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Co-transcription of the gastrin and cholecystokinin genes with selective
translation of gastrin mRNA in a human gastric carcinoma cell line
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So far. no cells have bzen found to synthesize both of the homalogous hormoney, cholecystokinin und gastrin, Northern unalysis and reverse

transeription PCR showed, however, thut the humun gusteic carcinoma cell line (AGS) expresses both u gastrin mRNA of 0.7 kb and a

cholecystokinin transcript of Q.8 kb. A librasy of sequence-spesific rudivimmunoassuys, clesvage with processing-like enzymes and chromatography

subsequently revealed that the gastrin mRNA wus translated into progastrin thut wus constitutively secreted into the medium (45 £ 3 pmol/l).

Neither procholecystokinin nor any of its processing products were detectable in cells and medis, The results suggest thut differentintion into gastrine

or cholecystokinin-praducing cells may be reguluted at the Sanslutional level, The gastrie cell line, AGS, provides a model for studies of translational
regulation of cell differentiation,

Cholecystokinin; Gastrin; Gene expression; PCR; Post-trunslutionsl processing

1. INTRODUCTION

Most neuropeptides and peptide hormones oceur in
families of homologous members [1], the members of
which are expressed in separate, highly differentiated
neurons or endocrine cells, The cell-specific expression
of peptide family members has been supposed to be
regulated at the transcriptional level,

The homologous hormones, gastrin and cholecysto-
kinin (CCK). constitute one peptide family. Accord-
ingly, cellular co-existence of gastrin and CCK peptides
has so far never been reported. Both hormones are syn-
thesized as large propeptides that normally undergo
extensive post-translational modifications [2]. Although
transcriptional regulation of gastrin gene expression has
been studied in certain rat cell lines [3-5), only little is
known about tissue- and cell-specific fuctors that regu-
late the expression of both hormones in mammalian
cells in general and, more specifically, in human cells,

In our studies of gastrin and CCK expression in
human cell lines, we have now found a gastric cancer
cell line (AGS), which transcribes both genes but trans-
lates only the gastrin mRNA. Such a cell line may pro-
vide general clues to the understanding of the differenti-
ation of neuroendocrine cells.
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2. MATERIALS AND METHODS

2.1, Cell culure

The gustric curcinoma cell line, AGS, was purchused from Amer.
ieun Type Culture Collection (Rackville. Maryland, USA) and grown
uccording to the instructions of ATCC. Cells were grown without
serum und 0.2% crude bovine ulbumin (Sigmu. St. Louis, USA) was
idded to the medium,

22, Prubes and aligodeoxynucleotide primers

Gastrin and CCK aliganucleatides were synthesized according to
published sequences ([6) und [7], respectively) und are complementary
to the following pasitions: GAS 1, nucleotides ~3670 to -3649 (exon
1) GAS 2, nucleotides 450-470 {exon 3); CCK 1, nucleotides 29-55
(exon 1) CCK 2, nucleatides 6829 GBS2 (exon 1), A human gastrin
“p-ubeled RNA probe wus trunscribed by SP6 RNA polymeruse
from a 261 bp Hindl11 humun ¢<DNA template. A human CCK ¢DNA
fragment covering the coding region was **P-lubeled using nick trans-
lution,

2.3, Isolation of RNA and Northem analysis

Total cellular RNA wis isolated from cells uccording to Chirgwin
et al. (8], RNA was fractionated on 1% sgarose-formaldehyde gels [9),
transferred to Hybond-N nylon membranes, und UV crosslinked.
Filters were hybridized with a humun gastrin cRNA probe in 50%
formumide, 600 mM NaCl, 8 mM Nu-EDTA, 120 mM Tris-HCl with
1% SDS und 1% non-fat dried milk powder at pH 7.4 for 18 1 a1 65°C,
The filters were washed for 3 x 20 min in 0.1 x SSC with 0,1% SD3
at 75°C. When filters were hybridized with the nick-translated CCK
probe, hybridization conditions were as described above, Washing of
the filters was a1 65°C for 3 x 20 min in 0.1 x SSC with 0,1% SDS,
As positive controls both in Northern analysis und RT-PCR for gas-
trin und CCK mRNA, total RNA from human antral mucosa and the
neurocpithelion cell line, SK-N-MC [10). respectively. was used. The
integrity und transfer of the RNA were confirmed by hybridizatien
with a f-uctin probe (data not shown),

2.4, Reverse rranscription and polymerase chain reaction
The reverse transcription reaction and polymerase chain reaction
were performed using a GeneAmp RNA PCR kit according to the
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instructions of the manulacturer (Perkin Elmer Cetus, Norwalk,
USA). Briefly, | ug of towu]l RNA was reverse trunscribed using an
oligo dTy,, primer, before 30 pmol of euch PCR primer per 100 x4l total
reaction volume were included. The eDNA wis heated for § min at
95°C and amplified for 30 cycles using u Hybrid (Teddington, UK)
thermocycler (1 min 94°C, 1 min 62°C, 2 min 72°C und finully 7 min
W 72°C). For ull mRNA sumples umplified ina RT-PCR we routinely
included controls where the reverse transeription step or input RNA
were omitted.

2.5. Radioinmumoassey

Cell pellets (107 cells) were immersed in 2.5 mi boiling water (pH 6.6)
for 20 min, homopenized nd exntrifuged at 10,000 x g for 30 min. The
supernatant (neutral water extract) was stored at =20°C. The pellet
was resextracted in 0.5 M acetic acid, re-homogenized, left for 20 min
it room temperature und centrifuged as above. The supernatants were
measured using a library of speeific rudioimmunoussays. Antiserum
2604 is directed against the C-terminat past of the bioactive, carbox.
yamidated gastrins, The antiserum binds all biouctive gastrins (sul
fated us well as non-sulfuted) with equimolar potensy. The cross.
reactivity with cholecystokinin (CCK) is negligible (1] Antiseru 8017
and 2145 ure specific for the N-terminal sequence of humur gustrin-17
und «34, respectively [12,13]. They bind gastrin-17 and «34, as well as
the corresponding Csterminally extended presursors, In order to
measure N-terminal extended precursors as well, media were ineu-
bated with equal voluines of teypsin (0.1 mg/ml in 0.05 M sodium
phosphute, pH 7.5) at 20°C for 30 min. The enzymatic reaction was
terminated by boiling for 30 min. By the teyptic cleavage, the N-
termini ot gustrin-!7 and -34 will be exposed for binding to antisers
8017 and 2145, respestively. Consequently progastrin und all its prod-
usts ure meusured afler (rypsinization [14). Glycine-extended precur-
sors were mensurcd using antiserum 3208 dirceted ugainst the glycine.
extended C-terminal sequence common (o gastrin und CCK [15). und
antiserum 5284 against glycine-extended unsulfuted gastrins specifi-
cally [15]. After cleavuge with trypsin (see above) and carhoxypepti-
dase B (100 #Uml sample) both CCK and gastrin precursors ure bound
to antiserum 3208, but only gastrin precursors to anliserum 5284,
Human proCCK and CCK-22 wis mensured using antiserum 89009,
which is directed against the Neterminus of human CCK.22. Alter
tryplic cleavage, this antiserum will also measure otherwise unproge
essed proCCK., When cell-line serum-free medium was assayed before
enzymatic treatment it was first boiled for 20 min, Results for the
cell-line media are given as mean & S.E.M. of three separute experis
ments. The detection limit of the assays is 0.5 pmol/l in cell medin und
0.1 fmol/10* cells in cell pellet extructs,

2.6. Chromatography

Samples (1 ml) were applied to a Sephadex G-50 superfine column
(10 x 1,000 mm) and cluled with 0.125 M NH,HCQ, (pH 8.2) at 4°C
with a flow rate of 4 mlhin fractions of 1.0 ml. Void and total volumes
of the columns were determined with '*.labeled albumin and 2NaCl.
Columns were calibrated with human gustrin-17, human gastrin-34,
fragment 38~54 of human progastrin, human untral mucosa extract,
human CCK-33 and human CCK-8, Serum-free cell medium wiis
consentraled 20 times and applied to the column direstly, or after
treatment of the concentrale with trypsin and carboxypeptidase B
(procedure as described above) and assuyed with antisera 2145 and
3208.

3. RESULTS AND DISCUSSION

The expression of gastrin and CCK mRNA i the
gastric carcinoma cell line, AGS, was characterized by
RT-PCR and Northern analysis. Amplification of AGS
¢DNA with primers located in exons 1 and 3 of the
gastrin gene yiclded one specific PCR product of 423 bp
(Fig. 1A, lane 3) corresponding to the product amplified
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Fig. 1. CCK and gasirin mRNA from humun antrum and the human
cell lines, AGS and SK-N-MC, us detected by reverse-trunseription
polymeruse chain resction, | g of total RINA was reverse transeribed
und umplified using u polymeruse chain reaction. Gligonusleotide
primers CCK | and CCK 2 for CCK (lanex | and 2) and oligonugle-
otide primers GAS | und GAS 2 for gastrin (lunes 3 and 4) were used,
20 ) of sumple was loaded and electrophoresed at 40 V for 6 h in a
3% Nusieve 3:| Agarose gel (FMC BioProducts, Rockland, USA) in
| x TBE buffer, and visualised by ethidium bromide staining (A).
Lanes M, | kb DNA ladder (Gibeo BRL) size marker: lane 1. AGS
cells; lane 2, SK-N-MC eells: lune 3. AGS cells: lane 4, human antrum.
Gels were denatured, blotted onto Hybond-N nylon membranes ind
hybridized with the gastrin (B) or CCK probe (C) as deseribed in
section 3. Exposure time was 30 min at -80°C,

from the human antrum RNA (Fig. 1A, lane 4). The 423
bp DNA hybridized to a human gastrin-specific cRNA
probe at high stringency (Fig. 1B). Using the CCK
primers the expected 421 bp fragment wus detected in
the AGS cell line (Fig. 1A, lane 1) which co-migrated
with the fragment amplified from SK-N-MC RNA (Fig.
1A, lane 2), Both fragments hybridized under stringent
conditions to the CCK probe (Fig. 1C). No products
were detected when the reverse-transcription reaction or
input RNA was omitted. Since PCR does not reveal the
size of the mature mRNA transcript, the RNA was also
examined by Northern analysis under stringent condi-
tions. Although the intensity of the signals as detected
by Northern analysis was weak, the mature transcripts
of both gastrin and CCK were detectable in the AGS
cells. The transcripts co-migrated with the control tran-
seripts in the human antrum (0.7 kb) and in the SK-N-
MC cell line (0.8 kb) (Fig. 2). The difference in intensity
of the detected transcripts between the RT-PCR tech-
nique and Northern analysis is consistent with the sig-
nificantly lower sensitivity of Northern analysis as com-
pared to RT-PCR. This observation indicates that the
amounts of mMRNA for gastrin and CCK in the AGS
cells are low. In conclusion, the results show that both
gastrin and cholecystokinin mRNA are expressed in the
AGS cells,
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Fig. 2. Northern analysis of CCK and gastrin mRNA in human
antrum and the humancell lines, AGS and SK-N-MC. § ug total RNA
from SK-N-MCeceils (lane 2) and human antrum (lunc4) or 25 g total
RNA from AGS cells (lanes | und 3) were ¢lectrophoresed at 40 V for
6 h and hybridized wilh a human CCK ¢DNA probe (lanes | and 2)
or s humun gastrin cRNA probe (lanes 3 und 4). Final washes were
at 65°C ¢for CCK probe) or 75°C (for gastrin probe) in 0.1 x SSC/
0.1% SDS. The filters were exposed as follows with intensifying
screens: lancs 2 and 4, 18 b; lunes 1 and 3, 3 days.

Using a library of sequence-specific rudioimmunoas-
suys we measured progastrin in the serum-free cell me-
dium (45 £ 3 pmoli/l). The medium as such was devoid
of progastrin, proCCK and any precursor fragments.
The concentration of progastrin in the cells was low

FEBS LETTERS

August 1992

(13 £ 0.4 fmol/10° cells). Gel chromatography of con-
centrated medium, subsequent cleavage of the fractions
with trypsin and measurement with antiserum 2148
showed one major component eluting in a position cor-
responding to the size of progastrin (X, value of 0.20;
Fig. 3, left panel). By gel chromatography of concen-
trated, enzyme-treated, serum-free AGS medium one
component was detected with antiserum 2148 (K, value
of 0.58; Fig. 3. right panel), eluting at the position of
fragment 38-54 of human progustrin (13]. The results
indicate that the AGS cells synthesize progastrin which
is constitutively released to the medium. Neither
glycine-extended intermediates nor carboxyamidated
gastrins could be detected, Thus, although the gastrin
gene was transcribed and the mRNA translated, the
functional mature peptide was undetectable (post-trans-
lational attenuation). Such mechunisms have been de-
scribed eurlier, both for gastrin and CCK [16,17). Fac-
tors regulating the human gastrin gene have been inves-
tigated using human gene constructs in rat cell lines
[3-5]. The AGS cell line may be a useful mode! to study
the factors involved in the regulation of the human
gastrin gene using a human system.

Neither procholecystokinin nor any of its processing
products were detectable in the cells or medium. Al-
though the CCK gene was trunscribed, the translational
phase of the expression is obviously inhibited. Recently,
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Fig. 3. Gel chromatography of an AGS celf line serum-free growth medium. A calibrated Sephadex G50 superfine column (10 x 1,000 mm) was
eluted with 0.125 M NH,HCQ,, pH 8.2 at 3°C with a flow rate of 4 ml/h. Fractions of 1.0 ml were collected, (Left panel) Fractions were incubated
with trypsin (see seclion 2) and subsequently assayed with antiscrum 2145, which is specific for the N-terminal sequence of gastrin-34. (Right panel)
AGS cell medium was trypsin-treated prior to chromatography and upplied to the colunin as above. The elution was monitored using antiserum
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a discrepancy between significunt expression of CCK
mRNA and low concentration of its translation prod-
ucts in porcine cerebellum was reported. suggesting an
efficient inhibition of CCK mRNA translation [16,18].
Translational control of gene expression has also been
described for IGF-1I mRNA [19] and other systems (for
review see [20]). Using the AGS cell line as a madel
system, the mechunisms regulating translation of CCK
mRNA may possibly be investigated.
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