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Abstract
Rab proteins are small GTPases required for vesicle
trafficking through the secretory and endocytic
pathways. Rab GDP-dissociation inhibitor (rab-GDI)
regulates Rab protein function and localization by
maintaining Rab proteins in the GDP-bound
conformation. Two isoforms of rab-GDI are present
in most mammalian cells: GDI-1 and GDI-2. It has
recently been demonstrated that a Heat shock protein
90 (Hsp90) chaperone complex regulates the
interactions between Rab proteins and Rab-GDI-1.
The AR42J cell line is derived from rat pancreatic
exocrine tumor cells and develops an acinar-like
phenotype when treated with dexamethasone (Dex).
The aim of the present study was to examine the
expression of rab-GDI isoforms and Hsp90 in AR42J
cells in the presence or absence of Dex. Rab-
GDI:Hsp90 interactions were also examined. Both

rab-GDI isoforms were detected in AR42J cells by
immunoblotting. In Dex-treated cells, quantitative
immunoblotting revealed that rab-GDI-1 expression
increased by 28%, although this change was not
statistically significant. Rab-GDI-2 levels were
unaltered by Dex treatment. Approximately 21% rab-
GDI-1 was membrane associated, whereas rab-GDI-
2 was exclusively cytosolic. Dex treatment did not
affect the subcellular distribution of rab-GDI isoforms.
Hsp90 was present in the cytosolic and membrane
fractions of AR42J cells and co-immunoprecipitated
with cytosolic rab-GDI-1. Moreover, density gradient
centrifugation of AR42J cell membranes revealed that
Hsp90 and rab-GDI-1 co-localize on low- and high-
density membrane fractions, including amylase-
containing secretory granules. The Hsp90 inhibitor,
geldanamycin, inhibited CCK-8-induced amylase
release from these cells in a dose-dependent manner.
Our results indicate that as AR42J cells differentiate
into acinar-like cells, rab-GDI isoform expression and
localization is not significantly altered. Moreover, our
findings suggest that Hsp90 regulates agonist-
induced secretion in exocrine cells by interacting with
rab-GDI-1.
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Introduction

Rab proteins are small GTPases required for vesicle
trafficking through the exocytic and endocytic pathways
[1, 2]. Over 60 isoforms have been identified and, like
other small GTPases, Rab proteins cycle between
GTP- and GDP-bound conformations. Rab protein
function involves the movement of Rab proteins between
various cellular compartments. Several accessory proteins
are involved with regulating the localization and guanine
nucleotide binding state of Rab proteins including
rab-Guanine nucleotide exchange factor, Rab escort
protein (REP) and Rab GDP-dissociation inhibitor
(rab-GDI) [3-8].

Rab-GDI regulates Rab protein function and
localization by maintaining Rab proteins in the GDP-bound
conformation and regulating their cycling between
cytosolic and membrane compartments [6-9]. Two
rab-GDI isoforms have been cloned from bovine brain
[10] and one from mouse skeletal muscle [11].
Most cytosolic Rab proteins exist as a complex with
rab-GDI and these complexes represent a cytosolic pool
of Rab proteins that are eventually presented to their target
membranes [12, 13]. In contrast, other Rab proteins, like
Rab3D, interact exclusively with Rab escort protein
(REP) [14].

REP isoforms 1 and 2 are rab accessory proteins
that act as chaperone molecules during the lipid
modification of Rab proteins and are considered part of
the rab GDI superfamily [7, 15]. In most cell types, two
rab-GDI isoforms and both REP isoforms are expressed
to varying degrees. With respect to rab-GDI isoform
expression in exocrine tissues, we have previously
demonstrated that in parotid two rab-GDI isoforms
(55 and 45 kDa) are present in the cytosol, whereas a
43-kDa isoform is membrane-associated [16]. The 55
and 45-kDa isoforms probably represent rab-GDI-1 and
rab-GDI-2, while the membrane-associated isoform has
not yet been characterized. Whether or not rab-GDI
isoforms are functionally redundant or have specific roles
in various cell types remains to be determined.

Structural studies of rab-GDI suggest that the
recycling of Rab proteins between the membrane and
soluble compartments most likely involves rab-GDI and
other rab recycling factors (RRF) [17, 18]. Using
synaptosomes, the key components of the RRF have
been identified and include Heat shock protein 90
(Hsp90), Hsp70 and cysteine string protein [18].
Moreover, it has been demonstrated that recycling
of Rab1b and Rab3A involves the Hsp90 chaperone

system [18, 19]. Whether or not Hsp90 interacts with
rab-GDI and regulates exocytosis in exocrine cells has
not yet been determined.

The AR42J cell line is derived from rat pancreatic
exocrine tumor cells and develops an acinar cell-like
phenotype when treated with dexamethasone (Dex).
Dex-treatment results in an increase in amylase-containing
secretory granules and an increase in the number of
CCK-8 receptors per cell [20, 21]. CCK-8 induces
amylase release from AR42J cells and, therefore, this
cell line represents a convenient model for studying the
molecular events involved with regulated secretion in
exocrine cells. The aim of the present study was to
examine the expression and localization of Hsp90 and
rab-GDI isoforms in AR42J cells as they develop
their secretory phenotype in response to Dex. In addition,
we examined the possibility that interactions between
rab-GDI and Hsp90 are important with respect to
agonist-induced secretion in exocrine cells.

Materials and Methods

Materials
Antisera which recognizes Rab3D was raised in rabbits

using recombinant Rab3D as an antigen and was affinity
purified using a recombinant Rab3D column. Rab1B and the
pan rab-GDI antibodies were obtained from Zymed (Carlsbad,
CA). GDI-2 specific antisera from Genway (San Diego, CA).
Rab5 antibodies and GDI-1 monoclonal antibody from Synaptic
systems (Goettingen, Germany). Hsp90 antibodies from
Biovision (Mountain View, CA). Calnexin, MEK1/2 and
synataxin 6 antibodies from Cell Signaling Technologies Inc.
(Beverly, MA). Geldanamycin, bovine serum albumin (BSA),
protein G-agarose and dexamethasone from Sigma-Aldrich
(St. Louis, MO). Optiprep from Invitrogen (Carlsbad, CA).
Protease inhibitor mix from Calbiochem (San Diego, CA).
CCK-8 from American peptide (Sunnyvale, CA).

Cell Culture
AR42J cells were obtained from the ATCC (Manassas,

VA) and cultured in DMEM with 10% FBS, 1mM pyruvate,
1X penstrep and 2 mM glutamine. Cells were cultured in a
humidified incubator at 37oC in an atmosphere of 95% air and
5% CO2. For Dex treatment, the cells were seeded onto 6-well
plates, T-75 or T-25 flasks. The following day, complete media
containing 50 nM Dex was added to the cells. The cells were
harvested or assayed 2-3 days after the addition of Dex.

Preparation of Cell Lysates and Subcellular Fractions
AR42J cells were scraped into PBS, washed and

resuspended in lysing solution (20 mM Tris-HCl [pH 7.0],
150 mM NaCl, 1X protease inhibitor mix). The cells were
freeze-thawed 3X and centrifuged at 120,000 X g for 40 min.
The supernatant represented the cytosolic fraction. The pellet
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was resuspended in an equal volume of lysing solution and
represented the membrane fraction.

Immunoblotting of subcellular fractions
An equal volume of 2X SDS sample buffer was added to

cell lysates or subcellular fractions. The samples were boiled
3 min and applied to 10% polyacrylamide gels. Following
SDS-PAGE, proteins were electroblotted to nitrocellulose
membranes (Schleicher and Schuel, NH). The membranes were
incubated with 1% BSA/1% goat serum (GS) in TBST (50 mM
Tris pH 7.5, 0.15M NaCl, 0.05% Tween-20) for >2 hours to block
non-specific binding, followed by incubation with TBST+BSA
containing the primary antibody. Blots were washed 4 X 10 min
with TBST+BSA and incubated with Horseradish peroxidase-
conjugated anti-mouse, anti-chicken or anti-rabbit IgG.
Following extensive washing with TBST, bands were
visualized by chemiluminescence on a GeneGnome
Bioimaging system (Syngene, MD). Band intensity was
quantitated using Genetools Analysis software (Syngene, MD).

Immunoprecipitation of rab-GDI and Hsp90
The cytosolic fraction was prepared from Dex-treated

AR42J cells grown in T-75 flasks. Cells were scraped into
immunoprecipitation buffer (50 mM Tris, pH 7.5, 5 mM MgSO4,
100 mM NaCl, 2 mM DTT, 1X protease inhibitors), lysed
and centrifuged at 120,000 X g for 40 min. Aliquots of cytosol
were incubated overnight at 4oC with an antibody that
recognizes rab-GDI isoform 1 or mouse IgG (30 µg). The next
day, 50 µl of protein G-agarose beads were added and the
tubes were mixed for three hours. The beads were washed
fours times with IP buffer, then boiled in SDS sample buffer
for 5 min. The immunoprecipitated proteins were immunoblotted
for rab-GDI and Hsp90 as described above.

Density gradient centrifugation
AR42J cells were harvested and gently homogenized

using a Tissue Tearor (Glen Mills Inc., NJ). A post-nuclear
supernatant (PNS) fraction obtained by centrifugation at
80 X g for 3 min. The PNS (200 µl) was loaded on top of a
10-30% continuous iodixanol gradient (2 ml). The gradient
was prepared in 0.25 M sucrose, 10 mM Tris-HCl [pH 7.4] and
1X protease inhibitor mix. Following centrifugation
(2 hrs-137,000 x g) in a Beckman TL-100 ultracentrifuge,
150 µl fractions were collected from the top of the gradient.
Fractions were assayed for amylase activity and immunoblotted
for rab-GDI, Hsp90 and organelle markers.

Amylase and Protein Assays
Protein assays were performed using the BioRad

protein assay reagent according to the manufacturer’s
instructions. For amylase release assays, the cells were seeded
in 6-well plates (2-3 X 105 cells/well). The day of the assay,
the cells were washed with amylase assay buffer (AAB-98 mM
NaCl, 4.8 mM KCl, 2 mM CaCl2, 1.2 mM MgSO4, 0.1%
BSA, 0.01% soybean trypsin inhibitor, 25 mM HEPES
pH7.5) and incubated with AAB containing no additions or

CCK-8 (1 nM) for 40 min at 37oC. The AAB was removed
from the wells and replaced with AAB + 1% TX-100.
Amylase levels in the media and cell extracts were determined
using the Phadebus amylase assay (Pharmacia, Stockholm,
Sweden). Amylase release was expressed as Units released or
percent total release into the AAB during the 40 min incubation.
To examine the effects of geldanamycin on agonist-induced
amylase release, AR42J cells were incubated in the presence or
absence of increasing concentrations of geldanamycin for
30 min, washed once with amylase assay buffer and incubated
in the presence or absence of CCK-8 (1 nM) for 40 min.
Amylase release during the 40 min incubation was determined.

Results

Effect of Dex on amylase and protein levels in
AR42J cells
The AR42J cell line was derived from rat

pancreatic cancer cells and has been used as a model of
exocrine cell structure and function for more than 20
years. Nevertheless, we believed it was necessary to
characterize the effects of Dex on AR42J cells in our
hands. AR42J cells were cultured in T-25 flasks in the
absence or presence of 50 nM Dex for 2-3 days.
The cells were harvested and assayed for total
protein and amylase levels per flask. Visual inspection of
the flask revealed a lower cell density in Dex-
treated flasks, consistent with the notion that as the
cells differentiate, the rate of cell proliferation decreases.
As shown in Fig. 1A, total protein levels in T-25
flasks were consistently lower in Dex-treated flasks.
However, this decrease was not statistically
significant. As expected, Dex treatment increased
amylase expression in AR42J cells (11.7–fold over
control) (Fig. 1B).

The effect of Dex on agonist-induced amylase
release was examined next using cells grown in
6-well plates. CCK-8-induced amylase release was
observed in control and Dex-treated cells (Fig. 1C).
However, because of the increase in amylase levels in
Dex-treated cells, both basal and CCK-8-induced
amylase release were increased with Dex treatment.
Interestingly, when CCK-8-induced amylase release
in control and Dex-treated cells was compared in terms
of fold-over-basal release, the results in control and
Dex-treated cells were similar. In control cells,
CCK-8-induced amylase release was increased 2.5-fold
over basal release, whereas in Dex-treated cells,
CCK-8-induced amylase release was increased 2.3-fold.

Hsp90 and Rab-GDI in AR42J Cells Cell Physiol Biochem 2009;24:369-378
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Fig.  2. Effect of Dex on the expression of rab-GDI isoforms
and Rab proteins in AR42J cells. A. AR42J cells were grown in
the absence (C) or presence (D) of Dex (50 nM) for 3 days.
Equal amounts of protein from AR42J cell lysates were
immunoblotted for Rab-GDI, Rab1B, Rab3D and Rab5 as
described in Methods. B. Relative levels of rab-GDI isoforms
in control and Dex-treated cells were determined by quantitative
immunoblotting. The data are presented as arbitrary units.
Results shown are means ± SEM from at least three experiments.

A

B

Effect of Dex on Rab protein and Rab-GDI
isoform expression and localization in AR42J
cells
The development of an increased secretory

capacity in AR42J cells in response to Dex most
likely involves alterations in the expression and
localization of specific proteins. We examined the
possibility that as AR42J cells differentiate in response
to Dex, rab-GDI isoform expression and/or localization
will be affected, suggesting a role for one or more
rab-GDI isoform in exocrine secretion. We also
examined the effects of Dex on the relative levels of

Fig.  1. Effect of Dex treatment on AR42J cells. AR42J cells
were cultured in T-25 flasks in the absence (Control) or presence
(Dex) of 50 nM Dex for 2-3 days. The cells were washed and
harvested by scraping into PBS. The cells were then pelleted
and resuspended in approximately 0.5 ml of lysing solution.
Total protein (Fig. 1A) and amylase (Fig. 1B) levels in the flasks
were determined as described in Methods. C. AR42J cells were
seeded onto 6-well plates and cultured in the absence (Control)
or presence (Dex) of 50 nM Dex for 2-3 days. On the day the
cells were assayed, the media was removed and the cells
washed with amylase assay buffer (AAB). The cells were then
incubated with 1 nM CCK-8 or no additions for 40 min at 37oC.
Amylase release from control and Dex-treated cells during the
40 min incubation was measured as described in methods.
Values for amylase release are expressed as Amylase Units.
Results shown are means ± SEM from at least three experiments.

A

B

C
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Fig.  3. Effect of Dex on the subcellular localization of rab-GDI
isoforms in AR42J cells. AR42J cells were cultured in the absence
(Control) or presence of Dex (50 nM) for 3 days. The cells were
harvested and cytosol (C) and membrane (M) fractions were
prepared and immunoblotted for rab-GDI isoforms using an
antibody that recognizes both GDI-1 and GDI-2 as described in
Methods. The asterisk indicates a non-specific band that is
often observed between the two rab-GDI isoforms and most
likely represents amylase. Fig. 4. Hsp90 is expressed in AR42J cells and associates with

cytosolic rab-GDI-1. A. Hsp90 expression and localization in
AR42J cells in the absence (Control) or presence (Dex) of Dex
was examined. Cytosol (C) and membrane (M) fractions were
prepared from control and Dex-treated cells and immunoblotted
for Hsp90 as described in Methods. B. Immunoprecipitation of
Rab-GDI-1 from AR42J cell cytosol. Cytosol was prepared from
four T-75 flasks of Dex-treated AR42J cells. The cytosol was
incubated overnight with a 30 µg GDI-1-specific antibody (GDI
ab-right lane) or rabbit IgG (IgG-middle lane), followed by a
three hr incubation with protein G-agarose beads. The beads
were washed and boiled into SDS sample buffer as described
in Methods. The cytosol (left lane) and immunoprecipitates
were immunoblotted for Hsp90 and rab-GDI. The asterisk in
the GDI-1 blot is a non-specific band and most likely represents
amylase.

various Rab proteins. AR42J cell lysates from control
and Dex-treated cells were immunoblotted with a
rab-GDI antibody that recognizes rab-GDI isoforms 1
and 2. As shown in Fig 2A, both isoforms were expressed
in control and Dex-treated AR42J cells. Moreover,
the levels of rab-GDI isoforms in AR42J cells were
similar to those observed in rat pancreas when equal
amounts of protein were immunoblotted (not shown).
Quantitative immunoblotting revealed that Dex treatment
resulted in a 28% increase in rab-GDI-1 expression,
whereas rab-GDI-2 levels were not altered (Fig. 2B).
The relatively small increase in rab-GDI-1 levels was
not statistically significant. With respect to the Rab proteins
examined, Rab3D levels were increased 60% in the
presence of Dex, whereas Rab1b levels decreased
28% (Fig. 2A). Rab5 levels were increased 13%
with Dex treatment (Fig. 2A). The Dex-induced
increase in Rab3D is consistent with what others have
observed [22].

The subcellular localization of rab-GDI isoforms in
control and Dex-treated cells was examined next.
Rab-GDI-1 was predominantly cytosolic, although
approximately 21% of rab-GDI-1 was membrane-
associated (Fig. 3). In contrast, rab-GDI-2
was exclusively cytosolic (Fig. 3). Quantitative immuno-
blotting revealed that the subcellular distribution of
rab-GDI isoforms was not altered by Dex treatment.

A

B

Hsp90 interacts with rab-GDI in AR42J cells
Recent studies have demonstrated that Hsp90

binds to rab-GDI-1 and regulates its ability to
interact with Rab proteins [18, 19]. Hsp90 expression
and localization in control and Dex-treated AR42J
cells were examined. As shown in Fig. 4A, Hsp90 is
expressed in AR42J cells and is predominantly cytosolic.
Moreover, Dex-treatment caused a decrease in
Hsp90 expression.

To examine the possibility that rab-GDI binds
Hsp90 in the cytosol of AR42J cells, cytosolic proteins
were immunoprecipitated using a rab-GDI-1 specific
monoclonal antibody. As shown in Fig. 4B,  rab-GDI-1

Hsp90 and Rab-GDI in AR42J Cells Cell Physiol Biochem 2009;24:369-378
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Fig.  6. Geldanamycin inhibits CCK-8-induced amylase release.
AR42J cells were plated in 6-well plates (3 X 105 cells/well) and
treated with Dex (50 nM) for three days. The cells were washed
with AAB and incubated in the presence or absence of the
indicated concentration of geldanamycin for 30 min, washed
once with AAB and incubated with no additions or CCK-8 (1
nM) for 40 min. Values for amylase release are expressed as
percentage of the total cellular amylase present at the start of
the 40 min incubation that was released into the medium. Results
shown are means ± SEM from four experiments.

Fig. 5. Rab-GDI-1 and Hsp90 co-localize on AR42J cell
membrane fractions. A. AR42J cells were treated with Dex for 2
days and harvested into lysing buffer. A post-nuclear
supernatant (PNS) was prepared and applied to a 10-30%
continuous iodixanol gradient as described in Methods.
Fractions (150 µl) were collected from the top of the gradient
and immunoblotted for rab-GDI-1 and Hsp90. B. Amylase levels
in the fractions were determined and the data were normalized
to 1, which represents the maximum level of amylase activity. C.
Immunoblotting of gradient fractions for Rab3D, Rab5, Calnexin
and syntaxin 6.

A

B

C

was immunoprecipitated from the cytosol
with the rab-GDI-specific antibody, but not IgG.
Interestingly, a small amount of Hsp90 co-immuno-
precipitated with rab-GDI, indicating that these proteins
interact with one another in AR42J cell cytosol.

Next, we wanted to determine whether or not
rab-GDI-1 and Hsp90 co-localize to the same membrane
structures in AR42J cells using immunocytochemistry.
However, because both proteins are predominantly
cytosolic, the relatively small amount of membrane-
associated rab-GDI-1 and Hsp90 could not be visualized
by this method. Instead, we examined the membrane
association of rab-GDI-1 and Hsp90 by density gradient
centrifugation. PNS were prepared from Dex-treated
AR42J cells and fractionated on a 10-30% continuous
iodixanol gradient as described in Methods. As shown
in Fig. 5A, the majority of rab-GDI-1 and Hsp90 was
present in the first three low density fractions which
most likely contain cytosolic proteins. However, Hsp90
was present throughout the gradient and appeared to
peak in fractions 5-7, as well as in fraction 10.
Rab-GDI-1 was also present throughout the fractions and
peaked in fractions 7-9. Amylase activity was used as a
marker for secretory granules and peaked in fraction
10 (Fig. 5B). The amylase activity in the fractions 1-3
represents soluble amylase that was released during
the homogenization process.

Raffaniello/Fedorova/Ip/RafiqCell Physiol Biochem 2009;24:369-378
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The distribution of Rab5, Rab3D and marker
proteins in the gradient fractions was also examined.
Rab3D was present in the cytosol (Fig. 5C-fractions 1-
3) and co-localized with amylase activity on high-density
fractions (Fig. 5C-fractions 9-11) which most
likely represent secretory granules. A peak in
Rab3D levels was also observed in fractions 5-7.
We have previously observed a similar distribution of
Rab3D in rat parotid [23]. Rab5 levels peaked in
fractions 6-7 which most likely represents an endosomal
compartment (Fig. 5C). Calnexin and syntaxin 6 were
used as markers for the endoplasmic reticulum and
Golgi, respectively. Calnexin levels peaked in fractions
5-7 (Fig. 5C), whereas syntaxin 6 was present in the
cytosol and low density membrane fractions (Fig.  5C-
fractions 4-6). MEK1/2 was used as a cytoplasmic
marker and was localized to fractions 1-3 (not shown).

Hence, our findings suggest that rab-GDI-1
and Hsp90 co-localize on high and low density membranes
in AR42J cells and both appear to be associated
with secretory granules, albeit to varying degrees.
These results indicate that Hsp90 may bind to and
regulate membrane-associated rab-GDI-1 function
in AR42J cells.

Hsp90 regulates CCK-8-induced amylase release
from AR42J cells
The role of Hsp90 in CCK-8-induced amylase

release from Dex-treated AR42J cells was examined
using geldanamycin, a specific inhibitor of Hsp90.
AR42J cells were preincubated with increasing
concentrations of geldanamycin and then treated with the
secretagogue CCK-8 for 40 min. Amylase release during
the 40 min incubation was determined as described in
Methods. As shown in Fig. 6, geldanamycin caused a
dose-dependent decrease in CCK-8-induced amylase
release. At 20 µM, a 40% decrease in CCK-8-induced
amylase release was observed, whereas basal
amylase release was not affected (Fig. 6). These
results indicate that Hsp90 regulates agonist-induced
amylase release in AR42J cells.

Discussion

Previous studies have demonstrated that Dex
enhances the secretory phenotype of AR42J cells
by inducing an increase in cellular amylase levels,
the total number of secretory granules in the cytoplasm
and the number of surface CCK-receptors [20,

21]. Consistent with what others have found,
Dex-treatment resulted in increased amylase levels
and reduced proliferation in AR42J cells under our cell
culture conditions. Both basal and CCK-8-induced
amylase release were increased in Dex-treated
cells. However, it should be noted that the fold
increase in CCK-8-induced amylase release over basal
release was similar in Dex-treated and untreated
cells (approx. 2.5-fold over basal). Hence, Dex
treatment does not increase the proportion of
stored amylase released in response to CCK-8.

Because it is possible to induce the secretory
phenotype in these cells, this model has been used
to examine the role of various proteins in
regulated exocytosis by examining their expression
and localization in response to Dex treatment. For example,
Rab3D is a protein believed to be involved with
secretion in numerous exocrine cell types. In AR42J
cells, Dex treatment results in an increase in Rab3D
levels and alters its localization [22]. Rab-GDI and
Hsp90 are proteins that regulate Rab protein function
and localization. In the present study, we examined the
effect of Dex-induced differentiation on the expression
and localization of rab-GDI and Hsp90 in AR42J cells.

We hypothesized that if rab-GDI is involved
with regulated exocytosis in exocrine cells, than we
should observe an increase in the expression levels
of one or both rab-GDI isoforms in AR42J cells in
response to Dex treatment. Quantitative immunoblotting
revealed a small (28%), non-significant increase in
rab-GDI-1 levels in Dex-treated AR42J cells. In contrast
to these findings, when undifferentiated Ntera2 cells
are induced to differentiate into neuron-like cells (NT2N),
an almost 5-fold increase in rab-GDI-1 expression
is observed [24]. Alterations in rab-GDI isoforms
were also examined in NB1 cells which differentiate
into neuronal-like cells in response to cAMP [25].
As NB1 cells differentiate into neuronal cells,
rab-GDI isoform mRNA levels are not altered, whereas
the levels of Rab3A mRNA are increased [25].
This is similar to what we observed in AR42J cells in
the present study, i.e., Dex-induced differentiation
results in an increase in Rab3 protein expression [22,
present study], while rab-GDI isoform levels remain
relatively unaltered. Taken together, our findings
suggest that a pronounced increase in rab-GDI
expression is not required for AR42J cells to acquire
the Dex-induced increase in secretory capacity and that
the levels of both rab-GDI isoforms are adequate
with respect to the ability of these cells to package

Hsp90 and Rab-GDI in AR42J Cells Cell Physiol Biochem 2009;24:369-378
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and sort the increased amount of amylase protein into
secretory granules.

Hsp90 is actually a family of proteins that are
abundant in all eukaryotic cells and regulate the activity
and function of numerous client proteins [26, 27].
Hsp90 is essential for cell viability and contains an
ATP-binding site. Recent studies have demonstrated
that Hsp90, along with other proteins, forms a chaperone
complex with rab-GDI-1 and regulates its ability to extract
Rab1b and Rab3A from membranes [18, 19].
Moreover, ER-to-Golgi traffic was inhibited using
Hsp90-specific inhibitors suggesting that the
rab-GDI-1:Hsp90 complex plays an important role in
regulating Rab-mediated membrane trafficking events
[19]. In the present study, we have demonstrated that
Hsp90 is expressed in AR42J cells and is present in
the cytosolic and membrane fractions. As mentioned
previously, the AR42J cell line is derived from rat
pancreatic exocrine tumor cells. Others have
demonstrated that Hsp90 expression levels are higher
in pancreatic carcinoma cells when compared with
normal pancreas [28]. Consistent with these findings, we
found that Dex-treatment resulted in a decrease in
Hsp90 levels in AR42J cells, i.e., as these cells changed
from a proliferative to a more differentiated phenotype,
Hsp90 expression decreased.

We have demonstrated that rab-GDI-1 and Hsp90
form a complex in the cytosol of AR42J cells by
co-immunoprecipitation experiments, suggesting that
Hsp90 regulates rab-GDI function in exocrine cells.
In addition, using membrane gradient centrifugation,
we found that Hsp90 and rab-GDI-1 co-localize on
membrane fractions in AR42J cells. Moreover, Hsp90
and, to some extent, rab-GDI-1 are both present in
high-density, amylase-positive membrane fractions which
most likely represent secretory granules. These findings
raise the interesting possibility that rab-GDI-1:Hsp90
interactions may regulate the function and activation of
membrane associated Rab proteins involved with
regulated secretion.

We used the Hsp90-specific inhibitor geldanamycin
to examine the role of Hsp90 in regulated exocytosis
in AR42J cells. It has previously been demonstrated
that geldanamycin stabilizes Hsp90:rab-GDI-1 complexes
and inhibits the recycling of at least two rab proteins,
Rab1B and Rab3A [18, 19]. Geldanamycin partially
inhibited CCK-8-induced amylase releases in a dose
dependent-manner, indicating that Hsp90 activity is
required for agonist-induced secretion from AR42J
cells. Consistent with our findings, preincubation with

geldanamycin caused a decrease in calcium-induced
neurotransmitter release from intact synaptosomes [18].
However, inhibition of Hsp90 with geldanamycin did
not affect regulated exocytosis or the cycling of
Rab3A between secretory granules and cytosol in
PC12 cells [29]. Why inhibition of regulated
secretion would be observed in some cell systems but
not others with geladanmicin is unclear. Rab-GDI
and Hsp90 are for the most part ubiquitous cellular
proteins and one would expect that their interactions
would be similar in various secretory cell types.
Further studies are required in other secretory cell
types to help clarify the role of Hsp90 in regulated
secretion.

How does geldanamicin inhibit CCK-8-induced
secretion in AR42J cells? One possibility is that inhibition
of Hsp90 stabilizes membrane-associated complexes
involving Hsp90, rab-GDI-1 and Rab proteins on secretory
granules. Proteomic analysis of secretory granule
membranes obtained from pancreatic acinar cells
has revealed that several Rab proteins are present
on these membranes [30]. These Rab isoforms include
Rab3D, Rab8A, Rab 11A, Rab14 and Rab27b.
Interestingly, unlike what is observed in pancreas, we
did not detect Rab27b expression in AR42J cells
(unpublished observations). Geldanamicin may
interfere with the Hsp90:rab-GDI-1 mediated
recycling of one or more of these Rab proteins during
exocytosis. For example, it has recently been
demonstrated that knock-down of Rab8 in AR42J cells
resulted in a decrease in CCK-8-induced secretion [31].
Geldanamicn may interfere with Rab-GDI-1:Rab8
interactions, thereby affecting agonist-induced secretion.

The fact that Hsp90 and rab-GDI-1 interact with
one another in the cytosol and co-localize on membrane
fractions in AR42J cells suggests that rab-GDI-1:Hsp90
complexes may play an important role in regulating
Rab protein function and recycling, as well as regulated
secretion. However, because Hsp90 binds to and
regulates the activity of many client proteins, we cannot
rule out the possibility that the function of Hsp90 in
regulated exocytosis may involve interactions with
proteins other than rab-GDI-1. Nevertheless, we believe
that this is the first study to demonstrate a role for Hsp90
in regulated secretion in exocrine cells.

In conclusion, we have demonstrated that the
expression and subcellular distribution of rab-GDI
isoforms 1 and 2 are not significantly altered as AR42J
cells differentiate into a more acinar cell-like phenotype.
We have also demonstrated that Hsp90 interacts with
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