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Abstract

Background. Requlatory T (Treg) cells and plasmacytoid dendritic cells (pDCs) are involved in the patho-
genesis of drug rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity syndrome
(DRESS/DIHS).

Objectives. To compare circulating Treg cells and pDCs at different stages among patients with DRESS/
DIHS, patients with maculopapular drug eruption (MPE), and healthy subjects, and to assess circulating Treg
cells and pDCs at post-steroid cessation in DRESS/DIHS.

Materials and methods. This was a cross-sectional study that enrolled adult patients diagnosed with
DRESS/DIHS and MPE. Blood samples were obtained from the patients at the initial presentation (acute
phase), 1 week later (subacute phase), during the 3 week (resolution phase), and post-steroid cessation
for DRESS/DIHS. Healthy subjects’ blood samples were also taken. Peripheral blood mononuclear cells were
isolated for flow cytometry analysis.

Results. A total of 22 patients participated in this study: patients with DRESS/DIHS (n=9), patients with MPE
(n=8),and healthy subjects (n=5). During the acute stage of DRESS/DIHS and MPE, the mean percentage
of Treg cells and pDCs significantly decreased compared to healthy subjects. However, Treg cells showed
a progressive increase towards the resolution phase in both conditions, while pDCs continued to decrease
towards the resolution phase. Following steroid discontinuation in DRESS/DIHS, both Treg cells and pDCs
showed a progressive increase in number,

Conclusions. Treg cells and pDCs play a role in DRESS/DIHS and MPE pathogenesis, evidenced by the fluc-
tuation in their percentages at each stage of both conditions. However, increased circulating Treg cells may
crucially mitigate inflammation in both conditions.

Key words: requlatory T cells, plasmacytoid dendritic cells, drug-induced hypersensitivity syndrome, drug
rash with eosinophilia and systemic symptoms, maculopapular drug eruption
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Highlights

out the recovery phase.

maculopapular drug eruption.

» Regulatory T (Treg) cells and plasmacytoid dendritic cell (pDC) levels were significantly reduced during the acute
phase of drug rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity syndrome and macu-
lopapular drug eruption compared with healthy controls.

+ Regulatory T cells progressively increased during disease resolution, whereas pDCs continued to decline through-

+ Following steroid withdrawal in drug rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity
syndrome, both Treg cell and pDC levels showed a gradual increase.

» Dynamic changes in Treg cell and pDC levels suggest their involvement in immune regulation and inflammatory
modulation in drug rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity syndrome and

Background

Drug rash with eosinophilia and systemic symp-
toms/drug-induced hypersensitivity syndrome (DRESS/
DIHS) is a severe, delayed-type hypersensitivity reaction.
It is characterized by high fever, widespread skin erup-
tions that are typically morbilliform but may also be
pleomorphic, lymphadenopathy, hematologic abnormali-
ties such as atypical lymphocytosis in the early stage and
eosinophilia in the later stage, and multiorgan involve-
ment, with liver enzyme elevation being the most common
manifestation. Delayed diagnosis can result in significant
morbidity and a mortality rate of up to 7%. The diagnosis
of DRESS is established using the European RegiSCAR
scoring system, which includes 7 clinical features. A score
greater than 5 indicates a definite diagnosis of DRESS.!
The pathogenesis of DRESS is complex and not fully un-
derstood. However, several mechanisms have been pro-
posed, including genetic predisposition associated with
specific human leukocyte antigen alleles that affect drug
metabolism, reactivation of human herpesviruses (HHVs)
— particularly HHV-6, cytomegalovirus, and Epstein—Barr
virus (EBV) — and dysregulation of the immune response
mediated by T cells, all of which are thought to play central
roles in the development of DRESS/DIHS.?

Regulatory T (Treg) cells and plasmacytoid dendritic
cells (pDCs) have been reported to play a role in the patho-
genesis of DRESS/DIHS. Treg cells are essential for regu-
lating and suppressing immune responses to self-antigens,
promoting peripheral tolerance, preventing autoimmunity,
and limiting chronic inflammatory diseases.>* A previous
study showed that Treg cells expand during the acute stage
of DRESS/DIHS but decrease in both number and func-
tion during the resolution phase.® These findings suggest
a prolonged onset of clinical features, HHV reactivation
and the potential development of autoimmunity follow-
ing recovery from DRESS/DIHS. In contrast, pDCs play
a crucial role in antiviral immunity and are also involved
in the development of autoimmune and inflammatory dis-
eases.® Previous studies demonstrated that the number

of circulating pDCs decreases around the time of viral
reactivation in DRESS/DIHS compared with other drug
eruptions.”® These findings further support the role of vi-
ral reactivation in the pathogenesis of DRESS/DIHS.

Objectives

There are limited studies investigating circulating Treg
cells and pDCs in DRESS/DIHS at different time points.
This study aimed to identify alterations in circulating Treg
cells and pDCs at different disease stages in patients with
DRESS/DIHS, patients with maculopapular drug eruption
(MPE), and healthy subjects, as well as to assess circulat-
ing Treg cells and pDCs after steroid cessation in DRESS/
DIHS.

Materials and methods
Study design

This was a cross-sectional study conducted from Oc-
tober 2019 to December 2022 at Khon Kaen University’s
Srinagarind Hospital in Thailand.

Participants

Adult patients aged 18 years or older diagnosed with
DRESS/DIHS and/or MPE were recruited. Patients who
had received systemic steroids or immunosuppressive
drugs before enrollment were excluded. DRESS/DIHS was
defined according to the diagnostic criteria established
by the European Registry of Severe Cutaneous Adverse
Reactions (RegiSCAR) group, including fever >38.5°C,
lymphadenopathy, skin rash suggestive of DRESS/DIHS,
eosinophilia or atypical lymphocytosis, internal organ
involvement, disease duration >15 days, and exclusion
of other potential causes.? Maculopapular drug eruption,
also referred to as exanthematous drug eruption, was
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defined as widespread erythematous macules and papules
symmetrically distributed over the trunk and extremities,
without systemic symptoms or internal organ involvement.

Variables

Demographic data and baseline characteristics, includ-
ing age, sex, disease onset and duration, RegiSCAR score,
and culprit medication, were recorded. Medical comor-
bidities were also documented and classified as immune
abnormalities (such as HIV infection, adult-onset immu-
nodeficiency, and autoimmune diseases) or non-immune
abnormalities. Blood samples were obtained at different
stages: at the initial presentation (acute phase or visit 1),
1 week later (subacute phase or visit 2), during the 3" week
(resolution phase or visit 3), and after discontinuation
of systemic steroids in patients with DRESS/DIHS (visit 4).
Blood samples were also collected from 5 healthy subjects
as normal controls. Patients with DRESS/DIHS received
prednisolone at a dose of 0.5-1 mg/kg/day after the first
blood sample was obtained. Patients with MPE were
treated with topical corticosteroids and antihistamines.
The percentages of Treg cells and pDCs were evaluated
by flow cytometry using a BD FACSCanto™ II flow cy-
tometer (BD Biosciences, Franklin Lakes, USA).

Peripheral blood mononuclear cells
isolation

A total of 6 mL of venous whole blood was collected
from each participant by venipuncture and placed into
sodium heparin tubes (cat. No. 367874; BD Biosciences).
The whole blood was then diluted with x1 phosphate-
buffered saline (PBS) at a 1:1 ratio. Following dilution,
peripheral blood mononuclear cells were isolated using
Ficoll-Paque PLUS (density = 1.077 g/mL; cat. No. 71-
7167-00 AG; GE Healthcare, Chicago, USA) at a 4:3 ratio
and centrifuged at 400 x g for 40 min at 20°C without
braking. Subsequently, peripheral blood mononuclear cells
(PBMCs) were collected into a new sterile 15 mL centrifuge
tube using a sterile plastic dropper. The isolated PBMCs
were gently washed twice with 7 mL of 1x PBS and centri-
fuged for 10 min at 22°C at 500 x g and 260 x g (for platelet
removal), respectively. The supernatant was discarded, and
the PBMCs were then resuspended in 1 mL of freezing
medium consisting of 90% fetal bovine serum (FBS) and
10% dimethyl sulfoxide (DMSO; cat. No. A3672; PanReac
AppliChem, Chicago, USA). Cryopreserved cells from all
subjects were stored at —80°C until use.

Cell surface markers and intracellular
cytokine staining

Isolated PBMCs were gently thawed at 37°C and then
stimulated with 100 ng/mL phorbol 12-myristate 13-ac-
etate (PMA; cat. No. P1585; Sigma-Aldrich, Burlington,

USA) and 1 pg/mL ionomycin calcium salt (cat. No. I-0634;
Sigma-Aldrich). Simultaneously, the cells were incubated
with 3 pg/mL brefeldin A (eBioscience, San Diego, USA)
at 37°C for 2 h. Subsequently, the cells were washed with
R10 medium (RPMI 1640 supplemented with 10% FBS;
cat. No. 31800105; Gibco, Waltham, USA) and centri-
fuged at 400 x g for 10 min. The stimulated PBMCs were
then stained with multicolor fluorochrome-conjugated
monoclonal antibodies: anti-human CD45 phycoerythrin-
cyanine 7 (PE-Cy7; HI30; eBioscience), anti-human CD3
allophycocyanin-eFluor® 780 (APC-eFluor® 780; OKT?3;
eBioscience), anti-human CD4 eFluor® 450 (RPA-T4;
eBioscience), and anti-human CD123 phycoerythrin (PE;
6H6; Abcam, Cambridge, UK). Incubation was carried
out for 15 min on ice in the dark. Intracellular staining
was performed sequentially after surface staining. Cells
were fixed with 4% formaldehyde and permeabilized using
fixation and permeabilization buffer (cat. No. 130-090-47;
Miltenyi Biotec, Bergisch Gladbach, Germany) for 10 min
on ice in the dark. Subsequently, the cells were stained
with anti-human FoxP3 peridinin—chlorophyll-cyanine
5.5 (PerCP-Cy5.5; PCH101; eBioscience) for 30 min, fol-
lowed by washing with staining buffer (x1 PBS contain-
ing 2% FBS). Finally, the samples were analyzed using
a BD FACSCanto™ II flow cytometer (BD Biosciences).
The analysis was performed at the Department of Mi-
crobiology, Faculty of Medicine, Khon Kaen University,
Thailand.

Gating strategy

Lymphocytes were identified using forward scatter (FSC)
and side scatter (SSC). Subsequently, singlet cells were
identified based on forward scatter area (FSC-A) and for-
ward scatter height (FSC-H). CD45* expression was then
gated on singlet lymphocytes. Treg cells were identified
based on the expression of CD3* and CD4*, together with
intracellular FoxP3. Plasmacytoid dendritic cells were
gated as CD3-CD123* cells.

Statistical analyses

With respect to baseline characteristics, numerical vari-
ables were presented as medians with the 1*tand 3" quartiles
(Q1-Q3) and the minimum-maximum range, as the number
of subjects in each group was fewer than 10. Comparisons
of numerical variables between 2 groups were performed
using the Mann—Whitney U test, whereas differences among
three groups were assessed using the Kruskal-Wallis test.
Categorical variables were reported as numbers (percent-
ages). The Fisher—Freeman—Halton test was used to assess
differences in proportions among 2 or 3 groups.

For the percentages of Treg cells and pDCs, a general-
ized estimating equation (GEE) model with the following
parameters was applied: 1) family, Gaussian; 2) link func-
tion, identity; and 3) correlation structure, exchangeable.



This model was used to compare the 3 study populations
(DRESS/DIHS, MPE and healthy subjects) across 4 visits
(visits 1-4). In addition, a subgroup analysis according
to immune status was performed for patients with DRESS/
DIHS and MPE. The mean (standard deviation (SD)) per-
centages of Treg cells and pDCs were reported because
these variables followed a normal distribution and were
analyzed using a GEE model. The regression coefficient, its
95% confidence interval (95% CI), z-value, and p-value for
the percentages of Treg cells and pDCs were also reported.
Model adequacy was assessed by examining residual plots
across the 3 study groups to evaluate the presence of sys-
tematic bias, heteroscedasticity or outliers. Statistical
analyses were performed using Stata v. 18.0 (StataCorp,
College Station, USA). A p < 0.05 was considered statisti-
cally significant.

Results

Baseline characteristics of the patients
and healthy subjects

A total of 22 participants were included in this study: pa-
tients with DRESS/DIHS (n = 9), patients with MPE (n = 8)
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and healthy subjects (n = 5). The baseline characteristics
of the participants are presented in Table 1. The DRESS/
DIHS group differed significantly from the MPE group
in terms of disease onset duration. Among the partici-
pants, 4 patients with DRESS/DIHS and 5 patients with
MPE had immune abnormalities.

The percentage of Treg cells
in DRESS/DIHS, with MPE and healthy
subjects at different time points

The mean percentages of Treg cells in patients with
DRESS/DIHS, with MPE and healthy subjects at different
time points are presented in Table 2.

In the acute stage (visit 1), the mean percentage of Treg
cells was significantly lower in DRESS/DIHS compared
to healthy subjects (B = -2.10, 95% CI: -3.44 to -0.75,
z = -3.05, p = 0.002) and also significantly lower in MPE
compared to healthy subjects (f = -2.10, 95% CI: -3.47
to -0.72, z = =2.99, p = 0.003), as shown in Fig. 1 and
Table 3.

In the subacute phase (visit 2), the mean percentage
of Treg cells significantly increased in DRESS/DIHS
compared to the acute stage (p = 2.16, 95% CI: 0.97-3.35,
z = 3.56, p < 0.001) and significantly increased in MPE

Table 1. Baseline characteristics of DRESS/DIHS patients, MPE patients, and healthy subjects

Control

DRESS/DIHS
Factors
Min 21
Q1 30
Age [years] Median 47
Q3 58
Max 69
Male sex, n (%) 5(55.6)
Comorbidities, n (%) 4 (44.4)
HIV 2(22.2)
AQOID 1(11.1)
UCNTD 1(11.1)
Min 14
Q1 14
Duration of onset [days] Median 21
Q3 28
Max 35
Causative drugs, n (%) 9 (100)
Cotrimoxazole 4 (44.4)
Anti-TB drugs 3(33.3)
Phenytoin 2(222)
Efavirenz -
Vancomycin =
Clarithromycin -
Min 6
Q1 6
RegiSCAR score Median 6
Q3 7
Max 8

n=>5

24 25
36.5 26
47.5 38

60 46

67 58

5(62.5) 2 (40.0) 0.864

0.602
(H=1.02,df=2)

= 0.637

<0.001
(z=-332)

25)
25)
= = 0.328
2(25)
1(12.5)
1(12.5)

AOID - adult-onset immunodeficiency; DRESS/DIHS - drug rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity syndrome;

HIV = human immunodeficiency virus; MPE — maculopapular drug eruption; UCNTD - undifferentiated connective tissue disease; RegiSCAR — European
Registry of Severe Cutaneous Adverse Reactions; Min — minimal value; Max — maximal value; Q1 - 15t quartile; Q3 - 3" quartile; H - value of the test statistic
of the Kruskal-Wallis test; df — degrees of freedom; z — value of the Mann-Whitney U test.
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Fig. 1. The percentage of FoxP3* regulatory T cells (Treg cells) in healthy
subjects (control: n = 5), patients with maculopapular drug eruption
(MPE, n = 8), and patients with drug rash with eosinophilia and systemic
symptoms/drug-induced hypersensitivity syndrome (DRESS/DIHS,

n =9) at different time points: visit 1 — acute phase, visit 2 - subacute
phase, visit 3 - resolution phase, and visit 4 — systemic steroids cessation.
A significantly low percentage of Treg cells was observed in the acute
stage of DRESS/DIHS and MPE. However, the percentage of Treg increased
significantly in the subacute to the resolution phase of DRESS/DIHS and
MPE when compared to the acute stage. Post-systemic steroid cessation
in DRESS/DIHS, the percentage of Treg cells continued rising and was
significantly higher than in the control group. No significant differences
were detected between the DRESS/DIHS and MPE groups. The data were
analyzed as the mean of percentages. All comparisons were computed
using a generalized estimating equation (GEE) with multiple comparisons

**p < 0.001 between the DRESS/DIHS group; ' p < 0.001 between

the MPE group, mean difference between the MPE vs healthy subject

at visit 1; p = 0.003, mean difference between the DRESS/DIHS group vs
healthy subjects at visit 1, p = 0.002, mean difference between the DRESS/
DIHS group at visit 4 vs healthy subjects; p = 0.003.

compared to the acute stage (f = 3.27, 95% CI: 2.01-4.53,
z =5.09, p < 0.001).

In the resolution phase (visit 3), the mean percentage
of Treg cells showed a tendency to increase in the resolu-
tion phase compared to the subacute phase in DRESS/DIHS
(B =0.82,95% CI: -0.37 to 2.00, z = 1.35, p = 0.178). No
significant difference between the subacute and the resolu-
tion phases in MPE was observed (p = —0.04, 95% CI: -1.30
to 1.22;z = —0.06, p = 0.949).

In the post-steroid cessation period in DRESS/DIHS
(visit 4), the mean percentage of Treg cells showed a further
increase compared to the resolution phase (f = 1.17, 95% CI:
-0.05 to 2.39, z = 1.88, p = 0.060). The mean percentage
of Treg cells was significantly higher after steroid discon-
tinuation compared with healthy controls ( = 2.05, 95% CI:
0.67 to 3.42,z = 2.92, p = 0.003). No significant differences

Table 2. The percentage of FoxP3* regulatory T cells (Treg cells) and
the percentage of CD123* plasmacytoid dendritic cells (pDCs) in healthy
subjects, patients with maculopapular drug eruption (MPE), and patients
with drug rash with eosinophilia and systemic symptoms/drug-induced
hypersensitivity syndrome (DRESS/DIHS) at the different time points

Control | DRESS/DIHS MPE

Factors n=5 n=9 h=g

%Treg cells = =
Visit 1 acute phase 331(092) @ 3.31(1.09)
Visit 2 subacute phase (?;‘;) 547 (1.70) 6.58 (0.66)
Visit 3 resolution phase 6.29 (1.23) 6.54 (1.09)
Visit 4 systemic steroid cessation 747 (191) -
%pDCs - -
Visit 1 acute phase 0.37(0.12) 0.48 (0.09)
Visit 2 subacute phase ((])(2)?) 0.33(0.09) | 033(0.11)
Visit 3 resolution phase 0.35(0.13) 0.39(0.12)
Visit 4 systemic steroid cessation 0.84 (0.27) -

Data are presented as mean (standard deviation (SD)) because they were
normally distributed and used in the generalized estimating equation
(GEE) model with multiple comparisons.

Table 3. Comparisons of the percentage of FoxP3* regulatory T cells
(Treg cells) in healthy subjects, patients with drug rash with eosinophilia
and systemic symptoms/drug-induced hypersensitivity syndrome
(DRESS/DIHS), and patients with maculopapular drug eruption (MPE)

at the different time points: visit 1 — acute phase, visit 2 — subacute phase,
visit 3 — resolution phase, and visit 4 — systemic steroid cessation

Comparisons | Coefficient | 95% Cl |z—va|ue| p-value

DRESS/DIHS
Visit 1: vs healthy =210 —344,-0.75  -3.05 0.002
Visit 2-visit 1 2.16 0.97,335 356 <0.001
Visit 3-visit 1 297 1.79,4.16 4.91 <0.001
Visit 3-visit 2 0.82 —-0.37,2.00 1.35 0.178
Visit 4-visit 1 4.14 292,536 6.66 <0.001
Visit 4-visit 2 1.99 0.77,3.21 3.19 0.001
Visit 4-visit 3 117 —-0.05,2.39 1.88 0.060
Visit 4: vs healthy 2.05 067,342 292 0.003
Visit 1: DRESS/DIHS-MPE 0.003 -1.17,1.18 0.01 0.996
Visit 2: DRESS/DIHS-MPE =1.11 —228,006 —1.85 0.064
Visit 3: DRESS/DIHS-MPE -0.25 -142,092 | -042 0673
MPE
Visit 1: vs healthy =210 -347,-0.72 =299 = 0.003
Visit 2-visit 1 327 201,453 5.09 <0.001
Visit 3-visit 1 323 1.97,4.49 503 <0.001
Visit 3-visit 2 -0.04 -130,122 -006 0949

95% CI - 95% confidence interval. All comparisons were performed using
a generalized estimating equation (GEE) with multiple comparisons.

were detected between the DRESS/DIHS and MPE groups
during the acute phase (p = 0.003, 95% CI: -1.17 to 1.18,
z=0.01, p = 0.996), subacute phase (f = -1.11, 95% CI: -2.28
t00.06, z = -1.85, p = 0.064), or resolution phase ( = -0.25,
95% CI: -1.42t0 0.92, z = -0.42, p = 0.673).



The percentage of Treg cells in DRESS/
DIHS and MPE with and without immune
abnormalities

In patients with DRESS/DIHS, a consistent increase
in the percentage of Treg cells was observed from visit 1
to visit 4 in both patients with and without immune abnor-
malities, as shown in Fig. 2 and Table 4. No significant dif-
ferences were observed between patients with and without
immune abnormalities at any visit (visit 1: = -0.98, 95% CIL:
-2.48t00.52,z = -1.28, p = 0.200; visit 2: § = 0.84, 95% CI:
-0.66 to 2.34, z = 1.10, p = 0.271; visit 3: p = 0.59, 95% CI:
-0.91t02.08,z=0.77, p = 0.444; visit 4: = —0.53, 95% CI:
-2.02t0 0.97, z = -0.69, p = 0.491), as shown in Table 5.

In patients with MPE, the percentage of Treg cells in-
creased from the acute to the subacute phase in both
patients with and without immune abnormalities
(Fig. 3, Table 4). During the resolution phase, the per-
centage of Treg cells increased in patients with immune
abnormalities but decreased in those without immune
abnormalities; however, this difference did not reach statis-
tical significance ( = 1.34, 95% CI: -0.29 to 2.97,z = 1.61,
p = 0.106; Fig. 3, Table 5).

The percentage of pDCs in DRESS/DIHS,
MPE, and healthy subjects at different
time points

The mean percentages of pDCs in patients with DRESS/
DIHS, with MPE, and in healthy subjects at different time
points are shown in Table 2.

In the acute stage, the mean percentage of pDCs was signif-
icantly lower in patients with DRESS/DIHS than in healthy
subjects (B = -0.67, 95% CI: —-0.83 to -0.52, z = -8.64,
p < 0.001) and was also significantly lower in patients with
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Fig. 2. The percentage of FoxP3* regulatory T cells (Treg cells) in drug rash
with eosinophilia and systemic symptoms/drug-induced hypersensitivity
syndrome (DRESS/DIHS) patients without immune abnormalities

(n = 5) and with immune abnormalities (n = 4) at different time points:

visit 1 — acute phase, visit 2 — subacute phase, visit 3 - resolution phase,
and visit 4 — systemic steroids cessation. A trend of continuously increasing
percentage of Treg cells was observed in both groups during each visit. No
significant differences were observed between the 2 groups in each visit

MPE than in healthy subjects (B = -0.66, 95% CI: —0.72
to -0.41,z = -7.11, p < 0.001), as shown in Fig. 4 and Table 6.

In the subacute phase, the mean percentage of pDCs
was significantly lower than in the acute stage in patients
with MPE ( = -0.15, 95% CI: -0.28 to -0.01, z = -2.11,

Table 4. The percentage of FoxP3* regulatory T cells (Treg cells) and the percentage of CD123* plasmacytoid dendritic cells (pDCs) in patients with drug
rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity syndrome (DRESS/DIHS) and patients with maculopapular drug eruption
(MPE) at different time points and with different immune status

DRESS/DIHS
n=9
Factors
without immune immune abnormalities without immune immune abnormalities
abnormalities (n = 5) (n=4) abnormalities (n = 3) (n=5)
%Treg cells
Visit 1 acute phase 3.75(0.98) 2.77 (0.53) 2.86(1.27) 3.58(1.01)
Visit 2 subacute phase 5.10 (1.90) 5.94 (1.56) 6.68 (0.63) 6.52(0.74)
Visit 3 resolution phase 6.03 (1.42) 6.61 (1.03) 5.70 (1.04) 7.04(0.84)
Visit 4 systemic steroid cessation 7.70 (1.56) 7.17 (2.24) = =
%pDCs
Visit 1 acute phase 0.33(0.12) 042 (0.13) 0.53 (0.05) 044 (0.10)
Visit 2 subacute phase 0.37(0.10) 0.28 (0.05) 0.29(0.13) 0.36(0.10)
Visit 3 resolution phase 0.39(0.10) 0.30(0.15) 0.26 (0.08) 0.45 (0.06)
Visit 4 systemic steroid cessation 0.79 (0.31) 0.91(0.18) - -

Data are presented as mean (standard deviation (SD)) because they were normally distributed and used in the generalized estimating equation (GEE)

model with multiple comparisons.
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Table 5. Comparisons of the percentage of FoxP3* requlatory T cells (Treg
cells) in patient with drug rash with eosinophilia and systemic symptoms/
drug-induced hypersensitivity syndrome (DRESS/DIHS) with and

without immune abnormalities at different time points and patients with
maculopapular drug eruption (MPE) with and without immune abnormalities
at different time points: visit 1 — acute phase, visit 2 — subacute phase,

visit 3 - resolution phase, and visit 4 - systemic steroid cessation

Comparisons | Coefficient 95% ClI | z-value | p-value
DRESS/DIHS

with A vs without IA
Visit 1 -0.98 —248,0.52 -1.28 0.200
Visit 2 0.84 —0.66,2.34 1.10 0.271
Visit 3 0.59 —0.91,2.08 0.77 0.444
Visit 4 —-0.53 —2.02,097 —-0.69 0491

MPE

with A vs without IA
Visit 1 0.72 —-091, 235 0.87 0.384
Visit 2 -0.15 —1.78,1.48 -0.18 0.853
Visit 3 1.34 —-0.29,2.97 1.61 0.106

IA —immune abnormalities; 95% Cl — 95% confidence interval. All
comparisons were performed using a generalized estimating equation
(GEE) with multiple comparisons.

Fig. 3. The percentage of FoxP3* regulatory T cells (Treg cells)

in maculopapular drug eruption patients without immune abnormalities
(n = 3) and with immune abnormalities (n = 5) at different time points:
visit 1 —acute phase, visit 2 — subacute phase, and visit 3 - resolution
phase. An increasing percentage of Treg cells was observed

in both groups during the subacute phase. In the resolution phase,

the percentage of Treg cells increased in patients with immune
abnormalities, while it decreased in patients without immune
abnormalities, but there was no statistical significance

p = 0.035), as shown in Table 6. However, no significant dif-
ference was detected in the DRESS/DIHS group ( = -0.04,
95% CI: -0.16 to 0.09, z = -0.58, p = 0.559).

Table 6. Comparisons of the percentage of CD123* plasmacytoid
dendritic cells (pDCs) in healthy subjects, patients with drug rash with
eosinophilia and systemic symptoms/drug-induced hypersensitivity
syndrome (DRESS/DIHS), and patients with maculopapular drug eruption
(MPE) at different time points: visit 1 — acute phase, visit 2 — subacute
phase, visit 3 - resolution phase, and visit 4 — systemic steroid cessation

Comparisons | Coefficient | 95% Cl |z-value| p-value

DRESS/DIHS
Visit 1: vs healthy -0.67 -083,-052 -864  <0.001
Visit 2-visit 1 —0.04 —-0.16,009 -0.58 = 0.559
Visit 3—visit 1 -0.02 -0.14,0.11 | -0.25 0.804
Visit 3-visit 2 0.02 -0.11,0.15 033 0.738
Visit 4-visit 1 047 0.34,0.60 7.05 <0.001
Visit 4-visit 2 0.51 0.38,0.64 7.62 <0.001
Visit 4-visit 3 049 0.36,0.62 730 @ <0001
Visit 4: vs healthy -0.20 -0.36,-0.04 -2.52 0.012
Visit 1: DRESS/DIHS-MPE -0.11 -0.24,003 = -158 0.115
Visit 2: DRESS/DIHS-MPE 0.0003 —-0.13,0.133  0.00 0.996
Visit 3: DRESS/DIHS-MPE -0.03 -0.16,0.11 | -0.39 0.696
MPE
Visit 1: vs healthy —0.66 -0.72,-041 =711 | <0.001
Visit 2-visit 1 —-0.15 —0.28,-001 -2.11 0.035
Visit 3—visit 1 -0.10 -0.24,004 = -140 0.160
Visit 3-visit 2 0.05 —0.09,0.18  0.71 0.480

95% Cl — 95% confidence interval. All comparisons were performed using
a generalized estimating equation (GEE) with multiple comparisons.

In the resolution phase, the mean percentage of pDCs
showed a tendency to increase compared with the subacute
phase in both DRESS/DIHS and MPE (B = 0.02, 95% CI:
-0.11t00.15,z=0.33, p=0.738 and 3 = 0.05, 95% CI: -0.09
to 0.18, z = 0.71, p = 0.480, respectively; Table 6).

In the post-steroid cessation period in DRESS/DIHS,
the mean percentage of pDCs was significantly higher
after discontinuation of systemic steroids compared
with the resolution phase ( = 0.49, 95% CI: 0.36 to 0.62,
z = 7.30, p < 0.001). However, the mean percentage
of pDCs remained significantly lower after discontinua-
tion of systemic steroids compared with healthy controls
(B =-0.20, 95% CI: -0.36 to —0.04, z = -2.52, p = 0.012).
No significant differences in the percentages of pDCs be-
tween the DRESS/DIHS and MPE groups were detected
in the acute ( = -0.11, 95% CIL: -0.24 to 0.03, z = -1.58,
p = 0.115), subacute ( = -0.0003, 95% CI: -0.13 to 0.13,
z=0.00, p = 0.996), or resolution phases ( = -0.03, 95% CI:
-0.16 to 0.11, z = -0.39, p = 0.696).

The percentage of pDCs in DRESS/DIHS
and MPE with and without immune
abnormalities

In patients with DRESS/DIHS, the percentage of pDCs

decreased in those with immune abnormalities during
the subacute to resolution phase, while the percentage



Fig. 4. The percentage of CD123* plasmacytoid dendritic cells (pDCs)

in healthy subjects (control: n = 5), patients with maculopapular drug
eruption (MPE, n = 8), and patients with drug rash with eosinophilia

and systemic symptoms/drug-induced hypersensitivity syndrome
(DRESS/DIHS, n = 9) at different time points: visit 1 — acute phase,

visit 2 — subacute phase, visit 3 - resolution phase, and visit 4 — systemic
steroids cessation. The percentage of pDCs significantly decreased

in the acute stage of both DRESS/DIHS and MPE compared to the control
group. Moreover, the percentage of pDCs was significantly lower

in the subacute phase of MPE compared to the acute stage, while no
significant difference was found in DRESS/DIHS. No significant differences
were observed during the subacute to resolution phases of both
DRESS/DIHS and MPE. Although the percentage of pDCs increased
significantly after systemic steroid cessation in DRESS/DIHS, it was still
significantly lower than in the control group. No significant differences
were detected between the DRESS/DIHS and MPE groups. The data were
analyzed as the mean of percentages; all comparisons were calculated
with a generalized estimating equation (GEE) with multiple comparisons

**p < 0.001, mean difference between acute and subacute phase
in patients with MPE (p = 0.035), mean difference after discontinuing
systemic steroid and healthy controls (p = 0.012).

of pDCs tended to increase in patients without immune
abnormalities. The percentage of pDCs increased signifi-
cantly after systemic steroids cessation in both groups
compared to the resolution phase (p = 0.60, 95% CI:
0.44 to 0.76, z = 7.34, p < 0.001 for immune abnormali-
ties; p = 0.40, 95% CI: 0.25 to 0.54, z = 5.41, p < 0.001 for
without immune abnormalities; Fig. 5, Table 4). No sig-
nificant differences were detected between the 2 groups
atany visit (visit 1: p = 0.09, 95% CI: -0.07 to 0.25, z = 1.05,
p = 0.293; visit 2: p = -0.10, 95% CI: -0.26 to 0.06, z = -1.20,
p = 0.231; visit 3: B = -0.09, 95% CI: -0.25 t0 0.07, z = -1.10,
p = 0.271; visit 4: p = 0.11, 95% CI: —-0.05 to 0.27, z = 1.41,
p = 0.160), as shown in Table 7.

In patients with MPE, the percentage of pDCs de-
creased in both groups during the subacute phase. During
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Fig. 5. The percentage of CD123* plasmacytoid dendritic cells

(pDCs) in drug rash with eosinophilia and systemic symptoms/drug-
induced hypersensitivity syndrome (DRESS/DIHS) patients without
immune abnormalities (n = 5) and with immune abnormalities (n = 4)
at different time points: visit 1 — acute phase, visit 2 - subacute phase,
visit 3 — resolution phase, and visit 4 — systemic steroids cessation.

A decreasing percentage of pDCs was observed in patients with
immune abnormalities during the subacute to resolution phase, while
the percentage of pDCs tended to increase in patients without immune
abnormalities. The percentage of pDCs increased significantly after
systemic steroid cessation in both groups. No significant differences were
detected between both groups

Table 7. Comparisons of the percentage of CD123* plasmacytoid dendritic
cells (pDCs) in patients with drug rash with eosinophilia and systemic
symptoms/drug-induced hypersensitivity syndrome (DRESS/DIHS)

with and without immune abnormalities at different time points and
patients with maculopapular drug eruption (MPE) with and without
immune abnormalities at the different time points: visit 1 — acute phase,
visit 2 — subacute phase, visit 3 — resolution phase, and visit 4 — systemic
steroid cessation

Comparisons | Coefficient | 95% ClI | z-value | p-value
DRESS/DIHS

with A vs without IA
Visit 1 0.09 —0.07,0.25 1.05 0.293
Visit 2 -0.10 —0.26, 0.06 -1.20 0.231
Visit 3 -0.09 —-0.25,0.07 -1.10 0.271
Visit 4 0.1 —0.05,0.27 141 0.160

MPE

with A vs without IA
Visit 1 -0.09 -0.07,0.25 1.05 0.293
Visit 2 0.07 -0.10,0.25 0.81 0416
Visit 3 0.19 0.05,0.37 219 0.029
Visit 4 - - - -

IA —immune abnormalities; 95% Cl — 95% confidence interval.
All comparisons were performed using a generalized estimating equation
(GEE) with multiple comparisons.
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Fig. 6. The percentage of CD123* plasmacytoid dendritic cells (pDCs)

in maculopapular drug eruption patients without immune abnormalities
(n = 3) and with immune abnormalities (n = 5) at different time points:
visit T —acute phase, visit 2 — subacute phase, and visit 3 resolution phase.
A decreasing percentage of pDCs was observed in both groups during
the subacute phase. In the resolution phase, the percentage of pDCs
increased in patients with immune abnormalities, while it decreased

in patients without immune abnormalities. This change was significant

in the resolution phase

the resolution phase, the percentage of pDCs increased
in patients with immune abnormalities but decreased
in those without immune abnormalities. At the final visit,
the percentage of pDCs was significantly higher in patients
with immune abnormalities than in patients without im-
mune abnormalities ( = 0.19, 95% CI: 0.05 to 0.37,z = 2.19,
p = 0.029; Fig. 6, Table 7).

To assess model adequacy, residuals for Treg cells and
pDCs from the GEE model were plotted against the control,
MPE and DRESS/DIHS groups (Supplementary Fig. 1-4).
Across all 3 groups, the residuals were approximately
centered around 0, with no evidence of systematic bias.
The spread of residuals was relatively consistent across
groups, although a few outliers were observed.

Discussion

The pathogenesis of DRESS/DIHS remains complex and
incompletely understood. Dysregulation of the immune re-
sponse, particularly T cell-mediated immunity, plays a cru-
cial role in the onset and progression of the disease. This
study demonstrated a significant reduction in the mean
percentages of Treg cells and pDCs during the acute stage
of both DRESS/DIHS and MPE compared with healthy

subjects. However, Treg cells showed a progressive increase
toward the resolution phase in both conditions, whereas
pDCs continued to decrease toward the resolution phase.
After discontinuation of systemic steroids in DRESS/DIHS,
both Treg cells and pDCs demonstrated a progressive in-
crease. Nevertheless, Treg cell levels were significantly
higher than those in the control group, while pDC levels
remained significantly lower than those in the control
group. No significant differences were observed in Treg
cells or pDCs between patients with and without immune
abnormalities in both DRESS/DIHS and MPE, except for
pDCs during the resolution phase in MPE. These findings
enhance our understanding of the immunological altera-
tions associated with DRESS/DIHS, highlighting the dy-
namic changes in Treg cells and pDCs across different
stages of the disease and its treatment.

Treg cells play a crucial role in maintaining immunologi-
cal tolerance to both self and foreign antigens, preventing
autoimmunity and controlling inflammation.>* In a pre-
vious study, significantly increased frequencies of Treg
cells were observed during the acute stage of DRESS/DIHS
compared with healthy controls and the resolution phase;
however, this pattern was not observed in toxic epidermal
necrolysis (TEN) or MPE.5 In contrast, our study revealed
a significant reduction in the number of Treg cells during
the acute stage of both DRESS/DIHS and MPE compared
with healthy subjects and the resolution phase. Moreover,
no significant differences in Treg cell numbers were ob-
served between patients with DRESS/DIHS or MPE who
had immune abnormalities and those without. This dis-
crepancy may be attributable to differences in the eth-
nic backgrounds of the study populations, which could
influence immune response development. During acute
inflammation, various soluble mediators, such as cyto-
kines, acute-phase proteins, and chemokines, are released,
promoting the migration of inflammatory cells to the site
of inflammation.’ Previous studies have shown that Treg
cells are significantly more abundant in the skin lesions
of patients with DRESS/DIHS compared with those with
TEN, graft-versus-host disease, and MPE.>1® Another re-
cent study demonstrated that Treg cells become highly
migratory during the first 3 days of skin inflammation,
leading to increased Treg abundance in the dermis. Sub-
sequently, Treg levels return to baseline by day 6.!! This
migratory behavior may account for the reduced number
of circulating Treg cells observed during the acute phase
of DRESS/DIHS and MPE, as these cells are recruited
to suppress cutaneous inflammation. Our study dem-
onstrated a progressive increase in circulating Treg cells
during the subacute phase (approx. 1 week after the acute
stage) in both DRESS/DIHS and MPE, which aligns with
the reported timeframe of normalized Treg migratory
behavior. Furthermore, circulating Treg cell levels con-
tinued to rise during the resolution phase and following
discontinuation of systemic corticosteroids in patients
with DRESS/DIHS. Glucocorticoids exert complex effects
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on T cells, both promoting and suppressing T-cell-medi-
ated immunity depending on the immunological context.!?
Previous reports have shown that glucocorticoids can in-
duce the expansion of Treg cells in autoimmune conditions,
including systemic lupus erythematosus, immune throm-
bocytopenic purpura, and asthma, as well as in healthy in-
dividuals receiving long-term dexamethasone treatment.!®
This suggests that the expansion of Treg cells in the post-
acute stage of DRESS/DIHS may result from the resolution
of inflammation, glucocorticoid therapy, or a combination
of both. The expansion of Treg cells likely plays a pivotal
role in limiting disease progression and severity, while also
preventing the subsequent development of autoimmunity.

Plasmacytoid dendritic cells represent a distinct subset
of dendritic cells that specialize in the production and se-
cretion of large amounts of type I interferons (IFNs). They
play a crucial role in antiviral immunity and also contribute
to the development of autoimmune and inflammatory dis-
eases. The association between DRESS/DIHS and HHV-6
reactivation suggests the potential involvement of pDCs
in the pathogenesis of this condition. A previous study re-
ported a significant decrease in circulating pDCs around
3—4 weeks after the onset of DRESS/DIHS, with frequencies
lower than those in patients with MPE and healthy subjects.?
Another study found decreased frequencies of circulating
pDCs during the initial 1-2 weeks of disease onset in DRESS/
DIHS compared to MPE patients.” Our results were con-
sistent with these findings, demonstrating a significant
reduction in the mean percentage of pDCs from the acute
stage through the resolution phase (3 weeks after the initial
presentation) in patients with DRESS/DIHS compared with
healthy controls. This reduction in pDCs during the acute
stage may be attributable to their migration and infiltration
into skin lesions, a phenomenon observed in inflammatory
skin diseases such as cutaneous lupus erythematosus and
psoriasis.'* Additionally, a previous study reported higher
pDC detection in the dermis of patients with DRESS/DIHS
compared with those with MPE and healthy subjects.® Un-
like Treg cells, our study did not identify significant differ-
ences in the percentage of pDCs between DRESS/DIHS and
MPE from the acute through the resolution phases, except
after discontinuation of systemic steroids in DRESS/DIHS.
Notably, glucocorticoids have been shown to significantly
reduce IFN-a production and decrease the number of cir-
culating pDCs.!>1¢ These effects are reversible and typically
return to baseline within days after steroid cessation.!>16
During inflammatory periods, the reduction in circulat-
ing pDCs likely serves to limit inflammation and promote
clinical immunosuppression. This dynamic interplay un-
derscores the complexity of the immunological mechanisms
involved in DRESS/DIHS and highlights the role of pDCs
in modulating the immune response.

Notably, our study did not identify significant differences
in the percentages of Treg cells and pDCs between DRESS/
DIHS and MPE from the acute to the resolution phase,
which contrasts with findings from previous studies.>8
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This discrepancy may be attributable to the small sample
size of our study or to the lack of assessment of HHV-6
reactivation in patients with DRESS/DIHS. Further in-
vestigations incorporating larger cohorts and systematic
evaluation of HHV-6 reactivation are warranted to achieve
amore comprehensive understanding of the immunologi-
cal differences between DRESS/DIHS and MPE.

Limitations

This study had some limitations. First, the number
of participants in the study was relatively small, as this
was a pilot study, and sample size calculation was not
performed. Second, the functions and subsets of circulat-
ing Treg cells and pDCs were not examined. Third, skin
biopsies to evaluate the numbers and functions of Treg
cells and pDCs were not conducted. Lastly, reactivation
of HHV-6, cytomegalovirus, and EBV was not evaluated
in this study. However, this study successfully monitored
dynamic changes in the numbers of Treg cells and pDCs
throughout the course of DRESS/DIHS and MPE. Further
studies assessing HHV reactivation and incorporating ge-
netic testing may enhance the understanding of disease
pathogenesis.

Conclusions

This study demonstrated the dynamic interplay between
Treg cells and pDCs in the pathogenesis of DRESS/DIHS
and MPE. The acute stage of both conditions exhibited
a significant decrease in Treg cells and pDCs, suggesting
their potential involvement in immune dysregulation dur-
ing disease onset. However, Treg cells showed a significant
increase in the resolution phase of both DRESS/DIHS and
MPE, while pDCs continued to decrease until the resolu-
tion phase in both conditions. This suggests that Treg
cells are likely to play a crucial role in preventing further
inflammation in both DRESS/DIHS and MPE.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.15682125. The package contains
the following files:

Supplementary Fig. 1. Residuals of Treg cells from the GEE
model across the 3 groups at each visit.

Supplementary Fig. 2. Residuals of Treg cells from the GEE
model at each visit, comparing patients with and with-
out immune abnormalities across MPE and DRESS/DISH
groups.

Supplementary Fig. 3. Residuals of pDCs from the GEE
model across the 3 groups at each visit.

Supplementary Fig. 4. Residuals of pDCs from the GEE
model at each visit, comparing patients with and without im-
mune abnormalities across MPE and DRESS/DISH groups.
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