
Uropathogenic Escherichia coli Modulates Innate Immunity To
Suppress Th1-Mediated Inflammatory Responses during Infectious
Epididymitis

Tali Lang,a Christoph Hudemann,b Svetlin Tchatalbachev,c Angelika Stammler,a Vera Michel,a Ferial Aslani,a Sudhanshu Bhushan,a

Trinad Chakraborty,c Harald Renz,b Andreas Meinhardta

Institute for Anatomy and Cell Biology, Justus Liebig University, Giessen, Germanya; Institute of Laboratory Medicine and Pathobiochemistry, Phillips-Universität Marburg,
Marburg, Germanyb; Department of Medical Microbiology, Justus Liebig University, Giessen, Germanyc

Infectious epididymitis in men, a frequent entity in urological outpatient settings, is commonly caused by bacteria originating
from the anal region ascending the genitourinary tract. One of the most prevalent pathogens associated with epididymitis is
Escherichia coli. In our previous study, we showed that semen quality is compromised in men following epididymitis associated
with specific E. coli pathovars. Thus, our aim was to investigate possible differences in immune responses elicited during epidid-
ymitis following infection with the uropathogenic E. coli (UPEC) strain CFT073 and the nonpathogenic enteric E. coli (NPEC)
strain 470. Employing an in vivo experimental epididymitis model, C57BL/6 mice were infected with UPEC CFT073, NPEC 470,
or phosphate-buffered saline (PBS) as a sham control for up to 7 days. After infection with NPEC 470, the expression of proin-
flammatory cytokines interleukin-1 (IL-1), IL-6, and tumor necrosis factor alpha in the epididymis was significantly increased.
Conversely, UPEC CFT073-challenged mice displayed inflammatory gene expression at levels comparable to sham PBS-treated
animals. Moreover, by day 7 only NPEC-infected animals showed activation of adaptive immunity evident by a substantial influx
of CD3� and F4/80� cells in the epididymal interstitium. This correlated with enhanced production of Th1-associated cytokines
IL-2 and gamma interferon (IFN-�). Furthermore, splenocytes isolated from UPEC-infected mice exhibited diminished T-cell
responses with significantly reduced secretion of IL-2 and IFN-� in contrast to NPEC-infected animals. Overall, these findings
provide new insights into understanding pathogen-specific modulation of host immunity during acute phases of epididymitis,
which may influence severity of disease and clinical outcomes.

Infectious epididymitis is the most common cause of intrascrotal
inflammation resulting from retrograde ascending bacterial in-

fection from the urethra into the epididymis (1). Left untreated,
bacteria can ascend the urethra and colonize the kidney causing
secondary infections such as pyelonephritis (2), and in more se-
vere cases may lead to the possible formation of both epididymal
and testicular abscesses (3). In young men under the age of 35
years, epididymitis is commonly associated with community ac-
quired, sexually transmitted pathogens such as Chlamydia tracho-
matis and Neisseria gonorrhoeae (4). However, in men over 35,
urinary tract pathogens and enteric bacteria, including Escherichia
coli and Enterococcus faecalis, are typical causative agents (5–7).
There is much diversity between E. coli strains, with some remain-
ing as nonpathogenic, commensal flora of urinary tract, while
others, such as uropathogenic E. coli (UPEC), have evolved to
encode genes for virulence factors such as alpha-hemolysin which
aid in tissue invasion and establishment of infection (8, 9). The
current treatment regime for men who present in an outpatient
setting with acute epididymitis is antibiotics which usually clears
infection within 2 weeks. However, some patients have persistent
or recurrent infection, which suggests that the bacterial strain and
associated virulence factors may play a role in pathogenesis and
disease outcome. This is substantiated by previous clinical find-
ings which showed that for up to 84 days after antibiotic treatment
for epididymitis, sperm numbers are four times lower in men
infected with hemolysin-positive E. coli pathovars than in men
infected with hemolysin-negative E. coli strains (10).

The induction of innate immune responses after infection is
essential in order to combat invading pathogens. However, to suc-

cessfully clear infection, activation and maturation of pathogen-
specific adaptive immunity is required (11). For successful colo-
nization of the urinary tract, virulence factors encoded by many E.
coli strains are not only required for the first step in establishment
of infection but have been proposed to play a role in modulating
host immunity (12–14). Previous in vitro studies have demon-
strated that UPEC strains can alter host inflammatory responses
in bladder epithelial and testicular cells by suppressing proinflam-
matory cytokine production following infection (13, 15, 16). Con-
versely, using experimental in vivo models of epididymitis, all E.
coli strains tested lead to an increase in proinflammatory cytokine
responses (17, 18). These findings combined suggest that host
immune responses to E. coli infection are differentially modulated
by the pathogens and its pathogen-specific properties.

Given men suffering from epididymitis present to outpatient
clinics as a result of scrotal pain and inflammation, no semen
specimens or tissue biopsy specimens are collected for routine
analysis, unless attending for issues surrounding infertility. Thus,
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little is known about E. coli strains associated with clinical epidid-
ymitis and how pathogenic properties may contribute to disease
progression. Therefore, we developed an in vivo murine experi-
mental acute epididymitis model which at day 3 postinfection is
characterized by significantly reduced sperm numbers, epithelial
damage, fibrotic changes, and edema formation (10). In the pres-
ent study, both UPEC and enteric E. coli strains were used to
elucidate possible differences in immune modulation following
infection, which may contribute to pathogenesis and disease out-
comes.

MATERIALS AND METHODS
Mice and animal ethics approval. Adult 10-week-old inbred C57BL/6N
mice were purchased from Charles River Laboratories GmbH (Sulzfeld,
Germany). All studies were endorsed by the Committee on the Ethics of
Animal Experiments of the Regierungspraesidium Giessen, Giessen, Ger-
many.

Bacterial strains and propagation. The UPEC strain CFT073 (19) and
a human enteric E. coli isolate, NPEC 470 (microbial collection of the
Institute of Medical Microbiology, Justus Liebig University of Giessen),
were used as previously described (15). All strains were propagated in
Luria-Bertani (LB) medium overnight as previously described, and the
concentration of bacteria was calculated using a standard (15, 20).

Epididymal organ culture. Adult 10-week-old inbred C57BL/6N
mice were sacrificed, and the epididymides were removed. A single epi-
didymis was then placed into RPMI 1640 (PAA Laboratories, Coelbe,
Germany) containing 10% fetal calf serum (FCS) and 2 mM glutamine,
without antibiotics. The epididymides were minced and incubated for 6 h
at 37°C–5% CO2. The epididymides were cultured in the presence of 1 �g
of lipopolysaccharide (LPS)/ml (n � 4), 105 UPEC CFT073 (n � 4), or in
a combination of LPS and UPEC CFT073 (n � 4). Supernatants were
collected, centrifuged, and then frozen at �80°C for subsequent analysis.

Enzyme-linked immunosorbent assay (ELISA). Cell supernatants
were collected from epididymal organ cultures and analyzed for interleu-
kin-6 (IL-6) and tumor necrosis factor alpha (TNF-�) cytokine concen-
trations using BD OptiEIA ELISA sets (BD Biosciences, San Diego, CA)
according to the manufacturer’s instructions. Construction of the stan-
dard curve and analysis of the cytokine concentrations were performed
using Microsoft Office Excel software.

Establishment of the in vivo murine experimental epididymitis
model. UPEC CFT073 (clinically isolated human pyelonephritis strain)
and NPEC 470 (human nonpathogenic commensal strain) overnight cul-
tures were prepared in phosphate-buffered saline (PBS) as described
above. Five microliters of suspension containing 40,000 bacteria were
injected into each mouse vas deferens, close to the epididymis, as previ-
ously described (21). At 3 or 7 days postinfection, the epididymides were
removed. Epididymides were evaluated macroscopically for signs of in-
fection (e.g., redness), weighed, and then snap-frozen in liquid nitrogen
and stored at �80°C for mRNA extraction or immunohistochemistry.

RNA isolation and real-time PCR analysis. Total RNA was extracted
from UPEC CFT073-infected (n � 9), NPEC 470-infected (n � 3), or
PBS-sham-injected (n � 5) frozen epididymides using an RNeasy minikit
(Qiagen, Hilden, Germany) with DNase digestion according to the man-
ufacturer’s protocol. cDNA was prepared from 1 �g of total RNA accord-
ing to the M-MLV reverse transcription protocol (Promega, Mannheim,
Germany). Quantitative RT-PCR (qRT-PCR) analyses for all indicated
cytokines were performed on duplicate samples using the TaqMan gene
expression assay system (Life Technologies, Darmstadt, Germany) using
the iCycler iQ system (Bio-Rad, Munich, Germany). Relative gene expres-
sion was normalized to the housekeeping genes �-actin, �2-microglobu-
lin, and GAPDH (glyceraldehyde-3-phosphate dehydrogenase). Data ac-
quisition and analyses were performed with Bio-Rad iQ5 (v2.1) software.
The relative expression (RE) was calculated as follows: RE � 2�CT, where
�CT � CT(target gene) � CT(housekeeping gene).

Immunofluorescence. Immunofluorescence staining was performed
on frozen mouse epididymal cryosections fixed with acetone (n � at least
three animals/treatment). After rehydration in PBS, sections were blocked
with 5% bovine serum albumin (BSA) containing 5% mouse serum for 1
h. Primary antibodies against CD3 (Biolegend, San Diego, CA; dilution
1:50), F4/80 (Santa Cruz, Heidelberg, Germany; dilution 1:100), and
CD54/ICAM-1 (Biolegend; dilution 1:50) were diluted in 5% BSA–5%
mouse serum overnight at 4°C. Secondary antibodies for detection of CD3
and ICAM-1 (Dylight 488 goat anti-rat IgG [Biolegend], dilution 1:800)
and F4/80 (fluorescein isothiocyanate [FITC]-conjugated donkey anti-
rabbit IgG [Merck Millipore, Darmstadt, Germany], dilution 1:1,000)
were incubated for 1 h, respectively. Tissue sections were counterstained
with DAPI for nuclei visualization. Images were captured using an
Axioplan 2 fluorescence microscope (Carl Zeiss, Jena, Germany).

Spleen cell isolation. Whole spleens were collected from either un-
treated (n � 3) or UPEC CFT073 (n � 3)- or NPEC 470 (n � 3)-infected
mice at 7 days postinfection. Briefly, spleens were manually minced using
a loosely fitting potter Elvehjem in 3 ml of RPMI 1640 medium supple-
mented with 5% FCS, 2 mM glutamine, and 50 �M �2-mercaptoethanol
to dissociate lymphocytes from the tissue. Culture medium containing
total spleen lymphocytes were then collected and passed through a 70-
�m-pore-size nylon mesh strainer to remove tissue fragments. Red blood
cells were removed from splenic lymphocyte preparations by using 1� red
blood cell lysis solution according to the manufacturer’s instruction
(Miltenyi Biotec, Bergisch Gladbach, Germany). Cells were washed in
complete RPMI medium twice by centrifugation (500 � g). Splenocytes
were plated in 96-well flat-bottom plates at a final concentration of 8 �
105 cells/well. Cells were either left untreated or stimulated with conca-
navalin A (ConA; 2 �g/ml; GE Healthcare, Munich, Germany) for 3 days
at 37°C and 5% CO2. Cell supernatants were collected and stored at
�80°C for subsequent cytokine analysis.

Cytometric bead array. To quantify cytokines produced in splenic
lymphocyte cultures after infection in vivo, 50 �l of undiluted supernatant
from each sample (n � 3 animals/treatment group) were analyzed in
duplicate using mouse cytometric bead array flex sets (BD Biosciences,
San Jose, CA) according to the manufacturer’s instructions. Standards
from 5 to 10,000 pg/ml were reconstituted and serially diluted in a 96-well
format by means of specific antibody-coated 7.5-mm capture beads and
phycoerythrin-conjugated detection antibodies. Cytokine measurements
were performed using the Accuri C6 flow cytometer (BD Biosciences).
The standard curve and respective cytokine concentrations were calcu-
lated with FCAP Array software (version 3.0; Soft Flow, Burnsville, MN).

Statistical analysis. Analyses of qRT-PCR and cytokine data sets were
performed using GraphPad Prism (v4.0) software. One-way analysis of
variance (ANOVA), followed by the Bonferroni’s multiple-comparison
test, was utilized where deemed appropriate. A P value of �0.05 was
considered statistically significant.

RESULTS
UPEC strains suppress LPS-stimulated proinflammatory re-
sponses in the epididymis. At 6 h after stimulation of epididymi-
des with LPS in vitro, a significant induction of the proinflamma-
tory cytokines IL-6 and TNF-� was observed (Fig. 1). When
epididymides were treated in combination with UPEC CFT073
and LPS, a significant decrease in the concentrations of both IL-6
and TNF-� (	2-fold) was detected compared to samples treated
with LPS only. Infection of epididymides with UPEC alone re-
sulted in concentrations of both cytokines comparable to un-
treated samples.

UPEC CFT073 suppresses innate immunity and induction of
Th1-mediated responses. At days 3 and 7 postinfection with
UPEC CFT073 or NPEC 470 or posttreatment with PBS, the epi-
didymides were collected and assessed for the induction of both
innate and adaptive immune response gene expression. By day 3,
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NPEC infection resulted in a robust activation of innate immune
response genes with increased expression of mRNA for typical
proinflammatory cytokines IL-1�, IL-6, and TNF-� (Fig. 2).
UPEC-infected animals showed no significant elevation in the ex-
pression of IL-1�, IL-6, and TNF-� compared to PBS-infected
mice (Fig. 2). By day 7, the levels of IL-1� and TNF-� mRNA were
significantly reduced in NPEC epididymides compared to day 3;
however, the expression levels of these cytokines remained ele-
vated in comparison to PBS-treated animals (Fig. 2). After 7 days
of infection with UPEC, expression of proinflammatory cytokines

remained unchanged from levels detected at day 3. Adaptive im-
mune response genes IL-2, IL-5, and IFN-
 were shown to have
increased levels of expression by day 3 in NPEC-infected animals
compared to PBS-sham-infected and UPEC-infected mice (Fig.
2). IL-4, IL-12�, and IL-17 mRNAs were not detected in any treat-
ment group at day 3. By day 7, NPEC-infected mice showed even
higher levels in expression of IL-2 and IFN-
 than detected at day
3. No change was observed from day 3 to day 7 in UPEC-infected
or PBS-sham-infected mice (Fig. 2). IL-12� mRNA was only de-
tected at day 7 after infection with NPEC. Over the 7-day period
after infection with UPEC, the only cytokines significantly in-
creased in mRNA expression were IL-5, IL-10, and IL-17, which
are associated with a Th2-type immune response. These genes
were either not detected or were expressed at comparable levels
over the 7-day infection period in both PBS- and NPEC-treated
animals (Fig. 2).

Infection with NPEC 470 promotes immune cell infiltration
into the interstitium of the epididymis. After injection with PBS,
UPEC CFT073, or NPEC 470 at days 3 and 7, whole epididymides
were examined to determine immune cell populations. Using im-
munofluorescence microscopy, it was observed that both macro-
phages (F4/80�), as well as T-cell populations (CD3�), were gen-
erally more abundant in NPEC-infected mice in contrast to
UPEC- and PBS-injected animals (Fig. 3). At day 3, F4/80� cells
could be visualized within the interstitium of the epididymis in
very low numbers in PBS-treated animals (Fig. 3G). This number
increased postinfection with both UPEC and NPEC. Images taken
show much stronger staining of F4/80� cells present within
NPEC-infected epididymides at day 3 compared to UPEC samples
(Fig. 3I and H, respectively). This observation remained consis-
tent for samples collected at day 7 postinfection (Fig. 3K and L).
The increase in number of F4/80� cells correlated with more
CD3� T cells within the epididymides of NPEC-infected animals
by day 7 (Fig. 3F). It should be noted that some CD3� cells could
be detected in PBS-treated mice at both days 3 and 7; however, the
majority of these cells were localized underneath the capsule of the
epididymis (data not shown).

UPEC CFT073 infection perturbs expression of the adhesion
molecule ICAM-1 in the mouse epididymis. Since immunohis-
tochemical analysis illustrated that UPEC infection hindered leu-
kocyte recruitment, we wanted to examine whether this was a
consequence of changes in the expression of adhesion molecules
such as ICAM-1, which are regulated by proinflammatory cyto-
kine production, and are essential for trafficking leukocytes to the
site of inflammation. Therefore, frozen epididymal sections were
examined using immunofluorescence microscopy to determine
whether expression of the adhesion molecule ICAM-1 was regu-
lated within the epididymis following treatment with PBS, UPEC
CFT073, or NPEC 470. UPEC and NPEC infection at day 3 re-
sulted in an increase of ICAM-1 expression (Fig. 4B and C) in
contrast to PBS-sham-treated animals (Fig. 4A). At day 7 postin-
fection, ICAM-1 staining intensity remained elevated in both
UPEC- and NPEC-infected epididymides (Fig. 4E and F).

Th1-mediated immune responses are suppressed in splenic
immune cell cultures after UPEC CFT073 infection in vivo.
Given that previous findings showed that UPEC infection sup-
press Th1-mediated immune responses, we wanted to assess
whether impaired host immunity persists for prolonged periods
in the absence of the pathogen. Therefore, we examined T-cell-
mediated responses elicited in the spleen from E. coli challenged

FIG 1 UPEC CFT073 suppresses LPS-stimulated epididymal cytokine pro-
duction ex vivo. Single whole epididymides were removed from C57BL/6N
mice, cut into small pieces, and then either left untreated (UT), treated with
LPS (1 �g/ml), infected with UPEC CFT073 (105 total bacteria), or treated
with a combination of LPS and UPEC CFT073 for 6 h. After stimulation, organ
culture supernatants were collected and analyzed to determine concentrations
of secreted IL-6 (A) and TNF-� (B) by ELISA. Statistical analysis was per-
formed using one-way ANOVA to determine means � the standard errors of
the mean (SEM; **, P � 0.01; ***, P � 0.005). The results are representative of
data pooled from four independent experiments.
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animals after activation using the pan-T-cell stimulatory agent
ConA. ConA was used in these studies since it is known not to
induce proinflammatory responses from other immune cell types,
including macrophages and DCs, which are also present in whole
spleen cell preparations. This strategy was used since no bacteria
are present within the spleen after 7 days of infection (data not
shown) and T-cell-mediated immune responses are mounted in
the spleen following antigen presentation from migratory macro-
phages and dendritic cells. After the stimulation of splenic im-
mune cells with ConA, all treatment groups (UPEC CFT073 or
NPEC 470 at day 7) showed enhanced cytokine production com-
pared to unstimulated controls (Fig. 5). However, splenic cultures
isolated from NPEC-infected animals showed significantly higher
levels in the production of early response cytokines IL-1, IL-6, and

TNF-�. Enhanced secretion of these cytokines facilitated activa-
tion and maturation of Th1-mediated responses with significant
amounts of IL-2 and IFN-
 detected. Proinflammatory cytokines
were measured in both wild-type and UPEC-infected mice after
stimulation with ConA; however, UPEC-infected animals showed
comparable amounts to wild type. Similar to qRT-PCR results,
UPEC infection caused a significant increase in the production of
anti-inflammatory cytokines IL-5 and IL-10 in comparison to
wild type- or NPEC-infected splenic cell cultures.

DISCUSSION

Infection and inflammation are important etiological factors con-
tributing to male infertility (22, 23). UPEC has been identified as
the causative agent in more than 60% of urinary tract infections

FIG 2 UPEC CFT073 suppresses expression of innate immunity genes and induction of Th1-mediated responses in vivo. Mice were injected with PBS (n � 5),
UPEC CFT073 (n � 9), or NPEC 470 (n � 3) and sacrificed at day 3 or 7 postinjection. Whole epididymides were removed and snap-frozen for expression and
quantification of both innate and adaptive immune response genes by qRT-PCR. The data presented are after normalization to GAPDH. Statistical analysis was
performed using one-way ANOVA to determine the means � the SEM of relative expression units (*, P � 0.05; **, P � 0.01; ***, P � 0.005; ND, no detectable
expression). The results shown represent pooled data from three to nine mice/group.
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(12). In bacterial epididymitis, pathogens such as E. coli ascend
from the urinary tract to the genital tract. In patients with acute
epididymitis, the characterization of substrains is not routinely
performed as part of diagnostics; thus, information about E. coli
pathovars is scarce. Findings from our previous study show that
50% of E. coli strains associated with epididymitis in men express
hemolysin as a virulence factor, a fact that correlated with 	4-fold
lower sperm concentrations 84 days after antibiotic treatment
than in men with hlyA-negative E. coli strains (10). Therefore, it is
important to assess how different strains influence disease pro-
gression and outcomes.

Few studies have investigated the immunopathology of in vivo
models of epididymitis; however, it is known that after initial in-
fection epididymal epithelial cells play a key role in mounting an
immune response (24). Epithelial cells secrete antimicrobial prod-
ucts, including defensins, and express pattern recognition recep-
tors such as Toll-like receptors (TLRs) and mucins for the success-
ful clearance of pathogens (25–28). By employing our murine
experimental in vivo epididymitis model, we uncovered possible
factors that may explain how UPEC strains evade normal immune
surveillance, resulting in persistent or recurrent infection. In the
present study, we show that during acute phases of epididymitis
immune responses are differentially modulated in a strain-specific
manner. Our findings clearly demonstrate that epididymitis asso-
ciated with the nonvirulent enteric E. coli strain NPEC 470 induces

a potent activation of innate immunity by displaying a significant
upregulation of proinflammatory cytokines such as IL-1, IL-6,
and TNF-�. These findings corroborate previous studies (17, 18),
which showed a significant increase in early response markers
both at the mRNA and protein levels after the induction of exper-
imental E. coli epididymitis. In contrast, infectious epididymitis
associated with UPEC CFT073 perturbed host inflammatory re-
sponses, thereby hindering adequate induction of innate response
genes. These findings complement earlier studies, which also
demonstrate that UPEC CFT073 suppresses mediators of host in-
flammatory responses in various in vitro and in vivo infection
models (13, 15, 16, 29). In our study, we also show that cellular
immunity is impaired by reduced numbers of infiltrating immune
cells into the epididymal interstitium following UPEC infection in
contrast to NPEC-infected animals. The infiltration of leukocytes
is dependent upon multiple factors, including the secretion of
proinflammatory cytokines, increased expression of chemokines
and upregulation of adhesion molecules, including ICAM-1 (30–
34). In our model, we show greater expression of ICAM-1 as a
consequence of both NPEC and UPEC infection. Enhanced
ICAM-1 expression is required for dendritic cells to adhere to T
lymphocytes for subsequent activation, particularly in response to
microbial infection (35, 36). Furthermore, it has been demon-
strated that increased expression of ICAM-1 is required for the
phagocytic activities of certain macrophage populations (37).

A recent study by Duell et al. (38) showed that pathogenic
bacteria, including UPEC are able to maintain persistent infection
through the generation of an immunosuppressive environment.
This was illustrated by employing a genome-wide expression anal-
ysis of the bladder to characterize the innate immune transcrip-
tome using a murine in vivo cystitis model. Mechanistically, inhi-
bition of cytokine production in the bladder was attributed to
pathogenic islands containing alpha-hemolysin and signaling
pathways partially independent of LPS/TLR4 (16, 39). Key obser-
vations in the previous studies are similar to our findings, which
also highlight a decrease in the levels of IL-6 (39).

Immunosuppression is generally achieved through the secre-
tion of anti-inflammatory cytokines, including IL-10, which is

FIG 4 NPEC 470 and UPEC CFT073 enhance ICAM-1 expression in the
epididymis during acute stages of infection. Epididymal sections immunola-
beled for detection of ICAM-1/CD54. Epididymides were harvested from
C57BL/6N mice at day 3 (A to C) or day 7 (D to F) postinjection with PBS,
UPEC CFT073, or NPEC 470. ICAM-1 staining was performed using an anti-
ICAM-1/CD54 antibody overnight, and counterstaining was done with goat
anti-rat IgG-488. DAPI (4=,6=-diamidino-2-phenylindole; blue) was used for
nuclear staining. Micrographs were taken from identical epididymal segments
using an Axioplan 2 fluorescence microscope (Carl Zeiss, �20 objective lens).
Scale bars, 50 �m. The images shown represent at least three animals/treat-
ment group.

FIG 3 Infection with UPEC CFT073 hinders CD3� and F4/80� immune cell
infiltration into the mouse epididymis. Representative epididymal sections
immunostained with T-cell marker CD3 and the pan-macrophage marker
F4/80. Epididymides were harvested from C57BL/6N mice at day 3 (A to C, G
to I) or day 7 (D to F, J to L) postinjection with PBS, UPEC CFT073, or NPEC
470. F4/80 staining was performed with the anti-F4/80 (M-300) antibody over-
night, and counterstaining was done with FITC-conjugated donkey anti-rab-
bit IgG (G to L). CD3� cells were detected with the specific anti-mouse CD3
primary antibody and visualized using goat anti-rat IgG-488 (A to F). DAPI
(blue) was used for nuclear staining. Micrographs were taken from identical
epididymal segments using an Axioplan 2 fluorescence microscope (Carl Zeiss,
�20 objective lens). Scale bars, 50 �m. The images shown represent at least
three animals/treatment group.
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produced by macrophages and T cells (40–42). IL-10 has been
described to act directly on CD4� T cells to counteract cell prolif-
eration and activation hindering secretion of Th1-associated cy-
tokines such as IL-2 and IFN-
 (43–45). In our in vivo model, we
observed a significant increase in the expression and secretion of
anti-inflammatory cytokines IL-5, IL-10, and IL-17 after infection

with UPEC both in the epididymis and splenocytes stimulated ex
vivo with ConA from infected animals. Concomitantly, IL-2 and
IFN-
 levels were reduced in the epididymis and splenocytes from
UPEC-infected mice. Based on our data and the literature, we
speculate that UPEC may actively promote an immunosuppres-
sive environment by reducing Th1-mediated responses through

FIG 5 Infection of mice with UPEC CFT073 prevents induction of Th1-mediated responses in splenocytes ex vivo after ConA stimulation. Mice were left
untreated or infected for 7 days with UPEC CFT073 or NPEC 470. Animals were then sacrificed, and the whole spleens were removed. Individual spleens were
processed to eliminate erythrocytes from total splenocyte immune cell cultures. Splenocytes were either left untreated or treated with ConA (2 �g/ml) for 72 h.
Cell supernatants were collected, and the protein content for the indicated cytokines was analyzed using a cytometric bead assay system (BD Biosciences).
Statistical analysis was performed using one-way ANOVA to determine the means � the SEM (*, P � 0.05; **, P � 0.01; ***, P � 0.005; ND, no detectable
expression). The results shown represent pooled data from three mice/group.
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elevated levels of IL-10 (43–45). Collectively, findings from the
present study show that infection with the nonvirulent NPEC
strain resulted in activation of early response genes in conjunction
with an upregulation of adhesions molecules, thereby enhancing
Th1-associated cytokine production, while facilitating matura-
tion of adaptive immunity. This was seen to a much lesser extent
in mice after infection with UPEC CFT073 for up to 7 days postin-
fection.

Overall, we have developed an acute experimental epididymitis
mouse model to characterize differences in immune responses
elicited after infection with both uropathogenic and nonvirulent
enteric strains of E. coli commonly associated with bacterium-
related epididymitis. The findings from our study demonstrate
that during acute phases of mouse epididymitis, UPEC strains that
harbor virulence factors, such as hemolysin, promote anti-inflam-
matory cytokine secretion in the epididymis, causing an environ-
ment lacking stimuli for the activation and maturation of humoral
immunity. These observations may provide new insight within the
clinical setting as to why some patients progress to more persistent
and chronic forms of infection (10).
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