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Gastrointestinal hormone mRNA expression in
human colonic adenocarcinomas, hepatic
metastases and cell lines
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Abstract
Aims-(1) To investigate the expression of
the four main hormones of the digestive
tract by performing reverse transcription
polymerase chain reaction (RT-PCR) on a
series ofsamples, comprising tumoral and
healthy colonic tissues, hepatic meta-
stases and colonic cell line samples; and
(2) to study the patterns of labelling
obtained with serological and morpho-
logical markers.
Methods-After extraction and reverse
transcription, gastrin, somatostatin, chole-
cystokinin (CCK) and transforming
growth factor a (TGFa) mRNAs were
detected by PCR and nested PCR using
specific primers. The corresponding pro-
teins were detected by immunohis-
tochemistry.
Results-The cell lines expressed all four
mRNAs. Gastrin mRNA was present in
most tumoral and metastatic samples,
while the somatostatin transcript was
detected in all samples and was frequently
overexpressed in the normal colon. TGFa
mRNA was expressed systematically in
tumours ofthe right and transverse colon,
but not in those located in the left colon;
the expression ofCCKmRNA was system-
atically absent in the left colon.
Conclusions-The data presented here
shed some light on the transcriptional
events involved in the production of the
various hormones present in the gas-
trointestinal tract, in both healthy and
tumoral tissues. The various mRNAs ex-
pressed in cell lines are therefore not sys-
tematically expressed in the human pa-
thology.
(7 CGn Pathol: Mol Pathol 1996;49:Mi59-M165)
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The growth of the normal gastrointestinal
mucosa, as well as that of tumours of the
gastrointestinal tract, is regulated by numerous
hormones and growth factors.' 2

Gastrin is an essential hormone which is
present in the stomach (antrum) of adult
humans; it is known to play a leading role in the
secretion of gastric juice and promotes the
growth of gastrointestinal epithelial cells.3 It
has been established both in vivo and in vitro

that it acts as a hormonal activator stimulating
many gastrointestinal cancers."

Somatostatin and cholecystokinin (CCK)
are also among the main hormonal mediators
contributing to the trophicity of the digestive
tract, probably by participating in the regula-
tion of gastrin synthesis.6 8-12

Transforming growth factor x (TGFa),
which has an autocrine and paracrine action,
also has regulatory effects on both growth and
digestion in the gastrointestinal tract.'3 The
results of several studies have suggested that
TGFax may act as an autocrine growth factor
for several colon cancer cell lines.'4 '5
Although the effects and modes of action of

these hormones have been determined at the
peptide level, the modes of expression of their
mRNAs have not been fully elucidated in both
healthy and tumoral tissues.
Most of the data available currently were

derived from cell lines, where some coexpres-
sion of these hormones has been observed. In a
study on colonic carcinoma cell lines-for
example, gastrin and TGFca were coex-
pressed.'4 Gastrin and CCK were found to be
coexpressed in a gastric carcinoma cell line.'6
The gastrin transcript, which has been studied
particularly thoroughly, was also detected in
surgical specimens"" and in paraffin wax
embedded samples.20
The aim of the present study was to investi-

gate the coexpression of gastrin, somatostatin,
CCK and TGFx mRNAs in both colonic
tumours and the corresponding healthy tissue.
Hepatic metastases and colon cancer cell lines
were also tested. The presence of the corre-
sponding proteins was detected using immu-
nohistochemical methods. We also examined
whether there was any correlation between
expression of these mRNAs, their serological
concentrations and the staining pattern ob-
tained by immunohistochemistry.

Methods
The stage of each tumour examined was
assessed according to the Astler and Coller
classification.2' The localisation of the tumour
in the colon was noted.

SERUM GASTRIN CONCENTRATIONS
Blood was collected in the morning from fast-
ing patients who were not undergoing drug
treatment; gastrin concentrations were mea-
sured using a commercial radioimmunoassay
kit (GASK-PR, Cis Bioindustries, Gif-sur-
Yvette, France), as described previously.'8
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Table 1 Primers used

Hormone Primer sequence

Gastrin" GAS 1:5' TAT GTG CTG ATC T-TT GCA CTG GCT 3' (sense: 6307-6330)
GAS 2:5' CTC ATC CTC AGC ACT GCG GCG GCC 3' (antisense: 6718-6695)
GAS 3:5' GAG CTA CCC TGG CTG GAG CAG CAG 3' (sense: 6415-6438)

Somatostatin24 SOM 1: 5' ATG CTG TCC TGC CGC CTC CAG 3' (sense: 106-126)
SOM 2:5' ACA GGA TGT GAA AGT CTT CCA 3' (antisense: 1330-13 10)
SOM 3: 5' GCT GCT GCC GCG GGG AAG CAG 3' (sense: 223-243)

Cholecystokinin25 CCK 1: 5' ATG AAC AGC GGC GTG TGC CTG 3' (sense: 1279-1299)
CCK 2: 5' GGA GGG GTA CTC ATA CTC CTC 3' (antisense: 6808-6788)
CCK 3: 5' AGA TAC ATC CAG CAG GCC CGG 3' (sense: 1468-1488)

TGFa26 TGF 1: 5' ATG GTC CCC TCG GCT GGA CAG 3' (sense: 35-55)
TGF 2: 5' GAC CAC TGT TTC TGA GTG GCA 3' (antisense: 514-494)
TGF 3: 5' CCA GCA TGT GTC TGC CAT TCT 3' (sense: 239-259)

EXTRACTION OF RNA

Surgical specimens
RNA was extracted from 10 human colon
tumours, 10 normal colonic mucosal samples,
seven hepatic metastases, and two antral and
one fundic gastric mucosal sample, as de-
scribed by Monges et al. 8 Briefly, the tissue
samples (2 g) were stored at - 80°C, pulver-
ised in liquid nitrogen and homogenised in a
buffer containing 50% guanidine thiocyanate,
0.5% sodium N-lauroylsarcosinate, 5 mM
sodium citrate, and 0.1 M ,2-mercaptoethanol.
The RNA was then recovered by ultra-
centrifugation and any remaining traces of
DNA were removed using the guanidinium-
phenol-chloroform method.22 The resulting
RNA pellets were finally resuspended in 100 gl
diethyl pyrocarbonate (DEPC) treated sterile
water.

Cell lines
RNA was extracted from four colonic carci-
noma cell lines: CaCo2, Sk-Col5, HT-2918
glu, and HT-29.18 gal. Cells were grown in
serum free media, harvested with rubber
policemen, washed twice in phosphate buff-
ered saline (PBS), and centrifuged slowly. Cell
pellets were placed in DEPC lysis buffer (20
mM Tris HCl (pH 8.0)/20 mM EDTA (pH
8.0)/2% SDS/500 gg/ml proteinase K) and
incubated for 24 hours at 50°C. The solutions
were then treated using the guanidinium-
phenol-chloroform method.

RT-PCR OF MRNA
RNA (3.5 ,ug) was reverse transcribed using an
oligo-dT primer (Boehringer Mannheim,
Meylan, France) and 20 units of Moloney
Murine Leukaemia Virus reverse transcriptase
(Boehringer Mannheim) in a reaction volume
of 20 pl. This cDNA was used as a template in
the PCR assay.
The following were used in each PCR assay,

in a total volume of 50 ,ul: 5 gl cDNA; 500 M of
each deoxynucleotide triphosphate (Pharma-
cia, St. Quentin enYvelines, France); 0.8 ,uM of
each specific primer (table 1); 1.5 units Taq
DNA polymerase (Perkin Elmer, Roissy,
France); 1 x Taq DNA polymerase synthesis
buffer (Perkin Elmer).
The choice of primers was optimised using a

specialised program (Oligo 4.0, Eurogentec,
Liege, Belgium).
The "hot start" procedure was carried out

systematically by adding Taq polymerase to the
reaction mixtures overlaid with mineral oil

after 10 minutes of denaturation at 95°C. PCR
reactions conditions were as follows: denatur-
ation at 95°C for 30 seconds, annealing at
60°C (gastrin/somatostatin) or 55°C (CCK/
TGFa) for 30 seconds, and polymerisation at
72°C for 45 seconds for 30 cycles, with an
additional 10 minute incubation period at
72°C after the final extension.

NESTED PCR
A 2 gl aliquot of the first PCR product was
amplified again under the same conditions,
except that the sense primer was replaced by an
internal sense oligonucleotide (table 1). Be-
cause of the inherent sensitivity of PCR, the
appropriate measures for minimising contami-
nation27 were used in each assay.

ANALYSIS OF PCR PRODUCTS
The amplified products (10 pl) were electro-
phoresed through 2% agarose gels in Tris-
borate/EDTA buffer, stained with ethidium
bromide and viewed under ultraviolet light.28
The expected PCR products are given in
table 2.

Table 2 Expected PCR products (bp)

Single PCR Nested PCR
(primers (primers

Hormone 1 + 2) 3 + 2) Intron

Gastrin 282 174 130
Somatostatin 348 231 877
Cholecystokinin 345 156 5000
TGFa 480 276 7000

CONTROLS
To ensure that all of the RNA samples were
intact, PCR was systematically carried out on
the RNA of the cellular enzyme glyceraldebyde
3-phosphate dehydrogenase (G3PDH),as rec-
ommended by the manufacturer (Clontech
G3PDH control kit; Ozyme, Montigny-le-
Bretonneux, France).

IMMUNOHISTOCHEMISTRY
Fixed sections of the corresponding surgical
specimens tested by PCR were immunostained
using five polyclonal antibodies directed
against: gastrinG1 7 (diluted 1 in 150;Eurodiag-
nostic, France); gastrin G17-G34 (diluted 1 in
25, Biogenesis, France); CCKlgastrin (diluted
1 in 20; Biogenesis); somatostatin (diluted 1 in
600; Dako, France); and TGFa (diluted 1 in
20; Oncogene Sciences, France).

Sections were also stained for Grimelius,
and immunostained for chromogranin A (pre-
diluted; Immunotech, France) to detect poten-
tial endocrine cells.
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Table 3 Clinical details

Case number (colonic adenocarcinoma)

Demographic details 4 5* 6 7 8 9 10 11 12 13

Sex F M M F M F M F F M
Age (years) 48 60 68 55 67 68 68 48 51 79
Tumour site in colon Right Left Left Right Left Left Left Trans Right Trans
Astler and Collergrade D D D D D D D B2 C2 D
Differentiation W W M W M W M W W P
Ploidy Near D AN AN AN AN D ND M AN AN
Basal gastrinaemia (mIU/l) 159 34 ND 35 31 62 20 20 ND 66
Survival (months) 14 23 35t 4t 30 46 6 5 15t 3t

ND = not determined.
*Developed after ureterostomy (bullet wound sustained 10 years previously).
tDead.
Trans = Transverse colon;W = Well; M = Moderate; P = Poorly; D = diploid; AN = aneuploid; M = mixed.

Results
GASTRIN CONCENTRATIONS
Fasting plasma gastrin concentrations were mea-
sured in eight of the 10 patients (table 3) The
values were nearly normal in five patients and
slightly above normal in two (cases 9 and 13).
One patient had hypergastrinaemia (case 4).

PCR
The mRNAs of all four gastrointestinal hor-
mones were detected in the four cell lines. The
gastrin transcript was readily detected in the
first PCR run in the antral mucosal samples.
Somatostatin mRNA was detected in antral
samples, in fundic mucosa and in nine of the
10 normal colonic samples (no visible product
in case 9) (data not shown). No CCK and
TGFa transcripts were detected in this first
amplification step.

NESTED PCR
The presence of the four mRNAs was con-
firmed in all four cell lines; all four mRNA
transcripts were detected in the antral mucosal
samples (table 4). Gastrin mRNA was not
detected in the fundic mucosa, whereas the
other three transcripts were.

Co
C: 0

tn E

M
C

di

Gastrin mRNA was detected in nine of the
10 colonic adenocarcinomas and in five of the
seven samples of hepatic metastasis; it was
never detected in any of the 10 normal colonic
samples.

Somatostatin mRNA was detected in nor-
mal colonic samples, colonic adenocarcinomas
and in all samples of hepatic metastasis. Cases
6 and 7, however, exhibited shorter PCR prod-
ucts, which were detected using primers 1 and
2 with the nested PCR procedure.

Cholecystokinin mRNA was detected in
four of the 10 normal colonic samples, in three
of the 10 tumoral samples and in one of the
seven samples of hepatic metastasis. TGFax
mRNA was detected in seven of the 10 normal
colonic samples, in six of the 10 tumoral
samples and in six of the seven samples of
hepatic metastasis.
Examples of these amplifications are given in

figs 1-3.
The G3PDH control assay was always posi-

tive (data not shown). In addition, each sample
was positive at least once with a given
transcript, which confirms that the RNA
samples tested were intact.

z
_ ,)
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0 H- z M
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HT-29.18 Glu (Nested PCR)
Figure 1 Nested PCR amplification ofRNA extractedfrom colonic carcinoma cell lines: HT 29.18 glu is shown here as
an example. Identical results were obtained with the other cell lines.M = relevant standards (marker VI, Boehringer
Mannheim) in increasing order of size (bp): 154, 234, 298, 394, 453, 517, and 653.

394 ---

298
220/234 --

154
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Table 4 Expression ofgastrin, somatostatin, CCK and TGFa mRNA detected by nested PCR in surgical samples

Endocrine cells Normal Tumour Hepatic metastasis
Tumour site

Case number in colon Grimelius Chromogranin G S CCK TGFa G S CCK TGFa G S CCK TGFox

10 Left 0 0 0 * * 0 * * 0 * 0 * * *
8 Left 0 0 0 * * 0 * * 0 0 * * 0 *
6 Left 0 0 0 * * 0 * * 0 0 * * 0 *
5 Left 0 0 0 * 0 *0 0 0 0 * 0 *
9 Left 0 0 0 * 0 * * * 0 0 * * 0 0
7 Right < 1/100 < 1/100 0 * * * * * 0 * * * 0 *
4 Right < 1/100 < 1/100 0 * 0 * * * * * * * 0 *
12 Right 1-5/100 1-5/100 0 * 0 * * * * *
11 Transverse 0 0 0 * 0 * * * 0 *
13 Transverse 0 0 0 * 0 * * * * * ND
1 (A) - Positivet Positivet * * * *
2 (A) - Positivet Positivet * * * *
3 (F) - Positivet Positivet 0

G = gastrin; S = somatostatin; ND = not determined.
*Positive nested PCR; 0 = negative nested PCR.
tPositive cells in normal ratio.

IMMUNOHISTOCHEMISTRY
All samples were negative, except for two antral
mucosal samples (positive controls) which
showed some reactivity to all five polyclonal
antibodies tested, and for cases 4, 12 and 13
which showed TGFa immunostaining in some
isolated cells of both normal and diseased
colon (data not shown).
On staining for Grimelius and chromogra-

nin A, scanty isolated positive cells were
detected in the three colonic adenocarcinomas
of the right colon (table 4).

Discussion
It has been established previously that gastrin
acts as a growth factor and promotes the
growth of human colon cancers,5 29 although
the molecular mechanisms underlying its

action have not been elucidated as yet.
Moreover, the expression of the gastrin gene
may be coupled to cellular events involved in
the transformation of the colonic epithelium.'9
The determinants of this coupling are not
known, but they might include the transcrip-
tional activation of the gastrin gene by epider-
mal growth factor (EGF) and TGFa, which
may also promote the growth of colon carcino-
mas. It has been suggested that TGFa may be
an autocrine growth factor in colon cancers'0
and that TGFa autocrine activity contributes
to the progression of tumorigenic properties of
human cancer cells in the absence of changes
in growth."1 Little is known about the role of
CCK and somatostatin in gastrointestinal can-
cers. As CCK peptides are known to be trophic
factors in pancreatic growth, pancreatic cell
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SOMATOSTATIN (nested PCR) in hepatic meta

Figure 3 Somatostatin mRNA detected by nested PCR amplification of s
metastases. Positive results for cases 6 and 7 were obtained only on reuse oJ
with the nested PCR procedure.

lines and experimental pancreati
is also possible that CCK may t
the carcinogenesis of colorecta
Studies of somatostatin have fo
on detecting the receptor subtype
docrine tumours of various kin(
knowledge no previous studie
carried out on somatostatin e
colorectal cancers.

We and other authors have esta
RT-PCR, that gastrin mRNA is
human colon cancer tissue."'-"' I
were confirmed here, as the ti
detected in nine of the 10 colon (

tigated. These data suggest that g
as a colonic tumour growth fact(
noting that the negative PCR sa:
was a rather special case of coloni
noma, which had developed a

tomy. Somatostatin was express
the tumours investigated, but th
mRNA were low compared w

corded in normal colonic tissues,
of the transcript being restricted
round of PCR. It is possible th
ences between levels of express
may explain the high expression
tumours, which might be due to
the down regulation exerted by
on gastrin expression35; it is also
other regulatory processes may c
case of tumoral tissues.
The data obtained in the pres

the expression of CCK and TGF
both informative and intriguing.
terns of expression of these two
tumours obviously differ de
whether they are located in th
right/transverse colon: in the
transcripts were expressed qi
(CCK 3/5; TGFa 5/5), whereas e
reduced in the former (CCK 0/5

Moreover, the patterns of G
chromogranin A staining reveale
crine cells were present in the t
samples originating from the rig

Co r-
not in any of the others. These data suggest

Q) a) that a region specific transcriptional mecha-
co co nism may be exist, based on genetic differences

between the tumour tissue on the right and left
sides of the colon,3638 and reinforces the
hypothesis that different tumorigenic mecha-
nisms may be involved in carcinomas of the
proximal and distal colon, which was previ-
ously suggested based on studies of allelic
losses39 and microsatellite instability.40
Immunohistochemistry results indicate ei-

ther that translational attenuation may occur in
neoplastic cells, or that these cells may release
unprocessed or poorly processed precursor
products, as demonstrated recently for gas-
trin.4' Indeed, these products, which are
frequently not carboxyamidated, are not de-
tected in conventional radioimmunoassays tar-
geting the main antral form of carboxyami-

3stasis dated gastrin.
samples of hepatic The last point worth mentioning is that on
fprimers 1 and 2 analysis of the basal gastrinaemia associated

with the clinical data discussed here there was

c cancers,32 it no correlation between this parameter and the
:)e canvver, in patterns of expression of the transcripts in

minvo.slved question. It should be noted, however, that our
carcinomas,ly measurements were carried out using a routine
cused mainly procedure with a standard commercial radio-
s3 3n4neuroen- immunoassay kit which recognised G17 andds3 34; to our G34 equally,'8 -that is, the main antral forms
s have. been of carboxyamidated gastrins, and which mayexpression in not have been sensitive enough, as mentioned
iblished, usin

above, to detect any differences in the process-
using ing and release of the immature forms of

expressed in gastrin into the bloodstream.4'
'hese findings Gastrin mRNA was not detected in normal
ranscript was colonic tissue in the present study, which is in
cancers inves- agreement with the results of our previous
iastrin may act study,'8 but not with those obtained by other
or. It is worth authors. 17 1' On the basis of the data we
mnple (case 5) obtained at the two levels of purification
ic adenocarci- achieved with the nested PCR procedure, it
fter ureteros- can now be stated definitely whether a
ed in each of transcript is present. This obviates the prob-
e levels of its lems concerning the intron, which have sys-
ith those re- tematically arisen in RT-PCR studies of gastrin
the detection mRNA.17 '9 We have no explanation to offer
to the second for the lack of agreement between the above
at the differ- data. Although G cells are known to be the
,ion observed source of gastrin in the human antrum, and to
L of gastrin in a lesser extent in the duodenum, the cellular
a decrease in source of the gastrin in the human colon has
somatostatin not yet been identified incontrovertibly. '7
possible that It is also possible that somatostatin may
tperate in the inhibit the expression of gastrin mRNA both

indirectly (by inhibiting the stimulatory effects
sent study on of EGF/TGFu"°) or directly.32 Somatostatin
,x mRNA are mRNA was detected systematically in normal
ihus, the pat- colonic mucosa (where it was detected in many
transcripts in cases at the first PCR-for example, in the
pending on antrum and fundus). TGFa and CCK were
e left versus also expressed in the colon, but less consis-
latter, both tently.

uite strongly Understanding the mechanisms responsible
xpression was for the development of heterogeneous colon

i;TGFax1/5). cancers and the processes whereby tumour
irimelius and cells can invade local stroma and spread to dis-
~d that endo- tant organs is one of the primary goals of can-
three tumoral cer research. It is increasingly clear that the
;ht colon and outcome of metastasis depends on continuous
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interactions between the tumour cells and vari-
ous host related factors: the evidence showing
that the role of organ specific growth factors in
the development of metastatic cells is based
partly on experiments on the effects of organ
dependent media on the growth of specific
neoplastic cells.42 43 TGFax is one of the most
likely candidate growth factors, as it is a physi-
ological regulator of liver regeneration, operat-
ing via an autocrine mechanism." Production
of TGFoc by hepatocytes might also play a
paracrine role, stimulating the proliferation of
adjacent non-parenchymal or tumour cells." In
a previous study, we reported for the first time
that gastrin mRNA was present in a hepatic
metastasis associated with a colonic tumour.18
However, to our knowledge, no studies have
been carried out before on the expression of
somatostatin and CCK mRNAs in metastases.
The present results confirm that TGFa

(6/7) and gastrin (5/7) are both expressed at
the mRNA level, and show clearly that
somatostatin was expressed consistently (7/7)
in all the hepatic metastatic samples. It is worth
noting that two samples were found to have
shorter PCR products than expected; this was
probably due to splicing of the mRNA rather
than to gene deletion, as the PCR carried out
on the corresponding DNA always yielded the
same amplification product (1225 bp24) (data
not shown). It is not easy to explain these alter-
ations. Correlations with clinical data obtained
on a small number of cases have tentatively
indicated that shorter PCR products are
associated with a poor prognosis, but further
studies are required to determine whether this
is actually so. Although CCK mRNA was also
detected, its expression seems to be much
reduced (1/7).

Therefore, gastrin, TGFax and somatostatin
are expressed in hepatic metastases, but the
patterns of expression in these tumours, where
the CCK mRNA levels are very low in
comparison with those of the three other tran-
scripts, differ conspicuously from those ob-
served in the present study in the normal and
tumoral colon.

In previous studies, the coexpression of gas-
trin and TGFCx4 and that of gastrin and CCK16
has been reported in the colon and gastric can-
cer cell lines. In the present study, the four
mRNAs (gastrin, somatostatin, CCK and
TGFa) were likewise found to be coexpressed
in the four colon cell lines. However, mRNAs
expressed in cell lines are not expressed consis-
tently in the human pathology. No such consis-
tent correlations were observed in the human
colon adenocarcinoma samples. Although the
cell line model can provide information about
the expression of the various mRNA tran-
scripts, it cannot be perfectly representative of
what takes place in human pathology. This
makes the results of studies on surgical samples
correlated with exact clinical data all the more
valuable.

In conclusion, the data presented herein
shed some light on the transcriptional events
involved in the production of the various
hormones present in the gastrointestinal tract,
in both healthy and tumoral tissues. The regu-

lation of mRNA expression at these sites also
depends on the corresponding hormone recep-
tors; by combining the results of studies on
mRNAs encoding the main gastrointestinal
hormones and their receptors with those on the
expression of the corresponding proteins, it
should be possible to understand in greater
detail the regulatory mechanisms at work in the
digestive tract and the associated pathological
conditions.

A preliminary report on this study was presented at the 10th
World Congress of Gastroenterology held in Los Angeles, Cali-
fornia, USA, 2-7 October 1994.
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