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Abstract
Leprosy is an infection that has strategic effects on society, especially in the economic sector. This
diseases is caused by Mycobacterium leprae. Therapy based on the immune response caused by M.
leprae infection, especially the cytokines response is an effective choice considering that each
patients has a different immune response in dealing with M. leprae infection. This article aimed to
identify cytokines that play a role in M. leprae. The innate and adaptive immune response has an
important role against this infection.
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1. Introduction

Leprosy is a chronic disease caused by Mycobacterium leprae [1][2]. This infection attacks the
skin and peripheral nerves [3]. The bacterium M. leprae is the only mycobacterial infection that
causes widespread demyelinating neuropathy, which results in leprosy morbidity,
autoamputation of the digits and blindness. The debilitating morbidity is associated with axonal
demyelination resulting from the direct interaction of M. leprae-specific PGL-1 with GLIA
myelination and subsequent infection [2]. Therapy has been proven effective in curing leprosy [4].
According to WHO data in 2020 around 127,558 new cases were found. Southeast Asia ranks first
in the most cases of Leprosy. Indonesia is still the 3rd largest country in the world with the most
Leprosy cases. A total of 9,061 new cases were found in 2020 [5].

The M. leprae bacteria are intracellular organisms that cannot move into the cytoplasm [6].
However, in a study by Van et al (2007) reported that M. leprae can translocate into the cytoplasm
so that it can interact with the nucleotide-binding oligomerization domain (NOD)-like receptors

(NLR) [7].
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The immune response against M. leprae consists of innate and adaptive immune responses
[4]. The innate immune system is activated by the pattern recognition receptor (PRR) which
consists of Toll-like receptors (TLR) and NLR. The NLR functions to identify pathogens contained
in the cytoplasm [8][4]. NOD-Like receptors (NLR) can activate caspase-1 and induce pro-
inflammatory cytokines such as TNFa. IFNYy, IL-6 and IL-12. In cases of leprosis, cellular immunity
plays a role, namely IFNy and IL-12. IFNYy and other cytokines will promote/presented by IL-8
cytokines produced by macrophages, besides that IL-8 can also increase cytotoxic activity and
proliferation of CD8+ T cells [9][4]. The purpose of writing this article is to discuss more deeply
how the immune system fights bacterial infections, especially Mycobacterium leprae which causes
leprosy.
2. Method

This research design is an identification of research journals within a period of 5 years,
namely from 2018-2022. The research journals reviewed are those contain cytokines that play a role
in Leprosy infection.
Article Selection Method

Several inclusion criteria in this study were a) articles reviewed in this study related
cytokines that play a role in Leprosy; b) Using interleukin intervention that plays a role in Leprosy.
The Exclusion criteria in this study were cytokines that play role in other than in Leprosy, and

journals published before 2018.

Total Articles Found:
2.858 articles

l

-Leprosy: 7992 articles
- Immunity of Leprosy: 434968
-Cytokines: 2860 articles

10 articles matched the requirements for
inclusion
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Article Search Method

How to find articles in this study is examined methodically, starting with selecting
research topics and generating English keywords for journal searches. The database used is
PUBMED, SCIENCEDIRECT to search for articles throughout the year, from January 2021 to
December 2022. The keywords are in English used are “Leprosy”, “Cytokine”, and “Immunity of
Leprosy”. The next step is to identify the title of the article that best fits the research we want.
Then, abstract identification and overall content analysis were completed to provide study
findings that match the researcher’s objectives.

Search results in Figure 1. Then the researchers filtered the relevant article titles and
inclusion criteria, in order to obtain 10 appropriate articles.
Analysis studies

According to the researcher’s objectivities. Pertinent literature and data gathered utilizing
the method of random controlled trial (RCT).
3. Result and Discussion

Based on research that has been conducted by looking at various populations, there are 10
articles that meet the inclusion criteria. There are 7 cytokines that play role in Leprosys, such as
TNF-a, IFN-v, IL-10, IL-2, IL-37, IL-17, IL-21.

Each cytokines produces a different immune response against M. leprae. Differences in the
immune response in the form of cytokines indicate the need for different treatment needs based on
the type of cytokines in dealing with M. Leprae.

Based on the above data, the 7 cytokines have anti-inflammatory and pro-inflammatory
roles. After further analysis, the 7 cytokines were differentiated based on the response of Thl and
Th2 cells. The difference in Th1l and Th2 cells responses helps in finding therapies both vaccines
and drugs to determine the desired mechanism of action of the immune response so that theraphy
can be on target, attacking intracellular bacteria.

3.1.  Results
Berdasarkan hasil pencarian di database, ditemukan bahwa sitokin yang berperan dalam
infeksi Lepra tertera dalam table 2.

Table 2. Cytokines that play a role in the Leprosy infection process.

Cytokines Role Reference
TNF-a Pro-inflammatory cytokines [10]; [11]; [12]
IFN-y Anti-inflamatory cytokines [13]
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IL-10 Anti-inflammatory cytokines [14]; [15]; [17]
IL-2 Anti-inflamatory cytokines [16]
IL-37 Anti-inflammatory cytokine [177; [16];
IL-17 Pro-inflammatory cytokines [18]
IL-21 Anti-inflammatory cytokines [19]

IL-10

Interleukin (IL)-10 is an anti-inflammatory cytokine secreted by Th2 cells and inhibits
cytokine synthesis and proliferation of Th1 cells. The balance between IL-12 and IL-10-producing
monocytes is important for the final outcome of the T-cell cytokine response. Thl cells in humans
are IL-10-secreting cells. The function of Thl cells is heterogeneous, some function as pro-
inflammatory and others as anti-inflammatory. Strong IL-12 expression and weak IL-10 expression
in TT lesions occur due to local IFNY release [19][14][15][17].

TNF-0 (Tumor Necrosis Factor)

TNF-a is a key cytokine involved in the immune response against various pathogens.
These cytokines are pro-inflammatory for macrophage activation and granuloma formation in
preventing mycobacterial infection. TNF-a is an antagonist to IL-12 levels. TNF-«a is actively
produced by macrophages and polymorphonuclear (PMN) cells. Mycobacterial lipopolysaccharide
(LPS), which is the main inducer of monocytes, can stimulate neutrophils to produce TNF-a. TNF-a
IS a cytokine that is important for the formation of granulomas, which are the basic pathological
features of leprosy in the skin and nerves, as well as for the movement of leukocytes during
inflammation. The increase in the TNF-o/IL-10 ratio plays a role in controlling mycobacterial
invasion and replication. A higher TNF-a/IL-10 ratio is associated with a better prognosis.

TNF-a levels in the serum of leprosy patients will decrease after administration of MDT
(multi-drug therapy) in accordance with the decrease in the number of bacteria. This decrease in
cytokine production can be seen from the skin lesions of TT leprosy patients after MDT
administration, but will remain high in untreated TT leprosy. LL/BL type leprosy that had been
treated for six months did not show any significant changes. It should be emphasized that the
defects in specific cellular immunity in LL patients are permanent and cannot be reversed with
treatment.

Inflammation in RR occurs due to increased proliferation of T cells against M. leprae
antigens, increased production of IL-1f, IL-2, TNF-a and IFN-y, and decreased levels of 1L-4, IL-5
and IL-10. This indicates an increase in the cellular immune response against M. leprae. TNF-a will

increase by IFN-y induction and autocrine mechanisms (autoregulation). These cytokines also play
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an important role in the process of inflammation and damage to tissues and nerves through the
induction of apoptosis.

The results of the study by Manandhar et al., showed that peripheral blood mononuclear
cells from leprosy patients with untreated RR had significantly higher levels of TNF-a than leprosy
patients without a reaction. Generally, IFN-y and TNF-a in patients with RR decreased during
steroid therapy, but TNF-a levels increased when the steroid dose was reduced. IL-10 levels also
increased during the period of steroid therapy and were strongly associated with TNF-a levels. The
results of another study by Faber et al., showed an increase in TNF-a in four out of seven leprosy
patients with TNFa reaction plays an important role in the pathogenesis of ENL. The levels of this
cytokine increase due to spontaneous release of TNF-a by peripheral blood mononuclear cells and
stimulation of M. leprae cell wall components. No correlation was found between systemic
symptoms and TNF-a levels. It can be concluded that TNF-a plays a role in leprosy reactions, both
directly and synergistically with other cytokines. Recurrence of reaction episodes can occur due to
other infections such as dental or periodontal abscesses, thereby increasing cytokines including
TNF-o. High levels of IL-2 and TNF-a’s are associated with relapse of borderline lepromatous
(BL)/lepromatous (LL) to tuberculoid (TT)/borderline tuberculoid (BT) types. Whereas in TT/BT
type leprosy that relapsed into BL/LL type, there was an increase in the production of Th2
cytokines (IL-4, IL-5, IL-6, IL-10). High IL-10 levels are also associated with reactivation.

IL-37

IL-37 plays a role in inhibiting the production of CXCLS8, IL-8, and S100A7 in
keratinocytes. Research by De Sousa et al., (2018) reported the results of immunohistochemical
analysis showing very high expression of IL-37 in plaque psoriasis in humans. IL-37 plays a role in
the immunosuppressive mechanism by modulating the activity of keratinocytes, endothelial cells,
macrophages, and lymphocytes in the forms of TT and LL disease [16].

3.2. Discussion
Leprosy is a global disease

The globally transmitted Leprosys proses a significant threat to developing countries, 80%
found in Brazil, India and Indonesia New leprosy cases have been remarkably reduced by
multidrug therapy (MDT) developed with the support of the World Health Organization (WHO)
[21], but in 2019 around 200,000 cases were still reported from over 100 countries [5].

Cytokines-cytokines that play a role in Leprosys disease
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Two cytokines important for the infection of Leprosys are TNF-a and IFN-y. The innate
immune system is the first line of defense against M. leprae infection. Natural killer (NK) cells,
cytotoxic T lymphocytes, and activated macrophages can destroy pathogens and then activate the
adaptive immune system through the secretion of cytokines and antibodies. The innate immune
response is modulated by the presence of antigen presenting dendritic cells, and the low virulence
of M. leprae may preclude the development of the clinical manifestations of leprosy.

Regulation of inflammatory cytokines and chemokines can lead to the proliferation of T
helper 1 (Thl) or T helper 2 (Th2) lymphocytes, which increase cellular or humoral immune
responses against M. leprae, respectively. Cellular immunity is involved in the development of skin
lesions, and humoral immunity is involved in the production of IgM antibodies to phenolic
glycolipids (PGL-1), thus allowing bacillary spread.

In addition to being ineffective in preventing the development of the disease, the cellular
immunity of individuals with tuberculoid disease also deteriorates, so that it is directly involved in
the appearance of skin lesions. The humoral immunity of individuals who develop the
lepromatous form of the disease, which is responsible for the production of IgM antibodies to
PGL-1, provides no protection, allowing bacillary spread. The immunological response to M. leprae
not only determines the course of the disease, but also determines the type of leprosy or leprosy
that will manifest. Tuberculoid leprosy patients are able to limit the growth of the pathogen and
have a strong T-cell response to M. leprae. It is characterized by the production of Thl cell
cytokines that form tuberculoid granulomas associated with the protective and destructive
immunity of M. leprae. In contrast, lepromatous leprosy patients show a weak T-cell response to M.
leprae. Lesions in lepromatous leprosy express Th2 cell cytokines (IL-4, IL-5, IL-6, IL-9, and IL-10),
which play a role in antibody production, inhibition of macrophage function (macrophage
granuloma formation), and suppression of SIS so that it allows intracellular bacteria to multiply
[19]. The dynamics of the natural immune response in leprosy can be understood by knowing the
relationship between M. leprae specific antibodies and the secretion of various cytokines (IFN-Y,
IL-2, IL-5, IL-10, IL-6, TNF-«, and granulocyte macrophage colony- stimulating factor [GM-CSF])
in leprosy or leprosy patients. IFN-y and TNF-«a cytokines are immunoprotective, while IL-2 and

IL-10 are immunosuppressive against M. leprae [19].
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In the initial protection stage, non-specific mechanisms are mainly carried out by monocytes
which act as phagocytic cells. In addition to monocytes, the response to infection also increases the
production of neutrophils from the bone marrow. Neutrophil production is induced by CSF
cytokines. Neutrophils phagocytize circulating microbes as well as microbes in the extravascular
tissue and produce partial lysis. Neutrophils survive only a few hours, while circulating
monocytes survive for up to 5 days. However, monocyte cells can migrate to the connective tissue
and survive for several months as histiocytes [19].

Some of the bacteria that escape will join the monocytes in the bloodstream. As long as they
are in monocytes, these bacteria can even replicate (Troyan horse phenomenon) and enter various
organs. These stimulated monocytes differentiate into macrophages with high energetic activity,
and are able to form epithelioid cells in TT-type leprosy and leprosy cells (Virchow cells) in LL-
type leprosy. Activated macrophages in TT leprosy are also capable of phagocytizing intraneural
bacilli. Macrophages also act as antigen presenting cells (APC) in both cellular and humoral
immune responses.

Bacteria that emerge from the dead and ruptured monocytes will invade Schwann cells and
enter phagocytic vacuoles (phagosomes), so that they can multiply and be protected from
antibodies and macrophages. However, M. leprae can also leave its hiding place and enter the
perineural tissue, resulting in the formation of epithelioid granulomas. Schwann cells do not have
lysosomal enzymes to destroy bacteria, so M. leprae bacilli can survive for a long time [19][20].

4. Conclusion

Cytokines that play a role in M. leprae infection are TNF-«, IFN-vy, IL-10, IL-2, IL-37, IL-17, IL-
21. Each cytokine will produce a different immune response against pathogens so that it can be
used to perform both vaccine and drug therapy for M. leprae infection.
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