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Abstract

Infection and inflammation are relevant entities of male ofad¢hfertility. Bacterial
infections are mostly the consequence of an ascending infectidre gjenito-urinary
tract which can ultimately lead to epididymo-orchitis. Bdatetoxins and the innate
immune responses directed against them may have a significantt impamale
reproductive function. Toll-like receptors (TLRsS) constitute the migorily of pattern
recognition receptors that play a pivotal role in innate immumtyhé testis, TLRs are
not only found in immune cells such as macrophages and dendritic lmalglso in
testicular somatic cells and to a lesser extent in gefis. ¢e this review we describe
relevant bacterial pathogens found in testicular and male reproduretivénfection, new
data on the localisation and potential functions of TLRs, recognitignrasponse to
bacteria with a special emphasis on uropathogé&nicoli. Mechanisms by which
uropathogenid. coli subvert innate immune responses in the testis are discussed using

information derived from animal model studies.
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Relevant pathogens causing testicular dysfunction

Following some controversy in the past it is now accepted th&grizand viral
infections of the male reproductive tract contribute significatdlympaired fertility.
Bacterial infection of the male genital tract often resiiiéen ascending canalicular
infections of the male excurrent ducts and can manifest itaslf urethritis,
prostatitis/vesiculitis, epididymitis or epididymo-orchitis. dBaria eliciting epididymo-
orchitis are either sexually transmitted or originate fromaryi tract infections (Purvis &
Christiansen, 1993; Weidner et al., 1999; Anders & Patole, 2005; Ludwig, 2008hgAm
sexually active men younger than 35 years with a medical histamyethral discharge,
the most prevalent pathogens related to epididymo-orchitiClalismydia trachomatis
and Neisseria gonorrhoeae (Weidner et al., 1999; Ludwig, 2008; Ochsendorf, 2008)
Apart from sexually transmitted infections, the most common céusepididymo-
orchitis is genito-urinary tract infection witk. coli and otherEnterobacteriaceae
especially in older men. Uropathogertscherichia coli (UPEC) are among thenost
frequently isolated microbial agents in urinary tract infectionlsere@as in semen the
subtype ofE. coli is rarely specified (Wiles et al., 2008).

Bacterial epididymo-orchitis represents a relevant clirecdity in andrology and
urology. A prevalence of 600,000 cases of acute epididymitis pehgsareen reported
in the USA (Krieger, 1984). According to Collins et al. (Collies al., 1998)
epididymitis/orchitis accounted for 0.30% of all consultations to off@sed physicians
of all specialties in the USA, and was ranked fifth among genitatyridiagnoses in
those aged 18-50 years. In a recent urological outpatient study, epitisdgccounted
for approximately 1% of visits, with 80% of these patients havimgpsyms longer than
3 months (Nickel et al., 2002). Inflammation of the testis as a ccatiph of acute
epididymitis due to ascending, canalicular bacterial infectionsrismon and may occur
in up to 60% of affected patients (Ludwig et al., 2008; Schuppe et al., Z008hpte,
whereas acute testicular inflammation is symptomatic, mogtnpstwith subacute or
chronic impairment are asymptomatic (Schuppe et al., 2008). Treathehe acute
phase of disease, i.e. bacterial epididymo-orchitis, is based ntibioic and
antiphlogistic pharmacotherapy (Weidner et al., 2002). Even afterssfictmtervention,

however, the inflammatory reaction can chronify silently in bothegestith major
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functional and structural damage of the seminiferous tubules andgsebsenfertility
(Weidner et al., 1990; Osegbe, 1991; Fijak & Meinhardt, 2006; Schuppe et al., 2008)
Hence, it is almost certain that genital tract inflammatnd@¢tion including the chronic
form contributes to a larger extent to the cohort of patients ‘rdibpathic” infertility
(Schuppe & Meinhardt, 2005; Haidl et al., 2008). Until now, however, the alinic
identification of chronic genital tract inflammation/infection haet hampered by the

lack of symptoms and non-invasive diagnostic tools.

Uropathogenic E. coli

E. coli, the most common facultative gram negative bacteria in the hfecal
flora, usually resides in the colon as a harmless commensal.g=cbmcal point of view,
E. coli of biological importance to humans can be broadly classifgd )acommensdt.
coli (i.e. intestinal colonizers), (2) intestinal pathogertic coli (i.e. enteric or
diarrheagenic strains), and (3) extraintestinal pathogEnicoli (EXPEC) (Russo &
Johnson, 2000). coli is a highly clonal species represented by 4 major phylogeneti
groups comprising A, B1, B2 and D (Johnson & Russo, 2005). Diarrheal§endti
occur almost exclusively in A, B1 and D as well as other ungroupgdganetic groups,
while uropathogenic and other extraintestigalcoli are present within the B2 group.
UropathogenicEscherichia coli (UPEC) are the most frequent cause of urinary tract
infection and are responsible for 70-90% of the anticipated 150 millio@ryriract
infections diagnosed annually (Stamm & Norrby, 2001). UREEe acquired specific
virulence attributessuchas adhesinsg-haemolysin, siderophores apdlysaccharide
coatings (Eisenstein & Jones, 1988; Johnson, 1991; Johnson & Kuskowski, 2000;
Johnson & Stell, 2000; Russo & Johnson, 2000). These factors confer upon UPEC the
ability to avoid orsubvert host defenses, colonize and invade host tissue, geogirb
physiology, invade hostissues, and/or aggravate deleterious host inflammatory
responsethereby causing disease (Russo & Johnson, 2000). These UPEC virulence
factors are usually encoded on the chromosome of UPEC and arepafteof large,
unstable chromosomal regions, known as pathogenic islands ({Bfs) et al., 1994;
Swenson et al., 1996; Hacker et al., 2003; Dobrindt et al., 2004). CurnemtlyPAls

have been described, but the majority of virulence determinants atedamn only five

Page 4 of 24



PAls. Indeed, all virulent factors such as toxins, adhesins, andenophore system,
proteases, capsule and LPS are expressed on five PAls pres&EGCFTO073 strain.
The role in pathogenicity of these PAIs have been tested ariaermodel. Mutational
analyses of these PAIs have shown that deletion of a single BAiadisignificantly
affect the survival of infected mice. Deletions comprising twdhoee PAIls, however,
significantly reduced the virulence potential of these strains (Brzusizkietval., 2006).

The two UPEC strains 536 and CFT073 have been completely sequenced and
several of their PAls have been studied in detail (Hacker et al., 1983; Moblleyl&90;
Kao et al., 1997; Guyer et al., 1998; Rasko et al., 2001; Dobrindt et al., 2€2eider
et al., 2004). The complete genome sequence analysis of UPER GE&D73 has
revealed extensive mosaic structure in terms of the distributiobackbone gene
conserved InE. coli, and “foreign” genes, which probably have been acquired
horizontally (Welch et al., 2002). The genofaecoli strain CFT073 consists of a single
circular chromosome of 5,231,428 bp and is 292 bp larger than that of strain 536.

Testicular innateimmunity and defense mechanismsto bacterial infection
The excurrent ducts can provide a gateway for ascending miciof@etions,

which can manifest itself as urethritis, prostatitis, epididignair epididymo-orchitis. It is
therefore not surprising that in 13-15% of all cases of materfadertility infection and
inflammation of the male genital tract are considered as pyicause or co-factor of
fertility disturbances (WHO, 1987; Nieschlag & Behre, 2000; Dohkd.e2005). On the
other hand, the testis is an immunologically privileged organ protettnguto-antigens
of the meiotic and haploid germ cells, which first appear #fierestablishment of self-
tolerance at the time of puberty (Head et al., 1983; Filippini .et2801; Hedger &
Meinhardt, 2003; Fijak & Meinhardt, 2006). Immune privilege is attributedissues
such as the eye, brain and fetal-maternal interface which rgrebe spread of
inflammation, because even minor incidences can threaten organ ingegtityinction
(Girling & Hedger, 2007). It is therefore somewhat paradoxlea microorganisms can
disrupt immune privilege causing impairment of spermatogenesitheAtellular level
testicular macrophages in the interstitial space, Sertols @ld to a lesser extent

peritubular cells have been implicated in both the maintenance afrimprivilege and a
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primary role in local inflammatory responses (Figure 1) (Fijaki&inhardt, 2006). The
direct pathologic effects resulting from the bacterial invasrernoéten aggravated by the
inflammatory process (Schuppe & Meinhardt, 2005; Girling & Hedd#07).
Consequently it is important to understand the mechanisms by whichnatompetent
cells in the testis recognize infectious agents and how kalgb@thogens try to diminish
an inflammatory response by interfering with testicular defgratbways (Figure 1 and
2).

Toll likereceptorsand innate immunity

All living beings are exposed constantly to microbial agemas are present in
nature and need to deal with the invasion of these organisms into theThedseliable
detection of microorganisms is a complex and daunting task bechatlssranolecular
heterogeneity and rapid evolution. All vertebrates have developedrimnesponses to
protect against potential microbial invasion. The vertebrate immesgonse can be
functionally divided into innate and adaptive immunity, with the innaeunity being
the first line of defense against microorganisms. Adaptive immesmonses are on the
contrary slower responses mediated by T and B cells which expigkly diverse
antigen receptors. Innate immunity had been considered as a nansggstiém, and
until recently less attention has been paid towards the abitifi¢his system to contain
insults. However, the discovery of pattern recognition recepidrgh detect pathogens
through evolutionary conserved pathogens-associated-molecular-patterngreladly
advanced the concept of innate immunifpll-like receptors (TLRsS) and intracellular
nucleotide-binding oligomerization domain proteins are two classes dfogeat
recognizing receptors involved in innate immune detection.

The discovery of the TLRs was initiated by the finding of Tolgeme product
essential for the development of embryonic dorsoventral polarity inophda
(Hashimoto et al., 1988). Subsequent studies have revealed that Tolamaisal role
in the antifungal responses of flies (Lemaitre et al., 1996). ISd 3adifferent members
of the TLR family have been identified through data base searamammals (10 in
humans and 12 in mice) (Akira & Takeda, 2004; Beutler, 2004). TLR expnesss

found in various immune cells such as macrophages, dendritic cellds Bloeells, mast
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cells, monocytes, neutrophils, eosinophil and even on non immune cells such as
fibroblast and epithelial cells (Applequist et al., 2002). Expressitiarpaof TLRs is not
constant, but varies relatively quickly in response to the presenteeiofrespective
ligands.Among the characterized TLRs, TLR1, 2, 4, 5 and 6 are expressed oellthe
surface and appear to exclusively identify bacterial and fungal comisotiet are not
made by the host, whereas TLR3, 7, 8 and 9, located in intracelltrs@mes,
specifically detect nucleic acids of pathogens (Akira et al., 2006).

The TLRs are type 1 integral membrane glycoproteins cledsiin the basis of
considerable homology in the cytoplasmic domain to that of the inkemleype 1
receptor (IL-1R), termed the Toll/IL-1R homology domain (Bo&i®©'Neill, 2000).The
cytoplasmic domain of TLRs and IL-1Rs have a conserved region ahapately 200
amino acids, which is known as the Toll/IL-1R (TIR) domain (Slack et al., 2000).

Toll likereceptor expression in thetestis

The innate defence of the testis like that of other organs $iogerecognition of
bacterial products by members of the Toll-like receptor (TtaR)ily. In view of the
paradox immune status of the testis with its obvious susceptibilitynfection and
inflammatory responses in an immune privileged environment (Fjakleinhardt,
2006), it is surprising that only few studies have examined thefdleRs in this organ
thus far (Girling & Hedger, 2007). It is only recently that expi@s of TLR 1-11 was
shown in total rat testis, epididymis and vas deferens (Pallata&dg 2007) and of TLR
1-9 in human testis samples (Nishimura & Naito, 2005). Riccioli.etRaccioli et al.,
2006) reported expression of TLR 2-6 mRNA in mouse Sertoli celiswutition of
TLR2, 3 and TLR5 by agonists resulted in increased ICAM-1 a@PN expression as
well as the activation of the B pathway adding further credential to a central role of
the Sertoli cells in testicular immunology (Riccioli et al., 2006; Staraak,&£008).

In our own studies, a comprehensive expression analysis of TLRs aadiajbier
molecule MyD88 in rat testicular cells by RT-PCR showed tésticular macrophages
and dendritic cells express the mRNAs of all TLRs, while geefts and somatic cells
were usually positive for varying sets of two to three TLRsablgt TLR3 expression

was most prominent in all testicular cells, except Leydig@id spermatids, where only
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weak expression was evident (Bhushan et al., 2008). This indicattem@ sapacity of

recognizing double stranded viral RNA in the testis. These sesult largely in

agreement with TLR expression in total testis of other speagesvell as in rat

(Nishimura & Naito, 2005; Rodriguez-Martinez et al., 2005; Palladira. e£2007), even

though we could barely detect TLR4 and TLR6 synthesis in rat Segtbhs previously

reported for the mouse by Riccioli et al. (Riccioli et al., 2006g Broad distribution of

TLRs in the testicular cells indicates that they provide waleye detection of bacteria
and viruses and play an important role in the innate immune systim tefstis (Figure 1)
(Girling & Hedger, 2007).

Toll likereceptor signaling pathways

The engagement of TLRs by microbial agents activate a comngoralisig
pathway that culminates in the activation of nuclear factordkiBkB) transcription
factors, as well as the mitogen-activated protein kinases (MARKtracellular signal
regulated kinase (ERK), p38, and c-Jun N-terminal kinase (JNK). ligaRd binding
induces receptor dimerization and conformational changes which gue&ek for the
recruitment of the adaptor molecule to the TIR domain. Four TIR shonentaining
adaptor molecule have been identified to date; i.e. myeloid diffatemti primary-
response protein 88 (MyD88), MyD88 adaptor like protein (MAL), TIR-domain
containing adaptor protein inducing IBNTRIF) and TRIF related adaptor molecule
(TRAM) (Oshiumi et al., 2003; Yamamoto et al., 2003). Recently, & filaptor
molecule, sterilex and armadillo motif containing protein (SARM) has been identified,
which negatively regulates TLR signal transduction (Carty .et2@06). MyD88 is the
key signaling adaptor molecule for all Toll like receptordiite exception of TLR3 and
certain TLR4 ligands, which activates signaling through TRIFptdamolecule. The
respective TLRs signaling pathway involved is broadly classiinto MyD88 dependent
signaling pathway or MyD88 independent signaling pathway (Figure 2).

The MyD88-dependent pathway is similar to IL-1 receptors sigggathways
and the cytoplasmic domain of TLRs and IL-1 receptors share a conegion which is
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therefore termed Toll/IL-1 receptor (TIR) domain. The TIR sligiga domain is
instrumental in TLR signaling as upon binding to the ligand, MyD88 wuited to the
TIR domain of TLRs. MyD88 binding results in a signaling cascadectwiinally
mediates ubiquitination and degradation «Bd via activation of various kinases and
other intermediates. Subsequently, WBFtranslocates to the nucleus and activates
expression of multiple pro-inflammatory cytokines such as arcivatyp.-1, IL-6 and
TNFa (Figure 2).

To activate the MyD88-independent signaling pathway, the N-termegadn of
the TRIF adaptor molecule interacts with theAF family-member-associated N
activator (TANK) binding kinase 1 (TBK1) via TRAFActivated TBK1 in concert with
inducible kB kinase (IKKi also called IKK) and two noncanonical IKKs phosphorylate
IRF3 (Fitzgerald et al., 2003; Sharma et al.,, 200Bhosphorylated IRF3 form
homodimers which translocate into the nucleus, resulting in the expresfsa set of
IFN-inducible genes such as IENB, IP10 and RANTES (Figure 2).

Impairment of testicular and sperm function by E. coli

The effects ofE. coli on the male genital tract have been investigated to some
extent in experimental and clinical studies. There are sewevalo as well asn vitro
studies showing a negative effecttofcoli on human sperm function such as motility and
acrosome reaction (Auroux et al., 1991; Merino et al., 1995; el-Mul&,e1996; Huwe
et al., 1998; Kohn et al., 1998; Diemer et al., 2003). A direct inhibitoecedfE. coli
on progressive motility was found to depend on bacterial concentratidmanalysis by
electron microscopy revealed multiple adhesionsEofcoli to spermatozoa with a
variable degree of ultrastructural damage present (Dienakr 1996). It has been shown
that E. coli attaches to the superficial structures of human spermatozotypegal
adhesion molecules present on both bacterial pili and spermatozmtnesy, that can
be inactivated by preincubation with mannose (Wolff et al., 1993; Dietat., 1996;
Diemer et al., 2000). Bacterial adhesion resulted in ultrastruclieshtions and damage
of the plasma membrane including the sperm head and acrosome. Defehts
acrosome, the mid piece, and the sperm tail apparently resuthinished motility and
impaired fertilizing capacity of the affected gametBsefer et al., 2003). Oxidative
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stress and apoptosis of spermatozoa was also observed following incuattién coli
(Villegas et al., 2005; Fraczek et al., 2007). In imtvivo models the retrograde
inoculation ofE. coli into the vas deferens promoted clinically recognizable acute orchitis
characterized by severe degeneration of germinal epithetizd, cubular atrophy,
moderate inflammation and mild interstitial fibrosis with subsatjtesticular damage
(Demir et al., 2007). These findings are associated with aaernn testicular volume
and sperm concentration in comparison to control testes (Ludwig 20@82; Demir et

al., 2007).

Uropathogenic E. coli (UPEC) subvert testicular immune response
Uropathogenid&scherichia coli (UPEC) have been shown to evade host innate
immune response by inhibiting N&B activation intesticular cells and urothelial cells
ultimately leading to suppression of cytokine secretion (Bhushah, €2008; Billips et
al., 2008). In clinical UPEC isolates 15 out of 17 strains revealed this abiliipg®t al.,
2007).Many studies have shown that virulence factors of pathogens induae® NF
suppression in host cells by targeting multiple signaling pathwaydirait the host cell
inflammatory responses (Ruckdeschel et al.,, 2001; Collier-Hyamsl.e 2002;
Yoshimura et al., 2002). éfsinia pestis injects a virulence factor (YopJ) in the host cell
and blocks NKB activation and MAP kinase signaling by binding and preventing the
activation of the upstream MAP kinases (MKKs) and fKikinases (Orth et al., 1999;
Orth et al., 2000). Simultaneously, YopJ can suppress the expressioolkihegtwhile
inducing apoptosis during infection. Our work and that of others suggée&iRIEC may
also produce a virulence factor which is similar to YopJ in hifity to suppress the
NFkB signaling pathway. This hypothesis is supported by the fatthbasuppressive
capability required UPEC to be viabées, heat-killed bacteria failed to suppress epithelial

responses (Hunstad et al., 2005).

By using in slico bioinformatics a hitherto uncharacterized open reading frame
harbouring a Toll ILIR (TIR) domain has been documented in the UPE73F
genome (Cirl et al., 2008). Further analysis revealed that the picga€in encoded in the
SerU island of the UPEC strain CFT073 contains a TIR domain iG-teeminal region.

Page 10 of 24



11

The TIR domain is universal to TLRs and required for docking of adgpbteins
MyD88, Mal and TRIF to trigger signal transduction such as MAPKvaton.
Interestingly, during the infection of kidney cells TcpC impaitais TLR signalling
pathways by direct binding to MyD88 resulting in suppressed proinflaonyneytokine
secretion (Cirl et al., 2008).

Sertoli cells, peritubular cells and testicular macrophageseattally implicated
in the testicular defense system were found to express TLR4 H@&mwet al., 2008)
(Figure 1). TLR4 is the sensor of LPS, a major component of gegative bacteria cell
wall. It is therefore surprising that incubation with UPEC or camsal non-pathogenic
E. coli (NPEC) did not result in the release of the proinflammatorykoyes IL-Jo, IL-6
and TNF despite of the partial activation of the MyD88-dependent TLR4 kngna
pathway which is known to lead to their synthesis. Our data suggasthe lack of
proinflammatory cytokine production is likely due to active suppressidhe MyD88-
dependent NFKkB pathway by UPEC at various levels of the signadisgade depending
on the cell type infected (Bhushan et al., 2008). All four examined cell typesl(Sells,
peritubular cells and testicular and peritoneal macrophages, FiQunespond to
incubation with UPEC, but not with NPEC, with elevated TLR4 proteirelée In
peritubular cells and peritoneal macrophages as control downstigaalirgy after
UPEC exposure is initiated as MAP kinases p38 and/or JNK &ixatad. These two
kinases normally trigger transcription of proinflammatory genesideg IL-1, IL-6 and
TNFa by activation of nuclear transcription factors AP1 and NFAT. &ation of
MyD88 pathway in peritubular cells and peritoneal macrophages ratesi in
degradation of dBa with subsequent transfer of p65 unit of K-to the nucleus
(Bhushan et al., 2008). In spite of activation of both MAP kinases and NRke
transcription of proinflammatory genes is blocked. In Sertoli calsl testicular
macrophages the MAP kinases are activated, but not tkB N&thway, thus supporting
the observation that lack of proinflammatory cytokine secretiorigelated to lack of
pathogen recognition, but more likely to virulence factors that block doxeams
transmission of proinflammatory signals. It seems that inctdati macrophages and
Sertoli cells, NKB activation is already blocked before or at the point of adbivadf

IkB kinases. In PM and PTC however the MyD88 —kRFdependent cytokine
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production must be abrogated at the start of gene transcriptiont othea
posttranscriptional level (Bhushan et al., 2008).

Further support for an UPEC induced cytokine suppressing mechanism tiestiseis
derived indirectly from our observation that co-incubation of peritonearophages
with UPEC fully inhibited LPS or NPEC induced production of ,-1L-6 and TNF:
(Figure 2). Similarly, IL-6 synthesis was found abrogated BEO strain UTI89 in
bladder epithelial cells (Hunstad et al., 2005) with inhibition of tressital NikB
pathway, albeit without evidence at which point this may occur (Kluetipg., 2001).
Unlike PM, all testicular cells were unresponsive to both LPSNIPEC challenge in
terms of IL-1, IL-6 and TN& secretion, however, we could detect upregulation of MCP-
1, TGH3 and COX-2 at least in TM.

Recent analysis of TLR4 signaling has revealed that LPSirchice a similar
response as seen by stimulating TLR3, which senses double straraleBNA, by
producing type | IFN such as IFti- IFN-B and IFN-response genes like MCP-1, If#N-
inducible protein 10 (IP10) and RANTES (Kawai et al., 2001). Thisafleet MyD88-
independent pathway involves another adapter molecule TRIF whichtestiie TRIF-
related adapter molecule (TRAM), causing phosphorylation of interfiexgulated factor
(IRF)-3 in infected cells. After transfer to the nucleus phospat@y IRF-3 induces an
antiviral and apoptotic response in various cells that is chamstteby the production of
endogenous type | IFNs and chemokines (Han et al., 2004; RuckdescheP@04] De
Trez et al., 2005; Kaiser & Offermann, 2005; Rasschaert et al., 2006ill& Bowie,
2007). This demonstrates that upon initial triggering by a pathogeryirahtand anti-
bacterial pathways can merge by using common adapter molecufast,imfection of
rat testicular somatic cells with Sendai virus, closelytedlao the mumps virus causing
orchitis in humans, resulted in elevated levels of MCP-1, IP10FNMd MRNA (Dejucq
et al., 1995; Le Goffic et al., 2002), a response very similar tafteat UPEC challenge
in this study. In the process of investigating a potential aaiivabf the TLR4-
TRIF/IRF3 pathway we found MyD88 independent nuclear translocatidRFg in all
testicular cell types after treatment with UPEC, but nthh WPEC (Bhushan et al., 2008).
Furthermore, upregulation of IP10, RANTES and MCP-1 in peritubulés aslwell as
of IFNa/fB and IP10 in testicular macrophages and Sertoli cells cleadigated that

Page 12 of 24



13

UPEC infection fully activated the TRAM-TRIF-IRF-3 alternatipathway resulting in
transcription of these genes. This upregulated synthesis of chemolagesrovide an
explanation for the observed influx of leukocytes in bacterial osclMiukasa et al.,
1995).

In summary, UPEC-dependent inhibition of the cellular xBIF pathway
suppresses production of proinflammatory cytokines in the testis. Howawsequent
inflammation is subverted by effective activation of the MyD88-rahelent pathway
resembling an anti-viral immune response, thus promoting bactemalva and
virulence. In view of the immune privileged status of the tediis, dnalysis provides
mechanistic insight into the process by which cytokine secretiabragated at different
stages in the signalling pathways in different cell populations of the. testis
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Legend Figurel

Simplified schematic representation of the testicular immuner@maent. A cross-
section of the seminiferous epithelium consisting of Sertols 8IC) and germ cells
(GC) with surrounding peritubular cells (PTC) is visible. The @&ha interstitial tissue
contains the testicular leukocytes, amongst which monocytes/macrspihdeare the
most abundant immune cell type followed by T cells and NK délést cells (MC) are
found in rodents only in small numbers under the capsule, but are reqreerit in
human where they are interspersed throughout the interstitial. Spexeéritic cells (DC)
together with monocytes/macrophages serve as ‘professional’ aptiggenting cells
which can incorporate and process antigen for presentation to CD4+ toeguba
‘helper’ T cells. Bacterial infections are usually ascendiaggatcular reproductive tract
infections. Within the lumen of the seminiferous epithelium bactga#thogens are in
direct contact to haploid germ cells and Sertoli cells. During-iitie bacteria can pass
through the blood-testis barrier (BTB) or intracellularly andmehe PTC and interstitial
cells. Binding of conserved microbial molecular patterns suchpapdlysaccharide to

Toll like receptors triggers the innate immune response.

Legend Figure 2

Simplified model of the Toll-like receptor 4 (TLR4) signallipgathway. Bacterial
lipopolysaccharide (LPS) triggers common TLR signaling throaghadaptor protein,
myeloid differentiation primary response gene 88 (MyD88), that tscrother
intermediate molecules, which in term activate mitogen activatetein (MAP) kinases
such as p38, JNK and ERK1/2. FurthermorexBIs translocated to the nucleus, where
it directs transcription of the TLR-response cytokines IL-1, IL-6, NR addition to the
common MyD88-dependent pathway, TLR 3 and TLR4 can utilize an atitezn
MyD88-independent signaling pathway where nuclear translocation afathgcription
factor IFN-regulated factor (IRF-3) activates the expagssi genes typical for anti-viral
responses such as interferon (I&M§) and interferony induced protein (IP)-10.

UPEC=uropathogenic E. coli.
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