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Introduction
Tuberculosis (TB), caused by Mycobacterium tuberculosis 

(MTB), is the most deadly infectious diseases. In 2017, about 10 
million people worldwide infected with TB and 1.6 million deaths 
due to TB. With the emergence of drug-resistant tuberculosis and 
multidrug resistant tuberculosis (MDR-TB), it is more difficult 
to prevent and control TB [1]. As an intracellular pathogen, MTB 
first triggers the innate immune response during infection and 
is phagocytosed by macrophages and dendritic cells, and is then 
degraded into immunogenic polypeptides and presented on T 
lymphocytes by major histocompatibility complexes to trigger 
adaptive immunity [2]. However, MTB has developed a wide type of 
strategies to evade the bactericidal activities of these cells, enabling 
it to successfully establish a long-lived niche in macrophages [3]. 
Several molecules of the innate immune system are involved in the 
process of interaction between the host and MTB, including host 
defense peptides (HDPs), such as cathelicidin and defensins.

Cathelicidin are a family of small cationic peptides that have 
diverse roles in the immune system. LL-37 is the only known 
human cathelicidin, primarily produced by the active domains 
of macrophages, monocytes, neutrophils, epithelial cells [4]. In 
addition to its antibacterial activity, LL-37 also has a variety of 
biological activities, including regulation of inflammation, anti-
toxin, anti-tumor, wound healing and other functions [5]. Current 
studies have found that LL37 kills MTB mainly in these ways: 

 
a. Direct killing

b. Regulation of inflammation 

c. Promotion of macrophage autophagy

Antibacterial Activity of LL37
LL37 has a broad spectrum of antimicrobial activity and 

can quickly and effectively kill G+ bacteria, G- bacteria, fungi and 
some enveloped viruses. Several studies revealed that LL-37 uses 
a toroidal pore carpet-like mechanism commonly used by other 
cationic antimicrobial peptides, in which the peptides insert in 
the outer membrane of the pathogen in a perpendicular manner, 
forming pores and causing severe leakage that leading to the death 
of the pathogen [6]. Torresjuarez [7] reported that exogenous LL37 
suppresses the survival of MTB strain H37Rv in monocyte-derived 
macrophages. Lucille [8] confirmed that C57BL/6 mice are more 
resistant to infection compared with BALB/c mice within three 
days after intranasal inoculation with Bacillus Calmette-Guerin 
(BCG), which was associated with high CRAMP (a similar substance 
of LL37 in mice) expression in the lungs. In addition, the LL37/DNA 
complex produced by the Neutrophil Extracellular Traps (NETs) 
enters human peripheral blood mononuclear macrophages via the 
P2RX7 receptor and clathrin-mediated endocytosis, followed by 
Bactericidal action of BCG by lysosomes [9].
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LL37 Regulates Inflammatory Response
 The body’s immune system resists MTB through inflammatory 

cells and inflammatory factors during MTB infection. LL37 plays 
a key role in the body’s proinflammatory and anti-inflammatory 
mechanisms. Several studies have found that the concentration 
of LL37 is significantly increased in the site of inflammation in 
the body, such as skin, lungs, and oral cavity [10]. LL37 can drive 
biological responses through epidermal growth factor receptor 
(EGFR), formyl peptide receptor-like 1 (FPRL1), TLR4 and TLR9, 
induce the production of chemokines and pro-inflammatory 
cytokines, recruit and activate inflammatory cells, including 
granulocytes, monocytes, macrophages, eosinophils and mast cells. 
In addition, LL37 promotes mast cell degranulation and enhances 
NK cell function [11]. Other studies have found that LL37 can inhibit 
the apoptosis of neutrophils, prolong their life span, and promote 
the formation of NETs [12]. In addition, LL-37 interacts with cell 
membranes, affects cell surface receptors, and carries DNA or 
double-stranded RNA into cells, activating a variety of intracellular 
signaling pathways [13].

LL37 Promotes Autophagy In Macrophages
Cellular autophagy is a programmed homeostatic cellular 

process, which plays a key role to maintain the balance between 
protein synthesis and degradation in eukaryotic cells. Autophagy 
is a lysosome-dependent degradation pathway that widely exists in 
cells. It not only can degrade damaged proteins and organelles in 
cells, but also involves the removal of harmful components in the 
cell, which is conducive to the recycling of substances and resists 
the invasion of harmful substances. The most prominent role of 
autophagy in relation to immunity is to kill intracellular pathogens 
such as MTB [14]. During H37RV infection, LL37 promotes 
macrophage autophagy and kills H37RV by activating P2RX7 
receptor and intracellular free Ca2+ pathway, AMPK signaling 
pathway and PI3K signaling pathway [15].

Summary 
Thus, as part of the host’s innate immunity, LL37 plays an 

important role in the fight against MTB infection. However, MTB 
can inhibit the expression of cathelicidin LL37 by subverting the 
cAMP signaling pathway, thereby evading the innate immune 
response, which is detrimental to the body’s resistance to MTB 
infection [16]. Fortunately, the current study found that exogenous 
addition of VD3, Butyrate, astragalus polysaccharides, resveratrol 
and other substances can promote the expression of LL37 in vivo. 
This provides new ideas for researchers to prevent and treat TB. 
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