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Abstract
Taurolithocholate (TLC) acutely inhibits biliary excretion of Mrp2 substrates by inducing Mrp2
retrieval from the canalicular membrane, while cAMP increases plasma membrane MRP2. The
effect of TLC may be mediated via protein kinase Cε (PKCε). Myristoylated Alanine-Rich C
Kinase Substrate (MARCKS) is a membrane bound F-actin cross linking protein and is
phosphorylated by PKCs. MARCKS phosphorylation has been implicated in endocytosis and the
underlying mechanism appears to be detachment of phosphorylated MARCKS from the
membrane. The aim of the present study was to test the hypothesis that TLC-induced MRP2
retrieval involves PKCε mediated MARCKS phosphorylation. Studies were conducted in HuH7
cells stably transfected with NTCP (HuH-NTCP cells) and in rat hepatocytes. TLC increased
plasma membrane (PM) PKCε and decreased PM-MRP2 in both HuH-NTCP cells and
hepatocytes. Cyclic AMP did not affect PM-PKCε and increased PM-MRP2 in these cells. In
HuH-NTCP cells, dominant negative (DN) PKCε reversed TLC-induced decreases in PM-MRP2
without affecting cAMP-induced increases in PM-MRP2. TLC, but not cAMP, increased
MARCKS phosphorylation in HuH-NTCP cells and hepatocytes. TLC and PMA increased
cytosolic phospho-MARCKS and decreased PM-MARCKS in HuH-NTCP cells. TLC failed to
increase MARCKS phosphorylation in HuH-NTCP cells transfected with DN-PKCε suggesting
PKCε mediated phosphorylation of MARCKS by TLC. In HuH-NTCP cells transfected with
phosphorylation deficient MARCKS, TLC failed to increase MARCKS phosphorylation and to
decrease plasma membrane MRP2.

Conclusion—Taken together, these results support the hypothesis that TLC-induced MRP2
retrieval involves TLC mediated activation of PKCε followed by MARCKS phosphorylation and
consequent detachment of MARCKS from the membrane.
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Multidrug resistant associated protein 2 (MRP2; ABCC2), an ABC transporter located at the
canalicular membrane of hepatocytes, is involved in biliary secretion of conjugated
endogenous and exogenous organic anions {1, 2}. MRP2 has been shown to undergo both
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transcriptional and post-translational regulation in cholestasis. For example, transcription of
MRP2 is down regulated in rodent models of cholestasis {3} and during liver regeneration
{4}. Cholestatic agents, such as taurolithocholate (TLC) {5} or estradiol-17β-glucuronide
(E217G) {6}, induce retrieval of MRP2 from the canalicular membrane. More recent studies
suggest that PKCs may be involved in the retrieval of MRP2 by TLC and E217G. Based on
studies with chemical inhibitors, it has been proposed that the effect of E217G may be
mediated via classical PKC-induced endocytosis {7} and PI3K/Akt signaling pathway {8}.
Similarly, the TLC-induced retrieval of Mrp2 has been suggested to be mediated via a PI3K-
and PKCε-dependent mechanism {9, 10}. However, the role of PKCε in TLC-induced
MRP2 retrieval has not been directly evaluated. Moreover, signaling pathways by which
PKCε may induce MRP2 retrieval have not been investigated.

PKCs mediate effects by phosphorylating their substrates. MARCKS (Myristoylated
Alanine-Rich C Kinase (PKC) Substrate) is one such substrate and plays a key role in
cytoskeletal dynamics {11, 12}. MARCKS is an F-actin cross-linking protein and is
phosphorylated by cPKCα, PKCδ and PKCε in vitro {13, 14}. Phosphorylation of
MARCKS by PKCδ and PKCε has been shown to be involved in exocytosis and
endocytosis in non-hepatic cells. Thus, MARCKS phosphorylation by PKCδ is involved in
airway mucin secretion {15, 16} and gut peptide secretion {17}. MARCKS phosphorylation
by PKCε has been shown to stimulate vesicle translocation in chromaffin cells {18} and
basolateral fluid-phase endocytosis in T84 cells {19}. Phosphorylation of MARCKS by
PKCs results in the retrieval of MARCKS from the plasma membrane to the cytosol and in
F-actin disassembly {18}. It may be noted that actin plays an important role in hepatobiliary
transporter translocation {20–22} and TLC induces F-actin accumulation around bile
canaliculi {23}. Phosphorylation of MARCKS by PKCs requires translocation of PKCs to
MARCKS located in the plasma membrane, and as a result, MARCKS phosphorylation and
the consequent effect are dependent on subcellular targeting of PKC {24, 25}. These studies
raise the possibility that TLC-induced endocytic retrieval of Mrp2 may result from PKCε-
dependent MARCKS phosphorylation.

In the present study we determined whether TLC-induced MRP2 retrieval is mediated via
PKCε and whether the effect of PKCε is mediated via MARCKS phosphorylation. Results
of our studies with dominant negative (DN) PKCε and phosphorylation deficient (PD)
MARCKS in HuH-NTCP cells are consistent with the following signaling pathway:
TLC→PKCε→MARCKS phosphorylation→MRP2 retrieval.

Materials and Methods
Materials

8-(4-chlorophenylthio)-cAMP (CPT-cAMP), wortmannin and the antibody for human
MRP2 were purchased from Sigma-Aldrich (St. Louis, MO). Commercial sources of other
antibodies were Cell Signaling (pMARCKS & HA), Calbiochem (actin), Clontech (GFP),
Upstate (PKCε), BD Transduction Laboratories (E-Cadherin). Sulfosuccinimidyl-6-(biotin-
amido)hexanoate (Sulfo-NHS-LC-Biotin) was purchased from Pierce (Rockford, IL).
Streptavidin beads were purchased from Novagen (Madison, WI). Lipofectamin 2000 was
obtained from Invitrogen (Carlsbad, CA). Plasmid constructs for WT and phosphorylation
deficient MARCKS (PD-MARCKS with the effector domain phosphorylation sites at S152,
S156 and S163 replaced by alanine) were kind gifts from Dr. Saito {26}. Kinase dead
dominant negative (DN) PKCε plasmids were purchased from Addgene (Cambridge, MA).
HuH-NTCP cells (HuH-7 cells stably transfected with human NTCP) were generously
provided by Dr. Gores {27}.
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Rat Hepatocytes Preparation
Rat hepatocytes were isolated from male Wistar rats (200–250g) and cultured as previously
described {28}, and used to determine the effect of TLC on PKCε, Mrp2 and
phosphorylation of MARCKS.

HuH-NTCP Cell Culture and Transfections
HuH-NTCP cells were cultured in Eagle’s minimum essential medium supplemented with
10% fetal bovine serum, 1.2g/L G418, 100,000 units/liter penicillin, 100 mg/liter
streptomycin and 25 μg/mL amphotericin B at 37 °C in a 5% CO2, 95% O2 air incubator.
For transfection experiments involving DN-PKCε, WT-MARCKS and PD-MARCKS, the
cells were cultured in 6-well plates for 24 h and then transiently transfected with 1–3 μg of
the desired plasmid using Lipofectamine as previously described {29}. Following 24 h of
incubation in the transfection medium, the cells were cultured for an additional 24 h in
culture medium. The expression of these plasmids was confirmed by immunoblot analysis
using anti-HA (for PKCε), anti-GFP (for WT-MARCKS and PD-MARCKS) antibodies.
Cells were transfected at 70–80% confluence and non-transfected cells were at 80–90%
confluence before treatments. For all experiments, cells were then incubated in serum-free
media for 3 h at 37 °C before treatments as described under figure legends.

Plasma membrane MRP2 and PKCε
A cell surface protein biotinylation method as previously described by us {20, 30–32} was
used to assess MRP2 and PKCε translocation to plasma membranes. Briefly, following
various treatments cell surface proteins were biotinylated by exposing hepatocytes to sulfo-
NHS-LC-Biotin followed by preparation of a whole cell lysate. Biotinylated proteins were
isolated using streptavidin-agarose beads and then subjected to immunoblot analysis to
determine plasma membrane MRP2, PKCε and E-cadherin. The amount of MRP2 and
PKCε present at the plasma membrane was expressed as a relative value compared to E-
cadherin (a plasma membrane protein), which was used as a loading control.

Other Methods
Phosphorylation of MARCKS was determined using phospho-MARCKS (Ser152/156)
antibody. The Lowry method {33} was used to determine cell protein. The blots were
scanned using Adobe Photoshop® (Adobe Systems, Incorporated, San Jose, CA), and the
relative band densities were quantitated using Sigmal Gel® (Jandel Scientific Software, San
Rafael, CA). All values were expressed as mean ± S.E. Analysis of variance followed by
Fisher’s least significant difference (LSD) test was used to statistically analyze the data,
with p<0.05 considered significant.

Results
TLC-induced MRP2 internalization is mediated via PKCε

TLC has been shown to activate PKCε {9, 10} and internalize Mrp2 in rat hepatocytes {5}.
This is further confirmed by our studies showing that TLC, but not cAMP, increased PM-
PKCε in rat hepatocytes (Supplementary Fig. 1). Furthermore, TLC decreased and cAMP
increased PM-MRP2 in rat hepatocytes (Supplementary Fig. 2). In the present study, we
tested the hypothesis that this effect of TLC is mediated via PKCε using DN-PKCε in HuH-
NTCP cells, which constitutively express MRP2 {32}. To ascertain that HuH-NTCP cells is
a valid model, we first determined whether TLC activates PKCε and internalizes MRP2 in
this cell line. To determine the effects of PKCε and MRP2, cells were treated with TLC for
15 min or 25 min, respectively. These time points are based on previous studies reporting
the effect of TLC on PKCε activation in HuH-NTCP cells {34} and biliary excretion of
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Mrp2 substrate in perfused rat livers {5}. TLC increased plasma membrane translocation of
PKCε and decreased PM-MRP2 (Fig. 1) in HuH-NTCP cells. PMA, used as a positive
control, also increased plasma membrane PKCε. Cyclic AMP, used as a negative control,
did not affect plasma membrane PKCε; cAMP does not activate PKCε in rat hepatocytes
{31}. Cyclic AMP also increased PM-MRP2 in HuH-NTCP cells (Fig. 1). Thus, HuH-
NTCP cells were considered a valid model to study the role of PKCε on TLC-induced
MRP2 internalization.

Transfection of HuH-NTCP cells with HA tagged DN-PKCε resulted in over-expression of
total PKCε by 2–3 folds (Fig. 2). DN-PKCε did not affect basal expression of MRP2 in the
plasma membrane when compared to empty vector. TLC decreased plasma membrane
expression of MRP2 in cells transfected with empty vector. However, this effect was
reversed in cells transfected with DN-PKCε. Cyclic AMP, which has been shown to
increase plasma membrane expression of MRP2 by activating PKCδ {31, 32}, was used as a
negative control. The ability of cAMP to increase plasma membrane MRP2 was not affected
by DN-PKCε. These results support the hypothesis that TLC induced internalization of
MRP2 is mediated via PKCε and that cAMP-mediated translocation of MRP2 to plasma
membrane does not involve PKCε.

TLC phosphorylates and translocates MARCKS into cytosol
Since MARCKS is a substrate for PKC and has been implicated in endocytosis {19}, it is
possible that TLC-induced MRP2 internalization involves TLC/PKCε mediated
phosphorylation of MARCKS. To test this hypothesis, we first determined whether TLC can
phosphorylate MARCKS. In these studies, actin instead of MARCKS was used as the
loading control, since MARCKS antibody gave inconsistent results on stripped blots. A time
dependent study showed that TLC increased MARCKS phosphorylation as early as 5 min
with significant phosphorylation observed until 25 min (Fig. 3). On the other hand, cAMP,
which stimulates MRP2 translocation to the plasma membrane, did not phosphorylate
MARCKS during the same time period. Similar results were obtained in rat hepatocytes
(Fig. 3B) indicating that this is not an effect specific to transformed cells. Thus, MARCKS
phosphorylation may be involved in MRP2 retrieval and not MRP2 translocation to the
membrane.

One of the consequences of MARCKS phosphorylation is the retrieval of MARCKS from
the plasma membrane to the cytosol resulting in F-actin disassembly {18}. Thus, we
determined whether TLC increases cytosolic phosphorylated MARCKS (pMARCKS). TLC
increased cytosolic pMARCKS by 2.5 fold compared to controls (Fig. 4). PMA, used as a
positive control, increased cytosolic pMARCKS by over 7 fold. The more pronounced effect
of PMA is likely to be due to activation of other PKCs. The observed increases in cytosolic
phospho-MARCKS were associated with decreases in PM-MARCKS (Fig. 4), indicating
translocation of MARCKS from the membrane to the cytosol following phosphorylation.
This result suggests that TLC-induced phosphorylation and subsequent removal of
MARCKS from the plasma membrane may be related to MRP2 retrieval by TLC.

TLC-induced MARCKS phosphorylation is mediated via PKCε
MARCKS is a substrate for PKCs and TLC may activate PKCs other than PKCε. To
determine whether TLC-induced MARCKS phosphorylation is mediated via PKCε, we
studied the effect of DN-PKCε on MARCKs phosphorylation (Fig. 5). DN-PKCε did not
affect the basal level of MARCKS phosphorylation. TLC increased MARCKS
phosphorylation in cell transfected with an empty vector (EV) but failed to do so in cells
transfected with DN-PKCε. The effect of PMA, used as a positive control, on MARCKS
phosphorylation was also significantly decreased by DN-PKCε. The residual MARCKS
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phosphorylation by PMA is likely due to activation of other PKCs. As expected, the effect
of cAMP, used as a negative control, was not affected by DN-PKCε. These results are
consistent with the hypothesis that TLC-induced MARCKS phosphorylation is mediated via
PKCε.

Phosphorylation deficient (PD) MARCKS inhibits TLC-induced MRP2 retrieval
MARCKS phosphorylation has been implicated in fluid-phase endocytosis in T84 cells
{19}. Thus, it is possible that MARCKS phosphorylation may be involved in TLC-induced
MRP2 retrieval. We tested this hypothesis by determining the effect of TLC on plasma
membrane MRP2 in cells transfected with GFP-tagged WT- and PD-MARCKS. First we
determined the effect of WT- and PD-MARCKS on TLC-induced MARCKS
phosphorylation (Fig. 6). Since transfected MARCKS were tagged with GFP (26.9 kD), this
allowed us to distinguish between transfected (GFP-MARCKS) and endogenous MARCKS
(Endo-MARCKS) at the same time when probed with MARCKS antibody; GFP-MARCKS
(107 kD) appeared above Endo-MARCKS (80 kD). Transfection with GFP-MARCKS did
not affect the level of endogenous MARCKS (Fig. 6), and GFP-MARCKS represented 50–
80% of total MARCKS (GFP + endogenous MARCKS). Phosphorylation of GFP-
MARCKS was detected in cells transfected with WT-MARCKS. In contrast, no
phosphorylation of GFP-MARCKS was detected in cells transfected with PD-MARCKS
confirming the inability of PD-MARCKS to be phosphorylated. TLC increased
phosphorylation of endogenous and transfected MARCKS in cells transfected with empty
vector or WT-MARCKS. However, TLC failed to increase phosphorylation of endogenous
MARCKS in cells transfected with PD-MARCKS. The ability of PMA to increase
MARCKS phosphorylation decreased significantly in cells transfected with PD-MARCKS.

TLC also decreased plasma membrane MRP2 in cells transfected with empty vector or WT-
MARCKS (Fig. 7). The basal level of plasma membrane MRP2 was not affected in cells
transfected with WT-MARCKS. However, plasma membrane MRP2 decreased by 30% in
cells transfected with PD-MARCKS raising the possibility that MRP2 may be stabilized in
the membrane by unphosphorylated MARCKS (see discussion). In addition, TLC failed to
further decrease plasma membrane MRP2 in cells transfected with PD-MARCKS. These
results suggest that phosphorylation of MARCKS is necessary for TLC-induced retrieval of
MRP2.

Discussion
The aim of the present study was to further define the mechanism by which TLC induces
retrieval of MRP2. The present study showed that TLC increased plasma membrane
localization of PKCε and a kinase dead DN-PKCε inhibited TLC-induced MRP2 retrieval.
In addition, DN-PKCε inhibited TLC-induced increases in phosphorylation of MARCKS
and phosphorylation deficient MARCKS inhibited TLC-induced MRP2 retrieval. These
results suggest that TLC-induced MRP2 retrieval involves activation of PKCε followed by
phosphorylation of MARCKS as discussed below.

PKCε has been suggested to be involved in TLC-induced cholestasis {9}. However, this
conclusion is based on indirect evidence. Strongest evidence in favor of this hypothesis has
been the reversal of TLC-induced membrane translocation of PKCε and cholestasis by
tauroursodeoxycholate {9}. In the present study, we tested this hypothesis more directly by
using DN-PKCε. Present study showed that, as previously reported in rat hepatocytes {5,
10}, TLC-induced translocation of PKCε to the plasma membrane and retrieval of MRP2
from the plasma membrane in HuH-NTCP cells as well as in rat hepatocytes. TLC failed to
induce MRP2 retrieval when cells were transfected with kinase dead DN-PKCε, indicating
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that the PKCε kinase activity is needed for TLC-induced MRP2 retrieval. This is the first
direct demonstration of a role for PKCε in MRP2 retrieval by TLC.

Our studies also provide evidence for PKCε-mediated phosphorylation of MARCKS by
TLC. MARCKS is a protein kinase C substrate and binds non-covalently to plasma
membrane {12}. MARCKS phosphorylation leads to its translocation to the cytosol in
chromaffin cells {18}. A previous study reported that PMA translocated MARCKS from the
plasma membrane to the cytosol in HepG2 cells and this effect, based on inhibition by
chemical inhibitors of PKCs, appeared to be mediated via Ca2+-dependent as well as Ca2+-
independent PKCs {35}. However, whether PMA phosphorylated MARCKS was not
determined. In the present study we observed that TLC induced phosphorylation of
MARCKS, increased the cytosolic levels of phospho-MARCKS and decreased PM-
MARCKS. Thus, TLC mediated phosphorylation of MARCKS results in dissociation of
MARCKS from the membrane. In addition, TLC-induced MARCKS phosphorylation was
inhibited in cells transfected with DN-PKCε. These results would suggest that TLC acting
via PKCε phosphorylates MARCKS resulting in dissociation of MARCKS from the plasma
membrane.

The present study suggests that MARCKS phosphorylation by PKCε is involved in MRP2
retrieval by TLC. This is supported by results that TLC failed to induce MRP2 retrieval in
cells transfected with PD-MARCKS (Fig. 7). While the role of MARCKS phosphorylation
has been investigated in other cell types, little is known about its effect in hepatocytes. PMA
has been shown to phosphorylate and translocate MARCKS to lysosome in rat hepatocytes
{36}. Studies in most other cell types suggest a role of MARCKS in exocytosis and
exocytotic insertion of membrane proteins. Thus, the phosphorylation of MARCKS has been
implicated in neurotransmitter release {37}, glucose-induced secretion in isolated rat
pancreatic islets {38}, release of ATCH in ovine anterior pituitary cells {39}, thrombin-
induced serotonin release from platelets {40}, insulin-induced Glut4 translocation to the
plasma membrane in rat skeletal muscle cells {41} and mucin secretion in bronchial
epithelial cells {15}. However, MARCKS phosphorylation, most likely by PKCε, has also
been suggested to be involved in basolateral fluid phase endocytosis in T84 cells {19}.
MARCKS phosphorylation has also been suggested to be involved in abnormal endocytic
pathway in Alzheimer disease {42}. Based on these studies and results of the present study
we suggest that MARCKS phosphorylation leads to endocytic retrieval of MRP2 in
hepatocytes. To our knowledge, this is the first study implicating MARCKS phosphorylation
in membrane transporter retrieval in hepatocytes.

The precise intracellular mechanisms by which MARCKS regulates endocytosis and
exocytosis have not been fully elucidated {12, 43}. The finding that MARCKS can bind
directly to actin and crosslinks it to plasma membrane {44} has led to the suggestion that
actin is essential to the overall functioning of MARCKS. The binding of MARCKS to the
membrane requires electrostatic interaction of basic (serine) residues of MARCKS in its
effector domain with acidic lipids of the membrane and hydrophobic insertion of myristate
into the core of the membrane. Both of these two interactions are necessary for significant
membrane binding {12, 43, 44}. When the serine residues in the effector domain of
MARCKS is phosphorylated by PKC or replaced by alanine as in PD-MARCKS, the
electrostatic interaction between MARCKS and the acidic lipids is abolished resulting in
dissociation of MARCKS from the membrane. Because of the proximity of MARCKS
phosphorylation sites to the actin binding site {45}, MARCKS phosphorylation also results
in the release of actin and a local softening (disruption) of the actin cytoskeletal with
increased plasticity and endocytosis {11, 12}. Thus, it can be speculated that
unphosphorylated MARCKS by binding and tethering actin stabilizes MRP2 in the
membrane as it is suggested for other actin crosslinking proteins, radixin {46, 47} and
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NHERF-1 {48}. Consistent with this hypothesis is a recent study in rats showing that
taurochenodexoycholate-induced retrieval of MRP2 is associated with changes in actin
cytoskeleton {49}. Since three serine residues are replaced by alanine in PD-MARCKS,
such a mechanism can also explain decreased plasma membrane MRP2 in cells transfected
with PD-MARCKS (Fig. 7) presumably due to the inability of PD-MARCKS to bind
membrane and thereby crosslink actin resulting in actin cytoskeletal changes. It should
however be noted that endocytic retrieval of a transporter is a complex process requiring
participation of a number of regulatory proteins {42, 50} and MARCKS phosphorylation
may also affect these regulators. Thus, further studies are needed to define the mechanism
by which MARCKS phosphorylation leads to MRP2 retrieval.

In summary, results of the present study support the hypothesis that TLC-induced retrieval
of MRP2 from plasma membrane involves activation of PKCε followed by PKCε-mediated
phosphorylation of MARCKS. Unlike in most other cell types, MARCKS may be involved
in endocytosis in hepatic cells.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
TLC induces plasma membrane translocation of PKCε and retrieval of MRP2. HuH-NTCP
cells were incubated with 10 μM TLC, 1μM PMA or 100μM CPT-cAMP for 15 followed
by biotinylation of cell surface proteins and immunoblot analysis of biotinylated PKCε
(PM-PKCε, 88kD) and E-cadherin (E-Cad as loading control, 135kD). For MRP2 assay,
cells were treated with 10μM TLC (25 min) or 100μM CPT-cAMP (15 min) followed by
and immunoblot analysis of biotinylated MRP2 (PM-MRP2, 195kD) and E-cadherin.
Typical PM-MRP2, PM-PKCε and E-Cad immunoblots are shown in the upper panel and
results of densitometric analysis (Mean±SEM, n=5) are shown in the bar graph.
*Significantly different (p<0.05) from respective control (CON) values.
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Figure 2.
DN-PKCε inhibits TLC-induced MRP2 retrieval. HuH-NTCP cell transfected with HA-
tagged DN-PKCε were treated with TLC for 25 min or CPT-cAMP for 15 min followed by
biotinylation of cell surface proteins and immunoblot analysis of HA, PKCε, biotinylated
MRP2 (PM-MRP2) and biotinylated E-cadherin. Typical immunoblots are shown in the
upper panel and results of densitometric analysis (Mean±SEM, n=4) are shown in the bar
graph. *Significantly different from respective control (CON) and #significantly different
from respective empty vector (EV) values.
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Figure 3.
TLC phosphorylates MARCKS. HuH-NTCP cells (A) or cultured rat hepatocytes (B) were
treated with 10 μM TLC or 100 μM CPT-cAMP for the indicated time followed by
determination of phosphorylated MARCKS (pMARCKS, 80kD) and actin (loading control).
Typical immunoblots are shown in the upper panel and results of densitometric analysis
(Mean±SEM, n=5) are shown in the bar graph. *Significantly different (p < 0.05) from
control (Con) values.
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Figure 4.
TLC increases cytosolic pMARCKS. HuH-NTCP cells were treated with 10μM TLC or
1μM PMA for 15 min followed by biotinylation of cell surface proteins and immunoblot
analysis of biotinylated plasma membrane MARCKS and E-cadherin or isolation of cytosol
(100,000xg supernatant) and determination of phospho-MARCKS (pMARCKS). Typical
immunoblots are shown in the upper panel and results of densitometric analysis (Mean
±SEM, n=3) are shown in the bar graph. *Significantly different (p < 0.05) from control
(con) values.
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Figure 5.
TLC-induced MARCKS phosphorylation is mediated via PKCε. HuH-NTCP cell
transfected with HA-tagged DN-PKCε were treated with 10μM TLC, 1μM PMA or 100μM
CPT-cAMP for 15 followed by immunoblot analysis of HA, PKCε, pMARCKS and actin.
Typical immunoblots are shown in the upper panel and results of densitometric analysis
(Mean±SEM, n=5) are shown in the bar graph. *Significantly different from empty (EV)
control (CON), &significantly different from DN-PKCε control and #significantly different
from respective empty vector (EV) values.

Schonhoff et al. Page 16

Hepatology. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Phosphorylation deficient MARCKS (PD-MARCKS) inhibit TLC-induced phosphorylation
of endogenous MARCKS. HuH-NTCP cell transfected with empty vector (EV) GFP-tagged
WT- or PD-MARCKS (107kD) were treated with 10μM TLC or 1μM PMA for 15 min
followed by immunoblot analysis of MARCKS, pMARCKS and actin. Typical immunoblots
are shown in the upper panel and results of densitometric analysis (Mean±SEM, n=5) are
shown in the bar graph. Control values for EV, WT-MARCKS and PD-MARCKS were set
at 1. *Significantly different from respective control values and #significantly different from
respective empty vector (EV) value.
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Figure 7.
PD-MARCKS decreases plasma membrane MRP2 and inhibits TLC-induced MRP2
retrieval. HuH-NTCP cell transfected with GFP-tagged WT- or PD-MARCKS were treated
with 10μM TLC for 25 min followed by biotinylation of plasma membrane proteins and
immunoblot analysis of PM-MRP2 and E-cadherein. Typical immunoblots are shown in the
upper panel and results of densitometric analysis (Mean±SEM, n=5) are shown in the bar
graph. *Significantly different from respective empty vector (EV) values and #significantly
different from EV control (Con) values.
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