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Abstract
Background—The biological function of
the Reg protein, a non-enzymic protein
produced in fairly large amounts by
pancreatic acinar cells, remains elusive.
Its susceptibility to proteolysis leading to
precipitation of the proteolysis product at
neutral pH suggests that it could contrib-
ute to the protein plugging observed in
cystic fibrosis (CF).
Aims—To study its behaviour in the serum
of CF patients with or without pancreatic
insuYciency and to compare it with that
of other pancreatic secretory proteins.
Patients—170 patients (93 with CF, 55
controls, and 22 with chronic pancreatitis)
were studied.
Methods—Reg protein was measured
using a specific enzyme immunoassay and
its molecular form in CF sera was charac-
terised by gel filtration. Molecular gene
expression was investigated by dot-blot
hybridisation.
Results—Reg protein was present in all
CF sera studied from patients with or
without pancreatic insuYciency, and in all
cases the level was significantly higher
than in controls. Its chromatographic
behaviour in CF sera was identical with
that of the protein present in normal
serum. No correlation was found between
the levels of Reg protein and trypsin(ogen)
(or lipase) in CF, nor in control sera or
normal pancreatic juice. Molecular gene
expression of the corresponding proteins
investigated in pancreatic tissues showed
an absence of correlation between the
mRNA levels.
Conclusions—Reg protein may not be a
secretory exocrine protein like the diges-
tive enzymes but rather a hormone-like
secretory substance with an endocrine or
paracrine function.
(Gut 1999;44:545–551)
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Patients with cystic fibrosis (CF) can be
categorised according to the functional status
of the exocrine pancreas.1 The vast majority of
CF patients (about 85–90%) have pancreatic
insuYciency (PI) requiring exogenous pancre-
atic replacement therapy with meals. The
remaining patients also have evidence of
pancreatic disease but have suYcient pancre-
atic enzyme output to maintain normal nutri-

ent digestion and assimilation without the need
for pancreatic enzyme supplementation. The
latter group is therefore considered to be pan-
creatic suYcient (PS). Longitudinal data pro-
vided on 78 patients with CF identified in a
newborn cystic fibrosis programme have
shown that, at diagnosis, 38% of patients were
PS but over a period of three to 36 months a
considerable number of these patients became
PI.2 These findings suggest that the progression
of pancreatic disease in patients with CF and
PS should be monitored, but most clinical
methods used for assessing exocrine pancreatic
function are either too invasive or too insensi-
tive to be considered useful. A non-invasive test
such as the measurement of blood immunore-
active trypsin level appears to have significant
age related limitations in CF patients, because
of the significant increase in the serum pancre-
atic enzyme at birth in infants with PI.3

In the 1980s an unusual secretory protein
was identified in human pancreas.4 5 The first
evidence was its susceptibility to proteolysis
and the fact that the proteolytic product
precipitated at neutral pH forming fibrils,
prompting the name pancreatic thread
protein.5 This 14 kDa proteolytic product was
the first to be identified in the pancreatic juice
under the name of protein X4 and in pancreatic
precipitates and stones where it was given the
name pancreatic stone protein.6 7 Later, the
soluble precursor was fully characterised as a
19 kDa non-enzymic secretory glycoprotein,
and it was found that removal of the
N-terminal glycosylated undecapeptide by
trypsin cleavage generates the polypeptide that
is insoluble at neutral pH. This secretory
protein was later found to be 100% identical
with a protein encoded by a gene related to
regeneration of pancreatic â-cell and named
“Reg” for regenerating.8 9

In a previous study, Forstner et al10 studying
pancreatobiliary secretions of CF patients
showed selective precipitation of Reg in the
concentrated samples of duodenal secretions
provided from these patients as well as from
control patients, suggesting that this protein
may contribute to the protein plugging ob-
served in CF. It was therefore of interest to
investigate Reg protein concentration in the
serum of CF patients to see if its measurement
could be useful in the monitoring of pancreatic
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status in CF patients. The results presented
here show that Reg is present in all CF serum,
from both patients with PS and PI, at a higher
concentration than in normal serum. In
addition, our data led to the interesting
hypothesis that Reg is not a secretory exocrine
protein like the digestive enzymes but is rather
a hormone-like secretory substance with an
endocrine or paracrine function.

Materials and methods
MATERIALS

Human pancreatic juices (n = 7) devoid of free
proteolytic activity were obtained by catheteri-
sation of the Wirsung duct of patients without
pancreatic disease and after surgery for biliary
disease as previously described.11 The samples
were stored as a lyophilised powder at −20°C.
Lyophilised pancreatic juices were first dis-
solved in 1 mM benzamidine to avoid zymogen
activation and the protein concentration was
estimated using an absorption coeYcient of
20.0. The samples of pancreatic juice were then
diluted in bovine serum at a protein concentra-
tion of around 22 µg/ml before assay. The same
solutions were used for Reg protein, trypsin
(ogen), and lipase immunoassays.

Adult pancreatic tissues (n = 7) were
obtained from transplant donors and/or from
patients having surgery; the tissues were imme-
diately frozen.

Samples of recombinant pancreatitis associ-
ated protein/hepatocarcinoma-intestine-pan-
creas (PAP/HIP; expressed in Escherichia coli)12

and specific antibody to PAP/HIP were gifts
from Laurence Christa (INSERM U370,
Paris, France). Trypsinogen and lipase cDNA
probes were synthesised by reverse transcrip-
tion and polymerase chain reaction (PCR) as
described by Moriscot et al.13 Reg cDNA
probe, kindly given by Dr H Okamoto (Tohoku
University School of Medicine, Japan) was a
600 bp fragment cloned into pBluescript
vector. 28S cDNA probe was from American
Type Culture Collection (Rockville, Maryland,
USA).

PREPARATION OF SERUM SAMPLES

Blood samples collected in standard tubes were
allowed to clot at room temperature, centri-
fuged for 10 min at 1700 g, and the sera stored
at −80°C until assay. A total of 148 serum
samples obtained from 55 controls and 93 CF
patients were studied. In addition, sera from 22
patients with chronic pancreatitis (CP) were
compared; CP was confirmed on clinical
grounds, the presence of pancreatic calcifica-
tion, and findings of the cholecystokinin secre-
tion test, endoscopic retrograde cholangiopan-
creatography, or pancreatic histology.

The 55 control sera consisted of 38 collected
from apparently healthy adult volunteers under
fasting conditions, and 17 from newborns and
babies (aged from 15 days to 20 months) which
had been sent to our laboratory for trypsin
(ogen) immunoassay because of a suspicion of
CF but shown to be normal.

Of the 93 serum samples from patients with
CF, 76 (provided by the paediatric service of
Hôpital Renée Sabran, Giens, France) were

from patients aged 5–29 years (mean (SD) age
17.5 (6.1) years). Eleven were from PS patients
and 65 from PI patients. PS patients were
defined by having a fat absorption coeYcient of
over 90% in the absence of opotherapy and not
requiring oral pancreatic supplements. PI
patients had a fat absorption coeYcient lower
than 90% without treatment and required oral
pancreatic replacement therapy with meals.

The remaining 17 serum samples (provided
by Yves Barbier, Hôpital Debrousse, Lyon,
France) were from newborns and babies (aged
from 15 days to 21 months) being screened for
cystic fibrosis. These sera displayed a high level
of immunoreactive trypsin(ogen) as measured
by radioimmunoassay (RIA-gnost; Behring,
Marburg, Germany), with 10 of the 17 samples
having the highest level of measurable immu-
noreactive trypsin(ogen) (>1180 ng/ml). These
newborns and babies were further shown by
genotyping to have CF.

IMMUNOENZYMIC ASSAY OF THE REG PROTEIN

Reg protein concentration was measured by a
direct sandwich immunoassay14 on 0.1 ml
serum, pancreatic juice, or chromatography
fractions diluted to a final volume of 0.3 ml in
the diluting medium (0.2 M phosphate buVer,
pH 7.2, 10% rabbit serum). As a solid phase,
6.5 mm diameter polystyrene balls were coated
with specific IgG, and horseradish peroxidase
labeled IgG was used as a secondary antibody.
Peroxidase activity was measured using
o-phenylenediamine dihydroxychloride as sub-
strate.

Figure 1 Immunoblotting of anti-Reg protein and
anti-PAP/HIP. Partially purified Reg protein (0.4 µg; lane
1) and purified HIP (0.4 µg; lane 2) were electrophoresed
on SDS/12.5% polyacrylamide gel and then transferred to
nitrocellulose. Immunodetection was performed with
anti-Reg (1:500 dilution) (A) and anti-PAP/HIP (1:500
dilution) (B) and detected by enhanced chemiluminescence
(Amersham kit) after incubation with horseradish
peroxidase labelled anti-rabbit IgG (1:5000 dilution). The
positions of the molecular mass markers are indicated.
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To be sure of the specificity of the antibody
to Reg, we checked the absence of cross
reactivity with PAP/HIP, a closely related
protein shown to be increased in neonates with
CF.15 A sample of recombinant PAP/HIP and a
sample of human pancreatic juice were submit-
ted to immunoblotting using antibodies to Reg.
As expected, a band of 19 kDa corresponding
to the glycosylated form of the protein present
in pancreatic juice was detected with our anti-
bodies whereas no immunoreactivity was
observed with PAP/HIP (fig 1), indicating that
the antibody used was specific to Reg. In con-
trast, pure HIP was recognised by the antibody
to recombinant PAP/HIP. On the other hand,
we verified that PAP/HIP, tested at a concen-
tration of 1 µg/ml, was not recognised by the
immunoenzymic assay for Reg.

DETERMINATION OF TRYPSIN(OGEN),
CHYMOTRYPSIN(OGEN), AND LIPASE

CONCENTRATIONS

Blood trypsin(ogen) levels were determined by
an immunoenzymic assay as previously
described.16 The assay was shown to specifi-
cally recognise the major human trypsinogen:
trypsinogen 1 or “cationic” trypsinogen. Blood
lipase and chymotrypsin(ogen) levels were
determined by immunoenzymic assay as de-
scribed previously.17 18

GEL FILTRATION

Serum filtration was performed on a column
(1.5 cm × 90 cm) of Sephadex G-100-SF
(Pharmacia Fine Chemicals, Uppsala, Swe-
den) in a 50 mM Tris/HCl buVer, pH 7.6,
containing 200 mM NaCl. Proteins were
assayed by measuring absorbance at 280 nm,
and elution of trypsin(ogen) and Reg was con-
trolled by immunoenzymic assay of each
fraction. The column was calibrated with the
following proteins: bovine serum albumin (67
kDa), ovalbumin (45 kDa), bovine chymo-
trypsinogen (25 kDa), and cytochrome c (14
kDa).

QUANTITATIVE ANALYSIS OF mRNA BY DOT-BLOT

HYBRIDISATION

Adult pancreatic RNA was prepared as de-
scribed by Chirgwin et al19 with slight modifica-
tions as previously explained.20 RNA integrity
was confirmed by 1% formaldehyde/agarose
gel electrophoresis, and qualitative analysis of
mRNA was checked by Northern blot.13 Reg
and trypsinogen mRNA were determined by
dot-blot hybridisation in duplicate on each
pancreas. Sequential dilutions of total RNA
(0.005–0.156 mg) were spotted on nitrocellu-
lose membranes using a manifold apparatus
(Minifold I; Schleicher & Schuell, Dassel, Ger-
many). Reg and trypsinogen mRNA levels were
quantified after hybridisation with 32P-labeled
Reg and trypsinogen cDNA probes respec-
tively. For the hybridisation with the 28S

Figure 2 Comparison of Reg protein, trypsin(ogen), and
lipase levels in sera of cystic fibrosis patients with pancreatic
suYciency (open symbols) and pancreatic insuYciency
(solid symbols). (A) Absence of correlation between Reg
protein and trypsin(ogen) concentration; (B) correlation
between lipase and trypsin(ogen) concentrations.

160

60

40

0

20

12080

Lipase concentration (ng/ml)

B

Tr
yp

si
n

(o
g

en
) 

co
n

ce
n

tr
at

io
n

 (
n

g
/m

l)

6040200

80

100

120

140

100

160

60

40

0

20

120400

Reg protein concentration (ng/ml)

A

Tr
yp

si
n

(o
g

en
) 

co
n

ce
n

tr
at

io
n

 (
n

g
/m

l)

3002001000

80

100

120

140

500

Figure 3 Absence of correlation between Reg protein and
trypsin(ogen) levels in the serum of patients with chronic
pancreatitis (A) and controls (B).
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cDNA probe, we used a 100-fold lower amount
of total RNA and therefore the sequential dilu-
tions were from 50 to 1.56 ng of total pancre-
atic RNA. Filters were then exposed to x ray
films (Hyperfilm MR; Amersham Inter-
national, Amersham, Bucks, UK). After auto-
radiography, the filter-bound radioactivity was
determined by scanning autoradiograms at 490
nm using an optical densitometer (Dynatech
MR 5000; Dynex, Issy-les-Moulineaux,
France), and mRNA concentrations were esti-
mated from the slopes of the linear regression
curves of dot scans. The regression coeYcient r
was always >0.98. The densitometrically
scanned readings for Reg and trypsinogen were
corrected to the 28S signal to eliminate
possible diVerences in total RNA loading.
Results were calculated as the ratio Reg/28S
and trypsinogen/28S and expressed in arbitrary
units (AU).

STATISTICAL ANALYSIS

Blood protein levels were expressed as means
(SD) (ng/ml). DiVerences between groups
were evaluated by Student’s unpaired t test.

Results
REG, TRYPSIN(OGEN), CHYMOTRYPSIN(OGEN),
AND LIPASE LEVELS IN THE SERUM OF CF

PATIENTS: COMPARISON WITH CONTROLS AND

PATIENTS WITH CP

Newborns and babies with CF
Levels of Reg protein were found to be very
high in the serum of 17 CF newborns and
babies up to 21 months (864.3 (539.0) ng/ml)
and a very large variation in the values was
observed. Serum immunoreactive chymo-
trypsinogen with a mean level of 189.2 (107.2)
ng/ml was also very high and variable com-
pared with that previously observed in normal
newborns (21.0 (9.4) ng/ml).18 Similar high
widely distributed levels were observed for
lipase (37.8 (32.3) ng/ml) compared with pre-
vious results found in normal newborns (4.0
(2.7) ng/ml).17

In the serum of 17 normal newborns and
babies up to 20 months, the levels of Reg pro-

tein (123 (60) ng/ml) were much lower and less
scattered than in newborns and babies with
CF.

Adult patients with CF
Two groups of CF patients were studied sepa-
rately according to their pancreatic suYciency.
In all the 65 CF patients with PI (53 of which
had undetectable serum trypsin(ogen) and
lipase), Reg protein was present in the serum at
a concentration of 142 (30) ng/ml. There was
no diVerence between diabetic and non-
diabetic CF patients or between the diVerent
types of mutation (data not shown).

In the 11 CF patients with PS, the mean Reg
level in serum (136 (124) ng/ml) was similar to
that found in CF patients with PI but with the
same wide distribution as observed for new-
borns with CF. In these sera the same scatter
was observed for trypsin(ogen) (47.9 (39.5)
ng/ml) and lipase (29.6 (25.1) ng/ml).

In all CF patients (PI and PS), no correlation
was found between the level of Reg protein and
trypsin(ogen) (r = 0.22) (fig 2A), whereas a
very good correlation was observed between
trypsin(ogen) and lipase (r = 0.95) (fig 2B).

It was of interest to compare the concentra-
tions of Reg protein in the sera of patients with
CP with those found in the sera of CF patients
(PI and PS). The mean serum level of Reg pro-
tein in CP patients was 160 (96) ng/ml, a value
close to that observed in all adult CF patients
(141 (93) ng/ml); both were significantly
higher than in control sera (84.8 (29.9); n =
38) with p<0.003 and 0.002 respectively.
When immunoreactive trypsin(ogen) was as-
sayed, no correlation was found between Reg
and trypsin(ogen) concentrations measured in
17 CP sera (fig 3A), but it is interesting to note
that a similar lack of correlation was also found
in the sera of 22 controls (r = 0.11) (fig 3B).

MOLECULAR FORMS OF THE REG PROTEIN IN CF

SERA

The fact that Reg was present in fairly large
amounts in the serum of PI patients in which
trypsin(ogen) and lipase were undetectable led
us to look for a diVerence in the molecular

Figure 4 Gel filtration of serum from cystic fibrosis (CF) patients on Sephadex G100-SF. (A) Serum from a CF patient
with pancreatic suYciency; (B) serum from a CF patient with pancreatic insuYciency. In each case, 0.5 ml serum was
loaded on a column (1.5 cm × 90cm) equilibrated in 200 mM NaCl/50 mM Tris/HCl buVer, pH 7.6. Fraction size, 2 ml.
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form(s) of Reg protein in the serum of these
patients. Sera obtained from PI and PS patients
were submitted to gel filtration, and the
molecular size distribution of Reg protein was
determined by immunoassay of the protein in
the diVerent fractions (fig 4). Reg in serum
from PS patients was eluted in one peak, with
the fractions corresponding to proteins of 25
kDa and containing immunoreactive trypsino-
gen (fig 4A). This profile was similar to that
observed on gel filtration of control serum
(data not shown). For serum from PI patients,
the Reg protein elution profile was the same,
whereas, as expected, no immunoreactive
trypsin(ogen) was detectable in any chromato-
graphic fractions (fig 4B).

ABSENCE OF CORRELATION BETWEEN REG AND

TRYPSIN(OGEN) OR LIPASE CONCENTRATIONS IN

PANCREATIC JUICE AND BETWEEN REG AND

TRYPSIN(OGEN) GENE EXPRESSIONS IN HUMAN

PANCREATIC TISSUE

We investigated the possibility that the absence
of correlation between Reg protein level on the
one hand and trypsin(ogen) or lipase levels on
the other in CF patients as well as in patients
with CP and normal sera could be due to
extrapancreatic events. We therefore quantified
using the same assays the three proteins in
seven samples of normal pancreatic juice and
compared their relative concentrations in pan-
creatic juice and normal serum. As shown in fig
5, the relative concentrations of trypsinogen
and lipase in serum and pancreatic juice are
comparable, but the concentration of Reg in
relation to the other two is much higher in
serum than in pancreatic juice. In addition, as
observed for serum, no correlation was found
between Reg and trypsin(ogen) (or lipase)
concentrations in pancreatic juice whereas a
good correlation was observed between
trypsin(ogen) and lipase (data not shown).

At the molecular level, there was again a lack
of correlation between the levels of Reg and
trypsinogen mRNAs in pancreatic tissues (fig
6), contrasting with the positive correlation

previously observed between trypsinogen and
lipase mRNAs.13

Discussion
Human pancreatic secretion contains about 20
major protein components, more than 85% of
which are directly involved in the digestive
process.21 The other 15% are small amounts of
serum proteins, lysosomal proteins, lactoferrin
but essentially a polymorphic glycoprotein
without any recognised enzyme activity, the
Reg protein, which accounts for 10–14% of
total pancreatic proteins.14 22 This protein, first
identified as a proteolysed product in the
autoactivated pancreatic juice,4 was found in
pancreatic plugs of patients with chronic calci-
fying pancreatitis6 and was shown to be
selectively precipitated in concentrated pan-
creaticobiliary secretions.10 All these data
favour our earlier hypothesis that the presence
of the proteolysed protein in pancreatic pre-
cipitates does not reflect the function of the
secreted glycoprotein but its suceptibility to
proteolysis.23–25 In human pancreas Reg was
identified only in the exocrine tissue26 and
secreted as a normal protein of the juice
together with the other digestive proteins.
However, its biological function in the secre-
tion remains elusive. A potential role for this
protein or its precursor in the prevention of
pancreatic stone formation has been proposed
but recently ruled out.27 28 It was therefore of
interest to investigate the serum level of this
protein in patients with CF in which pancreatic
disease is characterised by the presence of
plugs within acini and intra- and extra-lobular
ducts accompanied by a loose interstitial fibro-
sis (reviewed by Figarella and Carrère29).

In the blood of neonates and young infants
with CF, in which Crossley et al30 first noted
increased immunoreactive pancreatic cationic
trypsin(ogen), we also observed a significant
increase in Reg protein, chymotrypsin(ogen),
and lipase. The increased serum levels of all
these pancreatic proteins in CF neonates is
probably due to the presence of a thick pancre-
atic juice characteristic of the disease, increas-
ing the pressure in the pancreatic duct and
leading to increased leakage/reabsorption into
the bloodstream. However, our present data
show that, whereas secretory digestive enzymes

Figure 5 Trypsin(ogen), lipase, and Reg protein concentrations in pancreatic juice and
serum. It is assumed that 1 ml pancreatic juice contains 1 mg protein.
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disappear from the serum of PI adult patients
with CF, Reg protein remains and at an
elevated level. In CF patients with PS, in whom
the levels of serum lipase and trypsin(ogen) are
normal or elevated, the serum Reg level is also
significantly higher than in controls and similar
to that observed in CF patients with PI. In
addition, we found a similar high level of serum
Reg protein in patients suVering from CP, as
previously observed by Schmiegel et al31 for the
homologous pancreatic stone protein.

To be sure that the protein identified in the
serum of PI CF patients was similar to that
found in PS CF patients, we performed a gel
filtration of sera from PS and PI patients. In
both cases, the serum Reg protein was eluted in
fractions with proteins of molecular mass
around 25 kDa. A similar elution profile was
observed in normal serum with or without an
added sample of the purified Reg protein.15

These results suggest that the elevated Reg
protein concentration observed in CF serum is
due to specific and increased synthesis of the
pancreatic Reg protein. However, is the serum
Reg protein only of pancreatic origin?

The presence of a large amount of Reg pro-
tein in the serum of CF patients with PI is
indeed surprising and may suggest an extra-
pancreatic origin which could be related to the
previous findings of Hayakawa et al32 and our
unpublished data showing the presence of Reg
in the serum of pancreatectomised patients.
This could explain the lack of correlation
between serum levels of Reg and trypsin(ogen)
which we found in all sera (controls, CF, and
CP), contrasting with the excellent correlation
observed between lipase and trypsin(ogen) lev-
els in the same sera.33 Along the same lines,
comparing the ratios between the levels of
trypsin(ogen), lipase, and Reg in serum and
pancreatic juice, we found that Reg protein
concentration was similar to trypsinogen and
lipase concentrations in pancreatic juice but
four times higher in serum. The possibility of
an additional intestinal origin of serum Reg
could be evoked, as we previously showed by
immunocytochemistry the presence of the pro-
tein in the small intestine not only in Paneth
cells but also in immature enterocytes.34 In
addition, we found Reg cDNA at a lower level
in jejunum, stomach, and colon.35 However, it
is interesting to note the lack of correlation
between the levels of Reg and of each of the two
other proteins in pancreatic juice whereas a
good correlation was found between lipase and
trypsinogen concentrations. The same diVer-
ence was observed at the molecular level, as
there is no correlation in pancreatic tissue
between Reg mRNA and other exocrine
protein mRNA, which diVers from our previ-
ous results showing a correlation between
lipase and trypsinogen gene expression.13

Therefore, even if serum Reg may be more
than an indicator of pancreatic function, the
diVerent pancreatic behaviour between this
major secretory protein and digestive enzymes
remains to be explained.

Is Reg protein a secretory exocrine protein
that is diVerent from digestive enzymes and
more like a hormonal secretory substance with

an endocrine or paracrine function? The pres-
ence of elevated levels of Reg in the serum of
CF patients is diYcult to explain by only an
extrapancreatic origin of the protein (because
we found it and other pancreatic proteins to be
present in very high concentrations in the
serum of newborns with CF) and suggests that
pancreatic Reg is oversynthesised in CF. It is
possible that this overexpression is related to
the persistence of the inflammatory process in
the disease, as it has recently been shown that
Reg mRNA expression was strongly induced in
a pancreatic acinar cell line AR-42J after treat-
ment with proinflammatory cytokines such as
tumour necrosis factor á and interferon ã.36

Another attractive hypothesis is that the
overexpression of pancreatic Reg is due to the
relative preservation of the endocrine pancre-
atic function observed in CF patients.37 Histo-
logical studies have shown that, in CF, despite
large alterations in the exocrine pancreas, the
volume density of endocrine tissue is within
normal limits and that pancreatic endocrine
cell neoformation may be observed.38–40 On the
other hand, Reg protein has been shown to
stimulate islet â-cell replication in 90% pan-
createctomised rats,41 and we recently showed
that the reg gene is overexpressed in NOD
(non-obese diabetic) mice during active diabe-
togenesis, in which pancreatic regeneration
may occur.42 In addition, all studies describing
overexpression of pancreatic Reg mRNA dealt
with diVerent experimental models of pancre-
atic regeneration where a â-cell replicative
process was observed (reviewed by Baeza et
al43). In these models, it appears that the over-
expression of the reg gene is rapid but transient,
lasting only a few days. It is observed mainly in
exocrine tissue during the initial phase of
regeneration, suggesting an increased expres-
sion after cell dediVerentiation. In contrast
with these models, which represent an acute
process, CF and, to a lesser extent, CP are
chronic processes during which the pancreas is
continuously submitted to successive insults
possibly followed by attempts at regeneration
leading to continuous overexpression of pan-
creatic Reg mRNA. A careful longitudinal
evaluation in CF patients of serum Reg protein
concentration in conjunction with other tests
of exocrine and endocrine pancreatic function
would perhaps help to resolve this issue.
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