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Parachlamydia acanthamoebae is a Chlamydia-related organism whose pathogenic role in pneumonia is
supported by serological and molecular clinical studies and an experimental mouse model of lung infection.
Toll-like receptors (TLRs) play a seminal role in sensing microbial products and initiating innate immune
responses. The aim of this study was to investigate the roles of MyD88, TLR2, and TLR4 in the interaction of
Parachlamydia with macrophages. Here, we showed that Parachlamydia entered bone-marrow derived macro-
phages (BMDMs) in a TLR-independent manner but did not multiply intracellularly. Interestingly, compared
to live bacteria, heat-inactivated Parachlamydia induced the production of substantial amounts of tumor
necrosis factor alpha (TNF), interleukin-6 (IL-6), and IL-12p40 by BMDMs and of TNF and IL-6 by peritoneal
macrophages as well as RAW 264.7 and J774 macrophage cell lines. Cytokine production by BMDMs, which
was partially inhibited upon trypsin treatment of Parachlamydia, was dependent on MyD88, TLR4, and, to a
lesser extent, TLR2. Finally, MyD88�/�, TLR4�/�, and TLR2�/� mice were as resistant as wild-type mice to
lung infection following the intratracheal instillation of Parachlamydia. Thus, in contrast to Chlamydia pneu-
moniae, Parachlamydia acanthamoebae weakly stimulates macrophages, potentially compensating for its low
replication capacity in macrophages by escaping the innate immune surveillance.

Parachlamydia acanthamoebae is a strict intracellular bacte-
rium which naturally infects free-living amoebae. Like other
members of the Chlamydiales order, it exhibits a two-stage
developmental cycle with infectious elementary bodies and
metabolically active replicating reticulate bodies (25). Several
pieces of evidence support the role of P. acanthamoebae as a
new agent of lower respiratory tract infection (reviewed in
references 18 and 32). The first hint was provided by the
recovery of P. acanthamoebae strain Hall’s coccus from the
water of a humidifier associated with an outbreak of fever and
the presence of anti-Parachlamydia antibodies among exposed
individuals (2). Additional serological studies demonstrated a
higher seropositivity rate among patients with pneumonia than
among controls (20, 33). Furthermore, parachlamydial DNA
was detected by PCR in mononuclear cells of a patient with
bronchitis and in sputa and bronchoalveolar lavage samples
from patients with lower respiratory tract infections (11, 12, 19,
37). Moreover, Parachlamydia infects human pneumocytes and
macrophages in vitro (7, 23, 24). Finally, we recently developed
an experimental model in which mice injected with living
Parachlamydia showed signs of severe pneumonia and bacte-

rial localization in cells that were likely pneumocytes and mac-
rophages (9, 10).

The sensing of invasive pathogens by innate immune cells
relies on their capacity to sense microbial molecular motifs
through pattern recognition receptors. Toll-like receptors
(TLRs) expressed on the surface or in the endosomes of im-
mune cells allow the detection of microbially derived molecu-
lar structures such as lipids, proteins, and nucleic acids. TLR4
is an obligate partner for the host response to bacterial lipo-
polysaccharide (LPS) (endotoxin) and most Gram-negative
bacteria (1). TLR2, which generates heterodimers in combina-
tion with either TLR1 or TLR6, has been reported to recog-
nize a broad range of microbial compounds, among which are
lipopeptides, lipoproteins, peptidoglycan subcomponents, and
�-glucans (29). The activation of the intracellular signaling
pathways upon microbial recognition by TLRs engages several
adaptor molecules. Myeloid differentiation primary response
gene 88 (MyD88) specifies most TLRs and the TLR4 MyD88-
dependent signaling pathway, which is involved in the activa-
tion of mitogen-activated protein kinases and nuclear factor
�B and in the generation of proinflammatory cytokines and
immune-related genes (35).

Although Parachlamydia may represent an emerging agent
of pneumonia (18, 26), very little is known about its recognition
by innate immune cells. Unfortunately, the mechanisms in-
volved in the sensing of Chlamydia are most likely irrelevant
for Parachlamydia given the specificities of this bacterium, such
as its ability to replicate within amoebae (22) and its genome
size, which is more than twice that of Chlamydia (21). In
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addition, the bioinformatics-based annotation of the genome
of the Parachlamydia-related symbiont UWE25 indicates that
it likely possesses a truncated LPS and lacks most immuno-
genic outer membrane proteins present in the Chlamydiaceae
(27). Considering the central role played by TLRs in microbial
sensing, we studied the contributions of MyD88, TLR2, and
TLR4 in the recognition of P. acanthamoebae by macrophages
in vitro and in the outcome of parachlamydial infection in an
experimental model of pneumonia in mice. Our results show
that living P. acanthamoebae enters but does not multiply in
macrophages and that heat-inactivated P. acanthamoebae stim-
ulates cytokine production by macrophages in a MyD88/TLR4-
dependent manner and to a lesser extend through TLR2. Fur-
thermore, MyD88�/�, TLR4�/�, and TLR2�/� mice are
resistant to P. acanthamoebae infection. Taken together, these
data indicate that P. acanthamoebae weakly stimulates the in-
nate immune system, which may allow the bacterium to survive
in infected cells despite its low replication capacity.

MATERIALS AND METHODS

Mice. Eight- to 12-week-old female BALB/c and C57BL/6 mice were obtained
from Charles River Laboratories (L’arbesle, France) and acclimatized for at least
1 week before experimentation. MyD88�/�, TLR2�/�, and TLR4�/� mice have
been described previously (28, 30, 45). All animal procedures were approved by
the Office Vétérinaire du Canton de Vaud, Lausanne, Switzerland (authorization
no. 876.5, 877.5, and 1860.1), and performed according to our institutional
guidelines for animal experiments.

Cells and reagents. P. acanthamoebae strain Hall’s coccus was propagated in
Acanthamoeba castellanii (strain ATCC 30010; American Type Culture Collec-
tion, Manassas, VA) in peptone-yeast extract-glucose broth medium (PYG) at
32°C. After 6 days of incubation, cultures were harvested and the bacteria were
purified using a sucrose barrier, as previously described (7). Bacteria were inac-
tivated by heating for 1 h at 95°C. In selected experiments, the supernatant and
the insoluble material from heat-inactivated P. acanthamoebae were obtained by
centrifugation (10 min at 20,800 � g). The insoluble pellet was treated at 37°C
for 1 h with trypsin (50 �g/ml) or for 8 h with DNase I (100 �g/ml) (Sigma-
Aldrich, St. Louis, MO). Salmonella enterica serovar Minnesota ultrapure
LPS was from List Biologicals Laboratories (Campbell, CA) and palmitoyl-
cys((RS)-2,3-di(palmitoyloxy)-propyl)-Ser-Lys-Lys-Lys-Lys-OH trifluoroac-
etate salt (Pam3CSK4) from EMC Microcollections (Tuebingen, Germany).

Bone marrow-derived macrophages (BMDMs) and thioglycolate-elicited peri-
toneal macrophages were obtained as previously described (15, 41). BMDMs
were cultured in Iscove’s modified Dulbecco’s medium (IMDM) (Invitrogen,
Basel, Switzerland) containing 10% fetal calf serum (FCS) (Seromed, Berlin,
Germany) and 50 �M 2-mercaptoethanol. Thioglycolate-elicited peritoneal mac-
rophages and RAW 264.7 and J774 macrophage cell lines (ATCC) were cultured
in RPMI 1640 medium (Invitrogen) containing 2 mM glutamine and 10% FCS.

Phagocytosis. BMDMs (5 � 105) were grown overnight on 12-mm-diameter
round coverslips in flat-bottom 24-well cell culture plates (Corning, Lowell, MA).
After washing, BMDMs were incubated with living or heat-inactivated bacteria
(bacterium-to-cell ratio, 100:1), centrifuged at 1,793 � g for 10 min at room
temperature, and incubated for 15 min at 37°C. BMDMs were washed with
RPMI medium and further incubated for different periods of time at 37°C in a
5% CO2 atmosphere. Coverslips were washed with phosphate-buffered saline
(PBS). Cells were fixed with 3% paraformaldehyde, washed with PBS, and
permeabilized in PBS containing 0.3% Tween (Merck-Schuchardt, Hohenbrunn,
Germany). Coverslips were incubated with rabbit anti-Parachlamydia antibodies
for 30 min at room temperature, washed, and incubated with Alexa 488-coupled
anti-rabbit immunoglobulin antibodies (Bio-Rad, Rheinach, Switzerland) and
1% Evans blue (bioMérieux, Marcy-l’Etoile, France) for 30 min at room tem-
perature. Primary and secondary antibodies were diluted in PBS containing 0.3%
Tween and 10% FCS. The coverslips were washed successively with PBS-Tween
and PBS and mounted onto glass slides. Cells were observed under an epifluo-
rescence microscope (Axioplan 2; Zeiss, Feldbach, Switzerland) and a confocal
microscope (Axioplan 2 LSM 510; Zeiss). The number of bacteria per macro-
phage was determined by counting three times the number of Parachlamydia
organisms within about 50 macrophages.

Cytokine measurements. Macrophages were plated at a density of 5 � 105 cells
per well in 24-well culture plates (Costar). Cells were stimulated for 4 to 24 h
with LPS (10 ng/ml), Pam3CSK4 (100 ng/ml), or P. acanthamoebae. The concen-
trations of tumor necrosis factor (TNF) and interleukin-6 (IL-6) in cell culture
supernatants were measured using WEHI 164 clone 13 mouse fibrosarcoma cells
(TNF) and 7TD-1 mouse hybridoma cells (IL-6) as described previously (40).
IL-1� and IL-12p40 were quantified by enzyme-linked immunosorbent assay
(ELISA) (RnD, Minneapolis, MN, and Becton Dickinson, San Diego, CA).

Mouse model of infection. Mice were anesthetized by an intraperitoneal in-
jection of ketamine (100 mg/kg) and midazolam (1 mg/kg). The trachea was
uncovered, and 1.25 � 108 to 2.5 � 108 P. acanthamoebae bacteria were injected
intratracheally using a sterile 26-gauge needle. Sham-operated mice were in-
jected with PBS. The incision was closed using surgical staples. The body weight
and the survival of mice were followed at least once daily. In selected experi-
ments, blood was collected after 24 h to quantify cytokine levels. At selected time
points, mice were euthanized by CO2 inhalation. Lungs were harvested and
snap-frozen in liquid nitrogen. DNA was extracted and the copy number of the
P. acanthamoebae genome determined by quantitative PCR as described previ-
ously (8). Parts of mouse lungs were minced in PBS for cytokine quantification
or fixed with 4% paraformaldehyde for histology. Hematoxylin-eosin stained
slides were read blindly by M.K.P. and G.G.

RESULTS

Parachlamydia acanthamoebae is internalized by macro-
phages but does not multiply inside macrophages. Entry of P.
acanthamoebae into BMDMs was confirmed by confocal mi-
croscopy and found to be similar for wild-type, TLR2�/�, and
TLR4�/� BMDMs (Fig. 1). No growth of Parachlamydia was
observed in BMDMs. The mean numbers of bacteria per mac-
rophage at 15 min after infection were 7.6, 11.0, and 7.9 and
those 48 h later were 10, 8.6, and 13.3 in wild-type, TLR2�/�,
and TLR4�/� BMDMs, respectively (P � 0.05 for all condi-
tions).

MyD88, TLR4, and, to a lesser extent, TLR2 contribute to
the sensing of heat-inactivated Parachlamydia acanthamoebae
by macrophages. As a first step to investigate whether TLRs
play a role in the sensing of P. acanthamoebae by innate im-
mune cells, we compared the production of TNF, IL-6, and
IL-12p40 by wild-type, TLR2�/�, and TLR4�/� BMDMs in-
fected with P. acanthamoebae for 4, 8, 12, and 24 h. Experi-
ments were performed using both living and heat-inactivated
(1 h at 95°C) bacteria (Fig. 2). Overall, TLR2�/� BMDMs
exposed to heat-inactivated P. acanthamoebae produced re-
duced levels of TNF and IL-6 compared to wild-type BMDMs,
whereas TLR4�/� BMDMs produced almost no TNF, IL-6, or
IL-12p40. Strikingly, living P. acanthamoebae slightly stimu-
lated cytokine production by BMDMs. To substantiate this
observation, we then tested the cytokine-inducing capacities of

FIG. 1. Parachlamydia acanthamoebae is internalized by macro-
phages. Intracellular detection of P. acanthamoebae within wild-type
(A), TLR2�/� (B), and TLR4�/� (C) BMDMs at 4 h postinfection is
shown. Macrophages and P. acanthamoebae were stained with Evans
blue and Alexa 488, respectively, and analyzed by confocal microscopy
as described in Materials and Methods.
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living and heat-inactivated P. acanthamoebae in peritoneal
macrophages and in the RAW 264.7 and J774 macrophage cell
lines. Recapitulating the results obtained with BMDMs, living
bacteria induced much lower levels of TNF and IL-6 than
heat-inactivated bacteria (P � 0.001) (Fig. 3).

Considering that MyD88 is required for signaling through
TLR2 and TLR4, we then compared the responses of wild-type
and MyD88�/� peritoneal macrophages and BMDMs to infec-
tion with heat-inactivated P. acanthamoebae (Fig. 4). As ex-
pected, MyD88 deficiency strongly impaired TNF production
and fully abrogated IL-6 production by macrophages, indicat-
ing that heat-inactivated P. acanthamoebae stimulated the re-
lease of cytokines in a MyD88-dependent manner.

To gain insight into the nature of the molecular structures
involved in the activation of macrophages by P. acanthamoe-
bae, the supernatant and the insoluble material obtained after
centrifugation of heat-inactivated P. acanthamoebae prepara-
tions were treated with DNase and trypsin and tested for their
ability to stimulate TNF, IL-6, and IL-12p40 release by BMDMs
(Fig. 5 and data not shown). Whereas the supernatant of heat-
inactivated bacteria did not induce cytokine release by
BMDMs, the bacterial pellet recovered in PBS stimulated cy-
tokine production to the same extent as the original bacterial
preparation. Trypsin treatment reduced TNF and IL-6 produc-
tion induced by the bacterial pellet by 2-fold, whereas DNase
treatment had no impact.

Altogether, these data suggested that heat inactivation of P.
acanthamoebae exposed a trypsin-sensitive microbial molecu-
lar pattern that stimulated cytokine release by macrophages.

Roles of MyD88, TLR2, and TLR4 in the host response to
Parachlamydia acanthamoebae pneumonia. To analyze in vivo
the roles of the TLR pathways in modulating the innate im-

FIG. 2. Heat-inactivated Parachlamydia acanthamoebae stimulates the production of proinflammatory cytokines by macrophages through
TLR4 and, to a lesser extent, TLR2. The kinetics of TNF, IL-6, and IL-12p40 production by wild-type, TLR2�/�, and TLR4�/� BMDMs infected
with live and heat-inactivated P. acanthamoebae (multiplicity of infection [MOI], 100) are shown. Data are means � standard deviations (SD) for
triplicate samples from one experiment and are representative of three independent experiments. �, P � 0.05 versus result for wild-type BMDMs.

FIG. 3. Heat-inactivated Parachlamydia acanthamoebae stimulates
cytokine production by RAW 264.7, J774, and peritoneal macro-
phages. TNF and IL-6 production by RAW 264.7 (A), J774 (B), and
thioglycolate-elicited peritoneal (C) macrophages cultured with PBS,
LPS, and living (Pac) or heat-inactivated (HI Pac) P. acanthamoebae is
shown. Data are means � SD for triplicates samples from one exper-
iment; P � 0.05 for living versus heat-inactivated P. acanthamoebae (A
to C).
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mune response to P. acanthamoebae, we established a model of
pneumonia following the intratracheal instillation of 2.5 � 108

bacteria in wild-type and MyD88�/� animals. Lungs and blood
were collected from wild-type and MyD88�/� animals at 24 h
after infection with 2.5 � 108 P. acanthamoebae bacteria to
quantify cytokines. In line with our in vitro observations, larger
amounts of IL-1� and IL-6 were detected in the lungs and
larger amounts of IL-6 and IL-12p40 were detected in the
circulation of wild-type mice, confirming in vivo that MyD88 is
involved in the host response to P. acanthamoebae (Fig. 6A
and B).

To analyze whether the reduced inflammatory response im-
paired host defenses, we then compared the susceptibilities of
wild-type and MyD88�/� animals to infection with 2.5 � 108

bacteria (Fig. 7A). Interestingly, MyD88�/� mice were as re-
sistant as wild-type mice to infection with P. acanthamoebae
(64% survival and 72% survival in wild-type and MyD88�/�

mice, respectively; n 	 25 or 26 [P � 0.5]). In agreement with
these findings, at 8 days after the onset of infection, the copy
numbers of the P. acanthamoebae genome in the lungs of
wild-type and MyD88�/� mice were similar (Fig. 7B). Con-

firming these observations, deficiency in TLR2 or TLR4 did
not increase the susceptibility of mice to infection with P.
acanthamoebae (1.25 � 108 bacteria) (Fig. 7C). Moreover,
histological analyses showed that the natural history was sim-
ilar in wild-type and MyD88�/� mice infected with P. acan-
thamoebae. Thus, at 24 h postinfection, one mouse in each
group (three mice per group) presented an inflammatory in-
filtrate, which was composed mainly of neutrophils (Fig. 8A
and B). Moreover, wild-type and MyD88�/� mice that died at
about 7 to 10 days postinfection exhibited signs of severe pneu-
monia, with multifocal to confluent lympho-monocytic infil-
trates composed primarily of macrophages (Fig. 8C and D).

DISCUSSION

Clinical and experimental data suggest that P. acanthamoe-
bae represents a new agent of lower respiratory tract infection
(18). The characterization of the innate immune receptors
engaged by P. acanthamoebae is essential for improving our
understanding of the pathogenesis of P. acanthamoebae infec-
tion. Analyses of the response of macrophages to P. acan-
thamoebae revealed a critical role for the MyD88/TLR4 path-
way, and to a lesser extent TLR2, in the production of
proinflammatory cytokines. Yet, heat-inactivated bacteria
were much more immunogenic than live bacteria. In line with
these results, mice deficient in either MyD88, TLR4, or TLR2
were resistant to lung infection with P. acanthamoebae.

P. acanthamoebae quickly entered BMDMs. P. acanthamoe-
bae internalization was not affected in macrophages deficient
in either TLR2 or TLR4, corroborating the notion that TLRs
do not function primarily as phagocytic receptors (46). Of note,
the initial rate of infection of BMDMs (around 10 bacteria per
BMDM) was similar to that of human macrophages, A549
pneumocytes, and HEL lung fibroblasts (two to four bacteria
per infected cell [7, 24]). Nonetheless, upon internalization, P.
acanthamoebae did not multiply inside BMDMs, whereas it
grows poorly in human macrophages, A549, and HEL cells (7,
24). Overall, these data suggest that P. acanthamoebae has a
rather limited replication capacity in innate immune cells com-
pared to amoebae, where an exponential growth of 2 log units
was observed (22).

FIG. 5. Heat-inactivated Parachlamydia acanthamoebae expresses
a trypsin-sensitive determinant that stimulates cytokine production by
macrophages. TNF and IL-6 production by BMDMs exposed to heat-
inactivated P. acanthamoebae insoluble material treated or not with
trypsin or DNase is shown. Data are means � SD for triplicates
samples from one experiment. �, P � 0.05.

FIG. 4. MyD88 is required for the sensing of heat-inactivated
Parachlamydia acanthamoebae by macrophages. TNF and IL-6 pro-
duction by thioglycolate-elicited macrophages (A and B) and BMDMs
(C) exposed to PBS, Pam3CSK4 (P3CSK4), LPS, and heat-inactivated
P. acanthamoebae (HI Pac) is shown. Data are means � SD for
triplicate samples from one experiment and are representative of two
independent experiments; P � 0.05 for wild-type versus MyD88�/�

BMDMs for all conditions.
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Unexpectedly, heat-inactivated P. acanthamoebae induced
the production of substantial levels of cytokines by macro-
phages, whereas living bacteria only weakly stimulated cyto-
kine production. Most likely, heat inactivation exposed an im-
munogenic determinant, probably a protein given its partial
susceptibility to trypsin, hidden in living bacteria. An obvious
candidate is a heat shock protein (HSP). Indeed, the genome
of P. acanthamoebae contains several genes encoding putative
HSPs (21), and HSP60 from Chlamydia pneumoniae and Chla-
mydia trachomatis have been reported to strongly stimulate
innate immune cells (4, 13, 31). Further investigations will be
required to characterize the structure of the microbially asso-
ciated molecular pattern(s) of P. acanthamoebae that stimu-
lates innate immune cells.

The recognition of heat-inactivated P. acanthamoebae by
macrophages occurred mainly through MyD88/TLR4. Yet,
TNF and IL-6 production by TLR2�/� BMDMs was also re-
duced to some extent. Interestingly, the MyD88/TLR4 pathway
has previously been reported to be involved in the sensing of C.
pneumoniae and C. pneumoniae HSP60 (4, 42, 43) and to
mediate the acute pulmonary inflammation in mice following
the intratracheal instillation of C. pneumoniae HSP60 (5). Fur-
thermore, the TLR4 pathway was implicated in C. trachomatis
HSP60-induced trophoblast apoptosis (16). Besides TLR4,

FIG. 7. MyD88�/�, TLR2�/�, and TLR4�/� mice are resistant to
Parachlamydia infection. Survival (A and C) and P. acanthamoebae
genomic copy number in the lungs (day 8) (B) of mice infected with
2.5 � 108 (A and B) and 1.25 � 108 (C) P. acanthamoebae bacteria is
shown (n 	 25 or 26 mice per group for panel A and n 	 6 to 8 mice
per group for panel C); P � 0.05 for all conditions.

FIG. 6. Reduced cytokine levels in the blood and the lungs of MyD88�/� mice infected with Parachlamydia acanthamoebae. Wild-type (WT)
(black symbols) and MyD88�/� (white symbols) C57BL/6 mice (n 	 8 mice per group) were either sham operated or infected with 2.5 � 108 P.
acanthamoebae. Blood (A) and lungs (B) were collected after 24 h to quantify TNF, IL-6, IL-1�, and IL-12p40. The horizontal line represents the
median value. Of note, TNF and IL-1� were not detected in the blood.
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TLR2 was shown to play a primary role in the activation of
dendritic cells by C. pneumoniae and C. pneumoniae HSP60
(13, 38) and to mediate C. pneumoniae-induced macrophage
foam cell formation (6). Moreover, TLR2 was implicated in
oviduct pathology resulting from genital tract infection with C.
trachomatis (14) and triggered the early immune response to C.
pneumoniae pulmonary infection (39). Further substantiating a
role for TLRs in the sensing of Chlamydiaceae, C. pneumoniae-
infected MyD88�/� mice showed impaired production of cy-
tokines and chemokines and delayed recruitment of T cells,
and they ultimately died from severe chronic lung infection
(34). Altogether, these data point toward a fundamental role
of MyD88, TLR2, and/or TLR4 in detecting Chlamydia spp., in
particular Chlamydia HSPs. In the future, it might be interest-
ing to study the role of intracellular sensors of bacteria such as
nucleotide-binding and oligomerization domain-like receptors
(NLRs), which have been shown to mediate a cell response to
C. pneumoniae, C. trachomatis, and Chlamydia muridarum (3,
36, 44, 47).

Models of lung infection have underscored the vital role of
the early inflammatory response in mediating bacterial clear-

ance and conditioning survival. As mentioned above, mice
deficient in MyD88, TLR4, and TLR2 ultimately developed a
severe and chronic lung inflammation involved in morbidity
and mortality after C. pneumoniae infection (34, 39, 44). These
observations demonstrate that TLRs exert a two-sided role in
Chlamydia infections, acting on the one hand as key initiators
of the host anti-Chlamydia defense responses and on the other
hand as important contributors to tissue damage and Chla-
mydia pathogenicity. Astonishingly at first sight, MyD88,
TLR4, and TLR2 deficient mice were fully resistant to infec-
tion with P. acanthamoebae. Whereas these data could argue
for a minor pathogenic role of P. acanthamoebae in healthy
individuals, it is worthwhile to remember that most docu-
mented cases of probable infection with P. acanthamoebae
were reported in immunocompromised HIV-infected or
grafted patients (19, 33). Thus, it would be of interest to fur-
ther analyze the pathogenicity of P. acanthamoebae in severely
immunocompromised mice. Taking into account that P. acan-
thamoebae modestly replicated in infected mammalian cells in
vitro (7, 24) and that the bacterial load decreased with time
(10-fold in 2 days and 1,000-fold in 10 days) in mice infected
with P. acanthamoebae (9), P. acanthamoebae may compensate
for its low replication capacity by escaping innate immune
surveillance. Importantly, there are significant differences in
the replication capacities of Parachlamydia in murine and hu-
man macrophages (no versus limited replication capacity) as
well as in cytokine production by these cells following exposure
to heat-inactivated bacteria (presence and absence of proin-
flammatory cytokine secretion). Thus, the mouse model may
partially reflect what occurs in human infections.

In summary, we report the first insight into the mechanisms
of recognition of P. acanthamoebae by the innate immune
system. MyD88 or TLR4 deficiencies do not impair mouse
survival after P. acanthamoebae infection, whereas they did so
after C. pneumoniae infection, indicating that this Chlamydia-
related bacterium has evolved a different strategy to interact
with the host. It will be interesting to investigate the innate
immune response to other Chlamydia-related bacteria such as
Waddlia chondrophila, a potential agent of miscarriage and
lower respiratory tract infection which was shown to replicate
in human macrophages (17). Finally, further work will be de-
voted to the identification of the molecular pattern(s) of P.
acanthamoebae that stimulates innate immune cells, as this
may help in development of improved serologic diagnostic
tests for infection and better understanding of the pathogen-
esis of Parachlamydia infection.
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Hematoxylin-eosin staining was used; magnification, �200 (A to F).
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