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Acute pancreatitis is a common digestive
disease which is usualy diagnosed when there
is acute abdomina pain associated with a
concomitant rise of serum amylase and lipase
levels [1, 2]. However, up to 20% of patients
with acute pancreatitis may have normal serum
enzyme concentrations [3]. After exposure to a
trigger event (mainly acohol and gallstone
migration into the common bile duct), injury to
the gland occurs extremely rapidly and is
usually complete at the time of admission. For
the past 10 vyears, research amed at
understanding the early events which initiate
acute pancreatitis has provided new information
which has led to the recent development of
potentially useful diagnostic tools. In the mid
1990s, the urinary concentration of trypsinogen
and trypsinogen activation peptide (TAP) was
shown to be more sensitive and specific in
diagnosing acute pancreatitis than serum
amylase and lipase concentrations [4, 5, 6].
Since then, urinary trypsinogen and urinary
TAP represent good alternative tools for
clinicians in this situation, but the detection kits
are expensive and not avalable in every
hospital.

Acute pancreatitis is also a disease of variable
severity, while approximately 80% of patients
experience mild attacks which resolve
themselves with little morbidity, the remaining
20% [7] suffer from severe disease with
mortality rates as high as 30% [8]. Early
prediction of the severity of an attack of acute
pancrestitis remains the main goal for clinicians
in charge of such patients. The complexity of
using multifactorial scales, including Ranson

[9], Glasgow [10] and APACHE Il [11] scoring
systems, and the fact that CT scanning is
expensive, exposes the patient to ionizing
radiation and lacks sensitivity and specificity in
the early stage of the disease [12], account for
the increasing interest shown in serum markers
to predict the severity of an attack. If severe
attacks were detected at an early stage,
aggressive and efficient measures could be
implemented without undue delay. Thus, such
patients will probably benefit from admission to
tertiary  center, prophylactic  antibiotic
administration [13], early enteral nutrition [14]
and early endoscopic retrograde
cholangiopancreatography in pancreatitis of
suspected biliary origin [15]. In the recent study
of Neoptolemos et al. [16], urinary TAP
concentration measurement is proposed as a
valuable predictive factor inasmuch as it
provided accurate severity prediction in 172
patients with acute pancredtitis (35 with a
severe form) 24 hours after the onset of an
attack (70% accuracy at 24 hours).

In this article, we would like to briefly review
the pathophysiology of acute pancreatitis and
try to determine the effectiveness in using TAP
either as a diagnostic tool or prognostic
indicator in acute pancredtitis.

TAP: An Indicator of the First Molecular
Event during Experimental Pancreatitis ?

Trypsinogens are pancreatic proteases that can
initiate the autodigestive cascade characterizing
acute pancreatitis. TAP corresponds to the N-
terminal region of the peptide released by the
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*Normal pathway: enterokinaseislocated in the brush border of the small intestine
**Normal pathway: Trypsinogen autoactivation is a unique feature of human trypsinogen
** Abnormal pathway: cathepsin B is located within acinar cells

Figure 1. Trypsinogen could be either activated into
active trypsin either by the brush-border enzyme
enterokinase in the small intestine or by cathepsin B, a
lysosomal enzyme present in acinar cells. Another
mechanism of trypsinogen activation, which is a unique
feature of human trypsinogen, consists of trypsinogen
autoactivation. This finding may be more relevant to
human pancreatitis whereas cathepsin B mediated
trypsinogen activation is more relevant to rodent models
of pancreatitis. Once trypsin is activated, it can catalyze
the activation of other digestive pro-enzymes as well as
trypsinogen itself, initiating the auto-digestion of the
gland. Recent reports claim that the colocalization of
trypsinogen and cathepsin B in the same compartment
could result in premature activation of trypsinogen and
leads to acute pancreatitis.

activation of trypsinogen into active trypsin
(Figure 1). Normally, this 7-10 amino peptide is
released only when trypsinogen has reached the
small intestine where it is activated by the
brush-border enzyme enterokinase. This small
cleavage molecule is immunologicaly
completely distinct from the same sequence
within trypsinogen allowing for detection of
TAP in situ. In acute experimental pancreatitis,
recent reports have shown that one of the first
steps during acute pancreatitis consisted of
ingppropriate and premature activation of
trypsinogen into active trypsin within the
pancreas resulting in the release of TAP into the
peritoneum, plasma and urine [17, 18, 19].

Research directed at understanding the early
molecular mechanisms which drive acute
pancrestitis from the trigger event to the phase
in which it manifests itself is the subject of
controversy. There are two maor theories
which have been postulated as to the site and

mechanism of trypsinogen activation: the co-
localization theory which may be of relevance
only in rodents [17, 20] and the trypsinogen
autoactivation [21, 22], a unique feature of
human trypsinogen, which may be more
relevant to human pancretitis.

The co-localization theory claims that
intraacinar cell activation of digestive enzymes
is initiated by lysosomal hydrolases acting on
trypsinogen either after fusion of the zymogen
granules and lysosomes or because lysosomal
enzymes are not segregated from the secretory
pathway with complete fidelity (missorting
mechanism) [17, 18, 19, 23, 24]. Using very
dissmilar models of pancreatitis, co-
localization of digestive enzymes with the
lysosomal enzyme cathepsin B was found to be
an early phenomenon preceding cell injury in
rodents [24]. This theory is based on the
following findings: 1) adjunction of cathepsin
B, alysosomal enzyme, is capable of activating
digestive enzymes from dogs [25] or human
pancreatic extracts [26]; 2) cell fractionation
experiments show co-localization of these
different enzymes in the same sedimentation
fraction [17, 27]; 3) inhibition of either trypsin
or cathepsin B can effectively prevent
trypsinogen activation [24]; 4) this latter
speculation is aso supported by recent
observations that cathepsin B knockout mice
are partially protected against cerulein-induced
pancreatitis because cerulein-induced cathepsin
B-mediated activation of trypsinogen cannot
occur in these animals [28]. Taken together,
these observations suggest that the initiation of
acute pancreatitis occurs in a compartment
containing both of these enzymes.

The second theory postulates that trypsinogen
activation occurs in the normal pathway under
low pH conditions and becomes pathological
only with a secretory blockade. Under normal
conditions, a fraction of the human trypsinogen
autoactivates to active trypsin. Trypsin can
catalyze a cascade of trypsinogen activation as
well as activate al other proenzymes leading to
the autodigestion of the gland. This process is
regulated by at least two different lines of
defense. The first one is pancreatic secretory
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trypsin inhibitor (PSTI) which is now referred
to as SPINK1 (serine protease inhibitor, Kazal
type 1) [29]. When levels of trypsin activity are
low, SPINK1 inhibits trypsin and prevents
further autoactivation of trypsin and other
proenzymes within the pancreas. During
excessive trypsinogen activation, the SPINK1
inhibitory capacity is overwhelmed and trypsin
activity keeps increasing. The second line of
defense is represented by trypsin itself. Indeed,
to prevent uncontrolled enzyme activation,
trypsin and trypsin-like enzymes, by means of a
feedback mechanism, hydrolyze the chain
connecting the two globular domains of the
trypsin at R122H. This results in permanent
inactivation of trypsin and prevents subsequent
activation of other proenzymes. Recent reports
by Whitcomb et al. [23] have strongly
suggested that premature trypsin activation also
plays a pivotal role in human acute pancreatitis.
This group has identified two trypsinogen
mutations that result in inactivation-resistant
trypsin in patients with hereditary pancrestitis
[23]. During excessive trypsinogen activation,
the R122H trypsin recognition site is mutated
and, therefore, the trypsin cannot be inactivated
leading to autodigestion of the gland and
pancreatitis. Furthermore, athough SPINK1
mutations are as high as 2% in the genera
population, they are clearly associated with
familial and chronic pancreatitis [30]. The last
paper by Whitcomb’'s group [30] suggests that
SPINK1 mutations are disease modifying,
possibly by lowering the threshold for
pancreatitis  from  other  genetic  or
environmental factors, but, by themselves, they

do not cause disease.

Taken together, all these observations suggest
that one of the earliest events during acute
pancreatitis consists of inappropriate and
premature activation of trypsinogen into active
trypsin within the pancreas resulting in the
release of TAP into the peritoneum, plasma and
urine [17, 18, 19]. Thus, plasma TAP
concentration seems to be among the best and
earliest markers of acute pancrestitis. In this
setting, it is reasonable to consider TAP as a
sensitive and specific diagnostic tool of an
attack of pancreatitis. However, because TAP is
a 7-10 amino-acid peptide, one needs to keep in
mind that it is rapidly excreted in urine and its
value is therefore limited to the first 24-48
hours after the onset of the symptoms.
Moreover, its detection in plasma is more
difficult than in urine.

Pancreatic Products as Diagnostic Tools of
an Attack of Acute Pancreatitis

Even if most patients with acute pancreatitis
have an uncomplicated outcome, early
diagnosis of acute pancrestitis is important
because 20% of patients will develop the severe
disease with local or systemic complications
[7]. Therefore, immediate diagnosis of severe
pancreatitis should be assessed in order to
optimize therapy and to prevent organ
dysfunction.

Although amylase and lipase are important for
the diagnosis of acute pancredtitis, these
enzymes are imprecise in certain cases [31]. In
a series of 352 consecutive cases of acute

Table 1. Performance of pancreatic enzymes and pancreatic-related productsin the diagnosis of acute pancreatitis.

Marker Sensitivity  Specificity PPV NPV Author

Amylase 85% 91% Kemppainen [35]
Amylase 81-85% 87-89% Dominguez-Munoz [57]
Lipase 92-95% 95-97% Dominguez-Munoz [57]
Phospholipase 34-57% 75-80% Dominguez-Munoz [57]
Pancr eatitis-associated protein 45-61% 70-83% Dominguez-Munoz [57]
Trypsinogen 91% 95% - - Hedstrém [34]
Trypsinogen 95% 95% 68% 9% Kemppainen [35]

PPV positive predictive value
NPV: negative predictive value
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pancreatitis confirmed by CT scan, 19% of the
patients had normal amylase concentrations in
serum upon admission [3]. Acute pancredtitis
with normal amylasemia is characterized by a
high prevalence of alcoholic origin [3]. In the
study of Pezzilli et al. [32], serum amylase and
lipase levels were able neither to establish the
etiology nor to predict the severity of acute
pancreatitis. Recent studies support the view
that proteolytic enzymes have a role in the
pathophysiology of pancreatitis and the
concentration of trypsinogen in serum was
shown to reflect pancreatic injury [5, 33]. The
accuracy of the urinary trypsinogen-2 dipstick
test in differentiating between patients with
acute pancrestitis, acute abdominal disease of
extrapancreatic origin or no abdominal disease
was assessed by Hedstrom et al. [34] with a
sengitivity of 91% and a specificity of 95%
(Table 1). In a study done by the same group
[35] concerning patients with acute abdominal
pain, a negative dipstick test for urinary
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Figure 2. The intrapancreatic activation of trypsinogen
into active trypsin is a process regulated by at least two
distinct mechanisms. 1. The PSTI (pancreatic secretory
trypsin inhibitor), now referred as to SPINK1 (serine
protease inhibitor, Kazal type 1), is synthesized with
trypsinogen in a ratio of 1.5, and can inhibit the
activation of trypsinogen by trypsin. 2. Trypsin itself by
means of a feed-back mechanism can inactivate trypsin
and trypsin-like enzymes by hydrolyzing the connecting
chain between the two globular domains of the trypsin.
Interestingly, in patients with hereditary pancreatitis,
trypsin cannot be inactivated because of a mutation
(R122H) in the connecting chain making its hydrolysis
imnossihle.

trypsinogen-2 ruled out acute pancreatitis with
a high degree of probability (sensitivity 95%,
negative predictive value 99%) (Table 1).

TAP assay in urine was first performed in 1990
on 55 patients with acute pancreatitis [6]. A
negative result on admisson which was
maintained over the first 12 to 24 hours
suggested that these patients would either have
no pancregtitis at al or, if so, a very moderate
form. Additionally, in the study by Tenner et al.
[36], median urinary TAP a admission was
lower in controls than in patients with acute
pancrestitis.

TAP as a Prognostic Factor of an Attack of
Acute Pancreatitis

All of the causes of acute pancreatitisresult in a
similar pattern of disease, but the severity of
each cannot be predicted [37]. Most observers
believe that the various causes of pancreatitis
converge to the same point which initiates a
cascade of events, the nature and extent of
which will determine the outcome. TAP has
been chosen as a potential marker of severity,
because trypsinogen activation starts within
minutes after exposure to a causal factor. As a
result of trypsinogen activation, the trypsinogen
and carboxypeptidase B activation peptides
(CAPAP), which are markers of zymogen
activation, are released into the serum early in
the course of the disease. (Figure 2).

Although TAP uitility has been reported in three
major papers [6, 16, 36], CAPAP represents
another activation peptide that is undergoing
evaluation. Indeed, in the last study by Pezzilli
et al. [38], the overall sensitivity and specificity
of CAPAP in assessing the severity of an attack
of acute pancreatitis were 84.6% and 59.4%
respectively (Table 2).

The first clinical paper referring to TAP use in
human beings was published in 1990 [6]. In
that study, urinary samples were collected
within 48 hours after the onset of symptoms.
The concentrations of TAP correlated with
subsequent disease severity in 87%. By
comparison, C-reactive protein and
multifactorial scales at 48 hours were correct in
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Table 2. Performance of pancreatic enzymes and pancreatic-related products in the prediction of the outcome of an attack.

Marker Sensitivity  Specificity PPV NPV Author

CAPAP 85% 59% - - Pezzilli [38]

TAP 80% 0% 67% - Gudgeon [6]
CRP 53% 55% - - Gudgeon [6]
TAP 100% 85% 60% 100% Tenner [36]
TAPat 24 h 58% 3% 3% 86% Neoptolemos[16]
CRPat24h 0% AN% 0% 5% Neoptolemos[16]
TAPat 48 h 83% 2% 4% A% Neoptolemos[16]
CRPat 48h 86% 61% 3% A% Neoptolemos [16]
TAP + CRP 4% 85% 58% 92% Neoptolemos [16]
APACHE II 56% 64% 30% 85% Neoptolemos[16]
IL-6 80% - 71% - Leser [54]

IL-6 70% 45% - Heath [55]
Polymor phonuclear Elastase 9% 80% - Dominguez-Munoz [47]
Polymor phonuclear Elastase 71% 60% - Gross [48]

PPV: positive predictive value
NPV negative predictive value

55% and 84%. The second study by Tenner et
al. [36] showed that the median urinary TAP
within 48 hours after the onset of symptoms
was significantly higher in patients with severe
pancreatitis than in patients with mild attacks
and control patients. Severe pancrestitis was
identified in all patients having a urinary TAP
greater than 10 ng/mL, whereas only 6 of 40
patients with mild pancreatitis had a TAP
greater than 10 ng/mL. The authors conclude
that urinary TAP is useful in identifying
patients with severe acute pancreatitis if
obtained within the first 48 hours following the
onset of the symptoms (Table 2). In the third
and last study dealing with TAP, the group of
Neoptolemos carried out a multicenter study in
246 patients 172 of whom had acute
pancreatitis (35 severe) and 74 were controls.
This study was aimed at comparing urinary
TAP to C-reactive protein (CRP) and three
indices scoring systems, but failed to provide
more information than the two previous papers
published in 1990 and 1997 respectively. This
study was origina in that it gave the
performances of urinary TAP at different time
points, including 24 hours after the onset of
symptoms. At 24 hours after the onset of
symptoms, the sengitivity, specificity, positive
predictive and negative predictive values of the
test to show severe acute pancredtitis as

compared to mild acute disease were 58%,
73%, 39%, and 86% for TAP greater than 35
mmol/L, and 0%, 90%, 0%, and 75% for CRP
greater than 150 mg/L, respectively. The results
of this study fit well with the concept of
Neoptolemos which claims that the preferred
characteristics of a prognostic marker have a
high negative predictive value, thus allowing a
high proportion of patients with the mild form
of the disease to be followed a home. In
clinical practice, the use of a prognostic marker
capable of accurately identifying the patients
who will develop severe pancrestitis seems
more reasonable and efficient. The comments
by Windsor [39], which appeared as an
accompanying commentary of the Neoptolemos
paper, are most welcome. Windsor elegantly
demonstrated that comparing likelihood ratios
was more appropriate for identifying the
patients who would have a severe outcome than
were predictive value or accuracy which are
better suited to population studies. When
applied to the Neoptolemos study, the
likelihood ratios were all of similar amplitude
and there appeared to be no difference between
TAP, CRP and the three scoring systems.
Surprisingly, the likelihood ratio was even
better for the combined measurement of TAP
and CRP, although Neoptolemos did not claim
this [16] (Table 2). In summary, TAP
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performed no better than the other methods in
terms of overall accuracy.

Per spectives

Traditional severity scores have been used
successfully by most clinicians to predict severe
acute pancreatitis. These scores, which are
complicated to use, measure the multiple
physiological derangements induced by the
disease. However, to predict the severity of the
pancreatic disease itself, before the occurrence
of multiple organ failure, other single factors
have been measured. Thus, severa biological
markers of severity have emerged in the past 15
years and their ability to provide additional
information on the severity of the disease has
been evaluated in numerous clinical studies.
Nowadays, CRP [40, 41, 42, 43, 44, 45],
neutrophil elastase [46, 47, 48, 49, 50] and
interleukin-6 (IL-6) [51, 52, 53, 54, 55] are
among the best markers, but they are not
immediately available in most institutions.
Measurement of TAP in acute pancreatitis
seems appeding because activation of
trypsinogen into active trypsin has been
reported to be among the earliest molecular
events leading to acute pancreatitis. It should be
noted that, in experimental pancrestitis, the
release of TAP occurs as early as 15 minutes
after cerulein administration in rodents [17].
Although very attractive, TAP measurement
does not provide additional information for
predicting the outcome of an attack of
pancreatitis when compared with the results
obtained using other markers. Further studies
should be performed with larger cohorts of
patients in order to determine whether TAP
measurement could usefully replace serum
amylase and lipase determinations in assessing
the diagnosis and the prognosis of acute
pancredtitis, since TAP is specific to the
pancreas and is liberated within a few hours
after the onset of symptoms.

In clinical practice, physicians need a marker
able to detect which patient will develop the
severe disease [39]. However, in the absence of
a clear understanding of the physiopathology of

acute pancreatitis [56], other factors, either
pancreatic enzymes, or cyto/chemokines, will
emerge in the near future and will aso prove
useful in the early prediction of the severity of
an attack of acute pancredtitis.
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