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Abstract

Anti-CD2-induced T cell proliferation was analyzed in the pe-
ripheral blood samples of 31 primary and 8 secondary un-
treated Sjogren's syndrome patients. Anti-CD2-stimulated
PBMCproliferation was very low in about one-third of pri-
mary Sjogren's syndrome samples, despite the number of
CD2+ cells being similar in primary and secondary Sjogren's
syndrome and normal PBMCsamples. The depressed re-
sponse to anti-CD2 was mainly found in anti-Ro+/La+ pa-
tients. Experiments on purified T cells demonstrated that a
defect at the T cell level was responsible for the anti-CD2
unresponsiveness. Cell proliferation failure was associated
with poor IL-2 and IL-2 receptor mRNAexpression and, con-
sequently, IL-2 and IL-2 receptor synthesis. Since defective
anti-CD2-induced mitogenesis could be reversed by phorbol
myristate acetate, but not calcium ionophore A23187, it is
probably correlated with impaired protein kinase C activation.
Comparison of anti-CD2-triggered PBMCproliferation in
treated and untreated patients and a long-term study of nine
patients showed that the defect is a stable characteristic in
primary Sjogren's syndrome patients, but that it can be re-
versed by pharmacological immunosuppression. (J. Clin. In-
vest. 1990. 86:1870-1877.) Key words: lymphocytes * autoanti-
bodies - salivary gland * autoimmunity * monoclonal antibodies

Introduction

Cellular immunity is generally regarded as central to the
pathogenesis of primary Sjogren's syndrome (pSS).' Conse-
quently, T cell phenotype and function have been one of the
major focuses of experimental studies on this autoimmune
disorder during the past few years (1). A number of T cell
abnormalities, thought to be linked to the well known hyper-
reactivity of B lymphocytes, have been detected in the periph-
eral blood of patients with pSS (2). However, the basis for this
T cell disregulation is not fully understood.
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1. Abbreviations used in this paper: AC, accessory cells; 3H TdR, 3H
thymidine; LFA-3, lymphocyte function-associated antigen 3; PKC,
protein kinase C; pSS and sSS, primary and secondary Sjogren's syn-
drome; rIL- I and rIL-2, recombinant IL- I and IL-2; Ti, T cell receptor
for antigen.

Our knowledge of the mechanisms involved in physiologi-
cal T cell activation has notably improved with the availability
of MAbfor specific functional structures of the T cell surface.
It is known that the primary pathway for the clonal expansion
of T cells occurs by means of antigen recognition by the anti-
gen T cell receptor Ti/CD3 complex (3). In addition, a number
of T cell surface molecules, which regulate the activation of T
cells, have been identified (3). In particular, the CD2 antigen,
originally described as the sheep erythrocyte binding protein,
appears to play a crucial role in T cell activation (4). CD2,
which is structurally related to its natural ligand lymphocyte
function-associated antigen 3 (LFA-3) and distinct from the
Ti/CD3 complex, may be regarded as a member of the immu-
noglobulin superfamily (3, 5). At least two epitopes, termed
T 1 11X and T 112, have been detected on this molecule in resting
T cells. The binding of antibodies to either T 11 or T 12 anti-
gens induces the appearance of a third epitope, called Tl 13.
The sequential addition of anti-T 112 and anti-Tl 13 antibodies
provides a potent T cell mitogenic stimulus, alternative to that
offered by antibodies to the Ti/CD3 complex (4). The signifi-
cance of this alternative T cell activation pathway in physio-
logical and pathological conditions is unclear, but it has been
hypothesized that its defective control may render an individ-
ual susceptible to pathologic chronic T cell stimulation (6),
such as that encountered in several autoimmune disorders (2).

As our preliminary studies revealed a defect in anti-CD2-
induced PBMCproliferation in patients with pSS (7), we ex-
tended our research to investigating both the cellular and mo-
lecular mechanisms that underlie the proliferative failure and
the relationship between this and the serological features of the
disease.

Methods

Patient population. 38 patients (33 female and 5 male, age ranging
from 19 to 64 yr), who fulfilled the Copenhagen criteria for the diag-
nosis of pSS (8), were included in the study. 31 patients had never been
treated, 7 were taking corticosteroids. The results obtained from the
treated patient group are reported only when the influence of the
therapy on immunological parameters is considered. None fulfilled the
criteria for a diagnosis of RA, systemic lupus erythematosus (SLE),
progressive systemic sclerosis, or any other known connective tissue
disease. 18 aged- and sex-matched healthy subjects acted as controls.
Cord blood samples from healthy full-term newborns, collected imme-
diately after birth, were also employed as controls in some experi-
ments. In addition, eight untreated SLE patients with no signs of exo-
crine glandular involvement and eight patients with SS secondary (sSS)
to RA (four patients), SLE (three patients), or progressive systemic
sclerosis (one patient) were studied. None of these 16 patients were
positive for anti-La antibodies and only 6, four with SLE and two with
SLE plus sSS, were anti-Ro antibody positive.

Serological studies. Antinuclear antibodies were determined by in-
direct immunofluorescence with Hep-2 human cell line as substrate.
Anti-extractable nuclear antigens were detected by counterimmuno-
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electrophoresis, according to Bunn et al. (9), by using an extract of
human spleen and rabbit thymus (Pel-Freeze Biologicals, Rogers, AR)
as sources of antigens (10, 1 1). Reference sera were kindly provided by
Dr. K. B. Elkon, Hospital for Special Surgery, Cornell University, New
York.

Cell preparation. PBMCwere isolated from heparinized peripheral
blood by density gradient centrifugation on Ficoll-Hypaque (Lym-
phoprep; Nycomed AS, Oslo, Norway) and resuspended in
RPMI-1640 supplemented with 10% FCS, 4 mML-glutamine, 100
U/ml penicillin, and 100 gg/ml streptomycin (complete medium)
(Gibco Laboratories, Grand Island, NY). PBMCwere separated into
sheep red blood cell rosette-enriched (E+) and rosette-depleted (E-)
subpopulations as detailed elsewhere (12). E--cell suspensions were
then irradiated at 3,000 rad (E-) and used as a source of accessory cells
(AC). E+-cell populations were treated with OKM1 MAb (Ortho
Pharmaceuticals, Raritan, NJ) plus rabbit complement (Cedarlane,
Ornby, Ontario, Canada) to eliminate residual contaminating mono-
cytes. On the basis of their reactivity with anti-CD2 MAb(anti-Tl 1,
and anti-Tl 12, kindly supplied by Dr. S. F. Schlossman, Harvard
Medical School, Boston, MA), these mononuclear cells were consid-
ered purified T cells (> 97% with immunofluorescence analysis).

Flow cytometry. IL-2 receptors (IL-2R) were identified by direct
immunofluorescence staining with fluoresceinated anti-Tac MAb
(Becton Dickinson & Co., Mountain View, CA). Co-expression of the
CD4 and CD45RAantigens on the PBMCsurface was revealed by
using a fluorescein-conjugated anti-CD4 MAb(T4-FITC; Coulter Im-
munology, Hialeah, FL) and a phycoerythrin-conjugated anti-
CD45RAMAb (2H4-RD1; Coulter Immunology). A previously de-
scribed indirect immunofluorescence technique (12), that used anti-
Tl I, T1 12, and T1 13 MAb and a fluorescein-conjugated goat
anti-mouse F(ab')2 subclass-specific antiserum, that was absorbed with
human Ig (Tago, Inc., Burlingame, CA), was employed for recognition
of the CD2 surface molecule on resting and activated T cells. Isotype-
matched MAbthat do not react with human cells were used as con-
trols. The stained cells were fixed in 1%paraformaldehyde in PBSand
analyzed by flow cytometry (FACScan; Becton Dickinson & Co.).
Tac+, CD4+, CD45RA+, and CD2+ cells were identified by gating
analysis, and fluorescence profiles were obtained for 50,000 cells in
each sample. As the percentages of T I 1- and T 11 2-positive resting T
cells overlapped in each sample, only the results obtained with the
second MAbare given.

Cell proliferation assay. PBMCor T cells (5 X 104/well) were cul-
tured in triplicate in complete medium in 96-well round-bottomed
microwell plates (Nunc, Roskilde, Denmark). A combination of anti-
T 1 12 and -T 1 13 ascites fluids (gift from Dr. S. F. Schlossman) was used
at a final concentration of 1:800, which gave a proliferation peak in
dilution experiments. PHA (Difco Laboratories Inc., Detroit, MI),
anti-CD3 MAb(OKT3; Ortho Pharmaceuticals), phorbol 12-myristate
13-acetate (PMA) (Sigma Chemical Co., St. Louis, MO), human re-
combinant a-IL- 1 (rIL-l) (Janssen Chimica, Beerse, Belgium; specific
activity: 1.3 X 107 U/mg protein), human recombinant IL-2 (rIL-2)
(Janssen; specific activity: 9.0 X 106 U/mg protein), and calcium iono-
phore A23 187 (free acid; Sigma Chemical Co.) were used at the indi-
cated concentrations. The plates were incubated at 37°C for 72 h in a
humidified atmosphere containing 5% CO2 in air. Cell proliferation
was measured by [3H]thymidine ([3H]TdR) incorporation (0.5 ACil
well; sp act 25 Ci/mmol; Amersham International, Amersham, UK)
during the last 6 h of culture. The samples were harvested on glass-fiber
filters, resuspended in a liquid scintillation mixture, and counted in a
liquid scintillation spectrometer. Results are expressed as net cpm
[3H]TdR incorporation and reflect absolute cpm [3H]TdR uptake
minus background cpm (cpm incorporated in the absence of mitogen).

IL-2 assay. IL-2 activity was determined in filtered cell culture
supernatants after 24 h stimulation. In brief, after being incubated for 3
d in complete medium supplemented with 2.5 X 10-' M2-mercap-
toethanol (Sigma Chemical Co.) and Con A (2 ,ug/ml; Miles Laborato-
ries Inc., Naperville, IL), mouse spleen cells were cultured in 96-well
flat-bottomed plates (Nunc; 2 X 104 cells/well) in a final volume of 0.2

ml in the presence or absence of the supernatants (25%) under test.
Cells were pulsed with [3H]TdR after 18 h of culture. The cells were
harvested 6 h later and counted as above. All assays were done in
triplicate. For each experiment, a standard curve, constructed by using
serial dilutions of rIL-2 of known activity, was used to calculate the
concentration of IL-2, which was expressed as U/ml in each culture
supernatant. Some supernatants were simultaneously assayed on the
IL-2-sensitive mouse cell line CTLL (13). As both assays yielded simi-
lar results in terms of U/ml, only the data for murine splenocytes are
given.

RNApreparation. Total cellular RNAwas isolated by the guani-
dium/cesium chloride method (14). Briefly, 20 X 106 PBMCwere
stimulated for 8 or 24 h with anti-CD2 MAbor PHA. The cells from
fresh and stimulated samples were then stirred with a Vortex mixer in a
4-M guanidine isothiocyanate solution and the mixture layered onto a
5.7-M cesium chloride cushion and centrifuged overnight in a SW41
rotor (Beckman Instruments Inc., Palo Alto, CA) at 31,000 rpm. The
RNApellet was redissolved in water, phenol extracted twice, and eth-
anol precipitated.

Northern blot hybridization and quantification of gene expression.
Total RNA(15 jig/lane) was analyzed by electrophoresis through 1.0%
agarose gels containing 2.2 M formaldehyde. The size-fractionated
RNAwas then transferred to nitrocellulose by using a solution of 3 M
NaCl and 0.3 MNa citrate and the filters hybridized to 32P-labeled
DNAprobes at a specific activity of 1-3 X 108 cpm/,ug DNA(14). The
IL-2 and IL-2R probes used in this study were of human origin (a gift
from Dr. G. H. Reem, New York University Medical Center, New
York). The relative intensity of the RNA transcript signal on the
Northern blots was determined by densitometry. The amount of RNA
loaded in each lane was normalized by hybridizing the Northern blots
to a probe that is transcribed at the same level in all the cells (glyceral-
dehyde-3-phosphate-dehydrogenase gene) (data not shown).

Statistical analysis. Due to the nonnormal distribution of the data,
Kruskall-Wallis analysis of the variance was used for statistical evalua-
tion of the results.

Results

Expression of surface CD2 molecule on PBMC. The percent-
ages of CD2+ cells in pSS (mean±SEM: 69.7±4%), sSS
(71.8±4), SLE (67.8±6), and control (72.5±3) PBMCsamples
were comparable (P = NS). In addition, the molecule was
expressed with similar intensity on the positive cells of the four
groups of samples, since the cytofluorographic profiles for the
anti-CD2 overlapped (data not shown).

Activation of PBMC. The PBMCblastogenic response to
PHA (final dilution 1:100) was similar in pSS (mean±SEM:
64,456±22,765 cpm), sSS (69,582±24,699; P = NS), and con-
trol (73,121+21,003; P = NS) samples. Anti-CD3 response
(final dilution 25 ng/ml) was only slightly lower in pSS
(12,459±6,631) than in sSS (18,399+4,498; P < 0.05) and
controls (16,593±4,621; P < 0.05). In contrast, anti-CD2-in-
duced mean proliferation was markedly lower in pSS
(27,839±25,766) than in either sSS (57,849+27,127; P
< 0.001), SLE (69,942±31,773; P < 0.001), or control PBMC
samples (43,551+15,466; P < 0.001). The reduced prolifera-
tion was not influenced by changes in incubation time or MAb
concentration (Fig. 1). There was no direct relationship be-
tween hyporesponsiveness to anti-CD2 and antinuclear anti-
body titers or immunofluorescence pattern. However, when
pSS patients were subdivided into three groups according to
anti-extractable nuclear antigen positivity, i.e., Ro-/La-,
Ro+/La-, Ro+/La+, proliferation was found to be within the
normal range in the Ro-/La- group (P = NS), slightly but not
significantly decreased in Ro+/La- patients (P = NS), and
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Figure 3. Proliferation
in T cell cultures and T
cell + ACco-cultures
from primary SS pa-
tients and normal con-
trol subjects. The results
are from a single experi-
ment representative of
four separate experi-
ments. 50% ACwere

s added to T cells in the
co-culture experiments.

Figure 1. Anti-CD2-induced proliferation of three unresponsive pSS
(white circles) and three normal control PBMCsamples (black cir-
cles) (mean±SEM), according to time of culture (A) and anti-CD2
concentration (B).

markedly reduced in Ro+/La+ subjects (P < 0.001) (Fig. 2).
There was no difference in the CD2 molecule expression of
hypo- and normo-reactive pSS samples (data not shown).

Anti-CD2 T-lymphocyte activation in T cell and T- plus AC
cultures. Despite the fact that the T cell activation pathway via
the CD2molecule has been reported to be monocyte indepen-
dent, our recent studies on immature human cord cells have
demonstrated that monocytes can exert an influence on CD2-
triggered T cell activation (15). For this reason, experiments
were designed to establish whether an inhibitory effect or a

failure of ACwas responsible for the mitogenic defect in pSS
PBMC. As Fig. 3 shows, purified T cells from unresponsive
pSS PBMCsamples did not respond to anti-CD2 stimulation,
whereas those from normal subjects did, thereby suggesting
that a functional defect at the T cell level was responsible for
the faulty pSS PBMCproliferation. Moreover, since the addi-
tion of either pSS or normal AC to anti-CD2-stimulated pa-
tient T cell cultures did not modify their impaired prolifera-
tion, and the mixing of patient AC to normal T cell cultures
had no effect on their response to the anti-CD2 stimulus, it
would seem that patient AC are functionally normal and do
not exert any significant inhibitory effect.

IL-2 production. As T cell activation via the CD2molecule
is regulated by an IL-2-dependent autocrine process, the in
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vitro production of this cytokine by anti-CD2 triggered PBMC
was analyzed to better define the mechanisms implicated in
the faulty proliferation of pSS cells. As shown in Table I, no

IL-2 was detected in supernatants of patient PBMCor T-cell
samples that responded poorly to anti-CD2 triggering (Experi-
ment 1), whereas significant amounts of this lymphokine were

found in both normoresponsive pSS and control samples (Ex-
periment 2).

T113-antigen expression on PBMCsurface after anti-T112
stimulation. To test the capacity of the anti-Tl 12 MAbto in-
duce the expression of the T113 membrane antigen, it was

added alone to three anti-CD2-unresponsive pSS and three
control PBMCsamples. The results showed that the anti-T I 12

MAbinduced an equal expression intensity of T I 13 on a simi-
lar number of T cells in both pSS and control PBMCsamples
(data not shown).

Membrane IL-2R expression. The expression of the IL-2R,
as recognized by the Tac MAb, was evaluated in both anti-
CD2- and PHA-stimulated pSS and control PBMC. Patient
samples with a weak response to anti-CD2-stimulation ex-

pressed low levels of IL-2R (Table II). In contrast, IL-2R ex-

pression was unimpaired in pSS samples with normal anti-
CD2-induced proliferation, as well as in PHA-stimulated nor-

mal and pSS cultures. Identical results were obtained when
anti-CD2-induced T cell cultures were analyzed.

Transcription of IL-2 and IL-2R genes. To determine
whether the failure in IL-2 and IL-2R synthesis was at the
transcriptional or translational level, Northern blots were per-

formed on resting and both PHA- and anti-CD2-stimulated
PBMCin two anti-CD2-unresponsive pSS and two normal
control samples. The faulty cell proliferation and absence of
IL-2 production in patient samples were associated with lack

Table I. IL-2 Production (U/ml) by PHAor Anti-CD2-
*9 Stimulated PBMCand T Cells from Patients pSS

and Normal Controls (NC)
io

9I *

NC sSS Ror/La- Ro/Le- RO+/LaR
I I

pss

Figure 2. Anti-CD2-induced PBMCproliferation in normal control
(NC) and sSS subjects and pSS patients subdivided according to anti-
Ro/La positivity. Horizontal and vertical bars indicate mean±SEM.
*P < 0.00 1.

Experiment 1 Experiment 2

Stimulus pSS NC pSS NC

PBMC+ medium <0.1 (0.4)* <0.1 (0.3) <0.1 (0.5) <0.1 (0.4)
PBMC+ PHAt 6.0(61.5) 7.5 (89.3) 7.7 (79.4) 8.1 (90.0)
PBMC+ anti-CD2 <0.1 (2.6) 6.8 (42.9) 7.0 (39.5) 7.1 (44.3)
T cells + medium <0.1 (0.4) <0.1 (0.3) <0.1 (0.4) <0.1 (0.5)
T cells + anti-CD2 <0.1 (I1.1) 6.1 (35.5) 6.9 (37.3) 7.0 (41.9)

Two representative experiments of six are shown. Experiment 1 refers to an

anti-CD2-unresponsive and experiment 2 to an anti-CD2-responsive pSS
PBMCsample. * cpm X 1 0-3; PHAwas used at a final dilution of 1:100.
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Table II. Percentages of IL-2R Expressing (Tac+) Cells
in PBMCand T cell Cultures from pSS Patients and Normal
Controls (NC) after 3-d Stimulation with PHAor Anti-CD2

Experiment I Experiment 2

Stimulus pSS NC pSS NC

PBMC+ medium <5% (0.3)* <5% (0.5) <5%(0.4) <5% (0.4)
PBMC+ PHAt 62% (54.4) 59% (78.3) 55%(57.9) 64% (62.4)
PBMC+ anti-CD2 6%(1.4) 58% (44.3) 54% (38.4) 60% (50.9)
T cells + medium <5%(0.3) <5% (0.4) <5% (0.6) <5% (0.4)
T cells + anti-CD2 <5% (0.8) 74% (39.4) 61% (36.4) 70% (49.7)

Two representative expenrments of six are shown. Experiment I refers to an
anti-CD2-unresponsive and Experiment 2 to an anti-CD2-responsive pSS
PBMCsample. * cpm X l0-3; * PHAwas used at a final dilution of 1:100.

of IL-2 mRNAexpression, since anti-CD2-induced pSS
PBMC, unlike normal and patient PBMCstimulated for two
days with PHA, did not display the IL-2 hybridizing band (Fig.
4 A). Northern blot analysis also indicated that the anti-CD2
stimulus was unable to induce IL-2R-specific mRNAin pa-
tient samples (Fig. 4 B). These data exclude that a posttran-
scriptional defect could have been responsible for the fault in
IL-2R expression and IL-2 synthesis and secretion.

Effect of exogenous rIL-1 and rIL-2 on anti-CD2-induced
T-cell activation. An optimal concentration (5 U/ml) of rIL- 1
or rIL-2 induced no proliferation in both unstimulated pSS
and control T-cell samples (Table III). Addition of rIL-2,
which enhanced the anti-CD2-mediated proliferation of con-
trol cells, failed to improve the poor response of pSS T-cell
cultures to anti-CD2 triggering. The addition of rIL- 1 to pSS
and control anti-CD2-stimulated T cells had no effect on ei-
ther.

Effect of calcium ionophore A23187 or PMAon anti-CD2-
induced T cell activation. Because our results pointed to an
impairment in the early transductional events of anti-CD2-
pulsed T cell activation, we performed T cell culture experi-

PHA PHA CD2 Bas PHA PHA CD2 Bas

B

NC pSS pSS pSS

IL-2R

A

NC pSS pSS pSS

Probe: IL-2

Figure 4. IL-2 (A) and IL-2R (B) mRNAexpression in pSS and nor-
mal control (NC) PBMC. The results obtained in a representative ex-
periment of two are reported. 15 jig of total cellular RNAwere run
in each lane. The first two lanes refer to PHA-stimulated NCand
pSS PBMC, the third to anti-CD2-stimulated pSS PBMCand the last
to unstimulated (bas) pSS PBMC. The anti-CD2-induced prolifera-
tion value was 48,045 cpm for NCand 1,786 cpm for pSS samples.

Table III. Effects of Exogenous rIL-1 and rIL-2 on Anti-CD2-
Stimulated T Cell Proliferation in pSS and Normal
Control (NC) Samples

Experiment I Experiment 2

Stimulus pSS NC pSS NC

Medium 0.3* 0.5 0.4 0.7
Anti-CD2 3.4 51.5 39.2 47.7
rIL- 1 t 0.4 0.6 0.4 0.9
Anti-CD2 + rIL-1 3.9 56.5 38.3 49.6
rIL-2§ 0.9 0.8 2.0 1.4
Anti-CD2 + rIL-2 3.9 69.8 50.1 64.7

Two representative experiments of five are shown. Experiment 1
refers to an anti-CD2-unresponsive and Experiment 2 to an anti-
CD2-responsive pSS PBMCsample. * cpm X 10-3; t rIL- 1 and
§ rIL-2 were used at the final concentration of 5 U/ml.

ments with anti-CD2 plus either PMAor calcium ionophore
A23187 to explore the early intracellular signals that lead to
activation of protein kinase C (PKC) and increase in cytoplas-
mic calcium level. Table IV shows that increased concentra-
tions of calcium ionophore exerted no influence on the poor
patient T cell response to anti-CD2 activation, despite the fact
that this reagent is known to invert defective anti-CD2-in-
duced proliferation of cord T cells (15). In contrast, pSS T cell
samples that failed to respond to anti-CD2 alone, proliferated
well when PMA(1-2 ng/ml) was added to the cultures (Ta-
ble V).

Influence of immunosuppressive therapy on PBMCactiva-
tion in pSS patients. As corticosteroids are known to exert a
marked inhibitory influence on the immune system, the anti-
CD2-activated proliferation of treated and untreated patients
was compared (Fig. 5). Interestingly, proliferation of pSS
PBMC, which was markedly depressed during treatment, was
above control levels in the group of patients who had termi-
nated immunosuppressive therapy at least one month before
the study was begun. Furthermore, a longitudinal study in six
treated and three untreated pSS patients has shown not only
that therapy can cause the low anti-CD2-stimulated PBMC

Table IV. Effects of Calcium Ionophore A23187 on Anti-CD2-
Stimulated T Cells from pSS and Cord (C) Blood Samples

Experiment I Experiment 2

A23187 pSS C pSS C

ng/ml

0 2.3* 5.4 61.7 2.8
12.5 3.1 5.1 60.8 5.9
25 2.9 12.8 63.9 10.7
50 3.3 49.5 60.8 40.4

100 4.0 54.8 48.7 38.7
200 1.9 12.4 12.2 6. 1

Two experiments of four are shown. Experiment I refers to an anti-
CD2-unresponsive and Experiment 2 to an anti-CD2-responsive pSS
PBMCsample. * cpm x I 0-3.
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Table V. Effects of PMAon Anti-CD2-Stimulated T Cells
from pSS Patients and Normal Controls (NC)

Experiment I Experiment 2

PMA pSS NC pSS NC

ng/ml

0
0.1

2
5

10

2.2*
3.1

48.7
60.3
30.8

8.6

39.8
42.2
44.5
40.8
18.7

5.9

31.4
34.9
39.1
56.2
21.7
20.8

49.7
54.6
47.6
50.4
33.6
17.8

Two representative experiments of four are shown. Experiment 1
refers to an anti-CD2-unresponsive and Experiment 2 to an anti-
CD2-responsive pSS PBMCsample. * cpm X I0-3.

mitogenesis to reverse, but also that the primitive proliferation
defect is a stable feature in untreated patients (Fig. 6).

Percentage of CD4+ cells and their subsets in PBMCsam-
ples from controls and untreated and treated pSS patients. To
search a relationship between phenotypic and functional char-
acteristics of PBMCin pSS patients, the percentages of the
total CD4+ and CD45RA positive and negative CD4+ cell
populations were evaluated. There were no differences in the
proportions of the three subsets in normal controls and pSS
patients studied before and 1-6 mo after terminating cortico-
steroids (Fig. 7). In addition, there was no strict correlation
between the number of CD4+, CD4+CD45RA+, or
CD4+CD45RA- cells and responsiveness of pSS samples to
anti-CD2 MAbeither before or after immunosuppressive ther-
apy (data not shown).

Discussion

Since a significant body of evidence suggests that cellular im-
munity is intimately involved in the pathogenesis of pSS (1),
the study of the activation processes of peripheral blood T
lymphocytes should add to our understanding of the immu-
noregulatory abnormalities encountered in this autoimmune
disorder (2).

T lymphocytes are known to be physiologically activated
by various stimuli directed against either the Ti/CD3 complex
or the CD2 molecule (3). While the molecular basis and the

Figure 5. Anti-CD2-in-
60j duced PBMCprolifera-
504 T'1~ii tion in 18 normal con-

T' 40 - trols (horizontal broken

030 line indicates the mean
x
30T proliferation) compared

E 20j with that of 31 un-
treated (white column)

olI- tllhI_ and 20 treated pSS pa-
tients, eleven tested

during treatment (black column) and nine from 1 to 6 mo after stop-
ping (shaded column) immunosuppressive therapy. *P < 0.001 vs.
normal controls; **P < 0.001 vs. untreated patients and patients
tested during therapy.

biological significance of T cell activation via the CD3antigen
have been reasonably well defined, we know little about the
physiological role played by the interaction of CD2 with its
homologous cell surface-associated ligand LFA-3 (5). It has
been postulated that CD2 regulates an antigen-independent
activation pathway (4) or that the signals delivered via CD2are
an integral part of the antigen-specific pathway (16). Interest-
ingly, previous studies have shown not only a requirement for
the Ti/CD3 complex in CD2 signaling (16), but also a physical
association between the CD3 and CD2 molecules (17).

Although we found, like others (7, 18), that the cell prolif-
eration induced via the CD3 structure is only moderately de-
creased in PBMCsamples from pSS patients, CD2-activated
proliferation is markedly defective in many. In particular, we
found a severe depression in anti-CD2-mediated proliferation
in about one-third of pSS samples, irrespective of the antibody
concentration or culture time.

Despite the fact that T cell proliferation via the CD2mole-
cule is usually thought to occur in the absence of both IL- 1 and
AC (4), both have been recently reported to exert a regulatory
influence on anti-CD2-mediated activation of cord T lympho-
cytes (15). We, therefore, carried out experiments to test
whether impairment of, or suppression by, antigen-presenting
cells could be responsible for the reduced pSS PBMCprolifera-
tion and demonstrated that, when pSS AC are mixed with
normal T cells, they do not inhibit anti-CD2-mediated activa-
tion. The fact that anti-CD2 alone, or combined with rIL- 1 or
normal AC, failed to significantly trigger mitogenesis of pSS T
cells, is evidence that the depressed proliferation is the result of
a defect at the T cell level.

An obvious explanation for the decreased anti-CD2-acti-
vated proliferation of patient T cells would seem to be reduced
membrane expression of the CD2 molecule. However, we
showed that neither low numbers of CD2+cells within the pSS
PBMCpopulation nor deficient T cell surface expression of
the CD2 receptor accounted for the diminished proliferation,
since the percentage of CD2+ cells, peak and mean fluores-
cence intensity, were similar in normal and pSS PBMCsam-
ples.

In an attempt to better comprehend the basis of the faulty
mitogenic response via the CD2 antigen, the sequence of
events leading to T cell proliferation was analyzed. Whereas
CD2 stimulation of normal T cells is accompanied by IL-2
synthesis and the appearance of IL-2R (4), defectively prolif-
erating anti-CD2-triggered patient PBMCproduced negligible
amounts of IL-2 and had low expression of IL-2R. Interest-
ingly, unresponsive patient T cells remained refractory to
anti-CD2 even when exogenous rIL-2 was added. Moreover,
the lack of a significant induction of IL-2 and IL-2R mRNA
expression in unresponsive patient PBMCafter anti-CD2 trig-
gering provides evidence that this stimulus is unable to trans-
duce early activation signals.

The earliest intracellular events after antigen or mitogen
binding to the membrane of T lymphocytes include activation
of kinases with selective protein phosphorylation and eleva-
tion of cytoplasmic calcium concentrations (19-21). Specifi-
cally, stimulation of the CD2molecule by soluble MAbresults
in a rapid rise in cytoplasmic Ca2 , which occurs as a result of
phosphatidyl-inositol metabolism. Breakdown of inositol
phospholipids is followed by the generation of inositol tri-
phosphate, the putative mobilizer of Ca2+ from the intracellu-
lar membrane pool, and 1,2-diacylglycerol, a natural activator
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of PKC (22). It is known that the action of inositol trisphos-
phate may be mimicked by A23187, a Ca2" channel opening
antibiotic that induces an influx of Ca2+ from the extracellular
environment into cell cytoplasm (23). Onthe other hand, PKC
can also be directly activated in vitro by PMA(24). In our
experiments, the combination of anti-CD2 with PMA, but not
with A23187, evoked good proliferation of patient T cells.
Therefore, it could be speculated that the unresponsiveness of
pSS T cells to anti-CD2 is not secondary to a defect in trans-
membrane transduction of the activation signal, but rather,
related to an impairment in posttransductional PKC trigger-
ing, which would then lead to a failure in IL-2 and IL-2R
mRNAspecific induction, IL-2 production, and IL-2R ex-
pression and, consequently, cell proliferation.

The distinctly different results we obtained in treated and
untreated pSS patients confirm that immunosuppressive ther-
apy is able to alter T lymphocyte function and obscure their
pathogenetic role (24). Our 18-mo followup study on 6 treated
and 3 untreated subjects with pSS seems to indicate that, when
present, defective anti-CD2-mediated T cell proliferation is a
stable characteristic, but that immunosuppressive therapy is
able to restore T cell function. The persistence of this immuno-
logical defect in the absence of treatment and its reversibility
with therapy recalls the failure of T cell activation via the CD5
molecule previously described in the peripheral blood of pSS
patients (18). However, despite the fact that a number of anti-
CD5 MAbhave been demonstrated to exert a co-stimulatory
effect on murine (25, 26) and human (27) T cells activated by
suboptimal doses of PHA or anti-CD3, the relationship be-
tween the CD2 and CD5 structures in activation pathways of

CD4 CD4 CD45R' CD4 CD45

Figure 7. Percentage of
CD4+, CD4+CD45-
RA+,and CD4+CD45-
RA- cells in normal
controls (shaded col-
umn), untreated pSS
patients (black column),
and pSS patients stud-
ied 1-6 mo after stop-
ping immunosuppres-
sive therapy (white col-

5R- umn). P = NS.

Figure 6. Longitudinal study of anti-CD2-
induced PBMCproliferation in nine pSS

* patients, three untreated, and six tested be-

lb 2'0 fore, during, and after stopping corticoste-
roid therapy. Broken lines indicate treat-

MONTHS ment period.

both normal and pSS T lymphocytes remains unclear and
requires further investigations.

As CD4+CD45RA+PBL appear to respond better to
anti-CD2 triggering than their reciprocal CD4+CD45RA-
cell subset (28), low numbers of these may be responsible for
the faulty anti-CD2-induced T cell activation. However, our
results showed similar CD45RAantigen expression within
CD4+ cell population in control and pSS patients, before,
during, and after treatment. The fact that these data disagree
with previous reports, showing a reduced CD4+CD45RA+
cell percentage in pSS (29), may be explained by different
selection and/or different serological characteristics of the pa-
tients.

Because T cell dysregulation is feature commonto several
autoimmune diseases (2, 30, 31), the present findings may lack
specificity. However, they do seem to show that defective anti-
CD2 proliferation is a characteristic of primary, but not sec-
ondary, SS. In addition, our data show that anti-CD2-me-
diated proliferation of blood T lymphocytes is greater in un-
treated patients with SLE than in pSS subjects. Finally, we
demonstrated that defective T cell activation via CD2 is
mainly characteristic of a subgroup of pSS patients who have
serological evidence of anti-La autoantibodies, which appar-
ently represent the most reliable marker of this autoimmune
disorder and define a subset of patients with more severe dis-
ease involvement (1, 32, 33).

The sum total of these observations should help to clarify
the biological significance of the T cell dysfunction encoun-
tered in the peripheral blood of these patients. Primary SS,
unlike systemic lupus erythematosus (SLE), is an autoimmune
disease in which the main cellular immune activity is ex-
pressed at the level of target organs, i.e., exocrine glands, as
demonstrated by the prevalence of T cells in glandular infil-
trates (34-36). Strong differences in functional activity of in-
flammatory site and peripheral blood T lymphocytes have
been previously described in patients with pSS. Fox et al. (37)
found that PHA-induced IL-2 synthesis was profoundly de-
pressed in the PBL, in - 25% of their pSS patients, while IL-2
production by the salivary gland lymphocytes of the same pa-
tients was normal. The peripheral blood and glandular lym-
phocytes of pSS subjects have also been reported to respond
differently to exogenous rIL-2 (7). It could be postulated,
therefore, that the patient-to-patient fluctuations in the re-
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sponse of peripheral blood T cells to anti-CD2 seen in pSS
reflect different degrees of T cell involvement at the target
organs.

A relationship between PBMCunresponsiveness to soluble
antigens and high intensity lymphocyte infiltration at the site
of inflammation has been documented in patients with RA,
who also have inversely related peripheral blood and synovial
T cell subset ratios (38-40). This apparently paradoxical rela-
tionship, which is consistent with our findings in other im-
mune-mediated disorders (41, 42), suggests that blood T cell
dysfunction and trafficking of T lymphocytes between periph-
eral blood and inflammation sites are interrelated phenomena.
It could also be pertinent to understanding the mechanism
underlying the improvement in T cell function induced by
immunosuppressive therapy, which is known to reduce T cell
infiltration in exocrine glands (1). According to this theory, the
association between unresponsiveness to anti-CD2 and the
presence of anti-La autoantibodies in patients' blood would be
accounted for by the fact that salivary gland infiltration by T
cells is usually more intense in anti-La-positive than in anti-
La-negative pSS patients (unpublished observations).

In conclusion, our data seem to imply that pSS comprises a
wide spectrum of conditions in which polar subsets can be
defined on the basis of their immunological, serological, and
hystopathological features. They also provide clues to the
pathogenesis of pSS and have potential application in the
monitoring of therapy in this disorder.
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