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Abstract

AIM: To investigate the role of epidermal growth factor
(EGF) in visceral hypersensitivity and its effect on the
serotonin transporter (SERT).

METHODS: A rat model for visceral hypersensitivity
was established by intra-colonic infusion of 0.5% acetic
acid in 10-d-old Sprague-Dawley rats. The visceral sen-
sitivity was assessed by observing the abdominal with-
drawal reflex and recording electromyographic activity
of the external oblique muscle in response to colorectal
distension. An enzyme-linked immunosorbent assay
was used to measure the EGF levels in plasma and co-
lonic tissues. SERT mRNA expression was detected by
real-time PCR while protein level was determined by
Western blot. The correlation between EGF and SERT
levels in colon tissues was analyzed by Pearson’s corre-
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lation analysis. SERT function was examined by tritiated
serotonin (5-HT) uptake experiments. Rat intestinal
epithelial cells (IEC-6) were used to examine the EGF
regulatory effect on SERT expression and function via
the EGF receptor (EGFR).

RESULTS: EGF levels were significantly lower in the
rats with visceral hypersensitivity as measured in plas-
ma (2.639 £ 0.107 ng/mL vs 4.066 = 0.573 ng/mL, P
< 0.01) and in colonic tissue (3.244 = 0.135 ng/100
mg vs 3.582 £ 0.197 ng/100 mg colon tissue, P <
0.01) compared with controls. Moreover, the EGF levels
were positively correlated with SERT levels ( = 0.820,
P < 0.01). EGF displayed dose- and time-dependent
increased SERT gene expressions in IEC-6 cells. An
EGFR kinase inhibitor inhibited the effect of EGF on
SERT gene upregulation. SERT activity was enhanced
following treatment with EGF (592.908 + 31.515 fmol/
min per milligram vs 316.789 = 85.652 fmol/min per
milligram protein, £ < 0.05) and blocked by the EGFR
kinase inhibitor in IEC-6 cells (590.274 + 25.954 fmol/
min per milligram vs 367.834 £ 120.307 fmol/min per
milligram protein, P < 0.05).

CONCLUSION: A decrease in EGF levels may contrib-
ute to the formation of visceral hypersensitivity through
downregulation of SERT-mediated 5-HT uptake into
enterocytes.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Epidermal growth factor; Visceral hypersen-
sitivity; Rat models; Serotonin transporter; Rat small
intestinal epithelial cells; Intestinal epithelial cells; Ir-
ritable bowel syndrome

Core tip: Results of this study show that visceral hy-
persensitivity results in a decrease in the plasma and
colon tissue levels of epidermal growth factor (EGF).
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Moreover, the EGF levels were positively correlated with
serotonin transporter (SERT) levels. SERT gene expres-
sion and protein activity were upregulated in a dose-
and time-dependent manner by EGF, and an inhibitor
of the EGF receptor kinase blocked SERT gene expres-
sion and activity in an intestinal epithelial cell line. The
data suggest that decreased EGF levels may contribute
to the formation of visceral hypersensitivity through
downregulation of SERT activity.
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able from: URL: http://www.wjgnet.com/1007-9327/full/v20/
137/13521.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13521

INTRODUCTION

Irritable bowel syndrome (IBS), a common chronic func-
tional gastrointestinal disease, is characterized by abdomi-
nal pain and discomfort, and bowel disturbance. The
pathogenesis of IBS remains unclear; however, visceral
hypersensitivity is the most likely cause for the motor and
sensory abnormalities in IBS patientsm. Recent reports
indicate abnormalities in serotonergic signaling systems
being involved in the development of IBS, particularly
those affecting serotonin (5-HT) levels in the gastrointes-
tinal tract”, Therefore, it is of interest to investigate the
role of this pathway in the pathogenesis of IBS.

High levels of 5-HT have been found in the intesti-
nal mucosal tissue of IBS patients, especially those with
constipationm. 5-HT is known to facilitate communica-
tion between the enteric nervous system and its effector
systems (muscles, secretory endothelium, endocrine cells,
and vasculature of the gastrointestinal tract). An increase
in 5-HT can lead to gastrointestinal motility disorder and
visceral hypersensitivitym. Accumulating evidence sug-
gests that alterations in serotonergic signaling exist in the
gut of IBS patients, including alterations in 5-HT biosyn-
thesis, release, and/or reuptake[s’(’].

The serotonin transporter (SERT) is mainly localized
to the apical membrane of intestinal epithelial cells. Due
to its role in reuptake of 5-HT, SERT plays an important
part in terminating transmitter action and maintain-
ing transmitter homeostasis™”. SERT gene expression
is downregulated in the colon™ and rectal tissues"” of
patients with IBS and inflammatory bowel disease. The
downregulation may contribute to the pathophysiology
of these gastrointestinal disorders; however, the underly-
ing mechanisms are still not fully understood.

Previous studies have demonstrated that epidermal
growth factor (EGF) upregulates the reuptake of 5-HT
by increasing SERT transcription in human intestinal
epithelial cells""'?. EGF is a 53-amino acids peptide with
a variety of biologic functions. In the gut, EGF plays
an important role in intestinal proliferation, differentia-
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. L3 -
tion, and maturation'”. EGF affects various processes

by binding to the EGF receptor (EGFR), which is ex-
pressed on the basolateral surface of both human and rat
intestinal epithelial cells'" and is associated with certain
bowel diseases, such as inflammatory bowel disease!™"".
Our preliminary findings demonstrated that plasma EGF
levels were decreased in IBS patients. To date, the role
of EGF in IBS patients remains unknown. Some studies
report that SERT-mediated alterations of 5-HT levels in
the intestinal space are related to IBS-like syndrome!""?.

We hypothesized that EGF regulates SERT expres-
sion via EGFR and SERT, consequently mediating the
5-HT reuptake, which may be involved in visceral hy-
persensitivity. In this study, a rodent model of visceral
hypersensitivity was established by a two-week colonic in-
fusion of 0.5% acetic acid to produce persistent chronic
hypersensitivityﬂ8’20]. SERT expression was evaluated in
this model, and the association of EGF levels with SERT
expression was assessed. Lastly, the effect of EGF treat-
ment on SERT expression and its function »z EGFR in
intestinal epithelial cells were investigated.

MATERIALS AND METHODS

Animals

Sprague-Dawley male rats were purchased from Beijing
Vital River Laboratories Animal Technology Co., Ltd.
(Beijing, China). Rats were housed with ad /ibitum food
in standard rodent cages at 22 °C in a 12 h light-dark
controlled room. All procedures were approved by the
Institutional Animal Care and Use Committee of Nan-
jing Medical University (Nanjing, China), and were in
accordance with the guidelines of the International As-
sociation for the Study of Pain (IASP; Washington, DC,
United States).

Initiation of visceral hypersensitivity

Ten-day-old male rats (# = 10) received an intracolonic
infusion of 0.2 mL of 0.5% (v/v) acetic acid in saline, 2
cm from the anus. Control 10-d-old pups (# = 10) were
infused with an equal volume of saline alone”*’. All of
the experiments were conducted on 8-wk-old rats. Two
parallel electrodes were implanted in the external oblique
muscles of control and colonic-sensitized rats under an-
esthesia with pentobatbital sodium (50 mg/kg, intraperi-
toneal). The end of electrode was extended to the back
of the necks in both groups for electromyography (EMG)
recording. All postoperative rats were housed quietly for
seven days in individual cages to recuperate.

Assessment of visceral sensitivity

The visceral sensitivity of the rats was assessed by ob-
serving the abdominal withdrawal reflex (AWR) and
EMG activity of the external oblique muscle in re-
sponse to colorectal distension (CRD), as previously de-
scribed"”?". Briefly, the rats were anesthetized with ether,
followed by insertion of a flexible balloon, attached to
a graded pressure system, into the colon 8 cm from the
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anus and fixed on the tail. The EMG activity of the ex-
ternal oblique muscle in response to CRD was measured
at different pressures (20, 40, 60, and 80 mmHg). After
the rats awoke, CRD was performed with 20 s of disten-
tion, followed by a complete balloon deflation for 2 min
to rest between different distentions. Using a Powerlab
data acquisition system (8SP; AD Instruments, Sydney,
Australia) to record EMG, the area under the curve was
analyzed for each EMG signal using an in-house writ-
ten computer program. AWR in response to CRD was
assessed by an observer without prior knowledge of the
test/control groups. AWR was scored as follows: 0 =
normal behavior with no response, 1 = contraction of
abdominal muscles, 2 = lifting of the abdominal wall, and
3 = body arching and lifting of pelvis[zo].

Evaluation of colon inflammation

After behavior testing, colon tissue specimens (4 cm
proximal to the anus) were removed from rats of both
groups and fixed in 10% (w/v) buffered formalin. Tissue
specimens were embedded in paraffin, cut into 4 um sec-
tions, and stained with hematoxylin and eosin. A patholo-
gist blindly assessed and assigned an inflammatory grade
to each section.

Detection of EGF in plasma and colon tissues

EGF levels in plasma and colon tissues were quantified
using a commercially available enzyme-linked immuno-
sorbent assay (ELISA) kit (R and D Systems Inc., Min-
neapolis, MN, United States). Following rat anesthetiza-
tion, 1 mL blood samples were removed from the orbital
canthus vein plexus and collected into heparin tubes
followed by centrifugation at 1000 X g for 5 min at room
temperature. The plasma (supernatant) was then collected
and stored at -70 ‘C until analysis. At the same time,
colon tissue samples (0.1 g) were homogenized in phos-
phate-buffered saline with a glass homogenizer on ice.
The homogenates were then sonicated with an ultrasonic
cell disrupter (New Cheese Biotech Company, NingBo,
China) and centrifuged for 5 min at 5000 X gat 4 ‘C. The
supernatants were collected and stored at -70 'C until
EGF analysis.

Cell culture

Rat intestinal epithelial cells IEC-6) at the 10" culture
passage were obtained from the American Type Culture
Collection (Manassas, VA, United States) and were cul-
tured as previously described™. Briefly, IEC-6 cells were
grown in Dulbecco’s Modified Eagle Medium (Gibco
of Thermo Fisher Scientific Inc., Waltham, MA, United
States), supplemented with 10% FBS (Gibco), 2 mmol/L
L-glutamine, 10 mL/L antibiotic solution containing
penicillin G (10000 U/mL) and streptomycin (10000
ug/mL; Gibco), and 0.01 mg/mL insulin (Sigma-Aldtrich,
St. Louis, MO, United States). IEC-6 cells were seeded in
polystyrene plastic culture dishes (Corning Inc., Corning,
NY, United States), grown for four days (37 C and 5%
COy), and used up to the 25" passage. The medium was
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changed every 2-3 d. All cell treatments were conducted
in serum-free medium following a 1 h period of serum
starvation. IEC-6 cell monolayers were treated with 0-160
ng/mL EGF (0203B16; PeproTech, Rocky Hill, NJ,
United States) for 0-48 h or with 10 umol/L EGFR spe-
cific kinase inhibitor PD153035 (Sigma-Aldrich) to block
EGFR action.

Western blot detection of SERT

Intestinal tissue samples were homogenized in potency
lysate buffer [25 mmol/L Tris-HCI (pH 7.5); 5 mmol/
L EDTA, 5 mmol/L EGTA, 0.5 mmol/L PMSF, 25
ug/mL leupeptin, 10 pg/ml. aprotinin, 1 mmol/L so-
dium vanadate] with a glass homogenizer on ice. Cells
were lysed in ice-cold cell lysis buffer [20 mmol/L
Tris (pH 7.5), 150 mmol/L NaCl, 1% (w/v) Triton
X-100, 0.1% (w/v) sodium pyrophosphate, 1 mmol/L
B-glycerophosphate, 1 mmol/L. EDTA, 1 mmol/L Na-
3VOa, 2 pg/ mL leupeptin). Protein concentrations were
determined by a BCA protein assay kit (#23250; Thermo
Fisher Scientific Inc.). The remaining supernatant (36
pL) was combined (1:1) with 1 X sodium dodecyl sulfate
polyacrylamide gel electrophoresis loading buffer, and
boiled for 5 min. Approximately 30 ug of protein from
each sample was run on a 10% polyacrylamide gel and
transferred onto a polyvinylidene difluoride membrane
for immunoblotting as previously reported”. The
membranes were blocked with 5% (w/v) non-fat milk,
and SERT protein was detected using rabbit anti-SERT
polyclonal antibody (AB9726, 1:500; EMD Millipore,
Billerica, MA, United States). Mouse anti-GAPDH (Mac-
clesfield, Cheshire, United Kingdom) polyclonal antibody
(1:3000) was used as a reference. The membranes were
incubated with either horseradish peroxidase-conjugated
goat anti-rabbit (BS13278, 1:3000; Bioworld, Louis Park,
MN, United States) or goat anti-mouse secondary anti-
bodies (BS12478, 1:3000; Bioworld). All the antibodies
were diluted with 5% (w/v) non-fat milk. The SERT/
GAPDH ratio was calculated from the films with the
Quantity One Analysis Software (Bio-Rad, Hercules, CA,
United States), and the results were expressed in densito-
metric units.

Extraction of RNA and real-time PCR detection of SERT
mRNA

The total RNA from control and EGF-treated cells was
extracted using TRIzol reagent® (Invitrogen of Thermo
Fisher Scientific Inc.). After cDNA was synthesized
with a two-step reverse transcription kit (Takara, Dalian,
China), real-time PCR was performed on an Applied
Biosystems 7500 Real-time PCR System using the SYBR
Premix Ex Taq Kit (Applied Biosystems of Thermo
Fisher Scientific Inc.) in a 96-well plate. PCR cycle pa-
rameters were as follows: initial denaturation at 95 C at
30 s, 40 cycles of 95 C for 5 s and 60 ‘C for 34 s, fol-
lowed by a dissociation stage for recording the melting
curve. The cycle threshold (Ct) values of all genes were
obtained, and the relative level of SERT gene was not-
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Figure 1 Effect of neonatal acetic acid treatment on 8-wk-old rat sensitiv-
ity to colorectal distension. A: Abdominal withdrawal reflex (AWR) responses
to the graded pressures of colorectal distension (CRD) in saline-treated (n = 10)
and acetic acid-treated (n = 10) rats. Acetic acid-treated rats show increased
AWR scores compared with the saline rats. Values are expressed as mean +
SD; B: Representative electromyogram (EMG) traces recorded in control and
acetic acid-treated rats in response to CRD; C: EMG responses to CRD in rats
treated with saline and acetic acid at the neonatal stage. Similar to the AWR
scores, acetic acid-treated rats exhibited exaggerated EMG activity responses
to CRD at different pressures compared with the saline-treated rats. Neonatal
rats vs control rats, °P < 0.05, °P < 0.01, error bars represent the mean  SD.

malized to a housekeeping B-actin gene. Data were ana-
lyzed according to the relative expression using the B
method. Each sample was run in triplicate, and the mean
values are presented. Primers used for the PCR were:
forward, 5>-GACTCCTCCCCTCTAAGCCA-3’ and
reverse, 5>-CACGGAAAGAAGTGGTCGGA- 3 for
SERT; forward, 5-CTAAGGCCAACCGTGAAAAG-3’
and reverse, 5" TCTCAGCTGTGGTGGTGAAG-3’ for
B-actin.

[*H]-5-HT reuptake experiment

[H]-5-HT uptake was examined as previously de-
scribed™™. Briefly, cells were plated in poly-D-lysine-
coated (0.1 mg/mL) 12-well plates (Corning, Inc.) for
48 h before the uptake experiments. Cells (at 80%-90%
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confluence) were treated either with the optimal dose
of EGF (40 ng/mL) in a serum-free medium or with an
equal volume of the albumin-containing medium for 24 h.
For the ['H]-5-HT uptake assay, the growth medium was
completely removed, and 1 mL of Krebs-Ringer’s (IKRH)
buffer (130 mmol/L NaCl, 1.3 mmol/L KCl, 2.2 mmol/
L CaClz, 1.2 mmol/L MgSOs, 1.2 mmol/L KH2POs, 1.8
g/L glucose, 10 mmol/L HEPES, pH 7.4) was used to
wash the cells twice. Next, cells were incubated in KRH
buffer containing 100 umol/L pargyline and 100 umol/L
ascorbic acid in a 5% CO:z homothermal chamber (37 C)
for 10 min. The uptake experiment was initiated by add-
ing 0.1 uM [3H]—5—HT (27.9 Ci/mmol, NET498; Perki-
nElmer, Waltham, MA, United States) and incubating the
cells at 37 C for another 10 min. The uptake assays were
terminated by three rapid washes with cold KRH buffer.
The cells were then lysed with 600 uL of 0.5 N NaOH,
and 100 pL of the cell lysate was diluted in OptiPhase
SuperMix scintillation mixture (Wallac, Gaithersburg,
MD, United States) for direct quantification of radioac-
tivity in a Wallac liquid scintillation counter (PerkinElmer).
The total protein in the cell lysates was determined using
a Bradford assay kit (Beyotime Biotechnology, Haimen,
China). Specific SERT-mediated uptake was calculated by
subtracting the uptake of [3H]—5—HT in the presence of
100 uM paroxetine, a SERT inhibitor (Enzo, Farming-
dale, NY, United States), from the total uptake.

Statistical analysis

The data were analyzed using SPSS 18.0 software (SPSS
Inc., Chicago, IL, United States). Results are expressed
as mean T SD. Two-tailed Student’s 7 tests were used to
analyze differences between two mean values. Two-way
repeated measures analysis of variance (ANOVA) was
used to evaluate whether the AWR scores and/or EMG
area under the curves were altered in the test and/or
control groups at different pressures. The remaining data
were analyzed using one-way ANOVAs. Values were con-
sidered statistically significant if P was < 0.05.

RESULTS

Visceral hypersensitivity development after neonatal
colonic sensitization

Neonatal rats (z = 10) treated with 0.5% acetic acid de-
veloped visceral hypersensitivity. Compared with the con-
trol rats (# = 10), the AWR scores in the acetic acid-treat-
ed rats were higher during CRD at all tested distension
pressures (Figure 1A). These differences were significant
at distension pressures of 40 mmHg (P < 0.01) and 60
mmHg (P < 0.05). Similar to the AWR results, acetic ac-
id-treated rats showed increased EMG responses to CRD
at three distension pressures tested (Figure 1B). The
EMG area under the curve of the acetic acid-treated rats
was significantly higher compared to the controls at 40
mmHg (P < 0.05), 60 mmHg (P < 0.01), and 80 mmHg
(P < 0.01) (Figure 1C). No evidence of inflammation or
structural abnormalities was found in the control or ace-
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Figure 2 Epidermal growth factor levels in plasma and colon tissue of the visceral-sensitized rats. A: Plasma epidermal growth factor (EGF) levels were sig-
nificantly lower in visceral-sensitized rats than in controls (visceral hypersensitive group rats vs control group rats, °P < 0.01); B: EGF levels in colon were significantly
lower in visceral-sensitized rats than in controls (visceral-sensitized rats vs control rats, P < 0.01). Error bars represent the mean % SD (n = 10 in each group).

A

Acetic acid rats
Acetic acid rats
Acetic acid rats
Acetic acid rats

Control rats
Control rats
Control rats
Control rats

SERT (D D . </ (D
AOH PGP EPEPEDED -

B 25

W T

1.5 -

Relative SERT protein level
o

0.5 -

0.0

Control rats Acetic acid rats

Figure 3 Serotonin transporter levels in colon tissues of control and
visceral-sensitized rats. A: Western blot of serotonin transporter (SERT)
expression in colonic tissues in both acetic acid- and saline-treated rat groups;
B: Quantitation of SERT protein in rat colonic tissue in both acetic acid- and
saline-treated rat groups compared to GAPDH. The SERT protein expressions
in colon tissues were significantly lower in visceral-sensitized rats than in the
controls (visceral-sensitized rats vs controls, °P < 0.01) (n = 10 in each group).

tic acid-treated rats, indicating successful establishment
of visceral hypersensitivity.

EGF levels in plasma and colon tissues were lower in
rats with chronic visceral hypersensitivity

ELISA was used to detect any potential differences
in EGF levels between the visceral hypersensitive and
control group rats. As shown in Figure 2A, the visceral-
sensitized rats had significantly lower plasma EGF levels
compared with control rats (2.639 £ 0.107 ng/mL »s 4.066
+ 0.573 ng/mL, P < 0.01). The EGF levels in colon tis-
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sue from visceral-sensitized rats were also significantly
decreased compared with control rats (3.244 = 0.135
ng/100 mg s 3.582 £ 0.197 ng/100 mg colon tssue, P <
0.01) (Figure 2B).

Expression of SERT in colon tissues decreased in rats
with chronic visceral hypersensitivity

Western blot analysis showed a decrease in SERT protein
levels in colon tissue of the visceral-sensitized rats (Figure
3). Analysis of the relationship between EGF and SERT
levels in colon tissue showed a positive correlation (r =

0.820, P < 0.01).

Effects of EGF on SERT expression and function in
intestinal epithelial cells

To observe the effect of EGF on SERT levels, IEC-6
cells were treated with various concentrations of EGF
for 24 h followed by western blot analysis of SERT
protein levels. Our results indicate that EGF upregulates
SERT in a dose-dependent manner, with a peak at a dose
of 40 ng/mL (Figure 4A). IEC-6 cells wete also treated
with the optimal dose of EGF (40 ng/mlL) for 0, 3, 6,
12, 24, or 48 h. SERT expression was upregulated after
a 12 h EGF treatment, with maximal effects after 24-48
h (Figure 4C). The real-time PCR analysis of the EGF
effects on SERT gene expression showed that EGF in-
creased SERT mRNA expression in a dose- and time-
dependent manner in IEC-6 cells (Figure 4B and D).

A [H]-5-HT uptake assay was used to determine
whether the high SERT expression, induced by EGE,
influenced the reuptake activity of SERT in IEC-6 cells.
Uptake of ['H]-5-HT was significantly higher in cells pre-
treated with EGF (40 ng/ml) for 24 h than in the sol-
vent controls (592.908 £ 31.515 fmol/min per milligram
vs 316.789 £ 85.652 fmol/min per milligram protein, P <
0.05) (Figure 4E).

Effects of EGF on SERT gene expression and function
via EGFR
To determine whether the effects of EGF on SERT ex-
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cated times (0, 3, 6, 12, 24, and 48 h); C: SERT protein levels were examined by Western blot (*P < 0.05 vs control); D: SERT gene expression was examined by real-
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pression and function were mediated »z EGFR, IEC-6
cells were pre-treated with the EGFR kinase-specific in-
hibitor PD153035 (10 pmol/L) for 30 min, followed by a
24 h treatment with EGF (40 ng/mL). The results show
that PD153035 blocks the EGF upregulation of SERT
expression (Figure 5A), suggesting that EGF upregulates
SERT expression zia EGFR.

To investigate whether EGER is also necessary for
EGF to affect SERT reuptake activity, the ['H]-5-HT up-
take assay was performed in the IEC-6 cells. PD153035
(10 uM) pre-treatment abolished the EGF-induced in-
crease in ['H]-5-HT uptake in IEC-6 cells (Figure 5B),
suggesting that EGF influences SERT function in 5-HT
uptake via EGFR.
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DISCUSSION

The gastrointestinal tract is a major soutce of endogenous
5-HT, which regulates the gastrointestinal tract’s sensory,
motor, and secretory functions through the interaction
with different receptor subtypes. 5-HT is synthesized by
tryptophan hydroxylases in enterochromaffin cells and in
brainstem and myenteric plexus neurons. It is inactivated
by SERT-mediated uptake into enterocytes or neurons.
Recent studies have reported that patients with IBS have
higher 5-HT levels and lower SERT gene expression in
rectal mucosa compared with healthy controls™. These
findings suggest that SERT may play an important role
in the pathophysiology of IBS. In this study, SERT ex-
pression was decreased in colon tissues from visceral-
sensitized rats, suggesting a potential association of SERT
with sensitivity of the gastrointestinal tract.

High expression of EGF in the gastrointestinal
tract”™” plays a vital role in the regulation of gastrointesti-
nal function and protects epithelial cells from damage by
various factors” >, EGF has also been shown to upregu-
late SERT gene expression in human intestinal epitheli-
al and glial cells™. In our preliminary study, the plasma
EGF levels in IBS patients were significantly decreased
compared with healthy controls (see supplemental Fig-
ure 1). Additionally, the levels of EGF in plasma and
colon tissues of visceral-sensitized rats were significantly
lower than in controls. Furthermore, the Pearson’s cot-
relation analysis showed a positive correlation between
EGF and SERT protein levels. These results suggest that
EGF may be involved in the development of visceral
hypersensitivity sza SERT-mediated 5-HT uptake into
enterocytes. Consequently, one has to ask how EGF af-
fects SERT gene expression and function. The results
of the present study show that EGF upregulates SERT
mRNA expression in a dose- and time-dependent man-
ner, suggesting regulation is at the transcriptional level.
EGF-stimulated SERT gene expression is known to be
dependent on tyrosine kinase activation of EGFR in hu-
man choriocarcinoma cells”". In this study, inhibition of
EGFR blocked the effect of EGF on SERT expression
and function in IEC-6 cells, thus suggesting that EGF
promotes SERT-mediated 5-HT uptake into enterocytes
through EGFR binding. These results are in agreement
with the report by Gill e a/'"'. EGF plays important roles
in restoring tissue and enhancing SERT expression in
intestinal epithelial cells; hence, promoting reuptake of
5-HT into enterocytes. Clinical studies support the ben-
eficial effects of EGF in decreasing inflammation and
diarrhea®. The beneficial effects of EGE, which may
contribute to a change in visceral sensitivity, are worthy
of further investigation.

In summary, plasma EGF levels were decreased both
in IBS patients and in visceral-sensitized rats, and were
correlated with SERT protein expression. Furthermore,
treatment of cells with EGF upregulated SERT expres-
sion and function via EGFR. These results suggest that
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EGF downregulates SERT-mediated 5-HT uptake into
enterocytes, potentially contributing to the development
of visceral hypersensitivity.

There are some limitations to this study. First, we did
not confirm the findings concerning EGFR signaling on
SERT expression and change of visceral hypersensitivity
in vivo. Future studies are needed to use mice expressing
dominant-negative EGFR point mutations to test wheth-
er the EGFR signaling pathway is involved in SERT
expression and visceral hypersensitivity. Although accu-
mulating evidence indicates that alterations in 5-HT sig-
naling occurs in IBS, the underlying mechanism remains
not well understood. Further studies are needed to better
understand the pathogenesis of visceral hypersensitivity.

COMMENTS

Background

The pathogenesis of irritable bowel syndrome (IBS) remains poorly understood.
Visceral hypersensitivity is the most likely culprit responsible for sensory abnor-
malities in IBS patients. Serotonergic signaling abnormalities are involved in the
development of IBS. Serotonin transporter (SERT) gene expression is down-
regulated in the colon and rectal tissues of IBS patients. Epidermal growth factor
(EGF) can upregulate 5-HT reuptake levels by increasing SERT expression.

Research frontiers

Visceral hypersensitivity plays an important role in the pathogenesis of IBS.
However, the mechanism of visceral hypersensitivity formation remains unclear.
Downregulation of SERT-mediated 5-HT uptake into enterocytes by EGF can
potentially contribute to the development of visceral hypersensitivity.

Innovations and breakthroughs

There have been no studies evaluating the role that plasma EGF plays in the
pathogenesis of IBS. This is the first study showing a significant decrease in
the plasma level of EGF in IBS patients and rats with visceral hypersensitivity.
Furthermore, SERT gene expression and protein activity were enhanced follow-
ing treatment with EGF. Hence, a decrease in EGF levels may contribute to the
formation of visceral hypersensitivity through downregulation of SERT-mediated
5-HT uptake into enterocytes.

Applications

The results of the study add to our understanding of EGF upregulation of SERT
expression and function and its association with formation of visceral hyper-
sensitivity. This may provide a future strategy for therapeutic intervention in the
treatment of patients with IBS.

Terminology

Altered 5-HT signaling in the gut contributes to visceral hypersensitivity of IBS.
Downregulated expression and function of SERT is considered a pathophysiol-
ogy of various functional gastrointestinal disorders, especially IBS. EGF can
increase SERT expression and function in intestinal epithelial cells, conse-
quently decreasing 5-HT levels, thus presenting a potential therapeutic effect
for visceral hypersensitivity in IBS.

Peer review

In this manuscript, the authors show that EGF levels are decreased in colon
tissues and plasma of rats with visceral hypersensitivity. Furthermore, SERT
expression is decreased at both protein and mRNA levels in these animals with
respect to controls. The authors also show that EGF treatment induces SERT
expression via EGFR in rat intestinal crypt cells. This research is important be-
cause it sheds light on the role that decreased EGF levels play in SERT regula-
tion and subsequent development of visceral hypersensitivity.
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