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Table 1

Result of immunohistochemical analysis for immune competent cells infiltration. Data represented as mean number of cells and SD. Statistical analysis for comparison was

performed by using unpaired t-test.

MelanA CD8 Foxp3 CD4 CD4+ IL17A+  Epi. CD1a CD11c AHR HLA-DR (D123 Der. CD1a+ (D56
CD207-
LS(n=6)  1.7+35 3954227 102434 165438 156463 33.5£100° 37432  158%115 3114211 11.6+55 144 45
LE (n=6)  85+3.67 19.9+154 916434 14.5+42  10.3+28 22.6+7.1 17.348.3° 12.0492  26.5+15.1 132440 102 4.5
NL(n=6) 19.2+7.8  14.3%105  9.1+33 10.7+33 5.2+14 19.2+3.9 5.8+3.7  7.8423 18.1486 103+33 76 1.75
Psoriasis  41.3 37.7 18.3 32.3 283" 46.7" 247" 13 28 113 ND 2
(n=1)
Normal  17.84+2.2 7.8+2.4 79432  12.3£2.1 8.5+1.0 5.9+0.9 5.88+1.1  7.8433 163492 79425 0 0
(n=3)

ND represent not done.
" p-Value <0.01.
" p-Value <0.05.

TNF-a and IL-6 [8]. Since LCs are commonly activated under IL-1a
and TNF-a condition in case of contact hypersensitivity [9], it is
conceivable that activated LCs may be an important factor on the
occurrence of vitiligo as the interface of melanocyte-specific
adoptive immunity cooperating with cytotoxic T cells and may also
induce innate immunity in participation with Th17 cells. Following
increased infiltration of CD11c+ myeloid dendritic cells and dermal
CD1a+ dendritic cells in vitiligo skin can act as antigen trafficking
to draining lymph nodes and can produce proinflammatory
cytokines such as IL-6 and TNF-« leading to determine helper T
cells polarization [10]. Taken together with the effect of Th17 cell-
related cytokines on surrounding keratinocyte and fibroblast [6],
this positive feedback linage of local cytokines is possibly
important for transient appearance of indeterminate dendritic
cells and subsequent mature melanocyte disappearance. Given
this idea on the underlying immunogenic mechanism, early
therapeutic intervention of molecular targeting biologics is
considerable for the treatment with progressive nonsegmental
vitiligo.
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Letter to the Editor

Increased frequencies of Th17 cells in drug

N CrossMark
eruptions

T cell-mediated hypersensitivity is the most frequent type of
drug eruptions {1] and includes maculopapular eruption (MPE),

erythema multiforme (EM), Stevens-johnson syndrome (S]JS), toxic
epidermal necrolysis (TEN), and drug-induced hypersensitivity
syndrome (DIHS). SJS and TEN, and some of EM are characterized
by cytotoxic T (Tc) cell attack toward epidermal keratinocytes with
granulysin and Fas—Fas ligand [2], and DIHS is associated with
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Fig. 1. (A) Percentages of [L-17, IFN~v, IL-4, or IL-5-producing T cells in the peripheral blood. Blood samples were collected on 2-6 days after onset in EM and SJS/TEN and on 10
days after onset in DIHS and analyzed on a FACSCanto (BD Bioscience, San Diego, CA). In MPE, EM and SJS/TEN, the mean percentages of CD3", CD4", and CD8" cells were within
normal ranges (CD3" cells, 58-84%; CD4™ cells, 25-56%; CD8" cells, 17-44%). Intracellular cytokines of PBMCs were stained according to the protocol of Cytostain with a few
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Table 1

Cytokine conncentrations in the culture supernatants from skin-infiltrating T cells. Cytokine concentration (pg/ml).
Case Type Biopsy day IL-2 IL-4 IL-6 IL-10 TNF-a IFN-y IL-17A CD4/CD8
28 EM 2 892 14,191 12 32 1495 1565 25 0.10
29 EM 2 4330 3640 9 878 4300 1145 32 0.60
30 EM 7 8 7332 25 519 395 10,115 3497 0.63
31 EM 1 242 5177 92 2988 1587 18,525 41 0.21
32 SIS 7 23 4959 1011 2 1264 5840 15 0.50
33 DIHS 21 20 8175 782 333 465 16,060 3700 6.1
34 DIHS 12 432 3452 264 545 3944 22,770 1659 0.77
35 DIHS 2 8 10,245 436 2684 637 4725 27 0.73
36 DIHS 7 63 7380 338 37 467 317 35 30
37 DIHS 12 19 11,965 89 1035 1423 4210 176 8.7
38 DIHS 24 21 11,130 636 1119 2976 3053 24 15
39 DIHS 6 19,650 19,395 118 3279 12,300 20,115 25 1.4

Biopsy day: the day of biopsy after skin eruption onset. For expansion of T cells, 4-mm skin samples were immersed in complete RPMI supplemented with 20-50 U/m! human
recombinant IL-2 and anti-CD3/CD28 mAb-conjugated microbeads (T-cell Expander; Dynal, Copenhagen, Denmark) as previously reported [8]. We obtained >107 cells/
specimen by this method. After phenotyped by flow cytometry, the cells (2 x 10°/well) were cultured in an immobilized anti-CD3 mAb-coated 96-well plate for 48 h. The
culture supernatants were then harvested to measure the levels of IL-2, IL-4, IL-6, IL-10, IL-17, IFN-y and TNF-o. with CBA.

reactivation of human herpesvirus 6 (HHV6) [3]. Upon occurrence ionomycin [5]. Since CD4 expression on T cells is downregulated
of these eruptions, the populations of circulating T cells may be with the stimulants, Th17 cells were expressed as IL-17A*CD3" and
polarized [4]. Interleukin (IL)-17A-producing Th17 cell is a CD4™ T IL-17A*CD8™ T cells, and the major source of IL-17A, IL-4, and IL-5
helper subset, and dysregulated Th17 responses mediate psoriasis, was CD87(CD4™) cells [5]. The percentages of IL-17A*CD8~(CD4")
allergic diseases, and others [5]. Drug eruption merits Th17 were dramatically increased in DIHS (10 days after onset) and
investigation to see the biased relationship between Th17 cells and tended to be high in SJS/TEN (2-6 days after onset) as compared to
the other T cell subsets [6] and the host-defensive role of Th17 cells normal subjects (NS, n = 9) and MPE patients (2-6 days after onset)
in DIHS. We investigated circulating and skin-infiltrating Th17 (Fig. 1a). In Tc1 (IFN-y*CD8*) and Th1 (IFN-y*CD8™) cells, no
cells in drug eruptions. significant differences were found among the groups. IL-5" cells
This study consisted of two types of experiments using different were significantly higher and IL-4 cells tended to be higher in
samples: peripheral blood mononuclear cells (PBMCs) and DIHS. During the clinical course of DIHS, IL-17A*CD8~ cells
biopsied skin specimens. Totally 39 cases of drug eruption were (normal, 0.4%) and IL-5°CD8" cells (normal, 0.3%) were declined
enrolled in this study (Supplemental Table 1). Cases 1-27 (MPE, in percentage (Fig. 1b).
15; EM, 6; SJS, 1; TEN, 1; and DIHS, 4) were seen in University of To investigate the in vitro cytokine production, LTT-positive
Occupational and Environmental Health for the PBMC study, and PBMCs from 2 patients with EM (cases 20 and 21) and 2 patients
cases 28-39 (EM, 4; SJS, 1; and DIHS, 7) were in Hamamatsu with DIHS (cases 26 and 27) were cultured with the causative
University School of Medicine for the skin-infiltrating T cell study. drugs. The drug concentration was determined by the highest LTT
In 14 patients, the lymphocyte transformation test (LTT) was proliferation, and the culture supernatants were measured for
assessed by 3H-thymidine uptake after 3-day culture with drugs cytokines. In all four cases, the causative drug significantly
[1], and 9 patients showed positive results. The diagnoses of SJS, stimulated the PBMCs taken 26-53 days after onset to produce
TEN [7], and DIHS (seroconversion of anti-HHV6 IgG) [3] were IL-17A (Fig. 1c). The produced IL-17A amounts were not high,
reported. All patients were informed and agreed to participate. The however, considering the relatively low percentages (0.8-1.3% of
skin-infiltrating T cell analysis was approved by the ethical PBMCs) of Th17 cells and the inability of IL-17A to stimulate
committee of Hamamatsu University. bystander T cells, the stimulation degrees seem to be significant.
Supplementary material related to this article can be found, in The productions of IFN-yand IL-4 were also significantly increased
the online version, at http://dx.doi.org/10.1016/j.jdermsci.2013. in 2 EM and 1 DIHS cases, and 2 EM and 1 DIHS cases, respectively.
08.008. The biopsied skin specimens from 4 EM (cases 28-31), 1 SJS
PBMCs were taken from the patients with MPE, EM, SJS or TEN (case 32), and 7 DIHS patients (cases 33-39) were recruited for the
2-6 days after the onset of eruption and from those with DIHS2-3 production of cytokines by skin-infiltrating T cells. T cells were
times (on day 10, 13-16, and 26-53), and analyzed by flow expanded with IL-2 and anti-CD3/CD28 mAb-conjugated microbe-
cytometry. There was no significant difference in CD4/CD8 ratio ads [8] and further cultured in an immobilized anti-CD3 mAb-
between the eruption types (Fig. 1a). However, CD8" cell coated 96-well plate (2 x 10°/well) for 48 h. IL-17A variously
percentage in DIHS (43%, day 13-16) was significantly higher produced in these cases (Table 1). In the 7 patients with DIHS,
(P=0.0054) than that in MPE (18%). however, the IL-17A levels appeared to fluctuate in parallel with
Intracellular cytokines were stained after stimulation of freshly the clinical courses. The timing of skin biopsy after eruption onset
isolated PBMCs with phorbol 12-myristate 13-acetate (PMA) and and the IL-17 values are as follows: day 2, 27 pg/ml (case 35); day

modifications. Briefly, freshly isolated PBMCs (2 x 10° cells/ml) were incubated in complete RPMI in a 24-well plate with 10 ng/ml of PMA (Sigma Chemical Co.), 10~% M of
ionomycin (Wako, Osaka, Japan) and 0.7 jul of Golgistop (BD Biosciences) for 8 h [5]. The cells were washed and directly stained with PerCP-conjugated anti-CD8 mAb and
subsequently with APC-conjugated anti-CD3 mAb. After washing, 100 p.! of Cytofix/Cytoperm buffer was added to each well and incubated for 20 min at room temperature,
and washed with Perm/Wash solution as manufacture’s protocol. They were stained with PE-labeled anti-1L-17, IL-4, or IL-5 and FITC-labeled anti-IFN-y mAb. Fluorescence
profiles were analyzed by flow cytometry in FACSCanto. The IL-17%, IL-4*, and 1L-5"cell population was found exclusively in CD3"CD8™ T cells. Vertical bars represent the
mean =% SD.Ctr: healthy control. (B) Changes in the percentages of IL-17-or IL-5-producting cells in patients with DIHS. PBMCs were taken from the patients at the indicated time
points, stimulated with PMA and ionomycin, and intracytoplasmically stained with antibodies to [L-17 and IL-5. (C) Cytokine production by PBMCs from patients with EM or DIHS in
response to causative drugs. PBMCs were taken from patients 26-53 days after onset. Patients’ PBMCs were cultured in triplicate with a causative drug in complete RPMI in 24-well
plates (2 x 10 cells/1 mljwell). The final concentration of drugs was determined on the basis of known Crax of each drug. In LTT, the drugs were added to the culture at 1/10, 1, and
10 times of Cmax. For cytokine production, PBMCs were cultured with the causative drug at the concentration that yielded the highest proliferation, and the culture supernatants
were subjected to cytokine measurement. Three-day culture supernatants were measured for IFN-vy, IL-4, and IL-17 with the Human Th1/Th2/Th17 Cytokine Beads Array kit (CBA,
BD). Vertical bars represent the mean + SD. Wilcoxon test was employed to evaluate statistical significance between the means. P < 0.05 was considered significant.
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6, 25 pg/ml (case 39);day 7, 35 pg/ml (case 36);day 12, 176 pg/ml
(case 37) and 1.659 pg/ml (case 34);day 21, 3.700 pg/ml (case
33);day 24, 24 pg/ml (case 38). Thus, the IL-17A production by
skin-infiltrating cells were increased and peaked by day 21 and
declined thereafter. Considering the time lag of [L-17A production
peak between the skin-infiltrating and peripheral blood T cells
(see Fig. 1a), it seems that peripheral blood Th17 cells migrate into
the skin on day 12-21 after the onset.

In the present study, the percentages of circulating Th17 cells
were increased markedly in DIHS and SJS/TEN, and moderately in
EM, which is consistent with the previous observation in SJS/TEN
[9]. In the clinical course of DIHS, while the frequencies of Th17 and
Th2 cells were increased at the early stage and decreased
thereafter, activated CD8” T cells expanded during 2 to 6 weeks
after the onset [4] and thus preceded by Th17 and Th2 cells. Th2
cells can respond to causative drugs, and Tc1 cells may be reactive
with the virus-infected cells. Plasmacytoid dendritic cells, which
have a protective role for viruses, are also decreased at the early
stage of DIHS and increased on recovery [10].

Our study demonstrated that Th17 cells are present in the
lesional skin as well as the peripheral blood. Compared with the
circulating Th17 cells, the appearance of skin-infiltrating Th17
cells seemed to be delayed. It is considered that Th17 cells first
expand in the blood and subsequently emigrate into the skin.
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