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ABSTRACT

Context All work on human trypsinogen
activation peptide (TAP) in acute pancredtitis
has been carried out with the same assay.
Despite the extensive use of this origina TAP
assay, there is no characterization of the TAP-
like immunoreactivity measured.

Objective The aims of this study were to
develop an additional TAP assay and to
attempt to characterize the TAP-like
immunoreactivity found in the urine of
patients with acute pancrestitis.

Methods Antibodies against the human TAP
were prepared using the whole octapeptide
APFD4K, conjugated at its N-termina end.
Characterization of the immunoreactivity
measured with these assays was performed
using gel filtration of human pancreatic juice
before and after activation of trypsinogen
with enterokinase.

Results After activation of the pancreatic
juice, there was a large initial increase in
immunoreactive TAP and a decrease 6-24
hours later. Using our antiserum, we found
low levels of immunoreactive TAP in urine
from patients with acute pancreatitis, although
many of these samples contained high levels
of immunoreactive TAP when tested with the
commercialy available TAP kit® (Biotrin).
The pentapeptide D4K, used as a standard in
the Biotrin kit, showed much lower

immunoreactivity  than  the  synthetic
octapeptide APFD4K in our assay. The
octapeptide, however, reacted similarly to
D4K inthe Biotrin kit assay.

Conclusion Our antibody prepared against
the synthetic octapeptide APFD4K is directed
against the N-terminal part of the octapeptide
and does not recognize the pentapeptide D4K.
Immunoreactive  TAP in urine in acute
pancredtitis is mainly composed of the C-
terminal pentapeptide, D4K.

INTRODUCTION

Trypsinogen is one of the most predominant
zymogens in pancreatic juice. Activation of
trypsinogen by enterokinase in the duodenum
[1] isthe initial step in the normal activation
of pancreatic digestive enzymes. Premature
activation of the proenzymes within the
pancreas was suggested as the cause of acute
pancredtitis as early as 1896 [2]. Today, the
pathophysiological importance of trypsinogen
activation and trypsin activity in acute
pancredtitis [3, 4, 5, 6, 7, 8, 9, 10] is generally
accepted, even if the initiation and timing of
this activation, as well as its relationship to
other inflammatory reactions, is still under
debate. One explanation for thisis that trypsin
activity has been difficult to measure in
biological fluids, as trypsin activated in the
pancreatic tissue or in the circulation is
momentarily bound, and thereby inactivated,
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by protease inhibitors. When trypsinogen is
activated, an N-terminal 8-amino acid long
peptide is split off [11]. An assay for analysis
of this trypsinogen activation peptide (TAP)
was first described in 1988 [12], and is one
way of monitoring trypsinogen activation.
Since then, a limited number of papers on
human acute pancreatitis have been published
[8, 9, 13, 14, 15, 16, 17]. Measurement of
TAP levels in urine has been suggested as a
possible way of predicting the severity of an
attack of acute pancreatitis early in the course
of the disease [8, 9, 14, 16].

The five C-termina amino acids of TAP are
highly conserved phylogenetically. An assay
with antibodies directed at this part of TAP
can therefore be used in many different
species of experimental animals. A large
number of papers on trypsinogen activation in
different models of experimental acute
pancresatitis have been published using this
method [5, 18, 19].

All the work on TAP in acute pancreatitis has
been carried out with the same assay. No
dternative assay has been avallable for
confirmation of the results. Despite the
extensive use of the original TAP assay, no
characterization of the TAP-like immuno-
reactivity measured with this method has been
presented. The aims of this study were to
develop an additional TAP assay and to
attempt to characterize the TAP-like
immunoreactivity found in the urine of
patients with acute pancrestitis.

MATERIALSAND METHODS
Peptides

Synthetic human TAP (trypsinogen activation
peptide) APFDDDDK  (APFD4K) was
obtained from Euro-Diagnostica (Mamo,
Sweden). This peptide was used as a standard
in our assay. Two other peptides YAPFD4K
(Tyr-TAP) and CAPFD4K (Cys-TAP) were
aso purchased from the same source. The
Cys-TAP peptide was used for immunization.
The Tyr-TAP peptide was labelled with '
using the chloramine-T method. The mono-
iodinated peptide was purified by HPLC
using a C18 column, and used as a tracer in

the assay.

Porcine enterokinase was obtained from the
Sigma Chemical Company (St. Louis. M,
USA).

Immunization Procedure

The Cys-TAP peptide was conjugated at its
N-terminus to bovine serum abumin using
mal eimidobenzoyl-N-hydroxysuccimide and
rabbits were immunized by multiple
subcutaneous injections of this conjugate in
Freund’s incomplete adjuvant. We obtained
three different polyclonal antisera which
reacted with 1***Tyr-TAP when diluted more
than 1/1,000. In the following study, only one
of these antibodies was used (designated as
9801).

Activation of Pancreatic Juice

Human pancreatic juice devoid of trypsin
activity was obtained by drainage of the main
pancreatic duct after pancreatic head
resections in 3 patients (2 men and 1 femae
aged 45, 67 and 68 years) The juice was kept
at -20°C for up to 12 months before use. For
use, 1.8 mL of pancreatic juice was treated
with 200 pL of enterokinase (1 mg/mL in
0.05 mol/L TrisHCl buffer, pH 7.4,
containing 0.05 mol/L CaCl,) and incubated
at room temperature. One hundred pL was
withdrawn at time zero and after 1 h, 2 h, 4 h,
6 h, 10 h, 15 h, 24 h and 48 h. These 100 pL
samples were boiled for 15 min and diluted to
1 mL in the buffer described above. The
samples were then stored at 4°C for up to 2
days before analysis.

Gel Chromatography

Gel filtration was performed on a Sephadex
G-50 column, 0.9x60 cm, in the buffer
described above. The column was eluted at 3
mL/h and the euate was collected in 0.6 mL
fractions.

Radioimmunoassays

The assay buffer used was 0.05 mol/L Tris-
HCl, pH 7.4 containing 0.15 mol/L NaCl,
0.005 mol/L EDTA and 2 g/L bovine serum
albumin. Samples (100 pL) diluted in assay
buffer were incubated for 16 h at 4°C with
200 pL of 1***Tyr-TAP (about 20,000 cpm) in
assay buffer and 200 pL rabbit anti
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octapeptide APFD4K serum (9801) diluted
1/1,500 in assay buffer. Parallel incubation of
synthetic TAP diluted in assay buffer (0.1-10
nmol/L) served as standards. Free and bound
radioactivities were then differentiated by
means of a second antibody precipitation step
using a decanting suspension (with sheep
anti-rabbit 1gG  antibody)  (Pharmacia,
Uppsala, Sweden). After four hours of
incubation, the sample was centrifuged at
2,500 g for 15 min, the supernatant was
decanted and the radioactivity of the
precipitate was measured in a gamma
counter. The sensitivity of the assay was
estimated to be 0.1 nmol/L.

Biotrin TAP Assay

This assay was purchased from Biotrin
International (Dublin, Ireland). It was run
according to the manufacturer’s instructions.
The standard used in this assay is the
pentapeptide D,K. The production and
specificity of the polyclona antiserum has
been described [12].

Stability of the Octapeptide APFD4K
(TAP) in Serum, Plasma and Urine

Synthetic TAP (APFD4K) was mixed with
either fresh serum, fresh serum boiled for 15
min, fresh EDTA plasma, or fresh urine (all
obtained from one healthy subject), or with
TrisHCI buffer, pH 7.4, containing 0.05
mol/L CaCl, (see above). One sample was
withdrawn immediately from each mixture
and boiled. The mixtures were then incubated
at room temperature and further samples were
withdrawn at different time intervals for up to
48 h and boiled. TAP-like immunoreactivity
was then measured using our assay.

Urine Samples

Urine samples were obtained from 14 patients
with acute pancreatitis. (8 males, 6 females;
meantSD age: 62+11 years. The samples
were stored at 4°C for up to 18 hours after
sampling and then frozen at -20°C for up to 6
months before analysis. The diagnosis was

based on acute abdominal pain of less than 72
hours duration, with at least a threefold
elevation of the serum amylase level.

ETHICS

The local anima welfare committee (M318-
95) accepted the immunization procedure.
The procedure for drainage of the main
pancreatic duct after pancreatic head
resections was approved by the local ethics
committee (LU Dnr 616/2004); written
consent was obtained from al patients.
Finally, the local ethica committee (LU-00-
47) approved the urine samples obtained from
patients with acute pancreatitis. The study
protocol conforms to the ethical guidelines of
the "World Medical Association Declaration
of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects” adopted
by the 18" WMA Genera Assembly,
Helsinki, Finland, June 1964, as revised in
Tokyo 2004.

STATISTICS

Data are reported as mean+SD. The Wilcoxon
matched-pairs test was applied. A two-tailed
P vaue less than 0.05 was considered
stetistically  significant. The SPSS for
Windows (Version 13.0) statistical package
was used to perform the statistical analysis.
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Figure 1. TAP radioimmunoassay using the 9801

antibody. Standard dilution curves for the two peptides
APFD4K and D4K.

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 7, No. 3 - May 2006. [ISSN 1590-8577] 276



JOP. J Pancreas (Online) 2006; 7(3):274-282.

16 1 OD

—+— APFD4K
1.4 —=D4K

0.8 b

0.6 '}
0.4 u

0.2

0.156 0.31 0625 1.25 25 5 10 33
iTAP (nmolL)

Figure 2. TAP ELISA (Biotrin kit). Standard dilution
curves for the two peptides APFD4K and D4K.

RESULTS

Radioimmunoassay for Immunoreactive
Trypsinogen Activation Peptide (ir TAP)

Figure 1 shows the pattern of immuno-
reactivity for the synthetic octapeptide
APFD4K and the Biotrin pentapeptide D4K
using the tracer I"®Tyr-TAP and the
antiserum produced in this study. Our
antibody is very sensitive to the octapeptide
and was found to recognize thisintact TAP at
concentrations as low as 0.1-0.2 nmol/L while
reactivity to the pentapeptide was found to be
much lower, the sensitivity for this peptide
being only around 5-10 nmol/L.

167 wTAP (pmmoiL)

14 HA —A
12 ’/' \

104
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Figure 3. Immunoreactive TAP in pancreatic juice
before (Time 0) and after activation with enterokinase,
using the 9801 antibody (blue square) and the Biotrin
kit assay (magentatriangle).

Figure 2 shows the corresponding ELISA
results for the Biotrin kit antibody using the
kit. This assay is about twice as sensitive to
the pentapeptide than to the octapeptide. The
sengitivity for the octapeptide in this assay is
in the range 0.5-1.0 nmol/L. Boiling of the
octapeptide did not affect the immuno-
reactivity in either of the assays (data not
shown).

Ir-TAP in Human Pancreatic Juice

The concentrations of ir-TAP in pancreatic
juice before and after activation of
trypsinogen with enterokinase, measured with
both our assay and the Biotrin assay, are
shown in Figure 3. All samples were boiled
before analysis. There are clear differencesin
the time curves obtained with the two assays.
Before activation, the Biotrin assay could not
detect any immunoreactivity while our assay
found approximately 0.02 umol/L of ir-TAP.
Using our assay, maximal immunoreactivity
was seen one hour after activation (about 11
pmol/L) while maxima immunoreactivity
with the Biotrin assay was found after 4 hours
(about 14 umol/L). After the initial activation,
the immunoreactivity decreased rapidly in our
assay while that measured by the Biotrin
assay was more stable. A reasonable
interpretation of the data would be that the
immunoreactive material measured with our
assay is more labile than that measured using
the Biotrin assay.

Characterization of ir-TAP in Pancreatic
Juice Using Gel Chromatography

Figure 4 shows a characterization of
immunoreactive TAP in pancreatic juice
usng gel chromatography and our
radioimmunoassay. Samples were boiled
before gel filtration to avoid autoactivation
during chromatography. No immunoreactivity
was noted Dbefore activation  with
enterokinase. After activation, a peak of ir-
TAP was found in the vicinity of fractions 56
and 57. Gel chromatography of the synthetic
octapeptide APFD4K showed that this peptide
is eluted in exactly the same volume (results
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Figure 4. Elution profiles after gel filtration of
immunoreactive TAP in pancreatic juice, before and
after activation by enterokinase. Gel filtration was
performed on a Sephadex G-50 column (0.9x60 cm).
Immunoreactive TAP was measured in each fraction
using radioimmunoassay based on the 9801 antibody.

not shown). This experiment was not
performed using the Biotrin assay or the D,K
standard.

Ir-TAP in Urine Obtained from Patients
with Acute Pancreatitis

Urine samples obtained from patients with
acute pancreatitis were found to contain no or
only smal amounts of TAP-like
immunoreactivity when measured with our
radioimmunoassay while significantly larger
amounts of immunoreactivity were recorded
using the ELISA assay from Biotrin (Table
1). Only one sample (patient 4) contained
clearly elevated levels of irTAP as measured
with our assay (antiserum 9801).

Characterization of ir-TAP in Urine from
Patients with Acute Pancreatitis Using Gel
Chromatography

Radi oi mmunoassay

The elution profile after gel chromatography
of the TAP-like immunoreactivity in urine
from patient 4, as measured by our assay, is
shown in Figure 5 (unboiled sample). Most of
the immunoreactivity was recovered in one

Table 1. Urine concentrations of trypsinogen activation

peptide (TAP;, nmol/L) in patients with acute

pancreatitis using our radioimmunoassay (irTAP)

compared to the Biotrin assay.

Patient No. irTAP irTAP irTAP
Biotrin kit 9801 assay 9801 assay

(Unboiled) (Unboiled)  (Boiled)
1 28 13 19
2 214 3.0 1.9
3 38 1.8 1.8
4 34 24 19
5 13 0.8 0
6 10 05 0
7 24 0.6 0
8 9 0.2 0
9 18 1.0 0
10 4.0 0 0
11 10 2.0 0
12 3.0 0 0
13 68 1.9 0
14 4.0 1.0 0

MeantSD 34.1+54.7 2.746.2 1.8+5.0
Biotrin vs. unboiled irTAP 9801 assay: P=0.001°2
Biotrin vs. boiled irTAP 9801 assay: P=0.0012
irTAP 9801 assay unboiled vs. boiled: P=0.0092
& Wilcoxon matched-pairs test

peak (peaking in fraction 58) which was
eluted in a volume corresponding to the
elution profile of the activation peptide found
in activated pancreatic juice (Figure 4). A

3

n

7 iIrTAP nmolL
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Figure 5. Elution profile (after gel filtration) of
immunoreactive TAP from the urine of a patient with
acute pancredtitis, as measured by radioimmunoassay
with 9801 antibodies before and after boiling. Gel
filtration was performed on a Sephadex G-50 column
(0.9x60 cm). Arrows indicate the elution volume of
trypsinogen (Tg) and the elution volume of the
octapeptide APFD4K (TAP)
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smaller peak was also detected, with the
elution volume corresponding to the size of
trypsinogen (with peak in fraction 30). This
peak was completely abolished when the
urine sample was boiled before gel filtration
while the peak corresponding to the activation
peptide was unchanged (Figure 5, boiled).

Biotrin Assay

The elution profile after gel filtration of the
TAP-like immunoreactivity in urine from
patient 2, using the assay from Biotrin, is
shown in Figure 6. All immunoreactivity was
eluted in a similar or perhaps dlightly larger
volume (with peak in fraction 60) than the
activation peptide seen in Figure 5, indicating
that this immunoreactivity corresponded to
the same size of molecule. Testing these
fractions with our assay did not alow
detection of immunoreactivity in any fraction.

Stability of Synthetic APFD4K in Serum,
Plasma and Urine

The synthetic octapeptide loses its
immunoreactivity in serum within hours, as
shown in Figure 7. However, the
immunoreactivity appears to be more stable in
urine. The loss of immunoreactivity in serum
can be prevented by boiling the sample or by
adding EDTA, which chelates divalent
cations. This experiment was not performed
with the Biotrin assay.
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Figure 6. Elution profile (after gel filtration) of
immunoreactive TAP from the urine of a patient with
acute pancrestitis, as measured by the Biotrin TAP kit

assay.
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Figure 7. Stability of TAP in serum plasma and urine.
Synthetic APFD,K was incubated in fresh serum,
urine, EDTA plasma, boiled serum or Tris-HCI buffer,
pH 7.4, containing CaCl, for up to 48 hours. Samples
were withdrawn at regular intervals, boiled and later
analyzed for irTAP using the 9801 antibody-based
radioimmunoassay .

DISCUSSION

This paper describes our efforts to develop a
radioimmunoassay for the trypsinogen
activation peptide TAP. We followed the
instructions of Hurley et al. [12] and
immunized rabbits with the N-terminally
conjugated synthetic octapeptide APFD4K.
However, we did not purify our antibody by
affinity chromatography on an immobilized
YD4K peptide, as suggested by these authors
[12]. In this study, we have compared the
results obtained with our assay with the
results obtained using the commercialy
available Biotrin TAP ELISA assay.

Our antibody may show some cross-reaction
with the proenzyme trypsinogen, which may
be an explanation for the minor peak of “high
molecular weight” immunoreactivity seen
after gel chromatography of unboiled urine
(Figure 5). Bailing takes care of this problem,
which is also evident from the low amounts of
immunoreactivity found in boiled pancresatic
juice (Figure 3).

It is clear that the antisera appear to recognize
different parts of the activation peptide. The
Biotrin antibody reacts in a similar way with
both the octapeptide APFD4K (which was
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used as the standard in our assay) and the
pentapeptide D4K (which is used as the
standard in the Biotrin assay). In contrast, our
assay showed a much lower reactivity against
the pentapeptide. In our assay, the
immunoreactivity of this peptide was only 2-
4% of the immunoreactivity of the
octapeptide (Figure 1). Our conclusion is that
our antibody recognizes the middle or N-
terminal part of the activation peptide and that
the Biotrin antibody recognizes antigenic
determinants which are mainly located in the
C-terminal part of the octapeptide.

The real aim for the immunization procedure
described by Hurley et al. was to obtain an
antiserum specific for the C-terminal end of
the activation peptide using the N-terminally
conjugated pentapeptide and the procedure
they used was very successful. We used the
N-terminally conjugated octapeptide instead
of the pentapeptide and, unfortunately our
antibody mainly recognizes the N-terminal
part of the activation peptide. This aso
explains the cross-reaction of our antibody
between the activation peptide and the
proenzyme.

The differences in immunoreactivity between
our polyclonal rabbit antibody (9801) and the
Biotrin polyclonal antibody can be used to
study the molecular structure of the activation
peptide in urine from patients with acute
pancrestitis. Most urine samples from patients
with acute pancreatitis do not possess any
immunoreactivity in our assay, and this must
mean that they do not contain the octapeptide
at higher concentrations than 1 nmol/L. Only
one sample showed increased immuno-
reactivity. According to gel chromatography,
the protein species responsible for this
immunoreactivity had the same molecular
size as the intact activation peptide (Figure 5).
In contrast to the results of our assay, the
Biotrin assay showed substantial TAP-like
immunoreactivity in several urine samples
and, in one sample, a concentration exceeding
200 nmol/L was measured. This discrepancy
can be explained by the assumption that urine
from patients with acute pancrestitis contains
the pentapeptide but not the octapeptide. If
this were the case, an obvious explanation

would be that the octapeptide is, to a large
extent, degraded by N-termina proteolysisin
the circulation before, during or after
excretion into the urine.

A characterization of the TAP-like
immunoreactivity measured by the Biotrin
assay has never been published. The results of
this study show that it is composed of
material of a molecular size compatible with
that of the pentapeptide or the octapeptide
(Figure 6). Gel chromatography on a G-50
column is far from the optima method for
showing differences in sizes between the
octapeptide and the pentapeptide. This
column was chosen to differentiate
trypsinogen (molecular weight 23 kDa) from
the octapeptide (molecular weight 0.9 kDa).
Further studies are required to show the
precise nature of the TAP-like immuno-
reactivity measured in the Biotrin assay.

It appears that the octapeptide is not very
stable after the activation of pancreatic juice,
as can be seen from Figure 3. Most of the
immunoreactivity is destroyed within hours.
The results shown in Figure 3 are in
accordance with the idea of rapid N-terminal
degradation of the octapeptide to the more
stable pentapeptide-like molecule, since the
reduction in immunoreactivity measured with
the Biotrin assay is substantialy slower. The
octapeptide is probably very unstable in the
circulation, since it is rapidly destroyed in the
in vitro serum. This degradation can be
inhibited by boiling or by chelating agents
such as EDTA. Thus, a metalloprotease is
probably involved in this degradation.

We have developed an assay with high
specificity for the intact activation peptide
from human trypsinogen (APFD4K) but our
conclusion is that it has very little cross-
reaction with the pentapeptide D4K, which
represents a secondary and major degradation
product of the native activation peptide. Using
our radioimmunoassay together with the
Biotin assay, we found that urine from
patients with acute pancreatitis most often
contains small amounts of the octapeptide, but
substantial amounts of the pentapeptide. One
interpretation is that the octapeptide is rapidly
degraded in active pancreatic juice and in
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serum to the more stable pentapeptide
molecule. Due to this rapid degradation,
antibodies recognizing only the N-terminal
part of the activation peptide from
trypsinogen are not suitable for monitoring
trypsinogen activation in urine in cases of
human acute pancredtitis. The pentapeptide
D4K is more stable in urine after sampling,
but substantial amounts may be degraded
before sampling in the circulation during
passage to the kidneys.

Despite these drawbacks, our assay can be
used for molecular studies of the trypsinogen
activation process in in vitro studies where
boiling immediately after sampling can stop
the reaction and degradation.

Received, February 13", 2006 - Accepted
February 28", 2006

Keywords Biological Markers; Pancrestitis,
Acute Necrotizing; Trypsinogen; trypsinogen
activation peptide

Abbreviations TAP: trypsinogen activation
peptide

Acknowledgments This study was supported
by grants from the Swedish Medical Research
Council projects no 17-X-8305-09A, the
Foundations for Research at the University
Hospital in Mamé and the Einar and Inga
Nilsson Foundation for Surgical Research at
the Department of Surgery in Mamé. The
funding sources had no role in the study
design, in the collection, analysis, and
interpretation of data, in the writing of the
report, or in the decision to submit the paper
for publication.

Correspondence

Anders Borgstrom
Department of Surgery
Mamo University Hospital
Lund University

Sodra Forstadsgatan 101
205 02 Mamo

Sweden

Phone: +46-40.33.3740
Fax: +46-40.92.7877
E-mail: anders.borgstrom@med.lu.se

References

1. Abita JP, Delaage M, Lazdunski M. The
mechanism of activation of trypsinogen. The role of the
four N-terminal aspartyl residues. Eur J Biochem 1969;
8:314-24. [PMID 5816755]

2. Chiai H. Uber die selbstverdaung des
menschlichen panckreas. Z Helik 1896; 17:69-96.

3. Ohlsson K, Bdldin G, Bohe M, Borgstrom A,
Genell S, Lasson A. Pancreatic proteases and
antiproteases in pancreatic disease; biochemical,
pathophysiological and clinical aspects. Int J
Pancreatol 1988; 3:567-78. [PMID 3062102]

4. Steer ML, Meldoles J. The cell biology of
experimental pancreatitis. N Engl J Med 1987;
316:144-50. [PMID 3540666]

5. Halangk W, Lerch MM, Brandt-Nedelev B, Roth
W, Ruthenbuerger M, Reinheckel T, et a. Role of
cathepsin B in intracellular trypsinogen activation and
the onset of acute pancreatitis. J Clin Invest 2000;
106:773-81. [PMID 10995788]

6. Fernandez-del Castillo C, Schmidt J, Warshaw
AL, Rattner DW. Interstitial protease activation is the
central event in progression to necrotizing pancregtitis.
Surgery 1994; 116:497-504. [PMID 8079180]

7. Borgstrom A, Lasson A. Trypsin-alfal-protease
inhibitor complexes in serum and clinical course of
acute pancreatitis. Scand J Gastroenterol 1984;
19:1119-22. [PMID 6085419]

8. Gudgeon AM, Heath DI, Hurley P, Jehanli A,
Patel G, Wilson C, et a. Trypsinogen activation
peptides assay in the early prediction of severity of
acute pancreatitis. Lancet 1990; 335:4-8. [PMID
1967341]

9. Tenner S, Fernandez-del Castillo C, Warshaw A,
Steinberg W, Hermon-Taylor J, Vaenzuela JE, et al.
Urinary trypsinogen activation peptide (TAP) predicts
severity in patients with acute pancredtitis. Int J
Pancreatol 1997; 21:105-10. [PMID 9209951]

10. Hedstrom J, Sainio V, Kemppainen E, Haapiainen
R, Kivilaakso E, Schroder T, et al. Serum complex of
trypsin 2 and apha 1 antitrypsin as diagnostic and
prognostic marker of acute pancredtitis: clinical study
in consecutive patients. BMJ 1996; 313:333-7. [PMID
8760740]

11. Guy O, Bartelt DC, Amic J, Colomb E, Figarella
C. Activation peptide of human trypsinogen 2. FEBS
Lett 1976; 62:150-3. [PMID 1253977]

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 7, No. 3 - May 2006. [ISSN 1590-8577] 281



JOP. J Pancreas (Online) 2006; 7(3):274-282.

12. Hurley PR Cook A., Jehanli A., Austen BM,
Hermon-Taylor J. Development of radioimmunoassays
for free tetra-L-aspartyl-L-lysine trypsinogen activation
peptides (TAP). J Immunol Methods 1988; 111:195-
203. [PMID 3397545]

13. Heath DI, Wilson C, Gudgeon AM, Jehanli A,
Shenkin A, Imrie CW. Trypsinogen activation peptides
(TAP) concentrations in the peritoneal fluid of patients
with acute pancreatitis and their relation to the
presence of histologically confirmed pancreatic
necrosis. Gut 1994; 35:1311-5. [PMID 7525422]

14. Heath DI, Cruickshank A, Gudgeon AM, Jehanli
A, Shenkin A, Imrie CW. The relationship between
pancreatic enzyme release and activation and thee
acute-phase protein response in patients with acute
pancreatitis. Pancreas 1995; 10(4):347-53. [PMID
7540760]

15. Banks PA, Carr-Locke DL, Slivka A, Van Dam J,
Lichtenstein DR, Hughes M. Urinary trypsinogen
activation peptides (TAP) are not increased in mild
ERCP-induced pancreatitis. Pancreas 1996; 12:294-7.
[PMID 8830337]

16. Neoptolemos JP, Kemppainen EA, Mayer IM,
Fitzpatrick JM, Raraty MG, Slavin J, et a. Early
prediction of severity in acute pancreatitis by urinary
trypsinogen activation peptide: a multicentre study.
Lancet 2000; 355:1955-60. [PMID 10859041]

17. Mayer M, Rau B, Siech M, Beger HG. Local and
systemic zymogen activation in human acute
pancregtitis. Digestion 2000; 62:164-70. [PMID
11025364]

18. Schmidt J, Fernandez-del Castillo C, Rattner DW,
Lewandrowski K, Compton CC, Warshaw AL.
Trypsinogen-activation peptides in experimental rat
pancreatitis: prognostic implications and
histopathologic correlates. Gastroenterology 1992;
103:1009-16. [PMID 1499902]

19. Hartwig W, Jimenez RE, Werner J, Lewandrowski
KB, Warshaw AL, Fernandez-del Castillo C.
Interstitial trypsinogen release and its relevance to the
transformation of mild into necrotizing pancredtitis in
rats. Gastroenterology 1999; 117:717-25. [PMID
10464149]

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 7, No. 3 - May 2006. [ISSN 1590-8577] 282



