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Abstract: As described in Japanese essay (Hojoki), written around 1200, various disasters such as
big fires, earthquakes, and famines have occurred in Japan. Asian countries have been suffering
from the disasters; furthermore, natural disasters are increasing due to global warming. Because
tropical-infectious diseases are often disaster-related infectious diseases (DRIDs), the strategies against
the former kind of disease could be applicable to DRIDs. Meteorological analysis of the occurrence of
DRIDs using a method of time series analysis is important. In situations of disasters, it is desirable
if you can identify the pathogen and identify disease severity simultaneously. A dipstick DNA
chromatography assay termed as Single-Tag Hybridization—Printed Array Strip (STH—PAS) system
was developed based on the DNA sequences of various mosquito-borne diseases. The plasma levels
of matricellular proteins including galectin-9 (Gal-9) and osteopontin (OPN) were found to reflect the
disease severities in the dengue virus and other DIRDs. Because both proteins have been reported to
be immune-check molecules, their inhibition might enhance the immune system against pathogens.
We found that brefelamide derivatives could inhibit OPN and other inflammatory molecules synthesis.
Very recently, different derivatives were found to inhibit PD-L1 transcription. Applications of these
agents should be considered as multi-step strategies against DRIDs.
Keywords: disaster; tropical; infectious diseases; global warmings; STH-PAS; galectin 9; osteopontin;
brefelamide

1. Introduction
Hojoki is one of the oldest essays in Japan and describes a big fire (1177), a tornado followed by
relocation of the capital (1180), a famine (1181-2) and an earthquake (1185). In the famine, 42,300 people
died in Kyoto city, and the city was filled with corpses. The author Chomei Kamono, a son of priest of
Shimogamo Shrine at Kyoto city, decided to live in a small hermitage in nature, after experiencing

Reports 2020, 3, 5; doi:10.3390/reports3010005

www.mdpi.com/journal/reports

Reports 2020, 3, 5

2 of 14

these various kinds of disasters. Other studies also indicate that we have been suffering from big
disasters in Japan. Recently at the Great East Japan Earthquake and Tsunami (GEJET) of March 11,
2011, a magnitude 9.0 earthquake attacked Sendai and neighboring cities, and the number of missing
people was about 20,000. This area was found to be attacked by a tsunami (Jogan) at July 13, 869,
indicating a large-scale tsunami occurs with a 1000 year interval [1,2].
The impacts of natural disasters have been growing in the world. Leaning and Guha-Sapir
described it as follows: “There were three times as many natural disasters from 2000 through 2009
as there were from 1980 through 1989”. The economic damage brought by natural disasters shows
that the world suffers catastrophic disasters every several years [3]. Since 1990, natural disasters have
affected about 217 million people per year worldwide. The immediate and longer-term effects of these
disruptions on large populations constitute humanitarian crises.
In 2018, there were 315 natural disaster events recorded with 11,804 deaths, over 68 million people
affected, and US$131.7 billion in economic losses across the world. Flooding affected the highest
number of people, accounting for 50% of the total affected, followed by storms which accounted for
28%. In terms of economic losses, storms were the costliest type of disaster. In the United States,
hurricanes Florence and Michael cost $14 billion and $16 billion respectively, while in Asia, China,
India, Japan, and the Philippines faced extensive damage from multiple storms. The costliest storm
was typhoon Jebi in Japan ($12.5 billion) (Figure 1) [4].

Figure 1. The damages caused by Typhoon Jebi (2018, July) at Okayama prefecture, Japan. Many
houses (a), roads (b) and a car (c) were flooded. A factory exploded due to a chemical reaction to water
(d). Roads and railroad tracks were destroyed by flood (e,f).

After disaster, communicable diseases associated with natural disasters, such as water-related
communicable diseases, diseases associated with crowding, and vector borne diseases, are known
to occur [5]. In the flood of China, after controlling the other meteorological and socioeconomic
factors, malaria, diarrhea, and hepatitis A virus (HAV) infection were significantly related to the
flood, both from the spatial and temporal analyses [6]. Tetanus outbreaks were also reported after a
tsunami in Indonesia [7]. Global warming is a major cause of these disasters. The signs of climate
change are undeniable, and the inevitable impact for Earth and all its inhabitants is a serious concern.
Because of the tight associations between climate change and human health, some of the health care
challenges are posed by a changing climate [8]. Ice is melting, sea levels are rising, biodiversity is
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declining, precipitation has increased, atmospheric levels of carbon dioxide and greenhouse gases are
alarmingly high, and extreme weather conditions are becoming increasingly common. Global warming,
extreme weather, flooding, and other consequences of climate change on microbial communities in the
ocean and soil have been proposed [9]. Using an empirically-informed, process-based mathematical
model to study the feasibility of Aedes aegypti infestation into continental Europe. It was found that
in a low carbon emission future (RCP2.6), minimal change to the current situation throughout the
whole of the 21st century. However, in a high carbon future (RCP8.5), a large parts of southern
Europe risks being invaded by A aegypti [10]. Furthermore, the links between climate variations and
the emergence of climate-sensitive infectious diseases were described, such as the mosquito-borne
diseases dengue, chikungunya, and Zika [11]. Our comparative study indicated that significant
disasters in the Philippines were geophysical, hydrological, or meteorological, whereas the significant
disasters in Indonesia were geophysical or hydrological. Leptospirosis, dengue, diarrhea, and cholera
were recognized as common disaster-related infections in the Philippines, whereas diarrhea and
respiratory infection were the major disaster-related infections in Indonesia. These results indicate that
disaster-related infectious diseases (DRIDs) differ from place to place [12].
2. Studies of Disaster-Related Infectious Disease
2.1. Infectious Disease Itself Is a Disaster
In turn, infectious diseases could themselves be regarded as constituting natural disasters. Some
microorganisms have been called natural weapons. For example, human immunodeficiency virus
(HIV) infection as well as cigarette smoking are two major novel causes of mortality which both
emerged in the twentieth century [13]. Such “weapons” could be a cause of disasters, if they are not
treated appropriately. In South Africa, the number of deaths caused by acquired immune deficiency
syndrome (AIDS) associated with tuberculosis (TB) in 1990 accounted for 47% of all deaths, and an
increase in HIV infections was also noted during this year [2]. Increased HIV infections were seen in
South Africa in 1990, indicating the invasion of HIV into TB-endemic area, which accounts for much of
the rise of AIDS/TB in South Africa [14]. Moreover, extensively drug-resistant (XDR)-TB emerged and
was reported for the first time in a society in KwaZulu-Natal in South Africa [15].
HIV/tuberculosis co-infections has been one of the biggest issues in global health because HIV
infected patients have 5–10 times more risk of developing tuberculosis than HIV uninfected individuals
in spite of their treatment with anti-retroviral drugs [16]. We should be careful with regard to the
occurrence of an AIDS/TB epidemic in Southeast Asia. We found that latent TB infection rate is quite
high in the Philippines [17] and in Indonesia as well [18]. The rate of HIV infection has been rising
alarmingly over the past seven years in the subpopulation of men who have sex with men (MSM) in
the Philippines. In the year 2014 alone, there were 6011 newly diagnosed cases of HIV, representing
27% of the total number of cases identified in the Philippines (22,527) since the epidemic began in
1984 [19]. The Philippines has the fastest growing HIV epidemic in the world. According to UNAIDS,
there was a 203% increase in the rate of new infections between 2010 and 2018, concentrated among
men who have sex with men (MSM), drug users, and sex workers. MSM also have female partners, as
do drug users. Rates among pregnant women are also rising [20].
The HIV invasion in a TB endemic country inevitably results in an increase of AIDS/TB as described
above. The immunosuppressive state induced by HIV infection has been shown to hinder immune
responses in tuberculosis infection affecting granuloma formation and fibrosis in HIV/tuberculosis
co-infected patients. Hence, although these patients are at a higher risk of developing extra-pulmonary
tuberculosis, lung damage in pulmonary tuberculosis is limited in them. Both these infections involve
chronic immune activation, ultimately responsible for immunopathogenesis of the diseases. Immune
activation has been shown to be the central mechanism responsible for disease progression in HIV
infection. Similarly, chronic inflammation in pulmonary tuberculosis is responsible for granuloma
formation and fibrosis [21].
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Research on the molecular diagnosis of drug-resistant TB facilitated the development of the
Xpert MTB/RIF and line probe assays, both of which efficiently identify rifampicin resistant (RR)- and
multi-drug resistant (MDR)-TB [22]. The National TB program (NTP) in the Philippines introduced the
GeneXpert MTB/RIF assay in San Lazaro Hospital (SLH), in Manila, Philippines, as recommended
by the WHO. Among all the cases in 2015 that were presumptively screened for TB (n = 1052), 122
(11%) were found to have RR-TB. However, 27% (n = 32) of RR-TB patients who were identified
using the Xpert MTB/RIF assay were not enrolled: 10% (n = 12) refused to revisit for enrollment after
phone calls and home visits, 8% (n = 10) died within two weeks of diagnosis, 7% (n = 8) could not
be located/relocated, and 2% (n = 2) were treated with the first-line drugs at the local health center,
despite the diagnosis of RR-TB. There has been increase in the detection of HIV-positive MDR-TB
patients from 2011 (n = 1) to 2015 (n = 14). A total of 37 cases were identified, and the identification
rate gradually increased over time: 0.5% in 2011, 3% in 2012, 5% in 2013, 9% in 2014, and 15% in 2015.
The HIV-positive rate among MDR-TB patients was increased 30-fold in 2015. The mortality rate was
high among the AIDS/MDR-TB patients, and ranged from 36% to 67% (average, 46%). The cause of
death was primarily severe sepsis or meningitis among the cases with fatal outcomes [23,24]. One of
the reasons of high MDR-TB rates in the Philippines could be attributed to patient loss. Independent
factors associated with loss to follow-up included patients’ higher self-rating of the severity of vomiting
as an adverse drug reaction and alcohol abuse [25]. It is known that most prevalent genotype of all
MTB (37 cases) belonged to Manila type at 2014 [26] and recent whole genome sequencing clarified
that the majority (80.3%) belonged to lineage 1 Manila clade with the minority belonging to lineages 2
and 4 [27]. It is difficult to conclude if new strains have been emerging because the locations of two
studies are not the same.
2.2. Infectious Diseases Caused by Disaster in Global Warming
In daily life, human health is guarded from microorganisms by many systems and devices, such
as tap water, gas heating, washing, and refrigeration. Disasters destroy these protective systems, and
the victims will be exposed to natural threats such as contaminated water, animals, and disease vectors
immediately after the disaster. After a while, human-to-human communicable diseases occur due
to the dense lives of the victims in affected camp. In the Republic of the Philippines, dengue fever
(DF) and leptospirosis are recognized as common DRIDs, in addition to diarrhea and cholera. A clear
relationship has been observed between an increase in DF cases and the southwest and northeast
monsoons, particularly in Manila, in the Philippines. An earlier study addressed the reasons for DF
epidemics in terms of rainfall [28]. We assumed that DF epidemics are correlated not only with rainfall
but also relative humidity and temperature by using a method of time series analysis. DF during a
week was related to rainfall over the prior 6–7 weeks (Figure 2a) [29]. This can be attributed to the
life-cycle duration of mosquitoes and the requirement of an adequate number of cases for spread, which
is in turn affected by population density [30]. Moreover, leptospirosis associated with floodwaters
following monsoons in Manila and the peak occurrence of leptospirosis preceded that of DF by only
one month (Figure 2b), though it occurs 2–3 months later than the peak occurrence of dengue in
Thailand [29]. It should also be noted that Philippines has reported outbreaks of dengue, diphtheria,
measles, and polio, which might be linked with dengue vaccine failure in which dengue-seronegative
children vaccinated with Dengvaxia had higher chances of subsequent hospitalization for dengue
than seropositive children [31]. Above situations indicate the effective management of these tropical
infectious diseases could lead to the management of DRIDs as well.

Reports 2020, 3, 5
Reports 2019, 2, x FOR PEER REVIEW

5 of 14
5 of 14

Figure 2. Seasonal
Seasonalcycles
cyclesobtained
obtainedfrom
fromspectral
spectral
analysis
based
maximum
entropy
method,
analysis
based
onon
maximum
entropy
method,
for:for:
(a)
(a) dengue
fever
(orange
line),
temperature
(red
line),rainfall
rainfall(blue
(blueline)
line)and
andrelative
relative humidity
humidity (grey
dengue
fever
(orange
line),
temperature
(red
line),
line); (b) leptospirosis (orange line), temperature (red line), rainfall (blue line) and relative humidity
(grey line) overlap [24].

2.3. STH-PAS
STH-PAS as
Testing for
for Disaster-Related
Disaster-Related Infectious
Infectious diseases
diseases
2.3.
as Point-Of-Care
Point-of-Care Testing
Dengue virus
virus (DENV)
(DENV) is
is the
the cause
cause of
of DF
DF and
and is
is aa mosquito-borne
mosquito-borne single
single positive-stranded
positive-stranded RNA
RNA
Dengue
virus and
family of
of Flaviviridae.
Flaviviridae. Patients
Patients with
with DF
DF are
are seen
seen in
in most
most of
of the
the tropical
tropical and
and subtropical
subtropical
virus
and is
is aa family
areas
of
the
world,
and
their
numbers
has
increased
dramatically
within
the
last
20
years.
Current
areas of the world, and their numbers has increased dramatically within the last 20 years. Current
estimation
indicates
that
nearly
390
million
infections
occur
each
year
[32].
estimation indicates that nearly 390 million infections occur each year [32] .

Symptoms begins 3~14 days after infection and leads to a broad spectrum of clinical symptoms
and severity, including asymptomatic infection, DF, and fatal dengue hemorrhagic fever (DHF).

characteristic symptom of dengue are sudden-onset fever, headache, muscle and joint pains and a
rash. The diagnosis of dengue is typically made clinically, however, early disease can be difficult to
differentiate from other infections such as chikungunya and Zika which are also Flaviviruses
transmitted by mosquitoes.
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The primer could detect all four serotypes of DENV (Figure 4). The detection limit of copy
numbers is shown in Table 1. The results showed that we could detect all subtypes of DENV in one strip
and with very high sensitivity. The extensive studies using large clinical samples are now ongoing.
It should be noted that accurate and sensitive genetic diagnosis of multiple pathogens is possible
using STH-PAS.
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Figure 4. The primer for dengue virus (DENV) could detect all DENV serotypes at low concentration.
Each virus culture supernatant was detected by STH-PAS dengue virus universal detection kit.
Table 1. Detection limit copy numbers of STH-PAS against different subtypes.
Subtype

Reaction ※1

Copy Numbers ※2 (Copy/mL)

DENV-1
DENV-2
DENV-3
DENV-4

0.034
0.084
0.032
0.080

7.3
18.4
6.9
17.2

※1 Reaction detection limit. The number of virus copy per reaction was theoretically calculated based on the dilution
ratio of dengue virus RNA. ※2 Copy number detection limit. The number of virus copy per ml was represented the
value which was converted the number of virus copy per reaction to per ml of samples based on the amount of
template RNA added into each reaction.

2.4. MCP Proteins as Severity Markers
When one suffers from infectious diseases, edema is the most common symptom of the affected
organs. Matricellular proteins (MCPs) are important during wound repair, interact with cell surface
receptors, (such as integrin) and are able to bind to growth factors. Based on this definition, several
proteins have now been identified as MCPs [35], including galectins [36], and osteopontin (OPN) [37].
Galectin-9 (Gal-9), a member of galectin-family of β-galactoside binding animal lectin, is expressed
ubiquitously with abundance in the epithelium of gastrointestinal tract and immune cells. Gal-9
is annotated as an immune checkpoint molecule because of its immune suppressive function by
binding to T-cell immunoglobulin and mucin domain 3 (Tim-3) and attenuating Th1 and Th17 biased
inflammation [38]. Pharmaceutical companies are conducting research to neutralize this lectin with
the aim of enhancing immunity against cancer and/or infection. However, Gal-9 binds several other
target molecules including adhesion molecule CD44 [39], one of TNF receptor superfamily 4-1BB [40],
integrins [41] and IgE [42], and exerts various functions depending on the target, which could induce
inflammation in certain situations. The effects of Gal-9 in infectious diseases have been studied using
recombinant protein and/or Gal-9 deficient mouse. As expected from the anti-inflammatory function,
Gal-9 reduced Tim-3+ T cells, supposedly Th1(interferon-γ secreting cells), Th17 (IL-17 secreting
cells) and CD8 (cytotoxic T lymphocyte) with concomitant induction of Treg in several reports. This
regulatory function of Gal-9 limited bystander tissue damage and improved the lesion or survival in
the models of coxsackievirus B3 induced myocarditis [43], herpes simplex virus type 1(HSV-1) induced
keratitis [44] and polymicrobial sepsis [45]. Naturally these immune suppressive environments allowed
pathogens to infect and persist more efficiently as was demonstrated in HSV-1 [46], hepatitis c virus
(HCV) [47] and Klebsiella pneumoniae infection [48]. In HCV study, Gal-9 was demonstrated to be the
causative agent of tissue inflammation and damage by inducing inflammatory cytokines from Kupffer
cells [47]. Gal-9 was shown to bind Pseudomonas aeruginosa directly via its lipopolysaccharide, which
opsonizes the germ to stimulate phagocytosis by neutrophils [49]. Gal-9 also act directly to infected
cells, for example, Gal-9 induced cycline-dependent kinase inhibitor p21 via Tim-3 signaling and
attenuated infection and propagation of the HIV [50]. Further, Gal-9 induced APOBEC3, a mutagenic
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enzyme of the HIV genome, and reduced the infectivity of the progeny virus [51]. In Mycobacterium
tuberculosis infection, Gal-9 expressed on the surface of infected macrophages worked as a receptor
for Tim-3 expressed by Th1. The interaction transduced signals to produce IL-1β which worked
autocrine to the infected macrophage to kill ingested mycobacterium [52]. In a collaborative study
with SLH, we have been clarifying the role of Gal-9 and OPN in DENV infection. During the critical
phase, Gal-9 levels (GalPharma (GalP), Kagawa, Japan) were significantly higher in DENV-infected
patients than in healthy persons or those with non-dengue febrile illness. The highest Gal-9 levels
were observed in patients with dengue hemorrhagic fever (DHF): 2464 pg/mL; patients with DF: 1407
pg/mL. In the recovery phase, Gal-9 levels significantly declined from peak levels in both DF and DHF
patients. We proposed that Gal-9 could serve as an important novel biomarker of acute DENV infection
and reflect disease severity [33]. We have also clarified that Gal-9 levels could reflect the severity
in malaria infection, which is also a representative DRID [53]. We have examined if another MCP,
OPN, is involved in acute virus infections. OPN is a highly phosphorylated and glycosylated MCP
and proteolytic cleavage of OPN by thrombin (between Arg168 and Ser169) generates a functional
fragment of N-terminal OPN (thrombin-cleaved OPN—trOPN). In DENV infection, the levels of OPN
(IBL, Gunma, Japan), trOPN (IBL, Gunma, Japan), d-dimer, thrombin-antithrombin complex (TAT)
protein, and thrombomodulin were significantly elevated in the critical phase in both patients with DF
and those with DHF, as compared with healthy individuals. During the recovery phase, OPN levels
declined, whereas trOPN levels further increased dramatically in both DF and DHF patients. However,
the OPN levels measured by a different enzyme-linked immunosorbent assay (ELISA) (R&D Systems
(RDS), Mineapolis, USA) remained greater in DENV-infected subjects than they were in HCs during the
recovery phase. A Spearman rank correlation coefficient revealed a significant correlation between IBL
and R&D Systems assessments of the DENV-infected patients during the critical phase. However, no
correlation was evident during the recovery phase. It is known that the IBL ELISA kit only measured
the full-length (FL)-OPN, and specifically did not measure the cleaved form, though the epitope of the
OPN protein measured by the RDS kit was not disclosed and the kit probably measure both forms, but
could not differentiate between them [54]. It has not been clear how the cleaved form of OPN would
be generated in vivo, however various forms of OPN were identified in human monocytic THP-1
cells stimulated by phorbol 12-myristate 13-acetate (PMA) in vitro. Antibodies O-17, 10A16 and 34E3,
which recognize N-terminus, the C-half, and thrombin-cleaved site of OPN, respectively, all detected
distinct bands on Western blots following PMA stimulation. Bands corresponding to 18 and 30 kD
were detected by antibodies 34E3 and 10A16, indicating that OPN cleavage occurred by endogenous
proteases in the PMA-stimulated THP-1 cells [55]. OPN was identified by immunohistochemistry
in macrophages, lymphocytes, and the extracellular matrix of pathologic tissue sections of patients
with tuberculosis. The association of OPN with granulomatous pathology, together with the known
properties of the protein, suggest that OPN may participate in granuloma formation [56].
We also confirmed a high level of plasma OPN in subjects with MTB from the Philippines [26] and
from Indonesia [57]. (FL-OPN is involved in the complex pathways of coagulation and fibrinolysis,
where FL-OPN serve as targets for thrombin cleavage. During this process, OPN fragments are
produced. Among those fragments, proteolytic cleavage of FL-OPN by thrombin (between Arg168
and Ser169) generates a functional fragment of N-terminal thrombin-cleaved OPN (trOPN), which
contains a cryptic binding site for integrins α9β1 and α4β1 that enhances the attachment of trOPN to
integrins. Furthermore, other OPN forms are detected in DENV infections [54] or PMA-stimulated
THP-1 cells as described above using a different ELISA system, which include a mixture of FL-OPN,
and cleaved form of OPN and termed as undefined OPN (Ud-OPN) [55].
Higher plasma concentrations of Ud-OPN, but not FL-OPN or trOPN, negatively correlate with
TB-specific memory T-cell numbers represented by IFN-γ-secreting cell numbers of ESAT-6 stimulated
peripheral blood lymphocytes and positively correlate with neutrophil numbers, indicating generation
of cleaved form of OPN is involved in granuloma formation [58].
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It is known that MCPs modulate cell function by interacting with cell-surface receptors, proteases,
hormones, and other bio-effector molecules. Therefore there is a caveat in ELISA measurement [59]. It
was implicated that OPN levels measured by RDS could reflect the immune activation status of cells
and host [55,58].
Examination of published concentration of blood Gal-9 in various diseases clarified stark differences
even in healthy controls, with values ranging from 0 to 26,560 pg/mL. These large variations were
attributed to the choice of ELISA kit, as the RDS kit demonstrated very high levels compared with
other products including the kit from GalP of which we have been using in all the past studies. We
compared RDS and GalP ELISA using a same set of plasma from patients of acute liver failure and
healthy controls and found the following; (1) RDS ELISA indicated about 50-fold higher median Gal-9
levels than that indicated by GalP ELISA, (2) both measurements demonstrated significantly higher
Gal-9 levels in patient group, however (3) the correlation between the two measurements was not
strong. We found that RDS ELISA reacted aberrantly higher to degraded Gal-9 than the intact one
and that the enhanced signals were mistranslated into a high concentration of Gal-9. Gal-9 is a fragile
protein and it is likely that human specimens of any kinds will contain degraded Gal-9, which would
distort the quantification by RDS ELISA, hence the kit has little value for quantification of Gal-9 [59].
2.5. Attempts to Controls MCP Proteins
Gal-9 and Tim3 were proposed to behave as co-inhibitor receptors on Th1 cells [60] and OPN
was found to control CD8 cells in cancer by binding to its receptor CD44 [61] as immune check point
molecule as well. Inhibition of these molecules should lead to an increase the immune system against
infectious pathogens or infected cells. To seek this possibility, new inhibitors derived from brefelamide,
an aromatic amide isolated from Dictyostelium cellular slime molds that may inhibit OPN transcription
in A549 cells at 1 µM concentration, were synthesized as compounds C, D, and E (Figure 5). Their
inhibitory activity against OPN synthesis in PMA-stimulated THP-1 cells was confirmed using ELISA, a
multicolor immune-fluorescent microscope, and Western blot. In the ELISA performed using IBLELISA
kit, each compound showed significant inhibition in culture supernatants with half maximal inhibitory
concentration (IC50 ) values of 1.6, 1.8, and 2.2 µM for C, D, and E, respectively. The decreases in OPN
expression and synthesis were confirmed using immunofluorescence and Western blot studies using
compound-treated cells or cell lysates. Luminex assay of the supernatants of PMA-treated THP-1 cells
showed significant reduction in the synthesis of interleukin (IL)-1β, galectin-9, and tumor necrosis
factor (TNF)-α. Elucidation of the detailed mechanisms of the biological activities of these compounds
would be necessary; however, they may be used in clinical trials for DRID, inflammatory disorders,
and cancer [62].
Very recently, we identified other two amide analogues of brefelamide, TPFS-201 and TPFS-202, as
small molecular immune checkpoint inhibitors by downregulation of PD-L1 expression on tumor cells
(Figure 5) [63]. The promoter activity, endogenous mRNA and surface protein expression of PD-L1
were suppressed in compound-treated cancer cells, which consequently restored T cell activity, as
evidenced by diminished apoptosis and increased IL-2 promoter activity in Jurkat T cells co-cultured
with compound-treated A549 cells. Compound-mediated PD-L1 inhibition was partially abolished
by disruption of the putative TAZ/TEAD-binding motif in PD-L1 promoter. The inhibitory effect of
TPFS-202 on PD-L1 was largely blunted in mouse cell lines, which is consistent with the previous
finding that PD-L1 regulation by TAZ was not conserved in mouse cells due to distinct promoter
sequences flanking TAZ/TEAD-binding motif. Together, our data indicate the potential utility of amide
analogues of brefelamide as small molecule immune checkpoint inhibitors against DRID.
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Figure 5. Structures of compounds derived from slime mold. Compound C-E are from ref. [62] and
TPFS-201 and 202 are from ref [63].

3. Conclusions
The research against tropical infectious diseases on improvement of molecular diagnosis and
identification of severity biomarkers contributes to the management of DRID as well. New brefelamide
derivatives may ameliorate the symptoms caused by exaggerated inflammation of DRID. International
cooperation is vital to combat the diseases in the era of global warming.
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