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The pattern of cytokine production of skin-infiltrat-
ing T cells from patients with progressive systemic
sclerosis was investigated. Most CD4" T-cell clones
generated from skin biopsy specimens showed a type
2 helper (Th2) cytokine profile (production of inter-
leukin-4, but no interferon (IFN)-y). High interleu-
kin-4 but little or no IFN-y mRNA expression was
found by in situ hybridization in skin perivascular
mononuclear cell infiltrates. The immunohistochem-
ical analysis revealed CD30 expression by high num-
bers of CD4" T cells in the same specimens. Finally,
the great majority of patients with diffuse disease had
elevated levels of soluble CD30 in their sera. These
data suggest the existence in patients with progres-
sive systemic sclerosis of a predominant activation of
Th2-like T cells, which may account for the major
alterations (endothelial cell injury, fibrosis, and au-
toantibody production) occurring in this disease.
(Am J Patbol 1997, 151:1751-1758)

Progressive systemic sclerosis (SSc) is a disorder char-
acterized by inflammatory, vascular, and fibrotic changes
of the skin (scleroderma) and a variety of internal organs,
most notably the gastrointestinal tract, lungs, heart, and
kidney. In the skin, a thin epidermis overlies compact
bundles of collagen, which lie parallel to the epidermis.
Increased numbers of T cells may be present at the
border of skin lesions as well as in other organs in the
early stages of the disease.” Both CD4* and CD8* T
cells are found in the skin of patients with progressive
SSc, but CD4* T cells are the major subpopulation.-2
Furthermore, cellular autoimmunity to collagen and lami-
nin® and the development of scleroderma-like lesions in
patients with graft-versus-host disease (GVHD)* also sug-
gest a role for activated T cells in the pathogenesis of

SSc. Several cytokines secreted by T cells or other cells
of the immune system may contribute to modulate fibrosis
and promote vascular activation/damage in SSc. Peripheral
blood mononuclear cells from SSc patients produce soluble
factors in vitro that stimulate fibroblast proliferation, protein
synthesis, and collagen production to a greater degree than
do lymphocytes from controls.® Cytokines capable of alter-
ing endothelial cell function have been found in SSc sera or
tissues, including interleukin (IL)-1, IL-2, IL-4, IL-6, IL-8,
tumor necrosis factor, transforming growth factor-g, and
platelet-derived growth factor.®=°

Recent advances in our understanding of the immune
response have identified subpopulations of CD4* helper
T cells (Th cells), termed Th1 and Th2, by their ability to
release different sets of cytokines, which can be shown to
be associated with different patterns of immunological
reaction. Th1 cells produce IFN-y and tumor necrosis
factor-B and are responsible for phagocyte-dependent
host responses characterized by delayed-type hypersen-
sitivity reaction, or granulomatous pattern, which are in-
volved in the protection against intracellular parasites.
Th2 cells produce IL-4 and IL-5 and are responsible for
phagocyte-independent, antibody-mediated responses
that are implicated in the protection against gastrointes-
tinal nematodes and in allergic conditions.'®'" Activated
Th2 cells also consistently and persistently express
CD30,'2-'* a member of the tumor necrosis factor-recep-
tor superfamily,’® and release measurable amounts of
soluble CD30 (sCD30), both in vitro and in vivo.2:14.16

The aim of the present study was to examine the profile
of cytokine production as well as the expression of CD30
by skin-infiltrating T cells from patients with SSc. The
hypothesis tested was that activated T cells in SSc pa-
tients mainly belong to the Th2 subset whose pattern of
cytokines may determine, at least in part, the nature of the
inflammatory response seen in SSc.
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Materials and Methods
Subjects

Skin biopsy specimens for T-cell cloning were obtained
from two SSc patients and three patients with atopic
dermatitis (AD). Skin biopsy specimens for immunohisto-
chemical and/or in situ hybridization analyses were ob-
tained from three patients with SSc, three patients with
AD, one patient with GVHD, one patient with alopecia
areata, and one patient with contact dermatitis. All SSc
patients used through the study had low duration (<3
years) and active untreated disease. Blood samples for
the measurement of sCD30 were taken from 43 patients
with SSc (35 women and 8 men, aged 20 to 60 years) and
from 23 age- and sex-matched control subjects. The
procedures followed in the study were in accordance
with the ethical standards of the responsible regional
committee on human experimentation.

Generation of T-Cell Clones

Specimens of skin biopsies from both SSc patients and
controls were disrupted in small fragments (2-mm diam-
eter). Single fragments were cultured for 7 to 10 days in
24-well plates (Costar, Cambridge, MA) in 2 ml of RPMI
1640 medium (Seromed, Berlin, Germany) supplemented
with 2 mmol/L L-Glutamine (Life Technologies, Grand
Island, NY), 2 X 10~° 2-mercaptoethanol, nonessential
amino acids (Life Technologies) and sodium piruvate
(Life Technologies) (complete medium), 10% fetal calf
serum (HyClone, Logan, UT), and 20 U/ml recombinant
IL-2.77:18 After 7 to 10 days, T-cell blasts were cloned
under limiting dilution conditions (0.3 cells/well) in 96
round-bottomed microwell plates (Nunclon, Nunc, Den-
mark), containing 10° irradiated (6000 rad) allogeneic
peripheral blood mononuclear cells as feeder cells, 0.5%
(v/v) phytohemagglutinin (Life Technologies, Grand Is-
land, NY), and recombinant IL-2 (rlL-2, 20 U/ml; Euroce-
tus, Milan, ltaly), as detailed elsewhere.’”'® Growing
microcultures were then expanded at weekly intervals
with 20 U/ml riL-2 and 10° irradiated feeder cells. Cell
surface marker analysis of T-cell clones was performed
by using fluorescein isothiocyanate- and phycoeritrine-
conjugated anti-CD4 and anti-CD8 mAbs (Becton Dick-
inson, Mountain View, CA) on a Cytoron absolute cyt-
ofluorimeter (Ortho Pharmaceuticals, Raritan, NJ).

Production of Cytokines by T-Cell Clones

The ability of T-cell clones to produce cytokines was
evaluated after 36 hours of stimulation of 10%/ml T-cell
blasts with phorbol-12-myristate 13-acetate (Sigma, St.
Louis, MO; 20 ng/ml) and anti-CD3 mAb (Ortho Pharma-
ceuticals; 100 ng/ml), as previously described.'®'° Cell-
free supernatants were assayed for IFN-y and IL-4 con-
tent by enzyme-linked immunosorbent assay (ELISA)
systems. The quantitative determination of IFN-y was
performed by a commercial system (BioSource Interna-
tional, Camarillo, CA). For the measurement of IL-4 an

in-house-made ELISA using commercial mAb (PharMin-
gen, San Diego, CA) was used.'® Cytokine levels 5 SD
more than the mean levels of control supernatants (de-
rived from irradiated feeder cells alone) were regarded
as positive. T-cell clones able to produce IFN-y but no
IL-4 were categorized as Th1-like; clones able to produce
IL-4 but no IFN-y were categorized as Th2-like; clones
producing both IL-4 and IFN-y were categorized as ThO-
like.

In Situ Hybridization

In situ hybridization was performed on frozen skin sec-
tions, which were mounted onto gelatin-coated slides
and fixed with 4% paraformaldehyde for 20 minutes at
room temperature. Sections were subsequently treated
with 0.2 N HCI for 20 minutes, pronase (0.125 mg/ml) for
10 minutes, O.1 mol/L glycine for 30 seconds, and 4%
paraformaldehyde for 20 minutes. Then, sections were
rinsed with phosphate-buffered saline, acetylated, and
dehydrated in increasing ethanol concentrations. Thirty
wl of the hybridization solution (40% formamide, 4x SSC,
10 mmol/L dithiothreitol, 1Xx Denhardt's solution, 10%
dextran sulfate, 0.1 mg/ml sheared herring sperm DNA,
and 1 mg/ml yeast tRNA) containing 8 X 10° cpm of
35G-labeled human IL-4 or IFN-y RNA antisense probe
were applied to each section and covered with parafilm.
Hybridization was carried out at 52°C for 16 hours. Re-
moval of the nonspecifically bound probe by RNase di-
gestion and autoradiography were performed as de-
scribed.?® Sections were subsequently counterstained
with hematoxylin-eosin-phloxine and mounted with Per-
mount. An average of two sections were analyzed for
each tissue sample. Negative controls consisted of hy-
bridization to a sense RNA probe. Both sense and anti-
sense probes were synthesized from a IL-4 cDNA and
subcloned in a pGEM-T plasmid vector (Promega, Mad-
ison, WI). The plasmid containing the IL-4 330-bp cDNA
was subsequently linearized with Sall or SPH | restriction
enzymes and the plasmid containing the 427-bp cDNA
was linearized with Ncol or Pstl restriction enzymes, fol-
lowed by phenol-chloroform extraction and ethanol pre-
cipitation. Thereafter, sense and antisense RNA radiola-
beled probes were synthesized using SP6 or T7 RNA
polymerases (Riboprobe Gemini System, Promega) in
the presence of [3*°S]a-thio-UTP (1300 mCi/mmol; NEN
Life Science Products, Paris, France).

Immunohistochemistry

Immunohistochemical staining was performed on 10-um
cryostat sections fixed in 4% paraformaldehyde for 20
minutes. Sections were subsequently exposed to 0.3%
hydrogen peroxide-methanol solution to quench endog-
enous peroxidase activity. After a 20-minute preincuba-
tion with normal horse serum (Vectastain ABC kit; Vector
Laboratories, Milan, Italy), sections were layered for 30
minutes with anti-CD3 (Ancell, Bayport, MN; 5 ug/ml),
anti-CD4 (Ancell, 5 ng/ml), anti-CD30 (Immunotech, Mar-
seille, France; 4 pg/ml), anti-IFN-y (5 ng/ml), and anti-



IL-4 (5 ng/ml; kindly provided by C.H. Heusser, Novartis,
Basel, Switzerland) murine mAbs, followed by biotiny-
lated anti-mouse IgG antibody and the avidin-biotin-per-
oxidase complex (Vectastain ABC kit, Vector Laborato-
ries), as described.?" A peroxidase substrate used was
3-amino-9-ethylcarbazole (Sigma). Finally, sections were
counterstained with Gill'’s hematoxylin and mounted with
Kaiser's gelatin. All incubations were performed at room
temperature. As negative control, primary mAb was omit-
ted or replaced with an isotype-matched antibody with
irrelevant specificity. The number of positive cells was
determined from counts performed on two fields (X400)
randomly selected from every biopsy specimen in a
blinded fashion.

Measurement of sCD30 in the Serum

Serum levels of sCD30 were determined by the commer-
cial sandwich ELISA Dako CD30 (Dako, Gastrup, Den-
mark) based on the use of two mAbs reactive with two
different epitopes of the 88-kd sCD30 molecule, as de-
scribed.?2

Results

Th2-Like Profile of T Cell Clones Generated
from the Skin of SSc Patients

Parallel biopsy specimens of skin tissue from two patients
with SSc and three patients with AD were cultured for 7 to
10 days in IL-2-conditioned medium to preferentially ex-
pand the in vivo activated T cells present in the speci-
mens. T-cell blasts were recovered and cloned by limit-
ing dilution according to a high efficiency protocol using
phytohemagglutinin-stimulation in the presence of irradi-
ated feeder cells and IL-2.'® A total number of 97 and 153
clones were generated from the skin of SSc and AD
patients, respectively. One hundred seventeen T-cell
clones obtained from the skin specimens of AD were
CD4™, the other 36 being CD8™. In contrast, virtually all
T-cell clones generated from the skin of SSc patients
were CD4™ (96 out of 97), only one being CD8". To
characterize the cytokine profile of T-cell clones, 10°®
T-cell blasts from each clone were stimulated for 36 hours
with phorbol 12-myristate 13-acetate plus anti-CD3 mAbD,
and cytokine (IL-4, IFN-y) concentrations were measured
into cell-free culture supernatants. The results of these
experiments are summarized in Figure 1. The majority of
CD4™ T-cell clones from AD patients produced both
IFN-y and IL-4, thus showing a mixed cytokine profile
(ThO-like), a few producing IFN-y alone (Th1-like), or IL-4
alone (Th2-like). By contrast, the great majority of CD4*
T-cell clones from SSc patients produced IL-4 but no
IFN-v, which is a restricted Th2-like profile and the other
being Tho-like.
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Figure 1. Restricted Th2-like profile of cytokine production by CD4™ T-cell
clones generated from skin biopsy specimens of SSc patients. T-cell clones
were generated from the skin biopsy specimens of two patients with SSc
(top) and three patients with AD (bottom) by culturing skin fragments for 7
days in IL-2-supplemented medium, followed by stimulation of single T cells
with phytohemagglutinin and IL-2 in the presence of irradiated feeder cells.
10° T-cell blasts from each clone were stimulated for 24 hours with phorbol
12-myristate 13-acetate plus anti-CD3 mAb and cytokines released into cell-
free supernatants measured by appropriate ELISAs. Lines represent cut off
values (IFN-y, 0.8 ng/ml; IL-4, 0.1 ng/ml), calculated as 5 SD more than
values found in cultures containing feeder cells alone.

IL-4 and CD30 Reactivity by Skin-Infiltrating
CD4™ T Cells from SSc Patients

To ascertain whether the Th2 predominance found at clonal
level in the skin of SSc patients really reflects the nature of
the immune response occurring in vivo, skin biopsy speci-
mens from three SSc patients were assessed by in situ
hybridization for the expression of IL-4 and IFN-y mRNA.
High IL-4 but little or no IFN-y mRNA expression was found
in skin mononuclear cell infiltrates of all three SSc patients
tested (Figure 2). The skin biopsy specimens from the three
SSc patients and from six controls (three patients with AD,
one patient with GVHD, one patient with alopecia areata,
and one patient with contact dermatitis) were also assessed
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Figure 2. IL-4 mRNA expression in dermal perivascular infiltrates from SSc patients. A: IL-4 mRNA expression (black signal) in a skin biopsy section taken from
a SSc patient and hybridized with labeled antisense IL-4 probe (magnification, X100). B: Lack of signal in an adjacent section hybridized with labeled antisense
IFN-y probe (magnification; X100). C: IL-4 mRNA expression (white spots) around a piliferous follicle in another SSc patient (dark field, magnification, X100).
D: IL-4 mRNA expression (black spots) in the skin of a third SSc patient (magnification, X400). E: Lack of IFN-y mRNA expression in an adjacent section.

by immunohistochemistry for the expression of CD3, CD4,
IL-4, IFN-y, and CD30. In all cases, high numbers of skin-
infiltrating mononuclear cells stained positive for both CD3
and CD4. IFN-y-expressing cells were not detected by im-
munohistochemistry in the skin of any of SSc patients, but
noticeable numbers of IFN-y-expressing cells were found in
the skin of patients with alopecia areata (20% of CD4* T
cells) or contact dermatitis (6% of CD4™ T cells). By con-

trast, IL-4-expressing cells were never detected by immu-
nohistochemistry in the skin of any patient examined. How-
ever, in the skin of all three SSc patients remarkable
numbers of CD4* cells stained positive for CD30 (59, 81,
and 87%, respectively). High numbers of CD4™ T cells
showing CD30 positivity (57 %) were also found in the skin of
the patient with GVHD, whereas much lower numbers of
CD4* T cells stained for CD30 in the skin of patients with AD
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Figure 3. CD30 expression by CD4™ T cells in dermal perivascular infiltrates from SSc patients. A: Intense immunostaining (red color) for CD4 is present over
almost every cell infiltrating the derma of the SSc patient (magnification, X100). B: Staining for CD30 in an adjacent section (magnification X100); in the inset,
CD30* T cells at higher magnification (magnification, X400). C: Intense CD4 immunostaining in cells infiltrating the derma of one patient with AD (magnification,
%100). D: Staining for CD30 in a section adjacent to C where a few cells, as indicated by the arrow, are immunoreactive. E: CD30* T cells in the perivascular
dermal infiltrates of another patient with SSc (magnification, X100); in the inset, CD30™ T cells at higher magnification (magnification, X400). F: Lack of staining
for IFN-v in an adjacent section (magnification, X100). G: IFN-y immunoreactivity in the skin biopsy specimen from a patient with alopecia areata after staining
with the same anti-IFN-y antibody (magnification, X100).
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Figure 4. Elevated levels of sCD30 in the serum of patients with SSc. Serum
levels of sCD30 were assessed by sandwich ELISA, as reported in Materials
and Methods.

(6, 9, and 11%), alopecia areata (23%), or contact derma-
titis (10%). Figure 3 shows some representative pictures
obtained by the immunohistochemical analysis.

High Levels of sCD30 in the Serum of SSc
Patients

Serum levels of sCD30 were measured in the serum of 23
normal subjects and 43 patients with SSc, 25 showed
limited and 18 showed diffuse disease. High levels of
sCD30 (>20 U/ml) were found in the majority of SSc
patients and virtually in all those showing diffuse disease
(Figure 4).

Discussion

The demonstration in the skin of patients with SSc of IL-4,
but not IFN-y, mRNA and of CD4™* T cells developing into
IL-4-, but not IFN-y-, producing T-cell clones provides
strong evidence for a Th2-like pattern of cytokine gene
expression and cytokine production in SSc. These find-
ings are consistent with the results of previous studies
showing increased IL-4 production by activated periph-
eral blood mononuclear cells,® increased levels of IL-4
mRNA in peripheral blood mononuclear cells and bron-
choalveolar lavage cells,” and increased levels of IL-4 in
the serum of SSc patients.®®

The predominant activation of Th2 cells in SSc is also
supported by the observations of high numbers of
CD30" T celis in the skin, and of high levels of sCD30 in
the serum from patients with SSc. Expression of CD30
has indeed been found to be associated with Th2-like
responses both in vitro and in vivo.'2-416:23 By contrast,
no CD30™ T cells were found either in the gastric antrum
of Helicobacter pilori-infected patients or in the gut of
patients with Crohn’s disease in which activated T cells
showing a Th1 profile of cytokine production predomi-

nate.2*2° In the present study, high numbers of CD30* T
cells were found in the skin of one patient with GVHD,
which is also considered as a Th2-dominated disor-
der.2827 Of note is that the numbers of CD30™* T cells in
the skin of both SSc and GVHD patients were higher than
those observed in the skin of patients with AD, an inflam-
matory skin disorder, which is probably triggered by the
activation of allergen-reactive Th2-like cells.?®

The reason for the preferential association between
CD30 and Th2-dominated responses has recently been
clarified. In both mice and humans, CD30 expression has
been found to be dependent on IL-4 production.?®-3°
Therefore, in contrast to the results of a previous report
showing that CD30 does not discriminate between Th1-
and Th2-type T cells,®' its expression appears to be
restricted to fully differentiated Th2 cells and to other
activated T cells that behave as Th2 precursors, whereas
committed Th1 effectors do not express CD30.29%° Thus,
because IL-4 generated by activated T cells is rapidly
transported and therefore usually does not accumulate in
sufficient concentrations to be easily detected by immu-
nohistochemical methods®? (as in the present study), in
vivo detection of high numbers of CD30-expressing cells
can represent an excellent surrogate marker for the iden-
tification of immune responses dominated by high and
persistent IL-4 production. Moreover, the measurement
of sCD30 serum levels might provide a useful tool for
monitoring the severity and activity of disorders charac-
terized by IL-4 production, including SSc.

The demonstration of predominant activation of Th2-
like T cells in SSc provides new insights into the patho-
physiology of the disease. One of the earliest abnormal-
ites of SSc is a collapse of vimentin intermediate
filaments around the nucleus of endothelial cells. Next,
activated T cells migrate into the skin where they scatter
throughout the subcutaneous tissue and dermis or local-
ize to areas around the vessels, nerves, and skin ap-
pendages. Coincidental with T-cell infiltration, additional
morphological and functional changes are noted in the
endothelial cells, and tissue fibrosis follows.*® Because
cytoskeletal alterations of endothelial cells precede lym-
phocytic infiltration, a possibility may be that T-cell acti-
vation occurs in response to changes in the endothelial
cells. It is also possible, however, that the changes in
endothelial cell cytoskeleton occur in response to cyto-
kines produced by T cells. Of note, IL-4 induces a col-
lapse of vimentin intermediate filaments in cultured en-
dothelial cells.3* The central role of IL-4 in the
pathophysiology of SSc is also supported by the obser-
vation that this cytokine induces human fibroblasts to
synthesize elevated levels of extracellular matrix proteins,
stimulates the growth of subconfluent fibroblasts, and
promotes the chemotaxis of these cells.®® The predomi-
nant activation of Th2-like T cells in SSc patients can also
account for eosinophil infiltration in target organs, the
increased levels of eosinophil cationic protein and eosin-
ophil major basic protein,®®3” as well as for polyclonal
B-cell activation and autoantibody production, which is
an early, nearly universal finding in these patients.3®

The understanding of mechanisms determining the in-
tense and persistent activation of Th2 cells, ie, the sustained



production of IL-4, in SSc is of considerable importance to
our further knowledge of the etiopathogenesis of the dis-
ease. Both genetic and environmental factors are respon-
sible for the Th1 or Th2 differentiation, although the mech-
anisms by which the genetic background controls the type
of Th cell differentiation still remain elusive. There is general
consensus that the presence of IL-4 at the time of antigen
presentation is critical in determining the development of
the naive Th cell into the Th2 pathway.3® The source of IL-4,
which is required for priming naive T cells to develop into
Th2 cells, is still unclear. The major candidates include mast
cells/basophils,34° the CD4*NK1* subset,*' and the na-
ive CD4* T cell themselves.*? Thus, abnormal IL-4 produc-
tion by one of these cell types may be responsible for the
prevalent Th2 response in SSc patients. However, whether
these alterations precede or they are secondary to, Th2-cell
activation remains to be determined. An alternative but not
mutually exclusive possibility is that SSc patients have a
deficient activity of cytokines that inhibit the Th2-cell devel-
opment, such as IFN-a/y and IL-12.43-4€ |n this respect, it is
important to note that SSc patients exhibit reduced levels of
IFN-vy in the blood as well as defective production of IFN-y
by both peripheral blood mononuclear cells and bronchoal-
veolar lavage cells.”” Whatever mechanism is involved,
the demonstration of a role for Th2-dominated responses in
the pathophysiology of SSc may have potential therapeutic
applications. Strategies aimed at inhibiting the development
andor function of Th2 cells may be envisaged.
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