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Abstract

Objective: To investigate peripheral blood lymphocyte subpopulations, particularly helper T (Th) cells and cytokine expression before
and after treatment in polymyositis (PM) and dermatomyositis (DM).

Patients and Methods: Ten patients with PM and 15 with DM were enrolled in this study. As a control we used 11 age-matched healthy
subjects. We analyzed peripheral blood lymphocytes using flow cytometry. Serum cytokines were determined by enzyme-linked immu-
nosorbent assay.

Results: Th2/Thl and Th2/Th17 ratios were significantly higher in both PM and DM than in controls and this Th2-predominancy
is marked in DM associated with interstitial pneumonia. IL-1B, IL-6 and TGF-B were significantly higher in both PM and DM and
IL-4 showed a significant increase in DM when compared to controls. There was no significant correlation between either any lympho-
cyte subpopulations or serum cytokines and clinical severity markers such as the manual muscle strength test, serum creatine kinase,
and the total CT score. Th2/Th17 in both PM and DM, as well as Th2/Thl in the latter, significantly decreased after clinical remission
compared with before treatment.

Conclusions: Th2-predominancy as shown by the increase in Th2/Thl and Th2/Th17 ratios may suggest active disease in PM/DM
but does not reflect clinical severity.
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Introduction

Polymyositis (PM) and dermatomyositis (DM) are
autoimmune inflammatory systemic disorders charac-
terized clinically by involvement of skeletal muscles,
sometimes with fatal interstitial pneumonia (IP).'?
Autoimmune abnormalities are considered to under-
lie PM/DM, and of these abnormalities, lymphocytes
play a central role in the pathogenesis.®* CD8" T cells
directly attack muscle fibers expressing major histo-
compatibility complex class I antigens in PM, while
in DM CD4* T cells and B cells infiltrate around
endomysial capillaries. This infiltration leads to irre-
versible damage to muscles via production of humoral
factors such as antibodies and cytokines.* In IP com-
plicating PM/DM, CD8* T cells play an important
role in the pathogenesis and in unresponsiveness to
corticosteroid.”®

CD4" cells mainly act as helper T cells and are clas-
sified into type 1 (Thl) and type 2 (Th2) according
to the cytokines produced: interferon (IFN)-y in Thl
and interleukin (IL)-4 in Th2. The Th1/Th2 balance
shows a difference between PM and DM but reflects
the disease activity in both disorders.”"" Recently, Th
type 17 (Th17) has appeared as a novel subpopula-
tion of T cells characterized by production of IL-17.
Th17 has been reported to contribute to the patho-
genesis of autoimmune disorders such as rheuma-
toid arthritis and multiple sclerosis.'*!* Furthermore,
pathological studies have demonstrated infiltration of
IL-17-producing cells in muscles in PM/DM.'*!> The
precise mechanisms by which naive T cells differenti-
ate into Th17 cells remain unclear, but some cytokines
such as tumor growth factor-f3 (TGF-B), IL-1p, IL-6
and IL-21 are probably relevant to this process.'*'®
TGF-B and IL-6 are important also as humoral factors
affecting the pathogenesis of PM/DM. %

In the present study we performed flow cytometry
with intracytoplasmic cytokine staining in order to
investigate subpopulations of Th cells, particularly
Th2 and Th17, in peripheral blood of PM/DM before
and after treatment. Serum levels of IL-1[3, IL-4,
IL-6, IL-21, IL-23 and TGF-3 were also determined
by an enzyme-linked immunosorbent assay (ELISA).
Significantly higher levels of Th2/Th1 and Th2/Th17
ratios than controls decreased after treatment in both
PM and DM, and we postulate that balance of Th sub-
populations may be important as a marker of the dis-
ease activity in these disorders.

Patients and Methods

Patients

We studied 10 patients with PM (2 men and 8 women;
mean age 51.8 = 20.2 years, range 17 to 81) and 15
with DM (6 men and 9 women; mean age 50.1 + 14.5
years, range 24 to 75) who had been admitted to our
hospital from January 2008 to August 2010. They
were diagnosed as having PM/DM according to the
classification criteria proposed by Bohan and Peter.?!
None of them presented with any abnormal findings
suggestive of malignancy and none had received any
immunomodulatory treatment prior to admission to
our hospital. Based on clinical symptoms such as
muscle weakness, skin eruptions, and increases in
serum creatine kinase (CK), PM/DM was considered
to be active in all of the patients. Eight of the DM
patients met the clinical criteria of clinically amyo-
pathic dermatomyositis (CADM) because of the pres-
ence of skin symptoms, including Gottron’s sign and
heliotrope rash, with no or little muscle involvement.?
Serum rheumatoid factor was not detectable in any
patients. All of the patients received prednisolone
therapy with or without immunosuppressive agents
(eg, cyclosporine A and tacrolimus) and reached clin-
ical remission, which was defined as a state showing
no or little musculocutaneous symptoms with normal
CK in serum. As a control we used 11 age-matched
healthy subjects (8 men and 3 women; mean age
51.0 £ 10.4 years, range 36 to 65), although the male-
female ratio was different from that of the patients.
The Local Ethical Committee approved this study and
we obtained informed consent from all of the patients
and controls.

Clinical assessment of the patients

As clinical markers of disease severity we primarily
used 3 indices. The first was muscle power. Manual
muscle strength test (MMT) was performed in both
sides of the deltoid, biceps, triceps, iliopsoas, quad-
riceps, and hamstrings before and after treatment.
Each muscle power was semi-quantitatively graded
using the rating scale from 0 to 5 (0: no contraction,
1: visible contraction but immovable, 2: movable
without gravity but immovable against it, 3: movable
against gravity, 4: slight decrease, 5: normal), and
the sum was defined as the MMT score. The sec-
ond clinical marker was laboratory data, particu-
larly CK and C-reactive protein (CRP) in serum.
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We obtained these data from the medical records of
the patients.

The third clinical marker of disease severity was
the CT score of associated IP. To assess pulmonary
involvement in all of the patients before and after treat-
ment, high-resolution computed tomography (HRCT)
was serially performed using LightSpeed VCT
VISION (GE Healthcare Japan; Hino, Japan), with
2-mm collimation at 15-mm intervals at end inspira-
tion from the lung apices to the bases. All images were
reconstructed with a high-spatial frequency algorithm
and photographed at window widths of —1500 H.U.
and window levels of =600 H.U. We selected and ana-
lyzed 6 transverse CT images taken at the levels of
the upper and lower portions each of the aortic arch,
the hilus and the lower lobe. Two raters (YS and
MM) blinded to the clinical information evaluated the
HRCT images, focusing on the following 6 findings:
(1) nodular opacities, (2) bronchial dilatation and wall
thickening, including consolidation around broncho-
vascular bundles, (3) pleural thickening, (4) reticular
opacities, including honey-comb changes, (5) linear
opacities and (6) increased lung opacities. To deter-
mine the distribution of IP changes, we used the visual
estimation method described by Kinoshita et al.?
Each CT slice level was divided into 4 areas accord-
ing to a horizontal and a vertical line drawn by a rater,
and scored in a semi-quantitative manner as follows:
0 = absent; 1 =less than 25% involved; 2 = 25%—-50%
involved; 3 = 50%-75% involved; and 4 = greater
than 75% involved. The final judgment was reached
by consensus of the 2 raters. Right and left lungs were
evaluated separately, and the sum was defined as the
total CT score.

Flow cytometry

Heparinized whole blood taken both from patients
before and after treatment and from the controls
was separated into mononuclear cells by the Ficoll-
Hypaque gradient method. After being washed twice
with cold FACS flow buffer (Becton Dickinson, San
Diego, CA, USA), cells were divided into those for
detecting surface markers and those for intracytoplas-
mic staining. To detect surface markers of lympho-
cytes, cells were re-suspended at 5 x 10%mL and an
aliquot of 200 UL was put into a 10 mL tube; 20 uL
of each appropriate monoclonal antibody (mAb)
was then added to these tubes, incubated at 4 °C in

the dark for 30 minutes and washed twice with cold
FACS flow buffer.

For intracelluar staining of cytokines, cells were
incubated at 37 °C for 4 hours in 5 mL of RPMI
1640 (Sigma, St. Louis, MO, USA) containing
5% fetal bovine serum (Gibco, Grand Island, NY,
USA), 2 mM glutamine (Gibco), 2 uM monensin
(GolgiStop, Becton Dickinson), 40 ng/mL of phor-
bol 12-myristate 13-acetate (PMA, Sigma) and
500 ng/mL of ionomycin (Sigma). After being
washed twice with cold FACS flow buffer, the cells
were incubated with 2% human serum at 4 °C for
30 minutes in order to block Fc receptors. After
being washed twice with cold FACS flow buffer, the
cells were re-suspended at 5 X 10/mL and an aliquot
of 200 uL was put into a 10 mL tube. Appropriate
mAbs directed against a cell surface antigen were
then added to these tubes and incubated at 4 °C in
the dark for 30 minutes. The cells were washed twice
with cold FACS flow buffer and treated with 250 uL
of Cytofix/Cytoperm solution (Becton Dickinson)
at 4 °C for 20 minutes. After being washed once
with Perm/Wash solution (Becton Dickinson), 20 or
10uL of each appropriate anti-cytokine mAb that
had been used for intracytoplasmic staining were
then added to these tubes and were incubated at 4 °C
in the dark for 30 minutes.

After being washed twice with cold FACS flow
buffer, the labeled cells were analyzed by two- or three-
color flow cytometry using FACSCalibur (Becton
Dickinson). The gate was set on lymphocytes, and
1 x 10* cells were analyzed. The results were expressed
asthepercentage ofcellspositive foreachmAbinwhole
lymphocytes. The following mAbs were employed
in this study: fluorescein isothiocyanate-conjugated
mAbs to CD4 (13B8.2), CD8 (B9.11), CDI16
(3G8) and CD23 (9P25), phycoerythrin (PE)-
conjugated mAbs to CD25 (B1.49.9), CD56 (N901),
CD80 (MAB104), IL-4 (4D9), interferon (IFN)-y
(45.15) and IL-17 (41802), phycoerythrin-Texas red-
conjugated mAbs to CD45RO (UCHL1)and CD45RA
(2H4), and phycoerthrin-cyanin 5.1-conjugated mAbs
to CD3 (UCHT1) and CD19 (J4.119). We purchased
PE-conjugated mAb to IL-17 from R&D Systems
(Minneapolis, MN, USA) and others from Immu-
notech (Marseille, France). Each above-mentioned
fluorochrome-conjugated mouse IgG1 (Immunotech)
was used as negative controls.
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ELISA

Serum samples for cytokine analysis were also
obtained from the patients and controls. Whole
blood was allowed to clot at room temperature for
60 minutes followed by separation by centrifugation.
To prevent the degradation of protein, 1000 kallikrein
inhibitory units of protease inhibitor (aprotinin,
Sigma) was added to each milliliter of serum at the
time of the sample collection. Serum samples were
subsequently frozen and stored at —80 °C until assay
for cytokines. All assays were performed in a blinded
fashion on coded sterile samples.

We used commercially available ELISA kits in
order to determine the serum concentrations of IL-1f3,
IL-4, IL-6, IL-21, IL-23 and TGF-B. All of the kits
were purchased from R&D Systems (Minneapolis,
MN, USA) except that for IL-21 (Abnova, Atlanta,
GA, USA). The cytokine present in the sample or the
standard was bound to the mAb adsorbed on poly-
styrene microwells. Horseradish peroxidase (HRP)-
conjugated mAb was subsequently added and bound
to the cytokine captured by the first antibody. Unbound
enzyme-conjugated mAb was removed by washing,
and a substrate solution reactive to HRP was added to
each well. A colored product was formed in proportion
to the amount of the cytokine present in the sample.
The reaction was terminated by adding acid, and the
absorbance of each well was measured at appropri-
ate wave length using a Multiskan Spectrum spec-
trophotometer manufactured by Thermo Labsystems
(Franklin, MA, USA). A standard curve was prepared
from standard dilutions of cytokines in duplicate. The
cytokine concentration in each sample was deter-
mined from the standard curve. To detect heterophilic
antibodies in the samples we used microtiter plates
(Flow Laboratories, McLean, VA, USA), pre-coated
overnight with 1 pg/mL of mouse IgG1 (eBioscience,
San Diego, CA, USA) in 20 mM Tris pH 9.0 and then
blocked with NET/NP-40 buffer containing 0.5%
bovine serum albumin and 0.05% NaN3 instead of
those in the ELISA kits.***

Statistical analysis

To detect significant differences in phenotypes of lym-
phocytes and serum cytokines among PM, DM, and
controls,weusedthe Mann—Whitney Utest. Wilcoxon’s
signed rank test was employed for comparison

between results before treatment and after clini-
cal remission. Relationships between phenotypes of
lymphocytes and serum cytokines or clinical indices,
such as CK and the total CT score, were investigated
using Spearman’s correlation coefficient test. The
results were expressed as mean + standard deviation,
and a P-value less than 0.05 was regarded as statis-
tically significant. Commercially available statistics
software was used for data analysis (StatView for
Macintosh, Abacus Concepts, Berkeley, CA, USA).

Results

Phenotypes of peripheral blood
lymphocytes (PBL)

Results of flow cytometry and comparison among
PM, DM, and controls are demonstrated in Table 1.
Both PM and DM showed significant increases in the
percentages of CD4*CD25* (activated Th, P < 0.05)
and CD4'IL-4* (Th2, P < 0.01) cells, and signifi-
cant decreases in those of CD3"CD16/CD56" (natural
killer cells, P < 0.01 and P < 0.05, respectively)
and CD19*CD80* (activated B cells, P < 0.005 and
P < 0.001, respectively) cells when compared with
controls. Both PM and DM showed a decrease in the
percentage of CD4*IL-17* cells (Th17) and statistically
significant differences were seen between controls and
either PM (P < 0.0005) or DM (P < 0.005). This sub-
population was lower in PM than in DM, although
there was no statistical difference. The percentage of
CD3*CD4 CD&IL-17* cells were quite low and no
significant difference was present between controls and
either PM or DM. Both PM and DM showed signifi-
cant increases in Th2/Thl (P < 0.05 and P < 0.005,
respectively), Th1/Th17 (P < 0.005 and P < 0.01,
respectively) and Th2/Th17 ratios (P < 0.005) when
compared with controls. There was no significant dif-
ference in phenotypes of lymphocytes examined in the
present study between PM and DM. Figure 1 demon-
strates actual values of phenotypes and ratios which
showed significant differences between controls and
PM or DM. IP was seen in 5 patients with PM and 9 with
DM. DM with IP showed significantly higher values in
the percentage of Th2 cells (P < 0.01) and the ratios of
Th2/Thl (P < 0.01) and Th2/Th17 (P < 0.05) when
compared with DM without IP (Fig. 2). The Th2/Th1
ratio was significantly higher in DM with IP also in
comparison with PM with IP (P < 0.05). There was no
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Table 1. Results of flow cytometry and comparison
among PM, DM and controls.

Phenotype Controls PM DM
CD3CD4* (%)
Mean 38.96 45.05 34.18
SD 8.01 11.50 11.48
vs. controls NS NS
vs. PM NS
CD4+CD25* (%)
Mean 5.36 13.30 14.50
SD 1.61 8.96 10.05
vs. controls 0.011 0.036
vs. PM NS
CD3+CD8* (%)
Mean 21.66 19.03 19.49
SD 8.90 8.94 13.78
vs. controls NS NS
vs. PM NS
CD8+CD25* (%)
Mean 1.13 1.10 0.95
SD 0.70 0.72 0.85
vs. controls NS NS
vs. PM NS
CD3-CD16/CD56* (%)
Mean 22.20 11.72 15.60
SD 10.36 4.27 9.95
vs. controls 0.007 0.046
vs. PM NS
CD4+CD45R0O" (%)
Mean 18.08 18.39 16.43
SD 5.35 5.38 7.78
vs. controls NS NS
vs. PM NS
CD4+CD45RA* (%)
Mean 22.81 26.62 26.31
SD 9.78 12.59 16.13
vs. controls NS NS
vs. PM NS
CD19+CD23* (%)
Mean 7.31 9.48 9.14
SD 243 5.05 5.83
vs. controls NS NS
vs. PM NS
CD19+CD80* (%)
Mean 1.30 0.54 0.53
SD 0.72 0.23 0.41
vs. controls 0.004 0.0009
vs. PM NS
CD4+/CD8*
Mean 2.10 3.67 2.64
SD 1.16 3.74 2.09
vs. controls NS NS
vs. PM NS
(Continued)

Table 1. (Continued)

CD4FN-y* (%)

Mean 5.96 3.02 3.83
SD 3.96 1.96 2.35
vs. controls NS NS
vs. PM NS
CD4+IL-4* (%)

Mean 0.28 1.14 2.58
SD 0.46 1.02 3.12
vs. controls 0.0053 0.008
vs. PM NS
CD8*IFN-y* (%)

Mean 6.25 6.14 8.11
SD 4.25 5.51 8.07
vs. controls NS NS
vs. PM NS
CDB8*IL-4* (%)

Mean 0.21 0.29 0.43
SD 0.28 0.22 0.71
vs. controls NS NS
vs. PM NS
CD4*IL-17* (%)

Mean 6.32 1.74 2.12
SD 3.62 1.03 2.06
vs. controls 0.0002 0.0014
vs. PM NS
CD4-CD8IL-17* (%)

Mean 0.58 0.73 1.22
SD 0.98 0.68 1.49
vs. controls NS NS
vs. PM NS
Th2/Th1

Mean 0.066 0.22 0.51
SD 0.084 0.15 0.49
vs. controls 0.012 0.0013
vs. PM NS
Th1/Th17

Mean 0.63 6.89 12.72
SD 0.49 8.36 23.23
vs. controls 0.0039 0.0068
vs. PM NS
Th2/Th17

Mean 0.05 1.076 11.11
SD 0.077 1.13 26.57
vs. controls 0.0021 0.001
vs. PM NS

Abbreviations: DM, dermatomyositis; IFN, interferon; IL, interleukin;
NS, not significant; PM, polymyositis; SD, standard deviation.

significant difference in these indices of PM between
with and without IP.

Comparison of PBL phenotypes in PM and DM
between results before treatment and after clinical
remission is shown in Figure 3. The percentages of
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Figure 1. Actual values of phenotypes and ratios which showed significant differences between controls and PM or DM.

Th17 cells in both PM and DM were significantly
higher after clinical remission than before treatment
(P <0.05and P <0.01, respectively). In contrast, the
percentages of Th2 cells in PM and DM significantly
decreased after clinical remission compared with
before treatment (P < 0.05and P < 0.01, respectively).
The Th2/Thl and Th2/Th17 ratios in DM and the
latter in PM significantly decreased after clinical
remission compared with before treatment (P < 0.01
and P < 0.05, respectively). Other lymphocyte phe-
notypes showed no significant change in percentage
after clinical remission. There was no significant

relationship between PBL phenotypes and the clinical
markers of disease severity, such as the MMT score,
serum CK, and the total CT score (data not shown).

Cytokines in sera

Results of ELISA and comparison among PM, DM,
and controls are shown in Table 2. No positive results
were detectable inany microtiter plates pre-coated with
mouse IgG1. Both PM and DM showed significantly
highervaluesinIL-1p (P <0.05and P <0.005, respec-
tively), IL-6 (P <0.0005 and P <0.0001, respectively)
and TGF-3 (P < 0.0005 and P < 0.005, respectively)
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Figure 2. Th2/Th1 and Th2/Th17 ratios and the percentage of Th2 cells
in PM/DM before treatment.

Notes: DM with active IP (n = 9) showed significantly higher values in
the percentage of Th2 cells as well as in Th2/Th1 and Th2/Th17 ratios
compared with DM without active IP (n =6). Th2/Th1 was also significantly
higher in DM with active IP (n = 9) in comparison with PM with active IP
(n=5). In PM there was no significant difference in either the percentage
of Th2 cells, Th2/Th1 or Th2/Th17 between with active IP (n = 5) and
without active IP (n =5).

than controls. IL-4 was also significantly increased in
DM (P < 0.005) when compared with controls but
not in PM. IL-21 and IL-23 were slightly higher in
both PM and DM than in controls despite the lack of
significant differences.
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Comparison of serum cytokines in PM and DM
between before treatment and after clinical remis-
sion is shown in Figure 4. Serum TGF-3 in PM sig-
nificantly decreased after clinical remission compared
with before treatment (P < 0.05). DM showed a ten-
dency to decrease in TGF-f after clinical remission,
but no significant difference was seen in compari-
son with before treatment. IL-6 also decreased after
clinical remission in both PM and DM. PM showed
no significant difference between results before treat-
ment and after clinical remission, while in DM, IL-6
decreased significantly (P < 0.005). IL-1B, IL-4,
IL-21, and IL-23 showed a tendency to decrease after
clinical remission in both PM and DM compared with
before treatment, but no significant differences were
present. No significant correlations were seen between
any cytokines and either the clinical markers of dis-
ease severity, such as the MMT score, serum CK, and
the total CT score, or the phenotypes of PBL, includ-
ing Th17 cells (data not shown).

Discussion

Recent reports from other institutes have so far dem-
onstrated alterations of PBL phenotypes in the active
phase of PM and DM, such as decreased numbers
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Figure 3. Comparison of PBL phenotypes in PM and DM between before treatment and after clinical remission.

Notes: Both PM and DM showed a significant decrease in the percentage of Th2 and a significant increase in that of Th17 cells after clinical remission
compared with before treatment. Th2/Th1 and Th2/Th17 in DM as well as the latter in PM significantly decreased after clinical remission compared with
before treatment. Th2/Th1 in PM showed a tendency to decrease after clinical remission, but there was no significant difference. Closed circles = with IP,

open circles = without IP.
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Table 2. Results of ELISA and comparison among PM, DM and controls.

Control PM DM
All patients Without IP With IP All patients Without IP With IP

Number of subjects 11 10 5 5 15 6 9
IL-1B (pg/mL)
Mean 0.20 0.86 0.50 1.23 1.12 1.00 1.19
SD 1.12 0.56 0.58 0.21 0.57 0.60 0.59
vs. controls 0.026 0.0024
vs. without IP 0.043 NS
IL-4 (pg/mL)
Mean 2.22 2.29 2.10 2.48 5.50 5.12 6.36
SD 0.59 0.54 0.60 0.47 2.69 2.68 2.66
vs. controls NS 0.0024
vs. without IP NS NS
IL-6 (pg/mL)
Mean 0.65 7.62 4.93 10.85 30.35 16.37 39.34
SD 0.76 7.93 5.50 9.78 55.05 20.24 69.41
vs. controls 0.0003 <0.0001
vs. without IP NS NS
IL-21 (pg/mL)
Mean 15.15 20.24 16.59 23.90 16.20 27.62 9.86
SD 21.84 36.33 22.93 49.09 38.74 61.76 20.12
vs. controls NS NS
vs. without IP NS NS
IL-23 (pg/mL)
Mean 26.10 30.38 25.25 35.50 27.92 29.80 26.75
SD 18.18 11.17 5.06 13.96 7.62 4.55 9.15
vs. controls NS NS
vs. without IP NS NS
TGF-8 (pg/mL)
Mean 462.5 1129.2 1109.4 1148.9 941.8 1081.7 864.1
SD 174 .1 250.1 252.0 276.1 430.8 185.4 515.2
vs. controls 0.00011 0.0012
vs. without IP NS NS

Abbreviations: DM, dermatomyositis; ELISA, enzyme-linked immunosorbent assay; IL, interleukin; IP, interstitial pneumonia; NS, not significant; PM,

polymyositis; SD, standard deviation; TGF, tumor growth factor.

of CD4*, CD8&" and CD8"CD28" cells, decreased
percentages of CD3* and CD8* cells, and increased
percentages of CD4*CD28™! cells.!*?% In the pres-
ent study on surface antigens of PBL the proportion of
CD4*CD25" cells indicating activated Th cells were
significantly increased in both PM and DM, when com-
pared with controls, as shown in the previous report.!!
CD4*CD25* cells may include regulatory T cells, but
we do not have data enough to mention Foxp3, which
is a marker specific for this subpopulation. PM and
DM showed significant decreases in the proportion
of CD3"CD16/CD56" cells indicating natural killer
(NK) cells irrespective of associated IP, in contrast
to idiopathic pulmonary fibrosis, in which this sub-
population is increased.’®*! As acute IP sometimes
precedes muscle and skin symptoms in both PM and

DM, an obvious decrease in the proportion of NK
cells in PBL of IP patients may suggest the existence
of these disorders in background. The present study
on intracytoplasmic cytokines demonstrated signifi-
cant increases in the proportion of Th2 cells and the
Th2/Thl ratio in both PM and DM when compared
with controls. The previous reports have also shown
an increase in these indices in active phase of DM
as well as PM.'*!" Considering that both the propor-
tion of Th2 cells and the Th2/Th1 ratio were higher
in DM than in PM despite the absence of a signifi-
cant difference, Th2-predominancy is probably more
marked in the former than in the latter. Associated
IP further enhanced Th2-predminancy in DM. These
results suggest that the increased Th2/Thl balance
may contribute to the pathogenesis of PM and DM,
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Figure 4. Comparison of TGF-$ in PM (A) and IL-6 in DM (B) between
before treatment and after clinical remission.

Notes: After clinical remission TGF-$ and IL-6 significantly decreased
in PM and DM, respectively, compared with before treatment. Closed
circles = with IP, open circles = without IP.

particularly the latter with IP often resulting in poor
life prognosis. The significantly elevated serum level
of IL-4 in DM patients also supports this hypothesis.

The most notable finding in the present study is
that the proportion of Th17 cells in PBL was signifi-
cantly decreased in the active phase of both PM and
DM, when compared with controls. Together with an
increase in the proportion of Th2 cells, the ratios of
Th1/Th17 and Th2/Th17 were increased in both dis-
orders before treatment. No report has so far described
such findings in either PM or DM, although a recent
study demonstrated a significantly higher proportion
of Th17 in CXCR5'CD4* T cells in peripheral blood
of juvenile DM.*? The proportion of Th17 cells signif-
icantly increased after clinical remission in both PM
and DM, but there were no correlations between PBL
phenotypes examined, including this parameter, and
the severity indices, such as the MMT score, CK, and
the total CT score. In contrast to our results, however,
recent pathological studies demonstrated infiltrations
of IL-17-producing cells in skeletal muscles of PM/
DM.!'*15 The precise reason for the discrepancy in
IL-17-producing cells between peripheral blood and
muscle tissue is unclear, but 2 possible mechanisms
may have been relevant to the significantly decreased
proportion of Th17 in the former. One is migration
of Th17 cells from peripheral blood into muscles in
the active phase of PM/DM. Increased production of
inflammatory cytokines, including IL-6, may enhance
the permeability of endomysial small vessels,** and
make the Th17 cells easily infiltrate into the muscle
tissue. The other possible mechanism is suppressed
differentiation into Th17 cells in peripheral blood.
Th2-predominancy in DM may have produced

negative effects on differentiation into Th17 cells in
peripheral blood via cytokines, such as IL-4, although
elevated levels of TGF-B and IL-6 in serum (as
shown in the present study) can increase these cells.**
CD3*CD4-CD8" cells designated as double negative
T cells have autoimmune reactivity,”> and among
them the IL-17-producing subpopulation (CD3*CD4~
CDB87IL-17* cells) has recently been reported to show
an increase in collagen vascular disorders such as
systemic lupus erythematosus.* In the present study,
however, no significant increase in the proportion of
CD3*CD4CD8 IL-17* cells was seen in the active
phase of either PM or DM.

We determined serum levels of IL-1J3, IL-6, TGF-J3,
IL-21, and IL-23, which are all involved in differen-
tiation into Th17 cells.'®'*¥"3% According to several
recent reports, TGF- is increased in both the skel-
etal muscle tissue and sera in PM/DM"-* and serum
IL-6 is correlated with the disease activity of DM.*
Also in the present study, IL-6 and TGF-B demon-
strated significantly higher levels before treatment in
both PM and DM when compared to controls. After
clinical remission significant decreases were seen
in IL-6 in DM and in TGF-B in PM. IL-1f3 was also
higher in both PM and DM before treatment than in
controls, but no significant decreases were seen after
clinical remission. These results suggest that [L-6 and
TGF- may be usable as a clinical marker indicat-
ing the disease activity of DM and PM, respectively,
although the general status of the patients at sampling
and some factors other than these disorders, such as
infection, often affect serum cytokine levels. 1L-21
has been reported to contribute to the pathogenesis
of some autoimmune disorders with regard to pro-
moting proliferation of T cells, including Th17.'840
In the present study, however, serum IL-21 showed
no significant difference between controls and PM
or DM before treatment, and there was no evidence
suggesting the involvement of this cytokine in the
pathogenesis.

In conclusion, Th2-predominancy with an increase
in Th2 and a decrease in Th17 forms a basic immu-
nological background in the active phase of PM and
DM. Increased Th2/Thl and Th2/Th17 ratios reflect
the disease activity of PM and DM but not the sever-
ity, and may be useful as a therapeutic marker in the
treatment of both disorders. These hypotheses should
be confirmed in a larger set of patients.
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