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Do B-1 cells play a role in response to Mycobacterium tuberculosis Beijing 
lineages?
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ABSTRACT
We highlight the need to include an analysis of the B-1 B cell subset to complement the 
characterization of the cell-mediated immune response to the Mycobacterium tuberculosis 
Beijing lineage. The literature describes the B-1 cell repertoire’s involvement in the cell- 
mediated response within granulomas, which is different from the classic antibody response 
B cells are generally associated with. Specifically, the B-1 B cell subset migrates from other 
compartments along with other cells to the infection site. We provide details to complement 
the reported results from Cerezo-Cortes et al.
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We read with great interest the article by Cerezo- 
Cortes et al [1]. The authors described the differences 
in pathogenesis between M. tuberculosis Classical- 
Beijing and Beijing-like SIT190 (BL) strains. Cell- 
and humoral-mediated immunity, as measured by 
animal survival, lung bacillary load, and histopatho-
logical damage, were described. Their approach was 
guided by differential mice lung gene expression pro-
files obtained during the early, intermediate, and, late 
disease phases following infection with these two 
pathogens. They observed more extensive pneumonia 
and rapid death after infection with the BL strain 
compared to the Classical-Beijing strain. We would 
like to highlight a few points to complement their 
findings.

We agree with the notion that this study corro-
borates previous findings that Modern Beijing line-
age strains show higher virulence than Ancestral 
Beijing lineage strains [2]. Modern Beijing strains 
have adapted to the human environment, resulting 
in increased prevalence and enhanced bacterial 
pathogenicity. In vivo models have shown extensive 
pneumonia and necrosis occupying up to 80% of the 
lungs as a result of exposure to the Modern Beijing 
strain [2]. The M. tuberculosis BL infection revealed 
an over-expression of anti-inflammatory milieu 
cytokines and chemokines mRNA of several genes. 
This led to suppression of the immune response 
which in turn allowed high bacterial replication 

followed by an intense inflammatory response. 
Taking all into consideration, Cerezo-Cortes pro-
vides strong evidence of a differential response at 
the lung level according to bacterial genetics.

Mycobacteria drug resistance is often associated with 
decreased ability to replicate and survive during infec-
tion. The survival, reproduction, and transmission of 
multi drug resistant and extremely drug resistant 
(MDR/XDR) M. tuberculosis strains have a high meta-
bolism cost leading to lower transmission and virulence 
[3,4]. Surprisingly, this phenomenon does not seem to 
affect the BL XDR strain’s virulence capacity; in fact, 
the virulence of this strain was slightly higher than that 
of the MDR Classical-Beijing strain in the in-vitro 
experiments conducted by Cerezo-Cortes and collea-
gues. They report that BL strains replicate more effi-
ciently and induce higher pro-inflammatory cytokine 
production in vitro during infection compared to the 
Classical-Beijing strain. A plausible explanation is that 
genetic alterations in the BL strain may have favored 
the selection of highly virulent bacteria. In vivo experi-
ments have shown that extremely drug resistant 
M. tuberculosis strains (lineage 4) induce reduced lung 
pathology when compared to drug-sensitive or multi-
drug-resistant M. tuberculosis strains after infection [5]. 
In other words, an increased degree of drug resistance 
is associated with decreased murine virulence [5]. 
These observations support the in vivo findings 
observed by Cerezo-Cortes and colleagues.
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B cells play an important role during M. tuberculosis 
infection and host interaction due to their anti- 
inflammatory and antibody responses [6,7]. They con-
tribute to local immunity, optimizing the acute inflam-
matory reaction and perpetuating the chronic 
containment of the disease [8,9]. Specifically, there is 
evidence of granuloma infiltration by B cells in mice 
lungs infected with M. tuberculosis. In studies of 
chronic tuberculosis in M tuberculosis-infected mice, 
granuloma display characteristics of lymphoid struc-
tures, with follicular aggregation of B cells as well as 
expression of the homeostatic chemokines CXCL13 
and CCL19 [10]. Similar participation of B-cell lung 
granuloma after M tuberculosis infection has also been 
observed in non-human primates [11]. Phuah and col-
leagues described the B-cell and plasma-cell popula-
tions within granulomas of infected animals and 
reported the presence of B-cell clusters within the 
granuloma. These B-cell clusters included cells expres-
sing Ki-67, CXCR5, and HLA-DR, suggesting an acti-
vation status. In the Phuah et al. study, the granulomas 
and thoracic lymph nodes showed plasma B cells 
secreting mycobacteria-specific IgG antibodies. 
Recently, Carow and colleagues depicted the 3-dim-
mensional appearance of lymphoid-rich areas within 
the granuloma and reported an over-representation of 
CD19 mRNA expressed by B cells during tuberculosis 
infection [12]. In fact, at the third week after 
M. tuberculosis infection, they noted a sparse and indis-
criminate expression of CD19 mRNA. In contrast, at 
later time points, they observed a strong focal distribu-
tion in lymphoid-rich areas, which resembled inducible 
B-cell follicles within the C57BL/6 granuloma. Taken 
together, this evidence supports the key role of B cells 
in the lung immune response to M. tuberculosis infec-
tion. Cerezo-Cortes and colleagues reported differences 
in the expression of genes involved in cell migration, 
such as those encoding the pro-inflammatory chemo-
kines CCL-3 and CCL-4, over the course of infection. It 
has been shown that the cross-linking of B cell recep-
tors upregulates the expression of these chemokines 
[13], and that CCL-3 production by B cells can regulate 
the B cell response in lymph nodes [14]. Moreover, 
Cerezo-Cortes et al. reported over-expression of 
Dleu2 in BL strain-infected mice; this gene is involved 
in B cell proliferation control. These results taken 
together support a potential role of B cells in the 
differential response to Classical-Beijing and BL strain 
infections. Variation of this B cell response among 
Ancestral and Modern Beijing lineages should be 
further addressed.

The B cell compartment contains two subsets, the 
B-1 and B-2 cell subsets, which differ in phenotype 

and tissue distribution [15]. B-1 cells are distinct in 
their developmental origins, and many reside in the 
pleural and peritoneal compartments. B-1 cells are 
separated into two subsets (B-1a and B-1b), and are 
largely responsible for “natural” IgM production and 
secretion of anti-phospholipids and other self-reactive 
IgM. B-1 cells also secrete antibodies in response to 
bacteria-associated antigens via T-cell-independent 
mechanisms, including activation of B cell and Toll- 
like receptors [16,17]. B-1 cell activation is regulated 
by autocrine secretion of interleukin (IL)-10, while 
B-1 cell is induced by IL-12, IL-5 and interferon 
gamma, as well as pathogen-associated molecules, 
such as phospholipids [18]. All above evidence sug-
gest B-1 cells are present during infection and disease.

In fact, B-1 cell subsets can be augmented during 
infection to alter the immune response against 
Mycobacterium. For example, Taylor and colleagues 
observed severe granulomatous pneumonia and tissue 
damage in the lungs of C57BL/6 mice previously 
infected with M. tuberculosis who were later therapeu-
tically vaccinated with M. leprae-derived hsp65 DNA 
(Taylor et al., 2005). When they looked at ex-vivo 
analysis from these lung cells, a high anti- 
inflammatory response, partially facilitated by B-1 
cells, was observed. Later, a study by Russo and col-
leagues suggested that B-1 cells are able to migrate 
from the peritoneal cavity to the lungs as part of the 
protective response in mice chronically infected with 
M. bovis Bacillus Calmette-Guérin (BCG) (Russo and 
Mariano, 2010). They demonstrated that B-1 cells are 
present in the BCG-induced pulmonary lesions and 
were able to modulate the histological pattern of 
inflammation by altering the cellular response within 
the infected lung. Our research team recently demon-
strated that exposure of M. tuberculosis H37Rv total 
lipids to both CD5+ B-1a and CD5− B-1b cell subsets 
induced the secretion of total IgM and nonspecific 
anti-phospholipid IgM antibodies [19]. When follow-
ing disease progression in mice with pleural M. bovis 
BCG infection, we noted that anti-cardiolipin IgM 
antibody levels decreased with bacterial clearance 
[20]. In light of Cerezo-Cortes et al.’s findings, we 
could hypothesize that the differences in IL-10 expres-
sion observed between BL strain-infected and 
Classical-Beijing strain-infected mice could be partially 
associated with the presence of B-1 cells in infected 
sites. The ability of Ancestral and Modern Beijing 
lineages to modulate the B-1 B cell subset response 
during acute and chronic infection has yet to be deter-
mined [1].

In summary, Cerezo-Cortes et al. contributes to our 
understanding of the cellular and humoral immune 
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response against M. tuberculosis BL and the Classical 
Beijing lineage in the lungs. We believe that the evolu-
tionary acquisition of antibiotic resistance induced the 
observed variation in virulence. Also, future studies are 
warranted to further characterize the immune response 
among B cells and B-1 B cell subsets to Ancient and 
Modern Beijing strains in order to decipher the entire 
immunity picture. Such conclusions could advance vac-
cine development efforts, especially in regions where 
M. tuberculosis Beijing Iineages are prevalent.
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