
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Modulation of regulatory of mechanisms of intestinal ion secretion by TNFa and
NPY

Oprins, J.C.J.

Publication date
2001

Link to publication

Citation for published version (APA):
Oprins, J. C. J. (2001). Modulation of regulatory of mechanisms of intestinal ion secretion by
TNFa and NPY. [, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/modulation-of-regulatory-of-mechanisms-of-intestinal-ion-secretion-by-tnfa-and-npy(aa0852c6-1d91-4e04-86eb-3ab896b6ef8e).html


Chapter four 

Comparison of the potentiating effect of TNFcc on the muscarinic 

receptor activated ion secretion in human colon cell lines and 

distal colon of mice 

Judith C.J. Oprins, Claudia van der Burg, Sjenet van Emst-de Vries, Peter H. Willems, 
Helen P. Meijer, Teun Munnik and Jack A. Groot 

In preparation 





Abstract 

Comparison of potentiating effect of TNF a in cell lines and mouse distal colon 

In HT29cl. 19A cells it has been described that TNFcc potentiates the ion secretion induced by 

muscarinic receptor activat.on via an upregulation of the PLD pathway. The aim of the 

present study was to investigate whether in another intestinal epithelial cell line and in mouse 

distal colon the same mechanism is occumng. Electrophysiological techniques were used to 

measure ion secretion across T84 cells and mouse distal colon. The transphosphatidylation 

reaction in the presence of 1-butanol (leading to stable phosphatidylbutanol formation) was 

used to measure PLD activity. 32Pi labeling and thin layer chromatography were used to 

measure the relative amounts of phospholipids after activating the muscarinic receptor with 

or without pre-exposure to the cytokine in T84 cells. Exposure to TNFa did not affect the 

basal or the carbachol-induced ion secretion in T84 cells. Inhibiting PKC using GF109203X 

and western blot analysis revealed that activation of PKC is not involved in the secretory 

response to carbachol, presumably, because of a low expression of PKCoc. Muscarinic 

receptor activation resulted in increased PLD activation and exposure to TNFa increased the 

basal as well as the carbachol-induced levels of phosphatidylbutanol. Thus also in T84 cells, 

TNFa exposure results in an upregulation of the PLD pathway, however, no potentiating 

effect on the secretory response was seen, probably due to an insufficient level of PKCa. On 

the contrary, native colonic tissue does resemble the HT29cl.l9A cells in the synergy 

between TNFa and carbachol. 

Introduction 

Recently, we have found that TNFa potentiates the chloride secretion induced by carbachol 

acting via the muscarinic receptor in the colonic epithelial cell line HT29cl.l9A [1]. 
Increased chloride secretion results in severe diarrhea, due to excessive water secretion. Thus, 

TNFa might increase effects of acetylcholine leading to diarrhea in patients with 

inflammatory bowel disease (IBD) where increased levels of TNFa have been found in 

intestinal tissue [2, 3]. The synergy between a cytokine and a neurotransmitter is a rather 

unique finding as it has not been described before for intestinal tissue, and therefore requires 

confirmation from other cell lines and native tissue. 

Controversial effects of cytokines on ion secretion have been described. A few reports 

have shown that cytokines can reduce secretagogue-induced ion secretion in T84 intestinal 

cells. [4, 5, 6, 7]. On the other hand, Schmitz et al [8]) and Kandil et al [9] described that 

TNFa readily increased the basal ion secretion in human distal colon and porcine jejunum 

respectively. Moreover, they showed that the stimulatory effect of TNFa was indirect in that 

the cytokine induced the release of subepithelial prostaglandins which subsequently stimulate 

the process of ion secretion. Most probably, such a TNFa-mduced increase in prostaglandin 
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production does not play a role in the potentiated response to muscarinic receptor stimulation 

we observed in the colonic epithelial cell line HT29cl.l9A, because TNFa did not affect 

basal ion secretion in this cell line [1]. 

The intracellular messenger system activated by the muscarinic receptor is described 

for many cell lines and tissues [10]. The muscarinic M3 receptor activates the enzyme 

phospholipase C, which cleaves phosphatidylinositol-4,5 bisphosphate (PIP2) into inositol-

1,4,5-trisphosphate (IP3) and diacylglycerol (DAG). IP3 releases calcium from the 

endoplasmatic reticulum, whereas DAG activates the conventional and novel protein kinase 

C (PKC). Moreover, it has been shown that muscarinic receptor activation may also increase 

phospholipase D (PLD) activity [11]. Phospholipids (mostly phosphatidylcholine, PC) are 

hydrolyzed by PLD to form phosphatidic acid (PA), which is subsequently hydrolyzed to 

DAG by PA phosphatase (PAP). The involvement of this latter pathway in muscarinic 

receptor-mediated secretion in intestinal tissue has been documented recently in HT29cl.l9A 

cells [1, 12]. Importantly, it was postulated that in these cells TNFa exerts its potentiating 

effect on the stimulated chloride secretion induced by carbachol via an upregulation of the 

PLD pathway leading to increased and prolonged DAG formation and consequent PKC-

induced activation of the apical chloride conductance [1]. 

The aim of the present study was to determine whether the potentiating effect of 

TNFa may also occur in other models of intestinal epithelium, and not solely in the 

HT29cl.l9A cell line. We choose T84 cells, because they are frequently used to study 

intestinal secretion. We predicted that TNFa would not increase the carbachol-induced short 

circuit current (Isc) because in this cell line, carbachol increases Isc by activating basolateral 

potassium channels only [13, 14, 15]. It is of great importance to validate the TNFa effect in 

native tissue. Therefore, the responsiveness of murine distal colon to TNFa was tested ex 

vivo. 

Here we show that TNFa did not affect the chloride secretion induced by carbachol in 

T84 cells. We hypothesize that this is due to insufficient PKCa in T84 cells and therefore 

lack of CI" channel activation by PKC. Carbachol did activate the PLD pathway in these cells 

and TNFa upregulated the PLD pathway, like in HT29cl.l9A cells. In distal colon of the 

mouse, TNFa augmented the chloride secretion induced by carbachol. Although the cellular 

mechanism in the mouse colon remains to be studied, the large analogy with responses in 

HT29cl.l9A cells suggests that the effect of TNFa on the PLD pathway is general and not 

restricted to cancer cell lines. 
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Material and Methods 

Cell culture 

T84 cells and HT29cl.l9A cells were cultured as previously described for HT29cl.l9A cells 

[16]. T84 cells were kindly provided by Dr. H.R. de Jonge (Dept. of Biochemistry, University 

of Rotterdam). Briefly, the human intestinal epithelial cell line T84, passages 26-36, was 

grown in DMEM/Nutrient mix-F12 (1:1) medium (G1BCO), supplemented with 10 % (v/v) 

fetal bovine serum, 8 mg/1 ampicillin and 10 mg/1 streptomycin. The HT29cl.l9A cell line 

was grown in Dulbecco's modified Eagle's medium supplemented with 10 % fetal bovine 

serum, 8 mg/ml ampicillin and 10 mg/1 streptomycin. Cells were seeded in 25 cm2 flasks at 

37 °C in 5 % C02 / 95 % 0 2 and passaged weekly. For experiments, cells were subcultured 

on Falcon filters (25mm 0) for 14 days with medium replacements every other day. 

Confluency was reached 7 days after seeding and the filters with cells were used between 13 

and 19 days post-seeding. Labeling of the cells with 32Pi and TNFa incubations were 

performed in culture media in the incubator. 

Electrophysiological measurements with T84 cells 

Filters were cut from the ring, divided into 4 pieces, and rinsed with Ringer. The composition 

of the Ringer's solution was (in mM): 117.5 NaCl, 5.7 KCl, 25.0 NaHC03, 1.2 NaH2P04, 2.5 

CaCl4, 1.2 MgS04, and 28 mannitol. One piece was mounted in a small horizontal Ussing 

chamber, leaving an oblong area of 0.35 cm2. The apical and basolateral compartments were 

continuously perfused with Ringer buffer at a temperature of 37 °C and gassed with 5% 

C02/95% 02. Agar bridges were placed in apical and basolateral compartments and were 

connected to Ag-AgCl electrodes for monitoring the transepithelial potential difference (V,). 

An extra Ag-AgCl electrode was placed in the apical bath, serving as a common ground. 

Apical membrane potential (Va) was measured by impalement with a glass microelectrode, 

pulled from capillaries (1 mm o.d., Clark Electromedical, Reading, UK) with a Flaming 

Brown P-87 micropipette puller. The microelectrode was filled with 0.5 M KCl solution. The 

tip resistance was 100-200 MQ and the tip potential: 2-5 mV. Current electrodes (Ag-AgCl) 

were placed in the walls of both compartments; these were used to apply bipolar current 

pulses from a floating current source of 10 and 50 uA, at 30-s intervals, in order to calculate 

the transepithelial resistance (R,) and the fractional resistance fRa (Ra/[Ra+Rb])- The 

equivalent short circuit current (Isc) was calculated from Vt and R,. 

The potential differences were measured differentially with M-4A electrometer 

probes (W-P-Instruments, New Haven, USA). The potential differences were continuously 
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recorded on a multi-pen recorder and on a computer using custom-made software. The 

measurements were corrected for the offset of the electrodes and for the resistances of the 

fluid and filter without cells. 

Phospholipase D activity in T84 cells 

Cells were labeled during 24 hours with 1.85 x 106- 3.7 x 106 Bq 32Pj at the mucosal side of 

the cells. Cells were washed with Ringer to remove rests of not incorporated 32Pj. Cells were 

then stimulated in the presence of the primary alcohol 1-butanol (0.05 % (v/v)) during 30 

minutes with 100 |iM carbachol. The concentration of 1-butanol and the time for incubation 

were chosen based on earlier studies [12]. The reaction was stopped with 0.1 N HCl and 

lipids were extracted as described previously [17]. Extracted lipids were separated on heat-

activated TLC plates using an ethyl acetate solvent system (ethyl acetate/iso-octane/formic 

acid/water (13:2:3:10, by vol.))[18]. The TLC plate was exposed to a photographic film 

overnight and levels of 32P-labeled PA and phosphatidylbutanol (Pbut) were quantified by 

phosphoimaging (Storm, Molecular Dynamics). 

Western Blot PKCa 

PKCa isotype measurements were performed as described previously [19]. Briefly, cell 

lysates (10 mg/ml protein) were subjected to SDS-polyacrylamide gel electrophorese. 

Proteins were transferred overnight to polyvinylidine difluoride membranes (Immobilon P, 

Millipore) by Western Blotting. Membranes were blocked with 0.2 % (w/v) I-Block reagent. 

The membranes were incubated overnight with PKCa antibody diluted 1:500 in PBS (pH 

7.4) containing 0.1 % (w/v) I-Block reagent and 0.2 % (v/v) Tween-20. Membranes were 

washed with PBS containing 0.3 % Tween-20 and incubated for 1 h with goat anti-rabbit IgG 

antibody conjugated to alkaline phosphatase, diluted 1:1000 in PBS containing 0.1 % (w/v) I-

Block reagent and 0.2 % (v/v) Tween-20. Membranes were washed and stained with 0.1 M 

diethanolamine, 0.34 mg ml"1 Nitroblue tetrazolium, 0.18 mg/ml 5-bromo-4-chloro-3-

indollphosphate and 1.0 M MgCl2. Membranes were scanned using an Imaging Densitometer 

(Biorad, Munich, Germany). 

Tissue preparation mouse distal colon 

Female Balb/C mice, who had access to water and food ad libitum, were used. The animals 

were killed by cervical dislocation and the intestine was cut between caecum and rectum. The 

colon was rinsed with ringer to remove rests of faeces and placed over a thin plastic tube. The 
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distal colon was taken two centimeters distal from the caecum and cut along the mesenteric 

border across a length of 1 cm. The excised segments were mounted in a sledge (exposed 

area 0.2 cm ) [20] and placed between two small compartments (2 ml) of a modified Ussing 

chamber and kept at a temperature of 37°C. 

The composition of the ringer was (in mM): 117.5 NaCl, 5.7 KCl, 25.0 NaHC03, 1.2 

NaH2P04 2.5, CaCl2, 1.2 MgSC-4, 5 inosine, 0.5 ß-OH-butyrate, 2.5 glutamine plus 50 mg/1 

azlocillin (modified from [21]). Ringer was gassed with 5 % C 0 2 - 95 % 0 2 . The ringer in 

the two compartments was refreshed every 30 minutes to avoid bacterial overgrow. TNFa 50 

ng/ml was applied to the serosal side 3 hours before application of carbachol. 

Electrophysiological measurements in mouse distal colon 

Agar bridges were placed in apical and basolateral compartments and were connected to Ag-

AgCl electrodes for monitoring the transepithelial potential difference (Vf). Platina electrodes 

were placed in serosal and mucosal chambers and current injections of 10 uA were given to 

measure transepithelial resistance (Rt) of the epithelia. From the Vt and R, the short circuit 

current Isc was calculated. 

The potential difference was continuously recorded on a computer using custom-made 

software. The measurements were corrected for the offset of the electrodes and for the 

resistance of the fluid. 

Materials 

TNFa and GF109203X (bisindolylmaleimide I) were from Calbiochem. Propranolol, 

carbachol and 1-butanol were purchased from Sigma, Brunschwig and Brocades respectively. 

Silica 60 TLC (20 x 20 x 0.27 cm) plates and reagents for lipid extraction were from Merck. 

[ "P]Orthophosphate ( P;; carrier-free) was from Amersham International. Antibody against 

PKCa was from Gibco. 

Statistics 

Data are presented as means ± standard error of the mean. Statistical significance was 

evaluated using Student's Mest. P-values and N are given in the corresponding text. 
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Results 

TNFa does not affect carbachol-induced ion secretion in T84 cells 

To investigate the effect of TNFa on the muscarinic receptor-induced ion secretion in T84 

cells, cells were incubated during 24 hours with 10 ng/ml TNFa (bilaterally) after which the 

electrophysiological response to carbachol was measured. Table 1 shows the transepithelial 

electrophysiological parameters in control and TNFa-exposed T84 monolayers. TNFa did 

not affect basal Isc or the stimulatory effect of carbachol thereupon in T84 cells. These results 

indicate that in these cells, TNFa neither affects the basal secretory characteristics or the 

carbachol-induced ion secretion. This contrasts with HT29cl.l9A cells where TNFa 

potentiates the carbachol-induced ion secretion [1]. Like in HT29cl.l9A cells, the response to 

forskolin was not changed by exposure to TNFa (data not shown). To investigate why no 

potentiation of the response to carbachol was observed in T84 cells we first studied the 

electrophysiological response to carbachol in more detail. 

Table 1. Electrophysiological parameters T84 cells 

V^mV R„ ß.cm2 Isc, uA.cnT 

Control 

Baseline 3.5 ±0.8 564 ± 50 6.2 ± 1.3 
carbachol 6.7 ± 1.5 525 ±48 13 ±2.7 
A carbachol 3.2 ±0.8 -39 ±10 6.8 ± 1.6 

TNFa 

Baseline 4.8 ± 1.1 700 ± 90 6.5 ± 1.3 
carbachol 7.2 ± 1.9 660 ± 78 10 ±2.4 

A carbachol 2.4 ± 1.0 -39 ± 10 3.9 ±1.4 

Electrophysiological parameters of T84 cells before and after addition of carbachol, with or without exposure to 
TNFa. N=7 for control T84 monolayers; N=4 for TNFa exposed T84 monolayers. 

Electrophysiological response to carbachol in T84 cells. 

A typical electrophysiological response to carbachol is shown in figure 1. In three out 

of seven experiments stable intracellular potential changes could be recorded. Application of 
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carb 

v, 

1 mV 

10 mV 

fRa 

0.10 

100 |iM carbachol to the serosal side of the 

cells (indicated with the thin line) resulted in a 

hyperpolarization of Va with 18 ± 2 mV 

(n=3). This occurred concomitantly with a 

small increase in fRa (0.05 ± 0.01; n=3). In a 

total of seven experiments Vt increased with 

3.2 ± 0.8 mV and the R, decreased 39 ± 10 

Q.cirf resulting in an increase of the Isc with 

6.8 + 2 uA.cirf". These results confirm that 

after addition of carbachol a potassium 

conductance located in the basolateral 

membrane is activated in T84 cells which 

increases the driving force for chloride exit 

through an apical chloride channel [14, 13]. 

In HT29cl.l9A cells, the chloride channels 

can be activated by PKCoc [22, 23] and 

recently we provided evidence that PKC-

dependent CI" channels are involved in the 

secretory response to muscarinic receptor 

activation [1]. Therefore, we wanted to 

investigate whether in T84 cells PKC is also 

involved in the carbachol-induced increase of 

Isc-

25 n.c rr R« 

1 uAcin "" 

/v< 

I nun 
I 1 

Figure 1. Changes in electro-physiological parameters 
in time of T84 cells after addition of 100 uM carbachol 
to the serosal side of the cells. The tracing presented is 
representative for three out of seven experiments in 
which intracellular recordings could be obtained. The 
thin line indicates the time point at which carbachol 
was added. The electrophysiological response is 
described in RESULTS section. V„ transcpithelial 
potential; Va, apical membrane potential; fR;1, fractional 
resistance Ra(Ra+Rb); R„ transepithelial resistance; Iic, 
short-circuit current. 

•89-



Chapter 4  

PKC is not involved in the Ct secretion induced by carbachol in T84 cells 

Application of the phorbol ester \\xM PDB did not evoke an increase of the Isc (data not 

shown). Furthermore, the carbachol-induced increase in Isc was not affected by 30 minutes 

bilateral preincubation with 1 |iM GF109203X (6.8 ± 1.6 uA.cm"2 carbachol alone vs. 8.7 ± 4 

|lA.cm~2 GF+carbachol; P>0.1; n=3). These results suggest that in T84, in contrast to 

HT29cl.l9A cells, PKC activation is not involved in mechanism of action of carbachol. 

T84 cells express less PKCa than HT29cl.l9A cells 

The foregoing results showed that PKC is not involved in the carbachol-induced ion secretion 

in T84 cells. Previous studies have revealed a role for PKC, more specifically PKCa, in the 

ion secretion induced by carbachol in HT29cl.l9A cells [23]. We examined whether a 

reduction in PKCa expression could be responsible for the absence of a PKC effect inT84 

cells. Fifty (j.g of total cellular protein was size-separated on a Polyacrylamide gel as 

described in materials and methods. PKCa was visualized by immunoblotting using a PKCa 

antibody. Figure 2 shows that the amount of PKCa in T84 cells was much lower compared to 

HT29cl.l9A cells. Apparently, T84 cells express considerably less PKCa than HT29cl.l9A 

cells. 

Figure 2. Western blot of T84 and HT29cl.l9A 
cell lysates (50 ug) incubated with antibody 
against PKCa. Lane 1 shows a cell lysate from 

•*— PKCa HT29cl.l9A cells. Lane 2 shows a T84 cell 
lysate. and lane 3 is a positive control, in which 
partially purified rat brain PKC is blotted with 

HT29cl.l9A T84 rat brain anti-PKCa. 

Muscarinic receptor activation results in PLD activation in T84 cells 

To study whether in T84 cells PLD is activated after muscarinic receptor activation, we 
labeled the cells with 32P; and used the transphosphatidylation method to measure the 
formation of 32P-Pbut and 32P-PA after stimulation with carbachol in the presence of 0.05 % 
(v/v) 1-butanol [24]. Figure 3 shows that the levels of 32P-Pbut and 32P-PA are significantly 
increased after application of carbachol with 20 ± 9 % and 34 + 11 % respectively (PO.05; 
n=6), suggesting that in T84 cells, PLD is activated by the muscarinic receptor agonist 
carbachol. 
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Figure 3. Effect of carbachol on levels of 32P-Pbut (a) and 12P-PA (b) in T84 cells. Cells were stimulated during 
30 minutes with carbachol in the presence of 0.05 % (v/v) 1-butanol. Data are shown as percentage of 
unstimulated control monolayers (100 %). The basal level of ,2P-Pbut is 0.25 ± 0.01 % of total labeled 
phospholipids and the basal 12P-PA level is 2.92 ± 0.36 % of total labeled phoshpholipids. Data are presented as 
means ± SE of 6 experiments. * P<0.05. 

Propranolol increases levels of PA 

In HT29cl.l9A cells, propranolol was shown to increase PA levels, confirming its inhibiting 

effect on the enzyme PAP, which converts PA into DAG (Oprins et al. submitted). To 

investigate whether in T84 cells propranolol also increased PA levels, cells were pre-

incubated with 100 uM propranolol for 10 minutes (mucosal). In figure 4 it is shown that 

application of propranolol results in an increase in PA levels with 24 ± 7 % compared to 

control monolayers (P<0.05;n=6). Also the carbachol-induced increase in PA was increased 

with 38 ± 14 % as compared to monolayers without the inhibitor (PO.05; n=5). 
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Figure 4. Effect of propranolol on the 
basal and carbachol-stimulated levels of 
12P-PA in T84 cells. Cells were 
preincubated with 100 uM propranolol 
(prop) for 30 min prior to carbachol 
(carb) stimulation. Data are shown as 
percentage ,2P-PA of unstimulated 
control monolayers (100%). Data are 
presented as means ± SE for 5 
experiments. * PO.05. 
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TNFa increases basal as well as carbachol-induced Pbut levels in T84 cells 

In the HT29cl.l9A cells as well in the T84 cells, PLD activation is involved in muscarinic 

receptor stimulation. To investigate the effect of TNFa on the PLD pathway in T84 cells, we 

measured the levels of Pbut and PA after exposure to TNFa. Cells were exposed to 10 ng/ml 

TNFa during the labeling period of 24 hours after which the levels of 32P-Pbut and 32P-PA 

were measured with or without carbachol stimulation. Figure 5 shows that after exposure to 

TNFa the basal level of 32P-Pbut was increased with 21 ± 8 % (as compared to control 

monolayers; PO.05; n=6). After exposure to TNFa, the carbachol-induced P-Pbut level 

was also increased with 13 ± 5 % as compared to its control without TNFa exposure (p<0.05; 

n=6). TNFa did not show an effect on the levels of 32P-PA (data not shown). These results 

show that in these cells exposure to TNFa results in an upregulation of the activity of PLD. 
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Figure 5. ffect of TNFa on basal and 
carbachol-stimulatcd levels of " P-Pbut 
in T84 cells. Cells were exposed to 10 
ng/ml TNFa during the 24-hours 
labeling period. Cells were stimulated 
with carbachol in the presence of 0.05 % 
(v/v) 1-butanol. Data arc shown as 
percentage " P-Pbut of unstimulated 
control monolayers (100 %). Data are 
represented as means ± SE for 6 
experiments. * P<0.05. 

TNFa affects carbachol-induced ion secretion in mouse distal colon 

It is of great interest to validate results obtained in cell lines to native tissue. Distal colon of 

the mouse was removed and mounted in an Ussing chamber as described in materials and 

methods. To block spontaneous ion secretion induced by subepithelial and neuronal 

pathways, we used indomethacin (1 uM, serosal) and TTX (0.3 uM, serosal) respectively. To 

exclude the possibility that changes in Isc are caused by apical sodium influx we blocked Na+ 

channels with 100 |iM amiloride in the mucosal bathing solution. Tissues were incubated 

during 3 hours with or without exposure to 50 ng/ml TNFa (bilaterally) after which the Isc 

induced by carbachol was measured. Every 30 minutes the ringer was refreshed to remove 
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potentially accumulated bacteria in the chambers. In the first hour the Isc decreased rapidly, 

after which it stabilized at about 80 uA.cm"2. Exposure to TNFa during 3 hours did not affect 

the basal Isc. In table 2 the electrophysiological parameters before and after application of 

carbachol are shown for control and TNFa exposed tissues. Figure 6 shows that the carbachol 

induced increase in Isc after exposure to TNFa was 2.4 times larger compared to control 

tissue (P<0.05; n=4). 

[PM: to relate this potentiating effect to the phenomenon in HT29cl,19A cells the effects of 

the PKC inhibitor GF109203X and of propranolol are currently under investigation] 

Table 2. Electrophysiological parameters mouse distal colon 

V„ mV R,, £Xcm2 Isc, UA.CITT 

Control 

Baseline 2.5 ± 0.8 31 ± 3 78 ± 25 

Carbachol 4.4 ±1.1 26 ± 3 165 ± 3 8 

A carbachol 2.0 ± 0.7 -5 ± 1 88 ± 26 

TNFa 

Baseline 3.3 ±0.6 39 ±5 86 ± 15 
Carbachol 8.7 ±0.9* 29 ±2 300 ±17* 

A carbachol 5.3 ±0.9* -11 ± 3 214±25* 

Electrophysiological parameters induced by carbachol three hours after mounting mouse distal colon tissues 
with or without TNFa exposure. N=5 for control tissues and N=4 for TNFa exposed tissues. * P<0.05. 

distal colon mouse 

4 
a 

300 

200 

100 

carb TNFa 
carb 

Figure 6. Effect of TNFa on ion 
secretion nduced by carbachol in mouse 
distal colon. Distal colon of the mouse 
was mounted in an Ussing chamber. 
Tissues were incubated during 3 hours 
with or without 50 ng/ml TNFa in the 
presence of 0.3 uM TTX, 1 U.M 
indomethacin (serosal) and 100 uM 
amiloridc (mucosal). The maximal 
change in Isc after addition of 100 uM 
carbachol was measured. Data are 
presented as means ± SE for 4-5 
experiments. * P < 0.05. 
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Discussion 

We have previously shown that in HT29cl.l9A cells exposure to TNFa markedly potentiates 

the ion secretion induced by muscarinic receptor activation in a time- and protein synthesis-

dependent manner. It appeared that part of the carbachol-induced increase of the Isc was due 

to activation of the PLD pathway via muscarinic receptors [1]. Because propranolol, an 

inhibitor of the enzyme PAP that converts PA into DAG, could completely inhibit the 

potentiating effect of TNFa, we concluded that the potentiation occurred via the PLD 

pathway. The aim of the present study was to investigate whether the effect of TNFa also 

occurred in other models of intestinal epithelium. Therefore we studied the effect of TNFa in 

T84 cells and in native tissue, namely mouse distal colon. We choose mouse colon because 

the cell lines are derived from colon tumors and because a regular supply of mouse TNFa 

was guaranteed. 

TNFa did not affect the carbachol-induced ion secretion in T84 cells. The possible 

explanation that TNFa receptors are not present on the cells can be excluded, since 

biochemical analyses of phospholipids revealed otherwise. In fact our results confirm that in 

T84 cells the secretory response to carbachol is not due to PKC-mediated activation of 

chloride channels in the apical membrane [25]. The increase of the fractional resistance 

concomitant with the hyperpolarization of the cell potential and the increase of Isc indicates 

that carbachol increased the potassium conductance of the basolateral membrane. This 

corroborates earlier findings in which it was postulated that the carbachol-induced increase in 

Isc in T84 cells is primarily due to activation of calcium-dependent basolateral K+ channels 

[15, 14, 13]. This increases the driving force for chloride exit through an apical chloride 

conductance. The present study shows that activation of PKC by PDB did not evoke a 

secretory response in the T84 cells and that the inhibition of PKC by GF109203X did not 

attenuate the carbachol-induced chloride secretion in T84 cells. This corroborates earlier 

findings that exposure to phorbol ester alone did not increase Isc in T84 cells [26] and that 

PKC inhibition by staurosporine did not reduce the carbachol response [25]. This is in 

contrast with previous findings in HT29cl.l9A cells, where it was shown that carbachol not 

only activates the calcium-dependent potassium conductance in the basolateral membrane but 

also, via a PKC dependent pathway, the apical chloride channel CFTR [22, 1]. In this cell line 

PKCa was shown to be activated by carbachol [23]. In the present work we show that in T84 

cells considerably less PKCa is present than in HT29cl.l9A. From these observations, we 

deduce that absence of a carbachol-induced stimulatory signal via PKCa could be the 

explanation for the absence of a potentiating effect of TNFa on the ion secretion in T84 cells. 

A unique feature of PLD is its ability to transphosphatidylate its substrate in the presence of a 

primary alcohol like 1-butanol. The increase in 32P-Pbut after carbachol application is 

therefore evidence for the involvement of PLD activation in muscarinic receptor activation in 
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T84 cells, as has been reported for many cell types, including HT29cl.l9A cells. [27, 28, 29, 

30, 1]. 

Although no effect of TNFoc was detectable in the electrophysiological data, 

phospholipid analyses revealed that TNFoc affects the PLD pathway in T84 cells. This has 

been reported for HT29cl.l9A cells as well [1], [12]. The present data show that in T84 cells 

TNFoc exposure results in an increased formation of basal Pbut levels and that the effects of 

TNFoc and carbachol are additive. As a result, PLD activity will be significantly higher in 

carbachol-stimulated TNFoc-treated cells as compared to carbachol-stimulated untreated cells. 

Most interestingly, in mouse epithelium TNFoc increased the electrophysiological response to 

carbachol 2.5 fold, whereas basal parameters were not affected, similar to measurements in 

HT29cl.l9A cells [1]. This indicates that the results obtained in the cell line HT29cl.l9A can 

be extrapolated to native tissue and that the HT29cll9A cell line is a good model to study ion 

secretion and its regulation by TNFoc. It remains to be studied whether in native tissue TNFoc 

also affects the PLD pathway. [PM: preliminary results show that propranolol is able to 

suppress the Isc induced by carbachol in mouse distal colon. These experiments are under 

investigation at the moment]. 

As far as we know, no earlier reports are available about direct effects of TNFoc on the 

responsitivity to secretagogues in isolated intestine. Schmitz et al. (1996) and Kandil et al. 

(1994) described that TNFoc increased the basal ion secretion in human distal colon and 

porcine jejunum indirectly by increasing the release of subepithelial prostaglandins [8, 9]. In 

our study we excluded prostaglandin synthesis, since we used indomethacin to block 

prostaglandin synthesis throughout the experiments. Moreover, an indirect effect of TNFoc 

via neuronal stimulation is also excluded because TTX was included to block neuronal 

stimulation. 

The implication of these observations is that the increased TNFoc levels in inflamed 
tissue may cause increased susceptibility of the tissue to acetylcholine and other 
secretagogues, which use similar intracellular messenger pathways (e.g. histamine, 
bradykinin). However, there is evidence that secretory responses in human inflamed tissue 
are diminished [31, 32]. In addition, exposure to various cytokines diminishes secretory 
responses in intestinal epithelial cells and suggest a pivotal role for TNFa and IFNy in this 
phenomenon [7, 6, 33]. These observations are made after a prolonged incubation period with 
the cytokines and it may well be that this makes the difference with our present observations. 
Although the potentiation of the muscarinic receptor-dependent secretion may not be 
apparent after prolonged TNFa exposure because of the inhibitory action of prolonged PKC 
activity on e.g. basolateral potassium conductance [34], there may still be a potentiation of 
the PLD pathway which may strongly change the phospholipid composition in the 
membranes. It remains to be studied what effect such a change may have in inflammation. 
Additionally, prolonged PKC activity may also decrease the epithelial barrier function of 
intestinal epithelium [35]. Indeed, such a decrease was observed in intestinal epithelium from 
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patients suffering from IBD [36], Although in the present study no effect on epithelial 

resistance was found, it remains to be studied, whether on the long term this mechanism plays 

a role in the symptoms. 

In summary, we have shown that muscarinic receptor activation increases PLD 

activity in T84 cells. Exposure to TNFa resulted in these cells in an increase in basal PLD 

activity and the effects of carbachol and the cytokine on PLD activity were additive. 

Presumably, because of the dramatically lowered expression of PKCa in these cells 

activation of the PLD pathway does not show up in the secretory response to carbachol. In 

contrast, native colonic tissue does resemble the HT29cl.l9A cells in the synergy between 

TNFa and carbachol. 
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