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Expression of 5-hydroxytryptamine 7 receptor
in intestinal mucosa correlates with the
degree of intestinal inflammation in Crohn’s
disease
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Abstract

Background Crohn’s disease (CD), an inflammatory bowel disease (IBD), is a complex and heterogeneous disease
characterized by nonspecific transmural inflammation of the gastrointestinal tract. CD has a variety of potential
causes with no effective treatment available yet. Current clinical laboratory findings from patients do not provide
direct indication of the status of mucosal inflammation in the intestine. Recently, it has been found that intestinal
inflammation is generally associated with increased levels of 5-hydroxytryptamine (5-HT), which acts as an important
gastrointestinal signaling molecule in intestinal homeostasis by stimulating specific receptors. Most previous
researches were carried out in vitro or with animal models, and there was a lack of authentic clinical research.

In this study, clinical specimens from patients with Crohn's disease were used to investigate the expression of
5-hydroxytryptamine 7 receptor (5-HT7R) in the induction and development of chronic non-specific inflammatory
bowel disease.

Methods Patients with CD admitted to the Department of Gastroenterology in the First Affiliated Hospital of Anhui
Medical University between June 2014 and January 2018 were recruited, among which 28 were in active disease

and 32 were in remission. In addition, 20 patients who had no obvious abnormality by colonoscopy in the hospital
during the same time period were recruited into the control group. Data of clinical disease activity (CDAI), CD
endoscopic score (SES-CD) and magnetic resonance score (MaRIA) were collected from those two groups of patients.
The expression and distribution of 5-HT7R were investigated and their correlations with clinical CDAI, MaRIA, and
endoscopic SES-CD scores were analyzed.

Results Our study demonstrated that 5-HT7R is expressed in intestinal neurons and CD11-positive cells in human
colon. In CD11¢/CD86 double-positive cells in the bowel, 5-HT7R expression was significantly increased in the
inflammatory area in the bowel of CD patients, and it was closely related to disease severity, MaRIA, and SES-CD
scores.
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Conclusion The expression of 5-HT7R was significantly correlated with the degree of gut inflammation in CD patients
and could be a potential biomarker for disease activity and the therapeutic efficacy in patients with Crohn’s Disease.

Keywords 5-hydroxytryptamine 7 receptor, Crohn's disease, Intestinal inflammation, Magnetic resonance imaging,

Colonoscopy

Introduction
Crohn’s disease (CD), an inflammatory bowel disease
(IBD), is a complex and heterogeneous disease charac-
terized by chronic, recurrent episodes of gastrointes-
tinal inflammation and nonspecific wall penetrating
inflammation. The potential pathogenic causes of CD
include heredity, immunity, environment and micro-
organisms [1]. As a benign disease, the pathogenesis of
CD remains unclear, and there is still a lack of effective
treatment. Further research is needed to explore more
effective treatments for CD. Previous studies suggested
that chronic wall-penetrating inflammation commonly
seen in the bowel of patients with CD was mediated by T
lymphocytes. Migration away or in-situ loss of dendritic
cells (DCs) from the terminal ileum might be respon-
sible for the significant reduction of DCs in CD patients
[2]. Liu et al. carried out an in silico analysis of immune
cell populations in colon samples from IBD patients and
found significant enrichment of mononuclear phagocytes
including DCs in inflammatory tissue, which needs to be
carefully teased out for their role in the pathogenesis of
IBD [3].

5-HT7 receptor (5-HT7R), a member of the 5-HT
receptor family that recently received extensive attention,
with most of the current relevant studies focusing on its
role in neural development [4]. A recent study suggested
that 5-HT released by intestinal enterochromaffin (EC)
cells, which works by binding to 5-HT7R in DCs, may
increase inflammation [5]. The 5-HT7R-mediated signal
played an important role in the regulation of DCs mor-
phology and movement. This suggested that 5-HT7R may
be a new target for the treatment of various inflammatory
and immune diseases [6]. Yu et al. Studied the difference
in visceral sensitivity of colonic mucosa between patients
with diarrhea type irritable bowel syndrome (IBS-D)
and patients with remission IBD, and linked these dif-
ferences with changes in 5-hydroxytryptophan (5-HT)
signaling pathway. It was found that IBS-D group and
IBD group showed similar changes in clinical symptom
scores, visceral sensitivity and serotonin signaling path-
way indexes in plasma and colon mucosa. However, the
expression of 5-HT7R was significantly increased in the
colonic mucosa of IBD patients [7]. At the same time,
several recent studies have shown that drug intervention
targeting 5-HT7R may be a potential therapeutic strat-
egy to improve mucosal inflammation and intervene in
inflammatory diseases (such as IBD). More studies are

needed to further understand the therapeutic potential of
5-HT7R in inflammatory bowel diseases [8, 9].

To our best of knowledge, the effects of 5-HT7R on
DCs regulation were all demonstrated with animal mod-
els, therefore the research conclusions were controver-
sial [10]. The current study intends to further explore
the influence of 5-HT7R on persistent autoimmune
inflammation in CD patients in clinical specimens in
order to find novel therapeutic targets for CD mucosal
inflammation.

Materials and methods

Study design and patients

Patients suspected with CD admitted to the Depart-
ment of Gastroenterology, the First Affiliated Hospital
of Anhui Medical University from June 2014 to Janu-
ary 2018 were enrolled in this study. A total of CD 112
patients were diagnosed according to the Asia Pacific
consensus statements on CD diagnosis and treatment
[11], among which 50 patients were enrolled in the pres-
ent study including 28 in the active stage and 32 in the
remission stage after screening based on the following
criteria. The inclusion criteria are (1) patients with clini-
cally diagnosed Crohn’s disease who meet the diagnostic
criteria of Asia Pacific consensus statements on Crohn’s
disease [11], (2) patients with complete basic informa-
tion, medical history, serological examination, endoscopy
and imaging examination data, and (3) patients whose
interval between the above examinations is not more
than 1 week. The exclusion criteria include (1) those with
contraindications of colonoscopy or magnetic resonance
examination, (2) there are more than two sequences of
MRI with poor image quality, (3) the total amount of oral
contrast agent is less than 1000 ml, and (4) poor bowel
clearing effect affects the observer of enteroscopy.

After the matching of gender and age, another 20
patients with no obvious abnormalities who underwent
colonoscopy in our hospital during the same period were
enrolled as controls. Information of gender, age, course
of disease, smoking history, surgical history, clinical
symptoms, laboratory tests, colonoscopy, endoscopic CD
scores (SES-CD), magnetic resonance imaging results
and MaRIA scores were recorded from the all partici-
pants. Base on the Best CDAI score [12], the patients
were divided into control group, remission group and
active group. All clinical data were verified and pre-
sented in Table 1. The study with all the procedures were
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Table 1 Demographic data and diagnostic test results of the 50
enrolled patients

Characteristics control remission active group
group group

Age (Years), 31.15+5.89 27.09+6.59 27541644

Mean+SD

Gender, n (%)

Male 9(45.0%) 17(53.1%) 15(53.6%)

Female 11(55.0%) 15(46.9%) 13(46.4%)

Course (Years), 3.65+245 3.96+244

Mean+SD

Location

lleum, n (%) 2(6.2%) 1(3.6%)

lleocolon, n (%) 18(56.3%) 22(78.6%)

Colon, n(%) 12(37.5%) 5(17.8%)

Classification

Penetrating, n(%) 5(15.6%) 7(25.0%)

Stricturing, n(%) 21(65.6%) 16(57.2%)

Non-stricturing & 6(18.8%) 5(17.8%)

non-penetrating,

n(%)

Perianally lesions, 3(9.4%) 6(21.4%)

n(%)

Operation history, 5(16.6%) 9(32.1%)

n(%)

Smoking history, n(%) 2(10.0%) 4(12.5%) 6(21.4%)

Best CDAI Score, 1935+£10.97 102.09+28.79 329.83+108.69

Mean+SD

SES-CD Score, 145+0.94 15.07+3.26 6.43+1.68

Mean+SD

MaRIA Score, 351+1.86 12144122 49.77+13.46

Mean+SD

Laboratory tests

ESR (mm/h) 560+2.11 15.01+4.80 36.50+822

Mean=+SD

CRP (mg/L), 6.25+224 23.03+4.76 6585+14.12

Mean+SD

WBC (x109/L), 643+1.28 8.72+1.21 13.95+1.65

Mean+SD

HB (g/L), Mean+SD  13295+9.13 95.73+9.58 70.60+9.46

HCT (%), Mean +SD 4017297 34.17+£2.84 29.29+195

ALB (g/L), Mean£SD 47.77+464  3571+281 28454212

approved by the Biomedical Ethics Committee of Anhui
Medical University (No. 20,190,098).

Laboratory tests

Erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) [13] have long been considered as inflam-
matory markers associated with CD activity, with high
diagnostic sensitivity but insufficient specificity. CRP is
one of the most studied indicators of inflammation. Pre-
vious studies suggested that increased CRP was positively
correlated with CD activity, which increased signifi-
cantly in the early stage of inflammation and decreased
rapidly after treatment. Thus, CRP will be biased in its
assessment of CD activity when CD patients treated with
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medication before laboratory tests. Compared to CRP,
ESR rose and fell more slowly during the disease. Leu-
kocytosis was also common in active CD but with low
specificity. The number of platelets might increase in the
inflammatory state but the range of normal values was
too wide and the sensitivity and specificity were poor.
Decreased serum albumin (ALB) levels may be observed
in active CD patients with malnutrition, malabsorption,
and loss of intestinal proteins. Hemoglobin (Hb), width
distribution of erythrocyte volume, D-dimer, and fecal
calprotectin have also been considered as other indica-
tors of CD activity.

Colonoscopy

All patients were instructed to intake easily digestible
foods the day before the examination and fast for eight
hours prior to the examination. After the polyethylene
glycol was diluted to 3000 mL of warm water, the solu-
tion was taken orally 4-6 h before the examination until
the patient’s discharge was clear. Before colonoscopy,
digital rectal examination was performed to determine
whether there was anal fissure, internal hemorrhoids,
rectal stricture and other abnormal conditions. The
patient was examined in left lateral decubitus position
with legs flexed. Colonoscopy procedure was performed
by an endoscopist with at least five years of experience
in colonoscopy. During the procedure, multiple bowel
segments were biopsied at the terminal ileum, ileoce-
cal region, ascending colon, descending colon and sig-
moid colon respectively. Two biopsy tissue pieces were
collected sequentially at the same location in the bowel,
each is about 55 mm in size. The tissue was placed
respectively in Trizol reagent for RNA extraction and in
4% fixative for immunofluorescence. Endoscopists were
blinded to data such as magnetic resonance or laboratory
tests. The severity and extent of endoscopic lesions were
assessed using the simplified Crohn’s disease endoscopic
score (SES-CD) [14].

Magnetic resonance imaging

All patients were diagnosed by magnetic resonance
enterography using SIEMENS Magnetom Avantol.5T
MRI scanner and body coils. Patients were required to
ingest liquid food 24 h before the examination, and clean
the enema if necessary. Forty-five minutes before the
examination, 500 ml x 3 of 2.5% mannitol were taken
orally with an interval of 15 min. Anisodamine at 20 mg
was injected intravenously before the examination. Imag-
ing sequence parameters for small intestine were set as
FOV=400~550 mm, layer thickness 3.5~6 mm, interval
1.7~4.2 mm, and breath-hold scan with rapid sequence.
Normal scan and contrast-enhanced scan were car-
ried out separately. MaRIA score was applied to each
patient. The calculation formula was MaRIA score=1.5
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X intestinal wall thickness (mm)+0.02 x RCE+5 X
edema+10 X ulcer. In the current study, the ileocolon
was divided into five segments: terminal ileum, ileocecal
portion, ascending colon, descending colon and sigmoid
colon. The thickest intestinal wall of each intestinal seg-
ment was recorded as the intestinal wall thickness in the
MaRIA scoring formula. Mucosal ulcer was defined as a
deep depression of the thickened intestinal wall. Intes-
tinal wall edema was defined as a strong T2-weighted
sequence compared to the psoas major signal inten-
sity. Edema or ulceration in the intestinal segment was
scored 1 point, or 0 points if none exists. Related con-
trast enhancement (RCE) was measured in the areas
with the maximum signal strength in each segment. The
MaRIA score was global MaRIA which was the sum of
the MaRIA scores of each intestinal segment. A MaRIA
score of each intestinal segment>7 was the indication of
disease activity and >11 represented severe activity [15].

Immunofluorescence

Each patient was sampled from at least five sites includ-
ing terminal ileum, ileocecal, ascending, descending,
and sigmoid colon. Biopsy samples were immobilized
in freshly prepared 4% PFA and histological and immu-
nofluorescence analyses were performed. The slices
with frozen sections of biopsy tissue were washed with
PBS and incubated for one hour at room temperature
with 0.2% Triton X-100 (Sigma-Aldrich), 0.02% sodium
azide (Merck), and 5% normal donkey serum (Jackson
ImmunoResearch Laboratories). Next, the slices were
incubated with primary antibody (rabbit anti-5-HT7R
Antibody, BS-12056R, ThermoFisher Scientific; mouse
anti-CD11c Antibody, BDB-550,375, BD Biosciences;
or goat anti-CD86 Antibody SC-28,347, Santa Cruz
Biotechnology) diluted with 0.5% carrageenan (Sigma-
Aldrich) and 0.02% sodium azide in PBS for 3 days at 4C.
After washing with PBS, the slices were placed in PBS/
carrageenan solution at room temperature and incubated
with 1:200~1:400 diluted secondary antibodies (Alexa
594 conjugated anti-rabbit IgG from Life Technologies,
Carlsbad, CA, FITC-conjugated anti-mouse IgG from
Biolegend, Fell, Germany, or DyLight 405 conjugated
anti-goat IgG from Jackson ImmunoResearch Europe)
for 2 h. The slices were sealed with 80% propylene glycol
and the fluorescence distribution was observed under a
fluorescence microscope. The fluorescence intensity of
the samples was analyzed by Media Cybernetic Express
(USA).

Semi-quantitative PCR

Patient samples were frozen with liquid nitrogen imme-
diately after collection. Total RNA was extracted and
c¢DNA was synthesized with PrimeScript 1st strand
c¢DNA synthesis kit from Takara Bio USA. The expression
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of B-actin was analyzed with the Human ACTB Endog-
enous Reference Gene Kit (Sangon Biotech, Shanghai,
China). The upstream primer of 5-HT7R was 5-GCT-
CATCACGCTGACGAT-3’, and the downstream primer
was 5-CGCCAGGGACACAATCAGG-3'. The ampli-
con size was 106 bp, and the experimental procedure
was performed according to the kit instructions. For
the electrophoresis analysis of PCR products, 8 uL. PCR
products were loaded in 2% agarose gel for electropho-
resis. The resulting gel image was recorded and analyzed
by StepOne Software v2.1 (Applied Biosystems, Darm-
stadt, HE, Germany). The numbers 0 to 4 of the Y-axis
in Fig. 1B represent the mRNA expression levels by the
semi-quantitative PCR.

Statistical analysis

SPSS 22.0 software was used for statistical analysis.
Quantitative data were expressed as mean of standard
deviation (mean*SD), and counting data were expressed
as counts and occurrence frequency (%). Indepen-
dent sample T test was used for the mean comparison
between the two groups. The mean comparison among
the three groups was performed by one-way ANOVA
and corrected by Bonferroni method. The correlations
between 5-HT7R expression and MaRIA, SES-CD and
clinical disease activity evaluation indexes were analyzed
by Spearman rank coefficient, and the scatter plot was
generated by SPSS software. The measurement data were
compared by Bonferroni method. The Chi-square test
was used for counting data analysis.

Results

Expression and distribution of 5-HT7R in intestinal mucosal
tissues by immunofluorescence

Firstly, the intestinal mucosa among the three groups
was histologically analyzed. Compared with those in the
remission group and the control group, the mucosa tis-
sue from patients in active CD group showed extensive
inflammatory infiltration and marked edema in the intes-
tinal mucosa and muscle adventitia (Fig. 2A-D). Inter-
estingly, caseous granulomas (Fig. 2A) and damaged
epithelium in intestinal crypts (Fig. 2B) were frequently
observed in the intestinal mucosa during active disease.
An experienced pathologist was invited to observe the
distribution of inflammation in the intestinal submuco-
sal plexus or intermuscular plexus (Fig. 2E-F). Secondly,
Immunofluorescence showed no expression of 5-HT7R
in the normal control group. Compared with that in the
remission group, the expression of 5-HT7R in the active
CD group was significantly increased (Fig. 3A). Immu-
nofluorescence analysis of intestinal biopsy specimens
from the three groups demonstrated that the expres-
sion level of 5-HT7R was significantly increased in the
regions with significant intestinal inflammation (Fig. 3A,
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Fig. 1 Expression of 5-HT7R mRNA in the inflammatory region of intestinal mucosa ((A) Expression of 5-HT7R mRNA and 3-actine mRNA in the remission
group (Lane 1), the CD active group (Lane 2) and control group (Lane 3) respectively. (B) Scatter plots of 5-HT7R mRNA expression in intestinal mucosa in
the patients of the three groups. Data represent the mean + SEM. * p<0.05; ** p<0.01; *** p<0.01.)

3B & 3C). Most of the intestinal mucosal cells express-
ing 5-HT7R in the inflammatory region were positive for
CDl11c (Fig. 3C2). We quantitatively analyzed the colo-
calization of CD11c and 5-HT7R by calculating the over-
lap coefficient, and found that the colocalization between
CDll1c positive cells and 5-HT7R spots was 88.5% =*
2.16% (Fig. 3C3) in the inflammatory area of the intes-
tinal mucosa in the CD active group. In addition, CD86
expression was positive in these cells (Fig. 3C4), and the
colocalization of 5-HT7R/CD11c/CD86 was 85.2% =+
1.41% (Fig. 3C5) in the tissue from the same group.

Expression of 5-HT7R mRNA in intestinal mucosa

The mRNA expression of 5-HT7R in the three groups
was analyzed by semi- quantitative PCR. 5-HT7R expres-
sion was found in all samples of the three groups. The

expression level of 5-HT7R was the lowest in the con-
trol group, and the highest in the active CD group. The
mRNA expression level of 5-HT7R in the active group
was significantly higher than that in the remission group
(Fig. 1A), and was about 3 times higher than that in the
control group (Fig. 1B).

Based on the results shown in Figs. 3 and 1, it might
suggest that the increased expression of 5-HT7R pro-
moted the recruitment and aggregation of DC cells that
may mediate the development of intestinal mucosal
inflammation.

The correlation between 5-HT7R expression and magnetic
resonance imaging

Magnetic resonance images of typical CD cases were
shown in Fig. 4. The expression of 5-HT7R was closely
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Fig. 2 Intestinal mucosal histology and pathology (Histological images of intestinal mucosa in the active group (A & B), remission group (C) and control
group (D). Distribution of inflammation in the intestinal plexus in the active group (E). Distribution of inflammation in the intestinal plexus in the remission
group (F). Scale bars were 50 um.)

correlated with magnetic resonance images, including
intestinal wall thickness, enhanced intestinal wall signal
intensity, relevant contrast enhancement (RCE), edema,
and ulcer among others. Particularly, the mean of intes-
tinal wall thickness in the active group was 7.61 mm,
which was significantly higher than that of the remis-
sion group (3.26 mm) and the normal control group
(2.53 mm). Similarly, the mean of intestinal wall thick-
ness in the remission group was also higher than that of
the normal control group (Fig. 4A, 4B & 4C). There was
no significant difference in the signal intensity among
the three groups. After MRI contrast agent enhance-
ment, the signal intensity in the CD active group (462.32)
was significantly higher than that in the remission group
(361.71) and the control group (302.43). The signal inten-
sity of remission group was also significantly higher than
that of control group.

RCE expression in the CD active group (146.22) was
significantly higher than that in the remission group
(98.71) and the control group (82.15). Edema was found
in 36% of the intestine of the CD active group, sig-
nificantly higher than that of the remission group (7%)
and the control group (0%). There was no statistically

significant difference in the incidence of edema between
the remission group and the control group.

Intestinal ulcer was found in 8.2% of the CD active
group, significantly higher than the remission group
(0%) and the control group (0%). The MaRIA score of
the active group was significantly higher than that of the
remission group and the control group (Fig. 4D). The cor-
relation between 5-HT7R expression and total MaRIA
score in CD patients was analyzed. The linear correlation
coefficient r=0.8126, P<0.001 (Fig. 4E).

The correlation between endoscopic manifestations,
SES-CD score and 5-HT7R expression

Typical endoscopic images of the CD active group, the
remission group and the control group were shown in
Fig. 5A, 5B and 5C, respectively. SES-CD scores were cal-
culated based on parameters including ulcer area, ulcer
size and lesion range as shown in the endoscopic images.
The SES-CD score of the active group was significantly
higher than that of the remission group and the normal
control group, and the MaRIA score of the remission
group was higher than that of the control group (Fig. 5D).
CD disease was considered to be active when SES-CD
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Fig. 3 Expression of 5-HT7R in inflammatory regions of intestinal mucosa by immunofluorescence ((A) Expression of 5-HT7R (A1), CD11c (A2), and CD86
(A3) in the control group. A1, A2 and A3 were merged to show co-localization of 5-HT7R/CD11¢/CD86 in the control group (A4). (B) Expression of 5-HT7R
(B1),CD11c (B2), and CD86 (B3) in the remission group. The co-localization of 5-HT7R/CD11c/CD86 in the remission group was shown in B4. (C) Expression
of 5-HT7R (C1), CD11c¢ (C2) and CD86 (C4) in the active CD group. The co-localization of 5-HT7R/CD11c¢ (C3) and 5-HT7R/CD11¢c/CD86 (C5) were shown

respectively in the active CD group.)

score>1 [11], and the linear correlation between 5-HT7R
expression and endoscopic lesion severity was analyzed.
In CD patients, the linear correlation coefficient, r, of
5-HT7R expression and corresponding SES-CD scores in
the terminal ileum, ileocecal, ascending colon, descend-
ing colon, sigmoid colon and all intestinal segments were
0.73, 0.79, 0.75, 0.76, 0.77, and 0.72, respectively. These
data support a significant correlation between 5-HT7R
expression and SES-CD score (Fig. 5E).

Correlation of other parameters with the expression of
5-HT7R

We then analyze the correlation between 5-HT7R expres-
sion in the gut with other clinical symptomatic indicators
(Best-CDALI) as well as with laboratory blood tests (CRP,
WBC, ESR) in CD patients. Correlation coefficient r
between 5-HT7R expression and Best-CDAI, ESR, CRP,
WBC were 0.6829 (Fig. 6A), 0.7009 (Fig. 6B), 0.8025
(Fig. 6C) and 0.7435 (Fig. 6D), respectively. Spearman’s
rank correlation coefficient analysis showed that 5-HT7R
expression was positively correlated with Best-CDAI,
CRP, ESR and WBC.

Discussion

CD is a lifelong disease with unknown etiology, char-
acterized by a chronic alteration of relapse-remission.
Current medications may relieve clinical symptoms and
control intestinal inflammation, but is not able to cure
CD [16]. Patients with CD in the active phase usually
required either a single steroid administration or a com-
bination therapy with immunosuppressive agents, or
even biologic therapy to induce remission. Non-steroidal
immunosuppressants were often required to maintain
remission. Recent studies, however, demonstrated that
some drugs used to treat CD and gut inflammation, such
as steroid hormones, might increase the risk of heart dis-
ease including coronary heart disease and heart failure,
especially in women and young adults at increased risk
for acute myocardial infarction and stroke [17]. Surgical
intervention would be considered when clinical symp-
toms were difficult to control by medications available.
Complications such as perianal disease, stenosis and
intraperitoneal fistula will increase the surgical risk of
CD patients. Furthermore, the treatment of these com-
plications was difficult, which requires close cooperation
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Fig. 4 Magnetic resonance images of inflammatory regions of the intestine (T1WI enhanced images of terminal ileum in transverse axis (1), terminal
ileum (2), ileocecal junction (3), descending colon, and sigmoid colon (4) in the CD active group (A), the remission group (B) and the control group (C). (D)
Scatter plot of MaRIA scores. (E) Linear correlation analysis between MaRIA score and 5-HT7R expression in CD patients.)

between gastrointestinal surgeons and gastroenterolo- importance to improve the quality of life and prognosis
gists [18]. All of those contributed to high morbidity and  of patients.

mortality of CD. Therefore, early diagnosis, appropri- Enteric serotonin (5-HT) not only plays vital roles
ate treatment and control of inflammation were of great  as a growth factor, a hormone, a paracrine factor and a
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Fig. 5 Typical endoscopic images and SES-CD score(Typical endoscopic images of terminal ileum (1), ileocecal junction (2), ascending colon (3), de-

scending colon (4), and sigmoid colon (5) in the CD active group (A), the remission group (B) and the control group (C). (D) Scatter plot of SES-CD scores.
(E) Linear correlation analysis between SES-CD score and 5-HT7R expression in CD patients.)

neurotransmitter in gut, but also is an important media-
tor involved in a range of gastrointestinal inflamma-
tory diseases. Enterochromaffin (EC) cells secrete 5-HT.
and those cells are located throughout the intestinal
tract from the stomach to the colon [19]. Alterations
in the number of EC cells and in the quantity of 5-HT
that EC cells produced could be observed in both IBD
patients and animal models of colitis. It was reported that
increased mucosal 5-HT signaling or increased 5-HT
utilization may contribute to the inflammation in CD
patients [20].

5-HT perform its biological functions by activating spe-
cific receptors, which consist of 7 different types based
on structural and functional characteristics. Five mem-
bers of the receptor family (5-HT1R, 5-HT2R, 5-HT3R,
5-HT4R and 5-HT7R) were expressed in intestinal neu-
rons and participated in the regulation of gastrointestinal
movement [21]. Initially 5-HT7R was considered to be
able to regulate the motility of ileum, stomach and colon
by regulating smooth muscle activity. Therefore, the bio-
logical function of 5-HT7R in IBD was related to the
number of receptors expressed on smooth muscle and

intestinal neurons, and participated in the regulation of
the circular muscle adaptation in the early stage of ileum
periperiasis, leading to abdominal distension. Recent
studies also suggested that 5-HT7R might play an impor-
tant role in the pathogenesis of IBD inflammation [22].
Previous studies in animal models found that 5-HT
functions in intestinal inflammation by binding to
5-HT7R on the surface of DCs [23]. An additional
observation by Guseva et al. [24] demonstrated that
in gut 5-HT7R expressed by the intestinal CD11c/
CD86 double-positive cell subsets, which suggest those
CD11c*/CD86" cells may play a key role in the onset and
the development of intestinal inflammation. Pharmaco-
logical blockage or genetic deletion of 5-HT7R was able
to aggravate intestinal inflammation; in contrast, activa-
tion of 5-HT7Rs promoted anti-inflammatory responses.
Furthermore, it was found 5-HT7R expression in DCs
was significantly up-regulated in the lamina propria in
inflammatory mouse model [21]. The current study dem-
onstrated that the 5-HT7R positive cells were mainly
located in both the neuronal intermuscular plexus and
submucosal plexus, especially in the annular muscularis
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Fig. 6 Correlation of other parameters with 5-HT7R expression (Correlation analysis between 5-HT7R expression and best-CDAI (A), ESR (B), CRP (C) and

WBC (D) in CD patients respectively.)

and intermuscular plexus (Fig. 3). This is consistent with
the data shown in animal studies by Prause et al. [25].
Our histological analysis showed that CD patients pre-
sented with inflammatory infiltration of colonic mucosa
and musculoskeletal, epithelial injury and crypt shape
disorder. When 5-HT7R expression was significantly
elevated, pathological damages in the same tissue were
more significant. In contrast, there was little change in
the morphology of the intestinal wall in the control group
(Fig. 4). The biological function of 5-HT7R in IBD was
similar to the mechanism of a series of symptoms caused
by ileum peristalsis in functional bowel disease [7]. The
role of 5-HT7R in IBD was thought to be mainly related
to smooth muscle and receptors expressed on enteric
neurons, as well as to the adaptation of circular muscles

in the early stage of ileal peristalsis, which may lead to
some similar symptoms to functional intestines disease.
In the current study, intestinal biopsies and blood sam-
ples from the same CD patients were used to analyze the
role of 5-HT7R in CD. The results showed that 5-HT7R
expressed by the intestinal CD11c"/CD86" cell subsets
is likely played a key role in the onset and clinical pro-
cess of intestinal inflammation. Since the activation of
5HT7R may promote the anti-inflammatory response in
the gut, expression of 5-HT7R could aggravate enteritis
in patients with CD. The increased expression of 5-HT7R
in the intestinal immune cells of CD patients further sug-
gested the role of 5-HT7R in inflammation. Therefore,
activation of 5-HT7R signaling pathway might play an
important role in the progression of inflammation.
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It is interesting that 5-HT7R expression was signifi-
cantly increased in the inflammatory regions of the intes-
tinal tract in CD patients. 5-HT7R was mainly expressed
on CD11c"/CD86" cells, which suggests the important
role of 5-HT7R in regulating the function of mature DCs
in the mucosal immune response of patients with CD. In
addition, the expression of 5-HT7R was positively cor-
related with CDAI, SESCD, and MaRIA scores, suggest-
ing that 5-HT7R expression was consistent not only with
the clinical manifestations of intestinal inflammation, but
also with the mucosal inflammation of the intestinal wall
and the alterations of inflammatory cells infiltrating the
intestinal wall including mucosa, submucosa, and serosa.

Accurate determination of CD disease severity is
imperative in personalized medication [26]. Evaluation of
CD disease severity includes clinical severity evaluation,
intestinal mucosal injury evaluation and intestinal pene-
trative inflammatory exudate evaluation. CDAI, SES-CD,
and MaRIA scores were commonly used to assess clini-
cal severity, endoscopic intestinal mucosal injury, and
intestinal transmural inflammatory exudation, respec-
tively. SES-CD score is used to judge CD activity directly
and objectively. Pathology observations suggested that
multiple inflammatory cell infiltration and non-caseous
granuloma formation were of great significance for the
diagnosis of CD [27]. Penetrative inflammatory exuda-
tion and parenteral complications might be identified
by MaRIA. Changes in the severity of the lesions caused
by treatment can be accurately detected by thickening
of the intestinal wall, enhancement of relevant contrast,
tooth comb or mesangial vessel dilation and tortuosity.
Therefore, MaRIA may be used to evaluate mucosal heal-
ing [28]. According to numerous clinical studies, most of
the laboratory indicators used to determine the activity
of clinical diseases, such as ESR and CRP, were inconsis-
tent with the extent of intestinal mucosal injury and MRI
results. And there was no significant correlation between
these indicators and SES-CD and MaRIA scores. There-
fore, these indicators cannot truly reflect the severity of
inflammation in the intestinal mucosa [29]. However,
the CDAI score was based on the subjective feeling of
the patients as the gold standard, and the symptoms
and signs of abdominal pain, diarrhea, abdominal mass
and complications of CD patients were scored, without
the mucosal inflammation being included in the scor-
ing range [30]. Thus, it is important for clinicians to find
a laboratory indicator that can reflect the severity of CD
disease.

Our study showed that 5-HT7R was differentially
expressed between the CD active group and the remis-
sion group, indicating its significance in differentiating
disease activity status. In addition, 5-HT7R expression
was well correlated with MaRIA, SESCD, CDAI scores
and inflammatory markers (WBC, CRP & ESR).
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Although it was reported that CRP, CDAI and WBC
had a low correlation with SES-CD score (0.3<r<0.5)
[29, 30], our study showed that 5-HT7R expression was
strongly correlated with SES-CD (r>0.8). Endoscopy is
an invasive procedure that leaves a painful experience to
patients, and in addition the procedure has some risks
of perforation, bleeding, and unsuccessful examination.
In addition, 5-HT7R expression was also correlated with
MaRIA scores (r=0.8126, P<0.001).

MRI played an irreplaceable role in the evaluation of
CD condition. For example, thickening of the intestinal
wall and high signal intensity of T2 were considered as
effective markers of CD activity, but its disadvantages
such as high price and high consumption of liquid before
examination limited its wide application. Serological
markers such as WBC, CRP and ESR may represent sys-
temic inflammation status but tthey are lack of intestinal
specificity, while CDAI scores were not reliable indicators
for disease and severity. Therefore, 5-HT7R expression in
gut could be a potentially non-invasive, convenient, eco-
nomic and cross-check approach to evaluate inflamma-
tory activity in CD patients.

In summary, the present study found that 5-HT7R
expression was significantly increased in the inflamma-
tory regions of human intestine in CD patients. 5-HT7R
was mainly expressed by CD11¢/CD86 double positive
cells, indicating that 5-HT7R might play an important
role in regulating the function of mature DCs in muco-
sal immune response. Additionally, 5-HT7R expression
may be used as an indicator to evaluate CD intestinal
inflammation in clinical practice, so as to accurately
determine disease stage, inflammatory activity and prog-
nosis, and then implement individualized treatment.
Overall, our data suggested that 5-HT7R might serve as
a novel therapeutic and evaluation target for CD mucosal
inflammation.

The clinical manifestations of CD are complex and
it usually is not straightforward to make diagnosis.
At present, there are no reliable and clinically appli-
cable biomarkers. We now provided evidence that the
gene expression of 5-HT7R is correlated with the clini-
cal, radiological, and endoscopic activity scores of CD
patients, which suggests that 5-HT7R expression might
be an applicable biomarker to evaluate the disease sever-
ity of CD. However, more research is needed to evaluate
the 5-HT7R gene expression with the pathological fea-
tures in the affected area of the bowel of the patients with
CD, as well as with the status of disease recurrence and
drug efficacy in patients with CD. Additional prospective
studies with standardized experimental procedure could
be carried out to establish a cut-off value to facilitate clin-
ical application.
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