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Antibodies from systemic lupus erythematosus (SLE) sera define differential release
of autoantigens from cell lines undergoing apoptosis
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SUMMARY

SLE is an autoimmune disease characterized by a wide range of anti-cellular and anti-nuclear
autoantibodies. Many of these antigens are exposed or altered during apoptosis when the nucleus is
dismantled in a controlled manner by caspases. We used Western blotting techniques to demonstrate
that autoantibodies in SLE sera recognize antigens released during apoptosis. Reproducible bands, not
seen in the untreated cells, with the characteristics of histones were seen when staining apoptotic cell
lysates with SLE sera. Normal sera recognized some of these bands but much less strongly. Different
triggers of apoptosis did not produce marked differences in the antigens recognized. We also compared
different cell lines (Jurkat and U937) and found that the staining differed for one autoantigen in
particular. The differential release of autoantigens by apoptotic cells may have relevance to the variety
of autoantibodies seen in SLE.
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INTRODUCTION a histone core, which comprises four histone subunits, i.e. a tetramer

. . . . I . of H3 and H4 make up the central unit, attached either side of which
LE h . '
SLE s an autoimmune disease characterized by antibodies to aWId;ée dimers of H2A and H2B. Externally bound H1 molecules hold

range of cellular and nuclear autoantigens, including DNA, ribonu-_" -
cleoproteins (Ro, La), poly ADP ribose polymerase (PARP) nucleo® djacent nucleosomes together.
o ' d Autoantibodies to histones are frequently associated with SLE

somes and histones [1]. Many of these antigens are exposed or altered °. . . L . .

during apoptosis, which is an active process leading to the controlleg.e:'ewed llan t[7’|8])- Tht(_ese dl_nclutde ha_lnttlbodlgstactlve |W|th free d

death of cells. Initial membrane changes are followed by the Istones, but aiso antibodies fo histone— complexes an
hole nucleosomes: in particular, anti-H2AH2B-DNA antibodies

dismantling of the nucleus and other intracellular organelles. Somé’

of the dismantled components are packaged and form on the surfa?ée common in idiopathic SLE and in drug-induced lupus

of these apoptotic cells as ‘blebs’. Casciola-Roseal. showed by reviewed in [9]). Histone-specific T cells have also been isolated

immunofluorescence that antibodies in sera from SLE patients werfé:om S.LE patients [10,11]. . . .
Using gel electrophoresis and Western blotting techniques, we

able to recognize antigens contained within these blebs and hypothe- ~. L .
9 9 b Investigated the reactivity of SLE and normal sera with soluble

sized that apoptosis is an important source of antigen in SLE [2]. . . . .
They and others have demonstrated that the caspase enzy ergtelns_ derived f_rom apoptotic and healthy cells. We_lnduced
apoptosis by a variety of methods and used different cell lines. The

involved in the destruction of the nucleus cleave certain Well-d.ﬁc t methods of induci tosis sh d few diff .
known autoantigens (e.g. DNA-protein kinase, PARP, U1-RNP) ierent methods of Inducing apoptosis snowed few dierences in

revealing potentially autoreactive epitopes [3—5]. An importantthe pattern of bands seen. We consistently found three to five

characteristic of apoptosis is the cleavage of chromatin into nucleoq!StInCt bands with the characteristics of histones. However, the

somal units by an endonuclease (caspase-activated DNase (CAl gzzrll;rce” lines used showed a difference in one band in
which is activated by caspases [6]. On a DNA gel these nucleosomes )

produce a ‘ladder’ of oligomers composed of different numbers of

nucleosomes [6]. Nucleosomes are composed of DNA wound around MATERIALS AND METHODS

Correspondence: Dr Mary Huggins, Division of Immunology, A Floor Cell lines

West Block, Queen’s Medical Centre, Nottingham NG7 2UH, UK. Jurkat (human T cell lymphoma) and U937 (human monocyte-like
E-mail: Mary.Huggins@nottingham.ac.uk histiocytic lymphoma) cell lines were grown in suspension. They
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Tris—HCI/20mu NaOH, 1ug/ml aprotinin, 2nm PMSF, 0-2%
Triton X-100 (Sigma)) and incubated for 1h atC4 mixing
every 10-15min. The lysate was spun at 10930r 10 min at
4°C to pellet insoluble material and the supernatant was aspirated
and placed on ice. A bicinchoninic acid (BCA) protein assay
(Sigma) was performed to calculate the protein concentration in
the samples, they were diluted in lysis buffer at 2 mg/ml and frozen
at —70°C until required. For electrophoresis, the lysates (2 mg/ml)
were mixed 1:1 with tricine sample buffer containing 2-5%
mercaptoethanol (Novex, Frankfurt, Germany) and heated at
95°C for 3 min, then spun for 1 min at 10 0g0Purified histones
(1 mg/ml) were also treated with sample buffer as above. The
Fig. 1. Morphological changes thgt occur during 'Fhe induction of apoptosishjstone used was total histone (Roche, Lewes, UK). The samples
in Jurkz?\t cells after treatm_ent with cyclohex_am_lde. Left panel, untreated(ZOyl/lane for 10-lane gels or 1Q@/lane on two-well gels) were
cells, nght- panel apoptotic _cells. Arroyvs |nd|cate‘ blebs:, and nuclearloaded on 10—20% Tricine—SDS minigels (Novex) 416f colour
condensation and fragmentation. Cytospins were stained with haematoxylin . .
and eosin. marker (Sigma) were also used and any blank wells contained
sample buffer. The gel was run for 1.5-2h at 125V in tricine—SDS
running buffer. The electrophoresed proteins were then transferred
were cultured in RPMI 1640 medium supplemented with 10% fetalto nitrocellulose membranes (Schleicher & Schuell, Dassel, Ger-
bovine serum (FBS), 10mHEPES, 100 U/ml penicillin, 1089/  many) using a semidry blotter unit for 3h at 0-8 mA/cm (Sigma).
ml streptomycin, 2m L-glutamine (Life Technologies, Paisley, The nitrocellulose was blocked overnight atC4in 5% milk
UK) at 37°C in 5% CQ. The cultures were maintained at 380>  powder (Marvel, Premier Beverages, Adbaston, UK) in PBS.
cells/ml, and dead cells were removed using Histopaque-1077

(Sigma, Poole, UK) 24 h prior to inducing apoptosis. Western blotting
The blotted cellular proteins were probed with human antisera and
Induction of apoptosis a mouse anti-histone antibody (Roche). Sera from SLE patients

Time course and dose-response experiments were carried out fgere taken during routine clinics: all the patients met at least four
determine the optimum yield of apoptotic cells with a minimum American College of Rheumatology criteria. Normal sera were
increase in necrotic cells. Cyclohexamide (Sigma) was dissolved ifrom healthy volunteers.

methanol and diluted in PBS prior to adding to the cells {0 Either the blocked nitrocellulose membranes were cut into 3-
ml); the optimum conditions were 1@@/ml for 3h at 37C, and  mm strips from the centre of each lane, or an Immunotec Mini-
this gave 70-80% apoptotic cells. Methanol diluted in PBS aloneplotter was used on the whole membrane. The blocking solution
did not induce apoptosis. With UV light, 10 min exposure of cells was aspirated and the membranes were incubated with antibodies
in a 75-cnt flask (1x10°cells/ml), with a low setting of the for 3h at 37C. The patient and normal sera were diluted 1:100 in
transilluminator (UVP) followed by 3h incubation at€ gave  PBS—2% bovine serum albumin (BSA); mouse anti-histone anti-
80—-90% apoptotic cells. Anti-CD95 MoAb (DX2 clone, Pharmin- body (Roche) was used atuf/ml. The strips were washed in
gen; Becton Dickinson, Oxford, UK) was used atgiml for 18 PBS—0-1% Tween. Alkaline phosphatase-conjugated secondary
at 37C with 1x 10°cells/ml; this gave 20—-40% apoptotic cells. antibodies were diluted in PBS—BSA (anti-human IgG (1:5000)
Mouse IgG (Sigma) was used as an isotype control and ndor sera and anti-mouse IgG (1:1000) for anti-histone antibody

apoptosis was induced by it. (Sigma)) and incubated with the membranes for 1 h 4€3They
were washed with PBS—Tween again and BCIP-NBT substrate
Detection of apoptosis (one tablet in 10 ml dBD; Sigma) was added for 30—60 min until

Annexin V-FITC and propidium iodide (PI) were used to distin- bands had developed. The strips were finally washed with PBS—
guish apoptotic, viable and necrotic cells by flow cytometry. Tween and dried on blotting paper.

Annexin V binds to phosphatidylserine in the plasma membrane

that becomes exposed during apoptosis and necrosis, Pl is onbsorption of antibodies with antigen

able to enter cells with permeable membranes (necrotic) to bindo determine whether the binding of antibodies with the bands on
with DNA. Cells (2x 10°) were stained using Annexin V-FITC kit the Western blots was specific, the antibodies were preabsorbed
(BenderMed Systems; Biowhittaker Ltd, Wokingham, UK): they with antigen. SLE or normal sera were mixed 1:1 with histone
were washed in PBS and resuspended ini2@inding buffer with (1 mg/ml) (Roche) to give a final serum dilution of 1:100. They were
3ul of Annexin V-FITC and were incubated for 10 min room incubated overnight at’@ prior to use in staining Western blots.
temperature, washed in PBS and resuspended irul26ibding

buffer again. Pl was added (B and the cells were acquired by

FACS (Becton Dickinson, Oxford, UK) immediately. The data RESULTS

were analysed using the WinMDI program. The induction of Antibody detection of proteins released from apoptotic Jurkat
apoptosis was also confirmed morphologically. The characteristi¢ells

blebbing and nuclear condensation is shown in Fig. 1. The soluble lysate fraction of untreated Jurkat cells (i.e. not
induced to undergo apoptosis) gave nhumerous bands on Western
Gel electrophoresis and protein blotting blots when probed with SLE serum IgG antibodies (Fig. 2),

Apoptotic and untreated cells (20L0° each) were washed with whereas very few if any bands were obtained when blots were
PBS and the pellets were resuspended in20@sis buffer (20 nu similarly probed with normal sera (Figs 2 and 3). This is consistent
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with the well characterized occurrence of IgG autoantibodies tocComparison of individual SLE sera showed both similarities and
constitutive cellular autoantigens in SLE. These are likely todifferences in the banding patterns they produced, indicating the
include autoantibodies to Ro, La and U1-RNP. The occurrenceccurrence of autoantibodies with both shared and individual
of the latter was demonstrated using a human serum containingpecificities. For example, a strong band at approx. 35-38kD
antibodies specific for UL-RNP (Binding Site Ltd, Birmingham, and a doublet at approx. 19kD (indicated by asterisks in Fig. 2b)
UK): this was seen as a 70-kD band in the untreated cells (Fig. 4)were detected by SLE sera 21, 39 and 67, but not by SLE sera 4 and
34. All of these bands are likely to represent cytoplasmic autoanti-

(a) gens since the mild lysis conditions used on the cells (0-2% Triton
kD U A U A U A U A U A U A X-100) would not solubilize nuclear material, which would there-
s Y TE N B 4 R H fore be present in the pellet rather than the supernatant following

117 e i T | centrifugation of the lysates (see Materials and Methods).

82 =4 = ' . Similar Western blot probing of lysates of apoptotic Jurkat
{ == cells with SLE serum 1gG antibodies revealed additional bands

49 - - i which were either not present, or were much weaker, in the
20 B 8 -1 = -4 - - NE< Western blots of untreated Jurkat cells (Fig. 2). This suggests
r= = . =| that additional proteins recognized by IgG autoantibodies are

5 = ' — - 1 . ‘i ' < released into the soluble lysate fraction as a result of apoptosis,
—_ - m - < and possibly that some autoantigenic proteins are cleaved during

6.6 apoptosis to yield new bands on the Western blots. The additional
autoantigens detected are likely to include nuclear components due

to the breakdown of the nucleus and chromatin during apoptosis.

NHS 21 34 67 4 39

Some of the additional bands obtained with apoptotic Jurkat
lysates were revealed by only certain SLE sera. However, three
particularly prominent bands were recognized in apoptotic (but not
(b) untreated) Jurkat lysates by IgG autoantibodies in most of the SLE

2%5 _L'.'_ ; E : _l__ili - U il % sera (indicated by the arrows in Fig. 2a). These proteins migrated
{ 8 ] with approximate apparent molecular weights of 33 kD, 21 kD and

117 L;I :I | B == B j 13kD. They were detected by all five SLE sera employed, being
B2 1 = B =] strongly stained using SLE sera 21, 34, 4 and 39, but weakly
49 o B N k| stained with SLE serum 67. Also, detection of the 13-kD band was
29 - s =™ C@a =g variable. The same three bands were also detected by IgG anti-
! - | bodies in most normal human sera employed, although much more

. = = weakly than by the patients’ sera (Figs 2 and 3).
ﬁ‘lg = i "! - i i B The banding patterns obtained with the SLE sera on Western

blots of the apoptotic Jurkat lysates were similar whether apoptosis
was induced by UV radiation (Fig. 2a), cyclohexamide (Fig. 2b)
- or anti-Fas MoAb (Fig. 2c). The bands were slightly weaker for
NHS 21 34 67 4 39 the anti-Fas antibody-treated cells, because the percentage of
apoptotic cells in the lysate was lower (20—40%) than for UV-
or cyclohexamide-treated cells (70—90%).

(c)
kD U A A UA UA o , o , ,
05 MEB PT m = Identification of the prominent antigenic bands in apoptotic
= Jurkat lysates as histones
"M BE BES == The three prominent bands consistently detected on Western blots

82 ; ¥ ; of the soluble lysate fraction of apoptotic Jurkat cells gave a pattern
with the position and intensity expected for histones [8,9] (Fig. 5).

o Thus, the 33-kD band (which often appears as a doublet) coincides
29 " E - - i - = with the position of histones Hla and H1b; the broad band at 21 kD
. : is consistent with histones H3, H2b and H2a which migrate very

W M E * E i close together; the band at 13kD is in the position for histone H4,

19 ‘ ! n= although a cleavage product of H3 produced in apoptotic cells has
6.6 . been reported to migrate at a very similar position [12]. The

staining of histone bands was confirmed by the following experi-
ments. First, SLE IgG serum antibodies gave similar patterns of
staining on Western blots of both apoptotic Jurkat cell lysates and
purified histones (Fig. 6a). These same staining patterns were also

Fig. 2. Western blot of apoptotic (A) and untreated (U) Jurkat cell Iysatesg'v‘_er_' by mouse "_ant"h'Stone ant'seru_m (Fig. 6a). S_econd’ the
stained with SLE sera and normal human serum (NHS). Apoptosis wastaining of both histones and apoptotic Jurkat proteins by SLE
induced by (a) UV irradiation, (b) cyclohexamide and (c) anti-Fas antibody.IgG serum antibodies was greatly reduced by preincubating the
Arrows indicate prominent bands in apoptotic cell preparations. *BandsSLE serum with purified histones (Fig. 6b).

present in both apoptotic and untreated preparations. The identification of the prominent bands as histones is

NHS 21 34 67
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(a) (b)

Wod A HoA M A A u A kb U A A A A A A A A A A
205 = : =B 205 B ! - A E
- — — i g ¥
117 = = -
& - 17 : ! j
- A
82 - - ' i | - <
49 | |- | ~
o - - - < i 5
| - "
. - .. .- . m<
A 298
19 =9 = = - < & i
\ - - -
6.6 19 - - - " -
6.6 . :
21 SLE 8N 12N 14N 16N &

21 1 2 4 5 6 7 9 10 N
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Fig. 3. Western blot of UV-irradiated Jurkat cell lysates stained with normal sera (or SLE serum 21). Arrows indicate prominent bands in the
apoptotic cell lysates (A) not seen in the untreated cell (U) lysates.

consistent with their presence in the soluble lysate fraction of thehe soluble lysate fraction of untreated U937 cells (data not
apoptotic Jurkat cells in which the nuclei had been degraded anghown). Similar IgG antibody staining of the 21-kD and 13-kD
nucleosomes released, and their absence from the blots of théstone bands was obtained with both the apoptotic U937 and
untreated Jurkat cells from which the nuclear material would be imrapoptotic Jurkat soluble lysate fractions produced from UV-irra-
the insoluble pelleted fraction. Other proteins were altered agliated cells (Fig. 7a; position of the histone bands marked by
expected by the induction of apoptosis: for example, an additionahrrows). However, in contrast to the results with Jurkat cells, the
40-kD band was detected by the commercially obtained humar33-kD H1 histone band was extremely weak or undetectable on the
serum containing antibodies to U1-RNP (Fig. 4). This is an apoptosisWestern blots of the U937 soluble lysate fractions (Fig. 7a). This
related cleavage product of 70-kD U1-RNP, as observed by Casciol@bservation was reproducible in separate experiments using dif-
Roseret al. [4]. It was apparent that this human serum containingferent batches of apoptotic Jurkat and U937 cell lysates. Further-
anti-U1-RNP antibodies also recognized the histones (Fig. 4). more, this result was not due merely to generally weaker staining
of U937 bands since, for example, the 13-kD band was much
Release of histones from apoptotic U937 cells weaker than the 33-kD band on the Western blots of the Jurkat
Lysates of U937 cells were prepared in the same manner as fdysates, but the 13-kD band was clearly detectable on the Western
Jurkat cells and Western blotted with some of the SLE sera. Adlots of the U937 lysates (Fig. 7a).
found with Jurkat, no histone bands were detected when probing In order to confirm that histone H1 is a component of U937

kD A A A U
205 H -
1 mmm| — 30kD
117 _ .
82
—
— {
49
29 -_ e
- 21kD
— — H3 _
19 H 2b .
[
6.6 H 2a
- 14 kD
NHS SLE U1-RNP H4 -
Fig. 4. Western blot of cyclohexamide-treated (A) and untreated (U) Jurkat

cell lysates, stained with normal human serum (NHS), SLE patient’'s serum
and commercial human serum known to contain antibodies to U1-RNPFig. 5. Diagrammatic representation of histone subunits as would be seen
Arrows indicate U1-RNP-specific bands. on an SDS—PAGE gel.
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@HAU HAU b} .. DISCUSSION
i) Histone Ad o _ _
The results presented here indicate that protein autoantigens can be

differentially released by different cell types undergoing apoptosis.
Using different sources of apoptotic material we have shown that
IgG antibodies in SLE patients’ sera can distinguish several
proteins revealed during apoptosis. Some of these antigens were
also recognized by 1gG antibodies in normal sera, though less
strongly. The SLE sera were also able to detect antigens in
untreated viable cells that were not seen by the normal sera.
These observations are consistent with previous reports that con-
stitutive cellular autoantigens become more accessible in cells
undergoing apoptosis [2], and that several of the autoantigens are
cleaved by caspase enzymes, potentially exposing cryptic epitopes

[4,5].
o We have demonstrated that apoptotic cells are a source of
Al eione e soluble antigen, not seen in preparations from untreated cells. The
antibody serum gen, prep .

proteins that were consistently detected were histone subunits: the
Fig. 6. Western blots that compare staining of apoptotic Jurkat cell lysatepattern of staining by SLE sera was almost identical to that of an
with histone. (a) Staining of purified histone (H), UV-irradiated Jurkat cells anti-histone antibody, and could be abrogated by the absorption of
lysate (A) and untreateq t]urkat c_:eII lysate (U) with _anti-histone antibodythe sera with histones. Histones are major components of the
and SLE serum. (b) Staining of histone and apoptotic Jurkat (AJ) preparegclegsome unit of chromatin, and cleavage of chromatin to
&?{;}Sx:githg'tsotggsf)m'b()dy (=) s reduced by preincubation of antibodyy oo 3se nucleosomes is a key event during apoptosis. Consistent

' with this, we found that the histones of non-apoptotic cells were

not soluble under mild lysis conditions which would not dissolve

chromatin, but were soluble when apoptotic cells were exposed to
cells, although it is barely present in the soluble apoptotic materialthe same conditions. Antibodies to nucleosomes, DNA and his-
equivalent numbers of untreated U937 and Jurkat cells were lysethnes are a common feature of SLE, and levels of anti-nucleosome
directly in SDS—PAGE sample buffer. This would solublize all antibodies correlate with levels of circulating nucleosomes [13].
cellular constituents, including the nuclear material, in contrast toAlso, histone cleavage can occur during apoptosis, particularly
the milder lysis conditions used in the previous experimentsaffecting H3 [12]. Antibodies are produced which are specific for
Western blotting of these cell lysates probed with SLE IgG individual histones [7,8] as well as complexes, particularly (H2A-
serum antibodies showed very similar bands for U937 andH2B)-DNA [9]. However, we were unlikely to have such com-
Jurkat, including the presence of the 33-kD H1 histone bandlexes in the gel because of the denaturing conditions of the gel
(Fig. 7b), although this band for U937 tended to be weaker. electrophoresis, and DNA, or DNA—protein complexes, have a

(a) Jurkat a3z (b} Jurkat U937
205 # &® &
: F . 205
117 e — = m— s 117 s — o — —
82
82
a9 49
20 ' wm wm ol < =< 20 i b W < . <
- o
- o W A ~
I < - bam W i
mmm hE-E oM. .- <
6.6
6.6
4 21 34 39 4 21 34 39
4 21SLS4 39 4 215Lé34 39 SLE SLE

Fig. 7. Western blots showing a difference in staining of apoptotic Jurkat cell lysates and U937 cell lysates with SLE sera. The soluble

antigens from supernatant of Triton X-100-lysed cells (a) showed the 33-kD band in apoptotic Jurkat preparations, but this band was very
weak or absent from the apoptotic U937 cell preparations. The total cell contents were lysed with reducing sample buffer (b), resulting in the
previously absent band being weakly detected in the U937 cells. Prominent bands are indicated by arrows.
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high molecular weight and would not have entered the gel. Thisapoptotic cell types acting as sources of autoantigens in different
also excludes the possibility that anti-DNA antibodies in the SLESLE patients may relate to the heterogeneity of autoantibody
sera were cross-reacting with histone—DNA complexes. Howevemroduction and, possibly, of clinical manifestations.
it is possible that some of the serum reactivity with the histones on It is at present unclear why histone H1 (but not the other
the Western blots was not due to histone-specific antibodies, butistones) is largely absent from the soluble lysate fraction of
rather resulted from DNA-anti-DNA immune complexes in the apoptotic U937 cells. This finding is in some ways surprising,
sera binding because of the affinity of acidic DNA for basic since H1 is external to the nucleosome core and therefore might be
histones. Such interactions have been reported previously [14fxpected to be the most accessible of the histones. Furthermore,
We cannot totally exclude this as a contributory factor in ourcomplete solubilization of untreated U937 cells in SDS—PAGE
experiments, but it is not supported by our finding that treatment oample buffer showed that these cells do possess histone H1 which
SLE sera (21, 34 and 39) according to a standard protocol teeacts with IgG antibodies in SLE sera (Fig. 7b). This 33-kD band
precipitate immune complexes with polyethylene glycol [15] did is however generally weaker for U937 cells than for Jurkat cells,
not remove the reactivity with histones on Western blots (data notvhich may be indicative of a fundamental difference between
shown). In any case, the availability of nucleosomal material fromthese cell lines. One possibility is suggested by the report of H1
apoptotic cells could stimulate the production of antibodies to bothbinding to calreticulin [21]: thus, H1 may bind to other cellular
histones and DNA [16] components in apoptotic U937 cells (but not apoptotic Jurkat cells)
A variety of assays has been described for the detection ofhat remain insoluble under mild lysis conditions. Alternatively,
antibodies to histones in SLE, particularly ELISAs, but also H1 may undergo degradation during apoptosis of U937 cells, but
immunoblotting as employed in this study (reviewed in [7] and remain intact in apoptotic Jurkat cells.
[8]). For clinical utility, assay conditions are normally adjusted to ~ Apoptosis is a normal physiological process involved in the
maximize the difference between antibody detection in patientsontrol of cell populations and the removal of unwanted or
and normal controls. However, our experiments indicate that IgGxhausted cells. However, abnormalities in the way the body
anti-histone antibodies are present in the sera of many normaleals with apoptosis may be relevant to the development of SLE.
individuals, although at lower levels than in SLE patients. In view Thus, inefficient removal of apoptotic debris may result in damage
of the variability of these reactions with sera from different to surrounding tissue by harmful cell contents leading to inflam-
individuals (Fig. 3), it seems unlikely that they are merely due tomation, and may also result in increased exposure of potential
non-specific charge interactions between the highly basic histoneégsnmunogens: both could perpetuate an autoimmune response
and relatively acidic immunoglobulins, but are indicative of (reviewed in [22]). Macrophages normally play an important role
specific antibody—antigen interactions. Furthermore, others havi the non-immunogenic clearance of apoptotic cells, but it has
reported that histone-specific antibodies are present in normdleen reported that macrophages of SLE patients show impaired
individuals [17] and that mitogen stimulation of normal peripheral phagocytosis of apoptotic cells [23]. This could make apoptotic
blood mononuclear cells (PBMC) induces the production of anti-material available both for binding by autoreactive B cells specific
histone antibodies [18]. In addition, histone-specific T cell linesfor cellular constituents such as nucleosomes, and for phagocytosis
can be generated from normal individuals as well as SLE patientby dendritic cells. The apoptotic material could then be immuno-
[11]. These findings are consistent with a degree of autoreactivitygenically presented to T cells [24]. This may happen in a limited
being neither unusual nor harmful, but that it is the dysregulation ofand controlled way in normal individuals, which would explain the
these processes which may lead to autoimmune disease. low levels of histone-specific antibodies in hormal subjects which
SLE patients vary widely in the occurrence and levels ofwe have observed. However, it may happen in an exaggerated way
autoantibodies to individual cellular constituents, both betweerin SLE and/or occur in an environment of autoreactive T cell
patients and at different times in the same patient. With regard talysregulation.
histone-specific antibodies it has been observed, for example, that Environmental triggers such as UV light can induce a systemic
different patients can show a predominance of antibodies to eitheftare in photosensitive SLE patients. We have used UV light as
H1 and H2B, or to H2A+ H4 [19]. If, as has been hypothesized, an inducer of apoptosis and demonstrated that soluble antigens
material from apoptotic cells drives the autoimmune response, theare revealed during apoptosis. Apoptosis of keratinocytes by
this variability may relate to the availability and nature of the UV light induces skin lesions and the antigens that form in the
apoptotic material. This could be affected by several factorsplebs of these apoptotic cells can stimulate autoantibody production
including the stimulus for apoptosis and the cell type in which [25]. Furthermore, increased apoptosis, as a result of inflammation
apoptosis is induced. In our experiments looking particularly atduring a lupus flare, may enhance anti-histone antibody production
histones we observed little difference in the availability of auto-due to the increased availability of antigen, thereby perpetuating the
antigens derived from Jurkat cells induced to undergo apoptosis bglisease.
different stimuli (UV radiation, cyclohexamide or Fas ligation). In conclusion, different triggers of apoptosis promote the
This is consistent with other reports that different inducers ofavailability of similar autoantigens. Histones are a major compo-
apoptosis (UV irradiation, anti-Fas antibody, granzyme B) havenent of these antigens, and are strongly recognized by autoanti-
similar effects on antigens such as PARP, DNA-PK, U1-RNP [20]bodies in SLE sera. Different apoptotic cell types can vary in the
because these inducers all indirectly trigger the activation oftypes of autoantigens released, which may be relevant to the
caspase enzymes that cleave these antigens. By contrast, we didriety of autoantibodies and clinical manifestations in SLE.
see a clear difference in the exposure of autoantigens between the
different types of cell line employed, with a 33-kD protein
consistent with histone H1 being solubilized during apoptosis of
Jurkat cells but not U937 cells (Fig. 7a). This specific observation ACKNOWLEDGMENT
suggests the more general hypothesis that differences in the maimis work was funded by the Jones Charitable Trust.
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