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CHAPTER |
INTRODUCTION

Severe cutaneous adverse reactions (SCARs) are hypersensitivity reactions with
potential death, that usually occur due to drug exposure which is consisted of g. It
consists of Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN), drug
reaction with eosinophilia and systemic symptoms (DRESS), acute generalized
exanthematous pustulosis (AGEP), and generalized bullous fixed drug eruptions
(GBFDE). However, SIJS/TEN and DRESS are symptoms that should be a concern
because of their high rates of morbidity and mortality. DRESS and SJS/TEN have
unique pathomechanisms, clinical courses, causative medications, and potential
therapeutic approaches. Nowadays, the immunopathogenesis of DRESS and SJS/TEN
remains unclear even though many hypotheses suggested include patients' genetic

factors, the metabolic pathway of the drug, or even T-cell-mediated responses.

DRESS was reported to be almost 10% of the adverse drug reaction cases in
Asia, with a mortality rate ranging from 3%-10%"". Many interesting points of DRESS
have been noticed compared to SJS/TEN. Autoimmune manifestations have often
been observed as long-term sequelae in the recovery phase of DRESS patients,
including autoimmune thyroiditis, type 1 diabetes mellitus, systemic lupus
erythematosus (SLE), and autoimmune hemolytic anemia”; which had no report in

SJS/TEN.

The pathogenesis of DRESS is very complicated and still under investigation.
But we know that both CD4 and CD8 T cells appear to be involved in the DRESS
pathogenesis but play different roles. Moreover, the dynamics of regulatory T cells
(Tregs) are considered to commit the diverse symptoms of DRESS due to their

autoimmune sequelae during the recovery phase.



Many studies have reported that Tregs in the skin and circulation of DRESS
patients were increased during the acute phase compared with other SCARs (such as
SJS/TEN) and healthy donors. Whereas Tregs in the recovery phase of DRESS patients
were reported dysfunctional even though there was an equal number of populations
compared to SJIS/TEN and healthy donors®. Moreover, many reports suggested Tregs
were lower in number and functional properties in many autoimmune diseases from
other causes®. Thus, the dysfunction and decrease in the population of Tregs can
suggest that Tregs in DRESS can be associated with autoimmune photosynthesis in

the recovery phase.

Accordingly, with the higher Tregs in the acute phase and the Treg
impairment during the recovery phase of DRESS, we hypothesized that Tregs might
play a significant role to caused autoimmune disease in DRESS patients during their
acute and recovery phases. Therefore, this study focused on the association of Tregs
immunophenotype and autoimmune sequelae of DRESS syndrome. Tregs
immunophenotype in DRESS with autoimmune sequelae patients and  DRESS
without autoimmune sequelae patients were observed in both acute and recovery
phases. Hopefully, this study will give more information about the pathogenesis of

DRESS and its subsequent autoimmunity.



CHAPTER Il
LITERATURE REVIEW

2.1 Adverse drug reactions (ADRs)

The World Health Organization (WHO) has defined adverse drug reactions
(ADR) as "a response to medicine which is noxious and unintended, and which occurs
at doses normally used in man®." ADRs are common and classified into two types:
on-target interaction (type A reaction) and off-target interaction (type B reaction).
ADRs can occur from modulation of cellular processing after drug absorption,
distribution, metabolism, and excretion, as well as drug transporter and the target

receptor expression in an individual (Figure 1).

Due to the drug's pharmacological mechanism, on-target interaction can
predict that a drug can interact with its intended receptor in a second tissue which is
unintended tissue. This reaction occurs in about 75 - 80% of all ADRs. In contrast, off-
target interaction is unpredictable and arises from other idiosyncratic reactions,
including individual susceptibility (e.g., an enzyme defect) and immune-mediated

ADRs, which can occur in about 20 — 25% of all ADRs\0 11,

There are two groups of immune-mediated ADRs: antibody-mediated (Gell-

Coombs type I-ll) and purely T cell-mediated (Gell-Coombs type IV).
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Figure 1 Review of adverse drug reactions (ADRs). (Modified from White, K.D., et
al. 2015)1?

2.1.1 Gell and Coombs's classification

The clinical symptoms of drug hypersensitivity occur from four categories of
immune mechanisms proposed by Philip Gell and Robin Coombs in 1963"'% ¥ as

shown in Figure 2.

Type | (IgE immediate) hypersensitivity or anaphylaxis is driven predominantly
by immunoglobulin type E (IgE) produced from plasma cells bound to mast cells.
This reaction usually has a short onset time, between minutes to hours. The
degranulation of mast cells constantly releases many mediators (i.e., histamine) and
causes vasodilation, exudative fluid outpouring, and goblet cell hyperplasia. This type
of hypersensitivity may occur in only one symptom or collectively following clinical
manifestation, including urticaria, angioedema, asthma, rhinitis, conjunctivitis, or even
anaphylactic shock. For drug-sensitized patients, the reaction usually occurs within a

few minutes to hours after receiving the suspected drug.
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Figure 2 Types of hypersensitivity reaction. (Modified from Sylvia (2014)*¥ and

created with BioRender.com).

Cytotoxic antibodies cause Type Il (antibody-mediated) hypersensitivity. Cells
can be damaged by IgM and IsG antibodies specific to the cells-or-matrix-associated
antigen, which can bind to the cell surface of macrophages, neutrophils, and
eosinophils via Fc receptors or bind to extracellular matrix antigen that activates the

complement system.

Type Il immune complex-mediated) hypersensitivity occurs when antibodies
(usually IgM) are specific for soluble antigens in blood-forming micro-precipitates that
deposit in the blood vessel walls of various tissues, causing secondary damage to
cells. This type of hypersensitivity is responsible for tissue injury in the lungs, joints,

kidneys, and skin in sensitized patients. Moreover, serum sickness has also been



observed in this type and whenever the low-molecular-weight culprit drugs are

administered.

For type IV (delayed) hypersensitivity, the symptoms are the results of
lymphocyte stimulation, and cytokine release occurs when the allergen is presented
to CD4" and CD8" T-lymphocytes by antigen-presenting cells (APCs). This type of
hypersensitivity can develop the onset of symptoms in a few days to weeks and
often shows skin eruptions in response to culprit drugs, cosmetics, and

environmental chemicals.

The term 'drug-induced hypersensitivity reactions (DIHRs) is in type IV
hypersensitivity that accounts for 5 - 10% of all ADRs. The specific functions of drug-
activated T-cells are essential for this mechanism. However, type IV reactions can be
subclassified into IVa-IVd reactions according to their cytokine pattern and the

different immune cells activation>*”.

Type IVa reaction occurs when T helper 1 (Th1) cells activate macrophages by
interferon (IFN)-Y secretion and drive the production of complement-fixing antibody
isotypes (IgG1, 1gG3). Moreover, the Th1 cells are co-stimulatory for pro-inflammatory
responses such as tumor necrosis factor (TNF) family and interleukin (IL) - 2. They
can activate CD8" T-cells, which might explain the combination of high IFN-Y

values™?.

Type IVb reaction occurs when Th2 T-cells secrete IL-4, IL-13, and IL-5
cytokines to promote B cells to produce IgkE and IgG4. Eosinophilic inflammation can
be induced by IL-5, which can be observed in eosinophil-rich maculopapular
exanthema and DRESS. Moreover, IL-4/IL-13 can boost IgE production, which can link

to type | reaction.



Type IVc represents when the effector T cells migrate to the tissue. effector T
cells can produce cytotoxic molecules (perforin, granzyme B, and FasL) to induce the
death of cells, including hepatocytes or keratinocytes. This type of hypersensitivity is
often the complication with type | reaction and activates the recruitment of
monocyte, eosinophil, or PMN. Type IVc reaction plays a role in maculopapular or
bullous skin diseases, neutrophilic inflammations, and contact dermatitis, as well as
responsible for most drug-induced delayed hypersensitivity reactions found in

SJs/TEN(lO, 15, 18).

Type IVd is responsible for sterile neutrophilic inflammation via T-cell-derived
chemokine (C-X-C motif) ligand 8 (CXCL-8) and granulocyte-monocyte colony-
stimulating factor (GM-CSF). The secretion of IL-17 and IL-22 from Th22 cells can
stimulate the production of CXCL8"?. Neutrophils can be recruited to the skin lesion
by CXCL8. Additionally, the apoptosis of neutrophils can be interfered with by GM-

CSF, resulting in the accumulation of neutrophils in the lesion® 2.

2.2 Severe cutaneous adverse drug reactions (SCARs)

Skin eruptions from drug-induced hypersensitivity can range from mild skin
involvement to SCARs, illustrated in Figure 3 Mild skin involvement includes
maculopapular exanthema (MPE) and fixed drug eruption (FDE). MPE is usually
observed as a flat rash and appears red in lighter-skinned people, and is described as
an erythematous rash. It can be classified by generalized, widespread flat (macular)
spots or raised bumps (papular) on the skin's surface. FDE is a skin inflammation that
develops as a local annular or an oval rash that can recur at the same site after re-

exposure to the same culprit drusg.



SCARs comprise acute generalized exanthematous pustulosis (AGEP), DRESS,
SJS, and TEN. They are considered from the extensive eruption, possibly cause
systemic symptoms, and are responsible for severe chronic sequelae, which are life-

threatening conditions.

AGEP is classified as one of the SCARs but less severe than others. AGEP
develops numerous small pinhead-sized non-follicular pustules on an
erythematous™®. Drug-induced AGEP is about 90% of drug-induced SCARs, and
antibiotics such as B—Lactams and macrolides are the primary culprit, with

approximately a 1% mortality rate®”.

DRESS and SJS/TEN are also considered a type of SCARs that affect the skin
and mucosal membrane with a life-threatening condition. SJS/TEN's mortality rate
depends on the severity ranging between 10-40%%“?. Allopurinol and its metabolic
form are the most common agent that causes SJS and TEN, followed by

anticonvulsant drugs such as carbamazepine and phenytoin®.

The severity of skin lesions in SIS/TEN has been suggested in the hypothesis
of cytotoxic reaction from CTLs and NK cells. Aggressive skin necrosis occurs from
three  major classes of cytotoxic protein, including Fas-Fas ligand (Fasl),
perforin/granzyme B, and granulysin®. The prognostic prediction can be given by the
Score for Toxic Epidermal Necrolysis (SCORTEN)® and the algorithm for assessment
of drug causality in Stevens-Johnson Syndrome and toxic epidermal necrolysis

(ALDEN)®®).

Although SCARs are rare, they can cause severe morbidity, and the mortality
rate among symptoms is high. SCARs affect approximately 2% of hospitalized
patients with a prevalence per year of 2-7 cases/million drug exposure cases in

SJS/TEN and 1/1,000 to 1/10,000 drug exposure cases in DRESS syndrome®* 27,



However, many reports in epidemiology propose that age and sex have no benefit in
distinguishing between DRESS and SJS % 2% Since DRESS and SJS/TEN are the SCARs
that affected the severe clinical manifestation and patient's motility. We focused on
DRESS syndrome in our study and be reviewed below. Additionally, we used SJS/TEN
patients as a comparative group because SJS/TEN is one of the SCARs phenotypes

with high severity but clinical characteristics without autoimmune sequelae.

DRESS
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Figure 3 The interaction between inflammatory cells and the immune system in
different mechanisms for small molecules or drugs. Modified from Pichler and

Yerly (2018)*” and created with BioRender.com.
2.2 Drug reaction with eosinophilia and systemic symptoms (DRESS)
2.2.1 Etiology, risk factors, and epidemiology

Many drugs are considered the cause of DRESS syndrome, but aromatic

anticonvulsants, especially phenytoin, carbamazepine, and phenobarbital, are often
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reported as common causes®Y. Moreover, antimicrobial, antiviral, antipyretic, and

other drugs have been suggested as the causative agent of DRESS.

Although several hypotheses in the pathogenesis of DRESS have been
suggested, the complete mechanism has not been clarified. Drug dosage, drug
metabolism, drug antigen presentation, genetic factors such as human leukocyte
antigen (HLA haplotype), host immunological properties, and environmental factors
are considered to have a role in DRESS pathogenesis. The mutation of the drug
detoxification enzyme leads to the gradual gathering of reactive drug metabolites,
which can induce a higher risk of DRESS, especially in black patients®Y. Cytochrome
P450 (CYP-450) system is responsible for several anticonvulsant agent metabolisms
via epoxide hydroxylase or glutathione transferase detoxification. The mutation of
epoxide hydroxylase and slow N-acetylator phenotype may gain the accumulation of

toxin metabolites and evoke the immunological response®®?.

The predicted risk with the first or second prescription of an aromatic
antiepileptic is roughly 1:1000-1:10,000, although this largely depends on the
individual's ethnic background. The incidence rates were reported to be 3.89 per
10,000 inpatients in Spain and 0.9 per 100,000 individuals in a West Indian
population. Moreover, prevalence estimates were reported to be 2.18 per 100,000 in

the United States and 9.63 cases per 100,000 inpatients in Thailand®? >\

2.2.2 Clinical manifestation

The symptom features may appear with a long latent period ranging from 3
to 8 weeks after starting drug treatment. The clinical manifestation of DRESS
syndrome is presented subsequently with high fever (38.5 °C), widespread skin rash,
internal  organ involvement, and possible frequent reactivation of human

herpesviruses (HHVs)* ?. The syndrome's onset occurs 3 weeks — 3 months after
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starting drug administration®”. The rapid onset and severity of the symptoms may
increase upon re-exposure to the culprit drug. Skin lesions are usually present in 73-
100% of the patients with no specific features. Still, they can spread and cover more
than half of the body surface area (BSA), especially the face, which can be found in
76% of the patients®. Erythroderma can even be developed, but skin necrosis is

rarely observed and is mainly restricted to the wrist area (Figure 4).

In the early stage of the syndrome, some patients may have the symptom of
dysphagia according to the swelling of both sides of salivary glands. The enlarged
lymph node is also often found in the cervical, axillary, or inguinal region®. The
laboratory finding reported hypereosinophilia in 66-95% of patients and atypical
lymphocytosis in 27-67% of the patients. These laboratory findings are considered

unique features of this syndrome®

. According to eosinophil granule proteins
released, which are toxic to many tissues, multiple internal organ damage is often
observed. Liver involvement is usually observed more than others and has been
reported between 75-94% of the patients. Renal injury occurs in around 12-40% of

@39 The involvement of the other organs can be reported but not

the patients
often, including pulmonary, cardiac, neurologic, eastrointestinal, and endocrine

abnormalities.
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Figure 4 The facial edema and skin rash in DRESS patients. Photo of a DRESS
inpatient at King Chulalongkorn Memorial Hospital. The patient had been informed

and gave consent to use his picture in our study.

2.2.3 Pathophysiology

Significant advancements in the understanding of DRESS pathogenesis have
recently been made. Although the pathophysiology of DRESS is complex and mostly
unexplored, it is perposed that DRESS is caused by a complicated interplay of drug
(or vaccine or biologic) exposure, genetic predisposition, and viral reactivation®* .

DRESS is a severe T cell-mediated drug reaction characterized as a delayed-type Vb,

and occasionally IVc, hypersensitivity reaction.

The activated CD4" T cells have been purposed to have an essential role in
the pathogenesis of DRESS®. Still, a significant decrease in the population of CD56"
NK cells and CD19" B cells, as well as the level of the immunoglobulin in DRESS
patients' sera at the acute phase, were observed that refer to the

3738 Many cytokines such as IFN-Y and IL-5 have been

immunosuppressive response'
secreted from activated drug-specific T cells stimulated by an anticonvulsant agent

such as carbamazepine, phenytoin, lamotrigine; and other drugs, including
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(39, 40

sulfamethoxazole ). Thus, the eosinophilia usually reported in DRESS patients has

been responsible for IL-5 elevation.

Moreover, the CD4"CD25" FoxP3" Tregs population increased in the acute
phase® ¢. This population of lymphocyte subset has returned to the baseline level
as in the healthy control after clinical recovery. Nevertheless, the characterization of
DRESS at the acute phase (days 3-10) can be considered by the expansions of totally
functional Tregs corresponding with the reactivation of herpesviruses, but eventually,
the progressive loss of Tregs function can be characterized in the sub-acute phase

(days 11-36)°.

Figure 5 Proposed pathogenic mechanisms in DRESS. Modified from Peter et al.

(2017)*Y and created with BioRender.com.

A report also showed that plasmacytoid dendritic cells (pCDs) in the

circulation of DRESS patients with HHV-6 reactivation elevated the expression around
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@2 16G for antiviral defense has been induced by IFN-Q, which can be

skin eruption
produced from pDCs. So, the decrease of pDCs in the circulation of the patients can

lead to the reduction of antiviral response.

Although human herpesvirus family reactivation, including cytomegalovirus
(CMV), Epstein-Barr virus (EBV), HHV-6, and HHV-7, has been reported in many SCARs
patients, many previous study report that HHV-6 is remark as an essential and
characteristic feature with a frequency of 43-100% of DRESS patients® *®. The
elevated IgG anti-HHV6 and HHV-6 DNA copies showed the reactivation of the virus
had usually been detected 2-3 weeks after the onset of skin rash. The study by Chen
et al® showed that pro-inflammatory cytokines and chemokines, including II_—1B,
IL-2, IL-6, IFN-Y, and TNF-Ql, were lower in DRESS patients with HHV-6 reactivation
when compared to the patients without reactivation. In addition, Ishida et al.”’

showed that HHV-6 DNA copies in DRESS patients with systemic corticosteroid

treatment are significantly higher than in those who had not received them.

2.2.4 Diagnosis

The diagnosis of DRESS syndrome should be processed with care and
attentively observation according to their very familiar presentation of many
symptoms. There is also still no reliable standard for the diagnosis. Therefore, many
diagnostic criteria have been developed, but the RegiSCAR group proposes the most
used criteria in the scoring system (Table 1). The total score is used to diagnose the
DRESS, including <2 points being considered as not DRESS case; 2-3 points as a

possible case; 4-5 points as a probable case; and >5 points as a definite case'?.
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Table 1 Diagnostic criteria in the scoring system for DRESS by the RegisSCAR “¥

Score
[tems Comments
-1 0 1
Fever = 38.5 °C NU Y
Enlarged lymph nodes N/U Y >1 cm and 2 different areas
Eosinophilia = 0.7x10°/L NU Y Score 2, when > 1.5x10°/L or >20%
or=10% if WBC < 4.0x10°/L if WBC < 4.0x10°/L
Atypical lymphocytosis NU Y
Skin rash Rash suggesting DRESS: 2 symptoms:
- Extent > 50% of BSA NU Y purpuric lesions (other than legs),
- Rash suggests DRESS N U Y infiltration, facial edema, psoriasiform
desquamation
Skin biopsy suggesting DRESS N Y/U
Organ involvement N Y Score 1 for each organ involvement,

maximal score: 2

Rash recovery = 15 days N/U Y-

Excluding other causes N/U Y  Score 1if 3 tests of the following tests were
performed and all were negative: HAV, HBV,
HCV, Mycoplasma, Chlamydia, ANA, blood

culture

WBC: white blood cell; ANA: antinuclear antibody; BSA: body surface area; HAV:
hepatitis A virus; HBV: hepatitis B virus; HCV: hepatitis C virus; N: no; U: unknown; Y:
yes.

2.2.5 Management

Discontinuing the suspected drug is the primary procedure to manage DRESS.
The treatment with systemic corticosteroids has been used as a mainstay treatment
for DRESS patients“”. According to the prolonged symptoms in DRESS, systemic
corticosteroids usually be treated over 2-3 months which can produce a higher rate
of opportunistic infections and many more consequences. Intravenous immune

globulin (IVIG) and antiviral treatment are other treatment options.
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2.2.6 Outcome and sequelae

DRESS syndrome has a more extended latency than other types of SCARs,
usually more than 15 days. The study of Start et al.®” showed that 7 of the 32
patients (22%) had prolonged symptoms more than 90 days after onset, lasting until
6 months was 4 cases (13%) and even up to 1 year in 3 cases (9%). After all the
conditions, it is quite obvious that DRESS is a life-threatening condition with a
mortality rate of around 10%?. Long-term sequelae are reported with a rate of 10-
35% within a year after the onset of DRESS“*® and can be divided into 2 major
types according to different age groups. Elderly patients are more vulnerable to
ending with organ failure due to suffering from internal organ damage between the
onsets of DRESS and their recovery phase. However, young patients are prone to
develop autoimmune diseases. Autoimmune thyroid diseases, including Graves'
disease, Hashimoto's thyroiditis, and painless thyroiditis, are DRESS's most frequent
long-term sequelae. Nevertheless, other autoimmune diseases have been reported,
including Fulminant type 1 diabetes mellitus, SLE, and autoimmune hemolytic
anemia®. Although the mechanism for the autoimmune disease development is still
unknown, it has been suggested that they might be due to the dysfunctional Tregs in

the recovery phase of DRESS® (Figure 6).
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Figure 6 The clinical courses of patients with DRESS. Modified from: Cho et al,,
2017(4); Descamps & Ranger-Rogez, 2014(32); Criado et al,, 20129 and created with

BioRender.com.

2.3 Regulatory T cells (Tregs)

Regulatory T cells (Tregs) are specialized cells that are essential for immune
response modulation by  maintaining peripheral tolerance and immune
homeostasis®?. Tregs account for 5-10% of the CD4* T cells in healthy human

peripheral blood®Y.

2.3.1 Differentiation dynamics of Tregs

Tregs heterogeneity depends on their origin, differentiation, migration
characteristics, and TCR specificity and affinity. The Thymic Tregs (tTregs) can develop
ontogenetically in the thymus, whereas the peripheral Treg (pTregs) or Induced Treg
(iTreg) can derive from effector cells. tTregs contain a T cell receptor (TCR) with
sufficiently high autoaffinity with a constitutive FoxP3 expression. These cells
predominate in the lymph nodes and circulatory system, essential in establishing
tolerance to autoantigens. Moreover, pTregs are more frequently found in the

peripheral barrier tissue, significantly limiting local inflammation when exogenous
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antigens are presented®?. The stability of FoxP3 expression in varied circumstances
distinguishes tTregs from pTregs. It has been discovered that FoxP3, expressed by
pTregs, is transitory during inflammation. Therefore, pTregs can differentiate into
exFoxP3 effector cells with the phenotype of Th-17 lymphocytes (RORyt"), which are

pathogenic for autoimmunity.

tTregs can be classified as naive cells (nTregs), central memory cells
(cmTregs), effector memory cells (enTregs), and effector Treg (eTreg) lymphocytes
based on their differentiation. CCR7 and CD62L molecules allow Tregs to home into
secondary lymphoid organs. Tregs can function in various tissues and inflammatory
areas, which is why their development is related to the acquisition of chemokine
receptors and adhesion molecules involved in directed homing. For instance, CXCR3,
LFA-1, VLA-4, CCR2, CCR5, CCR6, and CCR8 are essential for migration to
inflammatory zones, while GPR-15 is for migration to the intestines. Moreover, future
skin resident Tregs express Cxcr3 and ltgh-1 (which produce integrin-b1) since they

52-54) (

are in the shoulder lymph nodes before migrating to the skin' Figure 7).

Tregs and naive CD4" conventional T cells (Tconv) exhibit non-overlapping
TCR repertoires, and a limited number of equal affinity TCRs are detected in both
CD4" and Treg cell populations. Tregs and naive CD4* Tconv cells exhibit non-
overlapping TCR repertoires, and a limited number of equal affinity TCRs are
detected in both CD4" and Treg cell populations. Then, the TCR repertoires of tTregs
and pTregs cells have been demonstrated to be distinct: the TCR repertoire of tTreg
is oriented toward self-recognition, but TCRs generated in pTreg can detect foreign
antigens with high affinity®”. Furthermore, suppressive mechanisms of Tregs have
recently been found to differ if the cells share specificity but differ in TCR affinity.
High-affinity Tregs primarily increase the expression of TCR-dependent regulatory

molecules such as CTLA-4, TIGIT, and IL-10, whereas cells with a low-affinity receptor
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produce more Ebi3, which is responsible for IL35-mediated suppressive activity. In
addition to Ebi3, Tregs with low-affinity TCR create amphiregulin, a growth factor in
tissue regeneration. Nonetheless, both Tregs have suppressive potential and aid the

autotolerance and immunological balance®® .

2.3.2 Tregs subsets and their immunophenotype markers

Although many subsets of Tregs have been identified so far®®, the five main
types of CD4" Treg have been determined, including natural Tregs (nTregs), inducible
Tregs (iTregs), IL-10-producing Tregs (Trl), transforming growth factor (TGF)—B—
producing CD4" Treg (Th3 Tregs), IL-17 producing FoxP3" Tregs and CD8" Tregs. These
subsets are derived from naive T cells under various conditions, making Tregs one of
the most complicated T cell groups. The subset of Tregs is presented in Table 2.
However, the new subsets of Tregs will be further investigated, and It is quite

challenging to comprehend why there are so many different subsets required.
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Figure 7 The differentiation dynamics of Tregs. Modified from Shevyrev and
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Discovering distinguishing cell-surface markers for identifying and separating
Tregs has consistently been challenging. Although there are promising markers for
mice Tregs, this aim for human Tregs has remained elusive. Tregs in mice and
humans have traditionally been identified as CD4'CD25" (also known as IL-2R).
Indeed, by staining for CD4*CD25'CD45RB'®" expression, mouse Tregs can be
efficiently separated. However, because T cells upregulate CD25 expression when

activated, the purity of isolated human Tregs has always been a concern®?.

Soon afterward, other markers were introduced to facilitate the identification
of Tregs. The CD4'CD25'FoxP3" expressions were also used to identify Tregs in
humans. Even though forkhead box P3 (FOXP3) has been identified as a major
regulator of Tregs formation and function in mice, many activated (non-regulatory)
human T cells express FOXP3, making it ineffective as a marker for human Tregs.
Moreover, a low level of CD127 expression in human Tregs was characterized and
used as a marker to distinguish Tregs from Tconv % %®. In addition, the co-inhibitory
receptor cytotoxic T lymphocyte antigen 4 (CTLA-4) and glucocorticoid-induced
tumor necrosis factor receptor (GITR) can also be used to characterize the

population®.

Even though many studies suggest the Tregs characteristics, as mentioned in
Table 3, the use of CD4, CD25, CD127, and FoxP3 are classical combined markers for
Tregs characterization in the present“‘”. Therefore, we would use the
CD4"CD25'CD127FoxP3" expression as Treg characterization in this study because it

could represent the majority type of Tregs in the human circulatory system®® 5.
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2.2.3 Functions of Tregs

Even though many subsets of Tregs are under-investigated in their function,
the general activities for Treg cells have been proposed, including developing and
maintaining immunologic self-tolerance, which can prevent autoimmune diseases,
suppressing the hypersensitivity reactive, and suppression of weakly stimulating-

induced T-cell activation.

The immune-suppressing mechanisms of Tregs have been proposed shown in
Figure 8°Y. First, the secretion of inhibitory cytokines, including IL-10, Il-35, and TGF-
[3, suppresses the activation and proliferation of effector T cells. Effector B cells and
NK cells. The secretion of cytolysis enzymes, including eranzymes and perforin,
induces the apoptosis of CD4" effector T cells. Then, the high-level expression of
CD25, IL-2 receptor-Ql, empowers Tregs to devour local IL-2 and causes CD4" effector
T cells death by cytokine withdrawal. Tregs are also suppression by interrupting the
metabolism of CD4" effector T cells. The expression of ectoenzyme CD39 and CD73
can generate adenosine and activate the adenosine receptor 2A (A2AR) by
transferring the inhibitory cyclic AMP (cAMP) via gap junction to CD4" effector T cells.
Tregs might suppress the maturation and function of DCs by expressing CTLA-4. The
interaction between CTLA-4 and CD80/CD86 can activate the indoleamine 2, 3-
dioxygenase (IDO) in DCs that can induce the suppression of CD4" T cells via pro-
apoptotic metabolism. In addition, DCs maturation might be blocked by lymphocyte
activation gene 3 (LAG3 or CD223), a CD4 homolog which high-affinity binding to MHC
class Il. The interaction between LAG3 and MHC class Il can induce the
immunoreceptor tyrosine-based activation motif (ITAM)-mediated inhibitory signaling
pathway to suppress the maturation and the immunostimulatory properties of DCs.
Moreover, Tregs can suppress the function of autoreactive B cells via PD-1/PD-L1

signaling (Figure 8)(52, 61, 64)



27

Starvation of
effector T ceII

Inhibition of DC maturation
and function

Proliferation
IFN-y
NKG2D

Membrane-tethered

’ Autoreactive B cell
suppression

Effector T cell
metabolic disruption

-
Adenosine —# rY

Effector T cell
apoptosis

Figure 8 The basic mechanisms of Tregs function to suppress an immune
response. Modified from: Romano et al,, 2019(65); Vignali et al,, 2008" and created

with BioRender.com.

2.3.4 Cell signaling of Tregs and Treg cell signaling and potential action

mechanisms

Although the cellular signaling pathways of Tregs remain mainly
uninvestigated, we can summarize the molecular mechanisms involved in their cell

signaling pathway, as shown in Figure 9.

FoxP3 is a transcription factor necessary for Treg formation and function.

FoxP3 not only keeps cells on the right developmental tracks toward a suppressive
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phenotype but also appears required for Treg lineage stability®®. Furthermore, FoxP3
impairment decreases Treg suppressive activity over time. The FoxP3 locus includes
various conserved noncoding regions identified as CNS 0-3. Each sequence
participates in a different signaling pathway. CNSO plays a role in activating Treg-SE
(specific super-enhancers) to stimulate FoxP3 expression. CNS1 includes binding sites
for the nuclear factor of activated T lymphocytes and the activator protein 1, both
required for TGF- signaling pathways. CNS2 can be activated by TCR expression and
IL-2, which contains transcription factor binding sites for various transcription factors,
including cyclic adenosine monophosphate response element-binding protein, signal
transducer and activator of transcription (STATS5), and runt-related transcription factor
(RUNX). The RUNX1-CBF complex binding to CNS2 is critical for maintaining a high and
steady level of FoxP3 expression in Treg cells. CNS3 is a major element for FoxP3
induction during tTregs and pTregs differentiation by recruiting c-Rel and other
transcription factors. In conclusion, FoxP3 is part of a vast transcriptional complex,
and FoxP3 subunits can bind to several transcriptional factors to achieve Treg

formation and function®”¢?,

Besides FoxP3-mediated signaling pathways, it has been reported that STAT4
is required for IL-12 to inhibit the development of TGF—B1—induced—expressing iTregs,
even if a parallel mechanism involving T-bet exists"”. There was reported that IL-4
supersedes Tregs function via the IL-4Ralpha-STAT6 axis, which reduces FoxP3
expression in Tregs and promotes allergic inflammation. Additionally, the competing
effects of IL-4-induced signaling in naive CD4" Th cells can compromise viral

tolerance mediated by membrane-bound TGF- expression on Tregs' "7,
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Figure 9 Schematic diagram of transcriptional regulation of the Foxp3 locus and
cell signaling pathway of Tregs. Modified from Zhang et al. (2014)°® and Lee and

Lee (2018)" and created with BioRender.com.

2.4 Association of Treg, DRESS, and autoimmune diseases

As mentioned above, Tregs are essential in immunological homeostasis by
maintaining a balanced adaptive immune response. Human congenital abnormalities
impair Tregs' number or function, resulting in autoimmunity, allergic dysregulation,
and continuous lymphocyte infiltration in several organs, leading to disease

progression and affecting patient survival.
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From the clinical perspective, the mutation of FoxP3 is significantly associated
with the immunological dysregulation of Tregs. Patients with a mutant FOXP3 gene
suffer from autoimmune polyendocrinopathy, particularly type 1 diabetes mellitus
and hypothyroidism, as well as enteropathy, which is immunodysregulation,
polyendocrinopathy, enteropathy X-linked (IPEX) syndrome'™. Moreover, decreased
circulating Tregs population has been reported in patients with autoimmune
diseases, including Hashimoto thyroiditis"®, Graves' disease!””, rheumatoid arthritis"®,
and systemic lupus erythematosus’”. The lower circulating Treg population is also

linked to increased disease activity or poor prognosis''® & 7.

When we reviewed the Tregs in DRESS, there were reported that Tregs in the
skin and circulation of DRESS patients increased during the acute phase of the
syndrome compared with other SCARs and healthy donors. In contrast, Tregs in the
recovery phase of DRESS patients were dysfunctional even though there was an

equal population level compared with other SCARs and healthy donors® .

It is interesting to link these reports about the impairment of Tregs function in
other autoimmune diseases, the defective Tregs in DRESS recovery patients, and their
autoimmune sequelae. Therefore, immunophenotype and functions of Tregs at the
acute and recovery phases of DRESS patients with autoimmune sequelae would give

us more understanding of autoimmune sequelae in DRESS patients.
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CHAPTER Il
HYPOTHESIS AND OBJECTIVES

3.1 Research question

How are the immunophenotype and functions of Tregs at the acute and

recovery phases of DRESS patients with autoimmune sequelae different?

3.2 Objectives

3.1.1 To characterize the regulatory T cell immunophenotype of DRESS
patients with autoimmune sequelae between the acute and recovery phase.

3.1.2 To investigate in vitro regulatory T cell suppressive function of DRESS
patients with autoimmune sequelae between the acute and recovery phases.

3.1.3 To explore the gene expression profiles in Tregs from DRESS with
autoimmune sequelae and control samples that might influence autoimmunity

development.

3.3 Hypothesis

There are differences in Tregs phenotyping between acute and recovery

phases of DRESS patients with and without autoimmune sequelae
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Drug-induce SCARs
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3.5 Research design and experimental framework

This study was a basic research study with cross-sectional observation

designs. There are three parts of the experiment according to the study's objectives.

This study used PBMCs from healthy donors as the negative controls for one-time

points. Moreover, SJS/TEN patients were used as a comparative group because

SJS/TEN is one of the SCARs phenotypes with high severity but clinical characteristics

without autoimmune sequelae.
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Part 3 Gene expression profiles in Tregs
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There are alterations in the function and number of Tregs in DRESS with

autoimmune sequelae patients compared to healthy donors, DRESS without

autoimmune sequelae patients, and SJS/TEN patients.

3.7 The benefit of this study

3.7.1 The identification of Tregs in DRESS patients with and without

autoimmune sequelae may give more information about the pathogenesis of DRESS

and their subsequent autoimmunity.

3.7.2 This knowledge may help in the early diagnosis, preventing or

developing future therapeutic methods for the symptoms.
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CHAPTER IV
METHODOLOGY

4.1 Specimen collection

Patients diagnosed with DRESS and SJS/TEN from drug hypersensitivity
reactions were recruited from King Chulalongkorn Memorial Hospital, Bangkok,
Thailand, between 2014 - 2022. Al SCARs patients in this study had developed
symptoms within eight weeks after initiating drug treatment. DRESS diagnoses were
considered using the RegiSCAR criteria®”. At the same time, SJS/TEN were evaluated
using an algorithm for assessment of drug causality in Stevens-Johnson Syndrome

and toxic epidermal necrolysis or ALDEN score'.

Blood samples from drug-induced SCARs patients will be obtained within ten
days after admission to the hospital. They will be defined as the acute stage
samples, while those obtained more than six months after the onset of the
symptoms will be defined as the recovery phase samples. The criteria for blood
sampling were modified from those of Takahashi et al. (2009)*. This study included
healthy donors with no history of drug hypersensitivity as the negative controls for
one-time points. Additionally, SJS/TEN patients were used as a comparative group
because SJS/TEN is one of the SCARs phenotypes with high severity but clinical

characteristics without autoimmune sequelae.

Before the sample collection process, all participants provided their informed
consent. After consent was permitted, peripheral blood was collected by

venipuncture for 30 mL (metric). All drug-induced SCAR patients were confirmed by
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ELISPOT analysis with IFN-Y released cells of more than 20 SFU/10° peripheral blood

mononuclear cells (PBMCs).

All participants proceeded under a protocol approved by the Ethical Research
Committee, Faculty of Medicine, Chulalongkorn University (COA No. 579/2020, IRB
No.225/63). All information collected about participants during the study has been

kept strictly confidential, and no identifiable personal data will be published.

4.2 Sample size determination

There has never been a previous study on the Tregs immunophenotype in
DRESS patients with autoimmune sequelae. But according to, preliminary results from
our laboratory that compared the population of Tregs between SCAR patients at the
acute phase found that there were significantly different between

CD3'CD4"CD25"CD127 Tregs, as shown in Table 4.

Table 4 Preliminary data of CD3"CD4*CD25*CD127 Tregs in DRESS and SJS/TEN

patients
SCARs phenotype % of CD3'CD4"CD25'CD127 Tregs (n=10) T-test
Mean () SD (0)
DRESS 9.600 5.8369 0.010
SJS/TEN 3.824 2.5362

So, when using these results to predict the sample size in this research. The

sample sizes required in each comparison group are given below:

2
2, 2
(o1 +05 )<Z1—;+ Zl_ﬁ>

n = =z = sample size for each group
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Where n is the suitable sample size in each group to have a probability of 1-
B of finding a significant difference based on a two-sided test with significance level

a, Z1—§ =1.96,a = 0.05; z;_g = 0.8, = 0.2

A= pq — p, is the absolute value of the actual difference in means between

the two groups

The means and variances of the two respective groups are (uq,0%) and

(,le, 0-22)

If using the above formula:

_ (5.8369% +2.5362%)(1.96 + 0.8)*
n= (9.600 — 3.824)?

_ (34.069 + 6.432)(7.618)
7 33.362

n

_ 308537
im—cToTe

n = 9.248

Thus, this study recruited 40 patients who were ten patients from DRESS with
autoimmune sequelae, ten patients from DRESS without autoimmune sequelae, ten
patients from SJS/TEN, and ten patients as control subjects taken from healthy

donors with no history of drug hypersensitivity.
4.3 Inclusion criteria

® All subjects were from the Thai population and older than 18

years old.
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For DRESS patients

® Dermatologists or allergists confirmed drug-induced DRESS

subjects.

® For flow cytometry and suppressive assay, DRESS patients with
autoimmune sequelae must have the Antinuclear Antibody Test
(ANA) titer greater than 1:40® or have been diagnosed with at

least one autoimmune disease or both.

® For RNA expression profile study, DRESS patients with autoimmune
sequelae must have been diagnosed with at least one

autoimmune disease.

For SJS/TEN patients

® Dermatologists or allergists confirmed drug-induced SJS/TEN

subjects.

For healthy control subjects

® The control subjects were obtained from a healthy donor with no

history of drug hypersensitivity.

4.4 Exclusion criteria

® The subjects were unwilling to participate in the study.
® The subjects were unable to give informed consent.

® The subjects had unclear medical records.



39

4.5 Isolation and cryopreservation of PBMC

Anticoagulant-treated human peripheral blood samples were collected from
each group of experimental subjects. PBMCs were isolated by Ficoll-Paque™ PLUS
density gradient media (GE healthcare life sciences; Chicago, IL, United States)
centrifugation. Packed cells were resuspended in RF10 medium (see Appendix A for
reagent details) and gently layer 10 mL of suspension cells on 4 mL of Ficoll-Paque™
PLUS in a 15 mL conical tube. Then, the tubes were centrifuged for 20 min at room
temperature with a control deceleration setting as zero. The top layer was aspirated,
whereas the mononuclear cell layer (lymphocytes, monocytes, and thrombocytes)
remained undisturbed at the interphase. The mononuclear cell layer was carefully
transferred to a new 15-mL conical tube. Then, the PBMCs were washed with RF10
media, centrifuged, and discarded the supernatant twice. The pellet was
resuspended in the freezing media to yield 1x10" cells/ml. Finally, The cell
suspension was aliquoted 1 mL into pre-chilled cryogenic vials and subsequently
placed into Mr. Frosty™ Freezing Container (Thermo Scientific™; Waltham, MA, United
States) to achieve a rate of cooling close to -1°C/min. The vials were transferred to

liquid nitrogen for long-term storage for further use.

The cryopreserved cells were recovered from liquid nitrogen and placed
cryotubes into a water bath at 37 °C until the liquid was partially thawed. One
milliliter of RF10 medium was added to the thawed cryotubes for resuspending and
then transferred into a 15 mL conical tube with pre-warmed (37 °C) 10 mL of RF10
media. The cell suspension was centrifuged at 1,500 rpm for 5 min at 4 °C. The pellet
was washed with 10 mlL of RF10 and centrifuged again. After discarding the

supernatant, the cell pellet was resuspended in 5 mL RF10 media for counting.



40

Cell number and viability were evaluated using a Neubauer hemocytometer
in conjunction with the trypan blue exclusion assay. A 1:10 dilution of the cell
suspension on 0.1% trypan blue was performed and observed under a compound
lisht microscope. The cells were counted in a quadrant of knows volume. Dead cells
lost their membrane-impermeability for trypan blue, so the dye could penetrate the
dead cells while the viable cells remained unstained. The following formula was

used to determine the number of cells:

number of cells per mL = mean number of cells per quadrant x 10*

4.6 Antibodies staining for flow cytometry

For surface staining, the 1 x 10° PBMCs were surface stained and incubated
for 45 min in the dark on ice with optimally concentrated surface markers by
following monoclonal antibodies: CD3-PE/Cy7, CD4-APC/Cy7, CD8-AF700, CD25-PE,
CD127-PerCP/Cy5.5, PD-1-Bv421, CTLA-4-PE/Dazz\e594, GITR-BV605, LAG-3-BV650,
OX40-BV510, and CD39-BV785  (antibody detail given in Appendix A). After
incubation, PBMCs were washed twice with 200 mL of cold FAC buffer. For cell
fixation, cells were resuspended with 100 pL of freshly prepared
fixation/permeabilization  working  solution  following instructions from the
eBioscience™ FoxP3 Transcription Factor Staining Buffer kit to each sample. Samples
were mixed gently with the pipette and incubated on ice for 60 min in the dark.
Then, samples were washed twice with 1X permeabilization buffer, centrifuged, and
decanted supernatant. Then, the FoxP3-AF488 and IL-10-AF647 in  1X
permeabilization buffer was added for intracellular staining and incubated for 45 min
in darkness at room temperature. After the surface and intracellular staining, the cells
were washed, centrifugated, and resuspended before being analyzed by flow

cytometry.
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4.7 Quality control of flow cytometry

Samples were analyzed with CytoFLEX V5-B5-R3 Flow Cytometer (13
Detectors, 3 Lasers) from Beckman Coulter Life Sciences (Indianapolis, IN, United
States). Quality Control (QC) was done using CytoFLEX Daily QC Fluorospheres
(Beckman Coulter Life Sciences) every time that turned on the flow cytometer to
confirm that the instrument was working correctly within the specified parameters.
The system reads and automatically adjusts laser delay during QC. Thresholds were
set as 50,000 instead of using auto threshold setting by automated software features
to ensure that most populations were analyzed. A nonionic, non-fluorescent, anti-
microbial, and azide-free CytoFLEX Sheath Fluid was used to maintain the
hydrodynamic focusing. Data were obtained from at least 100,000 cells gated in the
forward scatter (FSC) versus side scatter plot between 10-60 pL/min flow rate using
the CytExpert software (version 2.4; Beckman Coulter Life Sciences).

FlowJo software (version 10.0.8: Tree Star, Ashland, OR, United States) was
used for data analysis. Data acquired from unstained cells were used as a negative
control. In addition, FMO staining results were utilized as the reference for correct

gating.

4.8 Statistical analysis for immunophenotyping characteristics of Tregs

Pearson's correlation coefficient was operated for the correlation analysis, and
a One-way Analysis of Variance (one-way ANOVA) was used to compare the mean of
all groups. Tukey's HSD (honestly significant difference) multiple comparison tests
were used to follow the statistical difference between groups. Statistic data analysis
was performed by IBM SPSS software (IBM; Armonk, NY, United States). P-values less

than 0.05 (95% confidential) were considered statistically significant.
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4.9 Tregs isolation for suppression assay

Tregs (CD4TCD25'CD127 T cells) and effector T cells (CD4*CD25™ T cells) were
isolated from donor's PBMCs by EasySep Human CD4*CD1277'°"CD25* Regulatory T
Cell Isolation Kit (STEMCELL Technologies;, Vancouver, BC, Canada) following the
instruction. Briefly, PBMCs (1 x 10" cells) were prepared by adding 300 pL of isolation
buffer into the FACs tube. Every step was done at room temperature and must be
gently mixed with the pipette. First, 25 pL of CD25 Positive Selection Cocktail was
added to the sample, mixed, and incubated for 5 min. 10 pL of Releasable
RapidSpheres and 25 pL of CD4*™ T Cell Enrichment Cocktail were added to the
sample to binding CD4"CD25" cells, mixed, and incubated for 5 min. 2,140 pL of
Isolation buffer was added to the cells for a complete volume of 2.5 mL. The tube
(without lid) was placed into the EasySep™ Magnet (STEMCELL Technologies) and
incubated at room temperature for 10 min. Then, pick up the magnet and, in one
continuous motion, invert the magnet and tube, pouring the supernatant into a new
FAC tube. This supernatant was the CD4'CD25 and CD4 cells that would be

continued isolated for CD4*CD25 effector T cells.

The cell pellet was washed twice by adding isolation buffer, incubated in
EasySep™ Magnet for 5 min, and discarded supernatant. The sample tube was
removed from the magnet, and 300 pL of isolation buffer was added into the tube;
mix by gently pipetting up and down (be sure to collect cells off the sides of the
tube. After that, 50 uL of Release Buffer was added to the sample, vigorously pipette
up and down more than five times, and 20 uL of CD127high Depletion Cocktail was
added to the sample, mixed, and incubated for 5 min. Then, Dextran RapidSpheres™
(5 pL) was added and set for 5 min. 2,125 L of isolation buffer was added to the
cells for a complete volume of 2.5 mL. The tube (without a lid) was placed into the

magnet and incubated for 5 min. Then, in one continuous motion, the magnetic tube
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was inverted to pour the supernatant into a new FACs tube. Therefore,

CD4*CD25*CD1277"°" Tregs were contained in the new FACs tube.

From the first part, the supernatant was centrifuged into pellet cells at 1,500
rom for 5 min and resuspended with 300 pL of isolation buffer. Then, 45 uL of
Dextran RapidSpheres™ was added to the sample and incubated for 5 min. The tube
(without a lid) was placed into the magnet and set for 5 min. Then, in one
continuous motion, the magnet tube was inverted to pour the supernatant into a

new FAC tube. These cells were CD4*CD25 effector T cells.

Both populations were washed with PBS buffer twice to remove excess EDTA
contamination before co-culture. The frequency of CD4*CD25*CD1277'°" Tregs and

CD4'CD25 effector T cells were determined by flow cytometry.

4.10 Tregs and effector T cells co-culture experiments

The in vitro Tregs suppression assay was set up following the study of
Collison and Vignali (2011). After cell isolation, all Tregs were pre-activated overnight
with anti-human CD3 (1 pg/mL) and anti-human CD28 (2 pg/mL) in a 96-well U-
bottom plate. Conversely, effector T cells were rested overnight in RF10 media.
Moreover, the U-bottom 96-well plated was pre-coated with soluble anti-human CD3

(10 pg/mL) overnight and washed with PBS before being used the next day.

A carboxyfluorescein succinimidyl ester (CFSE) cell division tracker kit
(BioLegend; San Diego, CA, United States) was prepared in a working solution by
diluting CFSE at a 1:1000 ratio in PBS buffer. Resting effector T cells were labeled
with 100 mL of CFSE working solution and incubated in darkness at 37 °C for 8 min.
Then, 500 pL of RF10 media was added to quench the reaction. For the co-cultured

experiment, CFSE-labeled effector T cells (1 x 10* cells) were cultured alone or with
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autologous pre-activated Tregs in U-bottom 96-well plates at effector T cells/Tregs
ratios ranging from 1:1 to 1:0.25. The co-cultured cells were restimulated with 2
ug/mL of soluble anti-CD28 and 200 pg/mL of recombinant Human IL-2 (carrier-free)
(all from BioLegend) in RF10 media. Cells were incubated in a humidified
environment at 37°C in 5% CO, for 96 hours before analysis by flow cytometry for
effector T cells proliferation. The CFSE-labeled effector T cells cultured alone

without stimulation were used as a negative control for gating.

4.11 Effector T cells proliferation analysis

Effector T cells proliferation analyses were performed using CytoFLEX V5-B5-
R3 Flow Cytometer to detect the CSFE positive effector T cells. The flow cytometer
was set up as the previous methodology mentioned. In addition, the 488 nm (blue)
laser was used to collect green fluorescence (CFSE) with a 525-nm band-pass filter.
Data were obtained from at least 10,000 cells gated in the forward scatter (FSC)
versus side scatter plot between 10-60 pyL/min flow rate using the CytExpert

software.
4.12 Data analysis and statistical analysis of suppression assay

Data acquired from the flow cytometer were analyzed by FlowJo software.
Autologous unstimulated effector T cells cultured alone were used as a negative
control. Statistic data analysis was performed, as mentioned elsewhere in this
chapter.

The percentage suppression was calculated using the formula:

% proliferation of Tef fs alone — % proliferation of Teff co — cultured with Treg y

100
% proliferation of Teff alone
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4.13 Tregs isolation for mRNA profiling

CD4"CD25'CD127 Tregs were sorted for mRNA profiling by flow cytometry
technique. First, PBMSs (1 x 107 cells) were stained with CD4-PE/Cy7, CD25-PE, and

CD127-PerCP/Cy5.5 as the protocol described elsewhere in this chapter.

BD FACSAria™ Il Cell Sorter was used to isolatate CD4*CD25'CD127 Tregs. The
cytometer settings were optimized to position the cells of interest on the scattering
scale and fluorescence parameters. Compensation was manually set and calculated
using the Compensation Setup feature controlled by BD FACSDiva™ software. The
CD4*CD25'CD127" Tregs were from multiple populations in a 5 mL FACs tube

containing 1 mL of FAC buffer.

After sorting, the FACs tube containing the desired population was centrifuged
at 4 °C, 1500 rpm for 5 min. Pellets were washed twice with PBS buffer for further

use.

4.14 Total RNA extraction of Tregs

Total RNA was extracted from each patient's Tregs using the RNeasy mini kit
(QIAGEN GmbH, Hilden, Germany), following the manufacturer's instructions. Cell
pellets from sorting were disrupted by adding 300 mL of RNeasy Lysis (RLT) buffer
and homogenized cells with vortex. Then, 350 uL of 70% ethanol was added to the
homogenized lysate and mixed well by pipetting. The sample, including any residue
that may have formed, was transferred to an RNeasy spin column placed in a 2 ml
collection tube. Close the lid gently, centrifuge for 15 sec at 8000x g, and discard the
flow-through. Then, the 700 pL of RW1 buffer was added to the RNeasy spin column.
Close the lid, centrifuge to wash the spin column membrane, and discard the flow-

through. After that, the column membrane was washed twice with 500 uL of RPE
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buffer, discarding the flow-through after centrifuging. Then, the RNeasy spin column
was transferred to a new 1.5 ml collection tube, and 30 pL of RNAse-free water was
added directly to the spin column membrane, closed the lid gently, and centrifuged

for 1 min at >8000 x g to elute the RNA.

RNA quality was quantified by Qubit™ RNA High Sensitivity (HS) Assay Kits
(Invitrogen, Waltham, MA, United States) via Qubit™ 4 Fluorometer (Invitrogen). In
addition, RNA was quantified using a NanoDrop spectrophotometer (NanoDrop

Technologies, Wilmington, DE, United States). Total RNA from

Sorted Tregs were counted and ranged between 53,588 to 709,879 cells.
Then, the total RNA from Tregs was extracted with the RNeasy mini kit (QIAGEN). The

yield of total RNA ranged from 2.20-42.10 ng/ul (Table 5).

Table 5 The Tregs count from FAC-sorted and their yield of total RNA extraction

RNA
Sorted Tregs
SCARs phenotype Patients Initial Phase Concentration
(cells)
(ng/pL)
Healthy donors HD003 709,879 42.10
HD008 233,092 17.70
HD009 290,015 13.50
DRESS with autoimmune PKS Acute 204,864 29.90
sequelae PKS Recovery 132,509 42.00
MJC Acute 16,815 3.10
MJC Recovery 184,944 33.90
YSP Acute 109,822 1.80
YSP Recovery 117,830 6.20
LSS Acute 73,138 2.70
LSS Recovery 162,014 3.70
DRESS without autoimmune NSS Acute 171,518 14.50
sequelae NSS Recovery 287,537 17.40

KKL Acute 601,366 32.60




ar

RNA
Sorted Tregs
SCARs phenotype Patients Initial Phase Concentration
(cells)
(ng/pL)

KKL Recovery 205,756 5.80

SSD Acute 402,087 4.20

SSD Recovery 96,367 14.20

SJS/TEN JPC Acute 134,534 3.20
JPC Recovery 80,933 5.90

PTS Acute 77,678 3.60

PTS Recovery 241,325 8.50

Cccp Acute 53,588 2.60

SPC Recovery 62,642 2.20

4.15 CodeSet hybridization

Gene expression values from CD4"CD25'CD127 Treg-sorted cells from DRESS
patients, SJS patients, and healthy donors were measured using nCounter®
Autoimmune Profiling Panel (NanoString Technology, WA, United States). This panel
included 770 human genes involved in immune system dysfunction, including Tregs

differentiation and function.

CodeSet hybridization for mRNA profiling via NanoString Technologies was
performed as follows. A minimum of Total RNA (5 ng/uL) was added to the
hybridization master mix by adding the hybridization buffer to the tube containing
the Reporter CodeSet (Table 6). The tube strip was repeatedly inverted to mix and
spin down with a centrifuge. Hybridization reactions were prepared using a new
pipette tip at every step by adding 8 L of hybridization master mix to each tube of
the prepared strip tube. 5 pL of RNA sample was added to each tube containing the
hybridization master mix. Then, 8 uL of nuclease-free water was added to finalize the

reaction volume to 13 pL. Finally, 2 pL of Capture ProbeSet was added to each tube,
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tightly caped the strip tubes, and inverted the strip several times to ensure complete
mixing and spin down briefly. Immediately, the tube strip was placed in the pre-
heated 65°C thermal cyclers (ProFlex™ PCR System: Applied BiosystemsWaltham, MA,
United States) with the heated lid at 70°C. The hybridization reactions were
performed for 16 hours and incubated at 4 °C on the thermal cycler following

desired hybridization time before proceeding with the nCounter® system.

Table 6 Hybridization master mix for one nCounter® assay (12 reactions + 2

reactions of dead volume).

Component Hybridization Master Mix (uL) Per reaction (uL)
Reporter CodeSet 42 (in the tube) 3
Hybridization Buffer 70 5
Total Volume 112 8

4.16 Post hybridization sample processes by Prep Station robot and digital

analyzer

After sample processing and hybridization were completed, samples were
loaded onto the Prep Station robot to be purified and immobilized onto the internal
surface of the sample cartridge. The Prep Station is a multi-channel pipetting robot
that processes samples to prepare them for data collection on the Digital Analyzer.
The instrument performs liquid transfers, magnetic bead separations, and
immobilization of molecular labels on the sample cartridge surface. For Initiating a
run, high sensitivity protocol was selected to increase the binding of all molecules to
the sample cartridge surface. The nCounter® cartridges and Prep Plates must be at
room temperature before processing. Centrifuge the Prep Plates at 2000g for 2 min
to collect all liquids in the bottom of the wells before loading the Prep Plates onto

the Prep Station deck. The tips and the foil piercers, the tip sheaths, the cartridge,
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the empty strip tube, and hybridized sample strip tube were placed on the deck
following the program setting. When the process began, the Prep Station

automatically worked and took about 3-4 hours to finish.

Meanwhile, the Cartridge Definition File (CDF) template of nCounter®
Autoimmune Profiling Panel was installed on the Digital Analyzer via USB flash drive
(provided in the kit). The Reporter Library File (RLF) library was also created on the
Digital Analyzer. The experimental data file was created by linking to CDF and RLF
files. Each tube of samples was defined appropriately for the selected cartridge, and
the number of images (fields of view, or FOVs) was set as 280 fov, which corresponds

to the high sensitivity and high dynamic range that could be achieved.

When the mRNA-probe complexes were immobilized and aligned to the
image surface on the cartridee by the Prep Station robot was completed, the
cartridge was removed from the Prep Station robot and placed in the Digital Analyzer
to initiate Imaging. A Reporter Code Count (RCC) file is created for each flow cell in
the cartridege when the data collection had completed. The output data were
grouped by cartridge into a zipped folder that contains up to 12 RCC files and could

be transferred via a USB flash drive for further analysis.

4.17 nSolver™ 4.0 analysis software and data analysis of mRNA profiling

Raw data from the Digital Analyzer were processed and checked for quality
using the R/Bioconductor NanoStringQCPro software package. Expression values were
normalized to the geometric mean of housekeeping genes and log2-transformed.
Gene expression data analysis was performed using the nSolver™ Data Analysis

software with the Advanced Analysis module (NanoString Technologies).
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The gene expression profiling of each sample was presented as a heatmap.
The genes of interest from each condition were considered on statistical comparison
between groups of the patient must be upregulated or downregulated over 1.5-fold
with 95% confidence compared to healthy donor gene expression. Venn's diagram
was created to represent the overlapping gene between each group of patients using
InteractiVenn software (online at https://wwvv.interactivenn.net)(SZ). One-way Analysis
of Variance (one-way ANOVA) was used to compare the mean of all groups. Tukey's
HSD multiple comparison test was used for the statistical difference between groups.
Data were presented as Mean+SD. P-values less than 0.05 were considered

statistically significant.
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CHAPTER V
RESULTS

PART 1 PATIENT CHARACTERIZATION AND
TREGS PHENOTYPING USING FLOW CYTOMETRY

As mentioned above, Tregs have emerged as an essential component that
controls allergies and autoimmune diseases. To explore how the Tregs are involved
in autoimmune diseases as sequelae of DRESS. Therefore, this study investigates the
immunophenotype and function of Tregs in PBMCs at the acute and recovery phases
after onset between DRESS with autoimmune sequelae patients and DRESS without
autoimmune sequelae patients compared with healthy patients donor subjects. And
because SJS/TEN is one of the SCARs phenotypes with high severity but clinical
characteristics with no report of autoimmune sequelae, patients with SJS/TEN were

included as a comparison group.

5.1 Clinical characteristics

In this dissertation, We used PBMCs from DRESS patients, SJS/TEN (including
SJS, SIS/TEN, and TEN) patients, and healthy donors. We recruited 4, 10, and 13
patients of DRESS with autoimmune sequelae, DRESS without autoimmune sequelae,
and SJS/TEN patients, respectively. Nine healthy donors were recruited as a negative

control group.



Table 7 Clinical characteristics of DRESS patients, SIS/TEN patients, and healthy

donor subjects.
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Characteristic DRESS with DRESS without SJS/TEN Healthy
Autoimmune Autoimmune (n =13) Donors
sequelae sequelae (n=9)
(n=4) (n=10)
Gender
Female 4 (100.0%) 4 (40.0%) 5(38.5%) 6 (66.7%)
Male - 6 (60.0%) 8 (61.5%) 3 (33.3%)
Age (years) 41.8+12.7 41.6+5.9 54.0+3.6 28.00+1.14
Causative agent
IRZE - - 2 (15.4%) -
Allopurinol 2 (50.0%) 1(10.0%) 5 (38.5%) -
Phenytoin 2 (50.0%) 4 (40.0%) 3 (23.1%) -
Sulfa ABX - 5 (50.0%) 3(23.1%) -
Positive ELISpot results 3 (75.0%) 90 (90.0%) 7 (53.8%) -
Corticosteroid treatment 1 (25.0%) 4 (40.0%) 5(38.5%) -

Autoimmune sequelae
Autoimmune hemolytic
anemia
Grave's disease
Autoimmune

hypothyroidism

1 (25.0%)*

2 (50.0%)*

2 (50.0%)

Note: number of subjects, n (%). Abbreviation: IRZE - Isoniazid, Rifampicin, Pyrazinamide,

Ethambutol; Sulfa ABX - sulfonamide antibiotics, *One patient has been diagnosed with 2

autoimmune sequelae.

Clinical characteristics of patients in this study are shown in Table 7 and

Appendix D for details. DRESS with autoimmune sequelae patients were all female

(100%), while the frequency of DRESS without autoimmune sequelae in females

(40.0%) was lower than in males (60.0%). Moreover, the frequency of SJS/TEN in

males (61.5%) was higher than in females (38.5%). Our findings were consistent with
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those from other reports, with male subjects predominated in SJS/TEN but female
subjects in DRESS®*®Y. Furthermore, the higher prevalence of females developing
autoimmune sequelae in our study was also shown in the same way as the study of

Mizukawa et al®®®.

For the age of patients, DRESS was found in their early 30s to 40s, whereas
SJS//TEN was found frequently in their mid-50s. The average age of DRESS with
autoimmune sequelae, DRESS without autoimmune sequelae, and SJS/TEN patients
were 41.8+12.7, 41.6+5.9, and 54.0+3.6 years old, respectively, whereas the average

age of healthy donors was 28.00+1.14 years old.

The drugs causing DRESS with autoimmune sequelae were allopurinol (50.0%)
and phenytoin (35.0%). The causative drugs in DRESS without autoimmune sequelae
were sulfa (50.0%), followed by phenytoin (40.0%), and co-trimoxazole (10%). Then,
SJS/TEN were allopurinol (38.5%), phenytoin (23.1%), sulfa antibodies (23.1%), and
IRZE (15.4%). Thus, allopurinol and phenytoin were frequently encountered as culprit

drugs in our DRESS and SJS/TEN patients.

The diagnosis of SCAR patients was evaluated by assessing drug causality and
clinical history together with the RegiSCAR criteria®” for DRESS and ALDEN score for
SIS/TEN®. Even though dermatologists confirmed every patient as DRESS or
SJS/TEN, the IFN-Y enzyme-linked immunospot (ELISpot) assay was used to
corroborate the hypersensitivity of culprit drugs in every patient. Among recruited
patients, one patient from DRESS with autoimmune sequelae and one from DRESS
without autoimmune sequelae showed negative IFN-Y ELISPOT results. In SJS/TEN
patients, there are six patients with negative IFN-Y ELISPOT results. However, the IFN-
Y ELISpot assay is an alternative way to improve overall causal diagnosis

performance without endangering patients®”.
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DRESS patients with autoimmune sequelae were diagnosed with at least one
autoimmune disease within 6 months after the onset of DRESS. Two patients were
diagnosed with autoimmune hypothyroidism (50%), and 2 patients had Grave's
disease (50%). Anyway, one patient was diagnosed with autoimmune hemolytic

anemia and followed with Grave's disease within 6 months after the onset of DRESS.

5.2 Identification of regulatory T cell frequency and their immunophenotype

In this study, Tregs were characterized by flow cytometry in total PBMCs of
the patients at their acute and recovery phases between DRESS patients with and
without autoimmune sequelae and SJS/TEN patients compared to the healthy donor

subjects.

The gating strategy of the full 15-parameter, which includes 13-color staining,
forward scatter (FSC), and side scatter (SSC) for regulatory T cell characterization, was
first gated on the target lymphocytes by their size and granularity. Pseudo-color plots
of FSC-A (area) and SSC-A were used to gate for lymphocytes. The single cells were
gated, followed by FSC-H (height) and FSC-A. The positive expression of the CD3
staining on single cells was identified as T cells. Then, T cells were sub-grouped into
CD4" and CD8" T cells. After that CD3*CD4* T cell were gated on CD25™"*CD127'""
FoxP3" cell. Therefore, Tregs in this study were defined as CD3'CD4*CD25CD127

FoxP3" cells.

Additionally, the immunophenotype was determined by using markers
including PD-1, CTLA-4, GITR, LAG-3, OX40, CD39, and IL-10 were measured in

CD3'CDA*CD25™*CD127'°" FoxP3" cells. The gating strategy is shown in Figure 10.
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Figure 10 The gating strategy of the complete 15-parameter staining for

regulatory T cell characterization. PBMCs (1x10°) from the subjects were stained

with a 13-color panel. Lymphocytes and single cell populations were gated using FCS

and SSC. Tregs were gated from CD3-positive, CD4"CD8’, CD25'CD127", and FoxP3"

population, respectively. For the Treg immunophenotype, our gating strategy was

anchored on the positive population of FoxP3™ population in Tregs. Thus, all positive

markers were expressed as a % of CD4'CD25'CD127FoxP3" T cells.
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5.2.1 CD4"CD25'CD127 FoxP3* Treg were not significantly different when

compared between all groups

The frequency of Tregs in total CD4" T cells at the acute phase from DRESS
with autoimmune sequelae (1.91 + 0.99%) and DRESS without autoimmune sequelae
(1.74 + 0.58 %) were not statistically different compared between all groups.
However, the frequency of Treg in DRESS patients, both with and without
autoimmune at the acute phase, seems to be lower than in patients with SJS/TEN

(4.55 + 0.92) at the same phase and in healthy donors (Figure 11).

10

in CD4™ T cells (%)

Frequency of CD25 CD127 FoxP3*

0= T T T
Healthy Donor Acute Recovery Acute Recovery Acute Recovery

DRESS DRESS SJSTEN

with autoimmune  without autoimmune

Figure 11 The CD4'CD25'CD127FoxP3"™ Treg population in PBMCs of healthy
donors and SCARs patients at acute and recovery phases. The frequency of
CD25'CD127FoxP3* cells in CD4" T cells from healthy donors, DRESS with
autoimmune diseases, DRESS without autoimmune diseases, and SJS/TEN patients
both in acute and recovery phases are shown. Results represent as mean + SEM.
DRESS with autoimmune diseases (acute phase, n = 4; recovery phase, n = 4). DRESS
without autoimmune diseases (acute phase, n = 6; recovery phase, n = 4), SIS/TEN
(acute phase, n = 5; recovery phase, n = 3), and healthy donors (n = 9). Differences

between groups were analyzed by one-way ANOVA (p < 0.05).
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5.2.2 The alteration of Tregs immunophenotypic markers in the acute

and recovery phases of SCARs types

In addition to the number of CD4*CD25"CD127 FoxP3" Tregs between groups

of subjects, It would be interesting to know whether there is any alteration of

immunophenotype markers between DRESS with autoimmune sequelae patients and

DRESS without autoimmune sequelae patients compared to SJS/TEN patients and

healthy donor subjects. The immunophenotyping markers of CD4"'CD25'CD127

FoxP3" Tregs from every group of subjects were investigated using flow cytometry

analysis. Seven markers, including PD-1, CTLA-4, GITR, LAG-3, OX40, CD39, and IL-10,

were identified in the total of CD4*CD25"CD127 FoxP3" T cells shown in Table 8. We

chose these 7 markers because they can represent the functions of Tregs that have

been reviewed elsewhere.

Table 8 The immunophenotype of Tregs from patients with DRESS, SJS/TEN, and

healthy donors.

DRESS with autoimmune

DRESS without

autoimmune sequelae

SJS/TEN patients

Immuno- Healthy sequelae patients
patients
phenotyping Donors
Acute Recovery Acute Recovery Recovery
markers (n=9) Acute Phase
Phase Phase Phase Phase Phase
(n=5)
n=4 (n=4) (n=28) (n=4) (n=3)
PD-1 17.30+1.68 32.70+7.60 31.83+6.48 40.43+9.67 33.63+13.45 39.68+9.79 40.63+5.36
CTLA-4 1.53+0.15 13.73+0.96 2.46+0.47 13.01+2.68 1.94+0.53 10.41+4.26 7.28+3.10
GITR 1.56+0.11 8.96+3.96 1.87+1.15 2.00+0.67 1.33+037 7.51+1.18 1.53+0.21
LAG-3 0.69+0.05 3.49+0.11 0.73+0.26 2.29+1.27 0.56+0.26 2.87+0.51 1.01+0.32
0OX40 1.21+£0.122 9.23+3.23 1.85+0.68 11.55+3.10 1.94+1.01 11.06+6.14 4.93+1.92
CD39 35.86+£8.82  70.48+13.37  52.03+17.13  52.22+14.55 62.73+14.24 51.48+11.09 24.33+4.94
IL-10 0.74+0.06 1.94+0.30 0.77+0.10 0.93+0.22 0.50+0.06 2.39+0.34 0.30+0.17

Noted - Mean + SEM values are shown.
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PD-1 and CTLA-4 expressed on Tregs work in the same way; their binding can
inhibit effector T cell proliferation, the production of inflammatory cytokines (e.g.,
TFN-g, TNF-a, IL-2), and affect the survival of effector T cells®. Our results showed
that the expression of PD-1 was not significantly different when compared between
all sample groups at 95% confidential. Still, it tended to be higher in SCARs patients

than in healthy donors (Figure 12).
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Figure 12 The expression of PD-1 of CD4'CD25'CD127FoxP3* Tregs. The
frequency of PD-1 in CD4"CD25"CD127 FoxP3" Tregs was given as a mean+SEM value.
One-way ANOVA followed by Tukey’s HSD test for multiple comparisons was used to

determine the significance between groups given as P value at 95% confidence.
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The expression of CTLA-4 in CD4'CD25"CD127 FoxP3" Tregs was higher in the
acute phase of DRESS with autoimmune sequelae, DRESS without autoimmune
sequelae, and SJS/TEN patients when compared to the healthy donors. Moreover,
CTLA-4 expression was higher in DRESS patients at the acute phase (DRESS with
autoimmune sequelae and DRESS without autoimmune sequelae) compared to their
recovery phase (Figure 13). However, the expression of CTLA-4 in DRESS patients with
and without autoimmune sequelae during the recovery phase was not different

compared to healthy donors and SJS/TEN patients during the recovery phase.
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Figure 13 The expression of CTLA-4 of CD4'CD25'CD127FoxP3"™ Tregs. The
frequency of CTLA-4 in CDA4+CD25+CD127-FoxP3+ Tregs was given as a mean+SEM
value. One-way ANOVA followed by Tukey’s HSD test for multiple comparisons was
used to determine the significance between groups given as P value. at 95%

confidence; *P < 0.05 and **P < 0.01.
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The amount of GITR typically positively correlates with  the
immunosuppressive activity of Tregs, and the expression of GITR in Tregs can be up-

regulated following activation®: 9.

In our study, the expression of GITR in
CD4"CD25'CD127FoxP3" Tregs was higher at the acute phase of DRESS with
autoimmune sequelae and SJS/TEN patients compared to healthy donors (Figure 14).
These results showed that GITR expression in Tregs was higher in the acute phase of
DRESS with autoimmune sequelae patients when compared to them in the recovery

phase. Moreover, there are no significant differences in GITR expression at the

recovery phase of DRESS patients and SJS/TEN patients compared to healthy donors.
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Figure 14 The expression of GITR of CD4'CD25'CD127FoxP3" Tregs. The

frequency of GITR in CD4"CD25"CD127 FoxP3" Tregs was given as a mean+SEM value.

One-way ANOVA followed by Tukey’s HSD test for multiple comparisons was used to

determine significance between groups given as P value. at 95% confidence; *P <

0.05 and **P < 0.01.
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Several studies have shown that LAG-3 identifies Treg populations and

?9% From our results, the LAG-3 expression in

contributes to their suppressor activity'
CD4"CD25"CD127FoxP3" Tregs in DRESS with autoimmune sequelae patients was
higher than in healthy donors (Figure 15). Moreover, LAG-3 tended to be higher but

not statistically significant in every group of patients in the acute phase compared to

their recovery phase.
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Figure 15 The expression of LAG-3 of CD4*'CD25'CD127FoxP3" Tregs. The
frequency of LAG-3 in CD4'CD25'CD127FoxP3" Tregs was given as a mean+SEM
value. One-way ANOVA followed by Tukey’s HSD test for multiple comparisons was
used to determine the significance between groups given as P value. at 95%

confidence; *P < 0.05.

In 2020, Miyagawa and their colleagues reported that the upregulation of
OX40 on CD4" T cells was identified in the acute phase of DRESS patients. But the
expression of OX40 on Tregs has not been elucidated even though it is considered a

Treg activation marker. Therefore, we would like to determine the expression of



62

OX40 and whether it was altered in our groups of patients. The results showed that
the OX40 expression in CD4*CD25'CD127 FoxP3" Tregs was not significantly different
compared between all groups. (Figure 16). However, OX40 expression seems to be
higher in the acute phase of SCARs patients compared to their recovery phase and in

healthy donors.

Similarly, the expression of CD39 in CD4'CD25"CD127 FoxP3" Tregs was not
statistically significant between groups of patients and healthy donors. Nonetheless,
it seems to be higher in the acute and recovery phase of DRESS with autoimmune
sequelae and DRESS without autoimmune sequelae patients and the acute phase of

SJS/TEN than in the healthy donors (Figure 17).

w
o
1

+

N
(=]
1

Expression of OX40 in
+

Lo T & . o et g

Healthy Donor Acute  Recovery Acute Recovery Acute Recovery

CD4'CD25'CD127 FoxP3 T cells (%)
| |

-

DRESS DRESS SJS/TEN

with autoimmune without autocimmune

Figure 16 The expression of OX40 of CD4*CD25*CD127FoxP3* Tregs. The
frequency of OX40 in CD4*CD25'CD127 FoxP3" Tregs was given as a mean+SEM
value. One-way ANOVA followed by Tukey’s HSD test for multiple comparisons was
used to determine the significance between groups given as P value. at 95%

confidence.
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Figure 17 The expression of CD39 of CD4'CD25'CD127FoxP3* Tregs. The
frequency of CD39 in CD4"CD25'CD127 FoxP3" Tregs was given as a mean+SEM value.
One-way ANOVA followed by Tukey’s HSD test for multiple comparisons was used to

determine the significance between groups siven as P value. at 95% confidence.

IL-10 is an inhibitory cytokine that is secreted prominent in Tregs. In this
study, we also investigated the expression of IL-10 in CD4"CD25'CD127 FoxP3" Tregs.
The results showed significantly higher IL-10 expression in patients with DRESS with
autoimmune sequelae at the acute phase compared with healthy donors and lower
at the recovery phase of the same group. DRESS without autoimmune sequelae at
the acute phase also showed lower IL-10 expression than DRESS with autoimmune
sequelae and SJS/TEN patients at the acute phase. IL-10 was also found to be higher

in SJS/TEN in the acute phase than in the resolution phase and in healthy donors.
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Figure 18 The expression of IL-10 of CD4'CD25'CD127FoxP3* Tregs. The
frequency of IL-10 in CD4+CD25+CD127-FoxP3+ Tregs was given as a mean+SEM
value. One-way ANOVA followed by Tukey’s HSD test for multiple comparisons was
used to determine the significance between groups given as P value. at 95%

confidence; *P < 0.05, **P< 0.01, ***P<0.001,****P<0.0001

From our results in this part, we can suggest that the frequency of
CD4"CD25"CD127 FoxP3" Tregs in DRESS patients at the acute phase tended to
decrease and increases to the same level as healthy donors in their recovery phase.
However, the expression of CTLA-4, GITR, LAG-3, and IL-10 was higher in the acute
phase of DRESS with autoimmune sequelae when compared to their recovery phase.
These indicate that Tregs might be essential in developing autoimmune disease in

DRESS patients.
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PART 2 REGULATORY T CELL SUPPRESSIVE FUNCTION

The second objective of our study was to investigate the suppressive function
of Treg ex vivo. We used the co-cultured between Tregs and Teff to evaluate the
suppressive function of Tregs of DRESS with autoimmune sequelae, DRESS without

autoimmune sequelae, and SJS/TEN patients.

5.2 The positive correlation of CD4*CD25'CD127 Tregs and CD4*CD25*CD12T
FoxP3" Tregs

Since we used the FoxP3, the intracellular marker, to identify Tregs. It means
that the cells must be fixed to die before intracellular staining. In this experiment, we
used only CD4, CD25, and CD127 surface markers in this co-culture to identify and
purify Tregs. These antibodies can bind to their markers on the cell membrane
without damaging it. Thus, Tregs maintained their viability throughout the

experiment.

The correlation between CD4'CD25'CD127 Tregs and CD4"CD25'CD127
FoxP3" Tregs was performed to verify whether we can use CD4'CD25'CD127 Tregs to

represent CD4*CD25'CD127FoxP3"™ Tregs in the suppression assay.
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Figure 19 The correlation between CD4'CD25'CD127  Tregs and CD4'CD25*

Frequency of CD25'CD127 FoxP3* cells
in CD4* T cells (%)

CD127FoxP3* Tregs. (A.) From all subjects (n = 35). (B.) From healthy donors (n

9). (C.) from DRESS patients during the acute phase (n = 10). (D.) From DRESS patients

during the recovery phase (n = 8). (E.) From SJS/TEN during the acute phase (n = 5).

And (F) From SJS/TEN during the acute phase (n = 3)
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Figure 19 Continued.

A positive correlation between CD4'CD25"CD127 Tregs and CD4*CD25*CD127
FoxP3" Tregs was shown in all subjects from every group shown in Figure 19A.
Moreover, when we considered the correlation in each group of patients. Every group
of patients had a positive correlation between CD4'CD25'CD127° Tregs and
CD4'CD25"CD127 FoxP3" as well, including healthy donors (Figure 19B), DRESS at
acute phase (Figure 19C), DRESS at recovery phase (Figure 19D), SJS/TEN at acute
phase (Figure 19E), and SJS/TEN at recovery phase (Figure 19F). Although the SJS/TEN
groups showed no significance, which might be due to the small number of patients,
these results still showed a highly positive correlation. However, we could use

CD4"CD25'CD127 cells as Tregs in further suppression assay.

5.3 The purity of CD4"CD25*CD127 regulatory T cells and CD4*CD25 effector T

cells after isolation

CD4'CD25'CD127" Tregs and CD4'CD25 effector T cells were isolated from
PBMCs (1 x 10" cells ) in the patients and healthy donors by EasySep Human

CD4*CD1277 '°"CD25" Regulatory T Cell Isolation Kit (STEMCELL Technologies) as
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mention in Chapter IV. Since the purpose of any cell separation process is to isolate

desired cell type, the most crucial variables to consider is the purity of isolated cells.

The flow cytometry technique was used to determine the purity of isolated
cells. Purity is often expressed as a ratio of the target cells to the total number of
separated cells. The purity of CD4'CD25'CD127" Treg after isolation was 80.97% =+
7.86 % of whole isolated cells, while in these CD4'CD25'CD127" Treg cells was
expressed high frequency of FoxP3" expression (95.95% + 1.20%), these indicate that
this cells can represent the population of CD4*CD25'CD127 FoxP3" Tregs. The purity

of CDA'CD25" effector T cells after isolation was 98.07% + 0.291% (Figure 5.14).
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Figure 20 The purity of CD4"CD25'CD127 Tregs in total isolated cells using flow
cytometry. Isolated cells were stained with CD4-APC/cy7, CD25-PE, CD127-
PerCP/Cy5.5, and FoxP3-AF488 to determine CD4'CD25'CD127 Treg purity and
FoxP3" cells in Treg. The top row shows PBMCs before isolation. The middle row

shows isolated Tregs isolated and isolated effector T are shown in the bottom row.
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Figure 21 The gating strategy for CFSE™ cells to determine the proliferation cells.
CFSE® effector T cells were determined with the flow cytometry technique.
Lymphocytes were gated from total cells using FSC and SSC plots. Then single cells
were identified, and CFSE' effector T cells were gated to cut off the negative
population. The initial population of effector T cells was the brightest (M0), and the
resulting cell division showed a reduced CFSE signal (M1). The M1 population in the

histogram represented the percentage of Teff proliferation.

5.4 Tregs from DRESS patients could not suppress the autologous proliferation

of effector T cells.

The suppressive function of Tregs was investigated by CFSE proliferation assay
with flow cytometry. CD4"CD25'CD127 Tregs from patients and healthy donors were
co-cultured with autologous CFSE-stained CD4'CD25  Teff cells at different ratios of
effector T cells : Tregs ranging from 1 : 1, 1 : 0.5, 1 : 0.25, and 1 : 0. The gating
strategy of flow cytometry analysis for effector T cells proliferation is shown in Figure

21.
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Figure 22 The suppressive function of Treg was compared in the same group of

donors at different effector T cells

Treg ratio, which shows the dose-

dependent manner in every group. The CFSE-stained Teff cell proliferation was

analyzed using flow cytometry, and calculated the inhibition percentage by the

formula given. The data were given as a mean+SEM with P value. at 95% confidence;

*P < 0.05 and **P< 0.01.
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Figure 23 Suppressive functional analysis of Tregs between DRESS and SJS/TEN
patients at acute and recovery phases compared to healthy donors. The CFSE-
stained Teff cell proliferation was analyzed using flow cytometry, and calculated the
inhibition percentage by the formula given. The suppressive function of Treg was
compared between groups of donors. The suppressive functions of Tregs are
presented in Mean + SEM values. One-way ANOVA followed by Tukey’s HSD test for
multiple comparisons was used to determine the significance between groups given

as P value at 95% confidence; *P < 0.05, **P< 0.01, and ***P<0.001.

Table 9 The suppressive function of Tregs shows as the percentage of inhibition.

DRESS without
DRESS with autoimmune
autoimmune sequelae SJS/TEN patients
Effector Healthy sequelae patients
patients
Tcells : Donors
Acute Recovery Recovery Recovery
Tregs (n=5) Acute phase Acute phase
phase phase phase phase
(n=3) (n=3)
(n=3) (n=3) (n=3) (n=3)
1:0 0 0 0 0 0 0 0

1:0.25 10.06+5.50 2.71+1.27 3.13+4.09 5.07+3.36 5.69+4.64 9.75+4.25 21.21+11.95

1:05 23.26+8.46 7.07+1.45 6.27+4.20 14.35+£11.73  10.37+7.34  37.80+15.62 46.22+13.47

1:1 33.38+12.86 16.17+5.01  13.76+2.99  23.80+19.22  13.63+8.65 63.16+18.25 73.90+11.16

Noted: The inhibition percentage of Tregs is presented in Mean + SEM values.
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The suppressive activity of Tregs can inhibit the proliferation of effector T
cells from every group of subjects by showing the inhibition percentage in a dose-
dependent manner when the ratio of Tregs to effector T cells was increased (Figure
22). Especially in SJS/TEN patients in the acute and recovery phases, that inhibition
percentage was dose-dependent with statistical significance at the effector T cells :

Tregsratioat 1:05and 1: 1.

The suppressive function of Tregs at the ratio of Tregs : effector T cells as 1 :
1 was the only concentration showing a significant difference between groups. Tregs
in DRESS with and without autoimmune sequelae patients have a lower inhibitory
percentage but were not statistically significant in both acute and recovery phases
compared to healthy donors, as shown in Figure 23 and Table 9. Nonetheless, the
suppressive function of Tregs from DRESS with autoimmune sequelae at the acute
phase was significantly lower than those from SJS/TEN at the same phase. Tregs from
DRESS with and without autoimmune sequelae patients at the recovery phase were
significantly lower than those from SJS/TEN at the recovery phase. Moreover, the
suppressive function of Tregs in SJS/TEN patients during the recovery phases was

higher than the Tregs from healthy donors.

The results suggest that Tregs from DRESS with and without sequelae have
lowered their ability to suppress effector T cell proliferation since the acute phase of
the symptoms and still lower suppressive ability during the recovery phase.
Additionally, our results were similar to the previous study of Takahashi and their
colleagues®, which showed dysfunction of Treg cells in DIHS/DRESS since their acute
stage in their suppression assay. Therefore, the decrease in the ability to suppress
effector T cells might affect the pathogenesis of autoimmune sequelae in DRESS

patients.
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PART 3 MRNA EXPRESSION PROFILE OF TREGS
USING NANOSTRING TECHNOLOGY

In addition to investigating the Tregs population's alteration, their
immunophenotypes, and the suppressive function of DRESS patients, we would like
to explore the gene expression profile between Tregs of DRESS with autoimmune

sequelae and DRESS without autoimmune sequelae as well.

5.5 mRNA expression profile of Tregs using NanoString Technology

Sixteen internal reference g¢enes can be used for the data normalization. In
contrast, four internal reference genes were excluded due to their high expression
equivalent to the endogenous genes, including PGK1, RPL4, UBB, and OAZ1 (Figure
24A). A histogram of P-values testing each gene's univariate association with the
chosen covariate is displayed for each covariate included in the analysis (Figure 24B).
Low P-values indicated strong evidence for an association between SCARs
phenotypes and genes in the panel. This test suggested that most genes provided in
the nCounter® Human Autolmmune Profiling Panel were suitable for the mRNA

profiling in our study.
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Figure 24 The variance vs. mean normalized signal plot across all targets/probes
and the p-value distribution plots. (A.) Each gene's variance in the log-scaled,

normalized data is plotted against its mean value across all samples. Highly variable
genes are indicated by gene name. Housekeeping genes are color-coded according to

their use in (or omission from) normalization. (B.) A histogram of p-values testing each
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gene's univariate association with the chosen covariate is displayed for each covariate
included in the analysis. Low P-values indicate strong evidence for an association

between genes in codeset and SCARs patients.

After normalization, the expression of each gene was calculated. Results of
the number of upregulated and downregulated gene expressions are shown in Figure
5.19. Among the samples, We found 241 genes downregulating and 7 downregulating
genes with DEGs value of fold change > 1.5 and p-value < 0.05 when comparing the
gene expression ratio between DRESS with autoimmune sequelae patients and
healthy donors. DRESS with autoimmune sequelae during the recovery phase
induced DEGs were 13 upregulated genes and 4 downregulated genes compared to
healthy donors. We found 4 upregulated genes and 1 downregulated gene in DRESS
without autoimmune sequelae patients and 10 upregulated genes and 1
downregulated gene in DRESS without autoimmune sequelae during the recovery
phase when comparing each group with healthy donors. Moreover, 2 upregulated
and 8 downregulated genes were found in SJS/TEN during the acute phase. SJS/TEN
during the recovery phase had 2 upregulated genes and 35 downregulated genes
compared to healthy donors (Figure 25). The fold-change difference between
endogenous genes in every group of samples compared to healthy donors is shown
in Appendix D. These results suggested that the downregulation of 208 genes in
DRESS with autoimmune sequelae patients might affect their autoimmune

development.
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Figure 25 Differential gene expression analysis of Treg from SCARs patients
compared to healthy donors. Venn diagrams showing overlapping upregulated and

downregulated genes of Tregs. DRESS with autoimmune sequelae patients vs.
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healthy donors (n = 3) at the acute phase (n = 4) (A1 vs. HD) and the recovery phase
(n = 4) (A2 vs. HD), DRESS without autoimmune sequelae patients vs. healthy donors
at the acute phase (n = 3) (NA1 vs. HD) and the recovery phase (n = 3) (NA2 vs. HD),
and The SJS/TEN patients vs. healthy donors at the acute phase (n = 3) (SJS1 vs. HD)
and the recovery phase (n = 3)(SJS2 vs. HD).

5.1 Functional categories and pathways of the expressed gene in Tregs

Next, to understand the potential role of these genes in the biological
pathway of Tregs. Genes included in this analysis must have a DEGs value of fold
change > 1.5 and p-value < 0.05 when comparing the gene expression ratio between
each group, including the acute and recovery phase of DRESS with autoimmune
sequelae patients, DRESS without autoimmune sequelae patients, and SJS/TEN

patients as well as one time point of healthy donor subjects.

Gene Ontology (GO) Biological Process 2021 and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway were used to identify their biological functions.
However, our study selected 13 pathways related to the function of Tregs with -
Log(P-value) > 5. There were 4 pathways that we focused on, including the JAK-STAT
signaling pathway, regulation of interleukin-10 production (GO:0032653), regulation of
regulatory T cell differentiation (GO:0045589), and interleukin-2-mediated signaling
pathway (GO:0038110) (Figure 26). We chose these 4 pathways because of previously
proposed mechanisms involved in FoxP3 gene expression, which is the essential

transcript factor in Treg function, reviewed elsewhere.
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Figure 26 Categorization of differential expressed genes (DEGs) in Tregs.
Classification of the KEGG pathway and GO biological process pathway were
generated by the Enrichr tool. Y-axis represents biological pathways, and X-axis
represents -Log (p-value). The p-value is computed from the Fisher exact test, a
proportion test that assumes a binomial distribution and independence for the

probability of any gene belonging to any set.

To explore the expression level of genes in these pathways, we used
heatmaps to represent the gene expression according to their fold change. One-way
ANOVA was used to analyze the statistical difference between groups of patients. In
the regulation of Tregs differentiation pathway, we found 14 DEGs (fold change >
1.5) from Treg differentiation regulation results. There are 3 genes in DRESS with
autoimmune sequelae patients at the acute phase with statistical significance
downregulated compared to other groups. CD46 gene, a costimulatory molecule for
T cell activation, in the acute phase of DRESS with autoimmune sequelae was
downregulated in DRESS with autoimmune sequelae patients at the recovery phase,
DRESS without autoimmune sequelae patients at the recovery phase, SJS/TEN
patients at the recovery phase, and healthy donors. LAG-3 gene, an inhibitory
receptor that should be highly expressed on activated Tregs, in DRESS with

autoimmune sequelae patients during the acute phase was also downregulated
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compared to healthy donors. Moreover, the TNFSF4 gene encoding for OX40 in
DRESS with autoimmune sequelae patients during the acute phase was significantly
downregulated in DRESS without autoimmune sequelae patients during their

recovery phase.

One of the markers that can be used to identify Tregs is CD25 which is an IL-
20 receptor. This IL-2Q receptor is essential in Treg survival and differentiation. Thus,
the gene associated with IL-2 mediated signaling pathway should be focused on.
There are 10 DEGs (fold change > 1.5) involved in the IL-2 mediated signaling
pathway; the fold change of each subject is represented as Heatmap shown in Figure
28A. JAK1 gene in DRESS with autoimmune sequelae patients at the acute phase was
significantly downregulated compared with healthy donors. JAK3 gene was also
downregulated in DRESS with autoimmune sequelae patients at the acute phase
compared to DRESS without autoimmune sequelae patients at both acute and

recovery phases, SJS/TEN patients at the recovery phase, and in healthy donors.
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Figure 27 Gene expression profile associated with regulation of Tregs
differentiation. A., Heatmap showing the expression level of 14 genes associated with
regulation of Tregs differentiation in DRESS with autoimmune sequelae patients at the
acute phase (n = 4), DRESS with autoimmune sequelae patients at the recovery phase
(n = 4), DRESS without autoimmune sequelae patients at the acute phase (n = 3), DRESS
without autoimmune sequelae patients at the recovery phase (n = 3), SIS/TEN patients
at the acute phase (n = 3), SIS/TEN patients at the recovery phase (n = 3), and healthy
donors (n = 3). B, Graph showing fold change of genes associated with regulation of
Tregs differentiation, compared between groups of subjects. The significance between

groups given as P value at 95% confidence; *P < 0.05 and **P< 0.01.
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Figure 28 Gene expression profile associated with IL-2 mediated signaling pathway.
A., Heatmap showing the expression level of 10 genes associated with IL-2 mediated
signaling pathway in DRESS with autoimmune sequelae patients at the acute phase (n =
4), DRESS with autoimmune sequelae patients at the recovery phase (n = 4), DRESS
without autoimmune sequelae patients at the acute phase (n = 3), DRESS without
autoimmune sequelae patients at the recovery phase (n = 3), SIS/TEN patients at the
acute phase (n = 3), SIS/TEN patients at the recovery phase (n = 3), and healthy donors
(n = 3). B., Graph showing fold change of genes associated with IL-2 mediated signaling
pathway, compared between groups of subjects. The significance between groups given

as P value at 95% confidence; *P < 0.05 and **P< 0.01.
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Since the cytokine IL-10, the inhibitory cytokine is mostly secret from Tregs to
help in suppressive function. The gene expression profile that regulates the IL-10
production pathway should be explored to determine whether the suppressive role
of IL-10 inhibition has an alteration in DRESS patients with autoimmune sequelae.
The Heatmap shows the expression level of 13 genes related to regulating the IL-10
production pathway (Figure 29A). Eight genes were significantly downregulated in
DRESS with autoimmune sequelae patients at the acute phase compared to the
group of healthy donors. One gene (TLR4 gene) was upregulated in DRESS with
autoimmune sequelae patients at the acute phase compared to the healthy donors'

group (Figure 29B).

ISG15 gene, interferon-stimulated gene 15, in DRESS with autoimmune
sequelae patients at the acute phase was significantly downregulated in every group
except in SJS/TEN patients at the recovery phase. We also found that the JAK3 and
STAT3 genes were downregulated in DRESS patients with autoimmune sequelae
compared to DRESS patients without autoimmune sequelae and in healthy donors.
These results suggest that ISG15, JAK3, and STST3 genes were downregulating and
might be affected in DRESS patients in the development of their autoimmune
sequelae. However, we found that the TLR4 gene, a toll-like receptor 4 gene, in
DRESS with autoimmune sequelae patients at the acute phase was higher than in

SJS/TEN patients at the recovery phase and in healthy donors.
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Figure 29 Gene expression profile associated with regulation of interleukin-10
production pathway. A., Heatmap showing the expression level of 13 genes associated
with regulation of interleukin-10 production pathway in DRESS with autoimmune
sequelae patients at the acute phase (n = 4), DRESS with autoimmune sequelae
patients at the recovery phase (n = 4), DRESS without autoimmune sequelae patients at
the acute phase (n = 3), DRESS without autoimmune sequelae patients at the recovery
phase (n = 3), SIS/TEN patients at the acute phase (n = 3), SIS/TEN patients at the
recovery phase (n = 3), and healthy donors (n = 3). B., Graph showing fold change of
genes associated with regulation of interleukin-10 production pathway, compared
between groups of subjects. The significance between groups given as P value at 95%

confidence; *P < 0.05 and **P< 0.01.



84

Previous results showed that genes, including JAK1, JAK3, STAT3, STAT5A, and
STAT5A, were downregulated in DRESS patients with autoimmune sequelae at their
acute phase. Therefore we are interested in characterizing the gene expression
profile associated with the IL-2/JAK3/STAT-5 signaling pathway, which is crucial in
initiating and maintaining the transcription factor Foxp3 in Tregs mentioned
elsewhere. Moreover, it has been associated with the demethylation of the intronic
Conserved Non-Coding Sequence-2 (CNS2)°Y. The Heatmap shows the expression
level of 28 genes associated with the JAK-STAT signaling pathway in every group of
subjects Figure 30A. Our results showed that genes related to JAK-STAT signaling
partway, including CREBBP, IL12RB1, IL6ST, STATI1, STAT3, IL7R, JAK3, STAT5A,
STAT5B, and GRB2 genes in DRESS with autoimmune sequelae patients at the acute
phase were significantly downregulated compared to DRESS patients with
autoimmune sequelae and in healthy donors. Nevertheless, we found that only one
gene, IFNAL, in DRESS patients with autoimmune sequelae at the acute phase was

significantly upregulated compared with every other group.

These findings indicate that most of the genes associated with the function of
Tregs were downregulated during the acute phase of DRESS with autoimmune
sequelae patients. We can suggest that these alterations might occur in the genes
associated with the IL-2-mediated signaling pathway and regulation of the IL-10
production pathway. Moreover, the JAK-STAT signaling pathway might play an
essential role in subsequency to the dysfunction of Tregs in DRESS with autoimmune

sequelae patients.
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Figure 30 Gene expression profile associated with JAK-STAT signaling pathway.
A., Heatmap showing the expression level of 28 genes associated with JAK-STAT
signaling pathway in DRESS with autoimmune sequelae patients at the acute phase
(n = 4), DRESS with autoimmune sequelae patients at the recovery phase (n = 4),
DRESS without autoimmune sequelae patients at the acute phase (n = 3), DRESS
without autoimmune sequelae patients at the recovery phase (n = 3), SJS/TEN
patients at the acute phase (n = 3), SIS/TEN patients at the recovery phase (n = 3),
and healthy donors (n = 3). B., Graph showing fold change of genes associated with
regulation of JAK-STAT signaling pathway, compared between groups of subjects. The
significance between groups given as P value at 95% confidence; *P < 0.05, **P< 0.01,

and ***P < 0.001
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CHAPTER VI
DISCUSSION

Drug-induced eosinophilia and systemic symptoms (DRESS) have accounted
for about 10% of all SCARs cases in Thailand”. Autoimmune diseases have been
observed as long-term sequelae in about 10-20% of the recovery phase of DRESS

patients® % 47

. Consequently, the dynamics of Tregs (Tregs) are thought to be
responsible for the many symptoms of DRESS® & ®. We hypothesized that there
might be differences in Tregs phenotyping between acute and recovery phases of
DRESS patients with and without autoimmune sequelae. Therefore, this study
focused on the relationship between Treg immunophenotype and DRESS disease
autoimmune sequelae. Treg immunophenotype was characterized in both acute and

recovery stages of DRESS patients with autoimmune sequelae and DRESS patients

without autoimmune sequelae.

We characterized Tregs by their CD4"CD25CD127 FoxP3" expression in PBMCs
from DRESS with autoimmune sequelae patients, DRESS without autoimmune
sequelae, SJS/TEN patients, and healthy donors. SJS/TEN patients in this study were
used as a comparative group because SJS/TEN is one of the SCAR phenotypes with a
high mortality rate. Still, clinical characteristics were reported without autoimmune
sequelae after recovery. Our results found that the number of Tregs was not
different between groups of subjects, even though it tended to be lower in DRESS
patients at the acute phase compared to SJS/TEN patients and healthy donors. Our
results differed from the Japanese scientists' previous study that showing a
significantly higher CD4"CD25"FoxP3" Tregs population in DRESS at the acute phase
compared with healthy donors and SJS/TEN patients at the same phase® . These

may be due to the late hospitalization of our patients. The clinical history of our
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patients showed the onset of some symptoms about 5 — 7 days before emergency
admission to the hospital. Thus, the blood withdrawal for the patients might be
delayed which might affect the dynamic of Treg population. Moreover, our
observations did not exclude the potential of immunosuppressant that was
administered to some patients, which may have promoted the frequency and
functionality of Treg cells during the acute phase. However, the study by European
scientists has shown similar results as ours; there was no significant difference in

CDA*CD25FoxP3* in healthy donors and SCARs patients®?.

The expression of other markers that represented Tregs functions was also
investigated. CTLA-4, GITR, LAG-3, and IL-10 were significantly higher in DRESS with
autoimmune sequelae at the acute phase than in other groups and seemed to be
the crucial markers in Tregs function. An increasing number of these molecules have
been proven to participate in the Treg-mediated suppression mechanism®©®.
Moreover, our results showed up-regulation of CD39 on the CD4"CD25'CD127 FoxP3*
Tregs population which had the same trend as Gu et al. (2017) that suggested up-
regulation of CD39 on CD4'Foxp3" Tregs in the activation environment. They
indicated that CD39 expression could maintain the suppressive function of Tregs.
However, the suppressive function of Tregs was not different compared to the group
of DRESS with autoimmune sequelae both in the acute and recovery phase, DRESS

without autoimmune sequelae at the acute and recovery phase, and even in healthy

donors.

Nevertheless, when compared to SJS/TEN patients, we found that the
suppressive function of Tregs was significantly lower than those in DRESS patients,
both with autoimmune sequelae and without autoimmune sequelae. In our
experiment, the co-cultures between Tregs and effector T cells were performed in

vitro. Accordingly, the modulation of Treg function might depend on more than
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soluble mediators derived from Tregs and these inhibitory receptors on Tregs' surface

membrane, which can occur in the actual situation in the body.

Additionally, we used NanoString technology to investigate mRNA profiling in
Tregs. DRESS with autoimmune sequelae patients at the acute phase showed
signature 232 genes that were downregulated compared to healthy donors, including
CTLA-4, LAG-3, and IL-10, which contradicted our flow cytometry results.
Nevertheless, systematic research on transcripts and proteins at genomic scales
revealed the significance of factors other than transcript concentration contributing
to determining a protein's expression level, including translation rate modulation®®.
Moreover, the biological function identified by GO Biological Process 2021 and the
KEGG pathway showed that these 232 genes in DRESS with autoimmune sequelae
patients were most associated with the IL-2/JAK3/STAT-5 signaling pathway. IL-2
signaling is necessary for early FoxP3 induction via activation of STAT5, which directly
binds to promoter and enhancer sites to activate its expression®®”. Notably, deletion

(98) In

of STAT5A/B results in a significant reduction in mouse FoxP3" Th cells in vivo
humans, this mechanism might become STAT5B specific, as STAT5B impairments
result in decreased Foxp3 expression and Tregs suppressive activity even in the
presence of normal STAT5A expression and are consequently sufficient to trigger
autoimmune diseases”. However, our results cannot thoroughly explain the role of

Tregs in developing autoimmune sequelae in DRESS patients because several

mechanisms might work together in the actual situation.

Our study has some limitations. First, patient specimens were limited and
could not match patients between the acute and recovery phases. This problem
may be because SJS/TEN and DRESS are not common drug hypersensitivity.
Moreover, we cannot contact patients after they are discharged from the hospital,

which may be due to the change of contact information without notifying the
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hospital and some patients being refused to participate in our projects. Our first
limitation led to a limited number of Tregs isolated from the patient's PBMCs, which
is essential for studying the suppressive function and mRNA profiling. Second, we
examined only Tregs in patients' peripheral blood because we could not recruit
patients for the skin biopsy. The last limitation is funding and time limitations by the

program.

In conclusion, our findings found that CD4*CD25*CD127 FoxP3* Tregs were not
different in number between DRESS with autoimmune sequelae patients, DRESS
without autoimmune patients, and SJS/TEN patients in both the acute and recovery
phase as well as in the healthy donors. However, the suppressive function of Tregs in
DRESS patients was lower than those in SIS/TEN patients. Thus, the dynamics of the
Treg population and their function might play an essential role in DRESS patients
developing autoimmune sequelae after recovery. To improve our study, it is
necessary to investigate more patients because a small sample size may prevent
extrapolating findings. According to the mRNA profiling results, Treg function can be
affected by many genes in various pathways. We suggested that IL-2/JAK3/STAT5

pathway may be the next interesting point to investigate.

Notwithstanding the defective regulation of Tregs on autoimmunity
development; a combination of genetic and environmental factors still be the factor
that affects autoimmunity development. In order to completely understand the
immunopathogenesis of autoimmune in DRESS patients, other perspectives should
be considered. Thus, further studies could include mechanism studies on the
efficiency of Tregs in DRESS as well as others immune cells and factors that may be
involved in autoimmunity development to improve our understanding of their

autoimmune sequelae pathogenesis.
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CHAPTER Vi
CONCLUSION

CD4*CD25'CD127 Tregs can be one of the essential players in developing
autoimmune sequelae in DRESS recovery patients. The regulatory/suppressive
functions of Tregs in DRESS during the acute phase were subsequently diminished
compared to SJS/TEN when followed up during the recovery phase. The comparative
analyses of Treg mRNA profiles in the Treg-involved pathway during the acute phase
were found down-regulated in DRESS patients who developed autoimmune sequelae
compared to healthy individuals. Thus, it can be suggested that Treg in DRESS with
autoimmune diseases showed a lower number and regulatory/suppressive functions
of Tregs early during the acute phase. Moreover, we can suggest that Treg from
DRESS patients who developed autoimmune consequences might be dysfunctional

since the acute phase via many pathways including the JAK-STAT signaling pathway.

Therefore, the functional analysis by pathway should be developed to prove
their mechanism in the future. There are differences in the suppressive function of
Tregs in DRESS and SJS/TEN patients. The downregulation of genes associated with
Treg function in DRESS patients at the acute phase may affect their pathogenesis of

autoimmune diseases in the recovery phase.

The study of Tregs phenotypes and function may better understand the
pathophysiology of these symptoms and their subsequent autoimmunity.

Additionally, they may aid in developing new strategies for diagnosis and treatment.
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APPENDIX A
REAGENT PREPARATION

1. Cell culture

1.1 SC solution (Supplement Complete)

Component Final Volume
RPMI media 220 ml
Non-essential amino acid solution (NEAA) 100 ml
Penicillin-Streptomycin (10,000 U/ml) 80 ml
HEPES 119¢
L-glutamine 100 mlor3g
B-mercaptoethanol 35 ul
Total 500 ml

1.2 Fetal bovine serum (FBS)

Heat-inactivated at 56°C for 30 minutes and store at -20°C

1.3 RF10 media

Component Final Volume
Heat-inactivated FBS 60 ml
SC solution 30 ml
RPMI media 500 ml
Total 590 ml
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1.4 Freezing media

Component Final Volume

Heat-inactivated FBS 90 ml
Dimethyl sulfoxide (DMSO) 10 ml

Total 100 ml

2. Flow cytometry
2.1 FACS buffer
Component Final Volume

Phosphate buffer saline 95 ml
Fetal bovine serum (final conc. Is 5% v/v) 6 ml
Total 100 ml

2.2 Fixation buffer

Component Final Volume
Phosphate buffer saline 92.2 ml
Fetal bovine serum (final conc. Is 5% v/v) 6 ml
Formaldehyde (final conc. 2% v/v) 2.8 ml

Total 100 ml
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3. Tregs isolation by menetic bead

3.1 Isolation buffer

106

Component Final Volume
Phosphate buffer saline 97.8 ml
Fetal bovine serum (final conc. Is 2% v/v) 2 ml
500 mM EDTA (final conc. 1 mM) 0.2 ml
100 ml

Total




APPENDIX B

CHEMICAL AND REAGENTS

4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)
anti-human CD127 Ab - PerCP/Cy5.5 (Clone: A019D5)
anti-human CD25 Ab - PE (Clone: BC96)

anti-human CD3 Ab - Alexa Fluor® 488 (Clone: UCHT1)
anti-human CD3 AB - APC (Clone: UCHT1)

anti-human CD3 Ab - Brilliant Violet 421™ (Clone; OKT3)
anti-human CD3 Ab - Brilliant Violet 510™ (Clone: UCHT1)
anti-human CD3 Ab - Brilliant Violet 785™ (Clone: OKT3)
anti-human CD3 Ab - FITC (Clone: UCHT1)

anti-human CD3 Ab - PE/Cy7 (Clone: UCHT1)

anti-human CD3 Ab - PE/Dazzle™ 594 (Clone: OKT3)

anti-human CD357 (GITR) Ab - Brilliant Violet 605™ (Clone: 108-17)

anti-human CD39 Ab - Brilliant Violet 785™ (Clone: A1)
anti-human CD4 Ab - Brilliant Violet 650™ (Clone: RPA-T4)
anti-human CD4 Ab - PE/Cyanine5 (Clone: RPA-TA)
anti-human CD8 Ab - Alexa Fluor® 700 (Clone: SK1)
anti-human CD8 Ab - Brilliant Violet 605™ (Clone: SK1)
anti-human CTLA-4 Ab - PE/Dazzle™ 594 (Clone: BNI3)
anti-hnuman FOXP3 Ab - Alexa Fluor® 488 (Clone: 206D)
anti-human LAG-3 Ab - Brilliant Violet 650™ (Clone: 11C3C65)
anti-human OX40 Ab - Brilliant Violet 510™ (Clone: Ber-ACT35)
anti-human PD-1 Ab - Brilliant Violet 421™ (Clone: EH12.2H7)
Beta-mercaptoethanol

CFSE Cell Division Tracker Kit

CytoFLEX Sheath Fluid

Dimethyl sulfoxide (DMSO)

Applichem
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Sigma-Aldrich
Biolegend

Germany
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
Germany

USA

Beckman CoulterUSA

Applichem

EasySep Human CD4*CD1277°“CD25" Regulatory T Cell Isolation Kit STEMCELL

eBioscience™ Foxp3 / Transcription Factor Staining Buffer Set
Fetal bovine serum (FBS)
Ficoll® Paque Plus

Improved Minimum Essential Medium (IMEM)

Invitroge

Gibco

GE Healthcare

Gibco

Germany
Canada
USA

USA
Sweden

USA
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L-Glutamine solution

nCounter® Autoimmune Profiling Panel

Non-essential amino acid (NEAA)

Penicillin Streptomycin Solution (Pen-Strep)

Phosphate buffer saline (PBS)

Qubit™ RNA High Sensitivity (HS) Assay Kits

Recombinant Human IL-2 (carrier-free)

RNeasy mini kit

Ultra-LEAF™ Purified anti-human CD28 Ab (Clone: CD28.2)
Ultra-LEAF™ Purified anti-human CD3 Ab (Clone: OKT3)

Gibco
NanoString
Gibco
Gibco
Serva
Invitrogen
Biolegend
QIAGEN
Biolegend
Biolegend
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USA
USA
USA
USA
Germany
USA
USA
Germany
USA
USA



APPENDIX C
EQUIPMENT

Equipment

BD FACSAria™ Il Cell Sorter

Biological Safety Cabinet class Il
Centrifuge (5427 R)

Centrifuge (Allegra X-14/R)

CO2 incubator

EasySep™ Magnet

Flow Cytometer (CytoFLEX V5-B5-R3)
Mr. Frosty™ Freezing Container
NanoDrop spectrophotometer
NanoString nCounter MAX Analyzer
Phase contrast fluorescence microscope
Qubit™ 4 Fluorometer

Thermal cyclers (ProFlex™ PCR System)
Vortex mixer

Water bath

Plasticware and glassware

Autopipette 1,000, 200, 50 and 10 ul
Conical tube 15 mL (Sterile)
Conical tube 50 mL (Sterile)

Coverslip

BD Biosciences

Eppendorf
Beckman Coulter
Thermo scientific
STEMCELL
Beckman Coulter
Thermo Scientific
NanoDrop
NanoString
Olympus
Invitrogen

Applied Biosystems
Scientific Industries

Grant Instruments
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USA

Germany
USA
USA
Canada
USA
USA
USA
USA
Japan
USA
USA
USA

UK



Cryo Tubes 2.0 mL

Disposable plastic transfer pipettes
Eppendrof tunbe 0.2 mL

Eppendrof tunbe 0.6 mL

Eppendrof tunbe 1.5 mL

FAC tube 5 mL

Hemacytometer

Multichannel pipette 20-200 ul
Polystyrene flat-bottom plate 96 well
Polystyrene U-bottom plate 96 well
Polystyrene V-bottom plate 96 well
VACUETTE® TUBE 4 ml K3E K3EDTA

VACUETTE® TUBE 4 ml LH Lithium Heparin

Softwares

GraphPad Prism 9.0 Dotmatics
EndNote X10 Clarivate

FlowJo V.10.0.8 Flow LLC
SPSS 22 IBM

nSolver™ 4.0 analysis NanoString

USA

USA

USA

USA

USA
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APPENDIX D
SUPPORTING RESULTS

Clinical characteristics of SJS/TEN and DRESS patients

* Age at the development of SCARs, F: Female, M: Male, SJS: Stevens-Johnson syndrome, TEN:
Toxic epidermal necrolysis, DRESS: Drug reaction with eosinophilia and systemic symptoms, IRZE:

Isoniazid, Rifampicin, Pyrazinamide, Ethambutol, ND: Non-identified

® Part 1 Identification of the regulatory T cell immunophenotype
® Part 2 investigation of Tregs suppressive function in vitro

® Part 3 Gene expression profiles in Tregs
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Antibodies titration

From the results, we used the optimal concentration as follows:

Ab
Sl

FL11-A:: BV605_GITR Violeté10-A

Ab
Sl

FL4-A = PerCPCy5.5_CD127 PC5.5-A
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We titrated new 8 antibodies that do not know their optimal concentration.

34
10

Amt 031062 125 25 5 Neg (ul)
1.0 114 1.6 116 109 -

031062 125 25 5 Neg (ul)
8.03 8.18 7.24 7.63 6.1 -

Amt

B,
tuad

3
bl

FLY-A 1 BV421_PD1 PB450-A

Ab Amt
SI

031062 125 25 5 Neg (ul)
539 7.79 103 11.9 11.1 -

FL12-A: BVB50_LAG3 Violeté60-A

Ab Amt
Sl

031062 125 25 5 Neg (ul)
954 101 899 975 1.0 -

@

FLB-A: AF647_IL-10 APC-A
3, ]
d

o d

10°

Ab Amt
S|

031062 125 25 5 Neg (ul)
468 543 654 7.19 833 -

FL3-A:: PE_DZ594_CTLA4 ECD-A

Ab Amt

0.31 062 1.25 25 5 Neg
9.77 9.97 766 7.36 10.5 -

FL10-A 1 BV510_0X40 KO525-A

Ab Amt
Sl

031062 125 25 5 Neg
9.29 4.08 4.88 5.76 6.54 -

(uL)

(uL)
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Unstaining Control
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Genes normalization Pairwise Variance during HK Selection

Displays the geNorm pairwise variation statistic after successive genes are
removed. This statistic cannot be computed for the final two genes, which are
therefore not displayed. The ideal normalization gene set will minimize the pairwise

variation statistic.

Genes selected using geNorm

* szlacted .
unselected

0.08

Fainwise variation during stepwise selection

0.06 .

5 10 15

Order removed

Moreover, genes are tested for differential expression in response to each
selected covariate. A single linear regression is fit for each gene using all selected
covariates to predict expression. This approach eliminates confounding due to
measured covariates and isolates the independent association of each covariate with
gene expression, measuring each variable's association with a gene after holding all

other variables constant.

Volcano plot displaying each gene's -logl0(p-value) and log2 fold change with
the selected covariate. Highly statistically significant genes fall at the top of the plot
above the horizontal lines, and highly differentially expressed genes fall to either

side. Horizontal lines indicate various False Discovery Rate (FDR) thresholds or p-
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value thresholds if there is no adjustment to the p-values. Genes are colored if the

resulting p-value is below the given FDR or p-value threshold. The 40 most

statistically significant genes are labeled in the plot.
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Gene expression ratio for Venn’s diagram

The fold-change difference between endogenous genes in groups of patients

and healthy donors for Venn’s diagram was given as follows.
Al : DRESS with autoimmune sequelae at the acute phase
A2 : DRESS with autoimmune sequelae at the recovery phase
NA1 : DRESS without autoimmune sequelae at the acute phase
NA2 : DRESS without autoimmune sequelae at the recovery phase
SJS1: SJS/TEN at the acute phase

SJS2 : SJS/TEN at the recovery phase
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