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INFLAMMATION
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Background: Enterochromaffin (EC) cells are dispersed throughout the gastrointestinal (GI) mucosa and are
the main source of 5-hydroxytryptamine (5-HT) in the gut. 5-HT has been implicated in the pathophysiology of
several GI disorders, but the mechanisms regulating 5-HT production in the gut are unknown.
Aim: To investigate the role of CD4+ T cells in the production of 5-HT using a model of enteric parasitic
infection.
Methods and results: Severe combined immunodeficient (SCID) mice and their wild-type controls were
infected with the nematode Trichuris muris and killed on various days after infection to study colonic EC cells
and 5-HT production. The number of EC cells and the amount of 5-HT produced were significantly higher in
infected wild-type mice than in non-infected mice. The number of EC cells and the amount of 5-HT after
infection were significantly lower in SCID mice after infection than in wild-type mice. The number of EC cells
and the amount of 5-HT was significantly increased after reconstitution of SCID mice with CD4+ T cells from
infected mice and this was accompanied by an upregulation of colonic CD3 T cells and T helper 2 (Th2)
cytokines. Laser capture microdissection-based molecular and immunofluorescence techniques revealed the
presence of interleukin 13 receptor a1-chain on EC cells.
Conclusion: These results show an important immunoendocrine axis in the gut, where secretory products from
CD4+ T cells interact with EC cells to enhance the production of 5-HT in the gut via Th2-based mechanisms.
These results show new insights into the mechanisms of gut function, which may ultimately lead to improved
therapeutic strategies in functional and inflammatory disorders of the GI tract.

T
he gastrointestinal (GI) mucosa contains an extensive
system of endocrine cells that represent the largest
contingent of hormone-producing cells in the body, in

terms of both number of endocrine cells and number of
hormones.1 2 Interactions among the immune, endocrine and
enteric nervous systems are considered to comprise an
integrated network of host defence in the GI tract.3

Enteroendocrine cells are specialised cells of the GI epithelium,
which release various biologically active compounds such as
cholecystokinin, chromogranin A (CGA) and serotonin (5-
hydroxytryptamine, 5-HT).4 5

The best characterised subset of enteroendocrine cells are
enterochromaffin (EC) cells, which synthesise and release
5-HT.6 7 The GI tract contains about 95% of the body’s 5-HT,
and EC cells are its main source.8 9 EC cells have specialised
microvilli that project into the lumen and contain enzymes and
transporters that are present in the apical parts of the
enterocytes.10 EC cells function as sensors for the contents of
the gut lumen and respond to luminal stimuli directly through
these transporters and/or indirectly through mediators from the
surrounding cells. Granules containing 5-HT are concentrated
around the basolateral pole of the EC cells, and 5-HT produced
from these cells is implicated in the neuroimmunoendocrine
networks of both humans and rodents.11 5-HT is also found in
enteric neurones, but the amount present seems to be small in
comparison to that present in EC cells.9 5-HT is released from
EC cells into the blood, into the surrounding tissue and into the
gut lumen and plays an important part in gut physiology
(motor and secretory).12 5-HT has been implicated in several GI
diseases, including inflammatory bowel disease and functional
disorders such as irritable bowel syndrome (IBS).13–16 In

addition, alteration in EC cells is also reported in several
bacterial, viral and parasitic infections of the GI tract.17–20 The
association between alteration in 5-HT and various GI disorders
emphasises the significance of 5-HT in intestinal homeostasis.
Nevertheless, the precise mechanisms regulating the changes in
EC cells and 5-HT content in the gut during infection and
inflammation are still not clear.

Owing to the strategic location of EC cells in the GI mucosa,
the infection-induced changes in EC cells are likely to be
modulated by the immune system as a component of host
defence. There is emerging evidence of immune activation (an
increase in CD3 T cells) in patients with post-infectious IBS (PI
IBS) in whom increased numbers of EC cells have been
reported.21 22 This is also indicated in an animal model of PI
IBS.23 24 Therefore, immune activation may increase the number
of EC cells in the clinically relevant context of functional bowel
disease such as IBS. The reduced number of EC cells in mice
with targeted disruption of interleukin (IL)225 and T cell
receptor a,26 and the presence of EC cells in contact with, or
in close proximity to, lymphocytes,27 further suggests the
existence of immunological control on EC cells, although the
precise regulatory mechanisms remain to be determined.

Abbreviations: ANOVA, analysis of variance; CGA, chromogranin A;
EC, enterochromaffin; GI, gastrointestinal; 5-HT, 5-hydroxytryptamine;
IBS, irritable bowel syndrome; IL, interleukin; IL4R, interleukin 4 receptor;
IL-13Ra1, interleukin 13 receptor a1-chain; LCM, laser capture
microdissection; PBS, phophate-buffered saline; PI, post-infectious; RT,
room temperature; RT-PCR, reverse transcription PCR; SCID, severe
combined immunodeficient; Th2, T helper 2
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In this study, we investigated the role of CD4+ T cells in EC cell
biology during enteric infection, by using the well-defined model
of large intestinal nematode infection, T muris in mouse. After
infection with T muris, mouse strains (C57BL/6, BALB/c) resistant
to the infection generate a T helper 2 (Th2) immune response and
expel the parasites.28 29 Our study clearly shows that the infection
with T muris notably increased the number of colonic EC cells and
the production of 5-HT in the immunocompetent resistant mice
but not in the severe combined immunodeficient (SCID) mice.
However, adoptive transfer of purified CD4+ T cells from T muris-
infected mice into SCID mice significantly upregulated numbers
of EC cells and the amount of 5-HT in SCID mice. In addition, the
present study also showed the presence of the IL13 receptor on EC
cells. These observations provide evidence for immunological
control of EC cell biology and show a new mechanism by which
the immune system regulates changes in gut physiology via 5-HT
from EC cells.

MATERIALS AND METHODS
Animals
C57BL/6 and SCID (C57BL/6 background) mice (Jackson
Laboratories, Bar Harbor, Maine, USA) were kept in sterilised,
filter-topped cages under specific pathogen-free conditions and
fed autoclaved food; only male mice aged 8–10 weeks were used.
The protocols used were in direct accordance with guidelines
drafted by the McMaster University Animal Care Committee and
the Canadian Council on the Use of Laboratory Animals.

Parasitological technique
The techniques used for the maintenance and infection of T
muris have been described previously.30 Mice were infected with

approximately 300 eggs, and worm burdens were assessed as
described previously.31

CD4+ T cell reconstitution
Splenocytes from non-infected and T muris-infected (day 14 pi)
euthymic C57BL/6 mice were collected in Hank’s balanced salt
solution containing 10% fetal bovine serum and 1% antibiotic/
antimycotic agent. CD4+ T cells were isolated from the mixed
splenocytes by negative selection using an EasySep mouse CD4+

T cell enrichment cocktail with magnetic nanoparticles (Stem
Cell Technologies, Vancouver, BC, Canada). Purified CD4+ T
cells were resuspended in phophate-buffered saline (PBS), and
each mouse received 2.56106 cells intraperitoneally. Cell purity
was 90%as determined by flow cytometry, using anti-mouse
CD4 (LT34) monoclonal antibody (BD Pharmingen, San Diego,
California, USA).

Determination of CD4+ T cell reconstitution by
fluorescence activated cell sorter analysis
To confirm reconstitution of SCID mice with CD4+ T lympho-
cytes, isolated splenocytes were incubated with phycoerythrin-
conjugated antibody to CD4 and analysed by flow cytometry
(FACScan Flow Cytometer, Becton Dickinson, California, USA).

Immunohistochemistry/immunofluorescence
Immunohistochemical studies on 5-HT-expressing EC cells and
CD3 cells were performed on formalin-fixed, paraffin-wax-
embedded samples. Sections were deparaffinised in CitriSolv
(Fisher Scientific, Ontario, Canada), and rehydrated through a
graded series of ethanol and PBS. Endogenous peroxide was
blocked by incubation in peroxidase-blocking reagent

Figure 1 Infection of mice with Trichuris muris upregulated the numbers of enterochromaffin (EC) cells and the amount of 5-hydroxytryptamine (5-HT) in the
colon. C57BL/6 mice were infected orally with 300 eggs of T muris and were killed on different days after infection to study 5-HT-expressing EC cells and the
amount of 5-HT in the colon. (A) Number of EC cells in the colon of non-infected and infected mice. (B) Amount of 5-HT in the colonic tissue of non-infected
and infected mice. (C) Representative micrograph showing 5-HT-expressing EC cells in the colon of non-infected mice. (D) Representative micrograph
showing 5-HT-expressing EC cells in the colon of T muris-infected mice on day 14 after infection. Each bar represents mean (SEM) from six mice.
*Significantly (p,0.05) higher than that in non-infected mice as analysed by Dunnett’s post hoc test.
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(DakoCytomation, Ontario, Canada) for 15 min. After washing,
sections were subjected to antigen retrieval in citrate buffer
after heating in a microwave or were predigested with
proteinase K solution (DakoCytomation) for 15 min. After
blocking of non-specific binding with 1% bovine serum
albumin in PBS, sections were incubated with 5-HT rabbit
antibody (Immunostar; 1:5000, 1 h at room temperature (RT))
or with polyclonal rabbit anti-CD3 (DakoCytomation, 1:500,
1 h at RT). After washing, sections were incubated with
Envision (horse radish peroxidase-coupled anti-rabbit second-
ary reagent; DakoCytomation) for 30 min. Sections were
developed with 3,39-diaminobenzidine and counterstained with
Meyer’s haematoxylin. The numbers of CD3 and 5-HT-expres-
sing cells were expressed per 10 glands. The numbers of CD3
and 5-HT-expressing cells were counted at original magnifica-
tion 6400 and numbers were expressed per 10 glands.

For detecting IL13 receptor a1-chain (IL-13Ra1) on EC cells,
double staining for IL13Ra1 and 5-HT/CGA was carried out by a
immunofluorescence technique using mouse anti-IL13Ra1
(Gene Tex, San Antonio, Texas, USA) and rabbit anti-5-HT
(Immunostar, Hudson, Wisconsin, USA; 1:5000 dilution) or
rabbit anti-CGA antibody (Santa Cruz Biotechnology, Santa
Cruz, California, USA; 1:400 dilution) as primary antibodies,
respectively. Alexa Fluor 633-goat anti-mouse IgG and Alexa
Fluor 488-goat anti-rabbit IgG were used as secondary
antibodies. Propidium iodine was diluted in secondary antibody

solution to a final concentration of 0.5 mg/ml for nuclear
staining. The sections were studied with a Zeiss fluorescence
microscope.

Determination of colonic 5-HT content
Segments of colon were homogenised in 0.5 ml of 0.2 M
perchloric acid, and centrifuged at 10 000 g for 5 min. The
supernatants were neutralised with 0.5 ml of 1.0 M borate
buffer (pH 9.25), and centrifuged at 10 000 g for 1 min. The 5-
HT content in the supernatant was analysed by enzyme
immunoassay using commercially available kit (Beckman
Coulter, Fullerton, California, USA). The 5-HT content of the
tissue was expressed as a function of wet weight (in mg).

Laser capture microdissection
Laser capture microdissection (LCM) was used to isolate 5-HT-
expressing EC cells from colonic tissues. Cryosectioned tissues
were fixed in cold acetone, dried and incubated with 5-HT
rabbit antibody (Immunostar; 1:20, 3 min at RT). After
washing, sections were incubated with Envision for 3 min.
After washing again, the sections were developed with
3,39-diaminobenzidine, rinsed with RNase-free water and then
dehydrated. LCM was performed on a PixCell II (Arcturus
Engineering, Mountain View, California, USA) within a
maximum of 2 h and captured cells were transferred to

Figure 2 Severe combined immunodeficient (SCID) mice exhibited markedly lower numbers of enterochromaffin (EC) cells and lower amounts of 5-
hydroxytryptamine (5-HT) after Trichuris muris infection than wild-type controls. SCID mice (on C57BL/6 background) and control C57BL/6 mice were
infected orally with 300 eggs of T muris and were killed on different days after infection to study 5-HT-expressing EC cells and the amount of 5-HT in the
colon. (A) Number of EC cells in the colon of non-infected and infected SCID and C57BL/6 mice. (B) Amount of 5-HT in the colonic tissue of non-infected and
infected SCID and C57BL/6 mice. (C) Representative micrograph showing 5-HT-expressing EC cells in the colon of non-infected SCID mice. (D)
Representative micrograph showing 5-HT-expressing EC cells in the colon of T muris-infected SCID mice on day 14 after infection. Each bar represents mean
(SEM) from five mice. Two-way analysis of variance revealed significant difference in numbers of EC cells and the amount of 5-HT between the SCID and
C57BL/6 mice after T muris infection.
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Cap-Sure LCM Caps. Approximately 500–1000 EC cells were
captured onto each cap.

RNA extraction, DNase treatment and RT-PCR
Pico Pure RNA Isolation Kit (Arcturus Engineering) was used for
RNA extraction and DNase treatment. RNA was finally dissolved
in 11 ml of RNase-free water. Reverse transcription (RT)-PCR was
performed by using the SuperScript one-step RT-PCR System
(Invitrogen). Both complementary DNA synthesis and PCR were
performed in a single tube using gene-specific primers. Primer
sets used were as follows: (1) for IL4 receptor a (IL4Ra), (sense)
59-GAG TGA GTG GAG TCC TAG CAT C-39; (antisense) 59-GCT
GAA GTA ACA GAA CAG GC-39 and (2) for IL13Ra1, (sense) 59-
GAA TTT GAG CGT CTC TGT CGA A-39; (antisense) 59-GGT TAT
GCC AAA TGC ACT TGA G-39.32 33 PCR products were loaded onto
a 2.5% agarose gel and then visualised under ultraviolet light after
ethidium bromide staining.

Evaluation of in vitro cytokine production from
splenocytes
Single-cell suspensions of spleen were prepared in RPMI 1640
containing 10% fetal calf serum, 5 mM L-glutamine, 100 U/ml
penicillin, 100 mg/ml streptomycin, 25 mM Hepes, 0.05 mM
2-mercaptothanol (all Gibco-BRL, Burlington, Ontario,
Canada). Cells (107) were incubated in the presence of 5 mg/
ml Concanavalin A. IL4 and IL13 levels in the supernatant were
measured by enzyme immunoassay using commercially avail-
able kit (R&D Systems, Minneapolis, Minnesota, USA).

Statistical analysis
Data were analysed by one-way analysis of variance (ANOVA)
with Dunnett’s post hoc test for comparisons with a control and
by two-way ANOVA using MINITAB Release V.14.1 Statistical
Software for Windows (Minitab, State College, Pennsylvania,
USA), where p,0.05 was considered significant. All results are
expressed as mean (SEM).

RESULTS
Infection with T muris upregulated the number of 5-HT-
expressing EC cells and 5-HT content in colon
C57BL/6 mice are resistant to T muris infection, and clear the
parasite by day 35 after infection.34 To investigate the number
of colonic EC cells and the amount of 5-HT in T muris infection,
C57BL/6 mice were infected and killed on different days
after infection. There was a significant increase in the number
of 5-HT-expressing EC cells in the colon over the course of time
as revealed by the one-way ANOVA test, and we observed
significantly higher numbers of EC cells on days 14 and 21 after
infection compared with non-infected controls (fig 1). The
amount of colonic 5-HT was significantly increased on day 14
after infection but not on day 21 after infection (fig 2)
compared with non-infected controls. We also observed a
significant increase in IL4 and IL13 production from in vitro
concanavalin A-stimulated spleen cells from T muris-infected
mice on day 14 after infection as compared with that in non-
infected control mice (data not shown).

Figure 3 Number of enterochromaffin (EC) cells in the colon of severe combined immunodeficient (SCID) mice increased after reconstitution with CD4+ T
cells from Trichuris muris-infected mice. SCID mice (C57BL/6 background) were reconstituted with purified CD4+ T cells from non-infected and T muris-
infected euthymic C57BL/6 mice and were killed on different days after reconstitution to study 5-hydroxytryptamine (5-HT)-expressing EC cells. (A) Number
of EC cells in the colon of SCID mice reconstituted with CD4 cells from infected euthymic mice. (B) Number of EC cells in the colon of SCID mice reconstituted
with CD4 cells from non-infected euthymic mice. (C) Representative micrograph showing EC cells in the colon of SCID mice reconstituted with CD4+ T cells
from infected C57BL/6 mice on day 14 after reconstitution. (D) Representative micrograph showing EC cells in the colon of SCID mice reconstituted with
CD4+ T cells from non-infected C57BL/6 mice on day 14 after reconstitution. Each bar represents mean (SEM) from five mice. *Significantly (p,0.05) higher
than that in SCID control mice by Dunnett’s post hoc test.
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SCID mice exhibited markedly lower numbers of EC cells
and lower amount of 5-HT after T muris infection than
wild-type control mice
SCID mice are susceptible to T muris infection and exhibit
impaired ability to generate the characteristic Th2 predominant

immune response and clear the infection.35 36 Therefore, we
next investigated whether the immunodeficiency in SCID mice
affected the generation of infection-induced increase in EC cell
responses. We found significantly lower numbers of colonic EC
cells and 5-HT content in the SCID mice after T muris infection
than in wild-type mice (fig 2). The reduced number of EC cells
and the amount of 5-HT was associated with an inhibition in
worm expulsion in SCID (data not shown). This impaired EC
cell response in infected SCID mice suggests that immune cells
such as lymphocytes play an important role in the development
of EC cell hyperplasia in this infection.

CD4+ T cells play an important role in the development
of EC cell hyperplasia and in the upregulation of 5-HT
production
Considering the increase in EC cells and activation of CD4+ T
cells in T muris infection, we next investigated the role of CD4+

T cells in the regulation of EC cell function and 5-HT production
in the gut during this infection. We transferred purified CD4+ T
cells from T muris-infected and non-infected C57BL/6 mice
into SCID mice and investigated the number of EC cells and the
5-HT content in the colon. As fig 3 shows, the number of EC
cells was significantly higher after reconstitution of SCID mice
with purified CD4+ T cells from infected mice as compared with
SCID controls on days 7, 14 and 21 after reconstitution.
However, the number of EC cells was not significantly altered
in SCID mice reconstituted with cells from non-infected mice as
compared with that in SCID controls. We also observed that the
colonic 5-HT content was markedly increased in SCID mice
reconstituted with cells from infected mice on days 7, 14 and 21
after reconstitution (fig 4). However, the colonic 5-HT content
was not significantly altered in SCID mice reconstituted with
cells from non-infected mice as compared with that in SCID
controls.

To confirm the effectiveness of the reconstitution, fluores-
cence-activated cell sorter analysis of isolated spleen cells was
performed. A markedly higher percentage of CD4+ T cells
(0.81% (0.1%) vs 7.43% (1.4%), unreconstituted vs reconsti-
tuted) was observed in the SCID mice reconstituted with CD4
cells from euthymic control mice. In addition, immunohisto-
chemical studies clearly revealed an upregulation of colonic
CD3 T cells in the reconstituted SCID mice (fig 5).

Figure 4 Amount of 5-hydroxytryptamine (5-HT) in the colon of severe
combined immunodeficient (SCID) mice increased after reconstitution with
CD4+ T cells from Trichuris muris-infected mice. SCID mice (C57BL/6
background) were reconstituted with purified CD4+ T cells from non-
infected and T muris-infected euthymic C57BL/6 mice and were killed on
different days after reconstitution to study 5-HT in SCID mice reconstituted
with CD4+ T cells from infected (A) and non-infected (B) C57BL/6 mice by
enzyme immunoassay. Each bar represents mean (SEM) from five mice.
*Significantly (p,0.05) higher than that in SCID control mice by Dunnett’s
post hoc test.

Figure 5 CD3 cells increased in the colon of severe combined immunodeficient (SCID) mice after reconstitution with CD4+ T cells. SCID mice (on C57BL/6
background) were reconstituted with purified CD4+ T cells from non-infected and Trichuris muris-infected euthymic C57BL/6 mice and were killed on day 14
after reconstitution to study CD3 cells. (A) Number of CD3 cells in the colon of SCID mice reconstituted with CD4 cells from non-infected and infected
euthymic mice. (B) Representative micrograph showing CD3 immunostaining of colon tissue of control SCID mice. (C) Representative micrograph of CD3
immunostaining of colon tissue of SCID mice after reconstitution with CD4 cells from infected euthymic mice. Data were expressed in cell counts per high-
power field (HPF). *Significantly (p,0.05) higher than that in SCID control mice by Dunnett’s post hoc test.

CD4+ T cells in 5-HT production 953

www.gutjnl.com

 on 14 July 2009 gut.bmj.comDownloaded from 

http://gut.bmj.com


Reconstitution of SCID mice with CD4+ T cells increased
Th2 cytokine production
The increase in EC cells and 5-HT in reconstituted SCID mice
was associated with an increase in Th2 cytokine production.
Measurement of in vitro cytokine production from spleen cells
after concanavalin A stimulation revealed an upregulation of
both IL4 and IL13 production in reconstituted SCID mice (fig 6).
The increase in IL4 and IL13 production was significantly
higher in the SCID mice reconstituted with CD4+ T cells isolated
from infected mice than in the SCID mice reconstituted with
cells from non-infected mice.

EC cells in the colon express IL-13 Ra1
As increase in Th2 cytokines is associated with T muris infection,
and as we observed an upregulation of EC and 5-HT content
during the infection it seems likely that Th2 cytokines play an
important part in EC cell biology. Therefore, we studied the
expression of receptors for IL4 and IL13 on EC cells using LCM

and RT-PCR. EC cells were microdissected by LCM from colonic
tissue sections of non-infected mice, immunostained with anti-5-
HT antibody and were assessed for the expression of receptors for
IL4 and IL13Ra1 by RT-PCR. Expression of IL13Ra1 was observed
in the isolated EC cells (fig 7). However, we could not detect
expression of the IL4 receptor in the isolated cells. These data
were confirmed by double staining for IL13Ra1 and 5-HT/CGA.
Figure 8 shows the presence of IL13Ra1 on both 5-HT and CGA-
expressing cells in the colon of infected mice. We also observed
expression of IL13Ra1 on 5-HT and CGA-expressing cells in the
colon of non-infected mice (data not shown).

DISCUSSION
The present study provides evidence of an important role of
CD4+ T cells in the development of enteric infection-induced EC
cell hyperplasia and in the upregulation of 5-HT production.
Infection with T muris generated EC cell hyperplasia and an
increase in 5-HT content in the colon. This infection-induced

Figure 6 Cytokines produced by in vitro concanavalin A stimulated spleen cells. Severe combined immunodeficient (SCID) mice (on C57BL/6 background)
were reconstituted with purified CD4+ T cells from non-infected and Trichuris muris-infected euthymic C57BL/6 mice and were killed on day 21 after
reconstitution to investigate the cytokine response in spleen cells. Spleen cells were stimulated with concanavalin A for 24 h and the levels of interleukin (IL)4
(A) and IL13 (B) present in the supernatant was investigated by ELISA. Each value (pg/ml) represents mean (SEM) from four mice. *Significantly (p,0.05)
higher than that in SCID control mice by Dunnett’s post hoc test.

Figure 7 Isolation of 5-hydroxytryptamine (5-HT)-expressing enterochromaffin (EC) cells and expression of interleukin (IL)13 and IL4 receptors in isolated
EC cells. EC cells were microdissected by laser capture microdissection from colonic tissue sections of non-infected C57BL/6 mice after immunostaining with
5-HT antibody. Isolated EC cells were investigated for expression of IL13 receptor a1 (IL13Ra1) and IL4 receptor a (IL4Ra) by reverse transcription (RT)-PCR.
(A) 5-HT immunostained colonic tissue section before microdissection. (B) Colonic section after microdissection. (C) Expression of IL13Ra1 by RT-PCR. (D)
IL4Ra mRNA expression by RT-PCR. Mol wt, molecular weight. Representative data from two experiments.
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change in EC cells and in 5-HT was not evident in
immunodeficient SCID mice but was restored after reconstitu-
tion with purified CD4+ T cells from infected immunocompe-
tent mice. In addition, our results show for the first time, the
presence of cytokine receptors on colonic EC cells. Taken
together, it is surmised that cytokines from activated CD4+ T
cells in enteric infection lead to changes in EC cells acting
directly through receptors expressed on EC cells.

Enteric infection-induced mucosal inflammation induces var-
ious changes in GI physiology, which include increased propulsive
activity and mucus secretion. These changes are considered to be
under direct immunological control rather than a non-specific
consequence of the inflammatory reaction to the infective agent.37

It is likely that immune-mediated changes in EC cell function play
an important role in gut physiological changes in enteric
infections and inflammatory conditions. Alteration in EC cells is
reported in many GI disorders, including infections by a variety of
infectious agents. 5-HT has been shown to be important in cholera
toxin-induced fluid and mucin secretion.17 38 Recently, it has been
demonstrated that 5-HT3 antagonist attenuates rotavirus-induced
diarrhoea, indicating a critical role for 5-HT in the pathogenesis of
this viral diarrhoea.19 The number of EC cells and the amount of 5-
HT are also increased in the small intestine of Nippostrongylus
brasiliensis-infected rats20 and Trichinella spiralis-infected mice39 40,
respectively. Although these studies in nematode infections

suggest an alteration in 5-HT response in the small intestine after
infection, no information is available on 5-HT response in the
large intestine. The present study clearly showed an increase in
the number of EC cells and 5-HT content in the colon of mice after
infection with T muris.

Considering the location of EC cells in the GI mucosa,
infection-induced changes in EC cells and 5-HT are likely to be
modulated by immune cells such as lymphocytes. Recently, it
has been shown that T spiralis infection-induced upregulation
of EC cells is attenuated in T cell receptor (b6d) KO mice.39 It
has also been demonstrated that after T spiralis infection, CD4+

T cells regulate cholecystokinin-expressing endocrine cells in
the small intestine of mice.40 The role of host’s immune
response underlying changes in EC cells and 5-HT has been also
demonstrated in mice infected with bacterial pathogen,
Citrobacter rodentium.41 The number of EC cells and the amount
of 5-HT in the colon was significantly reduced in C rodentium-
infected immunocompetent mice. However, this infection-
induced alteration in EC cells and 5-HT was not evident in
SCID mice. Moreover, in vitro studies using BON tumour cells
(model of human EC cells) have shown that interferon c exerts
antiproliferative effects on these cells and inhibits 5-HT
production from these cells.42 Our present results provide clear
evidence of CD4+ T cell-mediated immunological control of EC
cell hyperplasia and 5-HT production in intestinal infection and

Figure 8 Presence of interleukin 13 receptor a1-chain (IL-13Ra1) on enterochromaffin (EC) cells in the colon as detected by immunofluorescence technique.
Colonic sections from infected C57BL/6 mice (day 14 after infection) were double immunostained for IL-13Ra1 and 5-hydroxytryptamine (5-HT)/
chromogranin A (CGA).(A) Representative micrograph showing expression of IL13Ra1 in colonic section. (B) Representative micrograph showing 5-HT-
expressing cells in colonic section. (C) Representative micrograph showing 5-HT and IL13Ra1-expressing cells in colonic section. (D) Representative
micrograph showing IL-13 Ra1-expressing cells in colonic section. (E) Representative micrograph showing CGA-expressing cells in colonic section. (F)
Representative micrograph showing CGA and IL13Ra1-expressing cells in colonic section.

CD4+ T cells in 5-HT production 955

www.gutjnl.com

 on 14 July 2009 gut.bmj.comDownloaded from 

http://gut.bmj.com


inflammation. The transfer of purified CD4+ T cells from
infected mice into naive SCID mice significantly increased the
number of EC cells and the amount of 5-HT. The increase in EC
cells and 5-HT in reconstituted SCID mice was associated with
an upregulation of colonic CD3 T cells and Th2 cytokine
production. However, EC cells or colonic 5-HT was not
significantly altered in SCID mice reconstituted with cells from
non-infected mice. These observations suggest that activated
CD4+ T cells play a key role in the alteration of EC cell function
after infection.

A noticable observation of this study is the presence of
cytokine receptors on EC cells. By combining both microdissec-
tion-based molecular and immunohistochemical techniques we
have shown the presence of IL13Ra1 on EC cells. IL13 is a major
cytokine in Th2-type immune responses in helminth infection
and plays a critical role in host defence in T muris infection.43 In
addition, IL13 exhibits a broad range of other biological
activities including regulation of airway hyper-responsiveness,
tissue eosinophilia, mastocytosis, goblet cell hyperplasia and
fibrosis.44 IL13 exerts its activity on target cells via the dimeric
IL13 receptor, which comprises the IL13Ra1 as a specific
component.45 46 In this study, we observed expression of
IL13Ra1 mRNA in the microdissected EC cells and could also
colocalise the expression of IL13Ra1 and 5-HT or CGA in the
colonic tissue. CGA is a member of the granin family, and
studies on both humans and mice have identified CGA as a
reliable marker for enteric endocrine cells.47 5-HT can also be
produced by mast cells in rodents, which are also increased in
nematode infection.48 Therefore, by double immunostaining for
IL13Ra1 and CGA, we have precisely detected IL13Ra1 on EC
cells. Upregulation of EC cells and Th2 cytokine responses in
the SCID mice after reconstitution with CD4+ T cells from
infected mice and presence of IL13Ra1 on EC cells as depicted
in this study, strongly suggest that cytokines such as IL13 from
CD4+ T cells play an important role in EC cell biology by acting
directly on specific cytokine receptors on EC cells.

Alteration in EC cells and 5-HT production occurs in a variety
of clinical settings including enteritis, IBS, inflammatory bowel
disease and colon carcinoma.13–16 19 39 49 5-HT is an important
enteric mucosal signalling molecule and is considered critical
for maintaining intestinal homeostasis. This is supported by
reports of serious complications such as ischaemic colitis after
treatment with a 5-HT3 receptor antagonist, alosetron in some
patients with IBS who were not ostensibly at ischaemic risk.50 51

The case of alosetron suggests that 5-HT is critical for intestinal
homeostasis, and interference in its activities may result in
deleterious consequences, and also prompts a rethinking of our
approaches to the modulation of serotoninergic pathways. Our
present data provide valuable information in understanding
immunological control of EC cell function and 5-HT production
in the gut. In addition to enhancing our understanding of EC
cell biology in enteric infection and inflammatory conditions,
this study provides new information on this cell in association
with intestinal homeostasis. Considering the importance of 5-
HT in gut physiology, these results provide new insights into
the mechanisms of gut immunoendocrine interaction, which
may ultimately lead to improved therapeutic strategies in
various GI disorders, such as PI-IBS, where hyperplasia of EC
cells is seen in association with immune activation in the gut.
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Robin Spiller, Editor
Abnormal liver function

Clinical presentation
A 58-year-old man was found lying beside his motorcycle in
February 2006. A brain CT scan was performed in the hospital
because of unsteady gait and one-sided weakness. Left occipital
intracranial haemorrhage and cerebellar infarction were diag-
nosed, and he was admitted to the neurosurgical intensive care
unit. He had a 10-year history of hypertension and no known
liver disease or excessive alcohol consumption. Leucocytosis
(white cell count 22 300 cells/mm3) with left shift (band form
25%), and thrombocytopenia (platelet count 62 000/mm3) were
found along with abnormal renal function (creatinine level
3.6 g/dl) on admission. In addition, abnormal liver function
was also found (aspartate aminotransferase/alanine amino-
tranferease (AST/ALT) 70/155 IU/l, total bilirubin, 5.5 mg/dl).
Serological tests for viral hepatitis were negative. Abdominal
ultrasound examination disclosed mild heterogeneous echo-
genicity of the liver. Further examination with abdominal CT
(figs 1 and 2) was performed to evaluate the lesion.

Question
What abnormal finding of the liver is shown by the CT scan?

See page 999 for answer
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Figure 1 Abdominal CT scan of the patient.

Figure 2 Abdominal CT scan of the patient.
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