVeffect on
RNA synthesis was caused by UV-induced DNA lesions,
which further led to delayed effect on protein synthesis, best
observed 15-30 h after irradiation (26). Whether enhanced
SCA presence on the cell surface results from UV-induced
neoantigen expression or whether it may serve as an indepen-
dent marker of diffusable antigens in severely damaged cells
needs further clarification.

A potential problem exists when whole sera or globulin
fractions are used as autoantibody-binding probes, namely,
that cross-reacting antibodies or antibodies not detected by
current methods might be responsible for the IgG binding to
cell surface of keratinocytes. Although we used autoantibody
probes that were studied in detail previously ( 18, 19), we can-
not exclude the possibility that these sera also contained anti-
bodies that bound to other antigens or to neoantigens created
by UV irradiation. In some experiments in which autologous
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serum was used, strong binding to self-derived keratinocytes of
SLE origin was observed (Table IV). Whether these antigens
are keratinocyte-specific is under further investigation.

Another observation of interest was the increased extracel-
lular presence of intracellular material in 3 out of 12 UV-unex-
posed keratinocyte strains and in all of 10 UV-susceptible SLE
strains after exposure to low dose UVB(Fig. 2). These find-
ings, as well as those described above, may have bearing on the
unresolved debate regarding the formation of the lupus band,
which is present in both the damaged and apparently healthy
skin of SLE patients (5, 27, 28). This linear band at the dermo-
epidermal junction is thought by some investigators to be the
result of deposition of immune complexes formed in circula-
tion, whereas others have suggested that they are produced lo-
cally in the areas of UV-damaged skin (6, 8, 29-31). Our ear-
lier in vitro studies, demonstrating increased spontaneous and
UV-induced release of DNAfrom lymphocytes of SLE patients
and animal models ( 10, 32, 33 ), and our current report, show-
ing that 10 out of 12 UV-irradiated SLE keratinocyte strains
have decreased cell viability and increased expression of intra-
cellular antigens on the cell membrane, support the notion of
in situ formation of these immune complexes. Furthermore, it
can be speculated that excess cellular material, released from
UV-injured keratinocytes after exposure in vivo, may escape
the local process of "trapping" at the basement membrane of
the dermo-epidermal junction. Thus, the antigenic overflow
beyond the skin barrier could form immune complexes in the
circulation and reach other organs (34).

Demonstration of increased sensitivity of SLE keratino-
cytes to UVBirradiation with increased expression of lupus-re-
lated antigens after ultraviolet light exposure has several im-
portant clinical implications. First, increased expression of
lupus-related antigens at the cell surface or in the extracellular
space could provide an initial antigenic challenge for develop-
ment of specific autoantibodies. Second, in situ formation of
antigen-autoantibody complexes within the skin could acti-
vate complement or other proinflamatory pathways within the
skin, resulting in erythema and other clinical signs of the pho-
todermatitis associated with cutaneous lupus erythematosus.
Basal keratinocyte vacuolization, basement membrane thick-
ening, periappendageal fibrosis, and chronic inflammatory cell
infiltrates in affected skin could all result from prolonged in-
flammation triggered by in situ antigen-antibody formation or
local T cell activation at sites of antigenic release. Third, the
clinical appearance of a typical solar-induced skin rash may be
due to a variety of variables including degree of sun exposure,
use of photoprotective agents, circulating titers of specific lupus
antibodies, variable formation of autoantibodies specific for
epidermal antigens, and expression of UV-induced antigens at
different epidermal levels and/or their ability to diffuse into
extracellular or basement membrane regions.
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