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Abstract: The aim of this study is to examine the use of an inflammasome competitor as a preventative
agent. Coronaviruses have zoonotic potential due to the adaptability of their S protein to bind
receptors of other species, most notably demonstrated by SARS-CoV. The binding of SARS-CoV-2 to
TLR (Toll-like receptor) causes the release of pro-IL-1β, which is cleaved by caspase-1, followed by
the formation and activation of the inflammasome, which is a mediator of lung inflammation, fever,
and fibrosis. The NLRP3 (NACHT, LRR and PYD domains-containing protein 3) inflammasome
is implicated in a variety of human diseases including Alzheimer’s disease (AD), prion diseases,
type 2 diabetes, and numerous infectious diseases. By examining the use of 4,40 -diaminodiphenyl
sulfone (DDS) in the treatment of patients with Hansen’s disease, also diagnosed as Alzheimer’s
disease, this study demonstrates the diverse mechanisms involved in the activation of inflammasomes.
TLRs, due to genetic polymorphisms, can alter the immune response to a wide variety of microbial
ligands, including viruses. In particular, TLR2Arg677 Trp was reported to be exclusively present in
Korean patients with lepromatous leprosy (LL). Previously, mutation of the intracellular domain of
TLR2 has demonstrated its role in determining the susceptibility to LL, though LL was successfully
treated using a combination of DDS with rifampicin and clofazimine. Of the three tested antibiotics,
DDS was effective in the molecular regulation of NLRP3 inflammasome activators that are important
in mild cognitive impairment (MCI), Parkinson’s disease (PD), and AD. The specific targeting of
NLRP3 itself or up-/downstream factors of the NLRP3 inflammasome by DDS may be responsible for
its observed preventive effects, functioning as a competitor.
Keywords: AD; Alzheimer’s disease; DDS; 4,40 -diaminodiphenyl sulfone (dapsone); LL; lepromatous
leprosy (also known as Hansen’s disease); MADDS; monoacetyldapsone; NLRP3; NACHT, LRR and
PYD domains-containing protein 3; MPO; myeloperoxidase; TLR; toll-like receptor

1. Introduction
SARS-CoV-2 is an acute disease from which sufferers generally recover, though it can also be
deadly, with the fatality rate estimated at 2% [1]. Severe disease onset might result in death due to
massive alveolar damage and progressive respiratory failure. Most patients with SARS-CoV-2 have a
mild disease course; however, approximately 20% develop severe disease, and a high mortality rate is
associated with older age and immunosuppression.
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Coronaviruses infect a wide range of mammals and birds. Their tropism is primarily determined
by the ability of the spike (S) entry protein to bind to a cell surface receptor. Coronaviruses have
zoonotic potential due to the adaptability of their S protein to receptors of other species, most notably
demonstrated by SARS-CoV [2]. MERS (Middle East Respiratory Syndrome) -CoV binds to dipeptidyl
peptidase 4 (DPP4; also known as CD26) receptors that are primarily in the lower respiratory tract but
also distributed in other tissues [3].
It is important to investigate whether other host genetic factors could influence susceptibility
to SARS-CoV infection and its subsequent clinical course. The innate immune system plays a role
in limiting infectious challenge in the early stages after exposure during the lag time required to
initiate long-lasting adaptive immune system [4]. When SARS-CoV-2 infects the upper and lower
respiratory tract, it can cause mild or highly acute respiratory syndrome with the subsequent release of
proinflammatory cytokines, including interleukin (IL)-1β and IL-6. The binding of SARS-CoV-2 to
the Toll-like receptor (TLR) causes the release of pro-IL-1β, which is cleaved by caspase-1, followed
by inflammasome activation and the production of active, mature IL-1β, which is a mediator of lung
inflammation, fever, and fibrosis. The suppression of proinflammatory IL-1 family members and
IL-6 has been shown to have a therapeutic effect in many inflammatory diseases, including viral
infections [5].
After RNA virus infection, NLRP3 inflammasomes were activated by mitochondrial protein
mitofusin 2 [6]. The mitochondrial antiviral signaling protein (MAVS) associates with NLRP3 and
regulates its inflammasome activity [7]. NLRP3 is an intracellular sensor that detects a broad
range of microbial motifs, endogenous danger signals, and environmental irritants, resulting in the
formation and activation of the NLRP3 inflammasome. Assembly of the NLRP3 inflammasome leads
to caspase-1-dependent release of the pro inflammatory cytokines IL-1β and IL-18, as well as to
gasdermin D-mediated pyroptotic cell death. The dysfunction of NLRP3 (which encodes NOD-, LRR-,
and pyrin domain-containing protein 3) inflammasome activation is implicated in a variety of human
diseases, including Alzheimer’s disease (AD), prion diseases, type 2 diabetes, and numerous infectious
diseases [8]. The activation of cytokines or pathogen-associated molecular patterns (PAMPs) leads to
the transcriptional upregulation of canonical and noncanonical inflammasome components [9].
Multiple downstream events may be activated by a variety of upstream signaling PAMPs or
damage-associated molecular patterns (DAMPs), such as particulates, crystals, or ATP (Adenosine
triphosphate). These include K+ efflux, Ca+ flux, lysosomal disruption, mitochondrial reactive oxygen
species (mtROS) production, the relocalization of cardiolipin to the outer mitochondrial membrane,
and the release of oxidized mitochondrial DNA (Ox-mtDNA) followed by Cl− efflux. RNA viruses
activate NLRP3 through MAVS on the mitochondrial outer membrane. Formation of the inflammasome
activates caspase-1 which, in turn, cleaves pro-IL-1β and pro-IL-18 [9].
At present, the factors that ultimately determine NLRP3 inflammasome activation and
common signaling pathways targeted by NLRP3 inflammasome activation remain unknown.
The specific targeting of NLRP3 itself, and not other components (NEK7 (NIMA-related kinase 7),
ASC (apoptosis-associated speck-like protein containing CARD), caspase-1 (Interleukin-1 converting
enzyme), or IL-1β (leukocytic pyrogen)) or the up-/downstream factors of the NLRP3 inflammasome,
may produce therapeutic effects. In this study, we developed 4,40 -diaminodiphenyl sulfone (DDS) as
an Inflammasome Competitor.
DDS has been used as an oral drug since 1949 [10]. Initially, it was approved for leprosy, for which
it is still frequently used. In addition to its antimicrobial effects, DDS is a potent anti-inflammatory
agent with high effectiveness in dermatitis herpetiformis and a wide variety of other inflammatory
dermatological conditions [11]. Although DDS is generally well tolerated and suitable for long-term
treatment, adverse drug reactions may occur. Obligatory (dose-dependent) adverse drug reactions
include hemolytic anemia and methemoglobinemia [12]. Important, less well-known, potentially fatal
adverse drug reactions with unknown pathomechanisms are hypersensitivity reactions to DDS, such as
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dapsone hypersensitivity syndrome [13]. Clinicians should be aware of hypersensitivity reactions to
DDS [14].
2. Materials and Methods
2.1. Respiratory Tract Specimens and Symptoms of COVID-19
Upper respiratory tract (URT) specimens were collected from confirmed patients every day
after the diagnosis of SARS-CoV-2 infection and sent to the Korea Center for Disease Control (CDC)
for follow-up tests and culture. Real-time reverse transcriptase polymerase chain reaction was
used to detect SARS-CoV-2. RNA was extracted from clinical samples followed by instruction
manual from the company [15]. All specimens were handled in a biosafety cabinet according to
laboratory biosafety guidelines of Korea CDC for SARS-CoV-2 by medical staff (including volunteers)
(Supplement. 1). Specimens were also used to diagnose the presence or absence of COVID-19;
outcomes from these clinical assessments are not included here and are reserved for future cohort
studies. Clinical manifestations of COVID-19 infection include fever, fatigue, myalgia, headache,
diarrhea, dry cough, immune dysregulation, vasculitis, vessel thrombosis, hypercoagulable state
and dyspnea that may lead to acute respiratory distress syndrome and death [16]. We will find the
most similar drugs that cause clinical manifestations of COVID-19 infection in humans and suggest a
mechanism of action.
2.2. The Topological Properties of DDS Provide Diverse Clues
The molecular properties of DDS, including electron density and its Laplacian delocalization index,
have been elucidated to shed light on the chemical bonding and atomic and molecular details [17].
The function of electronical localization has been used to visualize and deduce information on the lone
pair and the subshells of the C atom. The theoretical charge density and topological properties of the
gas phase of the molecule have been applied [18].
2.3. The Longevity of Leprosy-Affected Males in Spite of Several Pandemic Viral Diseases
Most data were obtained from the Korea Hansen (Leprosy) Welfare Association (KHWA) and
Sorokdo National Hospital for the leprosy affected population. The KHWA is a government-sponsored
organization with the goal of improving welfare systems for leprosy-affected persons in Korea.
Leprosy-affected male (among 14,686 persons, as of 1 January 2008), showed higher longevity
index values, longer life expectancies, and lower age-specific death rates than their male counterparts
in the comparison groups. However, these trends were not found in leprosy-affected females.
Leprosy infection may have led this population to maintain healthy lifestyles and beliefs, particularly
for males, more than all Koreans or Koreans of a low socioeconomic status [19].
We also reviewed the death certificate data of 1359 leprosy-affected people from 2010 to 2013.
The all-cause mortality of 1359 (2010–2013) was significantly lower than that in the general population,
corresponding to an SMR (Standard Mortality Ratio) of 0.84 (95% CI (Confidential Interval) 0.79–0.88).
Malignancy (due to liver cancer) had the highest standardized mortality, with 130.9 deaths per 100,000
persons (40.0 deaths), followed by cardiovascular diseases (CVDs; 85.5 deaths) and respiratory diseases
(38.2 deaths) [20].
Since 1996, the National Health Insurance Service (NHIS) in Korea has maintained medical
records with the International Classification of Diseases (ICD) -9 code. Moreover, with Electronic Data
Interchange (EDI), the Sorokdo National Hospital has archived their medical records. We connected
to the EDI database of the Sorokdo National Hospital, archived from January 2005 to June 2020,
and searched using the ICD-9 and 10 codes. Using this available archive, Hansen’s patients were
evaluated for prescription DDS or not at Sorokdo National Hospital, dedicated to treating Hansen’s
patients. We analyzed infectious respiratory diseases of Hansen’s subjects according to the Official
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Information Disclosure Act in Korea. Medical data on the correlation between DDS and infectious
respiratory diseases were then analyzed using the software of Object—Relational DBMS and SPSS.
2.4. Cohort Study for Treatment of Alzheimer’s Disease with 4,40 -Diaminodiphenylsulfone
This study used medical records from 2007 to 2020 and stages 2 to 6 (2007–2018.6) and 6 to 3
(2018.6–2019.1) of numeric clinical staging (NCS) according to the 2018 NIA-AA Research Framework.
The medical records of the Seoul study originated from the published research article “Recovery of
Dementia Syndrome following Treatment of Brain Inflammation” [21]. The Seoul study is a prospective
cohort based on brain inflammation treatment of MCI and AD-affected elderly individuals in Korea.
According to the diagnostic criteria of AD, there are neuroinflammatory regions that are excluded
from the treatment of AD. Numeric clinical staging (NCS) was recorded, including side effects of the
most commonly used AADs and symptoms in the neuroinflammatory area. In addition, the treatment
process was classified by managing the AD symptoms and neuropsychiatric (NP) symptoms caused
by AADs with a new biomarker (D). By introducing a new biomarker (D), the progression of AD was
newly monitored through NCS staging.
3. Results
3.1. DDS Has the Clinical Manifestations of COVID-19 Infection in Humans
We were particularly drawn to their description of COVID-19 patients presenting with multi-organ
symptoms mimicking internal, surgical, dermatological, immunological and renal diseases, specifically
a ‘DDS-like clinical presentation’. We compared each of the effects on humans and we found that
SARS-CoV-2 and DDS must be very similar substances to humans. (Table 1)
Table 1. The clinical manifestations of SARS-CoV-2 and DDS in humans.
Clinical
Manifestations

Sars-Cov-2 Symptoms

(i) violaceous macules with porcelain appearance, (ii)
livedo of the trunk with chest pain and cough, (iii)
violaceous macule and Raynaud’s phenomenon 10
skin vascular
days after fever and cough, (iv) necrotic purpura in a
symptom
patient treated with leflunomide and systemic
slymphadenopathy steroids for rheumatoid arthritis, (v) chilblain
fever
appearance and Raynaud’s phenomenon in a patient
with anosmia, fever and cough, (vi) eruptive cherry
angioma 21 days after COVID-19 healing of clinical
symptoms [16]

DDS Symptoms
“glandular fever”: (i) fever, (ii)
lymphadenopathy, (iii) generalized
rash, and (iv) hepatitis occurring
after dapsone intake [22]
rash, exanthema/erythema,
erythroderma, mucosal
involvement [14]
papular or exfoliative dermatitis,
generalized lymphadenopathy [23]

hypersensitivity
reactions

SARS-CoV-2 symptoms are like a severe
idiosyncratic DDS reaction characterized by the
clinical triad of fever, rash, and systemic
involvement, which can cause severe organ (heart,
kidney, lung, brain, etc.) dysfunction [24]

the syndrome is a severe
idiosyncratic DDS reaction
characterized by the clinical triad of
fever, rash, and systemic
involvement (most commonly of the
liver and the hematologic system),
which can cause severe organ
dysfunction [13]

hematology
laboratory

focal fibrin clusters mixed with mononuclear
inflammatory cells, decreased eosinophils, decreased
lymphocytes, increased neutrophils [25]
lymphopenia, leukocytosis, neutrophilia,
thrombocytopenia [26]

leukocytosis, eosinophilia [14],
resembling a mononucleosis
infection [23]

anemia

thrombocytopenia, consumptive coagulopathy [26]

hemolytic anemia and
methemoglobinemia [12]

liver disease,
pancreatic disease

clinically significant liver injury is uncommon [27],
pancreatic cells highly express ACE2 [28]

hepatitis/liver toxicity [23],
cholangitis, colitis, thyroiditis [29],
pancreatitis and pleural effusion [30]
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Table 1. Cont.
Clinical
Manifestations

Sars-Cov-2 Symptoms

DDS Symptoms

renal disease

severe collapsing focal segmental glomerulosclerosis,
acute tubular necrosis [31]

acute renal failure [23],

cardiac disease

acute myocardial injury and chronic damage to the
cardiovascular system [32]

myocarditis, dapsone-induced
hypersensitivity
syndrome-associated complete
atrioventricular block [29],
myocardial injury [33]

pulmonary
disease

coronavirus disease (COVID-19)-related pneumonia
[24,32]

pneumonitis [29], pneumonia or
multiple organ failure [33]

neurologic
disease

large-vessel stroke [34] encephalopathy, prominent
agitation and confusion, and corticospinal tract signs
[35,36]

recovery of dementia syndrome
following treatment of brain
inflammation [37]

3.2. DDS Has Nucleophilic Sites for Ubiquitination
The electrostatic potential visualizes the positive and negative electrostatic potential regions which
are susceptible to nucleophilic and electrophilic attack [38]. The symmetry level was determined by DDS
molecular charge analysis. Density functional calculations show that the symmetric conformational
isomer has lower energy than the asymmetric conformational isomer. The aniline ring is the nucleophilic
moiety conferring possible biological properties via a redox mechanism, mainly electron transfer or
oxidation for DDS-NHOH formation [39].
That cysteine residues might undergo modification by ubiquitination may seem counterintuitive
at first, as thioester linkages can be broken under reducing conditions and the intracellular environment
is often viewed as “reducing” [40]. At each stage of the ubiquitination process, before loading of
ubiquitin (Ub) onto the substrate, the Ub-activating (E1)/Ub-conjugating (E2)/E3 ligase enzymes are
all able to carry ubiquitin via a thioester linkage, which is used to allow energetically favorable
attack of the substrate nucleophile. Lysine/N-terminal amines, cysteine thiols or serine/threonine
hydroxyls, attacks the electrophile thioester carbonyl of an E2–ubiquitin (Ub) conjugate. This results in
a Ub–substrate conjugate linked by an isopeptide (lysine), peptide (N-terminal), thioester (cysteine)
or hydroxyester bond (serine/threonine), respectively [41]. DDS, in particular, has nucleophilic sites
for ubiquitination. Proteins contain many nucleophilic sites capable of attacking an E2–Ub thioester
linkage and undergoing ubiquitination. The free amine of the N-terminus of DDS could also potentially
be ubiquitinated by an identical pathway (Figure 1). The extent to which transmission is operative in
the sulfone is dependent on the precise nature of the para substituents, in particular whether they are
donors or acceptors and the manner in which they interact with the remainder of the molecule [42].
The results show the influence of amine.
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Figure 1. Nucleophilic properties of, 40 -diaminodiphenyl sulfone (DDS). Proteins contain many
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signaling to drive the transcription of inflammatory cytokines and chemokines, including IL-1b, IL18, and IL-8, and prime NLRP3 expression to its functional level. ORF3a also activates the NLRP3
inflammasome by promoting tumor necrosis factor alpha (TNFR)-associated factor 3 (TRAF3)–
mediated ubiquitination of ASC [53]. ORF8b activates NLRP3 through direct interaction with the
leucine-rich repeat domain of NLRP3 [54]. SARS-CoV-2 shares ∼79% overall genetic similarity with
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3.4. General Profiles of Leprosy-Affected Elderly in Korea
3.4. General Profiles of Leprosy-Affected Elderly in Korea
The population of Korea has suffered severely from SARS-CoV (2002), Influenza A virus subtype
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(Table 2) of Hansen’s disease has been reported through regular medical examinations
and diagnosis. (Table 2)
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Table 2. Hansen’s disease recurrences and prevalence of respiratory infectious disease.
Cumulative Recurrence Risk Index

Year

Inactive
Patient

Number of
Recurrent
Patients

Annual
Recurrence
Rate (%)

2002 SARS-CoV

16,712

10

2003

16,283

2004

Infected
Person

Remarks
(Report)

0.05

-(0 person)

(no
prevalence)

6

0.03

-

-

15,797

6

0.03

-

-

2005

15,350

5

0.03

-

-

2006

14,851

5
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-(0 person)
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13,033

7
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-

-
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3

0.02

-

-
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1

0.01

-

-

2013

11,595

1

0.01

-

-

2014

11,104

1

0.01

-

-

2015 MERS
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1
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-(0 person)

(no
prevalence)

2016

10,236

-

-

-

-

2017

9908

-

-

-

-
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9503

1

0.01

-

-

2019
SARS-CoV-2

9160

2

0.02

-(0 person)

(no
prevalence)

-(0 person)

(no
prevalence)

–2020. 6.30.
SARS-CoV-2

DDS Intake
(100 mg)

Infectious Respiratory
Diseases

2019–2020.6.
3814(person)/
9134(total)

Korea Centers for Disease Control and Prevention (KCDC) is supplying DDS to Hansen’s patients.
KCDC reported that DDS was supplied free for all (DDS 100 mg–1000 tablet/bottle to 3814 of 9134
Hansen’s patients). With a bottle, each of three people can take one tablet per day for one year.
We also analyzed infectious respiratory diseases among Hansen’s patients at Sorokdo National
Hospital. The data shows that the patients of Sorokdo National Hospital are responsible for the
development of respiratory infectious diseases according to the occurrence of SARS-CoV (2002),
Influenza A virus subtype H1N1 (2009), MERS (2015), and SARS-CoV-2 (2020). There is no big change
and no statistical correlation (Figure 3).
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Figure 3. Respiratory infectious diseases (RIS) of Hansen’s patients at Sorokdo National Hospital
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during the Dutch Hunger Winter in 1944–45 had, six decades later, less DNA methylation of the
imprinted IGF2 (Insulin-like growth factor 2) gene compared with their unexposed, same-sex siblings.
Years afterward, the same individuals showed an abnormally elevated frequency of obesity, cardiac
disease, and even schizophrenia, despite the lack of genetic history of these diseases. DNA methylation
patterns in specific regions of the genome were altered in many of the Hongerwinter children [59,60].
The life-prolonging effect of caloric restriction in yeasts requires NPT1 and SIR2 genes, both of which
relate to sensing energy status and silencing genes [61]. Leprosy-affected males had been isolated and
managed to maintain healthy lifestyles and faith. They have been living freely since the 2000s. It can
be assumed that one consistent reason for their long lives and the fact that they are free of infectious
diseases is due to taking DDS regularly.
3.5. A Prospective Cohort Study for Neuroinflammation
DDS, among three antibiotics, appears to be effective in molecular regulation for the treatment
of mild cognitive impairment (MCI), AD, and Parkinson’s disease (PD). A prospective cohort study
reported an elderly patient who had MCI from February 2008 to January 2019. The patient took
DDS 100 mg once a day from 2010 to 2015 for the treatment of MCI. In 2016, the production of DDS
for the local pharmacy was ceased in Korea. In June 2018, the patient was then diagnosed with
Alzheimer’s disease.
In this study, an anti-Alzheimer’s disease drug (AAD) was used as a new biomarker of NCS (D).
During the periods of 2018.06.27–2018.10.01 and 2018.11.06–2018.11.21, the side effects caused by AAD
occurred, and the patient was in NCS stage 6. We also examined other patients who had the same
symptoms. In addition, from 2018.10.01 and 2018.11.22, after stopping the AAD, the disease changed
to NCS stage 6 → 5. After neuroinflammation treatment, it changed again to NCS stage 5 → 3.
DDS was re-administered to the patient from November 2018. The patient recovered from MCI
and experienced improvements in their daily life owing to the treatment with DDS, which controls the
inflammatory response in the brain, irrespective of whether proteins are deposited in neurons [37].
This indicates that DDS regulates inflammation in neurons. (Table 4)
Adult respiratory distress syndrome due to SARS-CoV-2 infection is associated with
encephalopathy, agitation, confusion, and corticospinal tract signs. Two out of 13 patients who
underwent a brain MRI (Magnetic Resonance Imaging) had single acute ischemic strokes. Data are
lacking to determine which of these features were due to critical illness-related encephalopathy,
cytokines, the effect or withdrawal of medication, and which features were specific to SARS-CoV-2
infection [35,36]. To date, clinical studies have shown that DDS can block disease progression due to
critical illness (inflammation)-related encephalopathy or immune-related diseases [36,37,62,63].
We re-examined the function of hydrogen peroxidase in relation to hematocrit and microfibrin
formation, which results in various cascade reactions, such as canonical–noncanonical ubiquitylation,
NLRP3 inflammasome formation, Higgins’ cascade and strongly magnetic iron-rich nanoparticles,
by RBC splitting. Through the same process, DDS can prevent the neuropsychiatric exacerbation of
SARS-CoV-2 infection.
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Table 4. Treatment of neuroinflammation with anti-Alzheimer’s disease drug (AAD) used as a new
biomarker of numeric clinical staging (NCS)—a new biomarker of numeric clinical staging (NCS) is
denoted as (D). (D) (added NCS is italicized) (Supplement. 2).
Year

NCS

Supplementary Material

2007

Stage 2

Supplement_6.pdf (page 2) of online suppl. 6 [21] (suppl.2)

2008.02.05

Stage 3

Supplement_4.pdf (page 1) of online suppl. 4 [21] (suppl.2)
Seoul study—DDS

DDS supply was suspended in Korea from 2016
2018.06.27

Stage 4

Supplement_6.pdf (pages 1–2) of online suppl. 6 [21]

2018.06.27–10.01

Stage 6

D side effects Dr prescribed (D) (suppl.3)

2018.10.–

Stage 5

Stop AAD

2018.11.06

Stage 5

Supplement_1.pdf (pages 1–2) of online suppl. 1 [21] (suppl.2)

2018.11.06–11.16
11.21

Stage 6

D’s side effects (suppl.3), Supplement_2.pdf (page 1) of online suppl.
2 [21] (suppl.2)

2018.11.22–

Stage 5

Stop AAD

The Korea Orphan and Essential Drug Center imported and supplied DDS
2018.11.28

DDS, Supplement_3.pdf (page 1) of online suppl. 3 [21] (suppl.2)

2019.01.14

Stage 3

Supplement_1.pdf (pages 3–5) of online suppl. 1 [21] (suppl.2)

2020.03.18

Stage 3

Seoul cohort—Present, DDS supply began again in Korea from
January 2020. Seoul cohort prescribed DDS from 150 mg to 300 mg
as an inflammasome competitor

4. Discussion
4.1. This Special Issue on “Myeloperoxidase”
Myeloperoxidase (MPO) activity, a marker of inflammatory response, is increased 3.7-fold in
ischemic animals vs. control rats, and this effect is antagonized by DDS treatment. Although apoptosis
increased due to the effect of ischemia at both evaluation times, DDS antagonized that effect
only 72 h after surgery. In all measured ischemia-reperfusion end points, DDS treatment
showed a remarkable ability to decrease markers of cell damage by antioxidant, anti-inflammatory,
and anti-apoptotic effects [64,65]. DDS is effective in surgical stress induced by brain oxidative damage
via downregulating nicotinamide adenine dinucleotide phosphate (NADPH) oxidase level in aged
mice [65], propofol-induced cognitive alterations in aged rats [66], and an anti-apoptotic effect after
spinal cord injury [67].
Oxidative stress markers as well as high concentrations of copper are found in the vicinity of
amyloid β (Aβ) deposits in Alzheimer’s disease. The neurotoxicity of Aβ in brain cells has been linked
to H2 O2 generation by a study conducted in Seoul. Cu(II) and Fe(III) have been found in abnormally
high concentrations in amyloid plaques (0.4 and 1 µM, respectively) and AD-affected neuropil [67].
Cu(II) markedly potentiates the neurotoxicity exhibited by Aβ in a cell culture. The potentiation
of toxicity is greatest for Aβ1–42 > Aβ1–40 >> mouse/rat Aβ 1–40, corresponding to their relative
capacities to reduce Cu(II) to Cu(I), form H2 O2 in cell-free assays, and exhibit amyloid pathology.
Since Cu(II)-glycine alone was not neurotoxic, these results strongly support the possibility that Cu(II)
interaction modifies Aβ, leading to enhanced H2 O2 -mediated neurotoxicity. Copper, iron, and zinc
may be important in exacerbating and perhaps facilitating Aβ-mediated oxidative damage in several
diseases [67]. DDS is a therapeutic preventive substance in AD [68–71]. DDS (100 mg/day) and a
placebo were orally administered once daily for 52 weeks in 201 patients with mild to moderate AD.
At the end of treatment, there were no significant differences between DDS and the placebo in terms
of cognitive or other measures of efficacy [72,73]. Those results are because patients with mild to
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moderate AD already have extensive neuronal death, and patients with MCI and early AD patients in
the Seoul study were positive. MCI did not develop into AD for 10 years, and PD symptoms in the
Seoul study became milder [37].
4.2. Molecular Regulation of Inflammasome Activators
The sulfur (S) atom exhibits a very high positive Bader atomic charge (2.36e) as it is attached
with the two most electronegative oxygen (O) atoms (−1.27e) on both sides. The calculated angle for
the plane O-S-O of DDS is found to be 120◦ , which suggests the trigonal planar geometry and sp2
hybridization state for the corresponding central S atom. The negative region surrounding both O
and O atoms, opposite the positive regions of the molecule, show the complete circuits of electric
field gridlines, thus distinguishing electrophilic and nucleophilic regions. The field grid lines at
the negative envelope surrounding the atoms O and O atoms end up with the positive hydrogen
ions [17]. The negative potential which is in the vicinity of O and O atoms is susceptible to severe
electrophilic attack in the lock and key shape of the molecular electrostatic potential of DDS. Dapsone
hydroxylamine caused covalent adduct formation in normal human epidermal keratinocytes [74].
Microbial iron–sulfur (Fe/S) clusters had been suggested as general targets of myeloperoxidase-derived
oxidations. These effects were not caused by the destruction of the Fe/S clusters within the succinate:
ubiquinone oxidoreductase but the major respiration-inhibiting lesion(s) appeared to reside at points
in the respiratory chain between the Fe/S clusters and the ubiquinone reductase site [75]. The mode of
DDS–DNA complex can be understood through nucleophilic properties of DDS for ubiquitination [57].
The nucleophilic/electrophilic region of DDS interacts with the electrophilic/nucleophilic region by the
electronic charge transfer. The covalent adduct formation in normal human epidermal keratinocytes
and the formation of hydrogen bonding in the DDS–DNA complex shows that DDS plays a role in the
molecular regulation of inflammasome activators.
The drug binding to the receptor structures is reminiscent of a pharmacological interaction
between a drug and its (immune) receptor and was thus termed the p–i concept. In some patients
with drug hypersensitivity, such a response occurs within hours even upon the first exposure to
the drug [76]. The dapsone hypersensitivity syndrome is generally described as a combination of
at least two of the following four symptoms: (i) fever, (ii) lymphadenopathy, (iii) generalized rash,
and (iv) hepatitis occurring after DDS intake [22]. Its occurrence rate is subject to controversial
assumptions, with estimates ranging from 2% to 12% [77]. DDS can trigger an immune response.
However, metabolic activation of DDS to compete covalently with least three proteins that activate the
NLRP3 inflammasome, envelope (E), ORF3a, and ORF8b, has been implicated in idiosyncratic reactions.
DDS are able to decrease NF-kB signaling which to drive the transcription of inflammatory cytokines
and chemokines, including IL-1b, IL-18, and IL-8, and prime NLRP3 expression to its functional level.
Such DDS entities are usually characterized by the presence of ‘structural alerts’ or toxicophores [78],
which can be used as substances that control the activation of the inflammasome.
4.3. Myeloperoxidase and Red Blood Cells’ Deformity
The peroxidase activity of heme-bound amyloid β peptides (Aβ) is associated with AD [79].
Aβ played a key role by oxidative impairing the capacity of red blood cells (RBCs) to deliver oxygen
to the brain. RBC deformability leads to abnormalities in blood microcirculation [80]. Native MPO,
released into the extracellular space as a result of neutrophil degranulation, is a homodimer, consisting
of two identical protomers connected by a single disulfide bond, each containing light, heavy chains
and heme [81]. Two MPO isoforms have distinct effects on biophysical properties of RBCs. Hemi-MPO,
as well as the dimeric form, bind to the glycophorins A/B and band three protein on RBCs’ plasma
membrane, which lead to reduced cell resistance to osmotic and acidic hemolysis, a reduction in
cell elasticity, significant changes in cell volume, morphology, and the conductance of RBC plasma
membrane ion channels. MPO, an oxidant-producing enzyme, was shown to cause RBC deformability,
leading to abnormalities in the blood microcirculation [82]. Abnormalities in blood microcirculation in
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inflammatory foci can be induced by hemi-MPO and homodimers. This seems to reduce abnormalities
in the RBC response as a regulatory mechanism that regulates the development of hemi-MPO in
inflammatory foci. DDS inhibits myeloperoxidase, a mechanism that protects neurons [37].
4.4. Peroxymonocarbonate and Neurotoxicity
The methionine (Met) residue at position 35 in the Aβ C-terminal domain is critical for neurotoxicity,
aggregation, and free radical formation initiated by the peptide [83–85]. Bicarbonate promotes
two-electron oxidation, as mediated by hydrogen peroxide after the generation of peroxymonocarbonate
(HCO4 − ). The bicarbonate/carbon dioxide pair stimulates one-electron oxidation mediated by the
carbonate radical anion (CO3 •− ), which efficiently oxidizes the thioether sulfur of the Met residue to
sulfoxide. DDS blocks it, so bicarbonate cannot promote two-electron oxidations mediated by hydrogen
peroxide after the generation of peroxymonocarbonate (HCO4 − ). In addition, the bicarbonate/carbon
dioxide pair cannot stimulate one-electron oxidation mediated by a carbonate radical anion (CO3 •− ),
which efficiently oxidizes the thioether sulfur of the Met residue to sulfoxide. CO3 •− causes the
one-electron oxidation of methionine residue to sulfur radical cation (MetS•+ ) [86]. Though COVID-19
patients exhibit neurological signs and symptoms, the histopathological examination of brain specimens
only shows hypoxic changes, and not encephalitis or other specific brain changes that can be related to
the virus. Pathogen-associated molecular patterns (PAMP) or danger-associated molecular patterns
(DAMP) induced by SARS-CoV-2 may affect neurological symptoms.
4.5. DDS Performs Various Anti-Inflammatory Reactions
The level of parkin was decreased in the cerebellum, brain stem, substantia nigra, and
striatum of aged mice. However, DDS restored the level of parkin, prevented age-dependent
DA neuronal loss, and protected SH-SY5Y cells from 1-methyl-4-phenylpyridinium and hydrogen
peroxide. DDS transcriptionally activated parkin via protein kinase RNA-like endoplasmic reticulum
kinase-activating transcription factor 4 (ATF4) [87]. Lipopolysaccharide (LPS) distinctly activated
bone marrow (BM, harvested from the femurs and tibias of C57BL/6 mice), with several distinct
characteristics including high cellular activity, granulocyte changes, and a tumor necrosis factor
alpha (TNF-α) production increase. Interestingly, DDS modulated the inflammatory cells, including
granulocytes in LPS-treated BMs, by inducing cell death. DDS decreased the mitochondrial membrane
potential of LPS-treated BMs [88] and reduced acetic acid-induced inflammatory response in rat
colon tissue through the inhibition of the NF-kB signaling pathway [89]. DDS has an effect on
mRNA expression and the production of cytokines in lipopolysaccharide-stimulated peripheral
blood mononuclear cells. DDS suppressed mRNA expression of tumor necrosis factor (TNF)-α and
significantly decreased the level of TNF-α in culture supernatant [90].
The administration of DDS with doxorubicin significantly reversed the alterations induced by
doxorubicin in serum levels of CK-MB (creatine kinase myocardial band), electrocardiographic (ECG)
parameters (QRS complexes: the combination of three of the graphical deflections seen on a typical
ECG, RR: the time between QRS complexes and QT intervals: is defined from the beginning of the QRS
complex to the end of the T wave.), papillary muscle contractility, and excitation, and the measurement
of malondialdehyde (MDA), superoxide dismutase (SOD, an antioxidant enzyme), and TNF-α levels
in tissue indicated that DDS significantly reduced oxidative stress and inflammation, consistent with
histopathological analysis [91]. DDS has anti-inflammatory effects on LPS-mediated inflammation via
the modulation of the number and function of inflammatory cells. DDS decreases MPO activity and
lipid peroxidation, improves neurological function, increases the amount of spared tissue, and exerts
an anti-apoptotic effect.
Bacterial inflammagens, through gingipain protease groups and the lipopolysaccharides (LPS) of
Porphyromonas gingivalis and Treponema, etc., can fuel inflammatory processes both systemically
and under neuroinflammatory conditions [92–96]. DDS displayed myeloperoxidase inhibitor activity
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in saliva from subjects with periodontal disease in the sandwich test disk [97]. DDS was an
anti-inflammatory agent in periodontal disease.
DDS modulates the production of inflammation-related cytokines in the spleen cells of mice,
which are major immune cells, and lipopolysaccharide (LPS). Dapsone induced a proportional change
in splenocyte subsets and the apoptosis of spleen cells. DDS decreased nitric oxide production in
LPS-treated spleen cells in the experiment of DDS-induced production of nitric oxide (NO) and the
expression of activation markers of spleen cells [98].
Familial Mediterranean Fever (FMF) caused by homozygous or compound heterozygous
gain-of-function mutations in the Mediterranean fever (MEFV) gene, which encodes pyrin,
an inflammasome protein [99], is an hereditary autoinflammatory disease that presents with recurrent
febrile attacks and poly serositis. Pyrin—the protein involved in FMF—has a role in activating the
proinflammatory cytokine interleukin (IL)-1β and colchicine is the only known treatment in this disease
but nearly 5–10% of patients are resistant to colchicine [100]. In five of ten patients who prescribed
with DDS, FMF attacks did not occur during at least six months (mean, 8 months and 6 days) with
colchicine efficacy of 80% and 50% response. DDS may be useful as an alternative therapy in some,
especially colchicine resistant patients [101].
It is presumed that DDS provokes an anti-inflammatory reaction in various diseases by the
molecular regulation of NLRP3 inflammasome activators. This means that RBC splitting, followed
by hematocrit and microfibrin formation by innate immune cells, results in various cascade reactions
such as canonical-noncanonical ubiquitylation, NLRP3 inflammasome formation, Higgins’ cascade,
and iron-rich strongly magnetic nanoparticles. Perhaps Alzheimer’s disease, prion diseases, 2-DM,
and Parkinson’s disease are caused by similar inflammatory reactions.
Whether DDS has a direct effect on reducing viral pneumonia was not known before clinical
studies. However, until the development of a SARS-COV-2 vaccine, DDS as a preventive drug presents
a good possibility for controlling inflammation by PAMP or DAMP.
4.6. Korean TLR2Arg677 Trp Variation
The mutation (TLR2Arg677 Trp), representing the substitution of Arg for Trp at amino acid
residue 677, occurs in one of the conserved regions of TLR. The major histocompatibility
complex antigen loci (HLA) are the prototypical candidates for genetic susceptibility to infectious
diseases [102,103]. Haplotype HLA loci variability results from selective pressure during co-evolution
with pathogens. Immunologists have found that different HLA haplotypes are associated with distinct
disease susceptibilities.
The repertoire of HLA molecules comprising a particular haplotype determines survival during
evolution. The susceptibility to various infectious diseases, such as tuberculosis, leprosy (also known
as Hansen’s disease), human immunodeficiency virus (HIV), hepatitis B, and influenza, is associated
with specific HLA haplotypes [104].
However, the impairment of TLRs due to polymorphisms of TLR genes can alter the immune
response to a wide variety of microbial ligands, including viruses, and polymorphisms in TLR2 and TLR4
have been linked to infectious diseases in humans. The activation of NF-κB by human TLR2Arg677 Trp
was abolished in response to Mycobacterium leprae and Mycobacterium tuberculosis [105]. TLR2 and
TLR4 expression and their ligands, signaling, and functional activation are increased in diagnosed
type 2 diabetes and contribute to the proinflammatory state [106].
TLR signaling is involved in the pathogenesis of chronic and/or idiopathic inflammatory disorders.
NLR signaling results in the formation of an inflammasome and orchestrates with TLRs to induce
IL-1β and IL-18, both of which are important mediators in the majority of inflammatory disorders [107].
It can be understood by using dextran sulphate sodium to activate/deactivate TLR/NLR signaling
to test pro-inflammatory cytokines and immune cells and causing intestinal injuries according to
microbiota [108]. Polymorphisms of TLRs and NLRs genes and markers of lipid and glucose metabolism
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lead to translocation to NFκB and the transcription of pro-inflammatory cytokines including IL-1β and
IL-18, culminating in an inflammatory response [109].
Mycobacterium leprae, which induces leprosy, was assumed to be the cause of the low incidence of
Alzheimer’s disease in patients with Hansen’s disease [110]. However, Hansen’s disease is successfully
treated with a combination of antibiotics. Mycobacterium leprae was inactivated. These include
DDS plus rifampicin, with clofazimine being added for some types of the disease. Korean patients
with LL were treated using a combination of DDS with rifampicin, and clofazimine was included
in some cases. Hence, the mutation in the intracellular domain of TLR2 has a role in determining
the susceptibility to LL, though LL could be successfully treated using a combination of DDS with
rifampicin, and clofazimine. All or part of the three antibiotics should contain an anti-inflammatory
agent that works regardless of the mutation in the intracellular domain of TLR2. When only DDS was
administered in the Seoul study, it was effective in treating the inflammation of dementia syndrome.
SARS-CoV-2 can trigger TLRs. As ssRNA viruses, SARS-CoV and SARS-CoV-2 invade the cells
using endosomal pathway and releases genomic RNA into the endosome [45] to bind TLR7/8 and
trigger inflammatory responses in the lungs [111]. Angiotensin-converting enzyme 2 (ACE2) also
contributes to inflammation in the lungs [112].
In addition to the polymorphisms in the innate immune response, MHC (major histocompatibility
complex) class II polymorphism may also play a role. The processing of SARS-CoV-2 in the lysosome
could make viral proteins available to MHC class II Ag presentation. This presentation could be
influenced by highly polymorphic HLA-DP (a protein/peptide-antigen receptor and graft-versus-host
disease antigen that is composed of 2 subunit), -DQ (a cell surface receptor protein found on
antigen-presenting cells), -DR (an MHC class II cell surface receptor encoded by the human leukocyte
antigen complex on chromosome 6 region 6p21.31.), and –DM (an intracellular protein involved in
the mechanism of antigen presentation on antigen presenting cells (APCs) of the immune system) in
modulating immune responses, as reported in other inflammatory diseases [111,113].
4.7. COVID-19 Is a Generalized Systemic Immune Disease
The laboratory tests conducted in the Korea National Medical Center for isolation and treatment
showed mild lymphopenia in 1267 cells/mm3 (18.1% among white blood cells) and C-reactive protein
(CRP) was 8.93 mg/dL (<0.5). In high resolution computed tomography (HRCT), bilateral patch
consolidation of both lower lobes was found, showing basal lung predominance and multifocal,
subpleural ground-glass opacities with interlobular septal thickening in both lungs, mainly in the right
upper and middle lobes. After that, similar patterns were repeated [114].
High levels of IL-6, IL-8, and high levels of these cytokines also correlate with mortality.
The activation of both the immune system and the coagulation system are not simply associated in time
but, upon injury by a microorganism, immune cells are recruited and many pro-inflammatory cytokines
are secreted, and these cytokines are key mediators of activation of coagulation [115]. The presence
of venous thromboembolisms is observed in the lungs with severe pneumonia in some COVID-19
patients’ autopsies [116].
Moreover, SARS-CoV-2 may cause pleiotropic alterations of glucose metabolism that could
complicate the pathophysiology of preexisting diabetes or lead to new mechanisms of disease [117,118].
A critical literature review suggests that the severity of SARS-CoV-2 infection is associated with the
dysregulation of inflammatory immune responses, which in turn inhibits the development of protective
immunity to the infection [111]. Now, COVID-19 is a multisystem inflammatory syndrome in U.S.
children and adolescents [119].
SARS-CoV-2 could trigger an extreme cascade inflammatory state, which would impair the ability
of the pancreas to detect glucose and balance the insulin level, and weaken the ability of the liver and
muscles to sense the hormone. The NLRP3 inflammasome is implicated in a variety of human diseases
including Alzheimer’s disease (AD), prion diseases, type 2 diabetes, and numerous infectious diseases.
SARS-CoV-2 acts like the NLRP3 inflammasome.
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4.8. Other Anti-Inflammatory Reactants
Dexamethasone is associated with reduced mortality risk among patients with severe COVID-19,
making it the first drug to show such an effect, according to a statement by trial investigators
at the University of Oxford. Over 6000 hospitalized patients were randomized to receive either
dexamethasone (6 mg daily) or usual care for 10 days [120,121]. Our data reveal an incidence of
hospitalization among patients with immune-mediated inflammatory disease that was consistent with
that among patients with COVID-19 in the general population in New York City. Anticytokines and
other immunosuppressive therapies are urgently needed to guide clinicians in the care of patients
with psoriasis, rheumatoid arthritis, psoriatic arthritis, inflammatory bowel disease, and related
conditions [122]. Physicians and healthcare providers should continue to use supportive measures,
but also consider screening by measuring inflammatory markers, risk-categorizing individuals,
treating the immune response to this virus, and studying anti-inflammatory therapies [123].
4.9. The Evidence of Viral Virulence Inhibition by DDS
According to studies of AIDS (Acquired Immune Deficiency Syndrome) in the 1990s,
the inadvertent simultaneous administration of low doses of oral iron with DDS for the prophylaxis
of Pneumocystis Carinii pneumonia in HIV-positive patients may have been associated with excess
mortality [124]. A direct effect of DDS on HIV-1 replication in primary cultures of lymphocytes and
monocyte-derived macrophages could explain the increased mortality rate of patients receiving DDS
in addition to other factors such as the advanced stage of disease or contained iron protoxalate [125].
Lower survival in AIDS patients receiving DDS was compared with aerosolized pentamidine for
secondary prophylaxis of Pneumocystis Carinii Pneumonia (PCP) [126,127]. However, DDS was
effective in some patients with HIV-related thrombocytopenia [128]. DDS/pyrimethamine was as
effective as aerosolized pentamidine as prophylaxis for PCP and significantly reduced the incidence of
toxoplasmic encephalitis among those participants who tolerated it [129]. Iron plays a central role in
oxidative stress by virtue of the generation of hydroxyl radicals via the iron-catalyzed Haber–Weiss
(superoxide-driven Fenton) reaction. Oxidative stress, which, in the laboratory, can be conveniently
induced by exposure to hydrogen peroxide (H2 O2 ), induces the nuclear appearance of nuclear
transcription factor NF-KB and leads to HIV-l proviral DNA transcription [130]. Viruses hijack cells
in order to replicate, and efficient replication needs an iron-replete host. Some viruses selectively
infect iron-acquiring cells by binding to a transferrin receptor during cell entry. Other viruses alter the
expression of proteins involved in iron homeostasis, such as HFE (Homeostatic Iron Regulator) and
hepcidin. In HIV-1 and hepatitis C virus infections, iron overload is associated with poor prognosis and
could be partly caused by the viruses themselves [131]. Derangement in iron metabolism, in addition
to oxidative stress, might have contributed to the depletion of CD4+T cell population in our subjects
and this may result in the poor prognosis of the disease [132].
DDS is an inflammasome competitor. No one has suggested that it interferes with viral replication
thus far. When viral virulence goes beyond mild symptoms, DDS may prevent it from acting as
an inflammasome activator. In addition, in the case of elderly and diabetic patients, where the
virus is more easily bound to cell receptors, the change in pH due to inflammation may be reduced,
thereby preventing the virus from penetrating the cells. Until a vaccine is released, DDS may be a
medicine that helps citizens to survive without fatal symptoms.
5. Conclusions
The use of therapeutics that modulate inflammation without compromising the adaptive immune
response could be the most effective therapeutic strategy. As an example of this type therapeutic,
DDS has multiple potent activities. The DDS–DNA complex can be used as an oral vaccine.
Therefore, DDS, as an inflammasome competitor, may be effective against COVID-19. It could
become one of the simplest ways to treat or prevent infectious respiratory diseases.
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