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high systemic IgG levels and B-
cell fingerprinting, characterized
by a reduced capacity to
produce IFN-yor IL-10 as a
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Introduction: Tuberculosis (TB) is a bacterial infection caused by Mycobacterium
tuberculosis (M.tb). B cells are the central mediator of the humoral response;
they are responsible for producing antibodies in addition to mediating other
functions. The role of the cellular response during the TB spectrum by B cells is
still controversial.

Methods: In this study, we evaluated the distribution of the circulating B cell
subsets in patients with active and latent TB (ATB and LTB, respectively) and how
they respond to stimuli of protein or lipid from M.tb.

Results: Here, we show that ATB patients show an immune fingerprinting.
However, patients with drug-sensitive- (DS-TB) or drug-resistant- (DR-TB) TB
have altered frequencies of circulating B cells. DS-TB and DR-TB display a unique
profile characterized by high systemic levels of IFN-v, IL-10, IgG, IgG/IgM ratio,
and total B cells. Moreover, B cells from DR-TB are less efficient in producing IL-
10, and both DS-TB and DR-TB produce less IFN-yin response to M.tb antigens.

Conclusion: These results provide new insights into the population dynamics of
the cellular immune response by B cells against M.tb and suggest a fingerprinting

to characterize the B-cell response on DR-TB.
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1 Introduction

Tuberculosis (TB) is one of the deadliest infectious diseases
worldwide, and its etiological agent is the bacilli Mycobacterium
tuberculosis (M.tb). Clinically, TB could be divided into latent TB
(LTB) or active TB (ATB); LTB patients are infected with M.tb but
remain asymptomatic, and although it has been estimated that one-
fourth of the world’s population have LTB, the immune mechanism
to maintain the latent status of TB remains poorly understood (1).

In recent years, an increase in ATB with drug-resistant strains
(DR-TB) has been reported; the World Health Organization estimated
450,000 cases of DR-TB in 2021, representing an increase of 3.1%
compared with 2020 (2). To eradicate TB, it is necessary to identify
LTB and ATB patients and to establish the immunological differences
in the infection chronicity, which could be fundamental to identifying
new diagnostic markers or treatment schemes.

The infection chronicity by M.tb induces immunological changes
that could be effective biomarkers. Some evidence indicates that
compared with LTB or drug-sensitive TB (DS-TB), DR-TB patients
have increased specific subgroups of monocytes and T cells sustained
even after administering anti-TB drugs (3). By contrast, the B-cell
response has been little explored in the context of DR-TB and LTB.
Recently, using antigen-specific TCR-transgenic mice, it has been
reported that M.tb infection remodels the lymph nodes’ architecture
by increasing the number and paracortical translocation of B cells to
impair the naive CD4" T-cell activation (4).

The B-cell functions described more frequently are antibody
production, phagocytosis, antibody-dependent cellular cytotoxicity,
and complement-mediated lysis of pathogens or infected cells (5).
Although the germinal reaction is a critical part of the antigen-
specific antibody production by antigen-specific B cells, it is known
that B cells can also produce cytokines in response to stimulation in
vivo or in vitro (6); these cells can detect pathogen-associated
molecular patterns (PAMPs) through general pattern recognition
receptors (PRRs) (7). B cells produce lower cytokine levels than T
cells and myeloid cells when they are stimulated with M.tb antigens
(8); some of the more antigenic are the protein PPD (purified-
protein derivate) and lipids such as PIM (phosphatidyl-inositol
mannosides) and LAM (lipoarabinomannan) (9). Studies in vitro
have shown that M.tb glycolipids induce a CD4" T helper type 1
(TH1) polarization and increase the frequency of IL-10-producing
B cells (10). In this regard, it has been identified that the presence of
another IFN-y-producing B-cell subset requires the IFN-yR
expression and the T-box transcription factor to amplify the TH1
polarization (11).

Additionally, data support that CD38 and CD23 expression on
T cells is useful as a marker of infection resolution in TB (12, 13).
However, its expression on B cells is unknown. CD38 is a type II
transmembrane protein with both enzymatic and receptor
functions, its extracellular domain catalyzes the conversion of
nicotinamide adenine dinucleotide (NAD) to cyclic adenosine
diphosphate ribose (cADPR), and it mediates processes such as
cellular migration, phagocytosis, and antigen presentation or
cytokine release (14).

In the TB context, CD38" cell populations are increased in ATB
(15). Recently, these populations have been associated as a
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biomarker for diagnosing and clinically monitoring TB (12, 16).
Moreover, CD38 is used as a marker to classify circulatory naive B
cells into resting (CD38") or activated (CD387), whereas the subsets
of mature human B cells induce CD38 upon activation (17). On the
other hand, CD23 is a receptor that negatively regulates B-cell
receptor signaling (18). It has been reported that unswitched B cells
(CD237) are decreased in ATB but increase post-treatment
compared with other lung diseases, suggesting their potential
utility as TB treatment response biomarkers (19, 20), but the
CD23 expression on B cells during DR-TB has been little explored.

Current knowledge highlights the role of B cells during TB; it
still needs to be determined if B cells have altered phenotypes and
functions that allow discrimination between ATB and LTB or if the
resistance to drugs also impacts the B-cell subsets. Therefore,
understanding CD38 and CD23 dynamics expression is essential
to clarifying the role of B cells in maintaining the inflammatory
microenvironment in TB. Here, we evaluated the B-cell subsets in
household contacts of TB patients (HC), LTB subjects, and DS-TB
and DR-TB patients by phenotype and capacity to produce IFN-y
and IL-10 in response to lipid and protein stimuli, and finally,
correlations between B-cell subsets and clinical characteristics
were identified.

2 Materials and methods
2.1 Ethics statement

This study was approved by the Institutional Ethics Committee
of the Instituto Nacional de Enfermedades Respiratorias Ismael
Coslo Villegas (Protocol numbers B04-15 and B01-22) at Mexico
City. All participants signed a written informed consent. All
procedures were performed in agreement with the 1964 Helsinki
Declaration and the ethical standards of the Institutional
Ethics Committees.

2.2 Study population

Thirty pulmonary TB patients diagnosed at the Tuberculosis
Outpatient Clinic, INER, Mexico, were enrolled. Fifteen patients
were diagnosed with DS-TB, and 15 were drug-resistant (DR-TB).
The DS- or DR-TB diagnosis was by PCR Xpert-MTB/RIF
(Cepheid, CA, United States). In addition, drug sensitivity testing
to first- and second-line anti-TB drugs was evaluated using the BD
BACTEC™ MaGIT™ systems. The results of these assays were
confirmed using a Lowenstein-Jensen (L]) medium.

A group called HC was defined as individuals who shared the
same enclosed living space for one or more nights a week or
extended periods during the day with the TB patient 3 months
before treatment began. QuantiFERON®-TB Gold Plus (QFT®-
Plus) test (Qiagen, Hilden, Germany) and tuberculin skin test (TST)
were evaluated in HC, and from them and according to test results,
LTB was diagnosed. Among the HC group, 12 subjects negative to
QFT and TST were considered uninfected contact (UC), and 14
positives to QFT and TST were considered LTB (Figure 1). After the
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Patient enrollment and testing workflow. A total of 56 participants were enrolled: 26 were household contacts, and 30 had a suspected TB diagnosis
confirmed by bacilloscopic and sputum culture testing. The household contact group was divided according to PPD and QTF testing on 12 uninfected
contacts (UC) with negative TST and QTF testing and 14 latent TB subjects (LTB) with positive TST and QTF testing. In addition, the TB suspected group was
divided based on GenXpert testing: 15 drug-susceptible M.tb (DS-TB) with negative results to rifampicin-resistant gen testing and 15 rifampicin-resistant (DR-
TB). In each group, PBMCs and plasma samples were stored. TB, tuberculosis; TST, tuberculin skin test; QTF, QuantiFERON®-TB Gold Plus; GenXpert, PCR
Xpert-MTB/RIF; PBMCs, human peripheral blood mononuclear cells. The figure was created in BioRender.

diagnosis, patients received the corresponding treatment following
the international normative and a clinical follow-up. Clinical,
laboratory, and radiological data were obtained from the medical
records of all ATB patients.

Individuals with comorbidities such as human immunodeficiency
virus (HIV), pulmonary cancer, chronic obstructive pulmonary disease,
or autoimmune conditions and solid-organ transplant recipients were
excluded from this study.

2.3 Sample collection

Ten milliliters of heparinized blood samples were collected from
DS-TB and DR-TB patients, LTB subjects, and UC. Then,
peripheral blood mononuclear cells (PBMCs) were isolated by
density gradient (LymphoprepTM). The trypan blue (Gibco ™)
exclusion assay was used to determine the number of viable cells,
and a minimum of 85% viability was required to be able to process
the cells. Plasma was stored at —20°C until use.

2.4 B-cell phenotyping and high-
dimensional data analysis
PBMCs (1 x 10°) per ml of UC (n = 8), LTB (n = 10), DS-TB

(n = 10), and DR-TB (n = 10) were stained with monoclonal
antibodies (mAbs) against CD3, CD19, IgG, IgM, IgD, and CD38
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(BioLegend, San Diego, CA, USA). Fluorescence minus one (FMO)
condition was stained and acquired in parallel to identify
background levels of staining. Dead cells were omitted using
viability staining Zombie Red Dye solution (BioLegend). More
details of the antibodies used can be found in Table S1.

The data were acquired using a FACS Aria II flow cytometer
(BD Biosciences, San Jose, CA, USA) equipped with the FACSDiva
6.1.3 software (BD Biosciences). In each condition, at least 50,000
events were acquired per sample. The flow cytometry data file (FCS)
v10.6.1.

Gating was performed doing flowAlI analysis (R package flowAl,

was analyzed using FlowJo (Flow]o)TM

version 1.28.0) as a quality control analysis to detect and remove
anomalies based on the flow rate, signal acquisition, and dynamic
range in each FCS data and select good events (Figure S1A). Next,
each FSC data was limited to singlet events through forward scatter
(FSC-A vs. FSC-H), and viability plots were selected (negative
events to viability marker). Subsequent PBMCs were chosen
through side scatter and forward scatter (FSC-A vs. SSC-A), and
a second singlet events plot was made through side-scatter area
versus height (SSC-A vs. SSC-H).

B cells were identified as CD19" events on each FSC data
(Figure S1B). From all CD19" samples, a concatenated data file
was generated (Figure S1C). Subsequently, unsupervised clustering
was performed on the expression values of the lineage markers
using the FlowSOM algorithm (R package FlowSOM, version
1.14.1), which uses a self-organizing map followed by hierarchical
consensus metaclustering to detect eight metaclusters (Figure S1D).
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The analysis was made as recommended in the reference protocol
(21). Subsequently, uniform manifold approximation and projection
(UMAP) (R package UMAP, version 0.2.0.0) was performed on IgD,
IgM, IgG, and CD38 expression. The FlowSOM populations were
overlayed onto the UMAP projection. Finally, the cells were colored
according to their FlowSOM cluster membership (Figure SIE).

For plasma B-cell identification and characterization, 1 x 10°
PBMCs/ml of HC (n = 8), LTB (n = 10), DS-TB (n = 10), and DR-
TB (n = 10) were stained with mAbs against CD3, CD19, CD20,
CD5, CD10, and CD1d (BioLegend, San Diego, CA, USA). We
included FMO and flowAI analysis in parallel to identify
background levels of staining; dead cells were omitted using
viability staining. More details of the antibodies used can be
found in Table S1.

2.5 PBMC culture and stimulation

PBMCs (5 x 10°) permlof UC (n=4),LTB (n=5), DS-TB (n =
5), and DR-TB (n = 5) were cultured in a 24-well plate (Corning,
New York, NY, USA) with Roswell Park Memorial Institute (RPMI-
1640, Gibco' ") medium supplemented with 2 mM of L-glutamine
(Gibco™), 1 M of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES, Gibco ™), penicillin-streptomycin-amphotericin B
(GibcoTM), and 10% fetal bovine serum (GibcoTM).

PBMCs were stimulated with 10 mg/mL of proteins (NR-
14831) or lipids (NR-14837) from the cell membrane of M.tb,
strain H37Rv provided by BEI Resources. The culture was
maintained at 37°C, 5% CO,, 72 h. Unstimulated PBMCs (only
culture medium) were included as a negative control.

2.6 Intracellular cytokine evaluation

Four hours before the end of the culture, 1 pg/mL of brefeldin A
(bfA) (GolgiStopTM, BD Biosciences) was added to accumulate
intracellularly trapped cytokines. At the end of the culture,
PBMCs were recovered and stained with mAbs against CD3,
CD19, IgM, CD23, and CD27 (BioLegend) for 30 min at 4°C.
Then, cells were washed with Cell Staining Buffer (BioLegend),
permeabilized with BD Cytoﬁx/CytopermTM buffer (BD
Biosciences), and incubated for 20 min at 4°C. Hereafter, cells
were washed and incubated for 30 min at 4°C with mAbs against IL-
10 and IFN-y (BioLegend). More details of the antibodies used can
be found in Table S1. Acquisition, processing, and analysis of data
were performed as described for B-cell phenotyping above.

The data were acquired using a FACS Aria II flow cytometer with
the FACSDiva 6.1.3 software (BD Biosciences). In each condition, at
least 50,000 events were acquired per sample. The flow cytometry
data file (FCS) was analyzed using Flow]Jo, v10.6.1 (Flow]oTM).

2.7 Enzyme-linked immunosorbent assay

Soluble plasma levels of IFN-v (BioLegend), IL-10 (BioLegend),
IgM (Invitrogen, Massachusetts, Estados Unidos), and IgG
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(Invitrogen, Massachusetts, Estados Unidos) were measured by
enzyme-linked immunosorbent assay (ELISA) following the
manufacturer’s recommendations (Table S1).

All proteins were quantified by comparison with the
corresponding standard curve, and the optical density was
measured using a microplate reader spectrophotometer (iMark,
Bio-Rad, CA, United States) set to 450 nm.

2.8 Principal component and
heatmap analyses

Serological data from patients tested for IFN-yand IL-10 levels, IgM
and IgG antibody levels, and B-cell phenotypes reported by flow
cytometry were pooled into Microsoft Excel and imported to ClustVis
(https://biit.cs.ut.ee/clustvis/). Original values were In(x)-transformed
without scaling applied to rows. Principal components were calculated
using NIPALS PCA. X- and Y-axes show principal component 1 and
principal component 2, which explain 38.6% and 23.3% of the total
variance, respectively. Prediction ellipses are such that with a probability
of 0.95, a new observation from the same group would fall inside the
ellipse. N = 38 data points, grouped with a 95% confidence interval.

ClustVis was also used to generate a heatmap clustering based
on serological and flow cytometry data from the 38 patient samples.
Values were centered by subtracting the average soluble molecule
and cell population from all samples from each data point.

2.9 Statistical analysis

The D’Agostino-Pearson test was used to test the normality of
data. Non-normally distributed variables are shown as median value
and interquartile range (IQR, 25-75). Kruskal-Wallis test with
Dunnett’s post-test was used for multiple comparisons. p-values
<0.05 were considered statistically significant (GraphPad software).

The Spearman correlation matrix was produced in R version
4.2.0 using the corrplot version 0.92 package. The color and size of
the circles in the diagram represent the correlation’s magnitude and
direction. The p-values were also calculated, and the data points
with p-values larger than 0.05 are not shown in the diagram,
indicating a lack of statistical confidence.

3 Results
3.1 Clinical characteristics

Demographic and clinical characteristics were compared between
groups (Table 1). Overall, the study groups showed similar
demographic characteristics, except that LTB was older [53 (44-59)
years] than UC (p < 0.0247) and DS-TB (p < 0.0128). Gender was not
different between groups; DS-TB patients had lower weight than UC
(p < 0.0227) or LTB (p < 0.0124), and similarly, DR-TB patients had
lower weight than UC (p < 0.0163) or LTB (p < 0.0147). In
concordance, DS-TB and DR-TB showed lower BMI values [vs. UC
(p < 0.0381) and LTB (p < 0.0110); UC (p < 0.023) and LTB (p <
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TABLE 1 Participants’ characteristics.

10.3389/fimmu.2023.1263458

Parameters UC [A]l (n = 8) LTB [B] (n =10) DS-TBIC] (n =10) DR-TB [D] (n = 10)
*[Avs. B
Age, years 28 (21-52) 53 (44-59) 36 (24-41) 37 (26-61) " %B v, C}
Male, n (%)" 5 (63) 3 (30) 4 (40) 6 (60) ns
Female, 1 (%)" 3(38) 7 (70) 6 (60) 4 (40) ns
*[Avs. C]
*[Avs. D
Weight, kg 76 (68-81) 73 (64-83) 58 (49-65) 57 (52-62) " [[B V. C]]
* [Bvs. D]
Height, m 1.6 (1.5-1.7) 1.6 (1.5-1.6) 1.6 (1.5-1.7) 1.6 (1.6-1.7) ns
*[Avs. C]
Body mass index, kg/m> 28 (26-28) 32 (26-32) 21 (18-25) 22 (18-25) [[‘; :: g]]
*[B vs: D]
TA systolic, nmHg 110 (99-119) 119 (109-120) 108 (104-115) 107 (102-116) ns
TA diastolic, nmHg 69 (61-74) 72 (70-77) 70 (69-78) 70 (65-73) ns
Heart rate, bpm 68 (61-73) 71 (59-88) 74 (69-87) 91 (66-107) ns
Respiratory rate, bpm 23 (19-24) 20 (18-24) 22 (21-24) 24 (21-25) ns
Temperature, °C 36 (35.8-36.4) 36 (36.0-36.5) 36 (36.0-36.1) 36 (36.0-36.0) ns
Oxygen saturation, % 94.5 (91.0-96.0) 94.5 (92.0-97.2) 96.0 (95.0-98.0) 94.0 (88.0-96.2) ns

Data are represented with median and interquartile range except for sex, which is expressed as a percentage. The statistical comparison was performed using the Kruskal-Wallis test with Dunn’s

multiple comparison test and 'chi-squared tests.
bpm, breaths per minute; ns, not significant.
*p < 0.05.

0.0144), respectively]. Other clinical characteristics evaluated were
not different.

Regarding hematological parameters, the ATB groups (DS-TB
and DR-TB) had an increased absolute number of leukocytes,
platelets, neutrophils, and monocytes compared with UC and
LTB (Table 2). No differences were observed concerning UC and
LTB, except for neutrophil count, where UC subjects showed lower
than LTB patients (p < 0.0106) (Table 2). Consistent with previous
reports (22), DS-TB patients had increased platelet count (UC, p <
0.0376; LTB, p < 0.0376), and in addition, DS-TB had higher values
than DR-TB (p < 0.0106). Contrarily, ATB groups showed a
reduced hemoglobin and hematocrit concentration compared
with UC and LTB subjects (Table 2).

According to biochemical parameters, only the level of albumin
was lower in DR-TB than in HC (p < 0.0019) and LTB (p < 0.0030)
(Table 3). ATB patients have typical TB disease clinical characteristics.

In summary, the study groups showed similar demographic
characteristics. Although the LTB group was older than the others,
we did not find changes in other parameters associated with age.
LTB, in general, was homogeneous compared with UC. ATB groups
(DS-TB and DR-TB) have typical TB disease clinical characteristics.

3.2 DR-TB patients show expansion and
remodeling of the naive B-cell subset

The hematic biometry indicated leukocyte count alterations
during TB (Table 2). However, B-cell count cannot be identified by

Frontiers in Immunology

05

this technique; using flow cytometry, naive (IgD™) or activated
(IgD™) B-cell subpopulations were identified, as well as the CD38
expression (Figure 2).

B cells were identified based on CD19 expression, and our
data showed that DR-TB had increased the frequency of total B
cells compared with the UC and LTB groups (p < 0.0191 and p <
0.0408, respectively) (Figure 2A). However, DR-TB showed a
lower frequency of active B cells compared with UC (p <
0.0318) and LTB (p < 0.0028), whereas the frequency of naive
cells was higher than UC (p < 0.0423) and LTB (p <
0.0036) (Figure 2B).

Next, we performed the FlowSOM projection on UMAP
dimensionality reduction on manually gated B cells, which
clustered the population into eight islands (Figures 2C, D).
FlowSOM and UMAP were used as tools for the identification of
B-cell subsets in multiparametric data sets, and we identified eight
metaclusters: metaclusters 1 and 2 corresponded to resting naive B
cells; metacluster 3 was associated with a phenotype of activated
naive B cells; metaclusters 4, 5, and 6 were related to active IgM* B
cells; and metaclusters 7 and 8 were associated with active IgG"*
B cells.

Using the UMAP algorithm, cells were pooled according to the
intensity of expression of each parameter, and they were visualized
with color code from dark green (lowest expression) to dark red
(highest expression) (Figure S1E). The spatial distribution of
different B-cell subsets is modified (Figure 2D).

The frequency of B-cell subsets indicated that all TB groups
have increased naive B cells in a resting state compared with UC
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TABLE 2 Laboratory data for hematological parameters.

Parameters

LTB [B]

(n = 10)

DS-TB [C]
(n = 10)

10.3389/fimmu.2023.1263458

DR-TB [D]
(n = 10)

Leukocyte count, x10> cell/uL

Lymphocyte count, x10° cell/uL

Monocyte count, x10% cell/pL

Neutrophil count, x10° cell/uL

Platelet count, x10° cell/uL

5.8 (4.2-7.1)

2.1 (1.2-2.3)

0.4 (0.3-0.5)

2.6 (2.0-3.0)

232.0 (200.3-246.0)

6.8 (5.2-8.3)

1.8 (1.5-2.7)

0.4 (0.4-0.5)

4.0 (3.3-4.4)

225.5 (219.3-261.5)

9.5 (8.3-12.6)

1.6 (1.0-2.1)

0.6 (0.6-1.0)

62 (4.5-8.1)

482.5 (312.8-530.0)

* [Avs. C]

8.5 (6.0-10.3) “[Bvs. C]

1.6 (1.2-1.8) Ns

*[A vs. C]
*[Avs. D]
*[Bvs. C]
*[Bvs. D]

0.6 (0.5-0.8)

* [A vs. B]
A vs. C]
> [Avs. D]

*[Bvs. C]

4.6 (3.0-9.0)

** [Avs. C]
* [Bvs. C]
*[Cvs. D]

279.5 (195.3-383.5)

Hemoglobin, g/dL

15.9 (13.4-6.7)

144 (14.1-16.2)

12.8 (11.5-14.0)

*[Avs. C]
> [A vs. D]
** [Bvs. C]
*[B vs. D]

11.5 (11.1-13.5)

Hematocrit, %

48.1 (41.1-50.5)

44.6 (42.0-50.1)

37.8 (33.6-43.0)

**[Avs. C]
A vs. D]
** [Bvs. C]
** B vs. D]

36.1 (33.8-40.8)

Data are represented with median and interquartile range. The statistical comparison was performed using Kruskal-Wallis’s test with Dunn’s multiple comparison test.

ns, not significant.
“p < 0.05, **p < 0.01, **p < 0.001.

TABLE 3 Laboratory data for biochemistry parameters.

Parameters UC [A]l (n = 8) LTB [B] (n =10) DS-TBI[C](n = DR-TB [D] (n = 10)
Glucose, mg/dL 98.0 (92.0-104.0) 103.0 (95.0-119.3) 103.5 (94.7-210.0) 122.0 (90.0-150.3) ns
Urea, mg/dL 225 (15.5-34.0) 22.5 (17.1-31.0) 19.4 (16.0-22.4) 19.1 (15.0-25.5) ns
Blood urea nitrogen, mﬂ 10.5 (7.2-16.0) 105 (8.0-14.5) 9.1 (7.5-10.5) 8.3 (7.0-11.1) ns
Uric acid, mg/dL 55 (5.0-6.3) 5.6 (5.0-7.0) 57 (4.0-6.4) 5.0 (4.4-7.7) ns
Serum creatinine, mg/dL 0.8 (0.7-1.0) 0.7 (0.7-0.9) 0.7 (0.6-0.8) 0.6 (0.5-0.9) ns
Total protein, g/dL 7.1 (7.0-7.5) 7.3 (7.1-7.6) 7.5 (6.8-7.7) 7.1 (6.8-7.4) ns
Albumin, g/dL 44 (4.1-4.4) 4.3 (4.1-4.4) 40 (2.5-4.1) 3.0 (3.0-3.5) “ [A vs. D]
**[B vs. D]
Total bilirubin, mg/dL 0.7 (0.5-0.9) 0.7 (0.6-1.1) 0.5 (0.5-0.6) 0.5 (0.4-0.8) ns
AST, TU/L 28.0 (19.0-37.2) 24,5 (21.5-32.5) 26.5 (19.0-31.0) 235 (12.0-42.0) ns
LDH, IU/L 1555 (131.3-175.3) 137.0 (132.0-176.3) 148.0 (139.9-173.8) 147.8 (133.3-178.7) ns
ALP, TU/L 72.5 (61.7-81.50) 78.5 (68.2-113.0) 84.0 (74.7-110.8) 82.5 (78.5-106.8) ns
HbAIc, % 55 (5.3-6.0) 5.7 (5.5-6.0) 5.8 (5.5-8.0) 55 (5.0-8.5) ns

Data are represented with median and interquartile range. The statistical comparison was performed using Kruskal-Wallis’s test with Dunn’s multiple comparison test.

ns, not significant.
*p < 0.01.
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DR-TB showed increased B-cell frequency characterized by expansion of resting naive B cells. Frequency of B cells assessed in the study groups
gated by the CD19 marker (A). Based on this population, IgD was used to identify active and naive B cells (B). FlowSOM (C) and its projection on
UMAP (D) were used for the identification of B-cell subsets in multiparametric data sets identified as resting naive (E), activated naive (F), IgG* (G),

IgM™ (H), and activated status of IgG* and IgM* cells (I). Data are represented as median and IQR values. Statistical comparisons were performed by
the Kruskal—Wallis test. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.

(LTB, p < 0.0010; DS-TB, p < 0.0001; DR-TB, p < 0.0001,
respectively) (Figure 2E). In comparison, activated naive B cells
showed a significant decrease in all TB groups compared with UC
(LTB, p < 0.0144; DS-TB, p < 0.0001;

0.0036) (Figure 2F).
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DR-TB, p <

DS-TB, p < 0.0378; DR-TB, p < 0.0025) (Figure 2H).

07

Regarding active B cells, the frequency of IgG" B cells was
increased in DS-TB and DR-TB compared with UC (p < 0.0035 and
p < 0.0375, respectively) (Figure 2G), and IgM" B cells were
significantly higher in all TB groups than UC (LTB, p < 0.0004;
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Interestingly, when comparing the frequency of activated B cells
(IgM* or IgG"), our results showed an elevated IgG frequency
compared with IgM active B cells in UC subjects (p < 0.0207). DS-
TB showed the same trend as UC, but a statistical difference was not
found. The LTB group showed a higher frequency of IgM active B
cells than IgG (p < 0.0355). Although DR-TB patients showed a
higher frequency of IgM active B cells than IgG, we did not find a
statistical difference (Figure S2A).

Finally, visualization of the active B-cell subsets on FlowSOM
also evidenced that IgM™ or IgG" expresses CD38; there was no
difference in the proportion of IgG"CD38" B cells, but IgM"CD38"
cells are increased in LTB (=2-fold) and decreased in DS-TB (=2.6-
fold) and DR-TB patients (=1.3-fold) compared with UC
(Figure 2I). This shows that ATB patients have altered the
frequency of peripheral B cells.

3.3 LTB and ATB have decreased the
frequency of CD19*CD20~ cells but not
plasma B cells

The next aim was to verify the frequency of C197CD20" cells,
which was evaluated by flow cytometry (Figure 3). By flow
cytometry, the CD19"CD20~ cells were selected (Figure 3A); this
subpopulation has low CD19 expression, as previously reported
(17) (Figure 3B). UC has a higher frequency of CD19°CD20" cells
than LTB and DR-TB patients (p < 0.0320 and p < 0.0011,
respectively). Similarly, DS-TB had a high frequency of
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CD19°CD20"~ cells compared with LTB and DR-TB (p < 0.0350
and p < 0.0003, respectively) (Figure 3C).

CD5 and CD10 expressions were evaluated on the
CD19°CD20" cells (Figure 3D). The percentage of CD5'CD10*
increased in LTB compared with UC, DS-TB, and DR-TB (p <
0.0199, p < 0.0038, and p < 0.0008, respectively) (Figure 3E).
Moreover, CD1d expression was also evaluated in CD5"CD10"
(Figures 3F, G), and DS-TB patients presented a low frequency of
CD5"CD10*CD1d" compared with UC and DR-TB (p < 0.0003 and
P < 0.0113, respectively) (Figure 3H). Thus, CD19"CD20" cells are
less abundant in LTB and DR-TB patients; however, LTB has
increased CD197CD20"CD5"CD10" cells.

The co-expression of CD27 and CD38 was evaluated into the B-
cell gate by flow cytometry to identify the frequency of plasma B
cells (Figure 3I). However, we did not observe significant changes in
the frequency of plasma B cells (Figure 3J).

3.4 DR- and DS-TB have similar immune
fingerprinting, which is not shared
with LTB

The ATB groups showed an increase of naive B cells, but
activated are decreased. So, we decided to quantify the total IgM
and IgG serum levels to confirm if the available antibody
production is affected in these patients.

Our data showed that IgM is not different between groups
(Figure 4A), but DS-TB and DR-TB have higher levels of IgG than
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From B cells

CD27+CD38++

CD27+CD38++ (%)

CD19*CD20" cells are decreased in the TB groups. Representative flow cytometry plot of HC showing CD20 expression in B cells CD19" (A).
Representative histograms of flow cytometry data of CD19 events of HC subjects showing surface marker expression in comparison to CD19 cells in
CD19*CD20™ B cells (green color), B cells (violet color), and non-B cells (gray color) (B). The frequency of plasma cells assessed in the study groups
gated by CD20 and CD19 markers (C). The representative dot plot of LTB patients shows co-expression of CD10 and CD5 markers in CD19*CD20~
B cells (D). The frequency of CD5"CD10" into CD19"CD20~ B cells assessed in the study groups gated (E). Representative histograms of flow
cytometry data of CD5*CD10" into CD19*CD20™ B cells of one UC (purple), LTB (red), DS-TB (green), DR-TB (orange), and non-B cells (gray)
showing the surface expression of CD1d (F). Representative dot plot of CD1d" cells in CD5*CD10™" plasma cells (G). The frequency of CD1d™" cells in
CD5*CD10" cells was assessed in the study groups gated (H). Representative dot plot of plasma B cells into B cells gated by co-expression of CD27
and CD38 (). The frequency of plasma cells CD27"CD38" assessed in the study groups gated (J). Data are represented as median and IQR values.
Statistical comparisons were performed by the Kruskal—Wallis test. *p < 0.05, **p < 0.01, and ***p < 0.001.
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UC (p < 0.0232 and p < 0.0445, respectively), and DR-TB has even
higher levels of IgG than LTB (p < 0.0185) (Figure 4B). Although
the IgM/IgG ratios reflected a trend to less ratio in DR-TB patients,
it was not statistically different among the HC and TB groups
(Figure S2B).

To verify if the alteration of B-cell subsets hinders the Th1/Th2
polarization as previously reported, IFN-y and IL-10 were
quantified in plasma. DS-TB and DR-TB showed higher IFN-y
levels than UC (p < 0.0008 and p < 0.0152, respectively) and LTB
(p <0.0010 and p < 0.0186, respectively) (Figure 4C). Regarding IL-
10 levels, the ATB groups have higher levels than UC (p < 0.0068
and p < 0.0459, respectively) but not LTB (Figure 4D).

Using a PCA analysis, we identified if one of the TB statuses
induces a specific immune fingerprinting. Data showed that DR-TB
displays a similar fingerprinting to DS-TB characterized by a
positive correlation between IFN-y (pg/mL), IL-10 (pg/mL), total
B cells (%), IgG (mg/mL), and ratio IgG/IgM; this profile separates
the ATB group from LTB and UC (Figure 4E, green dotted line).

Measurements made in this study suggest that DR-TB and DS-
TB are groups that share diverse characteristics, which makes it
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difficult to divide them (Figure 4E, dotted green and purple lines,
respectively); both groups showed a negative correlation between
IFN-y (mg/mL) and resting naive B cells (%). The LTB group shared
a profile with the UC group (Figure 4E, dotted brown line). These
results were confirmed and plotted as a heatmap (Figure 4F), where
we observed that a similar immune fingerprinting is shown by DS-
TB and DR-TB using a subset of B cells, immunoglobulins,
and cytokines.

3.5 Alteration of B-cell subsets correlates
with increased IL-10 after weight
loss in TB groups

Information about potential correlations among B-cell
subpopulations and hematological and biochemical parameters is
limited. First, a global analysis of all parameters was performed to
identify correlations (Figure S3). Thereafter, correlations more
specific among B-cell subsets (identified as “modify” in this
study) and clinical parameters were evaluated to explore the
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possibility of using B-cell subsets as a marker of prognosis in the TB
spectrum. Figure S4A shows 37 positive correlations and 43
negative when TB groups are considered as one group. Then, we
took the stronger correlations from Figure S4A, where B-cell subsets
are involved, and we observed that B cells correlated negatively with
hematocrit (Figure S4B) and with BMI (Figure S4C) while
correlated positively with neutrophils (Figure S4D).

However, when TB groups were individually evaluated, we observed
that UC has positive correlations between CD19°CD20™ B cells and
CD19"CD20"CD5*CD10" B cells (r; = 0.90; p < 0.0024) and soluble [gM
and TA diastolic (ry = 0.85; p < 0.0045). Negative correlations were
observed between activated naive B cells (ANBs) and resting naive B cells
(RNBs) (r, = —1.0; p < 0.00005), CD19"CD20" B cells and hemoglobin
(r, = -0.74; p < 0.007), CD19*CD20"CD5'CD10"CD1d" B cells and
weight (r, = -0.92; p < 0.0011), and ratio IgM/IgG and TA diastolic (r, =
—0.89; p < 0.0024) (Figure 5A).

LTB showed positive correlations between total B cells with
neutrophil count (r; = 0.80; p < 0.00082), IgG"'CD38 active with

Parameters of interest

A: Albumin (g/dL)
Age (years)

10.3389/fimmu.2023.1263458

CD19*CD20"CD5"CD10* B cells (r, = 0.70; p < 0.0014), and
RNB with IgM*CD38" active B cells (r; = 0.85; p < 0.0035),
and CD19"CD20~ B cells had two correlations: CD197CD20~
CD5'CD10*CD1d" B cells (r, = 0.75; p < 0.0097) and height (r, =
0.78; p < 0.0072) and plasma B cell and glucose (r; = 0.80; p < 0.005)
(Figure 5B). Moreover, negative correlations were observed between
soluble IgG and weight (r; = —0.89; p < 0.0014), TA systolic (rs =
-0.78; p < 0.007), and BMI (r; = —0.81; p < 0.008). ANB had two
correlations: with RNB (r; = —1.0; p < 0.0000001) and IgM*CD38"
activated B cells (7, = —0.85; p < 0.0035). Soluble IgM correlated with
TA diastolic (7, -0.77; p < 0.01), and CD197CD20~
CD5"CD10"CD1d" B cells correlated with two parameters:
platelets (r; = —0.8; p < 0.005) and total protein (r; = —0.85; p <
0.0018) (Figure 5B).

DS-TB showed a great diversity of correlations; among positives,
CD19*CD20"CD5"CD10"CD1d" B cells had two correlations: RNB
(rs=0.88; p < 0.0074) and total protein (r; = 0.78; p < 0.0072). Albumin
levels correlated with RNB (ry = 0.79; p < 0.0098) and
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Correlation matrix of demographic and clinical characteristics with serum-derived proteins and frequency of B cell subsets by TB groups. Correlation
matrix of demographic and clinical parameters with serum-derived proteins and frequency of B cell subsets in uninfected contacts (UC) (A), latent
TB subjects (LTB) (B), drug-susceptible M.tb (DS-TB) (C), and rifampicin-resistant (DR-TB) (D). Only significantly correlated (p < 0.01) mediator
interactions are shown. The correlogram shows positive and negative correlations in blue and red, respectively. The size and color intensity of the

dots are proportional to the Spearman correlation coefficients (r).
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CD19"CD20"CD5'CD10*CD1d* B cells (r, = 0.87; p < 0.0009).
IgM*CD38" activated B cells correlated with uric acid (r, = 0.78; p <
0.0072) and with plasma B cells (r, = 0.78; p < 0.0080). Plasma B cells
correlated with age (r; = 0.82; p < 0.0032). The activated naive B cells
showed a correlation with soluble IFN-v level (r; = 0.81; p < 0.0041),
and IgM " activated B cells correlated with neutrophil count (r, = 0.82;
P <0.0068). Regarding negative correlations, ANB showed correlations
with RNB (7, = —1.0; p < 0.000001), CD19°CD20 CD5*CD10*CD1d"
B cells (r; = —0.93; p < 0.00011), and albumin (r = 0.79; p < 0.00098).
Meanwhile, albumin showed a correlation with two parameters: [gM™
activated B cells (r, = —0.82; p < 0.0068) and neutrophil count (r, =
-0.82; p < 0.0068). The IgM/IgG ratio showed a correlation with
soluble IgM level (rq -0.81; p < 0.0082), and finally,
CD19*CD20 " CD5"CD10" B cells showed a correlation with lactate
dehydrogenase (r, = —0.79; p < 0.0098) (Figure 5C).

DR-TB only showed positive correlations among the
IgG'CD38" active B cells and lactate dehydrogenase (LDH) (r,
0.81; p < 0.0051) and IgG" active B cells and heart rate (Fc) (r,
0.82; p < 0.0068) (Figure 5D). We did not observe negative
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correlations between B-cell subsets, immunoglobulins, and
clinical parameters.

Together, these correlations support the hypothesis that B cells
favor neutrophil recruitment and, at least in DS-TB and DR-TB,
help maintain an inflammatory status characterized by a high level
of IFN-y.

3.6 B cells of DR-TB patients have reduced
capacity to produce IFN-yor IL-10 as a
response to M.tb antigens

PBMCs were cultured and stimulated with total proteins (TPs)
and lipids (TLs) of M.tb to evaluate the capacity of B cells to
produce IFN-y and IL-10 (Figure S5A).

In concordance with Figure 2A, DR-TB has a high frequency of
total B cells, even unstimulated or under the stimulus, compared with
the other groups (Figure 6A). Data showed that UC increased the
frequency of IFN-y-producing B cells in response to TP stimulation
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Distinct patterns in the stimulation-induced IFN-y and IL-10 production of B cells in individuals with TB. PBMCs from the four groups, UC, LTB, DS-TB,
and DR-TB, were stimulated for 3 days with total proteins (TPs) or lipids (TLs) of M.tb. Unstimulated condition was included as a control stimulation
(Unstim). Frequency of B cells assessed in the study groups gated by the CD19 marker (A). The frequency of cytokine-positive cells out of CD19* B cells
for each stimulation was analyzed to IFN-y (B) and IL-10 (C). The frequency of IFN-y" B cells for each condition was analyzed to CD23 (D) or CD27 (E).
The frequency of IL-10" B cells for each condition was analyzed to CD23 (F) or CD27 (G). Analysis of IgM™ frequencies (H). The frequency of cytokine-
positive cells out of IgM* cells for each stimulation was analyzed to IFN-y (1) and IL-10 (J). The frequency of IFN-y"IgM™ cells for each condition was
analyzed to CD23 (K) or CD27 (L). The frequency of IL-10*IgM* cells for each condition was analyzed to CD23 (M) or CD27 (N). Data are represented as
median and IQR values. Statistical comparisons were performed by the Kruskal—Wallis test. *p < 0.05 and **p < 0.01.
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(p < 0.0162) but not with TL. LTB showed a high proportion of IFN-
v-producing B cells at baseline, and it was not modified with TP;
however, TL stimulus decreased this frequency (p < 0.0286)
(Figure 6B). Regarding IL-10-producing B cells, TP increased IL-
10-producing B cells in UC (p < 0.0286), whereas TP decreased this
frequency in LTB (p < 0.0482) (Figure 6C). For the ATB groups, the
frequency of B-cell producers of IFN-y and IL-10 was not modified
even under TP or TL stimuli (Figures 6B, C), suggesting that during
ATB, the B cells remain in a state of tolerance to M.tb antigens.

CD23 and CD27 expression on B cells showed that both TP or
TL did not modify the frequency of CD23" and CD27" B cells
(Figures S5B, C). We did not find differences regarding CD23
frequency on IFN-y-producing B cells (Figure 6D). However,
IFN-y-producing B cells of LTB increased their CD27 expression
when stimulated with TL (p < 0.0216), and DR-TB also increased
the expression of CD27 on IFN-y-producing B cells when
stimulated with TP (p < 0.0473) (Figure 6E). CD23 and CD27
expression on IL-10-producing B cells did not modify under
stimulation (Figures 6F, G).

The proportion of B cells positive to IgM (blue) and IgG (red) is
not modified by M.tb antigens (Figure 6H). Concerning IFN-y and
IL-10 production by IgM and IgG B cells, our data showed that while
UC did not change the cytokine production, LTB increased the IFN-y
production with TP stimulus (p < 0.0017) (Figure 6I) and decreased
IL-10 with TP (p < 0.0414) and TL (p < 0.0208). DS-TB increased IL-
10-producing IgM"* B cells when boosted with TP (p < 0.0076) and
TL (p < 0.0319). DR-TB patients did not show changes (Figure 6]).

The number of circulating IgM'CD23" B cells was significantly
reduced in UC when they were stimulated with TP (p < 0.0285) and
increased in DR-TB under the same stimulus (p < 0.0324) (Figure
S5D). As previously described on total B cells, CD27 frequency did not
change in IgM" B cells (Figure S5E). The frequency of IFN-y-producing
IgM" B cells and positive to CD23 or CD27 was not modified after
stimuli with M.tb antigens (Figures 6K, L, respectively). Contrary, the
frequency of IL-10-producing IgM™ B cells and positive to CD23 (p <
0.0324) or CD27 (p < 0.0324) was decreased in DS-TB when they
received the TP stimulus (Figures 6M, N, respectively).

In summary, M.tb TP or TL stimulation led to a polyfunctional
cytokine response associated with production from IgM™ B cells and
redistribution of CD23" or CD27" subsets in the TB context.

4 Discussion

Our study has revealed differences in the redistribution of B
cells, circulatory cytokines, and antibodies in DR-TB patients
compared with those in UC, LTB, and DS-TB. We have also
observed that M.tb’s protein (TP) or lipid (TL) stimuli can elicit
varying responses from B cells depending on the infection status.
These responses involve modification of the B-cell subsets and the
production of IFN-y or IL-10. These findings indicate that the B-cell
compartment plays a crucial role during TB and highlights its
immunomodulatory function in the immune response to M.tb.
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B cells in peripheral blood can be identified based on various
markers that indicate their lineage and differentiation, such as naive,
activated, plasma, and memory B cells (17). Reports suggested that B-
cell subset frequencies are modified during chronic inflammation by
both virus and bacteria, including Mycobacterium (23-25). While it has
been confirmed that B cells promote the control of M.tb in lymphoid
follicles during ATB infection, modulating the Th1 immunity by T cells
(4, 26, 27), their function is often considered secondary. However, B
cells may enhance their activation and differentiation profile in
peripheral blood before reaching the lung lymphoid follicles.

Based on our research, we have described that the levels of B cells
in the bloodstream of individuals with active TB (DS- and DR-TB)
and those with LTB are comparable to those found in uninfected
contacts. This finding is consistent with previous research exploring
individuals recently diagnosed and naive to treatment (28, 29).

Our research findings revealed that patients diagnosed with
DR-TB have increased B-cell frequency in their peripheral blood.
This point is particularly intriguing; although there is limited
research on the in-vitro and in-vivo pathogenesis and adaptation
of DR-TB strains, we hypothesized that the phenotypic and
genotypic changes in M.tb that lead to resistance, including
alterations in cell envelope components and intrinsic and
extrinsic factors, are responsible for increasing the immunological
cell demand needed to clear the infection.

Our naive and active B-cell data corroborate previous studies that
described those frequencies not differing among control groups and
LTB or DS-TB (19); however, in agreement with a previous report
(30), we observed high frequencies of naive B cells in TB patients with
a dominium of resting naive B cells. We reasoned that the increased
naive B-cell frequencies in DR-TB patients would be a demand for
emergency lymphopoiesis in a chronic infection context where it is
necessary to have more antigen-inexperienced mature cells as has
been previously associated with M.tb infection (31).

After the activation process, the B cells can remodel stromal
structures and limit the activation of T cells in the lymph nodes (4).
Our study showed that activated B cells decreased in DR-TB patients;
therefore, our data could reflect the migration process in the chronic
context of TB in DR-TB patients. Abreu MT et al. reported that drug-
resistant TB patients have a low frequency of unswitched memory B
cells and plasma cells in the peripheral blood (30). Here, we also
observed a low frequency of plasma cells and active B cells.

It is becoming clear that CD38 has been used extensively to classify
various subpopulations of lymphocytes as an activation marker. Several
strategies to identify M.tb-specific CD4 T cells were proposed that
integrate CD38 as a potential biomarker for ATB (32, 33). However, it
has been shown that CD38 can be expressed on B cells as a component
of the BCR coreceptor complex, both activated or not activated B cells
exerting a modulatory effect on the B-cell activation threshold by
controlling CD19 localization (34). CD38 is increased in T cells of TB
patients, and CD38 expression on IFN-y-producing T and B cells can
be associated with M.tb infection resolution (12, 35). Our work results
from the use of CD38 as a potential biomarker in B cells for all TB
spectra compared with HC subjects. This comparison shows the
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frequencies of resting/activated naive B cells and [gM"CD38" activated
B cells, and the more circulating resting naive B cells are linked to poor
B-cell homeostasis as was revealed by the negative correlation with B-
cell subpopulations.

It is known that most of the B cells that reach the germinal center of
mice exposed to BCG have greater gene expression of CD38 (36);
although it was not demonstrated in this work, our results open the
possibility of looking for whether the B cells of germinal centers gain
expression of CD38 in situ or migrate with that phenotype in TB patients.
These results highlight the importance of monitoring B-cell activity in
DR-TB patients and the potential impact on disease progression.

In agreement with previous studies, we observed that in ATB
patients, the circulatory microenvironment is characterized by a
high level of IgG and IL-10 (37, 38). DS-TB can be differentiated
from UC but shares some characteristics with LTB. In this regard,
recently, we reported that LTB presents an increase of CD5" B cells,
which can produce IFN-y, IL-10, and IL-4; in contrast, CD5"* B cells
from ATB produce mainly anti-inflammatory cytokines as a
response to M.tb stimulus (39). Thus, B-cell subsets mediate the
immune response against M.tb not only by the classical function of
antibody production; apparently, these subsets are imperative to
maintain the pro- or anti-inflammatory status in the TB spectrum.

The memory B-cell proportion shows different compositions
across the infection chronicity of TB; for example, ATB subjects
have increased atypical memory B cells compared with LTB patients
(40). Similar results were found in this work. However, we detailed
that even LTB shows a low frequency of memory B cells, like plasma
cells in HC subjects, compared with the LTB group. This could be
associated with adaptative responses originating from some virulence
factors (lipids or proteins) released into the air by ATB patients
through exhaled breath condensates (41), which are inhaled by HC
subjects. Reports indicated that the PPD-specific IgM and IgG
responses are higher in LTB and ATB than in healthy donors (42,
43); however, the knowledge in DR-TB is limited. Future studies
should explore this field for potential therapies or biomarkers.
Although this study only evaluated total immunoglobulin levels, we
propose investigating the total M.tb-specific immunoglobulin levels
in the future and exploring differences in the humoral responses
exhibited by LTB, DS-TB, and DR-TB in more detail.

We hypothesized that the frequency of plasma B cells in DR-TB
patients could deteriorate the adaptative responses through antibody
responses because their increase is associated with survival and
elimination of infectious diseases (44). However, we did not find
differences between groups. In contrast, a previous report that
indicated an increase in plasma cell responses in early infection
reduced in latency and DR-TB but increased during ATB (45). The
differences may be associated with the timing of sampling, processing,
or number of events acquired. Here, we reported for the first time that
CD19"CD20" B cells can acquire CD5 and CD10 co-expression in the
TB context, suggesting that M.tb favors the modulation of cells with the
regulatory phenotype; however, this study has the limitation of not
evaluating the regulatory B cells with the phenotype previously defined
(46, 47). To draw some definitive conclusions in this regard, developing
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a study with a sufficiently large cohort over a follow-up period of
several years is required to explore regulatory B-cell phenotypes.

Diverse studies have demonstrated the relevance of the increase in
total B cells after weight loss. We observed that ATB presents high IgG-
soluble levels. Considering that the weight loss induced reduced IgG N-
glycosylation, resulting in reduced glycan and biological activity (48),
our result opens a new question regarding the functional activity
antibodies maintained in ATB in these conditions that can reduce
efficacy in the available action of antibodies against M.tb.

Differential glycosylation states on the Fc domain were observed
between LTB and ATB (49). However, based on the observations in
this phenomenon, it has been postulated that increased
galactosylation correlates with reduced antibody efficacy during
active TB and could represent the expansion of non-specific plasma
cells, which poorly target M.tb (50). This result contrasts with the
reduced IgG antibody production but elevated plasma cells that, in
agreement with previous results, could have high functional
properties against M.tb (51).

To confirm the capacity of B-lymphocyte subsets to respond to
M.tb antigens, we stimulated PBMCs with TP and TL from M.tb,
and data showed that during ATB, B cells maintained a
hyporesponsive state, which is more prominent during DR-TB. In
contrast, LTB subjects present a stimulated state characterized by
IFN-vy that decreases in the presence of lipids of M.tb and IL-10
basal production that is diminished in the presence of both proteins
and lipid stimulus. In contrast to the total B-cell results, IgM+ B cells
displayed a markedly different response, mainly by inducing IFN-y
in LTB subjects, and exhibited high IL-10 levels in DS-TB patients
when stimulated. Together, it is suggested that restimulations to
M.tb antigens could reduce responses to stimulation of B cells, as
previously observed in other circulatory leukocytes (9). We did not
identify which antigens in total protein and lipids were responsible
for the immune responses presented in this study. However, these
results could prove useful in clinical testing where there is interest in
searching for new biomarkers; the high level of details presented
here may be helpful to understand better how B cells react with
M.tb. Some reports indicate that autocrine IL-10 promotes B-cell
differentiation into plasmablast (52). We observed that in-vitro
IgM" B cells produce high levels of IL-10 in response to TP and
TL in DS-TB patients. We consider that during ATB, continuous
levels of stimulation maintain a pool of plasma cells.

5 Conclusions

This study highlights the differences between TB patients’ B-
lymphocyte profiles (Figure 7). According to the B-cell phenotypes
evaluated here, DS-TB and DR-TB share an immune fingerprint,
which suggests that some of the characteristics being assessed, such as
elevated frequency of total B cells, elevated IgG antibody levels,
elevated plasma levels of IFN-y and IL-10, and relative frequencies
of naive and activated B cells, could serve as indicators of TB
progression and as players in the pro-inflammatory and anti-
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Summary of the presumptive B-cell fingerprinting between TB groups. The figure was created in BioRender.

inflammatory status of TB patients. In-vitro cultures suggest that B
cells decreased their capability to produce IFN-y and IL-10 according
to TB status. This study also supports the idea that elicitation of
adaptative immunity regulated by B cells could be an essential goal
for a vaccine and for diagnostic monitoring against TB.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

Ethics statement

the
Institutional Ethics Committee of the Instituto Nacional de

The studies involving humans were approved by

Enfermedades Respiratorias Ismael Cosio Villegas (Protocols
numbers B04-15 and B01-22) at Mexico City.. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

JE-G: Conceptualization, Formal Analysis, Investigation,
Methodology, Writing - original draft. AU-S: Methodology,

Frontiers in Immunology

14

Software, Writing - original draft. LR-L: Formal Analysis,
Methodology, Writing - original draft. JC-D: Investigation,
Writing - original draft. AC-R: Investigation, Writing — original
draft. EC-Q: Investigation, Writing - original draft. RH-P:
Investigation, Writing — original draft. LC-G: Conceptualization,
Formal Analysis, Investigation, Resources, Supervision, Writing —
review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We are grateful to the clinical staff of the Tuberculosis
Clinic and Damaris Romero-Rodriguez from the Flow Cytometry
Core Facility, both at the Instituto Nacional de Enfermedades
Respiratorias Ismael Cosio Villegas in Mexico City. JF-G is
a Ph.D. student in the program Ciencias Quimico Biologicas
at Instituto Politécnico Nacional, Mexico, and he is supported
by CONAHCYT Mexico (student scholarship 2020-000
013-01NACEF).

frontiersin.org


https://www.biorender.com
https://doi.org/10.3389/fimmu.2023.1263458
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Flores-Gonzalez et al.

Conflict of interest

The 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

References

1. Banerjee U, Baloni P, Singh A, Chandra N. Immune subtyping in latent
tuberculosis. Front Immunol (2021) 12:595746. doi: 10.3389/fimmu.2021.595746

2. WHO WHO. GLOBAL TUBERCULOSIS REPORT 2021. Geneva: World Health
Organization (2022).

3. Ocana-Guzman R, Tellez-Navarrete NA, Ramon-Luing LA, Herrera I, De Ita M,
Carrillo-Alduenda J-L, et al. Leukocytes from patients with drug-sensitive and
multidrug-resistant tuberculosis exhibit distinctive profiles of chemokine receptor
expression and migration capacity. J Immunol Res (2021) 2021:1-19. doi: 10.1155/
2021/6654220

4. Daniel L, Bhattacharyya ND, Counoupas C, Cai Y, Chen X, Triccas JA, et al.
Stromal structure remodeling by B lymphocytes limits T cell activation in lymph nodes
of Mycobacterium tuberculosis-infected mice. J Clin Invest (2022) 132:e157873.
doi: 10.1172/JCI157873

5. Forthal DN. Functions of antibodies. Microbiol Spectr (2014) 2:1-17. doi: 10.1128/
microbiolspec. AID-0019-2014

6. Shen P, Fillatreau S. Antibody-independent functions of B cells: a focus on
cytokines. Nat Rev Immunol (2015) 15:441-51. doi: 10.1038/nri3857

7. Stogerer T, Stiger S. Innate immune sensing by cells of the adaptive immune
system. Front Immunol (2020) 11:1081. doi: 10.3389/fimmu.2020.01081

8. du Plessis W], Kleynhans L, du Plessis N, Stanley K, Malherbe ST, Maasdorp E,
et al. The functional response of B cells to antigenic stimulation: A preliminary report
of latent tuberculosis. PloS One (2016) 11:¢0152710. doi: 10.1371/journal.pone.0152710

9. Silva CS, Sundling C, Folkesson E, Fréberg G, Nobrega C, Canto-Gomes J, et al.
High dimensional immune profiling reveals different response patterns in active and
latent tuberculosis following stimulation with mycobacterial glycolipids. Front
Immunol (2021) 12:727300. doi: 10.3389/fimmu.2021.727300

10. Yuan C, Qu ZL, Tang XL, Liu Q, Luo W, Huang C, et al. Mycobacterium
tuberculosis mannose-capped lipoarabinomannan induces IL-10-producing B cells and
hinders CD4+Thl immunity. iScience (2019) 11:13-30. doi: 10.1016/j.isci.2018.11.039

11. Harris DP, Goodrich S, Gerth AJ, Peng SL, Lund FE. Regulation of IFN-y
Production by B effector 1 cells: essential roles for T-bet and the IFN-y Receptor. |
Immunol (2005) 174:6781-90. doi: 10.4049/jimmunol.174.11.6781

12. Hiza H, Hella J, Arbués A, Sasamalo M, Misana V, Fellay ], et al. CD38
expression by antigen-specific CD4 T cells is significantly restored 5 months after
treatment initiation independently of sputum bacterial load at the time of tuberculosis
diagnosis. Front Med (2022) 9:821776. doi: 10.3389/fmed.2022.821776

13. Du Plessis WJ, Keyser A, Walzl G, Loxton AG. Phenotypic analysis of peripheral
B cell populations during Mycobacterium tuberculosis infection and disease. |
Inflammation (United Kingdom) (2016). doi: 10.1186/s12950-016-0133-4

14. Piedra-Quintero ZL, Wilson Z, Nava P, Guerau-de-Arellano M. CD38: an
immunomodulatory molecule in inflammation and autoimmunity. Front Immunol
(2020) 11:597959. doi: 10.3389/fimmu.2020.597959

15. Diaz-Fernandez S, Villar-Hernandez R, Stojanovic Z, Fernandez M, Galvdo
MLDS, Tolosa G, et al. Study of CD27, CD38, HLA-DR and Ki-67 immune profiles for
the characterization of active tuberculosis, latent infection and end of treatment. Front
Microbiol (2022) 13:885312. doi: 10.3389/fmicb.2022.885312

16. Acharya MP, Pradeep SP, Murthy VS, Chikkannaiah P, Kambar V, Narayanashetty
S, et al. CD38+CD27-TNF-o. + on mtb -specific CD4+ T cells is a robust biomarker for
tuberculosis diagnosis. Clin Infect Dis (2021) 73:793-801. doi: 10.1093/cid/ciab144

17. Sanz I, Wei C, Jenks SA, Cashman KS, Tipton C, Woodruff MC, et al. Challenges
and opportunities for consistent classification of human B cell and plasma cell
populations. Front Immunol (2019) 10:2458. doi: 10.3389/fimmu.2019.02458

18. Liu G, Richard K, Wiggins M, Zhu X, Conrad DH, Song W. CD23 can negatively
regulate B-cell receptor signaling. Sci Rep (2016) 6:25629. doi: 10.1038/srep25629

Frontiers in Immunology

15

10.3389/fimmu.2023.1263458

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/fimmu.2023.1263458/
full#supplementary-material

19. Girma T, Tsegaye A, Desta K, Ayalew S, Tamene W, Zewdie M, et al. Phenotypic
characterization of Peripheral B cells in Mycobacterium tuberculosis infection and
disease in Addis Ababa, Ethiopia. Tuberculosis (2023) 140:102329. doi: 10.1016/
j.tube.2023.102329

20. Rijnink WF, Ottenhoff THM, Joosten SA. B-cells and antibodies as contributors
to effector immune responses in tuberculosis. Front Immunol (2021) 12:640168.
doi: 10.3389/fimmu.2021.640168

21. Quintelier K, Couckuyt A, Emmaneel A, Aerts J, Saeys Y, Van Gassen S.
Analyzing high-dimensional cytometry data using FlowSOM. Nat Protoc (2021)
16:3775-801. doi: 10.1038/s41596-021-00550-0

22. Urban-Solano A, Flores-Gonzalez J, Cruz-Lagunas A, Pérez-Rubio G, Buendia-
Roldan I, Ramon-Luing LA, et al. High levels of PF4, VEGF-A, and classical monocytes
correlate with the platelets count and inflammation during active tuberculosis. Front
Immunol (2022) 13:1016472. doi: 10.3389/fimmu.2022.1016472

23. Sosa-Hernandez VA, Torres-Ruiz J, Cervantes-Diaz R, Romero-Ramirez S, Paez-
Franco JC, Meza-Sanchez DE, et al. B cell subsets as severity-associated signatures in
COVID-19 patients. Front Immunol (2020) 11:611004. doi: 10.3389/fimmu.2020.611004

24. Wang C, Xu H, Gao R, Leng F, Huo F, Li Y, et al. CD19+CD24hiCD38hi
regulatory B cells deficiency revealed severity and poor prognosis in patients with
sepsis. BMC Immunol (2022) 23:54. doi: 10.1186/s12865-022-00528-x

25. Nogueira OC, Gandini M, Cabral N, de Figueiredo V, Rodrigues-da-Silva RN,
Lima-Junior JDC, et al. Changes in B cell pool of patients with multibacillary leprosy:
diminished memory B cell and enhanced mature B in peripheral blood. Front Immunol
(2021) 12:727580. doi: 10.3389/fimmu.2021.727580

26. Swanson RV, Gupta A, Foreman TW, Lu L, Choreno-Parra JA, Mbandi SK; et al.
Antigen-specific B cells direct T follicular-like helper cells into lymphoid follicles to
mediate Mycobacterium tuberculosis control. Nat Immunol (2023) 24(5):855-68.
doi: 10.1038/s41590-023-01476-3

27. Chen Y, Bharrhan S, Xu J, Sharma T, Wang Y, Salgame P, et al. B cells promote
granulomatous inflammation during chronic Mycobacterium tuberculosis infection in
mice. PloS Pathog (2023) 19:e1011187. doi: 10.1371/journal.ppat.1011187

28. La Manna MP, Shekarkar-Azgomi M, Badami GD, Tamburini B, Dieli C, Di Carlo P,
et al. Impact of mycobacterium tuberculosis infection on human B cell compartment and
antibody responses. Cells (2022) 11:2906. doi: 10.3390/cells11182906

29. Roy Chowdhury R, Vallania F, Yang Q, Lopez Angel CJ, Darboe F, Penn-Nicholson
A, etal. A multi-cohort study of the immune factors associated with M. tuberculosis infection
outcomes. Nature (2018) 560:644-8. doi: 10.1038/s41586-018-0439-x

30. Abreu MT, Carvalheiro H, Rodrigues-Sousa T, Domingos A, Segorbe-Luis A,
Rodrigues-Santos P, et al. Alterations in the peripheral blood B cell subpopulations of
multidrug-resistant tuberculosis patients. Clin Exp Med (2014) 14:423-9. doi: 10.1007/
§10238-013-0258-1

31. Khan N, Downey J, Sanz ], Kaufmann E, Blankenhaus B, Pacis A, et al. M.

tuberculosis reprograms hematopoietic stem cells to limit myelopoiesis and impair
trained immunity. Cell (2020) 183:752-770.e22. doi: 10.1016/j.cell.2020.09.062

32. Fang Y, Wang N, Tang L, Yang X-J, Tang Y, Li L, et al. Evaluation of
Mycobacterium tuberculosis specific antigen-stimulated CD27-CD38+IFN-y+CD4+
T cells for discrimination of active tuberculosis. BMC Infect Dis (2022) 22:899.
doi: 10.1186/s12879-022-07895-1

33. Morgan J, Muskat K, Tippalagama R, Sette A, Burel J, Lindestam Arlehamn CS.
Classical CD4 T cells as the cornerstone of antimycobacterial immunity. Immunol Rev
(2021) 301:10-29. doi: 10.1111/imr.12963

34. Camponeschi A, Klasener K, Sundell T, Lundqvist C, Manna PT, Ayoubzadeh N,
et al. Human CD38 regulates B cell antigen receptor dynamic organization in normal
and Malignant B cells. ] Exp Med (2022) 219:¢20220201. doi: 10.1084/jem.20220201

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1263458/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1263458/full#supplementary-material
https://doi.org/10.3389/fimmu.2021.595746
https://doi.org/10.1155/2021/6654220
https://doi.org/10.1155/2021/6654220
https://doi.org/10.1172/JCI157873
https://doi.org/10.1128/microbiolspec.AID-0019-2014
https://doi.org/10.1128/microbiolspec.AID-0019-2014
https://doi.org/10.1038/nri3857
https://doi.org/10.3389/fimmu.2020.01081
https://doi.org/10.1371/journal.pone.0152710
https://doi.org/10.3389/fimmu.2021.727300
https://doi.org/10.1016/j.isci.2018.11.039
https://doi.org/10.4049/jimmunol.174.11.6781
https://doi.org/10.3389/fmed.2022.821776
https://doi.org/10.1186/s12950-016-0133-4
https://doi.org/10.3389/fimmu.2020.597959
https://doi.org/10.3389/fmicb.2022.885312
https://doi.org/10.1093/cid/ciab144
https://doi.org/10.3389/fimmu.2019.02458
https://doi.org/10.1038/srep25629
https://doi.org/10.1016/j.tube.2023.102329
https://doi.org/10.1016/j.tube.2023.102329
https://doi.org/10.3389/fimmu.2021.640168
https://doi.org/10.1038/s41596-021-00550-0
https://doi.org/10.3389/fimmu.2022.1016472
https://doi.org/10.3389/fimmu.2020.611004
https://doi.org/10.1186/s12865-022-00528-x
https://doi.org/10.3389/fimmu.2021.727580
https://doi.org/10.1038/s41590-023-01476-3
https://doi.org/10.1371/journal.ppat.1011187
https://doi.org/10.3390/cells11182906
https://doi.org/10.1038/s41586-018-0439-x
https://doi.org/10.1007/s10238-013-0258-1
https://doi.org/10.1007/s10238-013-0258-1
https://doi.org/10.1016/j.cell.2020.09.062
https://doi.org/10.1186/s12879-022-07895-1
https://doi.org/10.1111/imr.12963
https://doi.org/10.1084/jem.20220201
https://doi.org/10.3389/fimmu.2023.1263458
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Flores-Gonzalez et al.

35. Mantei A, Meyer T, Schiirmann M, BefSler C, Bias H, Krieger D, et al. M ycobacterium
tuberculosis -specific CD4 T-cell scoring discriminates tuberculosis infection from disease.
Eur Respir J (2022) 60:2101780. doi: 10.1183/13993003.01780-2021

36. Dutt TS, Karger BR, Fox A, Youssef N, Dadhwal R, Ali MZ, et al. Mucosal
exposure to non-tuberculous mycobacteria elicits B cell-mediated immunity against
pulmonary tuberculosis. Cell Rep (2022) 41:111783. doi: 10.1016/j.celrep.2022.111783

37. Singh K, Kumar R, Umam F, Kapoor P, Sinha S, Aggarwal A. Distinct and shared
B cell responses of tuberculosis patients and their household contacts. PloS One (2022)
17:€0276610. doi: 10.1371/journal.pone.0276610

38. Reichler MR, Hirsch C, Yuan Y, Khan A, Dorman SE, Schluger N, et al.
Predictive value of TNF-a, IFN-v, and IL-10 for tuberculosis among recently
exposed contacts in the United States and Canada. BMC Infect Dis (2020) 20:553.
doi: 10.1186/s12879-020-05185-2

39. Flores-Gonzalez J, Ramon-Luing LA, Romero-Tendilla J, Urban-Solano A,
Cruz-Lagunas A, Chavez-Galan L. Latent tuberculosis patients have an increased
frequency of IFN-y-producing CD5+ B cells, which respond efficiently to
mycobacterial proteins. Pathogens (2023) 12:818. doi: 10.3390/pathogens12060818

40. Soe PT, Hanthamrongwit ], Saelee C, Kyaw SP, Khaenam P, Warit S, et al.
Circulating IgA/IgG memory B cells against Mycobacterium tuberculosis dormancy-
associated antigens Rv2659c and Rv3128c in active and latent tuberculosis. Int ] Infect
Dis (2021) 110:75-82. doi: 10.1016/j.ijid.2021.07.033

41. Mosquera-Restrepo SF, Zuberogoitia S, Gouxette L, Layre E, Gilleron M, Stella
A, etal. A Mycobacterium tuberculosis fingerprint in human breath allows tuberculosis
detection. Nat Commun (2022) 13:7751. doi: 10.1038/s41467-022-35453-5

42. Bitencourt J, Peralta-Alvarez MP, Wilkie M, Jacobs A, Wright D, Salman
Almujri S, et al. Induction of functional specific antibodies, igG-secreting
plasmablasts and memory B cells following BCG vaccination. Front Immunol (2022)
12:798207. doi: 10.3389/fimmu.2021.798207

43. Alma AM, Mara CR, José RV, Adrian RT, Alberto LF. Determination of anti-
Mycobacterium tuberculosis IgM and IgG antibodies in individuals in contact with

Frontiers in Immunology

16

10.3389/fimmu.2023.1263458

patients with active tuberculosis. Front Immunol (2015) 6:2015.05.00157. doi: 10.3389/
conf.fimmu.2015.05.00157

44. Boulanger M, Molina E, Wang K, Kickler T, Xu Y, Garibaldi BT. Peripheral
plasma cells associated with mortality benefit in severe COVID-19: A marker of disease
resolution. Am J Med (2021) 134:1029-33. doi: 10.1016/j.amjmed.2021.01.040

45. Gindeh A, Owolabi O, Donkor S, Sutherland JS. Mycobacterium tuberculosis-
specific plasmablast levels are differentially modulated in tuberculosis infection and
disease. Tuberculosis (2020) 124:101978. doi: 10.1016/j.tube.2020.101978

46. Flemming A. Natural regulatory plasma cells. Nat Rev Immunol (2018) 18:540—
1. doi: 10.1038/s41577-018-0057-8

47, Jansen K, Cevhertas L, Ma S, Satitsuksanoa P, Akdis M, Van De Veen W.
Regulatory B cells, A to Z. Allergy (2021) 76:2699-715. doi: 10.1111/all.14763

48. Greto VL, Cvetko A, Stambuk T, Dempster NJ, Kifer D, Deri$ H, et al. Extensive
weight loss reduces glycan age by altering IgG N-glycosylation. Int J Obes (2021)
45:1521-31. doi: 10.1038/s41366-021-00816-3

49. Lu LL, Das J, Grace PS, Fortune SM, Restrepo BI, Alter G. Antibody fc
glycosylation discriminates between latent and active tuberculosis. J Infect Dis (2020)
222:2093-102. doi: 10.1093/infdis/jiz643

50. Hermann C, King CG. TB or not to be: what specificities and impact do
antibodies have during tuberculosis? Oxford Open Immunol (2021) 2:igabO015.
doi: 10.1093/0xfimm/iqab015

51. Li H, Wang X, Wang B, Fu L, Liu G, Lu Y, et al. Latently and uninfected
healthcare workers exposed to TB make protective antibodies against
Mycobacterium tuberculosis. Proc Natl Acad Sci USA (2017) 114:5023-8.
doi: 10.1073/pnas.1611776114

52. Heine G, Drozdenko G, Griin JR, Chang H-D, Radbruch A, Worm M. Autocrine
IL-10 promotes human B-cell differentiation into IgM- or IgG-secreting plasmablasts:
Cellular immune response. Eur | Immunol (2014) 44:1615-21. doi: 10.1002/
€ji.201343822

frontiersin.org


https://doi.org/10.1183/13993003.01780-2021
https://doi.org/10.1016/j.celrep.2022.111783
https://doi.org/10.1371/journal.pone.0276610
https://doi.org/10.1186/s12879-020-05185-2
https://doi.org/10.3390/pathogens12060818
https://doi.org/10.1016/j.ijid.2021.07.033
https://doi.org/10.1038/s41467-022-35453-5
https://doi.org/10.3389/fimmu.2021.798207
https://doi.org/10.3389/conf.fimmu.2015.05.00157
https://doi.org/10.3389/conf.fimmu.2015.05.00157
https://doi.org/10.1016/j.amjmed.2021.01.040
https://doi.org/10.1016/j.tube.2020.101978
https://doi.org/10.1038/s41577-018-0057-8
https://doi.org/10.1111/all.14763
https://doi.org/10.1038/s41366-021-00816-3
https://doi.org/10.1093/infdis/jiz643
https://doi.org/10.1093/oxfimm/iqab015
https://doi.org/10.1073/pnas.1611776114
https://doi.org/10.1002/eji.201343822
https://doi.org/10.1002/eji.201343822
https://doi.org/10.3389/fimmu.2023.1263458
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Active tuberculosis patients have high systemic IgG levels and B-cell fingerprinting, characterized by a reduced capacity to produce IFN-&gamma; or IL-10 as a response to M.tb antigens
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Study population
	2.3 Sample collection
	2.4 B-cell phenotyping and high-dimensional data analysis
	2.5 PBMC culture and stimulation
	2.6 Intracellular cytokine evaluation
	2.7 Enzyme-linked immunosorbent assay
	2.8 Principal component and heatmap analyses
	2.9 Statistical analysis

	3 Results
	3.1 Clinical characteristics
	3.2 DR-TB patients show expansion and remodeling of the naive B-cell subset
	3.3 LTB and ATB have decreased the frequency of CD19+CD20&minus; cells but not plasma B cells
	3.4 DR- and DS-TB have similar immune fingerprinting, which is not shared with LTB
	3.5 Alteration of B-cell subsets correlates with increased IL-10 after weight loss in TB groups
	3.6 B cells of DR-TB patients have reduced capacity to produce IFN-&gamma; or IL-10 as a response to M.tb antigens

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


