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Leprosy reaction (LR) and physical disability (PD) are the most significant clinical
complications of leprosy. Herein, we assessed the circulating serum-sTREM-1 and
TNF-a levels and their genetic polymorphisms in leprosy. Serum-sTREM-1 and
TNF-a levels were measured in leprosy patients (LP) before treatment (n = 51)
and from their household contacts (HHCs; n = 25). DNA samples were genotyped
using TREM-1 rs2234246 and TNF-a rs1800629-SNP in 210 LPs and 168 endemic
controls. The circulating STREM-1 and TNF-a levels are higher in the multibacillary
form. The ROC curve of the serum-sTREM-1 levels was able to differentiate LR
from non-LR and PD from non-PD. Similarly, LPs with serum-sTREM-1 levels
>210 pg/ml have 3-fold and 6-fold higher chances of presenting with LR and
PD, respectively. Genotypes CC+CT of the TREM-1 were associated with leprosy.
Taken together, our analyses indicated that STREM-1 and TNF-a play an important
role in the pathogenesis of leprosy and provide promising biomarkers to assist in
the diagnosis of leprosy complications.
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Introduction

Leprosy is a chronic infectious disease caused by the intracellular bacillus Mycobacterium
leprae and Mycobacterium lepromatosis (1). Regardless of the significant reduction in
prevalence after the widespread use of multidrug therapy, the new case detection rates have
stabilized in the last few years, and leprosy remains endemic in a number of localized regions,
such as Brazil, India, and China (2). Note that leprosy reaction (LR) and the occurrence of
physical disability (PD) are the most important clinical complications of leprosy (3).
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In this regard, several studies have reported the influence of
the immunological response on leprosy infection. T helper 1 (Th1)
and Th17 cell responses are associated with the control of M. leprae
while exacerbating the Th1 response, and a high number of CD8* T
cells may be involved with increased disease severity. Alternatively,
Th2 and Treg cells are related to the multibacillary presentation,
with largely infected macrophages in skin lesions (4).

The triggering receptor expressed on myeloid cells-1 (TREM-
1) is a cell-surface receptor constitutively expressed mainly
on neutrophils and monocytes. This receptor is involved in
the amplification of the inflammatory response by activating
transcription factors such as NF-kB (5). Beyond the membrane
form (mbTREM-1), TREM-1 can also be found in a soluble form
(sSTREM-1), which acts mainly negatively, modulating mbTREM-
1 receptor signaling (6). Regardless of whether the cellular source
of sSTREM-1 remains unclear, the role of sSTREM-1 related to some
infectious diseases has been largely investigated, including several
reports showing that STREM-1 is directly associated with severe
disease, as in visceral leishmaniasis (7), pulmonary tuberculosis (8),
sepsis (9), and COVID-19 (10).

The TREM-1 gene is present on chromosome 6, and a
polymorphism (rs2234246 SNP) has been reported in non-disease
individuals to affect the sTREM-1 levels and the expression
of messenger RNA to the mbTREM-1. Moreover, the minor
allele T was associated with the increased production of
this protein (11). Although several genetic studies have been
published on leprosy, no studies have been reported on this
TREM-1 polymorphism (12-14).

Importantly, the clinical signs of leprosy may be scarce in
the early stages of the disease, leading to delayed diagnosis
or misdiagnosis (15). Furthermore, patients search for medical
support when presenting with some clinical complications (16).
Thereby, the identification of some biomarkers to help with the
early diagnosis of leprosy and its clinical complications is urgently
required. Herein, we reported that circulating sSTREM-1 and TNF-a
are related to the lepromatous leprosy (LL) form, especially the LR
and PD. Thus, these molecules might be promising biomarkers to
monitor the occurrence of LR and PD during the clinical follow-up
of leprosy treatment.

Materials and methods

Ethics statement

This project was approved by the Ethics and Research
Committee of the Federal University of Sergipe (CAAE
0152.0.107.000-07). All subjects or their legal representatives
signed a free and clarified term of knowledge contract (IC)
agreeing to participate in the study.

Study subjects and data collection

This is a case-control study with two different approaches: first,
a case-control study of sera measurements, including 51 leprosy
patients and 25 controls recruited from January 2019 to December
2019. Second, a case-control study of genetic markers, including
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210 leprosy patients and 168 controls who were enrolled in the
study between January 2010 and December 2019.

All leprosy patients included in this study attended
the dermatology clinic of the Hospital Universitario at the
Universidade Federal de Sergipe, Aracaju City, northeastern Brazil.
Leprosy patients were completely examined by dermatologists,
and the inclusion criteria were to have a confirmed diagnosis of
leprosy prior to starting treatment with conventional multidrug
therapy (MDT). In accordance with the Brazilian Ministry of
Health, patients were diagnosed by clinical evaluation (dermato-
neurological) and histopathological and lymph bacilloscopic
examinations (17). Additionally, for the purpose of treatment
classification, leprosy patients were classified according to their
operational forms: paucibacillary (PB), if they exhibited fewer than
five skin lesions and received a negative bacilloscopic examination;
or multibacillary (MB), if they presented with five or more skin
lesions and tested positive on the bacilloscopic examination. To
determine their clinical forms, histopathological examinations
of skin biopsies were performed and classified according to
Ridley-Jopling’s criteria (18) as follows: indeterminate leprosy (IL),
tuberculoid leprosy (TT), borderline leprosy (BL), or lepromatous
leprosy (LL).

All patients who were invited and included in the study were
recruited through convenience sampling at the time of diagnosis
and consecutive order. The exclusion criteria were applied to
individuals who had diseases known to affect the immune response
or that confound the diagnosis of leprosy complications, such as
HIV and HTLV-I infections, diabetes, or neurological diseases. The
selection of patients did not consider factors such as sex and age as
criteria, but efforts were made to match groups to prevent any bias
during the analysis.

The control group used in the analysis of serum-sTREM-1
and TNF-a levels was composed of household contacts (HHCs),
including any person living in close and prolonged contact with
the leprosy patients but not genetically related. These contacts
most commonly were the patient’s spouses. Moreover, we only
included patients who had started MDT. These patients were
followed-up monthly during treatment to detect symptoms of LR
and neurological disabilities, following the recommendations of the
World Health Organization (19), using a specific questionnaire and
the neurological simplified evaluation (but this information was not
included in this study).

For the genetic analysis, the controls in the study included HHC
and an additional population of 115 unrelated individuals living in
the same city as the patients, which is an endemic area for leprosy.
These two groups were combined to form the “endemic control”
group (EC, n = 154) in the analyses, representing the control
sample. However, owing to a lack of available information and
low DNA concentrations, some subjects were excluded, resulting
in potential variations in the total number of individuals included
in the SNP analysis across the results.

Measurement of serum-strem-1 and TNF-«
levels

Sera were obtained from whole blood collected from the leprosy
patients before treatment and from HHCs. Serum-sTREM-1
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levels were assessed using specific enzyme-linked immunosorbent
assay (ELISA) kits (DuoSet-R&D Systems, Abingdon, UK) using
the manufacturer’s recommended protocol and measured using
a microplate reader (Epoch-BioTek, Luzern, Switzerland). A
standard curve was generated for each set of samples assayed.
Concentrations of the cytokine TNF-a were determined using
multiplex assay, according to the manufacturer’s instructions,
by using a MILLIPLEX- Human Th1l7 Magnetic Bead Panel
kit (Merck Millipore Corporation, USA).

Genotyping TREM-1 rs2234246 and TNF-«
rs1800629 SNP

Genomic DNA was extracted from blood samples using
the PureLink® Genomic-DNA  Kit USA).
The concentration and purity of DNA were quantified using
NanoDrop™ (Thermo-Scientific™, USA). We genotyped DNA
samples using commercial TREM-1 rs2234246 and TNF-a
151800629 TaqMan® probes (Applied Biosystems™, USA) and
TagMan™ Genotyping Master Mix (Applied Biosystems™, USA)
by qPCR, using 7,500 Real-Time PCR (Applied Biosystems™)
following the manufacturer’s instructions. The results were assessed

(Invitrogen™,

using TagMan® Genotyper software version 1.6.0. Information
about the analyzed SNPs and assay codes for each probe are
presented in Supplementary Table 1.

Statistical analysis

The clinical and demographical data, as well as serum-sTREM-
1 and TNF-a levels, were compared across subgroups according
to the operational (PB, MB, and HHCs) and clinical forms (IL,
TT, BL, and LL) of leprosy and clinical complications (LR or
PD). The mean, median, and standard deviation of the groups
were calculated. The receiver operating characteristic curve (ROC
curve) was used to distinguish groups based on the levels of
sera measurements.

D’Agostino-Pearson normality tests were applied to verify if
the data exhibited Gaussian distributions. Statistical differences
between the groups were determined by the Mann-Whitney U
test for two groups or the Kruskal-Wallis test for more groups,
followed by the Dunn test for multiple comparisons. Correlations
between the cytokine levels were determined using the Spearman
correlation test.

For genetic polymorphism analyses, the allelic and genotype
frequencies were compared according to the operational and
clinical forms of leprosy, and the odds ratio (OR) was calculated
using Fisher’s exact or the Chi-squared test. The Hard-Weinberg
equilibrium (HWE) test was performed using GENEPOP Online
4.2 (20).

All analyses were performed using GraphPad Prism software
8.0.1 (GraphPad Software Inc., USA). To evaluate differences,
alpha (9) was set at 5%, and tests were made using a
two-tailed p-value.
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Results

Clinical and demographic characteristics
of subjects

No differences were identified among the mean ages between
PB and MB patients or HHCs (Table 1). Nonetheless, the
proportion of men presenting with the MB form (57.1%) was
significantly higher than the PB form (26.1%; OR = 3.77; p
= 0.02). Remarkably, the occurrence of LR was significantly
higher among MB (71.4%) than PB (17.4%; OR = 11.88; p <
0.001). Similarly, patients presenting with a PD degree of 1 or
2 were higher in the MB (60.7%) than in the PB group (10.7%;
OR = 3.53; p = 0.03).

Serum-sTREM-1 levels are higher in the MB
form and in patients presenting with
leprosy reactions and physical disability

We observed higher levels of STREM-1 in MB patients (221
+ 102.2 pg/ml) than HHCs (160.9 £+ 107.5 pg/ml; p = 0.03;
Figure 1A), and no differences were found when comparing
all leprosy patients with HHCs (198.9 &+ 100.7 pg/ml; p =
0.15) or among patients when compared by the Ridley-Jopling
classification (Figure 1B). Correspondingly, we observed higher
levels of sSTREM-1 in patients presenting with LR (228.5 =+
112.1 pg/ml) and PD (247.9 £ 101 pg/ml) than those with no
clinical complications (160.1 £ 92.4 pg/ml; p = 0.04 and 144.3
=+ 87.3 pg/ml; p < 0.001, respectively; Figures 1C, D). However,
the correlation analysis using the patient classification according
to the number of lesions (PB and MB) and sTREM-1 levels
resulted in a poor and insignificant result (r = 0.178, p = 0.21)
(Supplementary Figure 1A).

Additionally, using the receiver operating characteristic (ROC)
curve, serum-sTREM-1 levels had 69.5% sensitivity and 61.8%
specificity for differentiating MB patients from those with HHCs
[area under the ROC curve (AUC) = 0.7023; p = 0.01; Figure 1E].
Furthermore, the ROC curve of serum-sTREM-1 levels had 54.55%
sensitivity and 62.96% specificity for differentiating LR from
non-LR patients (AUC = 0.6884; p = 0.04; Figure 1F). More
importantly, STREM-1 levels had 77.27% sensitivity and 74.07%
specificity for differentiating PD from non-PD patients (AUC =
0.787; p < 0.001; Figure 1G).

Considering that serum-sTREM-1 levels increased in patients
presenting with MB, LL, LR, and LD, we grouped them into
those with serum-sTREM-1 levels > 210 pg/ml and < 210 pg/ml.
Thereafter, we compared the clinical characteristics among those
groups (Supplementary Table 2). We used the value of sSTREM-1 >
210 pg/ml, as it presented the highest sensitivity and specificity rates
for the most severe leprosy outcomes. Interestingly, patients with
serum-sTREM-1 levels >210 pg/ml had almost 5-fold higher odds
of presenting with the LL form (OR = 4.81; p = 0.04). Similarly,
leprosy patients have 3-fold higher odds of presenting with LR (OR
=2.81; p =0.06) and 6-fold higher odds of presenting with physical
disability (OR = 5.83; p = 0.004).
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TABLE 1 Demographic and clinical characteristics of patients and household contacts.

Variables PB 95% ClI
(n=23)
Age
Variation 10-68 11-81 20-72 - - *0.22
Mean + SD 43.6 £ 15.9 49.6 £ 18.9 46.9 £+ 14.5
Men n (%) 16 (57.1%) 06 (26.1%) 09 (39.1%) 3.77 1.14 to 12.48 #0.02
Number of lesions
Variation 2-14 1-5 - - - * <0.0001
Mean + SD 6.58 £+ 2.85 1.91 +£1.59 -
Leprosy reaction 1 (%) 20 (71.4%) 4 (17.4%) - 11.88 1.53t0 5.16 *0.0001
Physical disability
degree n (%)
Degree 0 11 (39.3%) 16 (50%) - 3.53 1.09 to 11.36 #0.03
Degree 1 or 2 17 (60.7%) 7 (10.7%) -

MB, Multibacillary; PB, Paucibacillary; HHCs, Household contacts; OR, odds ratio; CI, Confidence interval; SD, Standard deviation. *Unpaired test; **Fisher exact test. OR + 95% CI refers to
MB x PB. All data were obtained before treatment.
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FIGURE 1

STREM-1 serum levels are associated with MB presentation and clinical complications on leprosy. (A) STREM-1 serum levels according to the

operational classification on leprosy: multibacillary (MB-in red), paucibacillary (PB-in blue), and household contacts (HHCs-in green). (B) STREM-1

serum levels according to the clinical forms of leprosy: indeterminate (IL-in blue), tuberculoid (TT—in red), borderline (BL-in orange), lepromatous

(LL-in violet), and HHCs (in green). (C) STREM-1 serum levels according to the occurrence of leprosy reaction (LR): no reaction (in blue) and LR (in

red). (D) STREM-1 serum levels according to the occurrence of physical disability (PD): no PD (in blue) and with PD (in red). The receiver operating

characteristic (ROC) curve was generated to discriminate the levels of STREM-1 between (E) leprosy patients presenting with the MB operational form
and HHCs [area under the ROC curve (AUC) = 0.7023; p = 0.01]; (F) leprosy patients presenting with LR and those with no LR (AUC = 0.6884; p =

0.04); (G) leprosy patients presenting with some PD (degrees 1 or 2) and those with no PD-degree 0 (AUC = 0.787; p = 0.0006).

Frontiersin Medicine 04 frontiersin.org


https://doi.org/10.3389/fmed.2023.1177375
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Bezerra-Santos et al.

10.3389/fmed.2023.1177375

B MB and PB - Spearman r
r=0.3746 p=0.008 Cl=0.091t00.59

All groups - Spearman r
r=0.3861 p=0.0008 Cl=0.16to 0.57

800. 800.

T T T T
200 400 600 200 400 6

c MB - Spearman r D PB - Spearman r
- r=0.3882 p=0.05 CI=-0.01t0 0.68 r=0.2304 p=0.29 Cl=-0.2110 059
600 . 600
2 . 2
g e L4 g .
S 400 . 3 4004 Ce .
% - 2 ®
a °2® ® ® ® : * o
. o o o
200 . 2004 ®e@
200 400 600 100 200 300 400
STREM-1 (pg/imL) STREM-1 (pg/mL)
PB MB

patients and HHCs.

STRENH (pg/mL) STRENH (pg/mL)
E HHC
sTREM-1
TNF-a
0 200 400
FIGURE 2

Serum levels of STREM-1 are correlated to the TNF-a. Correlations between serum levels of TNF-a and STREM-1 in leprosy patients
(multibacillary—MB, in red; paucibacillary—PB, in blue) and household contacts (HHC—in green): (A) all groups (MB, PB, and HHC); (B) MP and PB
groups; (C) MB group; and (D) PB group. Dotted lines on the x-axis represent the values of STREM-1. Dotted lines on y-axis represent the values of
TNF-a. Correlations were analyzed using the Spearman test. (E) A heatmap expressing the serum levels of STREM-1 and TNF-a in MB and PB leprosy

600 800

Serum-TNF-«o levels are higher in MB and
LL clinical form

We identified elevated levels of TNF-a in MB (363.2 & 105.6
pg/ml) than PB patients (300.7 & 79.1 pg/ml; p = 0.03) and
HHCs (296.1 £ 60.2 pg/ml; p = 0.01; Supplementary Figure 2A),
while a comparison of all leprosy patients showed higher but no-
significant levels of TNF-a than control patients (334.5 + 98.6
pg/ml; p = 0.08). Similarly, LL patients (427 £ 119.1 pg/ml)
also presented higher levels of TNF-a compared to IL patients
(304 + 85.5 pg/ml; p = 0.03), TT patients (298.6 &+ 78 pg/ml;
p = 0.01), and HHCs (p = 0.002; Supplementary Figure 2B).
No differences were observed according to the occurrence of
LR or PD (Supplementary Figures 2C, D). In addition, the ROC
curve of serum-TNF-a levels had 91.3% sensitivity and 77.8%
specificity for differentiating MB patients from HHCs and
PB (Supplementary Figures 2E, F). Correspondingly, the ROC
curve of serum-TNF-a levels had 91.3% sensitivity and 77.78%
specificity for differentiating the LL form from HHCs and IL4-TT
(Supplementary Figures 2G, H). Complementarily, the correlation
analysis among TNF-a levels and the operational classification of
patients showed a poor but significant correlation r = 0.319 (p =
0.024) (Supplementary Figure 1B).

Considering the higher expression of STREM-1 and TNF-
a in MB forms, we performed the Spearman correlation
(Figures 2A-D). weak but
significant correlation among sTREM-1 and TNF-a in all
groups (Rho = 0.3861; p < 0.001; Figure 2A), among PB and
MB (Rho = 0.3742; p-value = 0.008; Figure 2B), and only
MB (Rho = 0.38; p = 0.05; Figure 2C). Similarly, the heatmap

Interestingly, we observed a
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showed higher expression of sSTREM-1 and TNF-a in the MB
forms (Figure 2E).

Association between the TREM-1
rs2234246 and TNF-a rs1800629 SNPs with
the occurrence of leprosy

Considering the results in the serum expression of sTREM-1
and TNF-o, we decided to genotype the study population for the
TREM-1 rs2234246 and TNF-a rs1800629 SNP and verify whether
the differences found could be related to genetic polymorphisms.
The characteristics of subjects according to the groups and the
leprosy clinical forms are shown in Supplementary Table 3. The
frequency of males is higher in leprosy patients than in EC. No
deviation was found in HWE. There was a higher frequency of
CC+CT genotypes of the TREM-1 rs2234246 than the TT genotype
in leprosy patients (OR = 1.598; p = 0.04; Table 2). Nevertheless,
there were no differences between the allele or genotype frequencies
of TREM-1 and TNF-a SNPs, considering the clinical outcomes of
leprosy (Supplementary Table 4). Additionally, no differences were
observed when the alleles of these SNPs were compared according
to the Ridley and Jopling classification (Supplementary Table 5).

Conversely, we observed an association between the presence
of a higher producer of sTREM-1 (sTREM-1 > 210 pg/ml)
and the TT genotype (p = 0.03; Supplementary Table 6). In
accordance with this, when we compared the amount of sSTREM-
1 according to genotypes for the SNP analyzed (TREM-1
rs$2234246; Supplementary Figures 3A, B), including all case and
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TABLE 2 Frequency and distribution of TREM-1 rs2234246 in leprosy patients and the control group.

Allele and genotype frequencies n (%)?

Case group Control group
TREM-1 rs2234246 LP HHC Allele/Genotype 95% CI
n =190 n=39
C 170 (44.7) 33 (42.3) Cvs. T 1.10 0.67-1.81 071
T 210 (55.3) 45 (57.7)
cc 44 (232) 6 (15.4)
CT 82 (43.1) 21 (53.8) CC+CTvs. TT 0.87 0.41-1.82 0.85
TT 64 (33.7) 12 (30.8)
LP EC
n=190 n=154
C 170 (44.7) 119 (38.6) Cvs. T 077 0.57-1.05 0.12
T 210 (55.3) 189 (61.4)
cc 44(232) 34 (22.1)
CcT 82 (43.1) 51(33.1) CC+CTvs. TT 1.59 1.02-2.45 0.04
TT 64 (33.7) 69 (44.8)

LP, leprosy patients; HHC, household contacts; EC, endemic control; OR, odds ratio; CI, confidence interval.

(%) percentual of the subjects with the specified allele or genotype.

bTest for association was performed using the Fisher’s exact test. Bold indicate statistically significant results.

control groups, higher quantities of STREM-1 were detected in the
TT genotype patients than in the CT genotype patients (p = 0.03).

Discussion

Early identification of the clinical complications of leprosy has
a major effect on the clinical management and outcome of these
patients (21). Considering this, it is relevant to find new biomarkers
to help identify those presenting with LR or PD. Our findings
suggest that assessing the sSTREM-1 in serum samples from leprosy
patients may be a valuable new approach to assist in the diagnosis
of LR and PD during the follow-up of these patients.

Herein, we observed higher levels of sSTREM-1 in MB patients
compared to HHCs. Similarly, higher levels of sSTREM-1 were
identified in the LL clinical form. Studies assessing sTREM-1
levels in other diseases caused by intracellular pathogens have
demonstrated the value of this molecule in differentiating severe
from non-severe forms of tuberculosis and leishmaniasis. Feng
et al. demonstrated that serum-sTREM-1 levels are significantly
increased in pulmonary tuberculosis and are correlated with more
advanced involvement in chest x-rays and a higher bacteria burden
in sputum (8). More importantly, higher levels of sSTREM-1 are
independent predictors of on-treatment mortality in tuberculosis.

Furthermore, in a meta-analysis by Wu et al. (22), sSTREM-
1 had a moderate diagnostic performance in differentiating sepsis
from non-sepsis in adult patients. As a result, the authors indicated
that a combination of several markers appears to be a useful
approach to improving accuracy in diagnosing sepsis. Additionally,
Gibot et al. (23), in a prospective study, demonstrated the
high performance of a bioscore combining STREM-1 along with
procalcitonin and CD64 on neutrophils index in diagnosing sepsis.

Frontiersin Medicine

Interestingly, we identified higher serum-sTREM-1 levels in
leprosy patients with LR and PD. Additionally, leprosy patients
with serum-sTREM-1 levels above 210 pg/ml have almost a 3-fold
higher chance of presenting with LR and a 6-fold higher chance
of presenting with PD. Notably, those clinical outcomes are the
most severe complications of leprosy, and they are causally related
to an exacerbated inflammatory response, nerve damage, lack of
sensibility, and loss of life quality in leprosy patients (24). Few
studies have investigated the role of TREM-1 in neural tissues,
and most of them have focused on TREM-2 (25-28). However,
previous studies have already demonstrated the role of TREM-1 in
amplifying the inflammatory process and protein autophagy that
are associated with tissue damage, as already observed in studies
with Parkinson’s and Alzheimer’s diseases (25, 26). Regardless of
these findings, the role of STREM-1 in neural tissues remains
unclear, and it is necessary to investigate whether Schwann cells
are a source of STREM-1, attracting and activating neutrophils.
Therefore, we could hypothesize that high sTREM-1-serum levels
in leprosy may indicate an inflammatory process that occurs
in LR and neural damage during M. leprae infection. However,
experimental and new clinical data are mandatory to confirm this.

Additionally, we identified higher serum levels of TNF-a in
MB and LL clinical forms. In previous studies, TNF-a has been
extensively described as an important proinflammatory cytokine
associated with tissue damage in leprosy (29). Importantly, we
have demonstrated that sSTREM-1 is positively correlated with
TNF-a, although there is a weak but significant correlation.
Similarly, Liu et al. (30) confirmed that both serum contents
of STREM-1 and TNF-a are significantly increased in patients
with mycoplasma pneumoniae infection. The authors indicated
that TREM-1 overexpression enhances the nuclear translocation
of NF-kB and exerts a proinflammatory response, as evidenced
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by triggering TNF-a release. When exacerbated, the unregulated
inflammatory response can lead to tissue damage, as it usually
occurs in LR and as nerve impairment in patients presenting with
PD (3, 21, 31).

Concerning the genetic polymorphism analysis, associations
between the genotypes CC+CT for TREM-1 rs2234246 and leprosy
per se or the occurrence of leprosy were observed. The TREM-1
rs2234246 SNP C/T is a functional polymorphism that has been
tested in healthy individuals and reported to affect STREM-1 levels
and the expression of mbTREM-1. Furthermore, the T allele is
associated with increased levels of this molecule (11). However, the
functionality of this SNP and its role in affecting the sSTREM-1 levels
during active diseases are still inconsistent (32-35). As TREM-
1 is a key effector of innate immunity, the presence of CC4+CT
genotypes associated with a lower expression of mbTREM-1 in the
cells increases the odds of developing the disease.

Conversely, our functional data also showed that the TT
genotype is related to higher production of sSTREM-1, which is
associated with clinical complications of leprosy. Altogether, our
findings suggest that the TREM-1 SNP may affect the risk of
leprosy occurrence, making this an important candidate gene for
future studies in more powerful genetic studies. Conversely, the low
producers’ genotypes are associated with the infection. Moreover,
the high inflammatory response associated with clinical outcomes
in LR and PD patients is associated with the high production
of STREM-1 in leprosy patients, indicating the importance of a
balanced immune response in leprosy.

This study has some limitations that need to be mentioned.
All samples were collected and analyzed before the patients
treatment, and we considered only the occurrence of LR and
PD at that moment. Notwithstanding, a prospective study
evaluating serum-sTREM-1 and other biomarkers before clinical
complications is required to assess if these biomarkers can predict
these complications. Clearly, the future of biomarkers in leprosy
diagnosis requires extensive validation studies of novel biomarkers
across heterogeneous groups and evaluation of their power in
combination with clinical and laboratory criteria. Moreover, our
sample is limited to a small number of patients; thus, new
investigations with more participants are required.

In light of the above, our main data showed that higher
STREM-1 levels helped us differentiate multibacillary patients from
paucibacillary ones. These data also suggest that this molecule
plays an important role in the pathogenesis of the inflammatory
response in leprosy and provide a possible novel biomarker to
assist in the diagnosis of leprosy’s complications and their follow-
up, although the mechanism whereby TREM-1 affects the initiation
and progression of leprosy warrants further studies.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Comité de Etica em Pesquisa da Universidade Federal

Frontiersin Medicine

10.3389/fmed.2023.1177375

de Sergipe. Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.

Author contributions

Concept and design: MB-S, SR, MD, RA, TM, and AJ.
Acquisition of data: MB-S, LB, CS, MC, EM, LM, AB, MT,
JA, LM-S, and RC. Analysis and interpretation of data: MB-S,
LB, CS, MC, LM, AB, LM-S, RC, TM, and AJ. Drafting of
the manuscript: MB-S, LB, CS, MT, JA, TM, and AJ. Statistical
analysis: MB-S, CS, LM-S, RA, TM, and AJ. Obtained funding:
SR, MD, ML, TM, and AJ. Critical revision of the manuscript for
important intellectual content and final approval of manuscript:
All authors.

Funding

This study was supported by Grants MCTIC/CNPq
N  28/2018, Process: 421060/2018-2 and CHAMADA
MS/CNPq/FAPITEC/SE/SES N° 06/2018-PPSUS  SERGIPE
2017/2018. EDITAL CAPES/FAPITEC N° 11/2016-PROEF
[Grant Number 88881.157436/2017-01]. RC and LM are postdocs
supported by CAPES and CNPq, respectively. CS, MC, and AB
have fellowships supported by CAPES and CNPq. AJ, RA, and TM
are scientists supported by CNPQ.

Acknowledgments

The authors thank the patients and staff at the University
Hospital of the Federal University of Sergipe, Brazil, who
contributed to this study.

Conflict of interest

Authors SR and MD are employed by HDT Bio Corp.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2023.
1177375/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2023.1177375
https://www.frontiersin.org/articles/10.3389/fmed.2023.1177375/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Bezerra-Santos et al.

References

1. Alemu  Belachew W, Naafs B. Position statement: LEPROSY:
Diagnosis, treatment and follow-up. J Eur Acad Dermatol Venereol. (2019)
33:1205-13. doi: 10.1111/jdv.15569

2. WHO. Global leprosy update, 2016: accelerating reduction of disease burden.
Wkly Epidemiol Rec. (2017) 92:501-20.

3. Fonseca AB, Simon MD, Cazzaniga RA, de Moura TR, de Almeida RP,
Duthie MS, et al. The influence of innate and adaptative immune responses
on the differential clinical outcomes of leprosy. Infect Dis Poverty. (2017)
6:5. doi: 10.1186/540249-016-0229-3

4. Mi Z, Liu H, Zhang F. Advances in the immunology and genetics of leprosy. Front
Immunol. (2020) 11:1-15. doi: 10.3389/fimmu.2020.00567

5. Gibot S, Cravoisy A. Soluble form of the triggering receptor expressed on
myeloid cells-1 as a marker of microbial infection. Clin Med Res. (2004) 2:181-
7. doi: 10.3121/cmr.2.3.181

6. Cao C, Gu J, Zhang J. Soluble triggering receptor expressed on myeloid cell-1
(sSTREM-1): a potential biomarker for the diagnosis of infectious diseases. Front Med.
(2017) 11:169-77. doi: 10.1007/s11684-017-0505-z

7. Bomfim LGS, Magalhdes LS, Santos-Filho MAA, Peres NTA, Corréa CB,
Tanajura DM, et al. Leishmania infantum induces the release of STREM-1 in visceral
leishmaniasis. Front Microbiol. (2017) 8:1-8. doi: 10.3389/fmicb.2017.02265

8. Feng JY, Su WJ, Pan SW, Yeh YC, Lin YY, Chen NJ. Role of TREM-1 in
pulmonary tuberculosis patients- analysis of serum soluble TREM-1 levels. Sci Rep.
(2018) 8:1-11. doi: 10.1038/s41598-018-26478-2

9. Oku R, Oda S, Nakada T, Sadahiro T, Nakamura M, Hirayama Y, et al. Cytokine
differential pattern of cell-surface and soluble TREM-1 between sepsis and SIRS.
Cytokine. (2013) 61:112-7. doi: 10.1016/j.cyt0.2012.09.003

10. da Silva-Neto PV, de Carvalho JCS, Pimentel VE, Pérez MM, Toro DM, Fraga-
Silva TFC, et al. Strem-1 predicts disease severity and mortality in covid-19 patients:
Involvement of peripheral blood leukocytes and mmp-8 activity. Viruses. (2021)
13:1-17. doi: 10.3390/v13122521

11. Aldasoro Arguinano AA, Dadé S, Stathopoulou M, Derive M, Coumba Ndiaye
N, Xie T, et al. TREM-1 SNP rs2234246 regulates TREM-1 protein and mRNA
levels and is associated with plasma levels of L-selectin. PLoS ONE. (2017) 12:1-
16. doi: 10.1371/journal.pone.0182226

12. Alvarado-Arnez LE, Amaral EP, Sales-Marques C, Duraes SMB, Cardoso CC,
Sarno EN, et al. Association of IL10 polymorphisms and leprosy: a meta-analysis. PLoS
ONE. (2015) 10:1-13. doi: 10.1371/journal.pone.0136282

13. Camargo RM de, Silva WL da, Medeiros P, Belone A de FE, Latini ACP.
Polymorphisms in the TGFB1 and IL2RA genes are associated with clinical
forms of leprosy in Brazilian population. Mem Inst Oswaldo Cruz. (2018)
113:e180274. doi: 10.1590/0074-02760180274

14. Uaska Sartori PV, Penna GO, Biihrer-Sékula S, Pontes MAA, Gongalves HS,
Cruz R, et al. Human genetic susceptibility of leprosy recurrence. Sci Rep. (2020)
10:1-5. doi: 10.1038/s41598-020-58079-3

15. Bezerra-Santos M, do Vale-Simon M, Barreto AS, Cazzaniga RA, de Oliveira DT,
Barrios MR, et al. Mycobacterium leprae recombinant antigen induces high expression
of multifunction T lymphocytes and is promising as a specific vaccine for leprosy. Front
Immunol. (2018) 9:2920. doi: 10.3389/fimmu.2018.02920

16. Santos MB, Dos Santos AD, Barreto AS, Souza MR, Goes MADO, Barreto Alves
JA, et al. Clinical and epidemiological indicators and spatial analysis of leprosy cases
in patients under 15 years old in an endemic area of Northeast Brazil: an ecological
and time series study. BMJ Open. (2019) 9:¢023420. doi: 10.1136/bmjopen-2018-
023420

17. Ministério da Saude (BRASIL). Protocolo Clinico e Diretrizes Terapéuticas da
Hanseniase [recurso eletrénico]. Brasilia: Ministério da Saude (2022). p. 152.

Frontiersin Medicine

08

10.3389/fmed.2023.1177375

18. Ridley D, Jopling W. Classification of leprosy according to immunity. A five-
group system. Int ] Lepr Other Mycobact Dis. (1966) 34:255-73.

19. World Health Organization. Guidelines for the Diagnosis, Treatment and
Prevention of Leprosy. Erwin Cooreman, editor. Geneva: World Health Organization.

20. Raymond M, Rousset F. GENEPOP (Version 12):
genetics  software for exact tests and ecumenicism. ] Heredity.
86:248-9. doi: 10.1093/oxfordjournals.jhered.al11573

21. Schmitz V, Tavares IE, Pignataro P, De Miranda Machado A, Dos Santos
Pacheco E, Dos Santos JB, et al. Neutrophils in leprosy. Front Immunology. (2019)
10:495. doi: 10.3389/fimmu.2019.00495

22. Wu Y, Wang E, Fan X, Bao R, Bo L, Li J, et al. Accuracy of plasma sTREM-
1 for sepsis diagnosis in systemic inflammatory patients: a systematic review and
meta-analysis. Critical Care. (2012) 16:R229. doi: 10.1186/cc11884

23. Gibot S, Bene MC, Noel R, Massini F, Guy J, Cravoisy A, et al. Combination
biomarkers to diagnose sepsis in the critically ill patient. Am J Respir Crit Care Med.
(2012) 186:65-71. doi: 10.1164/rccm.201201-00370C

24. Khadilkar SV, Patil SB, Shetty VP. Neuropathies of leprosy. ] Neurol Sci. (2021)
420:117288. doi: 10.1016/j.jns.2020.117288

25. Feng CW, Chen NE Sung CS, Kuo HM, Yang SN, Chen CL, et al. Therapeutic
effect of modulating TREM-1 via anti-inflammation and autophagy in parkinson’s
disease. Front Genet. (2019) 10:1-18. doi: 10.3389/fnins.2019.00769

26. Replogle JM, Chan G, White CC, Raj T, Winn PA, Evans DA, et al. A TREM1

variant alters the accumulation of Alzheimer-related amyloid pathology. Ann Neurol.
(2015) 77:469-77. doi: 10.1002/ana.24337

population
(1995)

27. Jonsson T, Stefansson H, Steinberg S, Jonsdottir I, Jonsson P V, Snaedal J, et al.
Variant of TREM2 associated with the risk of Alzheimer’s Disease. N Engl ] Med. (2013)
368:107-16. doi: 10.1056/NEJMoal211103

28. Reitz C, Mayeux R. TREM2 and neurodegenerative disease. N Engl ] Med. (2013)
369:1564-70. doi: 10.1056/NEJMc1306509

29. Polycarpou A, Walker SL, Lockwood DNJ. A systematic review of
immunological studies of erythema nodosum leprosum. Front Immunology. (2017)
8:233. doi: 10.3389/fimmu.2017.00233

30. Liu F, Zhang XG, Zhang B, Mao WW, Liu TT, Sun M, et al. TREMI: a
positive regulator for inflammatory response via NF-kB pathway in A549 cells
infected with Mycoplasma pneumoniae. Biomed Pharmacother. (2018) 107:1466-
72. doi: 10.1016/j.biopha.2018.07.176

31. de Oliveira DT, Bezerra MM, de Almeida JAP, Duthie M, Reed S, de Jesus AR.
Neurological disability in leprosy: incidence and gender association in Sergipe, Brazil.
Geospatial Health. (2012) 6:130. doi: 10.4081/gh.2012.130

32. Golovkin AS, Ponasenko AV, Yuzhalin AE, Salakhov RR, Khutornaya MYV,
Kutikhin AG, et al. Cytokine an association between single nucleotide polymorphisms
within TLR and TREM-1 genes and infective endocarditis. Cytokine. (2015) 71:16-
21. doi: 10.1016/j.cyt0.2014.08.001

33. Golovkin AS, Ponasenko AV, Khutornaya MV, Kutikhin AG, Salakhov RR,
Yuzhalin AE, et al. Association of TLR and TREM-1 gene polymorphisms with
risk of coronary artery disease in a Russian population. Gene. (2014) 550:101-
9. doi: 10.1016/j.gene.2014.08.022

34. Su L, Liu C, Li C, Jiang Z, Xiao K, Zhang X, et al. Dynamic changes in serum
soluble triggering receptor expressed on myeloid cells-1 (STREM-1) and its gene
polymorphisms are associated with sepsis prognosis. Infection, Genetics and Evolution.
(2012) 39:1833-43. doi: 10.1007/s10753-012-9504-z

35. Peng L, Li J, Zhou G, Deng L, Yao H. Relationships between genetic
polymorphisms of triggering receptor expressed on myeloid cells-1 and septic
shock in a Chinese Han population. World ] Emerg Med. (2015) 6:123-
30. doi: 10.5847/wjem.j.1920-8642.2015.02.007

frontiersin.org


https://doi.org/10.3389/fmed.2023.1177375
https://doi.org/10.1111/jdv.15569
https://doi.org/10.1186/s40249-016-0229-3
https://doi.org/10.3389/fimmu.2020.00567
https://doi.org/10.3121/cmr.2.3.181
https://doi.org/10.1007/s11684-017-0505-z
https://doi.org/10.3389/fmicb.2017.02265
https://doi.org/10.1038/s41598-018-26478-2
https://doi.org/10.1016/j.cyto.2012.09.003
https://doi.org/10.3390/v13122521
https://doi.org/10.1371/journal.pone.0182226
https://doi.org/10.1371/journal.pone.0136282
https://doi.org/10.1590/0074-02760180274
https://doi.org/10.1038/s41598-020-58079-3
https://doi.org/10.3389/fimmu.2018.02920
https://doi.org/10.1136/bmjopen-2018-023420
https://doi.org/10.1093/oxfordjournals.jhered.a111573
https://doi.org/10.3389/fimmu.2019.00495
https://doi.org/10.1186/cc11884
https://doi.org/10.1164/rccm.201201-0037OC
https://doi.org/10.1016/j.jns.2020.117288
https://doi.org/10.3389/fnins.2019.00769
https://doi.org/10.1002/ana.24337
https://doi.org/10.1056/NEJMoa1211103
https://doi.org/10.1056/NEJMc1306509
https://doi.org/10.3389/fimmu.2017.00233
https://doi.org/10.1016/j.biopha.2018.07.176
https://doi.org/10.4081/gh.2012.130
https://doi.org/10.1016/j.cyto.2014.08.001
https://doi.org/10.1016/j.gene.2014.08.022
https://doi.org/10.1007/s10753-012-9504-z
https://doi.org/10.5847/wjem.j.1920-8642.2015.02.007
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	sTREM-1 and TNF-α levels are associated with the clinical outcome of leprosy patients
	Introduction
	Materials and methods
	Ethics statement
	Study subjects and data collection
	Measurement of serum-strem-1 and TNF-α levels
	Genotyping TREM-1 rs2234246 and TNF-α rs1800629 SNP
	Statistical analysis

	Results
	Clinical and demographic characteristics of subjects
	Serum-sTREM-1 levels are higher in the MB form and in patients presenting with leprosy reactions and physical disability
	Serum-TNF-α levels are higher in MB and LL clinical form
	Association between the TREM-1 rs2234246 and TNF-α rs1800629 SNPs with the occurrence of leprosy

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


