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Leptospirosis: A Toll Road from B Lymphocytes

Catherine Werts, PhD

Leptospirosis is a widespread zoonosis caused by
Leptospira interrogans, a pathogen transmitted by asympto-
matic infected rodents. Leptospiral lipoproteins and
lipopolysaccharide (LPS) have been shown to stimulate murine
cells via Toll-like receptors (TLRs) 2 and 4. Host defense
mechanisms remain obscure, although TLR4 has been associ-
ated with clearing Leptospira. In a recent study, we showed
that in response to Leptospira infection, double (TLR2 and
TLR4) knock-out (DKO) mice unexpectedly developed TLR-
independent pro-inflammatory responses, and rapidly died
from severe hepatic and renal failure. Subsequent analysis of
chimeric and transgenic mice identified B-cells as the crucial
lymphocyte subset responsible for the clearance of Leptospira,
initially through the production of specific TLR4-dependent
immunoglobulin M (IgM), directed against the LPS of
Leptospira, and subsequently through specific IgG production, which is impaired in DKO
mice. We also identified the protective, tissue-compartmentalized, TLR2/TLR4-mediated
production of interferon-γ (IFN-γ) by B- and T-lymphocytes. Overall, our recent findings
demonstrate that TLR2 and TLR4 both play a key role in the early control of leptospirosis,
and constitute the first line of defense against Leptospira, confirming previous in vitro data
showing that both LPS and lipoprotein play a crucial role in cell activation. However, if this
first line of defense is by-passed, Leptospira can induce a deleterious inflammation in the
target organs, and this does not rely on TLR activation. (Chang Gung Med J 2010;33:591-
601)
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Leptospira interrogans is a spirochete responsible
for a zoonotic disease known as leptospirosis.

Rodents constitute the main reservoir and asympto-
matically excrete the bacteria in their urine. Humans
get infected via contaminated water. This common,
reemerging disease is frequent in highly-populated,
poor, urban centers where flooding occurs, and in
East Asia among paddy field workers. Human lep-

tospirosis can take many different forms, ranging
from a ‘flu’-like syndrome to multi-organ failure
leading to death. Leptospira are motile, and migrate
via a breach in the skin into the bloodstream, where
they are rapidly disseminated and subsequently colo-
nize the liver, the lungs and the kidneys, which con-
stitute the main target organs of Leptospira.(1)

Microbes possess conserved microbial compo-
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nents (pathogen molecular patterns or PAMPs), such
as their hypomethylated DNA or lipopolysaccharide
(LPS) that are recognized by the host’s pattern recog-
nition receptors (PRRs), such as the Toll-like recep-
tors (TLRs). This innate sensing system alerts the
host to the microbial intrusion, and initiates an
inflammation that triggers the recruitment of leuko-
cytes to combat the microbes.(2) Besides heat-shock
proteins, the major antigens of pathogenic
Leptospira are LPS and the lipoproteins.(3) Both are
PAMPs found in the kidneys of Leptospira-infected
animals,(4,5) and their presence has been linked to
Leptospira-induced tubulo-interstitial nephritis.(6)

Elucidating the mechanism by which leptospiral
components are detected by TLRs and the subse-
quent initiation of inflammation seems crucial to
achieve a better understanding of the events leading
to leptospirosis.

This review aims to recapitulate what we have
learned about Leptospira recognition and signaling
by Toll-like receptors in the context of in vitro stud-
ies or in vivo studies using murine models.

Leptospira are peculiar spirochetes that possess
LPS

Mammalian infection by Gram-negative bacte-
ria is usually characterized by a systemic pro-inflam-
matory syndrome, mainly due to LPS recognition by
the host. A complex of different proteins including
CD14, a glycosyl phosphatidylinositol anchored pro-
tein, TLR4, a trans-membrane receptor, present
either on the cell surface of macrophages or localized
intracellularly in epithelial cells, and the cofactor
MD2, constitute the receptor of the lipid A moiety of
the LPS of classical Gram-negative bacteria. The
subsequent intracellular signaling involves activation
of the nuclear factor kappa-light chain-enhancer of
activated B cells (NF-κB) transcription factor and its
nuclear translocation, and mitogen-activated protein
(MAP) kinase phosphorylation, and leads to the
expression of pro-inflammatory cytokines and
chemokines, which in turn initiates the host immune
response.(7)

Leptospira species are peculiar in possessing a
LPS which is an abundant cell surface glycolipid
component present in most Gram-negative bacteria,(8-

11) but which is usually missing in spirochetes, such
as the strict parasitic species Borrelia or Treponema.
Early diagnosis of leptospirosis is difficult, mainly

because of lack of any sign of inflammation (no pain,
redness, or heat) at the site where Leptospira has
penetrated the skin. We hypothesized that the LPS of
Leptospira could be peculiar, and so not recognized
in the same way as conventional LPS.

TLR2 is the main receptor of lipoproteins and
LPS from Leptospira in human cells

LPS from Leptospira interrogans icterohaemor-
ragiae, Verdun strain, has been purified and its reac-
tivity has been compared to that of the LPS from
Escherichia coli or Salmonella minesotta. In collabo-
ration with the group of Ulevitch, we first demon-
strated that LPS from Leptospira needs CD14, but
that it uses TLR2 instead of TLR4 to stimulate TNF
production in the human monocyte-like cell line,
THP1-CD14.(11) TLR2 is a receptor of lipoproteins,
including LipL32,(11) the most abundant Leptospira
lipoprotein, which is only expressed by pathogenic
Leptospira.(4) The unexpected reactivity of leptospiral
LPS did not seem to be due to lipoprotein contami-
nation, as only polymixin B reduced leptospiral LPS
activity, whereas proteinase K treatment, which abol-
ished the activity of LipL32 towards TLR2, did not.
We therefore conclude that TLR2 is the main TLR
receptor involved in sensing Leptospira in human
macrophages. On the other hand, work by Yang’s
group has also shown that outer membrane protein
extracts from Leptospira stimulate the translocation
of NF-κB and activation of MAP kinases in
medullary ascending limb cells.(12) The same group
subsequently showed that TLR2 plays an important
role in kidney epithelial cell signaling by recognizing
outer membrane proteins and LipL32 from
Leptospira in mouse proximal tubules cells.(13,14)

Interestingly, other lipoproteins such as LipL31 or
LipL41, which are also expressed by the saprophytic
Leptospira Patoc strain, were tested for their reactivi-
ty towards TLR2 but only LipL32, which is
expressed by the pathogenic strains, activated
TLR2.(14)

The lipid A moiety of leptospiral LPS is atypi-
cal

The peculiar reactivity of the leptospiral LPS
drove us to study the structure of the lipid A moiety,
which constitutes the endotoxin component of the
LPS, and the portion usually recognized by TLR4. In
collaboration with the group of Raetz, we deciphered
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the structure of leptospiral lipid A, and showed that it
has an overall hexa-acylated disaccharide backbone
similar to that typical of E. coli lipid A. However,
several features distinguished the forms of lipid A
found in Leptospira and in E. coli (Fig. 1). (1) The
four principal and two secondary acyl chains are of
different lengths in Leptospira and E. coli., (2) The
secondary acyl chains display some unsaturations in
Leptospira. (3) Two important positions at the
extremities of the disaccharide backbone that are
phosphorylated in E. coli, are devoid of phosphate,
or are replaced by a methyl group in Leptospira. (4)
Only amide bonds link the sugar backbone to the
acyl chains in Leptospira.(9) Compared with lipid A
from E. coli, leptospiral lipid A differs not only in
structure but also in function, since leptospiral lipid
A does not coagulate limulus amoebocyte lysate,(15)

the reference test for endotoxin detection. This is
consistent with the low endotoxicity reported for
whole leptospiral LPS.(16)

Murine TLR4, but not human TLR4, recog-
nizes lipid A from Leptospira

The cell stimulatory properties of leptospiral
lipid A have also been studied in comparison to lipid

A from E. coli and also to whole leptospiral LPS. We
found an unexpected difference in TLR recognition
of leptospiral lipid A and of LPS in murine and
human cells.(15) We found that leptospiral lipid A was
not recognized by human TLR4, although it was
detected by murine TLR4. Furthermore, TLR2 of
human or murine origin did not recognize leptospiral
lipid A, which is in line with numerous studies
demonstrating that only TLR4 acts as a receptor of
lipid A. Moreover, the whole leptospiral LPS mole-
cule is not detected via TLR4 in human cells, where-
as it is recognized by both TLR4 and TLR2 in
murine cells.(15) A point of particular interest is
whether the relative resistance of mice towards lep-
tospirosis compared to that of humans is linked to
this differential sensing of LPS by TLR4. Our data
suggest that the O antigen or the 2-keto-3-deoxy-
octonoic acid (KDO) part of the LPS, and not the
lipid A portion, is responsible for recognition by the
TLR2. The actual agonist of leptospiral LPS that is
recognized by TLR2 is still unknown.

Murine TLR4 plays a critical role in leptospiro-
sis

Rodents are considered to be a reservoir of path-

Fig. 1 Comparative structure of lipid A from Escherichia coli and Leptospira interrogans. Colors on the Leptospira lipid A struc-
ture denote differences from that of E. coli. On the Leptospira lipid A, note the absence of a free phosphate group at both extremi-
ties of the disaccharide backbone.

E. coli
Mol. Wt.: 1798.37

L. interrogans
Mol. Wt.: 1726.41
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ogenic Leptospira. Mice are usually resistant to acute
leptospirosis. Just before the discovery of the TLR
family, Pereira et al demonstrated that the mouse
C3H/HeJ line, known for decades to be hyporespon-
sive to LPS, was highly sensitive to Leptospira inter-
rogans, Fiocruz strain. Indeed, 100% of C3H/HeJ
mice infected intraperitoneally before the age of 3
weeks died within a few weeks from acute
Leptospirosis, reproducing the features of human dis-
ease.(17) Beutler’s group then mapped the C3H/HeJ
genome, and showed that the mutated allele was a
homologue of the Toll gene, already known to be
involved in the innate response of Drosophila against
fungi.(18) As a result, the long sought-after gene
involved in LPS recognition was designated TLR4.
Later. Vinetz et al compared the Leptospira infection
of C3H/HeJ mice to that of C3H/HeN mice, which
do not possess the TLR4 mutation, and showed that
only C3H/HeJ and not  C3H/HeN mice were sensi-
tive to Leptospira, thus confirming the crucial role
played by TLR4 in Leptospira clearance in mice.(19)

Double TLR2/TLR4 deficient (DKO) mice are a
useful model for studying acute leptospirosis

Since only very young, and not adult C3H/HeJ
mice are sensitive to Leptospira, TLR4 cannot be the
only receptor involved in resistance to leptospirosis.
Moreover, our results and data from other authors
showing that leptospiral LPS and lipoproteins are
recognized by TLR2(11,14,15) led us to hypothesize that
mice deficient for both TLR2 and TLR4 would be
more sensitive to Leptospira than C3H/HeJ mice.
Indeed, we showed recently that adult DKO mice
rapidly died from severe hepatic and renal failure
following intraperitoneal infection with 2 x 108 L.
interrogans, Fiocruz strain (Fig. 2).(20) We next
sought to determine the respective contributions of
the TLR2 and TLR4 receptors in the pathogenesis by
studying the consequences of leptospiral infection in
tlr2-/- and/or tlr4-/- mice compared with those in their
resistant, C57BL/6J wild-type (WT) counterparts.
Interestingly, no tlr2-/- mice died, whereas the tlr4-/-

deficient mice all died, albeit later than the DKO
mice. This confirms the major role played by TLR4
in the clearance of Leptospira, but also shows that
TLR2 contributed to the Leptospira-induced lethali-
ty. The leptospiral load, plasma biochemical parame-
ters, and cytokine and chemokine mRNA expression
were measured in the target organs, i.e. lungs, liver

and kidneys, 3 days post infection, just before the
infected DKO mice died. Interestingly, the clearance
of Leptospira from the liver was impaired in both
tlr4-/- and DKO mice, whereas in the kidneys, clear-
ance was impaired only in DKO mice, revealing a
compartmentalized host response, with TLR4 play-
ing a preeminent role in the liver, and TLR2 and
TLR4 playing complementary roles in kidney
defenses against pathogenic Leptospira.(20)

TLR2/4 dependent expression of IFNγ and
iNOS

Next the levels of interferon-γ (IFN-γ) and
inducible nitric oxide synthase (iNOS) mRNA, two
important mediators of the host defense involved in
the bacterial killing were measured on day 3 post
infection in the target organs. IFN-γ and iNOS
mRNA expression was dramatically lower in the
liver, kidneys and lungs from DKO mice compared
with those in WT mice, in which expression of these
mediators was upregulated post infection. In the kid-
neys, TLR2 or TLR4 deficiency alone did not impair
the production of IFN-γ mRNA, whereas in the liver,
deficiency of TLR2 or TLR4 resulted in very low
IFN-γ mRNA expression. These findings suggest
that TLR2 and TLR4 have overlapping roles in the
kidney, whereas they act synergistically in the liver
to produce IFN-γ. Importantly, both TLR2 and TLR4
contribute to iNOS expression in both the kidneys
and lungs.

IFN-γ and iNOS are double-edged swords, as
these mediators can also cause severe cell damage in
infected organs. Indeed, Yang and Hsu reported the
clinical case of a patient who died from pulmonary
leptospirosis and displayed iNOS mRNA overex-
pression, resulting in the overproduction of nitric
oxide in the lungs, leading to cell damage and subse-
quent acute respiratory failure.(21) We showed that the
global defective iNOS and IFN-γ response in DKO
mice correlates with an increased number of
Leptospira in the kidneys and lungs, which suggests
that the upregulation of iNOS and IFN-γ in
Leptospira-infected WT mice is protective rather
than deleterious. Our results are in line with findings
reported by Yang et al., who demonstrated that the
outer membrane lipoproteins extracts from pathogen-
ic Leptospira stimulated iNOS expression in the
proximal tubule in a TLR2-dependent manner.(14)
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MyD88-independent inflammation
In contrast to the data described above, on day 3

post infection the expression of cytokines (IL 1-β,
TNF, IL6) and chemokines (RANTES, KC, MIP-2)
mRNA were all found to be up-regulated in the
organs of DKO mice compared with those of infect-
ed WT mice. This demonstrates that the expression
of pro-inflammatory cytokines and chemokines is
independent of both TLR2 and TLR4. This result
also did not depend on any other TLR, since mice
deficient for myeloid differentiation primary
response gene (88) (MyD88), the main cytosolic
adaptor of TLRs, displayed the same type of inflam-
mation in response to Leptospira infection.(20) This
result was not expected from the previous in vitro
work performed by our group and others that had

demonstrated that macrophages depend completely
on TLR2 and TLR4 to produce pro-inflammatory
cytokines in response to whole, heat-killed
Leptospira,  LPS and LipL32 protein.(11,15,19)

Furthermore, Yang et al. also showed that outer
membrane proteins (OMPs) extracted from patho-
genic Leptospira santarosai serovar Shermani stimu-
late the secretion of pro-inflammatory mediators in
renal tubule epithelial cells,(13) as well as the produc-
tion of CXCL1/KC via a TLR2-mediated pathway.
Another study from the same group also showed that
the expression of the chemokine CCL2/MCP-1
induced by pathogenic leptospiral OMPs, in particu-
lar LipL32, requires TLR2 in the proximal tubule
cells.(14)

How can we reconcile these in vitro and in vivo

Fig. 2 Immunohistology of organs of WT and DKO (double TLR2/ TLR4 deficient) mice on day 3 post infection with 2 x 108

Leptospira interrogans Fiocruz strain. (A) Leptospira antigen LipL32 immunolabeling in the liver. (B) Anti-CD3 labeling showing
T cells infiltrating the cortex of infected kidneys.

A

B

WT DKO



Chang Gung Med J Vol. 33 No. 6
November-December 2010

Catherine Werts
Toll-like receptors and Leptospira sp.

596

data? Part of the explanation could lie in the mea-
surement time used, typically 24 h in vitro, whereas
our in vivo study measurements were performed 3
days post infection, just before the death of the DKO
mice. We checked the kinetics of the production of
MIP-2, KC and RANTES chemokines, as well as of
TNF in the liver and kidneys of Leptospira-infected
mice 1, 2 or 3 days post infection (Fig. 3). On Day 1
post infection, the levels of cytokines and
chemokines were higher in the organs of WT than
DKO mice. Then, around 2 days post infection, the
levels of cytokines began to rise in the organs of

DKO mice, whereas they fell in those of WT mice
that had already cleared the bacteria (Fig. 3). These
findings suggest that the defect in early TLR2 and
TLR4 activation allowed the bacteria to initiate sec-
ondary, uncontrolled and deleterious inflammation in
the target organs, which was independent of the acti-
vation of TLR/MyD88.

CR3 is not the Leptospira receptor involved in
MyD88 independent inflammation

Complement receptor-3 (CR3) (aka Mac1,
CD11b/CD18) is an integrin expressed at the surface

Fig. 3 Kinetics of cytokine and chemokine expression in organs of WT and DKO infected mice. Homogenates of liver and kidneys
from WT or DKO mice infected intraperitoneally with 2 x 108 Leptospira interrogans. Fiocruz strain were analyzed by ELISA on
days 1, 2 and 3 post infection for TNF, MIP-2, KC and RANTES expression. Values are expressed as mean SD, n = 4 in each
group.
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of most leukocytes. CR3 is involved in the phagocy-
tosis of bacteria, and also in LPS recognition.(22)

Interestingly, CR3 has recently been shown to be
involved in binding Leptospira.(23) We therefore
investigated the contribution of CR3 to the inflam-
matory response induced by Leptospira by blocking
the CR3 receptor in DKO mice according to a recent-
ly published procedure using a neutralizing CD11b
antibody.(24) Bacterial loads and inflammatory
cytokine mRNA levels measured 3 days after infec-
tion were the same in anti-CR3 treated and non-treat-
ed DKO mice (Data not shown). This finding sug-
gests that the MyD88-independent inflammation
cannot be attributed to the CR3 integrin binding of
Leptospira.

Bone marrow-derived cells expressing TLR2
and TLR4 control Leptospira clearance

Since the WT and the DKO mice were com-
pletely resistant and sensitive to lethal infection by
Leptospira respectively, reciprocal chimeras of WT
and DKO mice were constructed to find out which
cell compartment controls susceptibility or resistance
towards pathogenic Leptospira. The data suggest that
cells from the hematopoietic compartment express-
ing TLR2 and TLR4 play a major role in controlling
bacterial clearance.(20)

B-lymphocytes are major players in leptospiro-
sis

We then tried to figure out which cell subset
from the hematopoietic compartment could be
responsible for controlling the infection. The first
candidate was the polymorphonuclear (PMN) cell.
This cell subset is known to be involved in bacterial
phagocytosis and killing, and to express TLR2 and
TLR4.(25) PMN depletion in WT mice induced using
a specific antibody did not change any of the para-
meters measured, with the exception of the
Leptospira load in the liver, which was increased in
the depleted mice, suggesting that the neutrophils
make only a minor contribution (personal data). We
then excluded the monocyte/macrophage subsets,
because in transfer experiments, bone-marrow
derived monocytes from WT mice did not protect the
DKO mice from Leptospira-induced death. Since
Pereira et al. showed that T-cell depletion can aggra-
vate experimental leptospirosis in C3H/HeJ,(17) and
because the humoral response is known to protect

against Leptospira,(26) we first tested Rag-/- mice, in a
C56BL/6J background, which are devoid of both B-
and T-lymphocytes.(26) In contrast to the WT mice,
which survived the infection, all the Rag-/- mice died
as a result of the infection, but later than the DKO
mice.(27) Transgenic CD3-/- mice do not express T-
lymphocytes. These mice were not susceptible to the
lethal leptospirosis, although µMT mice, which are
deficient only for B cells, died from leptospirosis
with the same kinetics as the TLR4-deficient mice.(27)

This finding suggests that B-cells are critical in the
defense against leptospirosis, which is in line with
the pioneering work of Adler et al. four decades ago,
which showed that mice treated with cyclophos-
phamide, a B cell depleting agent, are sensitive to
Leptospira.(27)

Compartmentalized response in kidneys and
liver

Analyses of the expression profiles of cytokine
and chemokine mRNA in the various different trans-
genic mice have shown that the TLR2- and TLR4-
independent inflammation measured in the liver and
kidneys was mostly due to lymphocytes. More
specifically, we showed that in the liver, the produc-
tion of IL-6 and TNF was dependent on the presence
of B cells, whereas TNF expression in the kidneys
was mostly due to T-lymphocytes (Fig. 2).(27) In con-
trast, RANTES chemokine production does not
depend on lymphocytes, but on another subset of the
hematopoietic compartment, which has yet to be
identified. On the other hand, the lymphocyte subsets
responsible for the inflammation are also involved in
host defense through the TLR2 and TLR4-dependent
production of IFN-γ.

Early TLR4-dependent, anti-Leptospira IgM
response

B cells, TLR2 and TLR4 all seem to be crucial
in the host’s defense against Leptospira. The first
functional link found between these different part-
ners is the production of the protective IFN-γ nmedi-
ator by TLR2- and TLR4-expressing B-cells.
Another relationship between B cells and TLRs
emerged from rescue experiments involving µMT
mice devoid of antibodies.(20) Indeed, an intraperi-
toneal injection of heat-inactivated sera from infect-
ed WT mice, which had been bled 20 days post
infection, was able to rescue µMT mice and prevent



Chang Gung Med J Vol. 33 No. 6
November-December 2010

Catherine Werts
Toll-like receptors and Leptospira sp.

598

them from dying, thus confirming the important role
of antibodies in leptospirosis.(3,26,27) As the death of
infected DKO mice occurs from day 4 post infection,
we studied the antibody response 3 days post infec-
tion, and found that the production of specific IgMs
against Leptospira was already measurable in sera
from WT mice, whereas it was markedly impaired in
tlr4-/- and DKO mice, but not in tlr2-/- mice.
Interestingly, the serum from day-3 post infected WT
could not rescue the µMT infected mice, but did
delay their death, something that was not observed
with the sera from either day-3 infected DKO or
naive mice. This outcome indicates that even if not
fully protective, the early TLR4-dependent IgM
response does play a role in protecting the host
against Leptospira. We also showed that purified lep-
tospiral LPS could induce an early, TLR4-dependent,
specific IgM response, suggesting that the antigen is
the lipid A moiety, as the response was not impaired
in tlr2-/- mice. Moreover, in sub-lethal experiments
we also demonstrated that the protective IgG
response measured 20 days post infection required
the presence of either TLR2 or TLR4, as it was only
impaired in DKO, but not in tlr4-/- or tlr2-/- mice.(20)

We have therefore demonstrated for the first time
that TLR4 and TLR2 are both involved in the protec-
tive antibody response against pathogenic
Leptospira.

Conclusions
To sum up, our recent in vivo study has revealed

the crucial role of B-cells in the clearance of
Leptospira.(20) This response of B cells is compart-
mentalized, as in the circulation, infection by
Leptospira results in the TLR4-dependent production
of specific IgMs against LPS from Leptospira,
whereas in the liver, it results in TLR2/4-dependent
production of IFN-γ. We have also demonstrated
that, in the kidney, Leptospira activates T-cells and
parenchymal renal cells through TLR2 and TLR4 to
produce IFN-γ and iNOS. Aside from these protec-
tive responses, B- and T-cells also participate in the
TLR-independent inflammation observed in the liver
and kidneys of infected susceptible mice (Fig. 4).
These findings reveal that whereas the initial onset of
inflammation in response to Leptospira infection is
primarily dependent on TLR activation, and is cer-
tainly required to attract leukocytes and kill bacteria,
a secondary pro-inflammatory response occurs in a

MyD88-independent manner and contributes to the
severe and deleterious organ damage responsible for
the death of sensitive mice.

Future perspectives
The complementary role of TLR4 and TLR2 in

combating Leptospira by recognizing their principal
PAMPs, LPS and lipoproteins has now been estab-
lished (Table 1). Leptospira can adapt to many dif-
ferent hosts. One of the reasons for this may be its
ability to modify its LPS, which contributes to its
ability to escape the host’s immune responses.
Indeed, since the TLR4 sensing of leptospiral LPS is
impaired in humans, it could be helpful to study
TLR2 polymorphism to find out whether there is any
correlation between the severity of the clinical out-
come from leptospirosis and the TLR status of the
patient.

Another avenue of future research will be to
identify the Leptospira receptor, which is responsible
for the TLR- and MyD88-independent response.
Aside from other PRRs, such as the nucleotide-bind-
ing oligomerization (Nod) receptors, which are
cytosolic proteins involved in innate immunity
against microbes,(2,28,29) and which we are studying for
their role in Leptospira recognition, no other obvious
candidate is currently under investigation. Proteomic
and microarray studies should therefore be very use-
ful in the search for the receptor(s) involved in the
deleterious inflammation. Moreover, Leptospira
infected C57BL6/J mice provide a very good model
for studying renal fibrosis, an adverse event observed
in kidneys from patients recovering from leptospiro-
sis which was found one month after infection in WT
and in surviving DKO mice. The different steps that
lead to the development of this fibrosis will be stud-
ied in relationship with the Smad3/TGF pathway that
Yang’s group has already shown to be involved in
the fibrosis process triggered in human cells by path-
ogenic Leptospira.(30)
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Fig. 4  Proposed model of compartmentalized TLR4 and TLR2 activation in the clearance of Leptospira. In the blood stream,
infection by Leptospira results in the stimulation of B cells (1) and leads to the TLR4-dependent production of specific IgM direct-
ed against the LPS of Leptospira (2), that can opsonize the bacteria (3) and promote their phagocytosis and killing (4). Bacteria that
escape antibody opsonization reach the liver and kidneys, where they stimulate B-cells and T-cells, via TLR2 and TLR4 (5). This
activation leads to the production of IFN-γ (6), promoting the phagocytosis and killing of the bacteria (4). Moreover, in the kidney,
Leptospira activate parenchymal renal cells through TLR2 and TLR4 (10) to produce IFN-γ and iNOS (11), which also contribute
to bacterial clearance (4). In addition to these protective responses, B-cells from the liver and T-cells from the kidney are also
responsible for a TLR-independent inflammation (9), via unknown receptor(s) (7) and (8) that recognize Leptospira.

Table 1. In vitro Studies Involving TLR and PAMPs from Leptospira

PAMP TLR Involved Leptospira strain Cell type Read-out Ref

LPS TLR2 L. interrogans Verdun Human THP1-CD14 macrophages TNF, IL-8, NF-κB (11)

LipL32 TLR2 L. interrogans RZ11 Human THP1-CD14 macrophages TNF, IL-8 (11)

LPS TLR2/TLR4 L. interrogans Verdun peritoual macrophages TNF, IL-6, MAP Kinase (15)

LipidA TLR4 L. interrogans Verdun peritoual macrophages TNF, IL-6, MAP Kinase (15)

OMPs TLR2 L. santarosai Shermani Mouse renal proximal tubule cells MCP-1, iNOS (21)

L. interrogans Bratislava

recLipL32 TLR2 L. santarosai Shermani Mouse renal proximal tubule cells MCP-1, iNOS (21)
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