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SUMMARY

Keratinocyte cytotoxicity is an important component of the immunopathology of photosensitive lupus
erythematosus, and antibody-dependent cell-mediated cytotoxicity (ADCC) has been shown to be an
important mechanism by which autoantibodies, especially those specific for SS-A/Ro, can induce
keratinocyte damage in models of photosensitive lupus. We provide further evidence that keratinocytes
from patients with photosensitive lupus show significantly greater ultraviolet radiation (UVR)-induced
cytotoxicity, and that ADCC of these targets is especially enhanced by autologous patient’s serum or by
anti-SS-A/Roþ sera. Keratinocytes from normal uninvolved skin of 29 patients with cutaneous lupus
erythematosus (LE) were grown in cell culture and tested as targets in cytotoxicity experimentsin vitro.
Cultured keratinocytes from patients with systemic lupus erythematosus (SLE) and subacute cutaneous
lupus erythematosus (SCLE) showed significantly greater cytotoxicity following UVR treatment than
did keratinocytes from normal adult controls or from neonatal foreskins (P<0·01). The same cultures
also showed greater UVR-induced binding of IgG from fractionated anti-SS-A/Roþ preparations.
ADCC experiments were also performed using keratinocytes cultured from patients with SLE, SCLE,
discoid lupus erythematosus (DLE), and normal controls. When keratinocytes were incubated in
autologous serum plus a standard mononuclear cell effector population, the percentage of ADCC
observed was significantly greater in cultures containing keratinocytes and sera from the SLE and SCLE
patients (P<0·001). When cultured keratinocytes were added to different IgG antibody probes, plus
standard mononuclear effector populations, greater ADCC was seen using the anti-SS-A/Ro probe and
keratinocytes from patients with SLE or SCLE. With normal human neonatal keratinocyte targets, the
anti-SS-A/Ro probe induced greater ADCC than that seen with anti-ssDNA or normal human serum. We
have shown that keratinocytes from patients with some forms of lupus erythematosus (SLE and SCLE)
show greater cytotoxicityin vitro when irradiated with UVR, and greater susceptibility to ADCC
whether the antibody source is their own serum or an anti-SS-A/Ro probe.
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INTRODUCTION

Photosensitivity is one of the major symptoms of systemic lupus
erythematosus (SLE), neonatal LE (NLE) and subacute cutaneous
LE (SCLE). An exacerbation or aggravation of LE-characteristic

skin lesions may be induced by ultraviolet light (UVL) exposure in
photosensitive patients. Although the major action spectrum for LE
has been recognized as the UVB range (wavelength 280–320 nm)
[1,2], modern phototesting protocols have shown that both UVB
and UVA, or combinations of both, induce lupus skin lesions in
different patients [3]. However, photosensitivity in lupus patients
can be variable, even in similar patient populations, ranging from
0% to 91% of discoid LE (DLE), 27% to 90% of SCLE and 6% to
61% of SLE patients based on the patients’ history and/or light
sensitivity test reactions [3,4].

The mechanisms underlying photosensitive cutaneous LE
have been investigated from several aspects including direct
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autoantibody effects, UVR sensitivity, immunoglobulin deposits at
the dermoepidermal junction, the effects of anti-UV-DNA anti-
bodies and cellular immunity [5]. Anti-SS-A/Ro and anti-SS-B/La
antibodies in the sera are strongly associated with cutaneous LE,
especially SCLE and NLE [6,7]. Therefore, studies on the patho-
genesis of photosensitive cutaneous LE have focused on the close
association of antibodies against the SS-A/Ro antigen with the
development of clinical symptoms [7,8]. The epidermal keratino-
cyte, especially the basal cell, is the major target of immunological
damage in photosensitive lupus. Interestingly, these antibodies
have been reported to bind to UVB-irradiated human keratinocytes
in vitro andin vivo [9–13]. The binding of these antibodies on the
keratinocytes is dependent on UVB dose and glycosylation, but
independent of the cell cycle [10]. In addition, we have previously
shown that the binding of anti-SS-A/Ro antibodies to the surface of
epidermal cells is an important inducer of antibody-dependent
keratinocyte damage in photosensitive cutaneous LE [14]. These
experiments are mostly performed by using cultured keratinocytes
from normal human foreskins. Therefore, it is of special interest
whether keratinocytes cultured from cutaneous LE patients are
UVB-induced photosensitive, and whether anti-SS-A/Ro antibody-
dependent keratinocyte damage was induced by UVB irradiation.
In order to address this issue, we performed extensivein vitro
cytotoxicity and antibody-dependent cell-mediated cytotoxicity
(ADCC) assays using keratinocytes cultured from patients with
cutaneous LE.

PATIENTS AND METHODS

Culture of keratinocytes
Suction-blister epidermal roofs were obtained from 29 cutaneous
LE patients and from 13 age- and gender-matched normal healthy
controls. All subjects were Japanese. The epidermal roofs from the
cutaneous LE patients were taken from non-lesional inner forearm
and other lesional sites. The specimens from the normal controls
were taken from the inner forearm. Keratinocytes from the
roofs were cultured in serum-free keratinocyte growth medium
(Clonetics, San Diego, CA) as described in our previous report
[15]. Cutaneous LE patients included SLE, SCLE and DLE
patients. Primary cultures were expanded in the first passage and
the second passage keratinocytes were then cultured on Lab-Tek
chamber slides (Miles, Naperville, IL), or culture dishes. A part of
the first-passage keratinocytes were trypsinized into suspension
and frozen in aliquots for ADCC tests [16]. Cultured human
neonatal foreskin keratinocytes were purchased from Clonetics.
These cells were also cultured in the same manner.

Serum probes
Serum probes were obtained from patients with collagen diseases
at Hamamatsu University Hospital and Kyoto University Hospital.
The specificity was determined by immunofluorescence staining,
double immunodiffusion and immunoblotting [11,17].

Pooled specific anti-SS-A/Ro sera were collected from four
patients with cutaneous LE, and recognized mainly a 60-kD
protein which was confirmed with the ELISA method (Medical
and Biological Laboratory, Nagoya, Japan) [18]. The serum
samples for specific anti-SS-A/Ro probes were finally fractionated
by protein A Sepharose column chromatography (Pharmacia Fine
Chemicals, Uppsala, Sweden) [19], and were absorbed with calf
thymus DNA (Sigma, St Louis, MO) as previously described [20]
in order to exclude the possibility that the anti-DNA antibodies had

an effect on the cell surface binding assay and ADCC assay [21].
Native bovine Ro (Immunovision, Springdale, AK) was used for
the absorption test according to the method of Zhang & Reichlin
[22]. Pooled specific anti-single-stranded (ss)DNA sera were
collected from five patients with SLE or localized scleroderma.
Pooled normal human sera (NHS) were also processed in the same
manner. These patients or the normal subjects did not include the
keratinocyte donors.

Autologous sera were also obtained from these patients and
normal controls. The antibodies from these sera were screened for
antibody specificity in the routine manner and fractionated by
protein A Sepharose for assays. The sera were kept at¹708C until
use.

UV irradiation
Before irradiation, the culture medium in the Lab-Tek chamber
slides (Miles) or culture dishes was replaced with warmed PBS
(308C) free of any photoactive compounds. At least one dish of
cells was not exposed to UVR, but was handled in the same fashion
as the irradiated cells. The remaining cells were exposed to 50 or
100 mJ/cm2 of UVB. The light source and other details were the
same as previously described [23,24]. The cells were incubated in a
humidified incubator for 24 h at 378C in a 5% CO2 atmosphere, and
cell viability was then determined. Each test was performed in
duplicate. The surface binding assay and cytotoxicity assays were
then performed after changes of the medium.

Surface binding assay
A fluorescence-activated cell sorter (FACS) technique was devel-
oped that allowed identification of cell surface antibody binding
but limited subsequent internalization [11,17]. The second-passage
cells were cultured in serum-free keratinocyte growth medium
(Clonetics) on 60-mm plastic dishes for 5–6 days. When the cells
had grown to 70–80% confluence, they were treated with UVB
light. The cells were harvested 24 h later and stained for FACS as
previously described [10]. Briefly, after washing twice with PBS,
cell suspensions were incubated with fractionated serum probes at
48C for 1 h. The dilution of the fractionated serum probes was
1:100 of the original sera. After washing twice with PBS, cells
were post-fixed in cold 2% paraformaldehyde solution at 48C for
30 s. As a next step, cells were incubated with diluted FITC-
conjugated rabbit F(ab)0

2 anti-human IgG (Dako, Santa Barbara,
CA) (1:100 in dilution) at 48C for 4 h. After the final washing with
PBS, these cells were analysed. In each experiment, negative
controls included non-irradiated cells incubated with the same
fractionated serum probes plus the second FITC-conjugated anti-
body and also irradiated cells incubated with fractionated NHS
probes and the second FITC-conjugated antibody. Each test was
performed in duplicate.

Confocal microscopic assessment of the localization was also
analysed by a BioRad MRC600 (Cambridge, MA) equipped with
an argon ion laser exciting maximally at 488 nm and 514 nm, and
was controlled by CoMoS software [25,26]. Cell surface binding of
IgG was demonstrated by confocal microscopy [26], confirming
many previous reports [5,9–13].

ADCC assay
This assay was carried out according to the method of Norriset al.
[27], with modifications [14]. Briefly, sera from patients or normal
controls served as antibody sources, and were heat-inactivated for
1 h at 568C. IgG-fractionated specific serum probes were used in
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most of the experiments. Two sets of fractionated serum dilution
were prepared in each test. The first dilution was equal to the 1:20
of the original unfractionated serum. The second dilution of
patients’ sera was adjusted to the mean level of serum IgG levels
from normal controls (1:20 in dilution), in which the final dilution
of patients’ sera varied from 25-fold to 62-fold.

As the ADCC effectors, peripheral mononuclear cells (MNC)
from normal volunteers were separated by Ficoll–Hypaque (Phar-
macia). After washing twice with PBS, the diluted test sera (50 ml)
and the separated MNC (5×106) were added to each chamber of a
culture plate containing keratinocytes irradiated with 100 mJ/cm2

of UVB light. The cells were then incubated in a humidified
incubator for 16 h at 378C in a 5% CO2 atmosphere. After 16 h,
an acridine orange/ethidium bromide (AO/EB) cytotoxicity assay
was used for the determination of keratinocyte damage [27]. Cells
were counted using a fluorescence microscope in a ‘blind’ fashion
by three researchers (F.F., I.T., H.W.) without prior knowledge of
specimen identification. At least 2000 cells were counted in each
experiment, and each test was performed in triplicate.

Each ADCC assay contained multiple controls to evaluate the
effects of different combinations of target (T), antibodies (A) and
mononuclear effectors (E) on cytotoxicity. Each assay included at
least three combinations: (i) TAE, (ii) TE, and (iii) TA. The
combination of TA produced cytotoxicity of<1% with unirra-
diated keratinocytes. The following formulae were used: ADCC¼

TAE – TE. ADCC of irradiated targets¼ (TUVRAE ¹ TUVRE) ¹

(TAE ¹ TE). TUVR are targets irradiated with UVB 24 h before the
experiment was performed, and T are keratinocytes which were
sham-irradiated.

Cell viability
The AO/EB cytotoxicity assay was used to assess cell viability
[27].

Statistical analysis
Student’st-test and pairedt-test for paired samples were used for
statistical analysis, andP < 0·05 was considered significant.

RESULTS

Keratinocyte cultures from lupus erythematosus donors
Second passage keratinocytes from non-lesional sites were suc-
cessfully cultured in 18 out of 31 patients, but no cells from the
lesional sites could be cultured. These 18 patients included seven
SLE (seven females, aged 28–41 years), four SCLE (three females
and one male, aged 21–35 years) and seven DLE (four females and
three males, aged 28–46 years) patients. In the normal controls, 11
(eight females and three males, aged 20–42 years) of the 13 donors
produced successful serial cultures of keratinocytes.

Susceptibility to UVB-induced cytotoxicity in keratinocytes
cultured from lupus erythematosus patients
The cytotoxicity of cultured keratinocytes was significantly higher
in cells from LE patients and normal adult controls than from
neonatal foreskins when the viability was determined 24 h after
UVB (100 mJ/cm2) irradiation (Table 1); this was compatible with
our previous report [14]. Among the cells cultured from patients
and adult controls, cells from SLE patients were the highest in
cytotoxicity (P< 0·001versuscells from adult controls), and the
cytotoxicity in cells from SCLE and DLE was significantly higher
than that from adult controls (0·001<P<0·01). No correlation was
present between the percentage cytotoxicity and the presence or
absence ofin vivo photosensitivity. Irradiation of 50 mJ/cm2 also
resulted in similar findings.

UVB induces elevated binding of fractionated anti-SS-A/Ro
serum probes to the surface of cultured keratinocytes from lupus
erythematosus
The UVB-induced binding of IgG-fractionated antibodies from
standard serum probes containing specific anti-SS-A/Ro antibodies
to the surface of keratinocytes was significantly higher in LE
patients than neonatal foreskin controls (Table 2). The results in
cells from neonatal foreskins were compatible with those from our
previous report [10]. In these experiments to measure accurately
cell surface IgG binding, UVB-irradiated cells were washed with
PBS before and after incubation with antibody probes. Under these
conditions detached, non-viable cells were removed, and then cell
surface antibody binding was measured on viable attached cells.
Less than 2% of cells were dead, as determined just after the
surface binding assay, in all of the experimental groups.

Cells from SLE patients showed the highest IgG binding
(P<0·001versusadult controls;P<0·001versusneonatal fore-
skin;P<0·01versusDLE), and cells from SCLE showed similarly
significant binding (P<0·01versusadult controls;P<0·01versus
neonatal foreskin). Cells from DLE showed the lowest IgG binding
among three types of LE, comparable to adult controls.

Confocal microscopy revealed that the IgG-fractionated anti-
SS-A/Ro antibodies bound to the surface of the keratinocytes,
which was compatible with our recent report [26].

UVB also enhances the susceptibility of keratinocytes from lupus
patients to ADCC
Further experiments were performed to investigate whether UV-
irradiated keratinocytes from lupus patients also showed enhanced
ADCC when exposed to autoantibodies and mononuclear effector
cells. As illustrated in Fig. 1, autologous mixtures of irradiated
cultured keratinocytes and sera from patients with SLE or SCLE
incubated with mononuclear effectors induced significantly greater
(P<0·001) ADCC than did autologous mixtures of irradiated
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Table 1. Cultured keratinocytes from lupus patients show significant
increases in cytotoxicity following UVR treatment

Keratinocyte Number of Percent cytotoxicity† to UVBL
source keratinocyte donors (100 mJ/cm2)

SLE 7 29·16 9·0*
SCLE 4 26·96 10·3**
DLE 7 20·96 5·9**
Adult control 11 12·46 4·0***
Neonatal foreskin 9 7·16 3·0

The irradiated cells were incubated in a humidified incubator for 24 h at
378C in a 5% CO2 atmosphere, and cell viability was then determined by
the acridine orange/ethidium bromide (AO/EB) test.

†Each cell strain from each donor was tested at least three times, and the
values were summed and expressed as mean6 1 s.d.

Percent cytotoxicity¼ TUVR ¹ T, where TUVR is the cytotoxicity in
irradiated keratinocytes and T is cytotoxicity in sham-irradiated keratinocytes.

*P<0·001 (versuscells from adult controls),P<0·001 (versuscells
from neonatal foreskin); **P< 0·001 (versuscells from neonatal foreskin),
P<0·01 (versuscells from adult controls); ***P<0·01 (versuscells from
neonatal foreskin).



keratinocytes and sera from normal controls (SLE 41·76 8·5%,
SCLE 38·46 7·2%, control 16·26 7·2).

Among the LE patients, the SLE and SCLE cells had
higher cytotoxicity than DLE cells (0·001<P<0·01). When the
dilution of autologous fractionated serum probes was adjusted to
the mean level of IgG of NHS, the percentage cytotoxicities of
UVB-irradiated self-derived keratinocytes from SLE, SCLE and
DLE were 35·66 8·3%, 35·16 5·5% and 19·56 3·0%, respec-
tively. There were significant differences between SLE and adult
controls (P<0·001) and between SCLE and adult controls
(0·001<P<0·01).

There was no clear association between percent cytotoxicity
and the titre of anti-SS-A/Ro antibody in sera of patients with SLE
and SCLE (data not shown). SLE autologous combinations in
Fig. 1 included four anti-SS-A/Roþ sera and one anti-SS-A/Ro¹

serum. The serum without anti-SS-A/Ro antibody showed 43%
cytotoxicity.

Fractionated anti-SS-A/Roþ preparations produce significant
ADCC of irradiated keratinocytes
As shown in Fig. 2, fractionated specific anti-SS-A/Ro or specific
anti-ssDNA reagents or fractionated NHS were diluted 1:20, and
were added to irradiated cultured neonatal foreskin keratinocytes
plus mononuclear effectors and then the percentage cytotoxicity in
classic ADCC assays was measured: anti-SS-A/Ro 32·96 8·4%,
anti-ssDNA 19·96 3·0% and NHS 15·46 7·5%. The fractionated
anti-SS-A/Ro serum probes induced significantly higher lysis of
UVB-irradiated keratinocytes than fractionated probes of anti-
ssDNA antibodies or NHS. When the dilution of serum probes
was adjusted to the mean level of IgG of NHS, the percentage
cytotoxicity of UVB-irradiated keratinocytes by fractionated anti-
SS-A/Ro serum probes and fractionated anti-ssDNA serum
probes was 27·06 6·3% and 15·96 3·8%, respectively. The
elevated cytotoxicity was reduced (by 40·5%, 56·1% and 68·0%
in three separate experiments) by competition with purified
native SS-A/Ro protein. As shown in Fig. 2, there were no
differences in cytotoxicity between UVB-irradiated keratinocytes

with fractionated NHS probes and non-irradiated keratinocytes
with fractionated probes of anti-SS-A/Ro serum or NHS.

Based on these results, we directly measured whether UV-
irradiated keratinocytes from SLE, SCLE and DLE patients were
also more susceptible to ADCC mediated by anti-SS-A/Ro. As
shown in Table 3, the keratinocytes from SLE, SCLE, and DLE
patients all showed significant ADCC when incubated with anti-
SS-A/Ro plus mononuclear effectors, but the keratinocytes from
SLE and SCLE patients were more susceptible to anti-SS-A/Ro
antibody-dependent damage than cells from DLE patients and
adult controls. Fractionated anti-ssDNA serum probes induced
significant ADCC only in keratinocytes from SLE patients.

Keratinocyte cytotoxicity in lupus erythematosus 167

q 1999 Blackwell Science Ltd,Clinical and Experimental Immunology, 118:164–170

Table 2. Keratinocytes from lupus patients show enhanced
binding of IgG from anti-SS-A/Roþ sera following UV radiation

Keratinocyte Number of
source cultures studied Percent binding†

SLE 7 30·86 6·5*
SCLE 4 24·56 4·9**
DLE 7 19·66 6·8***
Adult controls 11 15·26 3·8
Neonatal foreskin 9 11·36 4·9

†Each cell strain from each donor was tested at least three
times, and the values were summed and expressed as mean6 1
s.d. of the percentage cells showing positive cell surface IgG
binding by flow cytometry analysis. The keratinocytes were
irradiated with 100 mJ/cm2 of UVB.

*P< 0·001 (versuscells from adult controls,versuscells
from neonatal foreskin);P<0·01 (versuscells from discoid
lupus erythematosus (DLE)); **P<0·01 (versuscells from
adult controls, versus cells from neonatal foreskin);
*** P<0·05 (versuscells from neonatal foreskin).

versus

versus

Fig. 1. Autologous combinations of targets and serum from lupus patients
but not normal controls enhance antibody-dependent cell-mediated cyto-
toxicity (ADCC) of irradiated keratinocytes. In this assay ADCC (cyto-
toxicity percentage) was measured using an acridine orange/ethidium
bromide assay in 24 h cytotoxicity experiments. Each circle represents an
individual data point, and the lines and brackets indicate the mean6 s.d.
Each data point is an ADCC experiment containing autologous cultured
keratinocytes (T) and sera (A) from one subject plus a standard homologous
mononuclear effector (E). The keratinocytes and sera were from patients
with systemic lupus erythematosus (SLE), subacute cutaneous lupus
erythematosus (SCLE), or discoid lupus erythematosus (DLE) or from
normal controls. The keratinocytes were irradiated with 100 mJ/cm2 of
UVB light 24 h before addition of sera and effectors. The percentage
cytotoxicity was determined by the following formula comparing different
combinations of T, A and E. ADCC of irradiated targets¼ (TUVRAE ¹

TUVRE) ¹ (TAE ¹ TE), where TUVR are targets irradiated with UVB 24 h
before the experiment was performed, and T are keratinocytes which were
sham-irradiated. Irradiated targets incubated with anti-SS-A/Ro antibody
did show some cytotoxicity without added mononuclear effectors, but it
represented only a fraction of the cytotoxicity observed with antibody plus
effectors (data not shown). Statistical significance of different comparisons
is indicated byP values.
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Compared with the ADCC induced by anti-SS-A/Ro against
cultured human neonatal foreskin keratinocytes as shown in Fig.
2, cultured normal keratinocytes from adult controls showed more
variable cytotoxicity and no significant cytotoxicity with any
antibody source. However, cultured keratinocytes from SLE and
SCLE patients showed enhanced cytotoxicity, as seen in Fig. 1,
using autologous serum as the source of antibody.

DISCUSSION

The experiments presented here demonstrate three aspects of
keratinocyte cytotoxicity relevant to photosensitive lupus ery-
thematosus: (i) keratinocytes from SLE and SCLE patients
show increased susceptibility to UVR-induced cytotoxicity and

UVR-induced binding of anti-SSA/Ro antibodies; (ii) UVR-irra-
diated keratinocytes from SLE and SCLE patients, incubated in
their own serum, show significantly increased ADCC when
exposed to MNC from normal individuals; and (iii) anti-SS-A/Ro
IgG fractions induce significant ADCC of normal irradiated
keratinocytes and even greater cytotoxicity of irradiated keratino-
cytes from SCLE and SLE patients. Although keratinocytes can be
killed both by complement-mediated lysis and ADCC [28,29],
keratinocytes repair complement-mediated damage well, and
ADCC seems more relevant to the immunopathology seen in
numerous skin diseases, including photosensitive lupus [5].

Several mechanisms have been proposed for the pathogenesis
of cutaneous lupus erythematosus, such as direct autoantibody
effects, ultraviolet effects, and the involvement of cell-mediated
immunity [5]. The characteristic deposition of immunoglobulins
and complement at the dermoepidermal junction suggests the
participation of these antibodies in the pathogenesis. Furthermore,
this disease can manifest clinicallyde novoafter extended expo-
sure to sunlight, and an ongoing disease might also be exacerbated
after exposure, and ultraviolet exposure can trigger photosensitive
lupus under controlled laboratory conditions [1–3].

Recently, induction of keratinocyte apoptosis by ultraviolet
radiation has been proposed as an important trigger for production
of autoantibodies in the development of skin lesions in SLE [30].
The changes in the distribution of autoantigen on the UVB-
irradiated keratinocyte surface are now believed to be time-
dependent. As early as 8 h after UVB irradiation, an enrichment
of lupus autoantigens such as SS-A/Ro, SS-B/La, snRNP and Sm is
induced within apoptotic surface blebs on the surface of cultured
keratinocytes [30]. This finding has led to the notion that the
surface blebs of apoptotic cells are important immunogenic struc-
tures in lupus. Apoptotic cells release large amounts of oligo-
nucleosomes (the DNA-histone chromatin constituent), and
patients with lupus have high concentrations of apoptotic cells
and circulating nucleosomes. Anti-nucleosome antibodies are
produced at high titres before the appearance of anti-DNA and
anti-histone antibodies [31]. At present, the nucleosomes are
considered to be the primary antigen in SLE [32], which seems
to be in agreement with photosensitive cutaneous lupus.

However, basal keratinocytes are relatively resistant to the
induction of apoptosis by UVR and can be induced to undergo
necrosis by high doses of UVR. Suprabasal keratinocytes do
undergo apoptosisin vivo following UV radiation [33], and it
has been shown that apoptotic cells in SCLE lesions correspond to
suprabasal keratinocytes and not the basal keratinocytes which are
believed to be the targets of ADCC in SCLE skin lesions [34]. It
appears that UVR has two major effects on keratinocytes in
photosensitive lupus: induction of apoptosis and nucleoprotein
translocation which might induce autoantibody production [30];
and effects on viable keratinocytes, rendering them more suscep-
tible to ADCC. The results reported in this study may be relevant to
both of these mechanisms, since keratinocytes from LE patients
show increased cell death when exposed to UVR and also
increased ADCC following UVR.

Twenty or 24 h after UVB irradiation, autoantibodies against
SS-A/Ro, SS-B/La and U1RNP have been reported to bind to
UVB-damaged but living human keratinocytes, bothin vitro and
in vivo [9–11,13]. The binding of these antibodies to the kerati-
nocytes secondary to UVB irradiation is UVB-dependent and
glycosylation-dependent, but cell cycle-independent [10]. Golan
et al. [12] demonstrated the enhanced membrane binding of
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Fig. 2. Purified IgG from anti-SS-A/Ro pooled sera significantly increase
the level of antibody-dependent cell-mediated cytotoxicity (ADCC) against
normal neonatal keratinocyte targets. In this assay, ADCC of normal
neonatal foreskin keratinocytes was measured by ethidium bromide/acri-
dine orange assay. Each circle represents one experimental point, each line
and bracket shows the mean6 1 s.d. of the points derived from three
experiments. Twenty-four-hour ADCC experiments were performed using
combinations of target (T), antibody (A) and effectors (E). The ADCC
experiments were performed using normal neonatal keratinocyte cultures
(T) and normal control mononuclear effectors (E). The antibodies used to
induce ADCC were present in pooled sera from autoimmune patients
specific for anti-SS-A/Ro or anti-ssDNA, or from normal human sera.
The IgG fractions from the sera were obtained by fractionation with
protein-A Sepharose. The specificity of the anti-SS-A/Ro fraction was
verified by immunoblot and by blocking with purified SS-A/Ro. The targets
were either irradiated keratinocytes (TUVR) exposed to 100 mJ/cm2 of UVB
light 24 h prior to combination with antibody plus effectors, or non-
irradiated keratinocytes (T).W, Percentage cytotoxicity of TAE¹ TE; X,
percentage cytotoxicity of TUVRAE ¹ TUVRE. Irradiated targets incubated
with anti-SS-A/Ro antibody did show some cytotoxicity without added
mononuclear effectors, but it represented only a fraction of the cytotoxicity
observed with antibody plus effectors (data not shown).



autoantibodies to keratinocytes cultured from SLE patients
after UVB/UVA irradiation. These results indicated the
possibility that this process of antibody binding is an important
inducer of keratinocyte damage in photosensitive cutaneous lupus
erythematosus.

The demonstration by Gershwinet al. [21] of the ADCC-
mediated destruction of DNA-coated targets by lupus antisera and
monocyte/lymphocyte effectors raised the possibility that ADCC
might be the mechanism of tissue change in LE, especially the
epidermal cell destruction associated with the mononuclear infil-
tration in lupus skin lesions. The autoantibodies in sera from LE
patients specific for non-histone nuclear protein antigens such as
SS-A/Ro, RNP and Sm are capable of inducing the ADCC of
nuclear antigen-coated erythrocyte targets by monocyte, lympho-
cyte or low-density lymphocyte (K cell) effectors [35]. Taking into
account the results of our present study, this augmented ADCC
activity is strongly suspected to be involved in the pathomechan-
isms of cutaneous LE, especially with respect to photosensitivity.
Although it is likely that complement-mediated cytotoxicity is
also involved in photosensitive cutaneous lupus [36], ADCC
would be likely to be more effective against viable basal
keratinocytes [30].

Recently, the disparate localization of the 52- and 60-kD
SS-A/Ro antigens was reported by Yellet al. [37] in cultured
keratinocytes. It is still controversial whether these antigens are
responsible for the development of cutaneous lupus. Our present
study used antibody preparations reactive with 60-kD protein, and
showed enhanced ADCC using these preparations, consistent with
the described translocation of the 60-kD protein in cultured
keratinocytes treated with estradiol or UVB light [10,17]. Further-
more, Lee and associates reported that the autoantibody response

to SS-A/Ro in SCLE and NLE may include antibodies to epitopes
created by the complexing of the 60-kD SS-A/Ro protein with Y
RNA [38]. Furthermore, the 60-kD SS-A/Ro protein and Y RNAs
are concentrated in discrete areas of the nucleoplasm, nucleolus
and cytoplasm [39]. The role of antibodies against the 52-kD
protein is now under investigation.

Enhanced susceptibility to UVR-induced cytotoxicity of cells
from lupus patients is not a new observation. Both fibroblasts
[40,41] and leucocytes [41] from SLE patients show increased
UVR cytotoxicity, and it was not related to decreased DNA repair
mechanisms [40]. In autoimmune mice, fibroblast cultures also
show increased cytotoxic damage when exposed to UVR [23].
Golan et al. demonstrated that keratinocyte cultures from LE
patients showed enhanced translocation of autoantigens following
UVR, as expressed by enhanced binding of cell surface antibodies
from anti-SS-A/Roþ sera [12]. In the present study, we demon-
strate that cultured keratinocytes from SLE and SCLE patients
have a number of important sensitivities to UVR which are
expressed as increased binding of autoantibodies following UVR
radiation, enhanced direct cytotoxicity and enhanced ADCC with
autologous sera and anti-SS-A/Ro reagents. These findings furnish
new insight into the pathomechanisms underlying cutaneous lupus
erythematosus, and may yield novel strategies for the treatment
and prevention of skin lesions, and prevention of the development
of autoimmune phenomena.
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Table 3. Keratinocytes from lupus patients show enhanced antibody-dependent cell-mediated cytotoxicity (ADCC)
with anti-SS-A/Ro antibody

Percent cytotoxicity of combinations of keratinocytes, antibody and effectors‡
Cultured keratinocytes from patients with

Antibody
specificity† SLE (n¼ 5) SCLE (n¼ 3) DLE (n¼ 5) Adult control (n¼ 11)

Anti-SS-A/Ro 47·56 17·9* 40·36 16·6** 25·86 5·8*** 22·46 13·8
Anti-ssDNA 32·96 11·7**** 24·16 9·5 20·56 5·0 19·96 10·6
NHS 26·76 9·4***** 22·1 6 6·0 16·96 4·2 18·56 8·9

†Antibody specificity: pooled sera specific for anti-SS-A/Ro, anti-ssDNA and pooled normal human sera (NHS)
were fractionated; the IgG-enriched fractions were used as antibody-enriched reagents. The anti-SS-A/Ro reagent
showed largely anti-60-kD activity blocked by competition with purified SS-A/Ro.

‡ADCC of irradiated targets¼ (TUVRAE ¹ TUVRE) ¹ (TAE ¹ TE), where TUVR are targets irradiated with UVB
24 h before the experiment was performed, and T are keratinocytes which were sham-irradiated. The enriched sera are
the antibody (A) source and the effectors (E) are homologous mononuclear effectors. The irradiated keratinocytes were
exposed to 100 mJ/cm2 UVB.

Values represent the mean percentage cytotoxicity and 1 s.d.
Irradiated targets incubated with anti-SS-A/Ro antibody did show some cytotoxicity without added mononuclear

effectors, but it represented only a fraction of the cytotoxicity observed with antibody plus effectors (data not shown).
Statistical significance: *P<0·005 (versusanti-SS-A/Ro plus adult control keratinocytes),P<0·025 (versusanti-

SS-A/Ro plus discoid lupus erythematosus (DLE) keratinocytes),P<0·05 (versus NHS plus systemic lupus
erythematosus (SLE) keratinocytes); **P< 0·025 (versus anti-SS-A/Ro plus adult control keratinocytes;
*** P<0·025 (versusNHS plus DLE keratinocytes); ****P<0·001 (versusanti-SS-A/Ro plus adult control keratino-
cytes),P<0·05 (versusanti-SS-A/Ro plus DLE keratinocytes); *****P<0·025 (versusanti-SS-A/Ro plus adult control
keratinocytes),P<0·05 (versusanti-SS-A/Ro plus DLE keratinocytes).
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