1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cytokine. Author manuscript; available in PMC 2017 September 01.

-, HHS Public Access
«

Published in final edited form as:
Cytokine. 2016 September ; 85: 184-190. doi:10.1016/j.cyt0.2016.06.013.

Tumor Necrosis Factor Alpha neutralization has no direct effect
on parasite burden, but causes impaired IFN-y production by
spleen cells from human visceral leishmaniasis patients

Neetu Singh?, Rajiv Kumarf# Christian EngwerdaC®, David Sacksd, Susanne Nylen®, and
Shyam Sundar@#

aDepartment of Medicine, Institute of Medical Sciences, Banaras Hindu University,
Varanasi-221005

bDivision of Biotechnology, Netaji Subhas Institute of Technology, New Delhi-110078

¢Immunology & Infection Lab, QIMR Berghofer Medical Research Institute, Herston,
Australia-4006

dNational Institute of Allergy & Infectious Disease, National Institute of Health, Bethesda,
Maryland, USA

€Department of Microbiology, Karolinska Institute, Stockholm, Sweden

‘Department of Biochemistry, Banaras Hindu University

Abstract

The pro-inflammatory cytokine tumor necrosis factor (TNF)-a has an important role in control of
experimental Lefishmania donovani infection. Less is known about the role of TNF-a in human
visceral leishmaniasis (VL). Evidence for a protective role is primarily based on case reports of
VL development in individuals treated with TNF-a neutralizing antibody. In this study, we have
evaluated how TNF-a neutralization affects parasite replication and cytokine production in ex vivo
splenic aspirates (SA) from active VL patients. The effect of TNF-a neutralization on cell
mediated antigen specific responses were also evaluated using whole blood cultures.
Neutralization of TNF-a did not affect parasite numbers in SA cultures. Interferon (IFN)-vy levels
were significantly reduced, but interleukin (IL)-10 levels were unchanged in these cultures.
Leishmania antigen stimulated SA produced significant TNF-a which suggests that TNF-a is
actively produced in VL spleen. Further it stimulates IFN-y production, but no direct effect on
parasite replication.
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1. Introduction

Visceral Leishmaniasis (VL) remains an important neglected tropical disease, which still
accounts for upto 50,000 deaths annually [1]. Drugs against VL are costly and are associated
with severe side effects. Modulation of immune responses to facilitate cure of leishmaniasis
has been suggested as a strategy to improve VL therapy [2]. However, the immune events
mediating progression or control of Le/shmania donovani during VL remain unclear in
humans.

TNF-a is a multipotent, pro-inflammatory cytokine implicated in wide array of immune
responses. TNF-a is important in the defence against many infections, being involved in
macrophage activation, granuloma formation and maintenance [3], and upregulation of
chemokine production and expression of cell adhesion molecules required for cellular
recruitment [4; 5]. Reactivation of latent disease following anti-TNF-a treatment is a
concern and a known risk factor for infections such as tuberculosis (TB) [6; 7]. Since
Leishmania and mycobacterium have the same host cells and are controlled by similar
immune responses, neutralization of TNF-a can be envisaged to increase susceptibility to
Leishmania parasites. In experimental cutaneous leishmaniasis, treatment with TNF-a
resulted in decreased parasite burden and lesion size [8; 9]. Consistent with a TNF
requirement for protection, neutralization with anti-TNF causes transient aggravation of
cutaneous disease [8; 10]. TNF receptor | (TNF-RI) and -11 (TNF-RII) deficient mice were
able to clear parasites but they exhibited continued swelling at the site of infection [11; 12].
In a visceral model, TNF-a was found to be critical for resistance to Lefshmania donovani
infection and resolution of disease [3; 9; 13]. TNF-a is believed to act in concert with IFN-y
through induction of nitric oxide (NO) production by activated macrophages to kill
intracellular Lefshmania parasites [14]. As a measure to control the inflammatory and
potentially dangerous effects of excess TNF-a, production of the regulatory cytokine
interleukin (IL)-10 is required [15]. Elevated co-expression of TNF-a and IL-10 has been a
consistent finding in VL [16], and while the up-regulation of IL-10 is important to limit
tissue pathology [17], it also allows parasites to persist and can facilitate their replication in
macrophages [18; 19].

However, the protective role of TNF-a in human VL is not necessarily clear. VL
development and/or reactivation of leishmaniasis has been observed following TNF-a
neutralizing therapy [20; 21; 22; 23; 24; 25; 26; 27]. Higher levels of TNF-a may exacerbate
disease, and polymorphism in an allele associated with higher production of serum TNF-a
has been linked to VL [28]. Therefore, a better understanding about TNF-a activity in
humans and a determination about whether this cytokine is a suitable target for immune
modulation in VL is needed. Here, we examined the expression of TNF-a, TNF-RI and
TNF-RII, as well as the activity of endogenous TNF-a during human VL by testing the
effect of TNF-a neutralization on parasite load and cytokine production in splenic cells and
on antigen specific cytokine production in peripheral blood from patients.
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2. Materials and Methods

2.1 Study Subjects

All the patients were presented with symptoms of VL at the Kala-azar Medical Research
Center (KAMRC), Muzaffarpur, Bihar, India. In total, 45 VL cases, confirmed by detection
of amastigotes in splenic aspirate smears and/or by a positive result in the rK39 diagnostic
test, were recruited to the study with their prior consent and ethical clearance from the
institutional ethics committee of Banaras Hindu University (IRB No. Dean/2008-09/314,
Dean/2012-2013/89). Patients positive for HIV, tuberculosis, hepatitis or children <14 years
were not included in the study. The clinical data of all the enrolled subjects are shown in
Table 1. The analysis plan for various experimental assays performed is represented in
Figure 1.

2.2 Collection of spleen tissue and venous blood

Needle aspiration from spleen (SA) tissue was performed for diagnostic purposes (n=34).
The remaining SA (50-150ul) material following the preparation of tissue smears was
collected in 0.9ml heparinized RPMI 1640 medium (Gibco, U.S.A.), supplemented with
10% heat inactivated (HI) FBS (Gibco), 50 Units/ml Penicillin, 50ug/ml Streptomycin
(PenStrep, Gibco), 25mM HEPES (Gibco).

In a separate set of experiments, 5ml venous blood was collected in heparinized syringes
from VL patients (h=11) for whole blood cell culture. Cell culture was performed at
KAMRC immediately after collection of blood, while splenic samples were transported at
4-8°C to the central lab at Banaras Hindu University and processed immediately upon
arrival.

2.3 Spleen Cell Culture

2.3.1 Determination of numbers of viable Leishmania parasites in splenic
aspirates—The number of Lelishmania parasites in SA were quantified by a serial dilution
method as described previously [29; 30]. Briefly, parasites from SA were grown out on
NNN- blood agar plates, overlaid with M199+20% FBS. Each sample was diluted 3-fold in
96-well microtiter plates over 12 or more wells. The blood agar culture plates were routinely
monitored for parasite growth and the number of viable parasites was determined by the last
well of growth or highest dilution in which promastigotes could be detected following 7-10
days of incubation at 25°C in a BOD incubator.

2.3.2 Neutralization of cytokines in SA cultures—The SA suspension was divided
into three equal parts in U-bottom 96-well, polypropylene culture plates (Nunc) and treated
with purified mouse monoclonal antibodies against TNF-a (clone 1825, R&D Systems,
U.S.A)) or Enbrel (Etanercept, Pfizer, USA). Control SA was incubated with purified mouse
monoclonal 1gG or IgG1 isotype antibody (clone 20116, R&D Systems). We previously
reported that 1L-10 neutralization promotes parasite clearance in SA cells from VL patients
[31]. As a control, and to confirm that our assay system was working properly, we also
cultured SA cells in presence of anti-1L-10 (clone 25209, R&D systems) or control 1gG2b
antibodies (clone 20116, R&D systems). All antibodies were used at a final concentration of
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20pug/ml. SA was incubated for 3 days at 37°C in 5% CO,. SA culture supernatants were
removed and stored at —80°C until processed for cytokine measurements. The removed
volume was replaced by promastigote growth medium M199, containing 20% FCS,
100U/ml penicillin, 100ug/ml streptomycin, 2mM L-glutamine, 40mM HEPES, 0.1mM
adenine (in 50mM HEPES). The SA was then cultured in serial dilutions, as described
above, to determine the number of viable parasites in the culture.

2.4 Splenic aspirate and whole blood culture

The SA suspension was divided into two equal parts and either stimulated with SLA
(10pug/ml) or media for 24 hours at 37°C in 5% CO,. Culture supernatant was collected
following incubation for cytokine estimation by ELISA. Whole blood cell cultures were
performed as described previously [32; 33]. In brief, heparinised blood was collected from
VL patients and centrifuged at 450g. To remove the background levels of cytokines, plasma
was removed, and the remaining blood cells were washed with PBS and an equal volume of
heat inactivated FBS was added. One ml of whole blood was dispensed into polypropylene
tubes and stimulated with soluble leishmania antigen (SLA; 10ug/ul) in the presence or
absence of anti-TNF-a mAb or an isotype control mAb. PBS and PHA (10ug/ul) were used
as a control in this assay. Whole blood was incubated at 37°C in 5% CO, for 24hours, prior
to removing cell culture supernatant and storing at —80°C until used for cytokine
measurements.

2.5 Cytokines measurements

Commercial ELISA kits (Biolegend, U.S.A) were used to measure levels of 1L-10, IFN-y
and TNF-a in cell culture supernatants, according to the manufacturer’s instructions.

2.6 RNA isolation, cDNA synthesis and Real time PCR

RNA was isolated from splenic tissues stored in RLT buffer, using RNAeasy minikit
(Qiagen, Germany), as per manufacturer’s instruction. cDNA synthesis was performed on
RNA samples using High Capacity cDNA Reverse transcription Kits (Applied Biosystems,
USA) as per their instructions in 20ul reaction volume. Real time PCR was performed by
using ABI-Prism 7500 (Applied Biosystems). cDNA specific for FAM-MGB labelled probe
for TNF-a, TNF-RI, TNF-RII, IL-10 and VIC-MGB labelled 18s mRNA were used to
determine normalised expression of gene of interest over 18s (all reagents from Applied
Biosystems).

2.7 Statistical Analyses

Statistical analysis was performed using PRISM5 (GraphPad Software, La Jolla, CA, USA)
and employing either Mann Whitney U Test or Wilcoxon matched pair test. The effect of
treatment was considered significant when p<0.05.
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3. Results

3.1 IL-10 neutralization reduces the parasite burden in SA cultures

We previously reported the effect of IL-10 neutralization on parasite clearance in SA cells
from VL patients [34]. As a positive control for our cell culture system, we first confirmed
the effect of IL-10 neutralization on parasite growth. In line with our previous findings, we
found a significant reduction in the number of viable parasites in anti-IL-10 mAb-treated SA
cell cultures in 86% of the samples tested, compared to cell cultures treated with isotype
control mAb (Figure 2A). In addition, we did not observe any significant changes in the
number of viable amastigotes in splenic cultures plated directly over the same cultures
which were plated following three days of incubation (Figure 2A). However, we observed a
positive correlation (Spearman r=0.81, p<0.0001) between the number of viable parasites, as
determined by limiting dilution culture, and the measurement of parasite burden as spleen
score, determined by microscopy (Figure 2B). Furthermore, SLA stimulation of splenic
aspirate cells showed significant production of TNF-a in VL spleen (Figure 2C). Thus, we
found parasite growth in SA cultures, despite the presence of TNF-a.

3.2 Leishmania parasite load in SA cultures was not affected by TNF-a neutralization

To investigate the role of endogenous TNF-a on parasite growth, we cultured SA tissue from
VL patients in the presence or absence of two different TNF-a neutralizing monoclonal
antibodies, including Enbrel, a clinically approved TNF-a neutralizing soluble receptor
routinely used in several clinical settings to reduce inflammation. Somewhat surprisingly, we
found no significant changes in parasite burden following TNF-a blockade, regardless of the
neutralizing mAb used (Figure 3A & 3B).

3.3 Blockade of TNF-a reduces IFN-y levels in SA cell cultures

Next, we tested if TNF-a influenced endogenous IFN-y and IL-10 production during
Lefshmania infection by assessing how TNF-a blockade affected the levels of these
cytokines in SA cell culture supernatants. Neutralization of TNF-a resulted in a significant
decrease in IFN-vy levels in 84% of samples, compared to control treated samples (Figure
4A). However, there was no change in IL-10 levels in these same SA cell cultures (Figure
4B).

3.4 Expression of TNF-a, TNF-RI and TNF-RIl mRNA in the spleen was not significantly
altered by drug treatment

Ex-vivo gene expression analysis in whole splenic aspirate cells using real time PCR showed
no significant changes in expression of TNF-a,, TNF-RI or TNF-RII mRNA in active VL,
when compared with cells from the same patients after drug treatment. However, we found
decreased TNF/IL-10 expression index in active VL (Figure 5), which was likely caused by
the significantly higher expression of IL-10 in active VL.
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3.5 Neutralization of TNF-a does not alter antigen specific IFN-y and IL-10 production in
whole blood cultures

To further evaluate the role of TNF-a during VL, we next investigated how TNF-a
neutralization affected antigen-specific responses in whole blood stimulated with SLA from
VL patients (n=11) [33; 35]. In this short term assay, we found no effect of TNF-a blockade
on the IL-10 or IFN-y responses to SLA (Figure 6A & 6B). This latter result suggested
differences in the relationship between TNF-a and IFN-y production in the spleen and
blood.

4. Discussion

Blockade of TNF-a can result in increased susceptibility to infections such as TB and
leishmaniasis, or reactivation of disease following therapeutic cure. This indicates that TNF-
a plays an important role in the control of intracellular pathogens, especially those that
infect macrophages. In mice, TNF-a was found to be required for the control of L. donovani
infection and for the formation of granulomas [13; 36]. We have previously shown that
IL-10 neutralization increases production of TNF-a by SA cells and suggested that the
increased TNF-a could contribute to parasite Killing [34]. To better understand whether
TNF-a has a direct role in control of parasite growth in human L. donovani infection, we
tested the effect of TNF-a blockade on SA cell cultures. Culture of SA cells has previously
been used to examine the role of cells and cytokines in tissue from target site of infection in
VL patients [34]. In contrast to expectations, we found no direct effect of TNF-a
neutralization on parasite burden in ex vivo SA cultures. However, there was significant
decrease in IFN-vy levels, but little effect on IL-10 secretion. Using the same short term
culture assay involving splenic aspirate cells, we have previously shown that both IFN-y and
IL-10 plays an important role in regulating parasite replication in spleen tissue from VL
patients [31; 33]. Hence, it is surprising that the reduced IFN-y levels observed after TNF-a
blockade did not cause increased parasite growth. One possible explanation could be that
other anti-parasitic pro-inflammatory cytokines may have compensated for reduced IFN-y
levels in this system. Both IL-17 and IL-22 have been implicated in better control of L.
donovani growth in African VL patients [37]. It can also be reasonably expected that our
short term SA assay may only allow us to observe very direct effects on parasite replication.
Manipulations that act though up or down regulation of another cytokines targeting parasite
replication may thus not be readily detectable. More importantly, in L. majorinfection, mice
can eliminate parasites without signalling via TNF receptors, and this was found to be
associated with macrophage activation and NO production, which suggest that TNF-a is not
absolutely required for parasite containment [12]. In the absence of TNF-a, T cells can
activate macrophages for NO production and hence Leishmania parasite killing [38]. Such
TNF independent parasite killing mechanisms initiated by T cells may explain the absence
of any effect on parasite growth in our blockade system.

TNF-a was found to be critical for Th1 cell-dependent granuloma formation in an
experimental model of VL [39]. Although we did not show a direct role for TNF-a in killing
of parasites, our results indicate immune modulatory effects of TNF-a during VL, especially
in the spleen. Lefshmania infected macrophages produces large amount of TNF-a [40] and
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this TNF-a can contribute to IFN-y production by T cells and NK cells [41], so TNF-a
blockade could interfere with IFN-y secretion, as supported by our data. Neutralization of
TNF-a has previously been reported to inhibit IFN-y production by CD8* T cells [42; 43],
and we have also shown that CD8* T cells contribute to endogenous IFN-y production in SA
cell cultures [44]. This suggest that TNF-a can induce exaggerated production of IFN-y
which induces tissue damage and pathology as seen in disease severity. The spleen is a site
of chronic infection, associated with splenomegaly and tissue pathology [45; 46]. Under
these conditions, immune regulation is likely to be compromised. Therefore, although
reactivation of VL has been observed following TNF-a blockade [24; 47], and it has been
shown to play critical roles in controlling parasite growth in experimental models [3; 36], the
requirement for TNF-a in chronic VL may be different.

TNF and its receptors show no changes in expression following therapeutic cure in VL. The
fact that TNF-a neutralization did not affect antigen specific IFN-y or IL-10 production in
24-hour whole blood cell cultures suggests that TNF-a has minimal effects on Lefishmania
specific CD4* T cell responses in peripheral blood, unlike what we find for IFN-y
production by spleen cells.

5. Conclusions

Together, our results indicate that TNF-a is actively produced in the spleen during human
VL but has no direct impact on parasite replication despite promoting production of IFN-y.
Importantly, TNF-a may have deleterious roles during VL by causing tissue damage, and
targeting this cytokine in a way that minimises its impact on IFN-y production may have
therapeutic advantages.
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TNF-a tumor necrosis factor-a
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Figurel.
Schematic representation of various assays performed on VL patients.
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Figure 2. Effect of IL-10 neutralization on parasite growth and relationship between parasite
growth and spleen score

A) Spleen cells were cultured in blood agar in the presence of anti IL-10 or control 1IgG2B
for 3 days, as indicated, before counting the number of viable amastigotes by limiting
dilution in blood agar plate (n=13). Base line quantification of viable parasite using direct
culture was also included for comparison. B) Correlation between number of viable parasites
as measured by base line quantification using direct plating and spleen score determined by
microscopy. Statistical differences of p<0.05 (*), p <0.01 (**) and p < 0.001 (***) are
indicated. C) TNF-a production by splenic cells after stimulation with SLA in 24hour
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Figure 3. TNF-a neutralization using mouse anti-TNF-a or Enbrel (Humanized anti TNF-a Ab)

had no effect on parasitereplication in ex vivo SA culture

Splenic aspirate cells were cultured at 37°C, 5% CO in the presence of either A) mouse anti
human TNF-a Ab (20pg/ml) and Control 1gG1 (20pg/ml) or B) Enbrel (20pg/ml) and
isotype control human 1gG (20 pg/ml). Values shown are the number of viable amastigotes
present after 3 days, as estimated by microtitration culture in blood agar plates. Data
represent the geometric mean of number of parasites. Comparison was made using Wilcoxon
signed rank test for paired samples. Samples where growth was detected in the last well of
titration in both control 1gG and anti-TNF treated were excluded from analysis.

Cytokine. Author manuscript; available in PMC 2017 September 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Singh et al.

(A) (B)

Page 14

3000 500 L
2500 __ 400
= E
£ 2000 E
= > 300
Qo P
= 1500 P
oy < 200
w 1000 —
100
500
>—
0 -
lgG1 anti TNF-q lgG1 anti TNFq

Figure 4. TNF-a Blockade significantly reduces the | FN-y secretion but not IL-10in 3 days

spleen culture

Reduction of IFN-y but not IL-10 in 3-day splenic culture supernatant of VL patients after
TNF-a neutralization. A) IFN-y and B) I1L-10 level in SA culture supernatants. Statistical
differences of p < 0.001 (***) are indicated. Each dot represents one sample. Lines indicate

paired samples, treated and controls.
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Figure 5. mRNA expression analysisin VL preand post treated splenic aspirates
TNF-a, TNF-RI, TNF-RII, 1L-10 mRNA and TNF-a:IL-10 expression index in splenic

aspirate from VL patients before drug treatment (D-0) and after drug treatment D(-Dis) were
measured by gPCR. The expression level shown are relative to the 18S control gene (n=14
subjects per group).
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Figure 6. TNF-a neutralization does not affects SLA induced | FN-y or IL-10 production in

peripheral blood of VL patients

Cytokine levels in SLA stimulated whole blood culture of VL patients. Whole blood (WB)
samples of VL patients were stimulated with SLA (10ug/ml) in presence or absence of anti
TNF-a antibody or control 1gG1 (20ug/ml) and cultured for 24 h in 5% CO2 at 37°C. A)
IL-10 and B) IFN-y in WB culture supernatant. Values shown are mean +1 SD, of 11 patient

samples assessed.
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Table 1

Clinical characteristics of the subjects enrolled in the study

N 45

Sex (M/F) 31/14

Age (years) 35.73 + 15.79 (35)2
Duration of illeness (days) 47.75 + 43.11 (30)
WBC counts (pre treatment) 3770 + 2215 (3300)

WBC counts (post treatment)? 7433 £ 2813 (7150)

Spleen size (cm), (pretreatment)  4.78 +2.81 (4)

Spleen size (cm), (post treatment)  0.59 + 1.21 (0)

Spleen score® 247+12(2)

a\/alue in parentheses represents median values.
b
Post treatment values are from day 15 or day 30 post treatment.

CParasite scoring is on logarithmic scale from 0 to 6, where 0 is no parasites per 1000 microscopic fields (1000X), 1 is 1-10 parasites per 1000
fields, and 6 is >100 parasites per field.

Splenic scores presented are only based on patients underwent biopsy (some patients are treated based on rk39 strip test)
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