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Abstract: Rab3D is a low molecular weight GTP-binding protein that associates 
with secretory granules in exocrine cells. AR42J cells are derived from rat 
pancreatic exocrine tumor cells and develop an acinar cell-like phenotype when 
treated with dexamethasone (Dex). In the present study, we examined the role of 
Rab3D in Dex-treated AR42J cells. Rab3D expression and localization were 
analyzed by subcellular fractionation and immunoblotting. The role of Rab3D 
was examined by overexpressing myc-labeled wild-type-Rab3D and  
a constitutively active form of Rab3D (Rab3D-Q81L) in AR42J cells. We found 
that Rab3D is predominantly membrane-associated in AR42J cells and  
co-localizes with zymogen granules (ZG). Following CCK-8-induced 
exocytosis, amylase-positive ZGs appeared to move towards the periphery of the 
cell and co-localization between Rab3D and amylase was less complete when 
compared to basal conditions. Overexpression of WT, but not mutant Rab3D, 
resulted in an increase in cellular amylase levels. Overexpression of mutant and 
WT Rab3D did not affect granule morphology, CCK-8-induced secretion, long-
term (48 hr) basal amylase release or granule density. We conclude that Rab3D 
is not involved in agonist-induced exocytosis in AR42J cells. Instead, Rab3D 
may regulate amylase content in these cells. 
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INTRODUCTION 
 

During zymogen granule biosynthesis in exocrine cells, digestive enzymes are 
synthesized and transported through the secretory apparatus to the trans-Golgi 
(TGN) network in acinar cells. Condensing vacuoles or immature granules bud 
off the TGN and mature into zymogen granules (ZG). This maturation involves 
concentration of ZG contents as well as removal of cargo and membrane 
proteins that are not intended to be associated with ZGs. The mature ZGs are 
localized near the apical plasma membrane until the cell receives signals for 
exocytosis to occur. 
Rab proteins are small Ras-like GTPases required in the regulation of vesicle 
formation, transport, budding, tethering and fusion in eukaryotic cells [1, 2]. 
More than 70 mammalian isoforms have been identified and, like other small 
GTPases, Rab proteins cycle between GTP- and GDP-bound conformations. 
Geranylgeranylation of Rab proteins is essential for their function and allows 
them to associate with lipid membranes. Rab accessory proteins are involved in 
regulating the localization and guanine nucleotide binding state of Rab proteins 
and include Rab-GTPase-activating protein, Rab-guanine nucleotide exchange 
factor, Rab escort protein (REP) and Rab GDP-dissociation inhibitor (rab-GDI) 
[3-9]. The guanine nucleotide state of the Rab protein affects its conformation 
and association with effector molecules. Rab proteins and their effectors play an 
important role in maintaining membrane specificity during vesicular trafficking.  
Several Rab proteins have been localized to the ZG of exocrine cells, including 
Rab3D, Rab11, Rab27B and Rab8 [10-12]. In pancreatic and parotid acinar 
cells, as well as gastric chief cells, Rab3D is localized to the ZG membrane, 
suggesting that this protein is involved in regulated exocytosis in exocrine cells 
[10, 13-16]. However, more recent studies have revealed that Rab3D is present 
in Golgi compartments in Brunner’s gland acinar cells as well as osteoclasts, 
raising questions about its role in the late events involved in regulated exocytosis 
[17, 18]. The point at which Rab3D associates with ZGs in exocrine cells as they 
form has not been determined. Moreover, work from this laboratory and others 
have suggested that Rab3D may associate with subpopulations of mature ZG 
[19, 20].  
Despite the fact that numerous approaches have been employed to elucidate the 
function of Rab3D, the exact role of this GTPase in exocrine cells remains 
controversial (for review, see 21). Because of its localization on the ZG 
membrane, Rab3D was originally believed to be involved in late events in 
exocytosis. However, overexpression of Rab3D and Rab3D mutants does not 
affect regulated secretion in similar ways in all cell types examined [22-24]. 
Moreover, in Rab3D knockout mice, granule size, but not agonist-induced 
secretion, was altered in pancreatic and parotid acinar cells [25]. These findings 
suggest that Rab3D may be involved in ZG biosynthesis and maturation, but not 
exocytosis.  
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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 levels, secretory granule volume 
and the number of CCK-8 receptors in these cells [26, 27]. CCK-8 induces 
amylase release from AR42J cells and, therefore, this cell line represents  
a convenient model for studying the molecular events involved in regulated 
secretion in exocrine cells. Rab3D, as well as the other three Rab3 isoforms  
(A, B and C), are all expressed in AR42J cells [23, 28]. Moreover, Rab3D is 
upregulated in response to Dex treatment, suggesting a role for this protein in 
AR42J cells as they develop a more acinar cell-like phenotype [28-30]. The aim 
of the present study was to examine the role of Rab3D in AR42J cells. We 
examined the effects of overexpressing wild-type Rab3D and a mutant form of 
Rab3D (Rab3D-Q81L) that does not hydrolyze GTP on acinar cell function 
using Dex-treated AR42J cells. More specifically, we examined the effects of 
overexpression of Rab3Dwt and Rab3D-Q81L on AR42J cell morphology, 
granule density, amylase levels, and basal and agonist-induced amylase secretion.  
 
MATERIALS AND METHODS 
 

Materials 
Antisera which recognize Rab3D were raised in rabbit or chicken using 
recombinant Rab3D as an antigen and were affinity purified using a recombinant 
Rab3D column. These antibodies were previously characterized and found to be 
specific for Rab3D (31). Rab1B and Rab5 antibodies were obtained from Zymed 
(Carlsbad, CA). Bovine serum albumin (BSA), protein G-agarose and 
dexamethasone were from Sigma-Aldrich (St. Louis, MO). Optiprep and Alexa-
fluor conjugated antibodies were from Invitrogen (Carlsbad, CA). Protease 
inhibitor mix was from Calbiochem (San Diego, CA). CCK-8 was from 
American Peptide (Sunnyvale, CA). Plasmids coding for myc-Rab3D wild-type 
(wt) and myc-Rab3DQ81L were obtained from Dr. R. Regazzi (University of 
Lausanne, Switzerland).  
 

Cell culture and transfection 
AR42J cells were obtained from ATCC (Manassas, VA) and cultured in 
Dulbecco’s modified Eagle’s medium (DMEM) with 10% fetal bovine serum 
(FBS), 1 mM 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 medium containing 50 nM Dex was added to the cells. 
The cells were harvested or assayed 2 days after the addition of Dex. 
Cells were transfected using GeneExpresso (Labsupplymall, MD) according to 
the manufacturer’s instructions for transfecting difficult-to-transfect cell lines. 
Briefly, semiconfluent AR42J cells were detached from T-25 or T-75 flasks 
using trypsin-EDTA, resuspended in complete medium without antibiotics and 
counted. The cells were pelleted, resuspended in a small volume of Optimem 
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(Invitrogen, CA) containing plasmid DNA/GeneExpresso complexes (1:4 ratio) 
and incubated for 20 min at 37oC. The cells were then resuspended in complete 
medium and added to flasks, 6-well plates or Nunc chamber slides. The cells 
were treated with Dex the following day. Following two days of Dex treatment, 
the transfected cells were used for the experiments described below. All 
experiments were performed at least three times. 
 

Immunocytochemistry 
Cells were grown on Nunc chamber slides and treated with Dex as described 
above. The cells were fixed with 4% paraformaldehyde for 30 min and washed 
in phosphate buffered saline (PBS). After incubation in PBS containing 3% 
BSA, 1% goat serum and 0.2% Triton X-100 (PBS-BSA/GS) for 1 hr to block 
non-specific binding, the cells were incubated with either chicken antibody 
against Rab3D (1:100 dilution in PBS-BSA/GS) or mouse antibody against the 
myc-tag (1:200) overnight at 4oC. The cells were then incubated with rabbit 
antibodies against amylase for 2 hrs, followed by a mixture of Alexa fluor-488-
conjugated goat-anti-rabbit IgG and Alexa fluor-568-conjugated goat anti-
chicken IgG or anti-mouse secondary antibodies. Fluorescent signals were 
visualized using a BioRad RadiancePlus confocal microscope. Images were 
obtained, merged and assembled into figures using Adobe Photoshop software. 
 

Preparation of cell lysates and subcellular fractions 
AR42J cells were scraped into PBS, washed and pelleted. Cell pellets were 
resuspended in lysing solution (20 mM Tris-HCL [pH 7.0], 150 mM NaCl,  
1x protease inhibitor mix). To obtain cytosolic and membrane fractions, the cells 
were freeze-thawed 3x and centrifuged at 120,000 x g for 40 min. The 
supernatant represented the cytosolic fraction. The pellet was resuspended in an 
equal volume of lysing solution and represented the membrane fraction.  
 

Density gradient centrifugation 
AR42J cells were transfected as described, seeded in T-75 flasks and treated 
with Dex. After 48 hrs, transfected cells from one or two T-75 flasks were 
harvested and gently homogenized using a Tissue Tearor (Glen Mills Inc., NJ). 
A post-nuclear supernatant (PNS) fraction was obtained by centrifugation at 500 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.  
 

Immunoblotting of subcellular fractions 
An equal volume of 2x SDS sample buffer was added to cell lysates or 
subcellular fractions. The samples were boiled for 3 min and applied to 12% 
polyacrylamide gels. Following SDS-PAGE, proteins were electroblotted to 
nitrocellulose membranes (Schleicher and Schuel, NH). The membranes were 
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incubated with 1% BSA/1% goat serum (GS) in TBST (50 mM Tris pH 7.5,  
0.15 M 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). 
 

Amylase and protein assays 
Protein assays were performed using the BioRad protein assay reagent (BioRad, 
Hercules, CA) 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 pH 7.5) 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 Phadebas amylase assay (Pharmacia, 
Stockholm, Sweden). Amylase release is expressed as percent total release into 
the AAB during the 40 min incubation or amylase release per µg protein. 
Cellular amylase levels are expressed as amylase units per mg protein.  
 
RESULTS 
 

Expression and subcellular localization of Rab3D in AR42J cells 
Treatment with Dex has been shown to induce the differentiation of AR42J cells 
into acinar-like cells and de novo formation of electron-opaque secretory 
granules, which contain the major pancreatic zymogens [26, 27]. We and others 
have previously demonstrated that Rab3D is expressed in AR42J cells and that 
Rab3D levels increase upon treatment with Dex [23, 28, 30], suggesting that 
Rab3D plays a role in regulated exocytosis in these cells. It should also be noted 
that the other three Rab3 isoforms (Rab3A, Rab3B and Rab3C) are expressed in 
this cell line [23, 28]. Interestingly, the four Rab3 isoforms do not co-localize 
with one another [23], suggesting that they may have distinct roles in these cells. 
Treatment of AR42J cells with CCK-8 results in a > 2-fold increase in amylase 
release over basal release. However, the effect of secretagogues, such as CCK-8, 
on the subcellular localization of Rab3D in AR42J cells has not been examined. 
We examined the effects of CCK-8 on Rab3D localization by immunoblotting 
membrane and cytosolic fractions from AR42J cells treated with 1 nM CCK-8 or 
no additions for 40 min.  
As shown in Fig. 1A, the majority of Rab3D is membrane-associated in 
stimulated and non-stimulated AR42J cells. Quantitative analysis of Rab3D 
levels on the immunoblots revealed that 80.2+2.3% and 78.8+1.4% of Rab3D is 
membrane-associated in the absence or presence of CCK-8, respectively. 
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Fig. 1. Localization of Rab3D in AR42J cells. A – AR42J cells were cultured with Dex  
(50 nM) for 2 days. The cells were incubated with CCK-8 (1 nM) or no additions (NA) for 
40 min, then harvested. Cytosol (C) and membrane (M) fractions were prepared and 
immunoblotted for Rab3D. MW markers are on left (kD). B – AR42J cells were cultured 
with Dex (50 nM) for 2 days. The cells were treated with CCK-8 (1 nM) or no additions 
for 40 min, then washed with PBS and fixed with 4% paraformaldehyde in PBS. The cells 
were immunostained for Rab3D (red) and amylase (green) as described. Scale bars, 10 µm. 
C – High magnification of areas enclosed in squares in 1B. 
 

Next, we examined the effects of CCK-8 on the localization of Rab3D in AR42J 
cells by confocal microscopy. As shown in Fig. 1B, under basal conditions 
Rab3D co-localizes with amylase, indicating that Rab3D is present on the 
secretory granules of AR42J cells. Treatment with CCK-8 for 40 min resulted in 
a more peripheral labeling pattern of amylase-containing granules in many cells 
(Fig. 1B). The intensity of amylase labeling did not decrease in CCK-8-treated 
cells as one might expect (Fig. 1B). This may be due to the fact that while CCK-
8 induces an increase in amylase release from AR42J cells, the relatively small 
decrease in total amylase levels in CCK-8-treated cells (approx. 10%) cannot be 
detected visually. High magnification of the granules revealed a more diffuse 
labeling pattern with Rab3D when compared with amylase staining in control 
cells (Fig. 1C). Nevertheless, co-localization of Rab3D and amylase appeared to 
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be complete. However, in CCK-8-treated cells it appeared that Rab3D/amylase 
co-localization was not as complete when compared with untreated cells. In 
many CCK-8-treated cells Rab3D positive staining was more evident in the 
central portion of the cell in the merged images indicative of the formation of 
Rab3D–positive/amylase-negative structures following stimulation (Fig. 1B and 
1C). Our findings indicate that Rab3D is associated with secretory granule 
membranes in AR42J cells, and that Rab3D may associate with other membrane 
organelles following agonist-induced secretion.  
 

Expression of myc-Rab3Dwt and myc-Rab3DQ81L in AR42J cells 
To examine the role of Rab3D in AR42J cells, we transfected the cells with 
plasmids coding for myc-Rab3Dwt and myc-Rab3DQ81L. The Rab3DQ81L 
mutant is constitutively active and does not cycle between GDP- and GTP-
bound forms of the protein. In an attempt to increase transfection efficiency, 
AR42J cell pellets were incubated directly with the DNA/GeneExpresso 
complexes for 20 min prior to plating, as opposed to conventional methods in 
which cells that have already been plated are treated with DNA/transfection 
reagent complexes. When transfection of plated cells was compared with 
transfection of cell pellets, transfection efficiencies increased from < 10% to 
approx. 35%, respectively. Hence, transfection of AR42J cell pellets results in 
greater transfection efficiency. Therefore, this method was employed for the 
remainder of the study. 
  

 
 

Fig. 2. Overexpression of myc-Rab3D wt and Q81L in AR42J cells. A – AR42J cells were 
mock-transfected or transfected with myc-Rab3Dwt (WT) or myc-Rab3DQ81L (Q81L) 
plasmids, then cultured in the presence of Dex for 2 days. Cytosol (C) and membrane (M) 
fractions were prepared and immunoblotted for Rab3D. The myc-tagged recombinant 
Rab3D proteins migrated just above endogenous Rab3D. B – Cytosol (C) and membrane 
(M) fractions from mock-transfected AR42J cells or AR42J cells overexpressing myc-
Rab3Dwt (WT) or myc-Rab3DQ81L (Q81L) were immunoblotted with antibodies against 
Rab5 and Rab1B. Overexpression of neither myc-Rab3Dwt nor myc-Rab3DQ81L altered 
the subcellular localization of Rab5 or Rab1B. MW markers are on left (kD). 
 

To examine the subcellular localization of recombinant Rab3D, membrane and 
cytosolic fractions were prepared from mock-transfected AR42J cells or AR42J 
cells overexpressing myc-Rab3Dwt or myc-Rab3DQ81L, then immunoblotted 
using Rab3D-specific antibodies. Recombinant myc-Rab3D and endogenous 
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Rab3D can be distinguished by their different molecular weight (MW) on 
immunoblots, the recombinant forms being larger because of the myc-tag.  
As shown in Fig. 2A, recombinant Rab3D proteins (wt and Q81L) were 
predominantly cytosolic, whereas endogenous Rab3D was predominantly 
membrane-associated. Recombinant myc-Rab3D proteins were also present in 
the membrane fraction. The amount of membrane-associated Rab3D (wt and 
Q81L) is increased approx. 3-fold in transfected cells. The cytosolic localization 
of the majority of recombinant Rab3D proteins is probably due to the limited 
capacity of the cell to isoprenylate Rab3D. This process involves several Rab 
accessory proteins including REP, geranylgeranyl transferase II and perhaps 
Rab-GDI. Other Rab3D-specific proteins may also be involved in lipid 
modification and membrane delivery of Rab3D in acinar cells. To ensure that 
overexpression of recombinant Rab3D does not affect the localization of other 
Rab proteins by interacting with Rab accessory proteins such as REP and/or 
GDI, we examined the subcellular distribution of Rab5 and Rab1B in cells 
overexpressing myc-Rab3Dwt and myc-Rab3DQ81L. As shown in Fig. 2B, 
overexpression of recombinant Rab3D did not alter the subcellular distribution 
of Rab5 or Rab1B. 
The effect of overexpression of myc-Rab3Dwt and myc-Rab3DQ81L on granule 
morphology was examined next. AR42J cells were grown on chamber slides, 
transfected as described and treated with Dex. After 48 hrs, the cells were fixed 
and immunostained with antibodies specific for the myc-epitope and amylase.  
Mock-transfected cells were devoid of staining with the myc-antibody (not 
shown). Cells expressing myc-Rab3Dwt or myc-Rab3DQ81L and adjacent non-
transfected cells were observed and compared in the same field (Fig. 3). Both 
myc-Rab3Dwt and myc-Rab3DQ81L co-localized with amylase on the secretory 
granules in transfected cells. Moreover, amylase staining in cells transfected 
with myc-Rab3Dwt or myc-Rab3DQ81L was similar when compared with non-
transfected cells in the same field. Upon examination of numerous fields in 
which transfected and non-transfected cells were present, we determined that 
overexpression of neither myc-Rab3Dwt nor myc-Rab3DQ81L affects the 
distribution or appearance of amylase-containing granules in AR42J cells (Fig. 3). 
 

Effect of overexpression of myc-Rab3Dwt or myc-Rab3DQ81L on CCK-8-
induced amylase release and amylase levels in AR42J cells 
Agonist-induced amylase release was measured in mock-transfected AR42J cells 
and AR42J cells overexpressing myc-Rab3Dwt or myc-Rab3DQ81L. As shown 
in Fig. 4A, CCK-8 caused a > 2-fold increase in amylase release in mock-
transfected cells. Overexpression of myc-Rab3Dwt or myc-Rab3DQ81L did not 
alter basal or CCK-8-induced amylase release, indicating that Rab3D does not 
regulate agonist-induced amylase release in AR42J cells. 
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Fig. 3. Overexpression of myc-Rab3D wt and Q81L in AR42J cells does not affect amylase 
localization. AR42J cells transfected with myc-Rab3Dwt (top panels) or myc-Rab3DQ81L 
(lower panels) plasmids were cultured in the presence of Dex for 2 days, washed with PBS 
and fixed with 4% paraformaldehyde in PBS. The cells were immunostained for the myc 
antigen and amylase as described in Methods. Amylase staining is shown on the left and 
immunostaining of the myc antigen on the right. Comparison of amylase staining in myc-
positive (white arrowheads) and negative cells revealed that overexpression of neither myc-
Rab3Dwt nor myc-Rab3DQ81L affects the staining or distribution of amylase in AR42J 
cells. Scale bars, 10 um. 
 

 
 

Fig. 4. Effect of overexpression of Rab3D on agonist-induced amylase release and amylase 
levels. A – Overexpression of myc-Rab3Dwt or myc-Rab3DQ81L does not affect CCK-8-
induced amylase release in AR42J cells. AR42J cells were mock-transfected or transfected 
with myc-Rab3Dwt or myc-Rab3DQ81L plasmids, then cultured in the presence of Dex for 2 
days in 6-well plates. The cells were washed with AAB and incubated with no additions or 
CCK-8 (1 nM) for 40 min. Supernatants and cell lysates were collected and assayed for 
amylase activity. 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 represent means + SEM from six experiments. B – Overexpression of myc-
Rab3Dwt, but not myc-Rab3DQ81L, increases amylase levels in AR42J cells. AR42J cells 
were mock-transfected or transfected with myc-Rab3Dwt or myc-Rab3DQ81L plasmids, 
then cultured in the presence of Dex for 2 days. The cells were harvested and cell lysates 
were prepared. Amylase activity and protein levels were determined as described in Methods. 
Values were normalized to 1 (mock-transfected cells). 
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Next, we measured total amylase levels in mock-transfected AR42J cells and 
AR42J cells overexpressing myc-Rab3Dwt or myc-Rab3DQ81L. Results were 
expressed as amylase units per mg protein and normalized to amylase levels in 
mock-transfected cells. As shown in Fig. 4B, overexpression of myc-Rab3Dwt 
resulted in a 1.73-fold increase in cellular amylase levels when compared with 
mock-transfected cells, whereas overexpression of myc-Rab3DQ81L did not 
affect amylase levels. These findings suggest that Rab3D is involved in 
regulating the amount of amylase stored within the cell. 
 

Overexpression of myc-Rab3Dwt or myc-Rab3DQ81L does not affect long-
term basal amylase release or granule density 
Next, we examined the effect of overexpressing myc-Rab3Dwt or myc-
Rab3DQ81L on long-term basal amylase release. We reasoned that the increase 
in amylase levels in cells overexpressing myc-Rab3Dwt may be due to a subtle 
decrease in basal (constitutive) amylase release, resulting in an increase in 
cellular amylase levels. The cells were transfected and seeded in 6-well plates as 
described, then treated with Dex (50 nM). The media were collected 48 hrs after 
the addition of Dex. The cells were harvested and the protein content of each 
well was determined. Overexpression of neither myc-Rab3Dwt nor myc-
Rab3DQ81L significantly altered basal amylase release (not shown). Hence, 
higher amylase levels in cells overexpressing myc-Rab3Dwt is not due to  
a decrease in basal secretion.We then examined the density of amylase-
containing secretory granules in AR42J cells overexpressing myc-Rab3Dwt or 
myc-Rab3DQ81L. Post-nuclear supernatants (PNS) were prepared from 
transfected and mock-transfected cells and loaded onto an Optiprep gradient (see 
Methods). During the preparation of PNS, many granules are broken and, 
therefore, high amylase activity is detected in low-density fractions of the 
gradient (F1-F4) which contain soluble proteins. The amylase content of 
medium- and high-density membrane fractions (F5-F14) is presented in Fig. 5. 

In mock-transfected cells, amylase activity peaks in F7 and F11 (Fig. 5). This is 
consistent with what we have previously observed with AR42J cells and 
Optiprep gradients [30]. The amylase peak at F11 in these cells most likely 
represents high-density ZGs, whereas the low-density peak (F7) may represent 
amylase-containing Golgi fractions or immature granules. Although the low-
density peak (F7) appears less evident in AR42J cells overexpressing myc-
Rab3Dwt or myc-Rab3DQ81L (Fig. 5), this result was not consistently 
observed. However, in mock-transfected cells and cells overexpressing myc-
Rab3Dwt or myc-Rab3DQ81L, the high density peak in amylase activity was 
observed in F11 (Fig. 5). These findings indicate that overexpressing myc-
Rab3Dwt or myc-Rab3DQ81L does not affect the density of amylase-containing 
ZGs in AR42J cells and that the higher amylase levels observed in cells 
overexpressing myc-Rab3Dwt is not the result of increased amylase 
concentration in secretory granules.  
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Fig. 5. Density gradient centrifugation of mock-transfected and AR42J cells transfected 
with myc-Rab3Dwt or myc-Rab3DQ81L. Mock-transfected AR42J cells and AR42J cells 
transfected with myc-Rab3Dwt or myc-Rab3DQ81L plasmids 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 ul) were collected from the top of the gradient. Amylase levels in the fractions were 
determined and the data were normalized to 1, which represents the maximum level of 
amylase activity. A peak in amylase activity was observed in F11 (arrow) in mock-
transfected AR42J cells as well as AR42J cells transfected with myc-Rab3Dwt or myc-
Rab3DQ81L plasmids, indicating that overexpression of myc-Rab3D WT or Q81L does 
not affect granule density. Similar results were observed in three experiments. 
 
DISCUSSION 
 

Although many different approaches have been employed in examining the role 
of Rab3D in exocrine cell function, its role remains unclear. In the present study, 
we examined the role of Rab3D in Dex-treated AR42J cells, a cell line derived 
from rat pancreatic cancer cells that resembles pancreatic acinar cells when 
treated with Dex [26, 27]. Immunoblotting of subcellular fractions revealed that 
approximately 80% of cellular Rab3D is membrane-associated in AR42J cells,  
a value similar to that observed in parotid acinar cells [16]. We examined the 
effect of CCK-8-stimulated amylase release on the subcellular localization of 
Rab3D in AR42J cells and found that the level of membrane-associated Rab3D 
did not change following CCK-8 treatment. In a previous study we observed an 
increase in membrane-associated Rab3D following agonist-induced amylase 
release in isolated parotid acini [16]. However, in those studies agonist-induced 
amylase release from isolated parotid acini was increased >4-fold over basal 
levels, whereas in the present study CCK-8-induced amylase release was 
increased approximately 2-fold over basal levels. Hence, detectable redistribution 
of Rab3D may require a relatively robust secretory response.  
Immunocytochemical studies revealed that under basal conditions Rab3D co-
localizes almost completely with amylase-containing granules in AR42J cells. 
Although the localization of Rab3D in AR42J cells has been described by others 
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[23, 28], the effect of secretory agonists on cell morphology has not been 
examined. We found that in response to treatment with CCK-8, the Rab3D-
positive amylase-containing granules appear to move toward the periphery of the 
cell. Moreover, Rab3D-positive, amylase-negative structures were observed in 
the cell interior following stimulation with CCK-8. These Rab3D-positive 
structures may represent granule membrane that has been retrieved following 
regulated exocytosis. We did not observe Rab3D on the plasma membrane under 
any conditions in AR42J cells, suggesting that Rab3D-positive membrane 
components are removed from the granule membrane prior to fusion with the 
cell membrane. This is consistent with an earlier study in which a Rab3-like 
protein became associated with the Golgi, not the plasma membrane, following 
agonist-induced secretion in pancreatic acinar cells [32]. Moreover, we found an 
increase in the amount of Rab3D associated with low-density membrane 
fractions in isolated parotid acini following agonist-induced amylase release 
[20]. Taken together, these findings suggest that Rab3D may be recycled from 
the secretory granules to the Golgi prior to granule fusion with the cell 
membrane. Exactly how this redistribution occurs remains to be determined. 
To further elucidate the role of Rab3D in acinar cell function, we overexpressed 
wild-type and a constitutively active form of Rab3D in AR42J cells. We 
employed a modified transfection method using GeneExpresso transfection 
reagent in which the cells were transfected by incubation with the DNA/reagent 
complexes prior to plating. This method improved the transfection efficiency 
from <10% to >35%. Although immunoblotting of subcellular fractions revealed 
that the majority of recombinant Rab3D was localized in the cytosol, membrane-
associated Rab3D levels were increased >3-fold over mock transfected cells. 
Overexpression of myc Rab3D (mutant or WT) did not affect the localization of 
endogenous Rab3D. 
With respect to functional studies, we found that overexpression of Rab3D (WT 
or mutant) did not affect agonist-induced amylase release from AR42J cells. 
This is consistent with what has been previously observed with this cell line 
[23]. However, others have demonstrated that overexpression of Rab3D does 
affect regulated exocytosis in exocrine cells using other approaches and cell 
systems. For example, overexpression of Rab3D in transgenic mice resulted in 
an increase in agonist-induced amylase release from pancreatic acini [33]. In 
contrast to these findings, overexpression of WT and the constitutively active 
mutant Rab3D in pancreatic acini using adenoviral vectors did not affect 
agonist-induce amylase release, whereas overexpression of a dominant-negative 
mutant (deficient in guanine nucleotide binding) inhibited amylase release [34]. 
Although different effects of mutant and WT Rab3D proteins were observed, 
these studies suggest a role for Rab3D in exocytosis.  
While overexpression of Rab3D did not affect agonist-induced amylase release 
from AR42J cells in the present study, we did observe an increase in cellular 
amylase levels in cells overexpressing myc-Rab3Dwt. This effect was not seen 
in cells overexpressing myc-Rab3DQ81L, indicating that cycling between active 
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and inactive forms of Rab3D may be required for these effects to be seen. 
Immunocytochemistry revealed that overexpression of Rab3D did not alter 
granule morphology or localization in AR42J cells. Moreover, density gradient 
centrifugation studies showed that granule density was unchanged in cells 
overexpressing mutant or WT Rab3D. We proposed that the increase in amylase 
levels in cells overexpressing myc-Rab3Dwt may be due to a subtle change in 
basal amylase release. However, long-term basal amylase release was not altered 
by overexpression of mutant or WT Rab3D. Hence, Rab3D most likely 
modulates amylase content in AR42J cells by regulating granule biosynthesis. 
Several studies indicate a role for Rab3D in granule biogenesis as opposed to 
late fusion events. In a Rab3D-deficient mouse model, agonist-induced amylase 
release was not altered in parotid or pancreas [25]. Interestingly, granule size 
was doubled in these mice, suggesting a role for Rab3D in granule formation 
[25]. With respect to studies using Rab3D-deficient mice, one may argue that 
other Rab proteins expressed in the acinar cell, specifically Rab27B, may 
overlap in function with Rab3D, and, therefore, offset the loss of Rab3D in 
Rab3D-deficient mice. This issue remains to be resolved. However, another 
more recent study has demonstrated that the transcription factor MIST1 induces 
the formation of large granules in gastric chief cells by inducing expression of 
Rab3D and Rab26 [35]. Similarly, overexpression of mutant Rab3D interfered 
with the formation of Weibel-Palade bodies in platelets [36]. All of these studies 
support a role for Rab3D in regulating granule formation and, perhaps, granule 
content. Although we did not measure granule size in the present study, the 
increase in amylase levels we observed in AR42J cells overexpressing myc-
Rab3Dwt may be a result of an increase in granule size and/or number.  
Others have demonstrated that Rab3D is associated with subpopulations of 
secretory granules [20, 37] and is actually shed from granule membranes prior to 
exocytosis [19]. Valentijn et al. [19] found that pancreatic granules engaging in 
exocytosis were coated with actin while Rab3D was released from the granule 
membrane. Whether or not Rab3D is involved in regulating actin binding to 
granules remains to be elucidated. More recently, Rab3D has been localized to 
the early Golgi compartments in Brunner’s gland acinar cells and intestinal 
goblet cells [18], suggesting a role for Rab3D much earlier in the secretory 
pathway than previously considered. These findings, along with those in the 
present study, further support the hypothesis that Rab3D may not be involved in 
the actual fusion process in exocrine cells.  
To conclude, we examined the expression and function of Rab3D in AR42J cells 
using what we believe is a more efficient transfection procedure. Although 
Rab3D is associated with amylase-positive secretory granules in these cells, our 
results indicate that Rab3D is not involved in agonist-induced exocytosis. 
Rather, Rab3D may regulate amylase content in these cells. 
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