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Mixed connective tissue disease (MCTD) is a systemic
autoimmune disease characterized by an array of clinical
symptoms associated with the presence of autoantibodies
reactive with U small nuclear RNP (U1RNP) autoantigens1.
The most frequently observed association of symptoms

consists of arthritis, Raynaud’s phenomenon, myositis,
esophageal dysmotility, and acrosclerosis2,3. Longterm
followup studies reveal that other symptoms, such as
serositis (pleuritis, pericarditis), pulmonary involvement
(interstitial lung disease, pleural effusions, pulmonary artery
hypertension), cutaneous involvement (facial erythema,
telangiectasia, hypo-hyperpigmentation), neuropsychiatric
disease, and glomerulonephritis, may also develop in
MCTD4-9.

The number and functions of T cells and the array of
cytokines produced by T cells and associated mechanisms
are less known in MCTD than in other autoimmune diseases
such as systemic lupus erythematosus (SLE) or rheumatoid
arthritis (RA). Low numbers of CD8+ T cells have been
described in MCTD10,11, while Alarcon-Segovia, et al
suggested that anti-RNP autoantibodies may cause the dele-
tion of suppressor T cells12. T cells are activated in MCTD,
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ABSTRACT. Objective. To determine serum cytokine concentrations and intracellular cytokine production of
CD4+ and CD8+ T cells in 20 patients with mixed connective tissue disease (MCTD).
Methods. Detailed analysis of cytokine production; 8 patients were in the active stage, 12 in the inac-
tive stage of the disease. Serum concentrations of interferon-γ (IFN-γ), interleukin 4 (IL-4), and IL-
10 were assessed by ELISA. Intracellular content of IFN-γ, IL-4, and IL-10 in CD4+ and CD8+
peripheral blood T cell and lymphocyte subsets was determined by flow cytometry.
Results. Serum concentrations of both type 1 and type 2 cytokines were significantly higher in
patients with MCTD than in healthy controls. IFN-γ expression of CD4+ and CD8+ T cells did not
differ comparing all patients to controls. In patients with active MCTD, the percentage of
CD8+/IFN-γ+ Tc1 cells was significantly increased compared to inactive disease or to controls (p <
0.05). IL-4 expression of CD4+ T cells was scarcely detectable in MCTD, while a subpopulation of
CD8+ Tc2 cells produced IL-4. A higher percentage of these CD8+/IL-4+ Tc2 cells were detected in
patients with MCTD, especially in active disease, compared to controls (p < 0.05). The percentage
of IL-10-expressing CD4+ and CD8+ T cells was higher in patients than in controls (p < 0.05).
Again, CD4+ and CD8+ T cells from patients with active MCTD produced significantly more IL-
10 than cells in patients with inactive disease or in controls (p < 0.05).
Conclusion. Our results suggest that MCTD is associated with increased production of both type 1
(IFN-γ) and type 2 cytokines (IL-4, IL-10). Cytokine production is usually higher in active MCTD
than in inactive disease. CD8+ T cells may produce more IFN-γ and IL-10 in comparison to CD4+
T cells. Patients with active disease have more IL-4-expressing Tc2 cells and IL-10-expressing Th2
and Tc2 cells than patients with inactive MCTD or controls. In MCTD, increased IL-10 production
by Th2 and Tc2 cells may be an attempt by the immune system to downregulate the inflammatory
reaction, although this effect may not be sufficient to restore the physiological Th1/Th2 balance in
MCTD. (J Rheumatol 2002;29:2136–42)
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and they produce both Th type 1 [interferon-γ (IFN-γ)] and
type 2 cytokines [interleukin 10 (IL-10)]. Serum cytokine
concentrations were higher in patients with MCTD than
patients with SLE or RA13. However, we found no reports in
the literature regarding intracellular cytokine profiles in
MCTD.

We investigated cytokine levels in sera of patients with
MCTD compared to healthy controls using ELISA. Patients
with MCTD were in the active or inactive stage of the
disease, determined by the method of Burdt, et al9.  As
serum cytokine concentrations do not indicate the cellular
source of cytokines, we used a rapid flow cytometric assay
to detect intracellular cytokines in peripheral blood T
lymphocytes. Our aim was to determine the distinct
cytokine patterns of CD4+/IFN-γ+ Th1 cells, CD4+/IL-4+
and CD4+/IL-10+ Th2 cells, CD8+/IFN-γ+ Tc1 cells, and
CD8+/IL-4+ and CD8+/IL-10+ Tc2 cells in both the active
and the inactive stage of MCTD and in healthy controls.

MATERIALS AND METHODS
Patients. Twenty patients with MCTD were studied. The diagnosis of
MCTD was established according to criteria first described by Alarcon-
Segovia and Villareal, which include Raynaud’s phenomenon, swelling of
the hands with a spindle-like swelling of the fingers, sclerodactyly,
polyarthritis, myositis, and the presence of anti-U1RNP autoantibodies in
sera. The diagnosis was confirmed by the presence of 4 clinical features in
addition to anti-U1RNP seropositivity14 (Table 1).

Clinically active disease was defined as described by Burdt, et al9.
Briefly, disease was considered inactive when there was no evidence of

major organ involvement except mild Raynaud’s phenomenon, and patients
had normal overall functional activity for more than one year with a regimen
of < 20 mg prednisone per day. Patients with actvive disease had severe
disease involving major organ systems and required intensive therapy with
repeatedly administered prednisone > 30 mg per day (Table 1).

Clinical characteristics of patients with MCTD. As presented in Table 1, 20
patients with MCTD (mean age 51 ± 6 yrs, range 38–63), 19 women and
one man, participated in the study. Mean disease duration was 10 ± 5 years
(range 5–21). Patients’ clinical symptoms are shown in Table 1. All patients
fulfilled the criteria for MCTD. Twenty healthy women served as negative
controls.

Seven patients received nonsteroidal antiinflammatory drugs (NSAID),
while 13 patients were given 5–30 mg per day prednisone. Five patients
were treated with 7.5 mg per week methotrexate, one  patient with 150 mg
per day cyclosporin A, 2 patients with 100 mg per day azathioprine, and 2
patients with 100 mg per day cyclophosphamide.

Patients with MCTD underwent followup visits at the outpatient clinic
once every 3 months. Serum samples were collected at every visit during the
followup period to detect autoantibodies and samples were stored at -70°C.
Heparinized peripheral blood samples for examination by flow cytometry
were obtained from patients and controls at the time of the investigation.

Antibodies and reagents. Anti-human IFN-γ-FITC/anti-human IL-4-PE,
anti-human CD56-PE, anti-human CD3-FITC/HLA-DR-PE monoclonal
antibodies, FACS lysing solution, and FACS permeabilizing solution were
purchased from Becton Dickinson (Mountain View, CA, USA). Anti-
human CD3-FITC, anti-human CD4-QR, anti-human CD8-FITC, anti-
human CD8-QR Mab, brefeldin-A, ionomycin, phorbol-12-
myristate-13-acetate (PMA), paraformaldehyde, gentamycin, glutamine,
and RPMI-1640 were from Sigma (St. Louis, MO, USA). Anti-human IL-
10-PE was obtained from Caltag (Burlingame, CA, USA), while anti-
human CD19-PerCP and anti-human CD4-PE were provided by
Immunotech (La Brea, CA, USA).

Table 1. Clinical and serological data of patients with MCTD at the time of study assessments. Normal range for anti-U1RNP in our laboratory is < 18 µg/ml.
Disease activity was determined by Burdt, et al9.

Patient Sex Age, yrs Duration of Active Organ Anti-U1NRP Therapy
Disease, yrs Disease Involvement Antibody Levels,

µg/ml

1 F 52 14 Yes A, M, I, V 44.1 + C, MTX, Pf
2 F 47 5 Yes R, A, S, E 41.3 + C, MTX, ACE, Pf
3 F 58 16 Yes R, A, M, E, P, I 23.3 + C, CYC, ACE, Dic
4 F 49 16 Yes R, A, M, P, I, V 19.1 + C, CSA, ACE, Pf
5 F 52 5 Yes M, E, P, I, V 45.0 + C, AZA, ACE, Pf, Dic
6 F 58 8 Yes R, S, E, I 28.8 + C, AZA, ACE, Pf
7 F 51 6 Yes R, A, M, E 32.9 + C, CYC, ACE, Pf
8 F 55 14 Yes R, A, M 1.2 – C, MTX, ACE, Pf
9 F 59 12 No A, S, E 33.1 + NSAID, Pf
10 F 48 5 No R, A, V 29.5 + NSAID, Pf
11 F 38 5 No R, E, P, V 31.2 + C, ACE, Pf
12 F 57 6 No R, M, E 14.5 – C, MTX, ACE, Pf
13 F 63 17 No R, A, S 7.9 – NSAID, ACE, Pf, Dic
14 F 51 21 No R, A, M, P, I 21.6 + C, ACE, Pf
15 F 59 17 No A, E, I, V 1.0 – NSAID, ACE
16 F 51 15 No R, M, E 21.4 + NSAID
17 F 48 8 No R, A, S, P 16.3 + NSAID
18 F 39 7 No R, A, E 5.9 – C, ACE, Pf
19 M 46 6 No R, A, E, I 6.8 – C, MTX, ACE, Pf
20 F 44 9 No R, M, S, E 24.6 + NSAID, ACE, Pf

R: Raynaud’s phenomenon, A: arthritis, M: myositis, S: sclerodactyly, E: esophageal hypomotility, P: pericarditis or pleuritis, I: interstitial lung disease, 
V: vasculitis; C: corticosteroid, AZA: azathioprine, CYC: cyclophosphamide, CSA: cyclosporine-A, MTX: methotrexate, ACE: angiotensin convertase
inhibitor, Pf: pentoxyfilline, NSAID: nonsteroidal antiinflammatory drugs, Dic: dicoumarol.
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Determination of serum cytokine and anti-U1RNP autoantibody levels. We
measured the levels of circulating cytokines (IFN-γ, IL-4, IL-10) in the sera
of patients and controls using commercial ELISA (OptEIATM system,
Pharmingen, San Diego, CA, USA) according to the manufacturer’s
instructions. Autoantibodies to U1RNP were also determined by ELISA
(Cogent Diagnostics, Edinburgh, UK). The normal range for this method
(seronegativity) was < 18 µg/ml. Anti-U1RNP autoantibody concentrations
for patients are shown in Table 1.

Analysis of lymphocyte subsets. Heparinized venous whole blood was
stained with anti-human antibodies conjugated by fluorescent dyes for 30
min at room temperature in the dark. (The use of whole blood prevents cell
destruction and maintains intercellular interactions in comparison to puri-
fied leukocyte subpopulations.) Stained cells were fixed by 2%
paraformaldehyde. The fluorescence analysis was performed on an Epics
XL-4 flow cytometer (Coulter, Hialeah, FL, USA) with a 488 nm argon
laser. Emitted fluorescence was determined by means of 525, 575, and 635
nm band pass filters; 5000 cells were acquired from the list mode and data
were analyzed using system II. 3.0. software. Analysis gates were set on
lymphocytes according to forward and side scatter properties. Results were
expressed as the percentage of surface CD markers in all lymphocytes.

Cell stimulation and staining. Evaluation of intracellular cytokines was
according to the protocol described by Maino, et al15, modified by Nagy, et
al16. Briefly, 1 ml whole blood was diluted 1:2 in RPMI-1640 containing 80
mg/l gentamycin and 2 nM glutamine. Cells were stimulated with iono-
mycin (1 µg/ml), PMA (25 ng/ml), and brefeldin-A (10 µg/ml) for 4 h, as
this is the time maximal cytokine expression is usually observed.
Unstimulated cells served as controls. Cell stimulation was performed at
37°C in a humified CO2 incubator. After stimulation, cells were stained in
the dark for CD4 and CD8 antigens for 30 min at room temperature. Cell
staining was followed by red cell lysis using FACS lysing solution, 10 min
at room temperature. Leukocytes were centrifuged (500 g, 10 min) and cell
membrane was permeabilized using FACS permeabilizing solution for 10
min at room temperature. Samples were washed with PBS and incubated 30
min in the dark with Mab to IFN-γ, IL-4, and IL-10. Samples were fixed
using paraformaldehyde. Samples were measured with a Coulter Epics XL-
4 flow cytometer. We determined the rate of IFN-γ, IL-4, and IL-10 posi-
tive cells among 5000 CD4+ and CD8+ T cells.

Statistical analysis. Data are given as mean value ± standard deviation.
After testing for normality, data were compared by Student t test (paired
and unpaired) or Mann-Whitney test and correlated with Spearman’s rank
correlation. The level of statistical significance used was p < 0.05.

RESULTS
Lymphocyte subpopulations in active and inactive MCTD
and controls. The percentages of CD3+, CD4+, CD8+,
CD19+, CD56+, and CD3+/HLA-DR+ lymphocytes as well
as the CD4/CD8 ratio in patients with active and inactive
MCTD and healthy controls are listed in Table 2. There was

no difference in T cell subsets or the CD4+/CD8+ ratio
between patients and controls. The percentages of CD19+ B
cells and CD56+ NK cells were also similar comparing
patients and controls. However, the expression of HLA-DR,
a cell activation marker, was increased on CD3+ T lympho-
cytes in patients compared to controls (9.2 ± 2.2% vs 1.8 ±
1.4%;  p < 0.05). There was no difference in the percentage
of CD3+, CD4+, CD8+, CD56+, or CD3+/HLA-DR+ T cell
subsets when patients with active or inactive MCTD were
compared to controls (Table 2).

Analyzing CD19 expression in the active and inactive
MCTD subpopulations separately, the percentage of CD19+
cells was significantly decreased in inactive MCTD
compared to active disease (5.7 ± 1.9% vs 9.1 ± 5.6%; p <
0.05) and to controls (5.7 ± 1.9% vs 11.1 ± 4.1%; p < 0.05).
Thus, the T cell/B cell ratio was higher in patients with
active MCTD. The ratio of CD4+/CD8+ T cells was also
significantly elevated in active vs inactive disease (3.1 ±
1.1% vs 2.1 ± 0.6%; p < 0.05). The latter difference was due
to the higher percentage of CD4+ T cells in the peripheral
blood of patients with active in comparison to inactive
MCTD. Thus, there may be enrichment of T versus B cells
as well as CD4+ versus CD8+ cells in patients with active
compared to inactive MCTD.

Anti-U1RNP autoantibody concentrations in active and
inactive MCTD. Certainly, all patients with MCTD showed
anti-U1RNP seropositivity at the time of diagnosis. At the
time of the study, 13/20 patients were seropositive (anti-
U1RNP antibody levels > 18 µg/ml). There were 7/8
(87.5%) seropositive patients in the active and 6/12 (50%)
seropositive patients in the inactive disease group. Anti-
U1RNP antibody concentrations were significantly higher
in the active than in the inactive group (30.9 ± 5.3 vs 18.9 ±
3.1 µg/ml, respectively; p < 0.05). 

Serum cytokine levels in MCTD. Serum concentrations of
IFN-γ, IL-4, and IL-10 were significantly higher in patients
than controls (IFN-γ 61.8 ± 83.2 vs 20.0 ± 27.8 pg/ml; IL-4
27.5 ± 38.1 vs 5.5 ± 11.0 pg/ml; and IL-10 32.3 ± 33.6 vs
6.9 ± 7.0 pg/ml) (p < 0.05) (Table 3). This difference, for all
3 cytokines, was due to patients with active disease.

In active MCTD, the levels of IFN-γ were higher than in
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Table 2. T and B cell subsets in the peripheral blood of patients with active and inactive MCTD and healthy controls.

Lymphocyte Controls, MCTD, Active MCTD, Inactive MCTD, p, MCTD p, Active MCTD p, Inactive MCTD p, Active vs
Subsets n = 20, % n = 20, % n = 8 , % n = 12, % vs Controls vs Controls vs Controls Inactive MCTD

A B C D A vs B A vs C A vs D C vs D

CD3+ 72.8 ± 5.4 71.5 ± 9.8 75.6 ± 11.2 68.9 ± 15.9 NS NS NS NS
CD56+ 8.7 ± 4.1 11.9 ± 7.0 12.6 ± 8.6 10.4 ± 6.2 NS NS NS NS
CD19+ 11.1 ± 4.1 9.6 ± 5.5 9.1 ± 5.6 5.7 ± 1.9 NS NS < 0.05 < 0.05
CD3+/HLA-DR+ 1.8 ± 1.4 9.2 ± 5.5 9.6 ± 6.3 9.1 ± 5.2 < 0.05 < 0.05 < 0.05 NS
CD4+ 46.3 ± 6.3 46.6 ± 12.2 51.5 ± 12.4 45.0 ± 11.3 NS NS NS NS
CD8+ 18.8 ± 5.7 22.3 ± 10.1 21.1 ± 12.4 21.8 ± 8.8 NS NS NS NS
CD4+/CD8+ 2.7 ± 1.0 2.8 ± 2.2 3.1 ± 1.1 2.1 ± 0.6 NS NS NS < 0.05
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inactive disease, but the difference was not statistically
significant (74.4 ± 91.7 vs 42.9 ± 69.5 pg/ml). The serum
concentrations of IL-4 and IL-10 were significantly
increased in active compared to inactive MCTD (IL-4 53.2
± 44.0 vs 10.3 ± 21.8 pg/ml; IL-10 57.9 ± 41.7 vs 15.2 + 6.8
pg/ml) (p < 0.05) (Table 3). IFN-γ, IL-4, and IL-10 produc-
tion was also increased in patients with active MCTD
compared to controls (IFN-γ 74.4 ± 91.7 vs 20.0 ± 27.8
pg/ml; IL-4 53.2 ± 44.0 vs 5.5 ± 11.0 pg/ml; and IL-10 57.9
± 41.7 vs 6.9 ± 7.0 pg/ml) (p < 0.05) (Table 3). In contrast,
cytokine production in inactive MCTD did not differ from
controls (Table 3).

Serum cytokine concentrations of patients were also
correlated with anti-U1RNP autoantibody concentrations
(Tables 1 and 3). However, no correlation was found in anti-
U1RNP concentrations between active and inactive stages
of disease (data not shown).

Flow cytometric analysis of IFN-γ, IL-4, and IL-10-
expressing CD4+ and CD8+ lymphocytes in active and
inactive MCTD. IFN-γ expression of CD4+ (Th1 cells) and
CD8+ (Tc1 cells) lymphocytes in patients did not differ
significantly from controls (CD4+ 20.7 ± 10.4% vs 22.0 ±
6.0%; CD8+ 39.5 ± 17.6% vs 43.4 ± 8.1%) (Table 4). Again,
there was no difference in the percentage of CD4+/IFN-γ+
Th1 cells between patients with active and inactive disease
(21.4 ± 11.8% vs 20.3 ± 9.9%). Conversely, in active MCTD
the percentage of CD8+/IFN-γ+ cells (Tc1 cells) was signif-
icantly increased in comparison to patients with inactive
disease (55.4 ± 13.0% vs 26.4 ± 7.9%; p < 0.05). Moreover,

the percentage of these Tc1 cells was also higher in controls
compared to patients with inactive MCTD (43.4 ± 8.1% vs
26.4 ± 7.9%; p < 0.05) (Table 4). There was no significant
difference in the percentage of CD8+/IFN-γ+ Tc1 cells
between active MCTD patients and controls (Table 4).

There was a significant decrease of IL-4 expression in
CD4+ T cells (CD4+/IL-4+, Th2 cells) derived from
patients compared to controls (0.17 ± 0.2% vs 1.1 ± 0.7%; p
< 0.05). As well, the percentage of IL-4-expressing CD4+
Th2 cells was lower in patients with active MCTD than
those with inactive disease (0.1 ± 0.1% vs 0.2 ± 0.3%; p <
0.05) or controls (0.1 ± 0.1% vs 1.1 ± 0.7%; p < 0.05). On
the other hand, we detected a significant increase in the
percentage of CD8+/IL-4+ cells (Tc2 cells) in MCTD
patients compared to controls (0.8 ± 0.7% vs 0.4 ± 0.2%; p
< 0.05). The percentage of CD8+/IL-4+ T cells was higher
in active than in inactive MCTD (1.5 ± 0.6% vs 0.4 ± 0.2%;
p < 0.05) or in controls (1.5 ± 0.6% vs 0.4 ± 0.2%; p < 0.05)
(Table 4).

The percentage of IL-10-producing CD4+ (Th2) and
CD8+ (Tc2) cells was increased in patients in comparison to
controls (4.5 ± 4.2% vs 2.1 ± 0.6%; p < 0.05). In addition,
IL-10 production by both CD4+ and CD8+ cells was upreg-
ulated in patients with active compared to those with inac-
tive MCTD (8.1 ± 5.3% vs 2.8 ± 1.9% and 7.1 ± 5.7% vs 2.8
± 1.1%, respectively; p < 0.05) and controls (8.1 ± 5.3% vs
2.1 ± 0.6% and 7.1 ± 5.7% vs 1.8 ± 1.0%, respectively; p <
0.05) (Table 4).

Anti-U1RNP autoantibody concentrations in MCTD

Table 3. Serum IFN-γ, IL-4, and IL-10 levels in patients with active and inactive MCTD and controls.

Serum Cytokines, Controls, MCTD, Active MCTD, Inactive MCTD, p, MCTD p, Active MCTD p, Inactive MCTD p, Active vs
pg/ml n = 20, % n = 20, % n = 8, % n = 12, % vs Controls vs Controls vs Controls Inactive  MCTD

A B C D A vs B A vs C A vs D C vs D

IFN-γ 20.0 ± 27.8 61.8 ± 83.2 74.4 ± 91.7 42.9 ± 69.5 < 0.05 < 0.05 NS NS
IL-4 5.5 ± 11.0 27.5 ± 38.1 53.2 ± 44.0 10.3 ± 21.8 < 0.05 < 0.05 NS < 0.05
IL-10 6.9 ± 7.0 32.3 ± 33.6 57.9 ± 41.7 15.2 ± 6.8 < 0.05 < 0.05 NS < 0.05

Table 4. Immunoreactivity of CD4+ and CD8+ T cells producing IFN-γ, IL-4, and IL-10 in patients with active and inactive MCTD and controls.

IFN-γ, IL-4, IL-10 Controls, MCTD, Active MCTD, Inactive MCTD, p, MCTD p, Active MCTD p, Inactive MCTD p, Active vs
Expressing CD4+ and n = 20, % n = 20, % n = 8, % n = 12, % vs Controls vs Controls vs Controls Inactive MCTD
CD8+T Cell Subsets A B C D A vs B A vs C A vs D C vs D

Type 1 cell subsets
Th1 (CD4+/IFN-γ+) 22.0 ± 6.0 20.7 ± 10.4 21.4 ± 11.8 20.3 ± 9.9 NS NS NS NS
Tc1 (CD8+/IFN-γ+) 43.4 ± 8.1 39.5 ± 17.6 55.4 ± 13.0 26.4 ± 7.9 NS NS < 0.05 < 0.05

Type 2 cell subsets
Th2 (CD4+/IL-4+) 1.1 ± 0.7 0.2 ± 0.2 0.1 ± 0.1 0.2 ± 0.3 < 0.05 < 0.05 < 0.05 < 0.05
Tc2 (CD8+/IL-4+) 0.4 ± 0.2 0.8 ± 0.7 1.5 ± 0.6 0.4 ± 0.2 < 0.05 < 0.05 NS < 0.05
Th2 (CD4+/IL-10+) 2.1 ± 0.6 4.5 ± 4.2 8.1 ± 5.3 2.8 ± 1.9 < 0.05 < 0.05 NS < 0.05
Tc2 (CD8+/IL-10+) 1.8 ± 1.0 4.5 ± 4.1 7.1 ± 5.7 2.8 ± 1.1 < 0.05 < 0.05 NS < 0.05
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patients were also compared with cellular cytokine expres-
sion (Tables 1 and 4). However, no correlation was found
(data not shown).

DISCUSSION
Type 1 and type 2 T cells, as well as the mediators produced
by these cells, play a critical role in the pathogenesis of
various autoimmune disorders17-20. For example, the “clas-
sical” autoimmune disease, SLE, is generally considered to
be associated with type 2 T cell and cytokine predominance.
However, in lupus nephritis, the balance shows a prominent
shift toward a type 1 response20,21. Conflicting results have
been reported regarding the possible predominance of type
1 or type 2 cytokines in MCTD, but little information is
available for this disease compared to autoimmune disorders
such as SLE or RA. Some investigators report elevated
concentrations of both type 1 and type 2 cytokines in
MCTD13, while others found decreased IL-4 and increased
IFN-γ secretion in this condition22,23. However, these reports
are based on serum cytokine assessments. We were unable
to find any literature data on intracellular cytokine produc-
tion in MCTD.

We assessed serum and intracellular cytokine production
in MCTD. Out of 20 patients followed at our outpatient
clinic, 8 were in the active and 12 the inactive stage of
disease. We determined serum levels and intracellular
content of the cytokines IFN-γ, IL-4, and IL-10 in cases of
active and inactive MCTD and in healthy controls. Our
results indicated that both type 1 (IFN-γ) and type 2 (IL-4,
IL-10) cytokine concentrations were significantly higher in
the sera of patients with MCTD than in controls. In addition,
serum concentrations of all 3 cytokines were elevated in
active MCTD in comparison to controls but not in inactive
disease. In contrast, serum levels of these 3 cytokines were
not different in inactive MCTD compared to controls.
Similarly to other investigators24,25, we detected increased
mean levels of anti-U1RNP autoantibodies in the sera of
active compared to inactive MCTD patients. Also, the
frequency of anti-U1RNP seropositivity was higher in those
with active disease. However, no significant correlation was
found between serum cytokine levels and the concentrations
of anti-U1RNP autoantibodies. Another research group also
detected increased levels of IL-10 in the sera of MCTD
patients without correlation with disease activity or anti-
U1RNP antibody concentrations25.

The distribution of lymphocyte subsets and the
CD4+/CD8+ ratio were similar in the peripheral blood of
MCTD patients and controls. We detected higher cell surface
HLA-DR expression on T cells in patients in comparison to
controls. Comparing active and inactive MCTD, there was
enrichment in T over B cells, as well as CD4+ over CD8+
cells. Thus, active MCTD may be associated with the recruit-
ment of T cells, among which CD4+ T cells may be more
important in active versus inactive disease.

Regarding intracellular cytokine production, the
percentage of IFN-γ-producing CD8+ Tc1 cells was signifi-
cantly decreased in inactive MCTD compared to patients
with active disease. On the other hand, CD4+/IFN-γ+ cells
seem to be less important in MCTD.

We observed significantly higher percentages of
CD8+/IL-4+ Tc2 cells in MCTD compared to controls. In
addition, the frequency of CD8+/IL-4+ Tc2 cells was also
higher in active than in inactive MCTD or in controls. In
contrast, the percentage of IL-4-producing CD4+ Th2 cells
was significantly decreased in patients with active and inac-
tive MCTD compared to controls, and was also somewhat
lower in active than in inactive disease. Thus, the percentage
of Tc2 cells expressing IL-4 is decreased, while that of Th2
cells expressing the same cytokine is increased, in active
MCTD.

The frequency of IL-10-expressing CD4+ as well as
CD8+ T cells was significantly increased in MCTD patients
in comparison to controls, as well as in patients with active
MCTD compared to patients with inactive disease and
controls. IL-10 suppresses IFN-γ production by type 1 cells
and macrophages. Conversely, IL-10 stimulates the prolifer-
ation, differentiation, and antibody production of B
cells17,19. We found no correlation between the percentage of
any T cell subpopulations and anti-U1RNP autoantibody
concentrations.

Serum levels of all 3 cytokines were increased in MCTD
patients compared to controls, as well as in active MCTD
versus controls. The activation of MCTD may be associated
with increased T cell/B cell and CD4+/CD8+ T cell ratios.
Among T cells, CD8+ cells show upregulated production of
both IL-4 and IL-10 in MCTD patients compared to
controls, and the intracellular expression of these cytokines
is upregulated in active disease. In addition, CD8+ cells also
secrete more IFN-γ in active MCTD. These results suggest
that among CD8+ cells, IL-4 and IL-10-producing Tc2 cells
may play a key role in MCTD, and the frequency of these
cells may increase with the activation of the disease. IFN-γ-
producing Tc1 cells may be involved mostly in active
disease states. In contrast, CD4+ cells produce significantly
more IL-10, but less IL-4 in MCTD patients than in
controls. In addition, increased IL-10 and suppressed IL-4
production by CD4+ cells was found in active compared to
inactive MCTD. IFN-γ-producing CD4+ cells (Th1 cells) do
not seem to be important in MCTD. Recently, investigators
described a distinct subpopulation of regulatory CD4+ T
cells termed Tr1 cells, which synthesize significant amounts
of IL-10 but only low levels of IL-4. These particular Th2-
like cells depend on IL-10 for their growth, but they are
independent of IL-426,27. These data suggest that although
both IL-4 and IL-10 are considered type 2 cytokines, Th2
cells producing one cytokine but not the other may have
differential regulatory roles in inflammatory diseases such
as MCTD.
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Our data, together with reports from others, suggest that
IL-4 and IL-10-producing CD8+ cells (Tc2 cells), as well as
IL-10-producing CD4+ cells (Th2 cells) may be important
in the pathogenesis of MCTD. The cells may be highly
involved in active in comparison to inactive disease states.
IFN-γ-producing CD8+ cells (Tc1 cells) may have addi-
tional effects in active MCTD.  While the functional role of
CD8+ Tc1 cells is well established in a number of condi-
tions, the exact in vivo role of CD8+ Tc2 cells remains
unclear28,29. One possible explanation is that CD8+ Tc2 cells
act as suppressor or antiinflammatory cells influencing the
production of “helper” cytokines. Tc2 cells can also secrete
Th2 cytokines and help B cells in antibody production30.
There is plenty of evidence for the heterogeneity of CD8+ T
cell functions. These cells are able to produce IFN-γ and IL-
431,32. An increased number of IL-4-producing CD8+ cells
was found in the peripheral blood of patients with systemic
sclerosis33. In studies of patients with polymyositis (PM)
and dermatomyositis (DM), we found no differences
regarding intracellular cytokine profiles in PM. On the other
hand, there was a decrease in the percentage of CD4+/IFN-
γ+ Th1 and CD8+/IFN-γ+ Tc1 subpopulations in patients
with active DM. In addition, inactive DM was found to be
associated with an increased percentage of CD4+/IL-10+
Th2 cells (unpublished observations).

There seems to be a contradiction regarding serum and
intracellular IFN-γ levels in our study. IFN-γ concentrations
are increased in patients with MCTD compared to controls,
as well as in active versus inactive disease. On the other
hand, CD4+ and CD8+ cells do not seem to synthesize more
IFN-γ in MCTD than under normal conditions. Evaluation
of cytokine concentrations in peripheral blood cells or in the
serum may not represent the true picture of an in situ inflam-
matory response, with its particular cytokine and cellular
environment. In addition, cytokines are pleiotropic, and they
are produced by a number of cell types. It is possible that
high concentrations of IFN-γ in the sera of MCTD patients
are, apart from T cells, also derived from other cell types.
For example, synovial cells may also secrete this cytokine,
as described in RA19.

Regarding the possible role of cytokines in autoantibody
production, we suggest that the enhanced production of
IFN-γ by CD8+ T cells may trigger inflammatory responses,
and IL-4 and IL-10 may stimulate autoantibody production
by B cells in MCTD. However, we point out again that we
and other investigators have found no direct correlation
between serum cytokine and anti-U1RNP autoantibody
concentrations25. These antibodies must always be present
in high concentrations at the time of diagnosis of MCTD.
However, patients may be seronegative at any time during
the later course of the disease. We have also discussed that
seropositivity often does not correlate with clinical activity.
Here we found correlations between cytokine production
and overall disease activity. Taken together, these data

suggest that increased systemic and intracellular cytokine
production may be involved in the activation of MCTD, but
this may be independent of the production of anti-U1RNP
autoantibodies. These cytokines may stimulate the produc-
tion of autoantibodies other than anti-U1RNP in MCTD.
The latter mechanism needs further investigation.

We propose that MCTD is characterized by the elevation
of both type 1 and type 2 cytokines in patient sera. Locally,
IL-10 may have a great influence on immunoregulation in
MCTD, including the Th1/Th2 and Tc1/Tc2 balance. CD8+
T cell derived IL-4 may enhance these effects, and in partic-
ular, regulatory CD4+ Th2 cells, possibly Tr1 cells,
producing IL-10 but not IL-4 may also be involved in these
mechanisms. In MCTD, IL-4 and IL-10 production may
lead to the enhancement of Th2 and Tc2 responses, espe-
cially in active disease. Restoring the cytokine balance may
be beneficial for the outcome of MCTD.
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