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Postreceptor regulation of the trophic action of gastrin is not fully elucidated.
Tyrosine kinase (Tyr-kinase) has been associated with receptors of a number of growth
factors and plays an important role in regulation of cellular growth within the
gastrointestinal tract, The aim of this study was to determine, whether Tyr-kinase plays
a role in mediating the growth promoting action of gastrin and whether phos-
pholipase C (PLC) is involved in the signal transduction pathway.

Colonocytes isolated from Fischer 344 rats were incubated for 2 min with gastrin
(10 M) and assayed for Tyr-kinase and PLC activities. Incubations with gastrin
resulted in 60%-70% rise in Tyr-kinase and 150%-200% rise in PLC activities over the
corresponding basal levels. When processed separately, in proximal colon Tyr-kinase
activation by gastrin was 15%-20%, while in distal colon 70%-80% as compared to the
buffer control. Gastrin activation of both Tyr-kinase and PLC was abolished by
Tyr-kinase inhibitor, tyrphostin-25 (3.2 uM) and was not affected by staurosporine (20
ng/ml). We conclude that Tyr-kinase is involved in the mechanism of trophic action of
gastrin, and PLC activation appears to be the next step in the signal transduction

pathway.

In recent years a variety of evidence has ap-
peared to show that many gastrointestinal (GI)
hormones, including gastrin, regulate growth
of the GI tract [1, 2].

In animal studies a single or multiple injec-
tion of gastrin stimulates GI mucosal cell pro-
liferation [2, 3.

Although gastrin has long been known to
stimulate mucosal growth in a large part of the
GI tract, the regulatory mechanisms of the
growth promoting action of gastrin has not
been fully elucidated. .

Several in vitro experiments have shown that
colon is sensitive to gastrin [4, 5]. We have also
found high affinity binding of gastrin in colonic
mucosal membranes, suggesting that this
tissue, responsive to the trophic action of gas-
trin, possesses specific receptors for this hor-
mone [6].

More recent evidence has also implicated gas-
trin in colonic neoplasia, since it has been found
to induce growth of colonic tumours and to
stimulate proliferation of several cancer cell
lines [7-9]. Synergistic stimulation of three co-

*Corresponding author.

Abbreviations: EGF, epidermal growth factor; GI, gastrointestinal; IGF-1, insulin-like growth factor-1; PLC,
phospholipase C; TGF, tumour growth factor; Tyr-kinase, tyrosine kinase.
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lorectal tumour cell lines proliferation by gas-
trin and either TGF-a or 1GF-1 was observed
[10]. Gastrin and cholecystokinin antagonists
inhibit cell growth in vitro, pointing to an auto-
crine role of gastrin in colon carcinoma [11]. It
is not known, however, whether the receptor
for the trophic action of gastrin is the same as
that which has been identified for its acid-se-
cretory property.
Phosphorylation-dephosphorylation reac-
tions are thought to be of imporlance for regu-
latory actions of many hormones [12, 13].
Recent evidence shows that tyrosine kinases,
which catalyze tyrosine phosphorylation in
proteins, play an important role in regulation
of cell proliferation and differentiation [14, 15].
We have shown that Tyr-kinase activationand
phosphorylation of some membrane proteins
may be the post-receptor regulatory event for
the trophic action of gastrin in colonic mucosa
[16]. The present investigation, an extension of
this observation, examines further the down-
stream regulatory events in the colonic mucosa
in response to gastrin. It was undertaken to
evaluate the involvement of Tyr-kinase and ty-
rosine phosphorylation of proteins in the regu-
lation of gastrin action on colonic mucosal
proliferative activity and to further estimate the
responsiveness of different regions of the colon
to gastrin.

METHQODS

Animals and collection of tissues. All experi-
ments were performed utilizing freshly iso-
lated colonocytes from overnight fasted 4-5
month old Fischer-344 rats according to Roe-
diger & Truelove with slight modifications [17].
Briefly, the entire colon was removed, washed
thouroughly in cold saline, and immediately
everted over a metal rod and washed with 1
mM dithiothreitol to remove adherent mucus.
In some experiments the colon was divided
into two halves, proximal and distal; colono-
cytes from both parts were processed separate-
ly. The colon was then filled with 10~12 ml of
Ca™ /Mg?*-free Hepes-Ringer buffer contain-
ing 0.1% bovine serum albumin and ligated at
both ends and shaken in the same buffer con-
taining 5 mM EDTA for 45 min at 24°C to
facilitate cell removal. The medium containing
colonocytes was strained through a wire mesh

(150 pm) and cells recovered by low speed
centrifugation. The cells were washed several
times with complete Hepes-Ringer buffer and
finally suspended in the same buffer containing
10 mM sodium butyrate and 0.1% bovine
serum albumin. Viability of the cells was as-
sessed by the trypan blue exclusion test. Prep-
arations with viability <90% were not used.

Aliquots (1 ml) of freshly isolated colonocytes
were pre-equilibrated at 37°C for 30 min and
subsequently incubated at the same tempera-
ture for 2 min in the absence (basal ) or presence
of 1 x10°° M gastrin, Those conditions were
chosen on the basis of a dose response curve
constructed with the use of different concentra-
tions of gastrin and different incubation times.
In some series of the experiments colonocytes
were additionally incubated with stauros-
porine (20 ng/ml) or tyrphostin (3.2 uM) alone
or together with gastrin. At the end of the incu-
bation period, the colonocytes were recovered
by brief centrifugation and used for further
assessments.

Tyr-kinase activity. Colonocytes were lysed
in RIPA buffer (20 mM Na-phosphate, pH 7.4,
1% Triton X-100, 0.1% sodium dodecyl sulfate
(SDS), 0.5% sodium deoxycholate (DOC), 150
mM NaCl, 5 mM EDTA, 1 mM phenylmethyl
sulfonyl fluoride (PMSF), 1 mM NazVOy, 10
pg/ml leupeptin, 1 pg/m! aprotinin and 1 mM
1,10-phenantroline) with constant stirring at
4°C for2 h.

Tyr-kinase activity was measured according
to Dangott et al. [18] using as substrate poly-
L-Glu-L-Tyr, 4:1 (Sigma Chemical Co., St Louis,
MO, U.5.A.), which is known to be highly spe-
cific for Tyr-kinase [19]. The reaction mixture in
a final volume of 50 pl contained: 2.5 pmol of
Tris /HCL; 0.5 nmol of orthovanadate; 0.02%
Triton X-100; 3 pmol of ATP; 0.4 uCi [y->*P]ATP
(11.7 Ci/mmol; New England Nuclear, Boston,
MA, US.A) and 50 pg of Glu-Tyr polymer. The
reaction was initiated by adding preparations
of lysed cells (10-20 pg protein). Orthovana-
date was added to inhibit degradation of ATP
and dephosphorylation of the phosphopep-
tide. The reaction was terminated by agplying
20 pl of the reaction mixture onto 3 cm” What-
man No. 2 MM filter paper. The filters were
washed three times with 10 ml of 10% trichlo-
roacetic acid containing 10 mM sodium pyro-
phosphate, rinsed with ethanol, dried, and
radioactivity quantitated in 5 ml of scintillation
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coctail. The results were expressed as pmol
2 P-incorporated per milligram protein.

Phospholipase C activity (PLC). Colonocytes
were homogenized in a buffer containing 60
mM Tris/acetate buffer, 2 mM EDTA, pH 6.5,
and centrifuged at 10500 x g for 1 hat4°C. Then
the membrane pellet was lysed for 2hat4°C in
solubilizing buffer (60 mM Tris/acetate, 2 mM
EDTA, pH 6.5, 0.5% NP-40, 0.5% Tnl:cm X-100).

PLC activity was measured using [° H]phos-
phatidylinositol (Amersham, 0.02 pCi) as a
substrate according to Gupta [20]. The reaction
mmrure ina final volume of 75 pl contained: 200
uM Hlphosphatidylinositol, 5 mM CaCl,, 0.6
mg DOC and 60 mM Tris/HCI buffer, pH 6.5.
The reaction was initiated by adding mem-
brane preparations (optimal: 25 pg protein).
After 20 min the reaction was terminated by
adding 300 pl of 1 M HCI. Next, 0.75 ml of
chloroform/n-butanol /concentrated HCI
(10:10:0.06, by vol.) mixture was added. The
mixtures were vortexed and spun at room tem-
perature at 2000 r.p.m. for 10 min and 125 pl of
the upper aqueous layer were placed in scintil-
lation vials with 5 ml of scintillation solution for
counting. The activity of PLC was estimated on
the ground of the radioactivity released in the
aqueous layer and expressed as pmole of radio-
active phosphatidylinositol hydrolyzed/mg
protein.

Phosphorylation of endogenous substrates
and identification of phosphorylated proteins.
This was carried out with membrane (30000 x
g pellet) fractions prepared from colonocytes
homogenized in HB buffer acccording to Dan-
gott et al. [18], as described previously [21].
Briefly, the reaction mixture contained in a final
volume of 50 ul: 2.5 pmol Hepes, pH 7.8, 2.5
umﬂl MgCl,, 0.5 nmol orthovanadate, 0.5 nmol
["g:L F]ATP and 0.02% Triton X-100. The reac-
tionat0-2°C for 30 min was initiated by adding
20 pl of membrane preparation (50 pg protein)
from colonocytes and terminated by adding an
equal volume of lysis buffer (20 mM sodium
phosphate, pH 7.4, containing 1% Triton X-100,
0.1% SDS, 0.5% DOC, 150 mM NaCl, 5 mM
EDTA, 5 mM PMSF, 1 mM sodium vanadate, 10
pg/ml leupeptin and 5 mM sodium pyrophos-
phate) and 3 pg of antiphosphotyrosine anti-
body (monoclonal antibody, Boehringer Mann-
heim). The samples were incubated at 4°C for
4 h and the immune complex was precipitated
with pansorbin (25 pg /100 pl sample) by incu-

bating the mixture for 20 h at 4°C, and the
immunoprecipitates were suspended in stop-
ping buffer/lysis buffer (1:1), heated at 100°C
for 7 min and centrifuged again. The superna-
tant was then subjected to SDS/polyacryla-
mide gel electrophoresis. After electrophoresis,
the gel was fixed in fixing buffer [21] for 30 min,
equilibrated for 2 h in 10% acetic acid/10%
isopropanol (v/v), dried and finally exposed to
Kodak X-Omat AR film for 3-4 days at -70°C.
The relative molecular mass of the labelled
bands was calculated from that of marker pro-
teins run concurrently.

In all experiments protein content was deter-
mined by the method of Bradford [22].

Statistical analysis: where applicable, the re-
sults were statistically evaluated with Stu-
dent’s t-test for unpaired values, taking P <0.05
as the level of confidence.

RESULTS

In the first series of experiments Tyr-kinase
activity in colonocytes was determined in the
absence (basal) and presence of increasing con-
centrations of human synthetic gastrin G-17.
Colonic mucosal Tyr-kinase activity (Fig. 1) in-
creased slightly on increasing gastrin concen-
tration up to 10 M. Then the activity was
found maximal, and exceeded the basal value
by 56% (P < 0.05). In concentrations of gastrin
exceeding 10° M the stimulatory effect de-
creased, and T_l,rr~luna5e activity reached the
initial value at 107 M gastrin.

Next, the changes in total Tyr-kinase activity
were estimated separately in the colonocytes
isolated from proximal and distal colon (Fig. 2).
Whereas gastrin produced no demonstrated
change in Tyr-kinase activity in proximal colon,
it caused a 67% increase in the distal colon. All
subsequent experiments were performed using
colonocytes from the distal colon.

Taking into account that Tyr-kinase under-
goes autophosphorylation and is itself a sub-
strate |23] efforts were made to determine
whether the gastrin-induced stimulation of
Tyr-kinase activity in colonocytes is associated
with tyrosine phosphorylation of some mem-
brane proteins. For this purpose colonocyte
membrane preparations were subjected to
autophosphorylation with [T' ‘.P]ATP [24] and
the labelled proteins were immunoprecipitated
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with antiphosphotyrosine antibody. The im-
munoprecipitates were then electrophoresed
on SDS/polyacrylamide gel. Autoradiogra-
phic analysis of the SDS/polyacrylamide gel
revealed several distinct bands in both basal
and gastrin treated samples. Gastrin-induced
stimulation of Tyr-kinase activity in colono-
cytes (distal) was associated with a marked
increase in phosphorylation of proteins with
relative molecular mass of 42000, 55000, 60000,
70000, 74000, 94000, 125000, 145000 and
170000 (Fig. 3), as demonstrated by densitome-
tric analysis of the autoradiograph.

To further examine the mechanism of gastrin
action tyrphostin, a specific, irreversible inhibi-
tor of Tyr-kinase [25] and staurosporine (pro-
tein kinase C inhibitor) were used in the ab-
sence and presence of gastrin at 10 4 M concen-
tration. In the absence of tyrphostin gastrin
caused 61.8% and 150% stimulation of Tyr-ki-
nase and PLC activities, respectively, over the

588

TOO0

prmol 32p incorporated/mg protein

when compared to basal level.

corresponding controls. On the other hand,
preincubation of colonocytes with tyrphostin
(3.2 pM) completely abolished the gastrin-in-
duced stimulation of Tyr-kinase activity,
whereas staurosporine (20 nM) and tyrphos-
tin themselves had no effect on this activity
(Fig. 4). Similarly, phospholipase C stimula-
tion by gastrin could be totally abolished by
tyrphostin, while neither staurosporine nor
tyrphostin alone produced any change in
PLC activity (Fig. 5).

Protein kinase C activity in all samples as-
sessed at the same time did not reveal any
significant differences (not shown).

DISCUSSION

Inspired by the well known acid secretion
stimulatory property of gastrin, numerous in-
vestigators have studied the binding charac-

in colonocytes from proximal and
distal colon.

Values represent mean S.EM. of at
least 6 observations from 3 different

preparations.*P < 0.01 when compared
to corresponding basal level.
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Fig. 3. Tyrosine-specific phosphorylation of mem-
brane proteins from colonocytes incubated either in
the absence (basal) or presence of gastrin ( 107°m).

teristics of gastrin receptors in gastric mucosa
[26, 27].

At present this stimulatory effect of gastrin is
completely explained b; the stimulation of his-
tamine release in a Ca”"-dependent pathway
[27].

Gastrin is now also considered to be a trophic
hormone for the mucosa of various regions of
the GI tract, including colon [1, 2, 5]. It is not

350
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100

pmol 32p incorporated/mg protein

50

0

Fig. 4. Gastrin activation of Tyr-kinase in colonocytes.

known at present whether the receptor for the
trophic action of gastrin is the same as that
identified for its acid-secretory property. More-
over the intracellular events that regulate the
gastrin-mediated stimulation of cell prolifera-
tion have not been fully elucidated.

A number of intracellular events are respon-
sible for regulation of cell proliferation, dif-
ferentiation and transformation. Recent evi-
dence suggests that tyrosine phosphorylation
catalyzed by Tyr-kinase plays an important
regulatory role in these events [28]. The obser-
vation that several oncogene products [29, 30],
as well as receptors of many growth factors [31,
32] show Tyr-kinase activity suggests that in-
duction of cellular growth and transformation
are associated with alteration in phosphotyro-
sine content.

In the GI tract we have observed increased
Tyr-kinase activity in gastric mucosa during
aging [21, 24], shortly after injury [33], after
administration of EGF in young rats [24, 34]
and in colonic mucosa after treatment with
azoxymethane or azoxymethanol [34, 35}, Each
of these conditions was also associated with
increased mucosal proliferative activity. To
determine, therefore, whether tyrosine kinase
plays a role in mediating the growth-promot-
ing action of gastrin in the gastrointestinal mu-
cosa, we studied the effect of gastrin on Tyr-
-kinase activity and tyrosine-specific phospho-
rylation of membrane proteins on colonic mu-

Values represent mean £ S.EM. of at least 6 observations from different preparations. *P < 0.01 when compared to basal

level.
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Fig. 5. Phospholipase C activation in colonocytes.

Values represent mean +5.E.M. of at least 6 observations from different preparations. *P < 0.001 when compared to basal

level.

cosa in an organ culture system [16]. We have
shown that, in colonic mucosal explants, the
maximal stimulation (ranging between 70%
and 150%) in Tyr-kinase activity occurred with-
in 10-15 min of exposure to gastrin, whereas
ODC (a measure of proliferative potential) was
stimulated several hours later. Genistein, a spe-
cific inhibitor of Tyr-kinase caused a total sup-
pression of the gastrin induced stimulation of
both Tyr-kinase and ODC. Furthermore, gas-
trin also stimulated tyrosine specific phospho-
rylation of a M; 55000 membrane protein.

In presented experiments we have observed
in our preparations an increase in both Tyr-ki-
nase and PLC activities in response to gastrin.
This may suggest, that induction of Tyr-kinase
may play a determinant role for the rise in PLC
activity by gastrin. If this was the case, then
inhibition of Tyr-kinase should supress the gas-
trin induction of PLC in colonocytes. Indeed,
we have observed, that in the presence of
tyrphostin (an irreversible inhibitor of Tyr-ki-
nase) the gastrin-mediated stimulation of PLC
in our preparations was totally abolished,
while a protein kinase C (PKC) inhibitor, stau-
rosporine did not exert any effect on PLC activ-
ity. These data correspond with the findings
that PLC may be directly tyrosine phosphory-
lated in response to growth factors and form a
physical association with their receptors [36,
371.

We also measured tyrosine-specific phospho-
rylation of the colonocyte membrane proteins
after exposure to gastrin. It appeared that gas-

trin significantly stimulated tyrosine phospho-
rylation of a number of proteins. The molecular
mass of some of them corresponds to the mole-
cular mass of PLC, EGF receptor and a 55 kDa
protein which, according to our previous obser-
vations, may be critically involved in colonic
mucosa cell proliferation [35].

The significance of increased Tyr-kinase activ-
ity with a resultant rise in tyrosine phosphory-
lation of some membrane proteins is not fully
understood. However, it should be noted that,
cellular transformation and neoplasia have
been found to be associated with increased
phosphotyrosine content [23, 28, 29].

The role of gastrin in colorectal carcinogen-
esis is not fully elucidated. Some investigators
point to the correlation between colon cancer
and elevated serum gastrin levels [38, 39] whe-
reas others do not see any clear relationship
between this cancer and gastrin [40, 41]. The
Zollinger Ellisone Syndrome has been found to
be associated with colorectal neoplasia [42].
Gastrin receptors with varying degrees of af-
finity have been found on gastrin-responsive
tumour cell lines [43, 44].

The disparate results on the role of gastrin in
colorectal carcinoma may be explained by com-
plexity of the interrelationship between growth
factors, GI hormones and normal and neoplas-
tic cells, different response to gastrin of individ-
ual tumours and the possible impact of diffe-
rences in etiology of hypergastrinemia [9].

In our study the Tyr-kinase activation by gas-
trin was observed only in colonocytes isolated
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from the distal colon and not from the proximal
one. It is also known, that in humans the fre-
quency of colorectal tumours is significantly
higher in the distal than in the proximal part of
the colon [45]. We may speculate, that Tyr-ki-
nase could be involved in gastrin induced car-
cinogenesis, neverthless more data would be
necessary to confirm this hypothesis.

In conclusion, we have shown that gastrin
stimulates Tyr-kinase activity in colonocytes
from the distal but not from the proximal colon,
which is associated with phosphorylation of
several membrane proteins. Gastrin also stimu-
lates PLC activity in the distal colon and Tyr-ki-
nase may be required for regulation of this
process. To the best of our knowledge activa-
tion of tyrosine kinases in gastric and colonic
mucosa by gastrin is one of the earliest post-re-
ceptor events in the trophic action of gastrin.
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