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Claudin‑11 and occludin are major contributors to
Sertoli cell tight junction function, in vitro
Mark J McCabe1,2,3,4, Caroline FH Foo1, Marcel E Dinger3,4, Peter M Smooker2, Peter G Stanton1
The Sertoli cell tight junction (TJ) is the key component of the blood‑testis barrier, where it sequesters developing germ cells
undergoing spermatogenesis within the seminiferous tubules. Hormonally regulated claudin‑11 is a critical transmembrane protein
involved in barrier function and its murine knockout results in infertility. We aimed to assess quantitatively the significance of the
contribution of claudin‑11 to TJ function, in vitro, using siRNA‑mediated gene silencing. We also conducted an analysis of the
contribution of occludin, another intrinsic transmembrane protein of the TJ. Silencing of claudin‑11 and/or occludin was conducted
using siRNA in an immature rat Sertoli cell culture model. Transepithelial electrical resistance was used to assess quantitatively TJ
function throughout the culture. Two days after siRNA treatment, cells were fixed for immunocytochemical localization of junction
proteins or lyzed for RT‑PCR assessment of mRNA expression. Silencing of claudin‑11, occludin, or both resulted in significant
decreases in TJ function of 55% (P < 0.01), 51% (P < 0.01), and 62% (P < 0.01), respectively. Data were concomitant with
significant decreases in mRNA expression and marked reductions in the localization of targeted proteins to the Sertoli cell TJ. We
provide quantitative evidence that claudin‑11 contributes significantly (P < 0.01) to Sertoli cell TJ function in vitro. Interestingly,
occludin, which is hormonally regulated but not implicated in infertility until late adulthood, is also a significant (P < 0.01)
contributor to barrier function. Our data are consistent with in vivo studies that clearly demonstrate a role for these proteins in
maintaining normal TJ barrier structure and function.
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INTRODUCTION
The Sertoli cell tight junction (TJ) plays an essential role in
spermatogenesis as the major component of the blood‑testis
barrier (BTB) of the seminiferous epithelium. Its transmembrane
components form an impermeable “seal” between adjacent Sertoli
cells, thereby separating and protecting the adluminal germ cells
from the general circulation.1 TJs form in mammals at puberty,
concomitant with an increase in the circulating gonadotropins follicle
stimulating hormone (FSH) and luteinizing hormone (LH), with the
latter stimulating testosterone (T) production. Low levels of circulating
gonadotropins leading up to puberty or due to some pathological
conditions result in the delay or prevention of TJ formation and a
lack of spermatogenic activity, a phenotype which in several species
including humans, can be reversed, at least partially, by the exogenous
application of gonadotropins.2–6
Claudin‑11 is a critical transmembrane protein component of
the Sertoli cell TJ. While other claudins have been detected in the
seminiferous epithelium including claudin‑1, ‑3, ‑5, ‑8, ‑13, and ‑19,7–11
as well as other transmembrane proteins such as junctional adhesion
molecule (JAM)‑A,12 coxsackievirus and adenovirus receptor (CAR),13
and occludin,14,15 claudin‑11 is the best studied and when knocked
out, leads to congenital infertility in mice.16 We and others have
demonstrated its importance for the initiation4 and maintenance3,5,6,17,18

of functional Sertoli cell TJs in various animal models. Claudin‑11
is present at functional Sertoli cell TJs which can exclude the small
molecular weight tracer biotin in vivo,3–6 but its presence at the TJ
diminishes when gonadotropins are suppressed, coincident with a
dysfunctional barrier as shown by biotin tracer permeability through
the seminiferous tubules.3,6 In men with testicular disorders such as
intraepithelial neoplasia, hypospermatogenesis, spermatogenic arrest,
and Sertoli cell only testes, claudin‑11 redistributes cytoplasmically
away from the TJ. 19–21 Claudin‑11 and TJ function can also be
down‑regulated by local testicular regulators such as TGF‑β322 and
GDF9,23 further underscoring the importance of this protein in TJ
function. Occludin also appears to be hormonally regulated and
behaves similarly in animal models of hormone suppression; however,
its knockout is not infertile until at least late adulthood.24
Thus, functional data for these proteins are compelling, albeit
qualitative. As such, we aimed to assess quantitatively the impact of
silencing claudin‑11 using siRNA on TJ function in vitro and extend
an analysis to occludin as well in an established culture model.
MATERIALS AND METHODS
Animals
Sprague‑Dawley outbred rats aged 19–21 days were used for all
cultures. Rats were obtained from Monash Animal Services, Monash
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University Clayton, Victoria, Australia, as approved by the Animal
Ethics Committee (ethics number: MMCB 2002/04), Monash Medical
Centre Clayton.
Immature Sertoli cell culture
Primary Sertoli cells were isolated from immature rat testes for cell
culture as previously described.25,26 Cells were suspended in serum‑free
Dulbecco’s Modified Eagle’s Medium (DMEM)/Hams F12 medium (1:1)
with supplements. Cell plating was conducted at 1.25 × 106 cells cm−2 into
either 24‑well culture plates (Nunc, Nalge Nunc International, Denmark)
for total RNA or protein isolation, or into Millicell PCF bicameral
chambers (Millipore, Bedford, MA, USA) for transepithelial electrical
resistance (TER) measurements and immunocytochemistry. Culture
wells and bicameral chambers were coated with Matrigel (BD Biosciences,
Bedford, MA, USA; 1:8 in DMEM/F12) beforehand. Cells were incubated
at 37°C in 5% CO2 for the duration of the culture (7–8 days) with the day
of plating designated day 0. Media was replaced every second day and on
the third day, contaminating germ cells were hypotonically shocked with
10% culture media in water for 45 s to allow for their removal.27
TER measurements
The development of Sertoli cell TJs and their response to siRNA
treatment was assessed quantitatively daily by TER from the
day of plating, using a Millipore Millicell‑electrical resistance
system (Millipore), as previously described.23,26
siRNA treatment
Two specific siRNA fragments of 21 nucleotides in length were designed
for rat claudin‑11 (NM_053457) and also rat occludin (NM_031329)
through the Whitehead Institute’s “siRNA Selection Program” (website
no longer maintained)28 and obtained from Qiagen (Germany). These
were designated; Clau‑11‑A (5’‑AAACCGTTTCTATTACTCTTC‑3’),
C l a u ‑ 1 1 ‑ B ( 5 ’ ‑ G A C T G C G T C AT G G C C A C T G G T‑ 3 ’ ) ,
O c c ‑ A ( 5 ’ ‑ A A C G ATA A C C TA G A G A C A C C T‑ 3 ’ ) a n d
Occ‑B (5’‑AATTATCACACATCAAGAGGA‑3’). According to
manufacturer’s instructions, a 2‑day treatment of culture media
containing 1 μg siRNA:3 μl of transfection reagent was applied to
immature Sertoli cells at days 5 or 6 of culture. The negative control
was an siRNA fragment from Qiagen (Germany) specifically targeting
Lamin A/C, and the positive control was fluorescently labeled siRNA
visible by fluorescent microscopy (Qiagen). Cells were treated with (i)
each of the siRNAs separately, (ii) either combined claudin‑11 or
occludin siRNA inoculations, or (iii) a combined Clau‑11‑B and Occ‑B
regimen. The final total siRNA concentration of the mixed samples
equaled that of the individual samples. Following culture, cells were
harvested for RT‑PCR and immunocytochemical analyses.
Total RNA extraction, reverse transcription and quantitative
real‑time PCR
Total RNA was extracted from the cells using the Qiagen RNeasy
total RNA Isolation Kit (Qiagen) according to the manufacturer’s

directions. Reverse transcription was performed on 500 ng total RNA/
sample using AMV‑reverse transcriptase (8 U; Roche, Switzerland),
random hexamer primers (200 ng; GE Healthcare, Australia), dNTPs
(20 nmol each; Roche), RNasin (20 U; Promega, USA), and 5X reaction
buffer (Roche).
mRNA expression was quantified using the Roche Light
Cycler 380 (Roche) and the FastStart DNA Master Sybr Green
1 systems (Roche). Oligonucleotide primer pairs and PCR
conditions (Table 1) were obtained from published sources and
ordered from Sigma Genosys (Castle Hill, Australia).22,29,30 Standard
curves for PCR analyses were generated using dilutions of an adult rat
testicular cDNA preparation of arbitrary unitage. PCR of all samples
was performed using triplicate reactions for 38 cycles, after which
a melting curve analysis was performed to monitor product purity.
Immunocytochemistry
Cells on PCF membrane filters were fixed in 3% paraformaldehyde
for 30 min at room temperature and permeabilized with 0.05%
Triton‑X100. Non-specific binding sites were blocked with CAS
block (Zymed, San Francisco, CA, USA) containing 10% normal
sheep serum before overnight incubations in primary antibodies;
rabbit anti‑claudin‑11 (2.0 µg ml−1, catalogue #36–4500, Zymed,
South San Francisco, CA, USA), rabbit anti‑occludin (2.5 µg ml−1,
catalogue #71–1500, Zymed), and mouse anti‑β‑catenin (adherens
junction protein, 0.5 µg ml−1, catalogue #610154, BD Transduction
Laboratories, New Jersey, USA). Negative controls substituted
the primary antibodies with normal rabbit or mouse IgG at the
equivalent concentration. Secondary antibody goat anti rabbit or
mouse Alexa‑488 (Molecular Probes, Oregon, USA) was then added
for 1 h and nuclei were labeled with the nuclear stains DAPI (100
nM in PBS/BSA) and TOPRO‑3 (1:100 in DAPI/PBS/BSA solution
from a 1 mM stock in DMSO; Molecular Probes, Oregon, USA).
After mounting, sections were visualized and photographed using
a confocal microscope (FluoView, FV300, Olympus Australia, Mt
Waverley, VIC, Australia).
Western blot analysis
Protein was extracted from cell lysates using boiling 2X non-reduced
sample buffer and quantified using the bicinchoninic acid protein
assay (Life Technologies Australia). Despite the use of multiple
antibodies and extraction techniques, we were unable to detect
claudin‑11 in Sertoli cell extracts although positive bands were seen
in whole rat testis and mouse brain protein extracts. For occludin
Westerns, 15 µg of total protein was separated by SDS‑PAGE on
4%–20% precast gels (Bio‑Rad, Hercules, CA, USA) and transferred
onto PVDF membranes by Western blot. After overnight blocking (5%
skim‑milk), rabbit‑anti‑occludin antibody (Zymed, 71–1500, 1:125)
was applied to the membranes for 2 h, followed by a 2 h secondary
antibody incubation (goat anti‑rabbit, HRP‑conjugated, Silenus,
Melbourne, Australia). Protein detection was achieved using

Table 1: Primer‑specific conditions used for quantitative PCR analysis
Protein

Species/accession
number

Primer sequences (5’‑3’)

Product
size (bp)

[Mg2+] (mm)

Anneal
temperature (°C)

Acquisition
temperature (°C)

Claudin‑11 Chung et al.30

Rat
NM_053457

Forward: TTAGACATGGGCACTCTTGG
Reverse: ATGGTAGCCACTTGCCTTC

624

2.5

68

85

Occludin Lui et al.22

Rat
NM_031329

Forward: CTGTCTATGCTCGTCATCG
Reverse: CATTCCCGATCTAATGACGC

294

2.5

64

72

GAPDH Tso et al.29

Mouse
NM_008084

Forward: GACCCCTTCATTGACCTCAAC
Reverse: GATGACCTTGCCCACAGCCTT

560

2.5

60

72

GAPDH: glyceraldehyde‑3‑phosphate dehydrogenase
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enhanced chemiluminescence (GE Healthcare) and photographic
films (GE Healthcare).
Statistical analysis
Statistical analysis was performed using the SigmaStat program for
Windows Version 3.5 (Jandel Corporation, CA, USA). Triplicate culture
wells were used per treatment with 2–3 cultures conducted for each
endpoint. Differences in TER and RT‑PCR between treatments were
measured by ANOVA following tests for normal distribution and equal
variance. Upon the determination of differences, the post‑hoc Student
Newman–Keuls test was applied to determine where the differences lay.
P < 0.05 was used to determine if results were statistically significant,
with data expressed as mean ± s.d.

a

b

c

d

e

f

RESULTS
Effect of claudin‑11 siRNA on tight junction function and mRNA
expression
Figure 1a and 1b presents a representative result of one of our
claudin‑11 siRNA culture experiments. In the culture shown, TJ
function increased as junctions formed from the day of cell plating to
the day of claudin‑11 siRNA addition (day 6) (Figure 1a). The drop
in TER at day 4 is expected and is due to a hypotonic shock protocol
at day 3 which removes contaminating germ cells from the culture.26
When Clau‑11‑A and Clau‑11‑B siRNA were added to Sertoli cells
either separately or in combination, decreases of 47%, 76%, and 58%
respectively (P < 0.01, n = triplicate wells/treatment) in TJ function
over 2 days of treatment were observed (Figure 1a), with no statistical
difference between the treatments. Two repeat cultures gave highly
similar results (data not shown). The total decrease in TER in response
to claudin‑11 siRNA treatment over three cultures was 55% (P < 0.01).
Medium plus transfection reagent and Lamin A/C siRNA had minor,
non-significant effects on TER (Figure 1b), with a 22% decrease
observed.
Decreases in TER were coincident with decreases in claudin‑11
mRNA expression (Figure 1c–1f). The top two panels as shown in
Figure 1 (c and d) are for cells treated with Clau‑11‑A or Clau‑11‑B
siRNA separately while the bottom two panels (e and f) are for cells
treated with Clau‑11‑A/B siRNA combined. Over three cultures, the
decreases in claudin‑11 mRNA expression in response to the three
siRNA treatments were not significantly different to each other,
thereby giving a final decrease in claudin‑11 mRNA expression
of 71% (P < 0.01, n = triplicate wells/treatment, n = 3 cultures
(Figure 1c and 1e)). In addition, it was observed that claudin‑11
siRNA had no effect on TJ protein occludin mRNA expression
(Figure 1d and 1f). A significant decrease (P < 0.01) which is observed
when combining the two claudin‑11 siRNA treatments (Figure 1f ) was
non-specific as the magnitude in decrease was comparable to that seen
with the medium plus transfection reagent control. This seems to be
due to some minor variability in the system (no decrease was seen in
the control experiments depicted in the top panels of Figure 1). Note
that the decrease in claudin‑11 mRNA in cells treated with Clau‑11‑A/B
combined was significantly (P < 0.01) greater than that seen for the
medium plus transfection reagent (Figure 1e).
Effect of claudin‑11 siRNA on protein localization
Sertoli cells were fixed 2 days after claudin‑11 specific siRNA treatment
for immunocytochemical analysis. Successful siRNA transfection was
clearly indicated by the presence of fluorescent siRNA staining in Sertoli
cell cytoplasms by microscopy (data not shown). Claudin‑11 staining
was extensive at inter‑Sertoli cell junctions in cells treated with medium
Asian Journal of Andrology

Figure 1: Effect of claudin‑11 siRNA on TJ function and mRNA expression.
TJ function was assayed daily by transepithelial electrical resistance from
the day of culturing immature rat Sertoli cells through to the cessation of
culture (7–8 days later). Up until day 6 (panel a) or day 5 (panel b), all cells
were left to form TJs without any treatment. At day 6 as indicated by the
arrow (panel a), one group of cells was treated with medium plus transfection
reagent (○), while the other three treatments received Clau‑11‑A siRNA (□),
Clau‑11‑B siRNA (Δ) or both siRNA strands together (◊) for 2 days. In a
separate culture at day 5 as indicated by an arrow (panel b), cells either
received medium plus transfection reagent alone (○) or the Lamin A/C specific
siRNA (X) for 2 days. Two days after siRNA had been transfected into cells
exhibiting stable TJs as determined by TER, total RNA was extracted for
RT‑PCR analysis of claudin‑11 (panels c and e) and occludin (panels d and f)
expression. The treatment groups analyzed in panels c and d were the medium
plus transfection reagent (○), Lamin A/C siRNA (X), Clau‑11‑A siRNA (□)
and Clau‑11‑B siRNA (Δ). In the lower panels are medium plus transfection
reagent (○) and the effects of combined claudin‑11 siRNA strands (◊). Data
are mean ± s.d., n = 3 wells/treatment and statistical analyses are comparisons
between the day of siRNA addition and the cessation of culture. Note for
RT‑PCR these days are listed as days 0 and 2, respectively. ns: not significant;
*P < 0.05, **P < 0.01.

only, medium plus transfection reagent, and the Lamin A/C specific
siRNA (Figure 2). Treatment with Clau‑11‑A or Clau‑11‑B siRNA
either separately or in combination resulted in a marked reduction
in claudin‑11 localization at the TJ, with only punctate staining
apparent (Figure 2).
Occludin staining at the TJ and β‑catenin staining at the nearby
adherens junction were also extensive after treatment with medium
plus transfection reagent (Figure 3). Staining was partially reduced
after claudin‑11 siRNA treatment for both proteins although not to
the same extent as was observed for claudin‑11 (Figure 3). Occludin
protein (from two separate cultures) was detected at 64 kDa, and
changes in expression were negligible and comparable over 2 days in
both the control and Clau‑11‑A/B siRNA treated groups (Figure 3).
Effect of occludin and combined claudin‑11/occludin siRNA on TJ
function and structure
Occludin‑specific Occ‑A and Occ‑B siRNA fragments were added
separately or in combination with each other to cultured Sertoli cells
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Figure 2: Effect of claudin‑11 siRNA on claudin‑11 localization to the
TJ. Immature rat Sertoli cells were fixed in paraformaldehyde 2 days
after claudin‑11 siRNA treatment and analyzed by confocal microscopy.
Claudin‑11 (green) localization to the TJ around the periphery of Sertoli
cells (nuclei in red) was analyzed in control cells which received medium
alone (panel a), medium plus transfection reagent (panel b), Lamin A/C
specific siRNA (panel c), as well as in cells which received Clau‑11‑A siRNA
(panel d), Clau‑11‑B siRNA (panel e), or both siRNA strands in combination
with each other (panel f). Bar = 50 µm. Inset = negative control for claudin‑11.

with established TJs (Figure 4a). After 2 days of treatment, TJ function
had decreased by 51% for all three occludin siRNA treatments (P < 0.01,
n = 3 wells/treatment, n = 2 cultures). The effect of treating Sertoli
cells for 2 days with combined Clau‑11‑B + Occ‑B siRNA was a
62% (P < 0.01, n = 3 wells/treatment, n = 1 culture) decrease in TJ
function (Figure 4b). This decrease was significant (P < 0.01) compared
to the total 51% and 55% decrease in TJ function induced by occludin
siRNA and claudin‑11 siRNA (Figure 1) respectively over multiple
cultures.
Following siRNA treatment, cultured Sertoli cells were fixed for
immunocytochemistry. Occludin siRNA reduced occludin localization
to the TJ (Figure 4b) whereas claudin‑11 staining remained extensive
at the TJ and β‑catenin at the adherens junction appeared slightly
more punctate compared to the control, but still extensive compared
to occludin (Figure 4b). The combination of claudin‑11 and occludin
siRNAs reduced the localization of both proteins to the TJ while
β‑catenin remained extensive at the adherens junction (Figure 4b).
DISCUSSION
We have quantitatively demonstrated in this study that the critical TJ
transmembrane protein claudin‑11 contributes significantly (P < 0.01)
to Sertoli cell TJ function in vitro. This was achieved using
siRNA‑mediated gene silencing in an established culture model that
utilizes immature (prepubertal) rat Sertoli cells, where the removal
of contaminating germ cells leaves a culture of >90% Sertoli cell
purity.25,26,31
Over the last decade, the number of known constituents of Sertoli
cell TJs has increased, as has our understanding of the complexities
behind TJ and BTB regulation (for a recent review, see Jiang
et al.32). We chose to ablate claudin‑11 specifically, as currently it is
the only known component of the TJ barrier which when knocked
out in an animal model results in infertility.16 A closer look at the
molecular level in gonadotropin‑suppressed rats, reveals claudin‑11
redistribution away from the TJ.3 Similarly in hypogonadal mice that are
congenitally infertile due to an absence of circulating gonadotropins,
claudin‑11 was located within the Sertoli cell cytoplasm and did
not distribute to TJs until the introduction of FSH or an exogenous
application of dihydrotestosterone.4 Aberrantly distributed claudin‑11
in these models was associated with qualitatively dysfunctional Sertoli
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b
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d

e

f
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Figure 3: Effect of claudin‑11 siRNA on the localization of occludin to the
TJ and β‑catenin to the adherens junction, and occludin protein expression.
Cultured immature rat Sertoli cells were fixed after 2 days of claudin‑11
siRNA treatment. Immunocytochemical analysis was conducted on
claudin‑11 (green) localization around the periphery of Sertoli cells (nuclei
in red) at the TJ in cells which received medium plus transfection
reagent (panel a) or Clau‑11‑A/B siRNA treatment (panel b). Staining
for occludin (green) at the Sertoli cell TJ was also conducted in medium
plus transfection reagent (panel c) and Clau‑11‑A/B siRNA treated cells
(panel d). To test for any effects of claudin‑11 siRNA on other junctional
types, β‑catenin (green) of the adherens junction was also stained in medium
plus transfection reagent (panel f) and siRNA (panel g) treated cells. Western
blot analysis for occludin (panel e; arrow) was conducted on cell lysates on
the day of Clau‑11‑A/B siRNA addition (indicated as d0) and after 2 days
of treatment (indicated as d2). Note the panel on the left represents control
extracts from the same time‑point which did not receive siRNA. Molecular
weight marker in kDa is provided to the left. For immunocytochemistry,
bar = 50 µm. Inset = negative controls for claudin‑11, occludin and β‑catenin.

cell TJs as shown by permeation of the barrier by small molecular
weight tracer biotin.3,4,6,33 While functional tests of the human Sertoli
cell TJ in vivo with tracers is not currently feasible to our knowledge,
claudin‑11 staining was seen to be normal in gonadotropin suppressed
men after 9 weeks despite the postmeiotic germ cell numbers reduced
to 40% of control.34 The absence of anti‑sperm antibodies suggested
that the Sertoli cell TJ was functional. As mentioned earlier, however,
men with non-gonadotropin derived testicular disorders do present
Asian Journal of Andrology
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Figure 4: Effect of occludin ± claudin‑11 siRNA on TJ function and protein
localization. Immature rat Sertoli cells were cultured and allowed to develop
TJs over 6 days as measured by transepithelial electrical resistance (panel a).
Up until day 6, all cells within the culture were untreated. At day 6 as indicated
by the arrow, one group of cells was treated with medium plus transfection
reagent alone (○), while the other four treatments received Occ‑A siRNA (□),
Occ‑B siRNA (Δ), both occludin siRNA strands together (◊) or a mixture of
Clau‑11‑B and Occ‑B siRNA (stars) for 2 days. At the end of the treatment
period, cells were fixed for immunocytochemical analysis (panel b) for TJ
proteins claudin‑11 and occludin, as well as adherens junction protein
β‑catenin (all green). Sertoli cell nuclei are highlighted in red. TER data are
mean ± s.d., n = triplicate wells/treatment. **P < 0.01 compared to day of
treatment addition. For immunocytochemistry, bar = 50 µm. Inset = negative
controls for occludin, claudin‑11, and β‑catenin.

with claudin‑11 redistribution.19–21 Our culture model, while not being
able to recapitulate the complex physiology and interactions seen in
the in vivo situation,3,32 was sufficient to quantitatively confirm that
claudin‑11 is an essential contributor to Sertoli cell TJ function, and
thus would be a useful model to apply to other TJ components.
Occludin is another integral transmembrane protein of the Sertoli
cell TJ and like claudin‑11, redistributes in the absence of circulating
gonadotropins3,6 and appears to be associated with infertility, albeit late
onset.24 Consistent with this is that intratesticular administration of a
synthetic occludin peptide in rats results in reversible ablation of most
germ cells from the seminiferous epithelium after 27 days.30 We showed
that ablating occludin in vitro also led to a quantitatively significant
decrease in TJ function. Decreases in TJ adhesiveness have also been
observed when silencing occludin in keratinocytes.35 Interestingly,
Asian Journal of Andrology

despite their apparent importance to Sertoli cell TJ competency,
silencing both claudin‑11 and occludin led to only a moderate further
decrease in TJ function compared to silencing each gene’s expression
separately. This was not due to poor silencing, as shown by negligible
changes in our controls compared with significantly decreased targeted
mRNA expression and markedly reduced protein localization following
siRNA treatment, but rather it indicates the importance that other
Sertoli TJ protein constituents play in TJ function.
Other transmembrane constituents are members of the claudin and
JAM families, as well as CAR. While the function of most claudins at the
Sertoli cell TJ is not well understood, claudin‑3 is transiently expressed
at the critical moment preleptotene spermatocytes cross the TJ into the
adluminal compartment in mice, before it is replaced by claudin‑11.7,8,36
TJs become permeable to biotin tracer in murine knockouts of the
transcription factor ets variant 5, which is critical for claudin‑5
expression.37 Knockouts of either JAM‑A or JAM‑B are fertile, with
the JAM‑A knockout also being associated with histologically normal
seminiferous tubules and normal sperm numbers but of reduced
motility.38,39 siRNA technology may reveal quantitatively whether
these genes are major contributors to Sertoli cell TJ function in vitro.
Su et al.13 successfully applied siRNA‑mediated silencing technology
to ablate CAR from Sertoli cell TJs in vitro. The result was a significant
increase in TJ permeability but knockouts are fertile.40 Tricellulin
has only recently been detected at the Sertoli cell TJ11 where it may
contribute to function;8 its silencing at the epididymal TJ resulted in
decreased TER and expression of claudin‑1, claudin‑3, and occludin.41
Perhaps one of the most interesting findings to emerge from this
study was the knock‑on effects that ablating specific TJ components
had on other TJ proteins, or other junctional types, namely β‑catenin of
the adherens junction. This is not a novel finding however, and simply
provides further evidence of the tight integration between junctional
complexes that make up the BTB. In the literature, silencing of CAR,
connexin‑43 of the gap junction, desmosomal components as well as
cytoskeletal, actin, and microtubule regulators have all had knock‑on
effects on TJ proteins or components of other junctional types within
the BTB.13,42–49 Thus, siRNA technology is not only useful for identifying
potential protein‑protein interactions but also complex‑complex
interactions. It also provides an alternative to previous studies which
have used phthalates to assess claudin‑11 and occludin in cultured
Sertoli cells.50,51 Phthalates are toxicants which may impact upon other
Sertoli cell or bodily functions. It is encouraging however that by using
siRNA, our conclusions on the importance of these proteins are the
same as the phthalate studies, thereby further validating our model.
CONCLUSION
We have quantitatively demonstrated that claudin‑11 is a major
contributor to Sertoli cell TJ function in vitro. We have extended this
technology to the ablation of occludin and found that this protein
too is a major contributor. The results are in line with published
data that show that these proteins are critical for TJ function in vivo.
This is a useful tool for identifying for further study (i) potentially
critical components of the complex BTB and (ii) identifying complex
interactions within the BTB; a barrier which is involved in the onset
and maintenance of successful spermatogenesis and therefore fertility.
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