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Abstract

Recent studies on the gene sequence encoding the human pyloric
antral hormone, gastrin, indicate a precursor of 101 residues.
Wehave now raised antibodies to a synthetic analogue corre-
sponding to (Tyr)-human progastrin COOH-terminal pentapep-
tide. The antibodies could be used in radioimmunoassay to mea-
sure this peptide, but they did not react with corresponding frag-
ments of procholecystokinin, porcine progastrin, Or other human
progastrin-derived peptides, notably heptadecapeptide gastrin
(G17), and 34-residue gastrin (G34). Radioimmunoassay of hu-
man antral and duodenal extracts revealed a major peak of ac-
tivity that corresponded to the native COOH-terninal fragment
of progastrin, and occurred in approximately equimolar amounts
with COOH-terminal G17 immunoreactivity. In addition, there
was a minor peak of apparently higher molecular weight material.
In some gastrinomas the latter material was the predominant
immunoreactive form, and it occurred in higher molar concen-
trations than any other form of gastrin. Digestion of this material
with trypsin liberated peptides that reacted with antibodies spe-
cific for the NH2-terminus of G34, and G17. On this basis the
high molecular weight component was identified as a form of
gastrin that extended from the COOH-termminus of the precursor
to a point at least beyond the NHrterminus of G34, and probably
included the entire progastrin sequence. The results suggest dif-
ferences in posttranslational processing pathways of progastrin
in antrum, duodenum and gastrinomas. They also indicate that
the present experimental approach allows the identification of
progastrin-like substances, which should open the way to study-
ing the mechanisms of gastrin biosynthesis.

Introduction

Recently the complementary DNA(cDNA)' sequences com-
plementary to the messenger RNA(mRNA) encoding porcine
and human preprogastrin have been elucidated (1-4). These in-
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1. Abbreviations used in this paper: CCK, cholecystokinin; cDNA, com-
plementary DNA; G17, heptadecapeptide gastrin; G34, 34-residue gastrin;
HPLC, high pressure liquid chromatography; mRNA,messenger RNA;
NTG34, NHrterminal fragment of G34; RSAEDEN,human progastrin
95-101; TFA, trifluoroacetic acid; TPCK, N-tosyl-L-phenylalanine chlo-
romethyl ketone; YAEDEN, Tyr9" hutMan progastrin 97-103.

dicate precursor peptides of 104 and 101 residues, respectively.
In both instances there is a single copy of the sequence corre-
sponding to 34-residue gastrin (G34), or big gastrin, isolated
from pig antral mucosa and human gastrinoma tissue by Gregory
and Tracy (5,' 6). It has been appreciated for some time that
G34 was a probable precursor of the major form of gastrin in
antral tissue extracts, the heptadecapeptide, G17 (6)..The latter,
together with an NH2Iterminal fragment (NT G34), is generated
by tryptic cleavage of G34 at pairs of Lys residues (6, 7). In
preprogastrin, G34 is extended at both NH2-terminal and
COOH-terminal ends by peptide sequences that may be desig-
nated cryptic peptides A and B, respectively (Fig. 1). Recently,
antibodies to porcine cryptic peptides A and B were used to
identify and localize these peptides in pig antrum (8, 9). However,
these antibodies do not react with the human cryptic peptides
due to species differences in amino acid sequence (Scheme I).
Wehave now developed a radioimmunoassay using antibodies
to a synthetic analogue of human cryptic peptide B, and have
used it together with assays for G17 and NTG34 to identify the
peptides in extracts of human antrum, duodenum, and gastri-
noma. Our results indicate the presence in these tissues of ma-
terial corresponding to cryptic pe ptide B and to a larger peptide
that may be intact progastrin and that in some gastrinomas is
the predominant immunoreactive form.

Methods

Peptides. The hexapeptide Tyr-Ala-Glu-Asp-Glu-Asn (YAEDEN in the
single-letter notation) was purchased from Peninsula Laboratories, Inc.,
Belmont, CA, in the form of crude synthetic material. It corresponds to
(Tyr)-human progastrin 97-101 (Scheme I). The amino acid sequences
in Scheme I are aligned from the Phe residue destined to become the
COOH-terminal Phe amide of gastrin orcholecystokinin (CCK). Cleavage
at the arginine residues liberates cryptic peptide B, which in each case,
starts with the tripeptide Ser-Ala-Glu. The COOH-terminal hexapeptide
of human cryptic B substituted with Tyr in place of Ser, was used for
immunization and radiolabeling in this study.

The YAEDENhexapeptide was purified on high pressure liquid
chromatography (HPLC) using an Altex system (Altex Scientific, Inc.,
Berkeley, CA) and either a C18 Techsil column or u Bondapak C18 car-
tridge in a Z-module (Waters Associates, Millipore Corp., Milford, MA).
Samples were applied in 0.1% trifluoroacetic acid (TFA) and eluted with
a gradient of acetonitrile. The major peak with absorbance at 214 nm
eluted with 6% acetonitrile; this material was used for immunization
and labeling, and as the standard in the present study. It was characterized
and standardized as follows: an initial estimate of concentration was
made on the basis of A280 nmcalculated from the molar extinction coef-
ficient for Tyr at this wavelength. A sample of 4.37 nmol was then hy-
drolyzed in 6 MHCI containing 0.1% phenol, for 20 h at 108'C. The
hydrolysate was reacted with phenyl isothiocyanate, according to the
method of Heinrikson and Meredith (10); the phenyl thiocarbamyl de-
rivatives were separated on a Nova-pak column (Waters Associates), and
the peaks of absorption at 254 nmintegrated using a C-R3A Chromatopak
(Shimadzu Scientific Instruments, Inc., Columbia, MD). The following
amino acids were recovered: Asp, 9.5 nmol; Glu, 8.52 nmol; Ala, 4.03
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Figure 1. Schematic representation of human progastrin based on
cDNA sequencing. Cleavage of the precursor at pairs of basic residues
(arrows) would generate GI 7 (after COOH-terminal amidation), NT
G34, and two flanking peptides, designated cryptic peptides A and B.
The specificity of the antibodies used for this study is shown. Note
that L2 16 is specific for the COOH-terminus of cryptic B and would
be expected to react with NHrterminally extended forms of this frag-
ment, including intact progastrin. See text and references 1-13 for
the specificity of the antibodies.

nmol; Tyr, 4.35 nmol; these values are within 10% of the expected com-
position. The pure synthetic heptapeptide Arg-Ser-Ala-Glu-Asp-Glu-Asn
(RSAEDEN) corresponding to human progastrin 95-101 was purchased
from UCBLtd. (Brussels, Belgium). Synthetic analogues of the COGH-
terminal fragments of porcine gastrin cryptic peptide B (YGDQRP), and
rat CCKcryptic peptide B (YEYPS) were obtained from Peninsula Lab-
oratories, Inc., and Cambridge Research Biochemicals, Ltd. (Harston,
Cambridgeshire, United Kingdom), respectively. Synthetic human G17
and 1-17 G34 were obtained from UCBBioproducts (Brussels, Belgium)
and synthetic human G34, from Fluka AG(Buchs, Switzerland); natural
human G17 was a gift from Professor R. A. Gregory, University of Liv-
erpool.

Tissue samples. Extracts were prepared from eight gastrinomas (four
samples of primary tumors and four of metastatic tissue), antral mucosa
(n = 10), orduodenal tissue (n = 7) obtained at surgery. All the gastrinoma
patients were diagnosed on the basis of a characteristic history of peptic
ulcer disease, elevated basal plasma gastrin, positive secretin test, and
basal acid output >10 mmol* h-'. Antral mucosa was obtained at re-
section for duodenal ulcer (n = 8), or carcinoma of the stomach (n
- 2). Duodenal samples, all of which were just distal to the sphincter of
Oddi, were taken from patients undergoing Whipple's procedure. In all
cases, the tissues were rapidly transported to the laboratory and either
extracted immediately or frozen in liquid nitrogen and stored at -80'C
before extraction.

Extraction. Fresh, or deeply frozen, tissue was extracted in boiling
water. Small pieces of tissue (<0.1 g) were added to vigorously boiling
water and heated for 5 min. Thereafter, the tissue was homogenized, the
volume was made to 0.1 go ml-', and the extract was centrifuged. Su-
pernatants were either stored frozen (-20'C) or were Iyophilized before
further study. Re-extraction of pellets in either water or cold 3% acetic
acid gave <10% of original immunoreactivity.

Radioimmunoassay. Antibodies specific for human cryptic B were
obtained by immunization of rabbits with YAEDEN. Peptide (570 nmol)
was coupled to bovine thyroglobulin (1.5 mg) by addition of 25 Ml glu-
taraldehyde (5%) in phosphate buffer, pH 7.4, 0.2 M. The mixture was

Human progastrin

Porcine progastrin

Rat pro CCK

-Phe-Gly-Arg-Arg-Ser-Ala-Glu-Asp-
Glu-Asn

-Phe-Gly-Arg-Arg-Ser-Ala-Glu-Glu-
Gly-Asp-Gln-Arg-Pro-

-Phe-Gly-Arg-Arg-Ser-Ala-Glu-Asp-
Tyr-Glu-Tyr-Pro-Ser.

SCHEMEI

incubated at 220C for 30 min, and then dialyzed against distilled water
(4 liters, 4VC overnight). The incorporation of peptide into conjugate
was 72%, based on the recovery of a small quantity of '25I-labeled
YAEDENadded to the reaction mixture. Four rabbits received 50 nmol
of peptide, emulsified in Freund's complete adjuvant and injected at
multiple intradermal sites. They were boosted at 6-8 wk intervals with
the equivalent of 25 nmol of peptide and bleedings were taken from an
ear vein 8-10 d after each boost. All rabbits gave antibodies binding
labeled YAEDENat 1:100 final dilution, but only one (L216) was of
adequate titer for further studies. Antibody specificity was determined
by comparison of the inhibition of binding by YAEDEN, RSAEDEN,
and other peptides.

In initial studies, labeled peptide was prepared by the chloramine T
method, but in the work described here the iodogen method was used.
Thus, 100 Al of iodogen (95 nmol * ml-') dissolved in dichloromethane
was dried in a glass tube. Phosphate buffer (I15 al, pH 7.4, 0.25 M) was
then added, followed by peptide (1.0 nmol in 10 MI phosphate buffer)
and '251-Na (5 Al, 18.5 MBq(Amersham International, plc, Amersham,
Bucks, United Kingdom). The reaction mixture was incubated for 20
min at 220C, and the labeled peptide was purified by HPLC. The pu-
rification system employed a Hypersil C1, column -ypersil Technical,
Ltd., Stockport, Cheshire, United Kingdom) eluted with a gradient of
acetonitrile in 0.1% TFA. The peak of labeled peptide was diluted in
assay buffer and stored at -20'C.

Assay incubations were made in a volume of 1.0 ml sodium barbitone
buffer (0.02 M, pH 7.5) containing 0.05% wt/vol bovine serum albumin
and 1 mg- ml-' ethylenediamine tetra-acetate. Antibody L216 was diluted
1:2,000, and used with 4,000 cpm label. All assays included control tubes
for nonspecific binding, which was always <8%, and standard curves of
YAEDENor RSAEDEN. Samples were diluted to give inhibition of
binding between 20 and 80% of that in tubes containing antibody and
label alone. Antibody-bound and free-label fractions were separated by
addition of 100 Al of a suspension of Amberlite CG400 resin (200
go liter-').

Samples were also assayed for COOH-and NH2-terminal G17 im-
munoreactivity and for NH2-terminal G34 immunoreactivity according
to published methods ( 1 1 -13).

Chromatography. Antral, duodenal, and tumor tissue extracts were
fractionated by gel filtration on Sephadex G50s (1 X 100 cm) equilibrated
and eluted with 0.02 M phosphate buffer, pH 7.4, or 0.02 Msodium
barbitone, pH 8.2. Recovery was 70-100%6 of immunoreactivity in all
cases. Columns were calibrated with standard cryptic peptide B, G34,
NT G34, and G17. In each run the elution position of immunoreactive
peptide was determined relative to the void volume, detected by absor-
bance of protein at 280 nm, and 251-Na was added to the samples. The
tubes corresponding to high molecular weight cryptic peptide B im-
munoreactive material were subsequently further purified on HPLCusing
a Z-module C1, (,i Bondapak) cartridge (Waters Associates) in an HPLC
system (Altex Scientific, Inc.) and eluted with a gradient of acetonitrile
in 0. 1% TFA. Tubes with cryptic B activity were diluted with 2 vol of
0.1% TFA and further run on a M Bondapak phenyl cartridge.

Trypsinization. Two types of trypsinization experiments were done:
(a) HPLC eluates containing high molecular weight cryptic B immu-
noreactivity were diluted 1:50 with ammonium bicarbonate, 0.1 M, and
incubated with N-tosyl-L-phenylalanine chloromethyl ketone (TPCK)-
treated trypsin (10 Mg from Worthington Diagnostics Div., Millipore
Corp., Freehold, NJ) for 2 h at 370C and the reaction was terminated
by 5 min in a boiling water bath. Samples were assayed with NH2-terminal
G34, NH2-terminal G17, and COOH-terminal G17 specific antibodies,
as well as cryptic B antibodies, before and after digestion with trypsin.
The samples were also rerun on HPLCand assayed with the antibodies
just mentioned. (b) Extracts of antral mucosa and gastrinomas were di-
gested'with 100 g ml-' TPCK-treated trypsin by incubation in am-

monium bicarbonate 0.05 Mat 370C for 2.5 h. The samples were then
applied to Sephadex columns as described above.

Statistics. The concentrations of immunoreactivity in different tissue
extracts, and the relative proportions of different components have been
expressed as means±SEM.
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Results

Radioimmunoassay. Extracts of antral mucosa and gastrinoma
inhibited binding of label to antibody L2 16 in parallel with the
standard peptide (Fig. 2). The synthetic peptide RSAEDENalso
diluted in parallel with YAEDEN, whereas peptides corre-
sponding to the COOH-terminal fragments of porcine progastrin
and rat proCCK did not react significantly (<0.001); other pro-
gastrin-derived peptides, i.e., G17, G34, and NTG34, were also
inactive in the assay.

Antral mucosa. The concentration of cryptic B immuno-
reactivity in the antral extracts was 7.5±1.7 nmol * g-' (n = 10)
compared with 5.4±0.9 nmol * g-' COOH-terminal G17 activity.
Whenantral extracts were fractionated on Sephadex G50 there
was a major peak of cryptic B immunoreactivity that eluted in
a similar position to the standard cryptic peptide and accounted
for 84.3±2.1% of total activity (Fig. 3). A minor peak of cryptic
B immunoreactivity eluted just after the void volume and before
G34, and contributed 12.3±1.6% to the total cryptic B immu-
noreactivity. In some column runs trace amounts of immuno-
reactivity (<2% total) emerged as a peak in the void volume,
and as a peak just before the major peak. In all samples there
were also major peaks corresponding to G17 and NTG34 iden-
tified by the appropriate antibodies. Intact G34 was <5% total
in all antral extracts.

Duodenum. Cryptic B immunoreactivity was also found in
duodenal extracts, although concentrations were 5 to 20 times
lower than in antrum (mean, 0.51±0.20 nmol * g-', n = 7). The
concentrations of COOH-terminal G17 immunoreactivity in the
same extracts (0.42±0.16 nmol g-') were similar to those of
cryptic B. The pattern of cryptic B immunoreactivity after sep-
aration on Sephadex G50 closely resembled that in the antral
extracts (Fig. 4). In contrast, assays using COOH-terminal GI 7
and NH2-terminal G34 antibodies showed that G34, rather than
GI 7 and NT G34, predominated in the duodenal extracts.

Gastrinoma. The concentrations of cryptic B immunoreac-
tivity in different tumor extracts ranged from 0.55 to 383
nmol g-' (mean, 108±53 nmol - g'; n = 8). By comparison,
COOH-terminal G17 immunoreactivity was 53±26 nmol. g-
(range, 0.03 to 217). In three cases the concentration of cryptic
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Figure 3. Separation on Sephadex G50 of an antral extract; the eluates
were assayed with antibodies to cryptic B (e), NTG34 (o), and G17
(A). The arrow at the top indicates the elution position of synthetic
standard cryptic B. In this system standard G34 elutes at 42%, NT
G34 at 58%, and G17 at 70%.

B immunoreactivity was within - 30% of the concentration of
COOH-terminal G17 immunoreactivity, but in four cases there
was an excess of cryptic B immunoreactivity up to 18-fold greater
than G17; in the remaining case COOH-terminal G17 was - 70%
greater than cryptic B (Table I). Separation on Sephadex G50
revealed marked differences between tumors in the patterns of
cryptic B molecular forms (Figs. 5 and 6). In all cases there was
a peak eluting in a similar position to the standard, but unlike
antral mucosa, this accounted for a variable proportion (20-
75%) of the total immunoreactivity (mean, 50.5+8.4% of total).
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Figure 2. Inhibition of binding of label to antibody L2 16 by standard
YAEDEN, and antral and gastrinoma extracts.
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Figure 4. Separation on Sephadex G50 of a duodenal extract; tubes
were assayed for cryptic B, NT G34, and COOH-terminal G17. See
Fig. 3 for further details.
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Table I. Immunoreactive Gastrin in Gastrinoma Extracts

Cryptic B COOH-terminal NH2-termninal
Pa- Plasma immuno- "Authentic" G17 immuno- G34 immuno-
tient* gastrin reactivity cryptic Bt reactivity reactivity

pmol * V]' nmol * Percent nmol * g' nmol *g

1 590 84 71 52 61
2 800 0.65 20 0.15 0.14
3 900 10.5 67 17 10
4 320 293 71 68 121
5 100 0.55 32 0.03 -
6 2,000,000 9 1 48 70 96
7 1,000 1.6 1 9 1.4 1.8
8 910 383 75 217 255

* Samples 1-4 were of primary tumors and 5-8 were of metastases.
t Percentage of total cryptic B immunoreactivity eluting from Sephadex G50 in
the position of the major peak in antral extracts.

The early eluting peak accounted for most of the remaining
activity; in three gastrinomas it was >50%, and in the group as
a whole the mean was 39.7±6.5% (n = 8). Minor peaks eluting
in the void, and between the two main peaks, accounted for 6
and 2%, respectively, of total activity. The predominant im-
munoreactive forms detected by antibodies to GI 7 and NTG34,
corresponded to G17 and NTG34 in all the gastrinoma extracts
studied.

HPLCand trypsinization. The high molecular weight cryptic
B material in Sephadex eluates of gastrinoma extracts emerged
as a single peak of immunoreactivity after reverse-phase HPLC
(Fig. 7). The low molecular weight material was poorly retained
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Figure 5. Separation on Sephadex G50 of a gastrinoma tumor extract.
Tubes were assayed for cryptic B, NT G34, and COOH-terminal GI 7.
See Fig. 3 for further details.
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Figure 6. Patterns of cryptic B immunoreactivity in three different tu-
mor extracts after Sephadex G50 separation. Note the ratios of the
two major peaks of immunoreactivity vary from >90% early eluting
material (A) to 70% late eluting material (C). Minor peaks in the void
volume and between the two main peaks can also be seen.

on HPLCand generally eluted with 0%acetonitrile (results not
shown). The HPLCtubes corresponding to the high molecular
weight cryptic peptide B contained trace amounts of activity in
the COOH-terminal and NH2-terminal G17 and G34-specific
assays. With NH2-terminal G34 assays the activity was -10%
that in the cryptic peptide B assay; with NH2-terminal G17 an-
tibodies it was -1%, and with COOH-terminal G17 antibodies
it was 0.1%. Similar results were obtained when the material
was rerun on a 1A Bondapak phenyl cartridge. Whentubes in the
eluates of both C18 and phenyl columns were digested with tryp-
sin, the concentrations of cryptic B and of COOH-terminal G17
immunoreactivity did not change (Fig. 7). However, there was
a marked increase in immunoreactivity with NH2-terminal GI 7
and G34 antibodies. The concentration measured in the latter
two assays after trypsin closely matched, in molar terms, those
of cryptic peptide B. When the peak tubes were rerun on C18,
separate peaks corresponding to NH2-terminal G34, NH2-ter-
minal G17, and cryptic B immunoreactivity were resolved (Fig.
8). The latter was poorly retained by the column and emerged
before the gradient. In further experiments, crude extracts of
antrum and gastrinomas were trypsinized and run on Sephadex.
In these experiments the early eluting peak of cryptic B im-
munoreactivity disappeared and there was a corresponding in-
crease in the later eluting form (not shown).

Discussion

In this study antibodies to an analogue of the COOH-terminal
hexapeptide of progastrin have been used to identify and char-
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(L216). Right, the same column eluates were individually digested
with trypsin. This did not change the concentrations of cryptic B or
COOH-terminal GI 7 activity, but markedly increased NH2-terminal
GI 7 and G34 immunoreactivity. Broken line indicates the gradient of
acetonitrile.

acterize progastrin-related peptides in extracts of human gastri-
noma, antrum, and duodenum. The peptide sequence was pre-
dicted from information on the structure of mRNAencoding
human gastrin (2-4). Most of the presently available gastrin an-
tibodies require some form of processing of the precursor, e.g.,
cleavage, amidation, etc., to generate immunoreactive material.
In contrast, the antibodies developed in the present study have
the particular advantage that they might be expected to react
with intact progastrin. These antibodies have allowed us to iden-
tify in extracts of antrum and duodenum, material corresponding
to the COOH-terminal fragment of progastrin (cryptic peptide
B). This is expected to be produced when the precursor is cleaved
to yield G17. Similar material was also found in gastrinoma
extracts. In addition, however, some gastrinomas contained
abundant quantities of material that emerged before G34 on
Sephadex and so was presumably of higher molecular weight.
It reacted strongly with cryptic B antibodies and weakly with
NH2- and COOH-terminal GI 7 and G34 antibodies. On the
basis of this evidence, and of trypsinization results (see below),
it has been tentatively identified as intact, or unprocessed, pro-
gastrin. This material also seems to occur in relatively low con-
centrations in antral extracts.

The results of previous studies have established the presence
in antral extracts of peptides corresponding to G17 and NTG34
in approximately equimolar amounts (7). The concentrations
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Figure 8. Separation on HPLCof the progastrin peak digested with
trypsin. Note separate peaks of cryptic B (L2 16), NHrterminal G34
(LW2 1), and NH2-terminal GI 7 immunoreactivity (1295). Acetoni-
trile gradient indicated by the broken line.

of cryptic B in the human antrum (present study) and pig antrum
(9) were also similar to those of G17. The stoichiometry of these
peptides is therefore compatible with the idea that they are pro-
duced from the same precursor. In some gastrinomas, however,
there was a poor correlation between the molar concentrations
of G17 and cryptic B immunoreactivity, and the latter was gen-
erally present in excess. The additional cryptic B immunoreac-
tivity can be accounted for by material corresponding to the
cryptic peptide B sequence extended at its NH2terminus. Diges-
tion of this material with trypsin liberated peptides reacting with
antibodies specific for the NH2 terminus of G34, and of GI 7.
Evidently, therefore, this peptide extends from the cryptic B
region to a point beyond the NH2 terminus of G34, and may
possibly include the entire progastrin sequence. Recently Reeve
et al. (14) reported in two gastrinomas unexpectedly high con-
centrations of peptides with amino acid sequences corresponding
to the NH2terminus of cryptic peptide A. The high molecular
weight cryptic peptide B immunoreactivity we have identified
here may well extend into this sequence.

Wehave recently shown that antibodies specific for porcine
progastrin cryptic peptide B react with two peptides in antral
extracts that have the gel filtration properties of cryptic peptide
B sequence (9). In the pig we were unable to identify material
that might have corresponded to intact progastrin. In this regard,
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therefore, there is a difference between the pattern of immu-
noreactive forms in pig and man. The antral samples used for
the present study were obtained from duodenal ulcer patients,
and so the pattern of forms in normal human antral mucosa
remains to be determined.

It is well established that there are different proportions of
G17 and G34 in human antrum and duodenum. The latter often
contains over 50% G34 compared with <5% in antrum (15-
17). This can be interpreted as indicating different patterns of
posttranslational processing of gastrin in antral and duodenal
cells. It is of interest, however, that there were similar patterns
of cryptic peptide B immunoreactivity in duodenum and antrum.
In both cases the predominant material had the chromatographic
properties of the COOH-terminal fragment of progastrin. This
suggests that the processing events involving cleavage of pro-
gastrin at the COOH-terminus of GI7 are more or less complete
in both antrum and duodenum, whereas those at the NH2 ter-
minus of G17 are incomplete in duodenum.

Further work is needed to establish the basis for the different
patterns of progastrin-derived peptides in tissues expressing the
gastrin gene. Two possibilities might explain the differences be-
tween gastrinomas and antral mucosa found in the present study.
(a) There may be a biochemical failure in the processing pathways
in some gastrinomas; and (b) the rate of production of the pre-
cursor may exceed the maximal rate of processing so that newly
synthesized material accounts for a higher proportion of the
tissue content in some gastrinomas. Further chemical studies
on the identity of the progastrins, and the determination of the
secretory patterns of the different immunoreactive forms may
help resolve these issues.
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