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Abstract
Background and Aim—Ezrin-Radixin-Moesin (ERM) proteins are cross-linkers between the
plasma membrane and actin filaments. Radixin, the dominant ERM protein in hepatocytes, has been
reported to selectively tether Mrp2 to the apical canalicular membrane. However it remains to be
determined if this is its primary function.

Methods—An adenovirus-mediated siRNA was used to down-regulate radixin expression in
collagen sandwich cultured rat hepatocytes and morphological and functional changes were
characterized quantitatively.

Results—In control cultures, an extensive bile canalicular network developed with properly
localized apical and basolateral transporters that provided for functional excretion of fluorescent
cholephiles into the bile canalicular lumina. SiRNA induced suppression of radixin was associated
with a marked reduction in the canalicular membrane structure as observed by differential
interference contrast microscopy and F-actin staining, in contrast to control cells exposed to
adenovirus encoding scrambled siRNA. Indirect immunofluorescence demonstrated that apical
transporters (Mrp2, Bsep and Mdr1) dissociated from their normal location at the apical membrane
and were found largely associated with Rab11-containing endosomes. Localization of the basolateral
membrane transporter, Oatp2, was not affected. Consistent with this dislocation of apical
transporters, the biliary excretion of GS-MF and CGamF was significantly decreased in the radixin-
deficient cells but not in the control siRNA cells.

Conclusions—Radixin is essential for maintaining the polarized targeting and/or retaining of
canalicular membrane transporters and is a critical determinant of the overall structure and function
of the apical membrane of hepatocytes.
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Introduction
Hepatocytes are highly polarized epithelial cells whose apical canalicular domain is designed
for the production of bile. This secretory process depends upon a group of membrane
transporters at this apical pole that are members of the ABC superfamily of export pumps.
These include the bile salt export pump (Bsep, Abcb11), the multidrug resistance protein
(Mdr1, Abcb1), and the multidrug resistance associated protein 2 (Mrp2, Abcc2) among others.
Under normal physiologic conditions, the transport of bile salts into bile generates bile salt
dependent bile flow while bile salt independent flow is generated in large part by the excretion
of glutathioine via Mrp2. Disorders that impair these transport proteins result in cholestatic
liver injury1,2.

While the maintenance of secretory polarity of the hepatocyte is critical for its normal function,
little is known about how these cells establish and maintain this functionally distinct apical
domain3. The ERM (Ezrin, Radixin and Moesin) family of proteins plays an important role in
regulating the structure and function of specific domains of the cell cortex by crosslinking
membrane and actin cytoskeleton4. The dominant ERM protein in hepatocytes is radixin5,
which is primarily localized at the canalicular membrane of hepatocytes5,6. At four weeks of
age radixin-knock out mice demonstrate a selective loss of Mrp2 from the canalicular
membrane and begin to develop conjugated hyperbilirubinemia, reminiscent of the Dubin-
Johnson syndrome in man7. These findings suggest that radixin may be required for the
tethering of Mrp2 to the apical canalicular domain. Radixin is also reduced and associated with
redistribution of MRP2 within intracellular structures of hepatocytes in patients with Primary
Biliary Cirrhosis (PBC)8. However, in contrast to radixin deficient mice, P-glycoproteins
(MDR1, MDR3 and BSEP) are also redistributed to intracellular structures and colocalize with
MRP2 in these patients with chronic cholestatic liver disease.

To clarify the role of radixin in the canalicular localization of bile transporters and the integrity
of apical canalicular domain, we have used adenovirus-mediated siRNAs to suppress radixin
expression in collagen sandwich cultured rat hepatocytes. This culture method has been
described previously9,10 and sustains the expression of hepatocyte-specific proteins and the
maintanace of bile canalicular structure and function. Our studies show that radixin deficiency
results in a profound reduction in canalicular membrane structures and a dissociation of bile
transporters from the apical canalicular membrane. This in turn leads to a functional impairment
in the canalicular excretion of substrates for Mrp2 and Bsep. These results provide clear
evidence that radixin is a critical requirement not just for the tethering of Mrp2 but for the
normal maintenance of the canalicular membrane and the localization and function of its
transport proteins.

Materials and Methods
Reagents

BD Adeno-X™ Expression Systems 2 was purchased from BD Biosciences (Bedford, MA).
Alexa conjugated secondary antibodies, TO-PRO 3, CMFDA and Alexa 594 conjugated
phalloidin were purchased from Molecular Probes (Eugene, OR). CGamF was a gift from Alan
Hofmann, San Diego, CA. The following antibodies were used: mouse anti-Mrp2 (Alexis
Biochemicals, San Diego, CA), rabbit anti-radixin (Cell Signaling Technology, Beverly, MA),
goat anti-radixin (Santa Cruz Biotechnology, Santa Cruz, CA), mouse anti-MDR (Signet
Laboratories, Dedham, MA), rabbit anti-Bsep (Kamiya Biomedical Co, Seattle, WA), mouse
anti-ZO-1 and rabbit anti-Rab11 (Zymed Laboratories, San Francisco, CA), and mouse anti-
β-actin (Sigma, Saint Louis, MS). Rabbit anti-Oatp2 was kindly provided by Bruno Stieger,
Zurich, Switzerland. Rabbit anti-Mrp3 was raised in our laboratory. Western blotting
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demonstrated its specificity for Mrp3 as opposed to Mrp2 by its presence in TR- rat liver and
its up-regulation in cholestasis.

Construction of Recombinant siRNA-expressing Adenovirus
The siRNA sequences target rat radixin gene at positions 106–125 (siRDXA), 627–646
(siRDXB), 1011–1030 (siRDXC) and 1219–1238 (siRDXD), relative to the start codon. A
scrambled sequence (5’-GAC TCC GAA CAT GTA ACG T-3’) was used for the control
siRNA (siControl). The recombinant adenovirus encoding siRNA was constructed and
amplified according to the instructions of BD Biosciences.

Cell Culture
Hepatocytes were isolated from rat liver by collagenase perfusion as described previously from
this laboratory11. Cells were cultured on collagen-coated dishes or glass coverslips in Williams
E medium with the addition of 5% fetal calf serum, 10mM Hepes buffer, 2mM L-glutamine,
1.8g/L glucose, 1μM dexamethasone, 4mg/L insulin, 100 U/ml penicillin and 100 μg/ml
streptomycin and 10mg/L gentamicin. Cells were infected with adenovirus twice at 1h and 16h
after seeding and were overlaid with gelled collagen 24 h after seeding.

Immunoblot
Cells were lysed in RIPA buffer (50mM Tris pH8.0, 150mM NaCl, 1% NP-40, 0.5%
deoxycholate, 0.1%SDS, protease inhibitors) and centrifuged at 1,000g for 10min. The
supernatants were fractionated on SDS-PAGE and analyzed by western blot and enhanced
chemiluminescence method.

Light Microscopy
Differential interference contrast (DIC) microscopy was used to qunatitively assess the length
of the bile canalicular channel using the software Openlab 3.1.5 (Improvision, Coventry, CV
4 7Hs, England). Images were obtained randomly from ten fields per coverslip (20x objective)
and analyzed from 4 separate experiments.

Separate coverslips were fixed in 4% paraformaldehyde or in cold methanol for
immunofluorescence. Primary antibodies were diluted in blocking buffer (1% BSA in
PBS-0.05% Triton X100) and incubated on cell layers for 2 hrs at room temperature.
Appropriate secondary antibodies were incubated for 1 hr and fluorescence labeling was
observed with a Zeiss LSM 510 (Thornwood, NJ) using appropriate filters and the same gain
levels for all conditions.

Electron Microscopy
After 5 days of culture, coverslips were coded (by WW) and hepatocyte monolayers were fixed
with 2.0% Paraformaldehyde/2.5% Glutaraldehyde and postfixed with 1% osmium tetroxide.
The cultures were blockstained with 2% uranyl acetate, dehydrated in acetone series and epon
embedded. Thin sections were stained with lead citrate and uranyl acetate. Electron
micrographs were acquired at 14,000 x primary magnification (by CR) on a Philips 410 electron
microscope (FEI, Hillsboro, OR) and evaluated blindly by JLB and AM.

CMFDA and CGamF Excretion by Rat Hepatocytes
Hepatocytes were incubated with 5μM 5-chloromethylfluorescein diacetate (CMFDA) or
1μM cholylglycylamido-fluorescein (CGamF) diluted in HEPES buffer (0.35g/L KCl, 0.25g/
L MgSO4, 0.18g/L CaCl2, 0.16g/L KH2PO4, 4.8g/L HEPES, 7.9g/L NaCl and 0.9g/L glucose,
pH7.4) at 37°C for 15min. Cultures were immediately imaged (for CGamF) or were incubated
for an additional 15min before being imaged (for CMFDA).

WANG et al. Page 3

Gastroenterology. Author manuscript; available in PMC 2007 March 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For quantitative assessment, hepatocytes were pre-treated with HEPES buffer or Ca2+-free
HEPES buffer (0.35g/L KCl, 0.16g/L KH2PO4, 4.8g/L HEPES, 7.9g/L NaCl, 0.9g/L glucose
and 10mM EGTA, pH7.4) at 37°C for 10min before incubation with 2μM CMFDA for 10min.
Cells were then incubated in HEPES buffer at 37°C for 30min, washed and lysed in 1% Triton
X-100 in PBS. The cell lysates were measured by Synergy HT microplate reader (Bio-Tek
Instruments, VT) (λex =485nm, λem=530nm). Biliary Excretion Index (BEI) =
[fluorescence Standard− fluorescence Ca2+− free]/fluorescence Standard × 100%, where the
fluorescence represents the fluorescence units per mg of cell lysates12.

Data Analysis
Data represent mean ± S.D. Statistical significance was tested with paired t test assuming
significance with p<0.05.

Results
Ad-siRNA effectively inhibits radixin expression in sandwich cultured rat hepatocytes

To address the requirement for radixin in normal hepatocyte function, we attempted to inhibit
radixin expression in collagen sandwich cultured rat hepatocytes using adenovirus-mediated
siRNA. We first tested the four siRNA target sequences in a normal rat liver cell line, Clone
9, in order to evaluate their ability to suppress radixin. Immunoblot analysis in Fig. 1A indicates
that all four siRNAs individually and in combination reduced the level of radixin expression
to 19–34% of Ad-siControl treated cells. The most potent siRNA, siRDXC, was selected for
the subsequent studies in rat hepatocytes and is referred to as Ad-siRadixin. Fig. 1B illustrates
that Ad-siRadixin progressively reduced radixin expression and generated significant
knockdown 5 days after the initial infection. This down regulation of radixin expression was
dose-dependent and MOI 50 resulted in reduction to 18% of Ad-siControl treated cells (Fig.
1C). No alteration was observed in the expression levels of β-actin (Fig. 1C), Mrp2, Bsep,
Mdr1 and Mrp3 (a basolateral transporter) (Fig. 1D). Thus, Ad-siRadixin was able to potently
and specifically suppress radixin expression in this sandwich cultured hepatocyte model.

Cell viability of 5 day cultures was examined using the lactate dehydrogenase (LDH) assay
(Thermo Electron, Louisville, CO). LDH activity in the media of 5 day cultures of PBS, Ad-
siControl, and Ad-siRadixin treated cells was not significantly different (12.20 ± 4.09, 13.48
± 2.89 and 16.40 ± 2.30 U/L, respectively) (mean ± S.D. of five experiments).

Ad-siRadixin reduced the canalicular structures of collagen sandwich cultured hepatocytes
To assess the role of radixin in the structure of the apical canalicular domain, the formation of
the bile canalicular network was examined by DIC optics over a 5 day period following
administration of the Ad-siRadixin. As shown in Fig. 2A, one day after seeding, hepatocytes
formed uniform monolayers and there was little or no sign of apical domain formation. By day
3, a continuous, anastomotic network was established in all the cultures along cell borders. By
day 5, the canalicular lumina assumed a more refined and homogeneous appearance in PBS
and Ad-siControl treated cells. Quantitative assessment of the lengths of these canalicular
channels was 439 ± 26 and 457 ± 25μm/field, respectively (mean ± S.D. of four experiments).
However, in striking contrast, the canalicular structures in the Ad-siRadixin treated cells
degenerated by 56% to 195 ± 25 μm/field (mean±S.D. of four experiments, p<0.0001). In some
regions, only a few canalicular structures could be observed. Notably, this degeneration of
canalicular structures occurred in parallel over the same time course as the down-regulation of
radixin as showed by immunoblot (Fig. 1B). Immunofluorescence demonstrated that radixin
was concentrated at the apical domains of PBS or Ad-siControl treated cells, whereas the signal
was diminished in Ad-siRadixin treated cells (Fig. 2B). Actin localization (Fig. 2C) in PBS
and Ad-siControl treated cells displayed a normal ‘railroad track’ alignment of actin filaments
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bordering the canalicular membrane. Often the lumen appeared to be more highly dilated than
the Ad-siControl treated cells. In radixin-deficient cells, actin staining appeared as single lines
with little or no separation (Fig. 2C). In some areas the pattern was punctuate and disrupted.
Localization of the tight junction proteins, ZO-1 and claudin 3, demonstrated a similar pattern
of labeling (data not shown).

Ultrastructural analysis of PBS and Ad-siControl treated hepatocytes revealed the presence of
dilated bile canaliculi as previously described in collagen sandwich cultured hepatocytes10,
26 (Fig. 3A,B). The significant dilation of the sealed “vacuoles” resulted in loss of microvilli,
as commonly seen in cholestasis. After Ad-siRadixin treatment the lumina of many bile
canaliculi were largely collapsed (Fig. 3C). Tight junctions appeared normal and the presence
of microvilli suggests that the collapse of the lumen may be due to deficient excretion of
osmotically active bile components into these sealed spaces. Blind evaluation (JLB and AM)
consistently identified the Ad-siRadixin micrographs.

Ad-siRadixin alters the distribution of apical membrane transporters in hepatocytes
Localization of membrane transporters was evaluated in five day cultures of hepatocytes by
indirect immunofluorescence. As shown in Fig. 4, Mrp2, Bsep and Mdr1 were primarily
localized on apical membranes in PBS and Ad-siControl treated cells. Remarkably in Ad-
siRadixin treated cells, strong intracellular accumulation of the apical transporters was
observed primarily in a perinuclear distribution and only in areas that lacked intact bile
canaliculi. Residual stubby canaliculi were also labeled. All apical membrane proteins tested
(Mrp2, Bsep, Mdr1, DPPIV), but not actin or ZO1, were found in this intracellular
compartment. In contrast, staining for a basolateral transporter, Oatp2, was unchanged
compared to control cells (Fig. 4). These findings indicate that radixin is selectively required
for apical, but not basolateral, targeting/retaining of transport proteins in hepatocytes and that
radixin deficiency results in a generalized impairment of the localization of apical membrane
proteins.

The intracellular fraction of Mrp2 colocalizes with Rab11
Because the intracellular localization of apical transporters in radixin knock down cells was
reminiscent of Rab11-containing endosomes described for Bsep in WIF-B9 cells13 , we
performed double labeling immunofluorescence for Mrp2 and Rab11 in the collagen
sandwiched hepatocytes. In control cells, Rab 11 was localized to a subapical compartment
and a perinuclear compartment that were both distinct from the Mrp2-positive canaliculi (Fig
5). However, in Ad-siRadixin treated cells Mrp2 largely co-localized with Rab11 in an
expanded perinuclear compartment in the knock down areas (as defined by the lack of dilated
canaliculi) (Fig 5). This perinuclear accumulation of apical membrane transporters did not
colocalize with mannosidase II, a Golgi marker (data not shown). Thus, radixin suppression
appears to increase the accumulation of Mrp2 in recycling endosomes coincident with its apical
reduction.

Ad-siRadixin decreases the rate of biliary excretion of GS-MF and CGamF
The excretory function of Mrp2 and Bsep in radixin-deficient hepatocytes was assessed using
CMFDA and CGamF, respectively. In PBS or Ad-siControl treated cells, GS-MF (Mrp2
substrate derived from CMFDA) and CGamF (Bsep substrate) were efficiently transported and
accumulated in canalicular lumina with little retention in cytosol (Fig. 6A). In contrast, both
fluorescent substrates accumulated intracellularly in Ad-siRadixin treated cells.

To quantitate these differences in fluorescent dye excretion, hepatocytes were treated with
standard or Ca2+-free HEPES buffer before the bile excretion assay. Ca2+-free treatment
disturbed the integrity of the tight junction barrier surrounding bile canaliculi and thus
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permitted the release of bile components as described12. The Biliary Excretion Index (BEI)
was measured as the percentage of GS-MF fluorescence released into canalicular lumina. BEI
of PBS and Ad-siControl treated cells was 39.2% and 48.6% (p>0.05), respectively, whereas
the value was reduced by nearly 50% to 21.3% in Ad-siRadixin treated cells (p<0.05) (Fig.
6B). These results indicate that radixin is required to maintain normal bile excretory function
in hepatocytes.

Discussion
The principal finding in this study is that radixin is required for the maintenance of the structure
of the apical bile canalicular membrane as well as the localization and function of apical
canalicular membrane transport proteins. When this ERM protein is suppressed in cell culture,
the once-established bile canalicular domain is markedly disrupted. This impairment in the
normal configuration of the apical canalicular membrane was confirmed by the altered
distribution of actin filaments. Actin filaments have long been known to be required for the
maintenance of the canalicular domain. Microfilament-perturbing agents result in loss of the
normal microvilli in the canalicular membrane14. Radixin, a cross-linker of actin filaments
and plasma membrane, is a known component of the hepatocellular microvilli6. Loss of
microvilli in radixin-deficient mice7 is consistent with our study and indicates that radixin is
essential for maintaining normal hepatic canalicular membrane morphology. The specificity
of our findings for radixin is emphasized by the lack of significant disturbance of the bile
canalicular structure and secretory function in the PBS and control siRNA treated cells and by
the absence of significant differences in LDH released into the media in these cell culture
systems.

The requirement of ERM proteins for normal apical organization appears to be a common
property in epithelial cells. The single ERM protein in Dropsophila, Dmoesin, is enriched in
the rhabdomere base of the photoreceptor. Down-regulation of Dmoesin profoundly disrupts
the cortical cytoskeleton and apical membrane organization15. Radixin-deficient mice also
suffer from deafness due to the loss of stereocilia, the specially developed giant microvilli in
cochlear sensory hair cells16. Ezrin is critical for the assembly of the apical terminal web region
of developing mouse intestine, which is particularly important for the propagation of polarity
during the formation and expansion of secondary lumina17. Ezrin is also abundantly expressed
at the actin cortical layers of parietal cells in mouse stomach18. Ezrin knockdown mice suffer
from severe achlorhydria. The loss of gastric acid secretion is caused by defects in the
formation/expansion of gastric canalicular apical membranes.

A second important finding in the present study is that radixin is required not only for the
localization of Mrp2 to the apical membrane, but also for other canalicular membrane proteins
including Bsep and Mdr1. When Mrp2 is retrieved from the plasma membrane after radixin
suppression, Bsep and Mdr1 also relocate to the intracellular pool. Consistent with this
morphologic finding, the excretion of both Mrp2 and Bsep substrates into the bile canalicular
lumen is reduced by the deficiency of radixin. Phalloidin induced changes in actin filament
organization also alter the localization of canalicular export pumps19, supporting the
importance of normal canalicular organization for the polarized distribution of apical
transporters. Our findings also help explain the observation that MDR1 colocalizes with
abnormally redistributed MRP2 in regions where radixin is largely reduced in livers of PBC
patients8. In cholestasis it is yet to be determined whether a loss of radixin precedes the loss
of microvilli, canalicular lumen dilation, and dissociation of apical transporters, or whether
these all occur simultaneously. However, it is of interest to note that in radixin knock-out mice,
these cholestatic changes also occurred in older animals7. Perhaps other compensatory factors
are present in younger mice, preventing the demonstration of cholestasis. Nevertheless, the
current study emphasizes the critical importance of radixin in the localization and function of

WANG et al. Page 6

Gastroenterology. Author manuscript; available in PMC 2007 March 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



canalicular transporters and strongly suggests that deficient radixin function must be part of
the pathophysiology of cholestasis.

Our finding that the increased intracellular fraction of Mrp2 colocalizes with Rab11 GTPase,
a recycling endosome marker, suggests that Mrp2 undergoes endocytosis upon the disruption
of canaliculi induced by radixin suppression. As the redistributed apical transporters do not
colocalize with Golgi markers, they must not be produced solely by de novo protein synthesis.
Instead, it is most likely that they are retrieved from the canalicular membrane. Apical
membrane recycling involving Rab11 endosomal compartments has been described with Bsep
in WIF-B9 cells13. Mrp2, as well as Bsep and Mdr1, have all been identified in intracellular
vesicular structures in addition to the canalicular membrane in rat liver20,21. Furthermore,
Mrp2 and Bsep are regulated rapidly by retrieval from and/or insertion into the canalicular
membrane via intracellular vesicles21,22,23,24,25. In support of our finding, a recent study in
WIF-B9 cells colocalized apical ABC transporters and Rab11 in polarized cells and restricted
these transporters to Rab11-endosomes in non-polarized cells where no canalicular pole was
formed27. It remains to be determined if the Rab11 endosome mediates an Mrp2 trafficking
pathway in normal hepatocytes in vivo.

In summary, the present study indicates that down-regulation of radixin in sandwich-cultured
hepatocytes by adenovirus-mediated siRNA disorganizes the structure of the bile canaliculus,
which leads to impairment in bile excretory function due to both a reduction in the total amount
of apical membrane as well as retrieval of bile acid and organic solute transporters from the
canalicular membrane to intracellular compartments. These observations indicate that radixin
is a critical determinant of the structure and function of the apical membrane of hepatocytes
and is not just a tethering protein for Mrp2. Rather, radixin is also essential for maintaining
polarized targeting and/or retaining of other critical bile export pumps on the canalicular
membrane. These findings prompt revision of current concepts regarding the role of radixin in
the hepatocyte and provide new insights into the molecular events in cholestasis. Further studies
on the alteration of radixin’s function in cholestasis should broaden our understanding of the
pathogenesis of cholestatic syndromes.
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Abbreviations
siRDX  

siRadixin

Mrp2  
multidrug resistance associated protein 2

Mrp3  
multidrug resistance associated protein 3

Bsep  
bile salt export pump

Mdr1  
multidrug resistance protein 1

Oatp2  
organic anion transporting polypeptide 2

PBC  
Primary Biliary Cirrhosis

MOI  
multiplicity of infection

DIC  
differential interference contrast

CMFDA  
5-chloromethylfluorescein diacetate

GS-MF  
glutathione-methylfluorescein

CGamF  
cholylglycylamido-fluorescein

LDH  
lactate dehydrogenase
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Figure 1.
Ad-siRNA effectively inhibited radixin expression in collagen sandwich cultured rat
hepatocytes. (A) Clone 9 cells were treated with PBS, Ad-siControl, or the four siRNAs
individually or in various combinations at a virus dose of MOI 10. The cells were harvested 3
days after treatment and cell lysates were separated by PAGE, and blotted for radixin and
normalized to β-actin. (B) Rat hepatocytes treated with PBS, Ad-siControl or Ad-siRDXC
were harvested 1d, 3d and 5d after the treatment and cell lysates were blotted for radixin and
β-actin. (C) Hepatocytes were treated with PBS, Ad-siControl or Ad-siRDXC with MOI 25 or
50, harvested on day 5, and cell lysates were blotted for radixin and β-actin. (D) The hepatocyte
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lysates were also blotted for Mrp2, Bsep, Mrp3 and Mdr1. A representative result of at least
three experiments is shown.
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Figure 2.
Ad-siRadixin reduced canalicular structures in sandwich cultured hepatocytes. DIC images of
hepatocytes that were treated with PBS, Ad-siControl or Ad-siRadixin were acquired on day
1, day 3 and day 5 (A). Five day cultures of cells treated with PBS, Ad-siControl or Ad-
siRadixin were labeled with anti-radixin antibody (B) or Alexa 594 phalloidin for actin
filaments (C). Both demonstrate loss of apical canalicular structures after Ad-siRadixin
treatment. Bar = 10 μm
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Figure 3.
Electron micrographs of sandwich cultured hepatocytes. Hepatocytes were treated with PBS,
Ad-siControl or Ad-siRadixin and cultured for 5 days. Hepatocytes treated with PBS (A) or
Ad-siControl (B) developed dilated bile canaliculi. Tight junctions are intact and few microvilli
are observed. The bile canalicular lumina of Ad-siRadixin treated cells were largely collapsed
(C). The tight junctions remain intact and the loss of severe dilation results in the appearance
of microvilli. BC, bile canaliculi. Bar = 2μm
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Figure 4.
Ad-siRadixin altered the localization of apical bile transporters in hepatocytes. Hepatocytes
were treated with PBS, Ad-siControl or Ad-siRadixin and cultured for 5 days. Cells were
double labeled with anti-Mrp2 and anti-Bsep antibodies (top 2 rows), with anti-Mdr1 (third
row), or anti-Oatp2 antibodies (bottom row). Note that all three apical membrane transporters,
but not the basolateral membrane protein, showed significant intracellular localization in knock
down areas after Ad-siRadixin treatment. Arrow points to collapsed canaliculi. Bar =10 μm
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Figure 5.
The intracellular fraction of Mrp2 was colocalized with Rab11. In Ad-siControl cells Mrp2
(green) was localized to the dilated bile canaliculi. Occasional, weak staining was seen
intracelluarly. Rab11 (red) was found in a subapical and perinuclear compartment in these
cells. The merged image demonstrates the separation of these compartments. In contrast, in
Ad-siRadixin treated cells, knock down areas (as defined by the lack of intact, dilated bile
canaliculi) revealed extensive perinuclear co-localization of both Mrp2 and Rab11. Occasional,
stubby canaliculi were seen labeled for Mrp2 (arrow). Bar = 10 μm. High magnification of the
knock down area demonstrated that Mrp2 was largely co-localized with Rab11 in the
intracellular compartment. Bar = 5 μM
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Figure 6.
Ad-siRadixin decreased the rate of biliary excretion of GS-MF and CGamF. Hepatocytes were
treated with PBS, Ad-siControl or Ad-siRadixin and cultured for 5 days. (A) Cells were
incubated with CMFDA or CGamF and visualized by confocal microscopy. Bar = 10 μm (B)
Hepatocytes were treated with standard or Ca2+-free HEPES buffer before the bile excretion
assay. The Biliary Excretion Index (BEI) was measured as the percentage of GS-MF
fluorescence released into canalicular lumina. Data represent the means ± S.D. of five
experiments. p>0.05, PBS compared to Ad-siControl treated cells. * p<0.05, Ad-siRadixin
compared to PBS or Ad-siControl treated cells.

WANG et al. Page 16

Gastroenterology. Author manuscript; available in PMC 2007 March 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


