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Editorial on the Research Topic

Mycobacterial Glycolipids—Role in Immunomodulation and Targets for Vaccine Development

Diseases caused by mycobacteria, including tuberculosis (TB), leprosy, and Buruli ulcer, rank
among the top causes of death and disability worldwide. One fourth of the world’s population is
estimated to be infected with Mycobacterium tuberculosis (Mtb), leading to 1.4 million deaths
annually due to TB (1).

Interrupting transmission of mycobacterial infections will reduce disease but requires prevention
through successful vaccination, early detection of infected individuals, and the use of rapid and
effective treatment (2). As rapid, low tech and definitive diagnostic tools are still lacking for all
mycobacterial infections and the only vaccine currently in use is BCG, there is a continued need to
maintain an intense research effort toward the design of novel and more effective vaccination
strategies and diagnostic tools (3). While most of these efforts have focused on protein/peptide
antigens (4), targeting unique carbohydrates and glycolipid antigens present in mycobacteria has
emerged in recent years as a promising alternative strategy (5–7). In fact, some of the most
successful vaccines against bacterial infections are based on carbohydrate antigens (8).

Glycolipids constitute a unique and important part of the mycobacterial cell envelope (9), and
are some of the most potent mycobacterial immunomodulatory molecules (10). For instance,
lipoarabinomannan (LAM) and its biosynthetic relatives, phosphatidylinositol mannosides (PIMs)
and lipomannan (LM), exhibit important and unique immunomodulatory properties as agonists of
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several pattern recognition receptors (TLR2, DC-SIGN, Dectin-
2) or as antigens of CD1-restricted T cells (11, 12). Trehalose
dimycolate (TDM) is a highly immunostimulatory molecule and
a potent adjuvant through its interaction with the C-type lectin
mincle (13). In contrast, phenolic glycolipids (PGL) of several
mycobacterial species down modulate the host innate immune
response (14).

In this Research Topic, we have collected reviews and research
reports from some of the key investigators who are increasing our
knowledge on the role of mycobacterial glycolipids and how they
influence the immune response and modulate both immunity and
pathogenesis related with the important mycobacterial diseases.

Garcia-Vilanova et al. provide us with an excellent overall view of
how the unique glycolipids of Mtb impact virulence, pathogenesis,
and drug resistance. They also develop an exciting working model of
how these glycolipids may dictate the evolution of the Mtb cell
envelope from ancient to modern strains. In a particularly insightful
manner, this review also addresses how these Mtb cell envelope
glycolipids are altered in response to the environment that the
bacteria finds itself in when first entering the human lung. Key
observations include the potential for the host lung alveolar
environment to alter the glycolipids and for the role of these
molecules in adjusting the hydrophobicity of the Mtb in response
to the lung environment. Finally, the authors highlight the role of
these molecules in driving key early immune responses in the lung
and thereby promoting successful infection.

Correia-Neves et al. bring to the fore the specific role of the
dominant glycolipid LAM in development of TB. This molecule has
been the target of investigations for a long time and we are now
beginning to understand the ability of this molecule to promote and
manipulate immune responses. Of particular interest in the case of
the mannose-capped arabinan moiety of LAM is their role in the
development of novel vaccine candidates against TB. The attractive
aspects of LAM and its structural variants in this regard lie in its
recently described capacity to activate human CD1b-restricted T
cells and B cells with anti-LAM antibodies being induced during
both Mtb infection and after BCG vaccination. This capacity to
induce both non-polymorphic and humoral responses, and the
ability of monoclonal antibodies against LAM to confer protection
in animal models, support the need for continued development of
this agent in the drive to develop vaccines that utilize the full range
of the immune response to combat this disease.

Mycobacterium leprae, the causative agent of leprosy, is
unique among human pathogens in its capacity to produce the
virulence factor glycolipid PGL-I. In addition to mediating the
unique tropism of this bacteria for neurons, PGL-I interacts with
complement receptor (CR)3 on macrophages to promote
infection. In an exciting and impactful research report, Doz-
Deblauwe et al. show that PGL-I binding to CR3 also enhances
bacterial invasion of both polymorphonuclear neutrophils and
dendritic cells. They identify the CR3-Syk-NFATc axis as a novel
signaling pathway activated by PGL-I in innate immune cells and
show that this fundamentally rewires the host cytokine responses
to M. leprae. By defining the mechanism by which glycolipids
manipulate the human immune response, we are gaining not
only useful information in the fight against mycobacterial disease
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but also defining the pathways by which our body balances the
need to eliminate the bacteria while maintaining tissue integrity.

Classical models of mycobacterial immunity stress the need for
T cells that respond to mycobacterial peptide antigens and exhibit
classical features of cellular immune responses; we have a good
understanding of this response in humans and animal models.
Recently, T cells that recognize lipid and metabolite antigens and
that exhibit more innate characteristics, are under investigation
and our understanding of their role in the immune response to TB
is being refined. Specifically, T cells that recognize mycobacterial
glycolipid antigens (mycolipids) can confer protection following
Mtb infection in animal models; these T cells share biological
characteristics with both adaptive and innate-like T cells. In a
thorough and compelling review, James and Seshadri collate the
existing evidence supporting the concept that mycolipid-specific T
cells exist on a spectrum of “innateness”. Defining this spectrum
and determining the capacity of these cells will allow the field to
develop rational strategies to leverage these novel cells into new
diagnostics and vaccines for mycobacterial diseases.

As highlighted here, the mycobacteria can use their unique
carbohydrate and glycolipid molecules to manipulate the immune
response to allow persistence without inducing too much tissue
damage (15). Mtb is particularly focused on this and we need to
understand how best to induce a protective long-lasting immune
response without inducing overt lung inflammation. The presence of
inducible bronchus-associated lymphoid tissue (iBALT) correlates
with protection fromMtb infection. Here, in an exciting and thought
provoking research article using non-human primates infected with
a transposon mutant library of Mtb, Dunlap et al. determined that
the mutants present within the iBALT-containing granulomas were
those associated with alterations in cell wall lipid transport and
metabolism. Following up on this observation, the authors
determined that an Mtb glycolipid factor participates in the
induction of iBALT formation during TB, by directly modulating
cytokine and chemokine production in host cells.

Finally, Mtb envelope components are not only encountered at
the Mtb-host direct contact, but are also released from the
bacterial envelope and can be detected in the endosomal
compartments of the infected cells or in extracellular vesicles
produced by Mtb itself or by infected cells. In a comprehensive
review of this emerging and important area, Layre presents the
current knowledge onMtb envelope components with attention to
how these molecules are shuttled within extracellular vesicle; how
these vesicles impact host immune cells and where the gaps are in
our understanding. This review brings us full circle by describing
how the unique mycobacterial glycolipid molecules that are
capable of responding to the environment, manipulating the
immune response and may provide novel avenues for diagnostic
and vaccine development are delivered not only at the interface
between bacterium and host but throughout the body.
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