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Abstract Experimental autoimmune orchitis is a useful mod-
el for studying testicular inflammation and germ/immune cell
interactions. Th17 cells and their hallmark cytokine IL17A
were reported to be involved in the development of autoim-
mune orchitis. The aim of the present work is to investigate the
pathogenic role of IL17A in rat testis. In vitro experiments
were performed in order to analyze effects of IL17A on Sertoli
cell tight junctions. The addition of IL17A to normal rat
Sertoli cell cultures induced a significant decline in
transepithelial electrical resistance and a reduction of occludin
expression and redistribution of occludin and claudin 11,
altering the Sertoli cell tight junction barrier. Intratesticular
injection of 1 μg of recombinant rat IL17A to Sprague–
Dawley rats induced increased blood–testis barrier permeabil-
ity, as shown by the presence of biotin tracer in the seminif-
erous tubule adluminal compartment, and delocalization of
occludin and claudin 11. Results showed that IL17A induced
focal inflammatory cell infiltration in the interstitium and
germ cell sloughing in adjacent seminiferous tubules. More-
over, an increase in TUNEL+ apoptotic germ cells was also
observed. Inflammatory ED1+ macrophages were the main
population infiltrating the interstitium following IL17A

injection. This correlated with an increase in mRNA expres-
sion of the monocyte chemoattractant protein Ccl2, its recep-
tor Ccr2 and the vascular cell adhesion molecule Vcam1.
Overall results suggest a relevant role of IL17A in the devel-
opment of testicular inflammation, facilitating the recruitment
of immune cells to the testicular interstitium and inducing
impairment of blood–testis barrier function.
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Introduction

The IL17 family involves six members (IL17A, IL17B,
IL17C, IL17D, IL17E, IL17F), whereas the IL17 receptor
(IL17R) family comprises five members (IL17RA, IL17RB,
IL17RC, IL17RD, IL17RE), all of which, like their ligands,
share sequence homology. IL17A, the most widely investigat-
ed cytokine of this family, signals through a heterodimeric
receptor complex composed of IL17RA and IL17RC (Gu
et al. 2013).

IL17A is primarily released by activated T helper (Th) 17
cells, a subset of CD4+ T cells named for its signature cyto-
kine IL17. Th17 cells were first identified in 2005 and, as in
the case of other CD4+ T cell lineages, their development is
controlled by a combination of other cytokines that include
IL6, IL21, IL23 and IL1B with a potential synergistic role of
TGFB. Activation of signal transducer STAT3 finally leads to
expression of the specific lineage-defining transcription fac-
tor, retinoid orphan receptor (ROR)C2 (Marwaha et al. 2012).

IL17A plays an essential role in host defense against mi-
crobial infections; however, its pathological production has
been shown to induce immune cell recruitment, inflammation
and tissue damage. In fact, IL17A has been implicated in
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various inflammatory conditions such as autoimmune dis-
eases, metabolic disorders and cancer.

A large body of evidence points to the involvement of
Th17 cells as effectors of the autoimmune tissue damage. In
several experimental models of autoimmune diseases,
blocking of IL17A ameliorated them, whereas overexpression
of IL17A exacerbated disease progression (Song and Qian
2013). Active immunization against IL17A revealed lower
incidence, slower progression and reduced scores of disease
severity in both collagen-induced arthritis and experimental
autoimmune encephalomyelitis (Röhn et al. 2006). Also, high
IL17A levels were found in patients with autoimmune dis-
eases such as multiple sclerosis, asthma, psoriasis, Crohn’s
disease and rheumatoid arthritis (Gu et al. 2013).

Basic research on autoimmune diseases of the gonads has
contributed significantly to general knowledge of autoim-
mune pathogenesis. Experimental autoimmune orchitis
(EAO) is a T cell-dependent testicular inflammation-based
pathology triggered by antigens or pathogens that disrupt
testicular immunoprivilege (Lustig and Tung 2006). We pre-
viously reported different pathogenic aspects of EAO induced
in rats by active immunization with testicular homogenate and
adjuvants (Jacobo et al. 2011a). We have described the in-
volvement of CD4+ Th1 and Th17 subsets as co-effector cells
that govern EAO onset and the central contribution of CD8+ T
cells producing Th1 and Th17 cytokines in the maintenance of
chronic inflammation (Jacobo et al. 2011b). Immune cells
secrete pro-inflammatory cytokines, TNFA, IFNG, IL6,
IL12, IL17 and IL23, which disrupt the normal testicular
immunosuppressor microenvironment (Guazzone et al.
2009). Impairment of the blood-testis barrier (BTB) and germ
cell apoptosis occur as a consequence (Pérez et al. 2013).

The aim of the present work is to investigate the pathogenic
role of IL17A in rat testis. We demonstrated that IL17A
impairs Sertoli cell barrier both in vitro and in vivo by reduc-
ing expression of the tight junction protein occludin and
altering claudin 11 distribution. Intratesticular injection of
IL17A also induced recruitment of immune cells, mainly
macrophages, and seminiferous tubule damage characterized
by germ cell sloughing and apoptosis.

Materials and methods

Animals

Male Sprague–Dawley rats age 50–60 days were kept at 22 °C
on a 12-h light/12-h dark schedule and fed standard food
pellets and water ad libitum. The use of rats followed NIH
guidelines for care and use of experimental animals and was
approved by the local committee (CICUAL, Facultad de
Medicina, Universidad de Buenos Aires).

Induction of EAO

Rats in the experimental (EAO) group were immunized with
testicular homogenate (TH) prepared as previously described
(Doncel et al. 1989). Briefly, rats were injected three times
with 200 mg of TH/dose/rat at 14-day intervals. TH (0.4 ml)
emulsified with complete Freund’s adjuvant (CFA; 0.4 ml)
(Sigma-Aldrich, St. Louis, MO, USA) was injected intrader-
mally in footpads and at multiple sites near ganglion regions.
The first two immunizations were followed by an i.v. injection
of 0.5 ml Bordetella pertussis (Bp) (strain 10536; Instituto
Malbrán, Buenos Aires, Argentina) containing 1010 microor-
ganisms and the third by i.p. injection of 5×109 microorgan-
isms. Control (C) rats were injected with an emulsion of saline
solution and CFA; Bp was used as co-adjuvant following the
EAO group schedule. EAO, C and normal (N) untreated rats
were killed 60–80 days after the first immunization and testes
were removed and weighed. Testes were used for testicular
fluid obtention or RNA extraction.

Collection of interstitial fluid

Interstitial fluid was collected as previously described (Sharpe
et al. 1984). Briefly, an incision in the capsule was performed
and drained fluid was collected after 16 h at 4 °C in the
presence of protease inhibitors (1mMphenylmethylsulphonyl
fluoride (PMSF) and 10 μg/ml aprotinin; Sigma-Aldrich).
Interstitial fluids were stored at −70 °C prior to use.

Determination of IL17A by ELISA

Commercial ELISA kit specific for rat IL17A (eBioscience,
SanDiego, CA,USA)was used to quantify IL17A in interstitial
fluids. The minimum detectable concentration was 2 pg/ml. All
procedures followed the manufacturer’s instructions.

Seminiferous tubules and interstitial cell isolation

Decapsulated testes were incubated with 0.23 mg/ml type I
collagenase (Sigma-Aldrich) at 34 °C for 15 min. Then,
collagenase was inactivated by adding ice-cold phosphate-
buffered saline (PBS), and the seminiferous tubules were
allowed to settle. The supernatant (containing interstitial cells)
was washed with PBS and centrifuged at 300g 10 min.

RNA isolation and real-time RT-PCR

Total RNAwas obtained using the High Pure RNA Isolation
Kit (Roche Applied Science,Mannheim, Germany) according
to the manufacturer’s instructions, and RNA pellets were
dissolved in 10 μl RNase-free distilled water. Total RNA
was measured at 260/280 nm and was stored at −80 °C prior
to use. cDNA was prepared from 10 μg of total RNA in a
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100-μL reaction mixture using random primers according to a
standard protocol (High-Capacity cDNA Archive Kit; Ap-
plied Biosystems, Foster City, CA, USA). PCR reactions were
done on an iCycler thermal cycler (Bio-Rad Laboratories,
Hercules, CA, USA), and mixtures were stored at −80 °C
before analysis. Real-time PCR was performed on 3 ng of
cDNA using the validated SYBR Green gene expression
assay in combination with the SYBR Premix Ex Taq II
(TaKaRa Bio, Otsu, Shiga, Japan) for measuring rat Il17ra,
Il17rc, Ccl2, Ccr2, Vcam1 and Gapdh. All primers used in
this study are listed in Table 1. Quantitative real-time PCRwas
performed in duplicate in a thermal cycler dice real-time
system TP800 (TaKaRa Bio). Data were analyzed using ther-
mal cycler dice real-time system software (TaKaRa), and the
comparative Ct method (2△△Ct) was used to quantify gene
expression levels. Data of real-time PCR products were stan-
dardized to Gapdh, which was used as internal control. To
confirm the specific amplification of target genes, each gene
product was further separated on l.5 % agarose gel to detect
any single band at the theoretical product sizes, and the
dissociation curves were analyzed to detect any single peak.

Sertoli cell isolation

Sertoli cells were isolated from 20-day-old Sprague–Dawley
rats as previously described (Meroni et al. 2002). Briefly,
decapsulated testes were digested with 0.1 % collagenase
and 0.006 % soybean trypsin inhibitor in Hank’s balanced salt
solution for 5 min at room temperature (RT). Seminiferous
tubules were saved, cut and treated with 1 M glycine–2 mM
ethylenediaminetetraacetic acid (EDTA) (pH 7.4) to remove
peritubular cells. The washed tubular pellet was then digested
with collagenase for 10 min at RT to remove germ cells. The
Sertoli cell suspension, collected by sedimentation, was resus-
pended in culture medium that consisted of a 1:1 mixture of

Ham’s F12 and Dulbecco’s modified Eagle’s medium (F12/
DMEM), supplemented with 20 mM HEPES, 100 IU/ml
penicillin, 2.5 μg/ml amphotericin B, 1.2 mg/ml sodium bi-
carbonate, 10 μg/ml transferrin, 5 μg/ml insulin, 5 μg/ml
vitamin E and 4 ng/ml hydrocortisone. The day of cell isola-
tion was designated as day 0.

Culture conditions

Sertoli cells (5 μg DNA/cm2, corresponding to 0.4×106 cells/
cm2) were cultured on glass coverslips coated with laminin
(6 μg/cm2) (Invitrogen, Carlsbad, CA, USA) placed on 24-
multiwell plates, for immunofluorescent studies, or on 6-
multiwell plates for western blot analysis. Sertoli cells cul-
tured for 5 days were kept for 24 h in basal conditions or
treated with 5 or 50 ng/ml IL17A (eBioscience). At the end of
the incubation period, cells were fixed or lysed for protein
extraction.

To quantify transepithelial electrical resistance (TER),
Sertoli cells were cultured at high cell density (15 μg DNA/
cm2, corresponding to 1.2×106 cells/cm2) on Matrigel-coated
(1:6 dilution with F12/DMEM v/v) cell culture inserts
(Millicell HA filters) (Millipore, Billerica, MA, USA) placed
on 24-multiwell plates. After 2 days in culture, Sertoli cell
TER was recorded every 24 h until day 8 in culture. IL17A
was added to Sertoli cells on day 5, when the tight junction
barrier had been formed (Lui et al. 2001). Cell cultures were
incubated for 24 h in the absence of cytokines (basal) or in the
presence of variable doses of IL17A: 0.1, 0.5, 1, 5 and
50 ng/ml. TNFA 100 ng/ml, a cytokine known to induce
TER impairment, was used as a positive control. On day 6, a
medium change to fresh medium without cytokines was per-
formed on cells treated with IL17A or TNFA. Cells were
cultured at 34 °C in a mixture of 5 % CO2:95 % air.

Table 1 Rat specific primers used for real-time RT-PCR

Gene Primer sequence Orientation Position Length (bp) GenBank Accession No.

Il17ra 5′-GACCCAAACCACAAGTCCAA-3′ Sense 614–633 65 NM_001107883

5′-GTCATCTTCATCTCCGTGTCC-3′ Antisense 659–678

Il17rc 5′-CTGCTCTCTAGGCCTCTCCT-3′ Sense 284–303 179 NM_001170565

5′-CAGCCAAGTGTACAACCACA-3′ Antisense 443–462

Ccl2 5′-AGCATCCACGTGCTGTCTC-3′ Sense 127–145 78 NM_031530

5′-GATCATCTTGCCAGTGAATGAG-3′ Antisense 183–204

Ccr2 5′-CGCAGAGTTGACAAGTTGTG-3′ Sense 27–47 234 NM_021866

5′-GCCATGGATGAACTGAGGTA-3′ Antisense 241–260

Vcam1 5′-CAAATGGAGTCTGAACCCAAA-3′ Sense 1528–1548 72 NM_012889

5′-GGTTCTTTCGGAGCAACG-3′ Antisense 1581–1599

Gapdh 5′-TGGCCTCCAAGGAGTAAGAAAC-3′ Sense 1061–1083 69 NM_017008

5′-GGCCTCTCTCTTGCTCTCAGTATC-3′ Antisense 1106–1129
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TER measurement

The establishment of tight junctions between Sertoli cells was
assessed daily from day 2 to day 8 by measurement of TER
across the Sertoli cell monolayer by a Millicell electrical
resistance system (Millipore), as described previously (Grima
et al. 1998). Briefly, a short (~2 s) 20-μA pulse of current was
passed through the epithelial monolayer between 2 silver–
silver chloride electrodes and electrical resistance was mea-
sured. Electrical resistance was then multiplied by the surface
area of the filter to yield the area of resistance in ohms.cm2.
The net value of electrical resistance was then computed by
subtracting the background, which was determined by
Matrigel-coated cell-free chambers. Each time point had qua-
druplicate bicameral units. This experiment was run four times
on different batches of cells.

Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

To detect IL17R expression, total RNA from purified Sertoli
cells was isolated using TRI Reagent (Sigma-Aldrich) accord-
ing to the manufacturer’s recommendations. The amount of
RNAwas estimated by spectrophotometry at 260 nm. Reverse
transcription was performed on 2 μg RNA at 42 °C for
50 minutes using 200 U SuperScript II reverse transcriptase
enzyme (Invitrogen) containing 125 ng random primer and
0.5 mM dNTP Mix. cDNAs encoding Il17ra and Il17rc were
amplified from 1 μl of the cDNA reaction mixture. Specific
primer sequences were obtained from Ni et al. (2013): Il17ra-
Forward (5′-GGGTGTATGGCCTCATCAC-3′), Il17ra-Re-
verse (5′-ACAGGCAGTGATCAGGAACT-3′), Il17rc- For-
ward (5′-CTGGGAAGAGCCCGAAGA-3′), Il17rc-Reverse
(5′-GTACCTGGGTTTGGTGTAGG-3′). PCR was per-
formed with GoTaq DNA polymerase (Promega, Madison,
WI, USA) in the following conditions: initial denaturation at
94 °C for 5 min; 30 cycles of 94 °C for 30 s; 58 °C for 30 s and
extension at 72 °C for 30 s followed by 10 min at 72 °C. PCR
products were resolved by 1 % agarose gel and stained with
ethidium bromide.

MTS assay

A cell viability test was performed on Sertoli cells cultured on
96-well plates and treated for 24 h with 5 or 50 ng/ml of
IL17A. A commercial kit (CellTiter 96 AQueous Non-
Radioactive Cell Proliferation Assay; Promega) was used.

Western blot

To detect occludin, claudin 11, tight junction protein 1 (TJP1)
and connexin 43 (CX43), Sertoli cells were washed once with
PBS at RT and 100 μl PBS containing 50 mM EDTA,
100 mM ethylene glycol tetraacetic acid (EGTA), 2 mM

PMSF, 10 μg⁄ml leupeptin, 10 μg⁄ml pepstatin A and 10 μg⁄
ml aprotinin were added to each well. Cells were placed on ice
and disrupted by ultrasonic irradiation. The samples were kept
at −70 °C until use.

Supernatant proteins were measured using the Bio-Rad DC
Protein Assay. Equal amounts of protein (50 μg) were diluted
1:1 in sodium dodecyl sulfate (SDS) reducing buffer
[62.5 mM Tris–HCl (pH 6.8), 2 % SDS, 25 % glycerol, 5 %
β-mercaptoethanol, 0.01 % bromophenol blue], boiled for
5 min and placed on ice before loading into gel. For detection
of claudin 11, proteins were diluted in SDS sample buffer
without β-mercaptoethanol and unboiled. Samples were re-
solved in 10 % SDS-PAGE except claudin 11 which was
resolved in 12 % SDS-PAGE. Proteins were electroblotted at
100 V for 90 min to PVDF membranes (Immobilon P;
Millipore). Transfer was monitored by Ponceau red staining.
Pre-stained protein standards (Precision Plus Protein
Standards; Bio-Rad) with a molecular weight range of 250–
10 kDa were used. Membranes were blocked with 5% non-fat
dry milk in tris buffer saline (TBS) containing 0.1% Tween 20
for 1 h. Blots were probed overnight with the corresponding
primary antibodies against occludin (1:800) (BD Bioscience,
San Jose, CA, USA), claudin 11 (1:2000) (Abcam, Cam-
bridge, MA, USA), TJP1 (1:250) (Invitrogen) and CX43
(1:100) (BD Bioscience). As internal loading control, a rabbit
polyclonal anti-actin antibody (1:2000) (Sigma-Aldrich) was
used. Blots were washed and incubated with an appropriate
second biotinylated antibody, such as horse anti-mouse IgG or
goat anti-rabbit IgG (1:6000; Vector Laboratories). Then the
reaction was enhanced with streptavidin-horseradish peroxi-
dase conjugate (Chemicon International Inc, Millipore Co)
and proteins were visualized by enhanced chemilumines-
cence. Images were captured using GeneSnap software
(7.08.01 version) and were analyzed with Gene Tools soft-
ware (4.01.02 version) from SynGene (Synoptics, Frederick,
MD, USA).

Intratesticular injection of IL17A

To assess the effect of IL17A on testicular histopathology, rats
(n=14–24/group) were anesthetized with ketamine/xylazine
and 1 μg of recombinant rat IL17A (eBioscience) was injected
intratesticularly with a 30-gauge needle in a final volume of
100 μl sterile saline solution. Each injection was made into the
upper third of the testicular parenchyma. Testes injected with
the same volume of saline solution and same site of injection
were used as controls. Rats were killed 3 days after the
injection and testes were removed and fixed for histopatho-
logical evaluation, frozen for immunohistochemistry, proc-
essed for RNA extraction or used for BTB permeability assay.
The dose of IL17A was selected based on reports of in vivo
administration of other cytokines (Li et al. 2006; Sarkar et al.
2008; Pérez et al. 2012).
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Histopathology

Testes were fixed in Bouin solution. After 24 h, testes were
cross-cut at the equatorial area and each half was embedded in
paraffin separately. The two halves were analyzed separately
in order to evaluate whether the injection trauma induces
tissue damage. To quantify the number of damaged seminif-
erous tubules and inflammatory foci four sections from each
half testis per animal were analysed under a light microscope
(Olympus CX21; Olympus, Tokyo, Japan). At least 800 tu-
bules from testes of each rat (~200 tubules were randomly
selected from each transversal section) were scored for dam-
age. Longitudinal sections were also analyzed.

Biotin tracer studies

Permeability of the BTB was assessed with a biotin tracer as
described previously (Meng et al. 2005). Freshly dissected
testes (n=5/group) were injected intratesticularly with
10 mg/ml EZ-Link Sulfo-NHS-LC-Biotin (Pierce, Rockford,
IL, USA) freshly dissolved in PBS containing 1 mM CaCl2
whose volume represented 10 % of testis weight. Testes were
then incubated at RT for 30 min, immersed in 4 % parafor-
maldehyde and embedded in paraffin. For localization of the
biotin tracer, testis sections (5 μm thick) obtained from differ-
ent levels (close to the poles and equatorial area) were
deparaffinized and hydrated. To avoid non-specific staining,
sections were blocked with 5 % non-fat dry milk in PBS
containing 0.01% Triton X-100 for 15 min prior to incubation
with streptavidin-Alexa Fluor 555 (1:3000; Invitrogen) for
30 min at RT. After nuclear staining with DAPI (4′,6-
diamino-2-phenylindole; Sigma-Aldrich), sections were
mounted in buffered glycerine and observed by Axiophot
fluorescent microscope with epi-illumination (Carl Zeiss,
Göttingen, Germany).

Immunohistochemistry

Immunofluorescent analyses were performed on frozen testis
sections (5–7 μm) obtained from 4–6 animals/group or on
Sertoli cell cultures. To study the distribution of occludin,
sections were fixed in ethanol for 30 min at 4 °C followed
by acetone fixation at RT for 5 min. To detect claudin 11
sections were fixed in methanol at −20 °C for 15 min. After
permeabilization with 0.1 % Triton X-100 in PBS at 4 °C for
30 min, nonspecific sites were blocked with blocking solution
at RT for 30 min and then sections/cells were incubated with
the corresponding primary antibodies (mouse anti-occludin
1:5, Invitrogen; rabbit anti-claudin 11 1:50, Santa Cruz Bio-
technology, Santa Cruz, CA, USA) overnight at 4 °C. After
three washes with PBS, sections/cells were incubated with the
corresponding secondary antibodies (biotinylated horse anti-
mouse IgG 1:50 or fluorescein-conjugated goat anti-rabbit

IgG 1:50; all from Vector Laboratories, Burlingame, CA,
USA) for 1 h at RT. To detect occludin, immunostaining was
amplified with fluorescein-conjugated neutralite avidin
(1:200; Southern Biotechnology, Birmingham, AL, USA).
For negative controls, the first antibodies were replaced with
corresponding isotype controls. After a nuclear staining step
with DAPI, sections/cells were mounted in buffered glycerine
and observed by Axiophot fluorescent microscope with epi-
illumination (Carl Zeiss).

For detection of the different subsets of testicular macro-
phages and the chemokine CCL2 in saline or IL17A-injected
rats, an immunoperoxidase technique was performed. Briefly,
cryostat sections (5–7 μm) were fixed in cold acetone. En-
dogenous peroxidase was quenched with 0.3 % H2O2 in
methanol for 30 min. To avoid non-specific staining, sections
were incubated with 5 % normal horse serum in 3 % bovine
serum albumin (BSA) in PBS for 30 min at RT and then
treated with avidin-biotin blocking solution (Vector Laborato-
ries). The following primary antibodies were used: ED1 (1:40;
BDBioscience), ED2 (1:15; BDBioscience) and CCL2 (1:20;
Santa Cruz Biotechnology). A biotinylated horse anti-mouse
IgG or horse anti-goat IgG (Vector Laboratories) were used as
secondary antibodies. The reaction was amplified using the
Vectastain Elite ABC Kit and the 3′diaminobenzidine-H2O2

(DAB Substrate Kit) (Vector Laboratories) was used as per-
oxidase substrate. Sections were counterstained with hema-
toxylin. Negative controls were obtained by incubating sec-
tions with the corresponding isotype controls instead of pri-
mary antibodies.

To detect caspase 3, deparaffinized and hydrated sections
were heated in a microwave (5 min at 370 W) in 10 mM
sodium citrate buffer, pH 6.0. After washing with 0.1 %
saponin in PBS, sections were blocked with 5 % non-fat dry
milk in PBS containing 0.01 % Triton X-100. Sections were
then incubated with a polyclonal rabbit anti-active caspase 3
antibody diluted in PBS containing 0.1 % saponin (5 μg/ml;
R&D Systems, Minneapolis, MN, USA) for 48 h at 4 °C in a
humidified chamber. A biotinylated goat anti-rabbit IgG
(10 μg/mL; Vector Laboratories) was used as secondary anti-
body. The reaction was continued as described above.

Assessment of apoptosis by TUNEL

Testis sections from saline or IL17A-injected rats were
deparaffinized and hydrated. Sections were irradiated in a
microwave (5 min at 370 W) in 10 mM sodium citrate buffer,
pH 6.0 and permeabilized with 0.1 % Triton X-100 in 0.1 %
sodium citrate for 4 min at 4 °C. Non-specific labeling was
prevented by pre-incubating the sections with blocking solu-
tion (2 % blocking reagent in 100 mM maleic acid and
150 mMNaCl, pH 7.5) for 30 min at RT. DNA 3′ end labeling
was performed by incubating the sections with digoxigenin-
dideoxy-uridine triphosphate (dig-ddUTP) in the presence of
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TdT (4 μm dig-ddUTP, 0.4 U/μLTdT, in TdT buffer) (Roche
Diagnostics) for 1 h at 37 °C. After washing, the sections were
incubated with blocking solution for 30min at RT followed by
incubation with alkaline phosphatase conjugated anti-
digoxigenin antibody (1:1000, Roche Diagnostics) for 2 h at
RT. The sections were rinsed and equilibrated in alkaline
phosphatase buffer (100 mM Tris–HCl, 100 mM NaCl,
50 mM SO4Mg, pH 9.5) containing 1 mM levamisole (Sig-
ma-Aldrich). Then, alkaline phosphatase substrates, nitro blue
tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phos-
phate (NBT/BCIP; Roche Diagnostics) were added for 1 h.
The reaction was stopped by washing the sections with TE
buffer (10 mM Tris–HCl, 1 mM EDTA, pH 8). For negative
control, the TdT enzyme was replaced with the same volume
of TdT buffer. Light counterstain was performed with eosin,
dehydrated and mounted. TUNEL+ cells were counted using
a ×40 objective in 100 seminiferous tubules of three non-
consecutive testis sections from 14 animals/group.

Statistical analysis

Results of ELISA were analyzed by the non-parametric
Kruskal–Wallis test. For evaluation of TER results, statistical
analyses were performed by ANOVA using Tukey’s test, in
which each sample group at a specified time point was com-
pared to other sample groups within the same experiment.
Western blot results of each group were compared to the
corresponding control by ANOVA followed by the Dunnett
test. Results of histopathological evaluation and TUNEL tech-
nique were analyzed by the non-parametric Mann–WhitneyU
test. Data represent the mean±SEM. Differences were consid-
ered significant when P<0.05.

Results

IL17A and its receptors increase in EAO

By ELISA, we measured the concentration of secreted IL17A
in the interstitial fluids of N, C, and EAO rats. IL17A content
was detected only in the interstitial fluid of EAO rats, whereas
no expression was observed in N or C rats (Fig. 1a). Il17ra
and Il17rcmRNAs were detected in the testis of N and C rats.
The expression of both genes increased in the testis of EAO
rats, with Il17ra being more up-regulated than Il17rc (Fig. 1b
and c).

IL17A impairs Sertoli cell tight junction-barrier in vitro

To evaluate the effects of IL17A on Sertoli cell tight junction-
barrier, we first evaluated expression of the IL17 receptor
complex, composed of IL17RA and IL17RC subunits, on

isolated Sertoli cells. Both Il17ra and Il17rc mRNAs were
shown to be expressed by Sertoli cells (Fig. 2a).

When Sertoli cells were plated in vitro, tight junctions
began to assemble, as shown by an increase in TER. On day
5, when Sertoli cells completed the tight junction barrier
assembly, recombinant rat IL17A at 5 and 50 ng/ml was added
to the culture medium of Sertoli cells cultured on Matrigel-
coated bicameral units and incubated for 24 h. TER was
assessed daily from the second day of culture until day 8.

The addition of IL17A disrupted the Sertoli cell tight
junction barrier, as demonstrated by a significant decline in
TER compared to basal conditions (Fig. 2b). As a positive
control, we used TNFA, known to affect the assembly of
Sertoli cell tight junctions in vitro (Siu et al. 2003). The
decrease in TER induced by both cytokines was reversible,
since, when cytokines were removed at day 6, TER returned
to values similar to those found in basal conditions (Fig. 2b).
IL17A decreased TER values in a dose-dependent manner
(data not shown).

We next evaluated the effect of IL17A on the expression
and localization of intercellular junction proteins in Sertoli
cells. By western blot, a significant decrease in occludin
expression was observed in Sertoli cells cultured for 24 h in
the presence of IL17A compared to basal conditions (Fig. 3).
No changes in steady-state levels of the tight junction proteins
claudin 11 and TJP1 were detected after addition of IL17A. A
slight decrease in the expression of the gap junction protein
CX43 was also observed, although without significant differ-
ences compared to control. The decrease in occludin expres-
sion observed in Sertoli cells treated with IL17A was revers-
ible since at day 8 (2 days after the removal of IL17A)
occludin expression was similar to control group (data not
shown). Immunofluorescent staining demonstrated that
occludin and claudin 11 were present at the contact area
between adjacent cells in a linear and continuous pattern that
delineated cell borders in basal conditions (Fig. 4a, b). Addi-
tion of IL17A induced a reduction of occludin expression and
a redistribution of claudin 11 from the cell surface into the
cytoplasm (Fig. 4c, d). Similar results were observed with 5 or
50 ng/ml IL17A. In order to evaluate whether IL17A affects
Sertoli cell viability, a MTS assay was performed. Viability of
Sertoli cells cultured in the presence of IL17Awas similar to
that of cells cultured in basal conditions, considered as 100 %
(IL17A 5 ng/ml: 92.7 %±7.1, IL17A 50 ng/ml: 92.6 %±6.7).

IL17A compromises the integrity of the BTB in vivo

BTB integrity was assessed by a functional test by monitoring
the diffusion of a biotin tracer from the interstitium to the
seminiferous epithelium. Intratesticular administration of
IL17A (1 μg/testis) impaired BTB permeability. The biotin
tracer diffused through the BTB into the adluminal compart-
ment of seminiferous tubules after 3 days of IL17A treatment,
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in contrast to saline-injected testes in which the biotin tracer
was restricted to interstitial spaces and seminiferous tubule-
basal compartment (Fig. 5a–f).

Then, we analyzed whether the IL17A-induced alteration
of BTB permeability is mediated through changes in tight

Fig. 1 IL17A and its receptor in the testis. a IL17A was measured by
ELISA in interstitial fluids from normal (N) rats, control (C) rats and rats
with orchitis (EAO). Each dot represents one rat. b, c Relative mRNA
expression of Il17ra (b) and Il17rc (c) from N, C and EAO rat testes

analyzed by real-time RT-PCR. Gapdh is used for normalization of
expression data. Values are mean±SEM of relative expression units
(RE) of results for 5 animals in each group. *P<0.05 versus C;
**P<0.01 versus C; ##P<0.01 versus N

Fig. 2 Transepithelial electrical resistance (TER) across Sertoli cells in
culture exposed to 5 or 50 ng/ml IL17A for 24 h. a RT-PCR showing
Il17ra and Il17rc mRNA expression in Sertoli cells (SC). Rat kidney (K)
was used as a positive control. –C negative control without template; L
50-bp DNA ladder. b IL17A induces a reversible disruption of the tight
junctional complexes between Sertoli cells as shown by a decline in TER.
White arrow indicates that the medium with cytokine was replaced by
medium alone. TNFA at 100 ng/ml was used as a positive control. Each
data point represents the mean±SEM of quadruplicate cultures from one
representative experiment of four. *P<0.05, **P<0.01 versus basal

Fig. 3 Tight junction protein expression in Sertoli cells treated with
IL17A. a Representative western blots showing a significant decrease
in occludin expression in Sertoli cells exposed to IL17A for 24 h. No
changes in claudin 11, TJP1 and CX43 levels were detected. b Densito-
metric analysis of occludin, claudin 11, TJP1 and CX43 relative to actin.
Data from IL17A groups were compared to data from basal conditions,
arbitrarily set at 1. Each bar represents the mean±SEM of five samples.
*P<0.05, **P<0.01 versus basal
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junctionmolecule expression. Results of immunofluorescence
showed that in rats injected with saline, occludin and claudin
11 are localized at the basal compartment of seminiferous
tubules consistent with its localization at the BTB
(Fig. 5g, h). In contrast, a reduction of occludin expression
and delocalization of claudin 11 with a discontinuous immu-
nofluorescent pattern in damaged seminiferous tubules was
observed in rats injected with IL17A (Fig. 5i, j).

IL-17A promotes germ cell sloughing and interstitial immune
cell infiltration

To evaluate whether IL17A induces testicular histopatholog-
ical alterations, an intratesticular injection was performed with
1 μg recombinant IL17A in normal rats. Animals were killed
3 days after the injection. Some rats that received saline, used
as controls, revealed the presence of 1–2 foci of damaged
seminiferous tubules circumscribed to the site of injection
and associated or not with inflammatory cells. Rats injected
with IL17A showed a significantly higher number of foci with
different degrees of germ cell sloughing as well as an increase
in the number of damaged seminiferous tubules per focus.
Also, the number of inflammatory foci was higher in IL17A-
injected rats compared to controls (Fig. 6). Tissue damage of
IL17A-injected rats was observed both near and far from the
injection site. Macrophages were the main cell type present in
the inflammatory foci. Lymphocytes were also observed, but
to a lesser extent.

In order to characterize macrophage subpopulations, im-
munohistochemistry was performed using a mouse monoclo-
nal antibody, ED1, which recognizes a cytoplasmic antigen in
rat monocytes, macrophages and dendritic cells, and a mouse
monoclonal antibody, ED2, which recognizes a membrane
antigen of tissue macrophages. As shown in Fig. 7, immune
cells present in inflammatory foci are mainly ED1+
monocytes/macrophages recently arrived from circulation.

We further evaluated whether IL17A induces germ cell
apoptosis. We detected an increase in the number of TUNEL+
germ cells in IL17A-injected testes compared to those injected
with saline. Also, by immunohistochemistry we detected the
presence of germ cells expressing the active form of caspase 3,
while no caspase 3-positive cells were observed in saline-
injected rats (Fig. 8).

Since recently arrived ED1+ monocytes/macrophages are
the main cells that infiltrate the testicular interstitium follow-
ing IL17A injection, we evaluated the expression of CCL2
(also referred to as monocyte chemotactic protein 1), the
pivotal ligand of CCR2. By immunohistochemistry, CCL2
expression was observed both in saline and IL17A-injected
testis, although the intensity of the reaction product was higher
in those injected with IL17A. CCL2 was expressed in Sertoli
cell cytoplasm, peritubular cells and in mononuclear, endo-
thelial and Leydig cells in the interstitium (Fig. 9a). By real-
time RT-PCR we observed an increase in Ccl2 and Ccr2
mRNA expression in the interstitial fraction of IL17A-
injected testis (Fig. 9b). Also, mRNA expression of Vcam1,
a sialoglycoprotein expressed by cytokine-activated endothe-
lium that mediates leukocyte-endothelial cell adhesion, was
increased in the interstitial cells of IL17A-injected rats
(Fig. 9b).

Discussion

The present results highlight the role of IL17 in the induction
of blood–testis barrier disruption and immune cell infiltration
into the testicular interstitium.

Infection and inflammation of the male reproductive tract
are important factors associated with male infertility, Th and
regulatory T lymphocytes being critically involved in testicu-
lar immunoregulation. Analyzing testicular biopsies from
subfertile or infertile patients, Duan et al. (2011) described
an immune deviation towards a Th17 immune response asso-
ciated with testicular damage. The authors detected an in-
creased number of Th17 cells and their producing cytokines
in azoospermic patients with chronic inflammation of the
genital tract.

Autoimmune orchitis is a T cell-dependent testicular
inflammation-based pathology triggered by antigens or path-
ogens that disrupt testicular immunoprivilege (Lustig and

Fig. 4 Effect of IL17A on occludin (a, c) and claudin 11 (b, d) distribu-
tion in Sertoli cell cultures. In the presence of IL17A, a reduction of
occludin staining at intercellular contacts (c, arrowheads) and delocali-
zation of claudin 11 with evidence of protein internalization (d,
arrowhead) are observed. Bar 10 μm
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Tung 2006). As in other autoimmune diseases, Th17 cells and
its hallmark cytokine IL17A are involved in the pathogenesis
of autoimmune orchitis (Jacobo et al. 2011b). However, the
function of this cytokine on different cell targets within the
testis remained unexplored.

Here, we showed increased IL17A content and up-
regulation of Il17ra and Il17rc transcript levels in the testis
of EAO rats. These findings, together with our previous
results showing the involvement of Th17 cells in autoimmune
orchitis, prompted us to further investigate the role of IL17A,
the signature cytokine of the Th17 pathway, in the testis.

By in vitro experiments, we demonstrated the ability of
IL17A to perturb the Sertoli cell tight junction barrier,

reducing TER across the cell epithelium. It is known that
adherens, gap and tight intercellular cell junctions are formed
between adjacent Sertoli cells in culture (Chung et al. 1999).
Occludin, claudin 11 and TJP1 are considered the main tight
junction proteins and CX43 the predominant gap junction
protein of the Sertoli cell layer. Therefore, we analyzed their
expression to correlate whether the breakdown of the Sertoli
cell barrier function induced by IL17A was associated with
altered expression or distribution of these proteins. The re-
duced expression of occludin and the redistribution of
occludin and claudin 11 in Sertoli cells treated with IL17A
may explain the decreased TER observed. However, we could
not rule out the possibility that IL17A affects other inter-

Fig. 5 IL17A induces BTB
damage in vivo. Biotin tracer
experiments show impairment of
BTB in rats injected with IL17A,
represented by the presence of
biotin in the adluminal
compartment of seminiferous
tubules (d–f, arrow), not seen in
saline-injected rats (a–c). Cell
nuclei are stained with DAPI. Bar
20 μm. g–j: Immunofluorescence
to detect occludin and claudin 11
expression in rats injected with
IL17A or saline. A reduction of
occludin expression and a
discontinuous
immunofluorescent pattern for
claudin 11 was observed in
IL17A-injected rats. Bar 50 μm
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Sertoli cell junction proteins, not evaluated. The exact mech-
anisms whereby IL17A affects Sertoli cell tight junction bar-
rier need to be addressed in future studies. It is possible that
impairment of Sertoli cell tight junction barrier depends on a
mechanism mediated by matrix metalloproteinases (MMPs).
In support of this hypothesis, Wong and Cheng (2013) have
demonstrated that the C-terminal noncollagenous domain of
collagen α3 (IV) generated via limited proteolysis by MMP9
regulates BTB dynamics. Also, Yang et al. (2007) reported
that MMPs are able to disrupt the blood–brain barrier by
degrading the tight junction proteins occludin and claudin 5.
It has been demonstrated that cytokines such as TNFA (Siu
et al. 2003) and more recently IL17A induce expression of
MMPs (Zhu and Qian 2012).

In vivo experiments were performed on normal rats by
injecting recombinant rat IL17A intratesticularly. This meth-
odology was validated by Russell et al. (1987) and was
previously used by several research groups including our
group. We are aware that intratesticular injection per se is
not totally unharmful. However, the present results showed

that damage severity and localization (restricted to the injec-
tion site in saline-injected rats) were significantly different
comparing saline- and IL17A-injected groups.

Using a biotin tracer, we showed impairment of BTB
function in rats injected with IL17A in contrast with saline-
injected testes. The decreased occludin expression and delo-
calization of claudin 11 in damaged seminiferous tubules may
be responsible for the increased BTB permeability observed in
IL17A-injected rats. Collectively, our in vitro and in vivo
results demonstrated that IL17A induces impairment of the
Sertoli cell barrier. Similarly, IL17A was shown to have dis-
ruptive effects on other epithelial barriers such as the blood–
brain barrier via down-regulation of occludin expression
(Kebir et al. 2007; Huppert et al. 2010). Moreover, De Paiva
et al. (2009) reported that antibody neutralization of IL17
ameliorated experimental desiccating stress-induced corneal
epithelial barrier dysfunction. In previous reports, we and
others have shown the in vivo action of different cytokines,
ie. TNFA, IL1A, IL6, on BTB permeability impairment (Li
et al. 2006; Sarkar et al. 2008; Pérez et al. 2012). Our present

Fig. 6 Local administration of
IL17A induces testicular
histopathological alterations. a–d
Photomicrographs of testis
sections from a control rat (a, b)
or a rat treated with IL17A (c, d).
Bar 100 μm (a, c), 20 μm (b, d).
e–g Numbers of foci increased
with damaged seminiferous
tubules (ST) (e), damaged ST per
focus (f) and inflammatory foci
(g) in testis of rats injected with
IL17A. Each dot represents one
rat
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results show that intratesticular injection of IL17A induced
focal inflammatory cell infiltration in the interstitium and

germ cell sloughing in adjacent seminiferous tubules. More-
over an increase in apoptotic germ cells was also observed.

Fig. 7 IL17A induces
recruitment of macrophages to the
testicular interstitium.
Immunoperoxidase technique to
localize ED1+ (a, b) and ED2+
(c, d) macrophages in testicular
sections from saline (a, c) or
IL17A (b, d) injected testes.
Asterisks indicate areas magnified
in insets. Arrowheads indicate the
presence of lymphocytes. Bar
100 μm. Inset bar 20 μm

Fig. 8 IL17A induces germ cell
apoptosis. a Testis section from a
rat injected with saline showing
only one TUNEL+ cell (arrow).
b–d Testis sections from IL17A-
injected rats showing several
seminiferous tubules with
numerous TUNEL+ apoptotic
germ cells (arrows). Arrowhead
indicates the presence of immune
cell infiltration (c) and asterisk
indicates germ cell sloughing in
the tubular lumen (d). e Number
of TUNEL+ germ cells per 100
seminiferous tubules from saline-
and IL17A-injected testes. Each
bar represents the mean±SEM of
14 samples *P<0.05 versus
saline. f Active caspase 3 is
expressed by germ cells
undergoing apoptosis
(arrowhead) in IL17A-injected
testis. g No active caspase 3
positive cells were observed in
saline-injected testis. Bars (a, b)
100 μm, (insets and c–g) 20 μm
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Inflammatory ED1+ macrophages are the main population
infiltrating the interstitium following IL17A injection. This
correlates with an increase in CCL2, which has the ability to
chemoattract monocytes. Although CCL2 was expressed in
Sertoli cell cytoplasm, peritubular cells and in mononuclear,
endothelial and Leydig cells both in saline and IL17A-injected
testes, the increased macrophage population induced by
IL17A constitutes a major source of CCL2. In models of
testicular inflammation such as EAO or LPS injection,
CCL2 is expressed mainly by infiltrating ED1+ macrophages
(Gerdprasert et al. 2002; Guazzone et al. 2003). It is possible
that peritubular cells also contribute to BTB damage through
the increased expression of CCL2. Also, an increase inmRNA
expression of Ccl2 and its receptor Ccr2 in the interstitial
fraction of IL17A-injected testis was observed. The recruit-
ment of inflammatory cells to the testicular interstitium in-
duced by IL17A may be the consequence of increased levels
of CCL2 and its receptor and up-regulation of Vcam1 mRNA
in interstitial cells, which is involved in the firm adhesion of
monocytes and lymphocytes to the endothelium. Concomi-
tantly, it is possible that IL17A may facilitate recruitment of
inflammatory cells by increasing endothelial permeability, as
previously reported in brain endothelial cells (Kebir et al.
2007; Huppert et al. 2010).

The increase in TUNEL+ germ cell number that we ob-
served following in vivo administration of IL17A suggests
that this cytokine has a pro-apoptotic role in the testis. How-
ever, we could not rule out the possibility of an indirect effect
of IL17A on germ cell apoptosis. In fact, we detected an
increase in Tnfa transcript levels in the interstitial cell fraction
of IL17A-injected testes (data not shown). We previously
reported the pro-apoptotic action of this cytokine in the testis
(Suescun et al. 2003; Theas et al. 2008). IL17 is known to
stimulate a host of inflammatory cytokines and chemokines
along with other inflammatory mediators such as prostaglan-
din E2, nitric oxide, MMPs, acute phase proteins and IL6
(Marks and Craft 2009). Among them, IL6 and nitric oxide
have been described as inducers of germ cell apoptosis (Rival
et al. 2006; Theas et al., unpublished results).

Overall results show that IL17A induces recruitment of
inflammatory cells into the testicular interstitium and impair-
ment of the BTB through direct action. Although these two
events may be unrelated, it is possible that infiltrating ED1+
macrophages secrete pro-inflammatory cytokines contributing
to BTB alteration. Also, other mediators, whose production
can be up-regulated by IL17A, e.g., IL6 and nitric oxide, may
contribute to seminiferous tubule damage and BTB impair-
ment. Moreover, IL17A is able to synergize with other

Fig. 9 Up-regulation of CCL2,
CCR2 and VCAM1. a–e
Immunolocalization of CCL2 on
testis sections from a rat injected
with saline (a, d) or IL17A (b, e).
CCL2 is expressed by Sertoli
cells, macrophages, endothelial
and Leydig cells. Note the intense
immunoreactivity within
interstitial cells in the testis of a rat
injected with IL17A (b). Bar (a,
b) 20 μm. Microphotograph at
higher magnification shows
increased expression of CCL2 in
peritubular cells of a rat injected
with IL17A (e) compared to a rat
injected with saline (d). c
Negative control. Arrows
peritubular cells. Bar (c, d)
10 μm. f–h Relative mRNA
expression of Ccl2, Ccr2 and
Vcam1 by seminiferous tubules
(ST) and interstitial cells (IC)
from rat testes injected with saline
or IL17A analyzed by real-time
RT-PCR. Gapdh is used for
normalization of expression data.
Values are mean±SEM of relative
expression units (RE) of results
for 5 animals in each group.
*P<0.05, **P<0.01 versus C
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cytokines such as TNFA to promote and prolong pro-
inflammatory responses (Gu et al. 2013). Knowledge of the
pathogenic role of IL17 and its mechanism of action will be
useful for the development of new therapeutic approaches for
controlling testicular inflammation associated with subfertility
or infertility.
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