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Abstract. B-cells have a spectrum of functions ranging from antibody production to antigen presentation and have
additional vital roles in immune mechanisms. There is rudimentary knowledge about the role of B-cells in intracellular
infections with contradictory findings. We explored the role of B-cell dysfunctions in visceral leishmaniasis (VL) patho-
genesis in terms of the phenotypic and functional properties of B-cells during the course of disease. This study was
performed on blood and splenic aspirates (SA) of VL cases pre- and post-treatment. Whole blood was used for flow
cytometric studies for determining the profiles of B-cells at different time-points of treatment. Peripheral blood mono-
nuclear cells were used for magnetic purification of B-cells, for transcriptional studies by real-time polymerase chain
reaction (RT-PCR). Serum/plasma was used for direct agglutination test for determining parasite-specific antibodies and
SA were used for scoring the presence of parasite by microscopic examination. Flow cytometric studies depicted decreased
B-cell percentages during the entire course of disease and attainment of exhaustive phenotype with tissue-like memory cell
markers, indicative of B-cell dysfunctions in VL. In addition, B-cells had compromised abilities of antigen processing and
presentation and altered levels of B-lymphocyte-induced maturation protein-1 (Blimp-1). Blimp-1 expression goes hand in
hand with B-cell maturation antigen and transmembrane activator and calcium modulator (TACI) and cyclophilin ligand
interactor, suggestive of its role in promoting plasma cell survival and antibody production. Elevated level of VL-specific
antibodly titre was directly correlated with exhausted phenotype and also with disease severity during VL. This study indicated

for impaired B-cell functions during chronic infection which may lead to pathological consequences in human VL.

INTRODUCTION

Visceral Leishmaniasis (VL) is one of the major neglected
tropical diseases caused by the protozoan parasite Leishmania
donovani and characterized by prolonged fever, anemia,
splenomegaly, pancytopenia, hypergammaglobulinemia, and
death if left untreated. B-cell dysfunctions as marked by
hypergammaglobulinemia and presence of nonspecific (poly-
clonal) antibodies are hallmarks of human VL.! Furthermore,
B-cells have been known to cause disease exacerbation during
Leishmania infection,? with controversial role of antibodies in
disease pathogenesis.>*

Apart from the classical role of antibody production, B-cells
also serve as professional antigen presenting cells, provide co-
stimulatory signals, produce cytokines, and can have immu-
noregulatory properties. B-cell-associated dysfunctions have
mostly been reported in viral infections such as human immu-
nodeficiency virus (HIV).% In the recent past, a lot of studies have
been performed to understand the role of B-cells in intracellular
infections, without any clear evidence for the role of B-cells and
its effector mechanisms in determining the disease pathogen-
esis. Not much is known about their cytokine producing, anti-
gen processing, and presentation capacity. However, the less
appreciated B-cells have been divided depending on the line-
age and differentiation markers into naive B-cells, immature
B-cells, plasma cells, regulatory B-cells (Bregs), and memory
B-cells. Memory B-cell subsets have further been classified into
classical, active, and tissue-like memory (TLM) or atypical B-cells,
based on the combined expression patterns of CD21 and CD27.

The outcomes of B-cell-mediated humoral responses
are under the regulatory control of broad-spectrum regula-
tory cytokine, interleukin-10 (IL-10).° In addition, molecular
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factors such as Blimp-1 (B-lymphocyte induced maturation
protein-1), BCMA (B-cell maturation antigen), and TACI (Trans-
membrane activator and calcium modulator and cyclophilin li-
gand interactor) from tumor necrosis factor (TNF) receptor
superfamily serve as decision-makers for B-cell homeostasis,
controlling their proliferation, differentiation, and apoptosis.”
Several hypotheses explain the role of B-cells in pathology or
protection, but scarce data are available for the functional char-
acteristics of B-cells in human VL. There are numerous pheno-
typic and functional anomalies in B-cells of VL cases. We found
B-cell exhaustion in VL and decreased resting memory B-cells
throughout the course of disease. The exhausted B-cell pheno-
type was also marked by compromised human leukocyte antigen
(HLA-DR)-dependent antigen presentation abilities that were
under the influence of the master regulator, Blimp-1. Neverthe-
less, antibodies have been major immune regulators, produced
by B-cells. We found that antibodies could potentially serve as a
crucial factor driving VL pathogenesis by improving the plasma
cell survival and differentiation via. IL-10, Blimp-1, and TNF re-
ceptor superfamily members—BCMA and TACl—therefore,
providing better understanding of the mechanism of B-cell-
mediated antibody-dependent and independent immune
mechanisms, and why these responses are compromised
during Leishmania infection could be of great relevance to
vaccine biology. Most of the studies on the contribution of
B-cells in VL development have been performed on the animal
model, mostly with B-cell-deficient mice. Nevertheless, in
human VL, B-cell functions have not been clearly understood.
By studying B-cells as targets for immune augmentation, we
can explore the ways of targeting the B-cells and its antigen-
presentation machinery for therapeutic advantage.

MATERIALS AND METHODS

Study subjects. The study was carried out at the Infectious
Diseases Research Laboratory of the Department of Medi-
cine, Banaras Hindu University, Varanasi, India, and at its field
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site Kala-Azar Medical Research Centre (KAMRC), Muzaffar-
pur, Bihar, India. The study was approved by the Ethics
Committee of the Institute of Medical Sciences, Banaras
Hindu University (BHU), and all subjects provided written in-
formed consent.

The diagnosis was based on the presence of typical
symptoms and confirmed by detection of amastigotes in
splenic aspirates (SA) and/or serologically by a presence of
antibodies to recombinant K39-antigen using dip-stick assay.
Intotal, 235 subjects were used in the study, and venous blood
was collected from patients and endemic controls (EC); age >
12 years, negative for human immunodeficiency virus, and
non-pregnant candidates were enrolled for the study under
the inclusion criteria. All EC were healthy household members
of patients. Blood and SA samples were transported from
KAMRC, at 15-18°C and 4-8°C, respectively, to BHU, Varanasi,
where they were processed within 24 hours of collection.

Direct agglutination test (DAT). Direct agglutination test
was performed following the standard procedures described
elsewhere® and using a freeze-dried version of fixed, trypsin-
treated and stained promastigotes of L. donovani prepared in
ITM-Antwerp, Belgium.® Direct agglutination test reagent was
supplemented with 2% Ultroser G (Pall, Bio Sepra, Port
Washington, NY) to inhibit nonspecific agglutination®; 2.5 uL
of serum/plasma sample was diluted in 2,000 yL of DAT dilution
buffer (phosphate buffer saline [PBS], pH 7.2, supplemented
with protein). One-hundred microliters of this prepared stock
was transferred to a well of the first column of the V-shaped
microtitre plate (8 x 12 wells; Greiner, Frickenhausen, Germany).
The rest of the wells were then dispensed with 50 pL of DAT
diluents with 2 mercapto-ethanol (preparation: 0.24 mL 2-ME
per vial of 30 mL of DAT diluent). A serial dilution of 1:400 up to
1:3,276,800 was obtained by mixing and by transferring 50 yL
from the first well to the subsequent wells. One positive and
one negative control were included in each plate. Wells in the
last row were kept for antigen control. Fifty microliters of
properly mixed and re-suspended DAT antigen was dispensed
to every well. Plates were then sealed, shaken gently, and
incubated overnight in a horizontal position at ambient
temperature.

The DAT results (i.e., agglutinating titre) were read against a
white background by two independent readers. Samples with
a titre > 1:1,600 were considered positive. This titre, which is
lower than the one used for VL diagnosis in clinical suspects
(1:3,200), was chosen to increase the sensitivity to detect
L. donovani infection.’®'! The different grades of splenic
scores were used for correlational analysis with the antibody
titres obtained from DAT (Table1).

Flow cytometry. Peripheral blood cells were stained with
fluorescent markers conjugated antibodies at KAMRC, fixed
and transported to Banaras Hindu University for analysis. Anti-
bodies for CD27, CD21, CD19, CD20 (from BD Biosciences),

TaBLE 1

Different splenic score grade in VL cases with reference to their cor-
responding range of antibody titres

Splenic Slide Score Number of
S.No. (Chulay and Bryceson 1983) VL cases Antibody titers
1 1+ (1-10 parasite/1,000 field) 1 1:25,600-1:819,200
2 2 + (1-10 parasite/100 field) 14 1:102,400-1:3,276,800
3 3 + (1-10 parasite/10 field) 12 1:819,200-1:3,276,800
4 4 + (1-10 parasite/field) 12 1:3,276,800

VL = visceral leishmaniasis.

CD267 (TACI) PE, and CD269 (BCMA) (from Miltenyi Biotec,
Bergisch Gladbach, Germany) were used for B-cell analysis in
pretreatment (D-0), posttreatment (D-30 or DIS), 6 months after
cure/follow-up (6M), and endemic controls. The samples
were used for B-cell analysis in separate staining panels,
incubated for 30 minutes in dark. Staining was performed
according to manufacturer’s instructions, followed by
washing in PBS by centrifugation and resuspension in PBS
with 0.1% bovine serum albumin (BSA) for flow cytometry.
Gates for positive and negative samples were set using un-
stained samples, single stained controls and in method setup
with fluorescence minus one controls. All the samples were
acquired using FACS CALIBUR model 4CS, (BD Biosciences,
Franklin Lakes, NJ) and analyzed by Flowjo.

Magnetic purification of B-cells and real-time PCR.
Peripheral blood mononuclear cells were isolated from venous
blood and subsequently used for B-cell enrichment using
CD19* microbeads (Milteneyi), suspended in RNA later (Qia-
gen GmbH, Hilden, Germany), and used for total RNA isolation
using RNeasy tissue kit (Qiagen GmbH) according to the
manufacturer’s instructions. Sample quality and integrity was
assessed by ND-2000 spectrophotometer (Thermo Fischer
Scientific, Wilmington, DE) and agarose (Sigma Aldrich Chem-
icals, St. Louis, MO) gel electrophoresis. Thousand nanograms
of RNA was reverse transcribed using the high-capacity cDNA
synthesis kit (Applied Biosystems, Foster City, CA) as per man-
ufacturer’s instructions. Real-time PCR was performed on ABI
7500 platform (Applied Biosystems) using SYBR green—-based
assays for the following genes—Blimp-1 (forward 5'-AACG-
TGTGGGTACGACCTTG-3'; reverse, 5'-ATTTTCATGGTCC-
CCTTGGT-3'),'2 TagMan-based gene expression assays were
performed using cDNA-specific FAM-MGB-labeled primer/
probe (carboxyfluorescein) for HLA-DR, MHC class Il trans-
activtor (CIITA), and CD74. Genes were normalized using
glyceraldehyde-3-phosphatepi  (GAPDH)'?2 for SYBR
green-based assays and VIC-MGB-labeled (2’-chloro-
7'phenyl-1,4-dichloro-6-carboxyflurescein) 18S rRNA as
endogenous control for Tagman assay, respectively, with
appropriate no-reverse transcriptase (RT) and no-template con-
trols included in each plate. The relative quantification of products
was determined by the number of cycles over GAPDH or 18S
mRNA endogenous control required to detect the gene ex-
pression of interest. The results obtained were analyzed by using
7500 software v.2.0.1 (Applied Biosystems, Foster City, CA).

Statistical analysis. Statistical analysis was performed
using Graph pad prism 5 (version 5.00 for Windows; Graph
Pad Software, San Diego, CA). Groups were compared using
nonparametric Mann-Whitney test. When applicable, paired
t-test or Wilcoxon matched paired tests were used. For as-
sociation studies between different variables correlation
analysis was performed using Pearson’s test.

RESULTS AND DISCUSSION

Visceral leishmaniasis infection leads to noticeable B-cell
defects as lymphocytopenia, hyperactivation, and hyper-
gammmaglobulinemia that are normally absent or appear at
low levels in healthy individuals. Chemotherapy induces re-
versible alterations after successful treatment, suggesting a
relationship with parasite survival and disease pathogenesis.
The diverse functions of B-cells in the context of VL pathogenesis
have not been assessed in human VL. There are contradictory
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reports on B-cells without any clear evidences for protective or
pathological functions during disease pathogenesis. In this
study, we tried to explore this area to demonstrate the sig-
nificance of B-cells in VL pathogenesis.

We hypothesized that VL is associated with significant
B-cell dysfunctions and looked at phenotype and transcrip-
tional properties of B-cells and their significance in VL mani-
festation. Considering the total of 235 subjects included in the
entire study, B-cell kinetics study by flow cytometric analysis
of CD19* cells in peripheral blood was performed. Figure 1
shows the representative gating strategy used for the ana-
lyzing the B-cell population. We observed reduced frequency
of CD19" B-cells in active cases which tend to increase (al-
most 2-fold) after 30 days of drug treatment and 6 months
posttreatment (Figure 2A). This might be suggestive of detri-
mental effects of Leishmania infection on the B-cell function-
ing and responsiveness that gradually resolves on treatment
and with reduction in the parasite load.

We were next interested to phenotypically determine the
frequency of different B-cells subsets. Flow cytometric studies
revealed for the subsets of B-cells as naive B-cells
(CD27-CD21%), plasma cells (CD20~CD217), activated memory
B-cells (CD21-CD27%), resting memory (CD21*CD27*), and
TLM B-cells (CD21~CD27"). Flow cytometric analysis provided
the evidences for the elevated frequencies of plasma cells at
the pretreated stage, whereas TLM B-cell population signifi-
cantly came up during course of VL at posttreatment stages

CD21 APC
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(Figure 2B and C). The increased plasma cell proportions can be
attributed to the hypergammaglobulinemia during the disease,
whereas the TLM population has been known to be functionally
impaired and termed as exhausted B-cells as reported from
HIV'® and malaria.* These TLM B-cells were increased during
chronic phase of disease but gradually declines on treatment
over a period of 6 months as reported in HIV infection.’® We
propose that the aberration in B-cell distribution during VL re-
flects the alterations in B-cell populations.

We next examined the antigen presentation capacity as
readout of functional impairment in B-cells during the course
of disease. We observed decreased HLA-DR transcripts and
its invariant chain CD74 during active disease as compared
with post-treated cases and endemic controls. Looking for the
upstream regulatory elements of antigen-presentation ma-
chinery of HLA-DR viz. MHC class |l transactivtor and Blimp-1,
we found dampened expression of CIITA at pre-treatment.
This was accompanied with significantly elevated transcript
levels of master regulator Blimp-1 in pre-treated cases which
is assumed to negatively orchestrate transcriptional regula-
tors of antigen presentation machinery in B-cells and also
drives differentiation of B-cells into plasma cells (Figure 3A) in
line with the previously reported research.® It can be assumed
that Blimp-1 represses the B-cell-specific promoter of the
human gene that encodes CIITA in a binding site-dependent
manner as already known.'® Decreased CIITA also correlates
with increased BLIMP-1 during plasma cell differentiation in
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Ficure 1. Gating strategy for analysis of B-cell populations. This figure appears in color at www.ajtmh.org.
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Ficure 2. Distribution of different B-cell subsets at different stages of disease (pre- and posttreatment, and follow-up after 6 months of treatment)
as compared with healthy controls. (A) Effect of visceral leishmaniasis infection on the frequency of B-cells at different time-points (pre-treatment, 30
days, and 6 months) of treatment compared with the healthy controls. (B) Differential kinetics of distribution of naive B-cells, activated B-cells,
tissue-like memory (TLM) B-cells, and resting memory B-cells. (C) Comparative distribution of each B-cell subsets at different time-points as
compared with healthy controls (EC). ns = nonsignificant and significant differences are indicated by P-values (*P < 0.05, **P < 0.01, and **P <

0.001).

cultured cells'” therefore, justifying our findings for the in-
creased frequency of plasma cells at pre-treated stage as
compared with healthy controls. Thus, ectopic expression of
Blimp-1 represses endogenous mRNA for CIITA and the CIITA
targets, class Il MHC, invariant chain,'® going hand in hand
with the observation in VL where upregulation of Blimp-1 was
accompanied with the downregulation of CIITA, HLA-DR, and
CD74. The persistent exposure to the antigen, during chronic
infection causes B-cell exhaustion, which was seenin the form
of gradual appearance of TLM population as the treatment
progresses (Figure 2B and C). Furthermore, B-cells during
active disease starts attaining regulatory characteristics, by
serving as the non-redundant source of IL-10, seen as in-
creased transcripts at pre-treatment. This key regulatory cy-
tokine is assumed to be involved in promoting disease
pathogenesis, which was in direct concordance with antibody
titres (Pearson’s coefficient R? = 0.7433, P-value = 0.0056)
(Figure 3B) in accordance with the previously reported find-
ings, 8 therefore inhibiting anti-microbial immunity contribut-
ing toward the disease pathogenesis and could serve as a
driving factor for visceralization. Indeed, IL-10-producing
B-cells have been known to inhibit CD4*CD25* T-cell pro-
liferation in vitro.'® These findings imply that manipulating IL-10
production by human B-cells could be a useful therapeutic
strategy for modulating immune responses in humans; in line
with the studies from murine model.2° However, the elevated
level of IL-10 has been known to cause immune suppression in

VL and also serves to stimulate DNA replication and immuno-
globulin secretion.®

In addition, insight into the key drivers of B-cell differentia-
tion, proliferation, plasma cell survival, maturation, and
antibody production phenomenon emphasized on the study
of BCMA and TACI. These markers were anti-apoptotic, sur-
vival signals for plasma cells that were elevated in the active
diseased state which gradually declined during the course
of the treatment (Figure 3C), as already documented in
myeloma model,?" established as essential marker of dis-
ease pathophysiology.

There are literatures which suggested for protective role,
whereas others advocated for the pathogenic role of anti-
bodies during Leishmania infection,>3222% as they were
considered irrelevant for VL unless recent literature suggested
for strong correlation of serological status with the disease
progression.?* Similarly, studies of Leishmania major® and
Leishmania amazonensis®® suggest for the pathological role
of antibodies in the murine system. Considering hyper-
gammaglobulinemia as one of the majorimmune dysfunctions
in VL along with emergence of TLM B-cells during disease led
us to explore the role of these hypo-responsive B-cells as
determinant for the humoral responses. We observed a pos-
itive correlation between VL-specific antibody responses with
the percentage of TLM B-cells (Pearson’s coefficient, R* =
0.4855, P = 0.0009) (Figure 3D). This study raised the concern
to expedite the suspicious role of anti-leishmanial antibody
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Ficure 3. Diagrammatic representation of B-cells effector functions. (A) Real-time PCR-based transcript analysis of antigen-presentation
capacity by master regulator B-lymphocyte-induced maturation protein-1 (Blimp-1) which regulates the transcription of MHC class Il transactivator
(CIITA), being the upstream regulator of human leukocyte antigen (HLA-DR), alteration in CIITA directly affects the antigen presentation seen as
differential expression of HLA-DR and its invariant chain CD74. (B) Increased transcript level of interleukin-10 produced by B-cells during disease
and linear regression plot for establishing its correlation with the antibody titres. (C) Expression of BCMA (CD269) and TACI (CD267) on B-cells
determines their differentiation toward plasma cell and antibody production. Significant differences are indicated by P-values (*P < 0.05, **P < 0.01,
and *™*P < 0.001). (D) B-cell exhaustive functions in terms of linear regression plots. Correlation studies for the antibody titres with the percentage of tissue-
like memory (TLM) B-cells or atypical B-cells (Pearson’s coefficient, R> = 0.4855 and P = 0.0009). Positive correlation revealed from the analysis of
antibody titres with the disease severity in terms of splenic scores from microscopic examinations (Pearson’s coefficient, RZ = 0.663, and P < 0.0001).

during VL. We observed strong correlation of VL-specific an-
tibody titres with the parasite burden in the spleen as a direct
measurement for disease severity (R? = 0.3663, P < 0.0001)
(Figure 3D). Further dissection of the antibody titres with dis-
ease severity in terms of splenic scores indicated for the
abundance of antibodies even at 10-fold dilution in cases
with high parasite burden in the spleen (Table1). These find-
ings provided clues regarding the devastating role of anti-
bodies during VL, which was in line with the report by Miles
et al.® Thus, changes in the magnitude of humoral responses
and emergence of TLM cell population depend on the parasite
burden.

Miles et al.® have shown for role of antibodies to promote
disease progression by boosting IL-10 production from
macrophages while switching off their IL-12 production
machinery. Therefore, all these events prevented parasite
elimination, in accordance with previously reported study
which was also in dengue infection.?® Furthermore, mice

lacking immunoglobulin-producing B-cells were resistant to
infection with different Leishmania strains,?”?® whereas passive
transfer of serum/purified antibodies restored their susceptibility.
Similar findings were also reported from mice lacking mature
B-cells toward L. major? or L. donovani?® infections.

In conclusion, our data suggested for the decreased B-cell
percentages from active VL cases with gradual attainment of
TLM cell markers contributing to the B-cell dysfunctions in VL
cases during the course of treatment. In addition, B-cells
during VL had compromised abilities of antigen processing
and presentation, increased production of anti-inflammatory
cytokines and increased VL-specific antibody titres. This el-
evated titre of VL-specific antibodies directly correlated with
the TLM B-cell phenotype and in turn disease severity seen in
the form of parasite load in the spleen by microscopy. Anti-
leishmanial treatment is assumed to gradually restore the
functional features of B-cells. Together, this dataset indicated
for the decreased B-cell percentages and impaired B-cell
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functions in human VL, which may have important conse-
quences for T-cell responses and affecting the overallimmune
status of the host in fighting against intracellular Leishmania
parasite. We hypothesize that the emergence of TLM B-cells
during the course of disease provides preliminary clues re-
garding B-cell dysfunctions as a consequence of chronic
antigen exposure and over-activation. Thus, this study pro-
vides the preliminary evidences about the B-cell-mediated
disease pathology in human VL and opens way for further
insight into this cell population for better understanding the
immunotherapeutic aspect of disease intervention. Perhaps,
future studies are likely to examine the functional relevance of
B-cell exhaustion in disease pathogenesis.
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