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SUMMARY Cyclic AMP accumulation in human colon adenocarcinoma cells in culture (HT-29)
is known to be particularly sensitive to the stimulating action of vasoactive intestinal peptide (VIP).
This property was exploited as a means of investigating the possible role of VIP as a humoral
mediator in the watery diarrhoea syndrome. Our results showed that plasma from two patients
with watery diarrhoea syndrome associated with ganglioneuroblastoma and pheochromocytoma
strongly stimulated cyclic AMP accumulation in HT-29 cells, whereas plasma from normal subjects
and patients with other diarrhoeal disorders had no effect. The stimulation induced by serial dilutions
of plasma from patients paralleled the VIP-induced response. Preincubation of these plasmas with
specific anti-VIP antibody prevented their stimulatory effects. Plasma sampled after the arrest of
diarrhoea (spontaneous or after surgical resection of tumours) elicited no cyclic AMP rise in HT-29
cells. Tumour extract stimulated cyclic AMP accumulation in HT-29 cells with a dose-response
curve which was superimposable on the one obtained with standard VIP. The results lend support
to the hypothesis that VIP is a humoral mediator in WDS and suggest that the diarrhoea is mediated
through a VIP-induced accumulation of cyclic AMP in intestinal epithelial cells.

The watery diarrhoea syndrome, as first described
by Verner and Morrison1 is characterised by a
refractory severe watery diarrhoea with hypo-
kalaemia and achlorhydria, and is associated with
tumours of the pancreas. Subsequently, reports from
other workers2 3 showed that several types of
tumours were involved and that vasoactive intestinal
peptide (VIP) was the humoral mediator responsible
for this syndrome. VIP was thought to be involved
because immunoreactive VIP-like material was
detected in plasma and in tumours from patients
with the watery diarrhoea syndrome. A controversy
surrounds this hypothesis.4-6 VIP nonetheless re-
mains a good candidate as the humoral mediator
in the watery diarrhoea syndrome, as it is a highly
potent stimulator of intestinal fluid and electrolytes
secretion by the intestine7-9 and is the sole peptide
known to possess high affinity receptors and to
stimulate cyclic AMP accumulation in intestinal
epithelial cells.0-'4

In this study, we take advantage of the pronounced
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sensitivity of the human colon adenocarcinoma cell
line HT-29 to VIP (eliciting cyclic AMP accumula-
tion",) as the basis for a bioassay for this peptide.
We hoped that this experimental approach would
enable us to determine whether the plasma of
patients with WDS contains VIP: the plasma and
tumour extracts from two patients were examined.

Methods

PATIENTS
Patient LE was a girl who developed intractable
diarrhoea at the age of 2 years, 8 months and was
admitted to hospital three months later. Diarrhoea
was abundant and aqueous and accompanied by
severe hypokalaemia (1-4 mM/l). Chest ganglio-
neuroblastoma was rapidly diagnosed by x-ray
examination and the considerable increase of
urinary dopamine (403 mg/24 h). The two first
determinations of plasma VIP levels were performed
when diarrhoea was present. The third deter-
mination was done 15 days after spontaneous
arrest of this symptom. The other plasma VIP
level measurements were performed two days and
nine days after resection of the tumour. Histolo-
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gical examination confirmed that the tumour was
a ganglioneuroblastoma.

Patient BL, a 42 year old man, was admitted to
hospital in February 1978 for evaluation of diarrhoea
associated with weight loss and insulin-dependent
diabetes mellitus dating from July 1976. Diarrhoea
was not improved by anti-diarrhoeal therapy and
was first attributed to diabetes, which needed treat-
ment by insulin. The existence of a high plasma
VIP level (radioimmunoassay: Dr S R Bloom)
associated with high urinary elimination of vanilyl-
mandelic acid led to exploration of the adrenals.
Angiography and scanner examination showed a
tumour of the right adrenal that appeared at
histological examination to be a pheochromocytoma.
After operation the diarrhoea and diabetes dis-
appeared. The two plasma samples which were
tested were obtained one month before and one
week after surgery.

These patients were perhaps atypical in not
having pancreatic tumours. VIP has, however,
been reported in the tissues where their tumours
developed-that is, sympathetic nervous system"6
and adrenal gland.17

PLASMA SAMPLING
Blood was collected in a syringe rinsed with heparin,
containing kallikrein inhibitor (500 KIU/ml of
blood) and immediately centrifuged at 4°C.
Plasma were stored at -20°C until the time of assay.

EXTRACTION OF VIP FROM TUMOUR
The ganglioneuroblastoma from patient LE was
resected, the tumour boiled immediately for three
minutes in water and VIP extracted according to
our usual method.'8

RADIOIMMUNOASSAY OF VIP
The concentration of VIP in the tumour was assessed
by a radioimmunoassay developed in our labora-
tory.'9 This assay is highly specific: there is no
cross-reaction with glucagon and gastric inhibitory
polypeptide and secretin exhibits only 1/300 cross-
reactivity. The antibody used recognises the VIP
that is present in the peripherall' and central20
nervous system, but does not take into account the
VIP-like substance that has been described in
endocrine cells of intestinal epithelium.2' Indeed,
VIP was undectable in acidic extracts of epithelial
cells isolated from rat'9 and human22 intestine when
the ZO antibody was used in the radioimmunoassay.
The values obtained with serial dilutions of the
tumour extract were superimposable with the
standard curve obtained with porcine VIP, thus
enabling the VIP content of the tumour extract to
e expressed as porcine VIP equivalent.

BIOASSAY OF VIP
Plasma and tumour extracts were tested for their
ability to stimulate cyclic AMP accumulation in a
human colon adenocarcinoma cell line in culture,
HT-29. This cell line was established by Fogh and
Trempe23 and had previously been shown to have a
cyclic AMP system which would respond to VIP
at concentrations as low as 3X 10-12 M VIP.'5
The incubation procedure has been detailed else-
where.15 Cells (106/ml) were incubated for 30
minutes at 15°C in Krebs Ringer phosphate buffer,
pH 7.5 containing 2% (w/v) bovine serum albumin
and 0-2 mM 3-isobutyl-1-methylxanthine. Cyclic
AMP was measured in cells plus medium by a
radioimmunoassay procedure.'5
We tested whether VIP was responsible for the

plasma-induced stimulation of cyclic AMP pro-
duction by employing a specific anti-VIP anti-
body.19 Plasmas were tested either alone or after a
12 hour-exposure at 4°C to excess antibody ZO-
that is, at the final dilution of 1/40. Exposure of
plasma from patients BL and LE, or porcine VIP
to the same dilution of normal rabbit serum did not
abolish their stimulating effect.
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Fig. 1 Effect (closed symbols) ofnative porcine VIP
(left panel) andplasma from patient LE (middle panel)
and BL (right panel) on cyclic AMP accumulation
in HT-29 cells. Previous exposure ofstandard VIP or
plasma to anti- VIP antibody (open symbols) was
conducted as indicated in the Methods section. Plasmas
were tested at four dilutions (1/10, 1/20, 1/40, 1/80)
as indicated. Incubation conditions were described in the
Methods section. Each point is the mean of triplicate
determinations.

Results

Figure 1 shows that plasmas from two patients
with the watery diarrhoea syndrome (BL and LE)
stimulated cyclic AMP accumulation in HT-29
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cells. These stimulations depended on the dilution
of plasma: dilution curves paralleled the dose-
response of porcine VIP which was used as the
standard. A significant stimulation was still ob-
tained with plasma diluted 40-fold. With the lowest
dilution tested (10 times), plasma BL and LE,
respectively elicited a nine and eight-fold increase of
cyclic AMP above basal levels. Plasmas from five
normal subjects, tested at the same dilution, did
iiot induce any significant change in the basal
cyclic AMP level (not shown). The stimulation was
confirmed to be due to VIP in studies where plasmas
from these patients were preincubated with the
anti-VIP anti-serum ZO (see Methods section): the
preincubation completely abolished the stimulating
effect (Fig. 1). A similar preincubation of standard
VIP with anti-VIP antiserum likewise suppressed
the stimulation induced by the standard (Fig. 1).

Serial sampling of plasma during the follow-up
of patients showed that there was a close correlation
between the occurrence of clinical signs-that is,
diarrhoea and hypokalaemia-and the stimulating
effect of plasma on cyclic AMP accumulation in
HT-29 cells (Table). Indeed, for both patients
the arrest of diarrhoea after surgery was associated
with the absence of any stimulating effect of their
plasmas. It is noteworthy that the spontaneous
arrest of diarrhoea that occurred before surgery in
patient LE was also associated with a lack of
stimulation. If it is assumed that VIP is the sole
molecule responsible for the stimulation (Fig. 1),
then the plasma VIP concentrations during diarrhoea
can be calculated as being in the range between 90
and 180 pM. The plasma levels of VIP after the
arrest of diarrhoea and in normal subjects not
suffering from diarrhoea were below 30 pM. Plasmas
from patients with other diarrhoeal disorders
(three with ulcerative colitis, two with Crohn's
disease, one with alpha chain disease and two
children with milk protein intolerance or acute
viral diarrhoea) were taken as controls. None of
them elicited any significant effect in altering cyclic
AMP levels in HT-29 cells.
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Fig. 2 Effect of tumour extract on cyclic AMP
accumulation in HT-29 cells. The tumour extract was
obtained as indicated in the Methods section.
Concentrations ofhuman VIP in the tumour extract
were measured by a specific radioimmunoassay
(see Methods section). Each point is the mean of
triplicate determinations.

Figure 2 shows the stimulation of cyclic AMP
accumulation in HT-29 cells induced by acidic
extracts of the tumour from patient LE. On the
basis of the VIP content of tumour extract, as
measured by radioimmunoassay,19 the dose-response
curve obtained with tumour extract was superim-
posable on the one obtained with standard VIP.

Discussion

The nature of the humoral mediator responsible
for the diarrhoea in the watery diarrhoea syndrome
had remained controversial up till now.4-f A role
of VIP in this disease had been initially suggested
from radioimmunological measurements: high levels
of VIP were found in the plasma.23 However,

Table Correlation between occurrence of clinical signs and stimulating effect ofplasma on cyclic AMP accumulation
in HT-29 cells

Patient Samtiple Clinical signs* Cyclic AMP accumnulation in Plasmna VIP concentration (pM)
HT-29 cells ( % of basal)

BL 1 920 30§ 180±10§
2t - 90 20t <30

LE 1 830±40 150±20
2 + 490 120 90--I0
3 190440t <30
4+ - 150±40t <30
5t 150440t <30

*Diarrhoea and hypokalaemis.
tNot significantly different from basal (100± 10).

:Plasma sampled after surgical removal of the tumour.
§Mean ± SEM of triplicate determinations.
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several authors4 5 found that these observations
needed to be interpreted with caution, as most
of the VIP radioimmunoassays were very insensitive
and gave a wide range of normal plasma values.
Moreover, the presence of high VIP levels in plasma
from patients does not necessarily imply that VIP
is involved in the genesis of diarrhoea. Only the
demonstration of a direct effect of VIP on intestinal
epithelium could settle this point.
The present paper demonstrates that plasmas from

two patients with the watery diarrhoea syndrome
stimulate cyclic AMP accumulation in HT-29 cells.
To our knowledge, this is the first report to show
that plasmas of patients with the watery diarrhoea
syndrome are able to evoke a biological response
in human intestinal epithelial cells. The response
was abolished by preincubating the plasmas with
anti-VIP immunserum (Fig. 1), thus suggesting
that the substance responsible for the effect was
VIP. Additional evidence for the involvement of
VIP was provided by the measurement of identical
amounts of VIP in the tumour extract using either a
specific radioimmunoassay or the ability of the
extract to stimulate cyclic AMP production in
HT-29 cells (Fig. 2).
The transformed cell line HT-29 was found to be

highly suitable for these studies. The marked cyclic
AMP response of HT-29 cells to VIP', constituted
the basis for a highly sensitive bioassay for VIP and
enabled the detection of the peptide in plasmas
diluted as much as 40-fold (Fig. 1). One could,
of course, question whether physiological con-
clusions can be drawn from studies performed
with a mutant cell line. We know, however, that
the affinity and the specificity of VIP receptors
in HT-29 cells and in normal intestinal epithelial
cells are identical." Furthermore, we have recently
been able to confirm that the plasma used in this
study also evoked a significant cyclic AMP response
in epithelial cells from normal human intestine:22
the response was lower than in HT-29 cells. If one
accepts that cyclic AMP is involved in the secretory
response of the intestine,2425 one can reasonably
propose that the plasma from patients with the
watery diarrhoea syndrome induces the accumulation
of cyclic AMP in their intestinal epithelial cells
and that this represents the initial event in the
manifestation of the watery diarrhoea.
Both immunological and biological criteria thus

led us to conclude that VIP is probably a mediator
of the watery diarrhoea syndrome, at any rate
in the two cases investigated. This does not, however,
rule out the involvement of other humoral mediators
in other cases,26 27 particularly in view of the fact
that many different types of tumours have been
incriminated in the genesis of this syndrome.2 8
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