
Gut, 1980, 21, 365-369

Enhancement by cholera toxin of IgA secretion from
intestinal crypt epithelium *
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SUMMARY Studies of the effects of cholera toxin on the intestine have produced conflicting results
regarding stimulation of IgA secretion. In the present study rabbit ileal loops were perfused with
saline, and the IgA content of the perfusate was assessed by immunoradiometric assay. Crypt
epithelial IgA content in biopsies was studied by immunofluorescence. Cumulative loop fluid IgA
production 300 minutes after exposure to cholera toxin was 6216±993 ~sg/cm compared with
4646 953 usg/cm in controls (p <0.20). However, rate of fluid IgA production above baseline at
300 minutes was 1742 181 kg/h/cm in cholera loops and 1049+310 s.g/h/cm in controls, and the
mean difference between the cholera and control loops was statistically significant (p< 0.05). In
biopsies, mean rank of crypt epithelial IgA at 300 minutes was decreased compared with controls
(p <005). The findings of increased rate of fluid IgA production and decreased epithelial IgA
suggest that a single dose of cholera toxin enhanced secretion of IgA from crypt epithelium into
the intestinal lumen, although the magnitude of the enhancement was not great.

IgA is the predominant immunoglobulin in plasma
cells of the mucosa1 2 and in secretions3 4 of the
gastrointestinal tract. Further, IgA antibodies
against intraluminal organisms5-10 and their pro-
ducts11 12 have been demonstrated in intestinal
secretions. These antibodies appear to be important
in local protection against infection, functioning by
mechanisms which include (l) reducing intraluminal
and mucosal colonisation by microorganisms
through agglutination and reduction in mucosal
adherence, and (2) interfering with the action of
microbial products such as toxins.7 13-17 It is now
well-established that IgA is synthesised by plasma
cells in the lamina propria, accumulated within
crypt epithelial cells after addition of secretory
component, and finally secreted into the intestinal
lumen.1315 18 22 Little is known, however, about
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factors which influence intestinal lgA secretion,
including factors related to infectious diseases.

Cholera, the diarrhoeal disease produced by
Vibrio cholerae, is mediated by enterotoxin. In
experimental studies, exposure of the mucosa of
rabbit intestinal loops to cholera toxin (CT) causes
secretion of large amounts of mucin-rich fluid.23
This enhanced secretion has a histological counter-
part in depletion of mucin from epithelial goblet
cells.24 In addition to mucin, secretory IgA has
been reported to be present in cholera fluid from
rabbit ileal loops25 and man.34 Also, in a previous
study26 27 we found that crypt epithelial IgA content
as assessed by immunofluorescence showed a
progressively greater decrease in loops exposed to CT
than in control loops. These findings, therefore,
raised the possibility that CT induced IgA secretion
from crypt epithelium into the intestinal lumen.
However, in our previous study27 and one by other
investigators,28 the IgA content of the fluid produced
by cholera loops was no greater than control loops.
Because of these paradoxical results, an experi-
mental model using saline perfusion of the loops to
provide optimum specimen collection was used for
detailed study of the effects of CT upon IgA secre-
tion.
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Methods

EXPERIMENTAL TECHNIQUES
Four fasted adult female New Zealand white rabbits
weighing 2 to 3 kg were anaesthetised with intra-
venous sodium pentobarbital. In each animal two
loops of distal ileum 15 to 20 cm in length were

isolated with their blood supply intact. Silastic
tubing (Dow-Corning Corporation Medical Pro-
ducts, Midland, Michigan) was secured into the
ends of each loop. Loops were flushed with 0-01 M
phosphate buffered saline at pH 7-2 (PBS) until
the effluent was clear. Intra-abdominal temperature
was maintained at 37°C throughout the experiment
with an external heat lamp. Five percent dextrose in
normal saline was given intravenously to assure

adequate hydration.
After preparation of loops, a biopsy for immuno-

histological study was obtained from each loop by
removal of a short segment from the proximal end.
Two millilitres of PBS were instilled into each loop
at time designated -60 minutes, and the ends of the
Silastic tubing were clamped. After 15 minutes, the
fluid in each loop was collected by gentle flushing
with air and 2 ml of PBS were again instilled into the
loop. The collected fluid was weighed and frozen
immediately at -20°C. PBS instillation and collection
were repeated three additional times to provide a

60-minute baseline period. At zero time, 100 ,ug
purified CT (Schwarz-Mann Division of Becton,
Dickinson Inc., Orangeburg, New York) in 2 ml
PBS were placed in one loop, designated the cholera
loop, and 2 ml PBS alone were placed in the second
loop, designated the PBS loop. After 15 minutes,
cycles of instillation and flushing of 2 ml PBS every
15 minutes were resumed in both loops until 120
minutes. For the remainder of the experiment the
2 ml volumes of PBS were left in each loop for 30
minutes. The experiment was terminated at 300
minutes. The loops were measured and again
biopsied.
Rate of net fluid production from each loop in

each collection period was calculated in ,il of fluid,
in excess of the 2 ml initially instilled, per hour per
cm of loop (1 g of fluid was assumed to equal 1 ml).
Cumulative net fluid production (,l/cm) at the end
of each collection period was determined, as were
the differences in production rate and in cumulative
net fluid production between the two loops in each
animal for each time period.

ASSAY FOR FLUID IGA CONTENT
The two-site immunoradiometric assay used mono-

specific goat anti-rabbit alpha chain absorbed to
bromacetyl cellulose (BAC) and 1251-labelled goat
anti-rabbit Fab. The assay was performed as de-

scribed previously.29 Each specimen was thawed and
then assayed in duplicate at two dilutions. Concen-
tration of IgA in mg/ml in each specimen fluid was
determined from a standard curve of purified
trypsin-resistant sigA derived from rabbit colostrum.
Fluid IgA production (pg/h/cm) for all time intervals
was calculated from the specimen IgA concentra-
tion, specimen volume, and the loop length during
the time interval. Cumulative IgA production
(,ug/cm) for each loop in each animal throughout the
experiment was also determined. The difference in
IgA concentration, in rate of production, and in
cumulative production between the two loops in
each animal were calculated for each time period.

IMMUNOHISTOLOGICAL TECHNIQUES
All biopsy specimens were mounted in Tissue-Tech
II OCT Compound (Lab-Tek Products, Division of
Miles Laboratories, Inc., Naperville, Illinois), snap
frozen in liquid nitrogen, and stored at -20°C.
Frozen sections 6 ,um thick were prepared. IgA
content of crypt epithelial cells was studied in a set of
frozen sections stained with fluorescein isothiocya-
nate conjugated (FITC) monospecific goat anti-
rabbit alpha chain (provided by Dr John J Cebra,
The Johns Hopkins University, Baltimore, Mary-
land). The reagent was prepared as described
previously.30 In preliminary studies, serial dilutions
of the reagent were tested for optimum sensitivity
to the differences in crypt IgA content which were
observed. The maximum dilution that showed
consistent staining of the lamina propria plasma
cells (1:40) was selected as the working dilution.
Each set of stained slides was coded. The coded
slides were ranked for IgA content of the crypt
epithelial cells using a Carl Zeiss Standard RA dark
field microscope with halogen quartz light source,
FITC primary filter (range 460-490 nm), and Zeiss
50 secondary filter (Carl Zeiss, Inc., New York).
With the ranking system the slides were arranged
in order from least to most IgA content and then
assigned the corresponding position number which
was used for statistical analysis.

STATISTICAL ANALYSIS
For net fluid production and fluid IgA data, the
mean and standard error of the mean (SEM) for
comparable loops were calculated for each collection
period. Mean differences between the loops and
SEMs were also determined. Log mean rank and
SEM were calculated for crypt IgA content at -60
and 300 minutes. Tests for statistical significance
included two-tailed t test for significant difference
between means based upon paired data and evalua-
tion of 95% confidence limits as expressed by two
SEMs for mean difference from zero. The signifi-
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cance of changes in crypt IgA with time were de-
termined by linear regression analysis.3

Results

FLUID PRODUCTION
Net absorption was demonstrated initially in both
the cholera and PBS loops, as indicated by the
negative slopes of the cumulative net fluid produc-
tion curves (Fig. 1). From 90 minutes onward net
fluid secretion occurred in the cholera loops, while
the PBS loops continued to show net absorption or

only slight net fluid secretion. Cumulative net fluid
production by cholera loops was greater than PBS
loops at 105, 150, and 210 minutes onward (P<0 05).

FLUID IGA CONTENT

Both cholera and PBS loops showed a consistent
trend of rising fluid IgA concentrations with time,
and there were no statistically significant differences
between the loops (Table). Fluid IgA production
(Fig. 2) was similar for each type of loop for the
60-minute control period preceding instillation of
CT into the cholera loops. By the end of the experi-
mental period at 300 minutes, all cholera loops had
produced more IgA than the corresponding PBS

CUMULATIVE NET FLUID PRODUCTION
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Fig. 1 Mean cumulative net fluid production in
cholera and PBS loops.
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Fig. 2 Mean cumulative fluid IgA production in
cholera and PBS loops.

loops, although the greater cumulative fluid IgA
production (Table) was not significantly different
from the PBS loops (P<0-20). However, during the
third and fifth hours of the experiment, the rates of
IgA production in the cholera loops were greater
(p<0 05) than during the -60 to 0 minute baseline
period (Fig. 3). In contrast, at no time were the rates
in the PBS loops significantly different from base-
line. Furthermore, the mean difference in rate of IgA
production between the cholera and PBS loops was

significant at 300 minutes (P<0-05). Thus, the
cholera loops produced IgA more rapidly during the
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Fig. 3 Mean difference from baseline rate offluid
IgA production in cholera and PBS loops.

Table Summary of fluid IgA results

Type of loops Mean IgA concentration Mean rate of IgA production Mean cunmulative igA production
240-300 minutes* (mg/nil) 240-300 nminutes9 (gglhlcm) 300 minlutes9 (gg/cm)

Cholera loops 2-5 ±0-7 1742± 181 6216 ±993
P<0-05t P<0-20

PBS loops 2.74-06 1049±310 4646± 953

*Mean ±standard error of the mean.
tBased upon mean difference from baseline rate of IgA secretion.
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latter part of the experiment when fluid production
was increased.

CRYPT EPITHELIAL IGA CONTENT
The cholera loops consistently showed less crypt
IgA at 300 minutes than the PBS loops at 300
minutes or the cholera and PBS loops at -60
minutes. In addition, mean rank of crypt epithelial
IgA in the 300-minute cholera loop specimens was
statistically significantly less than the other three
specimens (p< 0.05).

Discussion

The technique of loop perfusion used in this study
was specifically designed to evaluate the effects of
CT upon fluid IgA production. Use of loop per-
fusion for such studies has three major advantages
over unperfused loops: (I) the mucosa in cholera
and control loops was bathed with PBS solution
which varied little in composition, in contrast with
the striking differences in fluid composition when
unperfused loops were used; matrix effects on the
immunoradiometric assay for IgA were therefore
less likely; (2) the presence of fluid in the lumen of the
loops was more analogous to the normal intestine;
(3) the collection of secretions, particularly the
tenacious cholera fluid, was more complete. Thus,
we believe that this perfusion study showing in-
creased rate of fluid IgA production by cholera
loops provided more reliable measurements of fluid
IgA output than previous studies using unperfused
loops.27 28

Crypt epithelial IgA as assessed by immuno-
fluorescence in our studies represents accumulated
secretory IgA. The content is thus affected by uptake
of IgA from plasma cells in the lamina propria as
well as by secretion of IgA into the intestinal lumen.
Further, the quantity of IgA represented by the de-
crease in epithelial IgA immunofluorescence in our
study is, of course, unknown. Nevertheless, the
finding in cholera loops of decreased crypt IgA
content as well as increased rate of fluid IgA pro-
duction suggests that CT enhanced transfer of
secretory IgA from the epithelium into the fluid.
On the other hand, it is also evident that a single
dose of CT did not enhance IgA secretion to a de-
gree that was in any way comparable with its striking
effects upon fluid production and goblet cell mucin
content.
From the standpoint of immunity to intestinal

infection, enhanced release of IgA antibodies against
the offending organisms and their products has
the theoretical benefit of augmenting host defence
against the infection. In the case of cholera, CT-
enhanced secretion of IgA anti-vibrio and anti-toxin

antibodies could further impair colonisation and
augment clearance of organisms as well as neutralisa-
tion of released CT. Further, enhancement of
secretion early in the course of infection could be
particularly beneficial. However, in our experi-
mental study of the effects of one dose of CT, an
increase over baseline IgA secretion was not demon-
strated until the third hour-that is, after CT-
induced fluid secretion was well established. Thus,
there was clearly no early enhancement of arntibody
secretion. Also, the amount of additional IgA
released during the five hours after the single dose
of CT was not statistically significant as compared
with control loops. Therefore, although the experi-
mental model is very different from infection with
toxigenic vibrios, our findings do not support the
hypothesis that CT-induced enhancement of anti-
body secretion is of sufficient magnitude to benefit
the immune host by inhibiting the infection or
effects of cholera toxin.
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