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5.1 Results

5.1.1 Effect of TLR4 silencing and the inhibition of TLR4 signaling on the L.

donovani infection in the liver of in-vivo mice model of VL

Visceral leishmaniasis is one of the major vector-borne diseases, typically occurred in
tropical and subtropical regions of the world, caused by the intracellular pathogenic
protozoa of Leishmania genus (1), affecting over 12 million populations worldwide
(2). The main clinical manifestations of leishmaniasis include cutaneous leishmaniasis
(CL), mucocutaneous leishmaniasis (MCL), and visceral leishmaniasis (VL). Among
these, VL is the most severe and fatal type of leishmaniasis, if untreated (3).
Leishmania donovani serves as a causative agent for the infection and pathogenesis of
VL (3). The complex interplay of factors associated with parasite and host
interactions resulted in clinical variations that manifested severe challenge in
understanding of disease pathophysiology and the novel treatment options. Thus, a
better understanding of disease pathology and the mechanisms of organ specific host

defense need to be explored for the effective management of VL.

To understand the disease pathology in the context of liver-specific host defense
mechanism in response to LPS or Cli-095 stimulation and the role of TLR4 therein,
we infected in BALB/c mice with L. donovani along with the delivery of TLR4
antisense oligonucleotides (ASO) or pharmacological inhibitor of TLR4, Cli095, for 4
weeks. The BALB/c mouse model is the most widely used experimental animal
model to study the VL pathophysiology as it resembles the clinical feature of human
VL (4). After 4 weeks, we sacrificed the mice and parasite burden was evaluated in
impression smears of liver by Giema staining and parasite amastigote-specific A2
immunofluorescence staining of liver sections. While stimulation of TLR4 by LPS
significantly promoted parasite load, the TLR4 activation inhibitor Cli-095 markedly
reduced the parasite burden in the impression smears of liver (Fig. 5.1 A).
Suppression of parasite burden in response to the systemic delivery of TLR4 antisense

oligonucleotide was also evident in the impression smears of liver (Fig. 5.1 A). Next,
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we examined the amastigote population in the liver sections of these mice and found

that LPS stimulation increased the number of amastigotes in the liver as indicated by

the A2 immunostaining (Fig. 5.1 B). Similar to the observation of impression smears

of liver, silencing of TLR4 expression or its activity notably reduced the amastigote

population in the liver sections (Fig. 5.1 B). Moreover, H&E staining demonstrated

that the alteration of liver architecture in response to L. donovani infection was
considerably reduced in TLR4-ASO or Cli-095 delivered mice (Fig. 5.1 B). These
studies highlighted the importance of liver-specific TLR4 in parasite burden and

amastigote proliferation in VL.
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Fig 5.1: TLR4 abundance and inflammatory status governs the parasite load in the liver.

(A) Giemsa staining images of liver impression smears (upper) and their quantification
(lower) of mice delivered with LPS (100 pg/mice), or Cli-095 (1.5 mg/kg/bw), or both or
administered with TLR4-ASO (1 uM/mice) without or with LPS (100 pg/mice), once in a
week for 28 days and infected with L. donovani promastigotes. (B) Histological examination
of mouse liver sections by H&E staining (upper) and amastigote-specific A2 immunostaining
(lower) of the above-mentioned mice. ***p< 0.001 vs PBS+IM; ###p< 0.001 vs PBS+IM,
T11p< 0.001 vs LPS+IM; §§§ p< 0.001 vs IM.
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5.1.2 Modulation of ERK and NF-xB activations, inflammatory cytokines
expression, and AHSG levels in the liver of TLR4 knockdown and suppressed

mice model of VL

Since ERK and NF-«xB plays a pivotal role in the modulation of host response to L.
donovani infection by modulating the expression of pro-inflammatory and anti-
inflammatory cytokines which governs the disease outcome against VL (5), we
therefore examined the activation status of ERK and NF-«B along with the expression
levels of pro-inflammatory cytokine TNF-a and anti-inflammatory cytokine TGF-f in
liver samples of these mice. While, ERK activation was significantly reduced in
response to L. donovani infection, the activation of NF-kB was notably increased
upon infection of this parasite (Fig. 5.2 A, B). Interestingly, both silencing of TLR4
and the pharmacological inhibition of TLR4 by Cli-095 strikingly increased the ERK
phosphorylation, however, such effect was not evident with NF-xB phosphorylation
status in the liver (Fig. 5.2 A, B). Moreover, it is evident that L. donovani infection
caused a notable alteration of TNF-a and TGF-3 expression. We noticed that parasite
infection significantly upregulated the TGF-f3 expression and downregulated the TNF-
o expression in the liver (Fig. 5.2 A, B). Intriguingly, while, LPS stimulation or
TLRA4 silencing notably reduced the TGF-f upon infection, the induction of TNF-a in
response to these conditions was noticed in the liver (Fig. 5.2 A, B). These
observations indicated the opposite role of TGF-p and TNF-a upon L. donovani
infection in liver. Although a similar observation has been made in investigating the
TGF-B gene expression in response to the above -mentioned conditions, however, the
expression profile of IL-1 and IL-6 pro-inflammatory cytokines were strikingly
reduced in TLR4-ASO-treated parasite infected mice (Fig. 5.2 C, D).
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Fig 5.2: LPS stimulation and TLR4 silencing modulates ERK/NF-xB activation,
inflammatory cytokines expression, and AHSG levels in the liver. (A, B) Western blot
analysis (A) and their quantifications (B) showing abundance of ERK1/2 and NF-xB
phosphorylation status, and inflammatory cytokines TNF-o. and TGF-B protein expression in
the liver samples of mice delivered with LPS (100 pg/mice), or Cli-095 (1.5 mg/kg/bw), or
both or administered with TLR4-ASO (1 pM/mice) without or with LPS (100 pg/mice), once
in a week for 28 days and infected with L. donovani promastigotes. *p< 0.05 vs UIM
(uninfected control); ##p< 0.01 vs IM+PBS; 8p< 0.05, §88p <0.01 vs IM+PBS; 1p<0.05 vs
IM+LPS; 1p<0.05, $ip <0.01 vs IM; g p<0.05 vs IM+siTLR4. (C, D) RT-PCR analysis (C)
and their quantifications (D) demonstrated abundance of IL-1B, IL-6, and TGF-B gene
expression in the liver samples of above- mentioned mice. *p< 0.05, **p< 0.01, ***p< 0.001
vs UIM (uninfected control); ##p< 0.01 vs IM+PBS; 8p< 0.05, 88p <0.01 vs IM+PBS;
+p<0.05, 71p<0.01 vs IM+LPS; £p<0.05, £1ip <0.001 vs IM. (E, F) Western blot analysis (E)
and its quantification (F) of AHSG protein levels in the liver of the above- mentioned mice.
***p< 0.001 vs UIM (uninfected control); ###p< 0.001 vs IM+PBS; 8p< 0.05 vs IM+PBS;
+p<0.05 vs IM+LPS; £p<0.05 vs IM.

Moreover, parasite infection in the absence or presence of LPS, notably upregulated
the IL-1p and IL-6 gene expression in liver, whereas, parasite infection although

increased the abundance of TGF- but their expression was considerably decreased in
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presence of LPS stimulation (Fig. 5.2 C, D). These results suggest that the liver
inflammatory status in response to L. donovani infection was considerable altered and
influenced by the TLR4 expression and its activation states. However, it would be
interesting to note that while parasite infection significantly upregulated the Alpha 2-
HS Glycoprotein (AHSG) levels in liver, the suppression of TLR4 expression or
activation by TLR4-ASO or Cli-095, respectively, markedly decreased the abundance
of AHSG in the infected liver (Fig. 5.2 E, F). This finding indicates a possible
involvement of liver AHSG in the establishment of VL. Previous report suggests that
AHSG regulates the cellular inflammatory state by acting as a positive or negative
acute phase protein in injury and infection (6). However, the role of AHSG in VL has

not yet been explored.

5.1.3 Effect of TLR4 silencing and its inhibition on the ARG activity and NO

production in the L. donovani infected THP-1 macrophages

We then explored the role of TLR4 silencing and inhibition of TLR4 signaling in
macrophages on the production of inflammatory cytokines, arginase (ARG) activity,
and the generation of NO in response to L. donovani incubations. Interestingly, we
have found that incubation of L. donovani promastigotes with THP-1 macrophages
significantly upregulates the gene expression of pro-inflammatory cytokines IL-1p3
and IL-6 in macrophages (Fig. 5.3 A, B). Moreover, both knockdown of TLR4 and
the Cli-095-mediated inhibition of TLR4 signaling markedly reduced the IL-1f and
IL-6 gene expression in infected macrophages (Fig. 5.3 A, B). The fate of
Leishmania parasite infection is critically regulated by the activation state of
macrophages, while, classically activated macrophages promotes the activation of
inducible NO synthase (iNOS), the alternatively activated macrophages induces the
arginase (ARG) activity (7,8). The THP-1 macrophages when infected with L.
donovani promastigotes, it exhibited a significant induction of ARG activity along
with reduction of NO production (Fig. 5.3 C, D). However, TLR4 ablation or its
signalling inhibition notably diminished ARG activity and considerably elevated NO
levels in infected macrophages as compared to their respective controls (Fig. 5.3 C,
D).
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Fig 5.3: TLR4 mediated inflammatory state in L. donovani infected THP-1
macrophages. (A,B) RT-PCR analysis (A) and their quantifications (B) showing abundance
of pro-inflammatory cytokines mRNA levels in THP-1 macrophages treated with or without
TLR4 inhibitor Cli-095 or control siRNA or TLR4 siRNA transfected cells infected with L.
donovani promastigotes Each value is the mean £ SEM of three independent experiments,
***p< 0.001 vs Con; ##p< 0.01, ###p< 0.001 vs siCon+PM; 8p< 0.05, §8p<0.01 vs Veh+PM.
(C) THP-1 macrophages transfected with siCon or siTLR4 or treated with vehicle or Cli-095
were subjected to L. donovani infection. On completion of experiment, cells were lysed and

then supplemented with addition of L-Arginine, and incubated further with alpha-iso-nitroso-
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propiophenone. The concentration of urea was quantified at 540 nm. Each value is the mean *
SEM of three independent experiments, **p< 0.01 vs Con; #p< 0.05 vs siCon+PM; §p< 0.05
vs Veh+PM. (D) Nitric oxide assay demonstrated NOS production level in response to THP-1
macrophages transfected with siCon or siTLR4 or treated with vehicle or Cli-095 and then
infected with L. donovani promastigotes. Each value is the mean £ SEM of three independent
experiments, **p< 0.01 vs Con; #p< 0.05 vs siCon+PM; 8p< 0.05 vs Veh+PM.

5.1.4 Involvement of macrophage AHSG on parasite burden and oxidative stress
status of the L. donovani infected THP-1 macrophages

Since involvement of macrophage AHSG in L. donovani infection is yet to be
established, we, therefore, interested to investigate the effect of AHSG silencing on
the parasite burden and macrophage function. For this reason, we transfected THP-1
macrophages with either control siRNA (siCon) or AHSG siRNA (siAHSG) for 48 h.
After 48 h, cells were exposed to L. donovani infection, in vitro, for 6 h. On the
termination of incubations, cells were thoroughly washed to remove the free parasites,
and then rate of parasite internalization was evaluated under the microscope using
Giemsa staining. AHSG silencing exhibited striking reduction of parasites number in

infected THP-1 macrophages as compared to control (Fig. 5.4 A,B).
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Fig 5.4: AHSG silencing causes reduction of parasite load and alteration of F-Actin
accumulation in L. donovani infected THP-1 macrophages. (A, B) Giemsa staining images
(A) and their quantifications (B) showing number of parasites in THP-1 macrophages
transfected with control siRNA or AHSG siRNA followed by infection with L. donovani
promastigotes. Each value is the mean = SEM of three independent experiments, ***p< 0.001
vs siCon+PM. (C) Representative immunofluorescence images of F-Actin Green 488 staining
of THP-1 macrophages transfected with control siRNA or AHSG siRNA followed by
infection with L. donovani promastigotes. DAPI was used for nuclear counterstaining. Scale
bar 100 uM. (D) Measurement of ROS level in THP-1 macrophages transfected with control
SiRNA or AHSG siRNA followed by infection with L. donovani promastigotes. Each value is
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the mean + SEM of three independent experiments, ***p < 0.001 vs siCon+PM.

The analysis of F-actin accumulation revealed that the impairment of F-actin
arrangement in AHSG ablated macrophages infected with L. donovani promastigotes
as indicated by Actin Green 488 immunostaining (Fig. 5.4 C). Moreover, in
comparison to control, AHSG silenced macrophages demonstrated profound
induction of ROS generation as indicated by the DCFDA staining (Fig. 5.4 D).
Together, these results suggest that macrophage AHSG play a crucial role in parasite
burden and oxidative stress in macrophages. However, detailed analysis of AHSG’s
involvement in parasite internalization and survival are need to be analysed both in-

vitro infection model and in-vivo model of VL.

5.2 Discussion

Recent studies in VL advance our knowledge about the role of liver, spleen, and
bone marrow microenvironments in shaping the host-parasite interactions and
infection outcome (9,10). It has been shown that L. donovani parasite when reached
to the spleen, it provoked activation of localized dendritic cells, severe loss of
stromal cell population with complete splenic disorganization, and priming of
macrophages polarization for establishing disease outcome (11-13). On contrary, the
liver demonstrated effective granuloma formation in response to L. donovani
infection for successful elimination of parasites (11,14). However, the clear
distinction of these two organs in response to L. donovani infection has not yet been
completely understood. Since, infection of L. donovani leads to the generation of
inflammatory responses in the liver that critically linked with parasite elimination,
we aimed to investigate the role of TLR4 and it’s signaling on resolving the parasite
infection in the liver. Studies have shown that, TLR” mice (C57BL/6 strain)
developed higher liver parasite of L. major infection and L. donovani (LV9 and
MW897 strain) infection [15,16]. Moreover, TLR4 knockout mice of C57BL/10ScCr
strain are strongly susceptible to L. major infection exhibiting severe lesion and
parasite burden than TLR4 competent wild type mice [17]. The outcome of
Leishmania infections is complex, it not only depends on parasite species and strains

but also depends upon the immune status of mouse strain. In our study we have

Chapter-V/Sayani Mazumder Page 103



Modulation of TLR4 expression and activity govern L. donovani infection in liver by regulating
AHSG expression

developed in-vivo BALB/c mouse model of VL by infecting with pathogenic morph
of L. donovani (MHOM/IN/1983/AG-83) and this may be the probable reason that
we noticed a significant reduction of liver parasite infection in TLR4 knockdown
BALB/c mice.
We developed in-vivo BALB/c mouse model of VL by the intravenous
administration of L. donovani parasites (10’ stationary-phase of promastigotes).
Mice infected with parasites were received either Cli-095 or LPS or both or
administered with TLR4-ASO without or with LPS once in a week for 28 days and
one week prior to infection. We then explored the liver-specific parasite burden,
histopathological changes, and inflammatory cytokines gene expression. Both
Giemsa staining of liver impression smears and A2 immunostaining of liver
sections revealed that while LPS stimulation significantly increased parasite burden
in liver smear and sections, the TLR4 activation inhibitor Cli-095 notably
diminished the parasite burden in the liver. Interestingly, parasite burden in the
liver was considerably reduced in infected mice where TLR4 antisense
oligonucleotides were administered. Moreover, H&E staining also showed that the
alteration of liver architecture in response to L. donovani infection was
considerably reduced in TLR4-ASO or Cli-095 delivered mice. These findings
indicated the importance of liver-specific TLR4 and its signaling in parasite burden
and amastigote proliferation in VL.
We then examined the activation status of ERK and NF-xB along with the
expression levels of pro-inflammatory cytokine TNF-a and anti-inflammatory
cytokine TGF-B in liver samples of these mice. Results clearly demonstrated the
alteration of ERK and NF-«B activation along with the expression profile of TNF-
a and TGF-B which suggested differential regulation of these signature candidates
and the role of TLR4 therein in the liver of L. donovani infected mice. These results
indicate that the liver inflammatory status in response to L. donovani infection was
considerable altered and was notably influenced by the TLR4 expression and its
activation states. Interestingly, we noted that the parasite infection significantly
upregulated the expression of AHSG in the liver, however, such induction was
notably suppressed by TLR4 ablation or inactivation by TLR4-ASO or Cli-095,
respectively. This finding indicates a possible involvement of liver AHSG in the
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establishment of VL. AHSG have been implicated as a positive or negative acute
phase protein in injury and infection (4), however, their involvement in VL has not

yet been explored.

Examining the role of TLR4 on the stimulation of inflammatory cytokines
expression, arginase (ARG) activity, and the production of NO in response to L.
donovani exposure, it has been observed that silencing of TLR4 expression and
inhibition of TLR4 signaling in infected macrophages markedly reduced the pro-
inflammatory cytokines gene expression. L. donovani infection in macrophages is
critically regulated by the activation state of macrophages. Macrophages can be
activated to either classically activated state or alternatively activated state which
metabolize L-arginine differentially (7,8). The classically activated macrophages
induces the activation of an enzyme inducible NO synthase (iNOS), whereas, the
alternatively activated macrophages stimulate the enzyme arginase (ARG). Both
parasites and the mammalian hosts ARG are known to hydrolyze the L-arginine to
L-ornithine and urea. The L-ornithine serves as a key component of polyamines
biosynthesis that has been used by Leishmania parasites for their growth,
differentiation, and proliferation inside the host cells. Leishmania parasites could
able to modulate the cellular ARGs activity and suppress the production of NO for
enhancing their survival by depleting iNOS substrate (L-arginine) and diminish the
NO levels (7,8). We found that when THP-1 macrophages were infected with L.
donovani promastigotes, it exhibited a significant induction of ARG activity along
with reduction of NO production, however, such effects were compromised in
TLR4 ablated cells or cells preincubated with TLR4 inhibitor Cli-095.

Further investigation on the role of macrophage AHSG in L. donovani infection, we
explored the L. donovani-induced parasite burden and macrophage function in
AHSG silenced macrophages. The siRNA-mediated knockdown of AHSG
expression in macrophages demonstrated striking reduction of parasites number in
infected THP-1 macrophages with impaired F-actin arrangement and striking
induction of oxidative stress. Thus, present study poised macrophage AHSG as a

key player in parasite burden and macrophage dysfunction. Future study
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investigating the role of AHSG in parasite internalization and survival may provide

novel therapeutic target for the management of VL.

Our study primarily focused on the role of TLR4 in the liver parasite load and
therefore examined only this aspect. However, it would be interesting to investigate
the participation of TLR4 in the spleen parasite load. Thus, future study in the area
would be meaningful to delineate the differential role of TLR4, if any, in the

persistence and clearance of parasite infection.
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