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SUMMARY

The aim of the present study was to analyse thein vitro proliferation and cytokine production by
alloantigen-stimulated peripheral blood mononuclear cells (PBMC) obtained from patients affected by
systemic sclerosis (SSc) and patients with Raynaud’s phenomenon (RP). In SSc patients the prolifera-
tion of PBMC stimulatedin vitro with alloantigens was significantly increased compared with healthy
subjects, while no differences were observed for RP patients. Lymphocytes from SSc patients also
produced larger amounts of IFN-g compared with healthy controls. However, patients with clinically
active disease had lower IFN-g levels than those found in clinically stable patients. Patients affected by
RP showed significantly higher levels of IFN-g than healthy subjects. Analysis at the clonal level of the
lymphocyte subsets involved in alloantigen stimulation in one patient affected by active SSc, and one
subject with RP confirmed the results obtained using PBMC. In particular, in the RP patient but not in
the SSc patient, we observed a population of CD4þ T cells which proliferated to alloantigensin vitro and
produced high levels of IFN-g. We suggest that T lymphocytes producing high levels of IFN-g might
play a protective role in RP patients and in established scleroderma.
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INTRODUCTION

Systemic sclerosis (SSc) is a connective tissue disease character-
ized by abnormalities of three systems (immune, vascular, and
mesenchymal extracellular matrix) which leads to exuberant fibro-
sis. The first symptom of SSc is often Raynaud’s phenomenon
(RP), which is associated with a diffuse small vessel vasculopathy
and ischaemia as well as reperfusion injury to skin and organs
targeted in this disease. The interaction of immune cells with
vascular endothelium, through adhesion molecules and the effect
of cytokines, is one of the earlier changes in SSc [1,2]. Dermal
mononuclear cell infiltrates in SSc have been shown to be both
CD4þ and CD8þ activated lymphocytes [3,4]. Increased numbers
and percentages of activated T cells have also been found in the
interstitium and bronchoalveolar fluids (BALF) of SSc patients
with active lung disease [5]. The migration of mononuclear cells in
the perivascular space and the release of cytokines are responsible
for fibroblast activation, excessive collagen and glucosaminogly-
can production in SSc. Several cytokines which contribute to the
worsening of the disease have been found in the sera and BALF of

patients with active scleroderma [6–8]. The studies of cytokines
producedin vitro by peripheral blood mononuclear cells (PBMC)
in SSc patients showed a spontaneous release of the ‘fibrogenetic’
cytokines tumour necrosis factor-alpha (TNF-a) and IL-1b, and an
impairment of mitogen-induced IFN-g production [9,10]. In parti-
cular, the production of IFN-g is of great relevance: it is the most
potent stimulator of HLA class II antigens on endothelial cells, thus
up-regulating endothelial–leucocyte adhesion [11–13], but it is
also a negative regulator of collagen production by fibroblasts [14–
16].

Although SSc has been extensively studied, no data are avail-
able on the immune system (particularly T lymphocyte function) in
patients affected only by RP. A subset of these patients have
autoantibodies in the serum, as assessed by indirect immunofluor-
escence on the HEp2 cell line, thus indicating activation of the B
cell compartment; some of these patients represent the mild end of
the spectrum of SSc.

In this study we investigated the proliferation and the produc-
tion of IFN-g by alloantigen-stimulated PBMC and T cell clones
obtained from SSc patients and subjects affected only by RP. In
support of the use of alloantigen stimulationin vitro, scleroderma-
like disease is seen in chronic graft-versus-host disease (GVDH)
[17,18].
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PATIENTS AND METHODS

Patients
Forty-nine patients (nine men and 40 women, aged
50·26 13·1 years (mean6 s.d.)) with SSc, according to the classi-
fication criteria proposed by LeRoyet al. [19] and followed at our
out-patient clinic, were studied. Eighteen patients had diffuse SSc
and 31 had limited SSc (mean disease duration 5·66 5 years).
Estimation of the disease activity was done on the basis of one or
more of the following characteristics within 6 months preceding
and 6 months following the study [20]: (i) increase in total skin
thickness score by 15%; or (ii) development of new pseudo-
obstruction, malabsorption, pulmonary hypertension, cardio-
myopathy, dysrhythmias requiring treatment, symptomatic peri-
carditis; or (iii) worsening of lung function, with a 15% decrease
in forced vital capacity. Several patients included in this study
were receiving vasoactive agents, while no patient was treated
with corticosteroids at the time of blood collection. Patients were
required to discontinue aspirin, or other non-steroidal anti-
inflammatory drugs for at least 14 days before entering the study.
Treatment with cytotoxic drugs within 1 month before vene-
puncture was a criterion of exclusion. Twenty-six patients with
RP (one man, 25 women, mean age 42·36 15·3 years, mean
duration of RP 10·46 9·9 years) were studied. Sixteen patients
had idiopathic RP, 10 had RP with positive autoantibodies: four
with anti-nuclear, two with anti-nucleolar, and four with anti-
centromere antibodies, as assessed by indirect immunofluores-
cence on rat liver and on the HEp2 cell line [21]. No patient had
positive Scl 70 antibodies, as assessed by counterimmunoelectro-
phoresis, using rabbit thymus extract and human spleen extract as
antigen [22].

Control subjects consisted of 60 healthy subjects (20 men, 40
women, mean age 42·26 18·9 years).

T cell clones were obtained from the blood of three new
subjects that had not been included in the preliminary study on
allogeneic-stimulated PBMC: one patient with active diffuse SSc
(a woman, with a marked worsening of skin thickness, age
45 years, duration of disease from diagnosis 27 years), one patient
with idiopathic RP (a woman, age 22 years, duration of RP 5 years)
and one healthy control (a woman, age 36 years).

Cell separation
Heparinized venous blood was taken from all patients and from
normal volunteers, and PBMC were obtained by centrifugation on
Lymphoprep (Nycomed AS, Oslo, Norway) gradients. The cells
were then suspended at a concentration of 1×106/ml in culture
medium consisting of RPMI 1640 (GIBCO BRL, Paisley, UK)
supplemented with 10% heat-inactivated AB human serum, gluta-
mine 2 mM, penicillin 50 U/ml and streptomycin 50mg/ml).

Standard allogeneic stimulators
A pool of frozen PBMC from 20 healthy subjects was employed as
the standard allogeneic stimulator [23].

Primary mixed lymphocyte cultures
Cell proliferation was assessed as follows: 5×104 PBMC with
5×104 irradiated (50 Gy) pooled allogeneic stimulator lympho-
cytes were cultured in triplicate in 96-well round-bottomed plates
(Falcon, Becton Dickinson, Franklin Lakes, NJ) at 378C in 5% CO2

in air for 5 days. The cells were then pulsed with3H-thymidine
(2mCi/well) (Amersham, Aylesbury, UK) and harvested after 18 h
of culture.

The production of IFN-g was evaluated in the supernatants of
primary bulk mixed lymphocyte cultures (MLC) after 5 days, as
described elsewhere [24].

Cloning of alloantigen-primed T lymphocytes
Primary bulk MLC cultures were obtained from three subjects. After
5 days of incubation at 378C 5% CO2 the blasts were harvested,
washed twice in culture medium, and seeded under limiting dilution
conditions in the presence of irradiated pooled allogeneic lympho-
cytes as feeder cells, and rIL-2 100 U/ml (Cetus, Emeryville, CA)
[25]. Twelve clones for the healthy subject, 15 for the SSc patient
and 16 for the RP patient were studied. The reactivity of each clone
to allogeneic stimulus was evaluated incubating 5×104 T cells from
each clone with 5×104 irradiated (50 Gy) pooled allogeneic stimu-
lator lymphocytes in duplicate for 2 days. The cells were then pulsed
with 3H-thymidine (2mCi/well) and harvested after 18 h of culture.
The stimulation index (SI) was calculated as the ratio ct/min of
alloantigen-stimulated clone:ct/min clone alone. The production of
IFN-gwas evaluated in the supernatants of alloantigen-stimulated T
cell clones after 2 days of culture.

IFN-g assay
The amounts of IFN-g were estimated by the commercial immu-
noenzymatic kit CytElisa IFN-g (CYTImmune Sciences Inc.,
College Park, MD). The average sensitivity was 0·72 pg/ml.
Cytokine concentrations were assayed in duplicate. The production
of IFN-g by the irradiated pool of allogeneic lymphocytes was
below the sensitivity of the kit.

Statistical analysis
Data are expressed as mean6 s.e.m. Comparisons were made
using Student’st-test.

RESULTS

Table 1 shows that PBMC from SSc patients proliferated vigor-
ously in response to the alloantigen stimulus. In these patients the
proliferative response was higher than in healthy controls
(P<0·001), with no differences in the absence of stimulus (data
not shown). No difference in proliferation was observed between
clinically stable patients and those with active disease (Table 1), or
between patients according to the clinical subsets (e.g. diffuse
versuslimited SSc). Patients affected by RP did not show any
difference in the proliferative response to alloantigen stimulation
compared with the healthy subjects (Table 1).

The in vitro production of IFN-g is shown in Table 1. PBMC
from SSc patients produced higher amounts of IFN-g than healthy
controls (P¼ 0·01). The analysis of the levels of IFN-g produced
by SSc patients according to disease activity showed that only
patients with stable disease at the time of blood collection had
significantly higher amounts of IFN-g than those found in healthy
controls. Patients with active disease at the time of the study had
similar levels to those observed in healthy subjects. No differences
were observed between diffuse and limited SSc (data not shown).
As shown in Table 1, PBMC obtained from patients with RP
produced increased levels of IFN-g compared with healthy sub-
jects (P<0·0001), with no differences between patients with
idiopathic RP and those found positive for antinuclear antibodies.

T cell clones were obtained from alloantigen-stimulated PBMC
from three subjects (one healthy control, one patient with active
SSc, one patient with idiopathic RP) that had never been studied
before for proliferation and IFN-g production in vitro. The
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frequencies of T cell clones showing high proliferation to allogeneic
stimulation (SI> 2) were 50% (6/12) in the healthy control, 46·7% (7/
15) in the SSc patient and 62·5% (10/16) in the patient with RP. T cell
clones with SI>2 obtained from all the subjects had a CD4þ

phenotype and belonged to the Th1 subset, as demonstrated by the
absence of IL-4 released in the supernatants (data not shown).

T cell clones obtained from the patient affected by active SSc
produced amounts of IFN-g similar to those obtained from the
healthy subject, while the clones from the patient with RP
produced significantly increased levels (Fig. 1). The mean level
of IFN-g produced by total clones (corrected by dividing the
amount of IFN-g produced by each clone by its proliferation (ct/
min) after stimulation) was 0·0126 0·003 pg/ml (n¼ 12) from
healthy controlsversus0·086 0·02 pg/ml (n¼ 16) in RP clones
(P¼ 0·007). The difference in IFN-g production observed between
RP and healthy clones was due mostly to the clones showing a SI
>2 (Fig. 1). The production of IFN-g corrected for the proliferation
was 0·0166 0·005 pg/ml (n¼ 6) in healthyversus0·076 0·01 pg/
ml (n¼ 10) in RP clones (P¼ 0·002). The clones from the RP
patient with a SI<2 after alloantigen stimulation showed a slight
increase in IFN-g production when compared with the ‘healthy’

clones, even though the difference was not statistically significant
(Fig. 1). The clones from the SSc patient produced a similar
amount of IFN-g to that produced by the clones from the healthy
subject, even considering the two functionally distinct subsets
(clones with SI>2 and those with SI< 2).

DISCUSSION

We have analysed the proliferation and IFN-g production in
alloactivated T lymphocytes in SSc and RP patients. The use
in vitro of an oligoclonal stimulation of T cells by alloantigens is
relevant from several points. First, the proliferation observed after
allogeneic stimulation represents the result of the interaction
among various heterogeneous subpopulations of T cells and
alloantigen-specific helper, inducer, suppressor, and cytolytic
functions are all activated in this reaction [26–28]. Second,
chronic GVHD induced in non-irradiated F1 hybrid mice is a
model for the study of the autoimmune responses that characterize
human connective tissue diseases, and it has been suggested that
the mechanisms involved in the immunological dysregulations of
GVHD may also play a role in the induction and persistence of
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Table 1. In vitro proliferation and IFN-g production by alloactivated peripheral blood mononuclear cells (PBMC) from
systemic sclerosis (SSc) and Raynaud’s phenomenon (RP) patients compared with healthy controls

Cell proliferation IFN-g production
Subjects (ct/min) P (pg/ml) P

Healthy controls 152126 1149 (n¼ 60) 3086 34 (n¼ 60)
SSc patients (total group) 300846 2940 (n¼ 48) <0·001 4746 56 (n¼ 49) 0·01
SSc stable disease 319196 4109 (n¼ 26) <0·001 5766 76 (n¼ 27) <0·001
SSc active disease 279166 4228 (n¼ 22) <0·001 3486 78 (n¼ 22) NS
RP patients (total group) 177916 2881 (n¼ 26) NS 6086 78 (n¼ 26) <0·0001

idiopathic RP 156276 1873 (n¼ 16) NS 6096 97 (n¼ 16) <0·001
seropositive RP 212546 6959 (n¼ 10) NS 6056 134 (n¼ 10) <0·001
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Fig. 1. IFN-g production by alloactivated T cell clones, according to the different functional subsets. The data are expressed as mean6 s.d. of the ratio
IFN-g:ct/min of each clone. *P<0·01.



systemic autoimmune diseases. Recent papers have reported the
occurrence of autoantibodies that have established associations
with human connective tissue disease (such as anti-synthetases,
anti-U-3RNP, and anti-NOR:90) in mice with chronic GVHD [29].

In this study we demonstrated that alloantigens represent a
good trigger of lymphocyte proliferationin vitro in SSc patients.
These results are in contrast with the data obtained by other
investigators using polyclonal mitogen to induce lymphocyte
proliferation [30,31], but similar to those reported by Morse &
Bodi [32] using oligoclonal stimulation. This supports the hypo-
thesis that PBMC from patients with SSc are better responders
in vitro to alloantigens than those from healthy subjects. The
analysis of the production of IFN-g in vitro by alloantigen-
stimulated lymphocytes showed increased amounts of this
cytokine in the supernatants from SSc patients in comparison
with healthy subjects. This is a surprising result, since an impair-
ment in IFN-g production was reported by all investigators who
studied this cytokine [9,10]. The discrepancy could be partially
explained by the different model of activation usedin vitro (poly-
clonal rather than allogeneic stimulation) and/or the population of
patients selected for the studies. In our study, patients with stable
SSc showed increased levels of IFN-g released in the supernatants,
while patients with active disease had levels similar to those
observed in healthy subjects. These data suggest that a subset of
T lymphocytes responsible for IFN-g production could play a
critical role in the different phases of the disease, although serial
data on the same patients will be needed to confirm this possibility.

We have also investigated the characteristics of alloantigen
responsein vitro in patients affected by RP. PBMC from RP
patients, both idiopathic and seropositive, did not show increased
proliferation compared with healthy subjects, but there was
increased productionin vitro of IFN-g. These results support the
hypothesis that a functionally distinct subset of T lymphocytes
producing large amounts of IFN-g might be involved early in RP.
The observation that in SSc there are high levels of IFN-g, but only
in patients with stable disease, suggests a possible role for this
subset of lymphocytes in the control of disease progression. The
analysis, at the clonal level, of the subsets of T lymphocytes
activated during alloantigen stimulation confirmed the results
obtained with PBMC. In particular, T cell clones from a RP
patient, that were able to proliferatein vitro when triggered with
alloantigens, showed a significant increased production of IFN-
g when compared with clones from healthy subjects. These clones
belonged to the CD4þ Th1 subset. This suggests a protective role
for this IFN-g-producing CD4þ Th1 population against the pro-
gression towards connective tissue disease in RP patients. A long-
term study on a number of seropositive RP patients, with clinical
follow up and evaluation of IFN-g production is now needed to
clarify the role of IFN-g in disease progression.
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