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Increased interferon-gamma (IFN-v) levels produced in vitro by alloactivated
T lymphocytes in systemic sclerosis and Raynaud’s phenomenon
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SUMMARY

The aim of the present study was to analyse itheitro 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 stimulatedn 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 IFideompared with healthy controls. However, patients with clinically
active disease had lower IFjlevels than those found in clinically stable patients. Patients affected by
RP showed significantly higher levels of IFNthan 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 CD4ells which proliferated to alloantigeirsvitro and
produced high levels of IFN- We suggest that T lymphocytes producing high levels of HNight

play a protective role in RP patients and in established scleroderma.
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INTRODUCTION patients with active scleroderma [6—8]. The studies of cytokines

Systemic sclerosis (SSc) is a connective tissue disease Charactgrpducedqwtro by peripheral blood mononuclear cell‘s_(PBMC) -
; " . In SSc patients showed a spontaneous release of the ‘fibrogenetic
ized by abnormalities of three systems (immune, vascular, an

mesenchymal extracellular matrix) which leads to exuberant fibro-.CytOkInes tumour necrosis factor-alpha (Thifrand IL-15, and an

sis. The first symptom of SSc is often Raynaud’s phenomenor'lmpairmem of mitogen-induced IFhiproduction [9,10]. In parti-

: A . . . cular, the production of IFN+is of great relevance: it is the most
(RP), which is associated with a diffuse small vessel vasculopath ; - .
and ischaemia as well as reperfusion injury to skin and organémem stlmulator OfHL'A.‘ class Il antigens on 9ndothellal cells, t.hu.s
targeted in this disease. The interaction of immune cells with P-regulating endothelial -leucocyte adhesion [11-13], but it is

vascular endothelium, through adhesion molecules and the effe a}lso anegative regulator of collagen production by fibroblasts [14—

of cytokines, is one of the earlier changes in SSc [1,2]. Dermal ] . . .
mononuclear cell infiltrates in SSc have been shown to be both Although SSc has been extensively studied, no data are avail-

CD4* and CDE activated lymphocytes [3,4]. Increased numbersable on the immune system (particularly T lymphocyte function) in

and percentages of activated T cells have also been found in tffa%a:f:;zbif;?gstﬁg tﬁgliet;ymRF;s 'Zszzgzgg Ef :Egigc??rﬂi:tiot‘lla\cﬁ-
interstitium and bronchoalveolar fluids (BALF) of SSc patients u um, SSed by ect Immunotiu

. . ) S ._escence on the HEp2 cell line, thus indicating activation of the B
with active lung disease [5]. The migration of mononuclear cells in Il compartment: some of these patients represent the mild end of
the perivascular space and the release of cytokines are responsi 3 Ft)r m féS pati P !
for fibroblast activation, excessive collagen and glucosaminogly- e|Spt$](_: ut do . tiqated th liferati dth d
can production in SSc. Several cytokines which contribute to the. n Ihis study we investigated the proliferation and the produc-

worsening of the disease have been found in the sera and BALF cglfon of IFN-y by alloantigen-stimulated PBMC and T cell clones

obtained from SSc patients and subjects affected only by RP. In
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PATIENTS AND METHODS The production of IFNy was evaluated in the supernatants of
primary bulk mixed lymphocyte cultures (MLC) after 5days, as

Patients described elsewhere [24].

Forty-nine patients (nine men and 40 women, aged
50-2+ 13-1years (meat s.d.)) with SSc, according to the classi-
fication criteria proposed by LeRat al. [19] and followed at our
out-patient clinic, were studied. Eighteen patients had diffuse ssg
and 31 had limited SSc (mean disease duration=h§ears).

Cloning of alloantigen-primed T lymphocytes

rimary bulk MLC cultures were obtained from three subjects. After
days of incubation at 3T 5% CQ the blasts were harvested,
Estimation of the disease activity was done on the basis of one Ovlyashe_d twi_ce in culture med‘“f“* apd seeded under Iimiti_ng dilution
more of the following characteristics within 6 months preceding E;tr;ds't:;?e'g dt:rec%rlﬁsse;:; r(l)lf_ Iga:llc:)lgts(/jm?o((c):l(ea?uguEﬁgs\(jiI:ngg(;-
and 6 months following the study [20]: (i) increase in total skin [25]. Twelve clones for the healthy subject, 15 for the SSc patient

thickness score by 15%; or (ii) development of new pseudo-

obstruction, malabsorption, pulmonary hypertension, Cardio_and 16 for t_he RP patient were studle_d. The reactivity of each clone
to allogeneic stimulus was evaluated incubatingl®® T cells from

myopathy, dysrhythmias requiring treatment, symptomatic peri- - L S
carditis; or (i) worsening of lung function, with a 15% decrease ;?gncﬁnﬁov(\;m?e?io; 'rr?g;?;efgr(g%ijyg qf;\oe!ec:(ilflisl,logeerget:eiumlljs:e d
in forced vital capacity. Several patients included in this study ymphocytes in dupli ys. w pu

. 3 T .
were receiving vasoactive agents, while no patient was treate ith “H-thymidine (2,Cifwell) and harvested after 18h of culwre.

with corticosteroids at the time of blood collection. Patients Wereaﬁfai:;meur:a;(i)nr’:L:;.?(S(;( éggeﬁism?slgﬂg;eglc?:etrfhéat'%ggggg]n %ff
required to discontinue aspirin, or other non-steroidal anti- 9 ) : P

inflammatory drugs for at least 14 days before entering the StudyI_FN-«ywas evaluated in the supernatants of alloantigen-stimulated T

Treatment with cytotoxic drugs within 1 month before vene- Cell clones aiter 2 days of culture.

puncture was a criterion of exclusion. Twenty-six patients with|gn., assay

RP (one man, 25 women, mean age 4215-3years, mean The amounts of IFNywere estimated by the commercial immu-
duration of RP 10-4 9-9years) were studied. Sixteen patients noenzymatic kit CytElisa IFN-(CYTImmune Sciences Inc.,
had idiopathic RP, 10 had RP with positive autoantibodies: fourCo”ege Park, MD). The average sensitivity was 0-72 pg/ml.
with anti-nuclear, two with anti-nucleolar, and four with anti- cytokine concentrations were assayed in duplicate. The production

centromere antibodies, as assessed by indirect immunofluoregs |EN-y by the irradiated pool of allogeneic lymphocytes was
cence on rat liver and on the HEp2 cell line [21]. No patient hadpg|qw the sensitivity of the kit.

positive Scl 70 antibodies, as assessed by counterimmunoelectro-

phoresis, using rabbit thymus extract and human spleen extract &tatistical analysis

antigen [22]. Data are expressed as meas.e.m. Comparisons were made
Control subjects consisted of 60 healthy subjects (20 men, 4@ising Student’s-test.

women, mean age 42:218-9years).
T cell clones were obtained from the blood of three new RESULTS

subjects that had not been included in the preliminary study o . . .
allogeneic-stimulated PBMC: one patient with active diffuse Sséll'able 1 shows that PBMC from SSc patients proliferated vigor-

(a woman, with a marked worsening of skin thickness ageously in response to the alloantigen stimulus. In these patients the
' ' oliferative response was higher than in healthy controls

45years, duration of disease from diagnosis 27 years), one patieﬁg<0_001) with no differences in the absence of stimulus (data

with idiopathic RP (a woman, age 22 years, duration of RP 5years§lot shown). No difference in proliferation was observed between
health | . - : 3 . . )
and one healthy control (& woman, age 36 years) clinically stable patients and those with active disease (Table 1), or

Cell separation between patients according to the clinical subsets (e.g. diffuse
Heparinized venous blood was taken from all patients and from¥€rsuslimited SSc). Patients affected by RP did not show any
normal volunteers, and PBMC were obtained by centrifugation orflifference in the proliferative response to alloantigen stimulation
Lymphoprep (Nycomed AS, Oslo, Norway) gradients. The cellscompared with the healthy subjects (Table 1).

were then suspended at a concentration ®fL@%ml in culture Theinvitro production of IFNyis shown in Table 1. PBMC
medium consisting of RPMI1640 (&o BRL, Paisley, UK) from SSc patients produced higher amounts of H-tiian healthy
supplemented with 10% heat-inactivated AB human serum, glutacontrols £=0-01). The analysis of the levels of IFfNsroduced

mine 2 mu, penicillin 50 U/ml and streptomycin 5@/ml). by SSc patients according to disease activity showed that only
patients with stable disease at the time of blood collection had

Standard allogeneic stimulators significantly higher amounts of IFNthan those found in healthy

A pool of frozen PBMC from 20 healthy subjects was employed ascontrols. Patients with active disease at the time of the study had

the standard allogeneic stimulator [23]. similar levels to those observed in healthy subjects. No differences
were observed between diffuse and limited SSc (data not shown).

Primary mixed lymphocyte cultures As shown in Table1, PBMC obtained from patients with RP

Cell proliferation was assessed as followss B PBMC with produced increased levels of IFNzompared with healthy sub-
5x10* irradiated (50 Gy) pooled allogeneic stimulator lympho- jects P<0-0001), with no differences between patients with
cytes were cultured in triplicate in 96-well round-bottomed platesidiopathic RP and those found positive for antinuclear antibodies.
(Falcon, Becton Dickinson, Franklin Lakes, NJ) at@Th 5% CG, T cell clones were obtained from alloantigen-stimulated PBMC
in air for 5days. The cells were then pulsed with-thymidine  from three subjects (one healthy control, one patient with active
(2 uCilwell) (Amersham, Aylesbury, UK) and harvested after 18 h SSc, one patient with idiopathic RP) that had never been studied
of culture. before for proliferation and IFN-production invitro. The
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Table 1. In vitro proliferation and IFNy 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< production
Subjects (ct/min) P (pg/ml) P
Healthy controls 152121149 f=60) 308+ 34 (h=60)
SSc patients (total group) 300842940 h=48) <0-001 474+ 56 (n=49) 0-01
SSc stable disease 31919109 = 26) <0-001 576+ 76 (h=27) <0-001
SSc active disease 279164228 = 22) <0-001 348+ 78 (h=22) NS
RP patients (total group) 177912881 h=26) NS 608+ 78 (h=26) <0-0001
idiopathic RP 15627 1873 = 16) NS 609+ 97 (h=16) <0-001
seropositive RP 21254 6959 = 10) NS 605+ 134 (=10) <0-001

frequencies of T cell clones showing high proliferation to allogeneicclones, even though the difference was not statistically significant
stimulation (Sb 2) were 50% (6/12) in the healthy control, 46-7% (7/ (Fig. 1). The clones from the SSc patient produced a similar
15) in the SSc patient and 62-5% (10/16) in the patient with RP. T celamount of IFN« to that produced by the clones from the healthy
clones with SI>2 obtained from all the subjects had a CD4 subject, even considering the two functionally distinct subsets
phenotype and belonged to the Thl subset, as demonstrated by tf@ones with Si>2 and those with Sk 2).
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 IFNsimilar to those obtained from the DISCUSSION
healthy subject, while the clones from the patient with RPWe have analysed the proliferation and IRlgroduction in
produced significantly increased levels (Fig.1). The mean levehlloactivated T lymphocytes in SSc and RP patients. The use
of IFN-yproduced by total clones (corrected by dividing the invitro of an oligoclonal stimulation of T cells by alloantigens is
amount of IFNy produced by each clone by its proliferation (ct/ relevant from several points. First, the proliferation observed after
min) after stimulation) was 0-0120-003 pg/ml §=12) from allogeneic stimulation represents the result of the interaction
healthy controlsversus0-08= 0-02 pg/ml 6=16) in RP clones among various heterogeneous subpopulations of T cells and
(P=0-007). The difference in IFNproduction observed between alloantigen-specific helper, inducer, suppressor, and cytolytic
RP and healthy clones was due mostly to the clones showing a Suinctions are all activated in this reaction [26—28]. Second,
> 2 (Fig. 1). The production of IFN-corrected for the proliferation chronic GVHD induced in non-irradiated, Fhybrid mice is a
was 0-016+ 0-005 pg/ml (= 6) in healthyversus0-07+ 0-01pg/  model for the study of the autoimmune responses that characterize
ml (n=10) in RP clonesR=0-002). The clones from the RP human connective tissue diseases, and it has been suggested that
patient with a Sk 2 after alloantigen stimulation showed a slight the mechanisms involved in the immunological dysregulations of
increase in IFNy production when compared with the ‘healthy’ GVHD may also play a role in the induction and persistence of
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Fig. 1. IFN-y production by alloactivated T cell clones, according to the different functional subsets. The data are expressedtasdneéthe ratio
IFN-y:ct/min of each clone.P<0-01.
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systemic autoimmune diseases. Recent papers have reported th Postlethwaite AE. Connective tissue metabolism including cytokines in
occurrence of autoantibodies that have established associations scleroderma. Curr Opin Rheumatol 1983766-72. _
with human connective tissue disease (such as anti-synthetase§, Prescott RJ, Freemont AJ, Jones CJP, Hoyland J, Fiending P. Sequential
anti-U-3RNP, and anti-NOR:90) in mice with chronic GVHD [29]. dermal microvascular and perivascular changes in the development of
In this study we demonstrated that alloantigens represent a scleroQgrma. J Pathol 199256255-63. N )
. . L - 4 Ferrarini M, Steen V, Medsger TA Jr, Whiteside TL. Functional and
good trigger of lymphocyte proliferatiom vitro in SSc patients.

. ] . phenotypic analysis of T lymphocytes cloned from the skin of patients
These results are in contrast with the data obtained by other .. systemic sclerosis. Clin Exp Immunol 19908:346—52.

investigators using polyclonal mitogen to induce lymphocyte 5 white B. Immunopathogenesis of systemic sclerosis. Rheum Dis Clin
proliferation [30,31], but similar to those reported by Morse & North Am 1996:22:695—708.

Bodi [32] using oligoclonal stimulation. This supports the hypo- 6 Kahaleh BM, LeRoy EC. Interleukin-2 in scleroderma: correlation of
thesis that PBMC from patients with SSc are better responders serum level with the extent of skin involvement and disease duration.
invitro to alloantigens than those from healthy subjects. The Ann Intern Med 1989110446-50.

analysis of the production of IFNinvitro by alloantigen- 7 White Needleman B, Wigley FM, Stair RW. Interleukin-1, interleukin-
stimulated lymphocytes showed increased amounts of this 2, interle_ukin—4, interleuk_in—6, tu_mournecrosis faaﬁolapq interferon-
cytokine in the supernatants from SSc patients in comparison g;%v;ls%lzn sera from patients with scleroderma. Arthritis Rheum 1992;
with healthy subjects. This is a surprising result, since an impair- ) )

. . . ) 8 Bolster MB, Ludwika A, Sutherland SE, Strange C, Silver RM.
ment in IFN< production was reported by all investigators who Cytokine concentrations in bronchoalveolar lavage fluid of patients

studied this cytokine [9,10]. The discrepancy could be partially  \yith systemic sclerosis. Arthritis Rheum 1997743 -51.

explained by the different model of activation usaditro (poly- 9 Kantor TV, Friberg D, Medsger TA Jr, Buckingham RB, Whiteside TL.

clonal rather than allogeneic stimulation) and/or the population of Cytokine production and serum levels in systemic sclerosis. Clin
patients selected for the studies. In our study, patients with stable Immunol Immunopathol 199%5:278-85.

SSc showed increased levels of IRNeleased in the supernatants, 10 Prior C, Haslam PM. In vivo levels and in vitro production of

while patients with active disease had levels similar to those interferon-gamma in fibrosing interstitial lung disease. Clin Exp Immu-
observed in healthy subjects. These data suggest that a subset of nol 1992?88:280,‘7' ) )

T lymphocytes responsible for IFNproduction could play a 11 Pober JS, Collins T, Gimbrone MAt al Lymphocytes recognize

itical role in the diff t oh f the di Ith h ial human vascular endothelial and dermal fibroblast la antigens induced
critical role in the ditferent phases of the disease, although sera by recombinant immune interferon. Nature 19885726-9.

data on the same pfaltlentg will be needed to cohfl_rm this poss'p'“tyﬂ Mantovani A, Dejana E. Cytokines as communication signals between
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in patient ith stable di t ible role for thi excessive scleroderma fibroblast collagen production by recombinant
In patients with stable disease, Suggests a possible role 1or IS ;o0 toron Arthritis Rheum 198€9:851—-6.
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