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PHENOTYPIC AND FUNCTIONAL SIMILARITIES 

A T CELL SUBSET IN PATIENTS WITH ACTIVE 
SYSTEMIC LUPUS ERYTHEMATOSUS 

BETWEEN 5-AZACYTIDINE-TREATED T CELLS AND 
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Objective. Antigen-specific CD4+ T cells treated 
with DNA methylation inhibitors become autoreactive, 
suggesting a novel mechanism for autoimmunity. To test 
whether this mechanism might be involved in systemic 
lupus erythematosus (SLE), phenotypic markers for the 
autoreactive cells were sought. 

Methods. Cloned normal T cells were treated 
with the DNA methylation inhibitor 5-azacytidine (5- 
azaC) and studied for altered gene expression. T cells 
from patients with active SLE were then studied for a 
similar change in gene expression, and cells expressing 
the marker were tested for autoreactivity. 

Results. 5-azaC-treated normal T cells had in- 
creased CDlla (leukocyte function-associated antigen 
la) expression relative to other membrane molecules. A 
T cell subset with similar CDlla expression was found 
in patients with active SLE. This subset contained cells 
that spontaneously lysed autologous macrophages, with 
a specificity similar to that of 5-azaC-treated cells. 
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Conclusion. The model of 5-azaC-induced auto- 
reactivity may have relevance to SLE. 

Antigen-specific CD4+ T cell clones respond to 
autologous macrophages (Mgi) without antigen, follow- 
ing treatment with DNA methylation inhibitors such as 
5-azacytidine (5-azaC). The response is inhibited by 
monoclonal antibodies (MAb) against CD3 and class I1 
major histocompatibility complex (MHC) determi- 
nants, and occurs with autologous but not allogeneic 
Mgi (1,2), suggesting that the cells are responding to 
autologous class I1 MHC determinants via a pathway 
involving the antigedMHC receptor. Similar concen- 
trations of 5-azaC alter gene expression in a wide 
range of cell types, including T cells (3 -3 ,  and the 
autoreactivity may be caused by changes in the 
expression of as-yet-unidentified genes involved in T 
cell activation. 

5-azaC-induced autoreactivity may have rele- 
vance to autoimmunity. Recent experiments have 
shown that murine T cells can become autoreactive 
following 5-azaC treatment, responding to and, in- 
triguingly, lysing, syngeneic Mgi. Adoptive transfer of 
murine 5-azaC-treated cells induces an immune com- 
plex glomerulonephritis and anti-DNA antibodies in 
nonirradiated syngeneic mice (6). These findings sug- 
gest a novel model for systemic lupus erythematosus 
(SLE), in which T cell DNA hypomethylation could 
alter expression of crucial genes, resulting in T cell 
autoreactivity, and the autoreactive T cells could then 
produce a lupus-like illness. Reports that lupus- 
inducing drugs inhibit T cell DNA methylation and 
induce autoreactivity (7) support this concept. More- 
over, recent evidence indicates that T cell DNA meth- 
ylation is impaired in patients with active SLE (8). 
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If DNA hypomethylation affects the same genes 
in 5-azaC-treated and lupus T cells, changes in gene 
expression and T cell function similar to those ob- 
served with 5-azaC treatment might occur in SLE. In 
the present study, a T cell gene product altered by 
5-azaC treatment was sought. T cells from patients 
with active SLE were then examined for a similar 
change in gene expression, and T cells bearing this 
marker were tested for the presence of autoreactivity 
similar to  that found in 5-azaC-treated cells. 

PATIENTS AND METHODS 
Patient populations. Patients with rheumatoid arthri- 

tis (RA), SLE, systemic sclerosis (SSc), polymyositis (PM), 
multiple sclerosis (MS), gout, osteoarthritis (OA), and acute 
infections were referred from the University of Michigan 
Affiliated Hospitals and Clinics. Healthy controls were re- 
cruited by advertising. Informed consent was obtained from 
all subjects. RA, SLE, and SSc patients met the American 
College of Rheumatology (ACR) (formerly, the American 
Rheumatism Association) criteria for the respective diseases 
(9-1 1). and PM patients met the criteria proposed by Bohan 
and Peter (12). Lupus activity was assessed using the 
method of Barada et al(13), where a score of 0 = no activity, 
1+ = mild disease, 2+ = moderate disease but without 
central nervous system (CNS) or renal involvement, and 3+ 
= significant multisystem disease with CNS and/or renal 
involvement. RA activity was determined according to the 
ACR criteria for remission (14). The diagnosis of MS was 
based on clinical manifestations (15). Patients with OA 
exhibited radiographic evidence of the disease, and crystal 
identification was required for the diagnosis of gout. The 
group with acute infection included patients with gram- 
negative sepsis, multiple hepatic abscesses, multiple abdom- 
inal abscesses, osteomyelitis, tuberculosis, and septic bursitis. 

T cell isolation and culture. Peripheral blood mono- 
nuclear cells (PBMC) were prepared from venous blood. 
Where indicated, T cells were separated by rosetting with 
AET-bromidetreated sheep erythrocytes (1,16,17). CD4+ 
cell lines were generated by treating PBMC with antLCD8 
(OKT8; Ortho Diagnostic Systems, Raritan, NJ) plus com- 
plement (Pel-Freez, Brown Deer, WI) followed by activation 
with phytohemagglutinin (PHA), and were maintained as 
long-term lines by weekly rechallenge with autologous irra- 
diated (2,OOOR) PBMC plus anti-CD3 (Ortho) (2). Cloned, 
interleukin-2 (IL-2)-dependent, CD4+ tetanus toxoid (TTb 
reactive T cell lines were generated and maintained in 
medium containing IL-2 (supernatant from the MLA-144 cell 
line) (18) and human AB serum (1,3). Where indicated, 
cultured cells were treated with 5-azaC, hydroxyurea (both 
from Sigma, St. Louis, MO) or interferon-y (IFNy; Genen- 
tech, South San Francisco, CA). The drugs were not re- 
moved after addition to culture. Proliferation assays were 
performed as previously described (1,3). Where indicated, 
20 pl IL-2 (18) was also added to the cultures. 

Monoclonal antibodies and flow cytometric analysis. 
AntLCD2 (OKT1 l), anti-CDS (OKTl), anti-CD4 (OKT4a), 
and anti-CD3 (OKT3) were purchased from Ortho Pharma- 
ceuticals (Raritan, NJ). Anti-HLA-A,B,C was purchased 
from Cappel (Malvern, PA), and anti-CD45R0, anti-CD69, 
and rat anti-laminin were from AMAC (Westbrook, ME). 
WT3 1, specific for T cell receptor alp (TCRalp), was pur- 
chased from Accurate Chemicals (Westbury, NY). Anti- 
CDlla (TS 1/22, an inhibitor of T cell responses) (19), 
anti-CD54 (intercellular adhesion molecule 1 [ICAM-I]) (RR 
1A.l.l) (20), and anti-CD58 (leukocyte function-associated 
antigen 3 [LFA-31) (TS 2/9.1.1) (19) were generous gifts from 
Dr. Tim Springer. Anti-CDlla MAb TA-I, which does not 
inhibit T cell responses (21), was donated by Dr. Tucker 
LeBien. Anti-CD44 (22) was purchased from Sigma. Cloned 
cells were stained with anti-CD2-RD1 (Coulter, Hialeah, 
FL), or WT31, anti-CD3, anti-CDS, anti-CD1 la, anti-CD44, 
anti-CD4SR0, anti-CD54, anti-CD58, or anti-CD69 and goat 
anti-mouse Ig-fluorescein isothiocyanate (GAM-FITC; 
Coulter), and then analyzed on an EPICS V or C or Coulter 
ELITE flow cytometer (1,3). PBMC were stained with 
anti-CD2-RD1, anti-CD3-RD1, or antLCD4-RDl (Coulter) 
and antLCD1 la  plus GAM-FITC. Negative controls in- 
cluded RDl and FITC-conjugated mouse serum immuno- 
globulin, GAM-FITC alone, and a laminin-specific MAb 
isotype matched to TS 1/22 plus CAM-FITC. For cell cycle 
analysis, cells were stained with propidium iodide (Sigma), 
using the method of Braylan et a1 (23). 

Cytotoxicity assays. Autologous Mg killing was mea- 
sured using a modification of the method described by 
Ottenhoff et al(24). PBMC (0.2s-O.5 x lo6) were adhered to 
round-bottomed microtiter wells in 100 pl RPMI/10% AB 
serum for 1-2 hours, after which the nonadherent cells were 
removed. Approximately 10% of the cells were assumed to 
remain adherent (24). The adherent cells were labeled with 2 
pCi 51Cr/well (New England Nuclear, Boston, MA) for 3 
hours, then washed. This labeling protocol typically gave 
4,000-8,000 counts per minute/well 51Cr incorporation. In 
experiments using cells isolated by rosetting, T cells were 
added to the labeled Mg at 10 X lo4, 5 x lo4, or 2.5 X 104 per 
well, in 200 pl RPMUIWo AB serum (final volume). When T 
cells were isolated by flow cytometry, the maximum number 
of T cells depended on the number recovered. 

Seventy-fivemicroliter aliquots were removed at 6 
hours and 18 hours. At 18 hours the wells were completely 
aspirated and the remaining Mg were lysed with 100 pl 1% 
NP40 in water, and 51Cr was measured in the 6-hour and 
18-hour supernatant aliquots and the NP40 lysate, using an 
LKB 1209 Rackbeta scintillation spectrometer. Percent W r  
release was calculated for each well, using the formula 

Test supernatant cpm corrected for total volume of 200 pl 
Test cprn + cprn in NP40 lysate 

x 100 

In most experiments, killing was near maximal at 6 
hours, and maximum "Cr release occurred by 18 hours. 
Spontaneous "Cr release usually ranged from 20% to 55% at 
18 hours. The results of quadruplicate experiments were 
averaged, and results were corrected for spontaneous re- 
lease, using the following formula: 
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Experimental release - spontaneous release 

100 - spontaneous release 
x 100 

Monoclonal antibodies against monomorphic determinants 
on class I (anti-HLA-A,B,C) or class I1 MHC molecules 
(9.49, as ascites; kindly donated by Dr. Robert F. Todd, 111) 
(25), or to CDl la  (TS 1/22, as culture supernatant) were 
added where indicated. 

Two-dimensional polyacrylamide gel electrophoresis. 
Cells to be studied by 2-dimensional polyacrylamide gel 
electrophoresis (2-D PAGE) were thoroughly washed to 
remove serum proteins, then used immediately or radioiodi- 
nated with I2'I using the lactoperoxidase technique (26). 
First and second dimensions were run as described (27), and 
spots analyzed for position and intensity on a Masscomp 
image analyzer computer system (BioImage, Ann Arbor, 
MI) using a 1,024 x 1,024-pixel format (160 plpixel) (28). To 
detect radioiodinated polypeptides, the gels were dried and 
sealed in light-tight cassettes with x-ray film (XAR-5; East- 
man-Kodak, Rochester, NY) and Cronex enhancing screens 
(DuPont, Wilmington, DE). 

Immunoprecipitation and l-D sodium dodecyl sulfate- 
PAGE. To immunoprecipitate the TCR complex, a modifi- 
cation of the procedure of Weiss et a1 was used (29). 
Radioiodinated T cells were lysed in 0.5 ml of lysis buffer 
(0.01M Tris HC1, pH 8.0, 150 mM NaCl, 1 mM phenylmeth- 
ylsulfonyl fluoride [PMSF], 0.3% CHAPS [Sigma], and 0.10 
mg/ml soybean trypsin inhibitor [Sigma]). The lysed cells 
were centrifuged at 13,OOOg for 5 minutes, and the superna- 
tant was precleared with 100 pl of formalin-fixed Staphylo- 
coccus aureus Cowan 1 (SAC) (10% [weight/volume] in lysis 
buffer; The Enzyme Center, Malden, MA). One microgram 
of OKT3 (Ortho Pharmaceuticals) was added to the super- 
natant and incubated at 4°C for 1 hour, after which 100 pl 
SAC was again added. The SAC was then washed 5 times 
with lysis buffer supplemented with 0.1% Triton X-100. 
Bound material was eluted by boiling for 5 minutes in 100 pl 
sodium dodecyl sulfate (SDStPAGE sample buffer, then 
fractionated by electrophoresis through 11 % gels. 

Immunoprecipitation of CD1 l a  was similar except 
for the following changes. The lysis buffer contained 5 mM 
EDTA, 1 mM PMSF, 1% NP40, 10 mM sodium phosphate, 
pH 7.4, and 150 mM NaCl. Four hundred microliters of 
packed SAC was preincubated overnight with 240 pl rabbit 
anti-rat IgG (Sigma) and washed 3 times with lysis buffer. 
Each aliquot of precleared solubilized cells was incubated 
with 5 pl anti-CDlla ascites (diluted 1:lO in lysis buffer) 
overnight at 4"C, after which the rabbit anti-rat-coated SAC 
was added; then the procedure described above was fol- 
lowed. Negative controls included purified rat IgG (Sigma) in 
place of the anti-CDlla. 

RNA isolation and Northern blot analysis. RNA was 
isolated as described by MacDonald et a1 (30), and 10-20 pg 
(quantitated by ultraviolet [UV] spectrometry and ethidium 
bromide staining) was electrophoresed through a 1% agar- 
ose, 3% formaldehyde gel and capillary blotted onto nylon 
membranes (Gene Screen Plus; New England Nuclear, 
Boston, MA). The membranes were hybridized with a 32P- 
complementary DNA (cDNA) of the entire LFA-la  coding 
sequence (pLAR), kindly donated by Dr. Tim Springer. 
Controls included a 2-kilobase Barn HI cDNA fragment of 

pactin, donated by Dr. Gary Nabel, and a full-length CD2 
cDNA (31). Autoradiograms were exposed for 1, 5, or more 
hours. Densitometry was performed using BioImage soft- 
ware. Images were digitized at 0.16 mndpixel, with 256 
possible values for each pixel. A reference step-wedge with 
steps of known optical density and length was also scanned, 
and bands are reported in units of optical density/mm2. 

Statistical analysis. Differences between the means of 
2 groups were tested for significance using Student's t-test. 
Multiple groups were compared using analysis of variance, 
calculated with Systat (Evanston, IL) software. 

RESULTS 
Identification of gene products affected by 

5-azaC. Two-dimensional PAGE analysis of 5-azaC- 
treated cells. A cloned, IL-2-dependent, CD4+, TT- 
reactive T cell line, TT37L, was treated with 1 pA4 
5-azaC, and cells were removed at days 2, 4, 6, and 8 
for 2-D PAGE analysis of total cellular proteins or 
'2SI-labeled membrane proteins. Previous studies 
showed that 1 pA4 5-azaC was the optimal level for 
inducing T cell autoreactivity , and that autoreactivity 
was usually observed on days 4-6 after treatment 
(1,2). Because higher concentrations of 5-azaC inhibit 
DNA synthesis, hydroxyurea was used to control for 
altered gene expression due to DNA synthesis inhibi- 
tion. Hydroxyurea at 10 p M  can alter T cell protein 
expression, but does not induce autoreactivity (1,3). 
More than 1,000 spots were detected by silver stain- 
ing, and 130 by autoradiography. No unique polypep- 
tides appeared when 5-azaC-treated cells were com- 
pared with untreated and hydroxyurea-treated cells. 

Effect Of 5-azaC on the T cell receptor. Cloned, 
TT-reactive CD4+ T cells were treated with 0.54.0 
pM 5-azaC and 6 days later, were stained with WT3 1, 
specific for TCRdP, or with anti-CD3. Consistent with 
previous reports ( I ) ,  flow cytometric analysis revealed 
no reproducible changes in WT31 or CD3 expression 
at 5-azaC concentrations that induced autoreactivity. 
To help exclude the possibility that additional receptor 
subunits were induced, TT37L cells were treated with 
1 p M  5-azaC and then 6 days later were vectorally 
labeled with 1251, and the TCR complex was immuno- 
precipitated using OKT3. One-dimensional SDS- 
PAGE showed no qualitative or quantitative changes 
in the a or /3 chains of the TCR or the 21 ( E  and 6bkd 
and 25 (+kd CD3 subunits, and no new polypeptides 
appeared. 

Increased C D l l a  expression after 5-azaC treat- 
ment. Flow cytometry was used to study the effect of 
5-azaC on other membrane molecules implicated in T 
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Figure 1. Increase in CDlla expression after treatment with Sazacytidine (5-azaC). lT18X cells were treated with 
5-azaC, and 6 days later, treated and untreated cells were washed, stained with anti-CD3 (A) or anti-CDlla (B) and goat 
anti-mouse Ig-fluorescein isothiocyanate (FITC), and analyzed by flow cytometry. The x-axis represents log FITC 
fluorescence intensity (LFITC), in arbitrary units; the y-axis represents cell number. A, The CD3 mean cell fluorescence 
(MCF) is 47.4 for the untreated cells and 37.2 for the treated cells (arrowhead). B ,  The CDl la MCF is 52.9 for the untreated 
cells and 118 for the treated cells (arrowhead). To analyze shifts in staining intensity, the histogram of CDlla MCF was 
divided at fluorescence intensity = 60, and the MCF of the peaks lying between 0.1 and 60 and between 60 and I ,OOO was 
determined, using ELITE software. For untreated cells these values were 19.2 and 157, and for treated cells the values 
were 22 and 197. 

cell function, including CD2, CD5, CDlla,  CD44, 
CD45R0, CD54, CD58, and CD69. CDl, CD3, CD4, 
CD8, CD29, and CD45RA were studied previously 
(1,2). In experiments similar to those described above, 
either no changes or small decreases were seen in 
CD2, CD5, CD44, CD45R0, CD54, CD58, and CD69 
expression. However, 5-azaC increased CDl l a  
expression relative to that in untreated cells (Figure 1). 
This increase occurred on a subset of cells that initially 
expressed low amounts of LFA-1 (Figure 1B). The 
mean cell fluorescence (MCF) of the low expression 
peak in the untreated cells was 19.2, and the MCF of 
the new peak in the treated cells was 197, suggesting 
that the increase was approximately 10-fold. How- 
ever, expression did not change on all cells, and the 
average increase over all cells was approximately 
2-fold (MCF 52.9 versus 118, untreated versus treat- 
ed). Similar results were observed using 4 other TT- 
reactive T cell lines, and in a total of 5 experiments on 
these 4 other distinct cloned lines, the average in- 
crease in CDlla expression was 67 ? 16% (mean k 

SEM), with a range of 38-110%. The variability and 
magnitude of the change in CDlla  expression reflects 
the instability of 5-azaC in aqueous solutions (32), the 

percentage of cells in the S phase at the time of 
treatment (3,4), and the fact that altered gene expres- 
sion occurs in, at best, 50% of 5-azaC-treated cells (4). 

In contrast to 5-azaC, 1-100 pkf hydroxyurea 
did not significantly alter CDl l a  expression (mean f 
SEM 7 & 7% increase; n = 4). The difference between 
the effects of 5-azaC and those of hydroxyurea on 
LFA-1 expression was significant (P < 0.02). To 
further exclude the possibility that 5-azaC alters 
LFA-1 expression by inhibiting DNA synthesis, pro- 
pidium iodide was used to examine cell cycling (23). 
No change was seen between untreated and 5-azaC- 
treated cells in the number of cells in the GoGI (77.7 k 
2.9% versus 79.6 f 2.1%), S (10.2 ? 1.7% versus 10.4 * 2.2%), or G2M phase (10.6 ? 1.8% versus 9.9 ? 
1.4%) (mean ? SEM of 3 experiments). Kinetic an- 
alysis revealed that CDl l a  expression usually began to 
increase 3 days after 5-azaC treatment and was maxi- 
mal by day 4, correlating with autoreactivity (1,2). 

To confirm that 5-azaC increased CD 1 l a  
expression, LFA- 1 was immunoprecipitated from '''I- 
labeled TT45C cells with and without 5-azaC treat- 
ment. Figure 2 shows the SDS-PAGE analysis of 
LFA-1 immunoprecipitated from the same number of 
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untreated cells or cells treated with 1 pit4 or 4 pit4 
5-azaC. In all preparations, anti-CD1 l a  precipitated a 
170-kd band and a 95-kd band, consistent with previ- 
ous descriptions of the a and p chains of LFA-1 (19). 
A 4-pM concentration of 5-azaC, previously shown to 
be toxic and not to induce autoreactivity (1,3), ap- 
peared to diminish the amount of LFA-1 on this cell 
line, while 1 pM of 5-azaC caused an apparent in- 
crease in LFA-1 expression. No changes in the size of 
the a and p chains were noted, and no cross-reactive 
molecules were identified. 

Northern blot analysis was used to determine if 

Figure 3. Northern blot analysis of leukocyte function-associated 
antigen la (LFA-la) expression. RNA was isolated from untreated 
TT45C cells (control) or cells treated with 5-azacytidine (5-azaC). 
Concentration was assessed by ethidium bromide staining, and the 
purified RNA was electrophoresed through agar gels. Separated 
RNA was transferred to nylon filters and hybridized with a 32P- 
LFA-la complementary DNA (cDNA). The blot shown in experi- 
ment I is an 18-hour exposure, and the blot shown in experiment 2 
is a 5-hour exposure. In experiment 1, total RNA was stained with 
ethidium bromide, and in experiment 2, the blot was stripped and 
rehybridized with a 32P-pactin cDNA. Densitometric analysis of 
the autoradiograms demonstrated that the optical density/mm2 of 
the LFA-la bands in experiment 1 was as follows: control 48, 
5-azaC-treated cells 86. In experiment 2, the values for the LFA-la 
bands were 77 and 109 (control and 5-azaC-treated, respectively), 
and similar values w e k  found for the pactin bands (95.7 and 82.1). 

Figure 2. Immunoprecipitation of CDIla from 5-azacytidine (5- 
azaC)-treated T cells. TT45C cells were treated with 1 pA4 or 4 pA4 
5-azaC, and 6 days later, the cells were harvested and lo7 treated or 
untreated cells were surface labeled with "'I. Immunoprecipitation 
was performed using anti-CD1 l a  ascites (lanes 2-4) or purified rat 
IgG (lanes 5-7). Lane 1 contains molecular weight markers. Immu- 
noprecipitates from untreated cells are shown in lanes 2 and 5 ,  from 
cells treated with 4 pA4 5-azaC in lanes 3 and 6, and from cells 
treated with 1 p M  5-azaC in lanes 4 and 7. Densitometric analysis 
demonstrated that the optical density/mm2 of the a-chain bands was 
as follows: lane 2, 9.5; lane 3, 5.8; lane 4, 13.3. 

5-azaC also increased LFA- 1 a messenger RNA 
(mRNA). RNA was isolated from untreated and 
5-azaC-treated TT45C cells, fractionated by agar gel 
electrophoresis, transferred to nylon filters, and hy- 
bridized with an LFA-la cDNA (Figure 3). In exper- 
iment 1, the amount of RNA applied to each lane in the 
gel was identical by UV spectroscopy, ethidium bro- 
mide staining of total RNA, and ethidium bromide 
staining of the 18s ribosomal RNA (rRNA) bands (not 
shown). In experiment 2, the blots were stripped and 
rehybridized with a pactin cDNA. Densitometric 
analysis of the 2-D gels described above demonstrated 
that 5-azaC had no effect on pactin expression. In 3 
independent experiments, 5-azaC treatment increased 
LFA-la expression relative to controls by a mean 5 
SEM of 63 ? 11% (range 42-79%) (P < 0.05 by 
univariate t-test for the mean), similar to the increase 
measured by cytofluorography. LFA-la mRNA also 
increased relative to pactin, and additional experi- 
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Figure 4. Effect of antLCD1 la  on 5-azacytidine (5-azaC)-treated cells. A, Resistance of 5-azaC-treated cells 
to anti-CDI la  inhibition. TT37L cells were treated with 5-azaC or were left untreated (control). Six days 
later, the cells were washed, cultured for 18 hours without interleukin-2 or 5-azaC, then challenged with lo5 
irradiated autologous peripheral blood mononuclear cells as antigen-presenting cells (APC), and tetanus 
toxoid (TT) diluted 150. AntLCD2 (left panel) and antLCD1 la  (anti-leukocyte function-associated antigen I 
[anti-LFA-I]) (right panel) were added at the concentrations indicated, and proliferation was measured 48 
hours later by 3H-thymidine incorporation. Results were calculated as the percentage of the response in 
control cultures without added monoclonal antibody (MAb), and represent the mean 2 SEM of quadruplicate 
determinations. The control response of untreated cells to APC + TT was 8,597 f 255 cpm with a background 
of 949 5 180 cpm; the control response of 5-azaC-treated cells to APC + TT was 37,686 2 2,952 cpm, with 
a background of 2,251 f 256 cpm. B, Inhibition of 5-azaC-induced autoreactivity, more than antigen 
reactivity, by anti-CDI la. TT37L cells were treated with 5-azaC, and 6 days later, challenged with irradiated 
autologous APC with or without TT, in the presence of anti-CD2 (left panel) or anti-CDI l a  (right panel) at the 
concentrations indicated. Results are expressed as the mean 5 SEM of quadruplicate determinations, 
normalized to results in control cultures without added MAb. The control response to APC without TT was 
16,182 * 1,942 cpm; the control response to APC + 'IT was 37,686 f 2,952 cpm. 

ments showed that 5-azaC increased CDlla  mRNA 
expression by 102 2 18% (mean 2 SEM of 2 experi- 
ments) relative to CD2 mRNA. These results suggest 
that 5-azaC increases LFA-1 a expression relative to 
total RNA, rRNA, f?-actin, and CD2. 

If 5-azaC increases LFA-1 expression, more 
anti-LFA-1 should be required to inhibit activation. of 
5-azaC-treated cells than of untreated cells. 5-azaC- 
treated TT37L cells were challenged with autologous 
antigen-presenting cells (APC) and TT in the presence 

of anti-CD2 or anti-CDIla (Figure 4A). Anti-CD2 at 
100 ng/ml inhibited the antigen response in treated and 
untreated cells equally, and no significant differences 
were observed at lower concentrations. In contrast, 
the antigen response of 5-azaC-treated cells was rela- 
tively resistant to anti-CD1 l a  inhibition. At a dilution 
of 1: 1 ,OOO, the response of untreated cells was 34 f 
8.5% of control, while the response of treated cells 
was 73 k 5% (mean ? SEM of quadruplicate determi- 
nations) (P -= 0.01). In the experiment shown, the 
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proliferative response of 5-azaC-treated cells was 
greater than the response of untreated cells. This 
variability has been seen in other experiments and is 
attributed to differences in the optimal number of APC 
required for activation of treated and untreated 
cells (1). For the antibody inhibition experiments, it 
was important to keep the number of APC constant. 
To test whether 5-azaC-treated cells were completely 
resistant to anti-CDl la inhibition, higher concentra- 
tions of anti-CDlla were also used. At a dilution of 
1: 100, anti-CD1 l a  inhibited the antigen-induced re- 
sponse by 84 & 7% in 5-azaC-treated cells, indicating 
that higher concentrations were inhibitory. 

The effect of MAb against CDlla  on antigen 
reactivity and on autoreactivity was compared in 
5-azaC-treated cells. Treated TT37L cells were chal- 
lenged with irradiated autologous APC with and with- 
out IT, in the presence of anti-CD2 or anti-CDlla 
(Figure 4B). Anti-CD2 inhibited the response to APC 
without TT (autoreactivity) and antigen reactivity to 
the same degree at all concentrations tested. In con- 
trast, anti-CD1 l a  inhibited autoreactivity to a much 
greater extent than antigen reactivity. At a dilution of 
1:1,000, anti-CD1 la inhibited the response to APC 
alone by 85 f 6%, while inhibiting the antigen re- 
sponse by 27 & 5% (mean & SEM of quadruplicate 
determinations) (P < 0.001). The preferential inhibi- 
tion of autoreactivity over antigen reactivity by anti- 

Table 1. Effect of antibodies to T cell surface molecules on 
autoreactivity and antigen reactivity* 

Response, % of 
control 

MAb (n)t APC A P C + l ' T  PS 
Anti-CD2, 100 ng/ml(3) 3 5 2 5  3 6 2 5  NS 
Anti-CDlla, 1:1,OOO (3) 28 f 10 82 f 9 <0.02 
Anti-CD54, 1 : 1 ,OOO (3) 1 2 f  7 63 f 10 <0.02 
Anti-CD4, 100 ng/ml(3) 1 0 0 + 1  6 1 2 2  ND 
Anti-HLA-A,B,C, 100 ng/ml(3) 84 f 16 90 f 5 NS 

* TT37L was treated with 5-azacytidine and then 4-6 days later, 
cultured with monoclonal antibodies (MAb) and irradiated autolo- 
gous antigen-presenting cells (AFT), with or without tetanus toxoid 
(TT). Proliferation was measured 48 hours later. Results were 
calculated as the percentage of the response in control cultures set 
up without MAb, and represent the mean % SEM of 3 independent 
experiments, each performed in quadruplicate at different times. 
The mean f SEM value for the 3 control responses to APC alone 
was 8,597 2 3,804 cprn (range 4,290-16,182), and the mean 2 SEM 
value for the 3 control responses to APC + TT was 20,767 f 8,746 
cprn (range 8,464-37.686). 
t Anti-CDlla and anti-CD54 were used as ascites; the other MAb 
were used in purified form. 
$ Response to A X  versus response to A X  + TT by Student's 
t-test. NS = not significant; ND = not done. 

II 

I I' I 

Figure 5. Comparison of CDl la and CD2 expression in 5-azacyti- 
dine (SazaCbtreated T cells and T cells from patients with systemic 
lupus erythematosus (SLE). I. Effect of 5-azaC and phytohemag- 
glutinin (PHA) on CD2 and CDI la expression. A, Peripheral blood 
mononuclear cells (PBMC) from a healthy donor were stained with 
anti-CD2-RD1 and anti-CD1 la-fluorescein isothiocyanate (anti- 
CDlla-FITC) as described in Patients and Methods, then analyzed 
by 2-color flow cytometry. B, PBMC from a healthy donor were 
activated with 0.5 pI4 PHA for 3 days, then stained and analyzed as 
in A. C, Interleukin-2-dependent, proliferating, polyclonal CD4+ 
cells were stained as in A. D, The same CD4+ T cell line shown in 
C was treated with 5-azaC and 6 days later, stained as in A. Arrow 
indicates the subset with increased expression of CDI l a  relative to 
CD2. 11. CD2 and CDlla  expression on T cells from patients with 
SLE. A, PBMC from a patient with inactive SLE, stained with 
anti-CD2-RDI and anti-CD1 la-FITC and analyzed as described in 
I. B, C, and D, PBMC from 3 different patients with active SLE, 
stained as in I. Arrows indicate the subset with increased expression 
of CDlla relative to CD2. 

CDlla  at 1:1,OOO was confirmed on a second cloned 
'IT-reactive line, TT45C (65 f 3% autoreactivity, 10 * 
11% antigen reactivity). 

Table 1 summarizes the results of 3 independent 
experiments using the approach illustrated in Figure 
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4B, comparing the effects of anti-CD2, anti-CDlla, 
anti-CD54, anti-CD4, and anti-HLA-A,B,C on au- 
toreactivity and antigen reactivity in 5-azaC-treated 
cells. Anti-CD2 inhibited antigen reactivity and au- 
toreactivity equally, while antLCD1 l a  inhibited au- 
toreactivity significantly more than antigen reactivity 
(P < 0.02). Antibodies to CD54, the ligand of CDlla  
(33), also inhibited autoreactivity better than TT reac- 
tivity (P < 0.02). Anti-CD4 antibodies (OKT4a), 
known to inhibit antigen-specific responses (34), failed 
to inhibit autoreactivity, but did inhibit antigen reac- 
tivity to a small degree (39%) at 100 ng/ml. Anti-HLA- 
A,B ,C did not significantly inhibit either response. 
Anti-HLA-D was previously shown to inhibit the 
autoreactive response by 85-95% in cloned (1) and 
polyclonal (2) CD4+ cells, and was not restudied. 

CDlla expression in patients with SLE. Efiect of 
T cell activation on CDl la  and CD2 expression. 
Because T cells may be activated in patients with 
autoimmune diseases ( 3 9 ,  care was taken to confirm 

that T cell activation did not cause a similar increase in 
CDI la. CDl l a  expression was compared with expres- 
sion of CD2, chosen as an internal standard, in freshly 
isolated and PHA-treated T cells. Figure 51A shows 
freshly isolated T cells from a healthy control stained 
with anti-CD2-RD1 and anti-CD1 la-FITC. A range of 
CD2 and CDl la  expression is seen, but the markers 
are coordinately expressed. Figure 51B shows T cells 
treated with PHA for 3 days, then similarly stained. A 
broader range of CD2 and CDlla  expression is seen, 
but the 2 markers remain coordinately expressed. 
Identical results have been observed using cells from 5 
healthy donors and 3 subjects with inactive SLE. 
Similar studies performed up to 9 days following PHA 
treatment demonstrated that at no time was there an 
increase in CDIla that was not accompanied by a 
corresponding increase in CD2. 

Figure 51C shows a similarly stained IL-2- 
dependent, proliferating CD4+ T cell line, and Figure 
5ID shows the same CD4+ line treated with 5-azaC. 
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5-azaC caused an increase in CD1 la relative to CD2 in 
a portion of the cells (appearing as a subset to the right 
and below the cells with unaltered CD2 and CDlla 
expression). 

Other investigators have reported that IFN y 
can alter CDl la expression on non-T cells (36), so the 
effect of IFNy on T cell CDlla expression was stud- 
ied. No change in CDlla expression was observed 
using 103-105 unitdm1 of recombinant IFNy in exper- 
iments similar to those shown in Figure 51. These 
results suggest that a relative increase in CD1 la  is not 
a marker of T cell activation or IFNy release. 

CDlla expression in SLE and RA. Evidence for 
the presence of a subset of cells with a relative 
increase in CDlla was sought in patients with SLE. 
Figure 511 shows PBMC from 1 subject with inactive 
SLE (Figure 5IIA) and 3 subjects with active SLE 
(Figures SUB, C, and D), stained with anti-CD2 and 
anti-CDlla as in Figure 51. The patients with active 
SLE had a subset to the right and below the cells 
forming the diagonal pattern (compare with Figure 
5IA), with some variability in the intensity of CDlla 
staining. 

The new subset could arise from the population 
forming the diagonal either by an increase in CDl la  or 
by a decrease in CD2. Therefore, CDlla expression 
was compared with CD2 and CD3 expression, in 
patients with SLE and RA (Figure 6). Each patient had 
a T cell subset in which CDlla expression was in- 
creased relative to both CD2 and CD3. Similar results 
were seen in more than 10 patients. Similar studies 
indicated that CDlla was also increased relative to 
CD4 (data not shown). For convenience, the popula- 
tion of cells with a relative increase in CD1 la  will be 
referred to as CDlla+, while the population with 
proportional expression of CDl la and control markers 
will be referred to as CDlla'. 

Figure 7A shows the percentage of cells in the 
CDlla+ subset in patients and controls. The subset 
was found in 25 of 49 patients with active or inactive 
SLE and 4 of 14 patients with RA, but in none of the 
patients with OA, gout, MS, or infection, or healthy 
controls. The CDlla+ subset was also found in 1 
patient with an W S S c  overlap and 1 with an SScRM 
overlap (see below), both with active disease, but not 
in 2 patients with active uncomplicated PM or 1 with 
chronic, stable SSc. An average of 20 f 2.8% of the T 
cells from SLE patients were in the CD 1 la+ subset 
(mean f SEM), and compared with the control popu- 
lations, this was highly significant (P = O.oooO5). An 
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Figure 7. Percent T cells in the CDlla+ subset, in patients wiih 
autoimmune diseases and healthy controls. A, PBMC isolated from 
subjects with autoimmune diseases or normal controls were stained 
with anti-CD2-RD1 and anti-CDlla-FITC, and analyzed by flow 
cytometry as described in Figure 5.  The percent T cells in the 
CDlla+ subset was determined by drawing bit maps around the 
CDI lao and CD1 la+ subsets and determining the relative proportion 
of cells in each population. Each open circle represents a single 
subject, with only 1 data point per subject. The closed circle with 
bars represents the mean SEM of all data points within the 
indicated population. B, Relationship between percent T cells in the 
CDI la+ subset and disease activity in the SLE patients shown in A. 
Disease activity was assessed using the method of Barada et al(13). 
Each open circle represents a single patient, with one data point per 
patient. The closed circles with error bars represent the mean 2 
SEM of the data points within the group. See Results for explanation 
of CDllaO and CDI la+ subsets. RA = rheumatoid arthritis; OA = 
osteoarthritis; MS = multiple sclerosis. See Fmre 5 for other 
definitions. 

average of 12 2 6.1% of T cells from the RA popula- 
tion also fell into this subset (P = 0.023). 

The correlation between the percentage of cells 
in the CDlla+ subset and SLE disease activity was 
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Table 2. Response of the CDllaO and CDlla+ subsets to autolo- 
gous PBMC, with and without PHA* 

Response (cprn) 

Stimulator (n) CDl lao CDI la+ Pt 

PBMC (3) 136 * 426 994 +- 229 NS 
PBMC + PHA (3) 71,356 2 8788 16,443 2 685 cO.01 

* T cells from 3 patients with active systemic lupus erythematosus 
were separated into CDl lao or CDI la+ populations (see Results) by 
staining with anti-CD2-RDl and the anti-CDI la  monoclonal anti- 
body TA-1 plus goat anti-mouse Ig-fluorescein isothiocyanate, 
followed by sorting with a flow cytometer. Twenty thousand T cells 
were cultured with 104-16 irradiated autologous peripheral blood 
mononuclear cells (PBMC), with or without 0.5 pglml phytohemag- 
glutinin (PHA). Proliferation was measured by 'H-thymidine incor- 
poration, as described in Patients and Methods. Values are the mean 
2 SEM of the results from the 3 subjects; all determinations were 
performed in triplicate. 
t Response with CD1 lao population versus response with CDI la' 
population, by Student's t-test. NS = not significant. 

examined. Figure 7B shows the relationship of this 
subset to disease activity in the SLE patients depicted 
in Figure 7A. The majority of the 14 patients with 
inactive disease had few or no cells with increased 
CDlla. As disease activity increased, a greater per- 
centage of subjects had the CDlla+ subset, and a 
greater percentage of cells were contained in the 
subset. Overall, 15 of 19 patients with 2-3+ disease 
activity had cells expressing the CDl la+ phenotype. 
The likelihood of this distribution occurring by chance 
was 1 in 3.5 x 16.  Serial studies in 6 patients demon- 
strated that the CDl la+ subset disappeared within as 
few as 2-3 weeks of treatment (results not shown). 

Functional characterization of the CDl la+  
subset. The interaction of the CDlla+ subset with 
autologous APC was studied using proliferation and 
cytotoxicity assays. PBMC from 3 patients with active 
SLE and a CDlla+ subset were stained as above, but 
using the anti-CDlla MAb TA-1, which does not 
inhibit T cell function (21), in place of TS 1/22. The 
CDl lao and CD1 la+ subsets were separated by flow 
cytometry, and each subset was challenged with autol- 
ogous irradiated PBMC, with and without PHA (Table 
2). Neither subset demonstrated a significant prolifer- 
ative response to PBMC alone. The CDllaO subset 
responded vigorously to autologous PBMC plus PHA, 
while the CD1 la+ subset, containing the same number 
of T cells, was significantly less responsive to stimu- 
lation under the same conditions (P < 0.01). 

To exclude the possibility that the CDlla' 
subset was required for IL-2 synthesis, the prolifera- 
tion assays were performed with and without exoge- 

nous IL-2. Despite the addition of IL-2, the CDlla+ 
subset remained hyporesponsive to PHA, compared 
with the CDl lao subset (mean * SEM 15,772 f 12,991 
cpm versus 60,291 2 23,957 cpm). The reason for the 
decreased PHA response in the CDlla+ subset was 
not further addressed, but the results suggest that 
proliferation assays may not reliably measure an 
autoreactive response in this subset. 

The isolated subsets were then tested for cyto- 
toxicity, using "Cr-labeled autologous M# as targets 
(Figure 8A). Autologous M# cultured with CDlla' 
cells released 12 2 3% of the "Cr label (mean & SEM 
of maximum release from the 6 patients). In contrast, 
cells isolated from the CDl la+ subset lysed autolo- 
gous M# without added antigen or lectin. The mean ? 
SEM killing by the CDlla+ subset was 46 2 6%, with 
a range of 30-69%, significantly more than was seen 
with the CDllao subset (P < 0.005). In these experi- 
ments, the number of T cells added to each killing 
assay was dependent on the number isolated by flow 
cytometry, so the variability in killing between pa- 
tients may have been due to differences in the numbers 
of T cells used. Serial studies were performed in 3 
subjects with cytotoxic CDl la+ cells. Following treat- 
ment, the CD1 la+ subset disappeared, and no killing 
above background (0% in all 3) was found in the 
remaining CD1 lao cells. 

To exclude the possibility that cytotoxicity was 
a result of the staining and sorting, T cells were 
isolated by rosetting from subjects with and without 
the CDlla+ subset, and tested for autologous M# 
killing. In 5 additional SLE patients with the CDl la+ 
subset, the average autologous M# killing was 46 & 
7%. As controls, T cells were isolated from 7 subjects 
lacking the CD1 la+ subset, including 2 with inactive 
lupus. The average of the maximum cytotoxicity from 
the 7 control subjects (8 * 4%) was comparable with 
that observed using the purified CDllaO subset (12 ? 
3%; see above). Neither of the 2 subjects with inactive 
lupus in the control group demonstrated significant M# 
killing above spontaneous release. The difference in 
cytotoxicity between the patients with active lupus 
and the control subjects was significant (P C 0.005). 

5-azaC-autoreactive responses were inhibited 
by MAb to LFA-1 and to class 11, but not class I, MHC 
determinants, and were specific for autologous M# 
(1,2). CDl la+ cells were tested for sensitivity to the 
same MAb and specificity for autologous M#. Since 
only limited numbers of T cells could be obtained by 
flow cytometry, T cells isolated by rosetting were 
used. Figure 8B shows the results of experiments in 
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Figure 8. Killing of autologous M@ by T cells from the CDI la+ subset. A, Autologous M@ killing was determined in 4 patients 
with SLE (subjects l a ) ,  1 with an RNSSc overlap syndrome (subject 5), and 1 with an SScPM overlap (subject 6). T cells were 
isolated from the CDlla' subset (hatched bars) and the CDIlac subset (solid bars) by staining with anti-CD2-RDl and 
anti-CD1 la-FITC (TA-I) and sorting with a flow cytometer, and were then cultured with "Cr-labeled autologous M@ as described 
in Patients and Methods. The maximum number of T cells added to each well depended on the number obtained by sorting, and 
ranged from 2 x lo4 to 10 x 10". For each subject equal numbers of cells from each subset were used. Three log, dilutions of the 
T cells were used for each subject, and all assays were performed in quadruplicate. Results are presented as the mean and SEM 
of the T cell concentration, giving maximum killing. B, Inhibition of autologous M@ killing by MAb against CDlla and MHC 
determinants. T cells were isolated from 4 patients with active SLE and 1 with an SScPM overlap (subject 5 ) ,  by rosetting with 
sheep erythrocytes. T cells (10 x 10") were then cultured with "Cr-labeled autologous M@, with or without MAb against class I 
MHC (solid bars), class I1 MHC (hatched bars), or CDI la (leukocyte function-associated antigen 1) (shaded bars) determinants. 
Macrophage killing was 42% in T cells from subject 1,60% in subject 2, 55% in subject 3, 22% in subject 4, and 33% in subject 
5 .  Anti-CDLla was used as culture supernatant diluted 1:10-1:1OOO, anti-class I1 MHC was used as ascites diluted 1:103-1:106, 
and anti-class I MHC was used as purified protein at 1-100 ng/ml. Results are presented as the mean and SEM of quadruplicate 
determinations at the concentration giving maximum inhibition, and represent the percent inhibition of total M@ killing, 
determined in the absence of MAb. See Results for explanation of CDl lao and CDI la+ subsets. M@ = macrophages; RA = 
rheumatoid arthritis; SSc = systemic sclerosis; PM = polymyositis; MHC = major histocompatibility complex. See Figure 5 for 
other definitions. 

which T cell killing of autologous Mgi was inhibited 
with the indicated MAb, using donors 3 and 6 shown in 
Figure 8A, and 3 other SLE patients with the CD1 la+ 
subset. Antibodies to class I MHC determinants inhib- 
ited killing (50 ? 9%, mean ? SEM of maximal 
inhibition from the 5 subjects), but were significantly 
less effective than MAb to class I1 determinants (88 -t 
7%) (P  < 0.02). Anti-CDl la also inhibited killing (80 * 
7%). TA-1 ascites was used at dilutions identical to 
those used for the anti-class I1 MHC MAb, and no 
inhibition was observed. To test whether Mgi killing 
was specific for autologous Mgi, graded numbers of T 
cells isolated from 4 of the subjects shown in Figure 8B 
were cultured as above, with SICr-labeled autologous 
M# or M# isolated from unrelated healthy donors. The 
T cells lysed autologous, but not allogeneic, M# (41 2 
8% versus 7 & 5%, mean & SEM of maximum lysis), 
suggesting specificity for autologous cells. In addition, 
no killing was observed when T cells from 3 SLE 

patients were incubated with Me from other SLE 
patients. 

DISCUSSION 
One goal of the present study was to identify a 

marker for 5-azaC-treated cells. Studies using 2-di- 
mensional PAGE analysis of total cellular proteins and 
cell membrane polypeptides revealed no qualitative 
changes induced by 5-azaC, although small quantita- 
tive changes may have occurred and not been de- 
tected. This suggests that the effect of 5-azaC on T 
cells is subtle compared with its effects on fibroblasts 
(37). Flow cytometric comparison of CD3 and WT31 
and immunoprecipitation with anti-CD3 revealed no 
detectable changes in the TCR. However, subtle 
changes in the CD3 subunits may have occurred, and 
not been detected with this approach. Changes in the 
expression of CD1, CD2, CD4, CD5, CD8, CDlla, 
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CD29, CD44, CD45RA, CD45R0, CD54, CD58, and 
CD69 were sought in this and other studies (1,2), using 
flow cytometric analysis. The only significant change 
was an increase in CDlla,  confirmed by MAb inhibi- 
tion studies, immunoprecipitation, and Northern blot 
analysis. 

The increase occurred on a subset of the cells, 
and appeared to be approximately 10-fold. 5-azacyti- 
dine inhibits DNA methylation only in S-phase cells 
(4), and is irreversibly converted to guanylribosylurea 
in aqueous media (32). Under optimal conditions, 50% 
of the cells will become hypomethylated (4), and fewer 
will become hypomethylated if the number of cells in 
the S phase is low and hydrolysis is rapid. This is 
consistent with the results found in our study. Since 
not all cells changed expression, the average increase 
over all cells was approximately 2-fold. Increases of 
similar magnitude were seen using Northern blot an- 
alysis. It is unlikely that this increase is due to activa- 
tion, since PHA treatment increased CDl l a  and CD2 
together, as reported by Sanders et al (38). The in- 
crease in CDlla  may be due to inhibition of DNA 
methylation, since hydroxyurea, a DNA synthesis 
inhibitor which does not inhibit DNA methylation (39), 
did not affect CDlla  expression. Changes in expres- 
sion of other gene products probably also occur, but 
these remain to be identified. The functional signifi- 
cance of the increased LFA-1 expression is unknown. 

5-azacytidine autoreactivity was inhibited by 
MAb against CD1 la and CD54, suggesting that these 
molecules are important for the autoreactive response. 
Interestingly, the response to APC plus antigen re- 
quired significantly more anti-CD1 la for inhibition 
than did the response to APC alone. This is consistent 
with recent reports demonstrating a crucial role for 
CD1 ldCD54 interactions in responses where the 
amount of the stimulating molecule is limiting or the 
interaction between the receptor and the class I1 MHC 
molecules is of low allinity (40). The interaction of the 
TCR with class 11 determinants alone should be of 
lower affinity than the interaction with class 11 MHC 
plus TT, and may require greater stabilization by 
LFA-l/ICAM-1 binding. This suggests that the in- 
crease in LFA-1 might contribute to autoreactivity. 
Anti-CD4 slightly inhibited the antigen response, but 
not the autoreactive response. The reason for this is 
not clear, but the finding was reproducible, and may 
reflect a difference in the role of CD4 between the 
autoreactive and antigen-reactive responses. Anti- 
CD3 was previously shown to be a potent inhibitor of 

both auto- and antigen reactivity (l), and was not 
restudied. 

Evidence for increased CDl l a  expression on T 
cells from SLE patients and controls was sought. T 
cell activation and IFNy were excluded as causes for 
this marker. Other signals may increase CDlla  rela- 
tive to other markers, but these remain to be identi- 
fied. Patients with SLE, and a few patients with RA 
and other autoimmune diseases, were found to have a 
T cell subset with relatively more CDl la  than CD2, 
CD3, and CD4. The CDlla+ phenotype could be due 
to increased CDlla  expression or a coordinate de- 
crease in CD2, CD3, and CD4 expression. A coordi- 
nate decrease in these markers has not been described, 
so it seems more likely that CDl la  expression is 
increased. Furthermore, the variability in CDl la 
expression between patients indicates that CD 11 a 
expression changes, and the other markers do not. 

In a majority of the SLE patients, a strong 
correlation was found between the number of cells in 
the CD1 la+ subset and disease activity. Some subjects 
with clinically inactive disease had a small percentage 
of cells in the CD1 la+ subset. It is possible that these 
subjects could have had serologic evidence of active 
disease, since this was not sought. Medications such 
as low-dose corticosteroids or nonsteroidal antiinflam- 
matory agents, received by the majority of these 
subjects, could also have masked minor manifesta- 
tions of disease activity. Four of 18 subjects with 2-3+ 
active disease lacked evidence for the subset, suggest- 
ing exceptions to the relationship between the subset 
and disease activity. However, these subjects were 
already under treatment for their disease, and it is 
possible that the subset had disappeared before the 
samples were taken. Alternatively, there may be a 
subset of SLE patients who lack the CDlla+ subset, 
suggesting alternative mechanisms contributing to lu- 
pus-like illnesses. 

The origin of the CD1 la+ subset is unclear. One 
possibility is that a relative increase in CDlla  is an 
unusual activation marker on a T cell subset, or a 
response to an unidentified lymphokine. This seems 
unlikely, because PHA-activated and IFN y-treated 
cells did not display this marker, and patients with 
active infections did not have this subset. A second 
possibility is that the CDlla+ subset is normally 
present in subthreshold numbers, and is expanded in 
active SLE. This also seems unlikely, since up to 80% 
of circulating T cells may express this change, and the 
subset can disappear in less than a month with treat- 
ment. However, lymphocyte trafficking, rapid subset 
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expansion, or killing of T cells could account for the 
shifts. A third possibility is that the CDIla+ subset 
arises from antigen-specific cells by a mechanism 
similar to that occurring in 5-azaC-treated cells. 

Since the CD1 la+ subset phenotypically resem- 
bles 5-azaC-treated T cells, responsiveness to autolo- 
gous M@ was studied. In contrast to 5-azaC-treated 
cells, the CDl la+ subset did not proliferate in re- 
sponse to autologous APC. However, the proliferative 
response to PHA was markedly diminished in the 
CDl la+ subset, suggesting that proliferation assays 
may not be reliable tests of reactivity in this subset. 
This finding also suggests that the subset may be 
difficult to isolate using conventional IL-2-dependent 
cloning techniques. Others have noted that T cells 
from patients with active SLE respond poorly to PHA 
stimulation despite addition of IL-2 (41), and it is 
possible that the CDl la+ subset includes the cells that 
are refractory to stimulation. In RA, there is an 
inverse correlation between T cells bearing activation 
markers and specific T cell proliferative responses 
(42), and recently activated T cells can be refractory to 
restimulation, as measured by proliferation assays 
(43). If cells in the CDlla+ subset were activated in 
vivo, they could be refractory to restimulation in vitro. 
Studies of activation markers on the CDl la+ subset, 
using 3-color analysis, will be necessary to test this 
possibility. 

Numerous recent reports demonstrate that 
CD4+ cells may selectively lyse stimulating M@, and 
this phenomenon is commonly observed with cloned T 
cells (4447). Experiments from our group have con- 
firmed that cells treated with 5-azaC will lyse synge- 
neic M@ without antigen (6). Since T cell proliferation 
could not be used to study the CDlla+ subset, autol- 
ogous M@ killing was measured. CDlla+,  but not 
CD1 la”, cells lysed autologous M@. The subjects stud- 
ied included 2 with overlap syndromes. The cytotoxic 
cells isolated from these 2 subjects demonstrate that 
similar cells may occur in autoimmune rheumatic 
diseases other than SLE. 

Whole T cell populations from SLE patients 
with the CD 1 lat subset also killed autologous M@. 
The killing by unfractionated T cells is somewhat 
surprising, since an earlier investigation characterizing 
autocytotoxic T cells indicated that suppressor cells 
diminish the killing response, making killing assays 
unreliable without the use of limiting dilution tech- 
niques (48). However, it is possible that the suppressor 
defect attributed to SLE (49) permits detection of 
killing in whole T cell populations. Cytolysis was 

specific for autologous M@ and was almost completely 
inhibited with MAb against class I1 MHC determinants 
and LFA-1. T cells from lupus patients did not lyse M@ 
from other lupus patients, providing evidence against 
an SLE-specific Mg3 abnormality. 

It is possible that the cytotoxic T cells interact 
with target cells through unique structures, such as 
MHC molecules. Careful studies with MHC-typed 
donors will be required to establish the MHC restric- 
tion of this response. Whether the cells are responding 
to autologous MHC determinants such as 5-azaC- 
treated cells, or to an unidentified antigen presented by 
the Mgi, remains to be determined. Since cytolysis was 
inhibited with anti-class I1 MAb, the cytotoxic cells 
may be CD4+. Monoclonal antibodies to class I 
determinants also inhibited killing, though to a lesser 
degree, suggesting a role for CD8+ cells as well. This 
is consistent with recent reports that CD8+ cells 
participate in at least some of the immune abnormali- 
ties in SLE (50). Again, 3-color flow cytometnc an- 
alysis will be required to further characterize the cells 
in the CDlla+ subset. 

It is possible that the CDlla+ subset contrib- 
utes to the pathogenesis of SLE. Patients with active 
SLE have impaired immune complex clearance (5 I ) ,  
and T cells that kill autologous M@ could impair 
immune complex clearance. In addition, it has re- 
cently been shown that T cells from lupus patients are 
required for the B cell activation characteristic of 
lupus (50). In humans with the appropriate genetic 
makeup (52), perhaps the release of subcellular com- 
ponents from the lysed M@, together with “helper 
signals” from T cells in the spleen or lymph nodes, 
stimulates production of the autoantibodies. Since 
5-azaC-treated CD4+ cells can be activated by autol- 
ogous B cells to secrete B cell differentiation factors 
(2), the CDlla+ cells may participate in the B cell 
activation. This is consistent with our observation that 
5-azaC-treated CD4-t cells induce immune complex 
deposition and autoantibodies in mice (6). 

In contrast to the induction of lupus-like disease 
in mice by 5-azaC-treated T cells, Yoshida et a1 have 
reported that 5-azaC diminishes the massive lymphad- 
enopathy and lupus-like syndrome which spontane- 
ously develop in MRL-Zpr mice (53). However, those 
authors demonstrated no such effect on BXSB mice, 
another strain that spontaneously develops lupus. It is 
likely, as Yoshida et al point out, that the beneficial 
effect of 5-azaC in MRL-lpr mice may be due to an 
inhibitory effect of 5-azaC on lymphoproliferation (53). 
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This is consistent with the known effect of 5-azaC on 
DNA synthesis (39). 

In summary, the increase in CD1 la, the pattern 
of MAb inhibition, and the reactivity with autologous 
Mgi are similar in CDllaf cells and 5-azaC-treated 
cells (1,2,6). The similarity in phenotype and function 
between the CDlla+ subset in SLE T cells and 
5-azaC-treated T cells suggests that similar mecha- 
nisms could be involved in 5-azaC-induced and SLE- 
associated T cell autoreactivity . 
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