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Several studies have implied a role of brain-derived neurotrophic factor (BDNF) in abdominal pain modulation in irritable bowel syndrome (IBS). The aim of this study was to establish BDNF protein expression in human colonic biopsies and to show variation in IBS compared to controls. BDNF protein and mRNA levels were correlated with IBS symptom severity based on the IBS-symptom severity score (IBS-SSS). Biopsies from the descending colon and IBS-SSS were obtained from 10 controls and 20 IBS patients. Total protein of biopsies was extracted and assessed by ELISA and Western Blot. Total mRNA was extracted and gene expression measured by nCounter analysis. In IBS patients, symptom severity scores ranged from 124 to 486 (mean ± sem: 314.2 ± 21.2, >300 represents severe IBS) while controls ranged from 0 to 72 (mean ± sem: 27.7 ± 9.0, <75 represents healthy subjects, p < 0.001). IBS patients reported significantly more food malabsorption, former abdominal surgery and psychiatric comorbidities. BDNF protein was present in all samples and did not differ between IBS and controls or sex. Subgroup analysis showed that female IBS patients expressed significantly more BDNF mRNA compared to male patients (p < 0.05) and male IBS-D patients had higher IBS symptom severity scores and lower BDNF mRNA and protein levels compared to male controls (p < 0.05). Scatter plot showed a significant negative correlation between IBS-SSS and BDNF mRNA levels in the cohort of male IBS-D patients and their male controls (p < 0.05). We detected a high proportion of gastrointestinal surgery in IBS patients and confirmed food intolerances and psychiatric diseases as common comorbidities. Although in a small sample, we demonstrated that BDNF is detectable in human descending colon, with higher BDNF mRNA levels in female IBS patients compared to males and lower mRNA and protein levels in male IBS-D patients compared to male controls. Further research should be directed toward subgroups of IBS since their etiologies might be different.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a debilitating (but not life-threatening) disorder of brain-gut interaction characterized by abdominal pain and dysfunctional bowel habits based on the Rome IV criteria as the latest worldwide standard for the diagnosis of IBS (1).

The pathophysiology of IBS is based on a multifactorial and bidirectional dysfunction of the brain-gut-axis including genetics and epigenetics, visceral hypersensitivity, changes in the synthesis and release of neuropeptides and proinflammatory cytokines and altered gastrointestinal motility as well as psychosomatic predisposition (2).

The brain-derived neurotrophic factor (BDNF) belongs to the family of nerve growth factors (NGF). Through interaction with the tyrosine receptor kinase B (TrkB) (3) BDNF promotes the survival and differentiation of brain neurons, and participates in the modification of neurotransmission and synaptic plasticity of the central and peripheral nervous systems (4). Dysfunctions in epigenetic control, transport or signal cascades of BDNF were discussed on an emergence of various neurological and psychiatric diseases (5). There is also ample evidence of an important role played by BDNF in visceral pain and hypersensitivity conditions (6–11).

Studies in the murine colon showed that BDNF mRNA was expressed in epithelial cells and neurons of the myenteric plexus, and that BDNF levels in the colon were higher than in the brain (12, 13). Similar studies in rats showed that BDNF can be isolated in the distal colonic mucosa. In humans, BDNF has so far been established in the gastric corpus (14), dorsal root ganglia (15, 16), in enteric ganglion cells (17) and in blood (18). Four studies confirmed the presence of BDNF protein in human colonic mucosa of the rectosigmoid junction (11, 19–21).

There is growing evidence of the effects of BDNF on intestinal activity (6–9, 20, 22). Studies in human subjects showed that treatment with recombinant BDNF for several diseases was accompanied by changes in bowel activity. Patients reported a dose-dependent increase in stool frequency and changes in stool consistency, the related mechanism being unclear. In another study, administration of recombinant BDNF in healthy subjects showed an increase in total as well as proximal colonic transit time (23).

Four studies have specifically examined the involvement of BDNF in IBS and its correlation with symptom severity (11, 19–21). Recently, hypermethylated BDNF gene, an epigenetic modification, was described in human monocytes and sigmoid colon of IBS patients and was associated with early life stress and psychiatric as well as somatic symptoms (24). However, Videlock et al. performed gene microarray analysis in sigmoid biopsies of subtype-balanced IBS patients and found a multitude of differentially expressed genes, but not BDNF, and only in IBS-C vs. controls (25).

The aim of this study is to demonstrate that BDNF mRNA and protein are detectable in human colonic biopsies and to determine if these correlate with symptom predominance and severity in IBS.



MATERIALS AND METHODS


Study Location

The study was performed with patients with IBS and healthy control subjects at the Institute for Neurogastroenterology at Martin Luther Hospital, a teaching hospital of Charité-Universitätsmedizin in Berlin, Germany between 2011 and 2014. Molecular analysis was carried out at the research institution Charité-Universitätsmedizin Berlin, Campus Virchow Klinikum and Department of Human Molecular Genetics at University of Heidelberg.



Ethics Commission and Patient Selection

All experimental protocols for the human study were approved by the Clinical Ethical Committee of Charité Universitätsmedizin Berlin (ethical approval number EA1/108/11). All study subjects gave their informed written consent prior to enrollment. All methods used in the human study were carried out in accordance with the approved guidelines and according to standard procedures.

Healthy controls: Healthy subjects were recruited within the framework of preventive colonoscopy for colorectal cancer screening. They had no history of IBS.

IBS patients were newly diagnosed and subclassified according to the ROME III criteria on the basis of the predominant symptom and stool pattern (26). In addition, each subject was screened for organic diseases by medical history taking, physical examination, detailed blood and stool analysis and endoscopy.

Participants were age-matched but not gender-matched. A total of 30 participants were eligible to participate in the study.



Inclusion and Exclusion Criteria

The following inclusion criteria applied to all study participants: age between 18 and 65 years; body mass index (BMI) between 20 and 25 kg/m2; good general condition.

The following criteria led to exclusion of study participants: unstable body weight (weight fluctuation of more than 3 kg within the last month, or weight fluctuation of more than 10 kg in the last 6 months prior to the study); alcohol consumption (>1 alcoholic drink per day); irregular nicotine consumption; pregnancy; use of psychotropic drugs within the last 3 months before the examination; inflammatory bowel disease (IBD); celiac disease; history of malignant tumors and abnormal laboratory values. Laboratory work-up in all study participants included infection parameters with CRP and blood count, INR, electrolytes including sodium and potassium, liver enzymes, kidney function and thyroid hormone TSH. Normal range was based on in-house laboratory standards. Except for sodium, a deviation of >10% (lower or higher) was considered abnormal. For sodium only a deviation of 5% was tolerated. Subjects that displayed parameters outside the normal range were advised to see their general practitioner and could interview again.



Endoscopy and Material Extraction

For every study subject a complete ileocolonoscopy (CF series, Olympus, Japan) was performed by an experienced gastroenterologist including stepwise biopsies from all sections of the ileocolon for routine histology to rule out pathologies. During withdrawal of the endoscope, five biopsy specimens were removed from the descending colon of each study participant, ~40 to 50 cm above the anocutaneous line. Four colonic biopsy specimens were placed on dry ice and then stored at −80°C, while one biopsy specimen was fixed in formaldehyde at room temperature.



Questionnaire – IBS Symptom Severity Score (IBS-SSS)

All subjects were asked to answer part 1 of the IBS symptom severity score (IBS-SSS) (27). The questionnaire is meant to register complaint levels related to gastrointestinal symptoms in the form of four questions: (1) Do you suffer from abdominal pain? (2) Do you currently suffer from abdominal distention? (3) How satisfied are you with your bowel habits? (4) Please indicate on the line (visual analog scale) below how much your IBS is affecting or interfering with your life in general? A total of 500 points can be reached. A score of up to 75 points is considered as control, 75–175 points as mild IBS, 175–300 as moderate IBS, and more than 300 as severe IBS.



RNA Isolation and Quality Assessment

Total RNA was isolated from IBS and control samples. After disruption in TRIzol, the resulting aqueous phase was cleaned-up by the RNAqueous-Micro Total RNA isolation kit (AM1931, Thermo Fisher Scientific) according to the manufacturer's instructions. Quantity and quality of RNA were assessed by Agilent 2100 Bioanalyzer (Agilent Technologies, Waldbronn, Germany) taking into account the RNA integrity number (RIN) value with a cut off of RIN below 5. Samples were stored at −80°C until expression analysis.



nCounter Analysis

Expression analysis was performed from 100 ng total RNA using the nCounter system Gene 1 (NanoString Technologies, Seattle, USA). A customized codeset comprising 48 target genes including BDNF and 7 reference genes was hybridized as recommended by the manufacturer. Background correction and normalization of data was performed using the NanoString software nSolver 3.0 (NanoString Technologies). Stably expressed reference genes were chosen for normalization based on the geNorm method, a popular algorithm to determine the most stable reference genes from a set of tested candidate reference genes in a given sample panel. This algorithm calculates a gene expression normalization factor for each sample based on the geometric mean of a user-defined number of reference genes. The underlying principles and formulas are described in (28). Following this, the selected reference genes were GAPDH, RPS17, TBP and UBC.



Gel Electrophoresis and Western Blot Analysis

Ten milliliters of phosphate buffer saline solution (PBS) without calcium and magnesium (PAA Laboratories, Pasching, Austria) was first mixed with half a tablet of proteinase inhibitor cocktail (cOmplete™, Mini, 11836170001, EDTA-free Protease Inhibitor Cocktail, Roche, Mannheim, Germany) and processed in a vortex for 3 s. The finished mixture was distributed in an amount of 400 μl each among lysing matrix tubes (D Matrix, 116913050-CF, MP Biomedicals, California, USA) and placed on ice.

The colonic biopsy specimens stored in the freezer at −80°C were weighed (two biopsies per control subject/patient) with a precision balance (Sartorius, Göttingen, Germany) and then transferred to the prepared matrix tubes, homogenized two times each at 4 m/s for 20 s using a homogenizer (MP Biomedicals, California, USA) and placed on ice for 3 min.

This was followed by centrifugation of the samples at 10 × 1,000 rpm (Eppendorf, Hamburg, Germany) in a cooling chamber at −4°C for 10 min to remove cell debris and nuclei, and subsequent pipetting of the supernatant from the matrix tubes. Final protein concentrations were determined using a BCA protein assay according to the manufacturer's protocol (23225, Pierce Biotechnology, Rockford, IL, USA).

For subsequent sodium dodecyl sulfate - polyacrylamide gel electrophoresis (SDS-PAGE) protein samples were mixed with a gel sample buffer comprising 4% sodium dodecyl sulfate (SDS), 0.05% bromophenol blue solution (w/v), 20% glycerol, 1% mercaptoethanol (v/v) in 0.1 tris(hydroxymethyl)aminomethane (TRIS). The gel samples were immersed for 1 min at 100°C in boiling water, and applied on a 4–12% SDS polyacrylamide gel (Bis-Tris Minigel, NP0321BOX, NuPage; Invitrogen, Carlsbad, CA, USA) with 30 μl of protein per lane. The first lane was filled with 10 μl of a marker (SeeBlue, LC5625, Invitrogen, Carlsbad, CA, USA). A 2-(N-morpholino) ethanesulfonic acid buffer was used as a running buffer. The SDS-PAGE ran for 2 h at 120 V, 300 W, and 350 mA.

After SDS-PAGE, a wet transfer of proteins was carried out by electrophoresis on a nitrocellulose membrane for 1.5 h at room temperature in a TRIS base methanol transfer buffer at pH 8.1–8.4. The membranes were then washed in glass containers using distilled water.

Subsequently, the membranes were stained with Ponceau S staining solution (0.1% Ponceau S and 5% ice acetic acid) to confirm protein transfer. For antibody staining, the membranes were washed twice with TRIS-Tween buffered saline solution (10 mM TRIS, 150 mM NaCl, 0.05% Tween, v/v). This was followed by incubation of the membranes in fat-free milk (Carnation instant skim milk powder, Nestlé, Glendale, CA, USA) for 30 min at room temperature. After removal of the milk, the membranes were washed additionally three times for 5 min each with 15 ml of TRIS-Tween buffered saline solution.

Polyclonal anti-BDNF antibody (ab 72439, Abcam, Cambridge, UK) or a polyclonal antibody against the housekeeping protein β-actin (Ab #4967, Cell Signaling Technology Inc., Danvers, MA, USA) were used in a dilution of 1:5,000 and 1:1,000, respectively, by means of TRIS-Tween buffered saline solution. Incubation took place for 60 min at room temperature on a shaker. This step was followed by a 4-fold washing process with TRIS-Tween buffered saline solution until the secondary antibody was used (alkaline phosphatase conjugated anti-rabbit IgG, S373B 30687401, dilution 1:2,000, Promega, Madison, WI, USA). This was followed by further washing with TRIS-Tween buffered saline solution and subsequent color development in an alkaline phosphatase buffer (100 mM TRIS, 100 mM sodium chloride and 5 mM magnesium chloride, pH 9.5) according to the manufacturer's protocol. For initiation of the 5-min color reaction in the dark, 5 ml of the alkaline phosphatase buffer were added to each membrane, and the two substances nitro-blue tetrazolium (NBT, 0.3%, N6495, Thermo Scientific, Rockford, IL, USA) and 5-bromo-4-chloro-3-indoxyl phosphate (BCIP, 0.15%, 34040, Thermo Scientific, Rockford, IL, USA) were added.



ELISA

For quantitative determination of the concentration of BDNF protein in colonic biopsies, a commercial BDNF Human ELISA (enzyme-linked immunosorbent assay) Kit (ab99978, Abcam, Cambridge, MA, USA) was used that was based on mouse monoclonal IgG2A antibodies.

The minimum detectable amount of BDNF was 80 pg/ml. Each sample was analyzed in duplicate. The ELISA was run according to the manufacturer's protocol.



Statistics

Since this was a pilot study, no power analysis was included.

Data are presented as mean ± sem; alternatively, data are indicated as total number and percentage values. Normality was assessed using the Kolmogorow-Smirnov test. Differences were assessed using χ2-tests, t-tests or the Mann-Whitney-U test depending on the distribution of the data.

Molecular data are presented as mean ± sem. Normality was assessed using the Kolmogorow-Smirnov test. Differences were assessed using t-tests or the Mann-Whitney-U test depending on the distribution of the data.

For statistical analysis of nCounter data two-tailed Mann-Whitney U test was used with GraphPad Prism 5.0 (Graph Pad Software, La Jolla, CA, USA). Data are summarized by mean ± standard deviation (SD) or median (range), unless otherwise stated. P-values < 0.05 were considered significant.




RESULTS


Study Population

Characteristics of the study population are outlined in Table 1. The IBS group comprised 20 patients (14 female, six male) while 10 healthy subjects participated (two female, eight male). The mean age in the IBS and control group was 55.6 and 49.5 years, respectively. No significant differences were noted in ethnicity (most subjects were Caucasian) and in socioeconomic status with most subjects having a university entrance diploma. It is to note that in the IBS group more incomplete data sets were obtained with regards to partnership, children, level of education and employment status.


Table 1. Demographic and socioeconomic characteristics, comorbidities, and medication of study patients.
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Comparing comorbidities, 89% of subjects in the IBS group were suffering from an intestinal malabsorption compared to 0% in the control group (p < 0.001) with fructose malabsorption and lactose intolerance being most prevalent. Somatoform and psychiatric disorders which have been associated with IBS (29) were of a wide spectrum and could be found in 42% (p = 0.048) of subjects in the IBS group compared to 0% in the control group.

Diagnosis of gastritis and peptic ulcer disease (Table 1) was based on patient charts and history. Two controls reported nonspecific chronic gastritis. Of IBS patients, 2 had a history of Helicobacter pylori (H.pylori) positive antrum or corpus gastritis, respectively, while two had H. pylori negative antrum gastritis and one had a history of healing duodenal ulcer. Of those five patients, only one (H. pylori negative antrum gastritis) was on proton pump inhibitor medication at the time of study. Neither patients nor controls underwent diagnostics for functional dyspepsia.

There was also a significantly higher amount of prior abdominal surgeries noted in the IBS group (42 vs. 0% in control group, p = 0.048). Hysterectomy and cholecystectomy were the most frequent surgeries in the IBS group with 26 and 21%, respectively. Three women had undergone oophorectomies but were past menopause and not taking any hormonal supplements.

Overall, IBS patients tended to take more medications than control subjects (p = 0.191).



BDNF Is Detectable in Human Descending Colonic Tissue With Similar Levels in IBS Patients and Healthy Controls

Western blot analysis of human colonic biopsies containing mucosa and submucosa of the descending colon stained with anti-BDNF antibody indicated multiple prominent bands (Figure 1). The presence of different molecular weight forms of BDNF has been reported in prior studies using cultured neuronal and non-neuronal cells (30, 31) and represents differently glycosylated and glycosulfated forms of mature BDNF and proBDNF (32). BDNF was further successfully quantified using ELISA confirming the above Western Blot findings (Figures 2B,E, Supplementary Figures 1B,E) and by nCounter analysis (Figure 2C). No notable differences in BDNF protein and BDNF mRNA expression between healthy controls and IBS patients were detected.


[image: Figure 1]
FIGURE 1. Western blot for BDNF (1:5,000) in IBS patients and control subjects. Lane 1 contains the molecular weight standards. Lane 2 contains colonic wall protein obtained by deep tissue biopsy from mucosa/submucosa in patients with IBS (14 female and six male, pooled sample) and lane 3 colonic wall protein from control subjects (two female and eight male, pooled sample, A). Same blot after washout of ponceau staining solution and application of primary anti-BDNF antibody (1:5,000) and secondary antibody goat anti-rabbit AP (1:2,000). Lane 1 contains molecular standards highlighted with pen. Lane 2 and 3 show detection of multiple bands with similar intensity for patients with IBS and healthy controls, respectively. For BDNF (UniProt P23560) multiple Western Blot bands are possible and expected. The strongest band was found between 49 and 62 kDa most likely representing glycosylated prepro-/pro BDNF dimer. Weaker bands were detected at ~ 45, 38, and ~ 30 kDa likely related to prepro-/pro BDNF (B).
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FIGURE 2. (A) IBS symptom severity in healthy controls vs. IBS patients. Significantly higher symptom severity scores are notable in the IBS population vs. controls (***p < 0.001). (B) Measurement of BDNF protein tissue levels obtained from colonic biopsies of the descending colon by nCounter analysis in healthy controls (n = 10, two female and eight male) and IBS patients (n = 20, 14 female and six male). No notable difference is detected in BDNF protein levels in healthy controls vs. IBS patients. (C) Measurement of BDNF mRNA levels obtained from colonic biopsies of the descending colon by ELISA in healthy controls (n = 10) and IBS patients (n = 20) with no notable difference detected. (D) IBS symptom severity in healthy male controls vs. male IBS-D patients. Significantly higher symptom severity scores are notable in the male IBS-D population vs. male controls (***p < 0.001). (E) Measurement of BDNF protein tissue levels obtained from colonic biopsies of the descending colon by nCounter analysis in healthy male controls (n = 8) and male IBS-D patients (n = 5). BDNF protein levels in male IBS-D patients were significantly lower compared to male healthy controls (*p < 0.05). (F) Measurement of BDNF mRNA levels obtained from colonic biopsies of the descending colon by ELISA in healthy male controls (n = 8) and male IBS-D patients (n = 5). BDNF mRNA levels in male IBS-D patients were significantly lower compared to male healthy controls (*p < 0.05).




Characterization of IBS in Patient Population

In the IBS group, 14 subjects met criteria for diarrhea-predominant IBS (IBS-D), 2 for constipation-predominant IBS (IBS-C), 3 for IBS with mixed bowel habits (IBS-M) and 1 for unsubtyped IBS. Mean duration of disease in the IBS group was 6.1 ± 1.5 (1–22) years.

Mean symptom severity was significantly higher in the IBS group as compared to controls (314.2 ± 20.7 vs. 27.7 ± 8.5, p < 0.001, Figure 2A, Supplementary Figure 1A). No differences in symptom severity were noted in men and women both within the IBS group and the control group (Table 2).


Table 2. Characterization of irritable bowel syndrome in patient population.
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Based on the IBS-SSS, most subjects in the IBS group were classified as either having severity grade 2 (40%) or severity grade 3 (50%).



Women With IBS Show Higher BDNF Levels Than Men With IBS

Female IBS patients had significantly more BDNF mRNA expression compared to male IBS patients (13.2 ± 3.6 vs. 4.7 ± 1.1, p < 0.05).

BDNF protein tissue levels in women with IBS compared to men with IBS were not significantly different (2.0 ± 0.3 ng/mg vs. 1.2 ± 0.2; p = 0.076) when analyzed with ELISA (Table 3). Due to limited group size no comparison of female and male controls was performed.


Table 3. IBS symptom severity scores and BDNF levels according to sex.
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Men With IBS-D Have Lower BDNF Levels Than Male Controls

Comparing the whole IBS-D group to controls, BDNF protein (1.5 ± 0.2 ng/mg vs. 1.74 ± 0.3; p = 0.500) or mRNA (7.0 ± 1.0 ng/ml vs. 1.74 ± 0.3; p = 0.07) levels were not different. IBS-SSS was significantly higher with 297.4 ± 21.0 points vs. 27.7 ± 9.0 (mean ± SEM; p < 0.0001).

Further dividing the IBS-D subgroup into male and female, five male IBS-D patients were compared to eight male controls. Here, the IBS-SSS was significantly higher in male IBS-D compared to male controls (346.6 ± 45.0 vs. 29.3 ± 10.1, p < 0.001). BDNF protein (1.0 ± 0.2 ng/mg vs. 1.5 ± 0.1, p < 0.05) and mRNA levels (5.3 ± 1.1 vs. 10.2 ± 1.2, p < 0.05) were significantly lower compared to controls (Figures 2D–F, Supplementary Table 1, Supplementary Figures 1D–F).

The female IBS-D subgroup was comprised of eight individuals compared to two female controls. Data are shown for completion in Supplementary Table 1 but were not statistically analyzed.



BDNF Levels Do Not Differ in IBS Patients With Fructose Malabsorption

Except one, all patients with fructose malabsorption had IBS-D with a sex ratio of seven female and three male. Mean symptom severity was significantly higher in the IBS + fructose malabsorption group compared to IBS without fructose malabsorption (312.1 ± 28.6 vs. 316.2 ± 31.4, p = 0.575). In IBS with fructose malabsorption, BDNF protein levels (1.7 ± 0.3 ng/mg vs. 1.8 ± 0.3; p = 0.904) and BDNF mRNA levels (10.8 ± 2.8 vs. 10.2 ± 4.4, p = 0.918) did not differ from IBS without fructose malabsorption. Data are shown in Supplementary Table 2.



Correlation of IBS-SSS and BDNF Levels

There was no significant correlation between BDNF protein or mRNA levels and the severity of IBS symptoms in the study cohort (r = −0.097, p = 0.611 and r = −0.123, p = 0.526, respectively, Figures 3A,B).
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FIGURE 3. Correlation between gastrointestinal symptom severity vs. BDNF protein tissue levels from the descending colon or BDNF mRNA levels. (A,B) shown the whole cohort (10 controls: eight female and two male; 20 IBS: 14 female and six male) and (C,D) show the subgroups of male IBS-D patients (n = 5) with their male controls (n = 8). Scatter plot showing (A,B) no significant correlation between IBS-SSS and BDNF protein or mRNA levels in the whole cohort (r = −0.097; p = 0.611 and r = −0.123; p = 0.526) and (C) no significant correlation between IBS-SSS and BDNF protein tissue levels in male IBS-D patients and respective control cohort (r = −0.418; p = 0.156) and (D) a significant negative correlation between IBS-SSS and BDNF mRNA levels in male IBS-D patients and male controls (r = −0.622; p = 0.023).


In male IBS-D patients (n = 5) and their male controls (n = 8), BDNF protein did not significantly correlate (p = 0.156) but mRNA levels showed a significant negative correlation (p = 0.023) with IBS symptom score (Figures 3C,D).




DISCUSSION

Over a century ago Sir William Osler introduced the term mucous colitis and described a disorder of mucorrhea and abdominal colic with a high incidence in patients presenting with psychopathology (33). Over the decades, IBS has been diagnosed by means of exclusion and at the present time it still remains a diagnostic challenge. The pathophysiology of this disorder remains unclear and may be different depending on the subtype. Nonetheless, a disturbed physiological interplay between colon motility, hormones and transmitters, visceral hyperalgesia and psychopathology results in this heterogeneous symptom complex (2).

BDNF is suspected to be involved in the regulation of colonic motility as well as in the control of visceral hyperalgesia (6–10, 23). The aim of our study was to detect and quantify BDNF levels in human biopsies from the descending colon in patients with IBS and healthy controls and correlate them with IBS symptoms and severity.

We were able to demonstrate that BDNF is present in human descending colon biopsies obtained by endoscopy. Similar observations, however in biopsies from the rectosigmoid, were made by Yu et al. (19), Wang et al. (20) (affiliated groups) and Zhang et al. (21). Only Wang et al. performed Western Blot in human rectosigmoid biopsies for BDNF showing a cut-out band between 20 and 30 kDa (20). Our Western Blot analysis revealed multiple molecular weight forms of BDNF. Interestingly, the strongest band was found between 49 and 62 kDa with weaker bands at 45, 38, and 30 kDa. The presence of different molecular weight forms of BDNF has been reported in prior studies using cultured neuronal and non-neuronal cells (30, 31). It has been suggested that the variety of bands is due to differently glycosylated and glycosulfated forms of proBDNF and mature BDNF (32). Analysis of adult rat spinal cord revealed that BDNF knockout mice showed a positive band at 55 kDa when stained with BDNF antibody suggestive of a non-specific finding (34). It can be speculated whether the presence of the strongest band between 49 and 62 kDa is also a non-specific finding and that the 45, 38, and 30 kDa bands represent real BDNF protein. Given that the mature form of BDNF monomer is usually found at 14 kDa as suggested by the manufacturer (ab 72439, Abcam, Cambridge, UK), we believe that our western blot findings represent the proBDNF form which is usually found at around 34 kDa likely depending on the degree of glycosylation/glycosulfation. ProBDNF is of importance for proper dimerization, folding as well as targeting of mature BDNF, however, it has been found that this form also elicits its own distinct effects opposing those of mature BDNF (35). It has been shown that proBDNF induces cellular apoptosis (36), whereas the mature form promotes neuroplasticity and cell differentiation (37). On the cellular level, after binding to the TrkB receptor, mature BDNF results in recruitment of proteins that activate three distinct signaling pathways: Ras/MAPK-ERK pathway, PI3-K pathway and PLC pathway (38). So far Fu et al. could demonstrate in a rodent model with bowel obstruction that peripheral up-regulation of BDNF expression may play a critical role in the abnormal hyper-excitability of primary sensory neurons. Intraperitoneal administration of a TrkB inhibitor resulted in blocked hyper-excitability of colon neurons, which was associated with attenuation of referred visceral hypersensitivity (39). More investigations are needed to further evaluate the cellular actions of BDNF in the gut.

To our surprise in contrast to prior studies (11, 19–21), no significant differences in the concentration of BDNF protein and mRNA were found in the IBS cohort compared to controls. It can be speculated whether this is attributed to a different study population. Compared to Zhang et al. (21) we did include patients with carbohydrate malabsorption as well as patients with previous abdominal surgeries. Most of our patients were women while Zhang's study population consisted of more males. Our sample size is also smaller. However, in our opinion the reason for this discrepancy of results may be mainly due to the different location in the colon the biopsies were taken from. In all prior investigations, biopsies were obtained from the rectosigmoid junction whereas our biopsies were taken from the descending colon (~40 to 50 cm above the anocutaneous line). In the physiological state the rectosigmoid colon is responsible for storage and eventually defecation while the more proximal parts of the colon are involved in mixing and propelling of the content and thus securing its optimal contact to the mucosal wall to absorb the water and eventually solidifying fecal contents (40). The different motility pattern of the rectosigmoid colon compared to the rest of the colon is a well-known phenomenon which has been previously attributed to a higher rate of the basic electrical rhythm (BER) probably resulting in occurrence of more intense motility observed in the rectosigmoid colon caused mainly by giant migrating contractions (40, 41). Our results showing no substantial difference between BDNF tissue concentration in healthy subjects and IBS patients suggest that the descending colon and probably parts of the ascending and transverse colon are not or at least to a lesser degree responsible for symptoms occurring in IBS mediated by BDNF. Unfortunately, there is no substantial clinical data on regional differences of visceral sensitivity of the colon and further investigations are needed to elucidate this phenomenon as well as regional BDNF expression, especially with regard to patients with IBS. Furthermore, our heterogeneous IBS group could be the reason why overall no differences in IBS vs. control were found. Analysis of the IBS-D subgroup showed that male IBS-D patients had significantly lower BDNF mRNA and protein levels compared to male controls. This supports the hypothesis that the subforms of IBS have many different etiologies and especially IBS-D may underlie a different pathology. As recently reviewed, NGFs together with mast cells modulate visceral sensitivity, intestinal barrier function, and motility in IBS-D (42). Unfortunately, due to limited subgroup size no further analyses of the other subgroups could be performed and one should keep in mind that the IBS-D subgroup is of small sample size as well. Thus, results should be interpreted with caution. Whether the differences found are exclusive to male IBS-D must be ascertained in future studies with higher numbers of sex-categorized and subgrouped IBS patients.

Our study reveals significantly higher levels of measurable BDNF mRNA in female IBS patients as compared to male IBS patients. A 2:1 female to male predominance of IBS is well known (43, 44) and could be reproduced in our study. Previous studies suggest that regulation of BDNF and its receptors is controlled by estrogen (45, 46). Recently, Ji et al. investigated the opposing roles of estradiol and testosterone on stress-induced visceral hypersensitivity (SIVH) in rats. It could be shown that estradiol injection in intact male rats increased both SIVH and BDNF levels in the spinal cord whereas testosterone injection in female rats attenuated SIVH and decreased BDNF levels. One rodent study looked at colonic BDNF levels after a single inflammatory insult to the distal colon and found strong up-regulation only in rats with concomitant high estrogen levels while the inflammation itself did not induce BDNF changes (47). Both studies support the hypothesis that estrogens seem to be involved in BDNF upregulation.

Our study included a total of 10 controls and 20 patients with IBS. Given the limited study size it is possible that our results could not reach significance. Furthermore, there was a disproportionate gender distribution within the two study groups without gender matching making results prone to bias. The IBS group included 14 women and six men whereas the control group consisted of mostly men (n = 10, ♀ = 2, ♂ = 8).

Our study population in many aspects represents typical demographic and epidemiologic findings as well as associated comorbidities of IBS. Interestingly, most of our patients in the IBS group owned a university entrance diploma or a secondary education certificate which supports data that a higher socioeconomic status is associated with IBS (48). We speculate if in a country like Germany with universal health care access, a possible reason for this phenomenon is a higher level of stress perceived by people working in the professional and managerial field.

Malabsorption, in particular fructose malabsorption, has been shown to be associated with IBS (49, 50). Our study population is representative in that regard as 53% of IBS patients had concurrent fructose malabsorption diagnosed prior to evaluation for IBS. No differences in BDNF levels in that subgroup could be detected. Except one, all patients with fructose malabsorption had IBS-D. The exact reason for this association remains unclear, however, possible suggested mechanisms include alteration of the enteric microbiome, changes in intestinal permeability, rapid small bowel transit, and immune responsiveness (51, 52). Education on nutrition in this subgroup of patients may be of benefit for better symptom control (49, 53). Similar associations were found with lactose intolerance and IBS (54).

IBS is further associated with a variety of somatic and psychiatric conditions which is reflected in our IBS study population in 42% of cases compared to 0% in the control group (p = 0.048). Recognition and treatment of these comorbidities is pertinent since it has been shown that there is a correlation with enhanced medical help seeking, worse prognosis and higher rates of depression and anxiety (29). These patients often undergo extensive diagnostic workup which may include surgical interventions (48). It needs to be emphasized that all of our IBS patients have a history of abdominal surgery. This association could raise suspicion that IBS is associated with intraabdominal/peritoneal adhesions, however, it could also reflect the poor diagnostic knowledge on IBS in the German healthcare setting leading to false diagnoses and common surgeries such as cholecystectomies or appendectomies.

IBS remains a debilitating disorder of brain-gut interaction. Although in a small sample, our study detected a high proportion of gastrointestinal surgery in IBS patients and confirmed food intolerances and psychiatric diseases as common comorbidities of IBS. We demonstrated that BDNF, a nerve growth factor suspected to be involved in the control of visceral hyperalgesia and colon motility, is detectable in human biopsies of the descending colon with lower levels in the small subgroup of male IBS-D patients suggesting that this subgroup may be different from the others. No difference was found between the whole IBS cohort and controls which could be due to the heterogeneous IBS subgroups. Regional differences in colonic BDNF expression could also account for these findings although this conclusion cannot be drawn from our current data that focused on BDNF expression in the descending colon only. A regional characterization of BDNF expression should thus be subject of future studies. The finding that female IBS patients show higher BDNF levels than male patients supports previous data that sex hormones are involved in the regulation of BDNF. Extrapolating from the current findings, female IBS patients as well as male IBS-D patients should be studied in a larger sample size to further characterize the role of BDNF in the pathophysiology of IBS.
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Control (n =10, ¢ = 1BS (1 =20, 9= 14, =6) p
1BS subgroup
Diarrhea na. 14 na
Constipation na. 2
Mixed na 3
Unsubtyped na. 1
Duration of disease
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IBS-SSS grade <0.001
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using the Kolmogorow-Smimov test. Differences were assessed using x2-tests or t-tests. Significant differences are displayed in bold. IBS, initable bowel syndrome; 1BS-SSS, 1S
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Parameter

Demographic characteristics
Age (years)
Ethnicity
Caucasian
Mediterranean
Socioeconomic characteristics
Living in a partnership (yes/no)
Children (yes/o)
Level of Education
- University entrance diploma
- Secondary education certificate
- Basic school qualification
- Without school-leaving qualification
Currently employed (yes/no)
Comorbidities
Gastrointestinal
- Reflux esophagitis
- Diaphragmatic hernia
- Gastritis.
- Duodenal ulcer
- Diverticular disease
- Hamorrhoids
Malabsorption
- Fructose malabsorption
- Lactose intolerance
- Histamine intolerance
- Bl acid malabsorption
- Vitamin B12 deficiency
IBS-associated
Abdominal pain syndrome
Somatoform disorder
Anxiety disorder
Dysthymia
Insomnia
Migraine
Chronic pain syndrorme
Fibromyalgia
Metabolic
Hyperuricernia

Diabetes melltus Type 2
Fatty liver disease

- Hypothyroidism
Hyperlipoproteinernia
Nephroiithiasis

- Cholecystolithiasis

- Pancreas divisum

Cardiovascular
- Arterial hypertension
- Arteriosclerosis
- Past stroke
- Past embolism
Other
- Gynecological disorder
- Benign prostate hyperplasia

- Degenerative orthopedic condition (e.g., arthrosis, disc etc.)

Former surgery
- Cholecystectomy
- Appendectomy
- Bowel surgery
- Hernioplastic
- Hysterectomy
- Ovarectomy
- Tonsillectomy
Medication
Medication use
- Proton pump inhibitors
- Antihypertensives
- Vitamin B12
- Thyroid supplementation
- Gynecological hormone substitution
- Statins
- Antidiabetics.
- Sleep aids
- Selective serotonine reuptake inhibitors
- Tricyclic antidepressants
- Neuroleptics
- Budenoside
- Mesalazine
- Prostate medication
- Laxatives
- Antispasmodics
- Antidiarrheals

Group

Control (n=10,9 =2, =8)

56.6 = 8.0 (38-65)

10 (100%)

0(0%)

6/4
5/6

6(60%)
2 (20%)
2(20%)
0(0%)
5/5

6(60%)
2 (20%)
0(0%)
2(20%)
0(0%)
2(20%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
3(30%)
1(10%)
0(0%)
0(0%)
0(0%)
1(10%)
1(10%)
0(0%)
0(0%)
3(30%)
2(20%)
0(0%)
0(0%)
1(10%)
3(30%)
0(0%)
2(20%)
1(10%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)

3(30%)
2(20%)
1(10%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
0(0%)
1(10%)
0(0%)
0(0%)
0(0%)

1BS (n =20, 9 = 14,5 = 6)

495 + 3.8 (20-74)

19 (95%)
1(5%)

10/5 (5 missing data)
11/4 (5 missing data)
5 missing data
9(60%)

2 (13%)
4(27%)
0(0%)

8/7 (6 missing data)

13 (68%, 1 missing data)
2(11%)
1(6%)
4(21%)
1(6%)
3(16%)
2(11%)

17 (89%, 1 missing data)
10 (63%)
4(21%)

1(6%)
1(6%)
1(5%)

8(42%, 1 missing data)

1(5%)
1(6%)
1(5%)
1(6%)
1(5%)
1(6%)
1(6%)
1(6%)

12 (63%, 1 missing data)

0(0%)
1(5%)
3(16%)
3(16%)
2(11%)
1(5%)
1(6%)
1(6%)

6(32%, 1 missing data)

3(16%)
1(6%)
1(6%)
1(5%)

7 (37%, 1 missing data)
2(11%)

0(0%)
5 (26%)

8 (42%, 1 missing data)
4(21%)
3(16%)
2(11%)

1(6%)
5 (26%)
3(16%)

1(6%)

12 (63%, 1 missing data)
2(11%)
4(21%)
1(6%)
3(16%)
1(6%)
2(11%)
1(6%)
1(6%)
16%)
2(11%)
1(6%)
1(6%)
1(6%)
0(0%)
16%)
1(6%)
1(6%)

0.301

0.719

0.932
0.444
0.870

0.806

0.996

<0.001

0.048

0.191

0.738

0.966

0.191

Data are presented as mean = sem, the range is indicated in parentheses; altematively, data are indicated as total number and percentage values in parentheses. Normality was
assessed using the Kolmogorow-Smimov test. Differences were assessed using x2-tests, t-tests or the Mann-Whitney-U test depending on the distribution of the data. Significant

differences are displayed in bold. IBS, irritable bowel syndrome.
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