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Any assumption about the role of the newly detected cathepsin B
polymorphisms in pancreatitis must, for now, remain speculative

A
cute pancreatitis has long been
considered an autodigestive dis-
order in which the pancreas is

destroyed by its own digestive pro-
teases.1 Under physiological conditions
pancreatic proteases are synthesised as
inactive precursor zymogens and stored
by acinar cells in zymogen granules.
Autodigestion of the gland would there-
fore require premature activation of
these zymogens. How and where such
a premature and intrapancreatic activa-
tion of digestive proenzymes is initiated
in the course of pancreatitis has been
the subject of several investigations.2 3

Recent studies strongly suggest that the
early pathophysiological events that
eventually lead to necrosis of pancreatic
tissue originate in acinar cells3–5 and
involve the intracellular presence of
active trypsin,5 6 a serine proteinase
capable of activating other pancreatic
zymogens. Within pancreatic acinar
cells cytoplasmic vesicles have been
identified as the subcellular compart-
ment in which premature trypsinogen
activation begins within minutes after
induction of experimental pancreati-
tis.3 7 8

The molecular mechanisms responsi-
ble for the intracellular activation of
trypsinogen, however, have remained
elusive. One hypothesis predicts that
the lysosomal cysteine proteinase cathe-
psin B (CTSB) plays an essential role in
this process.9 The largely circumstantial
evidence for this ‘‘cathepsin B hypoth-
esis’’ is based on the following observa-
tions: (a) CTSB has been shown to
activate trypsinogen in vitro10; (b) dur-
ing the initial phase of acute pancreatitis
in several animal models, redistribution
of CTSB into a zymogen granule con-
taining subcellular compartment was
detected by density gradient centrifuga-
tion11; and (c) in the same pancreatitis
models lysosomal enzymes were
detected by immunogold electron
microscopy in secretory organelles that
also contained digestive enzymes (for
example, trypsinogen).12 Experimental
approaches to show an essential role
for CTSB in premature zymogen activa-
tion by inhibition of this lysosomal

enzyme with synthetic inhibitors ren-
dered contradictory results either
increasing13 or decreasing premature
zymogen activation,14 or failing to
improve the course of experimental
pancreatitis.15 To test the cathepsin B
hypothesis more directly and to over-
come the shortcomings of lysosomal
enzyme inhibitors, which have only
limited specificity for CTSB, a CTSB
deficient mouse strain that was gener-
ated by targeted disruption of the ctsb
gene was studied in an experimental
animal model of pancreatitis.16 The
results of these studies were unequiv-
ocal: 90% of intrapancreatic trypsinogen
activation during pancreatitis depends
on the presence of cathepsin B.16 While
the reduction in local and systemic
complications of pancreatitis that were
conveyed by deletion of ctsb were not
nearly as impressive, the experiments
answered the question about the patho-
physiological role of CTSB in premature
digestive enzyme activation during
experimental pancreatitis with a
resounding yes and settled all argu-
ments about this issue.

The relevance for human disease,
however, is another matter. First
attempts to establish the relevance of
the cathepsin B-pancreatitis hypothesis
in humans focused on the capacity of
the lysosomal enzyme to activate
human trypsinogen, and specifically
varieties of human trypsinogen, into
which disease relevant mutations had
been introduced that were identified in
the context of hereditary pancreatitis
studies. Hereditary pancreatitis is a type
of pancreatitis that follows an autoso-
mal dominant inheritance pattern, is
associated with an early diseases onset
of chronic pancreatitis (usually in chil-
dren and young adults), and is asso-
ciated with various germline mutations
in the cationic trypsinogen (prss1) gene.5

When recombinant trypsinogen with
hereditary pancreatitis mutations was
subjected to activation by CTSB in vitro
it was, indeed, found that some trypsins
behaved differently from their wild-type
counterpart,17 18 an observation that
clearly supported the cathepsin B

hypothesis of pancreatitis. On the other
hand, the most common PRSS1 muta-
tions, such as R122H and N29I, did not
convincingly vary from wild-type tryp-
sin in their activation kinetics by CTSB.19

The same study also demonstrated that
CTSB is abundantly secreted from the
human exocrine pancreas, plentifully
contained in pancreatic secretory zymo-
gen granules (rather than in lysosomes),
as well as active within the secretory
pathway.19 Thus all cellular conditions
for the cathepsin-B-pancreatitis hypoth-
esis to be operative in humans were
met. Moreover, the proposed require-
ment for a subcellular redistribution of
CTSB into the secretory compartment11

could finally be put to test because most
CTSB in the pancreas was found to
already reside in the secretory compart-
ment under physiological conditions19 20

rather than having to be redistributed
there from lysosomes. Nevertheless, no
direct evidence for active involvement of
CTSB in the onset of human pancreati-
tis—at least not in hereditary pancrea-
titis caused by the most common
mutations—could be produced from
these studies.

At this stage, Mahurkar and collea-
gues21 entered the fray with a study
published in the present issue of Gut
(see page 1270). This group from
Hyderabad had been instrumental in
characterising the genetic basis of tro-
pical pancreatitis,22 23 a disease variety
that was previously thought to be linked
to dietary components (for example,
cassava) or selenium deficiency and is
now known to be linked to mutations in
the pancreatic secretory trypsin inhibi-
tor gene (spink1 gene).4 Because spink1
mutations explain only about half of the
cases with tropical pancreatitis,
Mahurkar et al sequenced the entire
coding region of the ctsb gene from 51
South Indian patients with tropical
pancreatitis and speculated that ctsb
germline changes may explain the rest
of cases. When they compared their ctsb
sequencing data with that of 25 healthy
controls they found 23 different poly-
morphisms and increased the number of
patients to 140 (that of controls to 155)
to genotype all of them for the four most
interesting of these polymorphism. They
found a significant difference between
patients and controls only for a C76G
polymorphism that results in a leucine
to valine mutation at amino acid 26
(allele frequency in patients 0.46 versus
0.30 in controls). To rule out a chance
finding, they went further south in
India and recruited a second cohort of
tropical pancreatitis patients (n = 166)
and controls (n = 175) from Calicut and
genotyped them for the same four
polymorphism as the first group.
Again, only the Leu26Val mutation
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was about twice as common among
patients than controls.

So far the data would suggest that
carrying a C76G polymorphism in the
ctsb gene (that is, a leucine to valine
mutation in the CTSB protein) would
double the risk of developing tropical
pancreatitis provided one is ethnically
Drawidian and hail from southern
India. The study then went further.
The fact that the most common spink1
mutation associated with tropical pan-
creatitis (N34S) has no measurable
effect on the trypsin inhibiting capacity
of the SPINK1/PSTI protein24 led to the
speculation that, rather than causing
tropical pancreatitis in India5 and idio-
pathic pancreatitis elsewhere,25 26

SPINK1 may act as a modifier gene for
other genetic changes. That this was not
the case for mutations in the cationic
trypsinogen (prss1) gene had already
been shown27 but Mahurkar et al also
tested it for ctsb. As found previously for
trypsin, no differences in phenotype of
pancreatitis or genotype with regard to
N34S positive and N34S negative pan-
creatitis patients could be found for the
L26V mutation. This demonstrates
effectively that, whatever the effects of
the CTSB mutations, they are unrelated
to changes in SPINK1.

Other polymorphisms, those that do
not lead to amino acid exchanges and
were equally distributed between
patients and controls, varied between
N34S carriers and non-carriers in
further subgroup analyses but these
may have been chance findings. Hard
evidence was therefore only presented
for a twofold pancreatitis risk in carriers
or the L26V mutation in CTSB.

What could be the effect of this
mutation at the cellular level? As no
functional data are presently available,
structural consideration must serve as a
surrogate and the interpretation will
necessarily remain speculative. The
L26V mutation affects the propeptide
region of CTSB which makes it very
unlikely that it has an effect on the
catalytic centre and thus on the enzy-
matic activity of CTSB. The most that
could therefore be expected from a
mutation at this site would be an effect
on CTSB trafficking, but that may be
sufficient to be disease relevant because
it matters very much whether the
mannose-6-phosphate dependent sort-
ing of CTSB ends up in a lysosome or in
a zymogen granule where dangerous
substrates such as trypsinogens reside.

Little else can be learned from the
actual polymorphism: a leucine to valine
exchange is about as unexciting as a
mutation can get, replacing one non-
polar amino acid with another that
differs only in one CH2 group. A more
attractive explanation to emerge from

functional studies would be that the
mutation affects the capacity of CTSB to
activate mesotrypsin, a trypsin variant
that preferentially degrades SPINK1,28

which in turn can inhibit cationic
trypsin, which in turn has an estab-
lished role in at least some variety of
pancreatitis. As this complicated chain
of events indicates, any assumption
about the role of the newly detected ctsb
polymorphism in the context of pan-
creatitis must remain wildly speculative.
Even a role of CTSB in pancreatitis that
is completely unrelated to activation of
trypsin must be considered, just as the
function of SPINK1 in the pancreas was
found in knockout animal studies to
involve embryonic pancreas develop-
ment and not, to the surprise of many,
the premature activation of trypsinogen
during pancreatitis.29

Functional studies that examine the
biochemistry, cell biology, and interac-
tion with other proteins for different
CTSB variants will ultimately have to
provide that answer. Whether other
more common varieties of pancreatitis
are equally associated with genetic ctsb
changes will also have to be determined.
Until then, Mahurkar et al have proven
to us that: (1) the 30 year old cathepsin
B hypothesis of pancreatitis has entered
the phase in which evidence from
human studies is finally being pre-
sented, and (2) that candidate gene
sequencing based on pathophysiological
information is still a valid and success-
ful research strategy, particularly when
well characterised patient cohorts are
available for genotyping. The authors
from Hyderabad should be congratu-
lated on these achievements.
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Endothelin may be involved in many of the vascular abnormalities
in patients with cirrhosis, and its overall effects in different tissues
may depend on differential expression of endothelin receptors on
smooth muscle and endothelial cells

M
any of the complications of
cirrhosis result from haemody-
namic changes involving the

systemic circulation and regional vascu-
lar beds. Typically, patients with
advanced cirrhosis and portal hyperten-
sion have a hyperdynamic vasodilated
circulation characterised by high cardiac
output and low blood pressure, and this
leads to compensatory activation of
vasoconstrictor systems, including the
sympathetic nervous system and renin-
angiotensin-aldosterone systems.1 Much
of this picture can be attributed to
vasodilatation of the mesenteric vascu-
lar bed which in turn contributes to
portal hypertension by increasing portal
inflow. While vascular resistance in the
mesenteric bed is reduced, another
major contributor to portal hypertension
is an increase in vascular tone within
the liver which is at least partly
mediated by hepatic stellate cells.
Altered local vascular tone contributes
to other important complications of
cirrhosis—intrarenal vasoconstriction
can result in the hepatorenal syndrome,
while in the lung pathological vasodila-
tation can result in the development of
the hepatopulmonary syndrome, and
less commonly pulmonary vasoconstric-
tion may result in portopulmonary
hypertension. As a result there has been
intense interest in understanding the
mechanisms and vascular mediators
responsible for these systemic and
regional changes in vascular tone with

the hope that this will lead to the
development of new treatments.

Endothelin 1 (ET-1) is a potent
endothelium derived vasoactive peptide
that plays a central role in regulating
vascular tone in healthy individuals but
has multiple other actions that may be
of importance in disease, including
stimulation of cellular growth and pro-
liferation, and involvement in the
wound healing response and tissue
fibrogenesis.2 3 For more than a decade
there has been major interest in the
possible role of ET-1 in the pathogenesis
of cirrhosis, its contribution to portal
hypertension, and the possibility that
endothelin antagonists might be used in
the treatment of portal hypertension
and other complications of cirrhosis.4 5

Plasma endothelin levels are increased
in cirrhosis, and correlate with the
severity of liver disease and portal
pressures.6 7 The hepatosplanchnic cir-
culation, including the splenic vascular
bed and the liver itself, appears to be the
major source of this increased endothe-
lin production.8–11 Importantly, while in
health the vascular endothelium is the
major source of endothelin production,
in the cirrhotic liver ET-1 appears to be
largely derived from activated stellate
cells.10 Recent studies suggest that in
cholestatic liver injury, cholangiocytes
are another important source of ET-1.12

A number of lines of evidence suggest
that this increased ET-1 production may
contribute to portal hypertension.

Endothelin receptor expression is upre-
gulated in liver disease and hepatic
stellate cells express the highest levels
of endothelin receptors.13–15

Furthermore, endothelin induced con-
traction is enhanced in stellate cells
from cirrhotic rat livers and in the intact
liver endothelin causes sustained vaso-
constriction.16 Thus it has been proposed
that increased hepatosplenic production
of endothelin contributes to portal
hypertension by mediating intrahepatic
stellate cell contraction and an increase
in hepatic sinusoidal tone. This concept
has been supported by studies in animal
models of portal hypertension which
have shown that administration of
endothelin antagonists reduces portal
pressure.17–19 The weight of evidence is
that this effect is largely due to a
reduction in hepatic and collateral resis-
tance rather than to changes in mesen-
teric blood flow.17 19

Thus there is strong experimental
evidence that endothelin contributes to
increased intrahepatic vascular tone in
cirrhosis. However, there is also evi-
dence that altered responsiveness to
ET-1 may contribute to changes in the
systemic and mesenteric circulation.
Despite elevation of circulating endothe-
lin and vasopressin levels and activation
of the renin-angiotensin system and
adrenergic nervous systems, peripheral
and mesenteric vascular tone is reduced
in patients with advanced liver disease,
with the degree of activation of vaso-
constrictor responses being greatest in
those in whom vasodilatation is most
prominent.20 This suggests vascular
responsiveness to these endogenous
vasoconstrictors is impaired. Helmy et
al have shown that peripheral vascular
responses to angiotensin II are dimin-
ished in cirrhotic patients but can be
restored by inhibition of local nitric
oxide production.21 Using a similar
experimental approach, these workers
observed that in patients with compen-
sated cirrhosis, vasoconstrictor
responses to ET-1 were significantly
reduced compared with controls.5 22 We
have recently shown that infusion of
ET-1 into the forearm of patients with
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