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The potential role of kinesin and dynein in Golgi
scattering and cytoplasmic vacuole formation during

acute experimental pancreatitis
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Dear Editor,

Acute pancreatitis is initiated in pancreatic acinar cells
and characterized by a profound disturbance in intracel-
lular vesicle transport. Moreover, secretion of pancreatic
zymogens is blocked, paralleled by the formation of
cytoplasmic vacuoles with premature protease activation
that precedes cellular necrosis and organ damage [1]. An
early event triggering the development of acute pancrea-
titis could be the rapid disassembly of the acinar cell cy-
toskeleton that has been observed during secretagogue-
induced pancreatitis in rodents [2]. Microtubules and
their motor proteins have been shown to be critically
involved in vesicular trafficking and polarized secretion
[3]. Furthermore, microtubule-dependent mechanisms
seem to be responsible for the replenishment of zymogen
granules after secretion, presumably by mediating the
movement of Golgi vesicles toward the acinar cell lumen
[4]. Impairment of these mechanisms early during pan-
creatitis could therefore lead to a block in secretion and
to the formation of cytoplasmic vacuoles, in which pre-
mature activation of zymogens occurs. This is supported
by the observation that treatment with compounds block-
ing cytoskeletal function led to intracellular perturbations
similar to those observed during acute pancreatitis [5],
and that pharmacological prevention of microtubule dis-
sociation prevented acute pancreatitis in rodents [6].

In the present study, we used the rat model of caer-
ulein-induced pancreatitis to investigate the role of
microtubule motor proteins kinesin and dynein in the
development of acute pancreatitis. We first assessed the
expression of kinesin, dynein and tubulin during experi-
mental pancreatitis. To this end, pancreatic homogenates
were prepared from male Wistar rats, anesthetized with
pentobarbital sodium (60 mg/kg) during surgery and
infused with supramaximal concentrations of caerulein
(10 pg/kg/h) for up to 48 h [2]. After standardization to
DNA content, western blot analysis was performed with
antibodies raised against kinesin-1 heavy chain and cy-

toplasmic dynein 74 kD intermediate chain, as described
previously [4]. As shown in Figure 1A, protein levels of
tubulin, dynein and kinesin in the pancreas barely change
during the early stages of pancreatitis, suggesting that pro-
teolytic degradation of motor proteins is not the cause for
intracellular trafficking disorders. After 1 h of caerulein
administration, tubulin and kinesin signal intensities were
not altered, whereas a decrease in dynein signal inten-
sity and an additional dynein signal at a lower molecular
weight were visible during the acute phase of pancreati-
tis, indicating that dynein was partially degraded during
pancreatitis.

To determine whether the association of tubulin with
its molecular motors changed during the initial phase of
pancreatitis, we purified microtubules from pancreatic
tissue at different time points of caerulein administration
using a method based on temperature-dependent micro-
tubule disassembly/reassembly [4]. Purified microtubule
fractions displayed similar signal intensities of dynein,
kinesin and tubulin (Figure 1B), suggesting that microtu-
bule motor protein association is not affected during the
whole course of experimental pancreatitis.

We further examined the intracellular distribution of
kinesin and dynein during caerulein-induced pancreatitis
by immunostaining of pancreatic sections with anti-kine-
sin and anti-dynein monoclonal antibodies [7]. Remark-
ably, dynein and kinesin were predominantly localized to
the perinuclear region of acinar cells and did not relocate
during the whole course of pancreatitis (Figure 1C and
1D), suggesting that they are not directly involved in the
impairment of apical secretion.

Impairment of microtubule-dependent mechanisms at
the early stages of pancreatitis could lead to a disorgani-
zation of the Golgi complex in pancreatic acinar cells [8].
The Golgi apparatus of pancreatic acinar cells has been
described in detail [9]. We analyzed Golgi morphology
by immunofluorescence microscopy of pancreatic sec-
tions obtained after different time points of caerulein ad-
ministration using antibodies directed against the Golgi
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marker 58K (for details see Schnekenburger et al. [4]).
During the initial and acute phase of pancreatitis (15 min
to 4 h), the Golgi complex was dispersed throughout
the acinar cell and displayed a vesiculated appearance,
whereas at 12 h after caerulein treatment, the Golgi sig-
nal was redistributed to the perinuclear region (Figure
1E).

Since various studies demonstrated that kinesin and
dynein are critically involved in Golgi positioning and
function (for review see Allan et al. [10]), Golgi scatter-
ing could be the result of a dissociation of motor proteins
from the Golgi complex. Furthermore, it has been sug-
gested that phosphorylation of kinesin and dynein plays
a negative role in regulating cargo binding [11, 12]. We
therefore determined whether kinesin and dynein were
phosphorylated during caerulein-induced pancreatitis.
Western blots prepared with immunoprecipitates of kine-
sin and dynein from pancreatic homogenates were ana-
lyzed using monoclonal anti-phosphotyrosine antibod-
ies [4]. As shown in Figure 1F, both molecular motors
undergo tyrosine phosphorylation within 15 min of the
onset of experimental pancreatitis, but do not appear to
be tyrosine phosphorylated later than 30 min after caeru-
lein treatment. Kinesin and dynein might therefore be in-
volved in the concurrent scattering of the Golgi complex,
thereby contributing to a derangement of intracellular
enzyme sorting and to the formation of poorly condensed
vacuoles associated with acute pancreatitis [13].

Taken together, these data and prior studies suggest
that Golgi fragmentation is one of the initiating events
in acute pancreatitis, that it is paralleled by tyrosine
phosphorylation of dynein and kinesin and that its con-
sequence consists of the formation of cytoplasmic vacu-
oles. Whether these vacuoles represent the principle site
of premature intracellular zymogen activation — and thus
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the triggering event of pancreatitis — or merely contribute
to an arsenal of potential activation organelles will have
to be explored in future studies.
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Figure 1 (A) Western blot of tubulin, dynein and kinesin in pancreatic homogenates obtained after treatment with
saline (0 h) or with caerulein (10 pg/kg/h) for the time period indicated. DNA content of pancreatic homogenates was used
as a standard for loading equal amounts of pancreatic protein on SDS gels. (B) Association of kinesin and dynein with tubu-
lin. Tubulin and associated motor proteins were purified from homogenates obtained after infusion of rats with either saline or
caerulein (10 pg/kg/h) by two cycles of temperature-dependent disassembly/reassembly [4]. Equal amounts of protein were
used for western blot analysis with monoclonal antibodies raised against tubulin, kinesin and dynein. (C) Immunostaining of
dynein. Pancreatic paraffin sections from rats infused with either saline (0 h) or caerulein (10 pg/kg/h) for the time intervals in-
dicated were labeled with monoclonal antibodies raised against dynein intermediate chain, biotinylated secondary antibodies
and with a complex of avidin and biotinylated horseradish peroxidase. Tissue was stained with hematoxylin and eosin. Note
the signs of acute pancreatitis such as vacuolization, edema formation and widening of the interstitial space at 2 h and 12 h.
(D) Immunostaining of kinesin with monoclonal anti-kinesin antibodies. For further details, see C. (E) Immunofluorescence
microscopy of the Golgi marker 58K. Pancreatic paraffin sections from rats infused with either saline (Con) or caerulein (10
ug/kg/h) for the time intervals indicated were labeled using anti-Golgi 58K monoclonal antibodies and Cy3-marked secondary
antibodies. Nuclei were counterstained with DAPI and appear in blue. Asterisks denote the acinar lumen. Scale bar, 10 um. (F)
Western blot analysis of kinesin and dynein immunoprecipitates with anti-kinesin, anti-dynein and anti-phosphotyrosine anti-
bodies. Precipitates were obtained from pancreatic homogenates from rats after treatment with either saline (0 h) or caerulein
(10 pgr/kg/h) for the time intervals indicated. All experiments were repeated using at least three animals per time point.
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