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Rosiglitazone affects lumen formation in MDCKII cell 
through regulating apico-basal polarity
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Abstract: This study aimed to investigate the potential mechanisms underlying the effects of Rosiglitazone on the 
apico-basal polarity in renal epithelial cells. 3D-MDCK model was used to study the lumen formation and localization 
of polarity proteins at the early stage of the establishment of the apico-basal polarity. The calcium switch model, im-
munofluorescence staining and measurement of transmembrane electrical impedance are employed to investigate 
the epithelial apico-basal polarity including the development and maintenance of apical domains and the forma-
tion of tight junction. MDCKII cells were cultured with 20 uM rosiglitazone or DMSO. Results showed Rosiglitazone 
reduced the percentage of single central lumen cysts, but the percentage of multiple lumen cysts increased. At the 
early stage of MDCKII cysts (2-5 cells), Rosiglitazone induced mislocalization of apical and basolateral membrane 
proteins. In the repolarization process of MDCKII cell induced by a calcium switch (CS), Rosiglitazone delayed the 
apical membrane domain development in the early phase of cell polarization; while during the maintenance phase 
of cell polarity, the apical domain retention was significantly affected by Rosiglitazone. Rosiglitazone significantly de-
layed the formation of tight junctions (TJs); 24 h after CS, however, there were no apparent differences between con-
trol group and Rosiglitazone group; the development of transepithelial electrical resistance (TER) was significantly 
disturbed in Rosiglitazone group. This study shows Rosiglitazone may affect the development and maintenance of 
apical domains and the formation of TJs disturbs apical protein delivery to the plasma membrane, eventually lead-
ing to the abnormal apico-basal polarity, which affects lumen formation in MDCKII cells. 
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Introduction

The epithelial apico-basal polarity is crucial for 
the proper kidney development and function 
including the cell fate, differentiation, and spe-
cialized cell functions that underlie morphogen-
esis [1]. The epithelial plasma membrane is 
divided into two surfaces, an apical surface 
facing the lumen and a basolateral surface 
contacting adjacent cells and the underlying 
extracellular matrix (ECM). They are separated 
by cellular junctions, such as tight and adher-
ent junctions, which are crucial for the epitheli-
al barrier function. The apical-basolateral polar-
ity depends on the asymmetric segregation of 
protein and lipids to the apical and basolateral 
membrane domains [2]. Following epithelial 
E-cadherin clustering, structural proteins (pro-

teins forming adherent junctions [AJs] and tight 
junctions [TJs]) and signaling proteins, including 
α-catenin, β-catenin, afadin and ZO1, are re- 
cruited to immature cell-cell contacts. Trans- 
membrane proteins of the junctional adhesion 
molecule (JAM) and nectin family are implicated 
in the localization of the partitioning defective 
(PAR) complex to the primordial adhesions [3]. 
Rho GTPases are activated downstream of cad-
herin clustering through unknown mechanisms. 
Through association with PAR3, T-cell lympho-
ma invasion and metastasis-1 (TIAM1) couples 
E-cadherin-dependent RAC1 activation to acti-
vate atypical protein kinase C (aPKC), thereby 
inducing the phosphorylation of downstream 
targets and subsequent polarization and matu-
ration into fully polarized epithelium. 

http://www.ajtr.org
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The primary model used to characterize the ini-
tial stages of polarization is the calcium switch 
model in which MDCK II cells are placed in low 
calcium media to disrupt cadherin-mediated 
intercellular adhesion. The loss of adhesion dis-
rupts apico-basal polarity, but the adhesion 
and polarity can be restored when calcium is 
added. The study of apical membrane proteins 
during calcium switch has led to the identifica-
tion of the vacuolar apical compartment (VAC) 
[4]. This compartment is created when cells are 
kept in low calcium and represents endocy-
tosed apical membrane proteins. When calci-
um is restored, the VACs are exocytosed to 
reform the apical membrane. This leads to the 
conclusion that the apical membrane is formed 
during polarization by the exocytosis of internal 
membranes. 

Accordingly, the study of apico-basal polarity is 
better approached in three-dimensional culture 
models [5], such as the cyst or tube formation 
assay. Embedding of epithelial cells into a 
homogenous ECM provides them with an envi-
ronment without predefined polarity, offering 
an ideal condition for studying endogenous 
mechanisms underlying the polarization and 
lumen formation. Lubarsky and Krasnow con-
cluded that lumen formation is always related 
to the delivery of apical membrane. In this 
model with MDCK cells, the internal membrane, 
possibly VACs, are exocytosed to form the api-
cal membrane, which is then followed by lumen 
formation. Numerous apically localized proteins 
play an important role in the proper establish-
ment and maintenance of the apical lumen. 
Simons et al. conducted a series of studies in 
which the expression of apical membrane pro-
teins was down-regulated in MDCK cells and 
they divided the phenotypes of MDCK cells into 
multiple-lumen and non-lumen ones. Other 
investigators conducted similar studies to 
inhibit or down-regulated these proteins (such 
as using RNA interference [RNAi]).

The thiazolidinedione (TZD) drugs rosiglitazone 
(Ro) and pioglitazone (Po) are peroxisome pro-
liferator-activated receptor-γ (PPAR-γ) agonists 
that have been widely used as insulin-sensitiz-
ing agents in the clinical treatment of type 2 
diabetes mellitus. It has also been recognized 
that TZDs also have anti-inflammatory, anti- 
fibrotic, and vascular effects independent of 
their blood glucose lowering effect [6]. PPAR-γ 
agonists have been shown to affect renal 
fibrosis and inflammation and hepatic regener-

ation. Of relevance to polycystic kidney disease 
(PKD), maternal administration of pioglitazone 
is able to improve the postnatal survival of 
Pkd1 null mouse embryos, which is associated 
with the attenuation of renal cystic disease 
through uncertain mechanisms [7]. More re- 
cent studies have shown a survival benefit in 
conditional (principal cell) Pkd1 null mice which 
is associated with a reduction in systemic blood 
pressure (absence of an effect on cyst forma-
tion) and in Han: SPRD rats which is related to a 
moderate effect on the kidney and liver cyst 
volumes in female Pck rats [8]. PPAR-γ agonists 
are able to suppress the proliferation of ADPKD 
epithelial cells through inhibiting β-catenin sig-
naling pathway. Although the mechanism of 
these reported effects remains unclear [9], 
increasing studies indicate that PPAR-γ ago-
nists may affect the apico-basal polarity. It has 
been reported that PPAR-γ agonists may induce 
the epithelial to mesenchymal transformation 
(EMT) in intestinal epithelial cells. This response 
is ascribed to the activation of small GTPase 
Cdc42, a protein that has been shown to play a 
critical role in the establishment and mainte-
nance of apical polarity and lumen formation in 
epithelial cells. Rosiglitazone may affect the 
MDCK cyst growth by disrupting central lumen 
formation and inducing mislocalization of api-
cal and basolateral membrane proteins. More- 
over, rosiglitazone plays a critical role in the 
mitotic spindle orientation and reorientation of 
centrosomes. More importantly, rosiglitazone 
inhibits the activation of small GTPase Cdc42 
and alters its subcellular localization in MDCK 
cysts [10]. 

Since rosiglitazone has been shown to affect 
the MDCK cyst growth, we speculate that rosi-
glitazone may play a potential role in the estab-
lishment of apico-basal polarity. Thus, this 
study was undertaken to investigate whether 
rosiglitazone affects the cell polarization pro-
cess, such as the formation of TJs and the 
development of apical membrane domains. 

Materials and method

Antibodies

All chemicals were purchased from Sigma 
unless otherwise stated. Alexa 488-phalloidin 
and Alexa 647-phalloidin were purchased from 
Invitrogen. Anti-E-Cadherin antibody was from 
BD, anti-ZO-1 (Rat Antibody) from Santa Cruz, 
anti-Cdc42 from Santa Cruz, PureCol purified 
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collagen I (Cat. 5005-B) from INAMED Bioma- 
terials, Collagenase-1 (Cat. 17100-017) from 
Gibco, and Transwell chambers (diameter: 12 
mm, pore size: 0.4 mm) from Corning Coaster. 

Cell culture 

MDCK II cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (Invitrogen) supplemented 
with 10% fetal calf serum (FBS; Invitrogen) and 
1% antibiotic/antimycotic (AA, GIBCO). Cells 
were maintained at 37°C in a humidified atmo-
sphere with 5% CO2, and the medium was 
refreshed once every 2 days.

Three-dimensional culture

MDCK II cells were added to the ice-cold DMEM 
containing 2 mg/ml PureCol purified collagen I 
(INAMED Biomaterials Cat: 5005-B), 20 mM 
HEPES (pH 7.6), 12 mM NaOH and 10% FBS 
(final concentration: 60000 cells/ml). The 
resulting suspension was placed into 24-well 
plate or Transwell chambers. After formation of 
a gel at 37°C, The growth medium was added 
to each well. Then, cells were incubated for sev-
eral days for cyst formation on the gel. 

Calcium switch

For the Ca2+-depletion assay, cells were seeded 
on Transwell chambers (diameter: 12 mm, pore 
size: 0.4 mm; Corning Coaster) at 200000 
cells/cm2, followed by incubation for 1 or 2 days 
to produce a confluent monolayer. Cells were 
washed twice with phosphate-buffered saline 
(PBS) and incubated in low Ca2+ (LC) medium 
containing 5% FCS, 3 mM Ca2+, penicillin, and 
streptomycin for more than 20 h. The Ca2+ 
switch assay was performed by replacing the 
LC medium with 1.8 mM Ca2+. 

Transepithelial electrical resistance measure-
ment

A similar experiment was performed using 
12-mm Transwell chambers to measure the 
transepithelial electrical resistance (TER). The 
TER was determined with a Millicell-ERS volt-
ohm meter (Millipore, Billerica, MA) immediate-
ly after addition of normal growth medium (time 
=0) and at an interval of 30-60-min up to 48 h. 
Before each measurement, the Millicell was 
“zeroed” according to the manufacturer’s 
instructions, and the background resistance 
was determined using the cell-free filter. The 

cell was measured in triplicate, the background 
was subtracted, and the means from 3 detec-
tions at each time point were plotted using 
Microsoft Excel. After TER measurement, cells 
were prepared for immunostaining. 

Immunofluorescence staining

Cells were grown on collagen I pre-coated cov-
erslips (Fisher) until confluence, and cells were 
fixed with 4% paraformaldehyde for 10 min at 
room temperature for 6 h after scratching and 
then permeabilized with 0.5% Triton X-100 in 
PBS for 5 min. After blocking with 10% BSA in 
PBS for 30 min at room temperature, cells were 
incubated with primary antibodies in 0.1% BSA 
overnight at 4°C. Cells were then washed and 
incubated with secondary antibodies for 1 h at 
room temperature. Coverslips were analyzed by 
laser-scanning confocal microscopy (Leica SP2 
or SP5, Germany). Cells on coverslips were pro-
cessed with similar procedures except that the 
incubation for each procedure was prolonged. 

Cells on collagen gels were fixed and stained as 
previously described. Briefly, the gels were 
rinsed twice with PBS and fixed with 4% PFA 
(pH 7.4) for 60 min after treatment with collage-
nase (100 U/ml, Sigma) for 10 min at 37°C. 
After quenching with 0.15 M glycinein in PBS, 
cells were permeabilized with 0.1% Triton X-100 
for 60 min and blocked with 5% BSA for 60 min. 
The gels were then incubated with primary anti-
bodies in 5% BSA at 4°C for 24 h. After exten-
sive washing for 4 h with PBS, the samples 
were incubated with fluorescence conjugated 
with secondary antibodies for another 24 h. 
Finally, the gels were mounted with Vectashield 
with 0.5% DAPI after extensive washing. 

GST pull-down assay

MDCKII cells were plated in collagen gels, treat-
ed with rosiglitazone (20 uM) or DMSO 24 h 
after plating, and cultured for a further 6 days. 
2 ug of GST-PAK protein was added to 500 ug 
of DMSO or rosiglitazone-treated cyst cell 
lysate, and the samples were incubated with 
rotation for 1 h at 4°C. The GST protein was 
pulled down by incubation with glutathione 4B 
Sepharose beads for 2 h at 4°C. Beads were 
washed three times with PBS and boiled for 5 
min in 40 ul SDS-PAGE loading buffer before 
loading on the gel. Equal concentrations of 
lysates were added to two tubes, and EDTA was 
added to a final concentration of 10 mM. 
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Samples were then incubated at 30°C for 15 
min with agitation, and a GST pull-down was 
carried out with the GST-PAK as described 
above. Samples were blotted with anti-Cdc42 
or anti-GST antibodies.

Statistical analysis

Experiments were repeated three times. 
Student’s t test was used for the comparisons 
between groups. A value of P<0.05 was consid-
ered statistically significant. Data are present-
ed as means ± standard deviation (SD). 
Statistical analysis was done with GraphPad 
Prism software. 

Results

Rosiglitazone induces the formation of multi-
ple-lumen cysts from MDCK II cells

As previously reported (O’Brien et al., 2002), 
control MDCK II cells formed 3D cysts con- 
sisting of single polarized monolayers which 

E-cadherin was excluded from the luminal sur-
faces (Figure 1A). 

Rosiglitazone causes the mislocalization of 
apical and basolateral membrane proteins at 
the early stage of MDCK II cysts formation

To gain further insight into the defect in cysto-
genesis of rosiglitazone-treated cells, the time 
course of cyst formation was further studied. 
Control MDCK cells formed a single central 
lumen, even in three to four-cell cysts that were 
predominantly observed at 2 days after cell 
embedding (Figure 2A). This finding was consis-
tent with previous results showing that the 
establishment and coordination of apicobasal 
polarity in each cell occur at a very early stage 
of cystogenesis (Martin-Belmonte et al., 2007; 
Straight et al., 2004). Importantly, the separat-
ed lumens were frequently observed at cell-cell 
contact regions in three to four-cell cysts of 
Rosiglitazone-treated group (Figure 2B). These 
results suggest that the abnormal cystogenesis 

Figure 1. Rosiglitazone-treated MDCK cells fail to form normal cysts with an 
integrated single lumen. A. Control or rosiglitazone-treated MDCKII cells were 
embedded in type I collagen gels and cultured for 7 days. The resulting cysts 
were fixed and immunostained for Ezrin (green), E-cadherin (purple), Factin 
(red) and DAPI (blue). Confocal single sections are presented. Scale bar: 40 
μm. B, C. Cysts containing single or multiple lumens were counted for control 
and rosiglitazone-treated MDCKII cells. P<0.01 vs. control cells (Student’s t-
test). The mean ± SD for three independent experiments (at least 50 cysts for 
each) is shown.

enclosed a central lumen 
(Figure 1A). Rosiglitazone 
disrupted the central lumen 
formation in MDCK II cysts. 
MDCK II cells were embed-
ded in type I collagen gels 
and cultured for 7 days. 
Rosiglitazone (20 μM) re- 
duced the percentage of 
single central lumen cysts 
(66.20 ± 7.69% in DMSO 
group vs. 18.74 ± 6.26% in 
rosiglitazone group, P<0.01) 
(Figure 1B). There was an 
increase in the percentage 
of multiple lumen cysts 
(26.70 ± 4.62% in DMSO 
group vs. 67.98 ± 8.09% in 
rosiglitazone group, P<0.01) 
(Figure 1C). In these cysts, 
immunofluorescence sign- 
als for F-actin and Ezrin 
were enriched in the mem-
brane facing the central 
lumen. By contrast, rosigli-
tazone-treated cells fre-
quently developed abnor-
mal cysts with multiple 
lumens that were positive 
for Ezrin and F-actin (Figure 
1A). Furthermore, in these 
rosiglitazone-treated cysts, 
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of rosiglitazone-treated cells is related to the 
mislocalization of apical and basolateral mem- 
brane.

Rosiglitazone affects the development and 
maintenance of apical domains 

The formation of apical domains can be moni-
tored by the disappearance of VACs after CS. 

teins (such as Ezrin) at the cell periphery. This 
apical domain retention was significantly 
affected in PAR-3-RNAi cells. Similarly, rosigli-
tazone-treated cells failed to retain apical 
domain proteins; ezrin failed to distribute at the 
cell periphery and instead accumulated in the 
intracellular regions (Figure 4A). The proportion 
of cells retaining ezrin at the cell periphery  
was significantly lower in rosiglitazone-treated 

Figure 2. Defects in apical domain integration are observed at a very early 
stage of cystogenesis in rosiglitazone-treated MDCK cells. A, B. Developmental 
process of luminal cysts (control and rosiglitazone-treated MDCK cells) was 
examined at indicated time points after cell embedding. In DMSO group, Ezrin 
was normally localized between dividing cells but a randomized location was 
shown after rosiglitazone treatment. Cysts were stained for Ezrin (green), E-
cadherin (purple), Factin (red) and DAPI (blue). Confocal single sections are 
presented. Scale bar: 10 μm.

VACs represent endocy-
tosed apical membrane pro-
teins that become apparent 
during the depolarization in 
the presence of calcium 
depletion and are exocy-
tosed to reform apical do- 
mains after CS. In control 
MDCK II cells, Ezrin-positive 
VACs after prolonged calci-
um depletion were observed 
in 34.11 ± 4.23% of cells. 
CS significantly resulted in 
the relocalization of Ezrin 
from VACs to apical domains 
within 3 h, resulting in 11.28 
± 1.41% of cells retaining 
VACs (Figure 3), as reported 
previously. In rosiglitazone-
treated cells, calcium deple-
tion induced VACs at a simi-
lar level (42.36 ± 3.87%)  
to that of control cells. 
However, the relocalization 
of Ezrin from VACs to apical 
domains after CS was  
substantially delayed, with 
28.44 ± 2.30% of cells still 
containing VACs after 3 h 
(Figure 3). These results 
indicate that rosiglitazone 
delays the development of 
apical domains.

Another manifestation of 
epithelial cell polarity is the 
recruitment of apical pro-
teins to the cell surface 
from the intracellular com-
partment during the mainte-
nance of cell polarity. This 
phenomenon was clearly 
demonstrated in MDCK II 
cells in the absence of cell-
cell contact after incubation 
at low calcium. Many control 
cells retained apical pro-
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group (12.38% ± 2.69%, n=3) than in control 
group (61.24% ± 4.59%, n=3) (Figure 4B). 
These indicate that rosiglitazone affects the 
maintenance of apical domains. 

Rosiglitazone affects the formation of TJs 

We further investigated whether rosiglitazone 
affects the cell polarization process, such as 
the formation of TJs. Depolarized control or 
rosiglitazone-treated cells were supplied with 
calcium (calcium switch, CS) to induce cell-cell 
contact, and the TJ formation was monitored by 
staining for TJ proteins ZO-1. Although the for-
mation of TJs accomplished within 6 h in con-
trol cells, this process was significantly delayed 
in rosiglitazone-treated cells. Twenty-four hours 
after CS, however, there was no significant dif-

Cdc42, a GST pull-down assay using a GST-PAK 
fusion protein (which binds to GTP-Cdc42 but 
not GDP-Cdc42) was performed as previously 
described [12]. We found that Cdc42 activation 
(GTPbound) in treated cysts was profoundly 
inhibited by rosiglitazone, although total Cdc42 
expression was unchanged (Figure 6).

Discussion

In this study, results showed Rosiglitazone 
affected the central lumen formation by dis-
turbing the establishment of apico-basal polar-
ity. Incubation with rosiglitazone resulted in the 
mislocalization of apical and basolateral mem-
brane proteins at a very early stage of cyst for-
mation. Then, in 2D monolayers of MDCK cells, 
Rosiglitazone was further found to affect the 

Figure 3. Rosiglitazone retards apical membrane domain development in the 
early phase of cell polarization. A. The development of apical domains was as-
sessed at 3 h after CS in control and rosiglitazone-treated MDCK cells. Cells 
were immunostained for Ezrin (green), Factin (red) and DAPI (blue). Z-sectional 
views of confocal sections are presented. Arrows indicate VACs. Scale bar: 25 
μm. B. The time courses of VAC exocytosis induced by CS (time 0) in control and 
rosiglitazone-treated MDCK cells. 

ference in the time of TJ  
formation between control 
group and Rosiglitazone-
treated group (Figure 5A). 
This was further confirmed 
by a functional measure-
ment of TJ integrity (TER). In 
control cells subjected to 
CS, the TER peaked at 6-8 h 
after CS as the junctions 
matured, followed by a grad-
ual decline (Figure 5B). 
Such development of TER 
was significantly abolished 
in rosiglitazone-treated ce- 
lls. Taken together, these 
indicate that rosiglitazone 
affects the formation of TJs. 

Rosiglitazone inhibits acti-
vation of the small GTPase 
Cdc42

It is reported that the small 
GTPase Cdc42 played an 
important role in the estab-
lishment and maintenance 
of apical polarity in epitheli-
al cells. In particular, knock-
down of Cdc42 induced a 
multiple lumen phenotype 
in MDCK II cells [11]. We 
next investigated whether 
rosiglitazone would alter  
the activation of Cdc42. To 
detect active or GTP-bound 
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cell polarization process, such as the formation 
of TJs and the development of apical mem-
brane domains.

The establishment of epithelial apicobasal 
polarity is crucial for the proper kidney develop-
ment and function [13]. In recent years, there 
have been important advances in our under-
standing of the factors mediating the initiation 
of apicobasal polarization. We focus on the 
interplay between Rho GTPases and polarity 
proteins.

The Rho family proteins of the Ras superfamily 
comprise over 20 members, including CDC42, 
RAC1 and RhoA5. Rho GTPases regulate and 
coordinate cell polarization in different cellular 
contexts and cell types. Especially CDC42, 

Although many proteins participate in apico-
basal polarity [17], three major polarity com-
plexes serve as the core proteins initiating this 
process. The complexes are the apical Crumbs 
and Par complexes along with the basolateral 
scribble complex. These complexes modulate 
kinase and small G protein [18] lead to the seg-
regation of the apical and basolateral mem-
branes. The polarity complexes also serve as 
scaffolds to direct and retain proteins at the 
apical membrane, the basolateral membrane, 
or the intervening TJs.

In the renal epithelia, the Crumbs complex con-
sists of three major proteins and multiple asso-
ciated proteins [19]. The core complex consists 
of Crumbs (Crb), protein associated with Lin-7 1 
(PALS1), and PALS1-associated tight junction 

Figure 4. Rosiglitazone affects the maintenance of apical domains in MDCK 
cells. (A) Confluent monolayers of control and rosiglitazone-treated MDCK cells 
were incubated with low calcium medium for more than 20 h. The retention of 
apical domains was analyzed by staining for Ezrin (green) and Factin (red). X-
sectional views of confocal sections are presented. Arros indicate VACs. Scale 
bar: 20 μm. (B) Quantification of cells retaining apical domains with peripheral 
Ezrin staining (A). P<0.01 vs. control cells (Student’s t-test). The mean ± SD for 
three independent experiments (at least 400 cells) is shown.

appear to play an important 
role in control of the apico-
basal polarity [14]. The role 
of CDC42 in cell polarity 
appears to be highly con-
served from yeast to man 
[15]. In mammalian and 
Drosophila systems, CDC42 
binds to PAR6 and probably 
increases the activity of 
aPKC within the PAR6-PAR3 
(Bazooka)-aPKC complex. It 
might also play a role in 
localization and modulation 
of other protein complexes 
[14]. Recently, a role of Cdc- 
42 in regulating the fidelity 
of mitotic spindle alignment 
and asymmetric abscission 
between dividing epithelial 
cells has been shown [11]. 
Oriented cell division in this 
model was critical for the 
maintenance of a central 
lumen since misalignment 
of the mitotic spindles re- 
sulted in a multilumen phe-
notype through the target-
ing of apical patches to 
aberrant sites. Small G  
protein guanine-nucleotide-
exchange factors (GEFs) 
such as Tiam1 appear to 
concentrate at apical com-
plexes and are important for 
tight junction formation and 
possibly polarization [16].
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protein (PATJ) [20]. There are three human 
homologs of the Crb gene, termed Crb1, Crb2, 
and Crb3. Since Crb3 is highly expressed in the 
kidney epithelia, it can be readily studied in cul-
tured renal cells, such as MDCK cells [21]. 
There is no doubt that the modulation of Crb3 
protein levels may affect the cell polarity and TJ 
formation. Over-expression of Crb3 leads to an 

the TJ [25]. PALS1 interacts with Crb via its PDZ 
domain and binds to PATJ with its L27N domain 
[26]. Domain deletion analysis has illustrated 
that the interactions with both Crb3 and PATJ 
are essential for the cell polarity in mammals 
[27]. PALS1 also links the Crb complex to the 
Par complex via the binding between PDZ 
domain of Par6 and N terminus of PALS1 [28]. 

Figure 5. Rosiglitazone delays the formation of TJs. 
A. The time course of TJ formation after CS was com-
pared between control cells and Rosiglitazone-treat-
ed MDCK cells by immunostaining for ZO-1 (purple). 
Confluent MDCK cells on permeable filters were in-
cubated with low calcium medium for 20 h and ob-
served at pre-designed time points (0 to 24 h) after 
the restoration of calcium. Scale bar: 25 μm. B. The 
development of TER was compared between control 
cells and Rosiglitazone-treated MDCK cells at differ-
ent times after CS. The mean ± SD from 3 detections 
is shown.

Figure 6. Levels of active and total Cdc42 in MDCK cysts treated with DMSO or 
rosiglitazone (20 uM) for 6 days as determined by GST pull down and Western 
blotting. The GST blot shows equal loading of GST and GST-Pak in each sample. 
Rosiglitazone treatment profoundly inhibited active Cdc42 levels but did not 
affect total Cdc42 expression.

expansion of the apical sur-
face, an extended TJ, and a 
reduced basolateral mem-
brane [22]. Knockdown of 
Crb3 in mammalian epithe-
lia leads to an extensive 
loss of TJs in three-dimen-
sional culture [23]. Addition- 
ally, elevated expression of 
Crb3 in normally unpolar-
ized epithelia can lead to 
the establishment of TJs, 
including the sequestering 
of TJ structural proteins 
(such as ZO, claudin, and 
occludin families) [24]. In 
fully polarized epithelia, the 
PALS1 protein is localized to 
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Studies on PALS1 knockdown indicate that 
PALS1 is essential for cell polarity, and it may 
affect the level of PATJ and the ability of aPKC 
to target TJs. PALS1 was identified in the 
screening for proteins associated with Lin-7. 
Lin-7 can stabilize PALS1 in MDCK cells by bind-
ing to the L27C domain of PALS1 [29]. Loss of 
Lin-7 destabilizes PALS1, leading to TJ defects. 
The Lin-7c knockout mouse displays a variety of 
renal defects, including cystic kidneys [30]. It 
has been demonstrated that PALS1 can regu-
late the architecture of not only the TJs but also 
the lateral membrane. Wang et al. [31] found 
that PALS1 knockdown affected the trafficking 
of E-cadherin to the lateral surface of MDCK 
cells through the exocyst complex. PATJ has 
been shown to interact with angiomotin, which 
suggests that PATJ acts as a signaling molecule 
in the polarized epithelia [32]. In addition to 
binding to PATJ, angiomotin is also associated 
with Rich1, a Cdc42 GAP, which directly links 
PATJ to the Rho-family of GTPases and the Par 
polarity complex through Cdc42 [33]. Since 
both proteins are associated with the TJs and 
found within close proximity of the cell mem-
brane, PATJ can act as anchors of transmem-
brane receptors localized at or near the TJs and 
adherent junction [34]. These transmembrane 
receptors may represent key upstream signal-
ing molecules responsible for the maintenance 
and function of epithelial monolayer. 

The mammalian Par complex comprises the 
proteins partitioning defective-3 (Par3), parti-
tioning defective-6 (Par6), and aPKC [35]. The 
Par complex is a cornerstone of apicobasal cell 
polarity. In mammalian epithelia, Par3 has 
been shown to be necessary for TJ formation 
and the localization of other members of Par 
complex [36]. In mammals, there are two Par3 
proteins, Par3A and Par3B. Although the 
expression of these proteins overlaps in the 
renal epithelia, Par3B does not interact with 
aPKC [37]. The Par polarity complex is regulat-
ed, at least in part, by the interaction of aPKC 
with Par3A and subsequent to phosphorylation 
[38]. aPKC induced phosphorylation of Par3 at 
S827 is required for the proper TJ localization 
of Par3A [39]. Over-expression of either a non-
phosphorylatable mutant of Par3A or a domi-
nant negative aPKC results in a similar pheno-
type: expanded lateral surfaces and reduced 
apical surfaces. The necessity of Par3A-aPKC 
interaction has been further demonstrated as 

being essential in both two- and three-dimen-
sional mammalian tissue culture models. In a 
Par3A knockdown system, MDCK cells formed 
intercellular lumens in monolayer culture and 
exhibited a multiple lumen phenotype in three 
dimensional culture [40]. Par6 is a multifunc-
tional protein in epithelial cells, and a key 
adapter protein that allows the Par complex to 
interact with both Crb and Scribble polarity 
complexes [41]. The binding of Par6 to aPKC is 
able to link Par6 and Par3 into a complex that 
may be dependent on the phosphorylation of 
Par3 and control the activity of this complex. 
Par6 is thought to activate aPKC through direct 
interaction, allowing aPKC to phosphorylate 
Par3 [42]. Par6 reinforces both basolateral and 
apical identities through binding to both apical 
and basolateral polarity complexes. Thus, over-
expression of Par6 in MDCK cells may inhibit TJ 
formation.

The mammalian Scribble complex comprises 
the genetically linked conserved polarity pro-
teins Scribble (SCRIB), discs large (Dlg), and 
lethal giant larvae (Lgl) [43]. Although the evi-
dence for physical interaction between these 
proteins is somewhat limited, studies in lower 
organisms suggest that they function via the 
same genetic pathway. The Scribble complex 
localizes to the lateral membrane of polarized 
epithelia, defining the lateral vs. the apical sur-
face of these cells.

In this study, results reveal the important role 
of rosiglitazone in the MDCK cell cyst forma-
tion. PPAR agonists can delay cyst formation by 
disrupting the establishment of epithelial api-
co-basal polarity. Furthermore, the apical do- 
main development and TJ maturation are regu-
lated by rosiglitazone. Several studies have 
shown that the polarity protein complexes 
guide the establishment of cell polarity in vari-
ous organisms. Although many proteins partici-
pate in the apicobasal polarity, three major 
polarity complexes - PAR, Crb and Scribble- 
serve as the core proteins initiating this pro-
cess. Future studies are needed to reveal the 
role of polarity proteins in the process of rosigli-
tazone regulated epithelial apico-basal polari- 
zation. 
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