THE INTERNATIONAL JOURN.

doi: 10.1387/ijdb.150086pr

Int. J. Dev. Biol. 59: 479-485 (2015) DE flj

Conditional pulmonary over-expression of Claudin 6
during embryogenesis delays lung morphogenesis
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ABSTRACT Claudin 6 (Cldn6) is a tetraspanin protein expressed by barrier epithelial cells. In or-
der to assess the effects of persistent tight junctions involving Cldn6 during lung development, a
doxycycline (dox)-inducible conditional transgenic mouse was generated that up-regulates Cldn6 in
the distal lung. Pups had unlimited access to dox from conception until sacrifice date at embryonic
day (E) 18.5. Quantitative PCR, immunoblotting, and immunohistochemistry revealed significantly
elevated Cldn6 expression in transgenic mice compared to non-transgenic controls. There were
no differences in terms of lung size, lung weight, or whole body weight at the time of necropsy.
Histological evaluations led to the discovery that E18.5 Cldn6 transgenic pups appeared to be in
the early canalicular stage of development coincident with fewer, thickened respiratory airspaces.
In contrast, controls appeared to have entered the saccular stage characterized by thin airspace
walls and spherical architecture. Immunostaining for transcriptional regulators including TTF-1 and
FoxA2 was conducted to assess cell differentiation and specific cell types were identified via stain-
ing for pro-surfactant protein C (alveolar type Il epithelial cells) or Clara Cell Secretory Protein (cub
or Clara cells). Lastly, cell turnover was qualitatively measured via staining for cell proliferation or
apoptosis.These data suggest that Cldn6 is an important junctional protein potentially involved in
the programming of epithelial cells during lung development. Furthermore, genetic down-regulation
of Cldn6 as development proceeds may influence differentiation observed in the transition from

the canalicular to the saccular lung.
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Lung development is a complex process of highly organized and
dynamic events. Tubular branching of the lung airways character-
izes the pseudoglandular stage of lung organogenesis and the
subsequent canalicular stage coincides with pulmonary epithelial
celldifferentiation thatresults in the formation of the air-blood barrier
(Burri, 1984; Torday, 1992; Copland and Post, 2004). Numerous
signaling and transcriptional control pathways critically influence
the precise deposition of specialized cell types along the proximal-
distal pulmonary axis.

Tight junctions (TJs) are increasingly recognized as potentially
critical modulators spatial epithelial cell programming. TJs begin
to form at cell-cell contacts as the respiratory epithelium develops
into a complex monolayer (Crapo et al., 1983; Ward and Nicholas,
1984). TJs are critical in the developing lung as they provide the
means of compartmentalization required of barrier derivation. TJs

are an assembly of resident integral proteins in the membranes
of neighboring cells, a collection of diverse accessory proteins,
and the cytoskeleton (Aijaz et al., 2006; Balda and Matter, 2000).
These junctional structures rely on transmembrane proteins such
as occludin, junctional adhesion molecules (JAMs), and a family of
tetraspanin molecules called Claudins (Cldns) primarily responsible
for establishing robust cell-cell contact (Aijaz et al., 2006; Chiba
et al., 2008; Krause et al., 2008). This highly conserved family of
proteins is composed of 27 members (Mineta et al., 2011) that
produce a variety of tight junctions and thus influence barrier epi-
thelium and characteristic permeability (Anderson, 2006; Morita
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et al., 1999). Of this family, Claudin-6 (Cldn6) is identified to be
crucial for epithelial cell differentiation and permeability during early
embryonic development (Troy and Turksen, 2007; Turksen and Troy,
2002). In addition to occlusion, a key function for Cldn6 is to also
regulate sodium and chloride permeability via the specific geometry
of extracellular loops (EL) in the protein’s secondary and tertiary
structures (Van ltallie and Anderson, 2006; Yu et al., 2009). During
murine lung morphogenesis, Cldn6 is highly expressed between
embryonic day (E) 10.5 to E 16.5. A general theme exists wherein
higher expression occurs during early stages of lung development
with diminished expression as lung morphogenesis proceeds
(Jimenez et al., 2014; Troy et al., 2009; Turksen and Troy, 2002).

Given the diversity and complexity of Cldn family members,
conditional transgenic overexpression and knock-down models
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Fig. 1. Cldn6 TG mice up-regulated Cldn6. (A) Doxycycline (dox)-
inducible expression of Cldn6 in double transgenic mice. The rtTA
protein was expressed using the human SP-C (hSP-C) promoter active
in respiratory epithelium. In the presence of dox, rtTA induced the
expression of Cldn6 in lung epithelium. (B) qPCR for Cldn6 mRNA
revealed significantly increased expression in Cldn6 TG mice compaed
to controls. Fold changes are presented relative to GAPDH expression.
(C) Immunoblotting demonstrated significantly increased Cldné6 protein
expression in Cldn6 TG mice. Densitometry is presented as ratios of
Cldné6 protein intensity divided by actin used as a loading control. Immu-
noblotting and gPCR data are representative of experiments performed
in triplicate and statistical differences are noted (*P < 0.05).

seem to be suitable for testing hypotheses related to tissue-
specific roles of individual Cldn members in vivo. Indeed, such
approaches have been demonstrated when determining the
contributions of Cldn6 in deriving epidermal models and when
dissecting trophectoderm formation (Moriwaki et al., 2007). In
this research, we evaluated lung morphogenesis in transgenic
mice that utilized the human promoter for surfactant protein-C
(hSP-C) to conditionally overexpress Cldn6 in the respiratory
compartment (Perl and Whitsett, 1999). The data demonstrate
remarkable delays in lung morphogenesis coincident with im-
paired cell turnover. The data further suggest a role for Cldn6
in the orchestration of perinatal cell differentiation characteristic
of maturing pulmonary airspaces. Understanding the role of Cldn6
should shed light on the functions of TJs during lung development
and in conditions where compromised lung development predis-
poses individuals to hypoplastic lung complications.

Results

Cldné6 expression was up-regulated in the lungs of Cldn6 TG
mice

Cldn6is steadily down-regulated as later stages of lung morpho-
genesis are encountered (Felix paper 1). Therefore, an inducible,
lung specific Cldn6é TG mouse was generated in order to test the
hypothesis that persistent Cldn6 impairs normal lung epithelial
cell biology (Reynolds et al., 2010). A human surfactant protein C
(hSP-C) promoter was used to express areverse
tetracycline transactivator (rtTA) in alveolar epi-

Cldn6 IHC
Control

thelial cells. Double transgenic mice contained
this transgene as well as a second transgene
thatincluded TetO response elements upstream
of the Cldn6 gene (Cldn6 TG, Fig. 1A). Dox ad-
ministration from conception until sacrifice date
at E18.5 revealed a significant increase in the
transcription of the Cldn6 gene, as revealed by
quantitative RT-PCR of RNAisolates from Cldn6
TG mouse lungs and age-matched controls (Fig.
1B). Protein translation of significantly increased

Cldn6 IHC
Cldn6 TG

Fig. 2. Cldn6 TG mice expressed increased Cldn6.
Cldn6 was detected by immunohistochemistry in
epithelial cells of Cldn6 TG mice, but only minimally
detected in the lungs of non-transgenic control litter-
mates. Qualitative staining for Cldn6 revealed staining
in the mid sized airways (arrow) and only minimal
expression in the larger airways (arrowhead). Images
are representative of at least 3 different animals per
group and the original magnification of images was at
20X or 40X as indicated.
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Fig. 3. Cldn6 TG mice expressed perturbed lung morphology. Hematoxylin-eosin
staining of lungs from Cldn6 TG mice showed persistence of the cannalicular stage. In
particular, prolific distal airspaces in control mouse lungs (*) were lacking in the Cldn6 TG
mouse. Controls expressed clear ciliated columnar cells (arrow) and thinning epithelium in
the maturing distal lung (arrowhead). A key characteristic of the Cldn6 TG muse lung was
persistent thickened mesenchyme (#). Images are representative of at least 3 different
animals per group and the original magnification of images was at 20X or 40X as indicated.

Cldné mRNA expression was confirmed by immunoblotting. Lung
lysates from Cldn6é TG mice expressed significantly more Cldn6
protein when compared to controls (Fig. 1C).
Immunohistochemical analysis was next performed in order to
spatially assess elevated Cldn6 in the lungs of Cldné TG mice.
Cldn6 was only minimally detected in the lungs of E18.5 control
mice (Fig. 2). Immunostaining performed with Cldné TG mouse
lung sections revealed robust, intense staining for Cldn6 in the
developing epithelial lining of primitive airways throughout the distal
lung (Fig. 2). Specifically, Cldn6 expression tended to dominate
mid sized airways (Fig. 2, arrow) as opposed to the most proxi-
mal airways (Fig. 2, arrowhead). These data demonstrated that
Cldn6is qualitatively and quantitatively
increasedinthe lungs of Cldn6 TG mice.

Up-regulation of Claudin-6 delays lung morphogenesis
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rowhead). Conversely, lungs from Cldn6 TG mice
contained a mostly tall cuboidal/columnar epithelial
cell phenotype and significantly thickened mesen-
chymal deposition (Fig. 3, #). In summary, control
lungs contained thinner alveolar septa, flattened
epithelium, and expanding saccules; however, Cldné
TG mice exhibited fewer and larger lung spaces
with distinctly dense intersaccular mesenchyme.
These morphological data suggested delays in the
maturation of Cldné TG mouse lungs and a hypo-
plastic canalicular phenotype at a period normally
characteristic of the late saccular lung.
Tofurtherinvestigate pulmonary maturation, lung-
specific transcriptional regulators were evaluated by
immunohistochemistry in the lungs of Cldn6 TG and
control mice. Thyroid transcription factor (TTF)-1,
alsoknownas Nkx2.1, is ahomeodomain-containing
transcription factor that is critical for normal lung
development. TTF-1 expression was intensely ob-
served in both Cldn6é TG and control mice (Fig. 4).
However, TTF-1 tended to be diffusely expressed
in both the proximal and distal lung compartments
in control lungs, but more intensely expressed by
airway epithelium in the lungs of Cldn6 TG mice
(Fig. 4). TTF-1 is known to partner with Forkhead
box A2 (FoxA2) in the coordination of target gene
expression during cell differentiation (Maeda et al.,
2007). FoxA2, which is expressed during lung cell
commitment and maturation, was expressed sporadically by epi-
thelium in both the proximal (Fig. 5, arrow) and distal lung (Fig. 5,
arrowhead). Interestingly, FoxA2, a key TTF-1 co-regulator, was
almost absent in the Cldn6 TG mouse lung (Fig. 5). These findings
related to perturbed expression of critical transcription factors sup-
port the notion that Cldn6 TG mice are developmentally delayed.

Cldn6 up-regulation impaired proximal and distal lung cell
differentiation

To further phenotypically characterize the potential delays in
the Cldn6 TG mouse lung, two pulmonary epithelial cell-specific
markers were assessed by immunohistochemistry. Clara Cell

Cldn6 TG, 400X

Cldn6 up-regulation delayed lung
development in Cldn6 TG mice

In comparison to controls, morpho-
logical alterations in the proximal-distal
patterning of the Cldné TG mouse
lung were discovered following classic
hematoxylin and eosin (H&E) staining
(Fig. 3). Specifically, the numerous
distal airspaces observed in 20X and
40X lungimages from control lungs (Fig.
3, ¥) were lacking in images obtained
from Cldn6é TG mouse lungs. Control
mouse lungs displayed stark differ-
ences in ciliated columnar epithelium
(Fig. 3, arrow) and cuboidal/squamous
epithelium in the distal lung (Fig. 3, ar-

W

Fig. 4. TTF-1 was expressed by epithelium in both the Cldn6 TG and control mouse lung. 77T~7 posi-
tive cells were found diffusely throughout the respiratory compartment of control mouse lungs; however,
TTF1 was primarily expressed by airway epithelial cells in the Cldn6 TG mouse. Images are representative
of at least 3 different animals per group and the original magnification of images was at 40X as indicated.
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Secretory Protein (CCSP) and surfactant protein C (SP-C) are

Control, 400X

targets of TTF-1/FoxA2 transcriptional control programs and [

they are key proteins expressed by proximal club cells and
distal lung epithelial cells, respectively. CCSP is specifically
expressed in non-ciliated epithelial cells of the airway while
SP-C is expressed by differentiated alveolar type Il cells. As
anticipated, marked CCSP expression was detected inthe larger
airways of controls mice (Fig. 6, arrow); however, CCSP was

|

6). SP-C was assessed by staining for its proprotein (proSP-
C). SP-C was detected in numerous differentiating pulmonary

epithelial cells in the distal mouse lung of control mice (Fig. 6, (L2
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arrowhead), but restricted to the persistently larger airways in
the Cldn6 TG mouse lung (Fig. 6). Abnormal expression of key
epithelial cell markers provide additional evidence for delayed
pulmonary morphogenesis in Cldné TG mice.

Fig.5.FoxA2 was not detected in the lungs of Cldn6 TG mice. FoxAZ2 partners
withTTF1 in order to orchestrate specific gene expression programs necessary
for differentiating pulmonrya epithelial cell types. FoxA2 was observed in larger
airways of control mice (arrow) and distal lung epithelial cells (arrowhead) in

the control mice. However, FoxA2 was nearly absent in the Cldn6 TG mouse

Cldné6 up-regulation caused a cell proliferation/apoptosis
imbalance in Cldn6é TG mice

Because the Cldn6 TG mouse lung appeared morphologically
delayed (Fig. 3) and cell differentiation was potentially impaired
Figs. 4-6), we next assessed cell turnover by screening mark-
ers for proliferation and apoptosis. Immunochemistry was used
to assess Proliferating Cell Nuclear Antigen (PCNA), which is a
marker of DNA synthesis detectible during the S-phase of a mitoti-
cally active cell. As expected, proliferation coincident with PCNA
expression was observed in the control mouse lung (Fig. 7), but
only minimally detected in pulmonary epithelial cell populations in
the Cldn6 TG mouse (Fig. 7). Interestingly, PCNA activity was not
detected in the robust mesenchyme that persisted in the E18.5
Cldn6 TG mouse lung (Fig. 7). Active caspase-3 was also evaluated
by immunofluorescence in order to evaluate casp-3-mediated cell
death. Apoptosis controlled by active casp-3 was observed in the
lungs of control mice (Fig. 8), but diminished in the lungs of Cldn6
TG mice. No active casp-3 was observed in control mouse lungs
incubated in serum lacking primary antibody (Fig. 7, Neg control).

CCSP IHC, 400X

lung. Images are representative of at least 3 different animals per group and
the original magnification of images was at 40X as indicated.

Taken together, these data demonstrate decreased cell prolifera-
tion and apoptosis in Cldné TG mice as likely causes for delayed
morphogenesis observed in CLdn6 TG when compared to controls.

Discussion

Diverse signaling and transcriptional control mechanisms influ-
ence regulative processes that pattern epithelial cell deposition
along the proximal-distal pulmonary axis. Such pathways include
those associated with fibroblast growth factors (Fgfs), sonic
hedgehog (Shh), bone morphogenetic protein 4 (Bmp4), vascular
endothelial growth factors (Vegfs), thyroid transcription factor 1
(TTF-1), and Wnts (Burri, 1984; Cardoso, 2001; Copland and Post,
2004; deMello et al., 1997; Gluck, 1978; Stogsdill et al., 2012; Ten
Have-Opbroek, 1991; Torday, 1992). When these or otherimportant
genetic pathways are defective or delayed, pulmonary hypoplasia

Control

Cldn6 TG

Fig. 6. Cldn6 TG mice had altered expression
of proximal and distal lung cell markers. Clara
Cell Secretory Protein (CCSP) was detected in
the proximal airways of control mice (arrow),
but only a paucity of staining was observed in
the airways of Cldn6 TG mice. Staining for the
proprotein of surfactant protein C (proSP-C)
revealed diffuse staining in the parenchyma of
control mice (arrowhead), but proSP-C localiza-
tion in Cldn6 TG mice was primarily observed
in the lining of respiratory airways. Images are
representative of atleast 3 different animals per
group and the original magnification of images
was at 40X as indicated.
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Cldn6 TG, 400X
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Fig. 7. Lung cell proliferation was diminished in
Cldn6TG mice. Staining for Proliferating Cell Nuclear
Antigen (PCNA) revealed highly distributed prolifer-
ating cells in control lungs and a near absence of
proliferation in the lungs of Cldn6 TG mice. Images
are representative of at least 3 different animals per
group and the original magnification of images was
at 40X as indicated.

or pulmonary agenesis may occur resulting in abnormally low or
absent bronchopulmonary segments and terminal alveoli (Ballard,
1980; Stogsdill et al., 2013).

A key discovery in the current investigation is that persistent,
up-regulated Cldn6 positioned between pulmonary epithelial cells
causes a developmentally delayed phenotype. These data offer
intriguing insight into the potential roles Cldn6é has in the orchestra-
tion of branching morphogenesis and cell commitment observed
during lung formation. In fact, Cldn6 expression may not only
provide barrier integrity during lung organogenesis, but it may also
influence the trajectory of terminal cell type differentiation and thus
permanently impair normal lung formation.

Defects in lung development that present perinatally are often

Control

Cldn6 TG

Neg Control

Active Casp-3 + DAPI, 400X

caused by delayed maturation of the alveolar compartment. A
common neonatal condition associated with alveolar hindrance
is bronchopulmonary dyplasia (BDP). Specifically, BPD has been
characterized by alveolar growth disorders (Chambers and van
Velzen, 1989; Rojas et al., 1995) and growth impairment leads
to long-term diffuse reduction in the number of alveoli and gas-
exchange surface area (Husain et al., 1998; Jobe, 1999). Adultlung
injury often results in a growth-arrested lung; however, BPD occurs
in growing lungs that have unresolved morphogenetic events. Our
research involving highly expressed Cldn6 during lung formation
implies a role for TJs in primitive barrier cell populations that transi-
tion from one lung developmental period to the next. The formation
of definitive alveoli through the process of secondary septation
and mesenchymal thinning is fundamentally
a postnatal event; however, uncompleted
development prior to alveologenesis may be a
key factorin compromising later developmental
periods (Burri, 1997). Neonates susceptible
to BPD are generally born in the early sac-
cular phase, or even in the canalicular phase
of lung development for those that are most
premature (Burri, 1997). Several points during
developmenthave beenimplicated in terms of
the pathophysiological mechanisms that lead
to BPD including hindered cell proliferation
(Jankov and Tanswell, 2004), inflammation
and fibrotic process (Speer, 2003), or oxida-
tive stress (Saugstad, 2003). Of particular
relevance is the work reviewed by Jankov et
al., that details diminished cellular availability
as a causal aspect of lung prematurity and
BPD. Our research suggests Cldn6é may influ-
ence hindered cell abundance via reductions
in both proliferation and apoptosis that ensure

Fig. 8. Lung cell apoptosis was diminished in
Cldn6 TG mice. Active caspase 3 (Casp-3) expres-
sion in control mouse lungs was detected by immu-
nofluorescence and observedto be highly expressed
inthe controlmouse lung. In comparison to controls,
active casp-3 was decreased in the lungs of Cldn6
TG mice. No expression was observed in control
lung sections incubated without primary anti-casp-3
19G (Neg control). Images are representative of at
least 3 different animals per group and the original
magnification of images was at 40X as indicated.
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cell stagnation in the transgenic lung.

A review of the literature identifies possible in vivo models that
reproduce lung prematurity similar to BPD. The most relevant
model related to the human condition is the baboon that has been
prematurely delivered and ventilated (Coalson et al., 1999). Rodents
experience alveologenesis from post-natal days 4-20 and neonatal
exposure to hyperoxia inhibits septal formationin a fashion similarly
observed in BPD (Warner et al., 1998). The present investigation
does not purport to establish a novel, working model of BPD, rather
our research uncovers previously unknown contributions of Cldné
in the temporal progression of lung development and maturation.

Diminished staining for TTF-1 and FoxA2, factors implicit in
pulmonary epithelial cell refinement, suggested that elevated Cldn6
influences the transcriptional regulation of lung cell differentiation.
We have already published in vitro research that specifies Cldn6
regulatory programs mediated by TTF-1, Gata-6, and FoxA2
(Jimenez et al., 2014). This work expands the impact of previous
in vitro work by demonstrating potential feedback between these
factors and Cldn6 availability in vivo. TTF-1 regulates target gene
expression in concert with other gene regulatory factors to fine tune
lung branching morphogenesis and to coordinate the expression
of homeostatic proteins such as surfactant proteins (Boggaram,
2009; Bohinski et al., 1994; Hosgor et al., 2002). In addition, FoxA2
is required for normal airway epithelial differentiation and lung or-
ganogenesis (Wan et al., 2004). Thus, Cldn6 augmentation during
lung organogenesis may directly or indirectly impact fundamental
processes including cell population expansion and differentiation
(Jimenez et al., 2014).

In summary, susceptibility toimpaired branching morphogenesis
and lung maturation are features of premature lung disease and
other causes of respiratory distress. Our ability to imitate aspects
of premature lungs through the genetic up-regulation of Cldn6, a
tetraspanin protein involved in TJ assembly, significantly elevates
the roles for TJs in the developing lung. Although the results
presented in the current publication detail ramifications of Cldné
over-expression during highly plastic periods of lung embryogen-
esis, Cldn6 up-regulation should also be carefully screened in
the adult mouse. Additional studies in the adult lung that center
on increased Cldn6 expression and mechanisms of inflammatory
disease, epithelial permeability, and repair processes that rely on
proliferation may provide promising targets for intervention.

Materials and Methods

Mice

Two transgenic lines in a C57BI/6 background were generated and
mated to create conditional doxycycline (dox)-inducible mice that over-
express Cldn6é (Fig. 1A). Select Dams were fed dox (625 mg/kg; Harlan
Teklad, Madison, WI) from before conception until E18.5. En block lungs
were harvested and fixed in 4% paraformaldehyde for histological analysis.
Tail biopsies were genotyped by PCR for existence of transgenes using the
following primers: SP-C-rtTAforward (5'-GACACATATAAGACCCTGGTC
A-3’)andreverse (5-AAAATCTTG CCAGCTTTC CCC-3’) and TetO-Cldn6
forward (5-GAATTC ATG GCC TCT ACT GGT CTG CA-3’) and reverse
(5-TCT AGA TCA CAC ATAATT CTT GGT GGG A-3’). PCR conditions
included 95°C for 2 minutes and 35 cycles at 95°C for 30 s, 62°C (SP-C)
or 56°C (Cldn6) for 30 s, and 72°C for 45 s. Mice were housed and utilized
in accordance with protocols approved by the IACUC at Brigham Young
University and at least six mice were included in each group.

Histology and immunohistochemistry

Cldn6 TG and non-transgenic control lungs (E18.5) were fixed in 4%
paraformaldehyde, processed, embedded and sectioned at 5 um thickness
(Reynolds et al., 2004). Hematoxylin and eosin (H&E) staining was per-
formed to observe general lung morphology. To performimmunostaining for
specific markers and immunoflorescence, slide samples were dehydrated,
deparaffinized, processed with antigen retrieval by citrate buffer, and in-
cubated with primary and secondary antisera that utilize HRP conjugation
with Vectors Elite Kit (Vector Laboratories; Burlingame, CA) (Reynolds et
al., 2003; Reynolds et al., 2011; Stogsdill et al., 2012). Antibodies that were
used include: Anti-Cldn6 goat polyclonal antibody (C-20, 1:100; Santa Cruz
Biotechnologies, Santa Cruz, CA), proliferating cell nuclear antigen (PCNA,
SC-7907, 1:500; Santa Cruz Biotechnology), thyroid transcription factor
1 (TTF-1, WRAB-1231, 1:100; Seven Hills BioReagents, Cincinnati, OH),
forkhead box A2 (FoxA2, WRAB-1200, 1:100; Seven Hills BioReagents),
Clara cell secretory protein (CCSP, WRAB-3950, 1:100; Seven Hills Bio-
Reagents), and Surfactant Protein- C (SP-C, WRAB-76694, 1:100; Seven
Hills BioReagents).

Immunofluorescence

Immunofluorescent detection of cleaved Caspase 3 (Casp3, PA5-16335,
1:100; Cell Signaling, Beverly, MA) was performed on 5 um thick lung sec-
tions. Slides were incubated overnight with a rabbit cleaved Caspase 3
primary antibody. Sections were then incubated with anti-rabbit fluorescein
conjugated secondary antibodies for 1 hour. 4’,6-diamidino-2-phenylindole,
dihydrochloride (DAPI) was used for nuclear counterstaining. Slides were
viewed on a fluorescence microscope with the appropriate excitation and
emission filter.

Immunoblotting

Tissues were homogenized in protein lysis buffer (RIPA, Fisher Scientific,
Pittsburg, PA). Protein lysates (20 ug) were separated on Mini-PROTEAN®
TGX™ Precast gel (Bio-Rad Laboratories, Inc) by electrophoresis and
transferred to nitrolcellulose membranes. Membranes were blocked and
incubated with a goat polyclonal antibody against Cldn6é (at a dilution of
1:200; Santa Cruz Biotechnology). A secondary donkey anti-goat im-
munoglobin (Ig)-horseradish peroxidase antibody (1:10,000, Santa Cruz
Biotechnology) was incubated in 5% milk for one hour at room temperature.
The membranes were incubated with chemiluminescent substrate (Pierce,
Rockford, IL) for 5 minutes and the emission of light was digitally recorded
by using a C-DiGit® Blot Scanner (LI-COR, Inc, Lincoln, Nebraska). Quan-
tification of Cldné was performed by densitometry and normalization with
actin provided comparisons between Cldn6 TG and control lung samples.

qRT-PCR

Total RNA was isolated from mouse lungs using an RT-PCR Miniprep
Kit (Stratagene, La Jolla, CA). Reverse transcription of RNAwas performed
using the Invitrogen Superscript Ill First-Strand Synthesis System (Life
Technologies, Grand Island, NY) in order to obtain cDNA for gRT-PCR.
The following primers were synthesized by Invitrogen Life Technologies
(Grand Island, NY): Cldn6 (For-GCA GTC TCT TTT GCA GGC TC and
Rev-CCC AAG ATT TGC AGA CCA GT) and GAPDH (For-TAT GTC GTG
GAG TCT ACT GGT and Rev-GAG TTG TCA TAT TTC TCG TGG). The
cDNA amplification and data analysis were performed using Bio Rad iQ
SYBR Green Supermix (Bio-Rad Laboratories, Hercules, CA) and a Bio
Rad Single Color Real Time PCR detection system (Bio-Rad Laboratories)
(Robinson et al., 2012).

Statistical analysis

Data were assessed by one- or two-way analysis of variance (ANOVA).
When ANOVAindicated significant differences, the Student’s t-testwas used
with the Bonferroni correction for multiple comparisons. The results pre-
sented are representative, and P values <0.05 were considered significant.
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