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Abstract
BACKGROUND
Visceral hypersensitivity is considered to play a vital role in the pathogenesis of
irritable bowel syndrome (IBS). Neurotrophins have drawn much attention in IBS
recently. Brain-derived neurotrophic factor (BDNF) was found to mediate
visceral hypersensitivity via facilitating sensory nerve growth in pre-clinical
studies. We hypothesized that BDNF might play a role in the pathogenesis of
diarrhea-predominant IBS (IBS-D).

AIM
To investigate BDNF levels in IBS-D patients and its role in IBS-D
pathophysiology.

METHODS
Thirty-one IBS-D patients meeting the Rome IV diagnostic criteria and 20 age-
and sex-matched healthy controls were recruited. Clinical and psychological
assessments were first conducted using standardized questionnaires. Visceral
sensitivity to rectal distension was tested using a high-resolution manometry
system. Colonoscopic examination was performed and four mucosal pinch
biopsies were taken from the rectosigmoid junction. Mucosal BDNF expression
and nerve fiber density were analyzed using immunohistochemistry. Mucosal
BDNF mRNA levels were quantified by quantitative real-time polymerase chain
reaction. Correlations between these parameters were examined.
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RESULTS
The patients had a higher anxiety score [median (interquartile range), 6.0 (2.0-
10.0) vs 3.0 (1.0-4.0), P = 0.003] and visceral sensitivity index score [54.0 (44.0-61.0)
vs 21.0 (17.3-30.0), P < 0.001] than controls. The defecating sensation threshold
[60.0 (44.0-80.0) vs 80.0 (61.0-100.0), P = 0.009], maximum tolerable threshold
[103.0 (90.0-128.0) vs 182.0 (142.5-209.3), P < 0.001] and rectoanal inhibitory reflex
threshold [30.0 (20.0-30.0) vs 30.0 (30.0-47.5), P = 0.032] were significantly lower in
IBS-D patients. Intestinal mucosal BDNF protein [3.46E-2 (3.06E-2-4.44E-2) vs
3.07E-2 (2.91E-2-3.48E-2), P = 0.031] and mRNA [1.57 (1.31-2.61) vs 1.09 (0.74-
1.42), P = 0.001] expression and nerve fiber density [4.12E-2 (3.07E-2-7.46E-2) vs
1.98E-2 (1.21E-2-4.25E-2), P = 0.002] were significantly elevated in the patients.
Increased BDNF expression was positively correlated with abdominal pain and
disease severity and negatively correlated with visceral sensitivity parameters.

CONCLUSION
Elevated mucosal BDNF may participate in the pathogenesis of IBS-D via
facilitating mucosal nerve growth and increasing visceral sensitivity.

Key words: Irritable bowel syndrome; Diarrhea; Brain-derived neurotrophic factor;
Visceral hypersensitivity; Nerve growth

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study comprehensively investigated the psychological and clinical
characteristics and visceral sensitivity in patients with diarrhea-predominant irritable
bowel syndrome (IBS-D) and further explored the levels of brain-derived neurotrophic
factor (BDNF) protein and mRNA and nerve fiber density in the intestinal mucosa. It
was demonstrated that increased mucosal BDNF expression was positively correlated
with abdominal pain and disease severity and negatively correlated with visceral
sensitivity parameters, which provides new evidence that BDNF may participate in the
pathogenesis of IBS-D via facilitating mucosal nerve growth and increasing visceral
sensitivity in IBS-D patients.

Citation: Zhang Y, Qin G, Liu DR, Wang Y, Yao SK. Increased expression of brain-
derived neurotrophic factor is correlated with visceral hypersensitivity in patients
with diarrhea-predominant irritable bowel syndrome. World J Gastroenterol 2019;
25(2): 269-281
URL: https://www.wjgnet.com/1007-9327/full/v25/i2/269.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i2.269

INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional bowel disorder, characterized
by recurrent abdominal pain related to defecation and a change in bowel habits[1]. The
mean prevalence of IBS among individual countries around the world ranges from
1.1% to 35.5%[2]. As a major subtype, diarrhea-predominant IBS (IBS-D) accounts for
39.0%-61.9% of all IBS cases[3,4].

The pathogenesis of IBS-D remains poorly understood, and as a result, there has
not been an ideal approach to manage it. Early life stressors, food intolerance, enteric
infection, altered brain-gut interaction, dysbiosis, increased intestinal permeability,
increased gut mucosal immune activation and visceral hypersensitivity may play a
role in the pathogenesis of IBS-D[5]. In recent years, neurotrophins have drawn much
attention  in  IBS[6-8].  Brain-derived neurotrophic  factor  (BDNF),  a  member  of  the
neurotrophin family, affects the development and regeneration of the nervous system
and has been known for its roles in many chronic pain conditions[9].

In animal studies, intraperitoneal injection of BDNF induced a significant decrease
in the colonic reaction threshold[10,11]. Nerve growth is dependent upon neurotrophins
including BDNF during development[12].  Based on the above findings, it could be
hypothesized that BDNF may play a role in the pathogenesis of IBS-D.

There have been few studies reporting increased BDNF levels in IBS patients[8,10].
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Nevertheless,  the  relationship between elevated BDNF levels  and IBS symptom
severity, psychological conditions, visceral sensitivity as well as mucosal nerve fiber
density  has  not  been  clearly  defined  in  IBS-D  patients,  which  needs  further
investigation.

Therefore, the aim of this study was to measure intestinal BDNF levels in patients
with IBS-D and to explore the association between mucosal BDNF expression and
clinical features and experimental parameters above.

MATERIALS AND METHODS

Subjects
A total  of  31 IBS-D patients  and 20 age-  and sex-matched healthy controls  were
recruited in the study. All patients were treated at the gastroenterological department
of China-Japan Friendship Hospital from July 2016 to October 2017. Diagnosis was
made  according  to  Rome  IV  criteria.  Controls  were  selected  through  public
advertisement  or  from  asymptomatic  patients  who  underwent  colonoscopy  for
colorectal cancer screening or polyposis follow-up receiving negative results. Subjects
were excluded if they had organic diseases such as celiac disease, allergic diseases or
psychiatric disorders screened by history-taking, physical examination and essential
laboratory and imaging examinations, or if they had undergone major abdominal
surgery.  Female  participants  who  were  pregnant  or  lactating  and  those  with
dysmenorrhea or other painful gynecological disorders such as endometriosis were
also  excluded.  Subjects  were  not  allowed to  receive  antispasmodics,  analgesics,
prokinetics, antacids, antibiotics, nonsteroidal anti-inflammatory drugs, mast cell
stabilizers, histamine antagonists or antidepressants within 2 wk, or corticosteroids
and immunosuppressants within 6 mo.

All subjects were informed of all the details of the study and gave written informed
consent before participation. The study was approved by the Ethics Committee of
China-Japan Friendship Hospital (No. 2015-33) and was conducted in accordance
with the Declaration of Helsinki.

Procedure
A total of 62 patients with IBS-D symptoms were referred to the gastroenterological
department. Fourteen refused to participate and 10 were excluded in the next series of
screenings (1 for severe mental disorder, 2 for colon mucosal inflammation, 4 for a
history of abdominal surgery, 1 for lactose intolerance and 2 for poor compliance).
The remaining 38 participants underwent colonoscopy and 7 refused to undergo
biopsy. As a result, 31 patients and 20 controls were included in this study.

After enrollment, the clinical and psychological states were first assessed using
validated  questionnaires.  Then,  visceral  sensitivity  was  assessed.  The  next  day,
subjects  underwent  colonoscopy  after  a  standard  bowel  preparation  with
polyethylene  glycol  electrolytes  power  (Fortrans,  BEAUFOUR IPSEN Industrie,
Dreux, France), and four mucosal pinch biopsies were taken from the rectosigmoid
junction. Two specimens were immediately fixed in 10% formalin for at least 72 h,
embedded in  paraffin  and sectioned (4  μm) for  routine  haematoxylin  and eosin
staining and immunohistochemistry. Two specimens were immediately immersed in
storage reagent (RNA-Be-Locker A; Sangon, Shanghai, China) and stored at -80 °C for
quantitative real-time polymerase chain reaction (qRT-PCR).

Measures
Questionnaires: Disease severity was assessed using the IBS Symptom Severity Scale
(IBS-SSS)[13],  including  five  items  (severity  and  frequency  of  abdominal  pain,
abdominal bloating, bowel habit dissatisfaction and overall interference with quality
of life). Scores for each item were summed to obtain a total score ranging from 0 to 500
and were then classified as mild (75-174), moderate (175-299) or severe (300-500).

The  severity  of  abdominal  pain  during the  prior  2  wk was  measured using a
validated  questionnaire  and  was  graded  0-4  according  to  its  impact  on  usual
activities: 0, absent; 1, mild (not influencing usual activities); 2, relevant (diverting
from, but not urging modification of, usual activities); 3, severe (influencing usual
activities  markedly  enough  to  urge  modifications);  and  4,  extremely  severe
(precluding daily activities)[14].

The visceral sensitivity index (VSI), consisting of 15 items, was used to measure
visceral  sensitivity and gastrointestinal-specific  anxiety[15].  The VSI was “reverse
scored” as described in a previous study[15] with each item’s score ranging from 0 (no
gastrointestinal-specific  anxiety  or  visceral  hypersensitivity)  to  5  (severe
gastrointestinal-specific anxiety and visceral hypersensitivity).
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Psychological  states  were  assessed  using  the  validated  Hospital  Anxiety  and
Depression Scale (HADS) consisting of 14 items (7 anxiety and 7 depression items),
with each score ranging from 0 to 3[16].

Visceral sensitivity test:  The visceral sensitivity test was performed by the same
investigator at the Gastroenterology Kinetic Laboratory during the same time period
(13:00-16:00). A Manoscan 360™  high-resolution manometry system (Model A100)
(Sierra Scientific Instruments, Los Angeles, CA, United States),  ManoScan™  high-
resolution anorectal catheter (ANN1522) (Given Imaging, Los Angeles, CA, United
States) and Manoview™ AR Analysis Software 2.1 (Sierra Scientific Instruments, Los
Angeles,  CA,  United States)  were  used.  First,  all  subjects  were  prepared with  a
glycerin enema and placed in the left lateral decubitus position. Then, the catheter
with a latex balloon at the tip was inserted into the rectum following a digital rectal
examination. Three minutes were given for the subjects to adapt to the catheter. Next,
the balloon was manually inflated with 10 mL of air within 2 s and was deflated
within 3-5 s. Twenty, 30, 40 and 50 mL of air were inflated and deflated as mentioned
above, sequentially. The operation interval was 30 s. If the internal anal sphincter
relaxed (a reduction of internal anal sphincter pressure from baseline of at least 10
mmHg with duration of 5 s) when the balloon was inflated, the rectoanal inhibitory
reflex (RAIR) was present[17,18]. The lowest balloon volume evoking RAIR was RAIR
threshold. Then, the balloon was manually inflated with air at a speed of 10 mL/5 s.
During inflation, subjects were asked to report their feelings of initial perception,
defecation urge and discomfort/pain that could not be tolerated. The balloon volumes
were recorded as the first sensation threshold, defecating sensation threshold and
maximum tolerable threshold, respectively.

Histology  and  immunohistochemistry:  Paraffin  sections  were  processed  for
haematoxylin and eosin staining and immunohistochemistry. For the latter, following
deparaffinization,  antigen  repairing,  endogenous  peroxidase  inhibition  and
nonspecific antigen blocking, the sections were incubated with primary antibodies
[rabbit monoclonal anti-BDNF antibody, 1:100; mouse monoclonal anti-protein gene
product (PGP) 9.5, 1:2000; Abcam, Cambridge, United Kingdom] overnight at 4 °C.
Following thorough washing with PBS, slides were incubated at room temperature
for 1 h with horseradish-peroxidase-conjugated anti-mouse-rabbit secondary antibody
(1/200,  Zhongshan  Gold  Bridge,  Beijing,  China)  and  then  visualized  using
diaminobenzidine. Finally, slides were counterstained with hematoxylin and viewed
under a light microscope.

For each section, five nonoverlapping fields at 400 × magnification were randomly
selected and scanned under a Nikon Eclipse 80i microscope (Nikon Instruments Co.,
Ltd., Shanghai, China). Photographs were taken with a Nikon DS-Ri1 camera and
then exported via the Nikon NIS-Elements imaging software. Images were analyzed
with Image-Pro Plus 6.0 software (Media Cybernetics, Bethesda, MD, United States).
PGP 9.5-immunoreactive area per square millimeter of mucosa was used to measure
the mucosal nerve fiber density and the mean optical density (MOD) of mucosal
staining area was used for measuring the expression of BDNF. All  sections were
inspected independently  by  two blinded observers,  and the  mean values  of  the
readings were used for final analysis.

BDNF gene expression analysis  by qRT-PCR:  Gene expression of  BDNF in the
colonic mucosa was analyzed using qRT-PCR. Total RNA was isolated with TRIzol
Reagent  (Invitrogen Life  Technologies,  Waltham,  Massachusetts,  United  States)
according to the manufacturer’s instruction. Then, 2 μg of RNA was used to perform
reverse transcription with the RevertAid First Strand cDNA Synthesis Kit (Thermo
Scientific, Waltham, MA, United States). Next, real-time PCR was performed in the
StepOnePlus Real Time PCR System (Applied Biosystems, Waltham, MA, United
States) using the FastStart Universal SYBR Green Master Rox kit (Roche, Shanghai,
China).  Finally,  BDNF mRNA expression  was  normalized  to  glyceraldehyde  3-
phosphate dehydrogenase (GAPDH) expression. The following primers were used for
PCR amplification:  forward,  GGAAGCTTGTCATCAATGGAAATC and reverse,
T G A T G A C C C T T T T G G C T C C C  f o r  G A P D H ;  f o r w a r d ,
C T T G A C A T C A T T G G C T G A C A C T T  a n d  r e v e r s e ,
GACTACTGAGCATCACCCTGGAC  for  BDNF.  All  samples  were  amplified  in
triplicate using the following conditions: 95 °C for 10 min followed by 40 cycles of 95
°C for 15 s and then 60 °C for 60 se. The specificity of PCR products was verified by
dissociation curve analysis. The results were first normalized to GAPDH expression
using the 2-∆∆Ct method[19]. BDNF mRNA level of each sample is expressed as a fold-
change relative to the average level of healthy controls.

Statistical analysis
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Statistical  analyses were performed using SPSS software,  version 24.0 (SPSS Inc,
Chicago, IL, United States). Continuous data were first tested for normal distribution
using the Kolmogorov-Smirnov test and are presented as mean ± standard deviation
(SD)  if  normally  distributed,  or  median  [interquartile  range  (IQR)]  if  not.
Comparisons between groups were performed using independent samples t-test for
normally distributed data with homogeneous variances, or nonparametric Mann-
Whitney U-test,  otherwise.  The χ2  test  or  Fisher’s  exact  test  was used to analyze
qualitative data. Correlations between BDNF and other parameters were explored
using Pearson’s correlation analysis for normally distributed data, or Spearman’s
correlation analysis for nonnormally distributed data or ranked data. P-values were
two-sided and differences were considered significant at  P  < 0.05.  In correlation
analysis, multiple comparisons were adjusted using Bonferroni correction, and the
corrected significance level was 0.0071 (0.05/7) in the patients and 0.01 (0.05/5) in all
subjects according to the number of correlations analyzed. Statistical charts were
generated with GraphPad Prism 5.0 software (GraphPad Software Inc, La Jolla, CA,
United States).

RESULTS

Demographics, clinical characteristics and psychological states
The demographics, clinical characteristics and psychological assessments of IBS-D
patients and controls are presented in Table 1. There were 31 IBS-D patients (22 males
and 9 females; median age 33.0 years, IQR: 29.0-42.0) and 20 healthy controls (13
males and 7 females; media age 28.0 years, IQR: 26.0-36.0) participating in this study.
There were no statistically significant differences in terms of age, gender, or body
mass index between the groups. The average IBS-SSS score was 274.0 (SD = 29.8) and
the median duration of disease was 5.0 years (IQR: 2.0-10.0) in the IBS-D group. The
median pain intensity for IBS-D patients was mild. Scores of VSI (IBS-D: median 54.0,
IQR: 44.0-61.0; control: 21.0, 17.3-30.0, P < 0.01) and anxiety (IBS-D: median 6.0, IQR:
2.0-10.0; control: 3.0, 1.0-4.0, P = 0.003) were significantly elevated in IBS-D patients.
The depression score tended to increase in the IBS-D group but the difference failed to
reach the significant level (P = 0.055).

Visceral sensitivity
We detected the four parameters for assessing visceral sensitivity (the first sensation
threshold, defecating sensation threshold, maximum tolerable threshold and RAIR
threshold) (Figure 1A-D). The first sensation threshold had the tendency to decrease
in patients, but failed to reach the level of significance (P = 0.084). The defecating
sensation threshold was significantly lower in patients than in controls [60.0 mL (44.0-
80.0) vs 80.0 (61.0-100.0) mL, P = 0.009]. The maximum tolerance threshold in IBS-D
patients was 103.0 (90.0-128.0) mL, significantly lower than the 182.0 (142.5-209.3) mL
in controls (P < 0.001). The RAIR threshold in IBS-D patients was also significantly
lower [30.0 (20.0-30.0) mL] compared with that of controls [30.0 (30.0-47.5) mL] (P =
0.032).

Mucosal histology and immunohistochemistry
Hematoxylin and eosin staining of all colonic mucosa specimens (×400 magnification)
exhibited normal histology and morphology, without evidence of inflammatory cell
infiltration,  cellular  edema  or  parasites  (Figure  2A  and  B).  Representative
photomicrographs of the immunoreactivity of BDNF and PGP 9.5 in the mucosa of
IBS-D patients and healthy controls are shown in Figure 2C-F (×400 magnification).
The level of BDNF in mucosal biopsies was significantly higher in IBS-D patients than
in controls [median (IQR), 3.46E-2, (3.06E-2-4.44E-2) vs 3.07E-2 (2.91E-2-3.48E-2), P =
0.031] (Figure 2G). PGP 9.5-immunoreactive area per square millimeter of mucosa in
IBS-D patients was also greater than in control subjects [4.12E-2 (3.07E-2-7.46E-2) vs
1.98E-2 (1.21E-2-4.25E-2), P = 0.002] (Figure 2H).

BDNF mRNA expression in colonic mucosa
BDNF mRNA expression in colonic mucosa specimens was quantified by qRT-PCR,
and the mean value in healthy controls was used as a reference, set at 1. The relative
BDNF mRNA level was significantly higher in IBS-D patients (median = 1.57; IQR:
1.31-2.61) than in controls (median = 1.09; IQR: 0.74-1.42; P = 0.001) (Figure 3).

Correlations between BDNF and other parameters
In IBS-D patients, BDNF protein expression was positively correlated with severity of
abdominal pain and IBS-SSS score, and negatively correlated with the first sensation
threshold  and  RAIR  threshold  (adjusted  P  <  0.0071).  However,  the  association
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Table 1  Demorgraphics, clinical characteristics and psychological states of patients with
diarrhea-predominant irritable bowel syndrome and healthy controls

Feature IBS-D patients Controls P-value

N 31 20 NA

Age (yr) 33.0 (29.0-42.0) 28.0 (26.0-36.0) 0.056

Gender (male:female) 22:09 13:07 0.654

Body mass index (kg/m2) 24.2 ± 4.3 22.2 ± 2.6 0.095

Duration of disease (yr) 5.0 (2.0-10.0) NA NA

IBS-SSS 274.2 ± 29.8 NA NA

Severity of abdominal pain 1.0 (1.0-2.0) NA NA

VSI score 54.0 (44.0-61.0)a 21.0 (17.3-30.0) < 0.001

HADS anxiety score 6.0 (2.0-10.0)a 3.0 (1.0-4.0) 0.003

HADS depression score 4.0 (1.0-8.0) 2.5 (1.3-4.0) 0.055

aP  < 0.01 vs  controls. The data are presented as the mean ± standard deviation or median (interquartile
range). IBS-D: Diarrhea-predominant irritable bowel syndrome; IBS-SSS: IBS Symptom Severity Scale; VSI:
Visceral sensitivity index; HADS: Hospital Anxiety and Depression Scale; NA: Not applicable.

between BDNF protein expression and IBS-SSS score lost significance after Bonferroni
correction (Table 2). In all subjects, a significantly negative correlation was found
between mucosal BDNF levels and the first sensation threshold, maximum tolerable
threshold and RAIR threshold (adjusted P < 0.01) (Table 3). We found no correlations
between BDNF levels and other characteristics (P > 0.05).

DISCUSSION
This study comprehensively investigated the psychological and clinical characteristics
and visceral sensitivity in IBS-D patients and further explored the possible roles of
BDNF in the pathogenesis of IBS-D. Levels of both BDNF protein and mRNA were
significantly higher in the intestinal mucosa of IBS-D patients. The elevated BDNF
levels were significantly correlated with pain severity, IBS-SSS score and visceral
sensitivity. Also, BDNF may have an effect on the plasticity of intestinal sensory
neurons in IBS-D patients.

For demographics, a relatively higher proportion of male patients (gender ratio,
22:9)  were  recruited  in  this  study.  Compared  with  males,  females  were  more
predisposed to exhibit the constipation-predominant subtype, while IBS-D subtype
was  less  common  in  women [20 ,21].  What’s  more,  we  excluded  women  with
dysmenorrhea and other painful gynecological disorders, women who were pregnant
or lactating and women with a history of cesarean section. Furthermore, males often
had more trust in this study than females. In contrast to males, more females refused
to participate in this study.

Psychological  disorders  have  been  found  in  IBS  patients  previously  and  are
considered to be implicated in the pathogenesis of IBS[22-25]. Accordingly, in the present
study, we also found that anxiety score measured on HADS questionnaire was higher
in IBS-D patients than in controls. The VSI score, which is commonly used to measure
gastrointestinal symptom-specific anxiety, was significantly higher in IBS-D patients
(P < 0.001). However, the difference of depression score between the two groups was
not significant, which implied that anxiety was a more prominent problem in IBS-D
patients  compared with depression.  As a result,  psychological  health,  especially
anxiety, should be paid more attention during the management of IBS-D.

Visceral hypersensitivity is thought to play a vital role in the pathophysiology of
IBS and could account  for  IBS symptoms,  especially  abdominal  pain[26-28].  A few
authors suggested that  this  could be considered as a  biological  marker of  IBS[18].
Previous  studies  reported  enhanced  visceral  sensitivity  in  IBS  patients[7,29-31].  In
agreement with these studies, we detected that defecating sensation threshold and
maximum tolerable threshold were significantly lower in IBS-D patients  than in
controls. Furthermore, the lowest volume required to evoke RAIR was significantly
lower in the IBS-D group, suggesting the sensitization of rectal sensation and the
reflex  responses.  Nevertheless,  there  were  some  limitations  in  the  methods  of
measuring visceral sensitivity. First, the first sensation threshold, defecating sensation
threshold and maximum tolerable threshold were determined on the basis of the

WJG https://www.wjgnet.com January 14, 2019 Volume 25 Issue 2

Zhang Y et al. Increased BDNF levels in IBS-D

274



Figure 1

Figure 1  Visceral sensitivity parameters in patients with diarrhea-predominant irritable bowel syndrome and healthy controls. A: The first sensation
threshold was not significantly different between the two groups (P = 0.084); B: The defecating sensation threshold was significantly lower in diarrhea-predominant
irritable bowel syndrome (IBS-D) patients than in controls (P = 0.009); C: The maximum tolerable threshold was significantly decreased in the patients (P < 0.001); D:
The rectoanal inhibitory reflex threshold was also significantly lower in IBS-D patients (P = 0.032). Each set of data is presented as box-whisker plot or scatter plot.
Boxes indicate the interquartile range; lines inside the boxes indicate the medians (the median lines and the edges of the boxes of plot D overlap); the two whiskers
indicate the maximum and minimum of the data; and the lines in the scatter plots indicate the mean values. RAIR: Rectoanal inhibitory reflex; IBS-D: Diarrhea-
predominant irritable bowel syndrome.

subjects’  subjective  feelings,  which  may  have  been  influenced  by  the  subjects’
personal characteristics, including emotion, cognition and attention[32]. By contrast, the
lowest balloon volume evoking RAIR may be more objective. Second, compared with
measuring with a barostat, the balloon was inflated with a syringe manually. Volume
parameters, rather than both pressure parameters and volume parameters measured
by a barostat,  may not fully reflect the biomechanical properties of the rectum[33].
Despite these limitations, volume thresholds have been used as a valid assessment of
visceral sensitivity in several studies[34-36]. The mechanisms may involve various levels
of the nervous system, including the sensitization of the primary visceral afferent
fibers at the end-organ level, hyperexcitability of dorsal horn neurons and increased
perception of the intestinal stimuli in the brain[37,38]. Besides, neuromediators (such as
substance P, calcitonin gene-related peptide and serotonin), mucosal inflammation
and the intestinal microbiota also have effects on visceral hypersensitivity[37,39].

Similar to other neurotrophins, BDNF was originally known for its role in neuronal
growth and survival[9,12] and thought to be involved in many chronic pain conditions
including chronic pancreatitis and colitis[40,41]. Intestinal epithelial cells were reported
to be the source of BDNF in pigs, mice and humans[8,42-44]. In accordance with these
studies, we also found that BDNF immunoreactions were mainly located in epithelial
cells and the lamina propria. In the present study, the expression of both the protein
and mRNA of  BDNF was  significantly  higher  in  the  intestinal  mucosa  of  IBS-D
patients, consistent with the findings of another study[8].

Animal studies demonstrated that BDNF facilitated the growth of mucosal nerve
fibers and visceral hypersensitivity[11]. Based on these findings, we sought to clarify
whether there were similar mechanisms in IBS-D patients. The plexuses of the enteric
nervous system are located in the muscle, the submucosa and the lamina propria of
the mucosa of humans[45].  As mucosal  pinch biopsy contains mucosa and part  of
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Figure 2

Figure 2  Mucosal histology and immunohistochemistry in patients with diarrhea-predominant irritable bowel syndrome and healthy controls. A and B:
Mucosae of diarrhea-predominant irritable bowel syndrome (IBS-D) patients and healthy controls both exhibited a normal histology (Scale bar = 20 μm); C and D:
Brain-derived neurotrophic factor (BDNF) immunoreactivity was mainly scattered in the epithelium and lamina propria in IBS-D patients (Scale bar = 20 μm); E and F:
Protein gene product (PGP) 9.5-immunoreactive nerve fibers were distributed in the lamina propria, showing fibrous appearance. (Scale bar = 20 μm). G: Mean optical
density of BDNF in the colonic mucosa in IBS-D patients was significantly higher than that in controls (P = 0.031); H: The area occupied by PGP 9.5-immunoreactive
fibers was greater in patients than in controls (P = 0.002). IBS-D: Diarrhea-predominant irritable bowel syndrome; BDNF: Brain-derived neurotrophic factor; H-E:
Haematoxylin and eosin; PGP: Protein gene product; MOD: Mean optical density.

submucosa, we only examined the nerve fibers in the lamina propria of the colonic
mucosa. Mucosal nerve fiber density as shown by PGP 9.5 was significantly higher in
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Figure 3

Figure 3  Colonic mucosal brain-derived neurotrophic factor mRNA levels in patients with diarrhea-
predominant irritable bowel syndrome and healthy controls. Mucosal brain-derived neurotrophic factor (BDNF)
mRNA level is expressed as a fold-change relative to the average level of healthy controls. Diarrhea-predominant
irritable bowel syndrome patients showed a significantly higher BDNF mRNA level than subjects in the control group
(P = 0.001). IBS-D: Diarrhea-predominant irritable bowel syndrome; BDNF: Brain-derived neurotrophic factor.

IBS-D patients than in controls. The intestinal nerve fiber hypertrophy coupled with
increased expression of neurotrophins also existed in patients with inflammatory
diseases[46]. In animals, BDNF+/- mice had significantly lower colonic mucosal nerve
fiber density than BDNF+/+ mice[8]. Based on these findings, the increased mucosal
nerve fiber density of IBS-D patients in our study was possibly attributed to the
upregulation of BDNF.

To clarify the role of BDNF in the pathogenesis of IBS-D, we conducted correlation
analysis between BDNF expression and relevant factors (abdominal pain severity,
IBS-SSS score, visceral sensitivity parameters and mucosal nerve fiber density). In IBS-
D patients, both abdominal pain severity and IBS-SSS scores had positive correlations
with BDNF levels, although the significance of the correlation between IBS-SSS scores
and BDNF expression was lost after Bonferroni correction. Notably, the correlation
coefficient for BDNF and IBS-SSS score was lower than that for BDNF and abdominal
pain severity, possibly because the IBS-SSS score could be influenced by the other four
factors in addition to abdominal pain. With respect to visceral sensitivity, the first
sensation  threshold,  maximum  tolerable  threshold  and  RAIR  threshold  were
negatively correlated with BDNF expression in IBS-D patients or in all subjects even
after  Bonferroni  correction,  suggesting  that  BDNF  may  play  a  role  in  visceral
hypersensitivity in IBS-D patients. Nevertheless, significant correlations should be
interpreted carefully because correlations do not constitute causal associations.

There were several limitations in this study. First, among the four subtypes of IBS,
only IBS-D patients were recruited and the findings may not be generalized to other
IBS  subtypes.  Second,  due  to  limited  time  and  conditions,  the  sample  size  was
relatively small, possibly impacting the reliability of the conclusion. Third, we did not
further  distinguish  between  postinfectious  IBS  and  non-postinfectious  IBS,
considering the small  sample size.  Nevertheless,  these two subgroups may have
different pathogeneses and need to be separately studied in the future. Finally, we
cannot draw causal inferences in this cross-sectional study, and conclusions need to
be further verified by well-designed large-sample clinical studies.

In conclusion, our study provides new evidence that BDNF may participate in the
pathogenesis of IBS-D via facilitating mucosal nerve growth and increasing visceral
sensitivity.  These  preliminary findings  may provide clues  to  understanding the
complicated  IBS-D pathophysiology  and  developing  more  effective  therapeutic
methods.
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Table 2  Correlations between brain-derived neurotrophic factor levels and clinical and experimental parameters in patients with
diarrhea-predominant irritable bowel syndrome

BDNF expression

Clinical characteristic

Severity of abdominal pain 0.565 (0.001)a

IBS-SSS 0.393 (0.029)b

Visceral sensitivity

First sensation threshold -0.562 (0.001)a

Defecating sensation threshold -0.015 (0.938)

Maximum tolerable threshold -0.290 (0.113)

RAIR threshold -0.508 (0.004)a

Mucosal nerve fiber density -0.058 (0.756)

Spearman’s correlation coefficients are presented with P-values in parentheses.
aP with significance after Bonferroni correction (adjusted P < 0.0071).
bP without significance after Bonferroni correction (adjusted P < 0.0071). BDNF: Brain-derived neurotrophic factor; IBS-SSS: IBS Symptom Severity Scale;
RAIR: Rectoanal inhibition reflex.

Table 3  Correlations between brain-derived neurotrophic factor level and clinical and experimental parameters in all subjects

BDNF expression

Visceral sensitivity

First sensation threshold -0.557 (< 0.001)a

Defecating sensation threshold -0.196 (0.168)

Maximum tolerable threshold -0.453 (0.001)a

RAIR threshold -0.447 (0.001)a

Mucosal nerve fiber density 0.059 (0.681)

Pearson or Spearman’s correlation coefficients are presented with P-values in parentheses.
aP with significance after Bonferroni correction (adjusted P < 0.01). BDNF: Brain-derived neurotrophic factor; RAIR: Rectoanal inhibition reflex.

ARTICLE HIGHLIGHTS
Research backgrounds
Visceral hypersensitivity was considered to be involved in the pathogenesis of irritable bowel
syndrome (IBS). Pre-clinical studies have shown that brain-derived neurotrophic factor (BDNF)
mediates visceral hypersensitivity via facilitating sensory nerve growth. There have been few
studies reporting the intestinal BDNF levels in diarrhea-predominant IBS (IBS-D) patients. And
the relationship between BDNF and IBS symptom severity, psychological conditions, visceral
sensitivity as well as mucosal nerve fiber density has not been investigated in IBS-D. It could be
hypothesized that BDNF may play a role in the pathogenesis of diarrhea-predominant IBS-D.

Research motivation
The main topics of this study included assessing clinical and psychological features and visceral
sensitivity,  examining  BDNF  expression  and  nerve  fibres  in  IBS-D  and  healthy  controls,
performing correlation analyses between these parameters, and clarifying whether there were
similar mechanisms to that of pre-clinical studies in IBS-D patients. The findings proposed a
mechanism by which BDNF may participate in the pathophysiology of IBS-D and may provide
new clues for the management of IBS-D.

Research objectives
The present study aimed to measure BDNF expression in the intestinal mucosa of IBS-D patients
and to analyze the relationship of BDNF with the clinical and psychological features, visceral
sensitivity and nerve fiber density in these patients.

Research methods
Participants  were  evaluated  for  clinical  and psychological  characteristics  using  validated
questionnaires  [IBS Symptom Severity  Scale  (IBS-SSS),  visceral  sensitivity  index,  Hospital
Anxiety and Depression Scale (HADS) anxiety Scale and HADS depression Scale]. They also
underwent colonoscopy and mucosal biopsy. Visceral sensitivity was tested with a Manoscan
360™  high-resolution manometry system. Mucosal  BDNF expression and localization were
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measured by immunohistochemistry.  Mucosal  BDNF mRNA levels  were  quantified using
quantitative real-time polymerase chain reaction. Correlation analyses between these parameters
were  performed.  Statistical  analyses  were  performed  using  SPSS,  version  24.0  (SPSS  Inc,
Chicago, IL, United States).

Research results
It was found that IBS-D patients had significantly increased anxiety symptoms and visceral
sensitivity, and their mucosal expression of BDNF protein and mRNA and nerve fibers density
were significantly elevated. BDNF expression was positively correlated with abdominal pain
severity and IBS-SSS score and negatively correlated with visceral sensitivity parameters.

Research conclusions
The present study showed evidence that BDNF levels were increased in the intestinal mucosa of
IBS-D patients and might be involved in the pathophysiology of IBS-D via facilitating the growth
of the nerve fibers in the intestinal mucosa. It  also provided some potential clues for more
effective treatments in these patients. The authors believe that this study not only contributes to
the understanding of the pathophysiology of IBS, but also offers valuable reference for future
research and therapies.

Research perspectives
This study preliminarily explored the possible role of BDNF involved in the pathogenesis of IBS-
D. Future studies should focus on the following aspects. First, the present study only recruited
IBS-D patients and the findings could not be generalized to other subtypes. As a result, future
research should investigate the possible role of BDNF in the pathophysiology of the other three
IBS subtypes. Second, the pathophysiology of post-infectious (PI) and non-PI IBS are different
and the two subtypes should be studied separately in the future. Finally, a cause and effect
inference could not be made in our study. Therefore, additional well-designed clinical studies on
the effect of BDNF on nerve growth, visceral sensitivity and abdominal pain are needed.
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