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Abstract

AIM: To explore the association of neurotensin recep-
tor 1 (NTSR1) with inflammatory bowel diseases (IBD)
and colitis-associated neoplasia.

METHODS: NTSR1 was detected by immunohisto-
chemistry in clinical samples of colonic mucosa with
IBD colitis, colitis-associated raised low-grade dysplasia
(LGD) including dysplasia-associated lesions or masses
(DALMs, n = 18) and adenoma-like dysplastic polyps
(ALDPs, n = 4), colitis-associated high-grade dysplasia
(HGD, n = 11) and colitis-associated colorectal carcino-
ma (CACRC, n = 13), sporadic colorectal adenomatous
polyp (SAP, n = 17), and sporadic colorectal carcinoma
(SCRC, n = 12). The immunoreactivity of NTSR1 was
semiquantitated (as negative, 1+, 2+, and 3+) and
compared among different conditions.
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RESULTS: NTSR1 was not detected in normal mucosa
but was expressed similarly in both active and inactive
colitis. LGD showed a significantly stronger expres-
sion as compared with non-dysplastic colitic mucosa,
with significantly more cases showing > 2+ intensity
(68.75% in LGD vs 32.26% in nondysplastic mucosa,
P = 0.001). However, no significant difference existed
between DALMs and ALDPs. CACRC and HGD showed
a further stronger expression, with significantly more
cases showing 3+ intensity than that in LGD (61.54%
vs 12.50% for CACRC vs LGD, P = 0.022; 58.33% vs
12.50% for CACRC/HGD vs LGD, P = 0.015). No signifi-
cant difference existed between colitis-associated and
non-colitic sporadic neoplasia.

CONCLUSION: NTSR1 in colonic epithelial cells is
overexpressed in IBD, in a stepwise fashion with se-
quential progress from inflammation to dysplasia and
carcinoma.

© 2013 Baishideng. All rights reserved.
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Core tip: Neurotensin receptor 1 (NTSR1) in colonic
epithelial cells is overexpressed in inflammatory bowel
diseases, in a stepwise fashion with the sequential
progress from inflammation to low-grade dysplasia,
high-grade dysplasia, and carcinoma. Both colitis-
associated and sporadic dysplasia/carcinoma showed a
similar pattern of NTSR1 overexpression. NTSR1 could
be a potential pharmacological target in the treatment
of inflammatory bowel diseases and prevention of coli-
tis-associated neoplasia.

Gui X, Liu S, Yan Y, Gao Z. Neurotensin receptor 1 overexpres-
sion in inflammatory bowel diseases and colitis-associated neo-
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INTRODUCTION

Neurotensin (NTS) is a 13-amino-acid peptide secreted
by neurons and specialized endoctine cells (N-cells) in
the small intestine, which acts as a paracrine and endo-
crine modulator of various gut functions. The biological
activities of NTS are mediated mainly through the high-
affinity neurotensin receptor 1 (NTSR1), a member of
the G-protein-coupled receptor family'",

Many studies have suggested a possible role of NTS/
NTSR-1 in the pathogenesis of inflammatory bowel
disease (IBD) and colitis-associated neoplasia. The NTS/
NTSR-1 signaling pathway has a complex dual effect
(both proinflammatory and proregenerative) in the regu-
lation of intestinal mucosal inflammation. NTS/NTSR-1
enhances the progression of acute colonic inflammation.
NTS enhances mast cell degranulation and neutrophil re-
cruitment”™, N'TSR-1 expression is increased in the hu-
man colonic mucosa with active ulcerative colitis (UC)™
as well as in rodent colitis induced by Clostridium difficile
toxin A" or by dextran sulfate sodium (DSS)"”, whereas
pretreatment of NTSR-1 antagonist SR48692 inhibits the
inflammatory changes. Both N'TS and NTSR1 expres-
sion are also increased in the mesenteric fat of mice dut-
ing trinitrobenzenesulfonic-acid-induced colitis'’. More-
over, NTS/NTSR1 activation in colonocytes stimulates
interleukin (IL)-8 sectretion from colonocytes through
activating GTPase-mediated nuclear factor »-light-chain-
enhancer of activated B cells, mitogen-activated protein
kinase, and protein kinase C*" NTS /NTSR-1 augments
mucosal healing and regeneration following chronic
colitis™. Pretreatment with NTSR1 antagonist worsens
the severity of experimentally induced colitis and delays
mucosal healing, whereas coadministration of exogenous
NTS exerts the opposite effect™ >, NTS also stimu-
lates colonic epithelial cell migration and proliferation
through COX-2 gene expression™.

As a part of their diverse bioactivities, NTS/NTSR1
signaling is also involved in the early carcinogenesis and
progression of colonic carcinoma. First, NTSR-1 is
overexpressed in colonic neoplasms. A previous investi-
gation of one of the present authors (Gui X) showed a
stepwise increase in NTSR-1 mRNA with progression of
colonic adenoma to adenocarcinoma”. Second, NTS is
an epidermal growth factor (EGF)-like factor in a num-
ber of tumors™""; it transactivates EGF receptor, hence
it works synergistically with EGF""", Third, NTSR-7
gene activation is linked with the Wt/ APC/ Tef/ B-catenin
pathway in colonic neoplasia. Upregulation of NTSR-1
in colorectal adenocarcinoma is the result of Wt/ APC
pathway activation, and the increased NTSR-1 expression
correlates with [3-catenin cytosolic or nuclear accumu-
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lation. Additionally, NTSR-7 gene can be activated by
agents that cause [3-catenin cytosolic accumulation". Re-
cently, it was also found that NTSR1 activation stimulates
the expression of miRNAs 21 and 155 in colonocytes,
in the experimentally induced colonic cancer (HCT-116
xenograft tumors) in mice as well as in human colonic
carcinoma tissues'”

It is well known that long-standing colitis (IBD) pre-
disposes to the development of colorectal carcinoma
(CRC). The relative risk of the development of CRC in
IBD patients is 10-40-fold higher compared to that in
the general populationm]. This so-called colitis-associated
colorectal cancer (CACRC) is the most serious compli-
cation and the major cause of death of IBD patients.
The carcinogenesis of CACRC is believed to be initiated
and/or promoted by persistent active inflammation of
colorectal mucosa®™ in the inflammation-dysplasia-
carcinoma sequence, which differs from the adenoma-
carcinoma sequence in sporadic CRC.

The bidirectional effect of NTS/NTSR1 on colonic
mucosal inflammation-particularly the stimulation of
cytokines/chemokines production and promotion of
epithelial cell growth-makes NTS/NTSR1 signaling a
possible unique link between chronic mucosal inflamma-
tion and carcinogenesis. For example, I1L-8 [or chemokine
CXC ligand (CXCL)8], an inflammatory component as
a chemotactic factor for leukocytes, affects cancer (in-
cluding colon cancer) progression through mitogenic,
angiogenic, and motogenic effects™. The secretion of
IL-8 can be stimulated by NTSR1 activation in colonic
epithelial cells under either inflammatory or neoplastic
conditions®”.

Taken together, it seems reasonable to postulate that
NTSR1 in colonic epithelial cells is upregulated in IBD
and that NTSR1 overexpression may play a role in the
development of colitis-associated dysplasia/neoplasia. In
this study, we analyzed the expression of NTSR1 in hu-
man colonic mucosa with various pathological changes
characteristic of IBD and IBD-associated dysplasia and
carcinoma. In order to demonstrate whether the change
in NTSR1 was specific to IBD-associated neoplasia, we
compared it to the sporadic colorectal neoplasia that de-
veloped in non-colitic patients.

MATERIALS AND METHODS
Study subjects

All cases were retrieved retrospectively from the surgi-
cal pathology files of the Calgary Laboratory Services in
2009 and 2010. The study was approved by the Research
Committee of Calgary Laboratory Services, and ethical
approval was granted by the University of Calgary Con-
joint Health Research Ethics Board. The classification
and grading of IBD, dysplasia and carcinoma wete cat-
ried out on hematoxylin and eosin (HE)-stained slides,
based on the morphological features and according to the
standardized histological consensus criteria used widely
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in clinical pathology practice. An attempt was made to
distinguish, based on the strict morphological criterion
currently available, between dysplasia-associated lesions
or masses (DALMs) and adenoma-like dysplastic polyps
(ALDPs) for the raised dysplastic lesions developed in a
background of IBD. DALMs were defined as lesions that
met all of the following criteria: (1) location within areas
of chronic colitis; (2) irregularly elevated and broad-based
with indistinct boundaries; and (3) surrounding mucosa
also dysplastic, and in a full-thickness or “bottom-up”
pattern of dysplasia. ALDPs were defined by the pres-
ence of well-circumscribed typical adenoma-looking
polyps seen in the colitic regions; mostly in a “top-down”
pattern of dysplasia. ALDPs are considered most likely
to be sporadic adenoma.

Four separate groups of cases were included in the
study.

Group 1: Eighteen colectomy cases of long-standing
IBD complicated by colorectal neoplasia (14 males, 4
females, aged 26-84 years), including 13 UC, three Crohn’
s disease, and two indeterminate colitis. In this group, we
looked for sequential histological changes of inflamma-
tion/dysplasia/carcinoma. In each case, the tissue blocks
were selected from those with proven histology of not-
mal/unremarkable colonic mucosa (7 = 16), active colitis
(n = 10), inactive colitis (# = 14), raised low-grade dyspla-
sia (LGD, 7 = 106), high-grade dysplasia (HGD, » = 11),
and adenocarcinoma (CACRC, » = 13). For the LGD
lesions, 12 DALMs and four ALDPs were subgrouped.

Group 2: Eighteen colonoscopic biopsies of DALMs de-
tected in longstanding IBD patients (10 males, 8 females,
aged 23-68 years) for neoplasia surveillance.

Group 3: Seventeen randomly selected biopsies of spo-
radic colorectal adenomatous polyps detected in non-
IBD patients (10 males, 7 females, aged 35-79 years) for
colon cancer screening.

Group 4: Twelve randomly selected cases of colectomy
for sporadic colorectal adenocarcinoma (SCRC) detected
in non-IBD patients (7 males, 5 females, aged 42-85 years).

Detection of NTR-1 in colonic epithelial cells

The expression of NTSR1 was detected by immunohis-
tochemistry of deparaffinized sections using the avidin-
biotin-peroxidase complex method. The formalin-fixed
paraffin-embedded tissue sections were pretreated in
CINTec Epitope Retrieval Solution (10 mmol/L Tris/1
mmol/L EDTA, pH 9.0) for 20 min at 95-100 C, and
then cooled down slowly to room temperature. The
NTSR1 antibody was a rabbit polyclonal antibody (Im-
genex, San Diego, CA, United States) against the third
cytoplasmic domain of human NTSR1. All slides were
stained with Ventana Nexes IHC autostainer at 1:40 dilu-
tion using UltraView Universal DAB Detection (Ventana
760-500). Immunoreactivity of N'TSR1 appeared in a

(49

Boiohidengs  WIG | www.wjgnet.com

4506

Table 1 Neurotensin receptor 1 expression in 18 cases of
inflammatory bowel diseases with colectomy 7 (%)

Histology Case P value
Negative 1+ 2+ 3+

Normal 12 (100.00) 0 (0.00) 0(0.00)  0(0.00)

Colitis 1(3.23) 20(64.52) 10(3236) 0 (0.00)

Active 0(0.00) 12(75.00) 4 (25.00) 0 (0.00)

Inactive 1(6.67) 8(53.33)  6(40.00) 0(0.00) 0338

LGD 0 (0.00) 3(18.75) 11(68.75) 2(12.50)  0.007°

DALM 0 (0.00) 3(25.00) 7(5833) 2(16.67)

ALDP 0 (0.00) 0 (0.00) 4(100.00) 0(0.00)  0.298'

HGD 0 (0.00) 1(9.09) 4(3636) 6(5455) 0.063°

CACRC  0(0.00) 1(7.69) 4(3077) 8(61.54) 0.022°

'Within two subgroups (active vs inactive); ?As compared with colitis; *As
compared with low-grade dysplasia (LGD). HGD: High-grade dysplasia;
DALM: Dysplasia-associated lesions or masses; ALDP: Adenoma-like
dysplastic polyps; CACRC: Colitis-associated colorectal carcinoma.

cytoplasmic pattern. Only the surface and cryptal epithe-
lial cells of colonic mucosa were analyzed (in order to
eliminate the variability of mononuclear cells in lamina
propria). The positivity and intensity of the immunore-
activity of NTSR1 were semiquantitated independently
by two pathologists as absent (negative), weak (1+), mod-
erate (2+), and strong (3+). If the signal intensity was
heterogeneous, the level assigned was based on the in-
tensity in at least 50% of tumor cells or epithelial cells. A
comparison of NTSR1 expression was analyzed between
the different groups (active »s inactive colitis, dysplastic
vs non-dysplastic lesions, DALMs »s ALDPs, colitis-
associated dysplasia #s sporadic non-colitic dysplasia, and
colitis-associated CRC s sporadic non-colitic CRC).

Statistical analysis

Analysis of variance test was used to determine the sta-
tistical significance of the N'TSR1 expression intensity
between different groups. Differences were considered
significant if P was < 0.05.

RESULTS

NTSR1 expression in colonic mucosa is associated

with stepwise progression from colitis to LGD, HGD and
carcinoma

Within the 18 colectomy specimens, relatively normal
(uninvolved/colitis-spared) mucosa was identified in 12
cases. NTSR1 was not detected in any of the samples of
normal mucosa. In the colitic mucosa, however, NTSR1
was detected in 30 out of 31 representative tissue samples
and expressed similarly in both active and inactive colitis,
as shown in Table 1 and Figure 1.

LGD lesions were identified in 16 of the 18 cases.
The epithelium with LGD showed a significantly stronger
expression of NTSR1 as compared to the non-dysplastic
colitic mucosa, with most cases showing a = 2+ intensity
(68.75% in LGD »5 32.26% in non-dysplastic mucosa, P
= 0.001) but fewer cases showing a 1+ intensity (18.75%
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Figure 1 Neurotensin receptor 1 expression in colonic mucosa under dif-
ferent conditions. A and B: Normal colonic mucosa; C and D: Active chronic
colitis; E and F: Dysplasia-associated lesions or masses with low-grade dyspla-
sia; G and H: Invasive adenocarcinoma (hematoxylin and eosin histology and
neurotensin receptor 1 expression immunohistochemistry).

in LGD »s 64.52% in non-dysplastic mucosa, P = 0.007).
However, no significant difference existed between DALLMs
and ALDPs, as shown in Table 1 and Figures 1 and 2.

HGD was identified in 11 cases, and CACRC was
identified in 13. As shown in Table 1 and Figures 1
and 2, expression of NTSR1 in the CACRC and HGD
samples was stronger, with significantly more cases show-
ing a 3+ intensity than in LGD of both DALMs and
ALDPs (61.54% »s 12.50% for CACRC »s LGD, P =
0.022; 58.33% 5 12.50% for CACRC/HGD »s LGD, P =
0.015). However, no significant difference existed between
CACRC and HGD (P = 0.942).

NTSR1 expressed similarly between DALMs and non-
colitic sporadic adenoma

In the cases of colitis-associated DALMs (# = 18) and
non-colitis sporadic adenomas (z = 17), the increased
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Figure 2 Neurotensin receptor 1 expression. A: Neurotensin receptor 1
(NTSR1) expression in colonic mucosa under different conditions in cases of
colectomy for inflammatory bowel diseases (IBD) (percentage of cases in each
subgroup); B: NTSR1 expression in colonic mucosa with dysplasia and carci-
noma in cases of colectomy for IBD (percentage of cases in each subgroup);
C: Comparison of colonic mucosal NTSR1 expression in sporadic neoplasia
and colitis-associated neoplasia (percentage of cases in each subgroup). LGD:
Low-grade dysplasia; HGD: High-grade dysplasia; DALM: Dysplasia-associated
lesions or masses; CACRC: Colitis-associated colorectal carcinoma; SAP:
Sporadic colorectal carcinoma; SCRC: Sporadic colorectal adenomatous polyp.

expression of NTSR1 showed a similar pattern, as shown
in Table 2 and Figure 2.
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Table 2 Neurotensin receptor 1 expression 7 (%)

Negative 1+ 2+ 3+
SAP 0 4 (23.53) 8 (47.06) 5 (29.41)
DALM 0 7 (41.42) 7 (41.42) 3 (17.65)
SCRC 0 0 1(8.33) 11 (91.67)
CACRC 0 1(7.69) 4(30.77) 8 (61.54)

Comparison between colitis-associated dysplasia/carcinoma and sporadic
dysplasia/carcinoma. Sporadic colorectal adenomatous polyp (SCRC) vs
colitis-associated colorectal carcinoma (CACRC), P = 0.198; Dysplasia-
associated lesions or masses (DALMs) vs CACRC, P = 0.028; DALMs vs
sporadic colorectal carcinomas (SAPs), P = 0.50.

NTSR1 expressed similarly between colitis-associated
and sporadic CRC

The increased expression of NTSR1 also showed a simi-
lar pattern to that in CACRC and in conventional spo-
radic colorectal catcinoma (SCRC, #» = 12), as shown in
Table 2 and Figure 2.

DISCUSSION
Through the detection of NTSR1 expression directly in

human colonic mucosa with various IBD-related pathol-
ogies and those with sporadic colonic neoplasia in non-
IBD patients, the present study demonstrated that both
active and inactive IBD colitis upregulated NTSR1 in
colonic epithelial cells; colitis-associated LGD to HGD
and carcinoma was associated with stepwise higher ex-
pression of NTSR1; and the overexpression of NTSR1
showed a similar pattern in colitis-associated and non-
colitic sporadic dysplasia/neoplasia, which suggests that
NTSR1 is commonly unregulated in colonic neoplasia
with or without a background of colitis.

The first two findings support the hypothesis that the
upregulation of NTSRI1 is involved in IBD inflammation
and colitis-associated neoplasia. The findings corroborate
various studies carried out in the past in animal models
and ex vivo systems. In a similar study reported by Bossard
et al™ identical findings were shown with a slightly dif-
ferent methodology. Their study also demonstrated that
coexpression of NTS/NTSR1 is present in a majority
of the inflammatory and neoplastic/dysplastic lesions,
suggestive of a self-activation of NTSR1 secondary to
increased production of ligands; and (-catenin nuclear
translocation is seen in a minority of the dysplastic and
carcinomatous lesions in which no NTS was detected,
suggestive of a different pathway.

To the best of our knowledge, the finding that NTSR1
is similatly overexpressed in colitis-associated dysplasia/
neoplasia and sporadic dysplasia/neoplasia in non-IBD pa-
tients has not been reported previously. This finding indi-
cates that N'TSR1 is a neoplastic marker irrespective of its
undetlying etiology. In other words, the NT/NTSR1 sig-
naling pathway is intrinsic and common to the tumorigen-
esis of all colorectal carcinomas, regardless of the tumor-
promoting factors ot the predisposing/initiation processes.
This finding and interpretation are supported by an animal
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study reported recently by Bugni ¢ a/*”. They developed a
chemical-carcinogen-induced colonic adenoma by adminis-
tration of azoxymethane to mice with or without DSS-in-
duced colitis. NTSR1-deficient (gene knockout) mice had a
< 50% chance, compared to wild-type mice, of developing
colonic adenoma in the absence of colitis (z.e., a model of
sporadic colonic neoplasia). The difference, however, dis-
appeated in the mice that had colitis (7.¢, a model of colitis-
associated colonic neoplasia), even though significantly
higher levels of IL-6 and CXCL2 (the mouse homolog of
IL-8, both known as tumor-promoting cytokines) were
seen in the latter. Our study, as well as that of Bugni ¢ al”,
suggests that NTS/NTSR1 are not particulatly responsible
for the link between chronic inflammation and neoplasia in
IBD, although it is commonly involved in the entire mul-
tistep process as an intrinsic regulator. The tumorigenetic
process in colitis-associated dysplasia/neoplasia appears far
more complex. However, it is still possible that increased
NTSR1 expression associated with pre-existent or coexis-
tent chronic colitis may further enhance the carcinogenesis.

It was noted in a minority of cases that NTSR1 ex-
pression was less upregulated, which occurred nonspe-
cifically for each of the conditions and in different cases.
We have no solid explanation for these relative negative
cases. It is possible that N'TSR1 expression in the epithe-
lium is regulated by multiple factors, including a variety
of cytokines and other gut peptides in the local mucosa
or circulation that are not always the same in different
patients.

Opverall, our findings further provide a rationale for
exploring the anti-N'TSR1 approach in the treatment
of IBD and in the chemoprevention of IBD-associated
colorectal neoplasia as well as the treatment of sporadic
colonic neoplasia. Hopetully, the development of clini-
cally useful NTSR1 blockers will become a reality in the
near future with the recent better understanding of the
chemical structure of NTSR1%.
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Background

Inflammatory bowel diseases (IBD) are chronic and debilitating inflammatory
conditions of the colon, which also increase the relative risk of colorectal can-
cer. |dentification of the factors associated with both mucosal inflammation and
colitis-associated carcinogenesis could lead to novel treatments.

Research frontiers

Neurotensin (NTS) is a 13-amino-acid peptide that acts as a paracrine and en-
docrine modulator of various gut functions. Its bioactivities are mediated mainly
through the high-affinity neurotensin receptor 1 (NTSR1). The NTS/NTSR1
signaling pathway has dual effects (both proinflammatory and proregenerative)
in the regulation of intestinal mucosal inflammation. NTS/NTSR1 signaling is
also involved in the carcinogenesis and progression of colonic carcinoma. It
is suggested that NTSR1 in colonic epithelial cells is upregulated in IBD and
NTSR1 overexpression may play a role in the development of colitis-associated
dysplasia/neoplasia.
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Innovations and breakthroughs

The present study used colonic tissue samples to detect the expression of
NTSR1 in the context of various pathological conditions of IBD, with a focus on
NTSR1 expression in the progressive changes from active inflammation to low-
grade dysplasia, high-grade dysplasia, and carcinoma. A stepwise increase
in NTSR1 expression was identified in the sequential progression. Moreover,
a similar pattern of NTSR1 overexpression in colitis-associated and sporadic
dysplasia/neoplasia was also determined for the first time.

Applications

The findings provide a rationale for exploring the anti-NTSR1 approach in the
treatment of IBD and in the chemoprevention of IBD-associated colorectal
neoplasia, a clinically useable anti-NTSR1 agent becomes available in the near
future.

Terminology

Colitis-associated dysplasia and carcinoma develop in association with the
longstanding chronic colitis in IBD patients. It is now well recognized that this
type of colorectal carcinogenesis is clearly initiated and/or promoted by chronic,
persistent and repetitively active mucosal inflammation. This type of colorectal
carcinoma (CRC) develops and progresses in an inflammation-dysplasia-carci-
noma sequence and therefore differs from the adenoma-carcinoma sequence
in the sporadic CRC.

Peer review

The study investigates the relationship between NTSR1 expression in IBD and
the possibility of its association with mucosal inflammation and colitis-associat-
ed neoplasia. They found a strong correlation with the progression from normal
mucosa to colitis, degree of dysplasia, and carcinoma. The methodological ap-
proach was correct and the findings are interesting.
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