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SUMMARY In patients with progressive systemic sclerosis (PSS) lymphocyte responses to
phytohaemagglutinin (PHA) are abnormal (27.2 + 3-5 x 10- counts per minute (cpm) versus
69-8 + 4.4 x 10- for normal persons, p<0O005). Removal of adherent peripheral blood mono-
nuclearcells improves the response of PSS lymphocytes (42-3 ± 3-4 x 10-'cpm, 155% of control)
but diminishes the response of normal lymphocytes (60.3 ± 5.9 ± 103, 86% of control).
Supernatant fluids from cultures of PSS unfractionated and adherent cells depress normal T cell
response to PHA (64% and 55% of control respectively), but supernatant fluids from normal
unfractionated and adherent cells do not (104% and 101 % of control). Supernatant fluids of PSS
and normal adherent cells, cultured in the presence of indomethacin, are not inhibitory to normal T
cells (1 09 ± 15 % and 124 ± 14% of control respectively). Supernatant fluids from PSS patients are
more inhibitory than comparable fluids from patients with systemic lupus erythematosus (60 ± 8%
of control versus 80 ± 5 % of control). These data support the hypothesis that cellular immunity is
abnormal in patients with PSS and indicate that adherent mononuclear cells mediate at least one
component of the abnormality via an indomethacin-sensitive mechanism.

In progressive systemic sclerosis (PSS), abnor-
malities in lymphocyte response to mitogen,' pro-
portional distribution of lymphocyte subtypes,2`4
leucocyte migration inhibition,5 antibody-dependent
cell-mediated cytotoxicity,6 and serum inhibition of
mitogen response7 have been described. In patients
with systemic lupus erythematosus (SLE),8 9 Hodg-
kin's disease,'0 sacroidosis,1' and tuberculosis'2 poor
responses of peripheral blood mononuclear cells to
phytohaemagglutinin (PHA) appear to be due at
least in part to adherent mononuclear cells or to their
soluble products. This report extends these observa-
tions to patients with PSS and demonstrates a more
severe abnormality than previously seen with SLE.

Materials and methods

Patients. Patients with PSS and normal volunteers
were studied. The patients were not selected on the
Accepted for publication 6 January 1982.
Correspondence to Dr Michael D. Lockshin, Hospital for Special
Surgery, 535 East 70th Street, New York, New York 10021, USA.

basis of activity of disease or concurrent therapy.
Most were untreated; 2 of 13 in the first set of experi-
ments took corticosteroids (5-10 mg/day of pred-
nisone) and none of 13 in the second set of experi-
ments did. No patient took indomethacin or other
nonsteroidal anti-inflammatory drug. SLE patients
studied as controls were chosen for low or absent
steroid dose.

Cell separation and purification. 50 ml of heparin-
ised blood were obtained by venepuncture (informed
consent was obtained), layered on a Ficoll-Hypaque
gradient in order to isolate the mononuclear cells"3;
these cells were then washed 3 times in Hanks's bal-
anced salt solution and cultured directly (first series)
or processed for adherent cells (second series). T cells
were obtained by passage of 2 x 107 mononuclear
cells per ml over a G-200 Sephadex column to which
purified rabbit antihuman F(ab)2 was conjugated.'4
The cells were eluted with Roswell Park Memorial
Institute solution (RPMI) 1640 containing 5 % fetal
calf serum (Grand Island Biological Co., Grand
Island, New York), 100,g/ml penicillin, and 100
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,Aglml streptomycin. Eluted cells demonstrated < 1 %
staining for surface immunoglobulin and greater than
90% sheep erythrocyte rosette formation, and are

referred to as T cells. Adherent cells were obtained
by incubating 1 x 106 mononuclear cells/ml (RPMI
1640 with 20% human AB serum, penicillin, and
streptomycin) in glass Petri dishes for 90 minutes at
37°C in 5 % CO2. The resulting adherent cells were
removed with a rubber policeman, resuspended in
the above media, and passed over cotton-wool
columns"5 to remove any nonviable cells. These cells
stained >90% positive by peroxidase"6 and had
greater than 90% viability as determined by trypan
blue staining. Nonadherent lymphocytes were

obtained by incubating mononuclear cells (1 x 106
cells/ml) on glass Petri dishes for 90 minutes. The
medium, including nonadherent cells, was pipetted
off. Aspirated cells stained less than 3 % peroxidase-
positive.

Generation of supernatant fluids. 1 x 106/ml
unfractionated mononuclear cells, T cells, or mono-
cytes were suspended in RPMI 1640, 20% AB
serum, 2 % penicillin, and streptomycin and incu-
bated in Petri dishes for 48 hours at 37°C in 5 % CO2.
After 48 hours of culture greater than 50% plated
cells were recovered; these demonstrated >98% via-
bility by trypan blue dye exclusion. The supernatant
fluids were then aspirated, centrifuged to remove
cells and debris, and stored at - 20°C. In some experi-
ments indomethacin in ethanol to a final concentra-
tion of 1 ,tg/ml was added to cultures at the time of
plating. Control ethanol did not affect the cultures,
and indomethacin added at termination of culture did
not alter the results.9 In other experiments exogenous
prostaglandin E2 in concentrations of 10(' to 10'-
molar (a generous gift of Dr Robert Kimberly) was

added to the supernatant fluid immediately prior to
assay.

Mitogen cultures. T cells were cultured in micro-
titre plates according to previously published
methods9 with RPMI 1640 and human AB serum.

Response was measured on day 3 by tritiated
thymidine pulse and recorded as the peak of 8 con-

centrations of PHA (0 5 to 300 ,ug/ml) in the first

series and 3 concentrations (0 5, 5 0, and 50,g/ml)
in the second. All cultures were done in duplicate in
the first series and quadruplicate in the second.
Assay ofsupernatants and calculation ofresponses.

For testing supernatant fluids T cells from normal
subjects were suspended in supernatant fluids and
compared with a medium control. Supernatants from
each subject were assayed on various combinations
of sets of T cells obtained from 3 normal donors. The
ratio cpm in test supernates to cpm in medium control
x 100 was calculated; grouped data are presented as

the averages of the ratios (mean percentage
response).

Results

First series: direct cell responses. Proportion ofmono-
cytes (Table 1). Unfractionated peripheral blood
mononuclear cells (PBMC) from patients with PSS
contained proportionately more peroxidase-positive
cells than did unfractionated PBMC from normal
persons, but the difference was not significant.
Recalculating data for effect of dilution of T cells by
monocytes does not alter the results. Yields of total
PBMC were similar. After passage over anti-F(ab)2
columns effluent cells from both PSS patients and
normals were similar.

Unfractionated PBMC response to PHA (Table 1).
Peak response to 8 concentrations of PHA of unfrac-
tionated cells of PSS patients was markedly deficient
compared with that of normal persons. At subopti-
mal and supraoptimal concentrations of PHA the
same deficient response was seen; there was no

apparent change in the shape of the dose-response
curve.
T cell response to PHA (Table 1). Peak response of

patients' T cells remained deficient compared with
that of normal persons. At suboptimal and supra-
optimal PHA concentrations the same effect was

seen. When T cell response was calculated as a func-
tion of unfractionated PBMC response, the normal T
cell response diminished compared with the unfrac-
tionated PBMC (86% of unfractionated), whereas
the PSS T cell response markedly increased (155 % of

Table 1 Peak PHA response ofunfractionated peripheral blood mononuclear cells and T cells from normal persons and
patients with PSS

Subject No. Unfractionated cells t cells c/a

cpm+SEM x1Qr3 %monocytes (range) cpm+SEM xJIQ-3 %monocytes (range)
(a) (b) (c) (d)

Normal 19 69-8±4-4* 20 (9-33) 60 3+5 9t 5 (2-10) 0-86
PSS 13 27-2-3-5*t 35 (14-60) 42-3±3-4tt 5 (2-9) 1-55

cpm=Counts per minute.
*t=7-57, p<0O001.
tt=3 09, p<0 005.
tt=2 64, p<002. The means were computed as normal versus PSS and unfractionated versus T.
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Table 2 Peak PHA responses of unfractionated peripheral blood mononuclear cells and nonadherent peripheral blood
mononuclear cells from normal persons and patients with PSS

Subject No. Unfractionated cells Nonadherent cells cid

cpm ±SEM xl'3 %monocytes (range) cpm±SEM x)Q3 %monocytes (range)
(a) (b) (c) (d)

Normal 4 36-4-3-2' 21 (18-26) 30-6t7-1 1 (0-1) 0-83t
PSS 3 11-3+1-5* 27(20-36) 24-5+5-9 4(1-8) 2-15t

*t=72 10, p<0 001.
tt=2-36, p<0-05 for normalised data.

unfractionated cell response), suggesting that an
inhibitor cell population had been removed by
passage over an anti-F(ab), column.

Unfractionated cell response to PHA after removal
of adherent cells (Table 2). To test whether the
improvement of PSS T cell response compared with
unfractionated PBMC response was the effect of the
removal of B cells or of adherent cells by the anti-
F(ab), column, unfractionated cells were plated on
Petri dishes, and the nonadherent cell population was
resuspended and assayed. The response of normal
nonadherent cells was lower than that of the unfrac-
tionated cells, while in PSS patients the response of
nonadherent cells again increased, suggesting that the
adherent cell population rather than the B cell popu-
lation is responsible for the poor unfractionated
PBMC response of PSS patients.
Second series (indirect response in supernatant

fluids); soluble inhibition from adherent cells (Table
3). To determine whether an inhibitor exists in
culture supernates from adherent cell cultures,
unfractionated cells, T cells, and adherent cells were
cultured for 48 hours and their supernates tested on
normal T cells in the presence of PHA. In these
experiments supernates from none of the normal cell
populations were inhibitory, but supernates from
both unfractionated PSS cells and PSS-adherent cells
were strongly inhibitory, suggesting that adherent
cells do release a soluble inhibitor into the medium.
Addition of neither glutamine nor fresh media
abolished the inhibition, suggesting that the poor
response is not due to depletion of an essential

Table 3 Inhibition ofPHA response ofnormal T cells
cultured in various supernatant fluids results are expressed as
mean percentage ofresponse in medium control

Subject Supernatant fluids from

Unfractionated T cells Adherent cells
cells % % %

Normal' 96± 26 (16)t 104± 33 (3) 101±10 (25)4
PSS 64± 12 (3) 88± 10 (5) 55+4 (5)4

'Data from reference 9.
tNumber tested.
+t=4 27, p<0 001.

medium component. The inhibition could not be
diluted more than 1:4.

Stability of active supernates. Active supernates
stored up to 2 months at -20°C produced similar
degrees of inhibition, but responses were erratic after
2 months. Hence all supernates were tested within 2
months.

Effect ofindomethacin (Table 4). With normal sub-
jects slightly inhibitory adherent cell supernates
became stimulatory when indomethacin was
included at the beginning of the culture. Adherent
cell supernates from PSS patients were far more
inhibitory; inhibitory activity was prevented by
indomethacin.

Effect of exogenous PgE,. To test the hypothesis
that exogenous PgE2 could intensify the inhibition,
by acting additively or synergistically with a second
indomethacin-insensitive inhibitor, varying concent-
rations of PgE2 were added to adherent cell super-
nates and indomethacin-adherent cell supernates.
Inhibition was not recovered by addition of PgE2 to
indomethacin-adherent cell supernates or increased
in adherent cell supernates (data not shown).
Comparison with SLE (Table 4). In experiments

with 13 SLE patients (repeating our prior experi-
ence8") the inhibition caused by SLE adherent cell
supernates was less than the inhibition caused by PSS
adherent cell supernates. The effect of indomethacin
was similar in SLE and PSS supernates.

Table 4 PHA response ofnormal T cells in the presence of
adherent cell supernatant fluids obtained in the presence and
absence ofindomethacin. Results are expressed as mean
percentage of response in medium control + SEM
Subject Supernatant fluid

Adherent cells: Adherent cells:
no indomethacin indomethacin

Normal 87±8 (9)*t 124±14 (9)
PSS 60+ 8 (13)tt 109±15 (7)f
SLE 80±5 (11) 111±13 (11)

'Number tested.
tt=2.38, p<005.
#t=3-31, p<0-01. See footnote to Table 1.
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Discussion

Adherent cells have been shown in a variety of dis-
eases to be responsible for hyporesponsiveness of
peripheral blood mononuclear cells to PHA.8 12 17
In systemic lupus erythematosus this hypo-
responsiveness is associated with a cell-free inhibi-
tory product of monocytes.9 The current results
indicate that a similar quantitatively greater
phenomenon occurs in PSS.

Abnormalities of the humoral immune system such
as hypergammaglobulinaemia,"8 rheumatoid factors,
and autoantibodies9-2 are clearly demonstrable in
patients with PSS. Abnormalities of the cell-
mediated immune system, although reported, have
received less attention. Among the abnormalities
reported is that patients with PSS have a selective
decrease in antibody-dependent cell-mediated
cytotoxicity,6 a function which may be influenced by
products of adherent cells. PSS lymphocytes have
been shown to release leucocyte migration inhibition
factor when cultured in the presence of autologous
lymphocytes, mitochondrial human liver micro-
somes,5 RNA type I human collagen, or muscle anti-
gen.22 Chemotactic factors for human monocytes are
produced when white cells from patients with PSS are
cultured with collagen.22 Skin changes similar to
those seen in PSS have been observed in chronic
graft-versus-host disease22 and suggest that a cell-
mediated immune reaction may contribute to the
pathogenesis of sclerosis in PSS.

There is also a reduction in the number of
peripheral blood T cells4 and a decreased response to
some mitogens.' Tg cells (with Fc receptors for
IgM) and Ty (receptors for IgG, suppressor cells)24
have been counted in PSS. The reduced absolute
number of T cells as well as a deficiency in Tg cells
with an increase in Ty cells were observed by Gupta
and workers.3 Inoshita's study2 contradicted this find-
ing and reported a decrease in Ty cells. Alterations in
numbers of Tu and Ty cells as well as immuno-
regulatory activity of mononuclear cells have been
reported in immunodeficiencies.2526 Although we
did not specifically analyse the distribution T subsets
in this study, the adherent cells used to process
supernates contained less than 10% peroxidase-
negative cells; it is therefore unlikely that quantita-
tive aberrations in T subsets in either direction
account for the results seen.
Mononuclear cells have the capacity to produce

inhibitors of other cell functions.27 In this study, and
in others involving inhibition of lymphocyte response
to mitogen, prostaglandins of the E series have been
presumed to be mediators of the inhibition.10 12 17 27 28
Our prior work with SLE-adherent cells suggested
(on the basis of failure of indomethacin to prevent

completely the elaboration of an inhibitor) that a
second, indomethacin-insensitive inhibitor was
present.9 The current experiments suggest that the
inhibitor in PSS patients is quantitatively greater than
that found in SLE patients, and that its elaboration is
completely prevented by indomethacin. In parallel
experiments with a new group of SLE patients we
could not confirm our prior suspicion of an
indomethacin-insensitive inhibitor. That we could
not reproduce the effect of the inhibitor by adding
known quantities of PgE2 to indomethacin-adherent
cell supernates continues to suggest that the inhibitor
may not be PgE2. Our data are, however, consistent
with the possibility that other prostaglandins mediate
the inhibition.
The present experiments do support the

hypothesis that cell-mediated immunity is abnormal
in PSS, and suggest that adherent cells at least in part
mediate the abnormality. This experience adds PSS
to the list of diseases sharing this abnormality. That
the abnormality of adherent cell function plays a
pathogenetic role in PSS is speculation at present.

L. F. and C. J. were supported by work-study grants; M. 0. was
supported by the Rose Harmon research fund and a work-study
grant.

References
1 Salem N B, Morse J H. Lymphocyte response to mitogens in

progressive systemic sclerosis. Arthritis Rheum 1976; 19:
875-82.

2 Inoshita T, Whiteside T L, Rodnan G P, Taylor F H. Abnor-
malities of T lymphocyte subsets in patients with progressive
systemic sclerosis (PSS, scleroderma). J Lab Clin Med 1981; 97:
264-77.

3 Gupta S, Malaviya A N, Rajagopalan P, Good R A. Subpopula-
tions of human T lymphocytes. IX. Imbalance of T-cell subpopu-
lations in patients with progressive systemic sclerosis. Clin Exp
Immunol 1979; 38: 342-7.

4 DeJesus D G, Clancy R L. Circulating T and B lymphocytes in
progressive systemic sclerosis. J Rheumatol 1975; 2: 336-9.

5 Hughes P, Holt S, Rowell N R. Leukocyte migration inhibition
in progressive systemic sclerosis. Br J Dermatol 1974; 91: 1-6.

6 Cooper S M, Hending B, Mirick G R, Schneider J, Quismorio F P,
Friou G J. Selective decrease in antibody-dependent cell-
mediated cytotoxicity in systemic lupus erythematosus and pro-
gressive systemic sclerosis. Clin Exp Immunol 1978; 34: 235-40.

7 Horwitz D A, Garrett M A. Lymphocyte reactivity to mitogen in
systemic lupus erythematosus, rheumatoid arthritis and subsets
with scleroderma. Clin Exp Immunol 1977; 27: 92-9.

8 Markenson J A, Morgan J W, Lockshin M D, Joachim C, Win-
field J B. Responses of fractionated cells from patients with
systemic lupus erythematosus and normals to plant mitogens:
evidence for a suppressor population of monocytes. Proc Soc
Exp Biol Med 1978; 158: 5-9.

9 Markenson J A, Lockshin M D, Fuzesi L, Warburg M, Joachim C,
Morgan J W. Suppressor monocytes in patients with systemic
lupus erythematosus. Evidence of suppressor activity associated
with a cell-free soluble product of monocytes. J Lab Clin Med
1980; 95: 40-8.

10 Goodwin J S, Messner R P, Bankhurst A D, Peake G T,
Sarki J H, Williams R C, Jr. Prostaglandin-producing suppressor
cells in Hodgkin's disease. N Engl J Med 1970; 297: 963-8.

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.42.1.40 on 1 F

ebruary 1983. D
ow

nloaded from
 

http://ard.bmj.com/


44 Lockshin, Markenson, Fuzesi, Kazanjian-Aram, Joachim, Ordene

11 Goodwin J S, DeHoratius R, Israel H, Peake G T, Messner R P.
Suppressor cell function in sarcoidosis. Ann Intern Med 1979;
90: 169-73.

12 Ellner J D. Suppressor adherent cells in human tuberculosis. J
Immunol 1978; 121: 2573-9.

13 Boyum A. Isolation of mononuclear cells and granulocytes from
human blood. Scand J Clin Lab Invest 1968; 21: 97-9.

14 Chess L, Schlossman S F. Methods for the separation of unique
human lymphocyte subpopulations. Manual of Clinical
Immunology. Washington, DC: American Society of Microbiol-
ogy, 1976: 77-80.

15 Von Boehner H, Shortman K. The separation of different cell
classes from lymphoid organs. IX. A simple and rapid method
for removal of damaged cells from lymphoid cell suspensions. J
Immunol Methods 1973; 2: 293-301.

16 Yam L T, Li C Y, Crosby W L T. Cytochemical identification of
monocytes and granulocytes. Am J Clin Pathol 1971; 55:
283-90.

17 Goodwin J, Bankhurse S, Arthur D, Messner R P. Suppression
of human T-cell mitogenesis by prostaglandin. Existence of a
prostaglandin-producing suppressor cell. J Exp Med 1978; 146:
1719-34.

18 Stava Z. Serum proteins in scleroderma. Dermatologica 1968;
117: 147-50.

19 Rothfield N F, Rodnan G P. Serum antinuclear antibodies in
progressive systemic sclerosis (scleroderma). Arthritis Rheum
1968; 11: 607-17.

20 Alarc6n-Segovia D, Fishbein E. Immunochemical characteriza-
tion of the anti-RNA antibodies found in scleroderma and
systemic lupus erythematosus. I. Differences in reactivity with
poly (U) and poly (A)-poly (U). J Immunol 1975; 115: 28-3 1.

21 Alarc6n-Segovia D, Fishbein E, Garcia-Ortigoza E, Estrada-
Parra S. Uracil-specific anti-RNA antibodies in scleroderma.
Lancet 1975; i: 363-5.

22 Stuart J M, Postlethwaite A F, Kang A H. Evidence for cell-
mediated immunity to collagen in progressive systemic sclerosis.
J Lab Clin Med 1976; 88: 601-7.

23 Lawley R J, Peck G L, Moutsopoulos H M, Gratwohl A J,
Deisseroth A B. Scleroderma, Sjogren-like syndrome and
chronic graft-versus-host disease. Ann Intern Med 1978; 87:
707-9.

24 Moretta L, Webb S R, Gross C E, Lyayard P W, Cooper M D.
Functional analysis of two subpopulations of human T cell sub-
populations: held and suppression of B cell responses by T
cell-bearing receptors for IgM or IgG. J Exp Med 1977; 146:
184-200.

25 Trompeter R S, Hayward L, Hayward A R. Primary and secon-
dary abnormalities of T cell subpopulations. Clin Exp Immunol
1978; 34: 388-92.

26 Gupta S, Good R A. Subpopulations of human T lymphocytes.
V. T-lymphocytes with receptors for immunoglobulin M or G in
patients with primary immunodeficiency disorders. Clin
Immunol Immunopathol 1978; 11: 292-302.

27 DeLustro F, Sherer G K, and LeRoy E C. Human monocyte
stimulation of fibroblast growth by a soluble mediator(s). J
Reticuloendothel Soc 1980; 28: 519-32.

28 Bankhurst A D, Hastain E, Goodwin J S, Peake G T. The nature
of the prostaglandin-producing mononuclear cell in human
peripheral blood. J Lab Clin Med 198 1; 97: 174-8. copyright.

 on M
ay 16, 2023 by guest. P

rotected by
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.42.1.40 on 1 F
ebruary 1983. D

ow
nloaded from

 

http://ard.bmj.com/

