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A B S T RA C T Rabbit antisera were produced against
pooled living lymphocytes from 25 patients with active
systemic lupus erythematosus (SLE). Lymphocytes
collected at plasmapheresis or venipuncture were
frozen in liquid nitrogen and later coated with rabbit
antibody to normal human tonsils and normal thymo-
cytes immediately before intravenous immunization of
rabbits. Antisera were subsequently extensively ab-
sorbed with normal human tonsillar cells, thymocytes,
peripheral blood lymphocytes, erythrocytes, and leuko-
cytes from patients with myelogeneous and lymphatic
leukemia until residual base-line immunofluorescent
staining of normal human lymphocytes using F(ab)2'
of whole antisera averaged <5%. Absorbed pepsin-di-
gested antisera detected membrane antigens which
were markedly increased (mean 32%) on lymphocytes
from patients with active SLE (P < 0.05). Membrane
antigens reacting with absorbed, pepsin-digested anti-
sera were present on both T and B cells but, in most
instances, predominated on T cells. Control observa-
tions using absorbed pepsin-digested antisera to nor-
mal human lymphocytes or peripheral blood lympho-
cytes from patients with rheumatoid arthritis showed
no similar specificity. SLE patients treated with moder-
ate or high dose corticosteroids or immunosuppressive
agents (cytoxan or azathioprine) appeared to lose lym-
phocyte antigens detected by these reagents. Control
studies with other connective tissue disease patients,
miscellaneous hospitalized subjects, or normal controls
showed low levels of reactivity (2-5%). SLE lympho-
cyte membrane antigens uniquely increased during ac-
tive disease; this may represent neoantigens or altera-
tions associated with the disease itself.
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INTRODUCTION

Patients with systemic lupus erythematosus (SLE)' fre-
quently have cold-reactive serum lymphocytotoxic anti-
bodies (1-4), which are detected by various modifica-
tions of the original microcytotoxicity test (5); these
antibodies appear to be mainly immunoglobulin (Ig)M
but probably represent only part of a broad spectrum
of anti-lymphocyte responses present in patients with
SLE (6-9). Anti-lymphocyte antibodies associated with
active SLE show varying degrees of reactivity for lym-
phocyte subpopulations. Thus, whole serum or IgG
fractions of some SLE sera are capable of blocking
mixed leukocyte culture reactivity by interaction with
responder lymphocyte populations (10, 11). In addi-
tion, reactions with both T and B lymphocytes have
been detected using other techniques (8, 12, 13). One
possible explanation for the original genesis of anti-
lymphocyte antibody in SLE serum might be that in-
trinsic alterations in lymphocyte membranes could be
induced by the disease itself (14). If, for instance, a
virus was resident within SLE lymphocytes, it might
induce an immune response by coding for alterations
in various cell surface membrane structures. Such a
circumstance might favor production of anti-lympho-
cyte antibody with specificity for altered autologous
membrane components but with cross-reactivity for
normal lymphocyte cell surface structures. Alternative
possibilities are that SLE anti-lymphocyte antibodies
recognize derepressed gene products or idiotypic anti-
gens on expanded clones of antigen-reactive lympho-

uAbbreviations used in this paper: ALL, acute lymphoblastic
leukemia; E, erythrocyte; FACS, Fluorescence-Activated Cell
Sorter; Fc crystalline fragment; PMN, polymorphonuclear
leukocyte; RA, rheumatoid arthritis; SLE, systemic lupus ery-
thematosus.
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cvtes in SLE. Examination of these possibilities is made
difficult by the broad heterogeneity of antibodies in SLE;
we halve therefore adopted a different approach and
have sought direct evidence for the existence of new
or altered antigens on SLE lymphocytes by hetero-
immunization. A general approach was used for im-
munizing against weak cell surf'ace antigens that has
previously been successful in defining antigens associ-
ated with acute lymphoblastic leukemila (15-17). The
results presented here provide preliminary evidence
for the presence of unusual SLE lymphocyte membrane
antigens which may be related to the disease process
itself.

METHODS

Peripheral blood samiiples were collected in preservative-free
heparin from 48 patients with active SLE as judged by pres-
ence of high DNA-binding, low total serum hemolytic com-
plement, clinical evidence of renal or central nervous system
involvement, active skin lesions, arthritis or tendonitis, or
generalized polyserositis. All patients met preliminary Arthri-
tis Rheumatism Association criteria (18) for a definite diag-
nosis of SLE. Although no evidence was available at the
beginning of the study to the conitrary', a conscious attempt
was made to avoid collection of blood samples from more
than a few patients receiving high (lose (>20 mg/d) prednisone
or other corticosteroids or from patients wvho had been main-
tainied on other imnmunosuppressive regimes such as
azathioprine, cyclophosphamide, or chlorambucil. The de-
gree of clinical activity was arbitrarily graded as mild,
moderate, or severe on the basis of concurrent clinical and
laboratory findings. Thus, patients classified as showing
severe activity manifested fever, multisvstemii involve-
ment, significant leukopenia (leukocyte count < 3,500) and
synovitis, active central nervous system signs, or active
nephropathy. Patients with moderate involvement showed no
fever or ongoing evidence of multisystem involvement but
showed clinical and laboratory signs of activity in at least one
major system such as nephropathy, thrombocytopenia, central
nervous system involvement, or synovitis. SLE patients with
mild activity showed only episodic, symptomatic minor flares
of disease usually without concurrent marked change in se-
rumii comiplement profile, DNAbinding, or ancillary laboratory
parameters. Over half (27/48) of the patients studied were
regarded as showing severe involvement and 19 were studied
before any therapy was administered.

Control groups studied included 25 normal subjects of both
sexes (ages 20-50 yr) as well as a group of patients with other
connective tissue diseases including 24 with rheumatoid ar-
thritis, 4 with mixed connective tissue disease, 5 with sclero-
derma, 1 with polymyositis, and 1 with periarteritis nodosa.
In addition, 21 miscellaneous patients (ages 22-80 yr) of both
sexes representing a number of common medical problems
such as myocardial infarction, obstructive lung disease, dia-
betes, viral pneumonia, pulmonary infarction, alcoholic liver
disease, tuberculosis, or gonococcal sepsis were also studied.

Lymphocytes were isolated from blood samples using Ficoll
(Pharmacia Fine Chemicals, Div. of Pharmacia Inc., Piscata-
way, N. J.)-triosil density sedimentation (19), and depleted
of monocytes and adherent cells by incubation at 37°C for
45 min on glass petri dishes as previously described (20).
This procedure also allowed for shedding of any cytophilic Ig
passively absorbed to the test cells. In some experiments,
lvmphocytes were separated into erythrocyte (E)-rosetting and

nonrosetting stubpopulaltions using neuraiminidase E rosettes
and centrifugation through a Ficoll-triosil gradient as pre-
viously described (21). Nonrosetting cells at the Ficoll-triosil
interface were almost entirely B and "null" cells as indicated
by fluoreseence staining for surface immunoglobtulin uising
pepsin-digested rabbit anti-human immunoglobtulin (21) as
well as by' staining with chicken anti-human Ila antibody fol-
lowed by goatt anti-chicken y-globuliin fluioresceinalted ainti-
body (22, 2:3). When neuraminidase E-rosettinig T cells and
noinrosetting cells were studied for reactivity with various
rabbit ainiti-SLE antitsera, test cells were alw,.vays incubated at
370C in RP1\I imieditum atnd .5% C02-air overnight to allow for
complete slhedding of any' traces of adherenit autitologous cyto-
philic anti-lymphocyte antibody before testinig.

Polvymorphonuclear leuikocy'tes (PMIN) fromiboth normiial
control and SLE patients were obtained uising dextrani sedi-
mentlationi of whole blood. P\MN-rich cell populationis con-
tain1ed >90% granulocytes. The pellet of fresh PMNwas in-
cubated with various anti-SLE antisera for 30 min either at
40 or 37C, the cells were wvashed, and then the fluorescein-
labeled goat F(ab)2' aniti-rabbit IgG F(ab)2' was applied for
staining. In most instances fresh PMNwere also sttudied after
collectioni in heparinized tubes maintained on ice at 4°C to
which 0.02% sodium azide had been added to abrogate in vitro
phagocytosis which might occur durinig cell preparation and
handling. In these latter instances all subsequent phases of
PMN preparation, washing, and staining were carried out at 40C.

Production of antisera against SLE lymphocytes. Rabbits
were immilunized with pooled lymphocytes from 25 acutely
ill SLE patients who were not receiving corticosteroids or
other immilunosuppressive medications. Advantage was taken
of therapeutic plasmapheresi s procedures being undertaken
in six such patients to secure large quantities of lymphocytes
(200-800 x 106 cells at a time). These mononuclear cells were
washed in RPMI 1640 medium at 37°C and subsequenitly al-
lowed to elute possible adsorbed cytophilic antibodies at 370C
in 5%CO2-air for 3-4 h. After a final washinig at rooIml temilperat-
ture (22"C), ali(quots of these freshly prepared lymphocytes
were frozen using a programmed cell-freezing unit which
cooled cells at 2"C/min down to - 197°C before they were
stored in li(quid nitrogen with 10% dimethyl sulfoxide and
10% fetal calf serumiii. In addition, individual smaller (Iuani-
tities (2- 10 x 106) of lymphocytes obtained from in-patients
or out-patients during active stages of SLE were similarly
processed and stored frozen in liquid nitrogen. When suf-
ficient (quantities of SLE lymphocytes had been accuimiulated
from a total of 25 patients with SLE, a series of three intra-
venous injections of 300-420 x 106 SLE lymphocytes were
admiiinistered at 7-10-d intervals to a total of three rabbits.
Each rabbit received living SLE lymphocytes from at least 10
SLE donors. Immediately before each intravenous injection,
previously frozen viable cells were brought quickly to room
temperature, washed twice in RPMI medium, and incubated
for 30 min at 37°C with heat-inactivated rabbit antiseruim to
normal human thymus and antiserum to normal human tonsils,
uising 0.5 ml rabbit antiserum/200 x 106 lymphocytes. The vi-
ability of cells previously stored frozen was high with 85-90%
showing exclusion of the supravital dyes trypan blue and eosin
Y. Thus, rabbits were immunized with antibody-coated SLE
mononuclear cells. No washing of antibody-coated lvmpho-
cytes w.as performed before injection and the pooled SLE
lymphocytes along with the mixture of rabbit anti-humilan
thymus and rabbit anti-niormal human tonsil was slowly ad-
ministered intravenously to rabbits over the course of 3 min.
This general method is similar to that previously uised for
production of antiserum to the acute lymphoblastic leukemia
(ALL) anitigen (15, 16). 1 wk after the third injection of pooled
SLE lymphocytes, rabbits were bled out and antisenim absorbed.
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Control immunizations were conducted in identical proto-
cols using lymphocytes isolated from fresh normal human
tonsils after mincing, filtration through wire mesh, and ex-
tensive washing with Hanks' balanced salt solution. 300-400
x 106 living tonsillar lymphocytes were used for each of a
series of three weekly intravenous injections. Again normal
tonsillar lymphocytes were precoated with rabbit antiserum to
normal tonsils and normal human thymus before intravenous
immunizations. A second control group of immunizations in-
clided similar numbers of peripheral blood lymphocytes ob-
tained from at least 10 different patients with active rheuma-
toid arthritis (RA). Cells from RA patients were collected,
stored after freezing in a programmed cell freezer, and later
pooled to provide batches of cells used for intravenous im-
munizations of three rabbits. All pools of RA lymphocytes
were precoated with rabbit antibody to normal human tonsillar
cells and human thymocytes before intravenous immunizations.

Absorption procedures. Antisera were first inactivated at
56°C for 30 min. They were then absorbed 4 times with one-
third volume of freshly washed human AB erythrocytes, 7-10
times with one-third volume of freshly prepared washed
human tonsillar lymphocytes, and 2-3 times with one-third
volume of human thymus cells obtained from fresh samples
of thymus removed during cardiac surgery, and twice with
normal peripheral blood lymphocytes. Antisera were also ab-
sorbed twice with one-third volume of washed leukocytes
from patients with chronic granulocytic leukemia, once with
lymphocytes from patients with chronic lymphatic leukemia,
and once with cells from patients vith myelogenous leukemia
in blast crisis. All absorptions were carried out at 4°C for
2-4 h with frequent agitation of cell pellets to mix absorbing
cells with antiserum. Toward the end of these extensive ab-
sorption procedures, absorbing cells were monitored by in-
direct immunofluorescence using fluorescein-labeled goat
anti-rabbit y-globulin to detect surface rabbit IgG still being
absorbed out by the respective absorbent cell preparations.

After absorption appeared complete and no more rabbit Ig
was detected on absorbing cells by indirect immunofluores-
cence, whole antisera were then digested with pepsin at pH
4.0 to produce F(ab)2' fragments devoid of Fc. Completeness
of peptic digestion was monitored using acrylamide gel elec-
trophoresis, Ouchterlony analysis with specific goat anti-rab-
bit Fc antibody, and absorption with whole Cowan I staphylo-
coccal organisms containing protein A, or with protein A linked
to Sepharose. Whole absorbed antiserum was pepsin digested
at pH 4.0, 37°C, using 2 mg pepsin/ml of whole serum. After
14 h of pepsin digestion, the precipitate was pelleted in the
ultracentrifuge by centrifugation at 20,000 g for 30 min, and
supernates were redigested with pepsin a second time again
using 2 mg/ml serum over a 10-h period. At the end of the
second digestion, insoluble precipitate was again cleared by
ultracentrifugation. The supernate containing F(ab)2' frag-
ments was then dialyzed overnight for 12 h against 0.005 M,
pH 7.5, phosphate buffer. After this dialysis step the material
was absorbed with protein A linked to Sepharose and cleared
in the preparative ultracentrifuge at 100,000 g using a
10 x 10-in. head and the cleared supernate containing F(ab)2'
fragments of antibody adjusted to pH 7.4 and 0.1 molarity
for use in cell membrane immunofluorescence studies.

Pepsin-digested whole absorbed antisera were incubated
with normal or patient lymphocytes or PMNfor 30 min at
22°C, washed with RPMI medium, and fluorescein-labeled
goat F(ab)2' fragments of anti-rabbit F(ab)2' applied, washed
once, and cell preparations mounted under sealed cover slips
and examined under incident light using phase and UV im-
munofluorescence microscopy. The goat F(ab)2' anti-rabbit
F(ab)2' antibody had been specifically isolated by affinity
chromatography from a solid-phase rabbit F(ab)2' column and

only specific eluted antibody labeled with fluorescein. This
reagent showed no reactivity with isolated rabbit Fc fragment
by Ouchterlony analysis. In all immunofluorescence proce-
dures controls included F(ab)2' fragments derived from normal
rabbit serum as well as application of the fluorescein isothio-
cyanate-labeled goat F(ab)2' anti-rabbit F(ab)2' alone.

In some cases monocyte and adherent cell-depleted lym-
phocyte cell populations from both SLE patients and normal
controls were studied after separation of large and small mono-
nuclear cells with the Becton, Dickinson Fluorescence-Ac-
tivated Cell Sorter (FACS-1, Becton, Dickinson FACS Sys-
tems, Mountain View, Calif.). The principles and details of
the FACSoperation have previously been described (24-26).
In addition, sorting for intensity of fluorescence and cell pro-
file was also performed using whole Ficoll-triosil lymphocyte
preparations from patients with active SLE in comparison to
normal controls.

RESULTS

Studies using absorbed pepsin-digested antisera.
After the extensive absorptions noted above, pepsin-
digested antisera made against SLE lymphocytes from
two of the three rabbit antisera appeared to show
preferential reactivity for membrane determinants
present on mononuclear cells from SLE patients. Some
residual staining was noted in a small population of
normal control cells studied in parallel; Possible non-
specific background staining was calculated from con-
trol experiments where pepsin-digested normal rabbit
serum was applied before addition of the fluorescein-
labeled specific goat F(ab)2' anti-rabbit F(ab)2'. In these
control experiments, 1.8-5% of normal, rheumatoid,
or test SLE cells showed a low level of apparent back-
ground binding. A summary of data obtained in these
experiments is given in Table I.

In many of these assays whole monocyte-depleted
lymphocytes were tested in parallel with nonrosetting
and neuraminidase E-rosetting T lymphocytes as well
as PMNisolated by initial dextran sedimentation be-
fore Hypaque-triosil mononuclear cell preparation. All
PMNpreparations were studied within <3 h of initial
blood collection. Several interesting points can be
noted in the data shown in Table I. In patients 3 and 5,
after a 45-min incubation at 37°C, relatively low pro-
portions of lymphocytes were stained (5 and 17%);how-
ever, again much higher proportions of lymphocyte
subpopulations (80, 56, and 72%) showed staining
after overnight 37°C incubation using the same pepsin-
digested antisera. Relatively low proportions of cells
were noted staining in normal subjects, miscellaneous
disease controls, and other connective tissue disease
patients studied. Also it appeared that anti-SLE anti-
sera were reacting wth membrane determinants that
were present on both nonrosetting and T-rosetting
cells. However, in most SLE patients, higher propor-
tions of neuraminidase-rosetting cells showed positive
staining. This was particularly striking in patients 4,
6, 12, and 13, all of whom were untreated with ex-
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TABLE I
Percentage of Lymphocytes Staining with Whole Pepsin-Digested Absorbed Whole Anti-SLE Lymphocyte Antisera

using SLE and Control Patients' Mononuclear Cells

Lymphocytes
staining (depleted
of adherent cells Non-T-rosetting Concurrent drug

Patient studied and monocytes) cells staining T-cell staining PMNstaining treatment

a) 1 36 - 73 None
2 5 9 9 82 10 mg Prednisone
3 5 80 98 15 mg Prednisone
4 74 20 39 None
5 17 56 72 54 None
6 58 4 49 68 None
7 15 11 35 Salicylates
8 56 10 30 95 7.5 mg Prednisone
9 32 58 5 mg Prednisone

10 30 36 6 10 mg Prednisone
11 0 60 40 mg Prednisone
12 49 10 35 None
13 43 20 42 None

Mean 32.3 Mean 19.6 Mean 39.7 Mean 73.5

b) Normal controls (25) Mean 4.0+2.1 Mean 2.5±+1.2 Mean 2.6+ 1.0 Mean± 1.3
c) Miscellaneous disease

Controls (21) Mean 3.9+2.5 2.0± 1.5 1.8+ 1.2 5.0+3.2
d) Connective tissue (35) disease

controls Mean 3.0± 1.0 2.0± 1.2 1.6± 1.0 3.8± 1.4
e) Pepsin-digested SLE

normal rabbit Mean 5.0± 1.2 4.0± 1.0 3.0± 1.0 6.0±2.0
serum control Normal

Mean 2.0± 1.0 2.0± 1.0 1.9± 1.0 3.0± 1.0
P values (SLE compared with

normal controls) P < 0.05 P < 0.005 P < 0.005 P < 0.001

tremely active SLE. On the contrary, patient 10 showed
a higher proportion of positively staining cells in the
non-T-rosetting fraction. Patient 11, who had received
1-g/d doses of methyl prednisone during the preced-
ing week and was receiving 40 mg prednisone/d at
the time of assay, showed no mononuclear cells re-
acting with absorbed pepsin-digested antisera.

Control observations using absorbed pepsin-digested
antisera to normal human tonsillar lymphocytes and
other similarly processed antisera made against pooled
RA lymphocytes showed no similar specificity. Pepsin-
digested absorbed antisera to normal human tonsils
produced essentially negative results with 15 normal
controls, 12 patients with RA, and 10 patients with
active SLE. In similar fashion, no rheumatoid speci-
ficity was apparent when three different rabbit anti-
sera against RA lymphocytes absorbed and pepsin
digested in similar protocols were studied using SLE,
RA, and normal control lymphocytes. A summary of
these control experiments is shown in Table II. Data
for one anti-RA antiserum shown in (B) was similar
to that recorded with two other separate anti-RA lym-
phocyte antisera.

During the course of these studies it appeared that
the reactivity of the absorbed pepsin-digested anti-
SLE lymphocyte antisera was higher in percentage of
cells staining using freshly collected SLE lymphocytes
than with cells previously obtained from the samiie pa-
tients and stored frozen for several weeks or months in
liquid nitrogen. It was also found that when freshly col-
lected lymphocytes were recovered from Ficoll-triosil
and not allowed to elute possible cytophilic antibody at
37°C, a much lower proportion of positively staining
cells was identified. Subsequently after overnight in-
cubation at 37°C in 5%CO2 air, the proportion of posi-
tively staining cells increased markedly.

A number of observations appeared to be consistent
with a relative loss of positively staining lymphocytes
in SLE patients receiving moderate or high doses of
corticosteroids. Therefore it was very unusual to see
> 10-15% positively staining lymphocytes in SLE sub-
jects taking over 20 mgprednisone/d. Serial studies in
several patients showed decreases from initial percent-
age positivity of 55-70% in whole monocyte-depleted
lymphocytes during initial active untreated SLE to 10-
20% positive cells within several days after institutioin
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TABLE II
Control Experiments Using Absorbed Pepsin-digested Rabbit Antisera to Normal HumanTonsillar Lymphocytes and

Peripheral Blood Lymphocytes from Patients with RA

Peripheral blood mononuclear
cells staining, %

Normal RA SLE
controls patients patients

Reagents used (15) (12) (10)

(A) F(ab)'2 from antiserum made against normal human tonsils* 0 0 0.12

(B) F(ab)'2 from antiserum made against peripheral blood lymphocytes from RA patients* 0.23 0.35 0.10

* Pepsin-digested antiserum prepared after whole antiserum was absorbed in an identical protocol as that used for
absorption of antisera made against SLE lymphocytes.

of corticosteroid therapy at 40-60 mg prednisone/d.
Degree of positivity of lymphocyte staining with pepsin-
digested absorbed anti-SLE reagents roughly appeared
to approximate clinical activity although several excep-
tions to this rule were recorded.

Definition of cell types reacting with anti-SLE rea-
gents. Lymphocyte cell surface staining was per-
formed on various cell subpopulations in parallel with
other lymphocyte membrane antigen assays in an at-
tempt to ascertain whether or not the reagents were
reacting with any particular lymphocyte subpopula-
tion. In some experiments E-rosetting and nonrosetting
lymphocytes obtained from Hypaque-triosil-isolated
cells depleted of monocytes and adherent cells by ad-
herence to petri dishes were studied using twice
pepsin-digested F(ab)2' fragments of rabbit anti-SLE
antisera and double staining using specific chicken anti-
human Ia antiserum in conjunction with rhodamine-
labeled sheep anti-chicken y-globulin. The use of
chicken anti-Ia reagents avoided non-specific binding

to various cell surface Fc receptors since chicken Ig was
shown in parallel control experiments not to react with
human mononuclear cell membrane Fc receptors.2
These experiments are shown in Table III. It can be
seen that a 20-30% overlap or double staining with anti-
SLE and anti-Ia occurred in the non-T-rosetting cell
populations from SLE patients; however, there was
very little overlap between Ia+ cells in the neuramini-
dase T-rosetting cell population and concurrent
staining with F(ab)2' anti-SLE reagents.

Studies with PMN. The staining noted with PMN
appeared to be globular and particulate both on the
leukocyte surface and throughout the cell. Examples of
these staining patterns are shown in Fig. 1. Distribution
of PMN immunofluorescence was compatible with
ingested complexes or phagocytosed material. In a
number of SLE patients, blood was collected in 0.02%

2 Janossy, G., D. R. Sutherland, and M. F. Greaves. Unpub-
lished observations.

TABLE III
Double Labeling Experiments Aimed at Definition of Lymphocyte Subpopulations

Reacting with Absorbed Pepsin-digested Anti-SLE Sera

Non-T-rosetting cells T-rosetting cells

Staining Staining Anti- Staining Ia+
anti-SLE la+ Ia+ anti-SLE SLE + Ia anti-SLE

SLE patient studied
A 11 48 1 35 5 1
B 32 80 15 30 0 0
C 4 67 0 49 4 3
D 24 57 22 72 6 2
E 12 59 2 27 3 1
F 42 84 33 69 1 0

Normal controls
1 5 70 5 4 2 0
2 6 65 4 4 3 0
3 4 80 4 2 3 0
4 0 85 3 3 1 1
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FIGURE 1 (A) Immunofluorescence pattern of staining of PMNwith absorbed F(ab)2' of anti-SLE
lymphocyte antiserum. Large intracellular areas as well as punctate membrane staining are noted.
(B) Phase contrast view of same microscopic field as shown above in Fig. 1.

sodium azide and placed immediately on ice at 4°C.
This latter procedure did not affect the proportion of
PMN staining with absorbed anti-SLE antisera.
Moreover, incubation of normal PMNwith fresh SLE
plasma at 37°C for 30 min followed by staining showed
only slight increment (mean 10%) in percentage of
positive staining cells, but in no instance approximated
the 54-98% PMNstaining seen in fresh SLE PMN.

Staining of SLE PMNfor Ig using fluorescein-labeled
goat F(ab),' anti-human F(ab)2' showed Ig within a
much smaller proportion of SLE PMN studied in
parallel. These data indicated that material staining in
PMN with absorbed anti-SLE antisera was not a
phenomenon ocurring in vitro after removal of blood
samples from patients. If material associated with PMN
were originally associated with immune complexes, it
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is conceivable that after in vivo ingestion, Ig portions
were rapidly degraded by lysosomal enzymes.

Specificity studies. Because the previously ab-
sorbed pepsin-digested anti-SLE reagents appeared to
identify antigens present both on the membranes of
mononuclear cells and on phagocytic PMN, it seemed
possible that the specificity of these antisera might be
directed at antigens circulating in SLE plasma. Ac-
cordingly, pepsin-digested anti-SLE lymphocyte anti-
sera were subsequently absorbed with SLE plasma
from four patients using 0.1 ml pooled plasma/0.4 ml
cell-absorbed pepsin-digested anti-SLE reagent. After
clearing in the ultracentrifuge, no diminution in stain-
ing for SLE lymphocytes was noted after these absorp-
tion procedures. Moreover, no lines were observed in
micro-Ouchterlony experiments between cell-absorbed
pepsin-digested anti-SLE antisera and six other active
SLE sera.

Absorbed pepsin-digested anti-SLE antisera were
next studied using monocyte-depleted lymphocyte
preparations from patients with active SLE in compari-
son to PMNisolated from the same patients. 0.2 ml anti-
serum was absorbed with 3-5 x 106 lymphocytes or 5
X 106 PMNcollected initially on ice at 4°C. Membrane
staining of lymphocytes was markedly reduced both in
intensity and proportion of cells staining using two ab-
sorptions at 4°C for 3 h with SLE lymphocytes; in addi-
tion marked reduction of staining PMNoccurred after
lymphocyte absorption of antisera. Conversely, parallel
absorption of pepsin-digested antiserum with PMN
also reduced staining for both lymphocytes and PMN.
Results of two separate experiments are summarized in
Table IV. It appeared that antigens recognized by the
anti-SLE antisera were more easily removed by absorp-
tion with lymphocytes than with PMN.

TABLE IV
Absorption Experiments Using Pepsin-digested, Absorbed

Anti-SLE Lymphocyte Antisera

After absorption
Before with SLE With SLE

absorption lymphocytes* PMNt

Experiment 1
SLE lymphocytes

staining 35 2 10
SLE PMNstaining 60 8 28

Experiment 2
SLE lymphocytes

staining 42 5 18
SLE PMIN staining 33 7 22

* Absorption with normal donor lymphocytes did not
materially affect proportions or intensity of fluorescence.
I Absorption with normal PMN did not alter immuno-
fluorescence.

Studies with cell lines. The experiments described
above indicated that the extensively absorbed anti-SLE
reagents reacted with both E-rosetting and nonroset-
ting cells from peripheral blood of SLE subjects. A
number of human cell lines were also tested for reactiv-
ity with the same anit-SLE reagents. Results of these
experiments are shown in Table V. Of interest was the
relatively high proportion of cells (22%) staining in one
T-(ALL) cell line (CCRF/CEM). However, controls
with pepsin-digested normal rabbit IgG were high
(9%) with this line. No significant increment in staining
was noted with either Ia+ B-cell lines or the lines REH
and NALM-6-1 originally obtained from patients with
non-T and non-B ALL (27).

Studies on SLE renal biopsy tissue. One of the pa-
tients showing high proportions (58%) of cells staining
with absorbed pepsin-digested anti-SLE lymphocyte
serum underwent renal biopsy during the time of the
study. An opportunity was therefore afforded for direct
examination of fresh renal tissue in this patient. These
studies were performed in conjuction with routine im-
munofluorescence using anti-C3, anti-IgG, IgA and
IgM which showed only traces of glomerular immune
deposits in parallel with apparently normal conven-
tional microscopic appearance in glomeruli included
within the biopsy core. In several areas, however, he-
matoxylin and eosin stains showed significantly in-
creased interstitial renal accumulations of lymphocytes.
Application of pepsin-digested absorbed anti-SLE lym-
phocyte antiserum followed by fluorescein-conjugated
F(ab)2' goat anti-rabbit F(ab)2' showed staining of 80%
of these interstitial renal lymphocyte accumulations.
No significant staining of glomeruli, renal tubular cells,
or discrete areas in conjunction with the traces of
glomerular immune deposits was noted. Double
staining of renal interstitial lymphoid infiltrates using
rhodamine-conjugated sheep anti-chicken y-globulin
and chicken anti-human Ia in parallel with rabbit anti-
SLE lympocyte F(ab)2' and fluorescein-labeled F(ab)2'
goat anti-rabbit F(ab)2' indicated that 25% of the
positively staining lymphoid cells reacting with the
absorbed anti-SLE lymphocyte reagent were also Ia+.

Attempts were also made to stain renal biopsy frozen
sections on four SLE patients with lupus nephropathy
who had undergone kidney biopsies in the recent past
where frozen material was still available for examina-
tion. Sections were overlaid with pepsin-digested
whole absorbed anti-SLE antiserum, washed, and
stained with fluorescein isothiocyanate F(ab)2' anti-
rabbit F(ab)2'. Although all of these latter sections
showed immune deposits characterized by glomerular
Ig and C granular immunofluorescence, no staining of
immune deposits or other areas was noted with the
anti-SLE reagents.

FACSanalysis. The FACSwas used in a number of
experiments to obtain an analysis of the general size
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TABLE V
Reactiviti bil Inidirect Immun)lofltuoresceecne of Absorbed An ti-SLE

Reagentts w;itlh Various Humrlcani Cell Linies

Cell phenotypic miarkers Staininig Stainiing
with F(ab)' xwith F(ab)'2

la-like T(dt HtiTL ALL aniti-SLE niormal rabbit
Cell line tested ag SnIlg* enzymse E ag ag y-globtilin y-globulin

B-cell lines
Raji + + 0 0 7 3
Bri-7 + + + 0 0 1 2
NC37 + + 0 0 6 6
Riva + + 0 5 4

T-cell lines
MOLT-4 - 0 + + ++ 6 0
CCRFCEM - 0 + + + + 22 9
CCRF-SB - 0 + + + + 11 0
HPB-MLT - 0 + + ++ 3 0
8402 - 0 + + ++ 2 0

Stem-cell lines
REH ++ 0 +++ 0 0 ++ 0 0
NALM-6-11 ++ 0 +++ 0 0 ++ 3 2

* SmIg, surface immilunoglobulini.

and profile of whole mononuclear cells without mono-
cyte depletion from SLE patients reacting with the
F(ab)2' anti-SLE lymphocyte reagents. In these analy-
ses, the cell profile of size distribution was adjusted to
test only the smallest 30% of mononuclear cells in par-
allel with the largest 15% of the same cell populationi.
In several individual analyses 60-80% of the small
lymphocyte fraction from SLE patients showed definite
positive staining, whereas 40-60% of the largest cells
showed positive reactions. Cytologic examination
showed that this latter population was contaminated
with 20-30% monocyte-appearing cells and PMN.
These experiments provided clear evidence for the
presence of positively reacting membraine antigens on
small lymphocytes from SLE patients. In addition,
FACS analysis was made using lymphocytes depleted
of monocytes and adherent cells in parallel with similar
cell preparations from normal controls. These experi-
ments provided objective data indicating that a
considerably higher proportion of lymphocytes from
active SLE patients showed staining than was detected
in normal controls. Representative experiments of this
type are illustrated in Fig. 2.

DISCUSSION

The present studies indicate that after extensive absorp-
tions, certain antisera raised against lymphocytes from
patients with active SLE show apparent reactivity with
memnbrane antigens on SLE lymphocytes but with little
or no staining of lymphocytes from patients with other

conniective tissue diseases including RA, scleroderma,
mixed connective tissue disease, or with a variety of
other miscellaneous disease controls. No similar stain-
ing was noted with pepsin-digested absorbed antisera
prepared against normal human tonsillar lymphocytes
nor with antisera made against pooled lymphocytes
from patients with RA. Moreover, staining which ap-
peared to be unique for membrane determinants oIn
SLE lynmphocytes could be specifically absorbed by
isolated lymphocytes from SLE subjects but not by
normal or other connective tissue disease lympho-
cytes. Somediminution of staining was also afforded by
absorption of anti-SLE antisera with PMNbut lympho-
cytes were more effective than PMNin absorbing out
anti-SLE activity.

It seems unlikely that staining activity of the rabbit
anti-SLE lymphocyte antibodies produced by these
procedures could be accounted for by anti-HLA activ-
ity, sinice no resultant specificity for the immunizing
cells could be detected and low or negative values for
staining were noted in a large number of controls. Ex-
pressioni of lymphocyte memiibraine antigens was partic-
ularly high (40-70%) in some patients with untreated
active SLE. Subsequent decrease in proportions of pos-
itive cells after corticosteroid or immunosuppressive
therapy also appears to argue against any direct HLA-
related antigen.

One of the most important problems related to the
studies presented here lies in the technical difficulties
associated with the presence of Fc receptors on a num-
ber of mnononuclear cell populations (28-32). Care was
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FIGURE 2 (A) FACSanalysis of monocyte-depleted lymphocytes from patient with active SLE
stained with absorbed F(ab)2' anti-SLE lymphocyte antisera. Cell size increases from left to right.
Degree of intensity of fluorescence increases from bottom to top of pattern. (B) FACSanalysis of
normal control monocyte-depleted lymphocytes showing only a few cells exhibiting staining with
absorbed F(ab)2' anti-SLE reagent.

taken to clear pepsin-digested absorbed antisera by
ultracentrifugation and by absorption with protein A
containing organisms or protein A linked to Sepharose.
It is possible that pepsin-digestion itself produced an
inadvertent loss in biologic activity of the treated anti-
bodies. Using rabbit allotype-anti-allotype complexes
Winfield et al. (33) have recently studied populations of

normal human lymphocytes bearing Fc receptors and
could account for up to 33%of cells bearing Fc recep-
tors in normal human peripheral blood. Actually a de-
crease in Fc receptor-positive lymphocytes during the
course of active SLE has been reported (34, 35).

Whether or not some of the SLE cells staining with
pepsin-digested absorbed antisera may in fact repre-
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sent an increase in lymphocyte binding through recep-
tors for F(ab)2' at present is not clear. After peptic diges-
tion of absorbed anti-SLE antisera, there still appeared
to be preferential staining of anti-SLE reagents for SLE
lymphoid cells. Someof this staining could conceivably
be related to binding of F(ab)2' fragments to the recently
described receptor for the latter on normal lymphoid
cells (36). However, control observations using identi-
cally absorbed and pepsin-digested antisera to both
normal human tonsillar lymphocytes and pooled cells
from RApatients did not show similar specificity or in-
creased proportions of positive staining with SLE lym-
phocytes.

Double marker studies indicated that SLE-reactive
membrane antigens were present on both B and T
cells, but that in many instances T-cell fractions
showed a higher degree of reactivity than did non-T-
rosetting cells or B cells as monitored by concurrent
anti-Ia and rhodamine staining. Presently there is no
evidence that the lymphocyte membrane antigen(s)
detected with the extensively absorbed anti-SLE anti-
sera described here have any relationship to virus or
cell surface determinants related to any viral genome
(37-40). Considerably more work will be necessary be-
fore such a possibility can be resolved.

Recent observations by Curd et al. (41) may have
some relevance to the findings reported in this study.
Presence of a neoantigen of the membrane attack com-
plex of human complement was identified on pe-
ripheral blood lymphocytes as well as PMNin patients
with SLE. Because the antigen identified by Curd et al.
(41) appeared to predominate on granulocytes, such a
circumstance could explain our findings of staining a
high proportion of PMNin patients with active SLE.
Further studies including attempts to block the reac-
tions produced by our antisera with unlabeled antisera
reacting with complement neoantigens will be neces-
sary before this question can be resolved. Thus far ab-
sorption studies have not provided any direct evidence
for different antigens detected by the anti-SLE antisera
on lymphocytes and PMN. Absorption with SLE lym-
phocytes markedly reduced or virtually eliminated
lymphocyte membrane staining whereas, PMNstain-
ing was also reduced but not as dramatically. Con-
versely using SLE PMNfor absorption, considerable
reduction in staining of both lymphocytes and PMN
was recorded. If material within the PMNwas derived
from lymphocyte fragments in vivo, it may well be that
PMNused as absorbents were not as efficient or steri-
cally hindered by presence of antigens within confines
of cell membranes.

From a different standpoint, it is also conceivable
that the lymphocyte cell surface antigens recognized
by the highly absorbed anti-SLE lymphocyte antisera
were reacting with essentially normal cell surface anti-
gens either increased in density on SLE lymphocyte

membranes or altered antigenically as a result of the
disease. Further investigation of the specificitv of anti-
SLE lymphocyte sera with respect to these various pos-
sibilities now requires immunochemnical isolationi of
the cell surface molecules involved.
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