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Abstract.

Visceral leishmaniasis (VL) is a chronic parasitic disease associated with suppressed T cell responses.

Although parasites reside intracellularly in macrophages during chronic VL, neutrophils are the first host cell to infiltrate the
infection site and phagocytose the parasite. Subsets of neutrophils with unusual characteristics have been documented
in human VL, but whether the total neutrophil population is aberrant during disease is not known. Therefore, we examined
phenotypic characteristics of unfractionated polymorphonuclear leukocyte (neutrophils) from subjects with active VL, and
compared these with neutrophils from healthy controls or subjects who have been treated for VL. The data showed
decreased mMRNA and diminished amounts of the neutrophil chemoattractant CXCL8 (interleukin [IL]-8), increased IL-10
mRNA and protein, and elevated transcripts encoding arginase-1, which is involved in suppressing T cell responses.
Neutrophils from VL subjects showed enhanced capacity to phagocytose Leishmania spp. promastigotes. The results
suggest that neutrophils may contribute to immunosuppression in subjects with active VL.

Visceral leishmaniasis (VL) is a potentially fatal vector-borne
parasitic disease prevalent in populations afflicted by poverty
and malnutrition. The regions of highest incidence include India,
Bangladesh, Ethiopia, Sudan, South Sudan, and Brazil.'?

Neutrophils have been implicated as first responders at the
site of infection in murine models of both cutaneous and VL,
possibly serving as conduits for transferring parasites to
macrophages where they survive long term.# Known for their
ability to phagocytose and kill microbes, recent data empha-
size additional roles for neutrophils as immune system mod-
ulators that interact either directly or through cytokines with
other hematopoietic elements.® In the case of VL, it is hy-
pothesized that alow-density subset of circulating neutrophils
contributes to suppression of T cell responses due to their
high arginase content.” Our prior studies of Indian VL and
parallel studies of Brazilians with cutaneous leishmaniasis
have shown expansion of a subset of polymorphonuclear
leukocyte (neutrophils) (PMNs) that is partially activated and
lower density than conventional PMNs, presumably due to
loss of granule contents.®

Adaptive immune responses are ineffective at clearing
Leishmania spp. parasites during acute VL.° We hypothesized
that the dysfunctional systemic immune responses would
correlate with an altered functional state of neutrophils. Al-
though unusual subsets of neutrophils are reported in VL, it is
not clear whether all or the majority of neutrophils are impaired
in subjects with leishmaniasis. Thus the purpose of this study
was to examine phenotypic characteristics of unfractionated
PMNs from subjects with active VL, and compare these with
neutrophils from healthy controls or subjects who have been
treated for VL.

Human subjects recruited into this study included inpa-
tients with VL at the Kala-Azar Medical Research Center in
Muzaffarpur, Bihar, India. A diagnosis of VL was made by sug-
gestive symptoms, positive serologic test for rK39,% and in most
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cases detection of amastigotes in a splenic aspirate. A total of
37 patients, all of whom were human immunodeficiency virus
(HIV)-negative and more than 6 years of age, were included.
No serious complications or deaths occurred in these pa-
tients. Additional data from the charts of 572 VL patients were
reviewed. Endemic control subjects (ECs) were healthy
household members of patients (N = 16). Study protocols were
approved by Institutional Review Boards (IRBs) at Banaras
Hindu University, the University of lowa, and the National In-
stitutes of Health. The Banaras Hindu University IRB is regis-
tered with the NIH. All subjects and/or guardians of children
under age 18 provided written informed consent, and children
ages 12-17 signed an assent form.

Neutropenia, a well-documented feature of VL,'' was
confirmed in subjects admitted to KAMRC. Plotting against
duration of fever according to the patient’s history, the degree
of neutropenia was significantly correlated with the duration of
fever (Figure 1A).

The ability of PMNs to phagocytose fluorescent particles
was quantified by flow cytometry. Leishmania promastigotes
were stained with carboxyfluorescein succinimidyl ester
(CFSE) (Invitrogen, Carlsbad, CA) and used to assess phago-
cytosis as in our prior publication.'? Neutrophils were isolated on
a Ficoll density gradient after erythrocyte sedimentation with
Dextran.'® We previously reported that dextran eliminates
the low-density neutrophil population, so the population under
study included mostly normal density neutrophils depleted of
the low-density subset. Neutrophils isolated by this proce-
dure contained 86.2% + 4.5% neutrophils, assessed by flow
cytometry (N = 4). PMNs were incubated with fluorescein iso-
thiocyante (FITC)-labeled opsonized zymosan (OZ; Invitrogen
Cat: Z2841) or CFSE-labeled Leishmania donovani promasti-
gotes under conditions favoring phagocytosis (37°C, 5% CO,,
30 minutes), at a 2:1 or 5:1 particle:PMN ratio, respectively.
Neutrophils were stained with BD Anti Human CD66b (BD
Biosciences, Billerica, MA, Cat. No. 555724) and analyzed on a
FACS Calibur flow cytometry (Model 4CS, BD Biosciences).

Fluorescence associated with CD66b* PMNs was quanti-
fied both as the percentage of PMNs with green fluorescence,
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FIGURE 1.

Neutrophil abundance and phagocytic capacity. (A) Peripheral blood neutrophil counts from subjects with visceral leishmaniasis (VL)

were plotted against the number of days of fever according to the patient history. Data were analyzed with Spearman nonparametric correlation.
(B-E) polymorphonuclear leukocyte (neutrophils) (PMNs) were isolated from peripheral blood of subjects with acute VL or from endemic controls
(EC). PMNs were incubated with either FITC-labeled opsonized zymosan (OZ) or opsonized Leishmania donovani promastigotes for 30 minutes. The
percentage of CD66b + cells with fluorescence indicating associated OZ (B) or parasites (D), or the mean fluorescence index of FITC-OZ (C) or
carboxyfluorescein succinimidyl ester-parasites (E) were quantified by flow cytometry. N = 24 VL and 8 EC subjects (B and C) or 8 VL and 5 EC
subjects (D and E). Statistical analyses were performed with unpaired t test. (F) and (G) show representative dot plots of CD66b neutrophils with
CFSE-labeled intracellular L. donovani from (F) a subject with VL or (G) an endemic control.

which correlates with the percentage of neutrophils that were
infected (Figures 1B and D), and the mean fluorescence index
of the PMN population (Figures 1C and E), which reflects the
relative burden of infection.'® Phagocytosis by PMNs from VL
patients or ECs was compared.

The difference between the proportion of PMNs that
phagocytosed OZ in PMNs from VL subjects versus ECs did
not reach statistical significance (Figure 1B), although there
was a trend toward higher phagocytosis in VL subject PMNs.
The two outliers in the EC group accounted for the lack of
significance at the alpha = 0.05 level. The percentage of
neutrophils that phagocytosed parasites was not different
between VL subjects and ECs (Figure 1D), but the parasite
burden was significantly higher in PMNs from VL patients
compared with ECs (Figure 1E), suggesting a difference in the
phagocytic capacity. Representative plots of neutrophils with
intracellular parasites from a subject with VL or an endemic
control are shown in panels F and G of Figure 1, respectively.
Phagocytosis of Leishmania spp. by macrophages is facili-
tated via macrophage surface receptors, and differences in
receptors used have been implicated in differential uptake in
prior studies.'®'® One possible explanation for the enhanced
uptake of promastigotes but not OZ by VL subject PMNs
would be a difference in receptor-mediated phagocytosis.

Activated neutrophils produce an array of cytokines and
chemokines.® Despite studies documenting inflammatory
cytokines produced by T cells and macrophages from
individuals with VL,"” there is a paucity of information on
proteins produced by PMNs. Therefore, we purified PMNs
from VL subjects or EC by positive selection with biotinylated
CD66abce Microbeads using a Magnetic LS column (Miltenyi
Biotec, Aubern, CA). Although this method does not expose
neutrophils to dextran and yields both low- and high-density
neutrophils, the method was preferred because it isolates >
97% pure neutrophils, minimizing contaminating monocyte
transcripts. Cells were suspended in 500 yL of RNA Later
(Qiagen, Germantown, MD) and total RNA was isolated using
the RNeasy minikit and Qiashredder homogenizers (Qiagen).

cDNA was synthesized using high-capacity cDNA Archive kit
with random primers and Multiscribe TM MuLV reverse tran-
scriptase (Applied Biosystems, Carlsbad, CA). Differential
gene expression was quantified using an ABI Prism 7900HT
real-time PCR system (Applied Biosystems), with primers lis-
ted in Table 1. mRNA quantities were calculated with the
AACT method, with 2 microglobulin mRNA as an endoge-
nous control. ACt values of patients were compared with the
mean ACt of the same transcript in EC cells. Results are
shown as the fold change (2-2“CT) between VL subjects and
EC subjects.

Comparisons of PMN transcript abundance in subjects with
VL during acute disease and after treatment, both shown as
a fold-change compared with endemic control PMNs, are
shown in Figure 2. Three transcripts encoding proteins as-
sociated with enhanced inflammatory responses, interleukin
(IL)-B and CCL4, were expressed at lower levels during acute
disease but increased significantly after recovery. IL-1( pro-
motes production of CXCL8 (IL-8), which in turn is a chemo-
attractant for neutrophils to sites of infection or injury; thus the
coincident decreases in IL-18 and CXCLS8 transcripts are
logical."®

Among the transcripts encoding proteins associated with
immunosuppression, significantly more arginase-1 and IL-10
mRNAs were detected in PMNs from VL subjects before versus
after treatment (Figure 2E). Transcripts encoding microbicidal
proteins myeloperoxidase (MPO) or beta defensins did not
change. The major source of arginase in peripheral blood cells
is PMNs, and arginase has been implicated as a suppressor of
T cell responses in PMNs of subjects with VL.”'® Thus this
increase could be associated with the suppressed adaptive
cellular responses characteristic of human VL.'"2°

The functional capacity of PMNs isolated after dextran
sedimentation of erythrocytes and Ficoll purification was ex-
amined. Neutrophils were further purified by positive selection
on CD66abc microbeads, exposed to 5:1 promastigotes or
buffer for 6 hours. Supernatants were collected and concen-
trations of IL-1pB, IL-10, and IL-8 (CXCL-8) were measured by
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TaBLE 1

Primers used for gPCR. SYBR green was incorporated into gPCR reactions with the primers listed below, using cDNA prepared from PMN samples
as described in the text

Transcript Forward primer Reverse primer
ARG-1 5'-AAGCAGACCAGCCTTTCTCA-3' 5'-GCCAAGTCCAGAACCATAGG-3'
CTLA4 5'-TGGAGATGCATACTCACACACA-3' 5'-TTCATCCCTGTCTTCTGCAA-3'
CXCL8 5'-CTGGCCGTGGCTCTCTTG-3’ 5'-CCTTGGCAAAACTGCACCTT-3’
IL1-B 5'-ACGAATCTCCGACCACCACT-3' 5'-CCATGGCCACAACAACTGAC-3’
IL10 5'-GGTGATGCCCCAAGCTGA-3’ 5'-TCCCCCAGGGAGTTCACA-3’
IL12p40 5'-CGGTCATCTGCCGCAAA-3' 5'-CAAGATGAGCTATAGTAGCGGTCCT-3’
IFN-y 5'-CCAACGCAAAGCAATACATGA-3' 5'-CGCTTCCCTGTTTTAGCTGC-3'
B-Defensin 5'-GCAGTGGAGGGCAATGTCTC-3' 5'-TTCCCTCTGTAACAGGTGCCTT-3'
B2-MG 5'-CTCCGTGGCCTTAGCTGTG-3' 5'-TTTGGAGTACGCTGGATAGCCT-3’
CXCL9 5'-TGCAAGGAACCCCAGTAGTGA-3’ 5'-GGTGGATAGTCCCTTGGTTGG-3’
CXCL10 5'-TGAAATTATTCCTGCAAGCCAA-3’ 5'-CAGACATCTCTTCTCCCCTTCTTT-3’
CXCR1 5'-AGG GGC CACACCAACCTTCTG-3’ 5’-AGT GCC TGC CTC AAT GTC TCC A-3'
CCL4/MIP-1 5'-CTGCTCTCCAGCGCTCTCA-3’ 5'-GTAAGAAAAGCAGCAGGCGG-3’
CCL5/RANTES 5'-GACACCACACCCTGCTGCT-3' 5'-TACTCCTTGATGTGGGCACG-3’

IFN = interferon; IL = interleukin; PMN = polymorphonuclear leukocyte (neutrophil); gqPCR = quantitative polymerase chain reaction.

enzyme-linked immunosorbent assay (Figure 2B). The amount
of IL-10 was significantly higher, and IL-8 was significantly
lower in supernatants of neutrophils from subjects with VL
compared with ECs.

The ability of these neutrophils to generate oxidants was
estimated by incubation in dihydroethidium, and detected by

flow cytometry. Dihydroethidium fluoresces blue in its re-
duced state. The compound can be oxidized intracellularly
yielding a red fluorescent dye that intercalates into cellular
DNA, a response that occurs in the presence of superoxide
(0. Dihydroethidium can also participate in competing re-
actions with heme proteins complicating interpretations, but
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Ficure 2. Neutrophil transcripts, protein, and oxidation. (A) Transcripts. Neutrophils were separated from blood of subjects with visceral
leishmaniasis (VL) either prior to VL or after treatment (Tx) or from endemic control (EC) subjects using the Miltenyi CD66abce microbead kit. cDNA
was generated and used to quantify transcripts using SYBR green with the primers listed in Table 1. Data show fold change in polymorphonuclear
leukocyte (neutrophils) (PMNs) from VL subjects pre- or posttreatment relative to expression of the same gene in PMNs from controls (EC). All CT
values were normalized to the abundance of 2 microglobulin as an endogenous constitutively expressed reference. Statistical analyses were done
by paired t test. N = 7 VL and seven EC subjects. (B) Proteins secreted by neutrophils were detected by enzyme-linked immunosorbent assay
(ELISA). Neutrophils from subjects with VL or ECs were incubated in culture for 6 hours, supernatants were collected and analyzed by ELISA. The
data show the amounts of interleukin (IL)-1B, IL-10, or IL-8 protein in supernatants. (C) Oxidation of dihydroethidium (DHE) was documented in
neutrophils exposed to stimuli. Isolated PMNs from subjects with acute VL prior to treatment, or from EC subjects were incubated with buffer (Cont),
5 pg/mL phorbol myristate acetate (PMA), or 5:1 opsonized Leishmania donovani promastigotes (+L.d.) for 15 minutes, after which 5 yM DHE
(Molecular Probes) was added. DHE oxidation was quantified in CD66b + PMNs by flow cytometry, and plotted as the geometric mean fluorescence
index of oxidized DHE fluorescence. N = 7 VL and 7 EC subjects.
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dihydroethidium (DHE) oxidation in response to a single
stimulus such a phagocytosis or PMA can reflect oxidant
production.?’

Shown as the mean fluorescence index in CD66b + PMNs
from VL subjects or ECs, the data showed that exposure to
5 pg/mL phorbol myristate acetate (PMA) or L. donovani
(Figure 2C) revealed no significant differences between DHE
oxidation by VL neutrophils after either PMA or L. donovani
exposure compared with unstimulated PMNs. However,
control neutrophils from healthy subjects were able to oxidize
significantly more DHE in the presence of PMA. There were no
significant differences in DHE oxidation by neutrophils from
VL subjects, either after phagocytosis or PMA exposure. The
basal level of DHE oxidation seems higher in VL compared
with control neutrophils, tempting one to question whether the
basal redox state was different between VL and control sub-
ject neutrophils. However this could also be explained by
different levels of MPO protein in VL subject PMNs, precluding
drawing any conclusions.

The data presented in this short report indicate that PMNs
from subjects with VL do indeed have different characteristics
from control subjects. Studies of transcript abundance and
secreted cytokines suggest enhanced expression of the
suppressive protein IL-10, and decreased IL-8 mRNA and
protein. Transcripts encoding arginase-1 are augmented, and
oxidation of dihydroethidium was not detected despite intact
phagocytic capacity. The observed changes in gene expres-
sion reverse after successful treatment. Literature reports
document unusual PMN subsets in VL patients.”® The data
presented herein are consistent with a contribution of the
neutrophil population in VL subjects to the immunosuppres-
sive state during acute VL, that recovers after successful
therapy.
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